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Abstract

Objective ALS2-related disorder involves retrograde degeneration of the upper motor neurons of the pyramidal
tracts, among which autosomal recessive Infantile-onset ascending hereditary spastic paralysis (IAHSP) is a rare
phenotype. In this study, we gathered clinical data from two Chinese siblings who were affected by IAHSP. Our
aim was to assess the potential pathogenicity of the identified variants and analyze their clinical and genetic
characteristics.

Method Here, Whole-exome sequencing (WES) was performed on proband to identify the candidate variants.
Subsequently, Sanger sequencing was used to verify identified candidate variants and to assess co-segregation
among available family members. Utilizing both silico prediction and 3D protein modeling, an analysis was conducted
to evaluate the potential functional implications of the variants on the encoded protein, and minigene assays were
performed to unravel the effect of the variants on the cleavage of pre-mRNA.

Results Both patients were characterized by slurred speech, astasia, inability to walk, scoliosis, lower limb hyperto-
nia, ankle clonus, contracture of joint, foot pronation and no psychomotor retardation was found. Genetic analysis
revealed a novel homozygous variant of ALS2, c.1815G > T(p.Lys605Asn) in two Chinese siblings. To our knowledge, it
is the first confirmed case of a likely pathogenic variant leading to IAHSP in a Chinese patient.

Conclusion This study broadens the range of ALS2 variants and has practical implications for prenatal and postnatal
screening of IAHSR. Symptom-based diagnosis of IAHSP is frequently difficult for medical practitioners. WES can be

a beneficial resource to identify a particular disorder when the diagnosis cannot be determined from the symptoms
alone.
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Introduction
Amyotrophic lateral sclerosis (ALS) in its entirety affects
4.42 per 100,000 people worldwide, ALS is largely spo-
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in a large Tunisian family with a history of consanguin-
ity [3]. Autosomal recessive variants in the ALS2 gene
have been linked to a variety of disorders. These diseases
can manifest with a clinical continuum from Infantile
Ascending Hereditary Spastic Paraplegia (IAHSP) to
Juvenile Primary Lateral Sclerosis (JPLS), and Juvenile
Amyotrophic Lateral Sclerosis (JALS) [4]. The first two
disorders affect only the upper neurons, while the lat-
ter affects both the upper and lower neurons. There may
be overlap in clinical presentation across these disease
subgroups, with IAHSP and JPLS sometimes being used
interchangeably. IAHSP was initially reported in 1996
in 3 Kuwaiti children born of a consanguineous parent-
age [5]. The prevalence of IAHSP disorders is unknown,
with only a few cases having been described in a variety
of ethnic backgrounds. To date, most of the reported
cases of IAHSP have been from Mediterranean and Asia
countries [5]. IAHSP is caused by a variant in the ALS2
gene, encoding for the Alsin protein. Alsin protein is
expressed in the central nervous system and non-nerv-
ous tissues, with the cerebellum and kidney showing the
highest enrichment and the spinal cord and heart show-
ing the lowest [6, 7]. ALS2 gene is located on chromo-
some 2q33, and is composed of 33 introns and 34 exons.
There are at least two transcripts long (6.5kb) and short
(2.6kb) and 13 splice variants [8]. It also contains a few
signalling domains and protein trafficking domains. The
structure of alsin predicts that it functions as a guanine
nucleotide exchange factor (GEF). GEFs regulate the
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activity of members of the Ras superfamily of GTPases.
Alsin plays a role in endosomal and mitochondrial traf-
ficking as well as cytoskeleton maintenance and endocy-
tosis [9]. How alsin variants lead to the pathology is still
unclear. Indeed, preliminary genotype-phenotype corre-
lations suggested that the truncation of full-length alsin,
and therefore its loss of function, account for the upper
motor neurons (UMN) degeneration, whereas the short
variant, and possibly loss of both full-length and short
forms of ALS2, might be related to lower motor neurons
(LMN) defects [8]. Here, our study reports a novel vari-
ant in the ALS2 gene, which is the first confirmed case of
a likely pathogenic variant leading to IAHSP in a Chinese
patient.

Materials and methods

Next generation sequencing

Both patients were examined by WES. Genomic DNA
samples were collected and sequence libraries were con-
structed using the Agilent Sure Select Human Whole
Exome V2 Kit (Agilent Technologies, Santa Clara, CA).
Prepared libraries were sequenced using the HiSeq2500
System (Illumina, San Diego, CA). Reads obtained from
the BWA software package (v. 0.7.15) was mapped with
the human reference genome (GRCh37/hgl9). Variant
calling and variant annotation were performed using the
Genome Analysis Toolkit (GATK) and variant annotation
and prioritization were performed using TGex software
(LifeMap Sciences, Inc.v5.7).

Fig. 1 The clinical features of the patient with Infantile-onset ascending hereditary spastic paralysis. A-D show the phenotypic characteristics
of sister; E-H show the phenotypic characteristics of brother: astasia, inability to walk, scoliosis, contracture of joint,lower limb hypertonia, foot

pronation
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Sanger sequencing confirmation

A 2.5ml of venous blood sample was taken from the other
family members. Sanger sequencing was performed to
confirm the variant in proband and its family members.
The following primers designed by oligo7 were used:
5-AACACGTGGCTTCCTGTTTT-3', and 5'-TGCAAA
ATCAGATTCACAACG-3for ¢.1815G > T(p.Lys605Asn) .

Bioinformatic analysis and verification of observations

The bioinformatics tools SIFT (http://sift.jcvi.org/), Variant
Taster software (http://www.varianttaster.org/), PolyPhen-2
(http://genetics.bwh.harvard.edu/pph2/), Combined Anno-
tation Dependent Depletion (CADD) (https://cadd.gs.washi
ngton.edu), and varSEAK (https://varseak.bio/index.php)
were applied to predict the impact of variants on protein
function. The protein 3D structures of ALS2 were generated
by Swiss-Model server (https://swissmodel.expasy.org/),
and the ACMG/AMP variant classification guidelines were
employed for variant classification [10].

- ALS2 HUMAN
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Minigene splicing assay

We utilized minigene technology to validate in vitro
whether the ¢.1815G > T mutation affects pre-mRNA splic-
ing. We synthesized both a wild-type DNA sequence and a
mutant-type DNA sequence based on the candidate path-
ogenic variant. According to the references, our synthesis
only included the 200bp region flanking the exon for the
intron region [11]. The DNA was then cleaved with the
cloning vector pcDNA3.1 at the HindIIl/BamHI digestion
site. The fragment of interest was inserted into a human
cloning vector by recombination reaction, and the recom-
binant product was transformed into competent cells and
cultured. We selected correctly recombinant wild-type and
variant plasmids, transfected them into 293T cells, and
obtained RNA cDNA by reverse transcription. The primers
pcDNA3.1-F: 5'-CTAGAGAACCCACTGCTTAC-3" and
pcDNA3.1-R: 5-TAGAAGGCAGTCGAGG-3" were used
to amplify the sequence, detect them by gel electrophore-
sis, and finally sequence the recovered gel product.

MaxEntScan

A MaxEntScan

Fig. 2 A-B Three-dimensional structures of ALS2 [(A): wild-type, (B):c.1815G>T(p.Lys605Asn)mutant-type]; C in silico predictions. The impact

of both of the ALS2 variants was predicted using five in silico tools
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Results

Clinical data

The two Chinese siblings presented to our hospital with
functional motor deficits at the ages of 5.6years and
11years. Both were born at full term to non-consanguine-
ous parents, and there were no signs of neonatal asphyxia
during delivery. They had normal Apgar scores of 10/10/10
and developed normally until the age of 2. During the
physical examination, we collected data on the patients’
(sister-brother) height (130cm [<2 SD], 105cm [<2 SD]),
weight (35kg, 17.5kg), and head circumference (51.1cm,
50.3cm). We observed slurred speech, astasia, inability to
walk, scoliosis, lower limb hypertonia, ankle clonus (+),
joint contractures, foot pronation, an adductor angle of
30°, a popliteal angle of 100°, and a dorsiflexion angle of
120° (Fig. 1). They had a scissor gait when walking with
support. Ultrasonography of the hepatobiliary-pancreatic-
splenic system was normal, as were magnetic resonance
imaging (MRI) and neonatal echocardiography.

Genetic testing

We identified a homozygous variant, c.1815G>T
(p-Lys605Asn), in the ALS2 gene (NM_020919.3,
Chr2:202614435 in exon 8) in the proband (a boy)
using WES. Sanger sequencing confirmed that his sis-
ter also carries ¢.1815G > T (p.Lys605Asn), and the var-
iant was inherited from both parents (see Fig. 3, A and

A ¢.1815G>T €.1815G>T
+/- +/-

ﬁ' Sy
C
Wild type '_'_\_] Mutant type

¢.1815G>T
+/+

¢.1815G>T
+/+
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B). We used four in silico tools to predict the impact of
the novel variants (see Fig. 2C), which suggested that
c.1815G>T (p.Lys605Asn) was a harmful variant. The
SWISS-MODEL software was employed to perform a
comparative analysis of the three-dimensional struc-
tures of the wild-type (WT) and variant proteins. Our
investigation unveiled that the variant protein resulted
in significant modifications to the length and overall
conformation of the ALS2 protein, impacting both the
short and long alsin transcripts (see Fig. 2A and B).

Splicing analysis of ALS2 c.1815G >T in the Minigene

Based on the results of splice site prediction software (https://
varseak.bio/) (Fig. 2C) and the three-dimensional structure of
the mutant protein, we suspect that ALS2, ¢.1815G>T may
affect the cleavage of pre-mRNA and thus the function of the
gene. Therefore, Minigene assay and RT-PCR analysis were
performed to identify the abnormal splicing. Electrophoresis
analysis of RT-PCR products showed a about 557bp band
for WT and a shorter about 479bp bands for MT. Sanger
sequencing revealed that this variation causes exon 8 skip-
ping, resulting in a deletion of 78bp (see Fig. 3C and D).

Discussion

ALS2-related disorder is inherited in an autosomal
recessive manner and has been described in individu-
als from various ethnic backgrounds [12]. Pathogenic

B TCCTCGTCTTGCAAAGGTACTTTTGTGA

Parents:c.1815G>T,heterozygote

TCCTCGTCTTGCAAATGTACTTTTGTGA
Patient:c.1815G>T,homozygote

600bp
500bp
400bp

Wild type

de\; J‘.”v Aﬂ

\CTGCGAAATCCCAGGTTTACTCATGGGGTAGCAATACCTTTGGTCAACTTGGGCATTCCGATTTTCCAACAACAGTTCCTCGTCTTGCAAAGAT

A/W\ AMMAARAMA ual \»»V\»J\f\‘ W A ‘ /\4“

St

Fig. 3 A family pedigree, Circles denote females; squares denote males; black square denotes affected male, and black circle denotes affected
female; a dot in the middle of a shape indicates a heterozygous carrier; arrow indicates the proband. B Sanger sequencing result. C and D The
results of agarose gel electrophoresis and DNA sequence analysis
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variants in ALS2 are responsible for a retrograde degen-
eration of the upper motor neurons of the pyramidal
tracts. IAHSP is a condition characterized by the gradual
involvement of cranial nerves, leading to symptoms such
as increased reflexes, persistent clonic lower extremity
stiffness, and eventually, upper extremity involvement.
As the condition advances, quadriplegia, speech and eat-
ing difficulties, dysphagia, and slow eye movements may
occur. The disease exhibits significant genetic heteroge-
neity, and there can be considerable variability within
families [13]. In this study, we present the clinical and
genetic findings in a chinese family with IAHSP caused
by a novel ALS2 variant. To our knowledge, this is the
first report of IAHSP caused by an ALS2 pathogenic
variant (c.1815G > T(p.Lys605Asn)) in China. The vari-
ant has not been documented in population and disease
databases (PM2-supporting), including 1K Genomes
(https://www.internationalgenome.org/), Human Gene
Variant Database (http://www.hgmd.cf.ac.uk/ac/), Clin-
Var (https://www.ncbi.nlm.nih.gov/clinvar/), and LOVD
(http://www.lovd.nl/LTBP-4). The clinical presentation
of all affected individuals in this family are consistent
with the symptoms of IAHSP (PP4), and the genotype
co-segregated with the phenotype in at least one family
tested (PP1). A Minigene splicing assay confirmed that
the variation causes exon 8 skipping (deletion 78bp)
which met the PM4. The amino-terminal region shares
homology with RCC1 (regulator of chromatin condensa-
tion factor 1), a known GEF (guanine exchange factor)
domain of the Ran family of small GTPases [14]. The
¢.1815G > T(p.Lys605Asn) variant is located within the
RCC1 domain the RCC1 domain. Additionally, bioinfor-
matics tools predict the variant to be deleterious (PP3).

Based on the existing evidence, the variant
c.1815G > T(p.Lys605Asn) can be classified as likely
pathogenic. This classification is supported by multi-
ple factors, including PVS1_O(a pathogenic evidence
code of variable strength),PM2, PP1, PP3, and PP4,
which align with the guidelines established by the
ACMG [10].

Both of our siblings exhibited normal intelligence ini-
tially but experienced motor development regression at
the age of 2. Currently, their upper limb muscle tone is
normal, while their lower limb muscle tone is increased.
They have poor balance and are unable to stand indepen-
dently. Although they can communicate, their speech
is slurred. Additionally, they exhibit abnormal posture,
triceps reflex, tendon hyperreflexia, and ankle clonus
(+). To further investigate genotype-phenotype correla-
tions, we conducted a comprehensive review of variants
reported in various databases (OMIM, Wanfang, CNKI,
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PubMed), considering both the clinical phenotype and
genetic background (refer to Table 1). Our statistical
analysis revealed a total of 26 reported variants, with
LoF variants being the most common type observed
(84.62%). Research suggests that the average age of onset
for IAHSP is 1.53 £ 0.53 years, with a male-to-female ratio
of 1:0.74. Typically, the disease leads to the loss of walk-
ing ability around 0.81+1.57years of age, with primary
clinical symptoms including developmental regression,
dysarthria and clonus (100, 95.65, 95.45%). However, the
life expectancy of individuals with IAHSP remains unaf-
fected, and cognitive function is preserved. Several stud-
ies have demonstrated the genetic heterogeneity of the
gene. However, in advanced stages of ALS2, there appears
to be minimal variation in the observable characteristics
[4]. Despite differences in disease severity and variant
types, individuals with ALS2 ultimately develop similar
symptoms, including loss of mobility, upper extremity
dysfunction, and bulbar symptoms.

Currently, there are no successful remedies available
for IAHSP. It is recommended to seek support from a
multidisciplinary team of specialists, including neurol-
ogists, orthopedists, physical therapists, occupational
therapists, speech and language therapists, as well as
gastroenterologists and nutritionists who specialize in
feeding issues.

Conclusions

In this study, we present the clinical and genetic find-
ings of two Chinese patients diagnosed with IAHSP.
The underlying cause of their condition was identified
as novel ALS2 likely pathogenic variants. The identifi-
cation of these variants, along with the clinical features
observed in these patients, contributes to the diver-
sity of genotypic spectrum in IAHSP. Furthermore,
it expands the range of phenotypic manifestations
observed in individuals of different ethnic backgrounds.
These findings hold significant value in terms of genetic
diagnosis and future variant-based screening for this
disorder.

Abbreviations
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GEF Guanine nucleotide exchange factor

ORF Open reading frame

UMN Upper motor neurons

LMN Lower motor neurons

WT Wild-type

MRI Magnetic resonance imaging


https://www.internationalgenome.org/
http://www.hgmd.cf.ac.uk/ac/
https://www.ncbi.nlm.nih.gov/clinvar/
http://www.lovd.nl/LTBP-4

Zhang et al. BMC Medical Genomics (2024) 17:44

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512920-024-01805-x.

Additional file 1.
Additional file 2.
Additional file 3.

Acknowledgements
We sincerely thank all the family members for their support during this study.

Authors’ contributions

ZQYQ and ZLQ designed the manuscript and analyzed the literature. ZQ
wrote the manuscript and prepared the figures. SY processed the data. JSL,
SYT and ZXZ assisted with data collection and analysis. All the authors read
and approved the final manuscript.

Funding

This study was supported by the Guangxi Zhuang Region Health Department
(grant no. 220190311, Z-A20230305 and Z-A20220256) and Guangxi Clinical
Research Center for Pediatric Diseases (Guike AD22035121).

Availability of data and materials

The datasets used and/or analyzed in the present study are available from
the corresponding author on reasonable request. The sequencing dataset
has been deposited in NCBI Sequence Read Archive, and the BioProject ID is
PRINA1018113 (https://www.ncbi.nlm.nih.gov/sra/PRINA1018113).

Declarations

Ethics approval and consent to participate

The study was approved by the Institutional Review Board and Ethics Com-
mittee of Guangxi Maternal and Child Health Hospital. All methods were
performed in accordance with the relevant guidelines and regulations of The
Declaration of Helsinki. Written informed consents were obtained from partici-
pants and the parents of the participant under the age of 16.

Consent for publication

Written informed consents for publication of clinical details and clinical
images were obtained from participants and the parents of the participant
under the age of 16.

Competing interests
The authors declare no competing interests.

Author details

"Maternal and Child Health Hospital of Guangxi, Nanning, China. 2Guangxi
Key Laboratory of Precision Medicine for Genetic Diseases, The Maternal

and Child Health Care Hospital of Guangxi Zhuang Autonomous Region, Nan-
ning, China. >Guangxi Key Laboratory of reproductive health and birth defect
prevention, The Maternal and Child Health Care Hospital of Guangxi Zhuang
Autonomous Region, Nanning, China. “Guangxi Clinical Research Center

for Pediatric Diseases, The Maternal and Child Health Care Hospital of Guangxi
Zhuang Autonomous Region, Nanning, China.

Received: 23 August 2023 Accepted: 10 January 2024
Published online: 31 January 2024

References

1. XulL LiuT, LiuL, Yao X, Chen L, Fan D, et al. Global variation in prevalence
and incidence of amyotrophic lateral sclerosis: a systematic review and
meta-analysis. J Neurol. 2020;267:944-53.

2. ZareiS, Carr K, Reiley L, Diaz K, Guerra O, Altamirano PF, et al. A com-
prehensive review of amyotrophic lateral sclerosis. Surg Neurol Int.
2015,6:171.

20.

21.

22.

23.

24,

Page 9 of 10

Yang Y, Hentati A, Deng HX, Dabbagh O, Sasaki T, Hirano M, et al. The
gene encoding alsin, a protein with three guanine-nucleotide exchange
factor domains, is mutated in a form of recessive amyotrophic lateral
sclerosis. Nat Genet. 2001;29:160-5.

Sprute R, Jergas H, Olmez A, Alawbathani S, Karasoy H, Dafsari HS, et al.
Genotype—phenotype correlation in seven motor neuron disease
families with novel ALS2 mutations. American J Med Genetics Pt A.
2021;185:344-54.

De Siqueira A, Carvalho A, Antonio Troccoli Chieia M, Braga Farias |,

Bulle Oliveira AS, Pinto WBVDR, Souza PVSD. The expanding clinical

and genetic spectrum of alsin-related disorders: the first cohort of
Brazilian patients. Amyotroph Lateral Scler Frontotemporal Degener.
2022;23:16-24.

Miceli M, Exertier C, Cavaglia M, Gugole E, Boccardo M, Casaluci RR, et al.
ALS2-related motor neuron diseases: from symptoms to molecules. Biol-
ogy (Basel). 2022;11:77.

Chandran J, Ding J, Cai H. Alsin and the molecular pathways of amyo-
trophic lateral sclerosis. Mol Neurobiol. 2007;36:224-31.

Hadano S, Hand CK, Osuga H, Yanagisawa Y, Otomo A, Devon RS, et al. A
gene encoding a putative GTPase regulator is mutated in familial amyo-
trophic lateral sclerosis 2. Nat Genet. 2001;29:166-73.

Gautam M, Jara JH, Sekerkova G, Yasvoina MV, Martina M, Ozdinler PH.
Absence of alsin function leads to corticospinal motor neuron vulner-
ability via novel disease mechanisms. Hum Mol Genet. 2016,25:1074-87.
Li Q Wang K. InterVar: clinical interpretation of genetic variants by the
2015 ACMG-AMP guidelines. Am J Hum Genet. 2017;100:267-80.

. Riedmayr LM, Bohm S, Michalakis S, Becirovic E. Construction and cloning

of Minigenes for in vivo analysis of potential splice mutations. Bio Protoc.
2018;8:€2760.

Bede P, Elamin M, Byrne S, McLaughlin RL, Kenna K, Vajda A, et al.

Basal ganglia involvement in amyotrophic lateral sclerosis. Neurology.
2013;81:2107-15.

Mintchev N, Zamba-Papanicolaou E, Kleopa KA, Christodoulou K. A novel
ALS2 splice-site mutation in a Cypriot juvenile-onset primary lateral
sclerosis family. Neurology. 2009;72:28-32.

Bischoff FR, Ponstingl H. Catalysis of guanine nucleotide exchange on ran
by the mitotic regulator RCC1. Nature. 1991,354:80-2.

Lerman-Sagie T, Filiano J, Warwick Smith D, Korson M. Infantile onset of
hereditary ascending spastic paralysis with bulbar involvement. J Child
Neurol. 1996;11:54-7.

Eymard-Pierre E, Lesca G, Dollet S, Santorelli FM, di Capua M, Bertini E,

et al. Infantile-onset ascending hereditary spastic paralysis is associated
with mutations in the alsin gene. Am J Hum Genet. 2002;71:518-27.
Lesca G, Eymard Pierre E, Santorelli FM, Cusmai R, Di Capua M, Valente
EM, et al. Infantile ascending hereditary spastic paralysis (IAHSP): clinical
features in 11 families. Neurology. 2003;60:674-82.

Gros-Louis F, Meijer IA, Hand CK, Dubé M-P, MacGregor DL, Seni M-H,

et al. An ALS2 gene mutation causes hereditary spastic paraplegia in a
Pakistani kindred. Ann Neurol. 2003;53:144-5.

Devon RS, Helm JR, Rouleau GA, Leitner Y, Lerman-Sagie T, Lev D, et al. The
first nonsense mutation in alsin results in a homogeneous phenotype of
infantile-onset ascending spastic paralysis with bulbar involvement in
two siblings. Clin Genet. 2003;64:210-5.

Eymard-Pierre E, Yamanaka K, Haeussler M, Kress W, Gauthier-Barichard F,
Combes P, et al. Novel missense mutation in ALS2 gene results in infantile
ascending hereditary spastic paralysis. Ann Neurol. 2006,59:976-80.
Verschuuren-Bemelmans CC, Winter P, Sival DA, Elting J-W, Brouwer OF,
Muller U. Novel homozygous ALS2 nonsense mutation (p.GIn715X) in
sibs with infantile-onset ascending spastic paralysis: the first cases from
northwestern Europe. Eur J Hum Genet. 2008;16:1407-11.

Sztriha L, Panzeri C, Kdlméanchey R, Szabd N, Endreffy E, Turi S, et al. First case
of compound heterozygosity in ALS2 gene in infantile-onset ascending
spastic paralysis with bulbar involvement. Clin Genet. 2008;73:591-3.
Herzfeld T, Wolf N, Winter P, Hackstein H, Vater D, Muller U. Maternal
uniparental heterodisomy with partial isodisomy of a chromosome 2
carrying a splice acceptor site mutation (IVS9-2A>T) in ALS2 causes
infantile-onset ascending spastic paralysis (IAHSP). Neurogenetics.
2009;10:59.

Racis L, Tessa A, Pugliatti M, Storti E, Agnetti V, Santorelli FM. Infantile-
onset ascending hereditary spastic paralysis: a case report and brief
literature review. Eur J Paediatr Neurol. 2014;18:235-9.


https://doi.org/10.1186/s12920-024-01805-x
https://doi.org/10.1186/s12920-024-01805-x
https://www.ncbi.nlm.nih.gov/sra/PRJNA1018113

Zhang et al. BMC Medical Genomics (2024) 17:44

25.

26.

27.

28.

29.

30.

31

32.

Flor-de-Lima F, Sampaio M, Nahavandi N, Fernandes S, Ledo M. Alsin
related disorders: literature review and case study with novel mutations.
Case Rep Genet. 2014;2014:691515.

Wakil SM, Ramzan K, Abuthuraya R, Hagos S, Al-Dossari H, Al-Omar

R, et al. Infantile-onset ascending hereditary spastic paraplegia with
bulbar involvement due to the novel ALS2 mutation c. 2761C>T. Gene.
2014;536:217-20.

Eker HK, Unli SE, Al-Salmi F, Crosby AH. A novel homozygous mutation
in ALS2 gene in four siblings with infantile-onset ascending hereditary
spastic paralysis. Eur J Med Gen. 2014;57:275-8.

Daud S, Kakar N, Goebel |, Hashmi AS, Yaqub T, Nurnberg G, et al.
Identification of two novel ALS2 mutations in infantile-onset ascending
hereditary spastic paraplegia. Amyotroph Lateral Scler Frontotemporal
Degener. 2016;17:260-5.

Tarigq H, Mukhtar S, Naz S. A novel mutation in ALS2 associated with
severe and progressive infantile onset of spastic paralysis. J Neurogenet.
2017;31:26-9.

Nogueira E, Alarcon J, Garma C, Paredes C. ALS2-related disorders in
Spanish children. Neurol Sci. 2021,42:2091-4.

Helal M, Mazaheri N, Shalbafan B, Malamiri RA, Dilaver N, Buchert R, et al.
Clinical presentation and natural history of infantile-onset ascending
spastic paralysis from three families with an ALS2 founder variant. Neurol
Sci. 2018;39:1917-25.

Madhaw G, Kumar N, Radhakrishnan M, D, Shree R. Infantile ascending
hereditary spastic paralysis with extrapyramidal and extraocular mani-
festations associated with a novel ALS2 mutation. Mov Disord Clin Pract.
2022;9:118-21.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10



	Clinical features and molecular genetic investigation of infantile-onset ascending hereditary spastic paralysis (IAHSP) in two Chinese siblings caused by a novel splice site ALS2 variation
	Abstract 
	Objective 
	Method 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Next generation sequencing
	Sanger sequencing confirmation
	Bioinformatic analysis and verification of observations
	Minigene splicing assay

	Results
	Clinical data
	Genetic testing
	Splicing analysis of ALS2 c.1815G > T in the Minigene

	Discussion
	Conclusions
	Acknowledgements
	References


