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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-
radic, but in 5–10% of the cases, the disease is inherited 
through autosomal dominant or recessive genetic vari-
ants [1, 2]. ALS2 was initially identified as a form of ALS 
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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 (6.5 kb) and short 
(2.6 kb) 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 

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/hg19). 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 2.5 ml 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′-AAC​ACG​TGG​CTT​CCT​GTT​TT-3′, and 5′-TGC​AAA​
ATC​AGA​TTC​ACA​ACG-3’for c.1815G > T(p.Lys605Asn) .

Bioinformatic analysis and verification of observations
The bioinformatics tools SIFT (http://​sift.​jcvi.​org/), Variant 
Taster software (http://​www.​varia​nttas​ter.​org/), PolyPhen-2 
(http://​genet​ics.​bwh.​harva​rd.​edu/​pph2/), Combined Anno-
tation Dependent Depletion (CADD) (https://​cadd.​gs.​washi​
ngton.​edu), and varSEAK (https://​varse​ak.​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://​swiss​model.​expasy.​org/), 
and the ACMG/AMP variant classification guidelines were 
employed for variant classification [10].

Minigene splicing assay
We utilized minigene technology to validate in  vitro 
whether the c.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 200 bp region flanking the exon for the 
intron region [11]. The DNA was then cleaved with the 
cloning vector pcDNA3.1 at the HindIII/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 293 T cells, and 
obtained RNA cDNA by reverse transcription. The primers 
pcDNA3.1-F: 5′-CTA​GAG​AAC​CCA​CTG​CTT​AC-3′ and 
pcDNA3.1-R: 5′-TAG​AAG​GCA​GTC​GAGG-3′ were used 
to amplify the sequence, detect them by gel electrophore-
sis, and finally sequence the recovered gel product.

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

http://sift.jcvi.org/
http://www.varianttaster.org/
http://genetics.bwh.harvard.edu/pph2/
https://cadd.gs.washington.edu
https://cadd.gs.washington.edu
https://varseak.bio/index.php
https://swissmodel.expasy.org/
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Results
Clinical data
The two Chinese siblings presented to our hospital with 
functional motor deficits at the ages of 5.6 years and 
11 years. 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 (130 cm [< 2 SD], 105 cm [< 2 SD]), 
weight (35 kg, 17.5 kg), and head circumference (51.1 cm, 
50.3 cm). 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 c.1815G > T (p.Lys605Asn), and the var-
iant was inherited from both parents (see Fig. 3, A and 

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://​
varse​ak.​bio/) (Fig. 2C) and the three-dimensional structure of 
the mutant protein, we suspect that ALS2, c.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 557 bp band 
for WT and a shorter about 479 bp bands for MT. Sanger 
sequencing revealed that this variation causes exon 8 skip-
ping, resulting in a deletion of 78 bp (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 

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

https://varseak.bio/
https://varseak.bio/
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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 1 K Genomes 
(https://​www.​inter​natio​nalge​nome.​org/), Human Gene 
Variant Database (http://​www.​hgmd.​cf.​ac.​uk/​ac/), Clin-
Var (https://​www.​ncbi.​nlm.​nih.​gov/​clinv​ar/), 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 78 bp) 
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 
c.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, 

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 ± 1.57 years 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.
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