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Abstract: Metachromatic leukodystrophy (MLD) is an autosomal recessive lysosomal storage disorder mainly caused 
by the arysulfatase A (ARSA) gene mutations, which results in ARSA activity deficient to accumulate sulfatide in the 
oligodendrocytes and in the Schwann cells. On the basis of the age of onset, MLD is characterized by three clinical 
subtypes: late infantile, juvenile, and adult. In this manuscript we report a novel ARSA gene mutation c.302delG 
in a Chinese late infantile form MLD patient. The frameshift mutation c.302delG changes translated amino acid 
sequence and creates a premature stop codon in exon 2 at residue 107 (G101Afs*7) according to Mutation Taster 
Database analysis. Moreover, the mutation c.302delG also damages the protein structure in comparison to that of 
wild type ARSA protein through SWISS-MODEL. Combined with the patient’s typical late infantile presentation, we 
speculate it may be the cause of MLD. 
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Introduction

Metalchromatic leukodystrophy (MLD; OMIM 
250100) is a rare lysosomal storage disease 
caused by the deficiency of arylsulfatase A 
(ARSA) or sphingolipid activator protein B (SAP-
B) activity [1]. It will result in accumulation of 
sulfatide in the oligodendrocytes and Schwann 
cell and cause progressive demyelination. The 
incidence of MLD regarded as “orphan dis-
ease” is 1/40000~1/120000 live births [1]. 
According to the age of onset, MLD is subdivid-
ed into three forms: late infantile, juvenile, and 
adult forms [2]. The late infantile form is the 
most common subtype of MLD, accounting for 
50%~60% of cases [2, 3], in which the clinical 
symptoms are severest [4]. Patients with the 
late infantile MLD present between one and 
three years of age [1, 2]. Difficulty walking and 
hypotonia are the most common clinical 
symptoms.

The low ARSA enzymatic activity and clinical 
symptoms are the main diagnostic basis of 
MLD. However, low ARSA activity could occur in 
six conditions, including: 1) MLD, 2) ARSA pseu-

dodeficiency, 3) saposin B deficiency, 4) multi-
ple sulfatase deficiency, 5) compound heterozy-
gosity for a null and pseudodeficiency alleles of 
the ARSA gene (without white matter disease), 
6) the 22q13 deletion syndrome [5]. The ARSA 
pseudodeficiency (PD) allele is frequently found 
to decrease ARSA enzymatic activity. And the 
majority of pseudodeficiency alleles identified 
are Asn350Ser and c.2723A>G [6]. So direct 
DNA sequencing is helpful for us to make a 
definitive diagnosis of MLD. Up to date, more 
than 150 ARSA gene mutations causing MLD 
have been reported [2]. The ethnicity is a major 
factor of the most common ARSA mutations in 
patients with MLD. Three ARSA gene mutations, 
including -c.459+1G>A, p.P426L, and p.I179S, 
are common in Poland populations, whereas 
three other mutations, p.Gly245Arg, p.Gly99- 
Asp, and p.Thr409Ile, are responsible for MLD 
patients in Japanese [7, 8]. However, few cases 
confirmed MLD by mutation analysis of the 
ARSA gene have been reported in China.

In this study, we report a novel ARSA gene muta-
tion c.302delG in a Chinese late infantile form 
metachromatic leukodystrophy patient by using 
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PCR and direct DNA sequencing to extend the 
knowledge about molecular basis of MLD.

Materials and methods

Patient

The patient is a boy, born as the second child to 
young, nonconsanguineous patients. After 
birth, his growth was normal, but his psychomo-
tor development was slightly delayed. He 
gained head control, sitting, and standing at 
the age of 6, 9, 14 months, respectively. He 
started to speak some simple words at the age 
of 13 months old. But he couldn’t walk until the 
age of two years. 

He was admitted to referring hospital and was 
misdiagnosed as cerebral palsy. However, the 
treatment efficacy was poor and clinical symp-
toms progressively deteriorated. He was hospi-
talized in our hospital at 2 years and 8 months 
of age. He presented with language impair-
ment, lower limbs stiffness, deterioration of 
mental function and foot thumbs spontaneity 
dorsiflexion. And he presented the bilateral 
Babinski sign. Moreover, he developed general-
ized seizures during hospitalization and sei-
zures frequency decreased after treatment for 
levetiracetam. The neuron-specific enolase 
was significantly higher. Genetic metabolism 
examination showed blood carnitine deficiency. 
The cerebrospinal fluid pressure was 150 
mmH2O, in which protein content was high and 
cell count was normal. The activity of arylsulfa-
tase A in blood leukocytes was 0.5 nmol/mg/h 

(normal range 3.7~28.2 nmol/mg/h). The elec-
troencephalogram showed more high ampli-
tude 4~4.5θ activities and spikes in the fore-
head. The MR imaging detected abnormal 
signal in the bilateral periventricular and in the 
corpus callosum (Figure 1). The tigroid pattern 
of white matter involvement was highly sugges-
tive of metachromatic leukodystrophy.

No other family members had clinical symp-
toms as the same as the patient’s. The mother 
and brother were healthy, but the mother’s aryl-
sulfatase A activity showed slightly low. The 
father was recently diagnosed with acute lym-
phoma and undergoing chemotherapy. He 
failed to detect arylsulfatase A activity and 
ARSA gene. 

Determination of ASA activity

The activity of arylsulfatase A was determined 
in leukocyte according to the method of Bognar 
et al [9] and Chang et al [10]. Determination of 
the protein content in leukocyte homogenates 
was detected by using the Bradford assay with 
bovine serum albumin as the standard.

Mutation screening

Genomic DNA was prepared from venous blood 
of the patient’s family members but not the 
father by using the extraction kit (QIAGEN) 
according to the manufacturer’s protocol. Using 
2XPCR MasterMix polymerase (TIANGEN), the 
eight ARSA gene exons were amplified by PCR. 
PCR products were sequenced on an ABI PRISM 

Figure 1. The brain MRI performed when the patient was at the age of 32 months. Tigroid pattern of white matter 
involvement in the bilateral periventricular showed low signal intensity in FSE/T1-weighted image (A), but confluent 
hyperintense lesions in FSE/T2- weighted image (B) and T2-FLAIR image (C).
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3500xl Genetic Analyzer (American Life Te- 
chnology Company).

Result

We investigated ARSA gene mutations of this 
family member except the father by direct 
screening. Sequence analysis demonstrated 
two mutations in exon 2 of ARSA gene in the 
patient, including a known heterozygous mis-
sense mutation c.293C>T which was also found 
in his mother and a novel frameshift mutations 
c.302de1G (Figure 2). None of them was also 
found in the patient’s brother and 200 healthy 
children, indicating them being not polymor-
phisms. Further, we found that the frameshift 

nile and adult form MLD. The late infantile MLD 
is the most common form and its clinical symp-
toms are more severe. The late infantile MLD 
patients may manifest difficult walking, knee 
hyperextension, mental retardation, irritability, 
hypotonia as the first clinical signs. As it pro-
gresses, patients develop muscle atrophy, 
spastic paralysis, generalized tonic-clonic sei-
zures, nystagmus, optic atrophy, and aphasia 
[1]. The late infantile MLD patients usually die 
within the first decade as no causal therapy is 
yet available [12-14]. In this study, the patient 
presented psychomotor retardation after birth 
as the first clinical symptom, and then progres-
sively deteriorated to difficulty with speech, 
dyskinesia, spastic paralysis and generalized 

Figure 2. The novel frameshift mutation c.302delG found in the patient. A. Nor-
mal sequence around c.302delG in exon 2. B. c.302delG frameshift mutation 
sequenced using sense primer. Black arrow, normal sequence; red arrow, ab-
normal sequence.

Figure 3. The protein tertiary structure of normal ARSA protein (A) and mutant 
ARSA protein (B) according the SWISS-MODEL analysis.

mutation c.302de1G re- 
sulted in a frame shift 
beginning at the amino acid 
position 101 and creating  
a premature stop codon  
at residue 107 (G101Afs*7), 
which is predicted to im- 
pact the protein function 
according to Mutation Ta- 
ster Database analysis 
(http://www.mutationtas- 
ter.org/) and SWISS-MO- 
DEL (http://www.swissmo-
del.expasy.org/) (Figure 3).

Discussion

Metachromatic leukodys-
trophy (MLD) is an autoso-
mal recessive genetic dis-
ease caused by lack of ASA 
activity, resulting in sphin-
golipid cerebroside-3-sul-
fate (sulfatide) hardly being 
hydrolyzed to deposit in  
oligodendrocytes and Sch- 
wann cells [11]. The char-
acteristic pathological ch- 
anges of MLD are that 
brownish or red square 
metachromatic substances 
stained by toluidine blue or 
cresyl violet are found in oli-
godendrocytes and Sch- 
wann cells. According to 
age of onset, MLD is char-
acterized by three clinical 
types: late infantile, juve-
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tonic-clonic seizures. And brain MRI showed 
typical white matter demyelination change and 
leukocyte ASA activity was significantly defi-
cient. These typical clinical symptoms were 
consistent with the diagnosis of late infantile 
MLD. 

In this study, we have identified a heterozygous 
missense mutation c.293C>T of ARSA gene in 
the patient and the mother by PCR direct 
sequencing. The missense mutation c.293C>T 
had been found by Gieselmann et al in 1991 
[15], which leads to replacement of a Ser resi-
due by a Phe residue at position 98. The muta-
tion was identified to signify the arylsulfatase A 
pseudodeficiency allele, meaning that it is 
associated with low arylsulfatase A activity but 
does not cause MLD. So the phenotype of the 
mother is normal and leukocyte ASA activity is 
slightly low, which is consistent with previous 
findings. Further, we also found a novel frame-
shift mutation c.302de1G in exon 2 in the 
patient. Up to date, the frameshift mutation 
c.302delG has not been reported. According to 
Mutation Taster database analysis and SWISS-
MODEL, the frameshift mutation c.302delG 
changes translated amino acid sequence, 
which accounts for the first 100 amino acids 
normal and the following amino acid sequence 
aberrant. Additionally, the matution creates a 
premature stop codon in exon 2 at residue 107 
(G101Afs*7). Moreover, the structure of the 
mutant protein has been damaged in a largely 
extent. So c.302delG frameshift mutation has 
a possibility of radically altering the structure of 
the ARSA protein that may cause arylsulfatase 
A deficiency. Combined with the patient’s typi-
cal late infantile form MLD presentation, we 
confirm that the frameshift mutation c.302delG 
may be responsible for the late infantile form 
MLD. As this mutation was not found in the pro-
band’s mother or brother, it may derived from 
his father. But it cannot be confirmed in this 
study due to a lack of DNA sample of his father. 
It’s interesting to note that there are two known 
mutations have been reported on the same 
nucleotides, resulting in a different amino acid 
substitution c.302G>T (p.Gly101Val) [16] and 
c.302G>A (p.Gly101Asp) [17]. The first substi-
tution resulted in changes in the polarity or 
charge in the residue G101V, indicating that it 
may be a disease-causing mutation, which is 
needed to identify by expression study [16]. 

Kondo et al confirmed that the second muta-
tion c.302G>A was to be the cause of MLD 
according to the transient expression studies, 
in which COS cells transfected with the mutant 
cDNA carrying gly99-to-asp did not show 
increase of ARSA activity [17].

This study identified a novel frameshift muta-
tion of the ARSA gene that was in relation to 
late infantile type MLD. On the basis of analysis 
of Mutation Taster database and SWISS-
MODEL, we hypothesize it probably cause the 
late infantile type MLD. Our current knowledge 
of the molecular mechanisms of MLD is still not 
complete; however, this study may make us a 
better understanding and serve as reference 
for family counseling.
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