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Communicated by Michel Goossens 

Metachromatic leukodystrophy (MLD) is a rare autosomal recessive disorder caused by 
mutations of the arylsulfatase A (ARSA) gene. We have investigated more than fifty MLD 
patients using allele-specific PCR assays to detect the pseudodeficiency (PD) allele and 
several common MLD mutations, followed by comprehensive nucleotide sequencing of the 
ARSA gene to detect rare or private mutations. Here we report the identification of nine 
novel microlesions in the ARSA gene: five missense mutations (c.464C>T, c.542T>A, c.916T>C, 
c.973G>A, c.1286A>C), three frameshift mutations (c.205_206delTG, c.489_495del, 
c.1483_1486dup), and one splice donor site mutation (c.973+1G>A). Comprehensive mutation 
detection has facilitated carrier detection and prenatal diagnosis for several at-risk MLD 
families. © 2003 Wiley-Liss, Inc. 
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INTRODUCTION 

Metachromatic leukodystrophy (MLD, MIM# 250100) is a rare autosomal recessive metabolic disease 
characterized by a deficiency of arylsulfatase A activity (ARSA, EC 3.1.6.8). The estimated gene frequency for 
MLD is approximately 0.5%, corresponding to an incidence of 1 in 40,000 births. ARSA deficiency causes 
intralysosomal storage of cerebroside sulfate in the cells of the white matter of the central nervous system and of 
the peripheral nerves, leading to progressive demyelination and a variety of neurological symptoms. Clinically the 
disease is heterogeneous and different forms are classified according to the age at onset of symptoms (infantile, 
juvenile, and adult) (von Figura et al., 2001).  

The arylsulfatase A gene (ARSA, MIM# 607574) has been mapped to chromosome 22q13.31 and spans 
approximately 3.2 kb (GenBank Accession Nos. AY271820.1 and NM_000487.3). It contains eight exons and 
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encodes a protein of 507 amino acid residues with three N-glycosylation sites (Kreysing et al., 1990). To date, 
more than eighty different ARSA mutations have been identified in MLD patients (Gieselmann et al., 1994, 1998). 
Two mutations, c.459+1G>A and c.1277C>T (p.Pro426Leu), account for almost one–half of all MLD alleles in 
patient surveys (Polten et al., 1991), the remaining alleles are rare or private. Missense, nonsense and frameshift 
mutations are evenly distributed throughout the eight exons, and numerous splice site mutations have been 
reported. In addition, a complete deletion of the ARSA gene has been found in one MLD family (Eng et al., 2003).   

We have used a combination of allele-specific mutation assays and nucleotide sequencing to identify ARSA 
mutations in more than fifty MLD patients. Herein we report the identification of nine new ARSA mutations. 

MATERIALS AND METHODS 

The amplification refractory mutation system (ARMS) (Newton et al., 1989) was used to identify three common 
MLD alleles [c.459+1G>A, c.536T>G (p.Ile179Ser), c.1277C>T (p.Pro426Leu)] as well as the pseudodeficiency 
(PD) allele (c.1620A>C). Mutations caused by small insertions or deletions were identified by heteroduplex 
analysis using non-denaturing polyacrylamide gel electrophoresis (Cai et al., 1991). For comprehensive nucleotide 
sequencing, the ARSA gene was amplified as three overlapping fragments using the following primer sets: exons 
1-3, forward primer 5′-CTGC TGGA GCCA AGTA GCCCT-3′, reverse primer 5′-CAAA GACT GGAG TTAG 
CACT-3′; exons 3-6, forward primer 5′-ATGA CCTC ATGG CCGA CGC-3′, reverse primer 5′-GAGG ATCC 
CAGT GCAG GAGG CACT GAGG-3′; exons 6-8, forward primer 5′-TTGA TGGC GAAC TGAG TGAC-3′, 
reverse primer 5′-TTCC TCAT TCGT ACCA CAGG-3′. The PCR products were sequenced using internal 
primers, the BigDye  Terminator Cycle Sequencing Kit, and the ABI PRISM  310 Genetic Analyzer (PE 
Applied Biosystems, Foster City, CA). 

Samples from at least fifty normal individuals were screened for each of the missense mutations to exclude the 
possibility that these are neutral polymorphisms in the ARSA gene. The c.464C>T (p.Pro155Leu) mutation was 
screened by PCR-RFLP using Apa I digestion, since the mutation abolishes an Apa I cleavage site. The c.542T>A 
(p.Leu181Gln) mutation was screened using Tsp RI (abolishes site), c.916T>C (p.Tyr306His) using Bss SI 
digestion (creates site), c.973G>A (p.Gly325Ser) using Hpa II digestion (abolishes site), and c.1286A>C 
(p.Tyr429Ser) using Hpy 188I (creates site).  

RESULTS 

We have used allele-specific mutation assays and direct nucleotide sequencing to identify nine new ARSA 
mutations in MLD patients. Table 1 summarizes the characteristics of these new ARSA mutations.  

 
 

Table 1.  Nine Novel Arlysulfatase A Gene Mutations Identified in MLD Patients 
Mutation (cDNA)a Mutation (genomic)b  Mutation (protein) Mutation Type 
c.205_206delTG g.205_206delTG p.Cys69fs Frameshift 
c.464C>T g.726C>T p.Pro155Leu Missense 
c.489_495del g.751_757del p.Pro163fs Frameshift 
c.542T>A g.804T>A p.Leu181Gln Missense 
c.916T>C g.1564T>C p.Tyr306His Missense 
c.973G>A g.1621G>A p.Gly325Ser Missense/Splice Donor 
c.973+1G>A g.1622G>A  Splice Donor 
c.1286A>C g.2392A>C p.Tyr429Ser Missense 
c.1483_1486dup g.2589_2592dup p.Arg496fs Frameshift 

a GenBank Accession No. NM_000487.3, position 1 is A of the translation initiation codon. 
b GenBank Accession No. AY271820.1, position 1 is the A of the translation initiation codon. 
 
 
A patient with infantile MLD was shown to be homozygous for the c.205_206delTG frameshift mutation. The 

parents were of East Indian descent and were first cousins. This frameshift results in premature termination of 
translation in exon 1, resulting in no functional ARSA. Prenatal diagnosis was undertaken for the couple’s second 
pregnancy. Direct mutation analysis of CVS showed that the fetus was heterozygous for this mutation. 
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The c.464C>T (p.Pro155Leu) mutation was identified in an American patient with juvenile MLD. The proband 
also carried c.635C>T (p.Ala212Val), which had previously been reported in several other MLD families (Barth et 
al., 1993; Coulter-Mackie et al., 1997; Draghia et al., 1997). The c.464C>T (p.Pro155Leu) mutation alters a non-
conserved domain of the enzyme (Protein Predict Server), replacing a small polar residue with a larger 
hydrophobic residue. This is the second missense mutation reported at this residue, the other being c.464C>G 
(p.Pro155Arg) (Gieselmann et al., 1994).  

The c.489_495del frameshift mutation causes premature termination of translation within exon 3. This mutation has been 
identified in three unrelated individuals; all of French Canadian ancestry from the province of New Brunswick. 
One couple, both carriers of this mutation, had twins with infantile MLD. Prenatal diagnosis of CVS was 
undertaken for a subsequent pregnancy, and the fetus was found to be heterozygous for this mutation. 

The c.542T>A (p.Leu181Gln) mutation was identified in an American patient with infantile MLD. This 
mutation alters a conserved amino acid residue, substituting a hydrophobic residue with an acidic residue. The 
second mutation, c.459+1G>A, alters the canonical splice donor sequence (GT>AT) of IVS2 and prevents proper 
splicing of the primary transcript (Polten et al., 1991).  

The c.916T>C (p.Tyr306His) and c.973+1G>A mutations were found in a family of Malaysian descent. 
Juvenile MLD had been diagnosed in the proband and four older siblings. The c.916T>C (p.Tyr306His) mutation 
alters a conserved amino acid residue, substituting one large aromatic residue with another large aromatic residue. 
The second mutation, c.973+1G>A, alters the canonical splice donor sequence (GT>AT) of IVS5 and thereby 
should prevent proper splicing of the primary transcript. The analogous mutation has been reported for the splice 
donor sequences of IVS2 (Polten et al., 1991), IVS3 (Barth et al., 1995), IVS4 (Pastor-Soler et al., 1994), and IVS7 
(Fluharty et al., 1991).  

The c.973G>A (p.Gly325Ser) mutation was found in a Canadian family from Newfoundland in which two 
siblings had been diagnosed with juvenile MLD. The second mutation was c.1004A>T (p.Asp335Val), a missense 
mutation that has previously been reported (Gieselmann et al., 1994). The c.973G>A (p.Gly325Ser) mutation not 
only alters a conserved amino acid, but it changes the nucleotide at the −1 position relative to the canonical splice 
donor sequence of IVS5. This is the second reported MLD mutation involving this nucleotide, the other being 
c.973G>T (p.Gly325Cys) (Gieselmann et al., 1994). Mutations have been reported in the same position relative to 
the splice donor sequences of IVS2 [c.459G>C (p.Gln153His)] and IVS6 [c.1101G>C (p.Lys367Asn)] (Tsuda et 
al., 1996; Draghia et al., 1997). Mutations involving this nucleotide have been shown to reduce or abolish proper 
splicing in numerous other eukaryotic genes (Krawczak et al., 1992).  

The c.1286A>C (p.Tyr429Ser) mutation was identified in a Canadian patient with adult MLD, presenting 
initially with behavioral problems and progressing to seizures and cognitive deterioration. This mutation alters a 
conserved amino acid residue, substituting a large aromatic residue with a small polar residue. The second 
mutation was the common c.1277C>T (p.Pro426Leu) missense mutation.  

The c.1483_1486dup frameshift mutation was identified in a Canadian patient of Greek ancestry who had 
juvenile MLD. The second mutation was c.412_413insC, which results in premature termination of translation in 
exon 3 and has previously been reported in a Portuguese family (Marcνo et al., 1999). The c.1483_1486dup 
mutation is novel in that it results in a predicted protein with an altered, elongated carboxy terminus. The 
frameshift allows translation to proceed beyond the normal termination codon, and to the end of the mRNA 
transcript without encountering an in-frame termination codon.  

 

DISCUSSION 

In this report, we describe our diagnostic experiences with MLD. Given the broad spectrum of mutations 
associated with MLD, it is important that diagnostic strategies be capable of detecting common MLD alleles as 
well as rare or private alleles. Our approach to mutation identification is based on allele-specific ARMS assays to 
detect three common MLD alleles and the PD allele, followed by comprehensive sequencing of the exons and 
intron/exon boundaries. Using this strategy, we have been able to identify both mutant alleles in all but a small 
number of patients. The c.459+1G>A and c.1277C>T (p.Pro426Leu) mutations accounted for almost 40% of the 
mutant alleles in our patient sample. The remaining alleles were extremely rare, and included nine mutations that 
have previously not been reported in the literature. This information has been invaluable for identifying couples at 
reproductive risk for having children with MLD, and for providing prenatal diagnosis for at-risk pregnancies.  
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