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SHORT COMMUNICATION

The PLP gene is assigned to human Xq22 (Mattei et al.
1986). Molecular analyses of the PLP gene have revealed
various mutations; deletion or duplication of the gene, mis-
sense mutations in various exons, and a mutation in the 59-
untranslated region. Thus far, only 10%–30% of patients
with this disorder have been shown to have exonic muta-
tions in the PLP gene. However, patients with exonic muta-
tions tend to have more severe clinical manifestations than
those not carrying the mutations (Inoue et al. 1997). We
report a novel missense mutation in exon 4 of the PLP
gene, which led to a severe phenotype of PMD, in two
siblings in a Japanese family.

Subjects and methods

The patients were two brothers (8 and 12 years old) with
severe developmental delay, spastic extremities, and respi-
ratory difficulties. Laryngeal stridor and dyspnea appeared
within a few days after birth and intensive respiratory care
was necessary for both children. The presence of laryngo-
tracheomalacia was suggested by microscopy. Nystagmus
was also noted at that time. The clinical course, neuro-
radiological features, and abnormalities of the auditory
brain-stem responses (ABR) were consistent with a con-
natal form of PMD. Their parents are healthy and
unrelated. No family members were known to have a
progressive neurological disease.

Genomic DNA samples were prepared from peripheral
blood leukocytes. The coding sequence and flanking region
of each exon of the PLP gene were scanned for mutations
by polymerase chain reaction (PCR) single-strand confor-
mation polymorphism (SSCP) analysis. The nucleotide se-
quence of each set of primers has been described previously
(Doll et al. 1992). The exonic regions containing a variant
sequence were subjected to direct sequencing analysis,
using [35S]-dATP (Amersham Radiochemicals, Amersham,
UK) and a cycle sequencing kit (Perkin-Elmer Cetus,
Norfolk, CT, USA). The patients and their parents were
characterized with respect to the mutation genotype in the
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Abstract We investigated the proteolipid protein (PLP)
gene in two brothers in a Japanese family with a connatal
form of Pelizaeus-Merzbacher disease (PMD). Direct se-
quencing of the PLP gene revealed an A-to-T transition
in exon 4, which led to an Asp-to-Val substitution at re-
sidue 202. Their mother was confirmed to be heterozygous
for the mutation. The mutation was not found in 78 X-
chromosomes of normal Japanese individuals. A correla-
tion between the clinical severity of the disease in the
brothers and the Asp202-to-Val mutation in the PLP gene
was suggested.
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Introduction

Pelizaeus-Merzbacher disease (PMD) is a rare, sex-linked,
recessive dysmyelinating disease of the central nervous sys-
tem associated with defects in the proteolipid protein (PLP)
gene (Gencic et al. 1989). It has been demonstrated that
PLP, the most abundant myelin protein in the brain, is
markedly decreased in PMD patients (Koeppen et al. 1987).
Clinically, two types of PMD have been recognized. (1) The
classic type, with onset in infancy and death in late adoles-
cence or young adulthood, is characterized by initial signs
of nystagmus and involuntary head movements. (2) The
connatal type shows rapid progression with various neuro-
logical symptoms and is fatal in infancy or childhood.
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PLP gene. Sau 3A1 digestion of the PCR product, which
was amplified by using mismatched primers (4A-Sau3A1;
59-TTTGTGGGCATCACCTATCCC-39, 4B-Sau3A1; 59-
AACTCACCATACATTCTGGCA-39), was performed to
detect the presence of the Asp202-to-Val mutation in the
variant allele. The presence of the mutation was also inves-
tigated in 50 unrelated healthy Japanese controls (22 males
and 28 females).

Results and discussion

A combination of SSCP and direct sequencing of PCR am-
plified DNA revealed an A-to-T transition in exon 4 of the
PLP gene, which led to an Asp202-to-Val substitution (Fig.
1). This mutation was observed in both of the affected male
siblings. Their mother was shown to be heterozygous for the
mutation by the same method. The father had a normal
sequence. The previously reported polymorphism, a T-to-C
change in the third position of codon 202 (Trofatter et al.
1991), was not observed in the family members or in the
healthy Japanese individuals examined. We then devised a
rapid and general technique to identify this mutation (Fig.
2). A Sau 3A1 restriction site was artificially created by site-
directed mutagenesis in the amplification step. The normal
DNA fragment amplified using mismatched primers (4A-
Sau3A1 and 4B-Sau3A1) has a Sau 3A1 site which digests
the 186-bp fragment into 153- and 33-bp fragments. The
PCR product of the variant allele was not digested at all.
Using this method, the Asp202-to-Val mutation was not
detected in the father of the two boys or in the 78 X-
chromosomes of the healthy Japanese individuals. Thus, it
is possible that the observed mutation causes the disease.

There have been a few cases of connatal PMD in which
the genetic defects were known. Iwaki et al. (1993) first
described a mutation (Gly220-to-Cys) in exon 5 of the PLP
gene in a Japanese family with a connatal form of PMD.
Yamamoto et al. (1998) reported a Japanese male patient in
whom PMD was caused by an Ala242-to-Val mutation in
the PLP gene. This mutation has been found in the jimpy

(msd) mouse, which is a phenotypic model of the human
connatal type of PMD (Gow and Lazzarini 1996). The clini-
cal severity in these patients was quite similar to that in the
present patients.

Doll et al. (1992) reported another amino acid substitu-
tion (Asp → His) in codon 202 of PLP, a G-to-C change in
the first position of the codon, in a patient with diagnosed

Fig. 2 Detection of the Asp202-to-Val muta-
tion by the PCR/Sau 3A1 method. Exon 4 of the
PLP gene was amplified with specific primers
(4A-Sau3A1; 59-TTTGTGGGCATCACCTA-
TCCC-3, 4B-Sau3A1; 59-AACTCACCATA-
CATTCTGGCA-39), which introduced a Sau
3A1 restriction site in the normal allele. With
Sau 3A1 digestion, the 186-bp fragment from
both siblings’ DNA remained intact, but that
from control disappeared, producing 153- and
33-bp fragments. Lane 1, Control; lane 2, pa-
tient; lane 3, mother (heterozygous carrier)

Fig. 1 Identification of the Asp202-to-Val mutation in exon 4 of the
PLP gene by the polymerase chain reaction (PCR) cycle sequencing
method. The primers used for PCR amplification and sequencing have
been described by Doll et al. (1992). The mutant allele bears T instead
of A in the second nucleotide of codon 202. The A → T transition alters
Asp-202 to Val in the PLP gene. This nucleotide substitution was
observed in both of the affected male siblings. Mother is a heterozygous
carrier
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with the classic form of PMD. The difference in phenotypes
between these two missense mutations (Asp202-to-Val and
Asp202-to-His) may be explained by a change in charge
distribution in the region around residue 202. As suggested
by several topology models for PLP (Popot et al. 1991),
these two amino acid substitutions could have different ef-
fects on the protein structure in a loop between hydropho-
bic regions C and D in the extracellular matrix. Gow and
Lazzarini (1996) suggested that connatal PMD mutations
led to the accumulation of both mutant PLP and DM20
protein in the endoplasmic reticulum of COS-7 cells. The
same mechanism could be involved in the pathogenesis of
the Asp202-to-Val mutation at the cellular level.

Abnormalities in the expression of the PLP gene were
demonstrated in some patients. Recently, Inoue et al.
(1996) reported the presence of a duplicated PLP gene in
four of five Japanese families with PMD not carrying exonic
mutations. We also estimated the gene dosage of the PLP
gene in the family of the present patients, using comparative
multiplex PCR (Inoue et al. 1996), but the duplication was
not detected (data not shown).

DNA-based tests are necessary not only for identifica-
tion of the basic defect in the patient but also for the detec-
tion of carrier status, and for prenatal diagnosis in the
patient’s family. PCR amplification followed by sequencing
of the seven exons of the PLP gene would be an appropri-
ate choice of approach to detect mutations in patients with
the connatal form of PMD.
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