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MR-Revealed Myelination in the Cerebral Corticospinal
Tract as a Marker for Pelizaeus-Merzbacher’s Disease

with Proteolipid Protein Gene Duplication

Jun-ichi Takanashi, Katsuo Sugita, Yuzo Tanabe, Kasumi Nagasawa, Ken Inoue, Hitoshi Osaka, and Yoichi Kohno

BACKGROUND AND PURPOSE: Pelizaeus-Merzbacher’s disease (PMD) is caused by mu-
tations in the proteolipid protein (PLP) gene. Recent studies have shown that an increased PLP
dosage, resulting from total duplication of the PLP gene, invariably causes the classic form of
PMD. The purpose of this study was to compare the MR findings of PMD attributable to PLP
duplication with those of PMD arising from a missense mutation.

METHODS: Seven patients with PMD, three with a PLP missense mutation in either exon
2 or 5 (patients 1–3), and four with PLP duplication (patient 4 having larger PLP duplication
than patients 5–7) were clinically classified as having either the classic or connatal form of
PMD. Cerebral MR images were obtained to analyze the presence of myelination and T1 and
T2 shortening in the deep gray matter. Multiple MR studies were performed in six of the seven
patients to analyze longitudinal changes.

RESULTS: Four patients (patients 1–4) were classified as having connatal PMD, whereas the
other three (patients 5–7) were classified as having classic PMD. Myelination in the cerebral
corticospinal tract, optic radiation, and corpus callosum was observed in three cases of classic
PMD with PLP duplication. In patient 4, myelination extended to the internal capsule, corona
radiata, and centrum semiovale over a 3-year period. No myelination was observed in three
PMD cases with a PLP point mutation. T2 shortening in the deep gray matter was recognized
in all patients with PMD.

CONCLUSION: The presence of myelination in the cerebral corticospinal tract with diffuse
white matter hypomyelination on MR images could be a marker for PMD with PLP duplica-
tion. It is suggested that progression of myelination may be present in connatal PMD with
large PLP duplication.

Pelizaeus-Merzbacher’s disease (PMD) is a rare X-
linked inherited disorder affecting myelination of
the central nervous system (1, 2). Pathologically,
PMD, in contrast to other leukodystrophies like
metachromatic leukodystrophy, adrenoleukodystro-
phy, and multiple sclerosis, is a dysmyelinating
rather than a demyelinating disorder. In demyelin-
ating disorders, myelin is formed, deposited around
axons, and then destroyed later. In dysmyelinating
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disorders such as PMD, normal myelination never
occurs.

Based on the time of onset and the clinical se-
verity, PMD has traditionally been divided into
four categories: the classic, connatal, transitional,
and adult forms (1, 2). The classic and connatal
forms are the most common. Classic PMD has its
onset during late infancy. Early symptoms include
nystagmoid, dancing or trembling eye movements,
and delayed motor development followed by in-
voluntary movements and spasticity. The course is
usually protracted and it is often misdiagnosed as
cerebral palsy. Connatal PMD is a rarer and more
severe variant that begins at birth or in early infan-
cy and has a more severe clinical course. Abnormal
nystagmoid eye movements, extrapyramidal hyper-
kinesia, spasticity, optic atrophy, and seizures also
occur during the early stage.

The basic defect in PMD patients is a defect in
the proteolipid protein (PLP) gene. PLP is the most
abundant protein in central nervous system myelin,
accounting for approximately 50% of the total my-
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elin protein (3). Traditionally, PLP and an isoform
DM20, produced by alternative splicing of exon
3B, have been presumed to play a structural role in
compact myelin, but more recent studies have sug-
gested an additional role in glial cell development
(4). A wide range of mutations in the PLP gene can
result in PMD. The deletion of the 18q 22.3-qter
region, which includes the myelin basic–protein
gene, can also cause a variable myelin defect (5).

Hodes et al (6) reviewed 21 different missense
mutations of the PLP gene, mostly located in exons
3 and 4. Missense mutations impair the cellular
transport of PLP proteins to the membrane. The
resulting accumulation of PLP in the endoplasmic
reticulum finally leads to oligodendrocytic cell
death. Mutations that inhibit the transport of both
PLP and DM20 are found in patients with connatal
PMD, whereas patients with classic PMD carry
mutations that impair the transport of PLP only (7).
Nonsense mutations, splice-site mutations, and
small deletions have also been described (8). Se-
quential analysis of the entire PLP coding region,
however, has failed to reveal mutations in approx-
imately 80% of the patients with PMD.

Recent studies have shown that an increased PLP
dosage, resulting from total duplication of the PLP
gene, also causes PMD (8, 9). PLP over-expression
caused by duplication of the gene also leads to glial
cell degeneration. Duplication of the PLP gene has
been shown to be a major cause of PMD (8, 9).
PMD patients with PLP duplication invariably have
the classic form with a relatively mild clinical
course (8–10).

MR imaging is a useful method for assessing the
dysmyelination of the cerebral white matter in
PMD. MR imaging can show a hypomyelination
pattern; ie, reversal of the white matter signal in-
tensity on T1- and T2-weighted images (11). None-
theless, there has been no report of a correlation
between the genotype and MR imaging. The pur-
pose of this study was to examine the MR findings
of PMD attributable to PLP duplication compared
with those arising from a missense PLP mutation.

Methods
Seven male patients with PMD, aged 2 to 17 years and from

seven unrelated Japanese families, were involved in this study.
The patients came from two hospitals in the city of Chiba.
Genetic analysis of their PLP genes, obtained with previously
reported methods (12), revealed missense point mutations in
exon 2 (Leu45[CTA] → Arg[CGA]) in patient 1, exon 5
(Val209[GTT] → Asp[GAT]) in patient 2, and exon 5
(Pro210[CCA] → Leu[CTA]) in patient 3 (13). The proton MR
spectroscopic findings in patients 1 and 3 were reported pre-
viously (14). These missense point mutations impaired the
transport of both PLP and DM20. PLP gene duplications were
identified in the other four patients (patients 4–7) by using an
interphase fluourescence in situ hybridization (FISH) assay (9).
To determine the size of the duplication and appropriate lo-
cations of the DNA rearrangement breakpoints, phage P1 ar-
tificial chromosomes (PAC) clones were used as FISH probes
for breakpoint mapping (9). The size of the duplication in pa-

tient 4 was much larger than that found in the other three
patients.

The patients were classified into the classic or connatal form
based on the time of disease onset and the clinical severity (1).
MR imaging was performed with a 0.5-T superconducting
magnet in six patients (the exception being patient 6), or a 1.5-T
superconducting magnet in five patients (patients 1, 3, 4, 5,
and 6). At least two scans were obtained in 6 patients (patients
1–6). Axial or coronal T2-weighted images or both (2000/80/2
[TR/TE/excitations] for 0.5-T, 3000–4000/100/2 for 1.5-T) and
T1-weighted images (500/30/2, TI 5700 for 0.5 T; 500/30/2
for 1.5-T) were obtained in all seven patients. The parameters
were as follows: matrix size, 224 3 160 for 0.5-T, 256 3 256
or 256 3 192 for 1.5-T; field of view, 25 cm; slice thickness,
7 mm for 0.5-T, 6 mm for 1.5-T; and slice gap, 2 mm. The
images were examined for signs of myelination (comparison
of T1 and T2 shortening within the cortex) in parts of the
brain; that is, the cerebral corticospinal tract (the internal cap-
sule, corona radiata, centrum semiovale, pre- or postcental cor-
tex, and subcortical white matter), optic radiation, corpus cal-
losum, and cerebellar white matter. On the basis of the signal
intensity, myelination was graded as ‘‘absent,’’ ‘‘present,’’ and
‘‘intermediate.’’ Absent myelination indicated a higher signal
on T2-weighted and a lower signal on T1-weighted images in
the cerebral cortex. Present myelination indicated a lower-to-
equal signal on T2- and a higher signal on T1-weighted images
of the cerebral cortex. Intermediate myelination showed a sig-
nal between that of absent and present myelination. When my-
elination was present, the ‘‘tigroid’’ appearance of preserved
myelin was also evaluated.

T1 and T2 shortening within the cortex was evaluated in the
deep gray matter regions; ie, the thalamus, striatum, and globus
pallidus. Cerebral and cerebellar atrophy was also examined.
Cerebral CT was performed at least once in all patients to
identify low-density white matter areas and to rule out calci-
fication, which could also shorten the T1 and T2 values.

Results
The clinical data and MR findings in each patient

are presented in the following Table. Four patients
(all three patients with a PLP point mutation and
one with large PLP duplication [patients 1–4])
were classified as having connatal PMD, whereas
the other three patients with PLP duplication (pa-
tients 5–7) were identified as having classic PMD.
Nystagmus began at birth or soon after birth in
cases of connatal PMD, and after 3 weeks in classic
PMD. Patient 5 could crawl, and patients 6 and 7
could walk with assistance. On the other hand, the
patients with connatal PMD never acquired head
control.

Myelination in the cerebral corticospinal tract
(the internal capsule, corona radiata, centrum se-
miovale, pre- or postcentral cortex, and subcortical
white matter), optic radiation, and corpus callosum
was observed in three cases of classic PMD with
PLP duplication (patients 5–7, Fig 1). High signal
intensity on T1-weighted images was more prom-
inent than was low signal intensity on T2-weighted
images. In a case of connatal PMD with large PLP
duplication (patient 4), myelination was recognized
only in the posterior limb of the internal capsule at
age 1 year 9 months (Fig 2A–B). Myelination,
however, extended into the internal capsule, corona
radiata, and centrum semiovale 3 years later (Fig
2C–D). On the other hand, no myelination was ob-
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FIG 1. MR images of patient 6 with PMD
arising from PLP duplication (classic form)
obtained when the patient was 3 years old.

A, Transverse T1-weighted image
shows high signal intensity in the posterior
limb of the internal capsule (arrow) and op-
tic radiation, representing myelination. T1
shortening was also recognized in the bi-
lateral thalamus.

B, Transverse T2-weighted image
shows abnormal high signal intensity in the
diffuse cerebral white matter, representing
hypomyelination, and low signal in the pos-
terior limb of the internal capsule (white ar-
row), representing myelination. Low signal
intensity was recognized in the bilateral
striatum and thalamus.

FIG 2. MR images of patient 4 with PMD
attributed to PLP duplication (connatal
form).

A and B, T1- and T2-weighted images
obtained when the patient was 1 year 9
months old.

C and D, T1- and T2-weighted images
obtained when the patient was 5 years old.
Myelination extends into the internal cap-
sule over a 3-year period (white arrow).

served in the three PMD cases with PLP point mu-
tations (patients 1–3, Fig 3). No progression of my-
elination was observed in six patients, the
exception being patient 4. A tigroid pattern of my-
elination was not observed in any patient.

T1 and T2 shortening in the deep gray matter
(ie, striatum, globus pallidus, and thalamus) was,
to some degree, recognized in all patients in this
study. Low signal intensity on T2-weighted images
was more significant than high signal intensity on
T1-weighted images. The longitudinal MR study

showed progressive T2 shortening in the basal gan-
glionic regions.

Cerebral and cerebellar atrophy was present in
connatal PMD. The atrophy was not present on ini-
tial scanning in patients 1 and 3 at the ages of 9
and 10 months. In the other four patients, no at-
rophy was observed.

Calcification was absent in all patients. Also, CT
showed slightly low-density areas in the cerebral
and cerebellar white matter in all patients; however,
differences could not be seen between PMD with
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FIG 3. MR images of patient 2 with PMD
attributed to a PLP point mutation (con-
natal form) at the age of 13.

A and B, Transverse T1- and T2-weight-
ed images show no myelination in the ce-
rebral white matter, including the posterior
limb of the internal capsule. T1 and T2
shortening was recognized in the bilateral
striatum, globus pallidus, and thalamus.

PLP point mutations and PMD with PLP
duplication.

Discussion
From the MR perspective, postnatal brain devel-

opment consists primarily of changes in signal in-
tensity secondary to the process of myelination
(15). Brain myelination on MR images is shown to
occur at different rates and at different times on
T1-weighted images compared with those found on
T2-weighted images. For example, at birth, high
signal intensity on T1-weighted images is observed
in the cerebellar peduncle and the posterior limb of
the internal capsule, which shows low signal inten-
sity on T2-weighted images during the interval be-
tween birth and 2 months after birth. Changes in
white matter maturation are seen best on T1-
weighted images during the first 6 to 8 months of
life, and on T2-weighted images between 6 and 18
months. The exact reason for these differences has
not been determined. It, however, is known that T1
shortening correlates temporally with the increased
interaction of the hydrogen molecules of water
binding to the member components of myelin as
well as with the increases in cholesterol and gly-
colipids that accompany the formation of myelin
from oligodendrocytes. T2 shortening correlates
temporally with the tightening of the myelin spiral
around the axon; that is, the maturation of the my-
elin sheath (15, 16). The seven PMD patients in
this study were older than 9 months and therefore
should have had an essentially adult pattern, at least
on T1-weighted images.

Three patients with classic PMD with PLP du-
plication (patients 5–7) exhibited myelination on
MR imaging in the cerebral corticospinal tract, op-
tic radiation, and corpus callosum. In fact, patho-
logic analysis showed a relatively good state of my-
elination within the internal capsule (10) in cases
of classic PMD. The T1 shortening in these regions
was more prominent than was T2 shortening. This
immature myelination pattern, also seen in the neo-
natal period (15), might reflect the pathologic find-
ings in classic PMD; that is, the myelin sheath in

the myelin islets is more or less damaged and
shows varicose and bandlike distension, thinning,
and pallor (10).

Patient 4 (connatal PMD with large PLP dupli-
cation) presented interesting neuroradiologic and
clinical findings. Nezu et al (17) and van der
Knaap and Valk (18) previously reported the ab-
sence of any progression of myelination in PMD.
They suggested an arrest of myelination occurred
before or soon after birth in PMD. MR imaging in
patient 4, however, revealed longitudinal progres-
sion of myelination in the internal capsule, corona
radiata, and centrum semiovale over a 3-year pe-
riod. Myelination in the optic radiation and corpus
callosum, which was present in the other three clas-
sic PMD cases with PLP duplication, was absent
on follow-up MR imaging. The state of myelina-
tion in patient 4 was, therefore, between that of
classic PMD with PLP duplication and connatal
PMD with a PLP point mutation. From the clinical
point of view, more than 40 PMD patients with
PLP duplication had classic PMD with a relatively
mild clinical course (19); however, patient 4 was
classified as having connatal PMD with severe clin-
ical manifestations, although he had PLP
duplication.

We recently reported on 13 PMD patients with
PLP duplication, who commonly had classic PMD
(9). Among them, two exceptionally severe cases
(clinically connatal PMD) carried large duplica-
tions, suggesting that either the size of the dupli-
cated genomic region or the location of the break-
point may affect the clinical severity. A duplicated
large fragment may contain other genes as well as
PLP. The duplication may affect these genes, re-
sulting in the phenotypic variation and delayed my-
elination that was seen on MR images in patient 4.

On the other hand, myelination was totally ab-
sent on MR images in three cases of connatal PMD
with a PLP point mutation. This finding coincides
with the pathologic findings in connatal PMD; that
is, dysmyelination spreads diffusely over all parts
of the brain and is so intense that, in large areas,
not a single myelinated fiber is to be found. Ac-
cordingly, the presence of myelination in the cor-
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ticospinal tract with diffuse white matter hypomye-
lination on MR images could be a marker for PMD
with PLP duplication.

In the literature, descriptions of the pathologic
features of classic PMD (10) have reported that the
central white matter shows a patchy distribution of
dysmyelination with preserved myelin islands.
These findings have no relation to such neuroana-
tomic structures as fiber pathways (including the
corticospinal tract and optic radiation) and systems,
but are frequently found perivascularly, sometimes
as zones of preserved myelin along stretches of
blood vessels, thus giving rise to the characteristic
‘‘tigroid’’ appearance. Caro and Marks (20) report-
ed MR images of patients with classic PMD, who
exhibited a homogeneous low intensity on T1-
weighted images, and heterogeneous high signal in-
tensity with small scattered areas of normal signal
on T2-weighted images in the white matter, es-
pecially in the convexities of the brain. They inter-
preted the MR findings as reflecting the tigroid pat-
tern of myelination. Nevertheless, the absence of
T1 shortening that would be caused by the myeli-
nation remained unexplained. The tigroid pattern of
myelination not seen in the four patients studied by
Wang et al (21) also was not seen in the present
patients. To determine whether or not the ‘‘tigroid’’
pattern of myelination can be detected on MR im-
ages, high-resolution MR imaging should be per-
formed in patients with PMD.

All seven of our patients showed low signal in-
tensity on T2-weighted images and high signal in-
tensity on T1-weighted images in the thalamus and
putamen. The low signal intensity on T2-weighted
images was more prominent than was the high sig-
nal intensity on T1-weighted images. These find-
ings are similar to those found in the normal infan-
tile pattern, which is believed to be secondary to
myelination of the axons within the deep nuclei
(15). Pathologic examination (1), however, re-
vealed that all central nervous system myelin
sheaths, including those of the deep gray matter
regions, were involved, even in cases of classic
PMD. Therefore, other mechanisms should be con-
sidered for the T2 and T1 shortening in the deep
gray matter in PMD cases.

Prominent T2 shortening in the deep gray and
white matter was recently reported in children with
certain pathologic states, such as ischemic anoxic
brain injury and cerebral infarction (22, 23). This
abnormal T2 shortening may either arise from iron
deposition caused by to interruption of axonal pro-
jections from the basal ganglia and thalamus to the
cortex or may be attributed directly to free radicals
produced during cell injury. These regions exhib-
ited slightly higher signal intensity on T1-weighted
images (24); however, this finding was often am-
biguous. To examine the presence or absence of
iron deposition in PMD cases, gradient acquisition
images should be obtained.

Another possible mechanism for T2 shortening
in the deep gray matter is maturational changes of

the neuronal network (25). Maturational changes of
neurons, particularly increasing synaptic density,
may reduce the amount of free water in the brain,
resulting in shortening of the T2 value (26). In
PMD, axonal processes appear normal, and the
neuronal architecture is unchanged pathologically.
Proton MR spectroscopy revealed a normal N-ace-
tylaspartate/creatine ratio (N-acetylaspartate is be-
lieved to be only present in neurons and is regarded
as a neuronal marker) in two of our patients with
PMD that was attributed to a PLP point mutation
(14). Accordingly, normal neuronal maturation in
the deep gray matter may cause signal changes
without myelination.

Conclusion
Finally, the presence of myelination in the ce-

rebral corticospinal tract, with diffuse white matter
hypomyelination observed on MR images, could be
a marker for PMD with PLP duplication and may
help to establish a clinical prognosis. It is suggested
that progression of myelination may occur in con-
natal PMD with large PLP duplication.
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