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Proton MR Spectroscopic Imaging in
Pelizaeus-Merzbacher Disease

Francesca Pizzini, Ali. S. Fatemi, Peter B. Barker, Lidia M. Nagae-Poetscher, Alena Horská,
Andrew W. Zimmerman, Hugo W. Moser, Genila Bibat, and Sakkubai Naidu

BACKGROUND AND PURPOSE: Pelizeaus-Merzbacher disease (PMD) is a clinically and
molecularly heterogeneous disorder linked to deletion, mutations, or duplication of the prote-
olipid protein (PLP1) gene locus at Xq22. The current study was conducted to characterize the
results of proton MR spectroscopic (MRS) imaging in PMD.

METHODS: Three boys with PMD (one with the severe connatal form and two with a more
mild clinical phenotype [spastic paraplegia type 2]). and three age-matched healthy control
subjects (age range, 2–7 years) underwent MR and MRS imaging . All imaging was performed
at 1.5 T. For MRS imaging, oblique-axial sections (thickness, 15 mm; intersection gap, 2.5 mm)
were recorded parallel to the anterior commissure–posterior commissure line (TR/TE/NEX,
2300/272/1) with lipid and water suppression. Ratios of metabolite peak areas were calculated,
and spectra were bilaterally evaluated.

RESULTS: Diffuse or focal reductions in N-acetylaspartate were observed in the affected
white matter in all three cases. These reductions seemed to be consistent with axonal damage.
In addition, mild increases in choline and creatine levels were observed; these may have been
due to astrocytic changes.

CONCLUSION: Proton MRS imaging may be helpful in evaluating regional pathophysiologic
abnormalities in PMD and in distinguishing PMD from other leukodystrophies, which exhibit
different metabolic profiles.

Pelizeaus-Merzbacher disease (PMD) is a clinically
and molecularly heterogeneous disorder linked to de-
letion, mutations (15–20% of cases), or duplication
(60–70% cases) of the proteolipid protein (PLP1)
gene locus at Xq22 (1, 2). The expression of PLP1
gene in the central nervous system is limited to mye-
lin-forming cells, the oligodendrocytes (3). PLP1, a
four-helix spanning membrane protein, and its splice
isoform, DM20, are major components of the com-
pact myelin sheath, accounting for 50% of myelin
proteins (3). The range of PMD phenotypes include
the most severe, connatal form characterized by con-
genital nystagmus beginning in the first year of life,
delayed achievement of motor and cognitive mile-

stones, ataxia and seizures, and a relatively mild form
with spastic paraparesis called spastic paraplegia type
2 (SPG2) (4). Most individuals with PLP1 duplica-
tions and missense mutation substitutions generally
present with connatal PMD. However, some milder
missense mutations (eg, the Rumpshaker variant) do
not result in either substantial hypomyelination or
disability. Mutations that prevent any PLP1 from be-
ing made somewhat paradoxically result in a syn-
drome that is usually milder than classic PMD, which
is characterized by childhood-onset spastic paraple-
gia, mild cognitive impairment, ataxia, athetosis, and
peripheral neuropathy. In these cases, neurologic
signs typically progress at a gradual rate, with periods
of relative stability (5).

In PMD, MR images generally show either diffuse
or patchy (tigroid) T2 hyperintensity in the cerebellar,
brain stem, and supratentorial white matter. This ap-
pearance is believed to be the result of the lack of
formation of myelin (hypomyelination or dysmyelina-
tion) (6). Diffuse, confluent involvement is usually
seen in the severe connatal form, whereas the tigroid
pattern is more common in the patients with SPG2.
Atrophy and decreased white matter volume may also
occur. In addition to the lack of myelination, axonal
degeneration has recently been shown to occur in
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PMD, which may be at least partly responsible for the
clinical disability observed (5). The techniques of MR
spectroscopy (MRS) and MRS imaging may be po-
tentially useful in evaluating both axonal integrity (on
the basis of N-acetylaspartate [NAA] levels) (7) and
myelination (related to the signal intensity of choline
[Cho]) (8). However, reports of either MRS or MRS
imaging in PMD have been relatively few, and the
results are somewhat variable (5, 9–16) (Table 1).
Some groups have found either near-normal levels of
all metabolites (10, 12), decreased levels of Cho (in-
terpreted as due to hypomyelination) (13), or de-
creased levels of NAA (interpreted as reflecting ax-
onal loss or dysfunction) (5, 14, 16). These findings
might be related to different clinical phenotypes, ge-
notypes, or stages of disease progression (17). How-
ever, they may also partially reflect the different spec-
troscopic techniques used. The current study was
conducted to characterize the results of proton MRS
imaging in three patients with PMD and three age-
matched control subjects.

Methods
Three boys with PMD and three age-matched healthy con-

trol subjects (age range, 2–7 years) underwent MR imaging and
MRS imaging between June 1993 and September 2001. Single-
strand conformation polymorphism (SSCP) analysis of the
PLP1 gene was performed as described previously by research-
ers in the Department of Molecular Genetics, Indiana Univer-
sity, Indianapolis, Indiana (18). Control subjects were the
healthy siblings of patients (with other non-PMD diseases).
These subjects were examined with the same MR protocol.

Informed consent was obtained in all cases, and the research
protocol was approved by the local institutional review board.

All imaging was performed at 1.5 T (Signa; General Electric
Medical Systems, Milwaukee, WI). For proton MRS imaging,
four oblique-axial sections (thickness, 15 mm; intersection gap,
2.5 mm) were recorded parallel to the anterior commissure–
posterior commissure line with a TR/TE/NEX of 2300/272/1, a
field of view of 24 cm, and a matrix of 32 � 32. Outer volume
saturation pulses were used for the suppression of lipid and
water signals originating from the skull and scalp, and a chem-
ical shift-selective saturation pulse was used for water suppres-
sion. The nominal voxel size was 0.8 cm3. Full technical details
are given elsewhere (19). MRS imaging data were processed as
described previously (20). Ratios (NAA/Cho, NAA/creatine
(Cr), Cho/Cr) of metabolite peak areas measured by using
numeric integration were calculated. Spectra were bilaterally
evaluated in voxels in the frontal white matter, the centrum
semiovale, the parietal white matter, and the mesial parieto-
occipital gray matter. For this evaluation, one section at a level
slightly above the lateral ventricles was used (Fig 1). Metabolite
peak areas for white matter voxels were also expressed after
they were normalized to peak areas of the same metabolites
measured in unaffected gray matter.

Results

Table 2 shows the metabolite ratios in the frontal
white matter, the centrum semiovale, the parietal
white matter, and the parieto-occipital gray matter in
the patients and control subjects.

Patient 1
Patient 1 (male, aged 2 years 5 months) was born

after a full-term unremarkable pregnancy and deliv-

TABLE 1: Summary of findings from prior MR spectroscopic studies of PMD

Study
No. of

Patients Age, y Genetics Technique* Findings

Grodd et al, 1991 4 0.7–5.7 Not given SV MRS, ratios 2 patterns: increased Cho
and decreased NAA
levels or decreased
Cho and normal NAA
levels

Takanashi et al, 1997 2 5, 6 Point mutations: exon 5
(Pro210(4)3Leu[CTA]),
exon 2
(Leu45[CTA]3Arg[CGA])

SV MRS, ratios Normal MRS results,
trend for increased
creatine levels

Lam et al, 1998 1 19 Not given SV MRS, quantitation Slightly decreased NAA
level in basal ganglia

Spalice et al, 2000 2 1.5, 6 Connatal PMD, no
mutation or duplication
detected

SV MRS, ratios Decreased Cho level

Bonavita et al, 2001 9 6–43 Duplication (n � 1),
mutations G431A (n �

6) and K150N (n � 2)

MRSI, ratios Decreased NAA level

Garbern et al, 2002 2 11, 17 Deletion, mutation (G to
A)

MRS, MRSI, quantitation Decreased NAA level

Hobson et al, 2002 1 11 Deletion 19 base pairs
intron 3 PLP1/DM20

SV MRS, ratios Increased Cho, decreased
NAA levels

Takanashi et al, 2002 5 4–10 Duplication (classic PMD,
mild form, n � 4;
severe connatal form,
n � 1)

SV MRS, quantitation Mildly increased NAA,
creatine, and myo-
inositol levels; normal
Cho level

* MRS indicates MR spectroscopy; SV, single voxel.
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ery. His Apgar scores were normal. The patient pre-
sented with hypotonia; nystagmus; severe motor, cog-
nitive, and language delay; little head control;
hyperreflexia throughout the upper and lower ex-
tremities; and bilateral Babinski signs. His visual and
brain stem auditory evoked response potentials were
abnormal. Other laboratory studies, including serum
amino acid and urine organic acid levels, were within
normal limits. The patient’s family history included a
maternal uncle who had strabismus and limited lan-
guage skills with no history of ambulation.

Genetic studies of the PLP1 gene revealed a G-
to-T transversion at nucleotide 449 in the third exon
of the PLP1 gene, which leads to a lysine 150–to-
asparagine replacement and to the loss of the Hph I
restriction site (21). MR imaging showed diffuse T2
hyperintensity within the supratentorial white matter,
midbrain, and cerebellum (Fig 2). The splenium of
the corpus callosum and the basal ganglia had a nor-
mal MR imaging appearance. MRS imaging revealed
substantially decreased levels of NAA in the affected
white matter and also mildly increased levels of Cho
and Cr (particularly in the centrum semiovale) (Fig 2,
Table 2). Spectra from the gray matter had ratios of
NAA/Cho and NAA/Cr lower and a ratio of Cho/Cr
higher than those of the age-matched control subject.

Patient 2
Patient 2 (male, aged 3 years 8 months) was born

after a full-term pregnancy that was unremarkable
except for the occurrence of hypertension during the

last 2 weeks. He was the only affected child in the
family. He presented with a delay in motor skills but
with normal cognitive and language development.
Neurologic examination revealed hyperreflexia and
spasticity in the lower extremities, with a positive
Babinski sign, some dysmetria, an action tremor in the
upper extremities, and fine pendular nystagmus. His
auditory and visual somatosensory evoked potentials
were normal. Laboratory results for serum amino acids
were normal, whereas urine organic acid levels were
slightly increased for lysine, 2037–4411 �mol/L/g creat-
inine (normal range, 98–559 �mol/L/g). The plasma
lysine level was normal (156 �mol/L/L).

Genetic study of the PLP1 gene revealed a transi-
tion in codon 186, which changes the isoleucine resi-
due to threonine in exon 4 (the Rumpshaker muta-
tion) (22). MR imaging performed when the patient
was aged 3 years 8 months showed extensive, patchy,
T2 hyperintensity throughout the white matter, with
more evidence within the occipital and parietal lobes
(Fig 3). Perivascular spaces were prominent. The cor-
pus callosum, basal ganglia, cerebellum, and brain
stem appeared normal. At this age, MRS imaging
showed reduced NAA levels in the parietal white
matter and an increase in Cr levels in all three white
matter regions evaluated (Fig 3, Table 2). Spectra
from the gray matter were normal. To date, the pa-
tient has remained stable in terms of motor spasticity
(dependent on baclofen), and he has continued to do
well clinically.

Patient 3
Patient 3 (male, aged 7 years 6 months) was born

after a full-term, unremarkable pregnancy and deliv-
ery. He was the only affected child in the family. The
patient presented with mild paraplegia; ataxia and
moderately impaired language ability; and a gradually
improving, congenital, horizontal pendular nystag-
mus. His cognitive development was normal. Detailed
examination revealed poor truncal balance, hyperre-
flexia in the lower extremities, a positive Babinski
sign, and truncal ataxia with dysmetria. His auditory
and visual somatosensory evoked potentials were nor-
mal, as were his laboratory results for serum amino
acids and urine organic acids.

Genetic studies of the PLP1 gene revealed a
T494G transversion, which is responsible for replace-
ment of valine 165 by glycine (18). MR images ob-
tained at the age of 1 month were normal, but at 2
years 4 months of age, T2-weighted MR images
showed diffuse, patchy, and symmetrically increased
signal intensity within the white matter. T2-weighted
MR imaging performed at the age of 7 years 6 months
revealed prominent perivascular spaces, a small cyst
in the left choroidal fissure, and patchy areas of in-
creased signal intensity in the parietal whiter matter
(tigroid pattern) and periventricular white matter.
MRS imaging performed at this age demonstrated
mildly decreased NAA levels in the periventricular
white matter and a mild increase in Cho and Cr levels,
particularly in the frontal and parietal white matter

FIG 1. Regions of interest (squares) in the frontal-lobe white
matter, centrum semiovale, and parietal white matter and gray
matter were chosen for analysis.
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(Table 2). Spectra from the gray matter were normal.
To date, the patient has continued to do well at
school, and nystagmus has been absent; however, the
patient has experienced a slight increase in spasticity
in the lower extremities.

Discussion
All three cases reported here had point mutations

of the PLP1 gene, with either the classic form (patient
1) or milder forms (patients 2 and 3) of PMD. Patient
1 had the greatest degree of clinical involvement and
the most severe MR imaging abnormalities. Conflu-
ent white matter T2 hyperintensity was observed
throughout the brain, with the exception of the sple-
nium of the corpus callosum, which appeared normal.
This patient also had the greatest reduction in NAA
levels in regions of white matter (Fig 2). The corpus
callosum and deep gray matter structures had normal

MR imaging appearances in all three patients. Pa-
tients 2 and 3 had patchy rather than confluent white
matter involvement, with the greatest involvement in
the periventricular regions and in the parietal and
occipital lobes.

Interpretation of MRSI data in pediatric PMD
cases is hampered by the current lack of a published
database of normative regional and age-related me-
tabolite concentrations in young children (23). For
this reason, care was taken to include age-matched
control subjects for comparison with each patient
with PMD. Although quantitative MRS imaging
methods have been developed (20), the required ma-
chine calibrations were unavailable for the period (8
years) during which the MRS images were obtained
in the current study. Therefore, the results are instead
presented as metabolite ratios. These metabolite ra-
tios were calculated both within voxels (NAA/Cho,
NAA/Cr, Cho/Cr) or between voxels relative to the

TABLE 2: Metabolite ratios

Individual

Metabolite Levels Relative to
Gray Matter Metabolite Ratios

Cho Cr NAA NAA/Cho NAA/Cr Cho/Cr

A. Frontal white matter
Patient 1 1.17 1.19 0.84 1.16 1.63 1.41
Patient 2 1.28 1.01 1.02 1.62 2.63 1.63
Patient 3 1.68 0.95 0.87 1.27 2.32 1.83
Control subject 1 1.64 1.00 0.81 1.09 2.17 2.00
Control subject 2 1.51 0.92 0.94 1.26 2.57 2.03
Control subject 3 1.14 0.61 0.85 1.89 4.17 2.21

B. Centrum semiovale

Patient 1 1.38 1.11 0.74 0.87 1.55 1.79
Patient 2 1.28 0.95 0.89 1.42 2.43 1.71
Patient 3 1.61 1.02 0.96 1.46 2.38 1.63
Control subject 1 1.35 0.81 0.82 1.34 2.71 2.03
Control subject 2 1.38 0.85 0.99 1.46 2.90 1.99
Control subject 3 1.55 0.85 0.99 1.61 3.46 2.15

C: Parietal white matter

Patient 1 1.31 1.03 0.61 0.76 1.37 1.81
Patient 2 1.13 0.97 0.93 1.69 2.50 1.48
Patient 3 1.65 1.03 0.81 1.20 1.98 1.66
Control subject 1 1.42 0.92 0.84 1.29 2.42 1.87
Control subject 2 1.42 0.84 0.96 1.37 2.84 2.07
Control subject 3 1.45 0.66 0.84 1.46 3.80 2.60

D: Parieto-occipital gray matter*

Patient 1 NA NA NA 1.61 2.31 1.43
Patient 2 NA NA NA 2.03 2.60 1.28
Patient 3 NA NA NA 2.44 2.52 1.04
Control subject 1 NA NA NA 2.19 2.67 1.22
Control subject 2 NA NA NA 2.03 2.50 1.23
Control subject 3 NA NA NA 2.52 2.99 1.18

Note.—Patient 1 was aged 2 years 5 months; patient 2, 3 years, 8 months; patient 3, 7 years, 6 months; control subject 1, 1 year, 9 months; control
subject 2, 3 years, 2 months; and control subject 3, 7 years, 0 months.

* NA indicates not applicable.
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gray matter, which had a normal appearance with
both MR imaging and MRS imaging (at least in cases
2 and 3). Consistent with previous reports (24), the
younger children in this study (both control subjects
and patients with PMD) had relatively high Cho sig-
nals in white matter, particularly in the frontal lobe
and the centrum semiovale. In the control subjects,
these signals decreased with increasing age. However,
the oldest PMD patient (patient 3) had mildly ele-
vated Cho levels in all three white matter regions
examined, as well as increased Cr levels. Cr values
were also increased in patient 2. The increases in Cho
and Cr were somewhat unexpected, given that most
previous MR spectroscopy studies demonstrated ei-
ther near-normal spectra or decreased Cho or NAA
levels in PMD. However, increased astrocytic pro-

cesses (determined by staining for glial fibrillary
acidic protein [GFAP]) have been observed in PMD
(5). These processes may be responsible for increased
levels of both (or either) Cho and Cr, since in vitro
spectroscopic studies of primary astrocyte cultures
has revealed Cho and Cr concentrations approxi-
mately twofold higher than those in neuronal cell
types (8). Gliosis has been observed in rats and mice
that overexpress PLP1; these are good models for
classic PMD caused by PLP1 gene duplication (25,
26). In addition, gliosis is also present in jimpy mice,
a PMD model which underexpresses PLP1 (27).
Other possible reasons for elevated Cho values in-
clude the presence of myelin breakdown products
(28) or the lack of normal brain development (24).
One recent study of single-voxel MRS also revealed

FIG 2. Severe PMD. T2-weighted MR images (T2); metabolic images of Cho, Cr and NAA; and selected spectra from the parietal white
matter (WM) and parieto-occipital gray matter (GM). T2-weighted MR images show diffuse hyperintensity throughout the white matter,
which also has markedly decreased NAA levels. Cho and Cr levels are also mildly elevated in the centrum semiovale. Gray matter
spectra also show a lower ratio of NAA/Cho and NAA/Cr in the patient compared with that in the control subject.

A, Patient 1, aged 2 years 5 months.
B, Control subject 1, aged 1 year 9 months.

FIG 3. Mild PMD. T2-weighted MR imaging; metabolic images of Cho, Cr, and NAA; and selected spectra from the parietal white
matter and parieto-occipital gray matter. T2-weighted MR images show patchy hyperintensity with greatest involvement in the centrum
semiovale. NAA levels are bilaterally decreased in the parietal white matter. Gray-matter spectra are normal.

A, Patient 2, aged 3 years 8 months.
B, Control subject 2, aged 3 year 2 months.
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elevated Cho values in the parieto-occipital white
matter of an 11-year-old PMD patient with a 19-
basepair deletion in PLP1 (16). A pattern of elevated
Cho levels was also observed in one patient with
severe connatal PMD (9).

In addition to increased astrocytic processes, histo-
logic analyses of the CNS in animals carrying PLP1
gene mutations (4, 5, 29) and of autopsy materials
from a patient with null PLP1 mutations (5) have
shown evidence of axonal damage. Axonal swelling,
degeneration of the long motor and sensory axonal
tracts, and decreased density of myelinated axons
have been reported. Consistent with this axonal dam-
age, we observed diffuse reductions in NAA values in
the affected white matter in patient 1 (who had the
most severe clinical involvement), symmetrical and
bilateral reductions in the parietal white matter of
patient 2, and reduced NAA levels in the periven-
tricular regions in patient 3. This axonal damage ap-
pears to be caused by the disruption of PLP1-medi-
ated axonal-glial interactions, since axonal loss has
been observed in the absence of any demyelination in
animal models (5).

Regional variations in metabolite levels are most
conveniently studied by using MRS imaging rather
than the alternative technique of single-voxel MRS.
MRS imaging also provided coverage of gray matter
regions, which had normal spectral appearances in
patients 2 and 3, but did show somewhat reduced
ratios of NAA/Cr and NAA/Cho and an increased
Cho/Cr ratio in patient 1, as compared with the age-
matched control subject. Short-TE spectroscopy
might have added extra information about gliosis by
providing measurements of myo-inositol, which was
not observable by using long-TE MRS imaging. Un-
fortunately, short-TE MRS imaging was not available
for the current study.

Conclusion
MRS imaging appears to be helpful in determining

the spatial distribution and severity of PMD-induced
metabolic abnormalities, which may be related to the
underlying pathophysiology of the disease. Although
only a small number of cases are reported here, the
largest spectroscopic changes were found in the most
severely affected case. This observation suggests a
possible role for MRS imaging in evaluating the de-
gree of cerebral involvement. Decreased levels of
NAA are most likely associated with neuroaxonal
degeneration, whereas increased levels of Cho or Cr
may arise from increased astrocytic processes. Proton
MRS imaging may be helpful in distinguishing PMD
from other leukodystrophies with characteristic met-
abolic patterns (28, 30). However, care is needed in
the interpretation of MRS imaging data in young
children, because substantial regional age-related
changes in metabolite levels occur (23, 24, 31).
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