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Abstract
The recent discovery of heterozygous de novo mutations
in the glial fibrillary acidic protein (GFAP) gene as the
cause of infantile and juvenile Alexander disease has
shed new light on the long-standing debate whether the
adult subtype has the same etiology as infantile and
juvenile Alexander disease. A 40-year-old man present-
ed with subacute left hemiplegia and ataxia. Cranial MRI
revealed disseminated patchy white matter changes in-
volving the corpus callosum, basal ganglia and brain-
stem. CSF investigation demonstrated elevated total
protein but was otherwise normal. Mutation analysis of
the GFAP gene was performed in the patient, his mother
and healthy brother. A novel heterozygous mutation in
exon 4, 681G→C, predicting an amino acid substitution
E223Q in the rod region of GFAP was detected in the
patient and his mother but not in his healthy brother or
150 control chromosomes. We conclude that the patient

is actually afflicted with Alexander disease. Mutation
analysis of GFAP should be considered in patients with
remitting neurological deficits, disseminated white mat-
ter lesions and absence of inflammatory CSF changes.

Copyright © 2003 S. Karger AG, Basel

Introduction

Alexander disease, originally described in 1949 [1], is a
rare, fatal disease of the central nervous system due to a
dysfunction of astrocytes [2]. Three major subtypes have
been delineated based on the age of onset. The most com-
mon infantile form presents as a megalencephalic leu-
koencephalopathy with rapid progression usually leading
to death within few years [3]. The juvenile type is charac-
terized by a slowly progressive brainstem dysfunction [4].
Adult-onset Alexander disease has been reported rarely
and with the most variable phenotypes. Several familial
cases exhibited palatal myoclonus, cerebellar ataxia and
ocular motor abnormalities [5, 6]. In some patients, clini-
cal features mimicked the juvenile subtype, though with a
later onset and a more protracted course. Others present-
ed with clinical symptoms resembling multiple sclerosis
[7, 8].
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Alexander disease is pathologically characterized by
demyelination, astrocytosis and the presence of countless
Rosenthal fibers throughout the brain, predominantly in
subpial, subependymal and perivascular regions. Rosen-
thal fibers are cytoplasmatic inclusions containing glial
fibrillary acidic protein (GFAP) and small heat shock pro-
teins [9]. Messing et al. [10] observed inclusion bodies
indistinguishable from Rosenthal fibers in fatal GFAP
transgenic mice, who showed overexpression of human
GFAP in astrocytes. This finding pointed to GFAP as a
candidate gene in Alexander disease.

Recently, de novo heterozygous GFAP mutations have
been detected in infantile cases with a histopathologically
verified diagnosis of Alexander disease [11]. A genotype-
phenotype correlation has been demonstrated [12]. Muta-
tions were observed predominantly in exons 1 and 4, clus-
tering around 2 hot spots. Subsequently, GFAP mutations
have been shown in adult members of a family with auto-
somal dominant palatal myoclonus and spinal cord atro-
phy [13] and in patients with juvenile onset of disease [14,
15].

Here, we report an adult male with clinical symptoms
resembling multiple sclerosis, disseminated white matter
lesions on MRI and a novel GFAP mutation.

Case Report

A 40-year-old man presented with subacute left hemiplegia. He
was the first of 2 sons of nonconsanguineous parents. His father had
died from stroke at the age of 68 years. His 65-year-old mother exhib-
ited symptoms of a mild, chronic impairment of intellectual function
along with a change of personality, apparent for 3 years. She declined
clinical and neuroradiological examination. His younger brother was
healthy. The patient’s early motor and mental development was nor-
mal but slower than in his brother. He had been stuttering since
childhood. He attended a regular school but did not pass the final
examination. He had no professional training and was occupied as a
road laborer. Arterial hypertension and diabetes mellitus had been
treated for 10 years. An intermittent abuse of alcohol was reported by
his relatives. The left hemiparesis showed an insidious onset and
slowly worsened over a period of 5 weeks. A further deterioration led
to admission to the hospital.

On neurological examination, he was fully orientated and friend-
ly, though slowed in his performance. He was stuttering, had a spastic
and cerebellar dysarthria and showed weakness of the lower face on
the left side. Funduscopy revealed retinal signs of hypertension. Cra-
nial nerves were otherwise normal. No palatal myoclonus was
observed. There was spastic hemiplegia of the left side with exagger-
ated reflexes and clonus of the lower limb. Ataxia with unsteadiness
of gait was noted. A general physical examination showed no signifi-
cant abnormalities except for arterial hypertension. Twenty-four-
hour ambulatory blood pressure monitoring revealed systolic values
up to 200 mm Hg and diastolic values up to 125 mm Hg.

Investigation of CSF disclosed normal values for cell count and
glucose. Total protein was increased to 72 mg/dl (normal, 15–45); no
oligoclonal bands were detected. The Treponema pallidum hemag-
glutination assay was nonreactive, and antibodies to Borrelia burg-
dorferi were negative.

EEG, visual-evoked responses and brainstem auditory-evoked
responses were normal. Nerve conduction velocities revealed a mild
demyelinating motor and sensory neuropathy in the lower limbs,
associated with his diabetes. Doppler ultrasonography of carotid and
vertebral-basilar arteries showed no abnormalities.

Cranial MRI (fig. 1) revealed disseminated patchy T2-weighted
hyperintensities in supratentorial white matter predominantly in
periventricular regions as well as in basal ganglia. A large confluent
lesion of the corpus callosum and streaky and patchy lesions of the
pons were detected. Virchow-Robin spaces were widened in the
white matter and basal ganglia, and the inner and outer CSF spaces
were moderately enlarged.

Subsequently, the patient’s hemiplegia resolved slowly over a
period of several months, leaving him with a mild residual weakness.
Since then, his motor impairment as well as his incoordination have
followed a fluctuating course.

Methods

EDTA blood samples were collected from the patient, his mother
and brother after informed consent. No other relatives were available
for mutation analysis. DNA was extracted from blood leukocytes by
standard methods. Mutation analysis was performed as described
earlier [16]. Basically, the complete coding exons of the GFAP gene
were amplified by polymerase chain reaction (PCR), which was car-
ried out in 50-Ìl reactions with 100 ng of patient DNA, 20 pmol of
each primer, 25 Ìl of HotStar Taq master mix (Qiagen) in water,
using the following PCR protocol (95°C for 15 min; 35 cycles at
95°C for 20 s, 56°C for 30 s, 72°C for 45 s, followed by a final
elongation at 72°C for 10 min). Amplification products were tested
by agarose gel electrophoresis and purified. PCR products were
sequenced directly using the ET dye terminator kit and a Mega-
Bace500 sequencer (Amersham-Pharmacia), according to the manu-
facturers’ instructions. After sequence evaluation, the detected muta-
tion was confirmed by restriction digestion of the amplicon with the
restriction enzyme BsgI (New England Biolabs).

Results

A novel heterozygous missense mutation in exon 4,
681G→C, was detected in the patient (fig. 2). The muta-
tion creates a new recognition site for the restriction
enzyme BsgI, thus allowing detection of the mutation by
restriction analysis of the respective exon. Cosegregation
in the family and prevalence within a control cohort were
analyzed by restriction digestion with BsgI. The identical
mutation 681G→C was found in the mother of the index
patient but was not observed in his brother or in more
than 150 control chromosomes of an ethnically matched
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Fig. 1. Axial (a–c) and sagittal (d, e) T2-weighted MR images demonstrate disseminated patchy lesions throughout
the white matter and basal ganglia along with enlarged Virchow-Robin spaces. The corpus callosum is affected by a
large confluent symmetrical lesion (a, d, e). Patchy and streaky lesions of the pons are shown in c, d and e.

control group without neurological diseases (fig. 3). Muta-
tion analysis was not possible in the father, as he had
deceased earlier.

Discussion

The recent discovery of mutations in the GFAP gene as
the cause of infantile and juvenile Alexander disease has
shed new light on the long-standing debate whether the
presence of excess Rosenthal fibers in adult patients
points to an adult subtype of Alexander disease or reflects
a nonspecific histopathological pattern [17, 18].

In the patient reported here, the similarities of the clin-
ical course and the brainstem involvement with the cases
described by Seil et al. [7] and Spalke and Mennel [8] led
to a search for a GFAP mutation. A novel heterozygous
mutation 681G→C in the GFAP gene was found. The
same mutation was detected in his mother, who declined
a detailed investigation. The comparatively mild clinical
course may be adequate for a mutation predicting the
exchange of glutamic acid to glutamine (E223Q). Glu-
tamic acid at position 223 is located 16 amino acids from
R239 known to be a mutation hot spot in infantile Alex-
ander disease and is perfectly conserved throughout evo-
lution in mammals (human, mouse, rat and cow). Even in
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Fig. 2. PCR and direct sequencing of exon 4 for the
index patient shows heterozygosity for the mutation
681G→C (upper electropherogram), compared to the
normal sequence (wild type, below). Nucleotide number-
ing refers to the published cDNA sequence, as used by
Brenner et al. [11].
Fig. 3. Analysis of exon 4 for the index patient and his
family by restriction digestion. The mutation 681G→C
creates a new BsgI site, 2 fragments of 243 and 139 bp are
found instead of the 382-bp fragment. The index patient
and his mother carry the mutation (characterized as
filled symbols in the overlying pedigree) but not his
younger brother (marked with an open symbol). M =
Molecular size marker; C = control.

more distant species like the zebrafish and carp, aspartic
acid is found in this position, thus preserving acidity
and charge at this position. In contrast, the mutation
681G→C leads to replacement of an acidic amino acid by
its own neutral amide. Further evidence for the pathoge-
nicity of this mutation derives from the fact that the
exchange was neither found in the healthy brother nor in
150 control chromosomes.

To our knowledge, there has been only one report yet
of a GFAP mutation in a condition compatible with adult
Alexander disease. Autosomal dominantly transmitted
GFAP mutations have been demonstrated in 3 adult
members of a family who presented with palatal myoclo-
nus, pyramidal tract signs, cerebellar signs and marked
atrophy of the medulla oblongata and spinal cord [13].
These clinical and neuroradiological features were almost
identical with those in two families previously reported to
have histopathological characteristics of Alexander dis-
ease with adult onset [5, 6]. Schwankhaus et al. [6] demon-
strated widespread Rosenthal fiber deposition associated
with demyelination in 1 adult patient presenting with
familial palatal myoclonus, spastic paraparesis and cere-
bellar ataxia. This female was the daughter of the first

patient reported to have histopathologically proven adult-
onset Alexander disease [7]. The 47-year-old man whose
symptoms began at the age of 32 had been diagnosed clin-
ically as having multiple sclerosis. Howard et al. [5] dis-
tinguished their patients from what had been described as
adult Alexander disease, but genetic connection and
strong clinical similarities suggest that these patients suf-
fer from the same disease presenting with variable pheno-
types within one family.

Only recently has a novel missense mutation of a G-
to-T transition at nucleotide 841 in the GFAP gene result-
ing in the substitution of arginine for leucine at amino
acid residue 276 (R276L) been detected in 2 brothers with
adult-onset spastic paresis without palatal myoclonus and
marked atrophy of the medulla oblongata and cervicotho-
racic cord on MRI. Autopsy in one of these cases showed
moderate numbers of Rosenthal fibers in the stratum sub-
callosum and hippocampal fimbria [19].

Neuroradiological features of our patient comprise
(1) disseminated patchy lesions in the white matter and
basal ganglia, (2) large confluent lesions of the corpus cal-
losum, (3) patchy and streaky lesions of the pons and (4)
enlarged Virchow-Robin spaces in the subcortical white
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matter. These findings are ambiguous and may partially
relate to the patient‘s arterial hypertension or, possibly, to
his temporary abuse of alcohol.

(1) In a prospective cohort study, white matter lesions
in periventricular and subcortical regions have been
shown to be associated with hypertension [20]. Sierra et
al. [21] found clinically silent white matter lesions in 41%
of middle-aged essential hypertensive patients. Focal le-
sions in basal ganglia, however, correlated with different
risk factors including age, a history of ischemic heart dis-
ease and carotid artery stenosis [22]. None of these risk
factors was present in our patient.

(2) Acquired lesions of the corpus callosum have been
reported in a variety of diseases comprising ischemic
infarcts, CADASIL, multiple sclerosis, acute dissemi-
nated encephalomyelitis and Marchiafava-Bignami dis-
ease, but are not amongst the MRI abnormalities detected
in patients with arterial hypertension [23]. In our patient,
MRI revealed large confluent symmetrical and predomi-
nantly centrally located lesions extending from the genu
to the splenium. Similar features have been reported in
Marchiafava-Bignami disease. Originally described as a
histopathological finding in heavy drinkers post mortem,
it has later been recognized to occur associated with alco-
holism more often and with milder clinical symptoms
than initially presumed [24, 25]. Lesions of the corpus cal-
losum are not part of the typical MRI features of Alexan-
der disease. Thus, the callosal lesion in our patient may
relate to his alcohol abuse rather than to his GFAP muta-
tion.

(3) Pontine lesions detected by MRI in subclinical cen-
tral pontine myelinolysis have been described as midline,
symmetrical and of a triangular to bat wing shape [26].
The pontine lesions found in our patient do not meet
these criteria. Pontine ischemic rarefaction is associated
with an MRI pattern similar to the features of our case
and cannot be ruled out here [27]. However, neuroradio-
logical and neuropathological brainstem abnormalities
are highly characteristic of infantile and juvenile Alexan-
der disease [3, 28] as well as of adult cases [6–8].

(4) Enlarged Virchow-Robin spaces present a nonspe-
cific feature and have been observed in association with
hypertension, early multiple sclerosis and various other
disorders [29].

As most cases of histopathologically proven adult-
onset Alexander disease have been reported when MRI
was not yet available, the spectrum of MRI abnormalities
in the adult form still has to be delineated. In our patient,
the clinical and neuroradiological features are compli-
cated by the other risk factors which may contribute to the

white matter lesions. In the presence of hypertension and
retinopathy, a cerebrovascular event unrelated with the
GFAP mutation must be considered. However, the hemi-
paresis in our patient showed an insidious onset and
worsened over a period of several weeks until he was
investigated. A cerebrovascular event cannot be ruled out
but does not seem to be very likely with this course. On
the other hand, a remitting course of histologically proven
Alexander disease has been described. The first adult
patient with Alexander disease reported [7] was ‘a 47-
year-old man... who had been diagnosed clinically as mul-
tiple sclerosis’. His symptoms began at the age of 32 with
‘a paralysis of his left arm’, which was ‘complete for 5
days, after which he slowly regained function in the arm
to the extent that only a mild residual weakness was
present’. Later in the course, he had ‘intermittent episodes
of diplopia’ and ‘intermittent episodes of a symptom
complex of difficulty in walking, impaired position sense
of the feet, and feelings of lightheadedness’ [7]. Relentless
progression of his neurological symptoms followed later.

The MRI pattern in our patient is partially consistent
with, but not specific for, hypertensive leukoencephalopa-
thy. The large confluent symmetrical lesions of the corpus
callosum present a peculiar finding possibly related to
alcohol abuse. However, involvement of the basal ganglia
and brainstem is not convincingly explained by these risk
factors and strongly points to Alexander disease.

Our observation lends further support to the notion
that there is an adult subtype of Alexander disease. The
question posed by Messing et al. [30], ‘whether adult Alex-
ander disease turns out to have the same etiology as infan-
tile or juvenile Alexander disease’ can be affirmed. The
clinical and neuroradiological spectrum of adult Alexan-
der disease still needs to be delineated. We recommend to
consider mutation analysis of the GFAP gene in adult
patients with remitting neurological signs and dissemi-
nated white matter lesions on MRI involving the basal
ganglia and brainstem but a lack of inflammatory CSF
abnormalities.
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