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Glial fibrillary acidic protein mutations in

adult-onset Alexander disease: clinical
features observed in 12 Japanese patients
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Objective — To clarify the clinical manifestations of adult-onset
Alexander disease (AOAD) in Japanese patients with glial fibrillary
acidic protein (GFAP) gene mutations. Methods and materials —
Twelve patients of AOAD with GFAP mutations detected in our centre
were examined for neurological and magnetic resonance imaging
(MRI) findings. Results — Major symptoms were pyramidal and bulbar
signs. In addition, three patients presented abnormal behaviour and/or
memory disturbance. Two of the three patients also had Parkinsonism
and had been diagnosed with fronto-temporal dementia or progressive
supranuclear palsy until GFAP mutations were detected.
Abnormalities of the medulla oblongata and cervical spinal cord were
observed on MRI in all patients. Conclusions — Patients presenting with
pyramidal and/or bulbar signs with abnormalities of the medulla
oblongata and cervical spinal cord on MRI should be considered for
GFAP analysis as this is the typical presentation of AOAD. Abnormal
behaviour and cognitive disorders including deterioration of memory
were rare symptoms but could be an obstacle to diagnosing Alexander
disease.
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Introduction

Alexander disease is a rare neuro-degenerative
disorder characterized by white matter degenera-
tion and formation of cytoplasmic inclusions called
Rosenthal fibres, which have been observed in
astrocytes in previous pathological studies (1).
Glial fibrillary acidic protein (GFAP) gene muta-
tions have been recently reported in patients with

various clinical forms of Alexander disease (2-6).
Adult-onset Alexander disease (AOAD) was first
recognized after identification of GFAP mutations,
and it demonstrates different clinical symptoms
and magnetic resonance imaging (MRI) findings
from infantile forms (6). The correlation between
the genotype and various phenotypes of AOAD,
however, remains unresolved in Japan, because
there were no reports based on a series of cases.
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Since 2001, GFAP mutations have been analysed in
patients suspected of Alexander disease in our
centres throughout Japan. The aim of this study
was to investigate the neurological manifestations
of AOAD in Japanese patients with GFAP muta-
tions and to characterize the clinical features
observed in these patients.

Materials and methods

In this study, AOAD was defined as the onset of
Alexander disease in individuals older than
12 years of age (6). Twenty-eight patients sus-
pected of AOAD were referred from hospitals all
over Japan to Kagoshima University (2001-2002)
and Kyoto Prefectural University of Medicine
(2002) for analysis of possible GFAP mutations.
The patients were suspected of AOAD because of
leuko-encephalopathy without brainstem abnor-
malities (nine patients); motor disturbance and/or
bulbar signs with atrophy of the medulla oblongata
and upper cervical spinal cord present on MRI
(16 patients); pathological findings demonstrating
Rosenthal fibres accumulation, particularly in the
astrocyte end-feet in the subpial and perivascular
zones (one patient) and motor disturbance and/or
bulbar signs without atrophy of the brainstem (two
patients).

After obtaining written informed consent {rom
all patients, genomic DNA was extracted from
their peripheral blood. Sequence analysis of the
genomic DNA was performed to detect the pres-
ence of any GFAP mutations. Briefly, the coding
region and adjacent splice sites were amplified by
direct sequence analysis using an ABI PRISM 3100
auto-sequencer (PE Applied Biosystems, Foster
City, CA, USA) and Big Dye terminators accor-
ding to the manufacturer’s instructions. The muta-
tions identified were described according to recent
nomenclature recommendations. The presence of
mutations was confirmed either by other strands or
restriction enzyme digestion. Each nucleotide
vartant detected was tested in 100 unrelated
healthy individuals, a comparison that made it
possible to distinguish between disease-causing
mutations and neutral common variants.

Information on genetic analysis as well as that
on the neurological and MRI findings of patients
with Alexander disease was obtained from neuro-
logists and neuro-radiologists of each hospital.

Results

Twelve of the 28 referred patients showed hetero-
zygous missense mutations in GFAP, of which 11
patients were referred because of atrophy of the
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medulla oblongata and upper cervical spinal cord
and one patient was referred because of patho-
logical findings consistent with Alexander disease.
GFAP mutations were not detected in any of the
nine patients who presented with leuko-dystrophy
without atrophy of the medulla oblongata and
upper cervical spinal cord.

The clinical features of AOAD patients with
neurological manifestations are summarized in
Table 1. Patient age at the time of gene analysis
ranged from 24 to 73 years and that at AOAD,
onset ranged from 18 to 64 years. Patients 1-5
were from the same family, wherein patients 1 and
4 were siblings; patients 2 and 3 were the daughter
and son of patient 1, respectively, and patient 5
was a son of patient 4. Each family member
presented with different clinical forms of Alexan-
der disease of which three patients presented with
adult form (patients 1, 2 and 4), two patients
presented with only pyramidal signs and atrophy
of the medulla oblongata and spinal cord on MRI
(patients 3 and 5) and one patient, who was the
other son of patient 4, presented with the juvenile
form. The details of clinical symptoms in patient
1-3 have been described (7). Patient 6 has been
described as the first case of AOAD with R4I6W
mutation (8). Patient 7, who carried M74T muta-
tion and has also been described, who clinically
presented  with bulbar and pyramidal signs,
showed abnormal high intensities in the ventral
medulla oblongata and marked atrophy of the
medulla oblongata and spinal cord (9). Patient 11
also carried the M74T mutation and showed
bulbar and pyramidal signs with atrophy of the
medulla oblongata and spinal cord. However,
patients 7 and 11 did not have a blood relation-
ship. R258C mutation, which was detected in
patient 8, is a novel mutation. Patient 8 seemed to
have a family history of AOAD. The son of
patient 8 had gait disturbance and dysphagia for
several years, bul gene analysis could not be
performed for him because he had committed
suicide at the age of 45. A brother of the patient
exhibited abnormal behaviour at the age of 58 and
was later diagnosed with progressive supranuclear
palsy (PSP). He passed away at the age of 68
because of brain infarction. The patient § pre-
sented with abnormal behaviour at the age of 59.
Visual and auditory hallucinations occurred at
the age of 62. One year later, gait disturbance
occurred. At the age of 64, she presented with
vertical supra-nuclear palsy, balance difficulty,
falling and retrocollis, and she was, therefore,
diagnosed with PSP. She also showed euphoria,
confabulation and positive snout reflex. The score
of Hasegawa dementia scale revised, the maximum



