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Abstract

Alexander disease is a degenerative white matter disorder due to mutations in the glial

fibrillary acidic protein (GFAP) gene. It has been classified into three forms based on

the age of onset and severity: an infantile, a juvenile, and an adult form. In a six-year-

old patient with a relatively mild form of Alexander disease, we detected a common

R79H mutation in GFAP previously only described in the infantile form. These results

suggest the need for further studies of the genotype-phenotype correlation.

Key Words: Alexander disease; glial fibrillary acidic protein; genotype-phenotype

correlation; infantile form; juvenile form.
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1. Introduction

Alexander disease (AD) is a form of leukodystrophy that predominantly affects the

frontal lobe of the brain. While diagnosis was previously based on neuropathological

findings characterized by the presence of Rosenthal fibers in astrocytes [1], AD can

now also be diagnosed without histological confirmation, by characteristic magnetic

resonance imaging (MRI) findings [2]. Recently, mutations in the glial fibrillary acidic

protein (GFAP) gene were identified in AD patients [3-5]. This has facilitated the

genetic diagnosis of mild AD patients, and the discovery of different clinical

manifestations of AD [4-9]. However, genotype-phenotype correlations have yet to be

determined. Here we describe a six-year-old boy with AD resembling the juvenile form

of the disease, albeit with the GFAP R79H missense mutation. This mutation has only

been associated previously with the infantile form of AD.

2. Case report

The patient (a 6-year-old boy) was the second child of non-consanguineous, healthy

Japanese parents. His elder brother was healthy. The patient was born at 40 weeks
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gestation without prenatal or perinatal difficulties. Birth weight was 2550 g (-1.6 SD),

length was 46 cm (-2.0 SD) and head circumference was 31 cm (-1.8 SD).

Developmental milestones were slightly delayed; for example, the patient gained head

control at five months, stood with help at 12 months, walked alone at 20 months, and

first spoke at 24 months. At five years of age, he experienced his first seizure. He

suddenly became unresponsive, and his eyes deviated to the left for a few minutes while

eating. Similar episodes occurred several times over a period of one month. Valproic

acid and clobazam were administered and the seizures stopped. There was no

deterioration in physical and mental status. The patient was referred to our hospital

because white matter lesions of unknown origin were repeatedly detected on serial MRI

scans over an 18-month period. On physical examination, his height was 117.4 cm (-0.2

SD), weight was 20.6 kg (-5%) and head circumference was 53.5 cm (+1.1 SD). Skin

lesions and hepatosplenomegaly were not observed. Cranial nerve and deep tendon

reflexes were normal, and pathological reflexes were absent. He could run, jump and

stand on one leg. He had dysarthria (slurred speech) but did not have an ataxic gait or

intention tremor. Involuntary movement and sensory abnormalities were not observed.
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Intelligence quotient (Tanaka-Binet) was 56 at five years and 11 months. Metabolic
screening did not reveal any abnormality.

T2-weighted MRI (Fig. 1A) revealed a high-intensity signal in the bilateral frontal white
matter and basal ganglia (Fig. 1A). T1-weighted imaging showed a low-intensity signal
in the same area (Fig. 1B). The subcortical U-fibers were spared. MRI also revealed
enhancement in parts of the white matter adjacent to the frontal horns (Fig. 1C). A
periventricular rim was detected with a high-intensity signal on T1-weighted images
(Fig. 1B) and a low-intensity signal on T2-weighted images (Fig. 1A). Magnetic
resonance spectroscopy of frontal white matter showed a high choline/creatine ratio
(1.80) and a low N-acetyl-aspartate/creatine ratio (0.50).

8F-FDG Positron Emission Tomography showed mild, but ambiguous, hypometabolic
areas in the bilateral frontal lobe (Fig. 1D). Electroencephalograms displayed sporadic,
diffuse spike-waves during sleep, but definite focal epileptic discharges were not
present. Brainstem auditory evoked potentials showed prolonged latencies between
waves Il and V (2.56 ms and 2.28 ms on left and right stimulation of 90 dB).

Somatosensory evoked potentials showed a normal central conduction time (5.6 ms on
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right medial nerve stimulation) between the cervical cord and cortex. Motor and sensory

nerve conduction velocities were normal.

Genomic DNA was isolated from the patient’s peripheral leukocytes after informed

consent was obtained following a full explanation of the procedure undertaken. Exons

of the GFAP gene were PCR amplified and sequenced as previously described [5]. A

heterozygous G-to-A transition at nucleotide 250 (250G>A) in exon 1 was identified

(data not shown). This resulted in the substitution of an arginine with a histidine at

codon 79 (R79H). Genetic analysis of the patient’s parents could not be performed.

3. Discussion

Alexander disease is clinically divided into three forms: an infantile, a juvenile and an

adult form [10]. The infantile form is characterized by progressive megalencephaly,

with or without hydrocephalus, psychomotor deterioration, spasticity and seizures. The

average age of onset is six months (range 0-24 months), and the average age of survival

after diagnosis is 2.4 years (range 0.2-7.6 years) [10]. The juvenile form shows

progressive spasticity with hyperreflexia, bulbar symptoms and ataxia. Macrocephaly
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and seizures may be observed. Mental and sensory functions are usually normal. The

mean age of onset of the juvenile form is 9.6 years (range 7-14 years) [10]. Nevertheless,

the distinction between the infantile and juvenile forms is not clear. Mutations in the

GFAP gene have recently been identified in AD patients [3], and phenotypic variation

between cases has been documented [4-9]. However, genotype-phenotype correlations

have not yet been fully established. The R79H mutation identified in our patient is

common in the USA and European populations with the infantile form of AD [4-7], but

our patient did not present with the typical clinical signs of the infantile form such as

megalencephaly, developmental deterioration, and seizures from early infancy. The

white matter lesions detected in our patient by MRI were not as extensive as lesions

previously reported in patients with this mutation [4, 7]. In addition, we did not detect

widespread damage of white matter upon analysis of somatosensory evoked potentials

(normal central conduction time). Since other Oriental patients with the R79H

mutation have not been reported, clinical heterogeneity could be a result of racial

differences. However, racial differences have not been linked to other GFAP mutations

including R79C and R239C. Disease phenotype of patients with mutations at residue 79
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is less severe than that seen in patients with mutations at residue 239, which are also

common in the infantile form [4]. Thus, patients with mutations at residue 79 who did

not develop macrocephaly or marked impairment of psychomotor development have

been reported [4]. As shown in Table 1, the clinical findings associated with the R79H

mutations are variable. Our patient is the mildest case of AD so far reported, developing

seizures relatively late at the age of five years, and presenting only with dysarthria and

mild clinical symptoms. This comparison suggests that our patient could be classified as

having an infantile-juvenile form of AD, which extends the clinical spectrum associated

with the R79H mutation.

In conclusion, the findings from the case presented here suggest that expression of

disease caused by the R79H mutation of the GFAP gene is pleiotropic. Genotype-

phenotype correlations in AD appear to be complicated, and further comprehensive

studies are required to re-establish the classification of AD based on molecular

pathogenesis.
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Figure legends

Fig. 1. Neuroimaging studies of the patient. (A) Axial T2-weighted MR image shows a
periventricular rim and high-intensity signal in the bilateral frontal white matter and
basal ganglia. (B) Axial T1-weighted MR image shows a poorly defined periventricular
rim and a low-intensity signal in the bilateral frontal white matter and basal ganglia. (C)
Contrast-enhanced MRI indicates enhancement in parts of frontal white matter adjacent
to the frontal horns. (D) *®F-FDG Positron Emission Tomography shows mild

hypometabolism of the bilateral frontal lobe.






Table 1. Clinical findengs in patients with an R79H mutation.

Patient present initial symptom onset of macrocephaly] ataxia | bulbar | spasticity | psychomotor| reference

number || age(years)/sex | /onset(months) | seizures(months) sign deterioration
1 8.5/M seizure/61 61 - - + - - our case
2 7.5INA delay/0 <18 - - NA - + [4]
3 3/INA seizure/8 8 - - NA - - [4]
4 5/NA delay/6 <18 - NA - - [4]
5 20/NA seizure/6 6 - - NA - + [4]
6 9/M seizure/18 18 + NA + - + [6]
7 2/IM seizure/18 18 + NA - + - [6]
8 10/M delay/6 12 24 + + NA + + [7]
9 10/M delay/6 12 24 + + NA + + [7]

mean ,bult their length and weight were 2 SD below the mean. Thus they were classified in macrocephaly(+) group. NA=not

apricable.




