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a b s t r a c t 

Alexander disease is a rare form of leukodystrophy caused by heterozygous mutations in 

the gene encoding glial fibrillary acidic protein (GFAP). Brain cavitation in the white matter, 

predominantly distributed in the frontal periventricular area, has been described in some 

cases. Here, we present a case of a 1-year-old boy with neonatal Alexander disease caused by 

the p. Tyr366Cys GFAP variant, with rapid and widespread white matter cavitation. This case 

broadens the radiological spectrum of Alexander disease and suggests a possible genotype- 

phenotype correlation between the p. Tyr366Cys variant and cavitation. 
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Introduction 

Alexander disease (AxD) is a rare form of leukodystrophy
caused by heterozygous mutations in the gene encoding glial
fibrillary acidic protein (GFAP). GFAP is an intermediate fil-
ament protein expressed in astrocytes [1] . Abnormal GFAP
accumulation due to disease-causing GFAP mutations leads
to astrocyte dysfunction [2] and the formation of cytoplas-
mic protein aggregates called “Rosenthal fibers” (RFs). RFs are
histopathological indicators of AxD, as are small heat shock
proteins and alpha B-crystallin. 

AxD is clinically classified into three age-related subtypes:
neonatal or infantile, juvenile, and adult [3] . Disease severity
decreases as the age of onset increases [4] . Neonatal AxD was
first described in 2000 [5 ,6] and is characterized by aqueductal
 

Fig. 1 – Magnetic resonance imaging of the brain. (A–C), T1-weigh
enlarged, and a hyperintense signal in the deep white matter is 
classified as periventricular rim is shown (small white arrow). (C
(D and E), images at 5 months of age. (D), the T1-weighted image
cavitation localized to the frontal area. (E), the T2-weighted imag
(F–H), T2-weighted images at 10 months of age. (F), cystic transfo
(G), a hyperintense signal in the brainstem is shown. (H), atrophy
13 months shows further extension of the cavitation 
stenosis-induced congenital hydrocephalus, white matter ab-
normalities, intractable seizures, severe psychomotor impair-
ments, and increased cerebrospinal fluid (CSF) protein con-
centration [5 ,6] . 

Magnetic resonance imaging (MRI) criteria of AxD were
proposed in 2001, which included abnormalities of the white
matter, especially in the frontal area, hyperintense T1 signal
and hypointense T2 signal of the periventricular rim, abnor-
malities of the brainstem, thalami, and basal ganglia, and en-
hancement of brain structures [7] . Brain cavitation in AxD is
an uncommon finding of white matter abnormalities and is
described as a cystic white matter degeneration clearly iden-
tifiable in approximately one-third of patients [7 ,8] . Cavitation
is observed most frequently in the periventricular area [5 ,7 ,8] .
However, further characteristics are unknown. 

Here, we present a case of neonatal AxD where cavitation
appeared at an early phase and extended subcortically in a
ted images 2 days after birth. (A), the lateral ventricles are 
observed (large white arrow). (B), a hyperintense signal 
), the sagittal image shows a narrow aqueductus cerebri. 
 shows a hyperintense signal in the deep white matter and 

e shows a diffuse hyperintense signal in the white matter. 
rmation of the white matter extends to the occipital area. 
 of the thalamus is observed. (I), the T2-weighted image at 
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Fig. 2 – Histopathological findings. Hematoxylin and eosin staining of frontal white matter shows hypomyelination and 

accumulation of oval-shaped Rosenthal fibers, especially on the astrocyte end-feet around blood vessels 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

short period. We also discuss a possible genotype-phenotype
correlation. 

Case report 

A 1-year-old boy presented with ventriculomegaly at 36 weeks
of gestation and was born at 39 weeks of gestation. His birth
weight, body length, and head circumference were 3085 g (69.1
percentile), 50.7 cm (82.1 percentile), and 36.5 cm ( > 98 per-
centile), respectively. His muscle tone was normal, and no dys-
morphic features other than macrocephaly were identified.
Brain MRI obtained 2 days after birth showed a narrow aque-
ductus cerebri, ventriculomegaly, and abnormal signal inten-
sity in the white matter ( Fig. 1 A–C). A ventriculoperitoneal (VP)
shunt was inserted at 14 days of age. Protein levels in the ven-
tricular CSF were persistently high, and shunt revisions were
required at 3, 4, and 6 months of age due to repeated tube ob-
struction. Brain MRI at 5 months of age revealed severe hy-
pomyelination and periventricular cavitation localized to the
frontal area ( Fig. 1 D, E). 

The patient’s psychomotor development was significantly
impaired. At 5 months of age, he was unable to control his
neck, vocalize, or track objects. At 6 months of age, he de-
veloped focal clonic seizures involving the left arm and eye-
lid, which were controlled by levetiracetam. During follow-up,
limb hypertonia and gastroesophageal reflux were observed. 

At 10 months of age, the circumference of his head in-
creased. Brain MRI showed an exacerbation of the ventricu-
lomegaly and widespread cystic degeneration ( Fig. 1 F–H). The
protein level in ventricular CSF sampled via the shunt tube
was 1202 mg/dL. Cyst fenestration was performed to reduce
intracranial pressure. The frontal brain tissue biopsied intra-
operatively revealed hypomyelination and RF accumulation
predominantly in the white matter ( Fig. 2 ). 

Whole exome sequencing was performed after receiv-
ing informed consent from the patient’s parents. Whole ex-
ome sequencing of blood DNA revealed a de novo heterozy-
gous missense mutation in exon 6 of GFAP (c. 1097A → G; p.
Tyr366Cys). Since this variant has been associated with the
infantile-onset of AxD, a diagnosis of neonatal AxD was made.
At 14 months of age, the patient was bedridden with spas-
tic quadriplegia. Brain MRI showed further progression of the
white matter cavitation ( Fig. 1 I). This study was approved by
the ethical committee of the National Center for Child Health
and Development. We obtained permission for the publication
from the patient’s parents. 

Discussion 

We present a case of neonatal AxD that exhibited significant
cavitation with frontal predominance involving a large area
of the white matter. Protein levels in the CSF were persis-
tently high, and multiple VP shunt revisions were required be-
cause of repeated tube obstruction. The patient had an AxD-
associated missense variant in the GFAP gene (p. Tyr366Cys)
[8] . 

The appearance of cavitation is correlated with early-onset
[7 ,9] , with the youngest case showing cavitation in MRI at the
age of 10 months [8] . The location of the cavitation was local-
ized to the periventricular area, frontal in most cases [5 ,7–9] .
In the present case, MRI showed cavitation at 5 months of age
and rapidly extended to the subcortical areas. Excessive accu-
mulation of GFAP, which elicits structural changes that disrupt
gap junctions and synapse in astrocytes, resulting in neuronal
cell degeneration, is a potential cause of cavitation [1] . 

GFAP levels in the CSF correspond to GFAP levels in the
brain [10] and tend to be higher in early-versus late-onset
cases [11] . The GFAP levels in the CSF were not obtained in
the present case. However, the onset suggests that the GFAP
levels may have been high in the brain. Since the GFAP levels
in the CSF vary depending on the GFAP variant [12] , a relation-
ship may exist between cavitation and the genotype. 
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An association between the GFAP variants and clinical and
radiological phenotypes has been reported in several stud-
ies [3 ,4] . Two missense GFAP variants, namely R79 and R239,
are frequently observed in neonatal AxD and correlate with
the frontal predominance of white matter abnormalities and
basal ganglia/thalamus signaling dysfunction [4] . The GFAP
variant in the 2B domain, a highly conserved and function-
ally important component [13] , tends to present with an early
onset and a severe phenotype [3] . Although cases of cavitation
in AxD have been reported, the causative genetic variant was
identified as p. Tyr366Cys in only one case [8] . Therefore, p.
Tyr366Cys may have a relationship with brain cavitation. Fur-
ther genetic research on AxD with cavitation is required. 

In our case and others, hydrocephalus due to aqueductal
stenosis, periventricular rim in the brain MRI, and elevated
CSF protein levels were observed in the early phase of neona-
tal AxD [14 ,15] . Aqueductal stenosis is the result of GFAP ac-
cumulation in the subependymal area and brainstem and the
consequent proliferation of astrocytes in the brainstem [16] . It
is recommended to check for the periventricular rim, a spe-
cific feature of neonatal AxD when hydrocephalus due to nar-
row cerebral aqueducts and elevated CSF protein levels are
observed in infants. AxD is untreatable at present. However,
these indicators may be useful in predicting the disease and
preventing its progression in the future. 

We present a case of neonatal AxD with rapidly expanding
cavitation potentially caused by the p. Tyr366Cys GFAP vari-
ant. This case broadens the radiological spectrum of AxD and
suggests a possible relationship between significant cavita-
tion formation and p. Tyr366Cys. 

In cases of congenital hydrocephalus due to aqueductal
stenosis and elevated CSF protein levels, it is clinically impor-
tant to suspect neonatal AxD before the appearance of cavita-
tion and to carefully check for the periventricular rim in brain
MRI images. 
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