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Case Report

An autopsy case of infantile-onset vanishing white
matter disease related to an EIF2B2 mutation
(V85E) in a hemizygous region
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Abstract: We report a rare autopsy case of early infantile-onset vanishing white matter disease, with a submicrosco-
pic deletion of 14g24.3, which included EIF2B2 and a missense mutation of EIF2B2 (V85E) of the remaining allele.
The patient was a 4-year-old boy, who was found to have suddenly died during sleep. Physical and mental develop-
ment began to deteriorate after convulsions at 10 month of age, and did not recover to baseline measurements. At
autopsy, the brain showed a marked decrease in volume of white matter, with no typical cystic rarefaction. Histo-
pathologically, the affected white matter showed diffuse loss of myelin fibers, meager astrogliosis with dysmorphic
astrocytes, and loss of oligodendrocytes. Proliferative and apoptotic markers were negative for oligodendrocytes in
the severely affected area. These findings may be related to the severity of the disease, and might be a feature of
the EIF2B2 mutation pattern of the patient. Additionally, unusual fatty infiltration of both ventricles of the heart was
found. These findings were suspected as early pathology of arrhythmogenic right ventricular cardiomyopathy due to
characteristic gene mutation in the present case. In the present case, the defect EIF2B2 caused by hemizygosity
may be related to early onset of the disease and the unusual pathological changes with vulnerability of oligodendro-
cytes and astrocytes, as well as cardiac abnormalities and sudden unexpected death.

Keywords: Vanishing white matter disease, EIF2B2 mutation, hemizygosity, sudden unexpected death, arrhythmo-
genic right ventricular cardiomyopathy

Introduction the five genes encoding for the five subunits

(EIF2B1-5) of eukaryotic translation initiation

Vanishing white matter disease (VWMD) (OMIM
number 603896) is a childhood leukoencepha-
lopathy with autosomal recessive traits. How-
ever, this disease has an extremely wide phe-
notypic variation and may affect people of all
ages, including neonates and adults [1, 2]. A
characteristic clinical feature of VWMD is that
neurological deterioration follows a chronic pro-
gressive course, with additional episodes of
rapid deterioration by stresses, such as fever
and minor head trauma. Neuropathological fea-
tures generally show increasing white matter
rarefaction and cystic degeneration, absence
of inflammatory signs, diffuse loss of myelin
fibers, conservation of grey matter structures,
meager astrogliosis with dysmorphic astro-
cytes, and abnormal, foamy oligodendrocytes
[2]. VWMD is caused by mutations in each of

factor 2B (elF2B), which is essential for protein
synthesis [1, 2]. Because of the fact that
EIF2B1-5 are housekeeping genes, many ques-
tions remain unanswered with respect to how
perturbation of these ubiquitously expressed
translation initiation factors should result in a
highly selective neurological phenotype. We
report the interesting pathological findings of a
boy with VWMD for a missense mutation of
EIF2B2 (V85E) caused by hemizygosity due to a
de novo deletion.

Case report

A 4-year-old boy was found to have suddenly
died during sleep. The clinical summary of this
child up to 2 years, including magnetic reso-
nance imaging (MRI) findings and chromosomal
microarray testing results, has been reported
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Figure 1. Coronal sections of the cerebral hemisphere through the
mammillary, thalamus, cerebral peduncle, splenium of the corpus cal-
losum, and posterior horn of the lateral ventricle. The white matter is
grayish and clearly shows rarefaction. Abbreviations: AC anterior com-
missure; CC corpus callosum; CP cerebral peduncle; LV lateral ventri-
cle; MB mammillary body; MTN medial thalamic nucleus; PHLV poste-
rior horn of the lateral ventricle; SCC splenium of the corpus callosum.

previously [3]. He was born to healthy parents,
and experienced clonic convulsions with facials
twitches on the ipsilateral side lasting a few
minutes at 10 months of age. Brain MRI
revealed progressive dilatation of the lateral
ventricles and vanishing white matter. After the
onset of seizures, he began to deteriorate and
did not recover to previous baseline measure-
ments. He was then diagnosed with VWMD by
identification of a submicroscopic deletion of
14q24.3, which occurred de novo on the pater-
nal allele, and a maternally inherited missense
mutation of EIF2B2 (V85E). Physical and men-
tal development had begun to deteriorate after
a bout of convulsive seizures, and he became
worse than original levels of development. Su-
bsequently, the developmental deficiencies
continued to 4 years of age, without improve-
ment. In view of his persistent neurological dis-
ease, we decided that he would benefit from
percutaneous endoscopic gastrostomy, which
was considered to be superior to gastric feed-
ing 2 months before death. Soft palate move-
ment disorders and mild central apnea were
also observed. Cardiac abnormalities were not
observed by a routine examination. He was dis-
charged 10 days after surgery and then re-
mained in a stable condition for approximately
1.5 months.
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Autopsy findings

The deceased was 94 cm tall and
weighed 10.1 kg (body mass index,
11.4). The brain weighed 564 g.
Histopathological and immunohis-
tochemical findings were evaluated
by comparing the findings with a
healthy control (4-year-old boy,
died by accidental drowning). The
external aspect of the present case
revealed significant atrophy of the
cerebrum and cerebellum, but
there was little or no swelling of the
brain. On coronal sections of the
cerebrum, almost the entire deep
cerebral white matter was grayish
in color with severe rarefaction.
However, no cystic or vacuolar de-
generation was evident in the white
matter. Moderately dilated lateral
ventricles and thin atrophy of the
corpus callosum and anterior com-

missure were also observed. Gray
matter structures, including the cerebral cor-

tex, basal ganglia, cerebellum, and brainstem
nuclei, were relatively well preserved (Figure 1).

Microscopically, near total absence of myelin in
the deep cerebral white matter was found, and
myelin fibers of subcortical U-fibers, the corpus
callosum, the cerebral peduncles, the lower
third part of the internal capsules, the fornix,
red nuclei, pyramid tracts of medulla, and folia
of the cerebellum were also severely affected.
Additionally, myelin fibers running through the
upper internal and external capsules, intrinsic
fibers of the thalami, the optic tract, white mat-
ter surrounding the deep cerebellar nuclei, the
raphe, transverse pontine fibers, as well as the
spinocerebellar tract, anterior corticospinal
tract, and anterior and lateral fascicles contain-
ing the spinoreticular and spinothalamic tract
of the spinal cord, were relatively preserved
(Figure 2A-E). The grey matter was mostly pre-
served, and six-layer lamination and neuronal
density were completely preserved. Only mild
loss of neuronal cells in CA1 of the hippocam-
pus, Purkinje cells in the vermis of the cerebel-
lum, and cerebellar granular cells was found as
a result of recurrent hypoxia in the clinical
course.
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Figure 2. Pathological findings in the cerebrum, cerebellum, and brainstem of VWMD. The stains used were LFB-
H&E (A-E) and Holzer staining (F). (A) Coronal section of the left cerebral hemisphere at the level of the frontal lobe.
The white matter is reduced in volume, showing a complete absence of myelin. (B) Coronal section of the left cere-
bral hemisphere through the thalamus and the cerebral peduncle. Temporal lobes of this patient show widespread
loss of myelin and rarefaction of the white matter. Thalami are macroscopically preserved. (C) Transverse section
of the midbrain. (D) Transverse section of the medulla oblongata. (E) Transverse section of the cerebellum, includ-
ing the pons. Myelin fibers running through the cerebral peduncles are severely affected. (F) Gliosis of white matter
in the present case was inconspicuous. Abbreviations: CN caudate nucleus; CP: cerebral peduncle; DN: dentate
nucleus; EC: external capsule; HC: hippocampus; IC: internal capsule; ICP: inferior cerebellar peduncle; 10: inferior
olive; MCP: middle cerebellar peduncle; MRN: medial reticular nucleus; MTN: medial thalamic nucleus; PY: pyramid
tract (corticospinal tract); RN: red nucleus; Rn: raphe nucleus; TL: temporal lobe; TPF: transverse pontine fibers;
Scale bar for (A-F) 10 mm.

In affected white matter, Holzer staining (Figure affected, but the incidence of positive labeling
2F) and immunohistochemistry for GFAP was not significantly different to the control
showed a lack of or mild gliosis. The density of case.

oligodendrocytes was also decreased in severe-
ly affected white matter. Additionally, some of
the oligodendrocytes showed an abnormal
foamy appearance and an eccentric location of

In the severely affected white matter, positive
labeling for DNA damage-associated markers
(anti-ssDNA and anti-histone H2AX [Ser139])

the nuclei (Figure 3A, 3B). Some astrocytes
were dysmorphic with large blunt processes
(Figure 3C, 3D).

Immunohistochemistry for Oligo2 exhibited no
oligodendrocyte progenitors in severely affect-
ed lesions, such as white matter of the tempo-
ral lobe. Some positive cells for Oligo2 were
found in white matter that was not considerably
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was not evident in astrocytes or oligodendro-
cytes. There were few Ki67-positive cells (cell
proliferative marker), and the labeling index
was low in all areas of white matter (<1%) and
identical with that of the control.

The heart weighed 60 g. The heart was exam-
ined as previously reported [4]. The heart
showed slightly fatty infiltration of the apex and
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Figure 3. Astrocytes and oligodendrocytes in the white matter from the middle temporal lobe of a VWMD patient
(A, C) and normal control (B, D). The stains used were LFB-H&E (A, B) and immunohistochemistry for GFAP (C, D).
(A, B) The density of oligodendrocytes was lower in VWMD (A) compared with the control (B). Oligodendrocytes in
our VWMD patient show an abnormal appearance. (LFB-H&E staining). A significant increase in astrocytes was not
found in the severely affected temporal lobe of the VWMD (C) compared with the control (D). Astrocytes display
abnormal morphology with coarse blunt processes in the inset of (C). (Immunohistochemistry for anti-GFAP). Scale
bar for (A, B): 40 pm; (C, D): 20 ym.

left ventricle. The thickness of the anterior wall
of the left ventricle, ventricular septum, and
right ventricle was 0.7 cm, 0.7 cm, and 0.1 cm,
respectively. The coronary arteries were normal
in appearance. Histologically, mild fibrous and
fatty tissue replacement of the myocardium
was visible by microscopy (Figure 4A, 4B), in
the presence of inflammation in the right ven-
tricle (Figure 4C). Replacement of fibrous tis-
sue of the myocardium was slightly visible by
microscopy in the left ventricle (Figure 4D). The
sinoatrial node and atrioventricular conduction
systems were normal in appearance. No other
clinically significant lesions were found in other
organs.

Discussion

The period of clinical onset of VWMD is divided
into the prenatal/congenital form, subacute
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infantile form (onset age <1 year), an early
childhood onset form (onset age of 1-5 years), a
late childhood/juvenile onset form (onset age
of 5-15 years), and an adult onset form. The
clinical course of prenatal/congenital or early-
infantile onset forms is more severe than that
of the adult form [5-8]. In the present case,
besides commonly affected areas, such as the
deep cerebral area, U-fibers, spinocerebellar
tract, lateral and anterior corticospinal tract,
and anterolateral fascicles containing the spin-
oreticular and spinothalamic tract [2, 6, 7,
9-12], areas that are reported to be relatively
less severely affected were severely involved in
the present case. These severely affected
areas included the corpus callosum, cerebral
peduncles, red nucleus, anterior commissure,
fornix, and folia of the cerebellum. We consider
that the cause of the clinical severity and other
unusual pathological features of the present
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Figure 4. Microscopic appearance of the heart. (A, B, D) Elastica-Masson staining. (C) H&E staining. (A) Low-power
view of the right ventricle. Moderate fibrous replacement of the myocardium is present. (B) High-power view of the
right ventricle. (C) Higher magnification of the right ventricle. Mild fatty tissue replacement of the myocardium is
present. (D) High-power view of the left ventricle. Moderate fibrous replacement of the myocardium is present. Scale
bar for (A): 1 mm; (B): 50 um; (C): 20 ym; and (D): 100 pm.

case may be related to the characteristic gene
abnormality of the patient.

Although the volume of deep white matter of
the present case was markedly decreased, the
cystic rarefaction of white matter was not obvi-
ous. This finding is an interesting feature of the
case, which may be different to previously pre-
sented cases [9-13]. Myelination occurs region-
ally, beginning with the brain stem at 29 weeks
of gestation. A period of rapid myelination
starts after the 5th month of delivery, and
reaches a mature appearance by the 18th
month. Most major tracts are significantly
myelinated by early childhood, except in axons
within the cortex, and in some regions, such as
the arcuate fasciculus, a white matter bundle
near the temporal lobe, which continues to
myelinate into the second and third decades of
life [14]. In cases that show typical cystic rar-
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efaction of VWMD, the volume of white matter
may develop in advance of starting the patho-
logical process. However, in the present case
with an extremely low volume of deep white
matter, the process of abnormal myelination
may have been caused in a different manner
compared with typical cases.

Morphological and numerical changes in glial
cells have been considered to be related to the
pathogenesis of VWMD. The cellular pathology
of astrocytes and oligodendrocytes in the pres-
ent case is identical to that in previous reports
[10, 15]. A reduction in the number of astro-
cytes without significant gliosis in affected
areas in our case is also similar to previously
reported cases [15]. Bugiani et al. considered
that the lack of significant gliosis in VWMD is
caused by dysfunction of astrocytes. They also
showed that there is a significant increase in
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the number of premyelinating oligodendrocyte
pregenitors and paucity of myelin in VWMD
[15]. However, while proliferation markers were
entirely negative in severely affected lesions in
the present case, the proliferative activity of
relatively spared areas was not different from
that in the control case. Additionally, although it
has been suggested that apoptotic loss of oli-
godendrocytes is more frequently seen in
infants and younger children in early lesions,
there were no apoptotic cells in affected white
matter in the present case. Immunohistoch-
emistry results of the present case suggested
that proliferative and apoptotic activity was low
in affected areas. We speculate that the patho-
logical course of the present case was already
near termination at the period of death.
Additionally, an extremely low volume of deep
white matter without cystic degeneration
observed in our patient may have been caused
by congenital loss of myelination or initiation of
the pathological process in the early stages of
myelination.

Our patient had a submicroscopic deletion of
14924.3, which occurred de novo on the pater-
nal allele, and a maternally inherited missense
mutation of EIF2B2 (V85E) [3]. To the best of
our knowledge, the patient described in this
paper is the first to be reported with a hemizy-
gous EIF2B2 mutation. A homozygous mutation
of V85 in EIF2B2 (V85E) has also been report-
ed in adult-onset VWMD, and guanine nucleo-
tide-exchange factor activity of elF2B contain-
ing this mutant subunit is decreased by
approximately 20% [16]. Because our patient
had a submicroscopic deletion of 14q24.3,
which included EIF2B2, the remaining allele
with EIF2B2 (V85E) was the only copy available
to produce EIF2B2. Although the EIF2B2 (V85E)
allele may result in a mild decrease in guanine
nucleotide-exchange factor activity in the elF2B
complex, the remaining EIF2B2 (V85E) allele
may not provide enough protection from this
severe phenotype. A hemizygous EIF2B2 muta-
tion could explain the pathogenesis of disease
severity in our patient.

Reports of other organ involvement of patients
with VWMD have included hepatosplenomega-
ly, renal hypoplasia, pancreatitis [17], ovarian
dysgenesis [18], and peripheral neuropathy
[19]. Although our patient did not clinically
exhibit symptoms of cardiac disease, fibrous
and fatty tissue replacement of the myocardi-
um with minimal lymphocytic infiltration was
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found. This pathological finding has not been
previously reported in patients with VWMD.
These findings in the heart were not so severe,
but are similar to the findings of arrhythmogen-
ic right ventricular cardiomyopathy (ARVC) [20,
21]. We consider that these ARVC-like abnor-
malities might have caused his sudden unex-
pected death. However, the deletion on chro-
mosome 14¢g24.3 was 2.0 Mb in size and
gene-rich, containing 25 RefSeq genes [3].
Among 25 RefSeq genes, some are related to
human disorders. The transforming-growth fac-
tor beta 3 gene (TGFB3) is associated with
ARVC, and is inherited as an autosomal domi-
nant disorder [22], while controversy still
remains about a clear relation between TGF33
and ARVC [23]. The mechanism underlying the
phenotypic effects of copy number alterations
involving 24 RefSeq genes, except for EIF2B2
at 14924.3, has not clearly been established.
However, TGFB3 haploinsufficiency might be a
candidate responsible for ARVD-like changes in
the heart of the present case.

We demonstrated pathological findings of
VWMD in our case, including different findings
to previous reports. The defect EIF2B2 caused
by hemizygosity might be due to early infantile-
onset and pathogenesis of disease severity,
related to the vulnerability of oligodendrocytes
and astrocytes. Additionally, the characteristic
mutation pattern of EIF2B2 in the present case
might be related to the unusual cardiac pathol-
ogy and sudden death.
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