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Background - Leukodystrophies, a hetero-
geneous group of brain and spinal cord dis-
orders, often pose challenges in establishing
molecular etiology. Vanishing White Matter
Disease (VWMD) is a rare subtype of leuko-
dystrophies presenting with characteristic
clinical and MRI features, nevertheless,
achieving diagnostic certainty requires genetic
studies.

Case presentation - Our patientis a nine
year old girl, who developed progressive gait
difficulties at around 3-4 years of age. Her
brain MRI showed confluent lesions with in-
creased signal intensity in the cerebral and cer-
ebellar white matter on T2/FLAIR sequences,
within which hypointense regions appeared
with signal intensity resembling that of the
cerebrospinal fluid on T1 sequences. Whole
exome sequencing identified a homozygous
likely pathogenic variant within the E/F2B5
gene in the proband, which was present in a
heterozygous state in both asymptomatic par-
ents. Having the clinical and molecular genetic
diagnosis established, we explored therapeutic
possibilities for the patient.

Conclusion - VWMD s a severe form of
leukodystrophies with little or no disease
modifying therapy available until recently.

A better understanding of its molecular
pathogenesis offers some hope for new
inventive therapies.
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Eltiné fehérallomany-betegség,

a leukodystrophidk ritka altipusa

az EIF2B5 gén mutacidjaval

Sinkd G, MD, Tompa M, PhD, Kiss Zs, MD,
Kalman B, MD, DSc, FAAN

Hattér - A leukodystrophiak az agy és a ge-
rincvel® heterogén betegségei, gyakran diag-
nosztikai kihivasokkal szembesitik a vizsgalot
a molekularis etioldgia meghatarozasakor.

A vanishing white matter disease (VWMD)
vagy eltiiné fehérallomany-betegség a leu-
kodystrophiak ritka altipusa, ami jellegzetes
klinikai és MRI-sajatossagokkal rendelkezik,
de a diagnosztikai bizonyossag érdekében
genetikai vizsgalatok szUkségesek.
Esetbemutat6 - Beteglink egy kilencéves
kislany, akinek 3-4 éves kora kordl kezd8dott
progressziv jarasproblémaja. Az MRI-T2/FLAIR-
szekvenciakon konfluens fokozott jelintenzi-
tasu elvaltozasok latszottak a hemisphaerialis
és a kisagyi fehérallomanyban, amelyeken
belll a T1 szekvenciakon a liquorhoz hasonld
jelintenzitasu hipointenziv régiok jelentek
meg. A teljesexom-szekvenalas homozigdta,
valdszin( patogén varianst azonositott a
proband EIF2B5 génjében, ami heterozigota
formaban volt jelen a tUnetmentes szulékben.
A Klinikai és molekularis genetikai diagndzis
felallitdsa utan megvizsgaltuk a beteg terapias
lehet8ségeit.

Koévetkeztetés - A VWMD a leukodystrophiak
sulyos formdja, amelyhez mostanaig alig vagy
egyaltalan nem allt rendelkezésre betegség-
modosito terdpia. A molekularis patogenezis
jobb megértése reményt ad Uj innovativ tera-
piak bevezetéséhez.

Kulcsszavak: vanishing white matter
disease, EIF2B5, teljesexom-szekvenalas
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Leukodystrophies are a heterogencous group of dis-
orders affecting the white matter in the central ner-
vous system (CNS). Based on magnetic resonance im-
aging (MRI) characteristics, both hypomyelination and
demyelination may be observed in association with
various cellular, biochemical and molecular genetic al-
terations affecting either directly the myelin sheath, the
myelin-producing oligodendrocytes or other cellular ele-
ments and pathways involved in the maintenance of this
axonal insulator'. The age of onset, clinical presentation
and disease course, distribution and nature of MRI le-
sions, along with some biochemical laboratory findings
often allow us narrowing down the differential diagnosis.
Genetic studies, however, have become key elements of
the diagnostic work up and may involve targeted single
gene studies, panel testing, or broader approaches such as
whole exome sequencing (WES). Even when the clinical
and MRI findings are suggestive of a specific diagnosis,
genetic testing may be necessary for diagnostic valida-
tion, therapeutic decision, prognostication and reproduc-
tive counselling.

Vanishing white matter disease (VWMD) is a rare
form of leukodystrophies inherited in an autosomal re-
cessive manner and caused by homozygous or compound
heterozygous mutations in one of the five subunit genes
of elF2B (EIF2B1-EIF2B5) (eukaryotic translation initi-
ation factor) (OMIM 603896).

The disease was first described in the 1990s as a ma-
lignant encephalopathy with early childhood onset, ep-
isodic worsening of neurological symptoms including
ataxia, spasticity, cognitive decline, seizures and coma,
which lead to early death in a few years>*. The onset
and the episodic deterioration of VWMD are typically
induced by biological stress such as minor head trauma,
infection and fevers. MRI reveals diffuse leukoencepha-
lopathy within which signal alterations resembling those
of cerebrospinal fluid may be seen*. MRI and spectros-
copy as well as autopsy studies suggest that axonal loss
underlies the rarefaction of the white matter and myelin®.
As the underlying genetic abnormality was identified’ a
broader spectrum of disease presentation ranging from
early onset, severe phenotype and poor prognosis to late
onset, less severe phenotype and varying prognosis have
been described®. In addition to the step-wise deteriora-
tion, patients with progressive disease have also been
encountered. In affected females, ovarian dysgenesis has
also been reported’.

Here we describe the case of a nine year old girl
who presented with slowly progressive gait and co-
ordination problems without known precipitating fac-
tors or family history. The MRI findings were suggestive
of VWMD, a suspicion confirmed by genetic studies.
When the diagnosis was established, we explored ther-
apeutic options.

Case presentation

The proband is a nine year old girl born from an uncom-
plicated second pregnancy from unrelated parents. Her
perinatal adaptation, early movement and speech devel-
opment were normal. However, she was noted walking
on tiptoe when attending the kindergarten. At eight years
of age, her running and walking became increasingly un-
coordinated. She was referred to a pediatric neurologist,
who detected spastic tone, mild paraparesis, enhanced
deep tendon reflexes, appendicular and truncal ataxia
prompting her admission to our hospital.

Her neurology exam at admission revealed intact cra-
nial nerves, except for a fine, diminishing horizontal nys-
tagmus in the direction of gaze. Muscle tone, mass and
strength were preserved in both upper extremities with
2+ deep tendon reflexes and bilateral Tromner sign. Mild
spasticity and 4/5 muscle strength (with some left sid-
ed predominance), along with 3+ deep tendon reflexes
and ankle clonus, and equivocal plantar responses were
found in both lower extremities. Slight uncertainty in the
finger-nose test and marked ataxia in the heel-knee test
were noted. Her gait was wide-based, paretico-ataxic.
Romberg sign was positive. Proprioception, light touch,
pain and heat sensation were all preserved. Her speech
was intact and cognition appropriate for her age. This
charming girl attended primary school with average ac-
ademic accomplishments, but with some difficulties in
mathematics.

Brain MRI in 2022, when the patient was 8 years old,
showed bilateral abnormalities affecting almost the entire
hemispheric white matter of the cerebrum, but also some
areas of the cerebellum, which were hyperintense on T2/
FLAIR, and hypointense on T1 sequences. The patho-
logical areas were completely confluent and showed in-
creased diffusion. On both sides of the corona radiata,
with left-sided predominance, the reduced T1 signal in-
tensity approached that of the cerebrospinal fluid within
areas of T2/FLAIR hyperintensity. The images suggested
VWMD, a leukodystrophy subtype (Figure 1). An ear-
lier arylsulfatase test performed on blood cells showed
normal enzyme activity, thus excluding metachromatic
leukodystrophy®°.

Whole exome sequencing was performed on DNA
extracted from EDTA-treated peripheral blood by using
the QIAamp® DNA Mini Kit (Qiagen, Hilden, Germa-
ny). Applying the DNA Prep with Enrichment (Illumina
Inc. San Diego, CA, USA), DNA was first enzymatically
tagmented and amplified. Then exome capture was per-
formed by using Illumina Exome Panel probes (Illumina
Inc. San Diego, CA, USA). The captured libraries were
quality checked by TapeStation 4200 (Agilent Technol-
ogies, Santa Clara, CA, USA) and quantified by Qubit
3.0 (Invitrogen, Waltham, MA, USA). The libraries were
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Figure 1.A-E show MRl images of our patient at age of
8 years. A Axial FLAIR image showing bilateral confluent
lesions with increased signal intensity in the hemisphe-
ral white matter; B axial T1-weighted image showing
reduced signal intensity resembling that of cerebros-
pinal fluid within regions of T2/FLAIR hyperintensity;
C axial Diffusion weighted image of the brain show-
ing increased diffusion within the white matter lesions,
D axial FLAIR image of the cerebellum with increased
signal; and E axial T1-weighted image of cerebellum
with decreased signal. Arrows indicate the pathological
signal alterations

sequenced on a NovaSeq 6000 machine (Illumina Inc.
San Diego, CA, USA). Sanger sequencing confirmed the
presence of variant detected by next generation sequenc-
ing (NGS).

Bioinformatic analysis was performed by using the
VarSeq software (Golden Helix Inc., Bozeman, MT
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59715, USA). A likely pathogenic mutation in homozy-
gous state was detected in the 2/16 exon of the E/F2B5
gene: NM_003907.3: ¢.203T>C, NP_003898.2: p.L68S,
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on chromosome 3, position 183,854,407 T > C (PM2_
Moderate, PP5 Supporting, PM3 Moderate, PP4 Sup-
porting). Both asymptomatic parents were heterozygous
carriers of the same mutation and non-consanguineous.
Her asymptomatic older sister was not genetically tested
at that time.

Discussion

van der Knaap et al'® subdividle VWMD into six sub-
groups according to the age of onset (<12 mo, 1-<2y,
2—<4y, 4—<8y, 8—<18y, >18y). Our patient presented at
3-4 years of age placing her in the third subgroup. Thus
far, she has had a slowly progressive gait disorder with-
out cognitive decline. MRI of the brain showed typical
features of VWMD (Figure 1). However, it is important
to note that the MRI characteristics depend on the age of
onset and disease duration as well as the course, likely
explaining, at least in part, the increased diffusion within
the confluent white matter regions in our case as opposed
to the reported restricted diffusion predominantly found
in young patients and short disease duration'® . The
disease entity was confirmed by the detection of a like-
ly pathogenic homozygous mutation within the EIF2B5
gene using WES. The elF2B protein plays important
roles in protein synthesis, and as a component of the in-
tegrated stress response pathway (ISR), regulates the rate
of mRNA translation under cellular stress. Although no
precipitating events were noted in our patient’s history,
a dysbalance in the IRS response might have contributed
to the development of her VWMD!'?. Pathogenic variants
can constitutively impair activity of the eIF2B protein
and activate the ISR pathway'.

The detected EIF2B5 mutation has been reported in
four other cases with VWMD'? 5, The ¢.203T>C variant
changes the hydrophobic leucine to the polar serine in the
strongly conserved position of codon 68 in the EIF2B5
molecule. This mutation is located in the e-subunit of the
nucleotidyletransferase-like domain of EIF2B5 and does
not affect the catalytic subunit of the guanine exchange
activity of the protein. It remains to be explored as to how
the p.L68S variant affects the severity of the VWMD
phenotype since prior to our case, it has only been found
in compound heterozygous state.
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