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ABSTRACT: Vanishing white matter disease (VWMD) due to e/F2B mutations is a common leukodystrophy characterised by
childhood onset, autosomal recessive inheritance, and progressive clinical course with episodic worsening. There are no reports of
genetically confirmed adult patients from India. We describe the phenotype of two adults with genetically confirmed VWMD and typical
radiological findings. Both had spastic ataxia and cognitive and behavioural disturbances. Other neurological features included myoclonic
jerks and parkinsonism. At the last follow-up (duration: 2-9 years), one patient was wheelchair-bound. VWMD is rare in adults but should
be suspected based on radiological findings and confirmed by e/F2B mutation.

RESUME : Des patients adultes atteints de leucodystrophie attribuable 2 des mutations du facteur eIF2B. La dégénérescence de la substance
blanche (DSB) attribuable & des mutations du facteur e/F2B est une leucodystrophie commune qui se caractérise par un début dans ’enfance, une
transmission autosomique récessive et une évolution clinique progressive accompagnée d’aggravations épisodiques. A cet égard, aucun cas génétique-
ment confirmé de patients adultes vivant en Inde n’a jamais été signalé. Nous voulons donc décrire ici le phénotype de deux patients adultes atteints d’une
DSB confirmée sur le plan génétique ainsi qu’a I’aide de résultats typiques obtenus lors d’examens radiologiques. Tous deux présentaient une ataxie
spastique de méme que des troubles cognitifs et comportementaux. D’autres caractéristiques neurologiques comprenaient des secousses myocloniques et
des manifestations de parkinsonisme. Au moment de leur dernier suivi (durée : de 2 4 9 ans), un des patients était confiné a un fauteuil roulant. Chose
certaine, la DSB est peu fréquente chez les adultes mais on peut la suspecter sur la base de certains résultats radiologiques et la confirmer par la présence de
mutations du facteur e/F2B.
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Vanishing white matter disease (VWMD) or childhood ataxia
with central hypomyelination (CACH) is a common leukodys-
trophy characterised by autosomal recessive inheritance, progres-
sive course and episodic deterioration provoked by stressors." It
is caused by pathogenic mutations in genes encoding the eukary-
otic translation initiation factor complex (e/F2B1-5) subunits that
exert their action via the guanine nucleotide exchange factor
(GEF) activity. Most of the patients are from the Caucasian
population from Europe and North America and only 9% are
from Asia and Africa.” In all, 87% become symptomatic by 18
years of age and adult-onset VWMD is distinctly uncommon.’

We describe two adult subjects from India with VWMD and
elF2B variations. The elF2B variations were detected by clinical
exome sequencing (Illumina platform). The actual sequencing,
library preparation, and bioinformatics were outsourced to a
private laboratory. No variations in genes implicated in other
leukodystrophies were identified. Disability scoring was based on

a 5-point scale adapted from Ohlenbusch et al.® This study was
approved by the Institute Ethics Committee (NIMHANS/105th
IEC/2016, dated 18th July 2016). The clinical and radiological
features and genetic variations are summarised in Table 1.
Patient 1 developed progressive walking difficulty from 39
years of age and tingling sensation in her lower limbs from 41
years of age. She underwent laminectomy for prolapsed lumbar
intervertebral disc after which her sensory symptoms improved.
She developed forgetfulness, apathy, irritability, delusions of
infidelity and insomnia from 43 years of age. She was evaluated
at our centre at 46 years of age. Examination revealed impaired
episodic memory and construction ability. She had bi-pyramidal
signs, impaired joint position sense, finger—nose—finger in-coor-
dination and spastic gait. Brain MRI showed periventricular
hyperintensities with rarefaction (Figure 1). Clinical exome
sequencing revealed a homozygous missense variation
[c.687T>G, (p. le229Met; ENST00000360403)] in the e/F2B3
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Table 1: Clinical characteristics and genetic variations in adults with vanishing

white matter disease

Patient number

Patient 1

Patient 2

State of origin

Orissa (eastern India)

Karnataka (southern India)

Age at onset (in years) 39 53
Age at evaluation (in years) 46 56
Gender Female Male
Consanguineous parents No No
Family history No Yes*

First symptom

Walking difficulty

Myoclonic jerks

Head circumference 55cm NA
Clinical features
Pyramidal Yes Yes
Extrapyramidal No Yes
Cerebellar Yes Yes
Cognitive/Psychiatric Yes Yes
Seizures No Myoclonic jerks
Episodic worsening No No
Other medical illnesses None None
Investigations
Brain MRI T2 hyperintense and T1 and FLAIR hypointense signal changes | T2 hyperintense and T1 and FLAIR hypointense signal changes
preferentially affecting fronto-parietal white matter preferentially affecting fronto-parietal white matter. Diffusion
restriction in lesions
NCS/EP Normal/NA Normal/Normal
CSF analysis Normal Normal
Muscle biopsy Normal Normal
Follow up duration (in years) 3 8
CSD at last follow up 1 3
Time from onset to loss of ambulation Patient ambulant without support 7 years
Genetics
Gene elF2B3 elF2B1
Ensemble ENST00000360403 ENST00000424014.2
Location Exon 7 Exon 9
Variation c.687T>G c.824A>G
AA change p- [le229Met p. Tyr275Cys**
Reported/novel Reported Reported
Zygosity Homozygous Homozygous
Inheritance AR AR

Likely pathogenic

Likely pathogenic

In silico prediction

Polyphen2 Possibly damaging Probably damaging
SIFT Deleterious Deleterious
CADD Phred score (cutoff > 20) 234 32

Minor allele frequency

ExAc

0.000066 (8/121290)

0.000091 (11/121208)
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Table 1: (Continued)

Patient number Patient 1 Patient 2
gnomAD exome 0.000087 (22/251450) 0.00007 (18/251448)
1000 genome 0.0002 (1/5008) Nil

A: adenine; CADD: Combined Annotation Dependent Depletion; CSD: Clinical score of disability (by Ohlenbusch et al., 2005) — 0 = no functional
handicap or neurological signs; 1 = mild coordination or gait difficulties not requiring assistance; 2 = moderate learning or neurologic abnormalities
requiring support or intervention in a few areas, able to walk with assistance; 3 = severe learning or neurologic abnormalities requiring support in many
areas, wheelchair-bound; 4 = requiring constant supervision, confined to bed, loss of cognitive abilities; 5 = death; CSF: cerebrospinal fluid; Cys:
cysteine, G: guanine; EP: evoked potentials; Ile: isoleucine; LRT: Likelihood Ratio Test; Met: methionine; MRI: magnetic resonance imaging; NA: data
not available; NCS: nerve conduction study; SIFT: Sorting Intolerant From Tolerant; T: thymine; Tyr: tyrosine.

“Mother of patient 2 had a neurological illness characterised by cognitive impairment, progressive motor disability and seizures but she was not evaluated
for these complaints.

““This variant has been reported in the ClinVar (VCV000217281) by two submitters.

“*(lassification was based on the American College of Medical Genetics and Genomics (ACMG) guidelines.

(B) T2W

Figure 1: (A-E) and (F-J): Brain MRI of patient 1 and patient 2 respectively, showing white matter signal changes, predominantly involving
the fronto-parietal region, which are hyperintense on T2W sequence, hyperintense with areas of cavitation on FLAIR sequence and hypointense
on TIW sequence. (K-0): Brain MRI of patient 2, performed 7 years after first imaging shows an increase in cavitation and appearance of
patchy diffusion restricted lesions.

gene, which has been reported previously in VWMD.* The Depletion (CADD) tools (Table 1). At the time of last follow-up

reference codon is conserved across mammals. The variant was at 49 years of age, the patient continued to be ambulant.
predicted to be deleterious by Polyphen-2, Sorting Intolerant Patient 2 developed myoclonic jerks at 53 years of age. From
From Tolerant (SIFT), and Combined Annotation Dependent 56 years of age, he developed imbalance while walking,
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slowness, urinary incontinence, forgetfulness, and altered per-
sonality. He was first evaluated at our centre at 56 years of age.
Examination revealed impaired executive function and verbal and
visual memory. He had mask-like facies, bradykinesia, postural
instability, bi-pyramidal signs, and finger-nose—finger incoordi-
nation. He walked independently with slow and short steps. Brain
MRI showed periventricular hyperintensities with rarefaction
(Figure 1). He was treated symptomatically with sodium valpro-
ate, levetiracetam, and clonazepam for myoclonic jerks and
levodopa-carbidopa and amantadine for extrapyramidal features.
He worsened and became wheelchair-bound at 60 years. Brain
MRI at 63 years revealed pronounced cavitation (Figure 1).
Clinical exome sequencing revealed a homozygous missense
variation [c.824A>G (p. Tyr275Cys; ENST00000424014.2)] in
elF2B]1 gene, which has been reported in ClinVar
(VCV000217281) in patients with VWMD.? The reference
codon is conserved across species, and in-silico analysis by
Polyphen-2, SIFT, and CADD predicted the variant to be dam-
aging (Table 1). He was followed up till 65 years of age; he was
dependent for all activities of daily living.

Till date, only a few patients of genetically established
VWMD have been reported from India and none are adults. We
previously reported five children with elF2B variations.® Based
on the onset age, VWMD can be categorised into antenatal, early
infantile (<1 year), late infantile (1 to <2 years), early juvenile
(2 to <4 years), juvenile (4 to <8 years), late juvenile/adolescent
(8 to <18 years) and adult (>18 years) onset.” Hamilton et al.,
reported that age at onset was a key determinant for disease
progression and survival: patients with onset before 4 years of age
had rapid progression, earlier loss of ambulation and higher
mortality as compared with those with later onset.” Labauge
et al., reported that even in adult-onset VWMD, nearly 80% lost
independent ambulation.” In our cohort, patient 2 became wheel-
chair bound at last follow-up whereas patient 1 remained ambu-
lant. Thus, factors that determine progression in adult-onset
VWMD such as epigenetics, modifier genes and environmental
factors remain to be understood. Female predilection has been
reported whereas males have more severe disease.’

The commonest manifestation of VWMD is a spastic-ataxic
syndrome,>’ as was noted in the present study as well as in
children reported by us earlier.® Psychiatric and cognitive symp-
toms may precede other symptoms in adults.! Both the patients in
the present report developed cognitive and/or psychiatric symp-
toms during the disease course, whereas these were not noted in
our cohort of children.’

Seizures are common, usually occur 1 to 2 years after onset,
are usually focal, and may indicate a worse prognosis.”’ Refrac-
tory epilepsy is not a feature of adult-onset VWMD.? Patient 2
had myoclonic jerks as the first symptom. Other neurological
features described in VWMD are mild intellectual disability,
optic atrophy, chorea, tremor, torticollis, and hemiplegic
migraine-like episodes.' Patient 2 in the present study had
features of parkinsonism. Patient 1 had neither seizures nor
extrapyramidal features.

Ovaries are a common site of extra-neural involvement lead-
ing to the terminology ‘ovario-leukodystrophy’. Primary/second-
ary amenorrhoea and rarely menometrorrhagia may occur
and these may precede neurological symptoms. Our patient
(patient 1) did not have evidence of ovarian failure. Several
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other non-neurological manifestations have been described" but
none were observed in our cohort.

A distinctive feature of VWMD is episodic neurological
worsening triggered by fever, trivial head injury, infections, fear,
stress, vaccination, and pregnancy.' Patients may recover from
this temporary worsening but not necessarily completely and
occasionally these episodes may be fatal. This episodic pattern
may mimic the relapsing-remitting course of acquired immune-
mediated diseases such as multiple sclerosis. None of the adults
in the present study had episodic worsening. Other studies also
reported that episodic worsening is less common in adults as
compared with children (Supplementary tables 1 and 2).

Both patients in the present study had similar MRI findings
characterised by hyperintensity of white matter (WM) on T2 and
hypointensity on T1 and FLAIR. Fronto-parietal WM is pref-
erentially affected, whereas the temporal WM, optic nerves,
outer edge of the corpus callosum, anterior commissure and
internal capsule are relatively spared.l Within the abnormal
WM, radiating stripes of hyperintensity are noted which corre-
spond to the spared areas around the blood vessels.! Extensive
WM changes have been reported even in pre-symptomatic or
mildly disabled patients."”” MRI abnormalities progress over
time and in advanced stages the WM ‘vanishes’ leaving behind
only the ventricular margins and the overlying cortex. Patient 2
had increased cavitation in serial MRIs seven years apart
(Figure 1). Other MRI findings have been reported. Hyperin-
tensities may be seen in the brainstem, particularly in the central
tegmental tracts.! Cerebellar involvement has been reported in
childhood and adult-onset VWMD and more often consists
of atrophy rather than abnormal signal alterations."” Cranial
nerve enhancement and chronic subdural haematoma have
been reported in isolated cases with childhood/infantile-
onset VWMD.®® Hyperintensities of the globus pallidi and
thalami have been noted uncommonly in children' but not in
adult-onset VWMD.” These changes were not noted in the
present study.

The WM changes were initially considered to be due to
hypomyelination, hence the term CACH. Subsequent studies
showed evidence of rarefaction and cystic degeneration of WM
without inflammation, which matched the MRI changes. Micro-
scopically, astrocytes and oligodendrocytes are preferentially
affected and VWMD has been classified as an ‘astrocytopathy’.
During cellular stress, mRNA translation and protein synthesis
are inhibited, a process referred to as the unfolded protein
response (UPR). Reduced e/F2B activity in VWMD leads to an
increase in UPR and increased denatured proteins in the endo-
plasmic reticulum. In VWMD, the cells appear to be hyperreac-
tive to stress. Mutations in the elF2B5 are reported to be
common among Caucasians, whereas Asian studies found a
relatively lower frequency.' None of our patients, including the
children previously reported by us, had mutations in elF2B5.°
Certain mutations have been shown to predict the clinical course.
Majority are missense mutations. Nonsense mutations are rare,
are always heterozygous and occur in association with another
missense mutation, because their presence in homozygous states
is not compatible with survival. No precise correlation between
the mutated subunit or domain with the phenotype has been
established. The p. Argll13His and p. Argl95His in the
C-terminal domain of the e/F2B5 are associated with mild and
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severe phenotypes, respectively. Variations in the non-conserved
regions may contribute to a milder phenotype and variations in
highly conserved regions to more severe phenotypes. The type of
amino acid substitution such as the one that causes a significant
change in the 3-D structure of the protein may correlate with a
severe phenotype.10

This study describes adults with genetically established
VWMD from India emphasising the clinical course and serial
radiological abnormalities. Clinicians should suspect this disease
in adults based on the MRI findings and confirm the diagnosis by
demonstrating e/F2B mutations as it has implications for genetic
counselling and prognostication. It would be worth analysing a
larger cohort of patients with genetically established adult-onset
VWMD from multiple centres across India and Asia for the
natural course and survival.
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