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ATP6V1B2-related disorders featuring Lennox-Gastaut-Syndrome: a case-based overview
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Dominant deafness-onycodystrophy; Lennox-Gastaut syndrome; Zimmermann-Laband

syndrome 2.

ABSTRACT

Background: ATP6V1B2 (ATPase, H+ transporting, lysosomal VI subunit B, isoform 2) encodes
for a subunit of a ubiquitous transmembrane lysosomal proton pump, implicated in the
acidification of intracellular organelles and in several additional cellular functions. Variants in
ATP6V1B2 have been related to a heterogeneous group of multisystemic disorders
sometimes associated with variable neurological involvement. However, our knowledge of
genotype-phenotype correlations and the neurological spectrum of ATP6V1B2-related

disorders remain limited due to the few numbers of reported cases.

Case study: We hereby report the case of an 18-year-old male Sicilian patient affected by a
global developmental delay, skeletal abnormalities, and epileptic encephalopathy featuring
Lennox-Gastaut syndrome (LGS), in which exome sequencing led to the identification of a

novel de novo variant in ATP6V1B2 (NM_001693.4: ¢.973G>C, p.Gly325Arg).

Conclusions: Our report provides new insights on the inclusion of developmental epileptic
encephalopathies (DEEs) within the continuum group of ATP6V1B2-related disorders,

expanding the phenotypic and molecular spectrum associated with these conditions.

INTRODUCTION

ATP6V1B2 (OMIM #606939) encodes for a subunit of a vacuolar ATPase (V-ATPase), a multi-

subunit transmembrane lysosomal proton pump implicated in the acidification of intracellular
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organelles, essential for several cellular and sub-cellular functions [1]. Given its key-role,
ATP6V1B2 has been associated with a heterogeneous group of syndromic disorders that
include (a) “dominant deafness-onycodystrophy” (DDOD) syndrome (OMIM #124480), (b)
“deafness-onycodystrophy-osteodystrophy-mental retardation and seizures” (DOORS)
syndrome (OMIM #220500) and (c) Zimmermann-Laband syndrome 2 (ZLS2) (OMIM
#616455). These phenotypes, though well-distinguishable, present overlapping features (e.g.,
sensorineural deafness, nail-phalanges abnormalities, oro-buccal anomalies) and could be

regarded as part of the same phenotypic continuum [2][Figure 1].

Epileptic seizures, albeit inconstant, are accounted among the potential clinical features
shared by both DOORS and ZLS2, though not common in DDOD [2]. Recently, data from the
literature have suggested that refractory epilepsies and developmental epileptic
encephalopathies (DEEs) may be part of the phenotypes associated with heterozygous

ATP6V1B2 variants, potentially expanding the spectrum of ATP6V1B2-related disorders [3].

We hereby describe the case of an 18-year-old Sicilian male presenting with a complex
phenotype, predominantly featuring a DEE meeting the electro-clinical criteria for a Lennox-
Gastaut syndrome (LGS), found to carry a novel de novo missense variant in ATP6V1B2.
Written informed consent was obtained by patient’s parents to publish this case, including

the patient’s photographs.

CASE PRESENTATION

Our patient is the son of non-consanguineous parents. He was born via a programmed

caesarean section at term after an uneventful pregnancy. Perinatal history was unremarkable.
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At 3 months, after Diphtheria-Tetanus-Pertussis vaccine, he presented with hyperthermia and
generalized epileptic seizures, well controlled by phenobarbital (Pb). The MRI showed slight
white matter hyperintensities, mostly affecting the paraventricular areas, making suspect an
immune-mediated condition (such as an acute disseminated encephalomyelitis - ADEM)
[Figure 2 A]. Cerebrospinal fluid examination could not be performed due to parents’ refusal;

hence the diagnosis could not be definitively confirmed. The EEG was unremarkable.

After several months of seizure-freedom, he presented with an unprovoked epileptic seizure,
characterized by impaired awareness, periorbital cyanosis, and limbs hypertonia, lasting
overall 5 minutes. EEG did not show significant abnormalities, whereas an MRI confirmed the
previous findings (with a significant reduction at following MRIs). By that time, the child

presented only with a mild global neurodevelopmental delay.

Given the reoccurrence of analogue epileptic attacks during his second year of life, valproate
(VPA) was administered in add-on to Pb and to Dexamethasone cycles, achieving seizure-

freedom for 5 years.

In the meantime, the child developed a global neurodevelopmental delay, characterized by
motor impairment, absent speech, impaired interaction and moderate-to-severe intellectual

disability (ID).

Since the age of 7, despite an adequate treatment with antiepileptic drugs (AEDs), he
experienced new types of seizures (atypical absences with motor involvement, tonic seizures
during sleep, drop attacks, and status epilepticus during infections/fever), together with the
onset of behavioral abnormalities (opposition and restlessness), left hemiplegic gait (in the

absence of new MRI abnormalities), and an overall worsening of the neurocognitive domain.
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The EEGs performed over the years showed an abnormal background activity with interictal
generalized polymorphic abnormalities, mostly expressed on the precentral and right areas
of the brain, especially during sleep, whereas a follow-up MRI additionally detected a right

hippocampal mesial temporal sclerosis [Figure 2 B-E].

By the age of 13 years, several AEDs had already been trialled unsatisfactorily in terms of
seizure control [Table 1], delineating a drug-resistant epileptic encephalopathy consistent

with the criteria of an LGS.

At his last follow up (18 years old), the patient presents with several polymorphic seizures per
week and his EEG has not significantly improved. He cannot speak and shows stereotyped
movements and repetitive behaviour. At physical examination, he presents significant

scoliosis, wide-spaced teeth and coarse facies [Figure 2 F-G].

Laboratory testing, including plasmatic and urinary amino-acids and urinary organic acids, and
genetic testing (karyotype, array-comparative genomic hybridization, sequencing of SCN1A,

MECP2, STXBP1 and POLG1), were unremarkable.

Written informed consent was obtained from the parents. The study and associated research
protocols received approval from the Review Boards and Bioethics Committees at University
College London Hospital (project 06/N076). Trio exome sequencing was performed and
revealed a heterozygous mutation in the gene ATP6V1B2 (NM_001693.4): ¢.973G>C
(p.Gly325Arg). Sanger sequencing confirmed that the variant occurred de novo (being
present in the proband and not in the healthy parents). This variant, not yet reported in the
literature, is classified as “likely pathogenic” according to the “American College of Medical
Genetics” criteria (PM2, PM®6, PP3). In silico analysis performed with VarMap, which includes

protein predictors and evolutionary conservation, supports a deleterious effect (Residue
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report). The location of the identified variant is likely to affect the multi-subunit enzyme
function, and therefore a high disease propensity of the variant (score 1.78). Thus, we
considered the p.Gly325Arg variant in the ATP6V1B2 gene the most plausible explanation for
the disease pathogenesis in our child based on (i) its de novo occurrence, (ii) the absence of
this variant in the heterozygous state from exome or genome sequencing data part of
available datasets that we screened, such as 1000 Genomes Project, NHLBI Exome Variant
Server, the Genome Aggregation Database (GnomAD) and 100K Genome Project, (iii) the
protein predictors and evolutionary conservation scores indicating an high likelihood of
deleterious impact as a result of this aminoacidic substitution, (iv) the consistency of the
phenotype of our patient with previously described individuals carrying ATP6V1B2 pathogenic
variants, and (v) the exclusion of any other known or pathogenic variants in genes (implicated

in neurological and/or paediatric disorders) within the exome sequencing data.

DISCUSSION

V-ATPases play a central role in determining and maintaining the acidic environment of
intracellular organelles and are thus fundamental for several cellular functions [1]. V-ATPases
consist of a multi-subunit complex arranged in two domains: V1 (peripheral), responsible for
ATP-hydrolysis, and VO (integral membrane domain), involved in proton translocation. In
mammals, V1 has eight different subunits (A-H) [4]. Two isoforms of the B subunit have been
identified in humans: B1, present in kidneys, epididymis, eyes, and inner ears; B2, known as
the brain isoform, which is ubiquitous and is able to replace B1 when necessary. Therefore, it

is not surprising that V-ATPases have been related to a wide variety of multisystemic diseases

[4].
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Accordingly, ATP6V1B2 is involved in distinct phenotypes (albeit the underpinning mechanism
remain widely unknown), such as renal clear cell carcinoma [5], bladder cancer [6], follicular
lymphoma [7], and the previously mentioned DDOD, DOORS and ZLS2. Epilepsies and DEEs

are emerging as novel ATP6V1B2-related phenotypes [8] [Figure 2].

Particularly, a recurrent ATP6V1B2 variant, p.Arg506, has been identified in cases of DDOD
and DOORS, either as de novo or inherited in an autosomal dominant manner[9-13].
Interestingly, the same variant has been detected in an aged case of DOORS syndrome with a
demonstrated tauopathy, suggesting a correlation between lysosomal dysfunction and
tauopathies [14]. Also, a de novo p.Argd485Pro variant has been described in two families with

ZLS2 [15] [Table 1].

In regard to the epileptic phenotypes, the de novo variants p.Lys489 and p.Glu374GIn have
been identified respectively in a case of ATP6V1B2-related epileptic encephalopathy (drug-
resistant infantile spasms, later followed by tonic seizures upon awakening) associated with
microcephaly, gingival hypertrophy, hypertrichosis and finger-nail abnormalities, and in a
patient with epilepsy, ID, hypotonia and microcephaly [3,16]; whereas a segregating familial
variant, p.Leu398Val, has been found by Shaw et al. [8] as causative of different epileptic

phenotypes in two families [Table 1].

We hereby report an 18-year-old individual carrying a novel de novo missense ATP6V1B2
variant associated with a complex phenotype inclusive of skeletal abnormalities, a global
neurodevelopmental delay, and an overall drug-resistant DEE, featuring LGS. LGS is a severe
type of childhood-onset epileptic encephalopathy, defined by the triad: 1) multi-drug-

resistant polymorphic seizures (mostly tonic seizures, atypical absences and drop attacks); 2)
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a hallmark EEG pattern consisting of bursts of slow spike-wave complexes on an abnormal
background activity coupled with generalized paroxysmal fast activity (poly-spikes) during

sleep; 3) ID [17].

To the best of our knowledge, no other LGS have been reported in association with ATP6V1B2
variants before. Our patient also had a clinical history which might suggest the co-occurrence
of an immune-mediated condition in infancy, with a later onset of LGS. Anyhow, although the
link between the ATP6V1B2 variant and our patient’s clinical signs and symptoms is still widely
unknown, our case remains without precedents and, together with recent data proving an
involvement of ATP6V1B2 in different cancer and immunological processes, as well as in the
mTOR pathway, provides a hint for a possible interplay between genetics and immune-

mediated mechanisms, worthy of additional investigations [5].

In this regard, recent studies focusing on ATP6V1B2 role in follicular lymphoma have
demonstrated that pathogenic variants of this gene may affect the lysosomal V-ATPase
activity, causing an elevation of lysosomal pH and an impairment of protein hydrolysis,
eventually reducing the cytoplasmic amino-acid concentrations. This would result in
compensatory activation of the autophagic flux and mTOR/TOR pathway, eventually
promoting cell survival and cancerogenesis [7]. Moreover, mTOR-signaling pathway is an
important regulator of developmental myelination, and increasing evidence is emerging on
its role in autoimmunity and, particularly, in the etiopathogenesis of demyelinating disorders

of the central nervous system, such as Multiple Sclerosis [18].

Our patient shares some overlapping clinical features with previously described ATP6V1B2

subjects, including coarse facies, oro-buccal abnormalities, hypotonia, and scoliosis; however,



178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

he does not present with other peculiar DDOD/DOORS characteristics (e.g.. deafness, gingival
hypertrophy, nail-finger abnormalities, hypertrichosis), nor with microcephaly (reported in 4
ATP6V1B2-mutated subjects) [3,10,14-16] [Table 1]. Noteworthy he also shows behavioral

abnormalities and, particularly, stereotyped movements and repetitive behavior.

Additionally our subject had a hippocampal mesial temporal sclerosis. To date only another
subject [14] has been described with an ATP6V1B2-related phenotype (DOORS with epilepsy
and behavioral disturbances) and structural hippocampal abnormalities (moderate atrophy).
This is particularly interesting considering not only that ATP6V1B2 is expressed in the brain
(hence in hippocampus too), but also that recent studies revealed a role of ATP6V1B2 in the
hippocampal function in mammals, suggesting a potential role on its development and

functioning [4,19]

Taken together, our data further support the involvement of ATP6V1B2 in variable clinical
presentations and also corroborate the inclusion of refractory epilepsies and DEEs within the
broad spectrum of ATP6V1B2-related conditions. Further studies are needed to unravel the
underpinning mechanisms and the molecular and phenotypic impact of different ATP6V1B2
variants on brain developmental processes, to understand the impact of non-genetic triggers
(such as inflammation) on phenotypic outcomes of ATP6V1B2-related disorders and to
delineate a potential genotype-phenotype correlation within this ultra-rare and neglected

group of conditions.
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Figure 1. ATP6V1B2-related disorders: Although the underpinning mechanisms remain
widely unknown, the ubiquitous transmembrane lysosomal proton pump ATP6V1B?2 is today
acknowledged to be involved in different disorders. Among these, “Dominant deafness-
onycodystrophy” (DDOD), deafness-onycodystrophy-osteodystrophy-mental retardation-
seizures” (DOORS) and “Zimmermann-Laband syndrome 2 (ZLS2) are three well-
distinguishable phenotypes, that present significant overlapping clinical features.
Neurodevelopmental disorders and developmental epileptic encephalopathies (DEEs) are
also emerging as ATP6V1B2-related disorders. Finally, given its several functions, ATP6V1B2
has also been related to other disorders, such as renal clear cell carcinoma, bladder cancer

and follicular lymphoma.

Figure 2. Instrumental investigations and patient’s photographs:

Brain MRI images: Brain MRI performed over time showed: A) bilateral white matter
hyperintensities, particularly evident in the paraventricular areas in fluid attenuated inversion

recovery (FLAIR) images; B) a right hippocampal mesial temporal sclerosis.

EEG recordings: C) Video-EEG recording of a tonic seizure during sleep, characterized by
various amplitude multifocal spikes, sharp waves and diffuse fast activities, on a poorly
organized background. D-E) Interictal EEGs show several generalized polymorphic
abnormalities (such as high-voltage spikes-/polispikes-waves complexes, slow waves and fast
poli-spikes) mostly evident on the precentral areas of the brain, bilaterally, on an abnormal

background, both in wakefulness (D) and during sleep (E).
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Patient’s photographs: F) Full-length picture of our patient demonstrating the presence of a

significant scoliosis. G) Close-up photo showing wide-spaced and misaligned teeth.
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