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Developmental and epileptic encephalopathy-38 (DEE38) is an inherited neurodegenerative disorder described
by the onset of various type of seizures usually between around 4 and 7 months of age. Mutations in the ARV1
gene have recently been described in association with DEE38. Extracted genomic DNA from blood sample was
used to perform whole exome sequencing in an affected member of an Iranian family with Developmental and
Epileptic Encephalopathy type 38. The mutational screening revealed a novel homozygote ARV1 gene mutation

€.593_594delTT (p.lle198MetfsTer4) in the proband. We identified a novel homozygous deletion in the ARV1
that associates with the Developmental and epileptic encephalopathy-38.

1. Introduction

The term “Developmental and Epileptic Encephalopathy” (DEE) in-
cludes a group of disorders, all of which are characterized by early-onset
seizures, electroencephalographic anomalies and developmental delay
(Hamdan et al., 2017). DEE type 38 is a rare disorder inherited as an
autosomal recessive trait (EIEE38, MIM 617020). Developmental and
epileptic encephalopathy-38 (DEE38) is characterized by epileptic en-
cephalopathy, intractable seizures, status epilepticus, severe develop-
mental delay, profound intellectual, ataxia, dystonia and peripheral
hypertonia (Palmer et al., 2016). Its prevalence is unknown, although
the incidence of DEE has not been directly measured for distinct types.
Still, the incidence is 3-5% and 6.1-8.2% of all epilepsies developed in
the first year and within the three years of life, respectively (Kural and
Ozer, 2012). This severe condition may lead to sudden death due to
aspiration or stubborn epilepsy in some patients with early-onset
symptoms (Nilsson et al., 1999).

Among the numerous genes involved in epilepsy, ACAT related
enzyme 2 required for viability 1, ARVI,(MIM 611647) is the most
clinically related gene with reported mutations detected in patients
suffering from DEE38 (Alazami et al., 2015). ARVI, also known as
DEE38 and EIEE38, is located at chromosome 1q42.2 and encodes two
non-coding RNAs (ncRNAs) and three coding-mRNAs. The coding-
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mRNAs are weakly expressed in human tissues and encode a lipid
transporter in the endoplasmic reticulum (ER), which is involved
modulating the fatty acid homeostasis process. The ARVI gene is
composed of 6 exons which five exons encode for a 271 amino acids
protein that plays an important role in the normal sphingolipid meta-
bolism (Lagor et al., 2015). ARV1 is characterized by an N-terminal
conserved motif composed of a cytosolic zinc ribbon motif or ‘Arvl
homology domain’, (AHD) followed by some transmembrane domains
and a large loop inside the ER lumen with the C-terminus of the protein
expanding back into the ER lumen (Villasmil and Nickels Jr, 2011).The
association of ARV1 deficiency with epileptic encephalopathy is well
documented. It seems that the ARV1 function in human is unknown,
however, it is involved in flipping the GPI (Glycosyl-phosphatidylino-
sitol) precursors into the ER lumen, bile acid metabolism, intracellular
sterol transportation, metabolism and transportation of cholesterol,
regulation of plasma membrane sterol distribution and sphingolipid and
sterol metabolism in yeast (Swain et al., 2002). The correction of gene
deficiency by human ARV1 in yeast led to the suggestion that the human
and yeast ARV1 genes may have similar roles during development
(Palmer et al., 2016).

The critical role of ARV1 protein in the pathogenesis of DEE38 has
been supported in previous studies (Alazami et al., 2015; Davids et al.,
20205 Segel et al., 2020). Several findings have shown that mutations in
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the ARV1 can disrupt sterol transportation from the ER and causes
reduced expression levels of GPI-anchored proteins (Davids et al., 2020;
Segel et al., 2020). In the current study, we describe the results of whole
exome sequencing in an Iranian family with DEE38.

2. Material and methods

The family with developmental and epileptic encephalopathy-38
comprised of two affected members from a consanguineous marriage
(Fig. 1.A). Informed consent was obtained from the parents. The Medical
Ethics Committee of the Arak University of Medical Sciences permitted
this study (Approval no: IRRARAKMU.REC.1399.264).

Genomic DNA (gDNA) from the proband and her parents was iso-
lated from peripheral blood samples using the salting out method. One
ng of gDNA from proband was sheared, and exome capture was carried
out using SureSelectXT2 V6 Exome. The libraries were sequenced to
mean > 80-100x coverage on Illumina sequencing platform. The se-
quences obtained were aligned to the human reference genome
(GRCh37/hg19) using BWA program and analyzed using Picard and
GATK version 3.6 to identify variants relevant to the clinical indication.
We follow the GATK best practices framework for the identification of
variants in the sample. Gene annotation of the variants is performed
using VEP program against the Ensemble release 87 human gene model.
Clinically relevant mutations were annotated using published variants in
the literature and diseases databases — ClinVar, OMIM, GWAS, HGMD
and SwissVar. Common variants are filtered based on the allele fre-
quency in 1000 Genome Phase 3, EXAC, EVS, dbSNP147, 1000 Japanese
Genome and Iranome. Non-synonymous variants effects were calculated
using multiple algorithms such as PolyPhen-2, SIFT, MutationTaster2,
Mutation Assessor and LRT. Finally, for variant validation and segre-
gation analysis, polymerase chain reaction (PCR) was performed to
amplify the targeted variants using specific primers (F 5AGGGGA
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TATATTTTGGATGGGGA3' and R-5'AACAAACACTGAGTACCTGCT3').
The PCR products were then subjected to Sanger sequencing on an
automated ABI PRISM 3130XL (Applied Biosystems, USA).

3. Results

The proband (IV-2), was born to healthy Iranian consanguineous
parents originating from Kurdish ethnicity and presented with clinical
indications of seizures, microcephaly and abnormal MRI findings. Her
elder sibling died at the age of 10 months with similar symptoms.

A novel homozygous two base pair deletion in exon 4 of the ARV1
gene (chrl:231131650.231131651delTT; ¢.593.594delTT, Depth:
107 x) was detected that results in a frameshift mutation and protein
premature truncation (p.llel98MetfsTer4; ENST00000310256). The
observed variant has not been reported in the 1000 genomes, ExAC and
our Iranome databases. Due to the in silico prediction tools and InterVar
classifying system, the variant was found to be damaging. The parents
were heterozygote carriers for the deletion and did not present any
symptoms of the disease. Based on the above evidence, this ARVI
variation is classified as a variant of likely pathogenic.

4. Discussion

Whole exome sequencing (WES) is now extremely strong and
affordable. It is becoming more labor-and cost-efficient to prefer WES to
other means of screening, particularly in rare diseases with a recessive
pattern. Using WES of the known ARV1 gene in a DEE38 patient, we
found a new nonsense variant (p.Ile198MetfsTer4) and we give a defi-
nite molecular diagnosis for her. Her elder sibling (Fig. 1.A) exhibited
similar clinical features, including seizures, microcephaly and abnormal
MRI findings at the age of 10 months.

The molecular bases of the DEE38 are related to defective sterol
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Fig. 1. A) The family pedigree of Developmental and Epileptic Encephalopathy type 38. B & C) The mutation status of ARV1 (c.593-594delTT) was recognized by the
Sanger sequencing, the patient (IV-2) was homozygous for ¢.593-594delTT and her parents (III-3 & III-4) were in the heterozygous state.
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movement from ER (Georgiev et al., 2013). Mutations of the ARV1 gene
have been reported in DEE38 (Henneberry and Sturley, 2005). Also,
deletions within the Arvl gene results in weight loss, fat mass and
plasma lipids in mice, even subjects consumed a greater total of food
(Lagor et al., 2015). Moreover, ARV1 deficiency leads to weight loss and
feeding problems in human that is curable using GI-tube feeding (Palmer
et al., 2016).

Lack of Arvl in mice CNS cells resulted in an augmented locomotor
response or changed neuronal signaling to the muscle and seizure,
similar to what is described in patients with ARV1 deletion (Lagor et al.,
2015).

Alazami et al. have reported a homozygous pathogenic variant in
human ARVI gene in 3 subjects with epileptic encephalopathy. They
identified the p.Gly189Arg variant in 2 siblings and their cousin with
intellectual disability, visual loss and “neurodegenerative disease”
(Alazami et al., 2015). Contrary to the first report of DEE38 in a patient
with neurodegeneration symptoms and blindness (Alazami et al., 2015),
none of the patients in another report showed neurodegeneration or
visual impairment (Nashabat et al., 2019). Interestingly, Nashabat et al.
observed that all individuals with ARV1 mutation developed ataxia,
which was not described before (Nashabat et al., 2019). In another
report by Palmer et al., five patients from one family showed severe
neurodevelopmental delay, movement disorder, visual dysfunction and
infantile-onset seizure disorder. In the mentioned study, a homozygous
splice site mutation (Lys59_Asn98del variant) in the ARV1 was detected,
and all subjects died by the age of 5 years. Furthermore, they detected a
homozygous ARVI c.674-2A > T splice variant in two siblings from
another family. Palmer et al. observed that Arvl knockout mice shows
the lean phenotype, decreased body mass, unusual circling behavior,
seizures, and decreased survival compared to controls (Palmer et al.,
2016).

Seven additional patients with profound intellectual disability, se-
vere developmental delay, central hypotonia, peripheral hypertonia,
feeding problems, seizures, and cortical blindness from two distinct
families were recently described by Davids et al. They identified two
biallelic splice site variants c.674-2A>T (p.Thr266-Phe271del) and
€.294+1 G > A (p.Lys59-Asn98del) in ARV1 gene, in family 1 and family
2, resulting in exon skipping and severe symptoms. Abnormal splicing of
ARVlgene and its reduced expression leads to epilepsy of infancy,
developmental delays, hypotonia, low visual function and cerebellar
atrophy in patients (Davids et al., 2020).

A homozygous missense variant in ARV1 (c.565 G > A, p.Gly189Arg)
first reported by Alazami in a patient of consanguineous pedigree and is
characterized by the intellectual disability, seizures and ataxia. Ac-
cording to another study, a family with two affected brothers who carry
the ARV1 p.Gly189Arg variant has been associated with a milder DEE38
phenotype (Segel et al., 2020). Interestingly, even within families with
the same genetic alteration, the affected patients show different clinical
characteristics. This may be associated with the region of mutation and
the importance of the impaired domains. It is reported that mutations
localized at the ARV1 homology domain (AHD) domain were related to
severe form of DEE38 than the mutations localizing at the trans-
membrane domains (Davids et al., 2020). For example, the loss of exon 5
leads to the deletion of a forecasted helical transmembrane domain that
affects correct ARV1 localization to the ER. Also, the loss of exon 2,
which encodes the AHD, may lead to a more severe disease due to dis-
turbing the ARV1 function in lipid homeostasis maintenance (Tinke-
lenberg et al., 2000; Forés et al., 2006).

In conclusions, we report a female individual with a homozygous
frameshift deletion in the ARVI gene. This frameshift deletion truncates
the protein transmembrane domains and removes over half of the Arvl
protein.
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