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Vici syndrome is a rare autosomal recessively inherited multisys-
tem disorder characterized by agenesis of the corpus callosum,
cataracts, cardiomyopathy, combined immunodeficiency, psy-
chomotor delay, and hypopigmentation. Cullup et al. recently
identified mutations in the gene EPG5 as the cause of Vici
syndrome. EPG5 is involved in autophagy, an evolutionarily
conserved lysosomal degradation process that is essential for
cell homeostasis. Following the first description in 1988 by
Vici et al., 24 other cases of Vici syndrome have been published
with variable expression of the defining features. Here, we report
on a further case of Vici syndrome with a homozygous truncating
mutation of EPGS5, identified by whole-exome sequencing. The
mutation in our patient is the first reported affecting the penul-
timate exon of EPG5 and presenting with typical clinical man-
ifestations of Vici syndrome. Additionally, we present a detailed
clinical analysis of Vici syndrome comprising all cases previously
described in the literature. © 2014 Wiley Periodicals, Inc.
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INTRODUCTION

Vici syndrome is a rare autosomal recessively inherited multisystem
disorder characterized by agenesis of the corpus callosum, cataracts,
cardiomyopathy, combined immunodeficiency, psychomotor de-
lay, and hypopigmentation [del Campo et al., 1999; Dionisi Vici
et al., 1988]. Affected individuals often additionally present with
microcephaly, failure to thrive, nystagmus, and dysmorphic fea-
tures. Mutations in the gene EPG5 were recently shown to be
causative for Vici syndrome [Cullup et al., 2013]. EPG5 is involved
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in autophagy and is predominantly expressed in CNS, heart and
skeletal muscle, immune cells, lungs, liver, and kidneys. Autophagy
is an evolutionarily conserved lysosomal degradation process,
essential for cell homeostasis [Mizushima et al., 2008]. It plays a
major role in cellular protection processes and is induced by
starvation and stress. Impairments of autophagy have been shown
to be associated with hereditary disorders such as Danon, Parkin-
son, Alzheimer, and Huntington disease as well as amyotrophic
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lateral sclerosis [AKki et al., 2013]. Following the first description in
1988 in two brothers [2], 24 other cases of Vici syndrome have been
published with variable expression of the defining features [ Chiyo-
nobu et al., 2002; Miyata et al., 2007; Al-Owain et al., 2010; McClel-
land et al., 2010; Rogers et al., 2011; Finocchi et al., 2012; Ozkale
etal., 2012; Said et al., 2012; Cullup et al., 2013]. We report on a boy
with Vici syndrome and a novel homozygous truncating mutation
of EPG5. The mutation in our patient is the first reported affecting
the penultimate exon of EPG5 and presenting with typical clinical
manifestations of Vici syndrome. We present a detailed clinical
analysis of Vici syndrome comprising all cases previously described
in the literature.

CLINICAL REPORT

We investigated a patient who presented with typical clinical
manifestations of Vici syndrome and was referred for evaluation
to the Department of Pediatrics of Children’s Medical Center,
Tehran University of Medical Sciences, Tehran, Iran. The patient
was the second child born to healthy consanguineous Iranian
parents. His older sister was healthy. The family history was
otherwise unremarkable. He was born by Caesarean at 38 weeks
gestation following a normal pregnancy. His birth weight was 2.7 kg
and his head circumference (HC) was 34 cm. He first came to
attention aged two months with truncal hypotonia and poor
feeding. He had light, fair hair, however his parents were dark-
haired (Fig. 1). He did not smile, fix or follow and there was a head
lag. Lower extremities were spastic. His weight was 3.75 kg (<2SD),
his height was 51 cm (<2SD) and his HC 35 cm (<2SD). He had a
depressed nasal bridge and micrognathia. Ophthalmologic exam
confirmed bilateral macular atrophy. By three months of age, his
feeding and respiratory condition deteriorated. He was admitted to
PICU after apnea and altered consciousness necessitated mechani-
cal ventilation. During follow up, he was less responsive to external
stimuli, became hypotonic and tendon reflexes were lost. The
parents declined palliative care and finally he died at the age of
3.5 months after respiratory failure.

Hematologic investigations indicated mild neutropenia and
normal lymphocyte and T cell subset numbers. The bone marrow
study was normal. Immunoglobulin G (IgG) levels were lower than
normal; however, anti-tetanus and anti-diphtheria antibody
responses were in the normal range. Liver function tests showed
elevated alanine transferases. CPK and aldolase were raised while
troponin I was normal. Lactate dehydrogenase was also raised.
Metabolic screening and cerebrospinal fluid analysis were normal.
Cardiac echocardiography showed mild hypertrophic cardiomy-
opathy. Brain computed tomographic scan revealed complete
agenesis of the corpus callosum and cerebellar atrophy. Electroen-
cephalography (EEG) performed at the age of three months showed
no epileptic activity. Vici syndrome was diagnosed in this patient as
he presented the cardinal features callosal agenesis, hypopigmen-
tation, cardiomyopathy, psychomotor delay, and infections.

MATERIALS AND METHODS

Whole-exome sequencing (WES) was performed on DNA samples
of the family trio (Proband 1 and his parents). The study was

FIG. 1. Clinical photograph of our patient at 2 months of age
showing generalized hypopigmentation relative to the parents.

approved by the institutional review board of the Charité. The
parents of the affected child gave their written consent for genetic
testing and publication of images. Each DNA sample was captured
using SureSelect Human All Exon Kit V2 (Agilent), and sequencing
of 100bp paired-end reads was carried out on a HiSeq 2500
(Illumina, San Diego, CA). Sequence reads were mapped to the
haploid human reference genome (hg19) using Novoalign (Novoa-
lign, Novocraft; Selangor, Malaysia). Single nucleotide variants
(SNVs) and short insertions and deletions (indels) were called
using SAMtools and resulted in a high-quality exome variant set
[Li, 2011; Heinrich et al., 2013]. The Variant annotation on a
functional level was performed using Annovar [Wang et al., 2010].
Sequence variants were filtered for a recessive mode of inheritance
(homozygous and compound heterozygous) and for de novo
mutationsin GeneTalk to identify candidate mutations [Kamphans
and Krawitz, 2012]. All candidate mutations were validated by ABI
Sanger sequencing PCR and sequencing primers are available upon
request.

RESULTS

The DNA ofthe patient was subjected to whole-exome sequencing as
the molecular cause of Vici syndrome wasn’t known at that point of
time. As this study was being performed, Cullup et al. [2013],
identified EPG5 as the disease causing gene in Vici syndrome in a
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cohort of 18 patients. Filtering for homozygous candidate mutations
in GeneTalk yielded 130 mutations, including a previously unde-
scribed nonsense mutation in EPG5, NM_020964.2:¢c.7447C > T.
This variant was also ranked in first place when the phenotypic
information was used to rank the candidate genes [Kohler
et al., 2009]. The homozygous single base pair substitution in
EPGS5 results in a premature stop codon in the penultimate exon,
p-(Arg2483*), and is predicted to cause nonsense mediated decay.

Following the first description in 1988 by Vici et al. [1988] in two
brothers, 24 other cases of Vici syndrome have been published with
variable expression of the clinical features [Al-Owain et al., 2010;
Chiyonobu et al., 2002; Cullup et al., 2013; del Campo et al., 1999;
Dionisi Vici et al.,, 1988; Finocchi et al.,, 2012; McClelland
et al, 2010; Miyata et al., 2007; Ozkale et al., 2012; Rogers
et al., 2011; Said et al., 2012]. We summarize the clinical features
of the 26 previously reported cases, along with our own, in Table L.

All patients reported so far, including our own case, presented
with agenesis of the corpus callosum, severe psychomotor devel-
opmental delay, and a variable degree of hypopigmentation. For 18
patients additional brain abnormalities were documented, the most
common of which was cerebellar hypoplasia, also present in our
patient.

Twenty-four of 27 patients presented with recurrent infections,
which can be assessed as a sign of immunodeficiency. An important
issue to consider is that bronchopulmonary infections, which
affected many of the patients, also can be due to severe hypotonia.
Muscular hypotonia was reported for 16 patients. Four patients
showed severe dysphagia, requiring gastric tube feeding [Miyata
et al., 2007; Al-Owain et al., 2010; Finocchi et al., 2012]. Thus, it is
not always possible to know whether the cause of the recurrent
infections was immunodeficiency. Muscular hypotonia was espe-
cially truncal and often combined with hypertonic and flexed
lower limbs. Elevated muscle enzymes in some patients suggest
a muscular etiology of hypotonia. Myopathy was confirmed by
muscle biopsy for nine patients, including two of the patients
with elevated muscle enzymes. One patient had hypotonia but
no abnormalities observable by muscle biopsy [Rogers et al., 2011].
Thus, skeletal myopathy is not a constant feature of Vici syndrome
and muscular hypotonia cannot always be attributed to myopathy.

Cardiomyopathy is an important characteristic of Vici syn-
drome. There are only four patients reported without cardiac
involvement. All of them were alive by the time of the publication,
indicating that cardiomyopathy is an important mortality factor
in Vici syndrome.

Cataract is common in Vici syndrome. Three of the patients
without cataract died in the first year of life, including our own case.
Therefore, we cannot exclude that cataract would have developed
had the patient survived. Other ocular manifestations are listed
in Table 1.

Further common features are congenital or postnatal micro-
cephaly, growth retardation and facial dysmorphism, most fre-
quently in the shape of a high arched palate and micrognathia.
Features only presented by a small number of patients are renal
tubular acidosis, laryngomalacia, atrial septal defect, hypospadia,
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lung hypoplasia, and severe scoliosis. One affected girl was delivered
at the 33rd week of gestation and later presented with spastic
quadriplegia, which can be due to preterm delivery.

Cullup et al., recently showed mutations in the gene EPG5 to be
causative for Vici syndrome [Cullup et al., 2013]. They identified 20
different mutations of EPG5 in a cohort of 18 affected individuals
(Fig. 2). In two affected individuals, no disease causing mutation in
EPGS5 could be identified, indicating the possibility of locus het-
erogeneity [Cullup et al., 2013].

EPG5 consists of 44 exons, and the longest transcript encodes a
protein of 2,579 amino acids. The mutations identified by Cullup
et al. [2013] are spread over almost the entire gene, distributed
between exons 2 and 39. The mutation in our patient is located in
exon 43, probably leading to nonsense-mediated decay. An mRNA
specimen from the patient was not available. So far, knowledge
about EPGS5 is scant. The only known domain of EPGS5 is a coiled-
coil domain, spanning codon 1607-1633 and containing none of
the disease causing mutations. Multiple transcripts of EPG5 are
listed in Ensembl [Flicek et al., 2014]. The longest, corresponding to
NM_020964.2, is the only one that contains all reported disease
causing mutations of EPG5. Thus, Vici syndrome is largely due to
defects of the longest transcript.

EPGS5 is involved in autophagy, an evolutionarily conserved
lysosomal degradation process, essential for cell homeostasis. Be-
sides recycling cytoplasmic material during periods of starvation or
stress, autophagy clears protein aggregates, eliminates pathogens
and influences cell death [Mizushima et al., 2008]. Tian et al.
studied the autophagy pathway in C. elegans and identified for
the first time EPGS5 as essential for the degradation step of starva-
tion-induced autophagy [Tian etal., 2010]. Cullup et al. measured a
strong upregulation of sarcomere-associated autophagy proteins in
skeletal muscle tissue from two affected individuals, indicating a
block in the autophagy pathway [Cullup et al., 2013]. Their results
indicate a severe deficit in autophagosomal clearance associated
with mutations in EPG5, resulting in the accumulation of auto-
phagic cargo and the impaired fusion with lysosomes.

Impaired autophagy has been linked to cardiomyopathy, my-
opathy, neurodegeneration, immune dysfunction, pigmentary
defects, oncogenesis, and disturbed embryonic development [Nish-
ino et al., 2000; Fimia et al., 2007; Nakai et al., 2007; Di Bartolomeo
et al., 2010; Taneike et al., 2010; Levine et al., 2011; Choi et al.,
2013], but our understanding of how the process contributes to
pathogenesis is incomplete. For instance, the role of impaired
autophagy in congenital cataract remains unclear. Dysfunction
of ATGS5, required for autophagosome formation, has been found
to be involved in age-related cataract in mice. However, there is no
primary involvement of conventional autophagy in programmed
organelle degradation in the lens and thus defective autophagy
probably does not cause congenital cataract in mice [Morishita
et al., 2013]. In contrast, homozygous mutations in FYCOI gene,
playing a role in the transport of autophagic vesicles, cause con-
genital cataract in humans [Chen et al., 2011]. Further investiga-
tions of the role of autophagy in the human lens will be required to
clarify the role of autophagocytic defects in the pathogenesis of
cataract.

Zhao et al. recently proved that EPG5-deficient mice presented
some but not all phenotypic similarities with Vici syndrome
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FIG. 2. Schematic diagram of EPG5 gene, which is located on the Crick strand of chromosome 18, showing the location of the truncating
mutation identified in our patient in violet (p.Arg2483*) as well as previously described missense and truncating mutations [Cullup
et al., 2013] in red. Missense mutations are shown above and truncating mutations below the black bar.

patients including corpus callosum changes and myopathy [Zhao
et al., 2013]. However, many features of Vici syndrome, including
hypopigmentation and facial dysmorphism, were absent. Interest-
ingly, EPG5-deficient mice also did not show cataract, however they
only survived until the age of 10 to 12 months. Thus, it is possible
that cataract would have developed later in life. There were also no
signs of immunodeficiency, but these mice were raised under
specific pathogen-free conditions in a low-stress environment.
Another possible explanation for the differing phenotype could
also be a distinct expression pattern of EPG5 in mice.

In conclusion, Vici syndrome is a rare autosomal recessive
multisystem disease, recently shown to be caused by mutations
in EPG5. The underlying pathomechanism is a defect in autophagy,
a highly conserved mechanism involved in cell homeostasis. The
complete understanding of the role of EPG5 in the autophagy
pathway and the pathophysiology of Vici syndrome needs further
investigations. Our patient is the first described carrying a mutation
in the penultimate exon of EPG5.
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