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|dentification of Novel Mutation in EIF2ZAK3 Gene as a
Causal Variant in a Family With Rare Disease

Raziyeh Khalesi?, Masoud Garshasbi® b

Abstract

Wolcott-Rallison syndrome (WRS) is now identified as the most fre-
quent cause of neonatal/early onset diabetes in patients that initiated
before 6 months of age. Inheritance pattern of disease is autosomal
recessive and most of patients are from populations with frequent
consanguineous marriages. WRS is caused by mutations in E/IF2AK3
gene which encodes eukaryotic translation initiation factor 2a kinase.
Several mutations have been reported in this gene and they are almost
non-sense, frameshift, missense, and splice site. Here, we analyzed
the EIF24AK3 gene in an Iranian girl suspicious for WRS. Sequencing
analysis of the gene identified a homozygous novel non-sense muta-
tion in exon 9 of the gene, Y479X.
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Introduction

Wolcott-Rallison syndrome (WRS) (OMIM no. 226980) for
the first time was recognized in three affected siblings by Drs
Wolcott and Rallison [1]. This is now identified as the most
frequent cause of neonatal/early onset diabetes in patients [2].
There are variable manifestations involved in WRS such as
multiple epiphyseal dysplasia, growth retardation, osteopenia,
mental retardation or developmental delay, hepatic and renal
dysfunction [3, 4]. Typically, diabetes initiates before 6 months
of age, and skeletal dysplasia is recognized within 1 or 2 years
of life. Other manifestations are different between patients
based on their nature and severity [2].

WRS is known as a rare autosomal recessive disorder
and most of affected individuals are from populations with
frequent consanguineous marriages, such as the Middle-East,
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North Africa, Pakistan and Turkey [5].

WRS is caused by mutations in E/F24K3 gene which
encodes eukaryotic translation initiation factor 2a kinase 3,
also known as pancreatic EIF2a kinase (PEK) and PKR-like
endoplasmic reticulum kinase (PERK) [6]. PERK is a trans-
membrane protein located in the endoplasmic reticulum (ER),
which plays a key role in the translation control during the
unfolded protein response (UPR) [2]. So far, several mutations
have been reported in this gene which led to the onset of WRS
[5, 7, 8]. These mutations are non-sense, frameshift, missense,
and splice site mutations which have been observed in both
homozygous and compound heterozygous state [4, 8-15]. Here
we report a novel non-sense mutation in E/F24AK3 gene in an
Iranian girl. These novel mutations can help in detection of
other cases suspicious for WRS.

Case Report

A 12-year-old Iranian patient girl, born as a result of a consan-
guineous marriage, was referred to our lab. In medical history
of the patient, it was noted that biochemical tests have been
performed at 40 days after birth which had indicated neutrope-
nia and high level of blood glucose (glucose > 500). Therefore,
insulin therapy had been applied. Since she was 4 years old,
she had to use medical brace due to laxity of knee cartilage and
dysgenesis of femoral head cartilages. She is not able to walk
now and suffers from severe pain in pelvic area or femoral
heads. Bone mineral density at her 8 years had been found to
be below the expected range of age which has been improved
by treatment.

Although she had received growth hormone for 7 months,
it did not have positive effect on her short stature. Considering
this medical history, the diagnosis of WRS was made based on
clinical manifestations including pancreatic dysfunction, de-
velopmental delay, epiphyseal dysplasia and neutropenia.

Appropriate informed consent was obtained for all par-
ticipants in the study, and institutional research ethics approval
was obtained. The 10 mL peripheral bloods were collected
from affected child and her parents in EDTA tubes. Genomic
DNA was extracted from leukocytes using salting out standard
method. The entire coding region and the exon-intron bounda-
ries of the EIF2AK3 gene were amplified by PCR (primers and
conditions are available upon request). All amplicons were se-
quenced by Sanger method (Applied Biosystems). Sequences
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were compared with the EIF24K3 reference sequence (ac-
cession no. AF110146.1) and any variant change found in the
sequences was checked against published polymorphisms and
for conservation across species.

Sequencing analysis of patient’s EIF2AK3 gene has
identified a homozygous T to G substitution (c.1437T>G) in
exon 9 of the gene. This exchange leads to a novel non-sense
p.Tyrd79Ter (p.Y479*) mutation in regulatory domain of pro-
tein. This mutation has not been reported so far in any of the
publicly available databases for normal variants as well as
1000 genome project, EVS and HGMD. Subsequently, further
molecular testing was performed in order to confirm the car-
rier status of her parents for this mutation and turned out that
both parents are indeed heterozygous carriers for the p.Y479*
mutation.

Discussion

WRS is a very scarce and challenging disease [16]. Less than
100 cases have been announced to date and most patients are
from consanguineous families. Therefore, prevalence may vary
notably between countries. Although WRS is a rare syndrome,
it seems to be the most frequent form of neonatal/early onset
permanent neonatal diabetes mellitus (PNDM) in patients born
to consanguineous marriages, where it may be responsible for
25% of cases [5].

WRS should be discriminated from other forms of neo-
natal/early onset insulin-dependent diabetes based on clinical
presentation and genetic testing. It is always permanent after
disease onset, which simply distinguishes it from temporary
neonatal diabetes caused by other genetic deficiencies [17, 18].
Although WRS is easily distinguished from the other forms of
PNDM based on clinical features, they may be misdiagnosed
at the early stages, as all the clinical features of the syndrome
are not yet expressed [2].

Rare autosomal recessive types of PNDM, which are re-
lated to several organ abnormalities, have been genetically
characterized and are undoubtedly differentiated from WRS.

Screening for WRS should be doubted in any newborn
who exhibits PNDM (before 6 months) or at a very young age
specially if he/she is from a population with high rate of con-
sanguinity, or in cases with history of neonatal diabetes with
quickly fatal result in siblings or in the extended family; these
patients should be evaluated for other clinical manifestations
such as skeletal abnormality, growth retardation and short stat-
ure [2].

Although EIF24K3 mutation screening verifies (or ex-
cludes) the WRS diagnosis [2], in practice genetic testing for
this condition is usually delayed until the full clinical picture is
evident and a clinical diagnosis of WRS is made [7].

Iran is one of the countries located in the consanguineous
marriage belt; therefore the rate of recessive mutations (includ-
ing EIF2A4K3) is expected to be higher in Iranian population
compared to other populations [5]. The high frequency and
spectrum of WRS has been already shown in other populations
with high rate of consanguinity such as Saudi Arabia [19]. So
far only one missense mutation (Q166R) has been reported in
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Iranian patients [20].

Here we report an additional novel homozygous non-sense
mutation (Y479X) in exon 9 of the EIF2AK3 gene, resulting
in the protein truncation and leading to WRS. This has been
corroborated by several recent reports of non-sense mutations
found in different exons of the EIF2AK3 gene leading to pro-
tein truncation, and therefore WRS [10, 13, 15].

Screening for EIF2AK3 gene mutations can be recom-
mended especially because WRS is now recognized as the
most frequent cause of neonatal diabetes in children born to
consanguineous marriages. Considering the recessive mode
of inheritance, genetic screening becomes important as it can
enable us to aid in risk prediction and clinical management.
Of course availability of genetic testing facilities for clinicians
will be also very important in order to confirm the diagnosis
and provide families with proper genetic counseling.
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