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ARTICLE INFO ABSTRACT

Keywords: Background: Hyperekplexia is a disease that progresses with excessive startle attacks and is included in the
Hyperekplexia differential diagnosis of epilepsy and many movement disorders.
GLRA1

Methods: The WES results were validated in available family members by Sanger sequencing, or in the case of
deletion, PCR followed by agarose gel electrophoresis was performed.

Results: WES analysis revealed the previously reported homozygous ¢.277C>T p.Arg93Trp variant in the GLRA1
gene (ENST00000455880.2) in Family 1. In all other three families, the previously reported homozygous dele-
tion of exons 1-7 of the GLRA1 gene was identified using CNV analysis based on the WES data.

Conclusions: The homozygous exon1-7 deletion has been described several times in different populations and may
be a founder mutation in the Kurdish people in Turkey. The family with Arg93Trp variant stems from the Black
Sea region of Turkey where close consanguinity is common. These analyses are important to provide genetic

Genetic counseling
Turkish mutations

counseling to families and for a better understanding of the pathophysiology of the disease.

1. Introduction

Hyperekplexia is a rare neurological disorder clinically characterized
by an exaggerated startle reaction, neonatal hypertonicity, or general-
ized stiffness [1]. Hyperekplexia is classified as hereditary, sporadic or
symptomatic. The hereditary form of hyperekplexia is caused by various
mutations in glycine metabolism. In the normal startle reaction, the
receptors involved are located in the brainstem and spinal cord. He-
reditary hyperekplexia is divided into major and minor forms. The major
form is characterized by generalized stiffness after birth, and can be
defined as an exaggerated startle reflex accompanied by temporary falls,
whereas in the minor form only excessive startle and hypnic jerks have
been described [2]. Five genes have been shown to be associated with
hyperekplexia so far, namely GLRA1, GLRB, SLC6A5, GPHN and ARH-
GEF9. Both autosomal dominant and recessive modes of inheritance

have been demonstrated in GLRA1 and other genes [2]. We here report
four independent Turkish families with hyperekplexia, which stems
from GLRA1 mutations.

2. Methods

Twelve patients from four different families who suffer from hyper-
ekplexia are the subject of this report. Five patients from Family 1 and 2
were examined in Cerrahpasa School of Medicine, the patient in Family
3 was examined in Istanbul Faculty of Medicine. All patients in gener-
ations IV. and V. of Family 4 were examined in the Haseki Training and
Research Hospital, but only the patients who consented to genetic
testing are listed in Table 1. Laboratory and imaging studies of the pa-
tients were performed in the above hospitals, and their follow-up con-
tinues except patient IV-1 in Family 1. Genomic DNA was extracted from
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Table 1
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Compiles the clinical data of the affected individuals in four families. Good response: quite satisfactory, not disturbing the routine life; moderate response: easy to
watch from the outside, but not causing dramatic problems; minimal response: not satisfactory; no response.

Farnly Patent

number

TaeTiex Typeot | Perna =
bith

Smptoms

Symptom
onset

s Wotor Cognitve
in parents deveiopment level

=
condition

G fndings Tmagng Tndings Benertof

weatment

Gner

Tollow | Burstion
weatments o

uptime | ofiness
incinic

Carentsymptams “Gonddate Gene/Mutaton

T
dosage/time

s T < o Ver Normal Normal

term

Socl

1
fear of faling

Normalbacgiound | Sequelae o right

actity

Tamgaor Good Vaproate, Trveas | smptom free inder
clonazepam/2 response | levetiracetam (ENSTO0000455850.2)

PABITIp (€ 277T)

years 2years

W0 B Frstdayor

sudden noise nystagmus

e

withdrawl for
arof faling

Nosemure | Normal background
acthity

Wormal MAT Tmajaor
clonazepam/2
years

Good Vo,

3 Symptom freeunder | GLRAL
response | levetiracetam

weatment (ENSTO0000455880.2)
P ARSI € 2775T)

o

folowing)

(EnsTo0000455880.2)
PAEIITIp (€277CT)

3 Generalzed Tncreased deep. Normal Normal
i tendon reflexes

Socl

fearoffallng

Nosezure | Notdone Notdone Cemaaor Woderate | None. 0 Tayears AL
clonazepam/ response. - (ENSTO0000455830)
Homozygous exont-7

deletion

1
years

T Sportan | 1o

Tobaram 0

(ENSTO0000455830)
Homozygous exon1-7
deletion

B Sporan | o

Frstaayor | Nor
nnnnn al

Notdone GiRAL
(EnsTo0000455830)
orygous exon-7

deletion

E < o

Wioderate | None =
response

T5mfaay
clonazepam

GiRAL
K

B Sportan | 1o Tnereased deep. Ver

tendon reflexes

o
ehichoad

Normalbackgraund
vvvvvvv

Normal MAT

Zmefday Good Vaproate v 0
clonazepam r infancy (ENSTO0000455830)
Homoygous exon1-7
eletion

o round T Normal Normal
vear old

Normal

Noseizure | Normal backgraund Notdone

actity

03masday Good Toyears | symptom freeunder | GLRAL
clonazepam response years reatment (EnsToo0004558s0)
Romozygous exon1-7

deletion

EQ round T

vear old

Normal

Nosemure Notdone Good

Tone T

Toyears | symptom free under

Normal background
actity reatment

Oemasaay GlRAL
clonazepam (EnsTo0000455880)

homorygous exonl.7
deletion

WiE o Sportan | 1o idhosd | Wermal

ES T
with sudden notse

Normalbackgraund
acthity

Tone T
vears

W T yeas z GiRAL
startes do not affec dalylfe (ENSTO0000455880)
affect daly lfe hemoygous exonl-7

deteto

WiE o

e
p atacks
with sudden noise

ound T Normal
yearold

Normalbackgraund
actvity

Ceme/day
clonazepam

oot Tone ]
response vears

Toyeas | symptom fes uner

reatment (ENSTO0000455850)

deletion

peripheral blood using the MagNA Pure DNA extraction kit. WES anal-
ysis was applied to index cases only (Macrogen, Korea) and the SEQ
platform (Genomize, Istanbul, Turkey) was used for bioinformatic
evaluation. WES results were validated in available family members by
Sanger sequencing, or in the case of deletion, PCR followed by agarose
gel electrophoresis was performed. Written consent was obtained from
all patients (see Fig. 1).

3. Results

WES analysis revealed the previously reported homozygous ¢.277C>T
p-Arg93Trp variant in the GLRAI gene (ENST00000455880.2) in Family
1. Sanger sequencing showed that all the affected offspring have the
mutation in the homozygous state while the parents are as expected
heterozygous carriers. In all other three families, the previously reported
homozygous deletion of exons 1-7 of the GLRA1 gene was identified using
CNV analysis based on the WES data. The deletion of exons 1-7 was
shown by the absence of a PCR product in agarose gel electrophoresis (see
Fig. 2).

4. Discussion

All our patients show the classic triad of hyperekplexia. In the wider
sense, the differential diagnosis of hyperekplexia includes epilepsy,
paroxysmal movement disorders, some cortical myoclonic attacks,
syncope and somatoform disorders. The attacks may falsely be inter-
preted as epilepsy and wrong treatment can be prescribed [1]. Particular
attention should be paid to widespread stiffness in the neonatal period
and exaggerated startles in childhood as well as in adulthood. Nose
tapping test may be useful for the diagnosis of the condition in the
neonatal period. Diffuse hypertonia seen in the neonatal period may
cause apnea attacks and the startle reaction that occurs after the tactile
stimulus, while feeding, may lead to aspiration. During an attack, the
Vigevano maneuver, forcefully flexing the baby, may be effective in
preventing the startle reaction.

One of our patients (Family 4, patient IV-14) had neuro-
developmental delay. However, tests and examinations carried out on

129

this patient did not reveal the presence of any other disease manifesta-
tion. This situation may be associated with an additional disease, related
to multiple consanguineous marriage in the family or this picture may be
the result of the GLRAI mutation. GLRA1 cases may be accompanied by
speech delay or learning difficulties [3]. In a recent review, it was re-
ported that developmental delay caused by homozygous mutations is
seen in fewer cases than in heterozygotes, but severe cognitive
involvement is seen in homozygotes [2]. There was no difference be-
tween the phenotypes of our patients neither in Family 1 with a missense
mutation, nor in the other three families with the exon 1-7 deletion.
Although complete loss of the glycine receptor has been shown to be
fatal in animal studies, there was no clinically significant difference with
partial loss of function of the receptor in humans [4].

Serious injuries because of falls due to startle reaction and psycho-
logical problems, such as anxiety or social isolation in adulthood, show
the importance of treating hyperekplexia. Though rare, hyperekplexia is
a treatable disorder. Clonazepam, which acts by facilitating the binding
of the inhibitory neurotransmitter GABA, probably by compensating
defective glycine receptors, is the main and most effective treatment for
the patients with hyperekplexia [1]. We were not able to judge the
effectiveness of the clonazepam in only two of our 12 patients. One of
these patients could not be followed up, and the other did not use
medication on the grounds that startles did not affect her daily life
(Table 1). The symptoms of other patients were found to be acceptably
under control (good and moderate response) with clonazepam treat-
ment, which was consistent with two previous studies [1,3].

The homozygous exon 1-7 deletion has been described several times
in different populations and may be a founder mutation in the Kurdish
people in Turkey [5,6]. Also, our three families described in this report
with the exon 1-7 deletion have Kurdish origin. 500 individuals from
the southeastern Mediterranean region, belonging to four distinct ethnic
groups were screened, and no heterozygosity was found for this muta-
tion [5]. The ethnicity distribution of the dataset were Caucasian
(37.8%), Turkish (27.8%), Asian (15.5%), Arabic (13.3%), Jewish
(4.4%) and African-American (1.1%); 68% had recessive GLRA1
hyperekplexia [7]. The homozygous deletion is classified as pathogenic
in Varsome.
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Fig. 2. A lollipop diagram depicting the mutations for our GLRA1 variants

The family with Arg93Trp variant stems from the Black Sea region of
Turkey where close consanguinity is common. The Arg93Trp variant is
classified as likely pathogenic in Varsome (www.varsome.com) and in
ClinVar (https://www.ncbi.nlm.nih.gov/clinvar/). The DANN score is
0.9986, while the conservation tool GERP generates 5.38. The CADD
score for the variant is 24.7. MutationTaster, SIFT, and REVEL classify
this variant as disease-causing, damaging, and pathogenic, respectively.
This mutation has only been reported once in an autism cohort and the
ethnicity and further phenotypic details of the apparently homozygous
patient is not known [8]. Total allele frequency for this variant in
GnomAD (https://gnomad.broadinstitute.org) is 0.00001193 although
no homozygotes are reported. The total allele count is three, two being
non-Finnish European and one South Asian. Thus, our homozygous p.
Arg93Trp is the first description of this variant in association with
hyperekplexia.

Investigation of the genetic defects in hyperekplexia patients is
important in terms of giving genetic counseling to the families, under-
standing the pathophysiology and determining the prevalence of the
disease in the population.
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