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ABSTRACT – Aims. In addition to a complex inheritance pattern in genetic
generalized epilepsy (GGE) syndromes, some studies have recently iden-
tified SLC2A1 variants which lead to glucose transporter type 1 (GLUT1)
defects, in patients diagnosed with GGE. Here, we investigated the pos-
sible role of SLC2A1 variants in GGE patients with eyelid myoclonia (EM)
which is a rare generalized seizure type associated with drug resistance
and cognitive dysfunction.
Methods. After polymerase chain reaction with designed primers, sequenc-
ing of all SLC2A1 exons was performed for 25 GGE-EM patients, as well as a
control group of 15 GGE patients with absence seizures.
Results. Although various single nucleotide polymorphisms clustered
in the ninth exon were detected, no variant was found in the two

t number in this study is small, the
not play any causative role in GGE

sy, eyelid myoclonia, SLC2A1 variant,

defects comprises developmen-
tal delay, movement disorders,
cognitive problems, and antiepilep-
tic drug-resistant seizures (Leen
et al., 2010). Typically, early-onset
groups with GGE.
Conclusions. Even though the patien
data suggest that SLC2A1 variants do
associated with EM.
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Among genetic generalized
epilepsy (GGE) syndromes, which
mostly show a complex inheri-
tance pattern, there are some rare
monogenic causes underlying these
d
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disorders that present with different
generalized seizure types. Recently,
studies have shown SLC2A1 variants,
that encode glucose transporter
type 1 (GLUT1), in GGE patients
(Striano et al., 2012). The clinical
spectrum associated with SLC2A1

absence seizures are reported in
GGE patients with SLC2A1 variants
when epilepsy is prominent in the
clinical picture. As the phenotypic
spectrum associated with SLC2A1
variants becomes broader, the same
is true for the spectrum of epileptic
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isorders associated with GLUT1 deficiency (Pong et
l., 2012; Tzadok et al., 2014). The ketogenic diet could
e the most appropriate solution for these disorders.
yelid myoclonia (EM) are a rare type of generalized
eizures, characterized by fast jerking of the eyelids
ith slight rolling of the eyeballs, usually accompanied
y brief absences with onset in childhood (Jeavons,
977; Appleton et al., 1993). This specific seizure type
s observed in patients with different aetiologies, such
s genetic or symptomatic, but is mostly reported in
atients with eyelid myoclonia with absences (EMA)

Capovilla et al., 2009; Caraballo et al., 2009). EMA
yndrome consists of a triad of signs: frequent EM,
ye closure sensitivity (ECS), and photosensitivity (PS).
lthough most of the patients with EMA are within nor-
al cognitive range, borderline cognitive functioning
ay also be observed. The condition is known to be

ife-long and difficult to treat with antiepileptic drugs
Scuderi et al., 2000; Striano et al., 2002, 2009).
iven that GLUT1 deficiency is reported as a cause
f GGE, we aimed to examine our GGE patients with
M, as an endophenotype, for the possible presence
f SLC2A1 variants.

ethods

atients

wenty-five consecutive GGE patients with EM, fol-
owed in our tertiary epilepsy centre, were included
n the study. Clinical and demographic characteris-
ics, EEG findings, epilepsy syndromes, and treatments
ere recorded. Epilepsy syndromes were grouped

ccording to ILAE criteria, based on clinical and dia-
nostic EEG features. EMA syndrome was defined as
he concurrence of EM with/without absences and
resence of both PS and ECS on the EEG. The GGE
atients with EM who could not be classified into spe-
ific GGE syndromes according to ILAE criteria due
o the differences of age at seizure onset and/or lack
f dominant seizure types were labelled as “GGE-
nclassified (GGE-Unc)”.
oreover, 15 age- and gender-matched GGE patients
ith absence seizures, but without a history of EM,
ere enrolled as a disease control group. Nine of these
atients were diagnosed with childhood absence
pilepsy (CAE) and the six remaining patients had juve-
ile absence epilepsy (JAE).
ll patients signed the informed consent forms to par-
pileptic Disord, Vol. 20, No. 5, October 2018

icipate in the study which was approved by the Local
thics Committee (number 2012/525-1019).

aboratory study and data analysis

NA was isolated from blood samples using a commer-
ial DNA extraction kit according to the manufacturer’s

t
i
G
(
I
y
o

SLC2A1 gene variants in eyelid myoclonia

nstructions. A total of 10 primer pairs were designed
or variant screening including all exons and exon-
ntron boundary sites of the SLC2A1 gene. Polymerase
hain reaction (PCR) was performed in optimized
onditions for all the samples. Variant screening was
erformed via Sanger sequencing for all 10 amplicons.

esults

he mean age at seizure onset and follow-up
eriod of patients (18 females, seven males; mean
ge: 32.04±8.38) were 10.32±5.36 and 9.6±6.58 years,
espectively. Neurological examinations were normal
xcept for two patients with cognitive dysfunction.
ourteen patients (56%) had at least one affected family
ember diagnosed with epilepsy. In four patients, the

ge at seizure onset was younger than four years. All
he patients were photosensitive except five patients.
ccording to the syndromes, EMA was diagnosed in
ight, JAE in four, juvenile myoclonic epilepsy (JME) in
wo, CAE in two, late-onset absence epilepsy (LOAE)
n one, and GGE-Unc in eight patients. At the end of
he follow-up period, all patients were on antiepileptic
rugs except one patient who was seizure-free without
ntiepileptic drugs. Clinical and demographic features
f the patients are shown in detail in table 1.
o SLC2A1 gene variants were identified in any of the

0 genetically examined patients with GGE. Twenty-
ne patients were shown to have single nucleotide
olymorphisms (SNP) in the EM group. Thirteen indi-
iduals showed SNPs clustered in the ninth exon,
owever, no difference in clinical features, age at
eizure onset, family history of epilepsy, or neurologi-
al examination was detected in these patients.

iscussion

n our study, the SLC2A1 gene was investigated in a
onsecutive homogeneous group of 25 GGE patients
xhibiting EM as a possible endophenotypic marker,
owever, no variant could be detected.
he underlying cause of GGE syndromes is thought to

nvolve mostly a polygenic, complex inheritance pat-
ern, however, we were unable to demonstrate this
n our patients despite huge collaborative efforts. The
enetic as well as phenotypic heterogeneity of GGE
yndromes further complicates the situation probably
ue to gene expression alterations and low pene-
397

rance of the involved genes in different patients. Thus,
dentification of the major gene defects leading to

GE syndromes does not appear to be straightforward
Poduri and Lowenstein, 2011).
dentification of rare variants requires a detailed anal-
sis of candidate genes. SLC2A1 was described as one
f the most important epilepsy genes according to
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SLC2A1 gene variants in eyelid myoclonia

he ILAE guidelines, mainly because of its association
ith a treatment option, the ketogenic diet, in drug-

esistant patients (Ottman et al., 2010). In order to
onduct a reasonable search for a candidate gene in a
articular group, it is important to select a well-defined
omogeneous group (Sander et al., 2000; Noebels,
003). Here, we selected EM as an endophenotypic
arker in our study to create a homogeneous GGE

ubgroup and investigated the SLC2A1 gene that has
reviously been found in early-onset absence epilep-
ies (Arsov et al., 2012a, 2012b; Muhle et al., 2013).
he phenotypic characteristics of the GLUT1-related
pectrum, in terms of epilepsy, have markedly
xpanded in recent years and SLC2A1 gene variants
ave been identified in cases with a diagnosis of
ordinary” GGE with variable age at onset. One study
emonstrated SLC2A1 gene variants in 12% of patients
ith early-onset absence seizures (Suls et al., 2009).
nother study also showed a novel non-synonymous
LC2A1 gene variant in nine affected family members,
ainly with absence epilepsies, among 95 patients

Striano et al., 2012). However, a study comprising
8 early-onset absence epilepsy patients showed no
utations in the SLC2A1 gene and no significant dif-

erences in terms of responsiveness to mono- or
olytherapy (Agostinelli et al., 2013). Moreover, Gia-
dano et al. also found no mutations in the SLC2A1
ene in a group of patients with absence seizures start-

ng within the first year of life, suggesting that genetic
nalysis should be performed only in selected patients
Giordano et al., 2013). Given the presence of mildly
ffected subjects, one can speculate that other modi-
ers may change the resulting phenotype.
e were unable to find any SLC2A1 variants that could

e responsible for GGE associated with EM. It is also
emarkable that no variant was detected in our patients
ith early seizure onset, however, in our group, we had
nly four patients with early seizure onset; two were
iagnosed with EMA and two were diagnosed with
GE-Unc, thus the overall number was inadequate to
raw any conclusions.
ikewise, EM is recognized as a unique generalized
eizure type by the ILAE, suggesting a separate patho-
hysiological origin. On the other hand, EM can be
bserved in different GGE syndromes, accompanied
y other variable phenotypic features, suggesting the
xistence of a complex inheritance pattern.

family history of epilepsy was reported in 40-78%
f the patients with epilepsy (Poduri and Lowenstein,
011). In our study, 56% of the patients with GGE-EMA,
399

ut only 26.6% of the absence epilepsy group, had
t least one family member diagnosed with epilepsy,
mplying a stronger genetic effect in patients with
M. On the other hand, studies involving twins and
elatives of patients with EMA have shown a strong
enetic contribution to EMA. (Giannakodimos and
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anayiotopoulos, 1996). It was reported that about
4% of the affected family members of EMA patients
how heterogeneous generalized epilepsy pheno-
ypes (Sadleir et al., 2012). Based on a recent study
nvestigating CHD2 mutations in a group of 580
pilepsy patients with photosensitivity and 55 individ-
als with photoparoxysmal responses without seizure
istory, CHD2 gene variants were shown to be associ-
ted with the EMA phenotype (Galizia et al., 2015). The
act that EM and other GGE syndromes may coexist and
hare common features is not well-understood from
mechanistic point of view, and the notion that EM
ay be associated with stronger genetic inheritance

till remains.
e observed a clustering of many SNPs (see supple-
entary material) in a particular exon of the SLC2A1

ene that did not appear to relate to any particular clin-
cal characteristic. The possible role of a modifier effect
ould not be confirmed at this point.
n conclusion, although the patient number in this
tudy was insufficient to draw any firm conclusions, the
bsence of SLC2A1 gene variants indicates that SLC2A1
oes not appear to play a major role in GGE associated
ith EM. �

upplementary data.
upplementary table is available on the
ww.epilepticdisorders.com website.
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