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I ntroduction

Glucose transporter type | deficiency syndrome (GLLDS) is a

metabolic encephalopathy, caused by a defect ofoghi uptake,
mediated by GLUT-1, at the blood-brain barrier amo brain cells.

[1;2]

GLUT-1 is a membrane-bound glycoprotein that presidase rate
glucose transport across blood-tissue barriers. [3]

The gene exclusively associated with GLUT-1 is SAC2ocated on
chromosome 1 (1p34.2).[4] It is a relativeiyadl gene and
consists of ten exons, spanning 2842 base pairedang 493

aminoacids. [4; 5]

The structure and function of the GLUT-1 proteiis baen intensively
investigated. [4; 5] It has been identified andcdié®d for the first
time in 1985 by Mueckle(Figure 1) [2; 5]

The amino-acid sequence of the GLUT-1 protein ghlyi conserved,
with 97-98% identity between the human, rat, rghiibuse and pig
sequences, which implies that all domains of thietgn are

functionally important. [6]

Its structural model contains 12 transmembrane dwnapanning the
plasma membrane as alpha-helices with intracelloleated amino-
and-carboxyl-termini. Helices 6 and 7 are separdtgda large

intercellular loop. The postulated three-dimensios&ructure is
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characterized by a central channel across theipratennecting the
extracellular and intracellular environments. Calicdomains for
transport and pathogenicity are clustered arouedctintral channel
and in the long intracellular loofFigure 1) [2; 5; 7]

GLUT-1 is constitutively expressed in erythrocytedrain
microvessels and astroglia.

In brain, GLUT-1 has been detected in two diffeisnforms encoded
by the same gene and differing only in their extnglycosylation:
the 55 Kda isoform, located in the endothelial scetif brain
microvessels and erythrocytes and the 45 Kda rsgfodetected in
most cells including astrocytes and maybe resptndior basal
glucose uptake into these tissues. [8]

Most of SLC2A1 mutations detected occurred de nmv@ sporadic
autosomal dominant  condition, resulting in  GLUT-1
haploinsufficiency. [9; 10]

Recently, however, an autosomal dominant modeaofstmission was
indentified in several unrelated families. [11; 12]

Finally, Klepper et al., for the first time, hagBown that GLUT-1
DS can be also transmitted as an autosomal reeedis@ase. [13]

All  mutations are heterozygous and mostly privat@fact,
homozygous GLUT-1 mutations presumably are lethalitero, this

observation is confirmed in GLUT-1 knockout mic&4]

To date, about 100 different mutations in the SACZene has been
described in approximately 200 patients, includifayge-scale
deletions, missense, nonsense, frame shift andesglie mutations.
(Figure 2) [15]
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All mutations either lead to absence or loss otfiam of one of the

SLC2A1 alleles.

Generally, patients with missense mutations oftexsgnt moderate to
mild symptoms, but we noted that the expressigityariable and the
penetrance can be incomplete and so we underliaie gbnotype-

phenotype correlation in GLUT-1 DS is complex ahdsinot yet

clearly defined. [16; 17]

Classic clinical phenotype associated to GLUT-liaiexficy was first

described by De Vivo et al. in 1991 and it inclside range of
complex movement disorders (as ataxia, dystonia,oxygamal

induced dyskinesia, spasticity), epilepsy, of@mg resistant,
mental retardation, acquired microcephaly, witisei under a year
of age. [18]

In recent years, many atypical variants associatgtl different

mutations of SLC2A1 gene have been described. héset atypical
phenotypes seizures, movement disorders and Indekay can

occur either separately or in different combination Particularly, a
group of patients can present prominent movemesurders without
seizures or exclusively paroxysmal exercise-induaigkinesia

(PED), or exclusively epilepsy, for example earlgset absence
epilepsy (EOAE) or classic generalized epilepsyE)l&r childhood

absence epilepsy (CAHFigure 3) [16; 19; 20; 21; 22]

About epilepsy, no specific seizure type has beentified because
GLUT-1 DS is associated with a wide range of egiep.

Generally, patients develop seizures in infancy eady childhood,

that frequently do not respond to anticonvulsiv@migs.
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In infants, seizures are described as brief, sutmty@clonic limb
jerking with staring alternating with eye-rolling, sudden onset of
pallor, a dazed expression or horizontal roving eyevements,
unresponsiveness, and hypotonic as well as healifgpb[16; 27]
Later in childhood, seizures often appear to be aloyoc and
generalized. Surprisingly, familial GLUT-1 deficign has recently
been associated with IGE, especially EOAE. [20;223;25]

IGE syndromes associated with GLUT-1 DS are uspdilyt not
always, drug responsive and individual cases mapHhsnotypically
indistinguishable from common forms of IGE. In pautar, a recent
family study has shown that of 15 subjects withC8A1 mutation,
epilepsy occurred in 12; epilepsy phenotypes daniglely, including
IGE with absence, myoclonic-astatic epilepsy andalfoepilepsy;
furthermore, PED occurred in just under half of thmily members
and 1 individual PED was present without seizugss. we think that
GLUT-1 deficiency should be suspected where theilyahmistory
suggest a dominant inheritance of IGE or PED.eeilly where
PED and IGE coexist in the same family. [20; Z3; 2

Previously, the same authors found that GLUT-1 B&ants for over
10% of EOAE, beginning before 4 years of age; thpagents
presented milder phenotypes of GLUT-1 deficienegduse they had
normal development before seizures onset, good Adelirures
control, and intellectual outcome range from nortmalmoderately
impaired. Thus, in these patients, the seizhemptype could not be
readily distinguished from CAE, except for the marlhge of onset.
Probably, GLUT-1 DS may underline a significant gdion of
EOAE, in particular those with atypical feature;[27]
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Furthermore, it is very important to remember g&he patients show
prominent movement disorders other than epilep$enT epilepsy
and movement disorders can occur either separatglyin
combination. [16; 19; 28; 29]

Purpose of this study is to research mutationsLi@231 gene in a
population of patients with early onset epilepsthvar without mental
delay and movement disorders; to analyze phenagpetype
correlations and to study first-degree relatives\utaluate the possible

reduced penetrance.

A Gilycosylation site

Extracellular
substrale
binding site 7

sTeTe® .'!

...
(]

Y

.": el
A 4
=TT

Intracellular
substrate
binding sitz?

conserved motifs
ATP-binding sites -
mutations (GLUTI1 DS) COOH
amino acids investigated fm-viire

oe[]§

Figure 1: Conformational model of GLUT-1 in the cellular merabe.
The GLUT-1 protein shows 12 traesmbrane helices with a large
intracellular loop connecting lebi and 7, the N-glycosylation site in the
first extracellular loop, and #w@ino- and carboxy-termini located in the
cytosol. [2]
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Missense/nonsense

Deletions, Insertions, frame shift, splice site
Aminoacid  Nuoclootide

pProdB5Ley**
{Sloughter ef af_, 2004
p.Lys456X
p.Tyrdd49X

493 A3R3 13B4ATOG

. 137 7dup (Bersche ef al_, 2009)

c. 1348 [361dupTTCAAAGTTCCTG
c. 1346 [359del*

F1

427 1219

pAladlS Azp*
pGin3OTX
p.Gly3B2 Asp™

c 1 IT9-1G>C"* (Ticus f al_, 2008)

a2 1278 ¢ 1216_1220delGTTGC
c.1108delC
1 . 1185delC
359 1S .1 1D0dup**

pArg3diGin®

pArgd3iTep (4)

{Tokzhashi er al., 2008)

pArgIIX (4)%*® ([ ef al., 2008)
p.Glu329Gin®

358 107 c. 980 9B delTG
H c 972 081G-T
325 973 c.966_97 1 delinsT*
c970del

pAsn3 | TThr (Suls ef al., 20083
p.Gly3 14Ser(6) (Weber ef al.. 2008)
p.Thr3 101le

p.¥Val 203 Len*

p.Thr295Met (3***

<. 907del

c.864-1G=C*

c B55_856ins]12
c 43 854de] (1) {Weber of al., 2008)

p.GIn2E3X (Zora ef al.. 2008)
pGIn282N*

pAlZT5Thr (4) (Weber e al, 2008)
p.Lys256Val

p Glu43X*

. T98_T¥insC*
c.To0del; 792C-T

. To0deal

o Todup**

¢ Tdfdel; Td6_T4Tins9*
i L c.745_T46in=C

B3 ) B c.737_T41del*

pArg223Tmp*

p-Arg? 1 BHis
pArg212His (2)%*
(Roulet-Perez of af_, 20081
pArg212Cys*

T 25del

o T15_T1GinsC*
o T _T10insG
c 68 dal

o BB0-TG=C

pGinlolX*

p.Alal55Val 2)*
p.Argl53iLen (2)
pArgl53Cys

pArgl33His*

pGlul46Lys

p.Val 1 40Met (Suls ef al., 20083
p.Cys133X

pGly 130Ser (2)***
pArgl26Cys (TF**

(Forei et al., 2008)

p.Argl 26His (4)
pArgl26Len

p.MeaVal*®

pSer¥Slle (22) (Suls.ef ol 2008)
P Arg?ITrp 27**Joshi #f al., 2008)

777
_— 679 . OTE8T=>0G; 6T00=>A; 6704 | del
c.634dup (Suls er al. 2008}
3 7 .5362 563insC

172 516 ¢ 507_S508dup
4 ¢ 505_S0Tdel (Jjree
c 371 _31dup
©.354_355insT
22 176 ¢ 338_352delinsTTGAG™
¢ 337_33BinsTTGAG: cAM_352del (2)
c.337_38 Idup
305 _308dal®

227 _D8insG
AED 190ins23
AT 0dup®

o 1153-1G=A%

R

p.Gly? Asp (3)

p.Gly75Trp

p.SertiPhe

p.Gludd X *{Klepper & gl 2007)
p.Trpd8X (Forzi et al.. 2008)
p.Glud2 X"

c.81_92dup
c.B7delC; BBAST
c.32_33dcl*

IR+ IG=A( D)2
184 IG=C*

pAsnidle
p.AsndSer(2)
pAsnITyr*
p.Tyr28X

pMITle*
pM1Val®

Figure 2: List of the main pathogenic mutations identifiediade [15]
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Severity of phenotype

PAAE COMPLEX MOVEMENT D8SORDERS
RAGE ATAXIA
Forad epilepyy DYSTOMIA
1GE, EOAE FED
EFILEPSY WITHOUT RAEVEMENT
TR T BiS0ADIRS
DISOROERS WITHOUT EEIZURES

Fig. 1 — Title: Clinical phenotypes and severity of GLUT1-
D5, Seizures and movement disorders can occur elther
separately or in combination. The most severe phenoty pe
is the classic GLUT1 encephalopathy with intractable
infantile seizures, complex movemnent disorders,
developmental delay and acquired microcephaly. Milder
nonclassical phenotypes include the paroxysmal exercise-
induced dyskinesia, early-onset absence epilepsy and
idiopathic generalized epilepsies. MAE = myocdonic-
astatic epilepsy; R-IGE = refractory idiopathic generalized
epilepsy; EOAE = eardy-onset absence epilepsy; PEL:
paroxysmal exercise-induced dyskinesia.

Figure 3:Clinical phenotypes and severity of GLUT-1 disease.
Seizures, movement disorder mental delay can occur
either separately or in conalbion [22]
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M aterials and methods

In the first part we have selected a populatior®8fpatients with:

1. Early onset (within 4 years) epilepsy drug resis and/or drug
responsive;
2. Early onset (within 4 years) drug resistant Aaddrug responsive

associated with cognitive impairment and / or mogetaisorders.

All selected patients underwent to neurological lea@on with

physical examination and collection of medical dngtwith data
concerning pregnancy, child-birth, possible presemé acquired
microcephaly and evaluation of psychomotor develapm

Data were collected on the age of onset of epilethsyfrequency of
seizures and their semeiological characteristiosl @ossible triggers
of the seizures.

Blood samples obtained from selected individualsensent at the
“Gaslini Institute” of Genoa to search for mutasom the SLC2A1
gene, which was carried out by PCR for the detactb missense
mutations and MLPA for the detection of possibléetiens and/or

translocations.
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Furthermore, we have submitted all selected patienheuroimaging
examinations (brain MRI and brain PET).
Each of the patients with mutations on SLC2A1 gess followed
serially in a quarterly checks. During each folap visit the patient
proceeded:
- Neurological examination pre- and post-prandial;
- Video-EEG long-term pre- and post-prandial;
- EEG monitoring in long-term sleep;
- Neuropsychological study with evaluation of th@ by Wischler
stairs:

* WISC-R for children between 6 and 16 yedds

» WAIS for patients with more than 16 years.
- research and study of potential specific learmiisgbilities.

In addition, the genetic study was extended teatlily members.

In the end, for each family member with a mutatdrSLC2A1 gene
was collected clinical history, was performed a rotagical
examination and a video-EEG recording long-term- @ed post-

prandial.
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Results

Following the analysis of 98 selected patients 4jeunis were
identified with 4 different mutations in the SLC24&ne.

All 4 patients presented heterozygous missense timuga never
previously described, which determined an aminoadgioistitution in
an exon of the SLC2A1 gene.

Below we will analyze in detail the individual caswith clinical
insights performed on individual patients and tHamilia and with

the results obtained.

Thefirst casethat we want to describe is the casefoM., @ 49 ya,
born at term by vaginal delivery, after a normagrancy.

Her family history is negative for epilepsy andriebseizures.

She has presented a normal psycomotor developméhthe age of
21 months, when she has showed a cognitive dekhyeesented the
first seizures, before infantile spasms and aférthe age of 36
months, myoclonic seizures. About interictal/icEEG of that time
the documentation in our possession is very poa héate only a few
old interictal EEG that, however, show generalizpikes, polispikes

and polispikes-waves complekigure 4)
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Over the years, A.M. has taken many different thieig often with
the association of more drugs (for example: vatpracid,
ethosuximide, clobazam and clonazepam).

Actually A.M. have no seizures from the age of 4ang and her
current therapy is a valproic acid (500 mg/die) ahobazam (10
mg/die) association.

Her neurological examination shows an awkward diglits/ unstable
gait, with lightly enlarged base and heeunopsychological study
shows a moderate mental del@yAlS-R: VIQ: 55; PIQ: 61; TIQ:
53).

We have performed serial fasting and after meal EdiGvith normal
results.

Furthermore we have submitted our patient to bMRI and brain
PET.

There are not reported alterations in Brain MR&t@éad Brain PET
shows a reduction of tracer distribution in theebeal cortex in
relation to the striated, appearing preserved/hygp&bolic. The more
evident reduction is in the temporal, particularlyin
mesial/hippocampal , regions bilaterally, in bdtmalamus, in
brainstem and cerebellum (hemispheres and wdFigure 5)

In the end, the analysis of the SLC2A1 gene shomsitation c.844
C> G in exon 6 in the heterozygous state, thatroetes a
substitution of Glutamine in position 282 with &uGmmic acid
(p.GIn282Glu).

This mutation is not present in the mother; inst@accould not study
the father who had died.
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Figure 4: AM., @ 49 yo., interictal EEG that shows generalized spike
polispikes and polispikesves complex.
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[EUW] B7E82.00363 GO7E0.8875

Figure 5: AM., ¢ 49 yo., BRAIN PET that shows a reduction of tracq
distribution in the tempolathe, particularly in mesial/
hippocampal regions bilallgrain both thalamus, in

brainstem and cerebellum (ispimreres and worm).

=
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Thesecond casae have identified is that &.S.,?, 15 yo

This patient wasorn at term by vaginal delivery, after a normal
pregnancy.

She has a cousin in paternal line that sufferpibégsy.

She has presented a normal psycomotor developméhthe age of
15 months, when appeared episodes such benignysanak vertigo
and gradually revealed a cognitive delay associatiéd dysgraphia,
dyslexia and dyscalculia.

Later appeared atypical absences with myoclonicpom®nt and rare
tonic-clonic generalized seizures (CTGS).

We have recorded an atypical absence with a driiE& that shows
long sequences of slow spikes/waves complex frobtal areas

(> left) of 2-2.5 Hz, with a tendence to a diffusigFigure 6)

The intercritical EEG were characterized initialby generalized
spikes/waves and spikes/waves complex in bi-fronteas
asynchronously; later, by slow spikes/waves compiei-frontal
areas (> left) and rare spikes/waves complex irhtrigarietal

paramedian are@-igure 7)

By the age of 12 yo seizures are disappeared daedra€al EEG are
normal instead all fasting EEGs show small sporazbtated wave-
sharp/slow-wave complex on the left frontal and geral regions.
(Figure 8)

Actually A.S. takes a combination of 3 drugs: valpracid (500
mg/die); etosuximide (500 mg/die) and lamotrigiiaB (ng/die).

Her current neurological examination shows dishamoes gait with

light ataxia and a moderate difficulty in fine movents.
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The neuropsychological study evinces a light mem&thrdation
(WISC-R: QIV: 78; QIP: 45; QIT: 59) associated wilysgraphia,
dyslexia and dyscalculia.

Our patient has performed a brain MRI resulted mbramd a brain
PET that shows a slight reduction of the distriatof the tracer in
the frontal cortex and in the upper part of theamus, bilaterally.
(Figure 9)

Molecular genetic analysis of SLC2A1 gene showadugation c.667
C>T in exon 5 in the heterozygous state, that detess a substitution
of Arginine in position 223 with a Tryptophan (pg®23Trp).

The same (new) mutation is present in her fatRes. (3, 55 yo), who
never presented clinical seizures, but whose @dEEG shows the
presence of a widespread slowdown in hyperpnea spuatadic
bifrontal wave-sharp/slow-wave complgkigure 11)

Furthermore, we submitted this patient to a braRl Mesulted normal
and to a brain PET that, instead, highlights sorteraions: a
reduction of the tracer in left parietal, temporalccipital and
cerebellar cortex(Figure 10)

In this family we have studied even the mother wf patient that has
not mutations in the SLC2A1 gene and the cousithefpaternal line
that presents a form of epilepsy similar to tHabwur patient but drug
responsive. In this child, the onset of seizures atathe age of 4 yo
with seizures of benign paroxysmal vertigo, as matrent. However
he doesn’t show movement disorders and mental daldyhe has
presented only an acquisition delay of the langud&gyen for this
patient we have researched mutations on SLC2Al ,gkok no

mutations was found.
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a critical BEi@ a sequence of

slow spikes/waves complekiifrontal areas (> left) of 2-2.5 Hz, with

a tendence to generalization.

h

Figure 6: A.S., @, 15 yo. - an atypical absence wit

lations
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Figure 8: A.S., 2, 15 yo. - actual fasting intercritical EEG chaeaied by small, sporadic
and isolated wave-sharp/steaxve complex on the left frontal and temporal
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Figure 9: A.S.,?, 15 yo. - BRAIN PET characterized by a slight retittn of the
distribution of the tracertire frontal cortex and in the upper part of treddmus,
bilaterally.

[HU] 4243.11428 41886.3204
Lt: 11 Ut 80

Figure 10: F.S.,d, 55 yo - BRAIN PET characterized by reduction of the tracer in left
parietal, temporal, od@@pand cerebellar cortex.
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Thethird casethat we have identified is that &.E.B., 3, 21 yo

He was born at term by vaginal delivery after amairpregnancy.

His family history of epilepsy and/or febrile seies is negative. His
psychomotor developmental is reported normal. Hsqmted seizures
from the age of about 8 months before as infasplesms and later as
absences seizures. By the age of 13 yo he is ssifige but he still
takes levetiracetam to a low dosage (500 mg/die).

Currently he presents episodes of paroxysmal dgskarfasting.

His actual neuropsychological studies, his IQ arsdbnain MRI are
normal.

On the contrary his brain PET shows a reductionthe tracer
bilaterally in the frontal cortex, thalamus and etllum than in
striated hypermetabolic.

Molecular genetic analysis of SLC2A1 gene showsugation c.443
C> T in the heterozygous state, that determineslsstisution of
Leucine in position 148 with a Serine (p.Leul48Ser)

This mutation was researched in his parents butnotations are
identified.
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In the end, thdourth casewe have identified and studied is the case
of D. L., &, 13 yo He was born at term by vaginal delivery after a
normal pregnancy.

He has a family history of epilepsy. His psychomatevelopmental
Is reported normal. The onset of the seizures wdlseaage of three
years with the appearance of typical absencesamtBEG pattern of
typical spikes/waves complex to 3 HEigure 13) Currently he has
no seizures from the age of 12 yo and he takesttaggme to low
dosage. His neuropsychological studies with 1Q brein MRI are
normal. On the contrary, brain PET evinces a nadateduction of the
tracer in the cerebellum (vermis and hemisphenegd) l@ss markedly,
in the thalamus bilaterallyFigure 12)

We have executed a molecular genetic analysis @28l1 gene that
showed a mutation c.694 C> T in the heterozygoate sthat causes a
substitution of Arginine at position 232 with a @ise
(p.Arg232Cys).

We have studied all members of this family and aeehidentified the
same mutation in all 8 living affected individuadsd in 4 adult
healthy carriers (ll-4, 1I-5, 1lI-3 and lll-4YFigure 14)  The family
comprises 9 individuals (8 living) across 3 generatffected by IGE
with variable phenotypes. None of the affectedviddals had other
neurologic manifestations, including movement disos. All
subjects had generalized seizures, mainly typidademaces, with
variable age at onset (early childhood to 23 yeal®)ring childhood,
patients 1I-7, llI-5, 1lI-7 and 11I-8 had dailyyéquent (up to hundreds
each day) episodes of sudden, brief impairmenbagciousness and
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interruption of the ongoing activity. Patient lll¥&ad also occasional
tonic-clonic seizures. In these patients, ictal BESGowed regular and
symmetric generalized discharges of 3-3.5 Hz spitee complexes
on normal background activity, as typically obsera childhood
absence epilepsyFigure 15) Seizures remitted within 2-5 years
from onset. However, patient 1l-7 started experiegcmyoclonic
jerks after awakening and generalized tonic-clorseizures
precipitated by sleep deprivation in his midteeas seen in juvenile
myoclonic epilepsy. His EEGs showed regular and msgirc
generalized discharges of 3-3.5 Hz spike wave cexnahd polispike
wave complex on normal background activity. Pasdttl and IlI-2
experienced weekly, long-lasting (up to 10 minutdsjences starting
around age of 10 years. Their EEGs showed genedatischarges of
3.5-4 Hz spike wave complexes on normal backgraatidity.

Patient |I-2 was “ asymptomatic” at the age of Z2&ng but a video-
EEG revealed typical 3-3.5 Hz spike wave dischaegpe®smpanied by
subtle impairment of consciousness during hypenatioin (phantom
absences in adult-onset absence epilepsy). Shetadc&eatment
only after a generalized tonic-clonic seizyfagure 16 and 17)
Patient 1lI-11 has presented absence seizuresngtérom 3 years of
life. His EEGs showed frequent, spontaneous bwbtgeneralized
irregular spike-wave discharges, occasionally agaomed by atonic
components and head drop. Although all affected bsznof the
family had normal neurologic examination and showveeaellent
response to pharmacologic therapy, individual [I-lshowed
borderline intellect and was drug resistant, despatdd-on of
ethosuximide and levetiracetam. A ketogenic dies wat tolerated

because of severe diarrhea and nausea.
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EEGs were normal in 7 healty subjects (lI-4, IH&3, I1I-4, 11I-9 and
111-10).

All these patient have done a brain MRI resultedmad but,
unfortunately, at the moment, all these family memsbof our patient

have refused to make a brain PET.

Figure 12: D. L., d, 13 yo - Brain PET evinces a relative reductiotheftracer in the
cerebellum (vermis and fsgrheres) and, less markedly, in the thalamy

bilaterally.
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Figure 14: D. L., d, 13 yo - genealogical tree with all members ofifgan8 living

affected individuals anddiadult healthy carriers (11-4, 11-5, I1I-3, 111}4
Table with the clinical faegs of the members with mutations: the family

comprises 9 individuals i(8g) across 3 generation affected by IGE with

variable phenotypes.
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Figure 15: Pt. III-8 D. L., &, 13 yo - ictal EEG with regular and symmetric
generalized discharges-8f38Hz spike wave complexes on normal
background activity, asitgtly observed in childhood absence epilepsy.

GLUT-1 Deficiency Syndrome: phenotype-genotype correlations
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als typical 3-3.5 Hz spike wave disgbs

Figure 16: Pt. 1lI-2 - EEG that reve
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Discussion and Conclusions

GLUT-1 deficiency syndrome is a metabolic encepbatloy whose
classical phenotype, described for the first timeDle Vivo in 1991,

includes a clinical picture of extreme gravity coaerized by: early
onset epilepsy, usually drug-resistant, mental yjelacquired

microcephaly and a large group of movement diserd@taxia,

choreoathetosis, dystonia, paroxysmal exerciseeedludyskinesia,
spasticity). [2; 18] Over the years, about 200 sabave been
described, many of which constitute atypical vasamhere seizures,
movement disorders and mental delay can occurrestarately or in
different combinations. [15; 16]

To date, genotype-phenotype correlations are poeen et al., in
2010, have attempted to delineate a possible latoe

phenotype/genotype for this syndrome. They sayt thevere
mutations resulting in complete loss of one allaie typically

associated with the classic GLUT1-DS phenotype, reds
heterozygous missense mutations with a residuadtium are more
often found in milder phenotypes. [15]

In our study, we have identified in 16 differentogcts 4 different
missense mutations never described in literatuce smsociated with

atypical phenotypes, often not so “mild”.

GLUT-1 Deficiency Syndrome: phenotype-genotype correlations
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Particularly, we have found a missense mutatioa patient with a
rather severe phenotype, with an association of emade mental
delay, epilepsy and slight movement disorder.

Moreover we have identified another missense nuratinever
described in literature, in a patient with a phigpe not so mild, that
presented epilepsy associated with movement disaadd a light
mental delay, and in her father, that, insteadsgmted a very mild
phenotype with only instrumental but apparently clotical signs.
Also we have found a patient with an IGE and a emss mutation in
SLC2A1 gene, and we have found the same mutatidd ims family
members including 4 healthy subjects.

In light of everything, we have noted a big clinieariability, even
evident in neuroimaging (brain PET), where bothigmas with the
same mutation that patients with different mutagigoresented a
different panel of brain PET, often not correlateh the patient's
clinical panel, as shown in the recent literatugeAkman in 2015.
[30; 31]

Unlike what reported in the literature, these obatons demonstrate
that mild mutations (missense mutations) are foboth in severe
phenotypes that in milder phenotypes. So, we cantlsat these
results highlight the fact that other modifying g&a and/or acquired
environmental factors may influence the underlypaghophysiology
and clinical expressivity. Novel genetic methods/rha able to detect

the underlying reason for this phenomenon.

Another important aspect is the treatment of tlyisdsome. In the

literature the treatment of choice for GLUT-1 DSaiketogenic diet

GLUT-1 Deficiency Syndrome: phenotype-genotype correlations
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(KD). It is a high-fat, carbohydrate-restricted tdteat mimics the
metabolic state of fasting; so, the KD relies angenous rather than
body fat for ketone production, thus maintainingiokes without
weight loss. [32] In GLUT-1 DS the ketone bodieshgrated from
dietary fatty acid oxidation in the liver readilyemetrate the blood-
brain barrier and provide an alternative fuel faaibb metabolism.

As developing brain requires substantially morergyen young
children, the ketogenic diet should be started adyepossible
whenever GLUT-1 DS is suspected and should be rogedi at least
until adolescence. [33]

To date, in literature, it seems that, particylapilepsy, but also
movement disorder are positively affected by kemigealiet, while,
the impact of KD on developmental delay appeass lgrominent.
[15; 28] Recently, also the modified Atkins Dietsh&deen used
successfully in patients with GLUT-1 DS and it maffjers a good
alternative in schoolchildren and adolescents, wtifficulties
maintaining a classical KD. [34]

We must underline that some pharmacological agengair GLUT-1
function and should be avoided; these substancdader ethanol,
methylxanthines, caffeine, androgens, dioxineyttic antidepressant
and anticonvulsivants such as Phenobarbital, deameand valproic
acid. [35]

The patients in our study taking antiepileptic drugespecially
valproic acid, with often the disappearance of we&g. None of the
patients tolerated the ketogenic diet and the aitetm replace the
drug did not bring changes in the patient, but pmlysome patients,
the recovery of seizures. For this reason it wasidee to leave

GLUT-1 Deficiency Syndrome: phenotype-genotype correlations
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unchanged the therapy, also because the majorityiropatients with
GLUT-1 DS are adults, in which the diagnosis t@®e too late.

So, we underline that the early identification bifigren with GLUT-1
DS is important to prevent treatment with anticdamants that may
be ineffective or potential detrimental, and tatiate an alternative

energy source during a time of increased cerebetdipolism.

In conclusion, we emphasize that the identificabod the description
of new patients and families affected by syndrorheleficiency of

GLUT-1 and the characterization of the phenotyme wall as the
exact correlation with the genotype is essentididtier delineate this
syndrome and its clinical spectrum, for genetic nsmling, for the

possible therapeutic implications and for progrwostiormation.

In the future, we hope that studies are carrietl @ming the
identification and functional characterization @ivel mutations in the
SLC2A1 gene in order to contribute to better knalgke about the
functions of this gene in the epileptogenesis andengenerally on the
pathophysiological mechanisms underlying this sgndr and its

symptoms.

GLUT-1 Deficiency Syndrome: phenotype-genotype correlations
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