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Familial Form of Glucose Transporter Type 1 Deficiency Syndrome

Yasushi ITO, Hirokazu OGUNI and Makiko OSAWA
Department of Paediatrics, Tokyo Women's Medical University School of Medicine

Glucose transporter type 1 deficiency syndrome (GLUT-1DS) is a metabolic encephalopathy caused by im-
paired glucose transport into the brain. The majority of patients carry de novo mutations in the SLC2A1 gene,
producing haplo-insufficiency and conferring symptomatic heterozygosity. Transmission may be mostly spo-
radic, but several familial cases of GLUT-1DS have also been reported. Familial GLUT-1DS is inherited mainly in
an autosomal dominant manner, but there are rare cases due to autosomal recessive dominant inheritance or pa-
rental mosaicism. Patients with missense mutations often present with moderate to mild symptoms, but appar-
ent phenotype-genotype correlations have not yet been established. Even among unrelated patients or those
within an autosomal dominant family with the same mutation, there is heterogeneity in both clinical severities
and phenotypes. Suls et al reported early-onset absence epilepsy caused by S324L mutation in the SLC2A1 gene.
Mother and child in our case had the same S324L heterozygous mutation. They differed from each other clini-
cally in phenotypes, however, neither had early-onset absence epilepsy. Familial cases of GLUT-1DS may mani-
fest asymptomatic to mild phenotypes in terms of intellectual disability and/or epilepsy in early generations,
while more severe phenotypes and earlier onset ages appear in subsequent generations, indicating the phenome-
non of anticipation. Therefore, the mechanism of GLUT-1DS pathogenesis appears to be highly complex. In
GLUT-1DS that is symptomatic genetic epilepsy, symptoms and physical conditions are generally exacerbated
by high body temperatures, but a family history of febrile seizures is uncommon, GLUT-1DS is a disorder that
can be effectively treated with a ketogenic diet. When a diagnosis of GLUT-1DS has been established in the pro-
band, we should again obtain a detailed medical history from seemingly asymptomatic family members, and, if
necessary, conduct further genetic screening investigations for these individuals.

Key Words: glucose transporter type 1 deficiency syndrome (GLUT-1DS), SLC2A1 gene, haplo-insufficiency,
autosomal recessive dominant manner, anticipation

&8I

SV EBENGEGE T T A VT —REE LTHERH
TELDEIITNVI—ADATHEB. FIVIA—A T
v A R — % — 1 (glucose transporter type 1 :
GLUT-1) X 12 AR EEBOEEEMHEEAET,
BRI B P ic BT AAREILBE D 7V o — Ak R
179", GLUT-1 RiBFESEBEARE (GLUT-1 DS, OMIM
606777) &, 7NV a— ANHEMERICRY AT

BVWZ EITL DAL AREMERETH 5. LM
BRI E T IREGES), TADPARIETRIEL,
FEEW, BRI, EURE, DR, VA
b =7 % & OIERE B0, (KBRS AT GLUT-1 DS
DBZWOFENDY & %57, GLUT-1DS Tik, K%
2 SLC2A1 BT (GEfETEE 1p35-31.3) BT 5%
AT OEAMED denovo BERZ B0, NT AL
BAECEES T 5. KERRRETIZIMFIES 2% »



10

Table Clinical summary of 15 families with autosomal dominant GLUT1-DS
) Anticipation of _
Mutation Phenotype ! Accel .
Family Age typ severity of eration  TEDn Reduced o, f
No ranges S of age upper pen- No
Amino-acid ~ Type Y€ MR Epi PED  Others MR Epi “JP afonser $emeration etrance
1 S324L Missence 9 & 35 *=~+ + Ataxia + ° + + + 5)
G91D Missence 10 to 46 +~++ + Ataxia, + o+ + ? 6)7)
spasticity
3 RI126H Missence 8to78 —~+++ + — Ataxia + o+ + 6) 8)
4 RI126C Missence 1& 31 ND + —  Apnea, ND ND + ? 9)
abnormal eye
movement
5 G314S Missence 19 to 67 —~+ + + - - + 6) 10)
6 A275T Missence 7to44 7 - 1+ Dpystonia, ? - + + + 10)
chorea
7  S951 Missence 5to70 —~+ + o+ - 2 ? + + + 6) 11)
8 RI126C Missence 13 & 34 + + - Ataxia - - + ? 2)
9 RI3IW Missence 10& ? —~+++ + — Chorea + - + ? 2)
10 S324L Missence 28 to 83 —~= + + Ataxia + o+ ? + + 6) 12)
11  R223P Missence 22tob54 -— + o+ -+ ? + + 6) 12)
12 M344T Missence 14 & ? +~+++ + — Ataxia + + + + 13)
13 ¢l18+1g>A Splicesite 5&7? —~t + - + o+ + + 2)
14  c.746del; 746- Deletion/ 12 & 16 +~+++ + — Ataxia 2)
747ins9 Insertion
15  Q282_S285del Deletion 9to60 —~+ + + Hemolytic + o+ + + + 6) 10)
anemia

MR: mental retardation, Epi: epilepsy, PED: paroxysmal exercise-induced dyskinesia, +: present, —: absent, > unclear, ND: not de-

scribed, +++ : severe MR, ++ : moderate MR, +: mild MR, % : bordeline mentality, — : normal mentality

2, REFIOBREDHRINL?,

GLUT-1 DS 3Bk % dh0n 28 200 A2S2iF S
Tw3Y, 2011 FFICEBINIZDHEECBIT L4
EERFAETIE 50 AL EDFER S NAz0%, /NEH
BFEXHEMEDOAZNRE LT V7 —FD0K
BWORANBINE S BHET A LPFHEENS. R
BB OB 2 BRT 52 2, RiERBRORIER
R, REIZWICEHZEREGZHEZ2AO6N5.
% 2T, GLUT-1DS ® BERF LS % &0, XIS
BEIILT, REFIOERBLBRE L7

1. BEEALBEGEFER

GLUT-1 DS 0¥ A B M REE R O B BRE K
%) (Family 1 : Fal) 3 X OCHBR#HE 14 5% (Fa2~
15), BF 15 RZEZRICE L D720 (Table). #EET
ERIIRALVAERA2H)), A7 F 4 AEMER
(1B, RFEAEA QAH), RE (1B O~TFOE
ERTH o7 FRBELSEEED 2ERRTHES
N, EBDICIALVAERT, 1RREIFHHI ALY
AERLEOBEEANTOEES, 9 1 KRR ER
BETH o729, E512, IALVAERORE
FA 7 H 2RRZTHE ST,

2. BEaARMEEERR

1) BEREEH

ER L IXIROB Y. AEMEEIRELZL. B0
FEBAEB Ly HThH o225, Mz 18 » A,
AR 2ME BEEENH o /2. 2B X B
Boseos B L, W BRI BRI £ 20
valproic acid (VPA) 25BRiE S 7z, 3 ERFICANTER
EHEAL L clonazepam (CZP) 25 BEI#FES s, T
APABTETARDIBEEREL TV ARWY. 4RELD
B 1C dyskinesia, 6 B> 5 IR AR 1T HF
BB SRR - EEER R - dystonia ASFEAEME IS H
BLD, BIREAKBICTHELR. T, BREIC
WEMEARET S 2 IRV T W, NREER,
HREREE, MWEE, EEREIEETH 72 7
BRERIC, BEWOHE 35mg/dL, BEWE/ ML 0.37 &K
BEWMERE & 528, SLC2A1 BIZTHHHT T S324L £ £
AEE SN, HEEZM S 7z, HEl MRUIZEEZ L.
Rohrer 5% 165 (>145) L EMGERTH o 72 8
MR IZIBIE Atkins BEEDSHMG S N, FBIEERIE
&L CZP i3k L7z,

FEB] 2 13 35 MmO, ER 1 OB TH L. FHE
HEERERL. I-3ERICEHRETVRAZ A4
B, 4 @RI ERMEF T A% 3EEL, phe-
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nobarbital (PB) NAR % BtG L 72, kR, R
AL R, FEENII SRR ESE
Tholz. ZEHIYPB2S VPARERLE 2o
72, BRORHTEEZR TOEEB X UTEIIN
BThol:. BEHEPLEFTVNAYTEREL, B
EOBICHEL T 1I8SEBICITb 2B
MRI, 32 mEOMBERETCIRER I 2d o7,
A, EEMERRE, HREREE ISR v, 10 ABE~
20 AR DB, FERRRRIC FEXOFMEY dystonia, A
2% o T ORI, W ORKRE - EahFE
PREDHON, AEFEWEHBEL, #%TRELT
W7z 33 IRICSRAL EENBFEE SN2 ER
OXPIWIERIRDO L h w72, HE 170cm, FE
kg, AARIEEL (BMI) 342 & HRMARITH o 7.
FEG) 1 REERMER L) BIET, 2RBICR
JE L7 B BRI X 4L REE L TB Y, BE%
dyskinesia - BB EABREOFIERTH S, —
T, BETHBER 21X, SR TAD»A - BRI
L LTRBEBEINTBY, TAPLARIEUID
EEMERICEIEERSNTW P72, BED
RUEMFEPRFESTRICHEAL, KB - £8T
WETHLBGLUT-1DS DZWHOFELH Y &
Zolz. HEICOHREOBEIZ TV, FEERRICH
B9 5 FAEM dystonia R F VB OMEIR - MU RE
EERESBDON, BREIFTRVWERBL, KT
WEL TSI EHHER SN, GLUT-1 DS O fet:
BEWEEZ . BT L b SLC2A1 B FBIT T
S324L I A Y AEREDPFEE I N7z, Suls H & ) #H
HENT2 S2L EEHI TIX R REEIRMEMETA D
ADEEREGEEE LD, AUEEFEE2 AT T
BEEBICRORBTHCIRBED LT, SHIEF
TEZLHREBEEE L.

2) HHRAREERERROT LD (Table)
FA—ZROBEH, FRATE ARRNEEE -
KRABZIIZ AN D o 72, FEETH EEREIZR
molz. Fiz, Wit ORIURAEIRSR (anticipation)
PEEIN. ANEER TA» A BRI
HERE - BRENS VA, HREES L EELL, &
FEERED BIE Lz, chicx L, BEdSEFR
MY X F 2 Y 7 (paroxysmal exercise-induced
dyskinesia : PED) %, 7&%ZH 6 K% (86%) TL
MAARIZERD B IEMICH o 72, TALHAS TR
DBID B o7z, REFEHN100% TEEVWRRDAD
iz, NVF—o 5 RICb7 55K % (Fa7) Ti3,
BETREZLDOGLUT-IDSEE 22140
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TEEBHELTHY, BMIIZ 258 & EMAKRT
Holz. Fi, a—v—IHEOFETRDZELE
HHILEDBMo Tz T/, BEFREITIR
o LRI HRENZEE I VwEEhTw
A, FHERRICERELENTS I L TRBEERER
NEYHEIETN,
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13 K256V ZR DN T UHET, R T V3 — B
ARBIE8T% LMORBEEICRE) +oR TV
I — AEERED D o 7200, BEROLWKHEO TV
2— ZHGAREIX 100% TH o7z, FumEik, K256V
EBRELHFET VIV ED denovo R1I2Z6L BEROES
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I—-ZAHARBIEZENZEN8I% L 84% TEEIRT
o 72h, WA OWKIE R46BW ZER O R EHES
TNV — ABAREIZ66% THhY, BERED
GLUT-1DS OFRHBZ R L7299,
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IRV AERITIPE~BEFADL VA BRI
FEHEN), IR 2 B R TR — R R B LR T
HH. A—EROBEM, S SICERBFENEE
RN TS AR ERERE - REABIIZSHED
H5. Table IZ/RTTE L, WA TERDIEL 2 5
KIREH SR (anticipation) PHER X N/z28, b Y
7Ly M) E— METIE %V GLUT-1 DS TO#F
BAHTH 5. ERPBEICRZ 2 RS ERICIE
EWAL 7T, ZOFHPERBETEDOEWMAE%E
ZHE, 2R TEELERFALLEAICAS
NsZeddHrhd L. GLUT-1 EHDBE
BRI 75~100% & 5B IRV ABROAT O
ATIFBMERZRL, GLUT-1 &2 HIH+ 5
NTxA Y, T —, NRELREOBREERT
BETH L ENDY. 50~75% TIIBIER L 42 5. 53
TEREBEAT50% & 2 B KWK, vV R, 7
L—AV T, RARTIA4Y Y FEMERD GLUT-1
DS DBBIB) 2 RS, FRAFHEREDS 25~50% & 72 B HE
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EANTFOESTIIERE, 0~25% L bREHEI
JERBFE & 72 5. Rotstein 5 1d, HHBERLEHERD
RROWMEZBL, BEOBENIAERIL, ZRER
DM LHREEL, WELLTELINTOAE
DREICL > TRESNS & L72".

5. GLUT-1 DS FK&EBIN DX

BREWE, FVva—RiZfb Yy b UviEERN
F—HE LTHBT 27 + VEERVANREAET
H PO EFEG quality of life (QOL) #3F L L&
BERLIEDPE . TLRMRER - BEMNTDR
g, BrEFH, TN TFRERESEAFSEHTHE
HbHy, AL TERLRVWEALEVWZS. &1
HRPEEPBEEORBIMTHSL LREZFH O &
AT ERMADHRE L S 5. FinE TR HEE S
N7zBgilc, —REEBORKICD BEFMLWEZ
BEEL L, METHIIRBNOBETFDH DA
RETH5H. GLUT-1DS 2B BRI, 220 (B
WCREAZeIER), EE), R LA (FEE, BVvH, A
), oL hBEL, 8% ER ZHICIVR
EBTHZENEMTHBY. 72, FEH (PB, chlo-
ral hydrate, theophylline) *8kE&W (Hh 7 =1 >,
I% =) I2XoTh GLUT-1 e < h
5. 29 LERDOWE - WBHARVBEINTD,
AEOBEEERICL Y BENWICHENAHZ BE
L, MEICE o 72ERH S 1id GLUT-1 DS 258k b
L., BEFICEI 7L v, ¥ —VERZHF
L7y, BEIZ L a— REBRABDEDOHRTD
BEO QOL #WET AWML DH 5.
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Suls 5 & U & N7z S324L ZERBICIX R FHR
RMFVETADPAZRELED, ALEERFERELA
FOBEAEICH O BBRREFTIIRDT, SHICH
HABFRZEREYE L. XWIME LY, GLUT-1DS
BB I At v ARG AP E~BHE DR Z 78
A, L BE AR EEIIRELTH Y,
F—ZROBERM, 25 CFEROBRBEERBERRAN
TEZBRWEREE - KPR EREYPH S, T
72, HIMREER TAD AG BRI IS B R - B
FEAL VD, RS EEEML, BEFERDF
BT 5 votkRIERORBBERR D BES
N, GLUT-1 DS OREMR IIHEMEZ 2 5. AEIX
N VERESENGRETH ), BnE THEH
HESI NI, —REEROREICD BEEMZ
WELZHERL, LETHNERRANOEETZHD
BETRE&ETH 5.
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