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Glucose transport into the brain is medi-
ated by a facilitative glucose-transporter pro-
tein, GLUT-1. AGLUT-1 defect results in the
Glucose-Transporter-Protein Syndrome
(GTPS), characterized by infantile epilepsy,
developmental delay, and acquired micro-
cephaly. The diagnosis is currently based on
clinical features, low to normal lactate levels
and low glucose levels (hypoglycorrhachia)
in the cerebrospinal fluid, and the demon-
stration of impaired GLUT-1 function in eryth-
rocytes as described here. Blood samples
were collected in sodium-heparin or citrate-
phosphate-dextrose solution and uptake of
4C-labeled 3-O-Methyl-D-glucose (30MG)

mL) was measured at 4C and pH 7.4.
Three-OMG influx was terminated at 5-
second intervals, washed cells were lysed,
and uptake was quantitated by liquid scin-
tillation counting. Patients’ uptake (n = 22)
was 44 + 8% of controls (100 £ 22%, n =
70). Statistical analyses showed an uptake
cut-off point at 60% uptake, a sensitivity
of 86% (95%-confidence interval 78 to
94%), and a specificity of 97% (95%-con-
fidence interval 93 to 100%). Gender, age,
and ketosis did not influence 30OMG up-
take. This assay provides a reproducible
and accurate laboratory test for diagnosing
the GTPS. J. Clin. Lab. Anal. 13:116-121,

into erythrocytes (0.5 mmol/L 30MG; 1uCi/  1999.  © 1999 Wiley-Liss, Inc.
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INTRODUCTION cells (11), glucose transport into erythrocytes can be used as

a surrogate for glucose transport across the blood-brain bar-

Transport of D-Glucose, an essential fuel for cerebral Mes On the basis of previously described assay&@fa-

tabolism, across the blood-brain barrier and into brain Ce"%'esled 30MG-uptake into human erythrocytes (12,13) we

selectively mediated by a sodium-independent, faCIIIt"jltl\(ljeeveloped a diagnostic laboratory test. Here we give the first

transport protein, GLUT-1 (1,2). GLUT-1 belongs to Qetailed analyses of our experience with this diagnostic as-

multigene family of facilitative glucose transporters (for res-ar}/_ in 22 GTPS patients and 70 controls and of improve-

VIEWs see 3-6) an_d |s_expressed at various _blood-_tlss_ue b%ﬁgnts made since the test was first described in 1991 (9).
ers. It is present in high abundance in brain capillaries an
I I 0,
astroglial and erythrocyte membranes, repr_esentmg aboml@l[fTERlALS AND METHODS
of the total red blood cell membrane protein content (7).

In 1991 we described two patients with low glucose cofdinical Material
centrations in the spinal fluid (hypoglycorrhachia), infantile the cTPS was suspected on clinical grounds in combina-

seizures, ataxia, hypotonia, acquired microcephaly, and $jgf, with low glucose concentrations in the cerebrospinal fluid
nificant developmental delay (8). This condition is recognized
gs \tfhe S!ucose-grigspoger-PrOtelg bSyngr?me. (GhTPGSB@EeImt sponsor: USPHS; Grant number: NS37949-01 (DGEynt spon-

€ IVO_ Isease ( 10), _an_ IS cause y_a_ efectinthe rs: Colleen Giblin Charitable Foundation for Pediatric Neurology Research,
1 protein. The diagnosis is based on clinical features, a @& will Foundation, and the Deutsche Forschungsgemeinschaft.
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(hypoglycorrhachia). Twenty-two candidates (11 males, atlded; uptake was terminated at 5, 10, 15, 20, 25, and 30 sec,

females; 1-19 years of age; mean age, 5 years) were refearetiat 25 min for equilibrium time by rapid addition of 1 mL

to and evaluated by one of the authors (DCD) for the diagmoe-cold stop solution. Zero time values were obtained by

sis of the GTPS (8,9). Blood samples from parents were useding 20QL *“C-labeled 30MG solution to the 1Q6L

as intra-assay controls. The control group included 38 paliquots of the RBC suspension after #ulition of 1mL

ents (19 males, 19 females) and 32 additional control sskep solution.

jects of varying ages (16 males, 16 females; mean age ndthe RBCs were centrifuged at 2,@0@r 5 min and the

determined). In an additional patient (male, age 9 yearsRBC pellet washed twice with 1 mL stop solution. Following

age), blood was drawn the day prior to the introduction otltze final centrifugation, the erythrocyte pellet was digested

ketogenic diet, and on day four of ketosis, a 30MG uptakdth a blend of toluene (40-60%), dimethyl dialkyl quater-

was determined. For each assay blood samples from laey ammonium hydroxide (30—40%), and methanol (5-10%;

nonketonic parents were obtained as intra-assay controlsSoluene® 350, Packard, Meriden, CT) for two hr &G0
After cooling to room temperature, samples were bleached

Zero-Trans 30MG Uptake Into Erythrocytes with 0.25 mL 30% hydrogen peroxide. The mixture was

In the first set of studies, fresh blood samples (3-5 m ﬁ/li)rleddufntil all fqaming Suleid:q a_ndF\I/vasEsupse_I(lqu_ently in-

were collected in tubes containing sodium-heparin, immeﬁl-. ated for 30 m|n.at 8C (15). Hionic Flua scintiliation

ately stored on wet ice, and assayed within 24 hr. In la é‘r'd (® mL_/sampIe, Packard) was a‘?“"?d E.ind aliquots were
c(())émted with a Packard TR 2300 Scintillation Counter (set-

studies designed to facilitate long-distance shipment, the bl s: 5 minute count/sample on tAe-specific channel: the

samples were mixed with CPD solution (5:1, v/v) by gele}tegrated Dynamic Color Corrected DPM mode provided

mve_rtlng the tubes severa_l tlmes and immediately s_toredf%P absolute activity (DPM) calculations and for correction
wet ice to be processed within 10 days. In three patients and

0 (folor guenching based on transformed Spectral Index of

three controls additional assays on CPD blood were perfor
within 21 days to evaluate the reproducibility of the data Gtemal Standard [ISIE]). The data was expressed as the natu-

suggested in the literature (14). Blood samples from b &) logarithm of intracellular radioactivity in DPM at time T

arents served as intra-assay controls. Samples were excl% e 0 sec), divided by intracellular radioactivity in DPM at
P y . P equilibrium (25 min), versus time in seconds: [In(1-Ct/Ceq)]

IFRBCs were hemolyzed, and none of the subjects had b\e/s.n(s). The slope derived from linear best-fit analyses (two
transfused in recent months.

Solutions used were: (1) citrate phosphate dextrose Solutideterm|nat|ons/datap0|nt) represented SOMG uptake. Slope

on: . . ; .
2.45 dextrose, 2.63sodium citrate, 298 mg citric acid, all intovzg)IueS of subjects presenting with hypoglycorrhachia and the

100 mL; and (2) phosphate-buffered saline (PBS), in mmoIﬁJ!Tlcal fez:tures of the GJPS Werle com%ared tr? the.m;.an dslorl)e

137 NaCl, 2.7 KCl. 4.3 N#IPO,H,0, 1.4 KHPO,. “Hot” so- values o parents and controls, and to their individua

lution was “C-labeled 30MG (0.51Ci/mL) in 0.5 mmol/L "traassay control

30MG in PBS. The “stop” solution was prepared by adding

100pmol/L mercuric chloride and 5@mol/L phloretin to 500 RESULTS

mL of ice-cold PBS immediately (< 10 min) before use. Re- .

agents: 30MG, phloretin, and mercuric chloride were fromgchnical Aspects of the Assay

Sigma Chemical Co. (St. Louis, MTJC-30MG (0.1 mCi/ Washing the erythrocytes three times in PBS resulted in an

mL; 56.4 mCi/mmol) was from DuPont NEN (Boston, MA). gqo4_reduction of platelets, while erythrocyte and white blood
cell input remained unchanged. Hemocytometer counts

Preparation of erythrocytes showed that the resuspended erythrocyte pellet contained on

average 4.7% 10°7/uL red blood cells. Reproducible results

were obtained with 2.0-6:010° RBC/uL (data not shown).

'l;g reddish-brown color of the red cell lysate produced a

times with 50 mL PBS. RBC were then resuspended in PB _qu.ench. af‘d gounting in_stability yvhen Qirectly added to
approximately the original blood sample volume by invertint§'e liquid scintillation cocktail. Counting efficiency was re-

the tubes repeatedly. One hundpgdaliquots were taken for . uced to approximately .30% of the toFaI radi.ogctive isotope
immmediate assay, and 300 were used for a cell count. input. After treatment with O, counting efficiency was
' improved to approximately 70% (Fig. 1).

Routine clinical laboratory analyses of blood and urine in

3OMG uptake the patients studied were not indicative of any pathology. With

Data points were obtained in duplicate, equilibrium valuége exception of one control, first-day uptake values com-

in triplicate. The 10QL aliquots of the RBC suspension wergared well for both anticoagulant solutions (Fig. 2). When
briefly vortexed and 200L *‘C-labeled 30MG solution was RBCs were constantly maintained 4&C4 30MG uptake in

Procedures were performed 4C4Blood specimens (2-5
mL) were centrifuged at 1,09dor 10 min. The supernatant
was discarded, and the RBC pellet (~1-2 mL) was washed t
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were undistinguishable from the unrelated controls (-0.032
Quench effect + 0.007 meae: SD;n=32;t=1.0% = 0.29).

Patients’ slope values were —0.0180.0026 (mear
SD). No significant gender differences were observed in
patients (males: —0.01#4 0.003 meart SD, n = 11; fe-
males, n = 11: —0.018 0.002 meart SD;t= 1.15P =
0.26) or in controls (males: —0.0310.009 mear SD, n
= 35; females: —0.032 0.006 meant SD, n = 35; t =
0.52,P = 0.60). When slope values were expressed in %
| (mean slope value of controls of —0.0313 corresponded to
100%), the mean patients’ uptake was 4#4%, ranging
from 26-56% (see Table 1).

The impact of ketosis on 30OMG uptake was analyzed the
day prior to the introduction of the ketogenic diet and on day

~C 4 of ketosis in one patient and his nonketotic parents. As shown
in Figure 5, ketosis did not influence uptake; in the patient,
oy ey mton i et e, Lo e vallie or the nokeotc state were ~0.008D003
significantly the I’syampk;/tis blqeached with@4 (B). Total counts in PBS with- ?%_% uptake) vs. _0,'00%0'0003 (31% uptake) during ke-
out erythrocytes (C). Radiolabel@i/mL *C-labeled 30MG in PBS. tosis. Mean parents’ values were —0.08220006 (70% up-
take) and showed a good reproducibility for both assays.

three patients and four controls was reproducible for approxiatistical Analyses

mately 10 days (Fig. 3), but declined afterwards. Glucose uptake levels for 92 subjects, 22 with a clinical
diagnosis of GTPS and 70 controls, were analyzed to deter-
Diagnostic Value of the Assay mine their utility as a screen for GTPS. For the 22 patients,

&y_vo determinations were made for each time point. The reli-
ability of the assay was estimated using an intraclass correla-
{i%necoefﬁcient (ICC). Two analyses were performed for the

viduals served as controls. The data were expressed as? and 30-second time points. Reliability was excellent at each
natural logarithm of the ratio of intracellular radioactivity me point. with an IC(? of 0 '95 at s steyconds and an 1CC of
time T and at equilibrium vs. time (seconds) and 30MG up- point, '

take was expressed as the slope of the curve (Fig. 4). .?I'ig:egoasel?t(t)lzdes.'dence of anv difference in alucose untake
Controls showed slope values of —0.03XB007 (meata wasi Vi yd In glucose up

, o levels between the 35 males and 35 fem&led).2 based on a
SD). Parents’ values (-0.0310.007 meart: SD; n = 38) two samplé-test), therefore the analysis was not stratified by
sex. There was also no difference between the 38 parents and

Three-OMG uptake values were obtained from 22 in
viduals with the clinical diagnosis of GTPS. Seventy ind

120 the 32 other controld?(= 0.34 based on a two sampliest).
For the 22 patients, there was no significant association between
: ~ 2 age and slope values (Pearson’s r = —0.2830.20), and be-
100 Pa— tween hypoglycorrhachia and slope values (Pearson’s r =—0.024,
\. P = 0.78). Receiver operating characteristic (ROC) curves
Qg \ were used to determine a cut-point for glucose uptake, classi-
< 80 A + fying these subjects as affected or not. The criteria for deter-
% mining the cut-point were the sensitivity and specificity of
B 60 the screen with respect to the known diagnostic status of the
S patients. Examination of these curves yielded a relatively clear
8><8 cut-point of —0.018 (60%). That is, subjects with slopes greater
40 than —0.018 in magnitude would be classified as patients, and
Sodﬁlm—\o those with magnitude less than —0.018 would be classified as
Heparin CPD normal (Fig. 6).
20 This analysis correctly classified 87 of the 92 subjects

95%), corresponding to a sensitivity of 86% (78—94%), a

Fig. 2.  30MG-uptake values (%) using Na-Heparin vs. CPD anticoagu- ... . 0 o e L
lant solution. Data shown (two determinations per data point, day 1) rep§g)_e0|f|0|ty of 97% (93-100%), a positive predictive value of

sent uptake values of three patients (open symbols), their parents (clé2@d0 (85—93%), and a negative predictive value of 94% (88—
symbols), and two additional normal controlk . 100%) (Table 2).
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Fig. 3. 3-OMG-Uptake (%) over time using CPD anticoagulant solutiothe intrassay control to patients 1-3 (open symbols). Data of one additional
(two determinations per data point). Parents 1-3 (closed symbols) servecbasrol (A ) is added to the table.

DISCUSSION approximately 10 days, allowing a greater degree of flexibil-

The Glucose-Transporter-Protein Syndrome (GTPS), or Byéin_ the laboratory an_d_the performance of more time-cqn—
Vivo Disease(10), is a rare but treatable metabolic diseS$ENING tests. In addition, it now enables us to receive
presenting early in childhood with seizures and developmé&fiPments of samples from virtually anywhere in the world.
tal delay. Accurate diagnosis of this condition is importaft€aching the lysate with &, yielded higher scintillation
because a high-fat diet providing ketone bodies as an alteﬁ%!”ts and resulted in more accurate d_a}ta_l. The statistical aqaly—
tive fuel for the brain will result in significant clinical im-SiS Of the data revealed a good sensitivity (86%) and a high
provement. Since 1991, at least 20 patients have b&BRCIfiCity (97%) for the assay.
identified based upon clinical criteria, hypoglycorrhachia, and
deficient 30OMG uptake. We utilized 30OMG as a syntheti

. . o uI"“:A_BLE 1. Data® on 22 GTPS Patients
monosaccharide substrate since it is transported across-the

erythrocyte plasma membrane but is not further metabolized ~ Age CSF/Blood
intracellularly (17_20)_ Pat (yrs) Sex ratio Slope Uptake
Significant improvements were made on the method - Deficient 30MG uptake:
tially described (9). Using CPD as an anticoagulant solutich 1%5 ’f“ 8-22§ —g-gllgf 235
allowed blood samples to be maintained for periods up 135 m 0.33 00171 cs
4 7 m 0.35 -0.0113 36
5 8 f 0.32 -0.0157 50
5 o T 6 24 m 0.36 -0.0172 55
' 7 10 f 0.31 -0.0145 46
8 12 m 0.33 -0.0147 47
9 6 f 0.28 -0.0127 40
10 75 m 0.34 -0.0152 49
11 14 f 0.33 -0.014 45
. 12 6 m 0.37 -0.0119 38
v 13 12 f 0.29 -0.0151 48
Q 14 6 f 0.4 -0.0081 26
2 | 15 7 f 0.33 -0.0133 43
= I 16 7.5 m 0.26 -0.0125 40
17 1 m 0.34 -0.0176 56
18 15 f 0.4 -0.0107 34
19 3 f 0.23 -0.0133 43
AV 8.7 0.32 -0.0136 44
B Normal 30MG uptake:
20 3 m 0.25 -0.0413 132
- ) | 2 f 0.34 —0.0304 97
_ , _ _ 22 2 m 0.46 -0.035 112
Fig. 4. Mean 30MG uptake in GTPS patients € patients, n = 22) and 23 0.35 —0.0356 114

in normal controls ¢ = males, n = 35, s = females, n = 35). The data are
expressed as the natural logarithm of the ratio of intracellular radioactivifyA, Deficient 3OMG uptake (patient 1-19); 1B, Normal 30MG uptake
at time T/equilibrium vs time in seconds (two determinations/datapoint).(patient 20-22). Average values are in bold.
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A Pre-ketogenic diet The 56% reduction in 30OMG transport observed in GTPS
patients is in agreement with an approximately 50%-reduc-
0 00 5 10 15 20 25 30 tion of the mean CSF/blood glucose ratio (normal: 0.65,

GTPS: 0.33) (9); and of the GLUT-1 protein immunoreactiv-
ity in patients compared to their parents and siblings (8,9,21).
Mutations in the GLUT-1 gene produce either hemi- or het-
erozygosity and are consistent with a dominant loss of func-
tion mechanism (21). However, the statistical analyses showed
no correlation between uptake values and the degree of
hypoglycorrhachia, age, or gender of the 22 patients studied.
] The parents’ values were indistinguishable from the control
time (s) data and none of the parents was showed clinical features of
the GTPS, indicating that this condition is caused by spo-
radic mutations producing a cellular codominant phenotype
of Glut-1 haploinsufficiency(21).

Since dietary ketosis did not influence the rate of glucose
uptake by erythrocytes in one GTPS patient (Fig. 5), we sug-
gest that treatment with the ketogenic diet need not be de-
layed when the diagnosis is suspected clinically.

Although glucose kinetics in human erythrocytes has been
studied extensively, little is known about the higher order
structure of the carrier. The catalytic properties of glucose
transport in erythrocytes cannot be described adequately by
any available model (20,22); transport may be complicated

o
N

o patient
A father

[In(1-Ct/Ceq)]
o)
BN

o
o

B Day #4 of ketosis
0 5 10 15 20 25 30

[In(1-Ct/Ceq)]
o
EN

O i . " . . Lo
patient under certain conditions by nonideal intracellular distribu-
-0.6{ © mother tions of sugars and by the existence of allosteric high-affinity
A& father modifying sites on the transport system, which when occu-

pied by sugar modulate the catalytic properties of the system

Fig. 5. Influence of ketosis on 30MG uptake into erythrocytes of or20)- Although our assay d?d not adya_nce_ our understanding
patientA, 30MG uptake one day prior to ketosis (patient) with the patienaf these questions, knowing the limitation of the system
father serving as an intraassay control (3 det/datapoint). Slope values:p}@ved valuable when interpreting the data. In addition to
tient, 0.009G 0.00026; father, 0.02120.00029.B, 30OMG uptake on day c?;nparing a potential patient’s uptake value with the mean

4 of ketosis (patient only) with both parents serving as intraassay controls . . . .
det/datapoint). Slope values: patient, 0.0896.00026; mother, 0.0224 0T 70 controls, comparing uptake in the patient and his

0.00033; father, 0.021¥ 0.00103. intraassay control proved helpful to reach a diagnosis:

1-specificity

100
100% ® ¢ o0
60% 80% 90% E 2K &
we o6 0 & o /
80

50% ;
“cut-off point”
60

sensitivity

370°/ Fig.6. ROC-Curve of 30MG-uptake into
1

T T T - erythrocytes. 30OMG uptake values in % are
20 40 60 80 100 underlined and shown next to the datapoints
corresponding to sensitivity over 1-specific-
ity. The cutpoint of 60% is highlighted®).




Erythrocyte 3- O-Methyl-D-Glucose Uptake Assay

TABLE 2. Classification of Patients and Controls Based on
Intra-Assay Uptake Values

121

2. Pardridge WM, Boado RJ, Farrell CR. Brain-type glucose transporter

(Glut-1) is selectively localized to the blood-brain-barrier. J Biol Chem
1990;265:18035-18040.

Cut-off Control Patient Sum 3. Bell IG, Burant CF, Takeda J, Gould GW. Structure and function of
>60 68 3 71 mammalian facilitative sugar transporters [review]. J Biol Chem
<60 2 19 21 1993;268:19161-19164.

Sum 70 22 4. Baldwin SA. Mammalian passive glucose transporters: members of ac-

tive and passive transport proteins [review]. Biochim Biophys Acta
1993;1154:17-49.

Example (Fig 3): uptake of patient 2 on day 1 (61%) wa$ Gould GW, Holman GD. The glucose transporter family: structure,
above the statistical cut-off value of 60%: uptake on day 6 function and tissue-specific expression [review]. Biochem J
(42%) was clearly within the patient range. Within both as;: 1993:295:329-341.

. ’ . ~6. Vannucci SJ, Maher F, Simpson IA. Glucose transporter proteins in brain:
says the respective control values were approximately twice gejivery of glucose to neurons and glia [review]. Glia 1997:21:2—21.

the patient’s value. Both assays therefore supported the diag-allard wJ, Lienhard, GE. Monoclonal antibodies to the glucose trans-
nosis of the GTPS. porter from human erythrocytes. Identification of the transporter as a

Three patients carried the clinical diagnosis of the GTPS, '\SF =v55v°§g p;c_’ft_fi?t; JR EiO'JChebm 198R??2§°3866%—$67B5-h 4 RA
. e . De Vivo DC, Tifiletti RR, Jacobson RI, Ronen , Behman ,
but uptake values were entirely within the normal range. In- Harik SI. Defective glucose transport across the blood-brain barrier as a

terestingly, all these patients were infar_‘ts aged 4-6 weeks atayse of persistent hypoglycorrhachia, seizures, and developmental de-
the onset of symptoms and have continued to do well afterlay. N Engl J Med 1991;325:703-709.
infancy. Treatment with a ketogenic diet was beneficial in aR. De Vivo DC, Garcia-Alvarez M, Ronen G, Trifiletti R. Glucose trans-
cases and follow-up continues. We suspect that these “falsepotr_t pmtf'? F‘,‘e(fj'cl'zgcsyilgr‘sfrggg'”g syndrome with therapeutic impli-
. ” . cations. In e ;10:01-006.
negatives _repr(_esent a moref benign SUb_group of the GTI:?(%'Lyon G. Early infantile progressive metablic encephalopathies: clinical
F_)athOPhyS_m'Og'Ca' 5_peCU|at'0n5 are an 'SSUQ'SP?C"C'C Muta-proplems and diagnostic considerations. Igor. G, Adams RD,
tion involving a fetal isoform of the GLUT-1 protein or mu-
tations interfering with the facilitated diffusion of glucose in
more subtle ways than observed to date. 11. Dicl : :
. ization of the glucose transporter of the blood/brain barrier by cytocha-
Two other glucose transporter isoforms, GLUT-2 and [ _. ", . . . ; ! .
. lasin B binding and immunological reactivity. Proc NatlAcad Sci U SA
GLUT-5, have been reported in the erythrocyte membrane 19g4:81:7233-7237.
(23). However, they do not affect the diagnostic utility of the2. Lowe AG, véalmsleyAD. The kinetics of glucose transport in human
assay since GLUT-1 is the major glucose transporter in hu-red blood cells. Biochim Biophys Acta 1986;857:146-154.
man erythrocytes (24). GLUT-1 functions close tg,Min- 13. Lowte A}G,IWaImsI_e);IAD.'Atql;]enched fIZV\;)ItecEleIJIe fo’gthtla I;n_eaﬁure-
der normal physiological conditions where blood gIUCOSE Joar 1) rage ago. o oos CES: Ane Bloehem
Val_u_es are ~ 5 mmol/L (3), whereas GLUT-2 has a much Iow@r vengelen-Tyler v, editor. American Association of Blood Banks. Tech-
affinity for glucose. GLUT-5, a fructose transporter, does not nical manual, 12th edition; 1996. p135.
transport glucose (3_5)_ 15. Steck TL, Kant J. Preparation ofpermeable ghosts and inside-out
In conclusion, this assay can be utilized as a diagnostic tesqgifff.f;%mlgg’ma” erythrocyte membranes. Methods Enzymol
to confirm the diagnosis of the GTPS' The dlagnOSt_IC_ Val&lg_ Moore PA. Preparation of whole blood for liquid scintillation counting.
of the assay should be assessed in the context of clinical seigjin chem 1981:27:609-611.

zures and unexplained hypoglycorrhachia. 17. Craik JD, Elliott KRF. Kinetics of 3-O-Methyl-D-glucose transport in
isolated rat hepatocytes. Biochem J 1979;182:503-508.
18. CsakyTZ, Glenn JE. Urinary recovery of 3-methylglucose adminis-
tered to rats. Am J Physiol 1957;188:159-162.
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the Deutshe Forschungsgemeinschaft. CPD anticoagulant 8- gaggf;?rlsl?giaﬁgfted diffusion of glucose [review]. Physiol Rev

Igt|on was gene_rc_)u_sw prOVId(.Bd by B.aXFer Healthcare COITpOEij Seidner G, Garcia-Alvarez M, Yeh JI, et al. Glut-1 deficiency syndrome
tion, Fenwal Division, Deerfield, lllinois. We are especially caused by haploinsufficiency of the blood-brain barrier hexose carrier.
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23. Concha Il, Velasquez FV, Martinez J, Met al. Human erythrocytes ex-

press GLUTS5 and transport Fructose. Blood 1997;89:4190-4195.
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