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Table 1 Autopsied brain tissue used in this study

Group Subject Age/year Gender PMI /h
Control 1 88 F 2.5
2 89 M 1.5
3 80 M 22
4 87 F 2.0
5 79 M 2.0
6 87 M 2.5
7 86 M 2.0
8 78 M 1.7
9 91 M 33
10 89 F 2.5
11 87 F 3.0
X £ 85.5+44 2305
ICVD 1 88 F 3.5
2 90 F 2.7
3 86 M 3.0
4 83 M 33
5 77 M 23
6 84 F 22
7 84 F 3.0
X £ 84.6 + 4.2 2.8+0.5

PMI: Postmortem interval; ICVD: Ischemic cerebrovascular diseases.
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Fig. 1 GLUTI1 level in the crude brain extracts

from ICVD and control subjects
(a) Crude extracts of the frontal cerebral cortices from 7 ICVD and 11
control subjects were analyzed by Western blots developed with
antibody against GLUT1. Actin blot was included as a loading control.
(b) The blots were quantified densitometrically, and data are presented
as percentage of control group (x + s; *, P < 0.05). O : Control; M :
ICVD.
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Fig. 3 Protein O-GlcNAcylation level in the crude
20¢ brain extracts from ICVD and control subjects
0 (a) The levels of protein O-GlcNAcylation were analyzed by Western
10 20 30 40 blots (developed with antibody against O-GlcNAc) of the crude extracts
GLUTI

Fig. 2 HIF-1a level in the crude brain extracts from
ICVD and control subjects and its correlation
to GLUT1 level

(a) Crude extracts of the frontal cerebral cortices from 7 ICVD and 11
control subjects were analyzed by Western blots developed with antibody
against HIF-1a. Actin blot was included as a loading control. (b) The
blots were quantified densitometrically, and data are presented as
percentage of control group. []: Control; ll: ICVD. (c) Correlation
analysis between GLUT1 and HIF-1« levels.
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of the frontal cerebral cortices from 7 ICVD and 11 control subjects, and
the densitometrical quantitations are presented. [ : Control; ll: ICVD.
(b) Correlation analysis between GLUT1 and protein O-GlcNAc levels.

3 it it

GLUT £ 7 3= B0 A 75 6 40 105 A B 40 1
b, RS AR S AR I A R R () 2 B A s R
1, HIA TR W) 74 B DAL BRI ZH 23 1)
L AR DL, GLUTI {52 28 263K 1) %
IR i 2 T B I R i s 2 R ORI CISHIG
N BA K Tau 8 i B AR 1) i R 22— 109 5 —
Jii, R AR ) e 2 GLUT1 (3R
7E K 7 3 Jik 4] 2E (middle cerebral artery occlusion,
MCAO) K AR AL F, GLUT1 [ 33k W &5 3 Jip 0o,
RN aT e 2 s AR RO, A B 22 it ol Fe
U R A A L. SR, GLUTI1 RIAENS
PEBR IR R A R, MIEhEIE. AR
BT 18 Pl R s 1 R i 41 2R, IR
GLUT1 7K xS AL AR, 31X — 45 R IR W,
TEMZ M ICVD B # A 2T, GLUTI K9



<400+ EYMUF EEYIIR R

Prog. Biochem. Biophys. 2010; 37 (4)

AMGAE SPE G M S P OIS FE T, T2
B,

ki N GLUTI [ 38 18 32 BLAE 4% s Al 7~ HIF-1a
WA, HIF-1 /2 i o fT B P FEL ity —Fh 2 — 2R
A, b HIF-1o IS TEEE, 10 HIF-1o A2 45 )M
EF. AE SRS T, HIF-1 (MR It
Ut GLUT1 RiA. HUZIRATTARIL, 7t i i 4 fing
995 140 7 KSR 2L 2R3 HIF-1o ZKCSEARSUREE I, =
T REAG, Ul W I B At A A3 1 15 T 3 A 1 M ke I o
AE&ME IO k. AT A M 75 Hr & ¥
HIF-1a 35 JA B& I 7T fE & 5 8012 % 1CVvD fi
GLUT1 7KF T B B AL

O-GIeNAc Bl He At A2 B gk 5 I 5 3k A7 F T i
HRIAZ T [ ()R [ BURE RSB0, X R e 152 2]
1A PN AR A R Y. BRI R B, AR
PRI RT3 I R T GLUT L BRI 51 A 1 feh 26 40 i Py i
ZRIAC I FRAR 3 B8 1 O-GleNAc #l E10 FRIE,
Ja # AR AY Tau & S B R W BEIR A0 . i
WL, H A O-GleNAc BEEEAL i 5 0 4
RYM RS, BN O-GleNAc i 34k A B T 9 b
A LR I 3 350 R L 25 A AR TR 4 T U A R
WO, RO M RER BRI ER . AR
B, {5 ICVD fith, &4 GLUTI ZK-F B I8 FE A,
{HEL 15T O-GleNAc i IEAL K- 5 0] B2 i Hh AH B
HATAT 22 7. X W] BE 2 i Tk GLUT1 51&2 1
O-GIeNAc B 3 Ak 7K PR Bl At AR AL TRIHE
DRI 47 O-GleNAc BEIEAL T 1 5 /KT

VN = I L | R S i N2 el )
GLUT1. HIF-la f1 O-GIcNAc BiILAL HEAT T € &
WY, &I GLUTI 78 ICVD 40 545, HixFh
BT e A2 i T AL s A7 HIF-1 FRpTE. xdt
45 R o it 5 A2 TR LB B AL T B A

2 % x M

[1] McEwen B S, Reagan L P. Glucose transporter expression in the

central nervous system: relationship to synaptic function. Eur

J Pharmacol, 2004, 490(1-3):13-24

[2] Krum J M. Effect of astroglial degeneration on neonatal blood-brain
barrier marker expression. Exp Neurol, 1996, 142(1):29-35

[2] ZEAHIC, ZR2E 50, W4 Wl 5 1 210 g Sl at P i L s . R A0 B 2
i L3705 43 JUF, 2004, 12(6): 442-444
Li X Y, Li X Z. Cerebrovasc Dis Foreign Med Sci, 2004, 12(6):
442-444

[4] Bensadoun A, Weinstein D. Assay of proteins in the presence of
interfering materials. Anal Biochem, 1976, 70(1): 241-250

[5S] Hayashi M, Sakata M, Takeda T, et al. Induction of glucose
transporter 1 expression through hypoxia-inducible factor lalpha
under hypoxic conditions in trophoblast-derived cells. J Endocrinol,
2004, 183(1): 145-154

[6] Liu Y, Liu F, Igbal K, et al. Decreased glucose transporters
correlate to abnormal hyperphosphorylation of tau in Alzheimer
disease. FEBS Lett, 2008, 582(2): 359-364

[71 Hou W K, Xian Y X, Zhang L, et al. Influence of blood glucose on
the expression of glucose transporter proteins 1 and 3 in the brain of
diabetic rats. Chin Med J (Engl), 2007, 120(19): 1704-1709

[8] Lefebvre T, Dehennaut V, Guinez C, et al. Dysregulation of the
nutrient/stress sensor O-GlcNAcylation is involved in the etiology
of cardiovascular disorders, type-2 diabetes and Alzheimer’s disease.
Biochim Biophys Acta, 2009, 1800(2): 67-79

[9] Liu Y, Liu F, Grundke-Igbal I, et al. Brain glucose transporters,
O-GlcNAcylation and phosphorylation of tau in diabetes and
Alzheimer’s disease. J Neurochem, 2009, 111(1): 242-249

[10] Zhang W W, Zhang L, Hou W K, et al. Dynamic expression of
glucose transporters 1 and 3 in the brain of diabetic rats with
cerebral ischemia reperfusion. Chin Med J (Engl), 2009, 122(17):
1996-2001

[11] Hart G W, Housley M P, Slawson C. Cycling of O-linked beta-N-
acetylglucosamine on nucleocytoplasmic proteins. Nature, 2007,
446(7139): 1017-1022

[12] Liu F, Shi J, Tanimukai H, et al. Reduced O-GlcNAcylation links
lower brain glucose metabolism and tau pathology in Alzheimer
disease. Brain, 2009, 132(7): 1820-1832

[13] Fiilsp N, Zhang Z, Marchase R B, et al. Glucosamine cardioprotection
in perfused rat hearts associated with increased O-linked
N-acetylglucosamine protein modification and altered p38
activation. Am J Physiol Heart Circ Physiol, 2007, 292(5): H2227-
H2236



2010; 37 (4) XIEEE: sRmtERmERTEATFEEEEIEER 1 T «401*

Decreased Glucose Transporter 1 in Brains
With Ischemic Cerebrovascular Diseases
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Abstract The entry of glucose from blood into the brain through the blood-brain barrier relies on glucose
transporters (GLUT). GLUTT is the major GLUT in the blood-brain barrier and one of the molecular markers of
the endothelial cells of brain capillaries. It has been demonstrated that GLUT1 expression is increased after acute
cerebral ischemia in animal models. GLUT1 level in brain tissue from 7 cases of chronic ischemic cerebrovascular
diseases (ICVD) were determined and compared with that from 11 cases of the age- and postmortem interval-
matched controls. It was found that GLUT1 level was decreased markedly in ICVD, and this decrease appeared to
result from a down-regulation of hypoxia-inducible factor-1a(HIF-1a). It was also found that the level of protein
O-GlcNAcylation was not altered in the ICVD brain. These results shed new light into the molecular mechanism of
ICVD.

Key words ischemic cerebrovascular diseases (ICVD), glucose transporter 1 (GLUTI1), hypoxia-inducible
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