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Effect of PI3K/Akt signal pathway on translocation of glucose transporter-3 in rat hypoxia-ischemia injured cortical neurons”

Zhou Lin ,Gao Xiaoping s Hu Meilun
(Department of Neurology s Hunan Provincial People’s Hospital ,Changsha, Hunan 410005 ,China)

Abstract: Objective  To investigate the effect of PI3K/Akt signal pathway on the translocation of glucose transporter-3
(GLUT3) in rat hypoxia-ischemia injured cortical neurons. Methods All rats were randomized into three groups:control, hypoxia-
ischemia and hypoxia-ischemia plus 1.Y294002 groups. Western blotting was used to detect the protein expression of p-PI3K, p-Akt
(Threonine 308). The GLUT3 mRNA of cortical neurons was determined with RT-PCR. Differential centrifugation and discontinu-
ous sucrose gradient were taken to separate plasma membranes (PM) and intracellular membranes (IM), and the expressions of
LY294002 remarkably inhibited the phosphoryla-
tion of p-PI3K and Akt(P<C0. 01). There was no significant difference in GLUT3 mRNA expression among three groups (P>

GLUT3 in PM and cortical neurons were determined with Western blot. Results

0. 05). GLU3 protein expression in PM of hypoxia-ischemia group were significantly high than other two groups(P<C0. 01), while
the expressions of GLUT3 protein in the cortical neurons had no significant difference (P >>0. 05), indicating translocation of
GLUTS3 from an intracellular compartment to the plasma membrane. Conclusion PI3K/Akt signal pathway can cause translocation
of GLUTS3 in the primary cultured rat hypoxia-ischemia injured cortical neurons. This is probably one of underlying mechanisms for
clinical treatment of hypoxic ischemia brain damage.

Key words: neurons; hypoxia-ischemia, brain; glucose transport proteins,facilitative

AR PP R SRS S BRI RE I ERER 1.2
W RESEMASI GRS EE RN~ AR L2010 BRI R R SR T A AR R B

R TR E i 4H 2R 0 AR T A T 1 4 S R A R 4
IEH WA 3 . AR 2 / H 3 (glucose transporter
3,GLUT3) RN Mt #amEismEEEAK ., PI3K/
Akt 38 R SR B — S 2 M3 Y L 5 2 R0 40 i A= 2 fig
A . PI3K/ Akt i@ #§ A 7l R 38 i 8 ¥ GLUT3 I B8 52 i i Ak
AR AP DT PISK/ Akt {3 53 B % K BBt 4 Bl il Bz
Fipp ool GLUT3 DI sz m , LA 43+ 7K 7 i — 25 %
T 420 B 1l Rz 5 #h 2 JT 1) PISK/ Akt 3 5% 40 6 14 4 97 1 F HIL 61
P2 AT 36 0 S R AK A

1 ME5FE

1.1 ## DNAse | \JBHE H 8. £ R 8 & 82 (poly-L-lysin,
PLL) . A& #iZ Ny DMEM I B Sigma 4 # , eurobasalmedi-
um,B27 supplement 4 | Gibco A H], £ FaEHr GLUTS FL ik
4y B Chemicon 24 #],1.Y294002 Wy B Promega 2\ 7], 2% 16~18
d SD KB A g KoE U BE 2 B s o .

*  EETE WA FHT IR T BT H (08FJ3198)

T E B K BUIR B N TS 43 B9 K i B B T R i E L ] D-
Hank's {26 A I A14T 2 B E RS P A 0. 25 %6 [l %
10 mg/L DNAse [ . £ 37 °C.50 mL/L CO, W48+ 15 1k 15
min J5 LA % 5 10 % /0 2R 1 %6 /9 DMEM 85 35 0 4 1k TH
Ak 38 ik 200 H 40 Ml 5 M 98 5 . 800 ~1 000 r/min .0 5
min. 3 F 35 . & 2% B27 supplement, 1% glutamine [
neurobasalmedium W FT i B4 41 g B &, LA 2 X 10°/mL A9 41 it
FREIEFD T 6 FLIEFAR P iy PLL k3535 A & 37 C.
50 mL/L CO, W1 24 h 5 2B .2 d 5P R,
RS S RITT LR,

1.2.2 BrpM&@mm e difb e W 5 dmE RS
JCHI TR A AR R A AR HE AR R R, DAB B 6. AR R
B B E B K, W AREY L MIRE A BB SER.
PBS H& —HU1E B vt B Gy 20 4k 45 5 40 18 LA 40 it o o3
PUAR I B o .



846

1.2.3 W& ICHI S M4 AR R s Sr K AR SR AR
5 R ICAY N 3 4L 4 MR AL CIE A5 - 55 5% ) ol 4 e aff 41
SRAECER LY 294002 (PT3K 4 5 400 i 390D 21, e 4 ke it 41
R B SR, H PBS Pk 2 K, in A T A DMEM 5 55 Wi A5 4
0 L e PR A, R 6 LR AR T A A R AR
#, ] 950 mL/L N, .50 mL /L CO. RSN ERA, 15
min 5582 BB AR N S S ASE D BRSO,
WA 37 CHEAT PSR 3 ho B BR A BRI 3 h. i 4 B oo
LY294002 4 7E Jo B DMEM 85 38 8 4 il A &4 JE 4 20 pmol/
L Y LY294002, HiAx 48 55 B S e 1l 4 — 3%

1.2.4 RT-PCR & GLUT3 mRNA %35 Trizol $2 B4
M2 RNA J5 94T cDNA & . GLUT3 L5 ¥k
5-ATG ATA GGC CTG GGA GGC AT-3'; Fipsl ¥k 5'-
TCG AAA GTC CTG CCT TTG GT-3', J Bt K B}y 370 bp;
M2 M8 Bractin EFS144 5'-CTC TTT GAT GTC ACG CAC
GAT TTC-3'; FiEs4 k 5-ATC GTG GGC CGC TCT AGG
CAC C-3', BB KR 512 bp, W 45{F:94 °C 2 min, 35 4~
HEFF ;94 °C 30 5,55 C 30 5,72 °C 1 min.32 PF¥F;72 °C 5
min J5 45 R Y8 K. PCR 7= 9 1 1. 5% B B bl 8 % L 9k S
R A Sh T s Rt i e B M.

1.2.5  ZHPORE 5 40 AN S 0 8 0% 5 45 o0 A IR 8 1L
T2 T T R 2 i o AR VA O WAC RS TV T A B . A L
FRMMHEF, T4 CBPBEEAMM. K5 1 000X g B 5
min, FYLHE(PD) . B B & W (S1) ;4 S1 31 000X g B .0 60
min, 43458 3 ik (S2) FITVE (P2) , FRk % S2 177 000X g B
AL 60 min, fFUTHE (P3) , BRI E & 48 i o9 I 5 4 0 U (P2) TR
BE T AR o R B OB E (32%, 402, 50% wt/wt)
150 000X g#.0> 19 h, 4N AE M 32 % b2 J2 Ca & 40 B A i
fitf: Na"-K"-ATP W) 4. A ERHF 4 CHir. 541
A NEHE [ 5 Mk B Follin- 1 32 31 v I 52

1.2.6 Western blot 32 % 4% 2H 41 Jifd Bz J5 #5040 it Fn 40 it
SR GLUT3 335 #% Western blot 3% 7 & U B B #4E, 7
Sy E AT s R . S I Y B 1 AR R G B Y
1725 BT

1.3 Seih2eab 3 A SPSSI13. 0 S8t k{4 it 47 0 1, 5L
BAELL T s Fom . A AR B9 HUECSR A SR R 7 22 40475 LA
P<0.05 WERBG LI EE N

2 &% ®

2.1 MRS RSEE ARG RS S R
2SI (N N1 W i 3 S U 10 O £ Dl [E| B 2
MR GE 2 B D, SEdib ek, 4R B Rty
B AR K90 Y0 LA b A A0 R e 4 0 4 T R (NeuND e
{6 35 S B SRR BT S R A & Jn sl B ol 90 %0 LA b, AR G HE
b 20 Y5 G

2.2 LY294002 % PI3K/Akt if & 19 5% F§ Western blot
i) 45 21 Bz I 4 26 U A B PISK A Akt 26 19 3k &2 8RBt
Ak d] PISK fl Akt FE AR X EHE &S THIRA, ZRA5%
TR L (P<C0. 01), T i 4 i 1 fin LY294002 41 PI3K Al
Akt AR W E K. B R F X R4 (P<<o. 0D, I
Bl 2,

2.3 PBBK/Akt i % GLUT3 mRNA %55 m i RT-
PCR #5145 24 J7 i # Z2 J6 40 i A9 GLUT3 mRNA K3k, 45
BIR& 4L GLUT3 mRNA Rk Z R LHE T %8 X (P>
0.05), WL 3,

2.4 PI3K/Akt jifi f&xf GLUTS # i 89 % W 3 4 40 g

FRES 2011 F 3 A% 40 55 9 M

GLUTS Rk Z [ 22 R L IT# B X (P>0.05), &HKKR
P2 TN GLUTS 335 B AR X JK B2 {8 % BRZH Jy 0. 33 &
0.03, B BRI ZH K 0. 500, 05, B4 Bl in LY294002 4 Ky
0.2640.04,3 HREONLYNHEE GLUTS ik & 2 A 41t
RS (F=13. 341, P<C0. 01), F v, Gl 4 B 1L 41 40 Ha J
GLUTS RIE R EH TXHHA, 2R ALRIT¥FE L (P
0.01) , B BRI i 1.Y294002 1 41 i il GLUTS 23k B & L
TR, 22 5 A geit 2 B L (P<C0.01) , W 2 4] 4,
1 2 3

Akt

e MR . PIK

e

1o HRZH 5 22 B AU BR I 21 5 3« di S Bk i i LY 294002 4,
& 2 ZHEERMWATTMEEE PI3K i1 Akt EARIE

M 1 2 3

512 bp

370 bp

MARICH s 1% BR L 5 22 Bl AU il 4 3+ S S Bl i o LY294002 4,
3 BAFRRMWAZITHEE GLUT3 mRNA Rix

3 i

T 25 W% 2 AL A R 200 i R 2 A M AT A O B A
Y AR X — ) R 2 L ) % Bl % 38 R (glucose trans-
porter, GLUT) 4 3 F 58 M . 1 GLUT3 7 i P4 W 45 57 1
HAFAEF R oA i

AR B oY R BT B R I R B I M RE R A R S
Tl 2 B 10 10 452 457 9% (hypoxia-ischemia brain damage, HIBD) [#)
B R BB ST, GLUTS 1y 22 35 88 in I A #1325 %
K 0 1] B 3 A 8 T G i R A R B L I e e AR
A0 A SR . Bh S 50 R L i R OR B GLUT3
3o 3% 3 ot M fR 4 Sk i 483 5 LA R4 S . G v 4 T 40 i
JE F GLUTS ik ] fE 2 —Fh & 3 HIBD J5 &) it #f &8 50 1 —
FlATRE S,

PI3K/ Akt {5 5 38 B J& B 2 i 40 i 17 35 15 5 g0,
PI3K J& —Fp Al {ff LB 3R 55 3 10 F2 5L W 12 1L 1) % i 9 UL 952 0%
it WO J5 AT W TR AL AN IR b A UL L A= S B 3-T R M UL
BEHRT . PISK i Jo Az 00 B AR 7= 0k — b 00 Akt
KT E S BRI .2 5EK VRE A28 i 7
W AR ST R R 7R B AU A R PISK A1 Ak
R AR 3ROk W s 5 W SCHRIR E W) & o [ A o W%



FTREF 201153 A% 40 5% 94

3 GLUT3 [k, R MHF X B EF LI %8 L H
HMEE GLUTS3 235 & Gk & 5k i 21 2 25 & F B & B i
LY294002 4. UM PISK/ Akt {55538 8% 5 b ] 78 = W i 35
A GLUTS3 235 B 1Y 15 o0 T A2 2F Bl 4 Bk it 57 5 bl 45 ¢ 4
MiP9 GLUTS3 [ g 5 5 47 . 3 — 1 I e HL 7 3 o5 A W 5 1 22
I PR . A T A S8 A 38 0 AR A 26 T GLU'T3 45t i 40
L 714 75 A5 T 22 M 1 N A0 R P LA R R SR8 O 40 L ) E
o B AT 2 445 0 20 23 ) BB f 4 4 JE R RE = B 5 S 1 41
I . B3 GLUTS [ i JB5E (% 5% 57, W] 28 Al s 2% fivi 2)) fig
B T2 05 5 Ay I DR 2E — 25 3R 7 b A5 BT [

ARSLIAUHE ST T PISK/AKT 15 5 18 [ X Bk 48 5k 1ff #1255
A GLUTS3 #5457 17 B 1 5% W), BEUR AT A B 45 00 400 Tt 65 235 47
e ML AT — 2 T R AR S A E u 4 i GLUTS #% 43
BB HUH 40 5 K - RIS HIBD () Bl i6 32 4L 35 36
A

2% 3k

[1] Jin Y, Silverman AJ, Vannucci SJ. Mast cells are early
responders after hypoxia-ischemia in immature rat brain
[J]. Stroke,2009,40(9) :3107-3112.

[2] Li Y,Perry T,Kindy MS. GLP-1 receptor stimulation pre-
serves primary cortical and dopaminergic neurons in cellular
and rodent models of stroke and Parkinsonism[ J . Proc Natl
Acad Sci USA,2009,106(4):1285-1290.

[3] Liu Y,Liu F,Grundke-lgbal 1. Brain glucose transporters,
O-GlcNAcylation and phosphorylation of tau in diabetes
and Alzheimer's disease[J]. J Neurochem,2009,111(1) .
242-249.

[4] Choi JS,Park HJ,Kim HY,et al. Phosphorylation of PTEN
and Akt in astrocytes of the rat hippocampus following tran-
sient forebrain ischemial J]. Cell Tissue Res,2005,319(3):
359-366.

[5] Shu HJ,Isenberg K, Cormier R]. Expression of fructose
sensitive glucose transporter in the brains of fructose-fed
rats[ J]. Neuroscience,2006,14(3) :889-895.

(6] Brfidt, SR, 1,6 Bl M SO0 X it i J&] Bl 4 27 e et Q30
FE) RR T 5 L) . E R IR %, 2007, 36 (13) ¢ 1254~
1258.

[7] Wang XL,Zhao YS, Yang YJ. Therapeutic window of hy-

847
perbaric oxygen therapy for hypoxic-ischemic brain
damage in newborn rats[ J]. Brain Res, 2008(1227): 87-

94.

[8] Patel M, McIntosh L, Bliss T. Interactions among ascor-
bate, dehydroascorbate and glucose transport in cultured
hippocampal neurons and glia[ J]. Brain Res, 2001, 916
(1):127-135.

[9] Gupta A,Ho DY.Brooke S. Neuroprotective effects of an
adenoviral vector expressing the glucose transporter;a de-
tailed description of the mediating cellular events [ ] ].
Brain Res,2001,908(1) :49-57.

[10] McEwen BS, Reagan LP. Glucose transporter expression
in the central nervous system: relationship to synaptic
function[ J]. Eur J Pharmacol,2004,490(1-3) .:13-24.

[11] Yoon K,Jung EJ,Lee SY. TRAF6-mediated regulation of
the PI3 kinase (PI3K)-Akt-GSK3beta cascade is required
for TNF-induced cell survival[ J]. Biochem Biophys Res
Commun,2008,371(1):118-121.

[12] Zhu J,Blenis J, Yuan J. Activation of PI3K/Akt and MAPK
pathways regulates Myc-mediated transcription by phospho-
rylating and promoting the degradation of Madl [ J]. Proc
Natl Acad Sci USA,2008,105(18) :6584-6589.

[13] Zdychova J,Komers R. Emerging role of Akt kinase/pro-
tein kinase B signalling in pathophysiology of diabetes and
its complications[ J]. Physiol Res,2005,54(1) ;1-16.

(147 AL . (9 #T . 5K [ 3. PISK/ Akt 300460 350 %3 i J2 40 g 1k oy
250 SRR I 52 e [ ] HE R BR 2, 2009, 38 (1) 1340~
1342.

[15] Bleau AM, Hambardzumyan D, Ozawa T. PTEN/PI3K/
Akt pathway regulates the side population phenotype and
ABCG?2 activity in glioma tumor stem-like cells[J]. Cell
Stem Cell,2009,4(3) :226-235.

[16] Rossi F,Castelli A,Bianco MJ. Ghrelin induces prolifera-
tion in human aortic endothelial cells via ERK1/2 and
PI3K/Akt activation[ ] ]. Peptides, 2008, 29 (11): 2046-
2051.

IS # B 31:2010-08-10 & [8] H 1 :2010-09-12)

(L% 844 T
initiation and maintenance of opioid-induced hyperalgesia
[J1.J Neurosci,2010,30(1) :38-46.

[12] Silverman SM. Opioid induced hyperalgesia: clinical impli-
cations for the pain practitioner[ J]. Pain Physician,2009,
12(3) :679-684.

[13] Gu X,Wu X,Liu Y.et al. Tyrosine phosphorylation of the
N-Methyl-D-Aspartate receptor 2B subunit in spinal cord
contributes to remifentanil-induced postoperative hyperal-
gesia: the preventive effect of ketamine[]]. Mol Pain,
2009(5) :76-85.

[14] Chu LF, Angst MS, Clark D. Opioid-induced hyperalgesia

in humans-Molecular mechanisms and clinical considera-

tions[ J]. Clin J Pain,2008,24(6) :479-496,

[15] Colvin LA,Fallon MT. Opioid-induced hyperalgesia:a clinical
challenge[ J]. Br ] Anaesth,2010,104(2):125-127.

[16] Minville V,Fourcade O, Girolami JP, et al. Opioid-induced
hyperalgesia in a mice model of orthopaedic pain: preven-
tive effect of ketamine[ ]J]. Br J Anaesth,2010,104(2):
231-238.

[17] Joly V,Richebe P,Guignard B,et al. Remifentanil-induced
postoperative hyperalgesia and its prevention with small-
dose ketamine [ ] ]. Anesthesiology, 2005, 103 (1) 147-
155.

s H 9 :2010-08-10 &8l H #:2010-09-17)



