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[# =] B W o-&F-3-F3-5-H F4-5 1 Y iR ( a-3-hydroxy-5-methylisoxazole-4-propionie acid,
AMPA) SZ AR B A4 ZBR S 1A 2 (GLuR2) 7 2 H e fof S8 ok i i 2 B 10 52 v A 39 305, A 000 i 0 /5 40 M6 A e 2
Ca’® " e JEE B SRUB LI AN [ B o) A 28 Ak S JERE S, 73k 7 2 Hil SD K BRI 46 dok o i 2 %1 161 9 J55 Ak
( periventricular leukomalacia, PVL) #5573 51l i F 2% % € 7 PCR il Western Blot 6 I in 15 Joi Bl 40 Bk 1L f 12,24 ,48
h #1172 h GluR2 mRNA FIEE 5274 s HT Furo 2/ AM ZEEHRET FRGA DG 236 BE T 73 S R0 15 195 40 i
PUIiFES Ca® " WeHE . S5 SRTHRLUA L, PVL 4K BUR (1 GluR2 mRNA IZE [ 5 A8 Bl Ui i 5 24 h I B
1 HHFEERRAIKE 72 h(P <0.05) 3 PVL 41K BUIK AN DI85 Ca®* e BE AR BRABRINIS 12 h FF 8 T, Rl
R T2h(P<0.05), £t GluR2 kb Al 68 S BUK B4 A 85 1 782, 5 R 404 3
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Roles of glutamate receptor 2 and cellular free calcium in the pathogenesis of
periventricular leukomalacia
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University, Chengdu 610041, China (Yao Y-J, Email: yjyao2002@ 163. com)

Abstract: Objective To study the expression of the AMPA receptor subunit glutamate receptor 2 (GluR2) and the
cellular free calcium concentration in the white matter of neonatal rats with periventricular leukomalacia ( PVL) and their
roles in the pathogenesis of PVL. Methods A PVL model was prepared by unilateral carotid artery ligation ( UCL)
followed by exposure to 6% oxygen for 4 hrs in 2-day-old rats. The neonatal rats performed a sham operation, without
hypoxia-ischemia (HI) , were used as the control group. At 12, 24, 48 and 72 hrs of HI, the expressions of GluR2 mRNA
and protein in the white matter were detected using real time quantitative PCR and Western blot respectively.
Spectrophotofluorimetry and Fura 2/AM were used to detect the cellular free calcium concentration. Results  The
expressions of GluR2 mRNA and protein in the white matter were significantly reduced in the PVL group at 24 hrs of HI,
and remained at lower expressions until 72 hrs of HI compared with the control group (P <0.05). The cellular free
calcium concentrations increased significantly in the PVL group at 12 hrs of HI, and remained at higher levels until 72 hrs
of HI compared with the control group (P <0.05). Conclusions The expressions of GluR2 mRNA and protein in the
white matter decreased whereas the cellular free calcium concentration increased in neonatal rats with PVL. The decreased
expression of GluR2 might lead to the overloading of cellular calcium in the white matter, which may cause neuronal
damage and death. [ Chin J Contemp Pediatr, 2007, 9 (4) ;313 —316 ]

Key words: AMPA receptor; Glutamate receptor 2; Calcium; Periventricular leukomalacia; Hypoxia-ischemia;

Neonatal rats
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DL A SR VT B TR A B A o A 2
MM E IR E R R, ARARZ IR EEAE
AMPA 21K I~ A2 (K Fl NMDA Z (A%, W58
75, PVL 45155 1 S0 40 0 3 8 S 06 39 /0 5 J5e IR 400 i
(oligodendrocyte, OL) FpfAZuH"" , ix e 4m 3= Bk
ik AMPA 520k, 7E4LRE AMPA 52 1 i 31 2 3 o, 28
FAPRZ IR 2(GluR2) JtkE AMPA Z{k Ca® " il 1B 1k
B3 FIT 5. JEAE, % T GluR2 1EFH 4 R S5
HA A PO 852 B L, 4R 1 T GluR2 B,
B GluR2 P 5 it 480 fe I A 4 228 240 M0 030 47 05 IR 25 o
(ELJ 7547 A S0 1 B0 5 () B 8 ) GluR2
S R e S I AMIGE R D . ASBESY H R0
ZEA R PVL B o GLuR2 ) 26 1 1 40 g 1) 45 25 7
WeBE AL, BFFE PVL % A A SE LR, 45 1
T B B

1 #HRFTTE

1.1 FEERF 56

L1142 HEE SD KEH MUK 47 =
L SER S YO R AL

1.1.2 £ &iKXHA 6% %A .94 % FIR A < (LA
ERPTH) , GuR2 B Bractin 5147 ( 1L T/
Yy/Na)) , ANTP ( MBI) , Taq fiff ( Takaro, H 7)) , 4
GluR2 Z s Hi ik (CHEMICON, il & K) , 1l ¥ B-
actin 22 7L [E P 1A ( Santa Cruze, £ [E ) , HRP $Ric 1Y
IEGTRAMARBTILF 1gG (Santa Cruze, K[H) , Fura-
2 /AM( H A RZAL AT AT ) o

1.1.3 B F-2000 %1755 3 66 (H A
H 7 2 7)), PTC-2000PCR 4 i {¥ ( MJ Reasearch
Inc,3E[H) ,FTC2000 S} 28 6 it B P 47 45 A (B
W] g R, BEM KA Z 58 (Gel Doc 1000, £
Bio-rad A &]) o

1.2 LEWHE

1.2.1 4o aB PVLEEA e H & 2 Hit SD
KB 144 HTEEH AR 6 ~8 o, shWBEHL 041,
PVL 4 (n=72) 43 NERAEBN)S 12,24 ,48 h #1072
h 2H (4 50kRich PVL 12 h, PVL 24 h, PVL 48 h,
PVL72 h) & 4#K 18 H, ZHREATCE#ETH
Jruktil g PVL BRI O PVL 204745 0 #9503 ik 45
HTAR,6% A M 94% F AL B 4 h J5 3k [ H A,
il % PVL shiind , XA (n =72) ATRF A, B
[ Bt PVL A0 FC XS . R kA7 4 M SUE 3l ik o B R
MAESS FL SR AT AL B, 25 2 20 0 #E AT 908 &=
PCR ,Western blot 14555 151 ,

1.2.2  %£% % PCR &t PVL AR 3 K R s
8 i GluR2 ¢ % 4 NCBI Genebank H R R,
GluR2 Fil B-actin fYJEH P HTHE B G 0TF

GluR2 214 :GluR2 F( {5 |41)5'- TTCCCAA-
CAGATGGCACACA-3";GluR2 R( F#814) 5'- TT-
GATAAGCCTCTGTCACTGT-3"; B-actin 5|4 : B-actin
F( FiEal ) 5-GCCAACACAGTGCTGTCT-3'; B-
actin R ( F W% 8] ) : 5-AGGAGCAATGATCTT-
GATCTT-3’

B4 Tk IR T S DT Sk BBCA 00 R M 1
i, $E HUAL RNA, RT-PCR $ 34 H 1 5 A ¢DNA K
Wr, FTC2000 5L 5 e & 56 A A T8 34 4
TRE o b o 42, 73 25 448 R : 94°C 2 min, 94°C
20 ,53°C 30 s,729C 40 s,45 PMEF, W idi5E 15
FN R4 cDNA FEGS I 2.5 wL, ZEIRIRE 1Y B 5%
F AT PCR ¥ . WoAR B, 25 3l Uy 2= ih 26, ok
F 224951 B-actin VEFRAERS IE GluR2 mRNA {48
X
1.2.3 Western Blot # M PVL % a3 K & w & /it
GluR2 #94ki& KU NWE CBERREES Mk
A 0K P 5, i A 2L 2R 24 W 4y B B . BCA
Ty 00 58 & FEAS TR BTk B2, il %5 8% SDS-PAGE
JE 5 AUk IE _EAE 30 g5 150 v fH Hs HL ik 60 min; 5%
HiE 5% Wi ks 1 141 5 e bt GluR2 #7144 (1:2 000) ,
LI=EHT B-actin HLAA (1:2 000 )4°C 2438 12 7%, TTBS
VEIEE 3 U, 3 im A HPR FRic i - 415k TeG FlfRdt
F IgG —Hi(1:10 000) , =R GHHEE 1 h; P, 1k
FRNGDW . TEBEI UG 31T 2 e rh il 4 S 1
FAFP IR EE R Rl LUK T A5 1 GluR2 i B-actin
SR BEAEAR L, 15 B & A4 GluR2/B-actin [y K
BE A
1.2.4 FR@Ramie NS 45 5Tk e
S8 Dildy 25 5 i 4 K BN P 5 40 BB TR, K
B 3 R Al N S L R A AR
g Spmol /L () Fura-2 /AM, %} B 45 I 25 & 1 DM-
SO, 37°C {H 47 R EIR % 7 B 50 min; 5% 41 ifg
Bk 2 x 10°4/mL, 2RI H 37 F-2000 XU K 5565
FERE ARSI 40 M N S B R . ORI R iR
KEEN F o HIMALUWREE R 0. 2% (1) TritonX-100
AT, e/ S Fo, ALK B2 8 mmol/L 1y
EGTA(pH =9) 3k15, R ¥E Grynkiewicz 2 = (7]
[Ca® Ji=Kd'[ (F-F,;, )/ (F,-F) 1540 P i
Ca** ¥ FF (nmol/L)

1.3 Sito#h
PGB PCR &4 27 U i B s, Be Al
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LI LU A% S 56 2 19 7P (1] 22 S5 45 4L ) 1) 22 5
Western blot HIZH i P9 4% 2 5~ 2 R A ¢ K638 A
BN R TT 2200 g K%, Seit o T Ay SPSS
10. 0%k fFL, P <0.05 HHAG 25

2 #R

2.1 E#MRT-PCRER

FEOUAE S GluR2 73474y, T 159 bp £ & 7] I,
— kU M AR (L), Ui 51 W it & BTG iR,
GluR2 eDNA # A] FHF 7 f8 S v o

200 bp

100 bp
1 GluR2 & # PCR 7= 5 i B ik &

2.2 #%%H GluR2 mRNA &K% E

MBE BRI 24 h FF44, PVL 41 GluR2 mRNA
()38 B AL T X0 B4, 2 H A B S5 72 h, PVL 41
GluR2 mRNA ) 2% 35 X A [F] B s % BR AL 1 75%
(P <0.05), W1,

*1 tEEZH.PVL 4 mRNA Rz
il 12 h 24 h 48 h 72 h
RORiGEAI 0.1571  0.3143  0.6285  0.8888
PVL 41 0.1897  0.1111  0.4444  0.6666
Z -0.165 -2.956 -2.187  —3.000
P >0.05 <0.01 <0.01 <0.01

DA b 25 3 T8 254 £ 20 LA 9 I 28 Kruskal-Wallis £ 85,x° =
18.78,P <0.01,

2.3 WERFMNARKAS GUR2 & pactin
Western blot 455§

R T 208 g K Bos, X 4] 2 [A]
GluR2/B-actin 2547 JK BE WH A W% 2 5, (F =
165.77, P<0.01) WLIE 2,

CI12h P12h C24h P24h C48h P48 h C72h P72h

- e D —
-

B2 xfEEZEF0 PVL AN A L GluR2 F B-actin Ay
Western blot £5 5 (C R XJH84H,P Xk PVL &)

GluR2

B —actin

PVL 24 h 48 h }% 72 h 4] GluR2 & &4 X} B4
HY S RAIG, 39 P <0.05, 7 PVL 12 h 41 GluR2 4 &
SXTAME G 22257 ,P>0.05, WLE2,

F2 BHAKXBRAREMSAEALR GluR2/B-actin
EWIRELLE

12 h

(x£5s)

Sl 24 h 48 h 72 h

PVL 2 0.3939 +0.0511 0.2392 +0.0211 0.3403 +0.0242 0.4440 +0.0109
[ 1. 605 15.523 13.96 17.77
P >0.05 <0.01 <0.01 <0.01

2.4 iR/ PVL RAMAMAMEE Ca’" iRE

AT s %t R ZH [R) 4 B PN Ca®* MR E 22 F 403t
222 Y (F=0.413,P =0.746) . PVL %21 41 i P 45
BT UE SRR L, 22 5 BENE(P <0.05)
PVL &4l A Ca’ W JE £ R dA 8 & (F =
256.40,P <0.01), W# 3,

x3 BRAABRMARAMAREES Ca™ iRE
(nmol/L,x +s)

el 12 h 24 h 48 h 72 h
FFHEL] 121.19 £0.28 129.96 +2.41 130.70 £3.22 130.16 +2.73
PVL 144.31 £2.35 149.22 £2.20 166.65 +1.94 179.39 +3.20
' -9.30 -14.5 -23.43 -27.26
P <0.01 <0.01 <0.01 0.01

3 atig

7L PVL 9 2R AL 220 4 3 A~ B
LA FH RO PR3 < L5 e 2 P A JS , i S afi
PRI 6L 1 R Dy B 3R AL 5 e ) sl P At AR A
TR N2 5 2 e A M PSR AR 1) Sk o Ll
PAATR BT B 7 LT e i gk i, 9 B il 17 OL
IR Z S PRI T 1 PVL 3 B H 2 Y 5
i TEBVABI, A Z B HLH 25 T OL B
WA R 19 2% A /R VE L 3 B0 OL 55 19 T AL
iz "

R AR AN A P I AR A 2 R fiE T
TR A MR s R RE S, 7 B A A
I BASAEAL ™ o LRI R, R AR A A R T
ELHE OL AAhZE . & S 808 OL JET- 4045 P
Flagts s i sr S AR Z IR kA2 . 2
i) OL SET- 4T AMPA S (R 3CH, X Fl AMPA 52
PRS- OL BFET R A TR 7 PR i) OL, AN /2
JREAY OL, 3 55 57 JL PVL 6 56 i 1 S5t 7 1
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R RUHEAT, R U] AMPA SZ K75/ 3 16 40] OL Tij 14 2
Mg et B AR

AMPA 37 K J& i 44 177 4 B BH 25 3l 38, i
GluR1- GluR4 Pu i 7. B A3 [l 58 — A~ 56 K P e £L
EA RV RARSE . 4 GluR2 5 H A W 5407
— i FEIB T B I B 2 TR HA S
FAMA R AIE R o X AIE R 25 R H M2 X8 N
7 P FL AT Y 48 Z R R 5 (Q, CGA) Y IE H fr
A R AR L (R, CGG) BT B o 57 L 11 5
JE ST A0 B ) OL = BEF5K AMPA Az {4 i 1A OL
HACGH I 85 25 NS 5 K2 & H AMPA 24K
AT TR T IR IR R 40t F s T g
PE AMPA Z 1A (B H TA TR AMPA 2 (Kl SR 5
(IAFAE , AMPA 32 1A 11 850076 %o 22 T JiE o 4 i A ¢ 1)
PUEAE RN o S A 2R S B B AR,
BRI 1 AR AT BB Je 4k & OL $ & 1 K LR it
PRI FRATIA , 06 BT GluR2 323K 7K P i B AR 32
B OL,

AWFFE N FEHTAE 2 d KB PVL A AL fi 1
Jit GluR2 mRNA FIEE [ 5T (1) 2235 76 AU UL f5 24 h
TR TR, Fre AN S 72 h 3R & 1E 5 K
-, GluR2 Fk KRR G RN : B3 Ca®”
PIIREE N, X 2 i AMPA SZ &7 5457 GluR2 5P
LE R T 5 75 S Ca® 3B B A AMPA 2 (k%
Ik TERIA OL Hij (4 240 it v & 300 BO0E M A B %1
ZRBR T B GluR2 Fik g/ DA, i v T34 Joro HH1MK
BE R UL B N TN, 4278 GluR2 A2 44 (1) ik
AT RE S EOH A Ca®* 38 1B B9 AMPA 3 1Al B
IR

GluR2 Sz k3 ik 0 /b 1) 3 SCAE T Ca® PN
i s — RN R R AR I A . FRATT A F
FERI, GluR2 Z ARk A I > Fl Ca® ™ P 3t 38 bt
[ FAFAT, GluR2 A2 (4 R 3K i 9l 2 DA S5 48 Bk 1L /5
24 h FFbG , WA B 12 h BPA 408 Ca®* ik s
RGN SXRIERE]_E AN STA T 43 i R o] R 5 i 4
i Y GluR2 SZ A HT-mRNA 7E Q/R -607 fif s 1Y
IR e Q/R -607 i Rtk i Ca®* 3 15 M
AT, GluR2 Fif mRNA Q/R-607 {37 i Y 45 4%
HE B ADAR2 ¢, 78 BUAFE KB, A7 ik Bk 1l 58 5
3 ADAR2 Rk /D, I8 5y i 22 41 il RNAQ/R
R 1R 2 6 T 25 T AR % ADARD K R Bl RR 228
TE MM S F CREB 735 S N R ADAR2 ik

SEI KA GluR2Q/R A i F) 2 0 DA T P 37 LI 119
M2 AN S R L PRI o AR AT BEAE Bl AR R 1
BB AR BN ADAR2 235 BRI, B 1 #2240
JEH Q/R -607 {3 5 1 4, fih & T3 Ca® " 1) 2
JEL PR T, 5 AR A
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