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BT HE S HEE ¥ 130 K Wistar KRN0 3 4 IEH4H 10 B X ARZH 60 2 ({47 FF M A ) FUARH 541 60 H ( Feeney
) o rTEMIE 512 24 h 53 5.7 d Wik B . R RT-PCR % ¢ 63540 EPO F1 EPOR fi) mRNA K 8 %k
S5 TR RUG HEZE 25 B ) 6 TORE EPO B EPOR (8 25 I A5 40764455 5 h I /bRt EPO mRNA I (1049 %635 ,12 h
124 h 35 THE, % 3 d(mRNA 0. 691 +0. 035, G PHYELN ML 78. 4 £6.32) AT 0,5 d 1 FRE,7 d WERE 35 IEH K. i
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Expression of erythropoietin and its receptor in adult rat brain after acute traumatic
brain injury

LIAO Zheng-bu', ZHI Xing-gang' , SHI Quan-hong' , ZHU Ji', LIU Bei-zhong® , ZHONG Liang’ (' Department of Neurosur-
gery, The First Affilialed Hospital, *Department of Medical Laboratory, Chongging Medical University, Chongging 400016, China)

Abstract; Objective To investigate the expression of erythropoietin ( EPO)and its receptor ( EPOR) in
adult rat brain after acute traumatic brain injury. Methods One hundred and thirty Wistar rats were randomly
divided into three groups: normal control group (n =10), sham operation group (n =60) and brain injury
group (n=60). The sham operation group and brain injury group were further randomly divided into 6 sub-
groups respectively according to different time points for sacrifice of the animals (5 h, 12 h, 24 h,3d,5d, 7
d). The expressions of EPO and EPOR at different time points were detected by reverse transcription polymer-
ase chain reaction ( RT-PCR) and immunofluorescence staining. Results EPO and its receptor mRNA ex-
pressed in normal control group and sham operation group at each time point were just a small amount. RT-PCR
and immunofluorescence stain revealed EPO mRNA and protein expressions sharply increased at 12 h, peaked
at 3 d, gradually declined to 5 d, returned to normal level at 7 d. EPOR mRNA and protein expressions in
brain injury group began to increase at 12 h afler injury, peaked at 24 h, sustained to 7 d. Conclusion
EPOR expression was significantly upregulated at least for 6 days after acute traumatic brain injury, while EPO
mRNA and its protein were only shortly elevated. The protective mechanism of EPO on central nerve is possibly
related to the markedly increased expression of erythropoietin receptor after traumatic brain injury.

Key words: traumatic brain injury; erythropoietin; erythropoietin receptor; neuroprotection; immunofluo-

rescence; confocal laser scanning microscopy
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{2140 i A= 3R (erythropoietin, EPO ) () 5 A< 2 fiE
SR HELT A A R o BB T EPO X 5 i 5
P55 W AR A o A A PR S8 ot AR N e 4
JI6 3 11 5% {4 ( erythropoietin receptor, EPOR ) /i 7 [t
{ELH T 2 e G 4 4% S ORI B Y EPO- B2 EPOR
RIREHAAY D> W SRR E . ASBF 57K Feeney
5 A1 Rl e 2R e 4 A AR, B AR R S
it /5 EPO B EPOR Feikzh S AL ML, A 4h 1
EPO 3677 i iRi45 15 - FR IR e A 0 fe (E F 1]
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1.1 XA

F i R0 4 (RTS, 22 [E Promega 27 ) s Tag-DNA 3 & fiff
(3£ Promega 23 7] ) s -G B 2 07 ( PCR) FRic ¥y ( EF A
Wil A A s EPO Sudit B2 se e iA ( 36 [ Santa Cruz 247 ) ;
EPOR 24 [l £ 7 fEfi g ( 328 Santa Cruz 4 H]) .
1.2 83 oA A BER oY H) 4
12,1 sEesh¥ 55re i Wistar KRR 130 5, HEPE, {4
JFHE 200 ~250 g, iy PR B RL R 28 S0 05 s 4 oo 4R 48 Bh A oy
YRR 10 5 ) BRAL 60 FAN IR {5 4 60 HL, A4 b SE RS
[, 4324 5,12 .24 h #13.5.7 d 6 A~EHAH s, B0 AH A %) IR 4
FRAR 4520 4 A0 %E 10 HOACRL,
1.2.2 fofgii sl s IidifnaH 60 H R H] Feeney 1
Tl A B A AR 5 < R LR 3% I B HE 2 30 mg/kg I
SRR L IRFRMAE [ 52 o T IS T R AR IE A 2R V1T 3k K2 L H
JE, 23 BRI, T A IO, BT S 2 mm APERSE 2 mm, fF—
HRZ 4 mm B G RPN SEE o F T Bl RIS,
40 g FEAGY 25 om BALME T B A TR 2 G | Bt
M6 ~8 mm® ,FfH 47 1 000 g/em, AL 2 mm, X} BE4
60 H, H—EH 290 4 mm i STH B8, AAES T8, K
BFFARE2~8 h WE .
1.3 ARABH
1.3.1 RT-PCR 4= HLpf SMIEARES5,12.24 h 3.5,
T d, B IR AR T2 45 5 RT3 SO 5 1E 41 5 U7 Mg 4t
(RE S 7 R RI A EURG . SCLARR AL R AT 5 mm (1) RN
Fz I8 AR FEAE Eppendorf 4 W, f£F - 80 C yK4f, A1 T RT-PCR
LRl
1.3.2 S@sOtinA i AT ARES5.12.24 h #13.5,
7 d, O BE A AU A2 45 S FT Sk O s IEH 20 5 7 i 46
PR s 7 FKnd RIS UG . LA 1. 5% 1% B B T b B 3 SRR 1
(30 mg/kg) Ao BRG0P A4 LB, SE i 4698 3K 200
ml, PR R RO 4% 1 2 0 P RER I 500 ml, 9% )5 B I
DAL R H LS 5 mm (8 R AR DD TET 49 (1) 25 58 Y T
W SE 24 h 5 AR RIESE Y] R AT R et
1.4 RT-PCR #:#] EPO % EPOR mRNA #9 & ik

F Trizol 37 (2 E Gibeo 25 W) ) $2HLARAT ) 5 RNA, 285

S o6 A HE I s K R 260,280 nm W Y {E A HE(E
D(260)/D(280) , -80 CEfE & . S14iit: 7€ GenBank
#5 4 EPO 1 EPOR i [K] K 14 2 B8 3 (] HF ol e -3 - 1 0 22 1ty
( GAPDH) ] mRNA JE%|, FH#{F PrimerPremier 5. 0 7 H [ i
MRS, RS SFEIIYH LieE TAMTRARS
i, EPO 8| ¥ FH) . b iif:5'-CTCAGAAGGAATTGATGTCG-3',
T il :5'-TCACGCCAACCCTCCACCAC-3' , PCR =4y [ 2y 225
bp. EPOR B|#/¥% . I ilf.5'-CCGCTACCACCGCATCATCCA-3",
F . 5'-ATCCCAAGCCCAGAGAATGA-3', PCR 7= & 1 4y
482 bp., GAPDH 3| ¥ J¥ #1: I iff: 5'-ATGCATCCTGCACCAC-
CAAC-3', Fif#:5'-TGGAGAAACCTGCCAAGTAT-3' , PCR =44
FE 320 bp. LAl A9 80 RNA S84, fn Ak & 24 10. 0
mmol/L {9 | F #5314, Fl RT-PCR 4% £ RNA 3 % 3t A cD-
NA, SR S5 LA S5 7= 1) AR , LA GAPDH iy 4 & I BE1T PCR
PH . EPO fiy) PCR 4744 & {494 C FlAF #E 5 ming94 °C A5 P
30 5,58 il 45 «,72 CHEM 1 min, HPFFF 30 ¥k, G 72 °C
FHIEMH 10 min, EPOR ) PCR 474§ & {F:94 “CHIAENE S min;94
CARE 30 8,55 Cil k40 5,72 CLEf 55 s, LA 30 R, WL
72 CHLE 10 min, PCR R RR T, H % DNA FAE ] FITE
S B, PCR P38 SR 455U , 4 S 10 wl PCR ™91, 15 2%
TN AR L Dk B AR AR AR, Y LabWorks 4. 0 BE K %
Ko 40T #5640 B EPO K EPOR 5 B-actin f W {4 41
EPO/B-actin il EPOR/B-actin W ¥ JE i & EPO fil EPOR 13
KK,
1.5 %% % % % 6038 EPO & EPOR & &R A 69 &
ik B AL

BRI R4 5 H,£20.01 mol/L PBS #3 3 ¥k x 10
min J5 , JIA & 30 mg/L Triton X-100 ) PBS 30 min (5 ) ;28
UE S 2 h( i) 5 4%t KBl EPO & EPOR £41
(1:200,Sigma) BF#F 12 h(4 °C) ;£ FITC fricd il 2E 40 (1:
200, Sigma) 1gG LML S IRFFFT 2 h(EEE) o FHUHIL'S PBS
(L) IR AW o ARG B 0.01 mol/L PBS(pH 7.4)
FEATUEYE . T PBS FUHE— B A5 BH % B 78 MO It 3R AR
B P MEE A A EPO o EPOR 3 A 781k, % FH R4 B 4k
{4 ( LSM ; Zeiss , Oberkoen , Germany ) % B {8 17 850 1 40 B7 , £
T R P NE T BT, 05 A S LT (% 400) T % 41 EPO K
EPOR # £ B PE 41 A .
1.6 itz 9

FHEVERHL & +5 R, R SPSS 10,0 ZEi KM AT 4 IR)
ELAE fr B[R 38 7 22 40

2 ZR

2.1 EPO mRNA Z EPOR mRNA ¢ RT-PCR # %

2.1.1 EPO mRNA f#j RT-PCR %} S B 2L A 45 £ 21
EPO JE[F F1p4 2 i GAPDH BE[H 59 RT-PCR 3 74 i) i Be 4y
By 257 320 bp, 45 5 5 5 WUAARSF , S BRI 3 14 7= 1 1
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B a] W fE B A 4L b, EPO mRNA A5 Gl bt #éik . 0 I8 4 fE 4% 2.2 EPO % EPOR 9&,4 G R

A S E AT B EPO mRNA 60k, 5 R 41 g e U0 i 1 2.2.1  EPO gl ez 4 EPO [ |‘«',{L.{g|5| P T4
ZH(P>0.05), WMG4116/E 5 h W EPO mRNA /it ik, A1 L A5 4% )0 e ) Kz Jmf!-JsIHIHﬂhE'}'."“L 1R 2 AR
12,24 h HHI R IR, 2 3 d B3 0,5 d JFEG T BE, S0t A HEA A5 /D B EPO PHEEYNME, E B Rk T "‘AILCM,HI i e

FeBAT BB (P <0.05) 55 7 KA 3 15 K7 5 %) B8
HILF LA ER(P>0.05) L& |

2.1.2 EPOR mRNA iy RT-PCR %% 4 AoF T 2 00 A 458 £ 441
EPOR JE[H FIM 2 08 CAPDH JE R 1) RT-PCR 344 741 43 51l Jy
485 320 bp, 5 L1 5 AR AT , P 2 BE L 47 558 = 4 24 0 i o]
W EIE R 2P EPOR mRNA 45 fa b ik . 0 BB £ 45 i A
¥4t EPOR mRNA 23k, 5 IER 41 s b B k2= 5
(P>0.05), Wi {540t555 5 h L EPOR mRNA 7L ik, 12
h AR, 524 h k3| Ewe 3.5 d f17 d B AER7E 5s %
AR S A A B E 2R (P <0.05); 24 h 3
M7 d S EEREF(P>0.05), W41

d.,5d

F1 XRAMENMRKRGEFERESAKXRKEFRS EPO mRNA |
EPOR mRNA £iZEB(n=5.xzx5)
& B g fig 464 f13 441
RIGHHE —— -
EPO EPOR EPO EPOR
T Sh 0.116£0.024 0.097 +0.014 0.142 0,013 0,132 £0.014
12 h 0.125£0.019 0.103 £0.009 0,327 £0.022% 0,327 +0. 020"
24 h 0.109 £0.009 0.201 £0.017  0.374 £0.016* 0,736 £0.017*
3d 0.215£0.021 0.148 0,013 0.491 £0,035 0,641 £0,027°
5d 0.180£0.031 0.182 £0.020 0.339 £0.027* 0.656 £0.011°
74d 0.171 £0.026  0.196 +0.024  0.131 £0.018 0,771 £0.017*

a: P<0.05, %5 =f 88 41 bk 4%

L M EZ A LR AR (P>0.05) , B ElnfE S .
12 h K5m A 24 h ARG, 3 d A A w55 5 KRBT
I, R B ] i T R R AR (P <0.05) , §57
KMREFIEH K, S B, 2R EHE i FE X (P>
0.05), WE1 #£2
EPOR 9 5 45
25 U RS ST A0 MR R A T o SR AR A . IE R UL
G B2 5 2 C RIS S5 4 i A /b i EPOR 2 360K £ 901 fh
PR K s X B A S E R A e B EE 22 R/ (P >0.05)
mi b A E PGS 512 h BEam AN AR i 1 d S AR

2.2 2

L. L. &

EPOR BH ¥ Kz 1 i 0 f 2 l‘- i‘!l'

SCIBAERERT 9 FEDI G S 3.5.7 K EPOR Hyfpak & & ik i th
O 0 e 0] K By g R S IR AR AR T L S R B AT B ST

(P<0.05), WE2. %2

#*2 XKRAMERMMRGEFEFESXRERS® EPO K EPOR
RRA PRI (n =5, x£5)

o g 1341t
AR i ) ==
EPO EPOR EPO EPOR
5h 25.0£4.6  25.4%5.5 22.22.6 25.6 £5.9
12 h 24.2+3.6 24,42 4 33.2+5.3 38.8+£5.5
24 h 27.4:4.6  25.2%3.7  40.6+5.9%  70.2+6.38
3d 23.2£3.1 27.8+5.3 78.426.3°  74.8:5.5%
54 25.8 £5.1 25.3+3.2 49.2 +6.2¢ 69.5+£7.2¢
7d 24.5 +4.6 26.3x4.6 21.4 £6.4 70.2 £6.6

1: P <0.05, 5 27 M 20 pb 4%

; B:12 h;

EH1 xRAautEdERHRGE

3FFJE“T$E @ EPO ZEX B B B 5 B i B r ki

D5 d

( 9% 3¢ & x400)

A5 hy
B2 XRAatEDMK

:12 h; C:3

HLf R {5 |5 7 Bl At = EPOR Ek%&ﬁhfﬁ%ﬂ@#}ﬁu

D 54d
( % 9% 5 # x400)
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3 i Kefhgeh gy ek, Mdif 1 d )5 RaEWLR AN, 9
RO (EGIS A 3. 5.7 K EPOR ¥y @ik, 45
EPO B—FiE 1" | i EPO % EPOR fessmse DU B0 K Iy 5 J3 ol 22 M M ok 240 M ) L A3 il 2 3R
T2 R4 BB SR scaeiEny BB IRSNEEIR AN A Sl RO T

TE Nk R AR 1L S 4% | 6 RE K LA AR i B A ), EPO
K E TG A L2 A SRR 2t TG
fE S, Kilie 45 R @ 21k EPO f %5 3 PR BRI 4 K
it o ik ke AR A 3O 2% A ik TR il B A R B A B T
TG/ 84% ., Sun 2% XA IS 7 d K BRUR FH #0
AR AHLA  EAR G 3 d N RG T EPO 5T, Sk
98 ) B PCR F ARRAESE K (A4 &-18 Kik
A54L, KB EPO JAYT L AEHA A HI B 4 -1 B, A
7410 S0 ke 161 P £ 2 S0, A SR I i 22 Th RER &
SRR S5 ° T 5% & B A A A0 1 ke, 7 e A5 Y
L ANIRE EPO A B F By 1k 1R 1) 4 5 4 i ) O
T, von-Wussow 27 % B 75 R A 85 1551 F 46 750 o 244 figg
W R 7 T3 ik 10 min [, S0JE i+ 19 EPO 4
Wt B, DT 7R A5 5 151 PN ) B AT i e ik
P EAE EPO 43305 3 ke 1) 4o 28 440 i () S 4 4 T . AR
SLIRAE I B, KBS SRR A% )5 , 7€ mRNA K-
AT N IR M EPO Rk FHE )5 5 h W
EPO mRNA /b 3k, 5 % IR 20 FlE W 41 b6 0 i %
MR, 12 .24 h B R EIK, £ 3 d BFHA I IE,S
d BHFFG6 R, S0 A FNE F 4 e A B EtEE R,
97 KRB IEH K, SX R B LG T2 2 7.
BV — A . EPO BHM: AR 1 2R T 4H Bz s 8]
P v a i K KT W - = e g = vy A )
AL B AR T mRNA 7K, {H B Bl 28 o0 M4 4,
EPO if A 2615 1 /0 28 K2 40 i, = B Ja 6 M 4 A1) 4
M b AE MR %5 24 h Fakiin 3 d A4 HYE
Y MO RGR R RS S KBEHT PR, SR 7 RIKE BIEHR
I 5 AT AR 7 A T 7Y 5 A 6 4% S, PO 36 3k /K -
A5 E IR E M AR TR R .

EPO {4945 1 238 13 AR S EPOR A S A
S0 B AEAF T S v T A AR A5 EPOR (1) 43 A B H:
e FsF 1) 75 £ ) B, A ) T FRATT B EPOR 7 it 6 44
JE A W 2 3 R, I o TR R I () 4 T A U M
EPO HRUEHS ARG . T ATHIT & B, A BLEHE: i i 461
)5 , £ mRNA 7K 40 i K F- &R A 588 N IR P EPO
()31 ;1 EPOR 7E mRNA ZK [ L K40 g K F- 26k 4)
BETE, VLI AUR SMY IS EPO il EPOR [ 2353 A
—5, EPO 7EAMAGSG S 3 Kakwg, 55 7 KK E 5 1E
K-, i EPOR mRNA 7E4i)5 5 h /0 R %ik,12 h
A, F 24 h KB, 53 A LR B
2535 d [T d BHBYERFFE B b KT . Rl al
LR SV T AL U055 EPOR 28 [ BHAE: B
€57 7 240 M 5 A 240 A R, 7 Ao £ e K T o 40 ) i

ST G S5 440 A 22 0T i EPOR 3k il b ], IF 7
g 1 S H Mg R FRE . AdEsm S R4S
M4 A2 R TR g F5 EPOR [, o] 4R 18 d
PAE L Gocht %5 B G HE S E G AL A 24T 4
BELBBT , 175 S+ A Bt EPOR fErpRIpP&oC B ik, HE
395106 5 A % %) Ao 42 T 4 O ANV 3 1 o 2254 o, A0
28 TC IR T FIAR P 2R T A . 1 HRE A TE U 4 4%
J& , BRI E7E EPOR KR IA R, 45 T AR M EPO /]
AE % 4% Lo 450 BRAR (0 # 22 (R B M L. EPO 7 g ke 1 A5
Y o 1 p 28 AR P Bl S B R TS ERK-1/-2 | Akt
INK-1/-2 F1 Bel-XL {5538 i A 361, Wi i i 28 0
ENITER VA T ORGSO =5 R e 211} 0} [ D g
SAALELE (B 1R An AR T4

Li Frad, 76 20k A UK AR 4% JE , EPO 12 2tk
W P9 S T, AR R (] 2 3R K 5 i EPOR fE
ZME)G 24 hoAT B RRAE KO R IR . BT PN A
P, B ANIRYE EPO X RGe A PR 1E I
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