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BE—H TR . F % : Toll-like receptor 2( TLR2 ) AR EIE VU B S Z M RIER M NERZ A, A Z5 5%
HHThAE, AIEARIAT . RAVEARSMEFR A HEK293 A2 iA TLR2 i) HEK293 2 Fh4HM, L KAk S5 57/ BB 2 R A
2T, D ST 2 N A B S A T SR AR TR0 AL, LARIT TLR2 {55 R 7RO MER S T4 T BfE A . &R . TLR2
B FIE R R HRA S AN TS 2T R4 I o S R N o 8 ) MyD88 #i il A3 4 i i MyD88 JEBHMWT TLR2 15 53E B
J&5 , MEHEZE S TLR2 B S 40 AR T g i Bl . R8I DmEAb B 2 80E % 22 50H) TLR2 AE{5{f RNA(mRNA )/K-FF0
FH/KERIAHEHEE , T ETE TLR2 DaEs sk i A v 4l , GHEEZE T Y caspase—3 15 L8 S g FHUT , WHEE R M2
TEIET- AR B, 44 TLR2 F5HEKS 5SEMESAmETflT,

[ %4817 |4 B B0i9% ; Toll-like receptor 2; R ME; JH T

[FEEHBHAESES R742 [ Scak#RiRAS |A { Y& B # ]12010-03-02

The role of Toll-like receptor 2 and down streaming signaling in
opioids—-mediated apoptosis
LIYi,et d
(Department of Neurology ,the Second A ffiliated Hospital , Sun Y at—sen University)

[ Abstract JObjective: Toxic encephalopathy caused by addictive substances,during which the neuron apoptosis was recognized as the
outstanding performance in central nervous system damage, however the specific mechanisms still need further study. Methods : Toll-like
receptor 2 (TLR2) is not only activate the body’s own immune defense and the important receptors in inflammation, but also be broad
participation in a variety of cell functions, including apoptosis. The three kinds cells, HEK293 cultured in vitro, HEK293 which highly
expressed TLR2 cultured in vitro and primary cultured cortical neurons of mice were employed to studied the cell survival rate and
apoptosis after handled by morphine, further more to explore the function of TLR2 signaling pathway in cell apoptosis caused by morphine.
Results : The results showed that, highly TLR2 expression of morphine~induced cells led to decreased survival and apoptosis increased
significantly. MyD88 suppression was used to in competitive inhibition of MyD88 and block TLR2 signaling pathway,then the
morphine—induced TLR2 highly expression cell apoptosis was significantly inhibited. Long—term morphine treatment resulted in normal
neurons in the mRNA level of TLR2 expressi(;n and protein levels were significantly higher,and that TLR2 function in the absence of
primary neuron cells, morphine—induced increase of caspase—3 activity was blocked and morphine—induced nerve Apoptosis is also
inhibited. Conclusion : The results show that TLR2 signaling pathway is involved in morphine—induced neuronal apoptosis.

[ Key words JAddictive drugs—toxic encephalopathy; Toll-like receptor 23 Morphine; Apoptosis
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Toll-like receptor 2( TLR2) /& TLRs ZX % 04 B B A% 571 22
—, R IR A, LU GRS, A IR AR B RE AR
HIRREEAE A TLR2 M ECAEUE TLR2 f5 516 Mg . TLR2 /7
B EEEEE RS R A E TR ENEN &, IR
BENTREMGE FBHEMICTTMETN, 7RISR,
TLR2 A8 3Rk 5 | AR 40t 5 ML 228 S A U T BUR: 1
e, T L, ST HARIBT ST & B, MyD88 , TLR2 17 518 B i 5 s 1
TEA, AR TSRS EA —ERME; MyD8s 81
& (Dominant negative, DN)8{# MyD88 Th&E &k 4 1 S 240 i
TR HES, TLR2 15 5 BB TH NF- « B, R R
MARRTRRS:  BHEES— RVWER TR #RE L
TLR2 {5518 B TE 4T, H Caspase—3, Caspase—8 Fll Cas—
pase~9 THPEIIH BIMEY, HTFOKRT TLR2 KHTHHE S 1%
o B DR R B AR R T LR A ST T VR A

1 MEEREE

11 R

ANFE'E 4R HEK293 FIRESE i #34 TLR2 ) HEK293 4
A% (TLR2/HEK293)#JH Dr. Evelyn A. Kurt—Jones( University
of Massachusetts Medical School, Worcester, MA Y& 4 i
& 10%# K 75 36 4 1L 3 /Y RPMI-1640 3% ¢ 3 (Invitrogen
Corporation , Carlsland , CA VEEFET 37°CH 5% CO, HiFiEh,

FEIB 1 x 10° Nwell (SFLARD RO BEIG M & Ui fh T
100 peg/ml £ R BB WAL BRI FROLL . MMIEFENA
J% M : Neurobasal medium,5% & 1fii 35 ,2% B27,1% Glutamax
A 50 wml FEETRERUDT, HHEEFRIELN 5% CO,,37 CHE
FoFH. MOMES 7 d 5 R EoT A o A T MR 2E
12 ARHR

{5 FAE A& (Invitrogen Corporation , Carlsland, CA WE R 3
7, HHEH - PR SRS EL DN MyD88 £ Bk % e A SE
B &4 HEK293 40, 3877 n— BT R S2AKFE R i ki
Dr. Gang Pei( Chinese academy of sciences, Shanghai, China ) I
F. #EH DN MyD88 Y Bk 2K T Dr. ] ti rg Tschopp (Uni—
versity of Lausanne, Epalinges, Switzerland ), #i7&ga% tE
F 2K ( Green fluorescence protein, GFP )i R A X B4
By 24 h 5 AEPO G BB T AR PR Y2 95% ., ¥
Bedghm, HHFREEHE 19064 M HY RPMI1640 B
FR¥E, I IAT RS
1.3 mAeA & FAm

R 1 x 10° Awell (RH1HR 25 RO 40 HEA A 96 FLIEFR
AP o 25 2 4 Y e 2 M AR IO B SRS O RS IRV JE (1
3.10.30 pmol/L)FEME(Sigma—Aldrich , St. Louis, MO )AZbHE , 41
ML G FR IS MTT Bk, #2820 pl/well MTT (5 mg/ml,
Sigma~Aldrich, St. Louis, MO) By RN 96 FLAR P , B ¥ 45
FRWBET 37CHE 4 ho &G MM ELISA 35 B
(Dynotech Instruments, New Delhi, India)Z 570 nm KT

Rl i, FTARERS AN 3 KU EEERB SR
L4 mAeA

#4 HEK293 4HHIfE5% %2 kL 48 h /5, fFH 10 mol/L
M MEALZE 24 b, B WACEE 40 B A P U A S 0 4 A O
= WU ATAEE A 400 g B0 5 min J&, 70%BR T 4 CHK .
TS [ 1o AU 0 48 L S0 JR 0.5 ml B9 PL 3 (50
pg/ml of propidium iodide and 10 wg/ml RNase in TBS) BEEHT
ZEIREE 30 min. HEAH AR 400X (Becton-Dickinson )
Mo FEEIEEN 3 KU L ERIRBIER,

FEMG T KR A, (BB EREL 2 Wk (PBS) (pH
7.2~ 7AW 3 R, T 1) 70% (v )TERE F 4 CEE R
o WHFEEBEEER, LA BEBRREMA 50 pg/ml
PL B8 2 500 pl, B0 R 2 min 5, PBS YEHE 3 K,
TEF L B B0 T B
1.5 TUNEL(Terminal deoxynucleotidyl transferase biotin~dUTP
nick end labeling )4 A% 42 08 1=

TUNEL #3437 & M 3 B Roche Diagnostic Inc. (Indi-
anapolis, IN) M ZTEZ 1L 15 wmol WSHELLEE 6 d J& , ¥ H
Fil/ B (50/50) = IR B % 5 min, B % #8 TUNEL R &3
INHTERAE . S5 RAE BB M (Olympus America Inc.,
Center Valley,PA),
1.6 AR RT-PCR

15 . mol/L N4k B2 1A Ak HH£H o 22 STAE X IR A 8] PN
Wl R EP P, 8 QIAGEN RNeasy kit # fR#2EH R
S8 AL RNA #1$2(40), AR 1 g & RNA EFEF
A ¢DNA (Reaction Ready™ first strand ¢cDNA synthesis kit, Su—
perArray Bioscience Corporation, Frederick,MD), 70°C f&Z )i 3
min, 37 CL 10 min, BiJF K 1955 P4y 7500 R BIPCR
GAPDH 1B AN S . BHBEHRIT A 3 REXLREK
HiE,
1.7 miREEREEKE

& 2H IR 2 T 2 L ST PR I/ R (50/50 ) 2R B E 5
min, BT HEAT A0 S BB R, (38) . AN TLR2 BHIRIS
B SRREIE e T 5, [ R I B9 A 22 T T TLR2 B ST L
B (P ERIFE I, 4k Z L)L Alexa Fluor 488 FRiC i 31
(Invitrogen corporation, Carlsland, CA)ZE BB T 2 h, &
T Cleaved caspase—3 FIFHZIGRETHUR NeuN B XA Sl
TP Kt [ 25 P2 TTIE BT Cleaved caspase-3 FifL
NeuN HJ & Fi TR (—H) HBIFH LR, KRG H M Alexa
Fluor 488 &, Alexa Fluor 594 #5iC #J 4% (Invitrogen Corpora—
tion, Carlsland,, CA ) 8 I B EIHE 2 ho 48 p-Ser9-GSK3 8
KT B R e Y 5, {3 AL p-Ser9-GSK3 B B ST [EHIIE
(—HL) M Alexa Fluor 594 #RICH) 4. #/H Leica TCS SP2
Laser Scanning 3t R 45 @S 128 0 B B UM LB 5
R
1.8  Western blotting

SE A 4H AT U8R S5 45 A RIPA Lysis Buffer 3437 5
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AJE FH 10% SDS-PAGE K it LUK 53 85 , I 4% = AR AT 4 I
(Bio-Rad, Hercules,CA ). KB T % 5% i AEHY 1 x TBS
(10 mmol/L Tris,pH 8.0,and 140 mmol/L, NaCl ) % 4] 7% 1 == ik
S E 1 h, BiJS R R ESUA T 4 CRE R, FHE 4T
B¥E 1 he BJ5T 1 x TBS ¥R VLMK IF(# ] SuperSignal West
Dura Extended Duration substrate ( Pierce Biotechnology , Rock—
ford, IL) Bt o
1.9 #itgam

P e SR BRI L) « + s R I ANOVA 534
FIWTLH R G242 5. P<0.05 BN W2 A G4 L

2 # R

2.1 "BeE$5 TLR2/HEK293 48 A8 1= 3§ /m

W& 1A Frzs , HEK293 F1 TLR2 7 % ik HEK293 4 ity
TEA Rl B g AL FE 12 h 53 B M AF 1S R B T
R, LR P o B R , 40 Af 7 0 FRBRIK , 1T . TLR2
/HEK?293 4i A7 15 3R T B S AN AA 5., ZEAH Rk BERGMELL BT
TLR2/HEK293 4Hfifi tt. HEK293 4HMIA7 1% 5 B3 T, 45584
GiitaEES ., [ 10 pmol/LIGHEL 5 HEK293 Fil TLR2/
HEK293 4 ffa 342 3t 4 Bt (] 48 614 1 40 A7 336 38 1 e, B

0.5 W [EK293
A 3 =N TLR2/HEK293

* %
*

o
~

%% %

=
w
*

XS S (MTT)
S
(3]

o

o

1 3 10 30 (. mol/L)

3
.

20
EIHEK293
EENTL.R2/HEK293

L]

s T - +
*P<0.055 A AL FH TLR2/HEK293 Fb4 ;™" P<0.05 5
10 w mol/LISMELLEE 24 h f) HEK293 Ho#%
B2 momEEE TLR2/HEK293 4iAAT-F Big S

T A 73 L
S

M4 s D) R, 48 A3 238 IR 5 17 EL TLR2/HEK293 4 2
FEIE R T M AN S, 7E 10 wmol/L M5 &b H AR ] i e J
TLR2/HEK293 4 . HEK293 4HMIAE S 2 035 F e, 45 5 2%
SAHEGHFE X (E 1B). M5, AR M ARST TLR2
TR ES S AR T R A VE R . R 2 o, SR FEAH
H#5¢ , TLR2/HEK293 4 a7 R 4cb 25 F U T 44 it B & 186 0m
miH, {10 wmol/L MBHELLEE 24 h J5§, 5 HEK293 H#K,
TLR2/HEK293 41 1= B I+, @ R EFA R L
RGN TLR2 25 T W MEE A4 -
2.2 [FLBT MyD88 &9 24 Ak 47 %] T "%k % F 49 TLR2/HEK293
o A =

{8 Fi] MyD88 (41 4l {& (DN MyD88) #5¢ TLR2-My D88
17 5 1 [ 7E RO HEE S 4 M 08 T AR . SR AL R
TLR2/HEK293 Hu#s, 5 4LtiEiy DN MyD88 JivkL Alnd i 4b 3 f
Y TLR2/HEK293 ZHAIFET 314 501 B . (EURAH485+7 DN MyD88
B JBORL A Y A0 5, " MEE S ¢ TLR2/HEK293 4 i 4 =
B DN MyD88 1l , 20w 78 1 3R 5tz Y Xof B SRR T e Acb 3
J&i ) TLR2/HEK293 41 i BH 5 B AIG , 45 SR 22 F A Ge it 22 i X
(8 3), 455 87~ TLR2-MyD88 {552 5 T kA S 1)
YA T, BELIT MyD88 RE % 4 il i k75 S 9 TLR2/HEK 293
YA T

B 0.5
0.4
0.3

0.2

FEXHE 3 (MTT)

0.11

0_

0 12 24 48 (hr)

A SPBUEFE 1.3.10 o mol/LA 30 . mol/LASMELNEE HEK293 4HAFI TLR2/HEK293 4ifif. TLR2/HEK293 4 fify HH B (ol O 4N UA7% % F R4, B.
{8 10 w mol/LABMEA> BI4LEE HEK293 ZHffiA TLR2/HEK293 4/ 0.12.24 h#ll 48 h, TLR2/HEK293 £ifitd 4 BHAs (AR O MU A735 5 o, BRehidfff
FHRHE S, AT R, P<0.05 5RANHE AR, TLR2/HEK293 HE ;™ P<0.05 55 10w mol/LAGMELNEE 12 h (9 HEK293 Lb#5;™ P< 005 5
30 p mol/L "EHELAERIK HEK293 H#%; $P<0.05 5 10 p mol/L MGHELLFH 24 h () HEK293 HAL; $9P<0.05 5 10 mol/LAGMELREH 48 h ) HEK293 H#E

1 MBEERL TLR2/HEK 29 w mol/L F7FiE R AA R T b, FRRTFE LA MTT 77 E4E0

* %

251 —HEK293 .
| ==TLR2/HEK293
20 =
§ 151
41
= 104
‘Lol
0
23 HRL + + - + + -
DN MyD88 JFk — — + e e
R —++ -+ +

* P<0.05 vs X #RZH TLR2/HEK293;°* P < 0.05 5544 DN MyD88
R ANGHELL B HEK293 HLER ;™ P < 0.05 563t BRI AN

k4L BE A TLR2/HEK293 HLA
3 BAEF MyD88 I iSHEE S/ TLR2/HEK293 4HRA T
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23 Kmek AL B R AYZ L TLR2 Rk 7%

SEE 2 PCR AMIZE 15 pmol/L MBMELNER 16 h.2 d Fil 4
d 3 NEHE] A TLR2 #ik78 Mk, 4558 BR 15 pmol/LIGMELLFE
4 d JEIEHMZIT TLR2 19 mRNA FEik B @i, BokAba
WA BEM T (E 4A) . (40 SRR et T R I 45 5%
K, 15 pmol/LAGHELNHE 6 d J& , 7E8E 17K F- TLR2 ik LB
BIE(E 4B), EiREERBIR , KIHELL I 5 IE 5 4
JG TLR2 FikFHE
2.4 TLR2 Ak He X FLBT Dok E F-a9 A 208 =

K e e A 75 5 T A 420 e A0 L B R P
Y0 02 BE I , T 3 0 22 7 785 3 i 5 My e Ak 8 e 3 19 34 v
JRARG ; 75 TLR2 T Rl i 2% i 2870 , N M55 5 f) 1 28 0 59 B e
RBEEET, EIEH I, KDL 5 B0 fuSE -3
T, 28 TOHET - 2R it 255 N e A 8L e J3F° 00 8 v T 384 0m , &5 SR
BEMZER WAE TLR2 DREEAR ML TT, XA R R A
BB S BEIT o 7E 5 pumol/LAN 15 wmol/LAGMEARHE ¥ TLR2 ThRE
BROC W2 TT, HIAE T REBCR AL B R A BEM R, WS
A [ e B A A BB ) TE B 28 00 H e, DU R 8 3 A B
(B 5A), BifiJ5 {8 ] TUNEL 32 Ak n sk S A2 e i -

A B
2.0:1
i
42) 1.5 9
#®
L
e
g8
' 05
=
04
16h 2d 4d

Fif ]

B35 TLR2 M RHBE, 45 BR, EWHMAETAEMLH 15
wmol/LISHELNEE 6 d S5 TUNEL % ¢ FHME40 M (54090 40
i) B S84 , T TLR2 2y B ik 2 i 222 70 iy ney e ck B4 AN
AbHRA AEALET PN TUNEL 3 €6 BH P 40 i B &2 2= 5% (& 5B),
Hi, FATIAN, TLR2 Rl k2 BT AE R 75 5 )+ 42 70 I
it
25 vhek4L § B R AP 4 T Caspase-3 FHE &, M
TLR2 % #E 8k Kk A7 % 7U Caspase-3 &P AE GG LA R
i

FEfEH 15 pmol/LIGHEALHE 6 d J& , 1E % £ ITH cleaved
Caspase—3 7KSF-BH B, T TLR2 ZhEEE I 2T Caspase—3
TEPEAENS AL f5 T B AR (& 6A) . FfifS 1Y cleaved Cas—
pase—3 I 22 TC R HI T NeuN XUHT P G5 9 ' Yo £t 15
B — 455 (K 6B), 15 pmol/LISHELLHE 6 d B IE H 28
TCH I , cleaved Caspase-3 5 NeuN [2¢ Y3t i (5 543k
AbFRZE B B 4 T 7E TLR2 D) RBER R M2 ou i th B2
Ak, LRGSR/ TLR2 £ 5 Mk G #h 2 o 1, T
H Caspase-3 /EN FUFEZE MW T-HITHE Fr=4EEH.

Xt g e

A ERMZITHRT 15 pmol/L SHELLER 16 h,2 d 71 4 d J5 35AF KM PCR A&l TLR2 £ mRNA 7KF, @71 15 wmol/LUGHELLTE 4 d &
TE# 5T TLR2 i mRNA /K AR B ZT0 B R . * P<0.05 SR IEH LT HAR. B EWPEITHA 15 pmol/L
M HELDEE 6 d J5 , 200 S 8 6 e £ 5 7 N Ab B #2876 TLR2 S id MR AL P 2 o B E . AR 75 wmol/L

4 MBHHESIERMEZT TLR2 RiXHE

A *
3501 C WT
3001 F mE TLR2 KO
2501 .
2004

1501 "

100+
soqﬂ
O trlin =y

MHE( wmol/L)O 5 15 50 0 5 15 50

PI [ 25T
( oy %ot HR4H HE B3] )

TLR2KO (SRR

B Xt i

wT

APL Y6 B 7R ] 5,15 wmol/LA 50 wmol/LABHELLFE 6 d J&7 , WT #ZTCIET- 3 AALEE WT FHZETCHER , 15 wmol/LF 50 pmol/LAGMEAEER WT
W2 TOPET- R R M2 A B EMER . 78 TLR2 KO 2T, GHES S HM 2T sE T BT . * P<0.05 SR WT #ZIT. P
<0.05 5 15 pmol/LAGMEALHRLH WT #IZETT, ™ P < 0.05 55 50 pmol/LASHELbFHZE WT #1250 AR ( x 100), BTUNEL 348 7R, 15 wmol/LIEHE
AbFE 6 d J§ WT 2oty R T (TUNEL Jea fH P, bt , 06T LB ) B B3 E . #£ TLR2 KO #ZTT , W MEZ 14 - 1 08 T Bl BELT
*P<0.05 S5ARAIHE WT #HZIGHE . * P<0.055 15 wmol/L MSHEAMHHL] WT #1257 H A ( x 200)
B 5 TLR2 Thakhksk PAMTABMEEE SFHME TR TMERAT
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R0 M

WT TLR2 KO

BHEE( wmol/L) 0 5 15 0 5

AMHE( wmol/L) O

2.51 « 3 WT
2.0 == ILR2 KO
154
L &
1.04
0.5
ol

3¢ 1505 S

A 7E WT #5515 p.mnl/Lﬂi—%luiFﬁ}—‘ﬁ 6 d J7 cleaved Caspase-3 KB B E . 7E TLR2 KO #14:

JG, BHER SR Caspase—3 T P2 T A BELT .

*P<0.05 5RAHA WT #ZICHEK. "P<0.05 5

15 wmol/LNMELLF ) WT #2570 4R

B NeuN

TLR2 KO
O]

Cleaved caspase—3

Merge

TLR2 KO
gag

B 7EIL 3 A 00 T B A SR D Y (A5 IR, WRTE WT MZTCHT, 15 umol/LIGHELEEE 6 d J& cleaved

Caspase—3 GG TE (L1 60) B B34 % S5 nRETUEARMCY NeuN(S @) 7B NI 5=

S(H M, HaEik T

TR IREAEAN B B B3 L . 7F TLR2 KO M eI AR L g PHIT . A7 18.75 pm
B 6 TLR2 Dhakhks FEET T IOMES S8 caspase-3 idlEid s

3 i i

AP E W, TLR2 {5 5 # S 5B R £
TCIAT: . FERSMC IS HEERT , PR TR B TLR2 ik
HEER AR WS S M B , O B R A B S T T
fn. BRTRZEBIFIAN, TLR2 {5 5@ i FE S 50 D6
50 RE 2T, 4045 S 4 A 0TS AR T, LA B RS R 1Y
BOE SRS, 1 H 2 H 5T R FR T TLR2 ZE AR & 2R
Gr S BE A, AL FE /MBS 4 P A D RERIFGR S, ASBFSE R BE,
PR Ahatifb i AR 22 T SR IR L T, TLR2 D RE BRI FELIKT T
kS S A TCIR T o X P4 SR T ARSI BE A Hoe 4 i
BRACHIE B, O TLR2 76X #h 2 R G E BT 5T 3R
BT B BRSO 1

B SCHRIRAE , BT A 32 A B 48 S MRS PR, 1 an gl v B
BEAZREMT TLRs HH G LA S 3508 Fef5e 40 M3 55 B ™, 48

Y43 B AN LPS(TLR4 AR F-PEFEC A ) [7] B b 28 A0 40 g , o410
JH PR oK S B Al A LPS f 40 i B S 0, B4 T 1E
W UMK o AN R, ZERAZ AR, 4N TR AR A BELIET
R S 9F B TLR2 A5 A9 40 i Bl R 0®, IX L6 oT4s
SR T —SEETRERE S, A BT HEI TLRs 565232 ik
Z AR, AR TLRs 550 5254 JiokH B4 T A AT REAR K,
ER AR T Bt — 2 R ST UESE
E R R, RS R FE ik TLR2 3t HEK293 Z41 A7 %
TR, AT B, X—4R S HEESMERIR
LE LA —30, 4R TR AR 55 LA YRRV TLR2 441
FEEMMIET: . RNBFST & B, TLR2 AT REGRR 5 BELIT T
9 B SR YL 5 B TR PP 28 R G /0N IS S5 4 i O T, T EL
7£ TLR2 ThREE A A0 (RT3 3R35 , f45 Caspase-3
M1 Caspase—8 , 4B i EIR F 1 % AL . BBk, FRATTHEDY , TLR2
{5 58 B B80S S 30 TR TR R B 3R A I BLUR sh 4 i
T
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N E-R: H R AR F BTV U Y R, B 28 2
TR, GHERH LN RE MBS TR T FE T,
AR SN SEI B, WD mEAL 3, R K BT Lb FE ,
B BHMETTA T, Caspase-3 {ltEHE w RS HAVE FH
FEMETTRTNRLKERZ —12 5% 2k Caspase-3 JKH £
fE S @A U] B FRET IS S2 IR TE N, 3F HLIE AT RE W &
Bax,Fas SR THEFFI Bel-2 ST T-H/C PRk,

FEABE S, HHEES M2 et T AR T A LA
BRI IER X R, xR Svensson Al Hu H8F5T & it
WG R— B0, i HL, BF7T A B, TLR2 T Akak % BT T 1k
FERHMETTIET AT 3 MH T gHES T Caspase-3
TEHEE . R, KA HEE %S0 TLR2 {5538 %
BIE S Caspase-3 BB HHXE, UHEAFHIS TR
Caspase-3 ¥&E M1 B , W BLA b0 A H e @@ HFH
BT E TS5, Caspase~3 S5 8R4 52 59 TR M
A TR AR FI A BRPE T ZARAR L A S MM A A 138 72
LEATFIT D, WHEVE B PR A 55 14 IE 3 W2 7T S Caspase
-3 I PER ISR, T TLR2 ShREHRK sRTh BT T AR, I
BN , Caspase~3 SENDHEA (1) TLR2 & 5@ By FUFHOE R
HF.

2 % x Wt

[1] Tang S C, Arumugam T V, Xu X, et al. Pivotal role for neuronal
Toll-like receptors in ischemic brain injury and functional deficits[J].Proc
Natl Acad Sci U S A,2007,104(34):13798-13803.

[2] Fan W,Ha T,Li Y,et al.Overexpression of TLR2 and TLR4
susceptibility to serum deprivation—induced apoptosis in CHO cells [J].
Biochem Biophys Res Commun,2005,337(3): 840-848.

[3] Lehnardt S,Henneke P,Lien E,et al.A mechanism for neurodege
neration induced by group B streptococci through activation of the
TLR2/MyD88 pathway in microglia[J].] Immunol,2006,177 (1):583—
592.

[4] Harburg G C,Hall F S, Harrist A V, et al. Knockout of the mu opioid

receptor enhances the survival of adult-generated hippocampal granule

cell neurons[J]. Neuroscience,2007,144(1):77-87.
[5] Kurt-Jones E A,Chan M,Zhou S,et al. Herpes simplex virus 1
interaction with Toll-like receptor 2 contributes to fethal encephalitis[J].
Proc Natl Acad Sci U S A,2004,101(5): 1315-1320.
[6] Carpentier P A,Duncan D S,Miller S D. Glial toll-like receptor
signaling in central nervous system infection and autoimmunity (J].Brain
Behav Immun, 2008,22(2):140-147.
[7] Liu B, Du L, HongJ S. Naloxone protects rat dopaminergic neurons
against inflammatory damage through inhibition of microglia activation and
superoxide generation[J].] Pharmacol Exp Ther,2000,293(2):607-617.
[8] Bonnet M P, Beloeil H, Benhamou D, et al. The mu opioid receptor
mediates morphine—induced tumor necrosis factor and interleukin-6
inhibition in toll-like receptor 2—stimulated monocytes[J].Anesth Analg,
2008,106(4):1142-1149,
[9] LehnardtS, Wennekamp J, Freyer D, et al. TLR2 and caspase-8 are
essential for group B Streptococcus—induced apoptosis in microglia [J].J
Immunol, 2007,179(9):6134-6143,
[10] Aravalli R N, Hu S, Lokensgard J R. Toll-like receptor 2 signaling
is a mediator of apoptosis in herpes simplex virus—infected microglia[J].J
Neuroinflammation, 2007,30(4 ) 11.
[11}] Nestler E J,Aghajanian G K. Molecular and cellular basis of
addiction(J].Science, 1997,278(5335) . 58-63.
[12] HuS,Sheng W S, Lokensgard ] R, et al.Morphine induces apoptosis
of human microglia and neurons[J].Neuropharmacology , 2002,42(6) : 829
-836.
[13] Svensson A L,Bucht N,Hallberg M,et al.Reversal of opiate—
induced apoptosis by human recombinant growth hormone in murine foetus
primary hippocampal neuronal cell cultures{J].Proc Natl Acad Sci U S A,
2008,105(20):7304-7308.
[14] Mao J, Sung B, Ji R R, et al.Neuronal apoptosis associated with
morphine tolerance : evidence for an opioid~induced neurotoxic mechanism
{J1.J Neurosci, 2002,22(17 ). 7650-7661.
[15] Boronat M A,Garcia-Fuster M J,Garcia-Sevilla J A. Chronic
morphine induces up-regulation of the pro-apoptotic Fas receptor and
down-regulation of the anti~apoptotic Bel-2 oncoprotein in rat brain{J].Br
J Pharmacol ,2001,134(6):1263-1270.

(TR KFH)

‘gwﬂwﬁwawﬁ)guawwbwﬁewﬁyggyg9%;q;g;yhzthqg;bvgybzwgggggg,,wag;ﬁgggﬁ;yﬁm@3293Biaibui‘,zﬁwwgﬂhwgwgyﬁfxwgﬁwwwwww

R BAG , R AT F]

CHKBE R R 2274400

3

BB B 78-132

Q&ﬂ%‘s&s&“Mm@ﬂ&ﬁss&ﬁwﬁﬁﬁﬁaﬂmﬂﬁﬁm&wwﬁﬁﬁmﬁssﬂmw@ﬁ#ﬁﬁmﬁmﬁmmw



