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[ Abstract]Objective ; To investigate the effect of Survivin on neuronal apoptosis in the substantia nigra in a rat model of Parkinson’s
disease (PD). Methods : Healthy adult male Sprague Dawley rats were randomly divided into 4 groups:control (n=8);PD(n=38);PD +
adenovirus empty vector(n=8);and PD + Survivin(n=8). Following 1 week of model induction,rats from the control and PD group
received normal stimulation with no intervention,rats from the PD + adenovirus empty vector group received an empty adenovirus vec—
tor injection in the substantia nigra,and rats from the PD + Survivin treatment group received an injection of Survivin adenovirus in
the substantia nigra. Behavioral evaluation of spontaneous rotation was performed by injecting apomorphine (APO) every week follow—
ing completion of the treatment. Following behavioral testing, brain tissue was collected. Neuronal apoptosis in the substantia nigra was
determined by TUNEL staining. qRT-PCR and western blot were used to determine mRNA and protein levels of Caspase 3 and 9,

respectively. Results . Compared to the PD + adenovirus empty vector group,the PD + Survivin treatment group exhibited significantly

fewer spontaneous rotations following treatment (F=22.315, P=
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34). P=0.000, P=0.000). Compared with the control group, mRNA
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(2019-04-16) F=283.352,P=0.000,P=0.000) and protein expression of cleaved
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Caspase—3 and 9 (F=640.262,P=0.000,P=0.000; F=354.210,P=0.000,P=0.000) were significantly decreased. Conclusion ;Sur—

vivin can inhibit apoptosis in the brain by inhibiting Caspase-3 and -9 at the mRNA and protein expression level in rat model of

Parkinson’s disease, resulting in protection against neurodegeneration in the substantia nigra and reduced Parkinson’s disease—related

symptoms.

[Key words ]Parkinson’s disease ; neuronal apoptosis ; Survivin

M4 A% 9% (Parkinsons’ disease , PD)/&—F LAk
IEPERRER Wik B B3RS LA ARG
PRGN T2 ERRIE ) BT PR 28 RGBT MR
HOOLT AR R R BRI TR T, A A
FOHC, AR =, H T, PD A AT A
I ER =S TR RSB ¥ L s = 7/ N Y = R F AV
W EORLAR TN BE S 0 AT PR R EvE R g e S 2
PR AR, KEWHR A, UL ERRIF R R
1) PD S A 4RI R BT BUR T 2 U RE R 2200 1Y
PR W RIS PD Y AR A — 2% 3 [w] A i i ——Ah
ZETCHPR T R, i — DR R BT PD i 250
FTZ258, %F Td BES2 PD 1y & 4Rk e B A
LAY,

AEAFZR (Survivin) 2 T30 2 1 505 A ) —
By BRI AN 225358 BRI Tt BRI,
ARG RN, PR A e, TR I S5 248 L A e 28 T
WA S A Survivin 263k T LIRER DNA 924
fiff, 2 T 00 ) R 0 B 40 i 1 O T A S
B RIS AE & A I, Survivin AT AR SE ML N R 40 i
BT 1 S 7 5 11| = 02 = 1
S5 B, Survivin AE 8% 57 1 MR H A ) MPP +
V51 SH-SY5Y AL T, HALE AT GE ST Cas—
pase {5 530 B AHOC , $7 Survivin 1] GEXT 1 28 41 i
BAMS T S R E R, PRIt AT ST 259
TSR E 7 K B PD B AU S sk ] A P O
Survivin BRIREE , 81T Survivin 76 PD HO%H #2040
Mg Ty IRAEAE R 2P ER R PD 25T |
Il RYA ST SR AL LA

1 #MR5FE

L1 SEAtH

1.1.1 SE53hY @%ﬁiﬁz(Sprague—dawley,SD)fZﬁ‘fﬁj{EE‘L
58 H KRB (200 £20) g, W A 8K E R R #5256 sh W b
L

112 EFAULE W SE R E B, S TR =X i, Mini—
Protean 3 HL¥K{X , PCR ¥, SEH 2 8 PCR X, 4 H ik
=Rt F R BE R RS4RI 10 wL SR fF AR 25 [
M ERSA T,
1.1.3 T8y KA 6—3‘%&%%Eﬁff(6—hydroxydopamine,
6-OHDA) B A5 1 (Apomorphine , APO) Il A Sigma /23 7 ;
TrizolM [ ambion 23 7 ;SYBR Green PCR X7 &4 4 KAPA
Biosystems 2 7l ; ECL k%2 % Y618 55 & 11 Millipore 23 7l ;
Survivin —$; 4 H Abcam 23 F] ;Cleaved —~Caspase 3 — i .
Cleaved-Caspase 9 —¥ii [ Immunoway N 7) s GAPDH —4$it
Wi CST A7,
1.2 Sk
1.2.1  Survivin SE R A X IETE  Ad-GFP 2 Ad-Survivin
T A P B 58 R Survivin 5 R R 2 S Y R
KeAude . SRR Survivin ZEH CDS(NM 022274.1) 41 H
(3L Nhe T Hind T XU VI 5 By BE A oL 2K O IR, 3% A
pDC316-mCMV-ZsGreenl PR A ( i L il AL O RHR AT
BT AL KA B BB , PCR %5 PRS2 B d 4 1
FEEATIN P Y58 . 4 Western blot B iiF ,*@gﬁkiﬂ A kiR
A B FRRUR e K 2 kY Wk =
PRI
122 PD KEWAI ST B ordl SR 6-OHDA WS4
AT KRR PD B ELARERAE AR .50 HOR BRUH/K A& S
(10%,0.35 mL/100 g) & Ja 3 SRR ; IR D) )i AR (R BR
I N7 A A7 Pl DU 6 R BRA M SR AR 5 137 4 56 6-OHDA
VBRI A ST AR A P [ e U H 3, 1
PR [ A2 U 1) 25 ) A T FAS BT B T TR DI Sk f 482
B, 208 B NS BERIUE T 309 BRI, 2L, 2%
TEATIX, FERRIC AT RO LART R R 5L 36 FH A s A
A :AP-0.2 mm,ML+3 mm,DV+4.6 mm;AP:-0.2 mm, ML+
3 mm, DV+6 mm , M3 AR ARAA 5 R 5 s AR e, A
BHEL, 10 WL S HERERR 73 0 R 8 L 6-OHDA (%
F 0 2%H TR MR Y A BEEE K ) 5, 43 BILL 1 pl/min S EESE
PETESS, B4 10 min, TR 1 movmin B4, F S0 0, 147
Ui AR, EESE 3 d I ST % (100 000 U/
100 g) , LABF LRI IAGRIEE , AEARJFRT 3 J8 488 1 ekt
KERIEA THEFLA T 2R - 76 R — R B 25 A T %o S 56K il 5
B TS APO, F4E 0.05 me/kg, TEST IS T HA WL, MR R
TF ey o (g AM RS T Gy 1 B B, L -3 5450057 o/min (1)



BERERKZEFIR 2019 £5 44 55 4 H1 ( Journal of Chongqing Medical University 2019.Vol.44 No.4 )

— 483 —

KEEIN PD KEAEAE, 6 H SD KR TAJE 4 FNET:,
FETTHN 12%;29 H SD R ERALENEE ST PD AR T3k
58%,

123 SEEAMEH JARER 29 FUs ke g PD A 1 K B
HEFBEHLIMAE L R 24 H, 430 PD ASUEIZH  PD A0 + iR 7
25 AR PD BB +Survivin JRITAL, AL 8 H 5 5 U THAT:
AT RbERY 8 AR FOMNTHEZH , PD BRI . AR S5 AN TATAT ik
H; PD AR+ B 5 25 AR - 7 K BRBOIR AR 1 [R]— A s £
TSR EEZS 34 2 WL(HE :3.0 x 10" PFU/mL) ; PD #70 +
Survivin JRIT 4 : 78 K R SCRAAR ) [R] — 2B A 3 B Sur—
vivin JEF TR 2 WL 2.6 x 10° PFU/MmL) ; 1697 U8k
Bk 1R, ARG B JE S R0 Bz R e S e e (5
0.05 mg/kg) 5 FAT R2ERM 4702 R B 22 5 5 F A R
B AN BE T S sh ) WOSE I A0 SR A I A 7 S GG
1.2.4 TUNEL JEK BT 2ol T H 10%K A
F JOR T b BT K B, 7 RV H 32 50 i 2 2, 109% 1 4 7R
MREEGRAF 7 o Z e e A BRI fige )l 33 1 K BsUfi 2 o ik
WORE AT DK AT O e 5 um JEEEELET A,
B JEE 60 CfgAa At /5 54T TUNEL Yo @ e i ok
FHRER MG T R 50, 5k U0 2 /015 500 A 4ii, 115
100 /™21 B A %) B0 14 240 S, SO P- 38948, DA E 3 B3R 7R
VERIRT A5k

1.2.5 qRT-PCR £ 4541 K UK B 5 1 Caspase 3 1 Cas—
pase 9 ik Fl 10%/K A& EBERBEALFE R R, 37 RFIRCHS 32 45
MIARZAZY, 73 i Hh R4 20, $ U RNA JRalifh i sty
& eDNA, U8 261F:95 °C,3 min;95 °C,5 5356 °C, 10 s;72 °C,
25 5339 MEH ;65 C,5 5395 °C,50 s, UL GAPDH JyNZ:
S19 BARE 55 B A0 ; Caspase 3(F;5° ~CATGGAGATG -
AAGGAGTA-3" R:5’-CCTGAATGATGAAGAGTT-3") ; Cas—
pase 9(F:5’~CTCTGGCTTCATT CTTGC-3" ,R:5’~ACTACT-
TTCTGCTCCTTT=3"),GAPDH(F;5’ ~GCAAGTTCAACGGCA—-
CAG-3",R:5 ~GCCAGTAGACTCCACGACAT-3"), i Cas—
pase 3 il Caspase 9 5| PJiE1 74 3% , Killl Caspase 3 Fl1 Caspase
9 HHEE, FIH qBASE plus YEA T8 T

1.2.6  Western blot #4520 K Bk 25T 1 Cleaved—Caspase
3 .Cleaved—Caspase 9 Fll Survivin 235 ] 10% 7K & G JFK
M AR BB, 37 RIS SZ 3 M A 2 2, 43 B s R B2 280
B AL AT AR i AR e WS |, DL 180 pL
SUEI20 mg LU LA TR 11 24, AR SR ATTIES 25 T0HH
BAHLIEERERCR 5 2 EP & IR | 4 CH R

30 min;4 CEFF LA 12 000 t/min 2540 30 min, B If kT
FRICIRAE T80 C, Hrh & HUS & ] TR PN, 42
R FARAS RO IRE . FLIK 5215, K% PVDF J6as i &
F1 90 min J&G 43 5IINA TBST #ei—i, 4 CREIK N TR
TBST 0% 3 UE A ZHilFE 2 h, TBST ¥k 3 G A
ECL G (A WA B AR IR AT INFERS B9 IE 1 5 2 785
el SRS PR T 4 1 Bk & A PRI, GAPDH
YRR NS AT A TIEE
1.3 %t ot

K SPSS 23.0 FAf X Al i A7 Ab B 5 BORHT Y
B BRI (v £ ) F , A0 22 5 R FHE G K I 7 2250 #T
ZH A 2 T LLRCR H Tukey ¥, K36 7K 1E 0=0.05,

2.1 FTAME g S K RAT A

TR SR EE R L3R 1, ek B e bR FHE 2 I i 5
ZEGIHTIR A BT AR IR] AN He A, W RRZH R BRIARY T T S
]SS T 0, dHIn] He A IRYT RIS 1L PD
B +Survivin JG7 205 PD BIRIZ K PD AR + iR 25 25 4%
IR LB | e PR B G2 25 57 (F=0.444, P=0.642, P=
0.642; F=1.037,P=0.530,P=0.530) ; % 2 J& , PD £l +Survivin
IBITHLS PD BERIA] K PD ASER G B 25 4R AR 4 He A, KRR
JE % P ROE G2 22 5 (F=2.291, P=0.097 , P=0.064) ; £ 3
Jil,PD #5584+ Survivin JRYT2H 5 PD RV K PD B A + B
BEAS BRARAL LA, R BRUBE % B B W) i /b (F=22.315, P=
0.000, P=0.000) ., #5 B A1 T2 P bU AL - 55 3 8 5 AR IRl A5 L
3, PD BAIZH K PD AU+ iy 45 28 AR 2H K RUNE % e iy
A G225 (F=4.599, P=0.002, P=0.007 , P=0.013; F=5.398 ,
P=0.001,P=0.003,P=0.048) ; 5% 3 JE 5 iAITRUAA LL , PD A4+
Survivin VA7 2 K BRUGE % BUECH Se it 22 5 (F=1.833, P=
0.036)
22 ERAPZLA TR

DG WSS o (1 1), % B2 K B 8 Jo v 7 4
P2 TCHES BB R IR, R & BB 1) TUNEL %
£ BHPE AN B PR ¢ (4.40 = 1.02) %], BT #2800 ; 5 %) 1R
40 oA, PD BERUL[ FHIE R . (26.60 + 1.37)%] M PD FET iR
S B A5 A ZH [ PR 5 . (25.40 = 1.50) %K il i B J5 v ok 1k
P2 CHC R B0 TUNEL et BH AN (AT 2200 ) L
H W 345 i (P=0.000) ; 15 PD HEFIZH K PD BLHY + i 75 %5
AR AN EE , PD A58 4 Survivin 7 4L FHPE R . (18.80 +

®1 JBAKRRBITAEREITANELR (n=8,x x5,r/min )

47 TR HITIES 1A BTS2 BIT RS 3 FAE Py

PDAEHIL] 10.38 + 1.30 10.63 +0.92 10.75 = 1.04 12.12£0.83 6.407° 0.003*
PDREHRY + B R R4 9.88 £1.41 10.13 £ 1.13 10.86 + 1.25 11.88 +1.13 9.867" 0.000"
PD R +Survivin JGJ74L 10.13 £0.99 9.88+1.13 9.75+1.16 8.88 +1.25 4.821° 0.019°

T ca, AT LA FAEFN P{EL b 250 ] LUAR F AR PAEL o2 SCHAR IR FAEA PAH



— 484 —

BRERKZFEZER 2019 £5 44 B5 4 35 ( Journal of Chongqing Medical University 2019.Vol.44 No.4 )

1.17) 9K BRI 2 3 v o o 2 JC 80 L A5 BT £2 | 17 TUNEL
e £, [ A0 B (P8 TR 4 o) BCE B s> (F=38.912, P=
0.000, P=0.000) ,

PDASTRY + B 45 AL PDHELTE +Survivin JAY7 4L
A KRR AZ00 TUNEL Je b

TUNELBHVEAIH (%)

X
B DRI

B PR + [l 7528 4 A
£ PDEA +Survivin JAYTF4H
a: GXF IR A, P < 0.05;b: 55 PD A +Survivin 1AV 4H HLAEE, P <
0.05;¢: 5 PD #IIZH 4, P < 0.05
B. TUNEL FH 43 4%

B 1 ARETEEXRBREETATNEREEMEEITTEER
( TUNEL,200 % )

2.3 qRT-PCR #2224 Caspase 3 F= Caspase 9 mRNA
89 FA

R BEALIE I 3 K B I B ST 4 2R I RNA ifE 47
qRT-PCR S50, KX HEZH PD BEARLZH PD A 70 + g 25 25
AR PD AAL+Survivin 377 2 YA SE mRNA AHXF 21K
KA, ER R (8] 2) , 42 K BRI B BT ZH U Caspase 3 3
AHXF B H S B0 1.04 £0.16,4.03 +£0.20,3.78 +0.18,
2.12 +0.22(F=338.429,P=0.000) , Caspase 9 HE[KAHXF ik &
A3 1.03 £0.23 6.27 £0.52.5.76 £ 0.36 .3.17 + 0.22(F=

283.352,P=0.000), PD #ERIZH B2 B4, Caspase 3 FI Cas—
pase 9 A mRNA Z23k /K8 8 75 (P=0.000, P=0.000) , 5
PD FIRIZH LA, PD AR SR 7 a5 a4 Caspase 3 Fll Cas—
pase 9 [ mRNA Fik/KFETOGe 225 7 (P=0.127,P=0.086) ,
MR Survivin G975, 5 PD AEAULL K PD AL+ [l 77 25
AR HLHL , Caspase 3 Fl Caspase 9 [ mRNA 357K -8 i
[ (P=0.000, P=0.000) ,

mRNAMIXF R IA B

A4l B#H CH DA

A4l BH CH DA

Caspase 3 Caspase 9

a: X IRZE FUAR, P < 0.05;b: 5 PD AR +Survivin JGY7 A HLEL
P<0.05;c:5 PD BIAIL] HLEE, P < 0.05
A YL XFIRAL; B 41 PD B 5 C 41 PD AR + R a5 2s 24
D 41 :PD B +Survivin J357 4
2 QqRT-PCR #&ill& AKX RANEREL Caspase 3
Caspase 9 FikI1E5

2.4 Western blot A& fixi 2 28 2% Survivin ,Cleaved—Caspase
3 #= Cleaved—Caspase 9 & & 69 & ik

B 2 BE AL B 3 BRI i B T 2 2 B R R AT
Western blot 5256 | KX} BRZH  PD AEAIZH  PD AL+ B
25 BRARLL PD B 4 Survivin JA YT 4L A ER P AR 1k K
T AR IR (K 3) 45 20K AN SR ZH 4L Cleaved—Caspase 3
AR FIA R0 0.27 £0.02.,0.95 +0.03,0.94 +0.03
0.57 £ 0.04(F=640.262, P=0.000) , Cleaved—Caspase 9 % AT
FIRHEM N 042 +0.03,1.02 +£0.02,0.97 £0.02,0.78 = 0.03
(F=354.210,P=0.000) , Survivin 2 FAAHXT 5543714 0.36 =
0.03.0.26 + 0.03.,0.23 + 0.03 ,0.83 + 0.03( F=480.727,,P=0.000) ,
PD AL 5 R, Cleaved—Caspase 3 Fil Cleaved—Caspase 9
H 25 1 26 15K B 2 TR (P=0.000, P=0.000) , Survivin A%
FIZRIAKCT W] S REAIR (P=0.000) . 5 PD #ERIZE AL, PD A7+
B B 45 AR 41 Cleaved —Caspase 3, Cleaved —Caspase 9 M
Survivin [ 1A K F TG 1425 57 (P=0.946, P=0.084,
P=0.435) . i Survivin G975, 5 PD #7520 K PD #5710+
BRI B 25 3R ZH HUHL , Cleaved—Caspase 3 Fl1 Cleaved—Caspase
9 YR 112235 7K B LA (P=0.000, P=0.000) , Survivin FJFE
FIZRIA7KF- B i T (P=0.000)



BERERKZEFIR 2019 £5 44 55 4 H1 ( Journal of Chongqing Medical University 2019.Vol.44 No.4 )

— 485 —

1 2 3 4
Cleaved—Caspase 3 s - - —
Cleaved-Caspase 9 - - - -

—

A. -4 ki B2 5 Cleaved—Caspase 3, Cleaved—Caspase 9
FSurvivin [ 2 A1 L

Survivin —

B A A

1 2 3 4 1 2 3 4
a: SUHIRAL AL, P < 0.05;b: 55 PD #58 + Survivin JEIT 41 HLEL, P <
0.05;¢: 15 PD BURI4I K4, P < 0.05
L: X BB ;2. PD MERIZL ;3. PD MR + Bt #2544 5 4. PD A A
+ Survivin JGI74H

B. Z i Cleaved—Caspase 3, Cleaved—Caspase 9 Fll

Survivin £ [ AT ki
3 BAKXBRMALZERF+ Cleaved-Caspase 3.
Cleaved—Caspase 9 #1 Survivin EAFRIEER

3 3 i

PDAE Ry — B B f) 2 AT PRS0 | LR H 4%
= (2920 0.3%) , HBE A 05 138K 5 A 3 n
#.60 &M 0.25%,65 % °H 0.5%,70 % H 1%,75 %
A 1.5%,80 % 4 2.5%,85 % 1 3.5%~4.0%", I
PERIAKE PD &R RS AP AE 225, Meta 4387
7, B R PD AR X XU 29 R 2 Y 1.46 5,
PD 1Y KRBl 2%, B AT 2EARTE A AN L] |
MAT PR R B IR ph 2 AL | i sE R L A 2
Fhegiia, A PD BB YT AR L] AN, (22
H Ao Ak, o =78 PD & B &
R R R PR L R sl 2 e T
Bk 7R T DI B S 280 BHWT sk SE 2% PD s 2
KIEWAEH . BRI SRR A RIS p 2 oc i T 24

F1 HornykiewicZ 5% & ML 22 e & 2 B A 1R PDIY
VERT, 3 — BT PD B9IGYT AR AR L, i

40 A Bl RIS FH AN UE S5 22 Jié 22 L AT LLBH ik PD
SRAEREIR, S HA TR BhE AR, Faln WE e R W],
KA R Ze)ie 2 I AN BRI ZE PD RS A2 Ll
P2 TCRY PR T2, HLS B B AE A Bl SO PR B
EZRIF ARES, R BIFSERT Y REA R L PD
th 2 W RERN 2T TR 259, A5 2 Ik R 15 27
it = 2 X A, HLELA B0 2 SO R 1 A JRe
o

T SEAE | Survivin AE A [0 $E [m] 36 97 1
HHCH) 2O, BRI, 8 i i H]
Survivin [ SCEAZ R , AT AR IR AR R T
ol i 200 LA 7 375 M S g A A, FE LR AR
KBFEH R Survivin 2 SCEEARZ R L A 20
Hl N FLIR IS MCF=7 40 b A= £7 38 BE PR 1 3k, JF
R MMP-2 MMP-9 353k, #2754 Survivin
FERXF U B BEPNAY T IRICRP, [ TE N
o8 Sh WAL A SCAIE ST Y, SR L siRNA HE i 11 4
Survivin (9FRIKAEM i PR #R BUMUE , H TUNEL ik
SRYT A A g TR B R 2 AR
TRIT 4 Bel-2 3235 TR, #2718 Survivin (9 siRNA 11
il AR UM A HAEHIPLH AT e S HIBel-2
PRI T IR AL JE T AR SCR, FEfi eg ) A DA
G A ERSE D] Survivin Fe8 14l 4 A
BEAL 25 B R R AR LL , e LA p21 2RIk )
YMARLYR TR B R IEN, T MDM2 &3k K 41 i i B
HEREAR, 48R T A549 4HHE Survivin K5, 4
B AR T AR ML T, AR FHALE S p21 Rk
A MDM2 FEAIRAA 5>, X SEAf 5 #4742 78 Survivin
AL 22 AR AR SRR AE Ty T AP AR T
Survivin 17 il # 25 41 98 T 5 A ST 5T I8 H R
U o a0, R FFa 2 23K T Survivin &K A9 54 L 40 iy
TV A S I/ PR AR TR 25 R B Suvivin FE A
Xof B ML /AR AP 2 A M BT B AT X g LA
RTINS EER B T SR, fE R BRUA R 0
BRI R B, ARG Survivin 2k 2 FIHEHITE
A MR, 5 40 YE T BE ARG, FRE 4 1
J& Survivin [ F XTS5 T ]2 4 A 0 )
T, MRS ) 98 5 i 0 405 9 VR T, T % PD,
SurvivinfE PD (1 ik 2 2 v & 2k A8 Ak qn ey L S ml 7
T8 A N 2H 2 Survivin B9 238 1 #H 2 OC Y
JAT, NI S8 2% PD e RR 1) & S | [ P A1 it TG
5%

PRI, AS S AE AT A BIF Y i LAl B, SR AT 6-0—
HDA PN ZCIRAR P TS S PD RS R AT



— 486 —

BERERKZFIR 2019 £5 44 55 4 5 ( Journal of Chongging Medical University 2019.Vol.44 No.4 )

REEJT R (APO 175 R e 05 ) B iE K B PD 7 g
SEREH), I RS Survivin JEPH AR ELIEE
ST R PD AL ECK BT 2% ek |
I3 12K (BRI KSF (B K EPFAT Sur-
vivin FERR IR T2l B P EH

AWFFE IR, 55X HELH oA, PD BiAUZ Cleaved -
Caspase 3 Fll Cleaved—Caspase 9 % [1#i57KF-B1 i
FHEr, Survivin £ AR IR BRI, AP E IR
KI5 PD AR L #E, PD AAY +Survivin JG Y7 4
Cleaved—Caspase 3 Fll Cleaved—Caspase 9 [/ mRNA
JE R 7KF- 2B B BRI, T $2 7R Survivin
REAE A A48/ PD rh BB BRI 2 T i 9 T, 91 ) =k
2z PD R KA LR

L5 E TR AR5 B UL B Survivin RERE A AL
U R B PD B rp BB BT R 28 T B R T, DA T R
A4 BRI AH JCE R, LML AT B8 S5 BHIT Caspase 371
Caspase 9 5 38 A ¢ AT G RN 25
PRZ PD BT e T AL B TR AT
J51a] s [RIE XTI R PD 258 A A LA KGR 7 R
et T EE S

AL A B Bl i AR AESY , Survivin
TEN PD g 4 rh b8 A L e LA S BE A5 ] T
A PD BRGBYT B RAURELAALE T —Hr BIR AW 5L
M

& £ X M

(1 XVgises, B % W& AT SR o A 25000 2%
#,2016,16(2);98-101.

2] 2 ELIR O IB. THE AR R R L AR ). bR
MEIRFRZRIIBLA A, 2014,41(4) :345-348.

[3] Mori T,Hayashi T,Su TP. Compromising o—1 receptors at the en—
doplasmic reticulum render cytotoxicity to physiologically relevant con—
centrations of dopamine in a nuclear factor —kB/Bcl -2 —dependent
mechanism; potential relevance to Parkinson’s disease[J]. J Pharmacol
Exp Ther,2012,341(3):663-671.

[4] Schulz JB. Mechanisms of neurodegeneration in idiopathic Parkin—
son’s disease[J]. Parkinsonism Relat Disord,2007,13(s3):306-308.
[S] Colnaghi R, Connell CM, Barrett RM et al. Separating the anti—
apoptotic and mitotic roles of survivin[J]. J Biol Chem,2006,281(44):
33450-33456.

[6] Kanwar JR,Kamalapuam SK,Kanwar RK. Survivin signaling in
clinical oncology:a multifaceted dragon[J]. Med Res Rev,2013,33(4).
765-789.

[7]  Johnson EA,Svetlov SI, Wangkk,et al. Cell-specific DNA frag—
mentation may be attenuated by a survivin—dependent mechanism after
traumatic brain injury in rats[J]. Exp Brain Res,2005,167(1):17-26.
[8] Johnson EA,Svetlov SI,Pikebr,et al. Cell-specific upregulation of

survivin after experimental traumatic brain injury in rats[J]. ] Neurotrau—

ma,2004,21(9):1183-1195.

91 x| #4% 3 fEPEAL, %5, Survivin 7E Mpp+i%s §1) SH-SY5Y

ALY T R P AR . R 5 SE B B4 2%, 2016,32(10) ;

1126-1129.

[10]  Ungerstedt U. 6-hydroxydopamine induced degeneration of cen—

tral monoamine neurons[J]. Eur J Pharmacol, 1968,5(1).107-110.

[11] Paxinos G,Watson C. The rat brain in stereotaxic coordinates|M].

New York: Academic Press,1997.128.

[12] de Lau LM, Breteler MM. Epidemiology of Parkinson’s disease[J].

Lancet Neurol,2006,5(6) :525-535.

[13] Taylor KS,Cook JA,Counsell CE. Heterogeneity in male to female

risk for Parkinson’s disease[J]. J Neurol Neurosurg Psychiatry,2007,78

(8):905-906.

[14] 5Kk 9B, STEMR. IR TR BEHLRI BTS2 R[], Phaszy

B2£4R,2013,3(2) :35-42.

[15]  Birkmayer W, Hornykiewicz O. The L-dihydroxyphenylalanine

(L-DOPA) effect in Parkinson’s syndrome in man;On the pathogenesis

and treatment of Parkinson akinesis[J]. Arch Psychiatr Nervenkr Z

Gesamte Neurol Psychiatr, 1962,203(203) :560-574.

[16] TEB4, 5k K, BRAESS. MRS AOm L 5 iRy ir T 4

HERELD). h B2 245, 2010, 10(1) : 36-42.

[17] Talukder MA,Yang I, Nishijima Y, et al. Reduced SERCA2a con—

verts sub—lethal myocardial injury to infarction and affects postischemic

functional recovery[J]. ] Mol Cell Cardiol,2009,46(2) :285-287.

[18] Fernandez HH,Standaert DG, Hauser RA et al. Levodopa—car—

bidopa intestinal gel in advanced Parkinson’s disease:final 12—month,

open—label results[J]. Mov Disord,2015,30(4):500-509.

[19] fH3E3%, WS, 25 10,45, Survivin & FIZEBUNIR G Y

WFFTHERET]. G R 258 5RY7%, 2014, 19(7) : 835-840.

[20] Cao W,Fan R,Wang L, et al. Expression and regulatory function

of miRNA-34a in targeting survivin in gastric cancer cells[]J]. Tumor Bi-

0l,2013,34(2):963-971.

[21] Chen ZY,Liang K, Lin Y, et al. Study of the UTMD-based deliv—

ery system to induce cervical cancer cell apoptosis and inhibit prolifer—

ation with shRNA targeting survivin[J]. Int J Mol Sci,2013,14(1).:1763-

1777.

[22] Fh Ho EEHM, AT Survivin SRR X IR SLIE A1

JHURR BN R AR A I RS R S L[], 7 R R 241, 2015,

35(8):1211-1214,1221.

23] ¥ Ak, M R EL R R SR IR FLURE

MCF-7 4}l #k MMP-2 & MMP-9 ik (2T, YLIh K24 (1=

2£0R),2011,21(3):203-207.

[24] T W A Wi, 2 SLEAAE R SIRNA ] AR

RSB R SIRTEL) ], M REEBE R4, 2013,47(3) :212-

215.

[25] M5 BTG, SR, 4. RNA A 7758 B B SRk e i it

TR 2N G B R TR SN SR R ER 24408, 2013, 17(24) 145~

47.

[26] HFRAMN, SR AR, SRR 5. A AF 2R TR JSORL I S Xof e /-0

LRI PR PEFITT). BE2f2iiR 2009, 15(14) :2224-2225.

[27] MR AR, a5, R R BEBO Y] Survivin £k

AU S IR TR SE R )] BRI TLBE 2GR, 2013,36(6) : 29-31.
(T HAL)



