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IZH 2R h GDF-15, B354+ K6 &4 2(Mothers against decapentaplegic homolog 2, Smad2) , Smad4 . p21 mR-
NA HiXF 235 7K - % ] Western blot 33l 5 GDF-15, Smad2, Smad4, p21 KT, R SHFARAL
B RAEAEA UUERAH 25 RS 3.7 AR A TIREIT 3T (P<C0. 05) s 5 INAEFE A | 25 4020 LA, DU Bk
L7 dE L DIRETEFEAR(P<C0. 05) s 5368 3 d J5 Hi, INAEAEA  UTBR A . 25 3R AL A7 dJE A & D) g
P T B (P<0. 05, HE 4ett 3, SEF AL RS, S0 B 2R 204k IRFE B o 20 29 6
2 I3 240 K e 3 A 45 5 5 A AT 2 LA DUBRA G 8L 7 d 5 0l 2 e R T A B A AT L 48 e ) S i 5 18 J 4
3 AR AR B R s 25 B A A B TR B S AR A S AR FE AR AL . DUBRAL K B S0 R TR K T AR SR 4
AEFRFARLAP<0.05) . SHAEFEA 25 3 AL, VIR K BUR 22U GDF-15, Smad2, Smad4 mRNA
FIEE AT A7 SEAR . p21 mRNA R FURXS A K P35 (P<<0. 05), 8518 GDEF-15 JLER ol 400 il g
FEZE R FRBL T PN #o0 22 T R T, AR AP M2 TR AR LI W BB Y5 Smad 38 K p21 A XK.
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[ Abstract] Objective To investigate the effect and mechanism of growth differentiation factor 15 (GDF-
15) silencing on neuronal apoptosis in rats with cerebral infarction. Methods 40 rats were divided into cere-
bral infarction group, sham operation group, silence group and empty load group. with 10 rats in each group.
The neural function was evaluated after 3 and 7 days of modeling. The apoptosis of cerebral cortex neurons
was detected by flow cytometry. The pathological changes of brain tissue were observed by HE staining. The
GDF-15, Smad2, Smad4 and p21 mRNA levels in brain tissue were determined by reverse transcription poly-
merase chain reaction (RT-PCR), and the GDF-15, Smad2, Smad4 and p21 protein levels were detected by
Western blot. Results Compared with the sham operation group, the neurological function scores of cerebral
infarction group, silence group and no-load group increased after 3 and 7 days of modeling (P<C0. 05), and the
neurological function scores of cerebral infarction group, silence group and no-load group increased at each time
point (P<C0. 05). Compared with after 3 days of modeling, the neurological function scores of cerebral infarc-
tion group, silence group and no-load group were decreased after 7 days of modeling (P<C0. 05). HE staining
showed that compared with the sham operation group, neuron degeneration, necrosis, loss, sparse brain tissue

and large number of glial cell proliferation appeared in the cerebral infarction group. Compared with the cere-
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bral infarction group, the degree of neuronal necrosis in the silence group was lower, and the degree of intersti-
tial edema and glial cell proliferation was slight. The pathological changes of neurons in the no-load group were
the same as those in the cerebral infarction group. The apoptosis rate of neurons in silence group was lower
than that in cerebral infarction group, and higher than that in sham operation group (P<C0.05). Compared
with cerebral infarction group and empty load group, GDF-15, Smad2, Smad4 mRNA and protein levels in si-
lent group were lower, and p21 mRNA and protein levels were higher (P<C0. 05). Conclusion GDF-15 silen-

cing could inhibit neuronal apoptosis and protect neural function in rat models with cerebral infarction. The
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mechanism mihgt be related to Smad channel and its target gene p21.

[Key words] Cerebral infarction Growth differentiation factor 15 Neurons

of action

A Ay W DA DA i 1L A8 5 o 2 DR A 3 1l 2y
O P 1T 5 | 3B 1% i 2 2R ke KPR SR SR 0 » Il
RANE N AE IR SE & 2B 0 & A e B A F AR T,
PRI 5 Z AH DG B 24 P 7 I 4 52 3 B 2 ilF 90 5 1
M2 A K46 B 15 (Growth differentiation
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(Transforming growth factor-8, TGF-) i i1 =2 —,
Je: 5 R I FE Y T3 R ) R b s ) A LA ik
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T AR (50 £10) Y0, U (23 £2)°C 12 hE R
B AHTOK R,
11,2 239 FEEGR AL

2SR 5 GDF-15 J2 LSER% 1T RR ) GDF-15
[k (L g 55 35 23 /D S 5t K B GDF-15, Smad2,
Smad4 . p21 #1241 4k W & 11 1 (Neuropilin-1, NRP-1) |
HIm -3 R i & (Glyceraldehyde-3-phosphate de-
hydrogenase, GAPDH) 51 o [ 477 44 AR 33 4 Ak 1) il
(Horseradish peroxidase, HRP) 7 ic CBEF0) 1 2E 31
IgG(3E [ Gibeo 23 1)) AR GHLTAF(E LR
A PR FD SR N4 IR 1E T 1R (Bicinchoninic
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Apoptosis  Mechanism

P, BD FACSCantoll #3220 X (35 [
BD %4527, SIGMA 1-14/1-14K BB Uk 55 UL
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PIRHLAEE LEICA A R)D) , CXD5-WGP300 74 i #ifH
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e DTS B af ) A g > R 2 2L A T HE Y (85008 K
G ZH 2 A S [ 5 o A A3, 4 ] |, A HE
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1.2.5  JixCan AR Il 220 T

Wik B B A 0. 01 mol/L Y PBS iyt ik 3
U 2= e i) B4 R i 2 BR o 107 FH IR B} B 1R A7 AL A
By, 8 A3 mLIY0. 4% R .37 “C/KIE0. 5 h,
SN ISR 31 K I B TR 2 11 il W v, 102 ] PBS
PRV 1R W PBS, FEA3 mL PBS 2 &2 4T 1
~2 min; i FH 400 B84 &8 Mt pg, B 0. 01 mol/L
(1) PBS Fi B by S 4 Mo B . Wi dE 2 EP BN il 2
10 mL, ERATEOR G E0. 5 h U VST mL,
B A0, 01 mol/LiY PBS, 800 r/min®&.[»10 min, B
U2 13 em, VRT3 WK L 70% 2B 52 5 A
4 “CYRLEE T 3272 5800 r/mingS.0> 10 minfF F2 5 [
W, F 0.01 mol/LL. PBS % %, 800 r/min & .0
10 min. PE% 3 UG MIAS0 pg/mL " ZE LA AL
(Diphenyleneiodonium chloride, dPD) (Sigma) & ( N
2 RNA fiff1 mg/mL) 0.4 mL, fE4 C M EGY
0.5 b b 20 B A CREREAS T 5 14502 100004
YN L Tk G K488 nm) . 2% Linik ¥
LioRUL R EZS v/ <
1.2.6 KREUMZHZN GDF-15, Smad2, Smad4, p21
mRNA AR KM
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4 IR BRI I ) A A 2 K A 2 2 s A AT S A A
A A Trizol BFJE, W4 200, R AS Il 2 24 5
RNA, 1 52 it B8 & B 4% [z W (Real-time polymer-
ase chain reaction, RT-PCR) ¥ 5 fiixi 20 24X Iy GDF-
15, Smad2, Smad4, p21 mRNA A X%f £ ik /K F.
PCR 2 W 2544 & 95 °C 5 min. 95 'C 10 s, 56 C
30 .72 °C 30 s, fH 42 k72 °C 5 min, Ll GAP-
DH 4 N 2 %t B3 H, 2249y GDF-15, Smad2,
Smad4, p21 mRNA A xf % ik /K *F. GDF-15,
Smad2,Smad4,p21 mRNA 5|45 W3 1,

R KENT WS

KN Elkz L]
F:5-AGGTGTGTTGAGAGGATGAGAGATATTAG-3'

GDE15 R:5-AAAACAATCATCCTTATCCAAAACCT-3'

Smadd F.5 '/—CCATC(TCC(;ACAA(}ACTAACTT—B’,
R:5-TGGTGGTCGATAGTTTGTCCAT-3

Srmadd F. 5’;A(}CAACTTCCCTAACTTTCCT&(’
R:5-ACTATGGCTCGGTGCGAGAA-3

p21 mRNA F;5’/—GAGAACTCGGGACCGCTTTC—3:
R:5-TCCTGAGCGTGTTTGCTGTC3

GAPDH F:5-AGAAGGCTGGGGCTCATTTG3'

R:5'-AGGGGCCATCCACAGTCTTC-3'
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% BCA 0 & s A 1 H40 pg B FURE Sl R T2 1
JoT TR P TR R A FRL UK P UK FRLFZ FBE90. min 22 il B 4T
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PR —4T. ¥4 1100058, I H A Z3t, L HRP
Fricry Il oR 1G Bhih —H1,37 ‘CTFIHFE2 ho A
5K BUIK A4 N i GDE-15, Smad2, Smad4, p21 & 4
AIXFRIEIK-. ARG s A2 5, L QUANTI-
TY ONE #4588 UK EE (A
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R(P<C0.05); 583 dJF i, st el . i Bk
AR TEBLT dJF R LD BRI 38 T R (P<<
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F2 HKARFGER 3.7 dFHEIRETEr i (x £5,43)
1 o — il ééﬂ]ﬁ‘éﬁz}%
W3 d S W7 d A
BRFARH 10 0 0
kAT FEZH 10 2.65£0, 41" 2.01£0.22"
LERA 10 2.05+0.23*4 1.85%0. 19* LA
SR 10 2.61+0.39* % 2.00£0.23*%A

S EBFEARA LR, * P<0. 05; 5IKAESEA b5 .2 P<<0. 05; 571
BRA g, * P<<0.05; 5RIHERL 3 d J5 i, A P<<0. 05

5 2L R BB a0 AV A A > 35K ot 28 e BRI
s T A 2H P 22 56 TG B AR P e o A i a4 A A
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ZH RT3 2 4 S IR AR 4 LA
DUERAEAR 7 d 5 A 28 0 YR PR B 5%, L 40 Jifg
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RFARL A SE A DTBR A 25 2 KRR b &8
TR TR IR R (3.61 £ 0.22) . (23.64 £ 0.36),
(12.05+0.41) . (23. 61 0. 49) % , 452 K B B 1,
AR A~ 2K i 28 00 0 T 38 L B3 A B I 2% 57 (F =
484. 687, P<C0. 05) ; i FEFELH P 28 0 T2 % 5 TR
FARL (1 =150. 131, P<<0. 05) ; PLER 4 K B 270
JHT-3(12. 05 £ 0. 4D YR TR AEFELL (¢ = 67. 173,
P<0. 05) ; 28 3R A R AR 28 0 I TR 5 i A st 4 e
BT B2 (=0.156,P>0.05),
2.4 FA KB4 LN GDF-15, Smad2, Smad4,
p21 mRNA X}k K

K-4H K BRI 4 20 N GDF-15, Smad2, Smad4,
p21 mRNA X IE K LR A B B 22 7 (P<<
0.001) 5 fixi 45 7€ 2H K B A 20 21 GDF-15, Smad2,

2.2
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Smad4 mRNA X} F ik K F @ T HRF ARG (P<
0.05), p21 mRNA FHXFE KA TR FARA (P
<0.05); VT BR 4 K B il 41 21 GDF-15, Smad2,
Smad4 mRNA A%} 2 35 7K A T Bl 48 2H (P <<
0.05), p21 mRNA X &k K- 55 T i A 5L 41 (P
<0.05); 25 A K Bl 20 21 GDF-15, Smad2,
Smad4, p21 mRNA #X} 35K -5 I fl FE A L3
HIEH 2% 5 (P>0. 05) (£ 3),

* 3 KREUNHZIHN GDF-15,Smad2,
Smad4, p21 mRNA A%} ik K-

A% B GDF-15 Smad?2 Smad4 p21
BFERA 10 0.07£0.01 0.6620.13  0.74£0.42 1.22+0.16
WPBEREA 10 0.7320.09%  1.51£0.32%  1.43%0.38*  0.63%0.12*
TEBRA 100 0.13£0.01%4 0.86£0.14%4 0,99£0.21%4  0,91£0,06%4
AHA 10 07120097 F 14950317 F 1,420,347 F  0,64£0, 147 F
ST ARA S, P<0.05; 5REIEH L #,2 P<<0. 05; 50t

ERYL LR, = P<<0. 05

2.5 KERIKAL N GDF-15,Smad2. Smad4, p21 &
H K-

K-2H K U H 240 N GDF-15, Smad2, Smad4,
p21 &K LB A B 5 25 55 (P<0. 001) 5 i i
FELH A B 2041 GDF-15, Smad2, Smad4 2& [ 48 Xt
TRV TR T ARH (P<C0.05), p21 & FAHXS
FIRIKAR TR T AR ZH (P<<0. 05) 5 T2k 41 K Bl i
2041 GDF-15,Smad2, Smad4 & [ AH Xt 26 8 7K I
THRAHFELH (P<<0. 05) . p21 B AN 834K P T
fiAE A2 (P<0. 05) 5 25 2 4 K BRI 2H 21 GDEF-15,
Smad?2, Smad4, p21 & A X} 2 38 7K -5 ki 451 46 41
LA TE I i 25 B (P>>0. 05) (3% 4. K] 2),
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Smad?2, Smad4, p21 & FI A X F kK F
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I RIFAS i R A8 B8 B VR TT R DA T 1 B 2 vk
Z— AT DA A R L BT R
TH LT A B B AP, GDF-15 & Bootcov
DT 1997 AF B R R B —Fh A K Ak N T 7
1999 4E1ER A 4%}y GDF-15, A #F5% & B . GDF-15
A P 55 001 PR Y 03 40 O LRI i 433 477 B Rk /K
G Tt A e R R W, GDF-15 ik
AKPTE B R A 2 ER AL S 2R T B Rk
HES AR B S IR AR G, A o A I GDF-15 koK
S-Sk TN A A AT BB R TS

GDF-15 B g @R AL 5 19p12-13.1, A
F W 5 Ap A K T B K % (Transforming
growth factor-8, TGF-8) Z5 # F5 fiF , H A& &E H K
— AT 4 F i 40 kD 9 2 K T4 R K i
S Y] J5 Al A A XS 43 1 i 0 28 kD B — il g
FE P2 B A AR R A, et 2 ]
HEWEYE. GDE-15 N7 T 1E 5 AR N /Y 1
B 1 TE 2 R 2UN 52 K38 25 A i B el o
TG 20y ok ok e R A 1 o 728 6 VRO RT 22 5 SR TR 3
SR BT, HAT. 26 F GDE-15 [0 I 55 %58
9 7 T B F ST 88 42 L i GDF-15 3 238 £ 8.0 f1
Uy e M e O SO I R R R AR R e Y
AR LA M it A A A B FERIL D ) F
¥R Z A2 Andersson 21 & 3 GDF-15 7K
-5 i A B AR U OC R . UAS BIF A
ST RRAESE K B RS , 2% Longa 5 43k LB
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FULH U ER A | 25 B 5 AR TR 4 M & T e E
O3 GER BRTUBRA L 7 d Je & e e T
MR FEH | 25 4, 4278 GDE-15 7K S 1] BE 5 figi 4
FUIEAE P 2 DR VE 43 A O, 28 WY i A3 5 8 35 i 24
41 GDF-15 ULk G #h & D) Z R ok 2. A
W92 HE Yoo U158 K BRUp 28 T80 AR 16 & 3, i
FEFELH B0 A0 28 T AR M IR AE B A i 2H 207 6
U2 5 40 it R e b AR A DR AL KE AR 7 d R AR ook
HURE R . L4 i [) J5 7K i 5 1 I 400 i 348 A 7%
JE BRI s [ s DTER A K BUR 28 T 8 T2 %A1 T i
FEFCAL 75 8, L 45 3 3R B GDF-15 Vit 5
B U A BT ) R 22 oG R T L SE 2% g B
I 2 T RE BN

Smad & AKX ETE TCF-3 A GENMAF 515 %
TR T HES S5EM . haREEE SR 2 EA
Z— 5T n TR W EE . UR T4 4 B S
Bl AT AEREAN M N IR R  FEHLARSZ 0 ) 20 2 R
it TGF-B, 1fii TGF-8 5 4l Jifd 3 i 32 AR 45 & 1E 15k
AR HAL TGF-B AZ AR @I fk . TS Smad {5
S IE . 2 A0 N Smad2 B2k, 5 Smad4 22
BB R T 5 = RAKE W 7 H kA A0 MA% f5 IR 4%
BRE D] B Si, AR AR Ak N IR ARRE S N 4 O
72000, p21 YE R AT 52 Smad4 P45 —FhE B P, H
K FREATE R T . ARWF5E 00 T84 KR
B GDF-15,Smad2, Smad4, p21 mRNA X} FikK
R H R KB 2 R R BLTTER 4 GDF-15,
Smad?2, Smad4 mRNA A% & 35 7K - K H 2 [k F
PHE TIAESELE 17 p21 mRNA X283k 7K K
BB K& T AR SE2H . LA v] #EJ GDF-15 1] R
5 Smad2,Smad4 mRNA A%} 3k K M HE H K
A O AT BB p21 mRNA AR RIA K S H AR
KA . A8 #ED . GDE-15 30 2k % T figi 4
FE A 2 o0 U8 T2 A M dIAE L i —PLE AT R S
Smad j# 8 M HERE A p21 AC,

25 LTk s GDF-15 {50 8K 1T 41 i 1o 4% 58 K BR ik
W2 T, HAE I PLHI A BB 5 Smad 38 18 7 Jk
p21 W HEA 5, AR ] LAAE A GE A5, S B4 AT
FEPIAYT SR AL IS R

2 % x #
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