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%% K [E F Kriipple # EF 7 X #iE AR BLMAL TR B EE
B B =

EER, FXHE, S0 X0, wegtt, 202

(L B EBEsi 2R LT BB 12300052, HPHLE BT =8 s, Bl HPHL 15701153, 44
PHTEE 22 i 2 200 TR WS RT, e #EFRT 157011 ;4. PR E 2B ARl 2016 2%, gy 44T
157011)

[ EanwFse]

WE: BH WITHEETF Kripple B[R F 7 (KLFT ) %5374 K BRI S # Zo0B m TR i m s m . 7%
HUH A Sprauge-Dawley A i 2 4120 il 5 V5 5 4 22 G ST LS, B FL 1 x 10° A 41 3 R T R 2 R Bk 6 FL.4
MUIEFEA, MBI BEARSLIE TR 7 d 5 3 IE W A BR324 (OGD/R) A1 OGD/R + KLF7 2, IEHAREFR T d
A JEARK BRI M 28T AL 1 x 10° NI T & i 4 I3 9 DMEM/F12 1533 36 p AT B 95, B T S IR 5 5%
CO, WyXEFRAfh 37 CT1EFR 3 d;0GD/R A BEFR 7 d i B AR K BRI 5 o 22 0 PR IR R 92 vPR Mk 3 Ik, RS WA s S b
TR BN IO, BT = AR AN SR 4 (R4 1% 0, 94% N, 5% CO, ) 1 37 C ;3% 4 h, K5
B 4.5 g - L7" AR SR 3 O AR 0, B T S R BB 5% CO, 13 % - 41 P 15 9% 24 h; OGD/R +
KLF7 203555 )5 OGD/R BETUAHIMI A Lenti-KLF7 8955 8 A T2 5% , B F SRR 4 5% CO, W4 37 CF
WEE 3 do NFIEIEAE2E AT S & 21 T T i AR RS | SERT RO R 1 TR A5 R o g A N 45 20 240t v KILFT
NGF Caspase-3 ,Bcl-2 il Bax mRNA %35 , 4 T+ 2501a 700 & A6 0 25 28 48 IO 7% M , Hoechst33342,/ 1 Ak PR I A% ok 46 T 45
HAMPER TGN, &R 3 H4HHH KLF7 \NGF Caspase-3 \Bax 1 Bcl-2 mRNA AHXf Fik & LA 2E R B G it R X
(F =237.702 24.031 ,476. 505, 112. 900, 89. 467, P < 0. 05) ; OGD/R 41 fil OGD/R + KLF7 41 4ii Jfi 1 KLF7 . NGF
Caspase-3 Bax il Bcl-2 mRNA HI%} 58 B & TIEHR 40 (P <0.05) ;0GD/R + KLF7 £H 4l i h KLF7 \NGF #l Bcl-2
mRNA FX} 35 4 B 2% 5 F OGD/R 41 (P <0.05) , Caspase-3 Fil Bax mRNA A%} % 3% 1t @ Z % T OGD/R 41 (P <
0.05), 1EH# 4 .0GD/R 41 OGD/R + KLF7 441 [{13% 143514 1.080 +0.090.,0.499 +0.049 F10.727 +0.115,3 4
AT A 2 A G2 X (F =42.710,P <0.05) ; OGD/R 411 OGD/R + KLF7 414013 M @ 3% T IE W 41
(P <0.05) ,0GD/R + KLF7 2 435 P .3 % T OGD/R 2H(P <0.05) , 1E% 4 .0GD/R 4 . 0GD/R + KLF7 ZH 4 Jifg
TR 51510 (40.6 £6.3)% (76.7 +4.3)% F(58.5+4.4)% 3 HAMBPRHE T RILBEEFHRITFE L (F=
36.822,P <0.05) ;0GD/R Z0fl OGD/R + KLF7 4N AT- R B Em TIEH 4 (P <0.05) ,0GD/R + KLF7 4141
TR G BT OGD/R4L(P<0.05), 45 KLF7 Xt OGD/R 755 {1 7 T 14 2 700 1fr, -8 3 4 M 30 405 L 4P 1
HALH VT 6851 NGF 33k, #1845 Caspase-3 \Bel-2 Fll Bax 418 11558 A K.
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Effect of Kriippel-like factor 7 on ischemia-reperfusion injury of hippocampal neurons in neonatal rats
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Abstract: Objective To investigate the effect of Kriippel-like factors 7 ( KLF7) on ischemia-reperfusion injury of

hippocampal neurons in neonatal rats. Methods The hippocampal tissues of newborn Sprauge-Dawley rats were isolated to
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prepare the single cell suspension of hippocampal neuron, the single cell suspension was inoculated on a polylysine-coated 6-
well cell culture plate( 1 x 10° cells per well) ,and adherent cells were cultured for 7 days. The cells were divided into normal
group ,oxygen glucose deprivation ( OGD ) /reoxygenation ( R) group and OGD/R + KLF7 group. The primary hippocampal
neurons cultured for 7 days in the normal group were cultured in DMEM/F12 medium containing fetal bovine serum (1 x 10°
cells per well) ,and continue to culture in the incubator containing 5% CO, for 3 days at 37 °C. In the OGD/R group, the
primary hippocampal neurons cultured for 7 days were washed three times with phosphate buffer solution, then the original
culture solution was replaced by sugar-free equilibrium salt solution with a transposer;the cells were cultured in a three-gas
hypoxic cell incubator ( volume fraction 1% 0, ,94% N, ,5% CO, ) for 4 hours at 37 °C ;the sugar-free equilibrium salt solution
was replaced by 4.5 ¢ + L™" dextrose culture-medium , then the cells were cultured in a room temperature incubator containing
with 5% CO, for 24 hours. The OGD/R cells in the OGD/R + KLF7 group were transfected with Lenti-KLF7 lentivirus and
incubated in the incubator containing 5% CO, for 3 days at 37 °C. The growth of hippocampal neurons in each group was
observed by inverted phase contrast microscopy. The expression of KLF7 ,NGF, Caspase-3,Bcl-2 and Bax mRNA was detected
by real-time fluorescence quantitative polymerase chain reaction. The cell viability was measured by cell counting kit-8
method , and the apoptosis was detected by Hoechst 33342/propidium iodine double staining. Results There was significant
difference in the relative expressions of KLF7 ,NGF, Caspase-3, Bax and Becl-2 mRNA in cells among the three groups (F =
237.702,24.031,476.505,112.900,89. 467 ; P <0.05). The relative expressions of KLF7 ,NGF, Caspase-3,Bax and Bcl-2
mRNA in cells in the OGD/R group and OGD/R + KLF7 group were significantly higher than those in the normal group (P <
0.05). The relative expressions of KLF7 ,NGF and Bcl-2 mRNA in cells in the OGD/R + KLF7 group were significantly higher
than those in the OGD/R (P <0.05). The relative expressions of Caspase-3 and Bax mRNA in cells in the OGD/R + KLF7
group were significantly lower than those in the OGD/R group (P <0.05). The cell activity in the normal group, OGD/R
group and OGD/R + KLF7 group was 1. 080 +0.090,0.499 +0.049 and 0. 727 +0. 115, respectively ; there was significant
difference among the three groups (F =42.710,P <0.05). The cell viability in the OGD/R group and OGD/R + KLF7 group
was significantly lower than that in the normal group (P <0.05),and the cell viability in the OGD/R + KLF7 group was
significantly higher than that in the OGD/R group (P <0.05). The apoptotic rate in the normal group, OGD/R group and
OGD/R + KLF7 group was (40.6 +6.3)% ,(76.7 £4.3)% and (58.5 +£4.4)% , respectively; there was significant
difference among the three groups ( F'=36.822,P <0.05). The apoptotic rate in the OGD/R group and OGD/R + KLF7 group
was significantly higher than that in the normal group (P <0.05) ,and the apoptotic rate in the OGD/R + KLF7 group was
significantly lower than that in the OGD/R group (P <0.05). Conclusion KLF7 can protect hippocampal neurons from
OGD/R-induced ischemia-reperfusion injury,and its mechanism may be related to mediating NGF expression and regulating
the apoptosis signaling pathways of Caspase-3,Bcl-2 and Bax.
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DB PAR B2 e o DX ot A 2 A JH LA 114 O B 5 M ke
NP e T B i A I B, E R o T Y
R IS PO 1 P RE A — 2 R fiki 2H 245045 F0 ) R
5, B et PR S 5 IR A A 2R
Hh BRI A AR H A MG P 15 7T 75 A fii ke I - 3 4
051 o I et FREE T 500 5 | 2 S4B A0 P B
PEBLA P S A T A Ak A S T H
BUATIAS o35 2E , W B Z A ROIRYT Ik . TRAIR
o G e AP A 5 R A e s R BILR A B T
R e L PR T A0 05 B IR 97 SR o Kriipple P51
7 ( Kriippel-like factor 7, KLF7 ) J& 5 #fl £ 95 5 2 VI AH
R SR, ARG s, KLFT 2 5 FjR 24
WU JE S 2 T 0 K R 2 on A A
AV TR SRS, KLF7 75 AL B i 28 T
2 e R0k 2 i R A 28 4000 R R 405 Y

Wz ITAE IR Y S H R, I B a0 T E T 8 P
KLF7 X i Sh 0 22 0 A T B R L oK DL 438
AT 5T 18 5 4 RS #3524 (oxygen-glucose
deprivation/reoxygenation, OGD/R) K FiE & #f £ G
A B e 1l B 3 4505 4 B R A, 0L %% KLFT X}
OGD/R #flJid i 1 1 20 Jifg o 1T ) 2 0, 5 7 % 0
KLF7 FER SN0 il il 5 3 13 458 15 18 5 #ih 28 50 1 £
FPORIL , iy e DA i gk ot P R T 450405 O3 9 A R
FRHE 5o

1 HRSH%

1.1 SLI§zh# 4 24 h NH 4 Sprauge-Dawley
(SD) K9 A MEMEARR KB & 12 ~ 15 g, thh [E
BERLR 7S 3 1 O B2 1 (P AT HIES : SCXK Liao
2003-0009) ,,
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1.2 FERAFEMIF KLF7 1255 7 (Lenti-KLF7 ,
ZEE ABM 41]) ,KLF7 fH £ 4 K K7 (nerve growth
factor, NGF) 22t 22 iR K 4 & 2 2 [ -3 ( cysteine-
aspartic acid protease-3, caspase-3) . B E 4 e 553 -2
(B-cell lymghoma-2, Bel-2) | Bel-2 #H 56 i X 3
(Bcl-2 associated X protein, Bax ) F1H i i -3 - B iz i
A Ff ( glyceraldehyde-3-phosphate
GAPDH) 5| (3£ [E Ambion 24 w]) Al 314070 &
(cell counting kit-8, CCKS8 ) . fi 1k, 7§ IE ( propidium
iodine , PI) | X & 3wk s Ju ]l Hoechst33342 | JBi R
it 3% 7R A ve B0 R RS 2K 15 97 2k 12 (Dulbecco’s
modified Eagle’s medium F12, DMEM/F12)  Ji§ 4= il
15 (£ Sigma 24 H]) S kiR & S0 e BUA I
W5 75 S5 53 T ( Moloney murine leukemia virus reverse
transcriptase , M-MLVRT) | TRIzol ( 3% [E Invitrogen /%
) ; Olympus IX70 {3 # #H 2= 2 il 4% . Olympus AX70
PBEDOE B ( H A Olympus 22w ) , CO, 415
FeAH ( HA Thermo 3 7]) , B TAE 5 (FRJH AL
AR ), C21 =< B 4040 i 35 5748 (£ E
Biospherix /A ] ) ,3550UV BIEFFRIY ( 35 E BIO-RAD
NI

1.3 XREBSWMETHIEER SHIUK[6]
715 0 BT A SD R B B 2H 4L, i IR 2K 13 il
37 °C NIHAL 15 min, F& AR50 80 15% G 4 130G
() DMEM/F12 2 1k JH Ak, il 1 x 107 L1 S sk
T B PN R B L 1 x 10° />4 g B2 b T B8 ot
IR 6 FLANMIIE AR, AR MG BE AR S 15 5% 7 d,
.

1.4 XRBESMWET OGD/R ERFIF S
K[ 1S ] 75 ¥ 2 R it Sh #2250 OGD/R BEAY
B3R 7 d AR B S 289053 4 I 4H . OGD/
R 41 OGD/R + KLF7 41, IE# 41537 7 d iy AR
K D20 4L 1 x 10° A48 T & G 28 1f
Y DMEM/F12 A7 85535, B T SR 8 5%
CO, WIREFRMIh 37 CF 13 3 d, OGD/R 411435
7 d oy JRARCR B S R 2 T B R Eh 22 P K
( phosphate buffered solation, PBS) %% 3 X, FHFS i o8
W IS SR WCE 5 0 JOWE A SR 1, 1 = U A
J s 75 46 (R BUR 4 1% 0,.94% N, (5% CO, )
37 C TR 4 h 40 =Bk S0 i 5 5 A
WL 4.5 g+ LI R RE IR AR O T 4R
VW, BT R 5% CO, 1Y il B IR A Hh B
7% 24 h, OGD/R + KLF7 21 Bt I 3 K5 3% 1 2y 1
OGD/R BRI, B FLAEJERE SR WP A 2wl 1Y
Lenti-KLF7 P55 JEA7 6 4, B T & R B0 % 5%

dehydrogenase,,

CO, HysEFR46 ™ 37 C TR 3 do HEIE A2 B
TS A5 2 g D oo A KRS

1.5 ZHRXEEREHH% KL (polymerase
chain reaction, PCR) #& | &% 4H A b KLF7 NGF,
Caspase-3 . Bax 1 Bel-2 mRNA fJRiE B 3 440
Mgz Ah F 6 FLAR A, A FL 1 x 10° A4S 40 M, R
TRIzol $2BORHE IS 2H 40 il RNA , I i % sk
TR 5 R e S R % S DNAL O AR 2 10 pl
SYBR Green PCR Master Mix,2 uL 5|4 %1 8 L
¢cDNA, KLF7 [ 5| % ¥ %] % 5 -TTTCCTGGC-
AGTCATCTGCAC-3', F 5| ¥ )% %1y 5'-GGGTC-
TGTTTGTTTGTCAGTCTGTC-3'; NGF |- i8] ¥ J¥ 1]
4 5'-CGGTCTTCCCGCCCTAGCCTG-3', R s| 4%
5124 5'-ATTTGCACGCCGCTCCTTTGC-3" ; Caspase-3
s Y F 4l 5'-TGGAACAAATGGACCTGT-
TGACC-3', F E 581 4 J§ %1}y 5'-AGGACTCAAAT-
TCTGTTGCCACC-3"; Bel-2 I i 8| 4 ¥ %1 Sy 5'-
TTCTTTGAGTTCGGTGGGGTC-3", F 8| ¥ ¢ 51
5'-TGCATATTTGTTTGGGGCAGG-3"; Bax ¥ 5| ¥
J¥ %1 5'-TCCACCAAGAAGCTGAGCGAG-3', T %
2l ¥ F 5 & 5'-GTCCAGCCCATGATGGTTCT-3';
GAPDH I i 81 ¥ 5 %1 }3 5'-TGGTGGGTATGGG-
TCAGAAGGACTC3', R84 %41 Fy 5'-CATGGCT-
GGGGTGTTGAAGGTCTCA-3 ', LA 6 W, FI
270N L A T A AL AN L KLFT | NGF | Caspase-3
Bax £ Bel-2 mRNA FE*T 355,

1.6 RRAEARKRNZHMBPFENE K3 A
BRhF 6 FLA P, AL 1 x 10° 40, A FL A
10 wL CCK8 #3557 2 h, o FH A SRS 0 5 2H 40
HiTF 450 nm Kb AgIOEIEAE ) LS AN RIS

1.7 Hoechst33342/PT e 3% # il & 26 40 A 8 1=
FOW 3 YRR T 6 FLARH, AL 1 x 10° 441
M, ] 1 mL Hoechst33342 Yt % 37 C F I &
30 min,PI ZJRMFHE 15 min'"" | 7€ Olympus AX70 4
PEDSOG I U T AR THEC L T2, 41
LRI T2 = P T 20 S A S A < 100%

1.8 Seit=#4bs® ) A SPSS 13.0 il 4e1t
ST TR GOR AR + AR (v £5) R 2R
HRZE T 2 th M2 ERZER T, P <0.05 H2E 5
EEME -

2 #R

2.1 3IABEMETHSE BEMELMET
PO~ BT R R R EEDIvENy d o IR TN RS
LR ERFELE R (I 1A) . OGD/R i E 408t
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D, R, ML Z 0 (B 1B) .

OGD/R + KLF7 4% OGD/R 41§ 0 22 o 55 o 4

A IEW 4 ;B:0GD/R 4H;C.0GD/R + KLF7 4,
1 3ABFDHMATES(BERERME, x100)

2, SR B BRI T, ) 245 A0 2 A 52 1T D0 i3 (1]

1C),

Fig.1 Morphology of hippocampal neurons in the three groups(inverted phase contrast microscope, x100)

2.2 3 ZH4ABm & KLF7,NGF, Caspase-3, Bax fll
Bcl-2 mRNA 3 RIZELLE SR ILF 1, 34
Mg - KLF7 . NGF | Caspase-3 , Bax £ Bcl-2 mRNA
X RBELEERYALEITFEL(F =
237.702 .24. 031,476. 505,112. 900, 89. 467, P <
0.05), OGD/R 41 1 OGD/R + KLF7 4 41 fify

KLF7 \NGF ,Caspase-3 ,Bax fl Bcl-2 mRNA fHX} ik
HEESTIEEH, ZRAGIFEL(P<0.05);
OGD/R + KLF7 414 i} KLF7 NGF # Bel-2 mRNA
XA R B E ST OGD/R 4, Caspase-3 Fil Bax
mRNA MIXFER ik B 25 18T OGD/R 4, 2574 A 48
I EX(P<0.05),

*£1 3 A4t KLF7 NGF, Caspase-3,Bax 1 Bcl-2 mRNA 183t RiEE LB
Tab.1 Comparison of the relative expression of KLF7 ,NGF, Caspase-3,Bax and Bcl-2 mRNA among the three groups

(xxs)
2H 51 n KLF7 mRNA NGF mRNA Bcl-2 mRNA Caspase-3 mRNA Bax mRNA
4R 6 0.101 +0.045 0.032 +0. 009 0.086 +0. 063 0.037 +0.018 0.128 +0.097
OGD/R 41 6 0.338 +0.053° 0.154 +0.037° 0.476 +0.062° 1.388 +0.047° 2.067 £0. 120°
OGD/R+ KLF7 4] 6 1.020 +0. 060" 0.285 +0.067" 0.840 +0. 106 0.437 +0.097% 1.210 £0.227%

¥ SIEH 4P <0.05; 5 OGD/R 4 H#"P <0.05,

2.3 3 AMAEEMELLE  IEH4L.0GD/R 4 ,0GD/
R + KLF7 41 4 jfg 3% ¥ 43 0 2 1. 080 = 0. 090,
0.499 +0.049 1 0.727 £0. 115,3 £ 200 3% 1 LA
LG 24E L (F =42.710,P <0.05), OGD/R
ZH 71 OGD/R + KLF7 4 4 Mo % M 2 K T IE w4,
LA G L (P <0.05) ;06D/R + KLF7 414
MG P T OGD/R 4, 2R H St & XL
(P<0.05),

2.4 3HEMAATERILE FRILKE2, EWL.

OGD/R 41 .0GD/R + KLF7 4140 g 8 T 3% 43 51 Ky
(40.6 £6.3)% (76.7 +4.3)% F1(58.5 +4.4) % ,
SHAMM TR EEFARITFEX(F =
36.822,P <0.05) , OGD/R 41 F1 OGD/R + KLF7 41
I TR B E S TIEFA, ZRA%IT¥EX
(P <0.05);0GD/R + KLF7 4400817 % 0 2L T
OGD/R 41, =R A 5114 E L (P <0.05),

A IEH4;B:0GD/R 41;C:0GD/R + KLF7 4.
2 3 AMRETE R ( Hoechst33342/PI I k%, x200)

Fig.2 Apoptosis in the three groups( Hoechst33342/PI double staining, x200)
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PR SLHBNABEIEM . W98 K, ZFpEE A7
T HCAH O FE DR 5 I 45 A e o P i 468 43 3 B o A
PPN, RENS . 35 48 1E I 25 b 3h i w22 1l 45 T e
WA KLF J& F AL R R 5 N7, i 17
AR AU, FEAN A K e 385 GERS T AR
SN0 RN A AN ) (R Sh e L BT &
B, KLF 2 5 45 200 N800 , AT IR |
AR O M A S AR 2

KLF ZEEh ik g 240 ) 2z %™ . H
AT, KLF 78 sR AR 25 22 G0 40 M b 19 238 X b e 35495
JE R TCAT 1S A B AR R M ANTE 2. AR R
B, KLEF G % 1 2 00 0 fi65 4o 226 7 40l A iz J2 #2200
oA KRR J7, Hodh KLF4 fi0 KLFO RE 30 i1 4 28 75
AP KLF6 Al KLF7 fgfie gk oe A K™ o #Fse
FEH KLF11 n] f by — ik S0 A0 10 i 0 34 7 0
%Z K v ( peroxisome proliferator-activated receptor
gamma, PPARy) J&¥E[H 7, il 12 PPARy 4 5 & #£ ik
IR 2 o KLF2 Al 45— R i 26 s [
T, g A I AR BE B AR 2 A O o REY . T
KLF7 7 17 A KLF G2 i b rp 5L Ry 1 4 48
ATIRe, RE M S IR R A AT R
AL AIAEE Y o SR, KLE7 26 3845 i 1M 49 20 Bl
il VR FH AL ASTE 4E

AT KB, OGD/R 4L 4 28 U R 5 1
WL, R, RS 2 45, B )
FHEET OGD/R {A4/MEJe ifn T 14 403405 20 R B 780 . o
I KLET7 1895 7 5% Y g A7 %% fin OGD/R A4+
B i P A 8 7 S e e oC B A A s A K
R N 25 FE LS MR . A AN, AR B ST AE OR BOR,
OGD/R + KLF7 Z{ 41 jfu 35 ¥ 4 OGD/R 4 ¢ 2% F+
T A0 M UE TR & OGD/R 41 B RR AL, R
KLF7 i 4 28 el i PR v A e,
M KLF7 J&—Fh 2 5 % OGD/R 3 i # 4ot
B e S o

ARG ZH BT S B , KUF7 B3 i 845 i
BOSLEA NGF {5 538 B , w25 (2 F ) [l 2 40 40 F0
BE 15 1 T BE K &2, NGF g KLF7 T i #8 5L
KLF7 #5355 NGF Rk HA B 2 EAH M KLF7 38
1P NGF ek i ¥ b 2 FRA R B o A
SR, HIEH 4 OGD/R 41 %, 0GD/R + KLF7
ZH 2 KLF7 A1 NGF mRNA AHXJ 2% 35 i i & 1 &
JESE KLF7 1295 85 Y o e JEAm e iy KLF7 &35,
1A NGF 3k, R, i KLF7 58 1 3 4% NGF X}

OGD/R if5 3 1y #f 28 JT 01 1 & % 1 37 1F Fl.
Caspase-3 \Bcl-2 Fl Bax & E#E M4 T T- I T2 &
%, AWF5E & B, OGD/R + KLF7 414/ Bel-2 mRNA
FRBEET OGD/R 41, i Caspase-3 Fll Bax mRNA
FER W RRAIG, I KLE7 8755 i 168 22 s AL 7] A
5453 NGF {5538 i, #E 1M 45 Caspase-3 ,Bel-2 F
Bax 4 {5 5@ %A 5.

2% ik ,KLF7 Xt OGD/R % T 1 S M 290
R IR 4505 AT DR AP A, HIL AR AT RE 5 A =
NGF Z3K, #E 1M 845 Caspase-3 .Bcl-2 F1 Bax i Jitg f§
TR Il A Ko
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