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[# E] B AR RNA THTER 22 245 5300 B9 8 H P 8L B (mitogen-activated protein kinase kinase , MKK7) 3% [X X} SH-
SYSY 4 e -, Fik . IFIEE AR MKK7 /8 T 4 RNA(small interference RNA,siRNA)3 5% (MKK7siRNA-1
MKK7siRNA-2 MKK7siRNA-3) ;5 MKK7 & PK I [A] P54 09 15 A 206856 Y6 14 [ 1 X B siRNA  (negative control siRNA), 7
lipofectamine 2000 /-5 N4 4% SH-SYSY 4l , 56 B ABe T W EHE YR, RT-PCR W28 MKK7 mRNA 335 & Western blot %
T MKK7 2 B35, HET 7 78 5 Yl R A Y MKK7siRNA , CCK-8 A& 4425 40 i 3% /7, Hochest 33258 #6145 2 210 it i - 4
o, A 4TI 7=, Western blot £ p-JNK, JHT-H I cleaved caspase-3 1284k, ZR: O MKK7siRNA-3 41K
MKK7 mRNA F55A%  MKK7 2 #5550 ; @525 F % B4 (control group) Hb#E , MKK7siRNA-3 ZH AU 4TS 1 B8 22 5% p-
JNK cleaved caspase-3 7RG, AT 2RRER, Z518: RNA THLUTER MKK7 R8T INK S8R (ki SH-SYSY 4T,
[X#IA] SH-SYSY 4IfE; RNA T-Hi; MKK7; J8T1-
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Effects of the RNA interference silenceing MKK7 on SH-SY5Y cells apoptosis
Lai Luying,Zhang Qingguo,Li Le,Zhao Wei,Lei Hongyi, Jiang Shan,Zhang Jing, Xu Shiyuan*
(Department of Anesthesiology , Zhujiang Hospital ,Southern Medical University, Guangzhou 510282 ,China)

[Abstract] Objective:To discuss the effects of RNA interference silencing MKK7 on SH SY5Y cells apoptosis. Methods: Three
articles MKK7 siRNA (MKK7siRNA-1,MKK7siRNA-2 and MKK7siRNA-3)were designed and synthesized,the negative control
siRNA with red fluorescence,which had no homology to the MKK7 gene,was transfected into SH SYSY cells with the lipofectamine
2000 and the transfection effect was tested using fluorescence microscope,the MKK7 was detected by RT-PCR and Western blot,
then were screened MKK7siRNAs. After the MKK7siRNAs were transfected into SH-SYSY cells, the cell vitality was detested using
CCK-8,and the apoptosis rate was tested by Hochest 33258 dyeing and flow cytometry instrument,the expression of p-JNK and the
cleaved caspase-3 protein was detected by western blot. Results; (DMKK7siRNA-3 has lowest MKK7 mRNA and protein expression;
@ compared with the control group, MKK7siRNA-3 group has no statistical difference in cell viability,lower p-JNK and cleaved
caspase-3 expression and apoptosis rate. Conclusion: The RNA interference silencing MKK7 can down-regulate the JNK
phosphorylation , which forther inhibit the SH SYSY cell apoptosis.
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TR #5  RNA T-HEUTE MKK7 % SH-SYSY 40 - f 5 657+

PR, AR TSR a2 oT M T 5 INK 1Y
BOGYIA S %F MKK7/JNK 18 #1582 1F
58 S TR AR LG IR I A e 22 R RO ) % B 5], e T
HAEph 28107 I VE T 50 AR oe i it %
%2 3 X} MKK7siRNA X 4fi Jifl A} MKK7 J X =3k /9
SR e M g MKK7 JE P TERAY siRNA H-
Bt %1 RNA FHE0TE MKK7 %K % SH-SYSY 4
Mg T s, S ot — 25 0F 5T MKK7 75 #0 22iR 170
S A8 IV FH B8 BEAl
1 #EAnrgiE
1.1 ##

SH-SYSY 4tk (B2 L i AE ar Rk F it

FEBEAIL L)
DMEM/F12 ¥ 574 | G4 I (Gibeo A7), 36

);Lipofectamine2000 ¥4 4435 .Opti-MEM (Invitro-
gen v H), F[EH);MKK7 . p-JNK cleaved caspase-3 Fll
B-actin —$T (Abcam /A F] , 9% [F] ) ; CCK-8 ([A] {2
A, HZ);Hochest 33258 i3] & . Annexin V-FITC
ALY TR AR & (P stEL AR A E] ) s HRP FRic
B FPiR =0 HRP Fric i F90 P (AL at il
FR23w])sRT-PCR AT G (TaKaRa A7), HA);
MKK7siRNA H1 ) 8 1828 w3t 9 & B, MKK7
S ENZ (M JETWAY A7),

M GenBank 175 A MKK7 R 551K Gene
ID5609, 31 3 4~ siRNA J¥ 581 (4l fiv & A
MKK7siRNA-1 MKK7siRNA-2 MKK7siRNA-3), Hi
N A LA R, P 8148 BLAST £ if), HERR 5 H
T FER R, RIS A 5 A 2 EhRIE /Y negative
siRNA J¥51,  FFolink 1 fis,

&1 MKKT7siRNA EEF5!
Table 1 MKKT7siRNA sequences

FH FHFFII(5—3") TUFFAN(5'—3)
MKK7siRNA-1 GGAAGAGACCAAAGUAUAAATAT UUAUACUUUGGUCUCUUCCATAT
MKK7siRNA-2 GCAUUGAUUGACCAGAAATAT UUCUGGUCAAUCUCAAUGATATAT
MKK7siRNA-3 CCUACAUCGUGCAGUGCUUATAT AAGCACUGCACGAUGUAGGTATAT

1.2 Fik Ja , # B LB B e A e AR &, E LT

1.2.1 fmpissh

B3 15 J8 0 SH-SYSY 455 35 T 10% 1k 4
L5 ) DMEM/F12 ¥53%4, T 37°C 5%CO, 4l i i
FEPERR
1.2.2 siRNA #:3

BRYVET 1 d, RS NECR AR 6 FLAN A
B AL AR B PR R R SR iR
YLt B A2 FE REAE 14 2 309%~50% ; DR FE siRNA
FH 50 pL A& ISR FEE Opti-MEM T #i g 1.25 pl
20 pmol Y siRNA A, 58I A) , IR E 5 min;
@i B lipofactamine 2000 FH 50 wL A& L7555 57
F Opti-MEM I %% 1 uL lipofactamine 2000, #8244
RAIFZERIFE 5 min; Q¥ ERRIRY, =il
JEE 20 min, MIASA ALY 400 L $557 035
FRALh RERIR AT MR SRS T 37°C Y CO, Ky 5
FEThEESE 24 h e IR BRI SR AL RO YA
25 XTI |, # Yenegative siRNA MKK7siRNA-1 |
MKK7siRNA-2 MKK7siRNA-3 2H 43 51 >4 93 7 %t 18
2 ,MKK7siRNA-1 #H \MKK7siRNA-2 i MKK7siR-
NA-3 4,
1.2.3 MKK7siRNA %28 MKK7 #) & A&

PR A0 RNA J5, % RNA S %l cDNA

FETE PCR ARG , S B IARA 25 pl SRR,
MKK7 5[ :MKK7-up:5'-TCATCACCAACACGGAC-
GTCTTCA-3" ;MKK7-down:5 -TTCAGGTACAGCGC-
CTTCACA-3

FE IR DL 27889 (C ARSRTE 3R I (H ) R A&
B R R & THE AN AACt=[ Ct s w670 19—
Ct (p-aetiny )= [ Ctou s 473 )= Cg-actin) |
1.2.4 Western blot #:i|

i SO 2H 1 4 i 2R 1 1 ] BCA ¥R i AT
SDS-PAGE Hijk, ¥ % PVDF i€ |, 19%BAS 4]
W 1 h,1:1 000 —$L 4CHFF L4, 1:1 000 —
YU E 3%, ECL A2 & OCH W45 3 | 2R F quan-
tity one RIS ATaE L 2 D628 BE (R, 1k
IHE 3 Ik, MKK7 .p-JNK .cleaved caspase-3 25 152
3B IK LA MKK7p-JNK .cleaved caspase-3 Fl B-actin
F KRB ILER R . RRH AN AT 3 30,

1.2.5 Hoechst 33258 % &,

HLLL 1x10° /LB %5 E R AR T 6 fLA
NG BE S | Pk DUBRAICR e i 9 MKK7siRNA
YL 24 h 5, FH Buffer A V% 2 3 | JERMEG T TR USC4E 40 it
J& , VA 4% B EEE 22 10 min, F5F Buffer A ¥k 2 3%
J&i , LA Hochest 33258 #5 %5 15 min, 7F 340 nm [
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1.2.6  Annexin V-FITC %4 20 feL 8 =

IS4G IS EDTA 19 0.25%)5 85 11
fbAtiff, HIPBS Pk 3, WER4IMIS, H 500 pL
binding buffer FEAML, SRETEREAMIINA S wL
Annexin V-FITC, #CHFE 5 min J5, FIMA 5 wL il
FEmE, BCER T FIFE 10 min J5 4 FCM K
W PR B 488 nm, KGR 530 nm, Q2 L3R
W T, Q4 AR T, TR =Q2+Q4 , B 41 5L
BHELHEE 3K,
1.2.7 CCK-8 ¥ 2m it & 5

PLEEFLZY 5 000 /> 241 At 42 A 31 96 £L 3% 57 4R
TR S DG HE A ATBA 1 X B A, DA BRI A
171 MKK7siRNA #6344 24 h J5 . BFLINIA CCK-8 i
10 WL, ARE205F 4 h, B 570 nm T I0E 5-FLIK
FEEEAE, LRI A S AL o s L, DS A
FLHZE, DIARH siRNA ACFR)2S (U0t BELH A 1k
100% , 4555 3 ANEFLIE, SCsr i 3 IR, 25 44A
T HE=SER O CEEE X BRI RE(E X 100% .
1.3 “%it5FiE

THEGORHAE + P22 (X £ 5) %o, RH]
SPSS 13.0 et br . 224 SR HI 58 4Bl bl
IR FRTT 22000, A LR LSD . P < 0.05
HESAGRIEE XL,

2 # R

2.1 IEF3% SH-SYSY 4af % siRNA # 4 )5 SH-
SYSY “ahe

18] 8 S T SH-SYSY 20 i 52 30 R LR
T REA A A 2 i, A7 VR SRS 40 i
ERRE R, LI A £0 A5 6 H 1Y negative
siRNA #H17TH 4Y 24 h J5 26 W icss g (& 1),
AT LA SR BAT O, TEW siRNA AT i Dk e
A SH-SY5Y 4 il
2.2 MKK7mRNA %ik

A3 283 negative siRNA 5 3 Ff MKK7siR-
NA B9 J5 | AR YL 2l Ry 25 I G RR A, 35 H MKK7
TR 100%, ik h DIERACR V1) MKK7siR
NA, MKK7siRNA-1 MKK7siRNA-2 MKK7siRNA-3 /1
MKK7mRNA [R5 5000 27.73 £ 1.00,17.57 =
2.81.0.63 + 0.01, 4541 2 [8] MKK7mRNA FRikEA
Biitag 25 5 (F=1 499.05,P < 0.001) ; Z & [LigHT, 5
25 A% B ZH AH Y, MKK7siRNA-1 2 \MKK7siRNA-2

A, B,
A Bl BB T IEH SH-SYSY 4R (x40); B:negative
siRNA FHJ5 19 SH-SYSY 41l /E S 5 T & (x40) .
1 negative siRNA Yy SH-SYSY 41 it i3 %
Efficiency of SH-SY5Y transfection with negative siRNA

Figure 1
#H siRNA-MKK7-3 45544 f5 1Y) MKK7mRNA ik 5
WH #2257 (P < 0001), Hf MKK7siRNA-3
H) mRNA FR AR 063 + 0.01(5£2),

%2 &AM MKK7 mRNA kX8

Table 2 The expression of MKK7mRNA (X +5,n=3)
A xEl mRNA #isE
25 X RE 100.00 + 0.00
[ERERO I 96.80 + 3.57
MKK7siRNA-1 27.73 + 1.00*
MKK7siRNA-2 17.57 + 2.81*
MKK7siRNA-3 0.63 +0.01*

L5 XHIRAIMIEL, “P < 0.05; 5 MKK7siRNA-2 , MKK7siRNA-
1 fHEE,*P < 0.05,
2.3 Western blot # MKK7 % & & ik

a3 {4 AH H , MKK7siRNA-1 MKK7siR-

NA-2 MKK7siRNA-3 %% 4L J5 () MKK7 & 1 & 1k
HAPFEAR(P < 0.001), HH MKK7siRNA-3 #J4f5 11
MKK7 & HF AR (007 + 001, K2), 5RT-
PCR %58 —3,

=F BAE MKK7siRNA
PR O o ] 1 2 3

MKK7 Wil b -

Braclin e — — — —

1.00-
0.80-
£ T T
Z 0.60
o
h *
2 0.40- T .
%}
= -
0.20
4
0.00 . : . . .
sE e 2 3
X xing MKK7siRNA

oS IBLALE, "P<005; 5 MKK7siRNA-2 MKK7siRNA-1
ML, *P < 0.05,
Kl 2 Western blot ¥:ill MKK7 & 4 015
Figure 2 Detection of the expression of MKK7 protein by
Western blot
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2.4  CCK-8 ¥ 4w L& /1

285 DUBRBUR B B 19 MKKsiRNA7-3 55 4 )5 |
FH: X BRZH (97.65 + 1.18)% 11 MKK7siRNA-3 41
(97.57 = 1L.12)% M4 I FE T R, (HRSEi2#
253 (P=0.99,F3),

100.00 T T T
80.00
s
= 60.001
R
=
2 40.001
j==¢
B
20.00-
0.00 . r -
23 FA?E  MKK7siRNA-3
e X I

K3 CCK-8 Il 4 f i 71
Figure 3 Detection of cell viability by CCK-8

2.5 AT

YRR T A 22 AR A e 0 ST R A | DL
DNA F BB, S B R oA ZEJR T
Y, BCHEN A TER BEREAER) DNA /-1 LA
MR IR AU, TEF MR IR (A ny2e
S BEFE 15 MY SHSYSY 4, 354 s m B ke
LRI BRI OO (K 4 £1), 24 SHSYSY sk
Y MKK7siRNA-3 J5, 0 (o b4 gi B nl g/
(FE4), FRagn ORI R T 4B, A5 — B b
23 PG IR AT IR PR T3R50 (9.53 +
0.35)% .(9.33 + 0.72)%, >4 MKK7siRNA-3 #57¢ A2
MLJE , Q2+Q4 JHT-4HA A 43 Heidi/ 4 (3.80 + 0.10)%,
SRAEXT IR, T2 22 57 (P < 0.001, [BI5A)

A=

cleaved caspase-3 WA H, K4 EAFIEI
41 0.96 + 0.02,0.96 + 0.01,0.34 + 0.01, 575X} Ad
ZHAH ., MKK7siRNA-3 2] cleaved caspase-3 #5 1%
FEFE(E (P < 0.001,18 5B),

23 X 8 B X e MKK7siRNA-3
LLE AR T A,
El 4 5560 R T M Hochest 33258 4 {f,(x100)
A Figure 4 Apopotosis stained by Hochest 33258 by flurescence microscopy dyeing(x100)
EN g =
3 3 Q| 2
N z &
3 Q{2 = QLil O =z 3 Q3 |
= 3 ; : 3
S Q3 |04 = Q3 | Q4 S
. ‘,.\m".:':-"- 1 .
EE g g | EE
s |||||‘||‘ T T TITm[ LILELLLLLL} T T TTTmy T I‘...I .I T - LBBLILLLLLLI | T T 1T T s LLLALLI| T T TTImy T LLLALYI | T T 1T T
10 10° 10* 10° 10 10° 10* 10° 10° 10° 10* 10°
FITC-A %5 1%} JH 4 FITC-A BITEXT I ZH FITC-A MKK7siRNAs
B \:\i 12.001 O & cleaved casepase-3
ZEEXTAL BIFEXTEE MKK7siRNA-3 T 000 W opx
< 5 8.00
cleaved casepase-3 MENENNNS  (— — : =
2 % 6.00
Eg N
% £ 400 '
i3
. s % 2.001
Bractin  — — = *
I 000
- 25 R R FI#EXF IR MKK7siRNA-3
A TR ARG 20 i =% ; B . Westerm bolt K21l cleaved casepase-3 3%, 545 AN FRZAAMA L, *P < 0.05,

K5 AMIHT-ZF cleaved caspase-3 FHH

Figure 5 The apoptosis rate and the expression of cleaved caspase-3 protein
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2.6 p-JNK Z& & 8 & ik

p-INK I RIE T, SAHEARBT N
0.98 + 0.10,0.92 + 0.10.0.29 + 0.02, 525X}
ZH M Eb , MKK7siRNA-3 240 p-JNK 25 [ % F % I
(P < 0.001,F6),

A PRI BIMEXSIRAL MKKTSiRNA-3

p-JNK
R — —

-acti
B-actin .
B 1.25
5@} 1.00
R = -
E 075
=
@Iﬂ{ 0.50
N
4 *
Z 0.25- =
s
0.00 . . .
= H PR MKK7siRNA-3
popi] popi]

A :Westerm bolt £l p-JNK & [ 2 ik ; B.p-JNK & [ FHLJ7
P, 528 X BALAT L, *P < 0.05,
K6 p-INK HEFKE
Figure 6 The expression of p-JNK protein

3 it i

RNA F#L(RNA interfere, RNAi )& JLAE & Ji2
R A, EHE—2/NaY AUE RNA (double
stranded RNA ,dsRNA) 455 Pk B it 5 H 5] V8 19
mRNA, = S0 BH T TR R B R R TA B4
T8 12 W T4k HORISR g SE R D RE I S8 5
K (29 500 bp) B dsRNA 7 2k 2K 254 1) v g
A BN R S TR (B AE SLah Y 4 b 204y
ANIE P R B B XUBE RNA TR TP, 304 40 it b m]
R FNNPURE TR RN, S B0 A & A SRR G
SRECIR IR R S = €3N SN B3y R W
A AR A BT R N B, TR AT R B
FES4 21 bp I H 3" s A I 082 5 1 Y siRNA 7]
AR5 R FL S PR FE R T RRLS ARSI b Y
3 Ff MKK7siRNA #RJ& K TE 18~21 bp ) dsRNA,
PRAE A B B DUERRUR . TEAR AN (in vitro) ¥
siRNA A A ZF0 71k | 85 65 U siR-
NA 1] FH H, ZF fL (electroporation ) | i i 73 4 A1 A5 J5i
& (lipofectamine ) % 4% . 2K H lipofectamine % Y444
siRNA S A SH-SYSY 4l 1N, BECRIERLES 1Y%

R, B LR ABFTE AR T B4 R
RO BRI RNAG SE50 9 B D) 34 75 2 BRI A3 2% T 1A
H 3L 3R89 siRNA 40T ASHIFZE P 4 FH 1Y
siRNA 1% T EE RNA FH5E7 5 BF 4 B9 Ribobio
NI N BTSRRI B, AR SE 56 T R AT
FHT BAPEXTHE siRNA A S0 HERR T [R) 5 35 R T R
BT, [RIBTARAS T REf% =20 T I8 MKK7mRNA £
IS BN MKK7siRNA-3, 5 F—# %l RNA T
M AW E MKKT 78 SH-SYSY #2411 it 4 1~ B WF
FEFT N LA,

caspase ZCIRAEA T AL JR T 19 5 B v ke 7 3
WEEVER, Hh caspase-3 S EEE AT 20 T,
A B FEUE S AE A #2540 461 453 ,casepase-3
F A0 A T A PR | caspase-3 1EH LA I
(32 000) IEAFAE T2 b FE T i R B B
BT LY caspase-3 1 2 N RIEHE(17 000)
A2 A/ FE (12 000) 2, , 24 A AR 7 149 1 4 Ji A%
R, e TR T, 2R W Rl 3 R
% BEREAIRRT, B caspase-3 & A BE BN S,
W 5 Fs  AFFEEROCTEAER cleaved caspase3
BIbRE , 24 MKK7siRNA # 9 A f5 , H: caspase-3
B . 2 2 4l

VR 2 4RO SH-SYSY AL Z )12 I
FH 4 22 2R Ge 0 1) & R LI RN VA 1t | i 220
TR B AL R BT ST Fh 00 SH-SYSY A5 1 2 ke 21
JOAFAE , 5 /NI B A LA il fR AR A Al 22 A 3
D B LSRR SRR S, HLAR R AR, HOB AR T
Wifi & 1 SR R A RE K & AR AR R, BRSR 20 S 40
JnT T B R RN, 32 JE RN 44 JEJE, bE
FEANM BB K 1.9%F0 4.99%1 ) i 2 241 i I
TP G ICIR TR ARG & A & SR I B EL ML, i
SH-SYSY J& B 52 # 28 70 8 T %) B 6 FH 9 248 Jifd A5
T AR IEE AR R B RS S E R A
T R 2R A7 55 e Sl A BV 3L R4
FHEZE JE | 37 L B6 R 25 M 0 28 T AT 15 5, DU fik
R TARFAT- IR, 51 RR P seT £
BRAMMIET, IEHFEFR SH-SYSY i it n]
AWM, RUEIERHAE 0 AT, 7
MKK7siRNA A% 45, & B @Ot
R ST 20 B H D | e S A A SRS T 200 L 1R
B, ] &3 MKK7siRNA ANRESE 2] SH-SYSY 4
Mo T, F W MKK7 25 1938 5% JF A & SH-
SYSY LA T ME—HL, H 525 X BRAR L,
WAL %2R, W T MKK7siRNA 7] SH-
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