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MIF £ [ X3 BT 95 20 Pel RS S A T &
ERK/RSKZ ES1EERR

mj’l 4__\,?32,%;{1_]42 l 34 2 7%.;/\1
(LEMNERAF¥ EFHIFKE, M 7 550025;2.% M E R A FHE E K
F M4 w2 W L, H N & FE 550002)

HE B/ KT RNA T#HRA-569 E vt am 1o 45 50 3 6] B F (MIF) 2 B 503k 3 AT % 28 16 2 SMMC-7721
5 HepG2 A 8% a A TR 91E AN, 755E ¥ MIF-siRNA F#£ 5 5] # % SMMC-7721 55 HepG2 @ #t.,
VA Con—siRNA 73] 5% 4 & 2 JOAE 3+ PR, KR 52 B 380 € 2 R o848 U (QRT-PCR) & Western blot 441
MIF ST AR , CCK -8 k) 2 2 I3 78 W 5L, iR X am JL AR A 4m L ) = &, R R Western blot A& MIF 222k
J& A TAB% A B BCL-2.BAX.P53 #%& & K- & i sMz 53R ¥ 58 (ERK).P0 A%k s6 %8 2(RSK2) .,
¥R A A 3B (GSK3 B ).Bad & & /K-F R LA AL K-F . 68 B Amnt MIF mRNA &g £k K
TFETRBAER, £ F %I FEN(P<0.05), AR T AF L ; L amedg sk h i, £ ¥ AT F &
SL(P< 0.05), MIF 508k 40 40 B3 58 A8 H AR T34 P40 ; A 48 = b4k, 2 F A 4t 5 E L (P<0.05), MIF L5k 4
R T % 5 T AT PR B3 4 4w i BAX P53.BCL-2 & & K F1bdk, 2 F A %t F & L (P <0.05),MIF ;T8
2a4m e BAX P53 #9% & R A KT 3 T B4A, M BCL-2 %G K-FAK T B4a,; K45 x4 4m o P
ERK.RSK2 % Bad B & KP4, ZR¥MAL%HFENL (P>005), WmLHMAS xR mE P GSK3IB .
p—-GSK3 B .p—ERK.p-RSK2 & p-Bad & & K -FIbik, £ 43 B %t £ &L (P<0.05), it MIF AR
B ApH] SMMC-7721 5 HepG2 % ity 38 gt 4% ) SHAL it 4w i 08 == T Ak % 1848 8 %5 ERK/RSK2 12 5185 529049

EHEIF . B A shdrh BT A R R a0 R R T ae R sME 5 T e
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Effect of silencing MIF gene by RNAI on proliferation, apoptosis
and ERK/RSK2 signal pathway in hepatic carcinoma cell line

Ming Zhou?, Lei Yu?, Qin-shan Li? Bi Wang?, Guo-zhen Yang*
(1. School of Medical Laboratory Sciences, Guizhou Medical University, Guiyang, Guizhou 550025,
China; 2. Guizhou Provincial Prenatal Diagnosis Center, the Affiliated Hospital of
Guizhou Medical University, Guiyang, Guizhou 550002, China)

Abstract: Objective To investigate the effect of silencing MIF gene by RNA interference on apoptosis of
hepatic carcinoma cell lines SMMC -7721 and HepG2 and the potential mechanism. Methods The MIF -siRNA
interference sequence was transfected into SMMC-7721 and HepG2 cells, Con-siRNA transfected cells were used as
the control group. The silencing effect of MIF gene was detected by qRT-PCR and Western blot. The ability of cell
proliferation was evaluated by CCK-8 method. The cell apoptosis rate was detected by flow cytometry. The protein
levels of Bcl-2, Bax, p53, extracellular signal-regulated kinase (ERK), p-ERK, p90 ribosomal s6 kinase 2 (RSK2),
p-RSK2, glycogen synthase kinase 33 (GSK3B), p-GSK3pB, Bad and p-Bad were tested by Western blot. Results
The expression levels of MIF gene in the cells of the silent groups were significantly lower than that in the control
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group (P < 0.05). The ability of cell proliferation in the MIF silent groups was obviously lower than that in the control
group (P < 0.05). The cell apoptosis rates in the MIF silent groups were significantly higher than that in the control
group (P < 0.05). Bax and p53 protein levels in the cells of the MIF silent groups were higher than those of the

control group, while the Bcl-2 protein level was lower than that of the control group

(P < 0.05). Meanwhile, the

protein levels of ERK, RSK2 and Bad were not significantly different between the two MIF silent groups and the
control group (P > 0.05). However, the protein levels of GSK3B, p-GSK3B, p-ERK, p-RSK2 and p-Bad were
significantly different between the two silent groups and the control group (P < 0.05). Conclusions Silence of MIF
gene inhibits the proliferation and promotes the apoptosis of both SMMC -7721 and HepG2 cells maybe via

regulation of the ERK/RSK?2 signaling pathway.

Keywords: MIF, gene silencing; hepatic carcinoma cell line; apoptosis; ERK

JER P 9 LA 40 Bt 92 (hepatocellular carci-
noma, HCC )k =&, & R AR Wit i , 72 T A %
P v e HE AR 6 47, I NES 3 M, EREAN A
S X7 (macrophage  migration inhibitory factor,
MIF ) J&—FP D) 68 2 FF 1 240 i [, F o 2R B B4,
TEZM IR AL M mERIs, IFS 5 TIEN A
AR SRR 28 . I AR 9 A BT, MIF 7E 24K
JF 9 F A 1T M PR Al 4 b 2 S ek IF ek s 4
Mu¥&sa 8 B E NS T MIF 5 R4 T2
] & R AR /b . BRI, AR IEHU A AT siRNA /i
1Y MIF 5 R IT 8Kk B 5% HL X I 9 40 L &
SMMC-7721 5 HepG2 J/ T~ 52 M 34455+ 1l BB 1 7
T5 5 M, I P MIF VA BT A0 i vA 7 e 4
BEAKAE
1 MR ERIE
1.1 FI R ER

MIF-siRNA F1 Con-siRNA J3 51 i 7 Bl 56 A A
A A L (MIF-siRNA J751) : 1 [a] 5'-GGGUCUACAUC
AACUUCAACUAUUAATAT-3", fz[ii] 3'-dTdTCCCAG
AUGUAGUUGAUAAU-5'; Con-siRNA J351] : 1E [f]5'-
UUCUCCGAACGUGUCACGUITAT-3", iz [f] 3'-dTdT
AAGAGGCUUGCACAGUGCA-5'), g il £ ¥ & Jy
20w mol, Lipofectamine™2000 .DMEG = # 1% 77 % |

A LT AR B (b T i [ B R AE A FD ), Tri-
2ol i) (KEFEEWAF), Pt A MIF.BCL-2,
BAX.P53.5 GAPDH —#ii . i % — Pt (& [F Ab-
cam /A # ),ERK.p-ERK,RSK2 p-RSK2 .GSK-38 .
p-GSK-3 B .Bad 5 p-Bad —#/i( 3% [® Santacruze 2
), % Marker \PVDF i iR W5#} . TBST .ECL &
Fei R & 5 (ALt B A a2 A=W A W ), CCK-8 it
M (EFEsrAEY ), SMMC-7721 5 HepG2
Yl 2R E R A B AL S Al )R E T
ARSLH AR BRI (SEE BioRad A F] ).

1.2 MIF-siRNA 40

SFLAR T SMMC-7721 5 HepG2 4 A=K %
60%7Z A7, HFLM 51 MIF-siRNA FI Con-siRNA
P B EA THE G4 (SIRNA TAEHR FE A 50 nmol), J5 7%
Z: M8 Lipofectamine™2000 1iH 15,
1.3 gRT-PCR X Western blot #:il] MIF JTERZIR

Yy 48 h J5, W HE MIF D02 20 A X IR 40
SMMC-7721 5 HepG2 4fl it , Trizol ¥ $2& B & RNA
FEMEHeEE . LI GAPDH “HNZ: , Fit IR ) & i ]
B e AR 2 , R ] Fast 7500 Real Time System
PEAT I G 1SR4 B S (quantitative real-
time polymerase chain reaction,qQRT-PCR) i,
AFEAIEE 3 N AL N 5544 95°C 305,95°C 3 s,
60°C 30 s, 3L 40 MEI . Bl 430K FH LLER CT 1%
(A ACT), MiX ik i (RQ)=2-42 1t 3 F 1A
fEE . Western blot 775 U 1.6, SI#F 54T -
GAPDH- 1E [ : 5'-GGAGCCAAAAGGGTCATCATCT
C-3', GAPDH- J% [fi] : 5'-GAGGGGCCATCCACAGTC
TTCT-3'; MIF- IE [f] : 5'-CTATTACGACATGAACG
CG-3',MIF- JZ [} :5'-CAACTCCACCTTCGCCTAA-3',
1.4 CCK-8 #&ilZhfa s

L SMMC-7721 5 HepG2 24 h Ji7 , W AE 41 ity
FE4EFT 96 FLARH, AL 100 | 5532, 29 2 500
YA, BB 3 AR AL THAF S 1 REH 5 KRR
JH CKK-8 & 4 Ml MIF ¥iT %k Xf SMMC-7721 }
HepG2 4 I 3478 (2 o BEALINA 100 o | #4557
FEH 10| CCK-8 %MK, T 37°C 5% %A fkfk CO,
KARAATREE 2 h, D40 AE A450 nm Ak (Il
(B, M 5d, 508 H A 3 Uk, 2l dni Ak Kok .
1.5 AR T R

MIF-siRNA #% 3t SMMC-7721 5 HepG2 48 h
Joi, JHRER PR A A 3T B O AR DU R A A X e 2
A 5% 10° 4T 1.5 ml EP 45, A48 i A500 |
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521 %

SEA SRR TF AN, I 5w | Annexin V-FITC &
10w | PHEAIFEIREOEHE 2 20 min, R J5RH]
T AR A A T B . SR 3 K.
1.6 Western blot #:il|%& 87Kk F

Mgy 48 ho 5, W SR U BR 41 A X IR 4
SMMC-7721 5 HepG2 4iififs, $2HCEER I e
. B 100 w g &2 1, iIMA 5 x Loading Buffer, 37k
EALFR 10 min, FEUKIE 5 min, -20°CIRAER . &
SDS-PAGE #Ef LUK % B 5 3111 5 FH MIF BCL-2,
BAX.P53.ERK .p-ERK .RSK2 .p-RSK2 .GSK-3B .
p-GSK-3B .Bad .p-Bad 5 GAPDH —#/i & —$i 4=
2, IR GIR G R R R PR AR A A T
i3, M RN E = HIWE A KE(H IGAPDH
JREEAH
1.7 SitFEFE

K SPSS17.0 HEAT S it M, BER Y
B+ A UEZE (X 2 ) TR, A B LR t /5, P <

U =

[ pogiteeel

g

i

MIF siRNA AXS 358 /4%
l.\.) S

14 4 E

-

0.05 WEFAG I+ L.
2 H#R

2.1 MIF BRI R

MIF siRNA 544 48 h J5 42 BUAN I A RNA
5 A 9#ET qRT-PCR 5 Western blot #1045
IR, 53R SMMC-7721 K HepG2 4 ifl #H
Fb, TR 2 FhAIIE - MIF mRNA 5 X7 40 b s,
%S 8 B X (1=5.011 F1 5.274, P =0.007 FI
0.006) , LERZH 2 4t g v A F KT 5 00 B2 LA,
ESAH G E L (1=12.875 F1 14.423, P=0.000 #I
0.000), UTERLH FIkFEAK . F B MIF SiRNA (11T #k
RO, WK 1,
2.2 YHAmiETELE R

KT CCK-8 Al MIF UBR RS 2 Fib 4 a8 78
REJIIREM . S5 W, 5 XF BRALA L , MIF DTERES
3RZEH 5K, UIERZ SMMC-7721 & HepG2 4 ity
38 5 e ) 25 A geit o X (1=5.155.3.362 Fil

SMMC-7721 HepG2

MR DUBRZH XFHRZE DiBRZE

MIF - S PP

GAPDH -m 36 kD

0 y ’
SMMC-7721 HepG2
A B
A:MIF mRNA /K3, B: MIF £ FH/KF-
1 MIF siRNA RERZR
1.0 SMMC-7721 1.07 HepG2
——xif TR ZH =% B 4] ¥
g g
= 0.64 Z 0.67
% 2
o 0.4 g 0.4
a a
(@} o
0.2- 0.2
0.0 T 0.0 T T T T ]
0 1 2 3 4 5 0 1 2 3 4 5
IR IHL I RiFRE

+ WZALLER, P<0.05
2 fipmIBIERE
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4.492, P =0.007.0.028 #11 0.011;+ =3.319.3.552 /I
4.042,P=0.029.0.024 F10.016) ., JTERHI T, 3%
B MIF 3% R LR 0] T SMMC-7721 & HepG2 4
M esERe S . WK 2,
2.3 pATER

K w2 4 MR & MIF SiRNA &% 4
SMMC-7721 5 HepG2 4ii}fd 48 h J5 AT, 45
HER, L SMMC-7721 5 HepG2 41 fitg )51
TR, 25 A5 (1 =3.670 1 2.941, P=
0.021 #i1 0.042),MIF ¥ k4] SMMC-7721 5 HepG2
20t ) RS R TR BN, T 2 RN TR
i, 22 RAE G A L (1=6.552 i1 11.803, P =0.003
F110.000) . B MIF B UTBR G A2 3E T 4=, Jt
HOBAEE T o dAgn e, WK 3.
24 FATHXEENEAKE

Western blot #5025 5 2 7~ , P41 40 g BAX,

P53.BCL-2 & IR FHui , 2R A git#E L (P<
0.05), MIF {2k 2H 41 Jfd BAX P53 By %K [ % ik /K F
1o X R T BCL-24K UK AR T X HRZH . R W]
MIF B TBRS , 2 08 T3k PRk B, b T %
k. W 1.2, 4,
2.5 ERK #H%E QbR BERLKE

Western blot £ 4% W 2.7~ , TBR L5 %) R4
SMMC-7721 #1 HepG2 4 fifi+* ERK \RSK2 5 Bad &
BAKF R, ¥ 25 i L (P>0.05), TiEk
ZH SMMC-7721 5 HepG2 #iififi b GSK-3B K H /K
XA, 2R A SR L (P<0.05), UL
R TR IR . UTERE] SMMC-7721 5 HepG2 4H
Mo p-ERK .p-RSK2 .p-Bad #1 p-GSK-3 B & 47K
5T AR L, 8 25 RAA Gi it L (P <0.05),
UUERZH T M. R MIF JEETTERE W T ERK 55
A ER T, LKL 5,3 3.4,

AL LBk SMMCT721
103 1073 1007

3 904 SXfHEH
10°% 10°% 801 ™mULER4
10°% s 10°% L g 70

3 k e % 601
10 1 = 10 ! ] E—]_é 504
10%3 A 10°% i @ 401

3 g 3 = 301
10% 104 201 T
104, 103 : 101 I_T_I

ULl IR o AL ) ' '
100 102 10° 10¢ 10° 10° 107 100 102 10° 10¢ 10° 10° 107 EUET T
A
pogiistiil TiBka HepG2

10" 10" 1007
0% ‘ g0{ SEXFHEA
10% 10% go]  wmymRal

] » s 701
10 e 10 il s o
10% 10 ol 1 50
104 E. .3 10% d 5

E 2k E = 30
1OZ! 102! o0 T
104 1040100 18‘ ]

100 102 10° 10¢ 10° 10° 107 100 10° 10° 10° 10° 10° 107 R W

B

A:MIF LB SMMC-7721 JAT- 5 5 B : MIF UTERXT HepG2 T M52
3 ZHRATER

1 F4HSMMC-7721 AR HEEER

R 2 THZH HepG2 M EAXER

AXRIEELE (n=3,xx5) AxFEELRE (n=3,x£5)
ZH 51 MIF BCL-2 BAX P53 2151 MIF BCL-2 BAX P53
MR 073004 061+008 022+002 0.15+0.03 MR 046+005 027004 026+0.06  0.27+0.02
Ui4H 012+001 016+003 045+006  0.47+0.05 Ui#kZH 018+002 0142003 053+0.03 057+0.07
i 25.625 9.122 6.299 9.505 tfH 9.801 4503 6.971 7.775
PlE 0.000 0.001 0.003 0.001 PiE 0.001 0.011 0.002 0.001
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SMMC-7721 HepG2

XFHRZH DUERZL  XTHRZL PEk4l

4 MAARBATHEXEENEDKE

SMMC-7721 HepG2

Xt HRZH DUERZL  ATHRZE GUER4l

ERK
o ———
RSK 2 [
o-rok [
e ——
Sy
.y

5 THHEZHM ERK B E QNIRRT

&3 WHSMMC-7721 BfEhEXEBHEXMRIZELE (n=3,xxs)

251 ERK p-ERK RSK2 p-RSK2 Bad p-Bad GSK-3B p-GSK-3 B
Xif B4 1.07 £0.04 0.55 + 0.05 1.05+0.04 0.43+0.03 1.02 +0.05 1.06 +0.07 0.26 +0.02 0.36+0.05
DR 1.10 £0.03 0.26 = 0.02 1.03+0.03 0.22 +0.03 1.01+0.05 0.34+0.03 0.46 + 0.04 0.22 +0.04
tfH 1.147 10.066 0.772 8.573 0.923 16.869 8.429 4.445
P{E 0.315 0.001 0.510 0.001 0.872 0.000 0.001 0.011
F4 THHHepG2 M hEXEAMBIRIEEZILE (n=3,xx5)

251 ERK p-ERK RSK2 p-RSK2 Bad p-Bad GSK-3B p-GSK-3 B
Xif B4 0.91+0.03 0.32+0.03 1.03 £0.02 0.72+0.06 0.85+0.03 0.91+0.03 0.32+0.04 0.25 + 0.04
DR 0.94 + 0.06 0.12 +0.02 0.99 +0.05 0.37 +0.07 0.83 + 0.04 0.35+0.05 1.12+0.05 0.13+0.02
tfH 0.786 10.142 1.043 6.976 0.606 18.559 24,042 5.091
PE 0.476 0.001 0.356 0.002 0.577 0.000 0.000 0.007

3 itig Western blot 3 AR MIF 3 KT AL AL, 455 0

HCC & A28 fie s UL i — il b o, 2 ik
{OR T B A 155 3 KR T B Y & Ak
T AR AV e e 20 B 9 T %) e A DR R B e 4
PR — PRl g & R TR AE SR . MIF ]2 AF
TE TSR, IR N AR —Fh R AE AT, HA 4
il VAN AL sh AN . S SR SRE I I A
A 35 o3 A AR T, W5 A B2 MIF 5 e
M RA R EIZ %], H MIF 2678 85 10s T
S 20 20 Jea A M AR o 2 B v R A IR R S
5T RAME R BHEDCT MIF 54
JIJR T 22 8] BRI D R, AR TR LR SiRNA
S MIF 5E DR 30BR R B 53 HL 0 I 9 A1 i &R
SMMC-7721 5 HepG2 T~ 11 5% M H-F& 1+ 7] RE (1) 43
FYERBLEI

AHFFE T S5 MIF-siRNA 5 3L T 9 21 il &
SMMC-7721 5 HepG2,48 h J5 % /] qRT-PCR }

7, 5 REAL A EL, UUBRAL SMMC-7721 5 HepG2 4
JlH MIF mRNA 285 FRE BRI, 2B MIEF FERTT
BRACR R AT . CCK-8 SEIRA5 S B MIF UBR I B4
il 7 2 B AR 5, 5 HUANG 48t 58 45
30 B AAIN 25 2 7R, MIF FE DR R
T AR T4, B IE T AN nT 4 el
ARG T I R W, MIF 3 K kK 5 T s
YA T 2 RIAFAE R V)5 2 o AR )5 R Western blot
T A T LRI R UL U/ TR DG R 2R KT
S50 W R, MIF BE PR BR AT B R R B R T A
Bel-2 7K F-If ML T2 11 P53 5 Bax /K. P53
DR 55 20 B DR 20 SE v B 5 DNA i | fi itk i
YRR T2 O R Y, T LUl I #0E BAX I T
BCL-2 (YRR AL [ L #EAE T, {5 P53 {22k e 241
JHL 08 T B /R AT 4 MIF R B2z 45 5 M 717K
S b F B MIF 3 R0 R AT e 40 M 0 T 0 4 ok
fEH.
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ERK i {2 22 24 i 0 A0 235 1 U A5 538 %
B Sy, e RS A 5 A NS SR T R
FEEZAERY, it —S 80T MIF SR UTBRAE HE T
TP T 0 o3 VR AL, A T i b ERK 38
AR SCIE R B F 7K F-. Western blot £5 5 iR,
X REAAHL, DIBRA 4 ERK \RSK A1 Bad 119
B HKFIF AR KA AR, Mp-ERK . p-RSK2,
p-Bad #1 p-GSK-3 B /K Fi,GSK-3B &
HACE B 8 S A R K-F EHEE T
VA )BT BT o I TR A i A
SO R RSK2 & ERK Rl H—ZUN E 1,
ARG AT o T SR T AR DG B 1 GSK-3 B
Bad & — S YA 1 e 40 i A R T A . AT
A, MIF ZLRPLBR S , A p-ERK /KF T %,
I/ p-ERK EL #2580 F i RSK2 # iR fL /K F- 1
FEAG, TR, p-RSK2 7K R FERZ M T B 3% T e 2R
GSK-3B ik, p-GSK-3 B " ¥ il 41l 44 Jfa £y
WA 5770 . Bad & RSK2 (KM Z—, MIF
UK T T p-Bad KV, #EIMAE 1 4B ML P T

25 FRTIR , siRNA A5 (1) MIF 3 [R50 2R 30 610 BT
FEANM 22 SMMC-7721 5 HepG2 HyI4%H fiE 1 -2 1k
41 98 1= 1] BB 238 o P 75 ERK/RSK?2 {5 538 i &
FEVEFH . Z0F98 v 3% MIF 45 R TR B IA Y 7 0 k4
fb— BRI, (HIRERE Y R A R v S 2P IR R 1Y
25 TR A AT
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