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Lentiviral-shRNA-mediated STATS silencing enhances chemosensitivity to
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[ Abstract]Objective : To investigate the effect and the mechanisms of lentiviral-shRNA-mediated signal transducers and activators of
transcription 3(STAT3) silencing on the chemosensitivity to S—fluorouracil (5-Fu), of human gastric cancer cells SGC-7901. Meth—
ods ;The shRNA sequences targeting STAT3 was constructed and lentiviral vectors was used to transfect human gastric cancer cells
SGC-7901. The interference effect of STAT3-shRNA was detected by real-time PCR and Western blot. The chemosensitivity to 5-Fu
was analyzed by MTT assay and the flow cytometry was used to examine cell apoptotic rate. Western blot was used to compare the ex—
pressions of anti—apoptotic proteins Bel-2,Mcl-1, survivin. Results ; Lentiviral vectors containing shRNA targeting STAT3 gene were
successfully established and transfected into SGC-7901 cells.Real —time PCR and Western blot analysis showed that the STAT3 -
shRNA significantly inhibited the mRNA expression by 54% and protein expression by 40%(P<0.05). The inhibitory rate of cell pro—
liferation and the apoptotic rate were obviously higher in the cells treated by STAT3-shRNA (P<0.05). STAT3-shRNA also induced
downregulation of the anti—apoptotic proteins Bel-2,Mel-1 and survivin (P<0.05). Conclusion ;In summary,STAT3-shRNA could
effectively inhibit the proliferation and accelerate the apoptosis of SGC-7901 cells,leading to the enhancement of their sensitivity to
5-Fu. The mechanism may be related with block of STAT3 signaling pathway though inhibiting STAT3 activation, thus decreasing ex—
pressions of its downstream anti—apoptotic proteins Bel-2,Mcl-1 and survivin.
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1.1 ##

N ANk SGC=7901 g 5 PETis R 5% i 4 1k
BrEENRA- ME  RPMI1640 B5 353t 75 8 R/ 8 RN
[ [ Hyclone; fii A STAT3 HLvEkdifh Ay Cell Signaling
Technology ; B 41fifd [ 1f115% -2 (B—cell lymphoma—2,Bel-2) \sur—
vivin  BEFEZH I L -1 (myeloid cell leukemia—1,Mcl-1 E4
SORETARIII B RO AT B-actin HUIK BHAREGR
ICHEBT RSP R P AL s P RT-PCR KR &1 H
K&k FAY  PCR 5149 L T A &4 5, Annexin V-PE
0 R PR TR £ 1 S R TR AR A pLKD.
CMV.G&PR.U6.shRNA Ity | |41 B,

1.2 7k

1.2.1 STAT3-shRNA 18358 RN HE %+ Gen
Bank 424t STAT3 JLPH 31 (NM_139276.2) Jy$E JL P | 25
¥ 1A B I Z A RNA THREE ST 51, 25 6 34k
PEPEAR I 5E 25 5 B 0N I 2 8, e &0 E 4 i shRNA
J$41].5” ~AACTTCAGACCCGTCAACAAA-3" | #E— L& AL
% DNA oligo, 1B k)55 Age | F EcoR | SUEEHI 244 pLKD.
CMV.G&PR.U6.shRNA #4%  Fe AL A0 RS2 520, X H Y
OREDEAT PCR %558 , M b IE S, Sl 4R S 41 5ok, 54

BTk psPAX2 SMEFORL pMD2.G FE5E 7% 203T 4 it 52 )i
BEALRE, BO-RPRANMAE A JF A 0.45 wm PES filter flask i
TEAE ETE T, 100 000 x g, 4 CHEEES L 2 h J53 2 W47 11
STAT3-shRNA R BRI A X I B ilF— 20
YL 293T Al , 96 BAREE T 1T 4 98 6 1 (green flu—
orescent protein, GFP) S B , i15 0 #:IH  . IASTHEm F i
J& 4 :3.80 x 10° Tu/ml, B XF RS AN . 6.51 x 10° Tu/ml,
122 ffEsEsE HE 10%/N - 00 | 1% 5 /555 200
Y RPMI1640 55 373ET 37 °C,5%CO0, M348 Th B 3% SGC-
7901 4, & 3 KF% 1:3 B ELBIfEAR,

123  MAEHEY SGC-7901 4l SLuRdrh 3 4. ik
ZH (STAT3-shRNA ¥4 4e 2l ) | P XF R 2 (40 7 2k A i e
2H) ZS FRHIRZH (IE % SGC=7901 4iiff1) . SGC-7901 4fififif%
1 x 108 ML SR E 6 LA, KZ=IL AN 30%~40%H
PN RE (YL S 5T MOI=20) , 12 h J5 T4 Ay BB (4 Jos 2
FEFRHE,

1.2.4  FOCERAE B MBS A0 H (green fluorescent
protein, GFP)  #-4L MM+ 2 x 10° PN/ALIE M ELEA K
AR 1) 24 FLAR T, 48 h J5 FP 85955 PBS WL 3 1K ,4%
ZRPEEFE 10 min, BRBGHC A IFEFI PRI A L, H
RS RO R A B

1.2.5 Real-time PCR #ill STAT3 KE[A 63k W E A 2A 400
1 x 1064~ trizol 4132 5 RNA | 2248066 BE -1 RNA 4f
J e B T Wit SR cDNA OV 6454 142 °C 60 min, 95 °C
5 min,5 °C 5 min, B 2 ul cDNA #HE4T PCR, STAT3 Fiif
SIWFS K .5 ~-GAGGACTGAGCATCGAGCA -3, Rl 514
¥4 .5’ ~CATGTGATCTGACACCTGAA-3" , § Har=4 K 85 bp;
WZB1¥) B-actin LIFF5HR .5’ ~-CTGGAACGGTGAAGGT~
GACA-3", FiiFs #1415’ ~AAGGGACTTCCTGTAACAATG-
CA-3" ¥ 514 140 bp, PCR W45 95 € 305,95 C
55 M 60 °C 30 s FLAFIF 40 1k, BEAFEARE 3 AL, RH
20 205U mRNA AT K ACH = H I 3ER C{E-
NS C A,

1.2.6  Western blot £ 1l] STAT3 Bel-2 survivin & Mcl-1 &
Bk IR AL AN, 247 22 v (A4 2R 1A A ol 751
IRAY=500:2) 7K - 24f# 15~20 min, 4 °C 12 000 r/min 5.0
15 min IS ESAMAERE A, BCA B (A ERIZME AW, A
REGE M I B e M, 50 pg MR EERBUTE 10%
SDS-PAGE #8145, K556 2 PVDF (90 V,1.5 h), =
TR 5% IE 0k iy TBST I EME & 1 h DABHWrAEFR 5
PSS G, —PU(STAT3 R REHL B4 1:2 000, Bel-2 survivin
Mel-1 FiBEHLAB A 1.200)4 CHEF 1SR, TBST PR 3 K x 5
min; P (1:2 500)37 CHFF 2 h, TBST BEME 3 YK x 5 min, &
J& F ECL k2= Rtk W% . A Quantity One 44347 &l
1%, 25 AT ki BE B A3 IR 251 K BE /B —actin %77 K
JEMERR

1.2.7  MTT 45047 5-Fu MRS P BUSME 4l s 4 &
96 FLAZ (5 x 10° /L) HEEFF A 5-Fu LR EE 4351250
5.10,15.,20,50.,100 pg/ml, BUEER 3 MEASL, 48 h 5%
LA 20 wl 5 mg/ml ) MTT ¥%3,37 CIERE 4 b, Sl 5% &
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£ 150 ml DMSO ¥, 8 A2 15 min, FIEFRRCI &
570 nm AW G (absorbance , A) o LI 5—Fu ZHAEXTHE
TR 2 40 B % 1 e A ot % 3 K0h L A A T %8 (100% ) =
A IEZH A= SEIR A Al KT HRZH Ay X 100%

2.2 STAT3-shRNA #:# /5 STAT3 mRNA & %& & £k
Real-time PCR 5% (% 1) iz~ , BT STAT3 55 )5,
STAT3 mRNA HIXFFEhKE T FEA 0.46 +0.04, B AR T2

U6 BEZEL 1.00 £ 0.01  BTEXTIRZE 0.93 + 0.05(P<0.05) , Hefis
128 %ﬁﬁéﬁiﬂ@f%tki’i?ﬁiﬂ@ﬁtﬁ%% QEHH‘EU%W£ 6 }Lﬁ, EU@@%%(@ 2 %:_{ I)Ei—\‘ STAT3 %H*HX#%%?&TEE%H
£ _ IR i 5 ’
%ff“;’]igssﬁﬁ;i’gﬁéﬁo el A8 f};ffi;{; XL B AL S5 AL R 0.78 0.07.0.75
%(;zg%é’mﬂ@ bu{i 5 bl Annex \;L pETg;;@;%T ;i,(: 0.05.0.47 = 0.04, W] STAT3—shRNA A[W]4. 77/ STAT3 &
=4 5 nnexin V-— Z e L=
. IR HE(P<0.05) , TR BALRIZS 1 B4 2 7] TE ) B 2

F T REEIEE 10 min, 05 LI, A 200 pl 45522 0h
T, SR S AN AR
13 itspam

SCYGI T 3 K, RGBTt SPSS 17.0 AbEE%K
i, EIE & BRiE2E (v 2 ) RN B, LB R R 07 220017 i
e 2 ) 2255, 20 IR0 G L AR T LSD— K, A7k ofie
a=0.05,

H(P=0.528),

1 2 3

STAT3(79 kD) -___ —

B-actin(43 kD)

L 23 IR AR 5 2. PR IR 5 3. 92820

) 7 B E 2 SGC-7901 4iffs STAT3 EAMRIE
= Fig.2 Expression of protein of STAT3 in SGC-7901 cells
2.1 GFP f£ SGC-7901 ZajL v 64 K& * 1 £HESGC-7901 448 STAT3 mRNA & & BRI
T2 BRI SGC-7901 4N JE , RO AR Wil T RIKIBE (n=3,x£5)
N Z A A= RORAS R, nT LS 06: 20 K S %) HE 2H 3454 ) Tab.1 Expression of mRNA and protein of STAT3
T GFP RiL (K 1), in SGC-7901 cells (n=3,x +s )
4 5 mRNA EM
SHaH 0.46 + 0.04* 0.47 £0.04*
%t L 0.93 +0.05° 0.75 £ 0.05°
25 IR R 1.00 +0.01 0.78 £ 0.07
FAH 395.426 29.976
P{E 0.000 0.001

A~C IR SR W BIIES  D~F IEH 11D EE
A DS BB BT HELL; € e 23 0 A

Hra, P=0.000, 525 (X HRAL HLER 5 b, P=0.000, 55 BAPEXT HERZLAH HE 5
¢, P>0.05, 5% [N IR LA

2.3 474 STAT3 K ik & SGC-7901 £aMLxf 5-Fu #94 Ail%
MTT £5258 (3 2) 7K, 5 I IR K 23 ok BREA HE, 52
B2 A0 LS SR 4 I 1 T+ 55 (P<0.05) , 3% W STAT3-shRNA

R 2 5, 1558 MO0 S—Fu B4 7 R0t

B 1 Mk HEERMENE SGC-7901 4 IRIE . > j
B AERRAZHE ’:g SGC) 7901 GHLH GFP M2k 24 18 AEAF shRNA #p4] STAT3 /& 4 i = 5 40 % A,
100 x
| STAT3 J5 AT 2%(39.16 + 2.25) %, BB X HE
Fig.1 Expression of GFP in SGC-7901 cells observed il Jen AR T * : o,&ﬁﬂf%]‘
2[(23.43 +2.86)% %5 X IR (23.75 = 1.23) %W BT & , 22

by confocal laser scanning microscope ( 100 x )

®2 AEKE 5-Fu LB EAMEMIGEINEIZ ( %,x £5,ug/ml)

Tab.2 Inhibitory rate of proliferation in SGC-7901 cells ( % ,x +s,ug/ml )
2H 51 5 10 15 20 50 100
SR 38.44 +1.32* 41.81 +1.70" 44.43 + 1.45" 4517 +1.28" 48.93 + 1.96* 58.57 +2.28*
I %o A L 25.83 + 1.05° 29.42 +2.25° 32.26 +0.69° 34.31 +0.99° 36.38 + 1.46° 39.18 + 1.15°
23 [0 HE 4 24.72 + 1.54 29.36 + 1.01 31.32+0.63 3351135 37.91+1.93 39.12+0.96
FAE 100.336 51.750 160.435 86.419 43.473 152337
PE 0.000 0.000 0.000 0.000 0.000 0.000

T ra, 525 AR LA, P=0.000; b, S5 R PEXT BB ZH L4, P=0.000; ¢, 5555 X REZH HL#, P >0.05



— 264 —

BERERKFZER 2015 ££55 40 &5 2 #7 ( Journal of Chongging Medical University 2015.Vol.40 No.2 )

ARG L (P<0.05) , R W] STAT3 Kk RENT ## 5-
Fu PR AE (6 3),

%3 5-FuifSi SGC-7901 ABIAT-X (n =3,x+s)
Tab.3 Apoptosis induced by 5-Fu in SGC-7901 cells

(n=8,x+s)
2 3 SGC=790141iy
g 39.16 +2.25%
Eleapiikil 23.43 +2.86
25 I IR 23.75+1.23
FiH 49.253
P{E 0.000

1 ra, 525 I IR LRSS, P =0.000; b, 55 B % REZH L £, P=0.000;
e, 52 FXRAIM EL , P =0.867

2.5 STAT3 455 3% [ & 8 B & &k H L

Western blot Z5 90 (& 3 .3 4),Bel-2 Mcl-1 J sur—
vivin B8 A R K7 LR 241 H 4308 0.47 £0.03,0.35 =
0.02,0.45 £ 0.02, %5 X IR 4L P2 0.81 £ 0.06,0.52 +0.05
0.71 £ 0.03, JIMEXTIRZH Jy 0.78 +0.07.,0.49 = 0.01.,0.67 +0.05,,
EFBAPE T RZEAR L, SE B A AR AR KSR T R 2 40%
29% 33%(P<0.05) , P R4 2 (B TE e 222 5 (P>0.05) .

1 2 3

Bel-2(28 kD) - - prr—

T ——

B-actin(43 kD) w

3 STAT3-shRNA Tl SGC-7901 AR HTATEAMFEY
Fig.3 STAT3-shRNA downregulates the activity of
anti—apoptotic proteins in SGC-7901 cells

& 4 SGC-7901 P H AT EAMMEIFRIZEE (n=3,x +5)
Tab.4 Expression of anti—apoptotic proteins in SGC-7901 cells

(n=3,x +5)
4 5 Bel-2 Mel-1 survivin
SEHRZH 0.47 +0.03* 0.35+0.02"  0.45=0.02"
[0 R 2 0.81 + 0.06° 0.52 +0.05° 0.71 = 0.03
25 N R ZH 0.78 +0.07 0.49 +0.01 0.67 +0.05
FA4 31.135 23.901 48.190
Pl 0.001 0.001 0.000

ca, 525 (AR RELL L8R, P <0.05; b, 5 B HEXT BRATAH 1L, P <0.05;
¢, 525 (I R HLAE , P >0.05

303 i

5-Fu J& BT B9 —Z 254, a2k P ] Al
A I A% R A RS2 ) DNA (A= 906 0, 8 T4
FZEARST 25, SR T H 7 RCAE AT PR 98 4 LR A
21 25 PE (multidrug resistance , MDR) 17 52 2| # K52
M, MDR AT B 15352 4%, 25 R it ik |
2 Ob s o 2 PN R R Y F RS /AW - B e A g
Al MDR, BFGCIERR (b7 2540 R 44 4 e s AR
FH) EZAUHR S ST, i TR e
PR TR P , (A HX 7 2590 37, e 2 3K
A7 I,

STAT3 A Ry 2% 24 FR A% 5 38 it v (1) 7 22 2 st A
5, I A R T A SAA E  rE
KAFT, AEIEH AN STAT3 (35 Al ok iy e 7
IMAENRIRE A STAT3 HIRE S W B RFLLIG 1L , fE iF
S A T A, AR T 3 S IR I A e
PERRIR | e ZAR HE IR & 5 kR Bel-2 Mel-1
survivin ]2 STAT3 38 [ R WS EE P, Horfr Bel-2
K Mel-1 72 Bel-2 ZE5 8 F I E 20, B2 kL
AR S A A 412 ] T DR A R I, 490 ) 4 Y 9 e
survivin JSE A TANEI 1 (TAPs) SRR | 2R
f1 Caspase 3 124 il 41 i (2 28 C RO i 41 il 94
T, SR AYBFFEIN T, STAT3 B8 1% 1k 5 e 4
JTR 2547 5%, M STAT3 ml e A pd by ikt
Liu ZF8H1 Gu S5053 51| 76 HE 0 Z088 B Sk S 9 v
KB, T 254N STAT3 Zeik /KFA8 AN 25 41 i 1Y
i R, DUBR STAT3 ] i) ey A 4 | 3o 5 it 245 41
ML E AT HESTME . Duan 80% B 4 4% 1L-6 (STAT3
(3 PETCAA ) AT 175 S B S 90 40 M X SR A2 et 2, 1)
siRNA JT#R STAT3 AJHE5R A2 M BUIPR T6 1% . B
T, STAT3 BT B 98 41 M A7 U= 5% i () I
AEXFEE > ST i A S BH W B 78 SGC-7901 4
HLEY STAT3 {5538 %, WAL 5—Fu fby7 HUMERY A
k.o

RNA 14t (RNA interference, RNAi) 4 7R J&
ARSNGB RNA T80 5 S M 25 5 5 R A [m] U
H 1 mRNA, i B 5L D) hE 5 s i s R ik
Yregad i aam s 2 PR S e — R A A
MOEE /N RNA (siRNA) |, 55 —Fh |2 38 i ok
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o 15 o 2 PR 204K 4 & J¢ RNA (shRNA ) %326 25 #0
YA, sSIRNA FH T 1778 2 85 0075 A A% R T A A
FE M2 FHs R 2SN E 2 Ab AR 5L 56
PRI FasE N shRNA DL #E R PR 463k
B 5 30 3o P ) STAT3 i PR B 8 o 7 2%
7, A5 shRNA #54¢ SGC-7901 40 ifs , 706t 5
s T ] WAL B BH B 1) GFP 231K | real —time
PCR F e Epl 25 5 % B T4 /5 STAT3 mRNA #
KR L 54% , 5 F1KE T RS 40% , i B
STAT3 FERE N K R KA 2 A 3506l . MTT M
T2 ARG I & P STAT3—shRNA ] B4 5-Fu
FIXEFE I § S T A, $278 SGC-7901 4fi g
XF 5-Fu MRS BUSPE T . A T R AR TR
FIHLH], BE— AT T STAT3 744> 1 Bel-2 .,
Mel-1 survivin 2 [ 155, & I =34 1935 41 B
BRI, X5 Liu™ Wen %Méﬁi%%%*ﬁz Ui B
STAT3-shRNA Ggi i il STAT3 Skt K iz
EEE U P T-E 1 Bel-2 Mecl-1 survivin 75
‘@,iﬁ@ﬂ#ﬁéﬁiﬂﬁvﬁt fifi 5—Fu AYBTIRIRE TG R 5
M EREEA S STAT3-shRNA BEH A 41)
#1 SGC—7901 4 il v STAT3 & [Hl 3k | 3 1k FHL b7
STAT3 {5 F B A R AP T (5 Bel-2 Mcl-1,
survivin E‘J%‘%ﬁ?ﬁk fﬁlﬂ:éﬂﬂﬂﬁfﬁt TE—ERE I
P B AT 5-Fu IRy BUSRE . ARSZER 2 R
P BT STAT3 (LAY TG 1LYT , Re i 4% 1
FE AT S—Fu BOFRBTIE , A5 0] RE R BRI Y
AROHIEAE , (ARSI I RSSES | e
YL T 24 52 96 R ZZFPHILIR ) 2 a7 il —
I RSP SRR E
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