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Abstract

AIM: To explore the effect of silencing STAT3
expression by siRNA on the growth of human
hepatocellular carcinoma cells and the regulation
of genes related to growth control.

METHODS: We reconstructed the recombinant
plasmid of pSilencer 3.0-H1-STAT3-siRNA-GFP,
which was then transfected into SMMC 7721
cells. MTT assay was applied to investigate the
proliferation of transfected SMMC 7721 cells,
and the protein expression level of STAT3 was
determined by Western blotting and immuno-
histochemical staining. The transcription of the
STAT3 gene was detected by semi-quantitative
reverse transcription-polymerase chain reaction
(RT-PCR), mRNA expression for growth-control-

www.wjgnet.com

related genes such as survivin, c-myc, VEGF, p53
and caspase3 was detected in transfected cells at
the same time. Flow cytometry (FCM) and AO/
EB double staining were used to observe apop-
tosis in transfected cells.

RESULTS: MTT assay demonstrated that cell
growth was inhibited in transfected cells, and
the 48-hour and 72-hour inhibition rates of the
test group were 59.32 and 76.49%, respectively.
There were significant differences compared to
those of the mock-treated and negative groups
(P < 0.01). The results of RT-PCR and Western
blotting showed that mRNA and protein levels
of STAT3 declined markedly in transfected cells.
Genes related to growth control also changed
at the mRNA level, and expression of survivin
and VEGEF in transfected cells was obviously
reduced. The expression of p53 and caspase3
in transfected cells increased. The ratios of the
above expression products in the test group
were significantly different compared to those of
the negative and mock-treated groups, while the
expression of c-myc in transfected cells did not
change. The results of FCM and AO/EB double
staining indicated that there was apparent cell
apoptosis in the test group; the apoptosis rate
was 21.6% (P < 0.01). There were significant dif-
ferences compared to those of the mock-treated
and negative groups. Analysis of the cell cycle
showed that cells were inhibited in the G2 stage.

CONCLUSION: The recombinant plasmid of
pSilencer 3.0-H1-STAT3-siRNA-GFP can signifi-
cantly inhibit the expression of the STAT3 gene
in SMMC 7721 cells. The mechanism may be
related to the down-regulation of survivin and
VEGF mRNA expression and the up-regulation
of p53 and caspase3 mRNA expression.
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RNA interference; pSilencer; recombinant plasmid
of 3.0-H1-STAT3-siRNA-GFP; Apoptosis
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BH: 33T RNA T3 K8 STAT3 3 B £ &
b AT 9 4m Bl o 37 0] A TR B AR R A KRR
KRR,

ik MEpSilencer 3.0-H1-siRNA-STAT3 &
AR K, A AN IR RS MMC 7721, R
FAMTT kML E 40 F A x BT 75 m e g 26 K 3
4], RT-PCRA=Western blot& %#,J% 2044 % 5 7
MLESTAT3 A B Ao & KT 09 T AL, B Bt A
survivin, c-myc, VEGF, p53, caspase3 4 K
FIEmRNA, FF AR 0 L R(FCM) &
AO/EB % &, 75 iYL 54 L ) .

Z58: pSilencer 3.0-H1-siRNA-STAT3 & 41/
Ko AT 2 R0y £ KA I RIAE R, 2364048 h
F272 h¥p ) 53 459.32%, 76.49%, 5= G
20 % TR ME2A Zm AR AR YL A B E £ F(P<0.01);
EFTAFH4, STAT3A B mRNAZ & G K-F
F A 4K, surviving, VEGF#mRNA kL T
A, p53, caspase3®ymRNA & ik L (P<0.01),
c-mycWImRNAKR K2 LA LR E,; TR
B THFFSMMC 7721w R =, AT Fik
21.6%(P<0.01), 28 fe )8 28 o #r 2. 4@ gL FELide
FG24.

#5i8: pSilencer 3.0-H1-STAT3-siRNA 7 418
i$ T3 2 W survivinds VEGF mRNA %%, £ A
p53#=caspase3 mRNAF A & #74| STAT3 A B
T2 AT J5 4w L P 4 K

X8818: STAT3ER; iFE; RNATH; pSilencer
3.0-H1-siRNA-STAT3E 20 & ki, 200 VA T

=85, Mg B, 58, siRNATIBSTATIERNW AGTE
RBVIDHIRWABREKIBEEERINET. BREABIRE
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J5 R M I (8 K 8 20 Je Tl T i, HC C)fE &
ERJEAESE T4 o Ja 58 340, A6 3 [ O 55 247 Jid i
LR s R R A2 ERES Y, B A
[Fi) 35 DS AN [ B AR PR 2 S AR AT IR P 1) B %
L STAT3 M RAT 546 37 HE 7 K Ik
(signal transducers and activators of transcription:
STAT) I E 2R b1, A5 5 4% B 40 i )
BETE . A R T DA G, O R SO
T BN S G T A A, F IR 2

STAT3HEKAE AN 41 EISMMC 77219 (1 3R,
W55 HLGE JFT 9 40 M A R R T s, I ik
X} STAT3 ¥ A %3 [Rlsurvivin, c-mye, VEGF, p53,
caspase3 & K IE ALK 43 B 46 7= FoAE I BLA,
IR ST SR AT I S R BOR.

1 SRIRTSE

1.1 ## Anti-P-STAT3 %P A £ w Pk,
B-actinfPL A\ 2 5L B PULAE, B A 1k 1) i
PR Edi e — Py H Santa CruzA wl, Anti-
STAT3 K& SPAALAR T G [ 4 24 ]
WL AR &, Fe gyl Lipofectamine 200004
FInvitrogen/A 7, Taq DNAR & BT Genomy
/v, IMDM, G418, PI, it i e H Gibeo A
w], MTTI F Sigma2zs w], BALE2E FORL /MR
BAEBGAR S (E N B )W T R R w A
], H AR R AR K 25 1B 5 B R T T
DRt AR SMMC 7721 75 bRk 2%
SEA s 2 58y 20 AR B OO = AR AT, AL TAE K
XU, pSilencer3.0-HI-STAT3-siRNA
JepSiliencerl.0-U6-STAT3-siRNA-GFP¥JH 7%
PR K 2 T 470 B 9508 87 ¥ IF 5T v o0 ey 2t I e
STAT3-siRNAJF4H: 5-GCAGCAGCTGA
ACAACATGTTCAAGAGACATGTTGTTCAG
CTGCTGCTTTTT-3'(forward), 5-~AATTAAA
AAGCAGCAGCTGAACAACATGTCTCTTG
AACATGTTGTTCAGCTGCTGCTGCGGCC
-3'(reverse). ZEcoR 1 FHind TIIXEEY], 435 HL
pSilencer3.0-H1 5 STAT3-siRNA-GFP, 3%, i%
B Ak, POIPH M e b, WP S e, W E
41 FkipSilencer3.0-H1-STAT3-siRNA-GFP. ¥
55N AT AT JE R %1038 O [R5 ¢ &R DN AP
Yll(scrambled)$é bk J7 i k6) dt 55 41 ook 48 4y )
PEXTHE. BORLPE R B AT, 2ADNASE &
0.5 g/L#EFFH. Bikri. PCRIX(Sony, Japan),
PGB BE BAEI(Olympus, Japan),
TKACRIVER (T FL Pk 3% 5 e B R4 (Bio-Rad,
America).

1.2 7k

1.2.1 MTT#% B A KN, 0.25% /B i
)5, VA0 MR JE D 8 X 10°/FLAE Rl T 96 FL°F-
JERBT IR, K5 IL 0 R34, 4 B A ALCRIBYT
41y, BAPEXT A, AL TOR S 4, i i A K
1280%-90% il 75 o HEAT 5 4, Ik FRi0.2 pg
JLipofectamine 2000 0.5 pLE77 468 h, 74
75 WA PSS, B ALIMAIKEE NS g/L
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MTT(HPBSHHEERL )20 uL, dAHIF 4 h, Bt
W2 Big, BEALIIA T 2EDMSO0100 pL, %
10 min, FHEEAR SCRTIN AL ARG BE A (A 570), T
B ) A R B . SR 3K AR K
2R (%) = (1-SZ 56 24H/5%F L 41) X 100%.

1.2.2 gmpedE g BUAL T AF K0k 550000 0 40 i %
IX 10N #ER 100 mLEF F . 40 M 2y
N3l AU, I AL, FA kG T
H. R0 A K E90%-95% A 1, /> A T
e, 4 oki6 mgid FIMDM(17.7 g/L)500 pL, %
IR, S A, #Lipofectamine 2000 15 mL
W LAABIMDM(17.7 g/L)500 pL, 4k
4], =S min, HIEERB; WA AR B,
RIS, HIRE G, B = iR20 minLLFDNA-
Lipofectamine 20004 5 TE 1it; K Wi i 4 it FH
IMDMVE3#E /5, IIACH, 37°C, 50 mL/LCO, 5}
FEHEIE, 4 G #5100 mL/LJG A L3 FIIMDM
5 mLKELRE IR, #E Y4572 h, AHZE BB 824
JfL A A O, WSO 4 % .

1.2.3 RT-PCR Wtk 1) 40 Jia 42 120570 1 1 45 56 1l
RNA M, 2EA 300 B vh i & 5 3R
RNA10 pgi¥i%%s5 cDNA, PCR4AF: 94°C, 5 min;
94°C, 30s; 56°C, 30's; 72°C, 45's; 72°C, 7 min, 30
IR, 25 uLAR R, [FEMe-myc, p53, survivin,
VEGTF, caspase3, LIB-actin’ iy <. PCR™“) LA
20 g/Li Iekibt i v vk, EBY(r, K REGistit
% R GE 50 AT, PCRF= 18 LG 3 /T R
7%, LASTAT3 =4 5/ B-actiny™ 4 e (1) LA Dk e %
ghi . SR 3R, 517 ) STAT3: Sense
5-TTGCCAGTTGTGGTGATC-3', Antisence 5'-
AGACCCAGAAGGAGCCGC-3'; B-actin: Sense
5-AAGTACTCCGTGTGGATCGG-3', Antisence
5-ATGCTATCACCTCCCCTGTG-3', 5|##4
A T AT AR

1.2.4 Western blotix WERIK4IRE, I AE %
f#2%(50 mmol/LNaH,PO,, 100 mmol/LTris-
HCI, 250 mmol/LNaCl, 100 mg/L, PMSF1 mg/L,
Aprotitin, pH8.0), 200-300Wtd 75 Z4fi#, £1K10 s,
[a]BE 10s, F£10¥%. 12000 r/min 4°C &Ly, 40 min,
IEE A R R ORI N Bio-radbrifE #hk
TACE, BEM40 ugl NSRBI X RS
PRI A 5 WA YES min, H 1A 20 B HLVKCR ]
120 g/L-1 e SR 1 B - 20 DA 05 e Fiie st Jse, FLTK
o R TV I 2 PVDFE, Anti-P-STAT3 /%
B-actinfiuhii N 2 i FEPUARIKEE AT 1 200, BAR
A B AR 1 E PR —HURIE L T 2000,

www.wjgnet.com

WENHDAB. N RAEGIsER 5 G RS0
Mr, & A UG /AR R, LASTAT3 & A&
/B-actin W LLE A e & 45 . SRt ER
=
1.2.5 2m e ey Atk A7 BUAR T AR KON EH 1
A% 1 X 10°A /LB FP T4l BB A (124 9L
BR, 40 AE K 80%-90%mi 5 I, 2 4l(75 14, 1)
PEXT AL, EATRRTT D TE Y, T48 h5
I B3, 90 WA BE oM ER IR S 40 g/L
% IS FH S [ 530 min, PBSYE3IK, ZEMM/KBE3 X,
Triton-X 100(0.25%)%%10 min, PBSYES min X3
W T4 0 W o G 3 A UL 2% Gt U B 1
BH A 25 SR A 400 o P o B A% A i €, B LI
HUSAS s R B PRET, v 250 H 2 40 L o P 5 i
FR15% A LRIV Ay BH P
1.2.6 A X @ K (FCM) B B EEFE 448 h)G
P4 T X 10°4S, B0, HAPBSEIZA I, 1000
r/minZ 010 min, FEVE2MW, 75 L, K41
mLES 25 AN 700 mL/LYA ZEEH, 4°C JH 2
12 hEA l. PBSYE2IK, A4 i % % 451 X 10°/L,
FRNaseiH b5, JIAS0 mg/L 1.5 mL PIXIDNA
ATt A JE R A M A F C MR 224
A TS I A s | e = R
JH o B SRS AL AT 3K
1.2.7 AO/EBAUE & 43 A5 448 h5 I 41 i,
)6 LA B, TR AN B R 1 X 101, B4
JfI 325 uL, J100 mg/LAOYUSHK2 uL & 100 mg/L
EBH4M2 uL, i T8, &5 B 5906 R
BEHAEMEE, T-20 min A THEL500140 . 1E 4
Ji S Rt B St O, LU T 40 i e e
N6, BRI T4 AT (a5 e, AR AE AN
LY R ARER o

Boit AR KN FSPSS12.08F T A 5
Wi o3 0T, 7HE 7R Hmean += SDX 7~ ; P2 3%
[ LR e 36, LAP<0.05 9 5 E.

2 R

2.1 MR E PR E MTTSE R oR, BAE X
20 B A KT AR TS 4L, EALTORR YT
A K wie T2 gl LA, AR
K24, 48, 72 h53 551 M 11.69%, 59.32%, 76.49%, £
t test73 AT, 48 h %72 W&l 525 (AN AT EL 3 B
FiEZE R (t = 4.48E-09, £ = 36E-05, "P<0.01, K1)
2.2 SMMC 772148 e STAT3 % 3£ RT-PCR4; R
Bon, A RIRIT A STAT3, VEGF, survivin
FER FImRNA KL ] W F#IG, p53, caspase3dk
K FImRN AR L B 238 5, c-myc B ) mRN A

mi A2

B A7 R AT
Je & 5 2 e A
Pk %2 W
P 0 B AR — A
SARAA LA
AP, KM
BRI A R
STAT3-siRNA-
GFP T 49 %) I 5%
un o6 3G h . AT
AT % 2 e 64
™ M B A B
R,
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1 REAMBLLASMMC 77214BRILTEBS . *2<0.01.

2 AELE
LASMMC 77214018

B-actin
STATSERRAEXE
STAT3 BEmMRNARIK. A: =%
F12H; B: FAM:ZH; C:

survivin
p53
caspase3

c-myc

>
os)
(@}

FIA T ARk, STAT3, VEGF, survivin, p53,
caspase3, c-mycr = Pt/ B-actin [ LA Z A0 56, B
c-mycIERAN, WIT A S A4l B4
H B##Z(STAT3: ¢ = 8.25E-06, ¢ = 1.41E-05;
VEGF: ¢t = 6.40E-07, t = 1.07E-06; survivin: ¢t =
1.12E-08, ¢ = 1.16E-05; p53: £ = 1.98E-08, ¢ =
7.70E-08; caspase3: ¢t = 8.09E-07, £ = 1.98E-06;
P<0.01, &1, K2). Western blot4h B, B
Ky T S TAT3 8 [ RIA IR 29855, STAT3 K
[ #/B-actingk [ 1 LLAE 2 1 28 0.784 £0.01,
0.720+0.01, 0.334+0.01, ZA80 56047, A 53
Pk 25 (¢ = 4.11E-08, £ = 1.25E-07; P<0.01, ¥]3).
I H e e A A 45 S o, S A R 9 e L
KB 0 2 o S P, T 5 6 A AL 4 4 S
SIRA (K 4).

2.3 AF9ESMMC 772148 it = FCMZE R /R
21 JFORLYE T 4 40 o 0 Sk ) 40 B T, T
RiK21.6%, ek 52 A K I TE A LA B
F (= 4.11E-08, t = 1.25E-07, P<0.01). 2 i J&]
WA AT R VR T 4140 Mt IR G2 I BH A, &k,
1BIT SIS G22I 40 Mg 55 2 A 4 91T AR L
HBEZER(S: t = 2.51E-06, t = 5.74E-05, G2: t =

92 kDa
STAT3

42 kDa
B-actin

A B C

3 REAEBLESMMC 7721 STAT3ZEEWestern blot. A: 2%
FI4H; B: B, C: VAITAL

4.6E-06, ¢ = 6.06E-05, P<0.01, 3:2). AO/EBMY14,
gl P 2 R B M 2 40 0 5 0 (0 BB R 0 0,
I ZH 20 B nT LA 22 B S, A DLAT (e, £
INSEIG A AN A % SR A R T S).

3 11e

STAT3JE 199444 A 1 4 g /v FE-6(IL-6) (5 5%
T I S SRR T B R IR AiE S, STAT3
mRNAJ 2 RIET AR B 40 g F 4L 22,
P25 00405 54% 5 10 B -5 40 M 10 35 58 4k
JHT B DIAHOC, BRI 2 (1 UE P S FES TATS7E
JigRa . i aok A P RS B R, U STAT3AI
STATS™ ™. H i [E Py 4 5 F STAT34E N I & A
S H IIRIE T AN 22 DL, AT HROE A 2 VISR AR e
(AR AR, STAT3H s & AR, M
XFIL-6 FITNFR-IEZ 1) B SEAT B o VIBR A,
KL UASBIS TAT3 BT, 1 48 KR HFIEAS A 7152
Yamada er al'""Jf L HEN, TNF-nuclear factor kB
(NF «B)-IL-6-STAT3 I i 7 - 4i i 58 5 h % 4%
FEE. B R 1A JCSTAT3 5 i i
5 W F-Sanchez er al""HIARIE, AR AL T
TR R A, KOS TAT3 TG PE A 1k,
S5 A STATIE 5 % T 38 B TG A0 2 I A K
JIT AT 10, STAT3 W] 8 A VA I FRITE A2 1 T e
5. Pan et al'"RIE, KT 40 B &R h 3455
SRR, RIVTRG T S N7, o SRy 4
i, f4fc-myc, HIF-1a, STAT3, Sp14%. Miyoshi et a/'™
/I8, HCVHi 8: %085 [ N ISOCS-1314, $
STAT3 W61k, AT 028 40 i ()45 5% 5 %,
FEHC VY T BUH i A& AE 1 e rpon] ke =
YER]. Niwa et al""i, FHFIEALITERSOCS-37]
T = TAK/STATFIFAKAS 545 S 1 JH 98 41
foAE KA R, B SALIE W R AEAECPG R, B

THISTAT3 B AL AN A0 A 4. JATT A AT I S
SE, FETSHIN I A M I L 23 R s 55 L ZA b A
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&1 NELBASMMC 77214BIESTATSE R RABERMRNAF= ) &/p-actinBIEL{E(mean + SD) W @ 5 R

paxi:) STAT3 VEGF survivin p53 caspase3 c-myc

=%  0.843+0.03 0.905 +0.01 0.865+0.00 0.356+0.00 0.404+0.01  0.915+0.01
[942E  0.830+0.02 0.888+0.01 0.827 +0.03 0.448+0.01  0.487+0.01  0.929+0.01
SOF5ZH 0.333+0.03°  0.600+0.01°  0.497+0.00° 0.863+0.01° 0.896+0.02° 0.880+0.01

*P<0.01 vs =B, BRIEA.

xR 2 NELVEBLLASMMC 77214RIRET R R MIERER (%, mean £ SD)

Paxi:| A= S GO-GI1 G2

=84 1.12+0.09 29.0+0.43 61.22 +0.81 9.8+1.07
R 1.13+0.04 20.3+1.27 65.26 + 2.64 14.5+0.74
P A= 21.6+2.16" 538+1.17° 56.61+1.58 38.6+1.39°

°P<0.01 vs ZEH, [FIFAE.

!B‘U .
q 0’ c§ :e' ;
'.‘g ® “ K]
%
l" ' {;
‘““' '00 2 o
3@"”* "'Q'Q
’0‘ Ly O i a4 o

B 4 RELIBLLASMMC 77214BIESTAT3EEEIRIA(SABC x 400). A: 25 [4H; B: I C: 1AITH,; §i kRS TAT3& HPHYE

Al MR e B E G

5 REARLELBSMMC 7721 4BIEAQ/EBXUELE (I Bt x 400). A: 23 [14H; B: BHVELH; C: JAITH: S LT REk /i ts
o IR, B0t REE T, 40 a7 AT 4.

FESTAT3HE R [ m ik, WA REER  BIRAERELRE T, STAT3H) 81 &, " JA3)
KPR, IR AL B R, fon R IR R IR SR AL, BELIRT T e 28
STAT3 ) J0G v] BE A AR AR S R B3, ) I E%IE"J‘{%T&, PRI STAT3 3 A W] 82 1 oAy e v
K i) R i 2k Kle-mye, survivin M VEGFIERIAE  J7 (KB 4.

Hﬁ&ﬁ%@%*ﬁ@%ﬁ%i%, M pS3 5 A 11 siRNA(small interfering RNAs, siRNAs)/&
FARAE I B 55 M W RRAIS, &7~ AE e M R T UBERN Ay 1, g% LLIRIJE B ANT
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FImRNA K48 H A5 B RS € M mRNA, 20
SFLAF RV (10 DR T BR, 3 b 2 S I B DR T BR AL
(post-transcriptional gene silencing, PTGS)#{ #x
HRNATH(RNADN, IEFEsiRN ARG
PP IR E SR AT AR AT KB R siIRN A2 )
RERL R RE el ff) “BEAR Fop” , B AR
PR R EEIR Y A A U iR L
Y E AR RN A BE A Bl 0 490 441 o o 306 2 il
c-myc, surviving%E5t KI7E i 40 i b k1
AT R LY RN A TH AR T ERS TAT3 it
DRGT T4 400 R P 40 o0 4 T S MLk (o, AT
AL NS TAT3 3 A 1) s i RN AR it R iA 4%
fApSilencer3.0-H1-STAT3-siRNA-GFP, # 4 \
JHFJ26 41 B ARS MIMLC 7721, 4 5 4 W) B 41 Skt A
mRNA K KT B rl I STAT3 HE K %k, I
N A DI K survivin, VEGFZE A mRNA %,
p53, caspase3FE A [ mRNAKIA, Xfe-myc
DRI mRIN A 125 TC R M), 68 JFF 3 41 P 1 398 5 7%
AAEIE, 005 S R g AR T, 4h R
T-G2 . survivin I8 1785 FH0HI A -, 7E08 TR0
21 A 31 0 5 TR s rh R A% FE AR Y, VEGF
2 S T AR L A e TR, T R 1 ol
R, R I R A R R R O R )Y,
pS3FER S FE LR TR T, HHRIESTAT3ZE
Py BRSNS B T 5 pS3Ja sl P4,
DN AZ G A7 i IRE 5 1t S8 AL ] 5% M p S 3 HE A 1Y)
T MERL DA AT LA IR A siRN A IS TAT3
DALZE 9 1R e 0, ml A R4 R i S IR
AL, AT RE e o e BE IR (R0 1, Ao g
A0 R B FE A2 B, TN, I R LB R
YER. A he-myc B AE I STAT3HE A 1) T
WA, AR ZRIA B I F R, AT E
75 % ] [F)RE 91 s iR N AJII6IS TAT3 JE R 7 Hif
HURIE . BE A F R S R h 1 RIA N PY, eemye
BRI R IR Y T, SR SR 40 i e-my o
PRI IL R A BT AN, A Rk SEE . RATI7E
APF 9% v IR 3 7 B B P P 0 PR s e It 4
P2k, W A A R, SEN KA R
G, BRIV TE B3 v 2 e, (iR
N G A TGO 5 I AR IB B AR 4 g
WIRAFAE—E MBI, Ji4h, R BATEH]
TR IREF I Lipofectamine 2000%: 4Lk,
Yo gt LA 22%, 17 236 46 R LI B 5 i
5 A BRI, Bk, iR L
P R e R e R EE I, KA LUSiRN A A2 1)

HE DR T A 2440 4 T BRAR R VR YT AR .

TATIN, MAHRNAIH AR ATMHISTATS
SEDRE s 40 i b i R IE, N T4 IS TAT3-
siRNA-GFP rJ Tl $0 i i 40 M e 9 e . ik
JH- s 0 %) 90 T R BRI A FH, STAT35E A
AT RA e VA7 T
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