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Abstract

AIM: To investigate the inhibitory effect of small
interfering RNA (siRNA)-mediated silencing of
the Smoothened (Smo) gene on tumor cell apop-
tosis in a nude mouse model bearing human
esophageal carcinoma.

METHODS: An Smo siRNA or a non-relevant
siRNA was used to transfect human esophageal
carcinoma EC9706 cells. Non-transfected cells
were used as a blank control. The transfected
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cells were injected into the parascapular region
of nude mice. After 4 wk, tumor tissue samples
were taken to detect the expression of Smo and
Glil proteins and mRNAs by immunohisto-
chemistry, in situ hybridization, Western blot,
semi quantitative RT-PCR, and to determine cell
apoptosis by TUNEL assay and transmission
electron microscopy.

RESULTS: Immunohistochemistry and in situ
hybridization analyses showed that the expres-
sion levels of Smo protein (8.37 £ 1.73 vs 8.42 +
1.49,8.37 £1.73) and mRNA (2.32 £0.63 v5 9.61 +
0.85, 9.82 + 0.63) and Glil protein (3.53 + 0.37 vs
0.89 +0.06, 0.91 + 0.05) and mRNA (3.35 + 0.87 vs
8.41 + 1.64, 8.53 * 1.38) were significantly lower
in the Smo siRNA group than in the non-rele-
vant group and blank control group (all P < 0.05).
Western blot and RT-PCR results also revealed
that the expression levels of Smo protein (0.33 +
0.06 vs 9.61 + 0.85, 0.91+ 0.05) and mRNA (0.35 +
0.07 vs 0.89 £ 0.06, 0.96 + 0.07) and Glil protein
(0.29 £ 0.05 vs 0.87 + 0.08, 0.84 + 0.06) and mRNA
(0.29 £ 0.05 vs 0.89 = 0.07, 0.87 + 0.06) were sig-
nificantly lower in the Smo siRNA group than
in the non-relevant group and blank control
group (all P < 0.05). TUNEL results showed that
the apoptosis rate increased significantly in the
Smo siRNA group compared with two control
groups (both P < 0.05). Transmission electron
microscopy analysis revealed cytoplasmic pyk-
nosis, increased electron density, chromatin con-
densation and condensation, nuclear fragmen-
tation, and presence of apoptotic bodies in the
Smo siRNA group. Two control groups had no
such histopathological changes. The number of
apoptotic cells increased significantly in the Smo
siRNA group compared to control groups.

CONCLUSION: SiRNA-mediated Smo gene si-
lencing induces tumor cell apoptosis in a nude
mouse model bearing human esophageal carci-
noma.

© 2013 Baishideng. All rights reserved.
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BrY: K3+ FHRNA(small interfering RNA,
SIRNA) ST AR JAR A AL 40 IR =% e,

ik 42 ASmo siRNA EALE HECIT06
e, E TR P AR G ST R A AT R, K
HRIFmCEHRBIRABIN T X, 4 wkia
WJE L. KR %95 A 245 SPk . Western
blot ik A M A R AS G 2042 P Smo. Glil%&
G ey ki, mRREE R, ¥ EERT-PCRA
HEAMAR R A A FSmo. Glil mRNA
# %k ; i I TUNELk A S 4L 5 7 R WL
AR RASALIG 20 L6 B T 1 L.

R #EsiRNAKE, 2IE 8T Fo R AL 4
RERE T, SHMAL PsiRNATFHLASMoE
©(8.37+£1.73)ZmRNA(2.324+0.63). Glil%
©(3.534+0.37)AmRNA(3.35+0.87) - %k
K 4m R RO AR T 2R (L R A B 4LSmok &
ZmRNA%Z 3] #48.42+1.49, 9.61+0.85, =
G A B 2Smo% & ZmRNA 8.37+1.73. 9.82
+0.63; £ %2 BAGli1E G ZmRNAS 3 A
0.89+0.06. 8.41+1.64, =G BAHGlil1%
& ZmRNA 0.914+0.05. 8.53+1.38), B 2%
¥ B 4t 5 & X (P<0.05); Western blot&
RT-PCRZ R 27, 5 2 BLLAR (L X 2 R
2ASmo%& & ZAmRNAS %] %9.61 £0.85. 0.89
+0.06; = &3 BHSmo%E & ZmRNA %0.91
+0.05. 0.96+0.07; & # 3 BAGlI1HEG A
mRNA% % 40.87+0.08. 0.89+0.07, ©&
2+ P8 20 Glil & & ZmRNA% % 40.84+0.06.

0.87+0.06; siRNAF#.28 + #Smo(0.33 +
0.06)ZmRNA(0.354+0.07). G1i1(0.2940.05)
ZmRNA(0.29+0.05)49 & iz 8 2 TR, 40
18] ¥ 7 AR ML £ F B 43t F & L(P<0.05);
TUNEL#% % 27, siRNAF#H A A= %
(apoptosis rate, AI)¥ 2.7+, 4818 7 7 tL AL AL
£ F B %t 5 & L(P<0.05); &4+ w4 m)
LR R, R Xt RE AL AR YU B T 4m AL AP
E¥ 5. miRE %, LT REENG, T
TR R amie, F G B 4t a4 T SR
B &3k, BT AR BT L, fm Ak AR A
Bk, AR TR, BT R M
MR E S, MR T, ZBRF MR B,
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T R4 4 Hedgehoglit & (Hh). Patched’”?
{&(Ptc)s Smoothened(Smo)fE H . ZFskAF
(GLi) 2% Tl F R A G B2 20l s S 15 %
T S TR ) S A A R K T e 4T L ) 3 )
SR AR & B R ESmo/h Tk
RNA(small interfering RNA, siRNA), # 4L &4
FEECOT0641 i J AR RS KR, AR IS Smo
5 DAL ) P s 1 RINV AR AR Bl % e % 980 40 i 1
TS

1 RIS

1.1 A4 N EHEEECIT0640 S bk b [ B 24 R}
2t IR AT U 531 IR 2 1R 5K B RS A
44 Balb/cHR B 1 73K ve S50 S WA B 2
#]. RPMI 1640. Lipofectamine™ 2000F1TRIzol
& H 26 ElInvitrogen/A ]; Smo siRNAJ [ 1
T 25 E ARG PR A F]; SPO000 % s 41 24k 2
A B AL A2 S EVBARE R A A
Smo. Glil cDNARENE 1 FilgA: TAEYEAR
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AWRSHUEAF]; cDNAJRFSRIRAG . PCRY Y SROBEGUPY. HRRARRCEEO N maiaE

WA G B KA AR A R A A, EE
PRGRFI G B EAED TRROGE AR AR A
Smo. Glil FiB-actiny |0 B bifF £ TAEYHAR
R TTATA A, BCAS A E =& B b
FREA 2 AR R A ] Sefi ASmo. Gli
Z PR A £ ESABA W Hbi Ap-actin
% ve BEPUARIE B b5 AR B BR A A
TUNELA A &% A 5 +Roche 24 .

1.2 7%

1.2.1 fmpa st RAR RAS LG 9 M 1. N EIR
EC970641 i T 5 #2100 U/mL. #E# %100
U/mLAI10%/If 4 M3 FURPMI 16405535 3E 1, 7F
37 C. 5%CO, 15 IR0 T M BE R I IO #E
KIAGN B BE N 150G L2 X 10°/m LR 2] 5 5L
B, 57 40 B35 85 32 $1 85 %-90 % il 75 Isf T Hs 422 11
Lipofectamine™ 2000%4F 15 1 43 51l % 4¢3 4 Smo
siRNA, %24, 48172 h 3/MEEYLINfA] B, FE4
iR B 150, 20051250 ng/pl 34N YL &,
P PESIRNA-1. siRAN-2 )2 siR AN-37%3 5%
PEC970641 1, ik EsiRNA SRR
o AR A T T R (TS5 56 45 R 578250 ng/uLif
SIRNA-1ALBL72 Wil 28w fee oit, 482 52 56K H
250 ng/uL[*JsiRNA-14EFEC97064H 172 h), [F]
I8 7 TG 2 B 4R 5 P 56 R

1.2.2 AR FAS LG 09 M 7 K BB R
3L, A3 AASiIRNAT-HRAL . TERIFH 4R
PR HRAL, RRALS I, S XBhY), KA By B8
P FLHEAThR G, EAH R 44 N X3 B kAT
Gy TR, ORI PIE R, KN bty
TR KR o PR K B B R T 4. Rk oh %
Lot G, R LT A IR 55 X R i A v A
AT, 6 SLHH TR, AR N1 X 107/mL, 0.2
mL/H.

1.2.3 i B ()R H LU P IR o
AU G 0 R A% F IR U B B kT, DAB
JEY) TARR A, IARREG. IPBSAUE —Ht
VEB T B (2) &5 AL 40 DA BT P 40 1 1 2 e &5
B YSRGS . 0 T A B (0 B
Mo A BAE, BENLWEL 104N i i AT, A4S0 B
L E200 40, 5 BH 41 £

1.2.4 A 22 3 (1) AT 2288 0 B JRUT 2 A8 30 3R
PR A% IR LT 15 T, BCIP/NBTH (1, A% [ 41 &2
2t X H0.1 mg/mL RNase, 37 “C it L)
J60 minJ FHICEREN I A4 A s B AL 20) 1
BHPEST R (2045 S DABH 41 i 7 4 L 45
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PE, BEALALEE 104 w5 AT, B4 LB i £7200
A0, T SEBH P T K
1.2.5 RT-PCR: HUBrEE IR 2021, #%2 TRIzol#
PEEW], $RI& 4 MRNA. W5 5 N & i
cDNAZE )5 LAB-actinhy N S MIEATPCR
Y, Smod =) K306 bp, LiFSIHI N 5'-
CGCTACCCTGCTGTTATTCTCT-3", FiE514)
H: 5-CAG-GTGGAAGTAGGAGGTCTTG-3;
GLiLF 4 7 ¥ 4201 bp, LTI A 5-TTG-
GAGAAGCCGAGCCGAGTATC-3', 514
H: 5-GAGTAGACAGAGGTTGGGAGGTA-
AGG-3'; B-actindl 1% 4480 bp, L5149 h:
5-CATCCTGCGTCTGGACCT-3', Fii514¥h:
5-TCAGGAGGAGCAATGATCTTG-3'(51 ¥+
SIS B AR T 5e ). B SR %
P FERT-P CRIAG &L U6 kAT, PCRI Y 4 A
(Smo0)94 ‘CTiAEYES min, 94 ‘CAME30 s, 59 “CiE
K45 s, 72 ‘CIEM60 s, 35MEHR; 572 “CHEf
5 min£4 C; (Gli1)94 ‘C A5 min, 94 ‘CA-YE
30 s, 58 ‘CiE k45 s, 72 ‘CHEMH60 s, 35MGFF, it
J572 ‘CHEfH5 min%E4 C. B0 pLr=)1%B s bl
ek, FAlpha View#AFHEAT S 23 Hr, LA
Smo mRNA L B-actin LIk ki B M3 JEH 2
tt 7k Smo mRNA [ AH A ik .
1.2.6 Western blot: UBMFZ RiGE wmEIHE, A
A I ZAR S 2%, IR, AR 20
30 min, FIERIEER . FIBCAVEN & 8 11 Fk
BEJE, M50 pgtk 1 bR, it 12%5) B G 4
PVDFJE b, Bl @ik 35, I Sedit A Smo#ifak
(1 :500), 4 Cit#; HTBSYEAL10 minX 37K, il
NP P, SEWUFE2 h, TBS PEE10 min X
3K W5 IEAH, F Alpha View #4047 G 4
BT, LAH 435 5 B-actinR 40 6 55 B 2 45
H 18 (IR AR08

B2 4b 3R N HISPSS17.048 HH AT 48
AL, T EBURER Fimean® SDERR; 4L
PH 0 LI e 5 22 2135 B0 Ll A T 7 22 4y
Mt; T ZEARFE I SE AT AR R e, W Ko =
0.05.

2 R

2.1 R MR

2.1.1 REMumALFhn & BB IGEERA
Smo%& & # & ik AL F 45 R IR, Smo
WM RIAAE T FEE A T A b, Bk

Li% 5 b Koo
Shh 3 R, & IShh
B ERELE
B kAP
TR, #5)
R MaZ A5 K I
A% S5 447 % Shh
#Ptch K34 5
Rk, BN INEF
o B 50 45 R & A
Smo 5 & % ##
K& R F AR
FE k.
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1 SBAASHNRARBEBISMoBERVFRIA( x 200). A: 23 AXTIHA; B: TLRFFIH; C: sRNATHAH; D: BT

TR,
xR 1 BERAEEPSMoEBBERIX (7 = 5, mean + SD) X 2 BEREBPCIEBERIX (7 = 5, mean + SD)
paxi:| SmoEBRA FE PE x| GINEBRIE FE AE
siRNATH2H 2.63+0.57 siRNAT-#12H 2.32+0.63
ToREIIH 8.42 +1.49 715.28  0.000 ToRFBAIH 7.37+£1.57 71352  0.000
TENIRA 837173 EENRA 7.29+1.49

WO BRSOk, SIRNATH4L. 25 A XK
M. LRITPHNASmotE (ARIE /5N 2.63+
0.57. 8.42+1.49f118.37+1.73, SL¥ 41 5 xf
P L Smot MR IA ZE e it 2 E X
(P<0.05), TEXRPHNA 57 o AL LG 72 = 6
Giih 2R L(P>0.05) (R 1, F1).

2.1.2 fJR M RAL A ) &40 A G 20 42 F Glil
Faw kil REALUGES R R, GlilEA
PHAE R IA (S 5 B A T 40 Az b, MRz,
SR B B B BURL. SIRN AT HL4L 5 5% 1R
PP LR, Gl AMRIAZE A gol 5 X
(P<0.05), TLRJFHIA L2 o0 AL R 2= 7
Gi it L(P>0.05)(F2, F2).

2.2 Western blotis| & 2045 M B 2028 P & G &
-

2.2.1 Western blot#s-i #% 44 7% 26 2% ¥ Smo & & 49 &
K A SN IR AR L, Smofk (ARIE RIS
R 22 AT G2 L (P<0.05), Pixf I 4] Smosk
Tk ZERIGEE L (P>0.05)(FK3, E3).
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2.2.2 Western bloti-] #% 475 21278 ¥ Glil & & # &
i S A B IRZHAR EE G R R IA R B R
W, 2254 Goit 2 5 L(P<0.05), HiXBLGli1 4
FIIE B 22 e LGt L (P>0.05)(K4, [&14).
2.3 JRA% 2 S A ) A2 AS AR 9 41 4% F mRNA KX
'T%P)’L

2.3.1 BAL L S A M A5 A9 4122 F Smo mRNA#
F3A: Smo mRNAPHMERIEE 5 F 2w T4
M, R OERL siRNATI4 . 25 %)
M. KT Smo mRNAFIE SN A A 3.53
+0.37. 9.61+0.85F19.824+0.63. 5L 4] 55 %] I
AP L Smo mRNAREZERFH AR X
(P<0.05), JLKFHNALS 2 o AL LR 22 7 0
LB L(P>0.05)(FS, E5).

2.3.2 RALZ A A A B 4148 F Glil mRNA#
Ak Glil mRNABHPERIEAE 5 52 40 e
Fih, SEEEE RIS A5 AT LA
Smo mRNAKIEZE A Gt 4% 5 L (P<0.05), &
KIFHVA G A5 (o6 AL LR 22 R G v 24 X
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s g bt WiR LS
’*{; ﬁé‘ ‘:ﬁﬁ RNAF#4# AL
AL ‘3 HEsk. a8+
oIy AR 3 5
Bt

Smo

B-actin

3 Western blotf&MIZ BB ERELA LR DSMoEBMIRIX.
1: 22X HELE; 2: TEFPFI2H; 3: siRNATHZH.

xR 3 ANEABISMoEBBRELER (7 = 5, mean + SD)

B-actin

4 Western blotiil BB 1ERZA LA PCINEBIRIX.
1: ST HBAE; 2: TEHFPFI2; 3: siRNATHEZH.

& 4 AEAERICINEBRIRER 17 = 5, mean + SD)

paxi:l SmoEBRIA FE AR axi:) GInEBRA FE AE
siRNATHH 0.33+0.06 siRNAT-#12H 0.29+0.05

ToRFHIH 0.89 +0.06° 145.63  0.000 ToRRINE 0.87 +0.08° 162.45  0.000
TENIRA 0.91+0.05° TENIRA 0.84 +0.06°

°P<0.05 vs siRNATHZE.

(P>0.05)(%6, ¥6).

2.4 RT-PCRAZ M &A% HLJE 2822 P mRNAf ik
B

2.4.1 RT-PCRAEM #4558 2822 F Smo mRNA#)
Fia: SmoMIB-actind™ ML Ik G, 4R E
IR BOR/N 5w RN e A5 )
306H1480 bp. 5 7% U A K TG K741 41 A1
L, siRNATH4 F fSmo mRNAFIAE I T
[ 22 AT G524 7 L(P<0.05), 5% I ZH i Smo
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*P<0.05 vs siRNATFHA.

mRNAZE R GE 7 L (P>0.05)(%7, #17).
2.4.2 RT-PCR#&MI A% 48 5 28 2% F Glil mRNA#) &
ik: GlilHIB-acting ¥4 =& k)G, 450 Wor
3G 7 BN 5B RN e A8 il
201F1480 bp. 575 [0 AL K T 74 LA L,
SIRNA T4 1 )Gli mRNA L &1 W %, 2
S G EE (P<0.05), BTGl mRNA
KLz E L (P>0.05)(3K8, KEB).

2.5 TUNEL# &40 45 A8 9% 20 42 F 20 JL 8 =t

#| AARNAF#H 3
RiRHSmoIk A,
FpH HHAZ 5 18 %
B REBAT
4.
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6 REIZARZMNEABIERBIDCH mRNATIZRIX. A: 28 IR IR, B: TEORFFHIZE; C: siRNATHRZE; D: BT fE4H.

PSR PR LA LR TN B A 2, Sk
Y15 %0 AL ATE A ek 22 1 X (341P<0.05);
25 (U AL TG 6 7 I AL AL St B g2 X
(F1P>0.05)(£9, K9).

2.6 FEST BB A A IR T8 oL 1B
FELBE I SO I T A0 B S S . T4

WCJD | www.wjgnet.com

KB MU 4 AH A RIAR N
TEUE R, WL TR, R P
T A e A B S AR I BUIR, TN
ANFIFBAL; T BRAR LT RS R A T R — A
AN AT AT DL, AR B AR AR D e B
R, P ERCE AR R T . B 10A
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B 7 RT-PCRINIE/ARBERZLALAISMo mRNARIRIX. M:
marker; 1: 23 FIGTREZH; 2: TEXRFFIH; 3: sRNATHAH.

1
bp bp
480 B-actin s 500
200

201 Gil

8 RT-PCRIZMIZLARAAEELALAPGIT mRNARIZRIL. M:
marker; 1: 23 FAXTIAZE; 2: TEEFEFI4H; 3: siRNA T

AR 25 SR T MATE R B 10BHT I 40
A 1 PR E 2 ¥ ) S 92D I ) DL 3 e b A
10C IR T/ MATE 1l B 10D AR A A T
MR AN, A0 LR HIAT KRR B A5,

3 17iE

HH{E Sl H A AR K E . 74 S
EBIAD G & i O (Y N SR ST L
APy 2 R 3FHFRYEIE FFCAR: Sonic
Hedgehog(SHH)~ Indian Hedgehog(IHH)H1Des-
ert Hedgehog(DHH), 73 7l 4w i3 oAH . 11 25 11
SHH. IHHFDHHI""". Hedgehogfs 5 i
(1) EZE R AHAREC AR . PtchZ4K. Smok FAFI
Gl s A1~ LI B% R e U 2, HhC AR 25 5
52 RPatched(Ptch) i, FEPtch /S HIHI
SmoZ A4, SmolBH i fif b { GLIF i s M 1
BOE I NAZ A, (EREHhSEIE IR ) e 5222, S
P JirbJ8g H H A 5 T8 B 1) O A AR 2
5 R AR (A A A ) B A v s (A A
SR, AR AR 1 B FRP teh 2 AR T g
BRIERAL IS moth 1 DY RERAFHE TR AL BAAMK
APE R FRHh AR 1) K IA. 7EHedgehog F il it
HVE AR 5 e 30 11 ) S moo s — il J5g J6 [R5,
EBEAE S B R R “al” MEH,
2 H R AR ) RESRAT P SR AR (AR IE AR A )
5 Hedgehogfi# [ T Ptehsd 2L A4 il /E FH (i Ak
ST I, 235 L AE 5 8 B e R
APRIBE A Smo I HEFEIN, KT siIRNAFART
AR BB R R AR A0 R T AT RS

9

TR
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pax:] Smo MRNAZRIA FiE AE
siRNATHLAE 3.53+0.37
ToRBYIE 9.61+0.85 736.20 0.000
TEWIRA 9.82+0.63
4R Glil mRNAZRIA FE PE
siRNATH28 3.35+0.87
ToRBHIHE 8.41+1.64° 753.60 0.000
TENWIRA 8.563 +1.38°

°P<0.05 vs siRNAFHLAA.
pax:] SmomRNARIE FE PE
SiRNATFILE 0.35+0.07
ToRBHIHE 0.98 +0.06° 138.93 0.000
=EWRA 0.96 +0.07°

°P<0.05 vs siRNATFHZH.
4R Glil mRNAZRIA FE PHE
SiRNATHZE 0.29+0.05
ToRBIIE 0.89 £0.07° 142.82 0.000
TENWIRA 0.87 +0.06°

°P<0.05 vs siRNAFHAH.
SR TBTIEE%)
SiRNATHLE 18.93+1.52
ToRBHIHE 3.73+0.41%
=EWRA 3.58+0.37°

°P<0.05 vs sSiRNATFHIA; “P>0.05 vs REENIRAE.
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