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Abstract

AIM: To investigate whether down-regulation of
glypican-3 (GPC-3) gene transcription by short
hairpin RNAs (shRNAs) inhibits hepatoma
MHCC-97H cell invasion and angiogenesis.

METHODS: Specific GPC-3 shRNAs were trans-
fected into MHCC-97H cells. GPC-3 mRNA and
protein expression was analyzed by fluorescence
quantitative PCR and Western blot, respectively.
Hepatoma cell proliferation was detected by
5-ethynyl-2'-deoxyuridine and sulforhodamine B
assay, and cell migration and invasion were as-
sessed by wound healing and transwell assays.

RESULTS: After MHCC-97H cells were trans-
fected with shRNA1, GPC-3 mRNA expression
was down-regulated by 75.6% (t = 15.473, P <
0.001), cell proliferation was inhibited signifi-
cantly, and cell migration and invasion were
decreased. B-catenin expression was down-regu-
lated by 67.7%, and glioma-associated oncogene
1 (Glil) expression was up-regulated by 53.5% in
MHCC-97H cells. The expression of vascular en-
dothelial growth factor (VEGF) was significantly
decreased (54.2%, t = 46.746, P < 0.001) in cells
transfected with shRNA1 compared with control
cells.

CONCLUSION: shRNA-mediated GPC-3 knock-
down inhibits the migration, invasion and an-
giogenesis of hepatoma cells possibly through
Wnt/ B-catenin and Hh signaling pathways.

© 2014 Baishideng Publishing Group Inc. All rights
reserved.
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TiH

BH): ME 424X LRNA(short hairpin RNA,
shRNA) T A5 g BEILEZ & & % #5-3(glypican-3,
GPC-3)A R F, s34 AT EMHCC-97TH 0 it
2 5 Fo o B R A 694 R S5 AU

Fik: FAFGPC-34F 7 MshRNA# T 5
MHCC-97H%a ke, VA5 #% & 2PCRA=Western
blot# #GPC-3 mRNARE & £ik; WA
5-ethynyl-2'-deoxyuridine(EdU)f=Transwell i
FipfEmiayi il THBAIZ RS,

Z5 8 shRNA14:#EMHCC-97H#%m fitt, GPC-3 42
mRNAKRTF T 475.6%( = 15.473, P<0.001),
EaOFAR Y TR, TRGPC-3AR#FE, 7T
B ) BT R dm R G FA, 2m FRLIEAS 542 & AL 1 R
1%, 53k 25 4 Bt R AR A ; Wnt/B-catenin
¥ B-cateninFk ik FiH67.7%; Hedgehogsi@ %
P i B R J AR % % A B 1(glioma-associated
oncogene 1, Glil)% ik £iH53.3%; shRNAI
3472 htmfgf 8 W K A KB F(vascular
endothelial growth factor, VEGF)& A Fif
54.2%(¢ = 46.746, P<0.001).

it sShRNATFTHAGPC-34 %, £2Wnt/
B-cateninfeHhAZ 5 i 5834 J& 4w fLiE 45 . 12
Ao s B, AT R G T B ST
B #F.
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REEH: AR, BEBRIEEBRRE-3;
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ORI S 142 & K RNA(short hairpin RNA,
shRNA)ITEk B fig BEALEE & & % #5-3(glypican-3,
GPC-3)# W #: 3, % Wnt/B-cateninii % B-catenin
FeHedgehogsi® % i e S 8 48 5% & 2k ) 1 (glioma-
associated oncogene 1, Glil) & iA #94F A, FFAGPC-3
F 20 B BT 955 4 ROLAZ: 22 A s 2 BT 2
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0 51
T HETELIE & 1 58 BE-3(glypican-3, GPC-3){E 1F
JHEHZRH AR L2k, JifJH A (hepatocellular car-
cinoma, HCC)ZHZ Sl FiLRAM, ZHCCHHE
SIS AT N AT S A bR SR Y. HeCHE e
P SR MG 2, 5B
2 M ) AR 22 PR A v 2 I B A OERY. GPC-3/ A
Hise T4k, 5 Wnt/B-cateninfllHedgehogs(Hh)
S AR S T UIAR U, P R AR R SR AR
Wnt/B-cateninifl % 5 H W0, B-EFA R FIBEE, X
JHFe M PSS TR RN A AR A/ H s Hhil R A5 5
988, PO PR e S DR IR R A D R PR 1 (g -
oma-associated oncogene 1, G/7/), {EZH L4
S AN OB B R0 430 5 T RAEAE P R0, AL
ZAGP C-31 Kk 5 i 4t Mo 42 28 0 I 55 8 A= 1)
K FR LA A FALAR a4 ) U2, AR S LRy S
shRNAVTERGPC-3 K 55, %% Wnt/B-catenin
T #% 1 B-catenin MHhIE # TP GLILR A IEH], 73
T T IRG P C-3 e skt FHH 4R LI A% 4 2 Al e
GRivEAT

1 #RATSE

1.1 ## AHepG2ZMHCC-97THAH fa#k i) [
FHot 4%, DMEMSE &R 525 H Gibeo
A7); GPC-3MIGAPDH |4 HiTaKaRa 2y m] ¥ i
B HG B-cateninMIGLi1 5 [# HInvitrogenA ] &
i; TRIzolik#). LipoD293™MGenJet ™ J4ix
#1340 H Invitrogen A ] ; GPC-34 H 35 [H Abcam
2wl FEFUR I BBD A F]; ML A BT
(vascular endothelial growth factor, VEGF)ELISA
LRl A RS M e e /A

1.2 7%k

1.2.1 Jrkaty s fo bt e L OCHR[14] 6 BOF R 24
TR AP BFP 41, 40 LA 10%FBS
DMEMSE 48 775137 C 5 5%CO, 5 M B
IR, FEOLRT24 hAF LG BN T0% 2o A7 40 i #E 6
U, TR hEE S BRI B AU
shRNAI(IE[: 5'-CACCGCGGTTACTGCAAT-
GTGGTCATTCAAGAGATGACCA CATTG-
CAGTAACCGCTTTTTTG-3', xIn): 5'-GATC-
CAAAAAAGCGGTTACTGCAATGTGGT-
CATCTCTTGAATGACCACATTGCAGTAACC-
GC-3)YE N T4l I PEX IR (IR 1) 5'-CACC-
GTTCTCCGAACGTGTCACGTCAAGAGAT-
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TACGTGACACGTTCGGAGAATTTTTTG-3', 2 h, PBSUL2i, MN4%% W, =in WM f8d
Yao % ik iE AN

S 115'-GATCCAAAAAATTCTCCGAACGTG
TCACGTAATCTCTTGACGTGACACGTTCG-
GAGAAC-3")JFURLAE Ay B % B 20 43 0 FH L -
poD293 ™M YLk e EMHCC-97HA Y, JF
BEFRAMHR AN M A b 2 0 L B shRNA(UTER
GPC-3H T FNAE A Tl S 5 1% He TR A
kg B R 2H 4 53 FH Gendet ™ (Ver 11 for HepG2
I M) e Gk R e R Hep G240 i, 357K b £
HepG24H il /F: 1y % FI%T L. 12-18 hGHil, gksk
B3R

1.2.2 ¥RNA#IK, 3|4 & % k% FPCR:
MHC C-97H4H i 73 sl B G 41420, Bk 5 B
KA EX M@ = 3). #4448 hfm, LATRIzoliA
A S RNA. A RNA KA 0050 51VT
51)(5'-3"): GPC-3(NM_004484), F-CGAGATAAG
CACCTTTCACAACCHIR-AGAAGAAGCA-
CACCACCGAGA; B-catenin(NM-001904),
F-AAAGCGGCTGTTAGTCACTGGH
R-AAAGCGGCTGTTAGTCACTGG;
Glil(NM-005269), F-GCACCACATCAACAGT-
GAGCHR-GCGTCTTGAGGTTTTCAAGG;
GAPDH(NM_017008), F-CAAGGTCATCCAT-
GACAACTTTGHIR-GTCCACCACCCTGTT-
GCTGTAG. RT-PCRYIEZH41R: 95 °C 30 s,
94 °C 55,60 C 45 s, 40 MR, 4 CLRAF. LACTtLE
BAERN GPC-3 AN 5E & BIACtE = Ctyypyp-Ct
sy sy AHXTFRIE R = 20

1.2.3 Western blotha | & & 3R & : e Je i iy Je =%
IR AN BE, T4 4448 h/g W44 i, eI E A
Jii ABCAVESE it il 45 10%SDSZE T4 1 B et i,
FFUKTE R A HS50 ug, M5SXSDS_EAEZEMM, 1
FUBE S 15 T3k 8 min B4, HIKIEIE60 V
X 40 min, J5110 VX 60 min, ## 2 PVDF (5
71 F R 1 R 22 i P48 10 min), Pl
5% W HG 71 Wy PH (I PR WK 2.5 g+TBS-T 50
mL) FBEFS P, S N AR ACE 1 h, B
JEFHTBS-TIEYES min X 47K, IM%Hi AGPC-3(1
1 250)8B-catenin(FEECSTAF], 1 1 1000)5L
Glil(E[ECSTA T, 11 1000), p-actinBiiA(1 :
1000)1E W2, 4 CRER, Vi, BRS04
Bt b i IR SE P AR A E BT R IgG (1 - 1000)5F
A1 h, Yok G ECL R (B 411 1.

1.2.4 mie3gsa 5 MM 5448 him, JHEEE 1
TN M, VRGN MR I R 1 X 1090, 40 M B
JEEFFLINAT00 pL 50 pmol/L EAdUR;FRILIF
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55 730 min, FEFLIIIA100 pL 1X Apollo® 42 Jx.
MR, FEdEL G, TR IRIE E 30 minfE I
100 pL7%0.5%TritonX-100/¥/PBS it 4 12 ARG VE3
R, A FLINAN100 pL 1 X Hoechst33342 2 W iy,
S FEilh . JBAREIREE 30 min, PBSE UL,
SERIFEE SOE WA B S I .

1.2.5 X|JRIXIe 5 #r m f A48 /1: MHCC-97H
AT k48 hJa, MEhE B 90% /A N,
10 WL JG B A 4 4G Sk 7 35 75 40 i 1) 6 FL AR P
M g — 46 E AR N1 mm A A I EH 2 RDE,
PBSHPE3 i, P 2BV 0 B V4 40 e, REFLInA
2 mLIG MLy R IR 2, 7000 B AR 2 WAREE 1~ EUCk)
JREAE LA AN AL EF 4 B (0 h), 4k2EF37 CH
5%CO, 3 F-AH 53724 hIFHE, WS4 41
FHRIRAL 2 ) R b T RS 5 )R B RS (mm, X
200), R I I A7 £ A A ARG B 25 5 i 4
MIZBhEES. MRAA%(%) = (0 hRIJR T8 %24
h¥IJE 56 5 )/0 hIJR 56 5 X 100%.

1.2.6 Transwellik 547 £ 4548 11 S Matrigel i
M LGMIEDMEM-HEF SR 3k, MR8
/NEIN60 uL, IS A INMMatrigel. #4-41 fufs
YeA8 hi, AR IV AL, PBSYERR 2, HJE Iy
YIRS RN R 41,0 X 10%mL, &FFLEL100
LA T Transwell/NE F%, FEIIA600 pL
SEARTIEIE, 37 C, 5%CO 1 F-M 7724 WGk
M, SEFE20 b R, R 2 H Je B e b2 Wi e A
KA REZE L M40 e, K b %5 5 F-950 mL/L 4 i
U 230 min, 0.1%45 K 4015 min)5, &
BT WS I, ATECP g R DY R SIS
MEF200>X) 4 T K@ = 3), THE-FIME; 33%
T 0, RS A INA 55, 152 ZEAMTHIZE(%) = [(4
Xof R -A B )1 A Ko ] X 100%.

1.2.7 B-cateninZ ik £ Z 44 ¥ B -F I (insulin-
like growth factor II, IGF-11)%& & 5#7: #4148
e, FREEH LA, 40 i 52 X 10°/mL, #
Pl T4 T o5 88 6 LA Y, 159724 his i
EEIC IO 56 3% B, PBSUE3#E, FH4%% & H
T 5230 min, 0.5%Triton-100iE [ ALFE15 min,
PBSYE3# J5 H % 5%BS A% /1 h, PBSEEUE,
LA B-cateninBii&(1 © 100). FPLAIGF-11 ik
(1 2 100)73 5 F4°Cid %, PBSEYE3 J5 HCy3
Frad Bt A s/ LS80 —Hi(1 1 1000) 53
JEFE 1 h, PBSEEVE3IME, W INDAPLE LY (115
min, PEG SR INPTSE G K A R, T
B IO RAEE P IEHIE.

ML GPC-38
M E 4 80.6%, &
JoE L2 R L PR
B & & & 51 8 o
GPC-3 mRNA 8
R HT0.7%, IF
AR T AL A A &
M A100%,
#®FGPC-3 & %
B # 3% 5 AT R %
ik, LERLH
KRBT NALHE
GES
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ShRNAE LS IMATEMIEGPC-3E# R E5BARIA. A: MHCCO7THANALEGLENZIEL B: 29 GEI(x 100); C: RIEME

BEPCRINGPC—3 mRNAKIK. P<0.05, "P<0.01 vs 22[12H; D: Western blot/ > HTMHC—97HAMIfIGPC—35%1K. 1: ZXF4H; 2:
BAMELH; 3: GPC—3 shRNAT; 4: GPC—3 shRNA2; 5: GPC—3 shRNA3; 6: GPC—3 shRNA4. GPC—3: Bl SIS 1 25 -3.

1.2.8 VEGFZ % FshRNA 1JFURL A B o) 1
Ye AN, AR AL BN A A AL, o T
24, 48172 hiEEAN MY i W (n = 3), FXELISA
TR Ul B B E R I VEGE 7 .

Giih 2RI A H R FHSPSS17.0H
GraphPad Prism 5.048 71 73 Hr R A EAT 20 A Ak 3
MAEE, iE 1 EE R Limean+ SDE IR, FEA
P H0 P A LGSR T ST R AR e 5, 2 FE AR 3 4L
L3R H K 3 77 22 73 HT(One-way ANOVA),
P<0.05 K Z 5 Givh 2

2 SR

2.1 shRNA%E % T 40 loGPC-345 55 A ik
¥GPC-3%7 R MshRN AR % A FFEMHCC-97H
Yfi, B59E. PO BB @ = 5). 1, i
AR (B LA, B). 45 R W n Q0% 41 80%
PLF, 4FfshRNAS QL MHCC-97H4H fiiGPC-3
mRNA¥A T30, shRNAL. shRNA2. shRNA3
FIshRNA44; 5 H75.6% 47.5% 22.8%F
6.7%, JLrFshRNAIXMHCC-97H4I i GPC-3
mRNAF PR B A (E 1C), (¢ =15.473,
P<0.001); /EMHCC-97H4 fiGPC-35 /K- I,
Western blot3 4T i 7 LAshRNA1H] 2 41 GPC-3
HERE, TR EAF(E1D).

2.2 shRNA#pH| I & 4m feL it 45 BAZ 248 T T

WCJD | www.wjgnet.com

MHCC-97HAI fUGPC-3%, 3% )5, 4l X g
AT PRI L P4 58 (= 3), 0 hay il
210.7. 201.351228.3 mm, 24 h%35 4j142.7.
141.6f1213.6 mm, R @5 FK(E2A) 7 510
32.2%- 27.4%K16.4%, THRAMHCC-97HA il
RIPR A B A8 T A4l = 32.697, P<
0.001), (K12B); L TranswelliZ 4> #TMHCC-97HZH
N2 2868 77, DIERGPC-383E Ja o i 4n i 4=
2. 52 [ 4 AH b, MHCC-9HA fiuf
ZENHIH N 69.1%(¢ = 39.647, P<0.001).

2.3 shRNA#% 3% v B-cateninfeGlil k ik #
Y GPC-3-shRNA1 S HIPEXT B PR TFHCCAl
i, #rp-catenin X GlilmRNAK Y-, o T
B-catenin mRNA(KI3A)If FiHGlil mRNAZ%K
E(E3B); 52 A4AMH L, MHCCO7-H4H i
B-catenin mRNAFHI67.7%( = 18.4, P<0.001);
Glil mRNA Fif53.3%(t = -4.824, P = 0.008);
Western blot/3 4T 2. 7sB-catenin B it N i, Glil
2 EEE30).

2.4 sShRNA#: & FRIGFE- 1 & ik HE 50 Bon
IGF-11) 24745 FMHCC-97THAN ikt . 41 a3
A4 A% ; shRNATFE T ERMHC C-97TH 4 i
HGPC-3KIA )G, 41 IGE- 1T £k & i,
MHCC-97HZH a8 T B 2 54 n(1&14).

2.5 shRNA#: 4 FiAVEGF 4k ELISAEA
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iR EE
FEARSNVAE A
4 89 shRNAF
W EGPC-3%

G 250 -
. a

T

Uoh
200

150 +

100

RIRHE L (mm)

2SHA Bt T

B 2

O024h

SJTERGPC-3EMHCC-97HLBIERIELER. A: 0 has 4 B: 0 hEAMEZE; C: 0 h THEZH; D: 24 h23E40; E: 24 hIHEEA; F:

24 hHR4E; G: MHCC-97HARE VPR fF0AT24 hAYSEPREERE (mm). 'P<0.001 vs 2320, GPC—3: BRERUI I EZE B 2 0 -3.

MHCC-97H4i e H VEGFZRIA, 7R FIMHCC-
97THAN M GPC-311# 1L S VEGFI B i H 2
i R A E. MHCC-97HAN i T3 4124 485172
h5MHCC-97HAM i A A AHLL, VEGFRIE 5>
R %36.8%(fr, = 14.543, P<0.001). 46.2%(f, =
55.212, P<0.001)H154.2%(t,, = 46.746, P< 0.001).

3 1e

PREF X PR (X q26)FIGPC-3, HoA% 0 140
kDa) & FE A W FHE 130 kDaff) 83 A bt W 32
i, 0 S I T UL 0 M v,
Fa R vty A0 4 B ) DX 8581 A AR B T S I
FRMEE. WAL SR 2 &GS
e, 52K T Wnats. Hhe 8 2R
K87 11 (insulin-like growth factor II, IGF-1I).
AL E RN T-By EF4EE KN T KB &L
R AL S I SHCC K 2E & e, 5i i
LT 4 R R PR R T I SRS
IKIFAIMIANIE T, et R 12 28 5 A0, &
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SRR O S GPC-3-shRN A T3 T ks, %
Yo HAT AL W R ITFEMHC C-OTHAN U i 58
WGP C-3 5k DRI 3508 T 9 240 385 B R I8 T2 g
(R 53 BT IR AH G Wnt/B-cateninif i
KRB 500 T I RIE 5 SR RFAE.

GPC-3 LAY [ 2034/ 55 53 WA I 28 W n tf
5T R R C C Al i A K, o Rk AT 41
SEAWnthE ) 5. Wnts 5 HSHESE & T g
W 2 1 2RBE-Wnt/ 2B K R 2 AW, 76 R I
-2(sulfatase 2, SULF-2)fEH T Wnts AHSHE FRE
J¥, SFrizzled 5z A& 4s &3 MG Wnt/Frizzled
TR R S, RBEHCCAN kg
shRNATT T GPC-3 7 H 5%, W.7nshRN AL
AL E AN R . TR R 2R, AR
JFE M S Wnt/B-cateninAITHhIE . B-catenin/t:
Wat/B-cateninfii 5 8 B4 (¥ OCHE 51, Wntf5 538
T B B-catenintE il N KA, HE A file
R I % 2%, sShRNA T YEMHCC-97H4I L&,
fEmRNAJK - [-B-catenin N 67.7%; (HGlil4

%, A B Ap4 R
mp g h, 5
JE I 5 it kK 8y
GPC-3%# £ I
BHRE IS
o I K A R
AR RAREAN
R, BiE TR
GPC-3% A# %
BT A S 69 de
©8 7.
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A 15 B 15 -
== T
i‘}', 10 o~ 107
< g T T
g S
c 5
§ st b T S|
5 =
=% (O]
0 , . 0 - .
~=H B T 2H BAM: RE
C kba =HHA BAM:ZH Ll
92 —— es—— p-catenin

B 3 fﬂ%ﬁGPC—3EMHCC—97H£H}H@,B—COTGMn—Fﬁ*DG"U:’Uﬂ A: B—catenin mRNAFHNFEIK; B: Glil mRNA; C: B—catenin
TGl EFK. GPC-3: RIS O 248 -3; Glil: IR RS EERE 1. "P<0.001.

D / E ) 7
/ F N
,
/
/
/

N / / / /
¥ /¥ , / ¥ /
» ’ ’ /
4 y * ‘ 4 V/ 2
-

& 4

FTERGPC-3 FIAMHCC-97HRIAIGF- I RIAFHIESIAT( x 200). A: MHRHIGF- 1 [&]; B: X HBHDAPIE]; C: %A
ZHMerge/d; D: GPC—3 shRNATTHHIGE-II8]; E: GPC—3 shRNA1 DAPIK]; F: GPC—3 shRNA1 Mergel&]. kA
B—catenin NFFRTE, BAEELAIRAMIBIET:. GPC-3: MR S&E 3 2 HE-3.

) 1H53.3%. YIERGPC-31] Fip-cateninf I
WGl RIE; HEMGPC-374: L 1fB-cateniniiif
Wnt/B-cateninill Y, HHh7e 4+ 45 4 Ptch 52 44
N YRG0 i 0 L oE B2, (i e A R

TGP C-3H PR e 53 56 Wi JH e AH DG A7 5 3l
B, T AT ML AR, AR SOWEE T RTGE-11
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