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Abstract

AIM: To investigate the effect of short hairpin
RNA (shRNA)-mediated silencing of insulin-
like growth factor- [ receptor (IGF-/R) gene
transcription on cell proliferation, cell cycle pro-
gression, apoptosis and sensitivity to targeted
therapy and chemotherapy in hepatocellular
carcinoma (HCC) cell lines PLC/PRF/5 and
Bel-7404.

METHODS: Pairs of IGF- [ R shRNAs were de-
signed and synthesized based on the IGF- I R se-
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quence, and inserted into the pGPU6/GFP/Neo
vector to screen the most effective one. IGF- [ R
expression was then down-regulated with the
shRNA to observe its inhibitory effect on hepa-
toma cell proliferation.

RESULTS: After screening, the IGF- [ R-shRNA4
was found to be the most efficient one for inter-
fering IGF-/ R gene transcription among the 4
pairs of successfully constructed plasmids, with a
transfection efficiency of 71% in PLC/PRF/5 cells
and 90% in Bel-7404 cells. The expression of IGF-
I R mRNA was down-regulated by 59.6% * 2.8%
in PLC/PRF/5 cells and 54.9% * 2.6% in Bel-7404
cells. After the cells was transfected with shRNA4
for 72 h, the reduced rate of cell proliferation was
61.47% +1.70% in Bel-7404 cells (t = 5.493, P < 0.005)
and 63.87 £ 3.90% (t = 19.244, P < 0.001) in PLC/
PRF/5 cells. Meanwhile, the cell cycle was arrested
in the G, phase, and the expression of Cyclin D1
was significantly down-regulated with increasing
cell apoptosis. Besides, the combination of sShRNA4
with sorafenib or oxaliplatin showed higher inhibi-
tory effects on cell survival than shRNA4 alone.

CONCLUSION: Silencing IGF-/ R gene transcrip-
tion can inhibit hepatoma cell proliferation, induce
apoptosis and enhance the sensitivity to targeted
therapy and chemotherapy. IGF- / R may be a po-
tential target gene for HCC gene therapy.

© 2014 Baishideng Publishing Group Inc. All rights
reserved.
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s SRR, H PP K B B RS, His 5L ]
S s A/ U IR AR S B R B IR S 2R S
R R, R R K R - T A2
& (insulin-like growth factor- I receptor, IGF- I R)
24 Hf 3 THI 1% 28 R 2R RS2 AR, BT S
5o FE B AEHC CH R A R b e B2 1)
PERY), LERRIFAUHTAE LI oK Rk, A
B R AT 3 A i R CASh A AT
JE AL FUIESRIGF- [ RiERIA S 5 1T 41 i e
A%, 2 A0 B e A ) R bR A, TR AL
Y5 RCNH CCIRYT g e S AR i #
AL IGF- T R K JHIRNA(short hairpin RNA,
ShRNA) EAZ K IK UKL, Fide m RU5ORL, H% 4¢ NJH
Jit(Bel-7404 J2 PLC/PRFE/S)4H Mk, #R 1 T FiIGF-
1 RBE DRV s30T FT- P 4 R 184 B 1 5 il 5 AL

1 SRIRSE

1.1 PLC/PRF/SAIAR(HAIBE b ifE 240 B );
Bel-740441 ¥k . Annexin V-PE/7-AADIXF
& " HEIF K (dimethyl sulfoxide, DMSO)(H
%, B 50); pGPU6/GFP/Neo-shRNA. DH5a(
2, i), DMEMB:FR 4L it 4 3% (Gibeo,
F%H); GenJet™, PolyJet™/A4Mk %A 7(Sig-
naGen, 3£ [H); 4 & A2 A &, B-actin
Pipg . BRI E ALY B AR I S pi BRI g GHufk
BCAEANMERAEZCE =R, £ilg); RITA
IGF- | RFUAR&D, 3£ [H); ROT A BIE A
(CyclinD1)Hif&(CST, 3£ H); TRIzol RNAF#E K
7). DEPC7K(Invitrogen, 32 [H); Immobilon ECL
K I Millipore, 3£ [H); E.Z.N.AR Endo-free/f
Fi2litb(OMEGA, 3 [H); cDNA® il (Fermentas,
% [EH); CCK-8FAN & (1, HA); SYBR Premix
Taq(TaKaRa, H4%).

1.2

1.2.1 IGF- I R-shRNA i
Genbank"' AIGF- I R Gene 1D(3480), F{ Ambion
AHE|ShRNAW IF R AF % 1H45%shRNA.
DNA oligoZ3 AV T EE 4100 pmol/LIITE
(pH 8.0), H{10 X ShDNAGE K& S pL, IE4ESE %
HER(100 nmol/L)5 uL, /i 54% FH FR(100 nmol/
L)5 pL, WA /K E R 250 pLiB kR NAK R, 95 C
5 min, P48 10 pmol/LIJshRNAEMR, 4 C {RAF.
T4 BT AR AR B S00 15 H T 48 I BT, 249Kk JE
N20 nmol/L. J7 41U 1.

1.2.2 PR LA 10%F BSHY

u &L
IGF- IR
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" da £k
) 2R IE. RX5%E(5—3)
IGF- I R—-shRNA1 5'-CACCGCTGATGTGTACGTTCCTGATTTCAAGAGAATCAGGAACGTACACATCAGCTTTTTTG-3"
5'-GATCCAAAAAAGCTGATGTGTACGTTCCTGATTCTCTTGAAATCAGGAACGTACACATCAGC-3'
IGF-1 R

Jaishideng®

IGF- I R—-shRNA2 5'-CACCGCGTGAGAGGATTGAGTTTCTTTCAAGAGAAGAAACTCAATCCTCTCACGCTTTTTTG-3"
5'-GATCCAAAAAAGCGTGAGAGGATTGAGTTTCTTCTCTTGAAAGAAACTCAATCCTCTCACGC-3'
IGF- I R—-shRNA3 5'-CACCGCAAAGTCTTTGAGAATTTCCTTCAAGAGAGGAAATTCTCAAAGACTTTGCTTTTTTG-3'
5'-GATCCAAAAAAGCAAAGTCTTTGAGAATTTCCTCTCTTGAAGGAAATTCTCAAAGACTTTGC-3'
IGF- I R—-shRNA4 5'-CACCGGACAGATCCTGTGTTCTTCTTTCAAGAGAAGAAGAACACAGGATCTGTCCTTTTTTG-3"
5'-GATCCAAAAAAGGACAGATCCTGTGTTCTTCTTCTCTTGAAAGAAGAACACAGGATCTGTCC-3'
Negative—shRNA 5'-CACCGTTCTCCGAACGTGTCACGTTTCAAGAGAACGTGACACGTTCGGAGAATTTTTTG-3"
5'-GATCCAAAAAATTCTCCGAACGTGTCACGTTCTCTTGAAACGTGACACGTTCGGAGAAC-3'

IGF- [ R: -1

DMEME 338 T37 ‘C 4 COI% TR 77,
Mukef e, B ik95%INT, KrshRNAZ N T
1. BAPEXT IR AR AL FE X IR A, 4359 LLGenJet™
BPolyJet™ % Ju i 71| u 22 JHT-Ja 4 .
1.2.3 Western blot: ¥ Bel-7404 &2 PLC/PRF/54H
M B Al T 7248 Wi, THAL. YREET X 10441
INgn B AR A PM SFRLRAN AL, 5.0, LB
PABCAEN & HK B, BRUKIEINS0 ngsk A LA
10%SDS 5 P M Pk Gt I r vk, B 1, 35071, Bt
AIGF- [ R\ CyclinD19it44, B-actinfitf4, BT
ANYIBEFR I TPt RIgG i E, ECLE®
FHHaHe.
124 IGF- IR mRNA  : BF TR0 ik 51
WL YL AL, BT R B 2 L RS 14 =
3). #4148 hJr, PATRIZolAFIHEE 4N iU S RNA.
43 66 BE VRIS RN AR FE A A g0050- TR
FER A 5B —BEcDNA, #R#ESYBR Premix Ex
Taq™ IR & U B c DN AF= Pk 1738 24 5%
B JG AT RN EPCRAMT. 5I#HTaKaRasy
A WA, F: 5-GAGGTGGCTCGGGAGAAG
AT-3", R: 5“TTCACCACACCCTTGGCAAC-3'
W23 K GAPDH 531 Y)W 30 e R S iR it
F: 5-~CAAGGTCATCCATGACAACTTTG-3', R:
5-GTCCACCACCCTGTTGCTGTAG-3'. SN
T:95°C 30s;94 °C 55,60 C 45 s, 40/MiEFF; 4 C
TRA7. ACt-LLBHERHIGEF- T RFERAANT € & Ratio
= 2"NYACt = Ctie. 1 k-Ctgappn), AACt = ACty; 4-ACt..
o), AHXT IR B = 27
1.2.5 CCK-8 .

Y48 b, 96FLAR I 100
wL PR 20 B (e e 2 M Ab B ), 4 ) B
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; ShRNA: RNA.

24, 48 )72 h, FRHEIINESL, UG IHE.
IR M IR R R AL, 37 CREgR
RO H & U], SRR IR, IONHTEE e A B 3R
W, FEEAEEFLINNL0 pL CCK-8VAW, 4k8: 5%
4 h, THEEARACA50 nmAbISL S, YL e 177
72 h, WAL B, UL, INA500 pL4E A 22
MR, FAIAL pL Annexin V-PEJR%],
I XN 15 ming FJEIMAS pL 7-ADD, %
IR, HIREE RN 15 min, 40
PAR IRt
12,6 : Bel-7404 }2PLC/PRF/54H ifs
PRI G Yed8 b, Holif 58 A8 IR0, 159724 h
T AR IR, PBSTRUR2IK; FREGTHAL, U EE4N
i F 808 T, A PBSYE2IK, FFPBS; A1 mL
15174700 mL/L Z %, 0 A1 40, 4 “C [ E24 h;
1000 g X 5 min 0> 3% iF, PBSPEEE1IX; IIAN0.5
mLBAL R IE e i, 37 “CIREYGH% B 30 min, N0
J1{% 488 nmAb A MILL €452, 3 i 4

2k B P mean+ SDF IR, Fiit#
% FlGraphpad Prism5.0f1SPSS18.08fF 1T 4
BN Gt o0 M, 2 AN FEA X B 1) BL B 5647 07
ZEFHIERT S, BT T 2250 A, PR AR S UL
K ARG, B AR 2 8] (1) L8R FH Fisherdif 1Ak
By, MY SRR, P<0.0SHZERH
it L

2 B8

2.1 IGF- I R-shRNA FHpGPU6/
GFP/Neobrit (14%¢1GF- 1 R-shRNA 4 T3t i
b T e 2\ T EBel-7404F1PLC/PRF/S4H fid
P, FEZOGEIE B P4 R anE L. Ky
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1 IGF- I R-shRNARS AT LBIES YL BIMEEMER. A, B: Bel-7404  ; C, D: PLC/PRF/5 . A, C: ' B,
D: GF- T R: -1 ; ShRNA: RNA.
RGN RY A G s T AR 401, BEMLIEEL 2.4 shRNA il

R ZE A SN 2 B ANLET ) 40 B T AR A e R
(Bel-740441 1 7£90%, PLC/PRE/S4H 14 71%).

2.2 FQ-
RT-PCRA& M 45 shRNAFE 48 hXfBel-7404 K
PLC/PRF/5#H i -HIGF- I R mRNAZ L], H
HPAIGF- T R-shRNA4RCR B AE, #0112 55370
54.9%+2.6%H159.6%+2.8%(@n = 3)(EI2A, B);
Western blot:% 7~ T35 L GE 3051 5 F0 AT 41
fuH IIGF- [ R&E KA (E2C, D), HHFKEH
17258 A HT, IESZLAIGE- [ R-shRN A4 R 5
FEANHIZ49.4% +8.4%F158.3%+9.4%, n =
3)(EI2E, F). A, IGF- 1 R- shRNA4# 3% A Ji5 48
WHoT.

2.3 shRNA

shRNA4#4 9 Bel-7404 2 PLC/PRF/S41 )5,
CCK-8E4 it s 7 1 48 1k, 24 hA148 hT
Pt 2HL 200 0 2 9 1 %o R 2 ) W S 4 1) (P<0.00 1),
72 hisH ] R e mr, 2 HN61.47% £ 1.70%(¢
= 5.493, P<0.005), 63.87%+3.90%( = 19.244,
P<0.001). JiNAHHIAX 53 HTshRNA4T-$Bel-7404
JPLC/PRF/SYIMIIGF- I RZEE X4 - 15
e, TP A0 B8 T2 26 (73 712H35.96% 44.84%)
SBEEHTTAN2.16% 6.62%) S BH 1 X} 18 41
(9.43%. 4.02%, P<0.001).
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A3 B R L R 4 R R G/ G A B
SR HN59.02%+1.30%. 65.39% +0.52%,
B S T 4H48.38% +0.81%(r = 12.032,
P<0.001). 53.49%0.74%(¢ = 22.789, P<0.001);
Western bloti/nCyclinD 13k, ¥ 4L 55 5
N59.61%+4.69%K139.91%+0.47%, W A%
T 9 1 X6 B 450 531 SN 90% £ 3.44%(¢ = 7.389,
P<0.05). 90.17% =+ 14.57%(t = 4.876, P<0.05).
2.5 shRNA

shRNA4%#% JtBel-7404 )X PLC/PRF/54H 148 h/,
I3 MIMAA R 2R H9EJE(0.04 2.51 5.0,
10.0. 20.0140.0 nmol/L)4bFH24 h, shRNA4 5
bz AR SR I A S FH e 24 it 184 5 1 0kl 6 P ik
CCK-8fill, ZHrAEJe R ¥ 20 M A7 7% A AR )
P/ P AE — s v P S R AR T o, Tk
JEAE20 nmol/LIN 5 25 4k A M 7 (£ 2). R
4k JE 5 shRN A4 Bk & 5% 41 B A7 3% A AE K 3 | 58
B &2 = 3, P<0.05).

2.6 shRNA FFARIGE- 1 RIEX
A 1 HBel-7404 K PLC/PRF/5 WAL TT 2454 B yb F)
I BURE. By FIEI0. 5+ 10, 20140 umol/
L) B3 A9 40 B3R 3), Bl B 488 o, Sk FHF-9e 4 Mt
T A0 VR P B R A R B ) BV R N
A, BRI EshRNAK YL, KIS 5 A K&
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" ZREE
HCC
, PAVi:] 0248 Neg-shRNA shRNA4 plus Sorafenib Ha PE
(hmol/l) Be|_7404 PLC/PRF/5 Bel-7404 PLC/PRF/5 Bel-7404 PLC/PRF/5 Bel-7404 PLC/PRF/5 Bel-7404 PLC/PRF/5
IGF- IR 0 0.297+ 0373+ 0.310+ 0.336+ 0.199+ 0.199+ 2377 -2.39 0.045 -0.044
HCC 0.06 0.02 0.07 0.06 0.07 0.07
25 0.326+ 0.360+ 0.335+ 0.325+ 0.188+ 0.158% 3.086 -2.450 0.002  -0.040
, 0.10 0.08 0.11 0.10 0.00 0.02
IGF-TR 5 0.337+ 0351+ 0.318+ 0.324+ 0.191+ 0.178% 2.606 -2.447 0.031  -0.040
0.11 0.05 0.05 0.11 0.06 0.05
10 0.331+ 0.331+ 0.284+ 0.284+ 0.152+ 0.152+ 4.42 -1.977 0.002 -0.048
IGF- 0.01 0.10 0.17 0.07 0.09 0.09
IR 20 0.093+ 0.093+ 0.054+ 0.054+ 0.033+ 0.033% 4.45 -3.162 0.002 -0.013
0.03 0.03 0.02 0.02 0.03 0.03
40 0.000+  0.003+ 0.000+ 0.002+ 0.003+ 0.003+ = = = =
0.00 0.00 0.00 0.00 0.00 0.00
shRNA: RNA.
A T B
c
§1o0} o L0
(7] T
8 - o =
o x
- : -
n 0.5 o _ ) 0.5+ _ N
S S
+ ©
[13] —_
T 0.0 2 0.0
& 1 2 3 4 5 6 1 2 3 4 5 6
c 1 2 3 4 5 6 kDa 1 2 3 4 5 6 kDa
IGF-IR . — 130 IGF-IR — w130
el 1 Dol L A3 ]
Actin PN S — Actin DD WD P
E 15 F
_ 1.0t = L
2 T 5
S 10} 5
g 0 1 5
2 o - L
(0] T _ + 05 L
> (&)
B 05+ T = —
& g
0.0 0.0
1 2 3 4 5 6 1 2 3 4 5 6
Bel-7404 PLC/PRF/5
2 SshRNABEZHI%Bel-7404 K2 PLC/PRF/S4BRRIGF- T R&IAN = 3). A: Bel-7404  IGF- I R mRNA : B: PLC/PRF/5
IGF- I R mRNA ; C, E: Western blot Bel-7404 IGF- IR : D, F: Western blot PLC/PRF/5 IGF- IR
. 1: Control ; 2: Negative—shRNA,; 3: IGF- [ R-shRNAL; 4: IGF- | R-shRNA2; 5: IGF- [ R-shRNA3; 6: IGF- [ R-shR-

Jaishideng®

NA4. IGF- T R:

-1

; ShRNA:

I5F) 44 o) HE 2L R B, e e 4 200 i 56 5 1) 0 ) 4
SN . = 3, P<0.05).

3 i

IGF- | REHCCH) R A4 K i K e ks B ) pr et ),

IGF- [ R5HHICHAA
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AN
&e

JG, JRE S,

RNA.

YN K IG B (S 5 Rt A AT, g
JE IR T R A%, I 4E i NG T HE NS, fie 1E
230 R AUEE AL PR TR
FLE P 2 A K K ¥ (vascular endothelial growth
factor, VEGF)FRIA %%, (R i) i A Jet 2,
IGF- [ RYE AL R T7 B HT B A
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m @ A
pari:) XS0RA Neg-shRNA shRNA4 plus Sorafenib HE PlE
(nmol/L) PLC/PRF/5 Bel-7404 PLC/PRF/5 Bel-7404 PLC/PRF/5 Bel-7404 PLC/PRF/5 Bel-7404 PLC/PRF/5 Bel-7404
0.0 2.391+ 2.929+ 2.351% 2.662+ 1.429+ 2.291+ 6.983 10.489 <0.001 <0.001
0.30 0.08 0.17 0.29 0.07° 0.11
5.0 1.064+ 2.006+ 1.014+ 1.879+ 0.677+ 1.636+ 3.851 1.983 0.005 0.083
0.21 0.29 0.05 0.11 0.08" 0.30
10.0 0.659+ 1.670+ 0.575% 1.431+ 0.417+ 1.034+ 2.625 4.617 0.030 0.002
0.16 0.25 0.03 0.12 0.13* 0.18"
20.0 0.288% 1.178+ 0.280z% 1.179+ 0.168+ 0.655+ 2.206 7.396 0.059 <0.001
0.12 0.13 0.05 0.15 0.02 0.09°
40.0 0.164+ 0.247+ 0.162+ 0.319+ 0.099+ 0.145+ 2.569 5.376 0.033 0.001
0.04 0.03 0.01 0.06 0.04° 0.03"

%P<0.05, °P<0.01 vs

AT P2 RNATHRH AR BERR 2 PRAH DG A
IR, IR BH B BE R PUER, )2 A T
IR T AP RSO RE TG F- T RIS EAZ
TR AR TR, F Y EIGF- | REEHE MHBV
FH 14 PLC/PRF/5 X HBV [ 14 Bel-7404 T J2 41 i k.
22 qRT-PCR 2 Western blotilE SXIGF- [ R % B &
2 BP0, 1% B RUIShRN A4 T 5 4t ¢
shRNA4%) 5l 5 4 Bel-7404 } PLC/PRF/54H
B, AT s B St BRIt 2 40 e A
A4k, TP P s B 2 o R L 4 B SR ), 72
hink 28 R i B 5, 2 TR AR, 0 43 i A
61.5%- 63.9%; LG4 G 5 X 40 L T2 52 0, E
ST PN AT TR L T R B e R
;i A BASC o AT R R 4 B R R4 G/ G
R E 2 F 5 7 N59.0% 65.49% I i 5 T B
PEXHIE 2 48.4% . 53.5%, $27nshRNARESH AT
Je 20 M T 227 4T, CyclinD 12 4 &
W G -SHE AL 1 S B T &, LA A I 3
Jisi /5 14, Western blot) 7 2 7R shRN A %% 441 Cy-
clinD 114 B A T-XF R 26, sShRN AT T 52 1 24
L 341,
HCCHIVRYT 7 L R R, W80T Byt
AU, CHRM R . Bar, R 2
— R R B AR R Y, BX T
Rh AR LR, Mhis i S s it F AR i H i
H, BUAEIE A bR ERRIT 7%, A0SR H
ZH T VPR ST HC CZR M B2, SRR B
dEJe . BSR4 B A R T TIGF- T R
35 J5 R H C C 20 i 385 B 410 1) 2 B I T SR
TEH, $&RHIIGE- 1 RIGRIE, BEWEHE 0T
4 S5 L ) 25 0 AT D I U . Bz,
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FIIGF- [ RiG{LEE %, KA BT 2.
RIFHLHR T AR o PR ARy A A
FF R 5.
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