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Down-regulation of VEGF-C using short hairpin RNA inhibits proliferation and
invasion of human breast cancer cells GU Li-cheng ,XIAO Huan-Qing ,XU-Bo,ZHU
Guang-hui ,LI Shu-hua. Department of General Surgery, Guangzhou Municipal Twelfth
People’ s Hospital , Guangzhou 510620 , China

[ Abstract] Objective To investigate the anti-tumor effect of short hairpin
RNA (shRNA) -mediated inhibition of VEGF-C (vascular endothelial growth factor C)
on human breast cancer in vitro. Methods Breast cancer cell line MCF-7 was stably
transfected with a VEGF-C short hairpin RNA (shRNA) plasmid vector labeled with
green fluorescent protein. The transfected cells were visualized by fluorescent
microscope and assayed by flow cytometry. The expression of VEGF-C in transfected
cells was determined by RT-PCR and Western blot. The cell growth inhibition rate and
the invasive capacity were evaluated by MTT method and reconstituted basement
membrane invasion assay. Results VEGF-C shRNA specificly and effectively
downregulated VEGF-C mRNA and protein expression in vitro. And it also effectively
inhibited proliferation and invasive capacity of MCF-7 cells when compared to vehicle,
vector and control shRNA. Conclusions These data in our study demonstrated that
VEGF-C plays an important role in tumor growth, invasive capacity of breast cancer.
RNA interference targeting VEGF-C may serve as a potential therapeutic intervention
for human breast cancer.
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RNA (short hairpin RNA, shRNA ) FR7 2 {4 , 1 123 42 /b 552 50 W ¢ X0 L i 98 40
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pRNAT-HI1. 1/Neo 14 H 3% [ Genscript 2 &) ; I8 14 5% Y4 i 7| TransFast ( tm)
Transfection reagent . [ 5% 55377 & 1 MTT Il H Promage /7] ; Transwell /NZE
g 5 Costar 23w, PVDF il § Sigma 24 7], 47 VEGF-C Z 5 A Jit VEGFR-
3 BpE kP MR E AL YT RE (HRP) ARiC A — 400 H 3¢ [ Sigma 23w, ECL
Western Blot i85 &4 B % # Amersham Pharmacia /A H)
1.2 345 GFP VEGF-C-shRNA oy 2k 1 [ by it
1.2.1 & VEGF-C 3 FAZ 1 MR 19 it : AR P/ T4 RNA (small RNA
interference , siRNA ) [ 1% 1 J5 W] 3 18 oo 1 GmbH 2\ H) % i+ 1 Cenix
Bioscience B3 B i e i A &5 1) RNALAE FE A, S5 it — 2 M) BRI 55
BHRR. FFIanT .
VEGF-C-siRNA :5<TCGATTACAGTCCCTCTCTCACAAGGAGTACTGCTTGTGAG
AGAGGCACTGTAATTTTTT-3",3-=CTAGAAAAATTACAGTGCCTCTCTCACAAGC
GTACTCCTTGTGAGAGAGGCACTGTAA-5"; X B& siRNA ;5<TCGATCAGTCACTT
AATGGTCGTTTTCAAGAGAAACGACCATTAACGTGACTGATTTTT-3",3'-AGTC
AGTGAATTACCAGCAAAAGTTCTCTTTGCTGGTAATTGCACTGACTAAAAAGA
TC-57,
1.2.2 i VEGF-C-shRNA KR Z A K g h shRNA (19 25 ZE 4% H IR i 47
B K, ] BamH 1 F1 Hind 1 il RGO ) 4 A 2 B4R D 1O BV AL 4L, T, 3%
PR, P AL RIS S R v b, BoRE Al B 22 010 i Uk B2 e Bk
1.3 s

WA B SR T MCF-7 4 (4B ECH 2 x 10°/ml) , FR¢ 4l ik 5] 70% il
A, 3% BRI K VEGE-C-shRNA BORE 2 e AN, [R50 S7. 25
FH2H 25 AR RN I PEXT HE shRNA R4 , B 0L 12 .24 48 .72 h J5 HFI &
MBS AN GFP 235, 3 i =X 0 e SRS I A e 38
1.4 RT-PCR kil %« MCF-7 4 fffif* VEGF-C-mRNA 3£k

HhEYe 72 h 519 MCF-7 Z0A 1 x 10°, Trizol 3% #2401 22 RNA,RT %
I HEAH S RNA 865 5% i cDNA , DLR Z L B-actin A NS ], Al — & R rh
[ A VEGF-C L Fil B-actin JEFH T, A ZE K H,0 17.1 pl, ANTP
5 wl, 2EHB 4 F/R 0.5/0.5 ul, ZEuhifi 1.0 wl,MgCL1.75 wl,Taq @ 0. 15 pul,
A2 2.0 l, 3128 wlo W Z&0E% 94 C 1 min,94 °C 45,55 “C45 5,72 °C
45 s 4535 AMEFR,72 °C 10 min, VEGF-C SL[E I B-actin KB 9 [T
WAl E R, FFA U : VEGF-C forward primer 5 2CTACAGATGTGGGGGTTGCT-
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37, VEGF-C reward primer 5 :GCTGCCTGACACTGTGGTAA-3 % B-actin forward
primer 5 *CATCTCTTGCTCGAAGTCCA-3
ATCATGTTTGAGACCTTCAACA-37,
1.5 Western blot ¥:{ll4% %% MCF-7 4fififi7 VEGF-C & 31k

YL T2 h JFULEEARAE, 28 2% SDS R AR A G R A R EE, B
30 wg &E i T PAGE-SDS WLk /3 B )5, A ED T PVDF Ji |-, Blotto A (1 x
TBS,5% 24-14]%,0. 05% Tween-20) £t 4] , —F¢ K 1: 1000 %5 PeteHr A anti-VEGF-C
Z k&P, P8 HRP FRICINFIRZ wlEbiUR, £ 5 vEii 5 ECL 22
%, IR BT Vilber Lourmat EHR A #E1 70 48 il 5% .
1.6 MTT 3L A 240 ffd 3 5 1) ] 3

OO0 K 3 1) 2L B 8 2 B MCF-7, DAL 10° /N2 e 3270 T 96 fLAk,
BE5% 24 h 3G I ) DMEM 3% 5 B4R 22 4% 57 24 h, 40 i 1k T G,/ G,
19, sShRNA $E YLk BE 7 0. 1 wmol/1, 3535 72 h J5, TR0 5 mg/ml i pymgh
W10 pl, 4R S35 5% 4 h, 37 EIEH, T 100 wl —FEEEEAK ( DMSO) i 45 éi , T
BEFARY _E 570 nm BE (000 6 RE AR

ARG FE AN E = (1 - SCIR2H A B/ FHPEXTIRZH A {H) x 100%
1.7 (RIMRZER R

16 Transwell |28 2 [l B2 13 mm SRERFRES AL IE L, I8 | 445 4
HILNT LSO pg/ AL, ¥ /N =BT 37 ClAH R4S 30 ming DLW EE Ny
0.1 wmol/LEYy VEGF-C-shRNA ZbFHAAAE 24 h, BOW 50 A K 09 40 i 8 b i e J5
T BB 2 2 x 10° A~ M T EE9; FEIMA 900 wl & o4&
VEGFR-3(20 ng/ml) B35 553,37 °C,5% CO, 5514 FHCE 96 h, F B2 WA,
PEVRIEE b ORAR 28 0 20 M B o A R P M I, HH I [T 5 30 miin, 5 A8 HE 34,400
A WA PR BRI B A2 5 AR LEY , 8RB A= 22 40
BATESEE, BT 3 MIERR

TR 2B 2R = (BIPEXT BRI 22 A MUk — SC g 2 AR 22 A M%) / B Xo) BR
IR 22 A %L x 100%
1.8 Hiil=#ab¥f

i SPSS13.0 AT G450 Mo BUELA & + s TR, ALH HL T X # 5 ak
JT 2200, P <0.05 AZERA ST Lo

, PB-actin  reward primer 5 *
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2 #5
2.1 VEGF-C shRNA 7£ MCF-7 4 iy o itk Yeis %

BEYL 12 h S5 7E BB D7 T T WL MCF-7 40N sk a5 %, i %
B[] SE 1, S (a9 bl 23, L L 5 48 h 2¢ G0l BE IR, 28 FCM ki, 25
AR B e XS IR shRNA 41 F1 VEGF-C shRNA FH 7 28 75 43 b 43 91
85.7% \78.8% 1 82.4% Y [0 25 7 A1 X (P >0.05)

2.2 U MCF-7 48)fi VEGF-C 3K mRNA #3124k

Byt 72 h J5 RT-PCR 458 /R, VEGF-C JE A B9 mRNA 2R3k 5 Y50 B4

XTHRA A 3R B AR (L 1) 6

wew R wmm @ VEGF-C

300 bp —

200 bp —
100bp = «. N N W . - bcin

11100 -

M BRIT 465 5 1: VEGF-C-shRNA #4344 ;2 . (17 shRNA 41 ;
3. 38R 4. EU
K1 g MCF-7 4ififdh VEGE-C SRR 3k A4t

2.3 FYL MCF-7 40 i VEGF-C fE 3£k a0 A8tk
YL 72 h 5 Western blot 455 275, VEGF-C shRNA F£Ue 4 o JLSE A6 AR
F] VEGF-C FEHFEIA (K 2),

1 2 3 4
M,
b-actin ~ 42000
VEGF-C <~ 25000

1: VEGF-C-shRNA #4441 ;2 : 114 shRNA 41;
3.3 8R4 . B
K2 He4e MCF-7 4ijfirh VEGF-C S H A 2L
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2.4 [EEHEEYE VEGF-C-shRNA S MCF-7 41 i 5 () 5% 1)

VEGF-C- shRNA JFififkUe)s 24 48 72 h, MCF-7 40 a4+ il 41051 28 45 5]
F18.72% 25.24% 42.48% , 7] VEGF-C-shRNA 7] 45 % #1] MCF-7 41 ity
WagE , H A R ROEUE , 525 A4 28 3R] BH XS B shRNA 4 b, 2=
SAGI2EE L (P <0.05) ; 25 Z ARG FFAPEXT B shRNA 2% MCF-7 4fi i .
Wi E R (R 1) .

F1 Y shRNA J5 AR £ MCF-7 IR sE sl R (%)

o34 24 h 48 h 72 h

VEGF-C-shRNA £ 18.72 £1.34"  25.24 +2.36"  42.48 £3.32°
[ shRNA 21 6.26 +0. 16 6.42 +0.29 6.79 +0.21
2 EARA 5.24 £0.32 5.39£0.43 5.72£0.16
25 4 5.37 +£0.43 5.43 +£0.18 5.65+0.25

a:P <0.05, 5B shRNA 28 4RI 25 AL UL

2.5 VEGF-C-shRNA X§ \ZLIRE A B AR SMR 22 BE 1 1520
VEGF-C-shRNA [l Jsea 4y MCF-7 RS MR R A FLNENLAE ST, 5 1
PEXSHR shRNA 4 A58 28 AL, 2 A Gei e B (P <0.05,3% 2) .

F2 5t shRNA WPl MCF-7 40 4= 28 5 21 LI IR AE 7 1 2

il 1R 22NN 2R/ (% )
VEGF-C-shRNA #1° 56 +3.2 42.9
[ shRNA 21 97 +3.2 -
SERA 98 +7.4 -
=L 98 £2.0 -

a:P <0.05, 5% shRNA 2 25 300k 25 (4l Lt

3 itig

A AL A8/ 90 8 T D P P g A e RN Vi 2 B e R vh R4S T AR
VEGF FK % S B AT 32 1402 0 i 31 28 10— 4 AR 1 450/ bk 487 3 AR i B 1 40
+o IR R N A K 7 52 4R (VEGFR) 3835 T 2 Fh I 2
Ha b, e 40 0 WA 1Y) VEGE Sl ik B 43 L] -5 s 40 i %) VEGFR 254,
T T e i D 1 2 3k 1T R M R A0 M ) 2B K IR B AR RS . L, VEGF
TEAE S IR ZH 23N J A R 5 B A= M8 AR [ IS, ik 3d ik B 43 MA ML ) i 722 i g
AR A BT B AE DA AR ZE 5 B HE ) R AR 2 IR 1) A e o R 2 il
VEGF {197 A= 5l A1 A2 AR 2 B IR 7 g B R it o LI o7 2o Ml
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T O NE R AN I N e[ N k= L I P s o - T 4 RS NGB e
PG R A MO E SO LR B EEMBUG R, 7EX 0 e 25
FERS AR 54 IR Z BB SE & B, VEGF-C R HEk [ 4% P4 B2 41 i 32 /& VEGFR-3
2 T R b 25 B0 P M ——ZEL 81715 JUR A 20 200K A5 A o o S A D £ 45 A 3
IRERE T Plate"® iE 52 J5A0 R A 3 40 B4 A\ L8 o 17 7 Ik O 45 A K
FUMVE AN VEGF-C (452 26 15 RE4R 5 Mg Ptk 045 26 8, S BUR B ik [0 4%
T i g 4 W S 30T, 9 O 75 2 o B P B 5 0 O 4 M I 2 R B I A
I PRI ST 0 8 7% VEGF-C 7EFLIE , Jo HOR 2 v S A girp Rt e as
L5 Ik L 45 5 7 A ¢ . Tsurusaki 255 ™75 §if 5] Ji 98 0o 20 2 bt
KL VEGF-C 5 3¢ 1K i 21 4Lk 0048 % 13 ) S0 7 , PR g 3 VEGF-C a1
S HR bR U A P55 T AR AN LA R e il 7 T I R P 9K T A5 1A B 200 L 1 B R
VT A )T B g 200 0 1) o4 T2 45 9B 3B i 5. RNAT 2585 siRNA A S %%
S R TTBRALH, T LA 0T R S 410 B L R 23k . sIRNA (4R FE L
HA S HEIEN mRNA TANGS A, MM A 7 9 R S ) mRNAY S ABIFSE
PR E FE Y VEGF-C-shRNA Fioki# A , HFBER & SR siRNA £33t
FAr i — %t AN AUEE DNA (dsDNA ), F6 H 3% 322 8 Bk o, SR 5 8 &
dsDNA B FORLEE LB A . ZEABRE N, SMIRPE dsRNA FE JgBidg , s 5% 1 B
fif siRNA, J5 Z 3178 B & FIRG5H (loop 3£) , IHI ILFR A shRNA | 1fij 7 dsDNA
AR TR T FR g shRNA Fikaik, shRNA b loop BRATBEEGY , {5 & R4k
ZEMI RN — XUE SiRNA , AT %) DNA R R ST HE R0

TIPS 38 B 5 MU J FCM Al GFP 2K 113535 2 ATEH MCF-7
20l Hh VEGF-C-shRNA f%55 L83, 45 B 7R 30645 25 PP 2 1 2 e 40 i, 22 B
PR VEGF-C-shRNA Jikr 28 1K 1T /5 308 o % Yt 22 MCF-7 41 i+ ; RT-PCR
J% Western blot 45 5 L RFE Y4 g b VEGF-C-mRNA 2 25 F/KF T [, 2 B0
P59 VEGF-C-shRNA ] A %0 VEGF-C i3k, MTT ¥ K JMa 4 it 7 41
JLIR R 22520 45 B, VEGF-C-shRNA g1 MCF-7 40 i 58 K 4
AN ZH BL R R 22 RE 7 , 327 VEGF-C 25 1 L B g 200 0 189 5 ) 36 % 1)
FHEWA AT 9 B PR 4%, VEGF-C-shRNA 3 53 % 5% J5 i DR T SR L), 44 T
VEGF-C % 0 40 Mo 1) 3035000 7 R AR 8 M . LR R i« AR T 9 g 7
[ VEGF-C-shRNA 75 S 19 40 i v v] 5 30k 5 263k 5 JF a3 | VEGF-C %
IR T 2R 4 2 D R, 00 7 S 88 400 i 1 1 TN 42 J2 BE 1. RNAL A 4%
SRRk R A BRI A R I R LD A R R DR S B A FRT A R A P
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