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Inhibitory effect of luteolin on the angiogenesis of chick chorioallantoic membrane

and invasion of breast cancer cells via downregulation of AEG-1 and MMP-2

JIANG Ying, XIE Kun-Peng, HUO Hong-Nan, WANG Li-Meng, ZOU Wei, XIE Ming-J ie”
Liaoning Provincial Key Laboratory of Biotechnology and Drug Discovery, College of Life Science, Liaoning Normal University,

Dalian 116081, China

Abstract: The purpose of the present study was to investigate the effect of luteolin on the angiogenesis and invasion of breast cancer
cells. MTT assay was used to examine breast cancer proliferation. The chick chorioallantoic membrane model was used to assess the
angiogenesis effect. Wound healing assay was used to assess cell invasion ability. Western blot was used to analyze Bcl-2, AEG-1 and
MMP-2 expression levels. The results showed luteolin inhibited MCF-7 cells proliferation in a dose- and time-dependent manner, and
the expression of Bcl-2 protein was decreased. Luteolin had a strong anti-angiogenesis of chick chorioallantoic membrane. After treat-
ment of MCF-7 cells with luteolin at 60 pmol/L for 48 h, migration rate was reduced by 71.07% compared with control (P < 0.01).
After treatment of MCF-7 cells with luteolin at 60 umol/L for 48 h, the expression of AEG-1 and MMP-2 was reduced by 82.34%
(P < 0.05) and 85.70% (P < 0.05) respectively, compared with control. In conclusion, the results suggest that luteolin can inhibit the
proliferation of breast cancer cells, and suppress the expression of Bel-2. Furthermore, luteolin has strong anti-angiogenesis of chick
chorioallantoic membrane and anti-invasive activity on breast cancer cells, and down-regulates the expression of AEG-1 and MMP-2.
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Table 1. Inhibitory effects of luteolin on proliferation of MCF-7 cells

Groups Control 20 umol/L luteolin 40 umol/L luteolin 60 pumol/L luteolin
24 h 0 (6.21 £1.63)% (22.63 +2.87)% 3025+ 1.37)% "
48 h 0 (10.02 £ 0.94)% (29.56 £2.72)% " (4451 £ 1.52)% ™

The inhibitory rate of MCF-7 cells was determined using MTT assay. Means + SD, n = 3. "P < 0.05, P < 0.01 compared with control.
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Fig. 1. Effects of luteolin on the expression of Bcl-2 protein. The
amount of protein was assessed by Western blot. Means + SD,

n=3."P<0.05 compared with control.
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Fig. 2. Inhibitory effects of luteolin on the angiogenesis of chick chorioallantoic membrane.
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Fig. 3. Effects of luteolin on migration and invasion of MCF-7 cells. A: Migration map. Scale bar, 50 pum. B: Migration rate. Means +
SD, n=3."P<0.05, "P<0.01 compared with control.
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Fig. 4. Effects of luteolin on the expression of AEG-1 and MMP-2
proteins. The amount of protein was assessed by Western blot.
Means + SD, n=3."P < 0.05 compared with control.

LA JR) A2 22 Rz A e A% 19 e g W e A
TBEWAEY R, HHEFEURFE LT R B
DRI 06T, Jioged (67 L 455 2 S RS ZE s S A B, 3
[ 2 Ji IRk B, 0 g e S 1) B il A DG . MMIP-2
J& MMPs S5 (1) 55 2 R 51, MMP-2 1] LA B i 3 i
B IV RS IR B 1, TR e 4 M g Blyada, A
ALY, & SEMRESZE, JF AT R
I (1R= 8 S P R P Y 3 11 B I S ]
AEG-1 %f MMP-2 [FJ31A 2 K%L, AEG-1 251

B AR ORI RAR 2R G R DI OCREER, g
T MMP-2 (1) 2 T4 S 128 a4 1 11 42 22 F
KB 1%, Emdad S5 7T BB 40 I 2 i AEG-1
FER S, R MMP-2 F1 MMP-9 [ 5 2l 73 1 R,
0 WL TS R ML A F ) R ) 52 21 T ) U9, DR
il MMP-2 I AEG-1 [¥) 335 J& 24940 i it 57 A Je
fRZBMIMLHIZ — o AWFFT CAM S5 41 M Rl IR
SRS A5 R, AR S B 0 R A A L R
A 2%, HWHH AEG-1 Fl MMP-2 5 [ [ ik,
HALHNHIAE S B Ao, 3 B R R B 2 ki
Az i 2R RN L R AN 0 R 2B RE ) 5
AEG-1 #l MMP-2 [{J3ik54 5%,

gr BT aR, KRR LR AR A Ak M 3 ) 3L g
MCF-7 il ff 34 58, 400 il #0098 3 8] Bel-2 25 [ R4,
0 16 T A R LN e AN M 42 2%, T U AEG-1
AIMMP-2 £k, AL REMERERZZHNE, £
WU MZ RS 5152 i, SRR R
e B AR 5 ZE 1 — 22 R

S 30k

1 Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012.
CA Cancer J Clin 2012; 62(1): 10-29.

2 Liang ZC (42/842), Li JW. Research progress of anti-angio-
genic in breast cancer therapy. Med Recapit (1% 2% %518)
2012; 18(7): 1032—1034 (Chinese, English abstract).

3 Xu T (###8), Xu RA. Progress on anti-tumor mechanism of
Chinese medicine and its active ingredients. J Huaqiao Univ
(Nat Sci) (A7 K272 4R AR BHEIR) 2009; 30(4): 359-365
(Chinese, English abstract).

4 Bi SL (YPUFN), Cao JX. Research progress of targeted
drugs and traditional Chinese medicine anti-angiogenesis
therapy breast cancer. Guide China Med ("} [F < 245 74)
2012; 10(6): 9—12 (Chinese, English abstract).

5 Zhou YX (Jil#4.L>), Sun CF, Xu QN, Shen HL, Huang YL.
An in vitro study of tripterine inhibits proliferation of vascu-
lar endothelial cells. Pract J Cancer (52 s EZ4) 2004;
19(6): 564566 (Chinese, English abstract).

6 GaoY (&5), Wang JJ, Xu Q, Ye QQ, Guo J, Geng HC. In-
hibitory effect of ginsenoside Rg3 on tumor neoangiogene-
sis. Acad J Sec Mil Med Univ (55 7 K242244) 2001,
22(1): 4042 (Chinese, English abstract).

7 Kapoor S. Luteolin and its inhibitory effect on tumor growth
in systemic malignancies. Exp Cell Res 2013; 319(6): 777—
778.

8 Wu B, Zhang Q, Shen W, Zhu J. Anti-proliferative and

chemosensitizing effects of luteolin on human gastric cancer



518

10

11

12

13

R E2R Acta Physiologica Sinica, October 25, 2013, 65(5): 513-518

AGS cell line. Mol Cell Biochem 2008; 313(1-2): 125-132.

Xavier CR, Lima CF, Preto A, Seruca R, Fernandes-Ferreira
M, Pereira-Wilson C. Luteolin, quercetin and ursolic acid
are potent inhibitors of proliferation and inducers of apopto-
sis in both KRAS and BRAF mutated human colorectal can-
cer cells. Cancer Lett 2009; 281(2): 162—170.

Lee HJ, Wang CJ, Kuo HC, Chou FP, Jean LF, Tsenq TH.
Induction apoptosis of luteolin in human hepatoma HepG2
cells involving mitochondria translocation of Bax/Bak and
activation of JNK. Toxicol Appl Pharmacol 2005; 203(2):
124-131.

Jeoh YW, Suh YJ. Synergistic apoptotic effect of celecoxib
and luteolin on breast cancer cells. Oncol Rep 2013; 29(2):
819-825.

Wang LM, Xie KP, Huo HN, Shang F, Zou W, Xie MJ. Lute-
olin inhibits proliferation induced by IGF-1 pathway depen-
dent ERa in human breast cancer MCF-7 cells. Asian Pac J
Cancer Prev 2012; 13(4): 1431-1437.

Ma X (£52¥%), Xie KP, Shang F, Huo HN, Wang LM, Xie MJ.
Wogonin inhibits IGF-1-stimulated cell growth and estrogen
receptor a expression in breast adenocarcinoma cell and an-
giogenesis of chick chorioallantoic membrane. Acta Physiol
Sin (A2BE2A ) 2012; 64(2): 207-212 (Chinese, English ab-

stract).

14

15

16

17

18

19

Zou W (4[ff), Wang HX, Liu J, Zhang H, An LJ. Expres-
sion of caveolin-1 protein in the rat brain and its role in the
discrimination learning. Acta Physiol Sin (4=Ef2£4)) 2006;
58(5): 429434 (Chinese, English abstract).

Elumalai P, Gunadharini DN, Senthilkumar K, Banudevi S,
Arunkumar R, Benson CS, Sharmila G, Arunakaran J. In-
duction of apoptosis in human breast cells by nimbolide
through extrinstic and intrinsic pathway. Toxicol Lett 2012;
215(2): 131-142.

Harlozinska A. Progress in molecular mechanisms of tumor
metastasis and angiogenesis. Anticancer Res 2005; 25(5):
3327-3333.

Powers CJ, McLeskey SW, Wellstein A. Fibroblast growth
factors, their receptors and signaling. Endocr Relat Cancer
2000; 7(3): 165-197.

Liu KJ (XYL %), Wang WT, Wei P. Expression and signifi-
cance of AEG-1 and ICAM-1, MMP-2, MMP-9 in gastric
cancer tissue. J Heibei Med Univ (i JbBE R} 2224 9R)
2012; 33(4): 441-443 (Chinese).

Emdad L, Lee SG, Su ZZ, Jeon HY, Boukerche H, Sarkar D,
Fisher PB. Astrocyte elevated gene-1 (AEG-1) functions as
an oncogene and regulates angiogenesis. Proc Natl Acad Sci
U S A2009; 106(50): 21300-21305.



