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Inhibitory effect and mechanism of galangin on breast cancer metastasis

XU Yi-fu, YAO Xin
Department of Pharmacy, First Affiliated Hospital of Soochow University, Suzhou 215006, China

Abstract: Objective To explore the effect of galangin on the migration and invasion of breast cancer and its action mechanism.
Methods MTT assay was adopted to observe the effect of galangin at different concentration on the growth capacity of breast cancer
cells MDA-MB-231. Wound healing and Transwell assay were conducted to detect the effect of galangin on the migration and invasion
of MDA-MB-231 cells. Western blotting and immunofluorescence assay were adopted to investigate the migration and invasion related
proteins including PI3K, AKT, MMP-2, and MMP-9. The effect of galangin on NF-kb p65 phosphorylation and NF-kb p65 nuclear
transition in vitro was assayed by Western blotting and immunofluorescence assay. Furthermore, the antitumor effect of galangin in
MDA-MB-231 tumor bearing BALB/c mice model was assayed in vivo. Results Galangin inhibited the migration of MDAMB-231
cells in a dose-dependent manner. In wound healing and transwell experiments, with the increase in the concentration of galangin, the
number of migrant MDA-MB-231 cells and the invasion capacity of breast cancer cells decreased. Galangin could decrease the protein
expression of PI3K, Akt, MMP-2, and MMP-9. Besides, galangin significantly inhibit the phosphorylation of transcription factor
NF-kB p65 and NF-kB p65 nuclear transition. Galangin also inhibited the growth of MDA-MB-231 cancer cells in vivo and
down-regulated PI3K, Akt, MMP-2, and MMP-9. Conclusion Galangin could inhibit the growth capacity of breast cancer cells
MDA-MB-231 and block the migration and invasion of MDA-MB-231 cells. The mechanism for antitumor effect of galangin is
through inhibiting NF-xb p65 activity and MMP-2/9 expression, and blocking PI3BK-AKT signaling pathway.

Key words: galangin; breast cancer; MDA-MB-231; migration; invasion; MMPs

Yk B EA: 2015-08-07

EHEWH: L ETEARWITNE (Z201304)

TEEEN: Wk, B, ¥+, BEMNFERZSHI. E-mail: xyfsuzhou@163.com
«BEEE W & 5, Wil FENFEBZAFHI. E-mail: yaobest@163.com



<1732+ *38

Chinese Traditional and Herbal Drugs % 47 % 3£ 10 8] 2016 45 A

FURR I AN R R A ) 24T b S R AR L
i RZEFERENGE ) b, R 40 S i 5 3k
NARIEIR, 25200 B AT IEF DA R 58 b 4l o 4 3 it
(extracellular matrix, ECM) HIidfE (122%), ECM
(R ARAEAR R FRRE 52 3] IV R sl o™, g
Ji4 B ARE-2 (MMP-2). MMP-9 # & T IV UK
J5lE, EAZE T ECM B E B RERE, FTLALE
PR 20 L PR R RS L T e S ol R rp iy i T
A P, ARk R B, BERETOVLEE 3-S5 (PI3K)
AR5y 7 #1 Akt (RAC-alpha serine/threonine-
protein kinase) it ZH B H{5 53 i 1y FUIRIRE I R A2 K
Ve B VA S, A B T P £ 454 B A
W HOE SRR AMY AL S S S AL, T H S
FUME TR BB IR 2R UL B ECM I RE
RS G, HTTLA PIBK-AKL 15538 B ek 4y 1R e
SRR VAT S T AE S R,

7 K 2% Alpinia officinarum Hance, 51144 /)y B 22,
hZERHEY), RMHGE 2 EAERKKILE, BAT
A . R 22 508 R 22 R 4R I AT R0
G5 S FRARIN MRS, AMUEATHUA
. Pl BURPLR . PURTER, EH PR
AT, (B LR SRS 1 T2 % 537 WL AR A IE
52, PRICAHE TR AR 2 N FLIRHE MDA-MB-231
0 oA TR R 2 5% 1 I 22 IR MR FE ORI Y
(RIS, ST Western blotting.  #02 9¢ 62505 148
IU K22 2046 PISK. Akt. MMP-2 Fl1 MMP-9 2 [
TR, TRIUE R ER IR KRB E A
RIEI o THL . ARFTUEM S R R 223060/ Rk
PR A K s, DI IL MR E T, A
HPURE AT 5 HF R o
1 el
1.1 ¢Apark Sz

MDA-MB-231 F|. [l 40 s N ATCC 41 i % (35
) k1%, BALB/c #EVERREL, SPF 2%, {4 J5iH 18~
229, WFAHIES SCXK (") 2008-0016, W H i

W IR LIS B A A .

1.2 RKF5HR
mRERW AR ERESRE R RA

"] (i 485-49-4, JiE /4L 98%). DMEM K55

B R myE H3EE Gibco AF]; MTT W H

Promega /A 5 Transwell iTF% /N FIR 28 /N =0 H

[ Corning A 7); PISK, AKT. MMP-2. MMP-9,

B 1L-NF-xB p65 (p-NF-kB p65°*%"®), 1 NF-xB

p65 (t-NF-xB p65) Fl GAPDH —#iPifk. %t
Pr CHARISE bR d FEPLR 196D FITC %k
—$illy H Santa Cruz /A 7]; Hoechest I [ FifE2E 2=
RAEPIEARA WA A 58 R -5E5 20 A _Fig
B REWHEARA A

13 {U&%

DMIL -REIE 5O Wbt (EESER AT );

3111 & CO, K 7541 (Forma); BT323S Hi - K- (4
E 2L FITE R A T); KA-1000 BLHL (il
EREEALEE] ) TECAN 3360063 FEitriX (Sunrise
YNCIDE
2 FE
2.1 BRZEZRINT MDA-MB-231 fAAEIEE. 3T
BRERZENEN
211 4R sE  MDA-MB-231 FUAREA M T&
10%Ji4 4 1375 LA Kz 1 X 10° U/L 7575 2. 100 mg/L %
# 2% 0 DMEM Ki7235EH, 37 C. 5% CO, Ki9%
AT R R .
212  XF MDA-MB-231 40 ffd 34 5 (1) 5%
MDA-MB-231 4l it E K %= 80%fili &, 0.25%H 5
i1k, DMEM 5g4iigidbiig:, 454l 5X10°4
HMPEERIT 96 FLA. Fraf WRESS, i s B2
%, &R 4334 104 25, 504 100 200 pumol/L,
XTHRZL NN 20 uL PBS, REAN2imik 13 5 MR AL
g% 24 h JGinAN 20 uL MTT %3 (5 mg/mL), £+
BFAETN I E 4h, 96 fLBGESRE 15 min, W B,
IO HIEW G (DMSO) &%, 4 EshlifhriX
7 490 nm WERSGEE (A {8, TF 840 N Ia 5 40175
., S Ee 3w,

o0 RS % =1 — 45 252 A B/ R A i
2.1.3 X MDA-MB-231 4l Jfi/K V-2 3hfE 1 15 mi
HOM 4 K3 MDA-MB-231 400, Wik4nie, i
WA 2X10°ANmL, & . ¥ R i
WA 6 LB, B 2 mL, TN 37 C. 5%
CO, B FRAR AR 1T %, Fp 40 i 52 il B-IRES, 1T 100 pl
TEMSLIATRIR . KRS, MR B 5
TR INNE R PBS B4 fgiiot 3 i, Brikdii
W h, 372 PBS, BRfLINAREIMTE DMEM ;3¢
FETC AN [ B2 v R 22 %% (0., 25,50 100 pmol/L)
WO, BN EE 3 AN AL, AR BN [R] IR ) £ €O
24 h) K 6 FLACE T80 5 B Ast P, e
MDA-MB-231 4t fitd {2 ol 85 15 rh 2 1 TR B (R Ay
cm), JEiFSE24 h 5 0 h S EEE B LG, W8k



L)

Chinese Traditional and Herbal Drugs % 47 % 3£ 10 8] 2016 45 A

* 1733«

SR AR,
2.1.4 X} MDA-MB-231 4ifliE#fe Jirsgm
LT 7% MDA-MB-231 4iifiid, SEKGHT 24 h FUALE YL
o JHALANNE, FJEILE K DMEM 557758 SR,
PR35 ol 2 20° ML, £ 24 FUBRFIMA
DMEM 15753, 541 600 Lo B3R 40 i 23 90 uL
I Transwell iTFE/NE EEr, A& FLINAKK
4351k 250+ 500 1 000 pumol/L (175 [ 3 25,
AFL10 uL, Z9KEEN 25, 50, 100 pmol/L, X
HINNEARBPBS, "AKEE 3 MEAL. B =R
T 24 FLBUR BRI, 37 'C. 5% CO, WEAf A i
B 6h, HUH/NE, HETFRBEICTIER, 5%k
i 4 ClE5z 10 min, HUHH 0.1%%5 F 89l 1K
SERRIR Gt 30 min, PBS L 3 vk, kRS
I EEARGT A, BRI L, e T
BAE B, 200 f%68 F, BEALIEHL 5 SLET,
AR 2 A L KA W = B % 111 P

ST b 2 = Onf 2L % I T B — 445 25 41 % I 4
$50) /% R 2L 75 M 4
2.1.5 X} MDA-MB-231 4iiJfuf22&fE Jifsm 1
XFEUE K MDA-MB-231, %240 gk i 42 1} 10°
AmL, B 90 pL 40 o= Transwell 1228/
E v [RIEAALINHR B 43 oA 250, 500+ 1000
umol/L 115 R 2225, /AR 10 uL, ZaREN 25,
50, 100 umol/L, XJMEZMASEAIR PBS, BEAH
FE 3N AL & 24 fLBC P BRI 900 pL 7 10%
FBS [f) DMEM E5783k. BN 24 fLRH,
37 ‘C. 5% CO, 7R H G % 24 h, HUH /M=,
FSEFHUT U8, 5%)% 5 4 CIEE, FH 0.1%%5
P YL 4 (h, 30 min, PBS JERE 3k, FHAR
B EEARGT A, BT L, WS RiT
BAEBLIEHI, 200 558 FREMLEE 5 MEF, W
AR ZEM MR A M, R A S SR R R

12 22 1) % = (6 IR AL4E 22 4 I — 45 25 4148 2 4 I
$i) /%t R 21112 2 4 o
2.1.6 X} MDA-MB-231 il LT #5 S A2 F8AH R ER
WA Western blotting £7ll: X MDA-MB-231
MR TR TR, BB IRILE AN 1 mL 44
MBI CBEEN 1X10° ANMmL), HAh % 10%)h
A-If5 1F DMEM 53530, 4L 10 mL A& &R . 415y
WM K257 E “2.1.5” T, 37 ‘C. 5% CO, B 7%
MR 24 h JERIGEH, JERA BCAEIEEA
WHE. VS50 pg BFE, H 10%5 Bk 5%k

EIRIK: BFEURE 0.02 A, ZIREYIEN R, 25k
F| PVDF i F. —¥$i (PI3K. AKT. MMP-2, MMP-9
AIGAPDH) LL1:1000, 4 CHF R s skt
FAARICHIERTR 19G (12100000, AnAFLF K
A, H Kodak Ik 180%, L GAPDH 1A N2,
%1 Adobe Photoshop CS6 % f-EAT 4R 4371, 52
K E 3 .

S P MDA-MB-231 B2 K41 7
FEARKE TR, K4 b B TG i A A B 1) 56 33
FHEERILA, RRi R K2, A4l k%
gy 2y IH “2.1.57 T, B EEBE R, PBS ¥E 2 K%
M2 R e . [ 56 5 a 4 AdEF Triton
XA T IE AL P 5~15 min, 8% 5 PBS UEik
3X5 min, JIA—PiHifk (PIBK. Akt. MMP-2.
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1 SRZEZEX MDA-MB-231 fHAHEFERISMN (X £s,n=3)
Fig. 1 Effect of galangin on proliferation of MDA-MB-231
cells (X £s,n=3)
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2 BRZEZRX MDA-MB-231 fHRXRAERE S RIFM (X £s,n=3)
Fig. 2 Effect of galangin on wound-healing assay of MDA-MB-231 cells (X £s, n = 3)
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B3 SRZEZXN MDA-MB-231 IR RAENEIFIE (X £s,n=23)
Fig. 3 Effects of galangin on migration and invasion of MDA-MB-231 cells (X £s, n = 3)
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4 BRZEZEX MDA-MB-231 4HAf PI3K. Akt. MMP-2 1 MMP-9 ZEHFRiABIZME (Western blotting, X £s,n=3)
Fig. 4 Effect of galangin on protein expression of PI3K, Akt, MMP-2, and MMP-9 in MDA-MB-231 cells (Western blotting,

X £s,n=3)
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W ES (P<<0.05. 0.01). i u¢ )64 th il
NF-kB [1) 3= 225 p65 & 75 4 4 # 1) MDA-MB-231
NAZAN, FIWT NF-«B e S 4ses. w2 R E1EH
24 h 5, #hZERE % 100 pmol/L 41 MDA-MB-231 4i
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MMP-2 1 MMP-9 E B %A
Fig. 5 Protein expression of PI3K, Akt, MMP-2, and MMP-9
in MDA-MB-231 cells by immunofluorescent staining
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Fig. 6 Effect of galangin on protein expression of p-NF-kB
p65%" 278 and t-NF-kB p65 in MDA-MB-231 cells (X £s, n=3)
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Fig. 7 Effect of galangin on NF-kB p65 nuclear translocation
in MDA-MB-231 cells (immunofluorescent staining)
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8 BRERMFIEEEREMERENZM (X £sn=3)
Fig. 8 Effect of galangin on tumor weight of nude mouse
inoculated with MDA-MB-231 cells (X £s, n =3)
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9 SREZRXMIAETERRMEERRFIERENOZM (Xxs,n=23)
Fig. 9 Effect of galangin on tumor volume and body weight of nude mouse inoculated with MDA-MB-231 cells ( X &s, n = 3)
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Fig. 10 Effect of galangin on protein expression of PI3K, Akt, MMP-2, MMP-9, and p-NF-kB p65 in tumor tissue of nude

mouse inoculated with MDA-MB-231 cells (X £s, n = 3)
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G, PIBK-Akt I BETH AL G 5200 T i 2 B ks 4y
+ MMP-2 Fll MMP-9 (1315, 7 511 40 L i %
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F2 3 5 R F- NF-xB 1 2 28755 1 8 ] Y e Y5
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WAL B p65/p50 oX, p65/p65. NF-kB A i
T A kB-o JE— AN EAEY, S ArEgi gk,
NF-kB 7% J5 , [kB-0. 2 7F Ser32 il Ser36 # i1k ,
B J5 B2 - A AR 1R B AR . NF-xB Al IxB-o, fi#
Ko, HAZERTyIRe TR, MINBE e i1a 3 40 futx
PRI NF-xB MR DR A 5 o AR Lk AT A U3 1Y
NF-kB 7E5 A2 (1 A Pt 2R H, Rl 2 RelA
(p65) WA ] Je AR 2 54, 1540 M i A=
T MU B RRMR 28575 . 0 E B IR A e i
IR A R S FIR 22051, NF-«B B AT E2E
M, e ReIAY 5 IR A G PIBK-Akt. MMPs
(MMP-9) &3k fhik 07,

AR AR E R LR A
MDA-MB-231 [ 4 5E #0614 FH I 2 (P<<0.01),
TEMRFE 2 50 pmol/L I}, il 2 1] 1A 30.5%. i i
M52 iy K22 3500 5L IR 40 M oK S92 B BE ) 1) 5%
M, BE A R RS AR N, FLIRE
MDA-MB-231 4 g (1) 7K V- 12 Bl 1L %% BE )1 1 # ok
590 10 Mg R # N FLNE MDA-MB-231
4 L Transwell /NEAZ 268 1 52w, RILBE A =
K222 2R RN, MDA-MB-231 17 28 3L i
I 1) £ 3 328 T Uk 55

[A 4y PI3K-Akt /13 T MDA-MB-231 41l Jifd [1iE
i 22 fE . Dok HE W A RO T RE X
MDA-MB-231 41 s PI3K-Akt LA} MMPs [# %154
PR« AHFSTR ] Western blotting y2:k6:0 1 1
R 224 MDA-MB-231 4 i PI3K-Akt 1 MMP-2/9
FILMm, K RZZ 0 LUT i PIBK. Akt 1)
WO RIE; B %% O6 R T kX
PIBK-AKT H#[) MMP-2/9 [F)4E A&k 4T T
S, RILE RZEZRFIN T MMP-2 [ AR,
WA T m REZRAA T PIBK-Akt LA &
MMPs KA Dfe. 250 FHLHIIFOR IR R
EFX MDA-MB-231 #% %355 K1 NF-xB p65 1%
1k, % NF-xB p65 (A FIFE AT HEIER- . 16
NFUIRE MDA-MB-231 41 il #f Sl RS AR i 7 e
S EE RN, R ZEFE WA MDA-MB-231
FLIE AN O AE PRI 2R, R vy R 22 2R 41218
PI3K. Akt. MMP-2/9 & [ K15 Fli% 5% F 1 NF-kB
p65 MHITE AT I WA IR .

WEFLA) D AIF 58 R 22 35 g A 800 ol 70 IR e
MDA-MB-231 7R M AA,  REAE 0] FLI
MDA-MB-231 4fi fut% % 5 A+ NF-xB p65 A1%, 1l

il NF-xB p65 HIfl b1, BHWr NF-xB p65 i
5, i PIBK-Akt f5 5l i, T 1 MMP-2 F1 MMP-9
MRIE, KBTS MDA-MB-231 411 f)iE
BARZEEH .
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