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Effect of Cyanidin on Cell Motility and Invasion in MDA-MB-231 Human Breast Cancer Cells”
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ABSTRACT

Anthocyanidins, the aglycones of anthocyanins, are natural colorants belonging to the flavonoid family. Cyanidin is
one of the anthocyanidins, used for their antioxidant properties. Furthermore, previous studies have shown anthocyani-
din-rich material extracts or aglycone form inhibit growth and induce apoptosis of cancer cells. But, Tumor metastasis
is the most important cause of cancer death, and various treatment strategies have targeted on preventing the occurrence
of metastasis. This study investigated the effects of cyanidin on metastasis processes, including motility, invasion and
activity of MMP-2 and MMP-9 in MDA-MB-231 human breast cancer cell lines. We cultured MDA-MB-231 cells in
presence of various concentrations 0, 5, 10 and 20 «M of cyanidin. The cell motility was significantly decreased dose-
dependently in cells treated with cyanidin (p <0.05) and cyanidin treatment caused the significant suppression of the
invasion (p <0.05). MMP-2 and MMP-9 activities, and MMP-9 mRNA express were not affected by anthocyanin treat-
ment. In conclusion, cyanidin inhibits cell motility, invasion in MDA-MB-231 human breast cancer cell lines. (Korean J

Nutr 2008; 41(8): 711~717)

KEY WORDS : cyanidin, metastasis, motility, invasion, breast cancer.
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Anthocyaning 7235k & ¥2 (HEF, 2973
H|% 8¢ anthocyanidin® 2 H3jEch® v FE2al
anthocyanidin< cyanidin, delphinidin, malvidin, pelago-
nidin, peonidin 5 ¢ 20F22 Uz 4= 910, o] F cya-
nidino] &Hitslelo] Aviar wWaEy ek e X597t
A9] cyanidin ¥Hd A= o] aglycon FEE ARE-
stolom fetelAe] v ATE wol HojglA] gt
B oI tof| = cyanidin®] Ao)Ado] 73t <14 et AlE

Q1 MDA-MB-2319] o]5/d¥ H&A, & dAlelA &4

F+= Wl RS g2 matrix matalloproteinase-2 (MMP-2),

matrix matalloproteinase-9 (MMP-9) & &4Jof] n|x]+=
kS olr 1A} sFITk

ME X Y

MIIE B

Aol AR A et AlEE MDA-MB-231 cell-
American Type Culture Collection (ATCC, Rockville,
MD, USA) ellX +J8ksict. M 583 5% CO,, 37T

incubator®llA] Dulbecco’s modified Eagle’s medium/

Nutrient Mixture Ham's F12 (DMEM/F12, Gibco/BRL.

Gaithersburg, MD, USA), 10% FBS, 100 units/mL pen-
icillin, 100 zzg/mL streptomycin (Gibco/BRL)©] Z38}x]
E= medium= TH5o] Wikt AlE7F 80~90% A
X dish® 9.2 phosphatate buffered saline solution
(PBS) 2.2 29 Aol trypsin-EDTA (Gibco/BRL) &
Aglste] AEE B2 F A viFstal medium 2~3Y
wit} w3Etth® Cyanidin (Roth, Karlsruhe, Germa-
ny)< dimethyl sulphoxide (DMSO, Fisher scientific) ]|
100 mM% stocke W0 W& Hasto] ARgaglal of
ZTE X3l BE welldle DMSO2] 557 5L

EHHES Sk

NE 3

Cyanidin®] #7} % 7l w2 AlEe] 434S Lo}
B7] $8l] 24 well plate]] 2.5 X 10* cells/mLe] #E=2
plating 8}1l, 48A17F Z-of fetal bovine serum (FBS)<
A7V8HA] 92 serum free medium (SFM, 0.1% BSA, 5
rg/mL transferrin, 5 ng/mL selenium, 1,000 units/mL
penicillin, 1,000 pg/mL streptomycin, Gibco) ©.& me-
dium< w3kslo] 24A17F serum starvation Al7]3l, SFM
of cyaniding 0, 5, 10, 20 xM=Z A28t +3} 0, 25, 50,
100 pME g3t 2% medium= w3H}ch? Treat-
ment $ 0, 12, 24A|3te] 773t & Trypan blue (Sigma)
2 9A31] hemocytometer 2 A|E2] 2 =459tk

MIZ o|5% (Boyden chamber motility assay)

M) motilityE 5743171 913l boyden chamber as-
say S AAEIATE Low chamberel&= attractant® 10%
FBS mediums 26 plA #5511 v|g] gelatin §H 07
FHH filterE &Y & upper chamber®} Ws] 1143}
A}t AEE trypsin-EDTAR AlEE 2& 3 2 x 10°
cells/mLZ TH=1 cyanidine sE2E=Z 2|5k upper
chamber®] 55 pLA 53101 37°C CO, incubatorolA
12A1ZF aeFetiT). vieko] Bk $ filter®] S1G-Ea O]
Ele-2 wolhl 1 Diff-quick solution®.Z M3k & filter
olF|2 o]Fdt Mardo] o2 JHES 3] fldel &5
3 AXAFTE AR dAv)EE o] gete] AR 5345 A

Aslo] AE = =AY

M A2 (Matrigel invasion assay)

W% B7E matrigel chamberE 220] &= 3 &
SFM=- well?} insertel]l 500 pLA @o] 2A1%F A3}t Al
ek 24 well plated] AlE FEE 1 X 10° cells/mLZE 0.5
mLA YT 48A17F T SFM O wAlst & thA] 24
A7t ol cyaniding 0, 25, 50, 100 pMZE #2]skick #
=39 welloll:= attractant® 10% FBS medium= 750
pL 37138k insertE & ¥ insertolli= treatment® cell
S 500 plA B335to] 37°C incubatorolA] 12A17F ulek
Az} wjeko] Tt 3 upper chamber?] matrigels =3}
aFA] 23 insert?] cells WHOR gohleh” Frbe
cell2 Diff-quick stain solution= |83} HMs}1 &n|
A& olgsto] §1ol9] 53t5 HHste] AETE S4sISIth
MMPs2| 24

Cell& 1 X 10° cells/mLE 6 well plate®l] ¥53F1 48
AIRE 5 PBSE 1¥ AHE & SFME 2% Al&ehl 1



¥ treatment 29 well'd 1.1 mLA 5315k 12413+
ot wjokA 7] 3 medium= 15 mL tubeol 2.3, 3,000
rpmeollA] 108 ¥A4#2)38laL 2 mL centricond] o] @
©] 3,000 rpmellA 30&3t 55315t 5% medium
—70Cel BykstaA] Agde] o]-83l8ith 1% gelatin®] &
0]%l&= polyacrylamide®] sample< Z} welloll @31 #7]
gE3nt ©7] 959 gel renaturing buffer® 30+
2 oW A|A3kaL developing buffer® 30%7F A|&3E 3
37C shakerollX 48217+ vllQFAIFEE. 0.25% commassie
blue M S F 12A|7F A&} destain solution (meth-
anol: acetic acid: water =50 : 10 : 40) 22 1037} de-
staining 3t & ZF4E microwaveolA] 55X 28-S A
25t bandE EHIHATE™

mRNA 23l

Cyanidin®] mRNA F==ol4 MMPsE W3lA 7|4 &
olr7] {8 A&t 100 mm dishell 1 X 10° cells/
mL EEE cellS #5511 48417 vlieF & SFM O Z med-
ium< w33k 2447F 3o cyanidin O, 5, 10, 20 M
2 A3t SFMOZ 487t viFslo] mediume A S}
3 Trireagent 1 mLE 3751 scraper® cells &2]3k
Ath. cDNAE Superscript II reverse transcriptase
(Invitrogen) 0.5 pLE F7Fslo] 9313t} cDNA 5%
(amplifica tion) = 2.5 A mix buffer (10 X PCR buffer,
50 mM MgC,,, 10 mM NTP mix, autoclave water) £}
sense, antisense primer taq polymerase® Z3tslo]®
forward (5°-TGG GCTACGTGACCTATGACCAT-3"),
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reverse (5’-GCCCA GCCCACCTCCACTCCTG-3') b5 T
oA 183 354k ES 3883t Ethidium bromide®
A&t 1% argarose gel®? W7|952 AASH Aa=

sk

SH M=

2 Ao Ao dojxl Ayjl= SAS L2 73S o]
st 7+ Ao Jda s X2 ARkEa, 24+ 3¢
9] zjo]= ANOVA 4 & ¢ = 0.05 454 Duncan’s

multiple range test® AAI5] FJ4S A5 E”

slo

o g@
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ME 34

Q1A ek Al MDA-MB-2319] cyaniding 0, 25,
50, 100 pM=Z Aglslal 0, 12, 24A|3F $-of] AolRl= Al
IS fAlEto] AL £ E A A 12413 wjeksial
= 7 sE7F Sl et felRow M) A%
o] A=t (p <0.05) (Fig. 1A). ¥ AHo|M:= cya-
nidin®] MXZ T2 A8l o5 ¥ JaA ol 3=
n) X7 o= A7 208 b flste] cyanidin®] A &
55 25 «M ©J8lel 0, 5, 10, 20 M HE=Z A5kl vl
GAITES 12, 24417 32 ohA] AFEIITE A3 cya-
niding 0, 5, 10, 20 «M FEZ At vjATHS
12, 24A3F Folli= MEE] F2oll obf-dl JFs mA|A]
eIt} (p<0.05) (Fig. 1B). 1822, £ AdoA= cya-
nidin®] 52 AAFE M= SYE 0= o5 H&g
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Fig. 1. Effect of cyanidin on cell growth in MDA-MB-231 cells. MDA-MB-231 cells were plated at a density of 2.5 X 104 cells/mL in 24
well plate with DMEM/F12 supplemented with 10% FBS for 48 hour, the monolayers were serum-starved with DMEM/F12 supple-
mented with 5 xg/mL transferrin, 5 £g/mL selenium, and 1 mg/mL bovine serum albumin for 24 hour. After serum starvation, the mo-
nolayer were incubated in serum free medium with 0, 5, 10, 20 #M cyanidin (A) and 0, 25, 50, 100 #M (B). The cell numbers were
counted for hematocytometer. Each bar represents the mean * S.D. from three independent experiments. Comparison among dif-
ferent concentrations of cyanidin that yielded significant differences (p <0.05) are indicated by different letters above each bar.
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714 /Cyanidin®] AE2) o137k A&4el wlxe 9%
TAE GEE dohr] 184 cyanidine] ME Sl
FL A =S AP FeE 25 #M OUR S5, H
PAEE 242178 o= A7gste] AL At

MZXE oI5y

A3 o] FA]S Lol 7] £18) boyden chamber assay
AAEFIEE 0.01% gelatin®.® FHEo] 8 pm2] 74
7 AL QI filterg SAIEZE BB o] sdhs =
2o} hoyden chamber assay A¥R= cyaniding- 0, 5,
10, 20 pM= 12713 2]t wii= 42%, 52.4%, 64.1%

2, oA ow 4gHo] AT (p<0.05) (Fig. 2).

ME A2

a7 ATE AL 74 RS sl o ® 3e
matrigelS ©]E8H= AIEZE S4sh= 2% gelatin®] &
B filterE £351= boyden chamber motility assay ¢
Zpo)do] St AIEZE 12A17F HFAIZ] $-of] matrigel =2

m o

FHH filters 33+ A= cyanidin® 37} 5571 0,
5, 10, 20 pMelA 35.8%, 50%, 64.3% = As-Ado] 2
Ao7 7=t (p<0.05) (Fig. 3).

MMPs2| 241t mRNA £ZOIM2] 4l

Gelatin zymography+ gelatin®] $33 polyacryla-
mide geldollA Ao ¥shel hial g o) o8 gel-
atin®] FaE+E gel® AEZE MMPO] 84 JEE doln
= ol E Age = MMP-2, MMP-99] 348 <
oML Az} MMP-2, MMP-9 B cyanidin®] #2] Fkol
ukeh g e] xfo]7h vrERA] ekgker (Fig. 4), MMP-92]
mRNA WAL cyanidinel] 213} P W] 248kt (Fig. 5).
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Fig. 2. Effects of cyanidin on cell motility in MDA-MB-231 cells. The cells were cultured in the presence of various concentrations of
cyanidin for 12 hour with boyden chamber. A: Microphotography of cells treated with cyanidin on cell migration assay. B: Quan-
titative analysis of cell motility assay. Each bar represents the mean *+ S.D. from three independent experiments. Comparisons among
different concentration of cyanidin that yielded significant difference (p <0.05) are indicated by different letters above each bar.
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Fig. 3. Effects of cyanidin on invasion in MDA-MB-231 cells. The cells were cultured in the presence of various concentrations of
cyanidin for 12 hour with invasion chamber. A: Microphotography of cells treated with cyanidin on invasion chamber. B: Quan-
titative analysis of invasion assay. Each bar represents the mean =+ S.D. from three independent experiments. Comparisons among
different concentration of cyanidin that yielded significant difference (p <0.05) are indicated by different letters above each bar.
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MMP-9 — g — 92 kDa
MMP-2 — B e—— e — - 72 kDa
Marker 0 5 10 20
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Fig. 4. Effect of cyanidin on MMP-2 and MMP-9 activity in MDA-
MB-231 cells. MDA-MB-231 cells were plated in 6-well plates at
a density 1 X 106 cell/well with DMEM/F12 supplemented with
10% FBS for 12 hour; the monolayers were incubated in serum-
free medium in the absence or presence of 0, 5, 10, 20 M cya-
nidin for 12 hour. Medium were collected, and the activities of
MMP-2 and MMP-9 were measured by zymography. Photograph
of the MMP bands is shown.

E 7R HolE AFHAT]= Aol dhor Qs APgE
< 29 7 Q= el vl To%t ooE Ztet) aejEe
2 AFeAE cyanidin®] Q1A Y M3EQ] MDA-MB-
231¢] do] ¥ = o= (motility), &4 (invasion),
A& Al SAEANA 0= T 23] G490 MMP-2,
MMP-9¢] /7t mRNA F=ellx 9] wale] wiA= JaF
= WEsIIT

Yanjun = 2] A= AGS (stomach cancer cell),
HCT-116 (colon cancer cell), MCF-7 (breast cancer cell),
NCI-H460 (lung cancer cell), SF-268 (central nervous
cancer cell) celle cyaniding 0~200 M=z 2|5t
4817} wljek S0 MTT assays AA8E A3}, cyanidin
= 100 M oldez HFe wf Fiet AlEQ] MCF-
7oA AIE F2Ao] FolA o g TAaEItta B st
Ye 5%9] Rudas L% Ro|x] =23t proanthocya-
niding MCF-7 cellell 50 pMZE A g]sto] 24, 48, 724]
ZF wjokst Zof] MTT assayE AAIsH A3 242} 11, 35,
47% ME SA& AT st 2 A AafelA]
= cyaniding 0, 5, 10, 20 pME A28k 12, 24 A7 Hl
ok Aloll= cyanidin®] A|3ES] F2lol] &S w|X|H] ko
W} cyanidin® 555 %99 0, 25, 50, 100 pM=Z =23}
Se wl= wF AIE 12A1%F o] 7 Al A4S 7994
o7 SAlsh= Zlow HEESGI olHs AdE E AT
9] A3 AL cyaniding 20 M o]z #2511, 1l
F AR 24 A1 oY= Aoy A|ELe] o] A
of MX= YIS dobE otk

AlEEL] o] FAell anthocyanin®] VA= F&Fe Lokt
A2 = Sylvie 5%70] glioblastoma U-87 cellel] 7712
anthocyanidin (cyanidin, delphinidin, malvidin, pelargo-

jatal)
oX,

]
Ran

nidin, peonidin, petunidin) ¥ 17§2] anthocyanin (del-
phinidin 3-O-beta-glucopyranoside) = 25 #MZ *]2]3}

o 4AIZF Fof o] TS 573t A petunidin, cyanidin,

Fig. 5. Effect of cyanidin on MMP-9 mRNA expression in MDA-
MB-231 cells. For RT-PCR, MDA-MB-231 cells were treated with
cyanidin. Total RNA was isolated and RT-PCR was performed
to investigate the mRNA expression of MMP-9. Photograph of
ethidium bromide-stained gel is shown.

delphinidin A2l A ol 0= o]g/do] FHasigler
o] 3714 Ag] E4e] §%E 0~50 pMZE 223 u cya-
nidine 8] % 20 M ool 8oz AEQ] o]
=S AA5FtE Chen 5% Huh-7, Hela, SCC-4 cell
o] S1] (0. sativa L. indica) *|*] F% 3%t peonidin-3-glu-
coside$} cyanidin-3-glucosideE 0~100 pM=Z &3}k
%3-S 9| peonidin-3-glucoside:= 100 M ©]4}, cyanidin-
3-glucoside:= 50 pM ool o)5Ado] ZAE Tt 3
9ok =3k Min V¢ W24 lung A549 cellel cyanidin-
3-glucoside S 0, 40, 80 xM=E A a|sto] o]FAlS dolr
7] $13l wound healing assayE AAIEH A3 80 uM ©]
ollA MEe] olge] AIE S, Chen 5% A549¢]
cyanidin-3-glucoside & A28l wf ol gAdo] oA 3]
thar 3Tt o529 A¥E & AT Ayl vl E o
cyaniding X33t anthocyanin A4 A o8] T/ &
AIREE] o] s/dS JAlshE a7t Qe BoE Kol Xt
Morini 5% zlo]AJo] 733t FokM|FEojlM= @3 41 inte-
grin®] S7FE AIRES] H8AJ 7 o] FAdo] Tk o] Al
7} HolsHAl Hoka sil=dl et Al MDA-MB-231,
MDA-MB-145, MCF-7 S|4 MDA-MB-231 cell*llA]
a3 81 integrin W&ol 7P #A VR M) el w)
olFAE S7MA Hols fstttar itk Chen 5
2 Zujo|A &3} peonidin 3-glucoside 2} cyanidin 3-
glucoside® Huh-7, HelLa, SCC-4°l| 0~100 xMZ #|2]3}
32 w} Huh-7 cellellA peonidin 3-glucoside 100 M ©]
A} cyanidin 3-glucoside® 50 uM o407 A2]eli2
w QHAaES] o] s el A eh o] e HSE Atk
Rt Emma 572 colon HT115 cellel| rasberry
o] 3=%3k poly- phenol 525 0~50 M= 2|5} Al
o] HEAE ol A 6.25 pM ol dellA] HaAdo]
daEnoeH 7B =& 550 50 pME AHEsS wie
control®ll HI3] 90% °1 HF&dS FaAFHL Bask
Atk Nagase 57 7HA]el|A 353t anthocyanidin] 2
Z~ % delphinidin< fibrosarcoma HT-1080 celle] #]&]
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st w A7 7149 23Sl matrigels E3Fsh= 20|
AAE AL ST o]52] AR & W cyanidin® ¢
AlEEe] AeAe AAlehs 237t Qs AR Hof it}
Tumor invasion®A] extracellular matrixE W&, 2]
A7)=E MMPsEh= ghild 23 47t 293 Ak
LY MMPE i S5 713 Al 9J8) whsoix|a
T 33e AES chemokines, cytokines, extracel-
lular matrix metalloproteinase inducerel 2J&l =4 =
t1'” MMP2] 7]1#18} allol] 23t 98-8 3H= MMP-2
9} MMP-9¢] 7% gelatine?} collagen®l tiall Z13}4do]
Qom v 7l ofs &3} fck'” Chen &
2 A549 human lung carcinoma cell®ll mulberry x|
%3} cyanidin-3-glucoside, cyanidin-3-rutinosideS 2]
3l3S w MMP-2, Upa @4Jo] A= Sirkar 3131, Na-
gase X% human fibrosarcoma HT-1080 cellol del-
phiniding #2]8}%& wl MMP-2, MMP-9¢] &4Jo] 934
vty B 18kt Chen 5% human hepatocellular
carcinoma SKHep-1¢] Zw]e|x] %3 peonidin 3-glu-
coside, cyanidin 3-glucosideE 0~100 M= =]2]5l3&
] peonidin 3-glucoside= 50 #M, cyanidin 3-gluco-
side 25 M oJAoA MMP-99] &4o] foldo=z A
2™ human tongue squamous cell SSC-4 4+ pe-
onidin 3-glucoside= 25 uM, cyanidin 3-glucoside 50
(M oPdellA] MMP-2 /o] -84 02 7HA=|glt}. Mat-
chett 5% blueberryolX %3t anthocyaning hu-
man prostate cancer cell DU-1459] *2]3}33& wj MMP-
2, MMP-92] &A4Jo] ZraEqlttal si3ieh ¥ A4 A=
MMPs 247 mRNA FFollx ] walofi= g3-e T4
o= 729 F Ho}, breast cancer cell?l MDA-MB-231 cell
oM cyanidine MMP-2, MMP-92] &4d3k= th 7]70]
OJel] FA|FES] o] F A FiAdol PES W= Fow A}

g9

(o] o]
0 =

A= 2159 Al M AJEl anthocyaninA)
A~ 2 cyanidin®] QA 9 Al MDA-MB-231 14
A3E2] o] FA A& el vR= JaE Got At AA
H3lvk A3 A¥ cyanidin®] FH7Fgo] S7HETE AE

oA oz A=t 1Y
L ECM #-alf A] SHA|sEol A s el 7a)) JaQ)
MMP-2, MMP-92] /2 MMP-9°] mRNA F<- cya-
nidinel] 2J&l % W] ¢l= Zow HEEITE AEA o

B
T
P
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03#

o) ¥543, o184, FaAd0l
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OTE
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=, cyanidin< Al|3E %61
A QEAIEES] Aol
th= 7FsAdo] e ]
A o= A o® Hot MMPS 0]9]¢] ARE E3) Ho] #4
o] o]FojA|= A OoR AlR ¥
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