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Effects of Epigallocatechin Gallate on Adhesion, Invasion and Matrix Metalloproteinase
Activity in MDA-MB-231 Human Breast Cancer Cells
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ABSTRACT

Tumor invasion is composed of four steps: cell adhesion to the extracellular matrix, degradation of the extracellular
matrix components, tumor cell motility followed by cell detachment. Matrix metalloproteinases (MMPs) are important
proteinases that associated with degradation of matrix component. Epigallocatechin gallate (EGCG) is a major polyphe-
nolic constituent of green tea. In the study, we examined the anti-invasive and MMP activity suppression effects of EGCG
in MDA-MB-231 human breast cancer cells. MDA-MB-231 human breast cancer cells were cultured with various con-
centrations 0 — 100 #M of EGCG. EGCG significantly inhibited the cell adhesion to the fibronectin. Cell motility through
gelatin filter and invasion to Matrigel were inhibited dose-dependently by EGCG treatment. EGCG also inhibited the
activities of MMP-2, -9 and the amount of MMP-9 (@ = 0.05). Therefore, EGCG may contribute to the potential bene-
ficial food component to prevent the invasion and metastasis in breast cancer. (Korean J Nutrition 38(2) : 104 ~111, 2005)
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AFERYYTE BB O FAM= 7)) F2
4382l type IV collageng ¥sdh= MMP—-2$¢} MMP-9
o] Aolof] & YL X AoR By Hy Qlot®

HZ A g D rpeRe] A, 2 e de
9 e ofg] X8 B 8oz oF gixje] U
AEEES PIAFAL? 28U X 271A) e oiy-Re] &
SA L) A 73R B A7 Ak AT 5o Q)
& Fakgo] A0 A f¥Ho] & Aoz LA qltt?
aEg Batgo] gAY HowA oo AgaIp & &
AS FuA = A7V @A JPH T glow, oY
307 HH83+E (natural occurring organosulfur com-
pounds) 8] 2] Ao s FuUi]F o2 B2 AFE0]
Yol AT Uk AU} ATl S HAEY
phytochemical:Z 7|Ho] &3] &= =)= igkon} 84
Ak AA, ADANA 2=, xS A AME 2E, 52
FAsPgo 2 Qe 7] A8 WAE JAlsh= Zieg Bu
LA L=

1 F sk g AL AE A, FE AN o o
W 535 JRE ZoE Bu FHglon W AN HEoE
FAksiAl 2 2l Zog™ Ba itk A7 o
2 =zpe) FAEQ catechin F+ (+)catechin, (—)epi-
catechin, (—)epicatechin gallate, (—)epigallocatechin,
(—)epigallocatechin—3~gallate (EGCG) ol Yt ©]
= AR £ EGCGE =3} 2~3 Aol 0.1~0.3 «1M A=
7} E19ltky &Y MM, A9 #H AXe AMEE
5t GAHE S A8k A oE B Hu Qich
K3t cyclin—dependent kinases (CDK) ¢ & A X F
719] G1 &4 #4F Tdse] AR 4% 94 axE
Haltky SJATh? o9} 7o) EGCGY] $HIE 52 Al &
= e EEA Jdovt Eeke Aol dAlel oA &7}
7} AeAE 2 LEA A ¥or I /AR Bl &
214 A=A Sk

olof £ A= BAFe] ¥ EGCG7F 1A 3¢t Al
¥ MDA-MB-231°4 <] Aol AAA ME 23z} (ad-
hesion), 154 (motility), &4 (invasion) °ll #]X]& 4
@7} AolFdela Fodt A4S k= MMP-2, MMP-9
9] 84 92 Sl A= T gotr A it

R
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1. Mg ¥ MIZ %
EGCGE SigmaA}l (St. Louis. MO, USA) A #4J8}
g0 0.1 MY %52 dimethyl sulfoxide (DMSQ) ol &
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Szte) —20Cel RAsIHoH, iR o 8A3] ARSEA
t}. DMEM/F12 (Dulbecco’ s modified Eagle’ s medium/
nutrient mixture Ham’' s F12), FBS (fetal bovine serum),
trypsin—EDTA <] M wjge] Yo g J¥-& Gibeo/
BRL (Grand Island. NY, USA) oA Flsaich

Aol ARSE A 189 AEJ MDA-MB-231 cell
2 American Type Culture Collection (ATCC, Rockville,
MD, USA) A Fi&kdch AlEE £83 5% CO, 37T
incubatorellA] DMEM/F12, 10% FBS, 100 units/ml pe-
nicillin, 100 gg/ml streptomycin (Gibco/BRL) ¥3t= %
£ i) §g whEo] mjsiginh. M2} 80~90% FE
confluence3§XA PBS (phosphate buffered saline solu-
tion) & 2 RoJU trypsin—EDTAE Aelslo] A%
€ B 5 A w8ty MiRlE 2~3Yvtch wekssic

2. NI¥2| BA =7

AL HZA AL Palmieri 59 WY& Wy s}o]
AR5 20 pg/mlZ 349 fibronectin (BD, Bedford,
UK) & 96 well non—treated cell culture plate®l] 53}
o 37T incubatorelX] 1A]3}F E<F incubation A1 ¥ se-
rum free medium©. blocking A171 & ARAIZT) A3
£ 8 X 10° cells/mlZ 9H=9] EGCGE 0, 25, 50, 100 M
=52 st vlg fibronectin®® FEYH plated] ¥
313k 1A17F F2F 37°C incubatorolA e A)71 & PBS
2 AIASaL MTT assayE AAS] 490 nmold E4=

g 239

3. NE9 o1z 54

Gelatin® 2 T8 filter & A83F Boyden chamber mo-
tility assay+= Strack 52 W& Wi3ste] AA|sIch
Low chamber®l+ attractant® 10% FBS medium& A}
£33tk AIES 2 X 10° cells/mlE 9HE1 ZH2t EGCGE
2)2)51%] upper chamberell £33 &, 37T CO, incuba-
torell4] 12A]7} incubation 33t} Incubationo] B¢ &
upper chamberE& ¥°] EFE Hoh) 1 filter & Diff—-quick
solution (Dade Behring Inc., DE, USA) o8& Gagt &
filter o}HZ o]F3 AEE tAY shztz F29] 670
€ 293 1 & 3k

4, NIE9 8R4y &3

A8 AE/dL Plater 329 W& W¥EY 00, ma-
trigel invasion chamber (BD)S AM-3I3ch A¥EE 1 X
10° cells/ml &2 0] 2} EGCGE A3t At-
tractant® 10% FBS mediume AHE31.2™ EGCGE X
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2)¥ cell& upper chamberdl] ¥3:5}¢3 37°C incubator®]]
A} 12213k incubationA)Z k. Incubations €W ¥ upper
chamber 9] matrigel& 2384 E3 cells HEOE &
oz S3¥ cellg Diff-Quick stain solutiong ©]83}
o] AMF T filterS frelde] st drj7oz o
23 & gAY st 729 57ulE 895 I AE

FE ZA83ch
5. Matrix metalloproteinases (MMPs)2 &zt & &7

1) MMP-2, MMP-99 &Y &%

MMPs¢] 848 %otir] $15k] Huang 572 W&
o}83}o] gelatin zymography & AAISIIH AlEE 1 X 10°
cells/ml®] FE2 6 well plate]] ¥5311 48417+ 3 EGCG
2 w5z Agslgok 12417454t incubation A7 ¥
mediume ¥o] 108} FF3Ich Ropxl Alg 2 W719F
3k, gel renaturing bufferdl] ¥+3-A)171 3 developing
bufferlld] 37°CE 48417} incubation AIHEk 0.25% com-
massie blue €40 F 16A|7F B3} destain solution
(methanol : acetic acid : water =50 : 10 : 40) 22 A&
Eiyi=g

2) MMP-99 & &%

EGCGS #712 Q8 MXolM #uld MMP-99] %&
ole 7] 93 enzyme-—linked immunosorbant assay”-&
AAEHETE 96 well plated] MMP—9 antibody (1 : 200)
E BF3}3 4ColA 48117 ¥Hx)3}%ict. Washing buffer
2 well2 A&3t, 1% BSA solution® £ blocking 3t %
ztzto) NgE 8k 3417 WhEAlZTE Mouse antibody
(1 : 1000) & 2417 ¥kg-A17) 3 TMB substrate sloution
& H2lskd W AAAIZ JEIZ overnight3le] LAAIR
t}. 1 M H:S0.Z #7151 ¥H8-& FXA17]11 450 nmel]
A FFEE 733819 EGCGE F7I8A & T2 100%
71E0 2 st A A3t

6. 1 M4

£ A7 BEE AT 59302 39 o AAEIGith
A% A= SAS T2 ol g3l 4 AT F7
% RFUAZ AFHNL ANOVA ¥4 F o =005 +
ZollA Duncan’s multiple range test® AAI3l 2T
7] #94& AFESIh

4 3 0%

ool A B F g Aol A 33} 7|

9] Bz 7\Aute) B, A9 olF T EFHo|w uk
B0z gojif= g Ttk &) Mol Ae} A8
£ 98] HZ phytochemicald 043 L84 7ido] &
ek 7R Fake] o] ofg] GAHE F4 A mdpt
etz glo] A2 ¢AsAE 7|dEn ik o)o] &
AT AT dolide] st ZeR duA g A &
"o} Al¥Q! MDA-MB-231 celloflA] 212 A3%-91 EGCG
7} MIE] Aol HF1} Mol AN FoF 98-S 3}
= ol B3 §49 MMP-2, MMP-99] &4d0) o3t
Qg v|RE=A golr itk

=2

1. EGCGOY 43t ME B4 (adhesion) U2 Zit

A2 714¢) & F 3R] fibronecting ARt ¢
A7} Aol#g F 71A g Fasls Y5 Yokie A
& AN AdAelA fibronecting 223 plateol]
AEZ vjoksha 94 A9 receptor”} fibronecting Q!
2slod &3k 2ol receptor7t AT EHAC R o]F
3lo] 1@l 2 fibronectin®} A3 Hoh? £ A2 F
7}, EGCGE 718K 92 diz7e) vls) EGCGE 25,
50, 100 M= 2 2slEE w FaAdo] 96.3%, 70.3%,
59.5%% 50 uM oPdellA FolZoR HES F-Ao] 7t
ke A& B 5 A0 Fig. D.
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Fig. 1. Effects of EGCG on cell adhesion to fibronectin in MDA-
MB-231 cells. MDA-MB-231 cells tfreated with or without different
concentration of EGCG in serum-free DMEM/F12 and placed on
the walls coated with fibronectin. After a 1 h incubation af 37C,
the attached cells were assayed MTT assay. Data were expres-
sed as the mean *+ S.D. of at least three independent experi-
ments.
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o] dojuAl Hdl ol {02 olojX|A sk T2 @
AZ dHA Ut

Fibronectin murine melanoma cellolA 253} o]
4L Fske Aoz B Hos® AAwFE (glioma
celDoME Hgol FEE vXe HoE By HYrk™
Thant 572 ¥ 2514 fibronectin® MEK1-MARK
9} PISK—Akt pathway 2 &3t MMP-9< &443} A7l
T} 3} fibronectinel]l et 24 & ZHaA7]= A
MMP &4 742 oloj#] o] dAIE A Al %= qlck
A=

Catechin’#Z mouse cancer cell®! 3LL cellel] *&}3t
%<& o EGCG7} fibronectinell Wi #2H3-& 7H¢ Hol
ZFAZ 0w, (4+)—catechin, (—) —epicatechin, (—) —epi-
gallocatechin® 348 TAA7IA] FUcf¥= Bav) 9l
o} & rat ascites hepatoma cellgl AH109A cellollA]
% EGCG7F AZ Fa47 &8 AN 1 31510
o, 7 7102 A Ad AAZ A% ol Fok
Murine melanoma cell*lA] fibronectin®] ©Fd laminin®
P EGCGE 5 uM oPdellr FaGE THaAF o
vitronectin® type 13} IV collagen®ll thafir= GeES o]
)X Eaiiehs BaE 9lof §-2 Exlof wet FaAe]
ztol7h A 4= Q55 & Aok EF SAAEs S #
¢t adhesion A3l quercetino] 43 &3 K
o EGCGE A9olx F3e nXA] gob? £ 439
SAE AE= O FdE Btk

2. EGCGell &%t MIE o34 (motility) 34 21}

el Ao] Y F ol HEEE T AR o)F
& o] Y& & AR SHEI} gelatin®® F
=¥ PVPF filter® S7els A2 o154 24a9ch
12A)17FE< EGCGE 0, 25, 50, 100 M9 T2 A2
3198 o AE} filter ol R o]Fsle] HA N B B
&< Fig. 2A0) vepdnel 23, AEe] 8 S35}
EGCGE A23kA] 92 dizFel i3t vl&2 vepd 2&
Fig. 2B9} zrom 1 A3} 50 pMolatela $-97 o5
Hol A o] F/de stk

A 0] FAL HAAIEV AEFE Ao 25 72
A1 EAoIch® A o)FE HF (polarization), A%
7R 55 ¥4, AX 7% 7, 3 3, E7PERkE
oMo B 5o H3st WslE o]Fo Rt AX o]F
9] 7)A& focal adhesion kinase (FAK)7} G2 n]x)=
o] FAK?] Qatslrt #3iE 74 Mg o)aAE A=
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Fig. 2. Effects of EGCG on cell motility in MDA-MB-231 celis. The
cells were treated with or without different concentration of EGCG
(0— 100 M) for 12 h. After 12 h of incubation, the moved cells
on the lower surface of gelatin filter were visually counted. A: Pho-
tography of moved cell through filter coated with gelatin. B:
Quantitative analysis of cell motility. Results were expressed as %
control and data were the mean =+ S.D. of at least three different
experiments. Different alphabet represents the significant diffe-
rences among groups at @ = 0.05 by Duncan’s multiple range
test.

100 (uM)

o, FAK®] 3t} 2@ AR olFS T7HIA A0lE F
AN F Aok Feh® ALY o5/ de ot} 2
23} AJle] | AA g, A o 239 35 TS 4
3 T2tk et RS ol gL &3t Hojofl A
FAJA oz o Agel APt 1H 2 Friet
AZA s EGCGE At o Axe o] 4ol #
gk 21L& EGCGE B3l dAxe] F&3} b oA =
b oAE Ao gzEolxint,

3. EGCGOll 240t MZE A&/ (invasion) d2 2t

A oA T gelating FHF filter S S AT
Aok iR 2] AL Z1AE AR FERe
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Fig. 3. Effects of EGCG on invasion in MDA-MB-231 cells. The cells
were freated with or without different concentration of EGCG
(0-100 M) for 12 h. After 12 h of incubation, the invading cells
on the lower surface were visually counted. A: Photography of
invaded cells through matrigel. B: Quantitative analysis of invasion
assay. Results were expressed as % control and data were the
mean = S.D. of at least three different experiments. Different al-
phabet represents the significant differences among groups at
a =0.05 by Duncan’s multiple range test.
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714 o] widdo] Yojupy dulRs] gl s 2y
o} B A¥elr EGCGE AR FaAdo] =] AA| ¢
Ao E e wH 2oz AZErt EGCGE pan-
creatic cancer cell (PANC—1, MIAPaCa-2, BxPC—3)"
3} HT-1080 cel® )4 invasion¥} cell growthE <A
AlZow, et DAOY celloA+= type I collagens E-3t
invasion A&8ef4 (-)epigallocatechin (EGC) Kv} EGCG
7} invasion A 227} o A JEReH, ol EGCG
9} T2 Z gallated) 7% )2 BYTE® Murine mela-
noma cell¢] B16—BL6 cell& ©]43 A84 AN+
EGCG$} querceting X2|8t50& o quercetin #23
A& F4E Y oY EGCGY A% 4 &3} HolX
ol £ Aga= 2 AHE Ho|x ok
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Fig. 4. Effects of EGCG on MMPs activity in MDA-MB-231 cels,
MDA-MB-231 cells were plated in 6 well plates at a density of 1 X
10° cells/well with DMEM/F12 supplemented with 10% FBS. Cells
were treated with or without different concentration of EGCG
(0—-100 M) for 12 h. Medium was collected and concentrated
for electrophoresis on gelatin gels. A: Photography of MMP-2, -9
band. B: Quantitative analysis of MMP-9 band. Results were ex-
pressed as % control and data were the mean =+ S.D. of at least
three different experiments. Different alphabet represents the sig-
nificant differences among groups at e = 0,05 by Duncan'’s muiti-
ple range test.

4. MMP-2, 99 281t ¢ 53

1) MMP-2, MMP-99| &Y &%

EGCGS] A2 HEA A 723 2ol& Bo] A&A
Zgah= Tl B 549 MMP @X¢% EGCGZ} %
38 nx)=x] dolr 7] 8l zymography 2 gelatinasel
MMP—29} MMP-92] 84S ¢otrsitt. EGCGE A&
319& Wl MMP—-92] 848 25 pMolidell EGCGE A
A &2 izl vld 41.6%2) FAE o] AA
Zolty ZoE & ¥ 4 Utk =3 MMP-29] 3¢
2317} o8 oy MMP-93} 2 Ao g ZHirsh=
Ag& E g ATt Fig. 4).

MMP-2+= A2 7] Eafjo} NAEg Aol wejst
o, AAE 9 host celle]l 283t ¢4 A&-S XA
28 MMP-29 %3 AEE Ho] ool AaaArt 3
gy B3 51 glow " MMP-99] 79 A4 AlZelxE
2] okon A AP WY, A FE, o Hold
S7ETT th? B AFeM= EGCGEl A2|E MMP-
29} MMP—92] &4do] Zhashs A0 F Yepton oj7ie
7144t £ AR olojxe F&IPPo] TaHE R
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Fig. 5. Effects of EGCG on the amount of MMP-9 in MDA-MB-231
cells. Results were expressed as % control and data were the
mean * S.D. of at least three different experiments. Different al-
phabet represents the significant differences among groups at
a = 0.05 by Duncan’s multiple range tfest.

B}

EGCGE UM-SCC—1 cell& °]43t MMP-9 &4 34
A& PMA (phorbol 12—muyristate 13—acetate) &
H7¥sle] Wdo] 718 MMP-9& A Al7l= AFE &
Ath? QA gt AlEQ AGS cells £ A3} 2 A%
£ rgon o} transcription factorq! AP—13} mitogen—
activated protein kinase (MAPK) 9] &4jo] dAz 5o
MMP-9¢] 840} #ashe Zojeta silck® £ A
AYA A2 DU-145%F fibrosblast conditioned me-
dium (FCM)& o]&3lo] MMP—2%} MMP-9-¢ f& ¥
% EGCGE A8lde w) MMP-92] #4o] HAESe
1} o] ERK1/2$} p38<] QAtst YA, transcription fac-
tor c—jun¥ NF B A2 98& ¥ 202 BI®
o= A9 F7H% sk £ uet MMP-24
MMP-9¢} A} 7}do] thatd ROF Boj & AFeA
T MMP-2¢ MMP-99] A 714 A7t & o 388
Aoz Azrsch

2) MMP-92| ¥
MMP-99] 843 Axgz ¥ulg MMP-92 9] #
AS ¢7] 98] ELISAS $3 MMP-92] &2 333t
0] zymoraphy & €ol2 MMP &4 o4l =7} MMP
Eulok o] w2 2% opH MMPE #u]%el= 2+
o7} glout B4 Aele] e uXE HAA Yolr7]
golgictt. 1 A3 EGCGE AE$ AXY mediume 2
Bo)g MMP-99] && EGCGY 557t 571 855 74
gglon ol= MMP-92] 847 22 Aot} (Fig. 5).
= B|&4AZ 3Tzt proteinasedl & B4F 2
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MMPZ #3HA =o], MMP2] 84 32 ZAE &4 (pro
MMP) B4k, JAE &40 843}, Ao AAFez &
Ashs Ui AsiAlel 23 BY a4 A F Al 7
AN o]FojRTL® o]of ths EGCGel 2% MMPS]
A7} kol sl ojmidt 7jA oz Qlal] dojuk=A]e] i
o dFalof & Feu) Qltka AlgEch

B o= =3} catechin §54¢ EGCG7F Q1A f1ket
A E MDA-MB-231 celle]l Q101 X&) o] g 4
oo #HP FAQ MMP-2, MMP—92] &/l ojuijst
JE v)x)=x] Lotttk EGCGE FEF 0, 25, 50,
100 pMZ Agst] e AYeH S W EGCGx ¢
ol 3 F 714 @Az Rashs AEE gokEe Al
£ 247} gelatin filterS F78H= 0154, matrigel
o g FeAS AT Zo] AT = EGCG
27t FHE HEA sk duE 249 MMP-
29} MMP-9¢] #8438 A7l Ag 833 T 5 AN
t}. MMP-99] ¢ =3 EGCGY sxol wet 743y
MMP-9 843} 72 RS Bd, &8 22 EGCGE
FRIE] Ho) #HE AR APt e, MMP—
2, MMP-9¢] @47 MMP-99} & 2% ZaAr)7lEe A
oz veh} a7} oF ot gk opa} ko] X g &7
AE AFE AR T AME F At 7RSS BT
ko2 = o AAIE 71 47} MR Fed A
2 Balr},
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