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The Effect of Epicatechin on the High Glucose-induced TSP-1 Expression and
MMP-2 Activity in Rat Vascular Smooth Muscle Cells

Gyeong Ryul Ryu, Jung—Hoon Kang, Kyong-Ja Hongl, In-Kyung Jeongz, Hwa-In Jang,
Duck-Joo Rhie, Shin Hee Yoon, Sang June Hahn, Myung-Suk Kim, Yang-Hyeok Jo, Myung-Jun Kim

Department of Physiology and Biochemistryl, College of Medicine, The Catholic University of Korea;
Department of Internal Mediciné’, College of Medicine, Hallym University

ABSTRACT

Background: The incidence of atherosclerosis is well correlated with the progression of type 2 diabetes
mellitus. High plasma glucose in uncontrolled diabetic patients evokes many vascular complications such as
atherosclerosis. Specifically, high glucose was reported to induce thrombospondin-1 (TSP-1), which activates
matrix metalloproteinase-2 (MMP-2) and leads to the invasion of vascular smooth muscle cells (VSMCs) into
the intima. Catechins with antioxidant effects are known to inhibit MMP-2 activity. Therefore, this study was
aimed at revealing the effect of epicatechin, one of catechins, on high glucose-induced TSP-1 and the
invasiveness of VSMCs.

Methods: VSMCs were primarily isolated from Sprague-Dawley rat aorta. The VSMCs were incubated with
different doses (30, 100 and 300 M) of epicatechin under high glucose concentration (30 mM). The TSP-1
protein and mRNA expressions were analyzed by performing Western blotting and Northern blot analyses,
respectively. RT-PCR was performed to observe the MMP-2 mRNA expression. Gelatin zymography was
performed for the measurement of MMP-2 activity. Invasion assays were performed to evaluate the
invasiveness of VSMCs.

Results: Epicatechin inhibited the high glucose-induced TSP-1 expression and the MMP-2 activity in a
dose-dependent manner. Also, epicatechin inhibited the high glucose-induced invasiveness of VSMCs across the
matrix barrier in a dose-dependent fashion.

Conclusion: Collectively, epicatechin may prevent the high glucose-induced proliferation and invasion of
VSMCs by inhibiting the TSP-1 expression and the MMP-2 activity. Therefore, epicatechin appears to play a
protective role in the development of atherosclerosis. (J Kor Soc Endocrinol 21:302~310, 2006)
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FW7dsle] -t QIRLE # < thrombospondin-1 (TSP-
o] AAE L k. TSP-12 thrombing *2]gh Pihol]
Al Hxg s SARAT7], ERELZAE Y ATAIE
A E(renal mesangial cell)E B3 clokgh A|Zol|A] &
A=l AE v g BEals]w, AlEZe] F2) o] gl 4]
o] Aofsl= Ao deiA UrHs9]. IEE Exdel =
=% EEATAEAA WRlat Bulr S7F TSP-12
A|E2]7] A (extracellular matrix)2] JA-S ZTHA|F)2L A2
o] Rt o]Fel| Hofsh= ZHE QUAS} matrix metallo-
proteinase-2 (MMP-2)E ZASHAA FWEs TS st
© ez 4eiA ShrH10~12]. 53], TSP-1 whlAL- vhe
AlFE2]71A et MMP-2¢1] thgh x1ste o] wikg- zom, A
Ao} AAZF =z (posttranscriptional mechanism)S £3}0]
MMP-2& 4371 AeE d#A 9lrhe,13].

MMP+ 2 14], E3<d[15] 2 E3 &4 5 7139 A
FATA16]014 F23t &S Skl MMP-2 (gelatinase
AT EWELZAEANA EolEE HEHQ] MMPEA]
type IV collagen¥} heparin sulfate proteoglycan®Z -4
9 AAeke Shelsich MMP2E HIZAIES] pro MMP-2
Z Hols]o] AlERbo)] $1%X]8t membrane type-1 MMP
(MT1-MMP)ol| &Jall Fali=lo] 245 7 MMP-22 %%t
HeH17]. MMP-2& A4 2704 F3gdaZAIE9] o]
Z9} m7lste] kel A& A (vascular remodeling)
+ 9dsls AoE Hawam Qlrlis).

Catechin A|%F-2 AlAlollA] chelst el vl ofe]3]
£ UERick 53], catechin AlFe] 3RS thE
3} A9l vitamin CU} vitamin EXc} ¢ 7323}
HA IrH19]. Catechin®] 3HiI8HArE0 2 Qlalo]
hlllow density lipoprotein) Akl Ao} 7 Al
B3 ayl= oA QAITH20], catechin®] SHESTA|E
o A E o] TPl Hue wWA gk HE
catechin®] EPHITZAEANA MMP-2 SAS THEAIA
AZe] o|FE FEAZIThR: Hal glow[13], p53 vk
AS SAAA FA A EiEEIAEY] AN

= o
7‘4—3—

Aoz

—

SP-1 W&z} MMP-2 Aol w|X]:= Epicatechin®] &3} —

(apoptosis) & =3 = Eart 9Jel21]. 28U 2Es
Frrdo] X3k TSP-1 WH&lol] thgt catechin®] &3 of
Z Hagl v} glck

webA] EPHEZAFANAN aFE EEo|
TSP-1 U&7} MMP-2 24 catechine] ARI=AE
i gl B eollA] EREe 24 catechin®] Ko
AR DA et 5
s AAE ¢ Je= XNEH M ARskel=)
AzbEe), gejuE Fudslge] WhRIAE AXEE &
PG| EN 2] TSP-1 LI} MMP-2

A2 FA]
© & catechin AlQol] 43} epicatechin®] 288 ZAs}
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LE

o o o
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1. AleF

Dulbecco’s Modified Eagle Medium (DMEM), fetal
bovine serum (FBS)¥} Hank’s balanced salt solution
(HBSS)< Gibco BRL (Grand Island, NY, USA), 100 mm
culture dish, 6-well plate®} 12-well platex= Becton
Dickinson Labware (Franklin Lakes, NJ, USA), cell lifter
Corning (Corning, NY, USA), (—)-epicatechin (EC),
Gelatin Type A, Elastase Type III®} alkaline phosphatase-

conjugated anti-mouse antibody< Sigma (St. Louis, MO,
USA), Collagenase Type 1= Worthington Biochemical
Co. (Lakewood, NJ, USA), BCA protein assay kit
Perbio Science (Erembodegem, Belgium), Top—PfuTM DNA
polymerase= Bio-online (Seoul, Korea), Western Blotting
Luminol Reagent= Santa Cruz Biotechnology (Santa
CA, USA), RNA STAT-602 TEL-TEST
(Friendswood, TX, USA), anti-mouse thrombospondin-1
antibody+= NeoMarkers (Fremount, CA, USA), First
cDNA Synthesis Kit,
conjugated anti-digoxigenin (DIG) antibody2} CDP-Stari=
Roche Diagnostics (Mannheim, Germany)Z-5FE] 1313
t}.  Epicatechin® DMSO°l o] ulizoll d7}s}3x,
DMSO2| % 02%5 Z3slA] gkok

TEXA T

Cruz,

Strand alkaline phosphatase-

o
o

2. IS YoM &

s A gTAIE= Sprague-Dawley (250~300 g)
AlRRe] 5743 5] g Arisle] Hao B Yu[6]
2] ¥hHol] w2} collagegnase$} elastases o]-83slo] Hals}
ek = AL US| feEleldsieh w=e]
The National Institutes of Health Guide for the Care and
Use of Laboratory Animals (NIH Publications no. 80-23,
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reversed 1996)5 5319tk vl & AEsle] 743} 71
909 e el F 7K HBSSE SAllo]
NS AAZ &, 88 1 [collagenase type I (315 U/mL),
elastase type III (0.3 U/mL)]-S 7}sle] 37°C rllokr]ol|A]
307k ieksisiet. s AuslolA] tise] oqts Al
7saL V] F7128 HBSSE FAlslgIcl Heldt &7¢
29 1~2 mmA°|E A2 L8 |1 [collagenase type I
(315 U/mL), elastase type III (0.9 U/mL)]E 87}s}o] 3
7C wHF7lollA 2A17F E3F wiekslsde). o]% 10% FBS<t
A [penicillin (100 U/mL), streptomycin (100 U/mL)]
7} Z3 DMEM iRE A & 5% CO7F 3H%lE 3
7C 2571004 wiekslick BE A 3~83] Al
vfjolst AIES ALsldcl 6-well plateol] 1x10° cells/mL
Z AIEE uljokst ¥ 100% confluencyoll =3P dXo]
e vIAE 242)7F wilekslSie) o] F EE5.6, 11.1, 30
mM)3} epicatechin (30, 100, 300 pM)S 2lslsich

3. TSP-1 CHHZEl 4t
blot

gt

EAIE I8t Western

TSP-1 5hd WS 3Pdsly] 9lste] Ryu 5{22]¢] W
HHell 1o Western blote Al2¥laict. Egd A=z
FEH30 mM) 2 epicatechin (30, 100, 300 UM)2 484]
7F Aeldt 3 LIPA 2925 mM Tris-HCl, pH 7.4,
0.1% SDS, 0.1% Triton X-100, 1% sodium deoxycholate,
150 mM NaCl, 1 mM EDTA, 1 mM Na3;VO;, 1 mM
PMSF, 10 ug/mL aprotinin, 5 ug/mL leupeptin) &2 A=
5 SN eE(30 pg)S 8% SDS-polyacrylamide
gelollA] A7194EE oo} =] Wz Helelslek, olF o
WALS- nitrocellulose ZHNC ZhHo g o] FA17]1 & &k4et
R ko) w]Sol el ARe Askels] Selo] 5% 2
E471 3k TTBS (20 mM Tris-HCI, pH 7.4, 125 mM,
0.1% Tween 20) -&<HollA] 1A HEGAIZACL o|%F 3% &
A 567} Z3k=l TTBS®N TSP-1 34105 ng/mL)S 7Fsh
o] 4CollA 16A17F HEEAZEL ©o|%F peroxidase”} FA1H
o]x} &A|(0.5 pg/mL)E A7ksto] Aol 1417 REAIZ
t}. TTBSE G4 & luminol £HOF X-ray LFol| 7
AlA immunoreactive bandS &elslic) w=sk 7k Al
o] FFe] AR Western blote A|3¥3F 715 2l
7] $Jsled NC 98- Ponceau S 34 =t B-tubulin (52
kDa) &AHZ blottingsich

s

b

o N
O
Sl o

U
o

4. TSP-1 mRNA 28 XAIE 2|8t Northern
blot analysis
A ZNA TSP-1 mRNAS] Wl #dsly] 2t
o] Kim 5{23]2] "hol] F510 Northern blotS A3¥s151
v} a3l 55430 mM) 9 epicatechin (30,

100, 300 IM)<- 24417+ X2l § STAT-60 §HE o]-8s}o]
RNAZ Halsldch RNA (10 ng)S 2% formaldehyde”}
¥3% 1% agarose gelolld] Z7]d5-& Als¥slgic). olF
Turbo BlotterE ©]-83}o] nylon Ztel]l RNAE- o]5 A]7] &
UV crosslinker (Stratlinker UV Crosslinker 1800, Strata-
gene, La Jolla, CA, USA)E RNAE "hol] ;22X 7} =t
< AP} @)= prehybridization 8°8(7% SDS, 50%
formamide, 5xSSC, 2% blocking solution, 50 mM
NaH,PO, ®2H,0, pH 7.0, 50 mM Na,HPO, ® 12H,0, pH
7.0, 0.1% N-lauroylsarcosine) 2.2 55CollA4] 1X]7F HFE-A]
7 v]5old Agg Akt &, digoxigenin-11-dUTP (DIG,
Roche Applied Science, Mannheim)”7} A% TSP-1 &%
A2 A7kslo] 55CollA 16A17F hybridizations 383133
t}. Nylon 22 0.1% SDS7} Z3Fs) 2xSSCE AHLollA] 15
&, ololA] 0.1% SDS7} 3 0.2xSSCE 55TollA 158
FAlstIe). o] alkaline phosphatase”} ¥4% DIG 4|
£ Hzlslo] 713 28100 mM Tris-HCI, pH 9.5, 100
mM NaCl)oll4] CDP-Star (713 $1Zolo]| 1:1000.2
3|42 o]-8slo] Xray T-Foll ZHGAIF) S RNAZ
Northern blotE A|3YH=A1E 18S9} 2852] ribosomal band
Z 3elslgict DIGZE FAE TSP-1 ©242K1,285 bp,
accession number: NM_003246)+= Dr. W. A. Frazier
(Washington University, School of Medicine)7} A5t
human TSP-1 plasmid cDNA (pBlueScript-TSP-1)-& %
°o& % 7o) AMEA|(forward, 5 -CAATGGCAAGGCG
GGCACCCTGG-3 " ; reverse; 5 -GCAAAGCAGGGATT
GGACAGGCATCC-3 " )& o]-&slo] 3HAlslgict

5. MMP-2 mRNA &S 28 QAL SEIEL
AMHLS(RT-PCR)

A ZTA|FollA] MMP-2 S dsl7] Slstol o
AN FREAAMNEES AlBsiel. FabEe2Al el 30
mM ZE23} epicatechin (30, 100, 300 IM)Z 24|17+ 2]
23k & RNAE FZ3190tk RNA | ngs 53O F First
Strand cDNA Synthesis KitE o]-83}o] ©ld7}=t cDNAE
eIk Akl 2159] MMP-2 542K GenBank
accession number: U65656, 851 bp)E vlgoz ARl
thforward, 5 ' -AAGGACGGACTCCTGGCACATGCCTT
T-3 ' reverse, 5 -CCAGTACCAGTGTCAGTATCAGC-
37). UZFOE GAPDH (451 bp)E Mt
(forward, 5 -ACCACAGTCCATGCCATCAC-3 ’;
reverse, 5 -TCCACCACCCTGTTGCTGTA-3 ). <44
HES- & wkgolo] /108 thermal cycler (GeneAmp PCR
cycler 9700, Perkin Elmer, Norwalk, CT, USA)ollA S
siodet. SFE A2 1% agarose gelollA =7]ol] wlg} &
2]8}aL ethidium bromideZ 3A4s}tod UVslollA] band2] 4

- 304 -



B
3 [ Medium %
I Gytosol
*
oy
%ﬁ 2
g5 * *
=R
£
S‘QL ﬂ
0
GLUmM) 5.6 1.1 30

Fig. 1. The effects of high glucose on the expression of
thrombospondin-1 (TSP-1) protein in rat aortic vascular
smooth muscle cells (VSMCs). VSMCs were incubated with
glucose (GLU, 5.6, 11.1, and 30 mM) for 48 h. (A) Total
proteins (30 pg) of cellular lysate (cytosol) and medium
were separated and analyzed on a 8% SDS-PAGE, and
Western blot analysis was performed as described in
Methods. Equal loading of cellular lysate was verified by
probing the same blot for B-tubulin. (B) TSP-1 levels of
cytosol and medium were determined by scanning
densitometry of immunoblots. TSP-1 levels of cytosol and
media under 5.6 mM glucose were set to 1. Data are
expressed as mean * SD from three independent
experiments.

* P <0.05 vs. 5.6 mM GLU.

A A W9
6. MMP-2 &4 EHZS 2|& Gelatin
zymography
HIHLZA AN MMP2 A4S BEsP] $Isled

Lee 5{18]1¢] Wbl u}e} gelatin zymography & A|28133
th 30 mM EE%3} epicatechin (30, 100, 300 tM)=S- 48
AZE A2l ¥ oeiklE 1 gL gelatino] X3 8%
polyacrylamide gelollA] A7]d5s Al3¥sldcl A7|9%
% 2.5% Triton X-100 SNollA] 1587F AlskaL 50 mM
Tris-HC1 (pH 7.8), 10 mM CaCLE A|\d o & 37T
o] 24A|17F HFA|Zt). ©]% Coomassie blue R-250°2.2
FAslaL MMP-2 #HAdol] oJslo] il gelatin band & 2
Zaioiet. A719d5S A3k Al 5o ok AA| skl oF

o B4 F Agege

TSP-1 W&z} MMP-2 #Alef] u|X]:= Epicatechin®] &3} —

. ETHEHEZMEZS| 0|F ZAIE RIst
fibroblast conditioned medium (FCM)Q|

=]

FCM-2 NIH 3T3 AlZ(ATCC, Manassas, VA, USA)S
o] gl DMEM HiA|ollA] wijelsled <d9ick NIH 3T3
A|E7} 70~80% confluencyl] =214, ascorbic acid (50
mg/mL)7} E3HE PHo] 9l= DMEM HIAZ s2xlsloe] 3
7ClA 24417k wiekslgict. o] wiekelS- 10,000 gollA] 10
1 AAEElEle] ekl o] AREE Al Agsh
7] A7A -80°Cell #A-sl3ick.

k|

8. ETEEIIN|ZO| 0|F ZAIE I8t invasion

assay

A1 O

A2 Matrigel F552 <71 $1810] Albini
5124191 WHell wel 8 mme S
pyrrolidone-free polycarbon filter7} 1%l Transwell cell
culture chamber (Costar, Cambridge, MA, USA)E o|-85}
o] invasion assayE A|Z¥sIIrk Polyvinylpyrrolidone-free
polycarbon filter $loll 40 ple] Matrigel (0.5 ug/mL)<
coating3t ¥ AollA 1417 Z=AZcE o]% 100 1
DMEM 74 w25 Matrigel 91oll 371s}0] 30427F -2l
A WXsle] Matrigels $HsAIZCE 4171 100 pLe]
DMEM A4 viRE A3 & 25 45.6 mM, 30 mM)Z}
epicatechin (30, 100, 300 pM)°] Z3F=l 100 uL DMEM ®
AZ H7kska of7)6l] SUHBTAEES 2x10° cells/mLE
platings}Ark. B8 Matrigel $15-olli= 700 UL FCM<
Z7ksladet. 37°C 423571(5% COx/95% Oy) A 244
7k vlek % filter 1%l 4= MatrigelZ} o]5=31A] ¢k &
ELTANES HEo R AAs, o]F3lo] filter ofeloll
X8 APHSZAEE 2% paraformaldehyde SO Z
AIFEE 38830ck ©]% hematoxylin §Ho& JAslo] 3
S&u|7dslollAl 200 v WEeldck g Aee do=

ARE oAl Stelld] I AlE 5 Fdste] vEbick

A polyvinyl-

9. SAIXNE

A= A + EFEAE BB e, AdTE
Alo)e] H]ZE Prism
Diego, CA, USA)E ©]8s}o] one-way ANOVAZ F-As}
Q7 AL AL

7o

shgick B el P < 0052 Higick

software (GraphPad Software, San

Bonferroni multiple range t-testg ©]-&
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Fig. 2. The effects of epicatechin (EC) on high glucose-
induced thrombospondin-1 (TSP-1) protein in rat aortic
vascular smooth muscle cells (VSMCs). VSMCs were
incubated with glucose (GLU, 5.6 and 30 mM) and EC (30,
100, and 300 uM) for 48 h. (A) Total proteins (30 pg) of
cellular lysate (cytosol) and medium were separated and
analyzed on a 8% SDS-PAGE, and Western blot analysis
was performed as described in Methods. Equal loading of
cellular lysate was verified by probing the same blot for B
-tubulin. (B) and (C) TSP-1 levels in cytosol (B) and
medium (C) were determined by scanning densitometry of
immunoblots. TSP-1 levels of cytosol and medium under 5.6
mM glucose without EC were set to 1. Data are expressed
as mean = SD from three independent experiments.

* P < 0.05 vs. 5.6 mM GLU without EC.

t P < 005 for 30 mM GLU with EC vs. 30 mM GLU.

2

Kl

SEO| ZEE0| =& TSP-1 2o O]

X|= epicatechin®| &

QPP AT FEo] FE TSP-1 WIS

-
gol

A

EC (uM) 0 0 30 100 300
GLU (mM) 5.6 30 30 30 30

TSP-1 | A D S i

—_
(=1

+f

_
2y
o S
g &
£ g *F
o o
Q5
Al

o
n

0.0
GLU (mM) 5.6 30 30 30 30
EC (uM) 0 0 30 100 300

Fig. 3. The effects of epicatechin (EC) on high glucose-
induced thrombospondin-1 (TSP-1) mRNA expression in rat
aortic vascular smooth muscle cells (VSMCs). (A) VSMCs
were incubated with glucose (GLU, 5.6 and 30 mM) or EC
(30, 100, and 300 pM) for 24 h. The levels of TSP-1
mRNAs were measured by Northern blot analysis. Equal
loading of sample (10 pg) was verified by the ribosomal 18S
and 28S bands. (B) The levels of TSP-1 mRNAs expressed
under 5.6 mM glucose without EC were set to 1. Data are
expressed as mean * SD from three independent
experiments.

* P < 0.05 vs. 5.6 mM GLU without EC.

t P < 0.05 for 30 mM GLU with EC vs. 30 mM GLU.

TEEH o7 Frkslglon, EAFATA| T viA 2
EH1E TSP-1 shAE Ewko] Fiedl uhe} Frbsick
(Fig. 1). 3E%9] Txdo] §%ak TSP-1 whulA ulol]
gk epicatechin®] #-8-8 H7] $Js}od, epicatechin (30,
100, 300 pM)@} 30 mM EES FIH I Fol| A2
slo] TSP-1 Thild a5 siick 30 mM £l
F53F TSP-1 593 W8-S epicatechin®] HEoEH o
B ZHAAIZtHFig. 2A, 2B). B3t F3EEAE 2
H]E TSP-1% epicatechin®] Fxol e} 74l ch(Fig.
2A, 2C). ETFHITA|Z A epicatechinol] 2]gF TSP-1
chid Wk o] 2k47) TSP-1 AA Y 71dsh=A1E 4]
o2 ZRlsl7] $I3led TSP-1 mRNA g ZARIc
FEe] FEtdd TSP-1 thild wdyl gASE ofFdo =z
TSP-1 mRNA WS Z7}A17 o, epicatechine TSP-1
mRNA ®FAS 7hAA)Z ek (Fig. 3). ¥]S TSP-1 promoter
SHE =AREA ekkAIRE, o]#idk AI= epicatechin©]
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EC (uM) 0 0 30 100 300
GLU (mM) 5.6 30 30 30 30

EC(uM) 0 0 30 100 300
GLU mM) 56 30 30 30 30

B

Pro-MMP-2
Activated MMP-2

C
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—
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+f

e
[

MMP-2 activity
(fold increase)

0.0
GLU(mM) 56 30 30 30 30
EC (uM) 0 0 30 100 300

Fig. 4. The effects of epicatechin (EC) on the expression
and activity of matrix metalloproteinase-2 (MMP-2) in rat
aortic vascular smooth muscle cells (VSMCs). (A) VSMCs
were incubated with glucose (GLU, 5.6 and 30 mM) with
EC (30, 100, and 300 uM) for 24 h. The expressions of
MMP-2 and GAPDH (as an internal control) mRNAs were
measured by reverse transcription-polymerase chain reaction
(RT-PCR). The PCR products were resolved on a 1%
agarose gel and stained with ethidium bromide. (B) The
activity of MMP-2 was measured by gelatin zymography.
Medium (25 pg) were separated and analyzed on an 8%
polyacrylamide gel including gelatin (1 g/L) as described in
Methods. (C) By scanning densitometry, level of MMP-2
activity under 5.6 mM GLU without EC was set to 1. Data
are expressed as mean * SD from three independent
experiments.

* P < 0.05 vs. 5.6 mM GLU without EC.

¥ P < 0.05 for 30 mM GLU with EC vs. 30 mM GLU.

ohube A4 Dol TSP-1 WaE olAlslelel A4

2. IsEo| ZTE0| R8st MMP-2 EM0j 0]
e
—

epicatechin®| &1}

FEe] EEddo] §538 TSP-1 o] MMP-2 W&z}

TSP-1 W&z} MMP-2 #Alef] u|X]:= Epicatechin®] &3} —

F

_
[
:
—

Invasion
(fold increase)

=3
9]
1

0.0
GLU (mM) 5.6 30 30 30 30
EC(uM) O 0 30 100 300

Fig. 5. The effects of epicatechin (EC) on the invasiveness
of rat aortic vascular smooth muscle cells (VSMCs) using
Matrigel-coated filters of Boyden chamber. VSMCs (2x10°
cells/mL) were placed into the upper chamber of a Boyden
chamber and were incubated with glucose (GLU, 5.6 and 30
mM) and EC (30, 100, and 300 pM) for 24 h. VSMCs
migrated through Matrigel-coated filters to the lower surface
were fixed with 2% paraformaldehyde and were stained with
hematoxylin, and were counted for 5 high-power fields per
well. The migrated VSMCs under 5.6 mM GLU without EC
were set to 1. Data are expressed as mean + SD from three
independent experiments.

* P < 0.05 vs. 5.6 mM GLU without EC.

¥ P < 0.05 for 30 mM GLU with EC vs. 30 mM GLU.

a4 , o]oll &t epicatechin®] AT} ZAVs:
ek FEe] ¥t X2l MMP-2 mRNA 2Hlof] w3}
okotorm  epicateching ¥ Helslgs vz
MMP-2 mRNA HFlol| wislr} 2]%] QIghrh(Fig. 4A).
MMP-2 mRNA ®&i3le 2e] 2559 592 MMP-2
XS ZTIAZ o, epicatechine FE2E4 0 F MMP-2
S FolskAl Al EKFig. 4B, 40).

&

3. I5E9| EITE0| REE HEMHEZMES
O|==0]| O|X|= epicatechin®| &1}

arEe] o] HARHITAE] o]Fel| wX|=
S WH3l7] $18lo] Matrigels ©]831¢7 invasion assay
AsIgicFig. 5). EEe] FEdol ofsle] PagH
AIE2] oF 40% 7} o]F83l o, epicatechind FEIE
o Fudo] frd PAPUTAL] o|FE 74417
ok o] Az wipEe] Tl osje] Hulrt Zvka
TSP-10] MMP-2 #4-S- Z7FA17# Matrigel 28llE Fdst
o] SUHHIAL o]FF 28 Ao Az we}
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