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Abstract — The process of atherosclerosis begins through secretion of inflammatory cytokine or
adhesion of leukocyte from damage in blood vessels and transmigration. This study was conducted
to investigate the effects of delphinidin chloride (DC) in the initial process of atherosclerosis on
the expression of ICAM-1 (Intracellular Adhesion Molecule-1) and VCAM-1 (Vascular Adhesion
Molecule-1) related to adhesion of leukocyte at the HUVEC (human umbilical vein endothelial
cell line. As a result, cell growth inhibition rate at 50 UM was respectively 4, 3 and 5% without cell
toxicity. As a result of morphological observation monocyte-endothelial cell adhesion assay and
optical microscope carried out to measure attachment of mononuclear cells to endothelial cells
induced by Tumor necrosis factor-alpha (TNF-o) at concentrations without cell toxicity, DC con-
centration-dependently suppressed attachment. When effects on the expression of VCAM-1 and
ICAM-1, cell adhesion molecules induced from endothelial cells by TNF-o, were comparatively
analyzed using western blot analysis and RT-PCR methods, protein of VCAM-1 and ICAM-1 and
expression at the level of mRNA were concentration-dependently reduced. Taken together, the
results of this studies provide evidence that DC possess an anti-metastatic activity.
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 ohfel AT Hage) WA fae] 27}
o o] 2% o] Bal o} AIpAEA 7 e
fof 98] dofdr} A EEA-22) (vascular cell adhesion
molecule, VCAM-1 : intracellular adhesion molecule, ICAM-
DE BATY Hag FAsku o4e 53 dwtol

Wl HFERA SAGIA L AN, &
A9 WAz AHG AZHAAAL VCAM- 13
ICAM-1 5] Walgo} chape] o) 7el TAZT7} )
Ttz o2 AR So) bt} (Frostegard et al. 1993).
o]t 4 ZFollA] PDGF (plate derived growth factor),
bFGF (basicblast growth factor), TGFp (transform growth
factor ), TNF-o (tumor necrosis factor), IL-1 (interleukin-
D.IL2 59) we FRe) ARadash Aelmvlelo] ¥
vlxo] M Z7F] chemotaxis®t ZA]e] Al g Toghe}

L

= el FREWEA A g RAgEdH o
T2 AR} Abel 2Tl Boll B3 AUt 71453
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A3 WA el M A zRapate] wae H4E
7 mHE s A W A S e A
el F8% A%E Aok A gk (Barnes

and Liew 1995).
VCAM-1-2& HF2 88 superfamily] &b wh
Az FHTE 9SS P 327 very late
antigen-4 (VLA-4)¢} 7338t 3r el x ¢} (Osborn er
al. 1989; Elicies and Arrmara 1990), %38} o] 2-x}2] wulgl
2 ApolEsbele) FRsh AEFR Wl o we
A27E Bolx= Aoz e g ok (Swerlick er al. 1992;
Haraldsen et al. 1996). ICAM-1-& W 9ule.3} Ao =
2% /P EdEA o] shx] AgtelA LEE
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HH Abe] €719l TNF-a= FAH5 78] &Atel A
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F+ed 3} (DiDonato et al. 1997: Ross 1999).
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Fig. 1. Chemical structure of the Delphinidin Chloride (DC).

g Zlola gL A g AL b 0= cyanidin
32} hydroxyl 717} 8t o] @2 delphinidinel] €8+ 2
oleh. 1 g owE Ak 24-g vk B HE
#slel gkt % g91F, DNA £4e] M5 Fof &z}
A Aoz odelx gluk w3k A[H I 7] e] Folx]
Soaek AR AR 9 " o gy,
of &7} glohar A Sl

2 Fo M gtEAlol o] £HF oA delphinidin
FE o83l A=

chloride (DC)7} A7+ A WAz
BaRzle] i ) WM zel| el Rkl gk
w3 vwE B3 S5 Aste nAE odgke] Ha o

Fehaa} ek

LAIE vk

¥ Ao Abgd <dzbs s W9 M 25 (HUVEC:
human umbilical vein endothelial cell line)= Lonza Walk-
ersville, Inc. (Bethesda, USA)el| A, human monocytic leu-
kemia cell2 BB £ % U937 A £F= American Type
Culture Collection (Bethesda, USA)Z3E] H.ok wlo} o]
Ao Abg-steivh HUVEC Al 252 wjekg wix&
EGM-2 Bullet Kit (CC-3162, Lonza Walkersville, USA)E-
TEIA ARS8k T, U937 M 25 v oF48- vl %= DMEM
(Gibco, USA) vl ekeloll 10%2] fetal bovine serum (FBS :
Gibco, USA), 100 U mL-" penicillin3} 100 ug mL~" strep-
tomycin-g F7}sle] AbgEtgieh M Z w2 75 cm’
wiekg Zetaziel] dAeke] wiFRE Hel 37°C, 5%
CO-2 #AE CO; 3-27) (Forma Scientific, USA)el| A
wjoFaleint. wiokdl AlEE 0.25% trypsin-EDTA (Ethyl-
ene Diamine Tetraacetic Acid : Gibco, USA)ZE 2§ A]Z]
% 0.4% trypan-blue 2 @M slo] FJAA7 2 NZ2SE
A stgleh Al ZAEEA L ekE AZE 96 well
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plate (Nunc, USA)el] 1 x 10* cells well“O] =2 A=
FH-Bg 200l H-F3fe] wiokst F Aol Algs}

1.

2, M| ZA 2§ ZA (MTT assay)

MTT assay:= Mosmann B} (1983)of) whe} Alsishsd
o} HUVEC M Z=FZ 5x103cells mL-! AlZ 42 A4
gF & 96 well plated] 200 uL¥ FF35}led 244]7F Zq}
WFsT of7) ol Al TPE w0z

TSR 2447 Fob b wlekeldt v oFl-S MTT
AleF 200ug mL~'7} 23HEl wiekd o2 waksta 34|17
o AREAIFE 3417 & owokdl g w2l DMSOE
200 UL well ' & ol SE7F Ale upxlate] T 7
A<l formazang £ A7l F microplate spectrophoto-
meter (Bio-Tech, USA)YE. 570 nmel|A] &4 &} ).

N

3. Monocyte-endothelial cell adhesion assay

HUVEC M 2.5 wjcksled 48 well platesl] 412 & DC
= A7+ 29k A8t TNF-aZ 6417 b #2]s}
vt L & HUVEC A& PBS= 23] A A&} U937
A3zl fluorescence dyeql 2’,7’-bis-(carboxyethyl)-5,6-
carboxyfluorescein (BCECF, Molecular Probe, USA)Z 10
HMQ] =x2 (A7} Eo} 37°C°ﬂ/\1 ) oka],oq oa,xus}\:}
BCECF dye& X8t & DMEM wjz| 2 23] |35}
o} o] A mAH 25x 105712 U937 MlZ£E HUVEC
Aol F7HgE F 1A S-F wioFsig ek ez v
HA &2 HEy PBSE A AT oM Zol] 3t
¥ U97HZE pH 8.0, 0.1% SDSE &-§3F 50 mM2)
Tris-HCl S 0.8 3 A]7]21 ©]59) FAAHEE excita-
tion 485 nm¢e} emission 535 nm I}AFe| A spectrofluoro-
meter (Thermo Electron, Finland) 2. 23] 3} o).

4 RNA 27 @ 5 FIA S RT-PCR)

VCAM-1, ICAM-12] mRNA #3t2 #as7] <)
AX AL FF & 442 (reverse transcription polymerase
chain reaction, RT-PCR)&- A}&-3}43t}. vljeFdl HUVEC
AEE PBSZ 23 AHshy YR FHHA e
DMEM3#} DCE A g]sle] 1A 7F £<9F Ax]g] & TNF-
o2 3AI7F E<F Aesle] wjeksl & A= ] RNAES
Falgdol 92 ¥8-2 avian myeloblastosis virus
(AMV)®] dA-ALE A I oligo dT primerE o] £33
42°Col| A 608 Z-9) ‘ﬂ'% 99°CellA] 527} 71d3s)lx
24 dgel Yo AR} abE HBYI A7)m AY
¥ cDNAE linear strand AYe| 2 £33 =2 3}9ich A

AE cDNAZ o] &8}ed target geneol] Al Ql primer
9 Tag polymeraseE ©]-&-3}le] PCRE 433t} PCR
uh-Sol| AlL-E primerEe] Q7MY ICAM-1 (5-CA-
GTGACCCATCTACAGCTTTCCGG-3", 5-GCTGCTAC-
CACAGTGATGATGACAA-3); VCAM-1 (5-GCTGCT-
ACCACAGTGATGATGACAA-3’, 5-CGCATCCTTCA-
ACTGGCCTT-3"), GAPDH (5-GGTGAAGGTCGGAGT-
CAACG-3’, 3-CCAGTAGGTACTGTTGAAAC-5)5 3
sl ek PCR 8FS- 2712 cycle A1ZF A 94°Cel| A 5%
7+ 7493k 5 v cycle vl 94°CollA} 30327} denatura-
tionA] 7] 2L 55°Cel|lA] 30& E-<) annealingdt % 72°Cel]
A 30z E9F elongationdl FAE 253 wkEslgx
cycle 23 3 72°CollA] 78 23 AAE 719L exten-
sionshi= #H4& AZck PR wheo] B Folk 23
¥l DNAE 1.2% agarose gel& o] £3}ed 90 Vel|A] 455
S A71d% ¥ 94kl DNAE #4l3sin

5. Western blotting analysis

DC7} A" s A ed|A] ksl MEZE %o} lysis buf-
fer [25 mM Tris-Cl (pH 7.5), 250 mM NaCl, 5 mM EDTA,
1% NP-40, 1 mM phenymethylsulfonyl fluoride (PMSF), 5
mM dithiothreitol (DTT)]& & 7}sbed 4°Col|A] 3087} 1t

A7l 2 14,000 pmo® 3087 YAl Eeste] 1 AF
A& FHalgdvh A5 oA =3 Bio-Rad T

Auk Aok (Bio-Rad, USA)#} 1 AHgwe] we} A
5} \:]— ¢ =ako] Laemmli sample buffer (Bio-Rad, USA)
oA samples BHESIEE o] ¥A RHE FEFe] T
& W9Een pUss ¥oE SUAE 5

nitrocellulose membrane 2. 2. electro-

m& it oS‘, L ol 010

acrylamide gel=-
blottingell 2Ja Ae]AZ] %, 5% skim milkE 43
PBS-T (0.1% Tween 20 in PBS)o]] S & AbojA] 14]
2 A fopsked vSeld ghide] Wat blockings
AA5k3 PBS-T2 158 A= AHstelct. £4]5 mem-
branesl] 13 A1F Helste] LelA 147 o4 =
= 4°Cef|A] over nightA]Z] v}& PBS-T2 M s}z A
2]%¥l 1z} antibodyel] 2r= 232} 344 (PBS-TE 1:1,500
o2 Saste} A A AedlA 147 Ax
w2 A1} ©fA] PBS-TE A3 &} enhanced chemilu-
minoesence (ECL) 24 (Amersham, USA)S #&A]7] ©
& SPAAA Xoray filmell 7417 4 whilge)
W 3HE BA g

6. FAHH ¥4

Al Azpe] 42o)A A= ANOVA Student’s ¢ test HF
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Fig. 2. Effects of delphinidin chloride (DC) compounds on cell
viability in human endothelial cells (HUVEC) for 24 h. Cell
viability was determined by measuring optical density at
570 nm in MTT assay. The values are expressed as a mean
£8.D. from three individual experiments.
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= A¥ =74 Aslr) g8 DCE =9 0, 25, 50, 100,
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Fig. 3. Etfects of delphinidin chloride (DC) on the BCECF (fluo-
rescence dye) labelled monocyte adhesion to endothelial
cells by Monocyte-endothelial cell adhesion assay. The
endothelial cells were pretreated with DC for 3 h, and then
stimulated with TNF-0 (10 ng mL~") for 6 h. The values are
expressed as a mean+S$.D. of three individual experiments,
performed in triplicate.

WAzl dg g3 7o] 23 gAadE via &4
stdoh oA el DCE 27 3A17E Fok AA e &
TNF-0.(10ng mL-)E 6417t 5<F 2]2}s}i e Monocyte-
endothelial cell adhesion assay & o] &3}e] UjT|A) 20|
e whae] BAsgel Wa Yl 2L ok
o} INF-0 Hej WzL3) vlaste] a2 =)
E 328 AAFA ZUMAFHS (Fig. 3).

3. TNF-02] ICAM-1, VCAM-1 g2 w3y =51
£ W@ DC2 FF

okt AgAeIzte} AtelEgkel &
AE me] FEEe] Hd el
zoz o] EF 4 315% VCAM-1 o1} ICAM-1
E AA7)7]|% gt o]of ¥
M-13} ICAM-19] #alo)] ]
2= DCY &g A 3o A A7) 98t
western blot analysis ¥} 02 =l okg Zx nlws}
At
1 A%} W34 Zel] TNF-o(10ng mL-Hol o3 =
2 VCAM-1, ICAM-19] w&le] djzZo] nls] DCY
A% 10,25, 50 uMel| A ZHzh 37, 48, 74%$} 20, 40,
1%z = gFH oz oA A Fastel= (Fig.
4). o183 Aztz B ), JuH z A DC7F M5
W2 VCAM-1, ICAM-1 ghil A o] Wl g 74A)17] 2, o
Ha Aabel o] wal - RS FAaATIvE i:é’-: oF
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Fig. 4. Effects of delphinidin chloride (DC) on TNF-ot induced expression of VCAM-1 and ICAM-1 protein by western blot analysis. The
endothelial cells were pretreated with DC for 3 h and stimulated with TNF-& (10 ng mL™") for 6 h. After 6 h of incubation, the cell
lysates were blotted with the anti-ICAM-1 or anti-VCAM-1 with f-actin antibody.
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Fig. 5. Effects of DC on TNF-o. induced expression of VCAM-1 and ICAM-1 mRNA by RT-PCR analysis. The endothelial cells were pre-
treated with DC for [ h and stimulated with TNF-a After 3 h of incubation, the total RNA was prepared and RT-PCR was performed.

4. TNF-02] VCAM-1,ICAM-12] mRNA W& =7}

&3e] ¥g DCe) o3 o

DC7} TNF-a.8] VCAM-1, ICAM-] ghiAle] sz = EalAEZe xuo) Yule ZE|AH o) EHHE
7t &35 ZFAAZh o)eld VCAM-1, ICAM-19] = Z23 A (atherogenesis) 0.2, ] dojrle= 71 dutk
WA e 2l DCefl 98 VCAM-1, ICAM-12] Aol EHaA Aoz o] ¥ ate] wrE =4
mRNA 2q A wji£qdx] #Helslr] $)s] RT-PCRE Zo} AFAZ 7he] G 23 27 E A e
st dzel vis]l DCE 3417 Fot weda o} (Russel 1993; Steinberg 2002). W&oz o] Z3
10, 25, 50 uM-£- A=)k 23}, VCAM-1, ICAM-12] 23 YAz d2no=e] AT Pup o =
o] Zkz} 32,62, 70%%} 25, 45,57% He)sw oE2 oz HA 259 o]lEe &7 9lste] o7 7}A| 3EE
A58l (Fig. 5). e PHElE st Azaded §EuA Axgol

o] Aibe DC7} AAbpEelA VCAM-1, ICAM-1¢] Bage] AW Yoa] x4 Loz o%d 4 9Es
HEE A A A o 5 9lvh VCAM-1o]t} ICAM-13} zbe Ajzinzixs uhes)

71 = 3} (Osborn er al. 1990; Bereta et al. 1992).
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4sh S W2 A e ofel A erEde ¥
sel. 4% Holeel 97 B AR o5 27
AEHH MEzEo| Az zio] =] gt o
A o2 o)EY 4w ALYALAT 1
gt} (Malden er af. 1991).
Fehae = Mael Aol gl o
23 439 AWEAE OXLDLIE 247 @
WA Zell A AR A (NOYE HAAA s #
fozs TARZT FAAS S0 2% A

TNF-0. 58] Apo]27jlel] o) i W27} &
ol
]_

K

ZFA &

do 2 o ON
o
X,

& & F v F43 B2 99 g

2 ATelAE hEAlohd 3 FellA DC7F P
W 2o dgdd Rage] vAle TS 24
A3} st=Aeld 3 £ DC7E INF-oof o3 f=3
oA A xS Wl zze) F2E2 ghaAH.

Mz felA 2] v o 8l mRNAS b4 5438

7] ¢l western blot @ RT-PCRE A|s§3t A3}= DC
AT o] TNF-o 5H 23 Lol vis] 3= o=

% mRNA Hago]

it

2 VCAM-1, I[CAM-1 chugal

o3t A¥= E wf, DCol| ¢J3 R3} A= VCAM-
AAle) &3 Aolet ARG QA7 R
% ICAM-1, VCAM-1¢] &5 7o)

833t} (Shimizu er al. 1992; Zimernan and Murphy 1992;
Gearing and Newman 1993).
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23} #elo] 9l ICAM-1 (Intracellular Adhesion Mole-
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