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Effects of Luteolin on IL-1p-Induced MCP1 Protein Expression. Jun Hee Lim and Taeg Kyu Kwon*.
Department of Immunology , School of Medicine, Keimyung University, 194 DongSan-Dong Jung-Gu, Taegu
700-712, South Korea - Monocyte chemoattractant protein 1 (MCP1) plays a key role in monocyte
/macrophage infiltration to the sub-endothelial space of the blood vessel wall, which is a critical ini-
tial step in atherosclerosis. In this study, we examined interleukin-1p (IL-1p) induced MCP1 ex-
pressions via activation of transcription factor NF-kB in primary human aorta smooth muscle cells.
We determined the effect of several anti-inflammatory agents on IL-1p-induced MCP1 expression. The
pretreatment of luteolin significantly suppressed IL-1p-induced MCP1 expressions through blocking
activation and translocation of NF-kB to the nucleus.
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TH11]. CCR2%} apolipoprotein E (ApoE)7} & tF ZHH #
7} ApoERt 2 ® F ol Hlste] T F3t B A7]7} 3u)
AE Zado] dun BRuFHQy MCP19 AYE 2w
484 (LDL receptor) 299 Fell 121473 128 24
% HolE £ F dEds BYste AdxAS A 2
A3 AdE Ay =847 ZRH L MCP1o] 4411 #
) s H el %@% A ] ol AA3| aHof
TS apolipoprotein B (ApoB)< %
?ﬂ/\]ﬂ transgenlc Hoﬂf\i MCP1o] ZE8 =™ T4 743} W
o FAo] @A Fadre o] BuHTHS]. o34 o
g 43 2HEL sHse] A AA MCP1% 1 5
A CCR29| F oAl disl HoAET
AE4 F99E9 459 luteolin %131?4, 34“0}, &,
et 5 48
£& UYehle A2 B 9*13}[3,19,20] daw A
ZHPDGF)ell 93 F7Fd MES ©]5 (migration) 2 3
(invasion)7} luteolin®] A 2]ol 93l A== Ao] His]
E astrocytes—% 0] 8-k A& o)A interleukin 1B (IL-1B)°l] <]
371 459hE-0] luteolin quercetin®] Al 23] &
e i }% A& BAFAT9,18].
Foll M= MCP1e] RIS Fall &9 o5 F
e Ha A E A IL-1po] 23 MCP19] 33
3 ZAFetAth 1 AT IL-1pY] Age A5Hhe
HARRIAR] NF-xBO| 24315 Fel MCP19] 23
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2 AFd A" AZF A died BEIAE F
(Human Aorta Smooth Muscle Cells, HASMCs)= 73 &t 8}
i ol e AP M EFLERO primary Al E
%S 913t DMEM (Clonetics, USA) Hj Aol 10% fetal bovine
serum (Gibco-BRL, Gaithersburg, MD)¥} 100 pg/ml genta-
mycin (Gibco)o] E3+8 A2 E ARE-ste] 37°C, 5% CO,
7} A== 8% 7](Thermo Forma, USA)oll Al ull 3} % .

Al 3 Rf=

At A2 interleukin-1= R&D systems (Minneapolis,
MN)AIE-& A3 3L curcumin, baicalein, baicalin, resvera-
trol, quercetin, luteolin, PD98059, SB203530, SP600125, PDTC,
LY294002, wortmannin< Biomol (Plymouth Meeting, PA) d|
A 43t ALY Curcuming A 9E A7) Al
DMSO &l = ALE39 0 H, curcumine ethanol ]
=l AMEEH T NF-kBS p65 &A=  SantaCruz
Biotechnology (Santa Cruz, CA)elX T3ttt

Reverse transcription-polymerase chain reaction
(RT-PCR)Ofl 2|5t mRNA2| =44

At HZZA 2 interleukin-1p (IL-1B)E A 2] g
MCP1¢] mRNA #8E& A7) 913 RT-PCRE 33}
o A EZ 1x10° cells/wello] 57 6-well platecl] ¥33}
IL1pE A28 F TRIzol (MROE 0|43} total RNAZ
Y3t 5 pg9 total RNAE ©]&3l] M-MLV reverse tran-
scriptase® G AALE 3 3} A TH(Gibco-BRL, Gaithersburg,
MD). §HALE DNAE FEO.2 314 Ak MCP1 f- A}
5olA¢l primerE ©]&3t¢] polymerase chain reaction
(PCR)S 339t A MCP1 #AAE ZFZ3817] 938 AL
&3 primer®] €714 €2 th5-# 2tk MCP1 (sense) 5-CTC
GCTCAGCCAGATGCAATCAAT-3, (anti-sense) 5-CCCAG
GGGTAGAACTGTGGTTCAA-3. PCRZ #Z3% DNAT
agarose geldll 77]%95 3 ¥ ethidium bromideZ 43}
gstsitt.

AfZH MCP1 EHHAL &

Abg HE2A R LS A 23 F AR MCPL S d &
A7) s B35 AE RobA ELISAS ST A3
immunoassay kit= R&D systemsoll A Y3ttt A
100 pl 4542 standardE ZH7F Ab MCP1 84 7} coating
H 96-well platec] F31 F-2o A 2A17F ¥E-&AIZ] & 1X wash
buffer2 3% A JF31t}. Conjugate 200 plE A 96-well
platedl] ¥ &l A 127} §H3-A171 & ThA] 1X wash buf-
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fer2 39 AojFiL 71AE B o &LolA 2083 W
AlA . Stop solutiond % L spectrophotometer2 450 nmol
N FF=E ZA8 1 FE standarde} Wlaste] MCPL
Tl ol oS At

Electrical mobility shift assay (EMSA)

Ab HEZA L luteolind IL-1pE A 23t & nuclear
extractsS #2]5to] EMSAS F33t%lth EMSAS 3317
A3 nuclear extracte ¥A R H =& Fx3d 238t
A TH1]. NF-«kB2] DNA binding &4-& dolr 7] $l3] A4
oligonucleotide®] ¥7]42-& v Zth NF-«B 5-AGTTG
AGGGGACTTTCCCAGGC-3'. ©] oligonucleotideE &<
291 [*P-ATPZ labeld}e] probe® AH&3at%lth EMSA ¥h$-
buffer (20 mM Tris-HCl, pH 7.6, 1 mM dithiothreitol, 2 mM
MgCl,, 1 mM EDTA, 10% glycerol, 1% NP-40)9} 1 pg poly
(dI-dC), 5 pg®] nuclear proteinsE ¥ I competitions 93|
SHHYAZ labeldtA] 92 oligonucletide (wild type, mu-
tant) S WolT & Ao 1027 WA THLAE
label® oligonucleotideS g o] -2l A4 20&3t tf #2171
% 8% polyacrylamide gel®l loadingdle] 150 VZ 4A]7F 71 7]
s 17195 gel& Eelote] 2 F Xeray filmol
24X =713 ©] filmE #Aste] RISt

Confocal microscope 2+t
HARRIARQ NF-kBS AZW AAE &21st7] 93 con-
focal microscope® #H#aFATH Aty BEIAZE 4-well
chamber slide®] 1x10* cells/wello] HE& BF8 t}& 5
ng/ml9] IL-1pE 6413 &<t A3t th 4% paraformalde-
hydeZ AEZZ 1143} 025% Triton X-1005 #2] 3 3 PBS
2 33 AoFUh 1% BSAS ¥313}= PBSZ 30%7F block-
ingd}3l NF-kBY] p65 @A Z 24|} incubationgt & PBSE
29 Ao} F31 FITC7} label ® 23k 34 2 1417} incubationd}
9th PBSE 2¥ A olFE F Molecular ProbesAtoll A T3¢
anti-fade mounting solutions ©]-8-3% mounting3}] con-
focal microscope® #Z3H ).
2 1
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Fig. 1. IL-1p induces MCP-1 expression in HASMCs. (A)
HASMCs were treated with indicated concentrations of
IL-1p for 10 h. Total RNA was isolated and RT-PCR
analysis was performed using MCP-1 gene-specific pri-
mers and the internal control gene, p-actin. Two addi-
tional experiments yielded similar results. A repre-
sentative study is shown. (B) The amount of secreted
MCP-1 protein was determined in the supernatant after
IL-1p treatment at the indicated concentrations using
the human MCP-1 ELISA kit. Data are presented as
mean values obtained from three independent experi-
ments, and the bars represent standard deviations.
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ato] Abgr MCP1e] 5¢]#]Ql ELISA kit (R & D systems) =
23tk MCP19] mRNA 283} vpd7iA 2 A E grog
THIHE @ d 9 149 & JEH R /e
(Fig. 1B). = IL-1p9] §& 9J&# 22 MCP19] mRNASH ¢
4 ddo] ke As st

IL-1pofl 2fst MCP1 &1 710l MALRIAL NF-kB2| 24

IL-1po <3 MCP19] 28 =& 7170 s Lolr izl
AEA Foet AsHg e Kol AsfAE
A T IL-1pE Heste] MCP1Y] 2d WstE 2R
T}, PD98059 (ERK A 8| All), SB203580 (p38 A 3} 4l), SP600125
(NK A 3}#l), PDTC (NF-kB A&} #l), LY294002, wortmannin
(PBBK AsjA)E Abgh FEAHEo] 3087 AHed & 5
ng/ml® IL-1pE 10413 &<t A 2fste MCP19] 23S A
stk Zzbe] Asf A9} IL-1pE A 2|3 Ao RNAS #
Z]at] RT-PCRE & 3kaL W Fe)& 4=715ke] MCP1 ELISA
S 733 23} NF-xBe Azl PDTCE A2 el osf
82 02 MCP19| mRNASH @i d Walo] Zaste A
ghelat i thFig. 2). 19 AF A2 IL-1pll 9 s MCP1 %
d S7tell AR NF-kBO] 2487F astte 2s &
Ak

et v e
¥ o

Luteolin®i] 2|8+ MCP1 k&4 X3
MCPl“Q_‘ 63:1371’_]' 1’]'101]/\1 Oé%-’ ,(._:)b]. %__0] %A(Eé_}?j %51,4?9].

(A) 11-1B (5 ng/ml)

PDTC
Wort

PD

e
Cc - %% -

(B) 20.0

15.0
10.0
5. '
0.0 -
c -

PD SB SP PDTC LY Wort

MCP1 production
(ng/ml)
=

II-1B (5 ng/ml)

Fig. 2. NF-kB is involved in IL-1p-induced MCP-1 expression.
HASMCs were pretreated with the several inhibitors,
PD98059, SB203580, SP600125, PDTC, LY294002 and
wortmannin for 30 min prior to IL-1p (5 ng/ml) treatment
for 10 h. (A) Total RNA was isolated, and RT-PCR analy-
sis was performed using MCP-1 gene-specific primers
and the internal control gene, p-actin. Two additional ex-
periments yielded similar results. A representative study
is shown. (B) The amount of secreted MCP-1 protein was
determined in the supernatant after IL-1 treatment for
10 h using the human MCP-1 ELISA kit. Data are pre-
sented as mean values obtained from three independent
experiments, and bars represent standard deviations.
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curcumin, baicalein, baicalin, resveratrol, quercetin, luteolin
58 247 3027 AH 23 T IL1BE 10417 59 A 25
MCP19] mRNA 44S 24159t ol#) 24 % luteolin
o] AAE7} IL1pel )3 Z713 MCP19] mRNA &S
= gEHoR FaAE RS FASAt(Fig. 3A).
Luteoling A 2|3lar IL-1pZ 10417+ Bt A3 A E
Hj kel =7)3ke] ELISAS o] &3] MCP1¢] @l 2 S
ZAFS| £ A luteolin®] A A 2ol o) MCP1¢] T2
d 9A F& JEH oz rhdte AL s thFig. 3B).
o] w luteolin®] HA 2= ME] AE(cell viability)oll= o}
8 gl gleS g5t th(data not shown). 5, luteolin
o] AA e IL-1pol] o8 Z713 MCP19) mRNA 28-S 7+
A7 WAy Bug gaAAT,
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Fig. 3. Luteolin suppresses IL-1p-induced MCP-1 expression. (A)
HASMCs cells were treated with indicated concen-
trations of curcumin, baicalein, baicalin, resveratrol,
quercetin and luteolin in absence or presence of IL-1f
(6 ng/ml). MCP1 transcript levels were determined by
RT-PCR. (B) Conditional medium was collected after 10
hrs and MCP-1 ELISA was performed. Data represent
the mean of at least three independent experiments; bars,
1SD.

Luteolinfl 2|3t NF-kB 24 4%

ojde] AREg AL uf IL-1pol| oJg MCP1 & Z7}
o] AARIZF NFkBY &40] T8¢ A4S ok Aoz A7
¥ luteolin®] MCP19] 2&E HAFGA A 2ddrhe A
S QISR OB E Juteolin®] NF-kBY &4 2H& %3
MCP1¢] &S A=A AL A BE Al 200
luteoling A 2|3}l 5 ng/ml9] IL-1pE 10A17F A2 &
nucleusE #2138t EMSAE 335t NF-kB binding site
E33t= oligonucleotide® ¢ 942 labelingd}o]
EMSAES 33 A3} IL-1p9] 98] NF-kB DNA bmdmg 24
S7Fe FR18AL luteolin®] HAFo ) T oJEH o=
Zaste AS et idth(Fig. 4A). B 0}‘4‘3} NF-kB9]
p65 AAE ©]&3t NF-kBS] AZ Ul 9|4 & confocal mi-
croscopy = #&¢ A7 IL-1pl| o3 NF-xBS] subunit?! p65
7} o7 o]F3 o] Ho|il luteolin®] AA gl 2laf 3o
29 o]F9] ;ﬂaﬁﬂ% s 2l 3l thFig. 4B). ool 2
ZFH IL-1pY Aol s F7hHe NF-xBS] &4 o] MCP1
o] F83the AS 8189 luteolin®] HAFQIAF NF-
KBS /st wE o g o]FS AsFOZH DNA

mlm
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(A) competitor (B)
WT Mut
SOXT00X 100X
10 200 30 30 - - - Luteolin (uM) NF-kB (p65)
NCC + + + + - + + +

IL-1P (Sng/ml) . Cont

... i ' +— NF-xB

Fig. 4. Luteolin supresses IL-1p-induced MCP1 expression via in-
activation of NF-kB. (A) HASMCs were pretreated with
luteolin at the indicated concentrations prior to IL-1p for
6 h. Nuclear extracts were prepared, and EMSA conducted
using [P]-labeled NF-iB-specific oligonucleotide. (B)
HASMCs were seeded onto 8-well chamber slides and
pretreated with several inhibitors prior to IL-1§ treatment
for 6 h. After fixation and permeabilization, cells were
stained with FITC-labeled anti-p65 antibody. FITC fluo-
rescence was visualized under a confocal microscope.

binding 2/ A8j5te] MCP19] mRNA HALE 27T
= As ¢ F U0t

Sl gl gl A 2] Ao T 9] o]Fo] FHAH Y =
71 el QoA Fas s1Hdel & 4EA Stk
Chemokines¢] &1}¢1 MCP1& fﬂ{{rlHJ] AT &2 A

A EulE o] gl tANE 5 z

= oM F23 4&& &= @i lE‘r[161721] ]

%LOH Me Al 82 A2 IL1pE A E)ste] MCP1Y) 2y
S B9ls) B Ax} MCP19] @do] Z7lEa o] d F717}
ZAA A NF-xBY] &4 31& %‘& P194 mRNA 3=

7ho o8t AL &olst thFi
MCP1o]Y 1 4839 CCR22 3
Wy 340 Mxﬂilli}E 7)12 HO%—ZF%E}

L /'\

m‘ﬂ: OQ

ru{o
2

Y

ol

2

o

=)

o

tot,

1o,

wi rir o ofN

El IL-lB°ﬂ o8 F7}
17 ﬂ%ﬂ Hokth o8 B3

= luteolinill A MOH o)A IL-1pel 23 71 MCP19]
o] 4 AL F93YUL oE mRNAY W 712

02 Adete A4S ¢ 5 AATHFig. 3). Luteoline] 3
MCP1 mRNAY] 98 7+47} AALOIA} NF-xBe] 843 #d



518 3B eI X| 2009, Vol. 19. No. 4

o] =] s Bzl FEZ A Eo luteoling A 2] g
IL-1pE A 38te] NF-kB DNA binding 44S EMSAZ
ghelsf Hokth IL-1p2] A2l 23] NF-kB DNA binding©]
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ASATHFig. 4A). NF-xBS] A2 A5 Fels) B7] 9s)
IL-1p%} luteoling A 2] gk Aol A p65 FAE -85t con-
focal microscopez #&3| & 7534’: luteolin®] )2} 7}
NF-kB¢] &A4s}e] ut& 3029 o]FS Adfste AL B
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ozt e F9F #&ol dolME AAIA NF-kBS] 4]
= JAlste 7IdS T 4TS A TS HoEnh
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24 Al e T3 A p-AEAA A2 cytokinesel sl T
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F9] o2 AZA lipopolysaccharides (LPS)ell 9]3l Z-71
3 cytokineE 9] #do| luteolindl] 93l A5l o] 0]
HAARQIA NF-kBE AP-19] 4& Asfgozn dojue= d
o] BaEo] YrH2] o] i of3hd MCP1-°4 g
Z46] NE-«BRT o}e} AP-1E #d 3 & 4 SITH10].
Luteolin®] JNK9} AP-19] 2/33}¢] A& 53} IL-64 i
S AaAIYgE Bt Q7] B Aol A luteolindl] 23k
MCP19] W& Zhaol AP-19] 84 4o #ost=A] gels)
£ Aol 3 Azt Abg o] Atk o] BiE0] luteolin
I vl F2E A= quercetin®] HlSzg ]
T Z‘l%% et BojFa gloy & dAFdlA =
IL-1pel ofsf S7Hd MCP1-4 W 2o A
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