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Abstract

Lycopene, found in tomatoes and tomato products, has antioxidant, anticancer, and anti-inflammatory effects.
High-mobility-group box 1 (HMGB1) mediates the pro-inflammatory responses in several inflammatory diseases.
In this study, the potential roles of lycopene in the HMGB1-mediated pro-inflammatory gene expressions in the
primary human-umbilical-vein endothelial cells (HUVECs) were investigated. The data showed that HVIGB1
upregulated the expressions of monocyte chemotactic protein 1 (MCP-1), intedeukin-6 (IL-6), secretory phospholipase
A2 (SPLA2)-ITA, and prostaglandin E2 (PGE2). Lycopene pre-incubation for 6 h decreased the HMGB1-mediated
induction of MCP-1, IL-6, sPLA2-IIA, and PGE2. Further study revealed that the inhibitory effects of lycopene
on the HMGB-1 induced expression of pro-inflammatory genes were mediated by the inhibition of two important
inflammatory cytokines: tumor necrosis factor (TNF)-a and nuclear factor (NF)-kB. These results suggest that HMIGB1
upregulated the expression of pro-inflammatory genes and lycopene inhibited HMGB-1-induced pro-inflammatory
genes by inhibiting TNF-a and NF-kB. This finding will serve as an important evidence in the development of
a new medicine for the treatment of inflammatory diseases.

Key words :

M

ru

o)1=

ErtEo] e e gholaalle ikstay, 3
o} FAFEINI}F Aokl g A Arkl). 1 EnE
T BErlES AE2 3 248 AHche e g ad
gk A4 ¢ o= @]H}ULEHI) FZol| glolzidllo]
WA o] Fopg, AEFATmg o] By 9 Wi
N IA 2 g T2 o] s dAlstal 1 VMo R
A E5s dsted 838 7 7HA AFlE7] tumor
necrosis factor-a (TNF-a)¢} nuclear factor-kB (NF-xB)2] 2t
AS dAS= o] RIHATHR).

High mobility group box 1 (HMGB1)< H|3]22E DNA

*E

al

TCorresponding author. E-mail : baejs@knu.ac.kr
Phone : 82-53-950-8570, Fax : 82-53-950-8557

lycopene; HMGBI1; inflammation; endothelium

= &
7

o
m{n

4L Q) s Ed
FEAE 2HG)3e oY
Hxd, 313 goh
A9} HAEE A9
5 =2 3 Yol EAISHAT, HF
she B4 o8 HE\% zZ]o] &/gdstEH M=
EHHETH6,7). HMGBIS 952 fash= AolE
, HMGB19] Z3A7} dAFE=4d= 23471 ok
H I E ATKE).

z71° BFet

AZA, F3d L
=71(4), 2Bl Zo]=
t}. HMGB1-& OJXWMI A FA,
N = xrg }_;(H;].u:]

F29] MEAAM=
1

S}
=25
—

H
R

o

—_

Jo =2 ojf
T 2

il

[ez]
=
=]
=

o |o
o]
OHHU

Ar 3% 42 o 96 N m o m
2
o|\
T
o]o

N

TR 24 dE 59 ¥
o] BtEolA dFS vy F3A7ITH).
18 g AR Aeledkdl 8
244 A=ujfEA %% == T A
aﬂﬁhs oF 100ei709] ofelesto 2 FAIE 2o gl
A Aoz HMdxoz ML AFH] NELY,

o O >

- I

a; G

F -

_lEé Eﬁ o

i, I‘E Nlﬂ
-

- 287 -



288 Sk 2 F 275818 A 4|19 A3 (2012)

oA E, BHI 52U AllEAIS BaT

(10). o]¥ AEZI] F Q] MCP-1 (monocyte chemotactic
protein 1) GSHHEE T TGAAE, 719 TAE & I3
WAz 2HEehs Fa3 stk AR FFl o8
Telo] F7kE = A Edoltkll). d5ukss 1
She APRIEZRIES 574 3 W dSuksolN Fa3h
AeS gt} 53] AHFZ1-8 (IL-8)2 AFHH-oNA] 23t
u 7] el (secondary mediator) 2 283t AFAEES
FYgata, 5 GFPAZ FUASHE AL
(chemotatic factor, chemokines)®] Z-8-2 71X 31 Ith(11).
ek ofyel, TNF-a= 2/ Ad 2ol SJaix] nheo]
A=), Aol MAEZEte] 9l W54 (bacterial endotoxin)
2l lipopolysaccharide (LPS)°ll 2J3l &Ad3ld ol 9
A WHEolXTH12). TF FSEEY HEFF o] LPS
7} o S =A INEart Bol THEox 237]9) &4
ojuf MAE ALt 22 A AHE YT+ A
(12). Nuclear factor-kB (NF-xB) &=3F E#A5S vj)sl=
=dE 2 dA e, NFiBe A5 o2 54 At
1y Eerl Z71ePE B 84 2 e AYato] Sofu)
A 454 TE2EETUY 2 7]E oo]iikeels Ak
N A o2 F7IAIZITH(12,13,14,15). NFxB &40] &
Z¥shd HAAZE 3 A4 Hof vefet At Wy Ag
2 AF wko] ol Eth(12,13,14,15). AEA AFHANE

T2 AElEEd B2 (PGE)E A=A o5 =23
&S 3itkar 4 A JTk16). PGE2E phospholipase A2
(PLA2), cyclooxygenase (COX), ZZ~E}l=¥H E synthase
(PGES)5# 22 &40 -8 ]3] phospholipid = -

Ay7do] "TK16). PGR2E ERlolu e, 55, 7525 L
st d52 FEIH6). & e FFA=ESL] BHlA
IIAE phospholipase A2 (secretory phospholipase A2-TIA,
SPLA2-TIA)E 957 A5dd A3ho] oA LAy
™, @53 220 oM Fag A4S ot 4
A ATHIT).

B A4 HMGBIY 2314 frEse 4
J= 232 (MCP-1, IL-8, sPLA2-TIA, PGE2)°] Z7}
31, 2ho]=3-& HMGB19) 98] S7lE & &
18-S 7haA AT E38] 1 7|7 02 HMGBLY 93|
1= NExkBS} TNFa2] wHlo] ol zslel] 2)5) 713
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2o =3} MIT (3-(4,5-dimethyl-2-y1)-2,5-diphenyltetrazolium
bromide)2 Sigma (St Louis, MO, USA)°lA], HMGB1-2
Abnova (Taipei City, Twiwan)ol|A] TQ38}e] A3t

gho] 23S DMSOd! oA A3 ch

M| ZZHH2F

QIZHA A U 5] 4| £ (HUVEC)= Cambrex Bio Science
Inc. (Charles City, IA, USA)ol| A -4 3ke] AH8-3+91aL, Al
Fo] mj e o] Hel WHE w3ttt (18). HUVECS
Althel 2 31131, passage number= 3| A 5HHA}O] 9]
AEZE AHESIATE gto]l 23] M| TE= 0 - 20 uM=E
13] A3t

HEZSHAE

gfolszHo] 7HAl= MEFAEE S48 S8 MITS
AMEATh EHRIAME (5 x 107 Hfwel) S 3752t
HjFe &, T gto] S A3tk 48417 &, AlE
2 He 3,100 pl9] MTT (1 mg/mL)S Yo]FaL 447t
53Tk 100% DMSO 3 mLE 3718ke] Ml2dl] 48
MTT formazan< =JU|al 96-well HJ G Alol] 100ul & &-
Foko] 540 nmoll X FFEE SASATH

MCP-1, IL-8, sPLA2-1IA, PGE2,
TNF-o S=EYE 9|8 ELISA &Y
gho] Z3-S 6413 X123 3, HMGBI (1 ug/ml)S 164]
ZF A2k &, MEn g T+ nuclear lysatesS WE F-2
%, 80Col| HASIHTE AEEHE 28] T A E
Je Z4F G I =5 SA51] 913 ELISA
Kit MCP-1 (R&D System, Minneapolis), IL-8 (R&D System,
Minneapolis), SPLA2-ITA (Cayman Chemical, Ann Arbor,
MI, USA), PGE2 (Cayman Chemical, Ann Arbor, MI, USA),
NF-kB (Cell Signaling Technology, Inc, Danvers, MA, USA)
18] 3 TNF-a (R&D System, Minneapolis)< ¢ 8} 3L
AL A 2L guidelineol] Wl 38T MCP-1,
IL-8, SPLA2-TIA, PGE29} TNF-a =72 Al ke o
ZHE Z43}%3, NF-kBTE nuclear extractZ5F-E 73}

Aot

NF-xkB 12|31

AaE HEE

gho] =38 6413 X123 3, HMGBI (1 ug/ml)S 164]
7t A2 s &, M|Znj okl = nuclear lysatesS ThE 22
%, -80Col H3tth Add @dd 10 ugs 7t Lol
Y3 10% SDS-PAGESNA #7199 3} polyvinylidene
fluoride (PVDF) membrane®| 71, blocking &< (10%
far-free milk and 0.05% Tween 20), 1x}3A] (anti-
phopho-NF-kB EE+= anti-TNF-q, Cell Signaling, MA, USA),
23134 (Anti-rabbit TeG-HRP, Cell Signaling, MA, USA)Z
218 2 23 5 o)A enhanced chemiluminescence
(Amersham ECL Plus, NJ, USA)E o] -&-3}o] Tl ds ==
AZ1 T} Intra control 24+ actinS AHE-3}I T}
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Z2JIMCP-12 HMGB19] #dS A3| gt

2}0| 20| sPLA2-1IAZ} PGE22| !

SPLA2-TIA= 8= A L=2 3&
B2A #dd & 2 g9=

O0jxl= I&

4 AZ4E, 74
3 = T&L"] UTH19).
i Jﬁfﬂzur Bk Pot ] 3} 23 3}
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(2021,22). ©] A& A5l A sPLA2-TIAS] F 83+ g
< AAFSHL

HMGBI (1 ug/ml)& HUVEC®] 16217+ A A23S 7
%, sSPLA2-IIAC] EH| 5= oke Z718l3l o, glo] =zt
A2 P& 7-F-ol= sPLA2-TIAS] 4| o] W= it
(Fig. 2,A). go]ZAS H S % $o= HMGBI1Y
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AT} (Fig. 2A).
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Fig. 1. Effect of lycopene on HMGBI1-mediated MCP-1 or IL-8 expression in HUVECsS.
HUVECs were stimulated with HMGB1 (1 pg/ml, B, C) for 16 h after treating the cell monolayer with the indicated concentrations of lycopene for 6 h. The release of MCP-1

(A) or IL-8 (B) was measured by ELISA as described under “Materials and methods”.
All results are shown as mean * SD of three different experiments. All results are shown as the means * SD of different three experiments.

to HMGBI alone.

(C) effect of lycopene on cellular viability as described under “Materials and Methods”.

* p<0.05 and **p<0.01 as compared
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Fig. 2. Effect of lycopene on HMGBI-mediated sPLA2-TIA or PGE2 expressions in HUVECs.

HUVECs were stimulated with HMGBI (1 ug/ml, B, C) for 16 h after treating the cell monolayer with the indicated concentrations of lycopene for 6 h. The release of sPLA2-IA
(A) or PGE2 (B) was measured by ELISA as described under “Materials and methods”. All results are shown as the means * SD of different three experiments. * p<0.05

and **p<0.01 as compared to HMGBI alone.

Fefoll A PGE29] Y= S35t HMGBI
%8} PGE29] B4 #-& XA th(Fig. 2B). thal
F 3 o] HMGBI19l 9l3l =7}== PGE22] %o ]
A= FEE golr ] fJ3l, HMGB1S A Esl7] ol 2}o]
sttt eto]ZAT A2 PS 7-5-ol= PGE2
Foll= ol GEkS wx|A %ﬁﬂfﬂﬁ(ﬁg 2B),
E‘r°1:' -2 HMGB19l| 9J3l] Z7}15]= PGE29] 2 5=9
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Fig. 3. Effect of lycopene on HMGBI1-mediated NF-kB or TNF-a expressions in HUVECs.

HUVECs were stimulated with HMGB1 (1 ug/ml, B, C) for 16 h after treating the cell monolayer with the indicated concentrations of lycopene for 6 h. The activation of
NF-kB (A, C) or TNF-a (B, D) was measured by ELISA (A, B) or westernn blotting (B, D) as described under “Materials and methods”. All results are shown as the means
+ SD of different three experiments. * p<0.05 and **p<0.01 as compared to HMGBI alone.
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ASHSS

i}

A B Aol HMGBIY 23] S71Ee 24 J53dE
Ho| glolzlo| o&f FAaFe AL glo|Zllo] H3
ASAES A F3te FHEZ] F F IS AlAMSHL
ot o), BrlE e EVlEES AFE3 S48 435
= AL FRFSHES sl 29% 7|gE 4 Tk

-
SFS
I

(@] [e]-
i =

2 Q7oA HMGBI o8] 2715: 7% g=ud

4ol tiaf gto]zdo] 7= Aol H&S qrrEstal st
At
glo]ZHS HMGBI1o| 93] Z7}5¥E= MCP-1, IL-8,

SPLA2-TIA, PGE29] #3-& NF-«B 18]1 TNF-ad] 84 =
Ao 2H] THAAIFATE 53], 1 mMelA 1 E%50] 54

Zo 7 fastytt 22207 HMGBIO &Js)A ys}
= 7% da9d5A3olA E‘r |ZAL STVeke 4 A%
HAEZS A, 2= gol=glo] fdF-S 23513t
E 95285 anzor (gd £ Jde W glo]
2 WIS AXE oz et

1. Heber D, Lu QY (2002) Overview of mechanisms of
action of lycopene. Exp Biol Med (Maywood), 227,
920-923

2. Bae JW, Bae JS (2011) Barrier protective effects of
lycopene in human endothelial cells. Inflamm Res, 60,
751-758

3. Goodwin GH, Sanders C, Johns EW (1973) A new group
of chromatin-associated proteins with a high content of
acidic and basic amino acids. Eur J Biochem, 38, 14-19

4. Bustin M, Reeves R (1996) High-mobility-group
chromosomal proteins: architectural components that
facilitate chromatin function. Prog Nucleic Acid Res Mol
Biol, 54, 35-100

5. Boonyaratanakornkit V, Melvin V, Prendergast P,
Altmann M, Ronfani L, Bianchi ME, Taraseviciene L,
Nordeen SK, Allegretto EA, Edwards DP (1998)
High-mobility group chromatin proteins 1 and 2
functionally interact with steroid hormone receptors to
enhance their DNA binding in vitro and transcriptional
activity in mammalian cells. Mol Cell Biol, 18,
4471-4487

6. Mosevitsky MI, Novitskaya VA, Iogannsen MG,
Zabezhinsky MA (1989) Tissue specificity of
nucleo-cytoplasmic distribution of HMG1 and HMG2
proteins and their probable functions. Eur J Biochem,
185, 303-310

7. Andersson U, Tracey KJ (2011) HMGBI is a therapeutic
target for sterile inflammation and infection. Annu Rev
Immuno, 129, 139-162

8. Wang H, Bloom O, Zhang M, Vishnubhakat JM,
Ombrellino M, Che J, Frazier A, Yang H, Ivanova S,
Borovikova L, Manogue KR, Faist E, Abraham E,



292

10.

11.

12.

13.

14.

15.

16.

17.

18.

A F A8 A 21199 A23 (2012)

Andersson J, Andersson U, Molina PE, Abumrad NN,
Sama A, Tracey KJ (1999) HMG-1 as a late mediator
of endotoxin lethality in mice. Science, 285, 248-251

. Esmon CT, Fukudome K, Mather T, Bode W, Regan

LM, Stearns-Kurosawa DJ, Kurosawa S (1999)
Inflammation, sepsis, and coagulation. Haematologica,
84, 254-259

Alon R, Shulman Z (2011) Chemokine triggered integrin
activation and actin guiding
lymphocyte migration across vascular barriers. Exp Cell
Res, 317, 632-641

Castellani ML, De Lutiis MA, Toniato E, Conti F, Felaco
P, Fulcheri M, Theoharides T C, Caraffa A, Antinolfi
P, Conti P, Cuccurullo C, Ciampoli C, Felaco M, Orso
C, Salini V, Cerulli G, Kempuraj D, Tete S, Shaik B
(2010) Impact of RANTES, MCP-1 and IL-8 in mast
cells. J Biol Regu IHomeost Agents, 24, 1-6

Bradle JR (2008) TNF-mediated inflammatory disease.
J Pathol, 214, 149-160

Javaid K, Rahman A, Anwar KN, Frey RS, Minshall
RD, Malik AB (2003) Tumor necrosis factor-alpha
induces early-onset endothelial adhesivity by protein

remodeling events

kinase Czeta-dependent activation of intercellular
adhesion molecule-1. Circ Res, 92, 1089-1097.

Lockyer JM, Colladay JS, Alperin-Lea WL, Hammond
T, Buda AJ (1998) [Inhibition of
factor-kappaB-mediated adhesion molecule expression in
human endothelial cells. Circ Res, 82, 314-320

Marui N, Offermann MK, Swerlick R, Kunsch C, Rosen
CA, Ahmad M, Alexander R W, Medford RM (1993)
Vascular cell adhesion molecule-1 (VCAM-1) gene

nuclear

transcription and expression are regulated through an
antioxidant-sensitive mechanism in human vascular
endothelial cells. J Clin Invest, 92, 1866-1874
Jaulmes A, Thierry S, Janvier B, Raymondjean M,
Marechal V (2006) Activation of sPLA2-ITA and PGE2
production by high mobility group protein Bl in vascular
smooth muscle cells sensitized by IL-1beta. FASEB J,
20, 1727-1729

Vadas P, Pruzanski W (1986) Role of secretory
phospholipases A2 in the pathobiology of disease. Lab
Invest, 55, 391-404

Bae JS, Rezaie AR (2008) Protease activated receptor
1 (PAR-1) activation by thrombin is protective in human
pulmonary artery endothelial cells if endothelial protein
C receptor is occupied by its natural ligand. Thromb
Haemost, 100, 101-109

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Dennis EA (1997) The growing phospholipase A2
superfamily of signal transduction enzymes. Trends
Biochem Sci, 22, 1-2

Nakano T, Ohara O, Teraoka H, Arita H (1990) Group
IT phospholipase A2 mRNA synthesis is stimulated by
two distinct mechanisms in rat vascular smooth muscle
cells. FEBS Lett, 261, 171-174

Oka S, Arita H (1991) Inflammatory factors stimulate
expression of group II phospholipase A2 in rat cultured
astrocytes. Two distinct pathways of the gene expression.
J Biol Chem, 266, 9956-9960

Menschikowski M, Hagelgans A, Siegert G (2006)
Secretory phospholipase A2 of group IIA: is it an
offensive or a defensive player during atherosclerosis and
other inflammatory diseases? Prostaglandins Other Lipid
Mediat, 79, 1-33

Hajjar DP, Pomerantz KB (1992) Signal transduction in
atherosclerosis: integration of cytokines and the
eicosanoid network. FASEB J, 6, 2933-2941

Branen L, Hovgaard L, Nitulescu M, Bengtsson E,
Nilsson J, Jovinge S (2004) Inhibition of tumor necrosis
factor-alpha reduces atherosclerosis in apolipoprotein E
knockout mice. Arterioscler Thromb Vasc Biol, 24,
2137-2142

Li Y, Schwabe RF, DeVries-Seimon T, Yao PM,
Gerbod-Giannone MC., Tall AR, Davis RJ, Flavell R,
Brenner DA, Tabas I (2005) Free cholesterol-loaded
macrophages are an abundant source of tumor necrosis
factor-alpha and interleukin-6: model of NF-kappaB- and
map kinase-dependent inflammation in advanced
atherosclerosis. J Biol Chem, 280, 21763-21772

Stoll LL, Denning GM, Weintraub NL (2006) Endotoxin,
TLR4 signaling and vascular inflammation: potential
therapeutic targets in cardiovascular disease. Curr Pharm
Des, 12, 4229-4245

Bonaldi T, Talamo F, Scaffidi P, Ferrera D, Porto A,
Bachi A, Rubartelli A, Agresti A, Bianchi ME (2003)
Monocytic cells hyperacetylate chromatin protein
HMGBI to redirect it towards secretion. EMBO J, 22,
5551-5560

Par, JS, Svetkauskaite D, He Q, Kim JY, Strassheim D,
Ishizaka A, Abraham, E (2004) Involvement of toll-like
receptors 2 and 4 in cellular activation by high mobility
group box 1 protein. J Biol Chem, 279, 7370-7377
Andersson U, Wang H, Palmblad K, Aveberger AC,
Bloom O, Erlandsson-Harris H, Janson A, Kokkola R,
Zhang M, Yang H, Tracey KJ (2000) High mobility group



Inhibitory Effects of Lycopene on the Expression of Pro-inflammatory Genes in Human Vascular Endothelial Cells 293

1 protein (HMG-1) stimulates proinflammatory cytokine HMGB1 as a late mediator of lethal systemic
synthesis in human monocytes. J Exp Med, 192, 565-570 inflammation. Am J Respir Crit Care Med, 164,
30. Wang H, Yang H, Czura CJ, Sama AE, Tracey KJ (2001) 1768-1773

(A4 20119 1€ 269 44 20124 2€ 39 A 20124 2€ 179)





