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Abstract ~ The chemopreventive effects of naringenin derived from citrus on tumor migration
and the possible mechanisms involved in this protection were investigated in HT-1080 tumor cells.
In this study, we found that naringenin reduced phorbol 12-myristate 13-acetate (PMA)-enhanced
matrix metalloproteinases (MMP)-9 activation in a dose-dependant manner and further inhibited
HT-1080 cell migration. In addition, naringenin suppressed PMA-enhanced expression of MMP-9
protein, mRNA and transcription activity levels through suppression of nuclear factor kB (NF-
kB) activation and activator protein-1 (AP-1) translocation without changing tissue inhibitor of
metalloproteinase (TIMP)-1 level. Therefore, our results suggested that the inhibitory effects of
naringenin on MMP-9 activation, relation of tumor migration in vifro possibly involve mecha-
nisins related to its ability to suppress PMA-enhanced MMP-9 gene and protein expression through
NF-xB activation and AP-1 translocation. Overall, naringenin may be a valuable anti-invasive drug
candidate for cancer therapy.
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A FollE WY s =¥ 7)wel
25 Aoz deA gle] &mAA
A& Bo|a glrh(Jang er al. 1982). =

2g.0] AL 2404 sLoqu]E At
Folfar oM Zefut

A getAE Aoz N
7] 918 AF7) $3lE 3 ¢lu} (Cassady et al. 1990,
Fujiki 2005).

A2 oew Fuzds oo e A4S Ade
2 2331 9l Naringenin-2 Naringine] AJA| A &
¥ F A143) A= o] Naringenin© 2 ¥ 3o} (Ameer
et al. 1996). Flavonoid®] dZ<¢l Zuhu}=(flavanone) F
A 2A wlAl s1eE 27 R A glem 2we) o
AR, 57 5o BFFol @ol ol 3ok Naringenin®-
cytochrome P450 &A4E-2 A8 (Hodek et al. 2002;
Dupuy et al. 2003), 3FAFELA] (Van Acker et al. 2000), 3+
St (Soeral 1997) #-g-& o3t Base] gt 2
ol A HL°‘°7ﬁ Zp wh A el ppe0vscel] ofs) fE =
NF-xB2} &A32 A& stel.om (Kwon et al. 2004), £
o= %1%}‘” 7&"& *ﬂiJ %é 22l e FA417]
= EAE A xS BE3)
= 3kzkas sy o 311% ¢le} (Kanno er al. 2005).
e Asxe 7hsskAnr Aoyt At HAEE

] Az F PEFor
ek 2222 o 2sel slelA ko] A
ol & ﬂl‘%}ﬁ}{— A w§- FQF A Hofol} HAE
dofol] At A= wlm|at AA o
éﬂ—:— 7] 21‘31?4— A 329} 7] A (extracellular matrix, ECM)
9] FAJELS B sl matrix metalloproteinase (MMPs)
7b &kel Aojell gl Fo8 AL 3] W] HA
E fAel MMPs A A= gkl &3 Helg maA
o2 g £ 9= Aes Ao

MMP #4-& Ffol #gsle 298 DA P&
42 ECM SR E ¥slelel Al27) e 7oz o%

= o] 293t 982 3 (John and Tuszynski 2001).
MMPsi= ECM2] A A12-¢] collagen, gelatin, fibronectin
5 Wlske a4R 17 FF7F delx glen MMP-2
(gelatinase-A)&} MMP-9 (gelatinase-B)= 7]# 9] FQ
A5l type IV collageng H3l3l= &A= Fo|Alo] &
o A L FH A A FAo] AT Aoz B
el A g} (Liabakk er al. 1996). 78l =2 MMPs &
2 AR A Hg A7t s AP Ea glot Tissue
inhibitors of matrix metalloproteinases (TIMPs)¥ MMPs

FAL dAske FHAAE MMPsgl F3& o] =
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o) Molx ¥k Fojel g} 2 Ay
a4 e} g Wolsh BelE MMPs
‘%Féﬂr % ]7ﬂ°ﬂ ‘H E A obd BaEA k2 Al
A o],
wela] E o Fof| A= HT1080 A ol A Naringening
o] &sled M2 Aol Al olEAF AFA 12|v
Mol AN Fad odue shs wuAEs sl
MMP-9 A3} v TEln g4 §F3x-]l TIMP-1 %
ol vA= ofsk a2l AlEd AlsAds 7)Aled ke
3= NF-«kBSh AP-1 fd7h el wxle o3& 4
SR

Me 2wy

1. A Zuf o

¥ oAge] AR A AREF AIE3) HT-1080 A
T 35 N ZF 23 (Korean cell line bank, Korea)si|
A Felsted Algslvt M2 10%2] fetal bovine serum
(FBS : Gibco, USA)el] 1%$2] penicillin % streptomycine]
285 DMEM (Gibco, USA) 8§ <12 Ab&s}e] 37°C, 5%
CO, 27 &lol|A] ufeFslglv}. Naringenin (Sigma, USA)
2 dimethylsulfoxide (DMSO : Sigma, USA)ell 5o 10
mM¥] stock £ oz Az3 ¥ —20°Col] HH3le] #
A pez wiAe 34 ste] APyl

2 AE54 54

HTI1080 MZ2 5x 10%cells mL™! M2 $8 A4

2 24 well plate (Nunc, Denmark)ell 200 pLA4 F-5=3}
o] 24417} E<t vjekst o8] %9 Naringenine| 3
e vl oz w2447 27h Wil )
ofel & MTT 200 ug mL'7} =3+ wjokel o2 wata}
T 3% AR 342 F Al wEl i DMSO
2 200uL well A Fo] SH7F AL wpx|she] FEA
A=A ¢l formazang 28] A|Z] & microplate spectorphoto-
meter (Bio-Tech, USA)E 570 nmell A 3455 &4 3o
R A O A

3 AR 0|54 =7

HT1080 Al =& 5x 10%cells well'¢] H%=ZF 10% FBS
7} &-%%¥ DMEMo=z 3]X3}ed 6 well plateo]] ¢
37°C. 5% CO, wjokstsich vy T =AIHA WA
A AS serume] FFEHR] okL DMEMo = A|zgt
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¥ 1% FBS7} 343 DMEM& H7lsle] 14)7F %4t
A stE A7) 25,50, 100 uMS} Naringenin 244) 7}
o AElstg et o] 3 PBSE. A& 8l37 4% formaldehyde
(Sigma, USA)E o] 838t AxE 3AAZ o3 H4]
PBSZ A& 3}x Hematoxylin-Eosin (Sigma, USA) £-9§
£ 1087 A2isted A% 3 wix|eboz PBSE A)H
st Aol ZAx3 5 #wA (Nikon TS-100, Japan)
Qolz 5L AHstel Az 4

4. Matrix metalloproteinase-9 (MMP-9) 24

MMP-9 &-4& aolr 7] $]3] gelatin zymography &
A A5k 6 well plates] 10% FBS7F H7bsl DMEM
ujofel-& o] &dte] MEZ 1 x100cell well''9] Bz 2
20017 Sk ¥2A7 F FBS/L G 2R vl
2 Zrobd oh& Naringening A z|s}gint 2447 & 2
HA djofolg F4N o= dto ImgmL'e gelatinol
345 10% SDS-PAGES o] &8le] M7odE 3slit
4°CellA 60 VE 12412k A7 %50] &t Fo gel
SDS& A As}7] £8] washing buffer (2.5% Triton-X 100,
50 mM Tris-HCL, pH 7.9) Sl 02 3027+ 23 4|45
% 1k (5mM CaCly, 1 mM ZnCl,, 50 mM Tris-HCl, pH
7.9)el 18417k B3t 37°Cell WESAIA N AEHE =
e}t Gele 0.25% Coomassie brilliant blue G (Rich-
mond, USA) 4oz (A7} dAslm 5% methanol3}
8% acetic acidz =3P, 244l background= F&
o) 31 By BEL A pand=2. Vet

n

2

2+

-3
e

(<]
I

719 4T 27elA Fu)E N EE PBSE A
I TRIizol reagent™ (Invitrogen, USA)2 4°Col|A] 14]

&9k A2)ste] total RNAE 2e)slgic) £2]% RNA
A3t = oligo dT primer2t AMV reverse transcrip-
tase (RT)E o]-&3}od 2puge] RNAoIA cDNAE A5}
9}l wk=o]7 RT product (template ¢cDNA)o] 2.5 mm
dNTP, 10X buffer, DEPC water, premixed primer (Geno-

Tech, Korea) 3 Taq DNA polymeraseZ 431 polymerase

NP

ml

chain reaction (PCR : Corbett Research, Australia)g 43}
&}9]T}. PCR Hh-S-o] &} Zoji= =Zx DNAZ 12%
agrose gel& o]-§-3le] A7) °§5’6}3i
(EtBr : Sigma, USA)o 2 @A g Alpha Imager™
(Alpha Innotech Corp, CA)& ©]£-3le] dAF DNAES
shelshgt.

ethidium bromide

6. Promoter assay

Naringeninel] £]8] MMP-9 @ NF-xB, AP-1 promoter
o] A w= A=A FAsL7] 95 MMP-9 9 NF-
kB, AP-1 gene promoter luciferase assay system (Promega,
USA)E o] &-3le] AlA)El9lt MMP-9 W NF-xB, AP-1
promoter5-9] transient transfection2 LipofectAMINE kit
(Invitrogen, USA)-€- A}-8-8Fed Ald)slodnt W% HT1080
A ZZ 6 well plateo]] Z}7+ 5% 105 cells well '= 235
E 24A)7F F<F 37°C, 5% CO; wiek7]elA 10% FBS7}
x3¥l DMEM wj#} 2 wjeFslgict 1247 & Lipofect-
AMINE reagent®} 7+7+2] DNAZE &38Hsle] AFLoA] 15
7+ ul2-A]7l & LipofectAMINE reagentE F-33A
DMEM sl 2]of] 3[AM 3t Lolat oha] Aboll A 154-2F uF
SAA 71‘”9] wellel] g olgolet. 5417k F<t 37°Cell A
moFat & fAx F48 MAE 2ASFA A AT
10% FBSE 233} DMEM wjx| 2 5w8F8le] kA 3}A|
Zirt. 4A|7F &, Naringenin ¥ phorbol myristate acetate
(PMA)E A Elste] 1247 b wF2-A)F . Luciferase
A BAL 23)le] transfectiond A ZE-S PBSZ 29
A =8 & 50 UL lysis buffer (25 mM Tris-HCI, pH 7.4, 1%
Triton X-100, 150 mM NaCl, 100 uM AEBSF, 5 pg mL™!
leupeptin, 5 pug mL-! aprotinin)& lysisA|# 4°C, 15,000
rpmol|A] 1327+ 94 28] (Eppendorf, Germany)d}e] Af
2R FAhMNoR Fgrh T4 20uULS 96 well plate
of B-Z3%F % 100 uL luciferase assay substrate (Promega,
USA)Z luciferase &4 2]Alol] uF2-A]7] 1 luminometer
(Lumat LB 9507 : Berthold, Germany)Z& o]} 1%}
30z kel #bo]lE AAFsle] luciferase BA-& ZA 31
o}, zbzkel luciferase E-A1-2 cotransfection 3% Renilla

luciferase reporter vector $~%|& 71& 0.2 HWA 39}

7. Electrophoretic mobility shift assay (EMSA)

HT1080 A|Z=& 5x10%cells mL-'o] H=Z 10% FBS
7} 383 DMEMo = 3]A3}led 100 mm dishel] %
37°C, 5% CO, W oF7]o] A 80~90% o)A} 2 uﬁrz}x} uH
okgt & PBS®E 23] AAHes 38X DMEME ¥
Naringenin-g 24A]7F £t = #slelc} Al 25 PBSZE 2
3] A3 oh& 7} dish & trypsin 1 mL& 22| 3}ed A
ZE nel HAEE itk PBSE 13] A& & vh
lysis bufferZ 1 mL# 7}38}3 vortexingdt o}-& 587+ o
& ol AT} AE lysisA . A2 5 A4
% pellet-2 Nonidet P-40 (NP-40 : Sigma, USA)S ¥-4-3}
Al ¢k2 lysis buffer® *1]738]} Z ©}& nuclear extract

buffer&- 7]—?5]—_1—_7 £Log HE tapp]ngﬁ‘}— g_‘;’_ ./i\__oﬂ
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Fig. 1. Effect of Naringenin on cytotoxicity of HT-1080 cells. The
cells were seeded at an initial density of 5 % 107 cells mL~".
Cells were treated with various concentrations of Naringe-
nin (25, 50 or 100 uM) were treated for 6, 12, 24, 48 h. Cell
viability were estimated by the MTT assay, as described in
Materials and Methods. The cytotoxicity was determined
by relative absorbance normalized to the control cells. Each
bar represents the mean=+S.D. calculated from three inde-
pendent experiments.

14,000 rpme]] A}
wﬂ Ge 43 QgEd
iy Az Apie] de ARg A7kA] -70°C
a1 (Forma Science, USA)oll R399l Bradford
solution (Bio-Rad, USA)& o] &-3fe] o Al-& Aeat ot

€ Spgd whlzlS poly [dI-dC] 2 ug W 5% #P=E
labeling® NF-kB, AP-1 (100,000 cpm)3} AF-o A 2048
<t Wk$A17# DNA-protein complexZ A A Fivh A

A=l complex& 5% polyacrylamide gel-&- o] 83} 180
Vel A 1A17F 2048 Bk 71353t 2]kl ar slab
gel dryer (Thermo, USA)E o] $-3to] 80°CellA 1A]7F &
ql gel& AFAIZ] T8 —T70°CollA] X-ray filmel] 7}33

AAA selsiedc.

Alg 7o) 8-o]A 7322 ANOVA Student’s ¢ test 1}
Wl we} AAEt] o, p<0.05 FFAA FgAAS A
ST BE A 33] o)) AASE AY ARE =
RERE LT

LA ZEEA F7}
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Fig. 2. Quantitative analysis of Naringenin on cell migration of
HT-1080 cells. After being treated with various concentra-
tions Naringenin of for 24 h, cell migration assay were then
performed as described in Section 2. Each bar represents
the mean=+S.D. calculated from three independent experi-
ments. *Significantly different from control at p<<0.05.

0. 100uM F== vzt A 7lsle] 6,12, 24, 484)
2 e f? MIT asaps, 2l A 349802
71 A3}, Naringenins HT1080

M sel 25,50, 100 pM w2 24 well plated| A 2447+
ok wjofst & Aelste] dxL v w3 A ¥} Narin-
genin E'_% St

oA oF 0% ol4He] AEAEEE 1
epileh (Fig. 1. gebd] A5 AR A= AZAPRe) 3%
& ]x]x] oki= 2447k} 25,50, 100 uM 5 =2} Narin-
gening A2 sed Aot

obMl o) ojFAlRE HAsy] 3| ME FAe) A
3Fo] gl 2447+ 25, 50, 100 UM %==9] Naringening
Aelstel AHE ANSE 2E ApRel wFa A
57} olEse] WE olEel Al AE e
H-E stain M0z A ZS GAste] Aol 72A|A
P23k A3}, Naringening HE2F3 Blaste] 50, 100
uMel| A $-214 ¢l (p<0.05) ZH4E B (Fig. 2).

3.MMP-9 24 % &4

Naringenino] MMP-9 &4&Ade] 9l=x] PMAR F
F S A7 AR HEE MMP-9 #A] o] A H A
2 gelatin zymography 2 o)g-3] 3hels] w3l o A
3}, &0k ZxA 9] PMA Xl M @ oo MMP-
9 &Aao] Ao Yehds #AFT 5 9low 2447 F
o} Naringenin 50, 100 uMZ 2] 3+ 23} MMP-9 &4:9]
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Fig. 3. Effect of Naringenin on activities and expressions of MMP-
9. The cells were treated with Naringenin for 24 h in the
presence of PMA. Each conditioned media was collected,
and then was analyzed for the gelatinolytic activities by
zymography (A) and for MMP-9 activities by ELISA assay
(B). *Significantly different from PMA at p<0.05.

BA o] Fx &Mooz oAl (Fig. 3).

4. MMP-92] A7} 28 =7

Naringeninel] 2J8] MMP-9 &49] 4% dJA5¢l=
o olgldt mAgAdo] §AA WH £A-o g Fglx
e

=

elsl7] #s Naringenine] MMP-9¢} TIMP-1 §-% A}
W&ol 3] Ao glR PMAZR Fofe EXIA|A AF
Z 5 MMP-9, TIMP-1 848 oA)sl+=#] RT-PCR
2 &Aslgiv). 1 A3}, Naringening] z{ﬂ—‘niﬂ =7}
Pl dheh MMP92] o] 97 ashs AE H9)
g 4 dfth 53] 50, 100 uMei| A MMP-9¢ Be“ﬂ"]

WA fasts AL & 4+ Ugich w3 MMPOY
Wl AalAlel TIMP-12] 4H&lo] PMAG] 2)8) Z7}s]
g.ov} Naringenin®] *zle] ohe sk glgich(Fig. 4).

5. MMP-9 promoter assay

Naringenin 2o 2|8 MMP-9¢] Hxlz4d R &
A7) 98] promoter assayS A Ajstgich 1 Aw)
MMP-9 luciferase 4 =7} PMAE w5 #2lslgl-& v
Y=ol ula oF 5u) =r)stgdent 50, 100 uMe) Narin-

PMA - + + +
Naringenin 0 0 50 100 uM

Fig. 4. Effect of Naringenin on expressions of MMP-9 and TIMP-1.
Analysis of MMP-9, TIMP-1 mRNA expression in HT-
1080 cells treated with 50, 100 uM concentration of Narin-
genin in the absence and presence of PMA (100 nM) using
RT-PCR. *Significantly different from PMA at p<0.05.
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Fig. 5. Effect of Naringenin on MMP-9 promoter activity. HT-
1080 cells were transiently co-transfected with pGL3-MMP-
9-Luc and phRG-TK-Renilla. After 4 h, cells were treated
with the indicated concentrations of Naringenin (50, 100
uM) and PMA (100 nM) for 12 h. phRG-TK-Renilla was co-
transfected in each sample as an internal control. Each bar
shows the mean+S.D. of three independent experiments,
perfosrmed in triplicate. *Significantly different from PMA
(p<<0.05).

gening EEWE A AgLdME Hr dEHo=
MMP-9 24 o] 7F4¥ S #<1d 4 )it (Fig. 5).

6. ARzAAA 24}

©] 1}e}7} Naringeninel] £]3F MMP-9¢] ALz Ha
AAFEE AR $ls MMP-9 =2 wE Ao 243}
= NF-xB, AP-19] promoter assayE AAstaeh 2 4
7}, NF-kB luciferase 84 =2 AlH B PMAE ©h5 3
g o ol uvls] oF 14u) Frlatg ot S0,
100 uM ) Naringenin A ] 2] el A= luciferase A =
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Fig. 6. Effects of Naringenin on activities of NF-kB and AP-1. HT-1080 cells were transiently co-transfected with pGL3-4kB-Luc (A) or
pGL3-AP-1-Luc (B) and phRG-TK-Renilla. After 4 h, the cells were pretreated with Naringenin for 3 h, and then stimulated with PMA
(100 nM). After 24 h of transfection, NF-xB and AP-1 promoter activities were measured. Luciferase activities were determined from
cell lysates as described in Section 2. DNA binding activity of NF-kB and AP-1 by EMSA. After incubation, cells were lysed and
nuclear extracts were isolated and used in a EMSA with 32P-labeled oligonucleotide as a probe. DNA-protein complexes were sepa-
rated on 4% polyacrylamide gel. After 1.5h, the gel was vacuuri-dried and autographed at —70°C for 18~20 h. Each bar shows the
mean +S.D. of three independent experiments, performed in triplicate. *Significantly different from PMA (p<0.05).

7b x &Aooz TAaEs FAF® 4 9o (Fig
6A). T3+ AP-1 luciferase @A =& AlH R PMAE o
% Askge o dagel va oF 350 Fksde
1t} 50uMe] Naringening ==z A H2]shd lucifer-
ase A w7} 7hAislei o) BAAS $o0AL 9lgdv
£-3] 100 UM Naringenin A 2] Fellr= f-2l8HA 3H4
£ 2} & 4 9} (Fig. 6B). o] 3 Z2we] A
E3 Qa4 siehids DNA 2T 24E EMSAS
o] &-3}e] NF-kB, AP-12] binding assay %3 Z}
Naringening 223k 7% PMAd] 93] $=% NF-
kBe} AP-12] A B0l MYy r &Aoo FAaH
91} (Fig. 6A, B).

de

3 &

2o Foll A= HT1080 A £ 4] Naringening ©]-4-3}
o2} 7}A] bioassayE Fdted AlA AL o] FA
| g A ase Wrlsloal shed.ow, =3k MMP-9
A3} 2 a5 A f31k] TIMP-1 G412 43
AxE A7gony o5 w7} kel A eloA)
o} ##HH 53 Mz AEHT 7Aool Fedshe
NE-kBSh AP-1 § walel 4 Hade Fas

2 &

al

J

mlo

ELE
1

=

A saleh

WA, 2 AR A AEA AL 24417 Foll L00pM o]
3} swol|A] HT1080 M2 XA o] A3 odgke] &
< oF 4 9Jglth ol F Aol Mz Aol <33k
< w)R A o= 2442k 100 UM o8} 52| Naringe-
ning xelste] Agslgich olegk Mz ofuldt
ke Xz ¢ W93l 100uM o] 3} 5 =ol| A Narin-
genine] AlA|E SHH 29 o] FolE ojw L WA=
A Ags) »ekeh 2 A3 Naringenine] A% Wl
247} Eob 2] A] HT1080 A2 o]FA o] HAaHE
Ae BAY 4 A0

MMPse] BAS S 2, u R Eal
s elw magAel el o zas:
aled# 9]t} (Chambers and Matrisian 1997). Naringenin
of PMAZ FoF& $A4A 4% w¥E 54 24
AR A7) FobE A}, Naringenin®] H2)gx=r} 3
el ook MMP-99] 548 $4L B gEHOR
&) &L gty O]Eifﬂ 7 3}= Naringenine] HT-
1080 M Z£2] MMP-9 &4 #A$ AAlsle & &t
UL HolFTh

HT1080 ) = A} Naringenin®] Ao &I= Mz
Aol AA2 =& Jehfa glvh 28]z Naringeninol]
°Js) MMP-9 &4 B4 o) A FHEH & F A

o
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A il 9AHEAE RT-PCRE o] 44 ﬁ—’r‘ﬂﬁ L
73}, Naringenin 254 MMP-9 §4z} o3&
EX oz Afads vepd e Y & }l&’iu}-

& Mz AHololA] MMPss} TIMPs®] wHa-2 Abs
AHIL o] 52 B¥> M E He] A Fo
e A A 7)Ae dex 9l AT MM
98} TIMP-1¢] W& A7 A#3} A zsze] Aol
A o2 28"v3 et (De Clerck 1994). TIMP-1 ¢]
MMP-92] dAA| &2 28slm=z TIMP-1¢] dsivxs A
8] ¥ Z 3} Naringenine] 8] =¥z MMP-99] $-
A} e oAske mae ehjg ot TIMP-12)
AR AL Wl 99T o] MMP-92] 24
FAAF G Zrael o3t Asfbo]w, TIMP-1¢]
B4 A= o] opdg AAFEIA Y
NF-kBo} AP-12 F938 HAbxHA}L 3 shield,
ol9] AAlE FF FAE AAghda dex glv}(Garg
and Aggarwal 2002; Ghosh and Karin 2002; Moynagh 2005).
NE-kBS} AP-1& $4Aks, 2, Alo] E7}be, uhe} B
Fol Sls) LRSI, DY NFABE: Az
o83 20001 % o] §AAe] WAo| FefRch 2
o)l H % Naringenin®] %7} 2718 wle} PMAS)
93 F7hd NF-xBe} AP-1 &4d0] Zasle Zloz
B} MMP-92] $47 #lo] 2tage B2 4 9
gieh o2& Ak NFxBsl APl 24& oje] ol
A BT ol shed Aa|sio] el Pa) Hie MMP-
9 &4 3 we] A W Hlom Alm ok

Pﬂ

I

[o3
S o2

lo
rlr

¢

ol =

_,4
o

5§ g

Naringenin2- flavonoid %2 7+2%F 3o o}zF &
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