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Inhibitory Effect of Naringenin on MMP-2, -9 Activity and
Expression in HT-1080 Cells
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ABSTRACT

Naringenin, major one of the citrus flavonoids, have been identified that exert antioxidative, anticancer effects.
The present study investigated the effects of naringenin on tumor invasion and matrix metalloproteinases(MMPs)
activities. Naringenin inhibited cell invasion of HT-1080 fibrosarcoma cells in a dose-dependent manner. The
activities of MMP-2 and MMP-9 were inhibited by naringenin as demonstrated by gelatin zymography assay.
Furthermore, the amounts of MMP-2, MMP-9, and MT1-MMP mRNA were analyzed in the cells. MMP-2,
MMP-9, and MT1-MMP mRNA expression were suppressed by naringenin with time and dose-dependent. These
results demonstrate that anti-metastatic activities of naringenin resulted from blocking of invasion of the HT-
1080 cells. Taken together, the results of this studies provide evidence that naringenin possess an anti-metastatic
activity.
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Foke A3 Aol A FolAM Fad JFL
3}, o] 52] oA Q1A}]] tissue inhibitors of matrix
metalloproteinases (TIMPs)= MMPsel| ]38t 7]%]
2 w7 9 Azl Fa) 28-S =A-3(Cur-
ry et al., 2001). £3] MMP-22 MMP-9= 7|x]=}
o] F23F 74 A<l gelating ¥3sta A4
T Pl = Tl FoFo &S fr=dhe A
o=z o4& )5} (Duffy et al., 2000).
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AR AAA, BLAAA ol led d
A ARl e oFE 5
ooz zpAA Exsh A
I2 7= ZRfRrole AP Hd A o
& Aol 2] el 3 Qe

AT Sof vhepat e FHE Adoz zhg
2 ¢l= naringenin (4',5,7-Trihydroxyflavanon)<
»2Ale] AAs Bakzm naringine] AAA F<4
#H 5 243 dAbEe] naringenine® W gt)
(Ameer €t al., 1996). Ze}H xo|=o] dEg] Z}
vli=(flavanone) Tl A 24 WAl w2 271 7}
Az Qom zwsh 9, Ak 5 2Rl
wo] Zo] glo. Naringenin2 cytochrome P450 &
AES A5} (Doostdar et al., 2000; Dupuy et al.,
2003), 3}=2] (Ruh et al., 1995), 3}A-3}A)] (Van Acker
etal., 2000) 2t-4-& sheta M yEe] gloh <+ o
Foll A kA AE Sl Ql pp60” oo o3 fr=
H+& NF-xBe] &43ks As)stelem (Kwonetal,
2004), At S1sk, sk Alze] M Ee] A
s FAATE A ek B 2 &4
3z MZE B3sh= ehEg-S 3 (Kanno et
al.,, 2005) &+ M ZollA &4l DNAS H-73=1)
=g Fo) Algte] AR Al EFo| DNA 27
2237 Jvka BauE s 9lek(Gao et al., 2006).
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1. M=o

B Al AR Al 2 <A AR Al Z (hu-
man fibrosarcoma cell : HT-1080) = 3t=A| 252
3 (KCLB)elIA 2oF wo} Ag-stodet. Al 25 wi ok
£ v x]+= Dulbecco’s modified Eagle’s medium
(DMEM : GibcoBRL, NY, USA) ufoFole]]l 10%<]
fetal bovine serum (FBS: GibcoBRL)3} 3 uL/mL <]
fungizone (GibcoBRL) ¥ 10 uL/mL 2] antibiotics
(GibcoBRL)E A7}sll ARg-3tdet. Al wfek 75
cm?e] wlj k4 flask (Corning Inc, Corning, NY, USA)
o Aol okl o] 37°C, 5% COz. 24
) COp 7)ol eFslgieh. okl Al 0.25
% trypsin-EDTAZ. 34 A7l & JFA A7 =2 A
258 STk AZEHAS R A xg
96 well platest] 5x 10°cellswello] H == M=z 2
frolS 200uLd BFate] wioFst F Aol ARg-
ahgih

2. Mz=Y &3

MTT assay:= Mosmann (1983) v} el ulz} A)3Y
5191t} HT1080 Al 22 5x 10°celymL A% 4=
A4=3t & 24well plate (Corning)ell 200ulL ¥
F3led 24X 7F Z<F wijekslar 25, 50, 100, 200, 400
UM =2 naringenin (1 uL, 0.1% dimethylsulfoxide
(DM SO : Sigma-Aldrich Chemical, St. Louis, MO,
USA))e] =3td wigoz wksty 2447k 3
7} v oFaldet. vjoFe& MTT 200 ug/mL~7} =3+
wjol o g s 3417k S ZAE 3412
v oFol S wg] 32 DMSOZ 200 uL/well® S 4
o] 57k Al W|ste] FE4 29l formazan
£ $38i2]7] 3 234345 A (microplate spectropho-
tometer : Bio-Rad, California, USA)Z 570 nmei] 4]
F4=g st dxzw vlmsigich Lactate
dehydrogenase (LDH) release activity:= A =% &
ol whel A2 §-E% LDH=E A3t A=
=218 Felsl= ¥ o= LDH Kit (Wako Pure,
Osaka, Japan)S o]£-3}gdc} HT1080 M 232 7+

g
5
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7+ 5x10°cellsmL7} ¥ == 24well platee] 23
sto] 24717k Wi F o] 5 HEE o2 F=°] na
ringenine] E3Hgl wioFA el 2] 247k wl Ftsi.
Z1AA I YA okE FFom Ejlete] w4
o)A 537F vkA]3 & 40uL/wel® sl o
Al Aol A 1082 WAskele T ik AR
& 120ul/wellq x2jste] #3F=A = 570nm

oM EREE ZAste] xzsh vlmsheleh

3. Mze| HEs &H

In vitro invasion assay*= Moon and Kim (2000)<]
oz Algsledct. 6.5mm 273 2] 8um poress
7} polycarbonate filterS W#}+3t trans-well culture
chamber (Corning) 2 o]-83}e] HT1080 A 22| #
#5¢ A i 24 stel 28 9
o] 10uL 2] matrigel e =% A]Z] & 37°Col| A 24|
ZF HbSAIA ] H=5 3 & AlzRfe 200ul
(5x 10° cells) upper chamberel] 257 lower cham-
berell = serume] =% k> DMEME ¥ &
naringening- chamberol] *]2]3}a 24A|7F wj kA
ZAct wekS Z = upper chambere] matrigel S
SHslA] B3t AzEs dEow Hopy F3H
M ZZ 0.25% crystal violet (Sigma) .2 1082 <t
G 3skei o} Xylen (Merck, Darmstadt, Germany)el|
oA B8-S A7sla &etel= FEble ¥
2 histomount- g Wl "oj=dl & AW FEhx
£ YoA FEE S5dste] IE sl Boldle
M 3245 200 wi-&-2] 3w])7d (TS-100: Nikon, Tokyo,
Japan) o2 ARzl Zredslolet.

4. MMP-9, -2 54 M3} 55

6 well plateel] 10% FBS7} #7151 DMEM v
HEg o]gsled MEZ 1x10°cdlswell?] =z
247t 51t HAAZD 3 FBS7L ol FEA )
ool o7 ZrolE tvl-g naringening A E]3}3iv} 24
Az F Y gl e Eadoz sed 1mg
mL 2] gelatine] §H-% 10% sodium dodecyl sulfate-
polyacrylamide gel electroporesis(SDS-PAGE)-2- ©]
Sste] H7]dF AT Ad2ellA 120VE 2417
A7193% 0] Bt Foll gel> SDSE A|A3}] 9130
washing buffer (2.5% Triton-X 100, 50mM Tris-HCI,
pH 7.9) gl o= 3087+ 23] AHT F ulLel (5

mM CaClz, 1 mM ZnCly, 50 mM Tris-HCI, pH 7.9)
o] 18417k g3t 37°Ceoll A WA A 7[A RS E
=3} Gelg 0.25% Coomassie brilliant blue G
(Richmond, CA, USA) $lo =2 1Azt dAsta
5% methanol 3 8% acetic acid=. & ald, A A A
ol background= F2A o) EaE RELS 34

band=z jepdol
5 fFHA &4 FH

HT1080 M| Z2 5x 10° cellgmL o] === 10%
FBS7} &% DMEM o2 3]X3&}ed 100mm dish
o] Y31 37°C, 5% CO; wjj 7] oA 90% o] A} x=
=2 wjoFslaie}. wiekEl AMlZZ phosphate buffer sa-
line(PBS) = 23] M3 3s}x serume| 3-§-5A] o2
DMEM=} naringening o] 24A17F FoF ©}A] vl
oFsleict. 7+ dish= PBS= 23] A& 3l TRIzol
reagent™ (Sigma-Aldrich Chemical)2 1mLA& g
3l M| ZE lysis A]7] ©}& chloroform£- 100 mL
Aeste] M=z o] RNAE #3831 o5
isopropanol2- x2]sled RNAS AAA 7| 75%
okez A = ohe, Zlekeke RNA pelete
nuclease-free waterel] =it} SIAAF vF-S-2 avian
myeloblastosis virus(AMV) 2] ¢34 A& 4~ (Promega,
Madison, WI, USA) 2! oligo dT primer (Promega) =
o] g-3}od 42°CollA] 60%-7F Hb-g- ¥ 99°Cel|A] 5
7b 7hdstedt A4 € cDNA (10-50ng/uL )& )-8
ste] A FAlAtell A= el primer (10 pmol) 2
Tag polymerase (5 Units/uL; Promega) S o]-8-3}o]
polymerase chain reaction (PCR : Corbett Research,
Sydney, Australia)2 43 3}9]c}. PCR Hl-2of] A}&-
3 primerse] 9714 "9 MMP-2(5-GTGCTGA
AGGACACACTAAAGA-3, 3-GGATGTTGAAA
CTCTTCCTACC-5); MMP-9(5'-CACTGTCCAC
CCCTCAGAGC-3, 3-GGAATAGCGGCTGTTC
ACCG-5); TIMP-1 (5 -TGCACCTGTGTCCCACC
CCACCC-3, 3-TGGACCGTCAGGGACGCCAG
GGT-5); TIMP-2(5-CCGAATTCTGCAGCTGCT
CCCCGGTG-3, 3-GAGCTGTAGCTCCTGGGT
ATT-5'); MT1-MMP (5-CGCTACGCCATCCAGG
GTCTC-3, 3-ACACGACGGGCTACTACTGGC-
5); GAPDH (5-GGTGAAGGTCGGAGTCAACG-
3, 3-CCAGTAGGTACTGTTGAA-5)E 345}
o} PCR & =712 cycle A]2F A 94°Col|A] 537
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Fig. 1. Effect of naringenin on cytotoxicity of HT-1080 cells. The cells(5 x 10° cellsmL) were plated in a 24-wel| plate with
DMEM supplemented with 10% FBS and various concentrations of naringenin (25, 50, 100, 200 or 400 uM) were
treated for 24 h. Cell viability were estimated by the MTT assay (A), LDH activity (B). The cytotoxicity was deter-
mined by relative absorbance normalized to the control cells. Each bar represents the mean+ S.D. calculated from
three independent experiments. * Significantly different from control at p< 0.05.

ZF 7143k 5 v cycle vle} 94°CollA] 30%, 55°C
ol A 30%, 72°CellA] 30% A& 253 HbE-s1
o PCRu-g-0] B¢ Foll= 5335 DNAZ 12%
agrose gel& o]-g-3te] Q0 Vellr 45% F<k A7)
°3&3skada 10,0000 3]43 SYBR Gold staining
solution (Perkin Elmer, Massachusetts, USA)e 2 1
A1zt gt 93t o1& Alphalmager™ (Alphain-
notech Corp, CA, USA)S ©]&3}e] 9=l DNAS
gelatutt.

6. SAE4

Ad Ao Fo4d S Tukey-Kramer test
el wheh AAskgler, p<0.05 oA f-2
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MTT assayel] oJsl| M=z =4 AL sideh 2
73}, naringening HT10804] i 25, 50, 100, 200,
400uM =2 24well plates| A 2447k E<t wljF
3 ¥ Aelsle] a2 vlad 23 100uM o
3}e] naringenin %ol A= oF 90%9] =2 A=
AEES BT, 200uMe M= 64%2] A ZAYE
€L, 400 uMol| M= 37%2] Az P28 el
o}. o] A3 F3l naringening] A2 Fx= 2EH
o2 Az AEL FAFA wEtA o] F AY
e AlZzSAel deke vAA] g 25,50, 100
UM s=2°] naringening xj&]3sled A&}l (Fig.
1A). =3t naringening HT1080 A =3=¢]] 25, 50,
100, 200, 400uM == F7}sle] 24X)7F ek %
%5 LDHo ojs] Az 24 Ade H714)
Bweotel 7 ZA 25, 50, 100 UM 2] naringenin 5=
AME LDH #24=7}t dzzs fAbshgot,
200 uM 2] naringenin <oA= LDH 30|
242 feolHo=w Zr)Eglar, 400 uMe] narin-
genin =0 AEx LDH §&80o] 3|z =x 9
£40= 271595 (Fig. 18).

2. HEe| HE5 &Y

HT1080 Al == trans-well culture chamberel] 25,
50, 100uM 2] naringening x2|3lal 2447 3o
matrigel S =23 JEE B3] o|E3 Azs H
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Fig. 2. Effects of naringenin on invasion of HT-1080 cells. The cells(5 x 10* cells) were cultured in the presence of various
concentrations of naringenin (25, 50 or 100 uM) for 24 h and treated with 100 nM PMA within a matrigel invasion
chamber. After 24 h, cells on the bottom side of the filter were fixed with methanol and stained with crystal violet.
Cell invasion was observed with light microscope (A). Quantitative analysis of the invasion assay are shown (B).

Astodel. 1 A3}, 29F 314 ¢l phorbol myristate
acetate (PMA) 100nM ©+= 223 FellAl: oA
2o Afgo] F7Hd 7}\01] uls)od nanngenm ]

2] w=ol o3 gAlEe] Hfge] dAEE &

& 4 Sk (Fig. 2).

3. MMP-2, -9 54 #ME £

Naringenine] MMP-2,-9 &A #Ae] 97
PMAZ ZFoks F2AA A L3E MMP-2, -9

FAE JAI==A1E gelatin zymography 5 ©]-8-3]
gels] ®Boke 21 23}, PMA HolMe @2
Fe] MMP-2, -9 &4-e] &A4e] Jepds #FE
4 9Jew 2427 E<F naringenin 25, 50, 100 uM
2 A3 23 MMP-2,-9 49| 4L 5= 9
A Al FAE Hlow 53] MMP-9 &4-9]
FA4e A JAEE g8l & 4 e (Fig.
3).

4. MMP-2, -9z} MT1-MMP % TIMP-1, -22]
FER W 58

Naringeninel] €& MMP-2, -9 49| 4% o
A&kl =d naringenine] MMPse} TIMPs -4z}

o A& FAo] A PMAZ Fofg 2314
J5 e E MMP-2, -9, MT1-MMP, TIMP-1, -2
FgAe AA3=R] dolr gkt 2 A3} naringenin

Aelsxrt 274t wet MMP—2, -9, MT1-
MMPe] o] a} gashe Z& FAd 4 9
e}, B3] 25uM o] AFol A MMP2 -9, MT1-MMP
o] A A= AE < 4 gtk
=3k MMP-2, -99] WelA AsfjA]el TIMP-1, -22]
o] PMA] o3 Z7}Eg)ev) naringening
Aelel e WFE Qs Aoz Jehdch(Fig. 4).
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B JFo|A= HT1080 A =Zel|A] naringening
o] g3k MMP-2, -9¢} MT1-MMP &2 TIMP-1, -2
o fAA B AxE AFFoEHN o|Ee] i
A7) kel AolAle} FHAH S wB]a o]
o] A 28-S At shalem =3t o
7}A] bioassayE E3led AlA| P E] FH-EAdl
A3 A ws-S Frhstast skl

B o= naringenine] SIMZ o]F A FA
Ztel] ojw| gt oS wX|=A] AV WA, Al



68 J. ENVIRON. TOXICOL.

(A) (B)

PMA - + + + +
Naringenin 0 0 25 50

MMP-9

MMP secreted (ng/mL)

Vol. 24, No. 1

8=

B MMP-9

o
e
o

s
2t
05

g
o
i

g
=

%

e

ot

o
33

S

(s
e
s

pescs
P

e
Gt

o
5t
Vi
ok

ks
Sty

ot
e

Control - 100

(+) PMA

Fig. 3. Effect of naringenin on activities of MMP-2 and MMP-9. HT-1080 cells (1 x 10° cells/well) were treated with 25, 50
or 100uM concentration of naringenin for 24 h and treated with 100nM PMA. Each conditioned media was collected,
and then was analyzed for secretion MMP-2 (72 kDa) and MMP-9 (92 kDa) by gelatin zymography (A) and for MMP-
2, -9 activities by ELISA assay (B). Gelatinolytic activity was detected as unstained bands on a blue background. All
experiments were taken to three independent experiments. * Significantly different from control at p< 0.05.

(A)

PMA - + + + +
Naringenin 0 0 25 50 100uM
o [

(B)
PMA - + + + +
Naringenin

MMP-2
TIMP-2
MT1-MMP

GAPDH

Fig. 4. Effects of naringenin on expressions of MMP-2, -9, MT1-MMP and TIMP-1, -2. Analysis of MMP-9 and TIMP-1
(A), MMP-2, TIMP-2 and MT1-MMP (B) mRNA expression in HT-1080 cells (5 x 10 cells/mL) treated with 25, 50
or 100uM concentration of naringenin in the absence and presence of PMA (100nM) using RT-PCR. After incubation
for 24 h, cells were lysed, and total RNA (1 ug) was used in the RT-PCR. PCR products were separated on a 1.2%
agarose gel, stained with SYBR Gold, and visualized under UV illumination. GAPDH was used as an internal stan-
dard. All experiments were taken to three independent experiments.

E540) GRE FA o A P9E A
98 naringening *|g] &, 24A]7F Zo] 100 uM
o8} ol Al HT1080 422 =4Jel ofko] 31&
+ & & sl o] d A Zef| w3t Y=

genine] gkA3<ql HT1080 A 2]
At

MMP-2, -9 &4 BAS A4 B 9 Fhe)

FA3t Axel o8] 2AEE Aoz dHA g
(Chambers and Matrisian, 1997). "% PMAe]| 23
51kg) MMP-2,-99] &4 84-& naringenine] <
A A7)1=A ol A3}, naringening] A=
ojEzdoz MMP-2 -92] 4o AL Asde
gelstglet. ol2id A= naringenine] A ZF
9] HT1080 A ZolA] MMP-2, -9 &4 342 97|
s d 2371 & Felsksth
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o]& 3t naringening] MMP-2,-92] &4 FA] o
A7 Az wdel o8 qA=EA] 5 RT-PCRE
o] &3) Eqls] £ A3} naringenin 5o 4] MMP-
2,9 fA7 MHE v JEHoz Aads
vehd& #2E 5 glslek

A dFol| A SHHIZ A ool MMPse}l TIMPs®]
e A5 2AHHT, o] E43H> HE A
| @Al F23F 3ekE w|xld (Jang et al., 2002).
=3 MMP-2, -95} TIMP-1, -2¢] wale g A1
I AlzpEe] A g2/ 24549y By
519t} (De Clerck, 1994). 2 A& oA = MMP-92]
=4 B4 o] TIMP-1of 23] A=A &<l3}7]
A8 zAR 2 A3 naringenine] 2] sxEE
MMP-99] 312} Hal& JA|3sH &35 el
Kot TIMP-12] -4z WM& W37 ¢lsd
th o] MMP-99] =4 A3 {314} whale]
Zhace] 2|3k Afo|w, TIMP-1o] 2|3t &4 4]
=2 A o] obd S AJALSIAT

MT-MMPE= Aol EAfsts Sidisia
22 AzzddA MTI-MMP7} TIMP-29} A3t
5t = TIMP-27} proMMP-2¢] Z&ste] 324l
EgAE FAs MTI-MMPe} #H4-3to =z i
proMMP-22] propeptide domaino] #-2]%|e] MMP-
22 A3ty 519} (Zucker et al., 1989). u}eh
A FA o)l 238 MMP-29] A3l Fes)=
MTL-MMPg} TIMP-2% ¢} Ao|#Aex F23)
q&gE gk TIMP-2= MMP-22] Wi<lA] A3l A
o] x|at MMP-29} TIMP-29] u] &< we} =, v
Agege] TIMP-27F & o MMP-25 243}
A7)1= Aoz d#)x g)o(Yoon et al., 2002). &
AT A= MMP-2, MT1-MMP % TIMP-2¢] $-4
A ol WX naringenin®] o3dFS AR Z
I} = o]EH oz MMP-29} MTI-MMP: 43
2 S A FGYA T TIMP-22] 542} 3] A
 HE} gode ol MMP-22] &4 3= TIMP-
2] &J3F 7o) obdg AJASFAT

olfd A#E FI &, naringenind- A o]
o] FoIsl= QAFel MMP-2, -9 2 MT1-MMPE)
LS A gozn HeldAl =dts el 7

A AT A ez AMEE &
Al He] oA ofEe] HFH3 Ao o HE
o] A S s TS 7ML Sl whebA
naringening o]-4-g o] oA Bl eiEAe)

o

Aol A 5 meh Fye A7 A
oJof & Zlo]e).

Ao of
Naringenin2 flavonoid -9 &7 3o o
F ARl e 3k 8l salst Fo| oekdt
A EAE 7= Aoz BuFESn o & o
Fol A HT-1080 44554 £2] 24l gt o
& 2Abskole. ®A naringenine] bz A4

o A& S delrr] 918 invasion assayE
g ZA3, naringenine] A Z] AFS v oE
Moz oA AZTh gre] Aol GlelA TS o
3 d3e sl AR g 49l matrix metallo-
proteinases(MMPs)2] &4 =F =3]3}7] 93] gea
tin zymography=- st Z 3}, naringenine] MMP-9, -2
o] &4 FAEE vx oEHoE NG =
g MMP-9, -2, MT1I-MMP2] 3=} whalel] ofsh
naringenin®] ¢33FS- reverse transcription polymer-
ase chain reaction (RT-PCR) vl o2 zA}st A3},
naringenine] MMP-9, -2¢} MT1-MMP2] mRNA
A v oEHoz AT HeHe=
naringenin®] kAol A= AR &l
MMPse] mRNA 2 gl g4 248 Aoz
W A Ze Aee AdFozd vehd Anz
AR
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