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ABSTRACT

Conjugated linoleic acid (CLA) consists of several geometric isomers of linoleic acid. CLA is found in foods derived
from ruminants and exhibits strong anticarcinogenic effects in a variety of animal models. Matrix metalloproteinases
(MMPs) play a key role in cancer progression. Specifically, MMP-2 and -9, which hydrolyze the basal membrane type
IV collagen, are involved in the initial breakdown of collagen and basement membrane components during tumor
growth and invasion. However, the effects of CLA on cancer cell motility and MMP expression and activity are not
currently well known. Therefore, the present study examined whether CLA reduces the activity of MMP and cell
motility in SW480 and SW620 cells, the human colon cancer cell lines. Gelatin zymography and Western blot analysis
revealed that phorbol 12-myristate 13-acetate (PMA) induced the activity and protein expression of Mr 92,000 MMP-9
in both cell lines. To examine whether CLA inhibits the MMP activity, cells were incubated with 100 ng/mL. PMA in
the presence of various concentrations of CLA. PMA-induced MMP-9 activity was decreased by 20 M CLA in
SW480 cells, and by 10 ©#M and 20 M CLA in SW620 cells. Results from the Boyden chamber assay showed that
cell motility was increased by PMA and that PMA-induced cell motility was significantly decreased by 20 M CLA
in SW480 cells. These results indicate that CLA may reduce the motility and MMP activity in human colon cancer cells.
(Korean J Nutrition 36(3): 280 ~286, 2003)

KEY WORDS : conjugated linoleic aicd (CLA), matrix metalloproteinase (MMP), cell motility, zymography, colon
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5%u|gtelztn dtk? gme oigete] Aol lojA
e Holg ditehs AL ul¢ F23 AT Fopolut 4
o] g3} it Holof tigt ATE FuelME A o
THol QA ¢kon, FeloME nlu|EHA] o]Feix| 1 Qth

o] A&7 Aololl= cell adhesion¥ extracellular ma-
trix (ECM) & #ashe= 7o) F23slth¥ Matrix metallo-
proteinase (MMP) ¢} urokinase plasminogen activator
(4PA) = H&ol 243l= F2 proteinase2 53] MMP
= ECM @& #afste] A7t te 7|gez o] %3}
o 2e% dgg kY MMPE ECMY PAAER]
collagen, gelatin, fibronectins& #ajsh= &4, 177
AE7F dejA qlom, AXE 8ro g BEulss &3 A ¥e}
of o= ez} YUk ¥u)EE= MMPES proenzyme
o] FHE 72 Jlon, 54 enzymeol 23 E3is
o] 1 844 MY, embryonic development, normal
tissue remodeling, growth, wound healing®} ##Ho] ¢}
t}.® s MMPE tissue inhibitor of metalloproteinase
(TIMPs) 8} 48& 230 &5y, MMPF TIMPAO]
o] #30] FHEE g Frpx At 2 AR Aol
LpeRdtL” o)} Zo) 9ke) A& Aojof 3lojx MMPY
olgo] wigel ek MMP A5l Baehs Q750
Z18= 31 Qlek AA tiet MIEQI HT-29 cell& ©]&3+
lymph node #Ae] Adolx MMP-2%+ MMP-99] inhi-
bitor?! matlystatin (R—94138)2 o1& AL, in
vitro AHAHANNE GAF o]FE ALY g
TK4 oA ZelAE MMPS) inhibitord] MMI—166-&
MMP-29] 843 ¥ & ZAAZT, APFEAN 1 A
012 ZAARY L Bty ¢ek? 18=E MMP 84
& AT AolRRe WS RS g T2 o
g 7RItk AlsE

Conjugated linoleic acid (CLA)+= fA1"olut S5l
3hee] 9lom 19 jingleic acidZHE YFtalol A why
o7 FA" CLAE cis—9, cis—11, cis—9, trans—11,
trans—9, cis—11, trans—9, trans—11, cis—10, cis—12,
cis—10, trans—12, trans—10, cis—12, trans—10, trans—
12 CLAY 87} o|AAE /3t Qo™ I F cis—9,
trans—11 CLAS$} trans—10, cis—12 CLA o)AA)7} 242
°f 48%F AFAISHL a2 WA 6709] CLA °ldAle 7
oz EAGY CLAL APAUAE? 9 chgdaE?
T AZFEAMY IS FAT FEANA 27A
gk S AAATE FYEEo] o FHold 3o
th'¥ Female BALB/cAnN A8%¢]Al mouse mammary
tumor cell line 45265 #g]9] AWML Fa&) FA}51 )
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HolE FE3I%E o, CLA AH (2lo]FAlel 0.1%, 0.5%,
1.0%) = pulmonary nodule %} tumor burdeng& %A
AZths 217k AR ZEv CLA7E diaba Eef
A8l MMPE/3 7 MlxolgAe vx& J&e) st A+
+ ot o]Fojx| 1 QA Yt

IHEE & A7e QA HEd AEJ SW480 cell
SW620 cellelld] CLAZ} MEolsAda MMP &4l u
e FES ol Ak A REQITh EE B oA A}
25 SW480 cell primary adenocarcinoma cello]x
SW620 cell2 SW480 cello] fafist 22} tymph node
2 Hojg igetozie falig Ao Ho| As} Fo
Aol A9 F3kE vl watgitt

Mz X 4

1. MEHi

Q1) it MEF= American Type Culture Collec-
tion (Rockville, MD, USA) oA 5}3ict. Uuk A zu)
9Fol © 2= Dulbecco’ s modified Eagle’ s medium/Nu-
trient Mixture Ham’s F12 (DMEM/F12, Gibco/BRL,
Gaithersburg, MD, USA)°l 10% fetal bovine serum
(Gibco/BRL) & #H71skx, d43A412+E 100 units/mL peni-
cillin (Gibco/BRL) # 100 gg/mL streptomycine (Gibco/
BRL)-& #7l5ld AREER3ic) AIE7F 80~90% confluence
A 0.25% tyrpsin—2.65 mM EDTA (Gibco/BRL) &
Aejste] Aldhuiek siion, wixlE 24 wich wEskich
MEE 37C 553 incubator (5%, CO,) oA viekatsich

2. MMP &y X &3

1) MMP 2% F32 ot AlRZY|

SW480 celld} SW620 cells LutA|Emjotd oz A
F7F 1 % 10° cells/well 52 3193 6 well platee] pla-
ting & ¥ 48A)17F2 WleFslth Phosphate buffered
saline solution (PBS)2Z & ¥ A3, serum free medium
(SFM, DMEM/F12, transferrein 5 #g/mL, selenium 5
ng/mL, ascorbic acid 50 ng/mL, @ —tocopherol 20 ng/
mL) 22 F ¥ ] AUt SFMe] phorbol 12—myristate
13—acetate (PMA, Sigma, St. Louis, MO, USA)7} 0,
10, 50, 100 ng/mLE H7}8 medium o2 HHo} F1,
48A1ZHE o Hoket F wla e dAth B2 uige
3000 rpm, 4Tl 1083 QaResA AT AATR
centrifugal filter device?! centricon (Millipore, Bedford,
MA, USA)$§ o] &3l 10v] F=3lo] MMP 48 54
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3= zymography ) AlE 2 AM-EH3ITE PMAE dimethy!
sulfoxide (DMSO)oll %00, BE wellols 72 k9]
DMSO7} Eol7l=% H7A R

2) CLAt MMP R¥f DAl 2t Z¥8 9ot Alg ZH]

SW480 cell#} SW620 cell & UMM ERjFN O T A
57k 1 X 10° cells/welle] %2 6 well plate®) plating
513, 48A]7F wioket ¥ PBSS} SFMOE Zp7] 5 ¥ 4
Qlet. SFMell PMA (100 ng/mL) &+ CLA mixture (Sigma)
£ 0,5, 10, 20 ¢ M7} HEF 713 mediumZE vlF
3 A8AIRME T wiokslod, kg dof 10 3t
zymography & A8} c} CLA mixture® fatty acid—
free bovine serum albumin (BSA, Sigma)¥ 4:19 &
g2 AFAND A& ARSIt EE welldls BSAS
DMSO7} 22 & Eo7H=S H7ksisic

3) Zymography

0.1% gelatin (Sigma)& 73 10% sodium dodecyl-
sulfate—polyacrylamide gel& 5o oA 33 WbH
0% 92 AEE lane F 50 p1¥ Qo] AXFFIgiTh
A719% ¥ gelS renaturing buffer (25% Triton X—
100) £ 3087+ 5 ¥4 shaking 3184 2244 incuba-
tion 313tk 18] 1 developing buffer (50 mM Trisbase,
50 mM Trsi—HCI, 0.2 M NaCl, 5 mM CaCl,, 0.02%
Brij) 2 30¥7F A-2oA incubationdt ol 37°CellA 16
A7} incubation 3F3th 0.5% coomassie brilliant blue—
250 (Sigma) = 3087t @2 3t ¥ destaining solution
(methanol : acetic acid : water = 50 : 10 : 40) 2.2 de-
stain 3l #As]A T} Positive controlZ2 HT—-1080
celle & o= wifst v S ARE33ith

4) Immunoblot analysis

MMP @¥idg gRlspy| 8] 22 AlEE o431 im-
munoblot analysis& 2SI} 4~20% sodium dode-
cylsulfate—polyacrylamide gradient gel2 99} lane
50 p18 AEE ¥e F Aridesiich ANYs &
Tmmoblin™~P membrane (Millipore)®l transfer &%}
¢}, Membrane< 5% milk—TBST (20 mM Tris—HC],
pH 7.4, 137 mM NaCl, 0.1% Tween—20) 2 incubation
3 & monoclonal MMP—-9 antibody/5% milk—TBST
(1 : 1,000 dilution, Santacruz, USA) 2 1A} incubation
35t TBSTE AL ¥ anti—-mouse Ig horseradish
peroxidase/5% milk—TBST (1 : 10,000 dilution, Amer-
sham Buckinghamshire, England)  14]7} ©} incubation

3191tk TBSTE Aol ¥ Supersignal® West Dura Ex-
tanded Duration Substrate (Pierce, IL, USA) & A28}
o gAselnh Bt vlg] A7) molecular weight
standard (Amersham) $} v]&}gich

3. Boyden chamber assay

M|E2} 0]%4L2 Boyden chamber (Neuro Probe Inc.,
MD, USA) & ©]|-83}3ich SW480 cell& viok3lt}t 80%
A% confluence 31A]"3 SFMe| PMAZ} 0, 10, 50, 100
ng/mLo] Eo|7}EE BE mediumdl MEF7F 2 X 10°
cells/mL. ¥ =% resuspend AlFt}. Boyden chamber]
lower chamberel&= FBSE 10% &3t Y= Uuk 8
ofl S Ay}etT gelatin® 2 v)2] coating Ho] U+ filter
(Osmonics Inc., USA)E 93, upper chamberl+= 1&g}
ZH)8) =L cell suspensiong H7Ftsich 16417 <
37C 5% CO, incubatorollA] ¥joEg 3 Fof Diff-Quick
solution (Dade Behring Inc., USA) 2 & |AS 519}
CLA7} €A o)gAel nlAl= JE¢E AR A3
4] PMA (100 ng/mL) &+ 87 CLAE O, 5, 10, 20 M
Z 71t medium$ AMESIYITE EE mediumols DM-
SO¢} BSAYe| FU3tA XFEHEE 3151t} Gelatin coa-
ting 3t filter & %3} upper chamberl*] lower chamber
2 olFe MXS g 10uES du)sdelx xEst
W2 ARE AL 3 X2 77 10799 43g HHel
AE T 75 Aa 5HE AFE 33 v

4, BN

A E 2} ojg/dol ti¥t AE= SAS program$ ©]&3}
o Z} 7o) BAH BFE LAFE ki, ANOVA 48 o
3 57 HgAte] BlE Duncan’ s multiple range
testE o83t FAE AFAE

4 1

1. MMP R¥ ¥ &

QA2 gL MEFQ SW480 cell® SW620 celld]
MMP #/3-& ®x1Fo] 92,0009 @] gelo H7ig
gelating 31 7]1E 8L 548k zymography & ©]
£33, 1 A7h= Fig. 19} Fig. 291 #AA=91tk SW480
cell#} SW620 cell2 serum—free mediumol4] PMAES
A7vskA] 21 sl s dols MMPE E40] YehtA|
2okt (Fig. 1-A, 2—A). PMAS 555 7RSS 1
SW480 cell& PMA %57} 50 ng/mL o|4l4 MMP—
99 @4o] Yehtos, SW620 cell 10 ng/mL ¥ w¥
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Fig. 1. Efects of PMA on the activity and protein expression of
MMP in S3W480 cells. SW480 cells were plated in é-well plates at 1
~ 100 celis/well in DMEM/F12 supplemented with 10% fetal bovine
serum. Two days later, the monolayers were rinse three times with
PBS and serum-free DMEM/F12 supplemented with § g/mlL
fransferrin, 0.1 mg/mL BSA, and & ng/mL selenium. Celis were then
incubated in serum-free medium in the absence or presence of
various concentrations of PMA. Forty eight-hour conditioned me-
cia were collected and concentrated for zymogragphy to detect
MMP activity (A} and immunoblot analysis with @ monoclonal
cntibody against MMP-9 (B).

I\/IMP Q 92 kDa
MMP 2 72 kDa

@ MiIP-9
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Fig. 2. Efects of PMA on the activity and protein expression of
MMP in SW620 cells. SW620 cells were plated, cultured, and tre-
cted with PMA as described in Fig. 1. Forty eight-hour conditioned
media were collected and concentrated for zymogragphy to
detect MMP activity (A) and immunobilot analysis with a mono-
clonal antibody against MMP-9 (B).

B MMP-92} &4o] et} (Fig. 1-A, 2—A). SW480
cell?} SW620 cell& vlws] B4, SW480 cellols] MMP—
Go) gAjo] o} & A o2 Uepdth 92 kDa weizlo] MMP—
Gols zsly] gai MMP—9¢l ¥+-26k= monoclonal
antibocy & ©]-§3A 2 wiFAe] 23k dilAE im-

munob.otting BFHO R A3 A3} HExjako] 92 kDagl

walzle] MMP-9 9% 818 5= It} (Fig. 1-B, 2-B).

PMA2} 37 CLAZ mediumell 27151218 mi= SW480
cellelME= CLA 57} 20 M & wf MMP-99] g4o]
3H8sia, SW620 celldldE 10 Mot o o) MMP—
99] #4o) st} (Fig. 3—A, 4—A). 181V} immuno-
blotting A¥}e] 2J&pPH CLAYE SW480 cellolA= MMP—
99| whilal WS AASHA] kOt SW620 cellof A=
e} ghata o] Zhavt veldth (Fig. 3-B, 4-B).

2. NZo| o5n

Boyden chamber assay®ll 23] SW480 cell?] o154
& =439} Fig. 5—AE filter® £3F A329 o] &
Kol o o]F il digh vl&E vEepPd o]

A0S

Fig. 5—B& PMAZ A< v dose dependent 3}
A ol%3h= MEZF ZE7F8FITE 100 ng/ml. PMASH CLA

B ESEeIE 360)

( ) MMP-Q
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(B) MMP-9
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Fig. 3. Effects of CLA on PMA-induced MMP in SW480 cells. SW480
cells were plated, and cultured as described in Fig. 1. Cells were
then incubated in serum-free medium with or without 100 ng/mL
PMA in the absence or presence of various concentrations of CLA.
Forty eight-hour conditioned media were collected and concen-
frated for zymogragphy to detect MMP activity (A) and immu-
noblot analysis with a monoclonal antibody against MMP-9 (B).

@ MMP-9 92 kDa
MMP-2 72 kDa
@ MMP-9 e G e . | 921D

- + + PMA 100 (ng/mL)
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Fig. 4. Effects of CLA on PMA-induced MMP in SW620 cells. SW620
cells were plated, and cultured as described in Fig. 1. Cells were
then incubated in serum-free medium with or without 100 ng/
mL PMA in the absence or presence of various concentrations
of CLA. Forty eight-hour conditioned media were collected and
concentrated for zymogragphy to detect MMP activity (A) and
immunoblot analysis with a monoclonal antibody against MMP-
9 (B).

£ 0,5, 10, 20 xMZ 3 718190 E "W CLASE ¥
A k& ol vlE] CLAZ7 9]3}] o)F8h= AE9 v
o] #Ada, 20 pMolME #F2 1 teizt sl
(Fig. 6).
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A3l SHAIE) ol g, Aol ExAQ1 713t sl
ola|7} st} M HEH HolggolA] Fadt A
2 ECM3} 7149 (basememt membrane) & F&ljé= 7
olth” o1& glaf UMEE oje] 7HA| TR g A
MMPE #u]314] "tk MMP= 4789] group 2.2 0]‘:"01
A gl 1) MMP—1< %3+ collagenase, 2) MMP—2
I MMP—-9% ¥3%t gelatinase, 3) stromelysin, 4) me-
mbrane type MMPo|t}h'” ko] A3} HolollA ECM}

714" g2 Fa3 Qlxk= MMP-2, MMP-9% °]&
o] M- [t ciatolA Hojol #ao] vk B
AHAE gejE R ¢he) HolE uh) glEia MMPE ¢

Ashs B4 Gk A77F s) o] FoR]a 9t
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Fig. 5. Effect of PMA on the motility
of SW480 cells. Cells were grown
in a Boyden chamber using FBS as
a chemoattractant in the presence
of various concentrations of PMA.
Celis migrated through the gelatin
coated filter was counted. (A) Pho-
tographs of filters. (B) The migrated
cells are expressed ds G percen-
tage of migrated cells cutured in
the absence of PMA. Comparisons
between groups that yielded sig-
nificant differences (p < 0.05) are
indicated by different lefters above

each bar (e.g. avs. b, bvs cC
etc.).

100 ng/mt PMA

Fig. 6. Effect of CLA on the PMA-
induced motility of SW480 cells.
Cells were grown in a Boyden ch-
amber using FBS as chemoattrac-
tant in the presence of various
— concentrations of CLA with or
ab b without 100 ng/mL PMA. Cells mi-
grated through the gelatin coated
filter was counted. (A) Photographs
of filters. (B) The migrated cells
are expressed as a percentage of
migrated cells cutured in the ab-
sence of PMA. Comparisons bet-
ween groups that yielded significant

= differences (p <0.05) are indicated
+ + + PMA (ng/mb) | by different letters above each bar
5 10 20 ClA(pM) (e.g.avs.b, bvs.c efc).

B Qo)A Q1) gl £ SW480 cellrt SW620
celld]l PMAZ 37181308 W MMP-9¢ #47 2o
Z7}atoit} (Fig. 1~4). McDonnell 9% SW480 cell
3} SW620 cell® Qubdeiol MMPE 2adshA] o=t
31 519117, Bellone 5272 PMA°] 23 MMP-92 @&
Z712 old) tALAER DLD-1 cell oA BESAct
B Pola SW480 cell® SW620 celld vlms] B
SW480 cello|A12] MMP—-99] @Xjo] o} zo] o]
gloA2] MMP-99] &4jo] £2 21 & F Uk &
Aol PMAE 84317 & CLAE J71siie w=
MMP-9¢] 842 SW480 cell®] 3¢ CLA ¥%7} 20
uMellA] Ao Zaskda, SW620 celld] -9+ 10,
20 pMellx] MMP-9&+4jo] asto] Aol uke} CLA
of sk tE W8-S B} (Fig. 3—A, 4-A). 182
SW480 cellollA] CLA 2l8l MMP-9¢] o] 7H4st
2| oFgrort SW620 celloll = CLA <&l MMP-9¢]

welo] 7t Zd tiaie do® B A7t BR
thx Azhgch MMP) oy #4E -k £4
g3t A7 Wo] Hoj QA @, Harris 57
3 HofAl n—6 :n—3 AW WES 71,3412 &
AstA CLAE 1.1%, DHAS 0.3%Z Aol H7isto]
z94 o), CLAS} DHAY 37h= MMP-29 MMP—-9¢]
QAL Zhaex ks B stelrh 181 Emenaker 5
o] SW1116 thigAZEANA MMP—2& @Akl 2]
& 23E=] ot MMP-1< butyrate, MMP—32 pro-
pionateell 28l 2%, Adachi 52 all—trans retinoic
acid7F HT—29 cellolX MMP-72] 23l& Aslttz
Bl ot Aol MMPYY] BAIE 2 A7t of
© AgH oz o|Fojx L gtk TEE 2o] Ao 9
3 MMP 84z i3k d7e goz s 53y
oo} & Rolz AJz}sich

Boyden chamber assay: @A%2] o9} olF& <

i e
> 2 o

=
o)
=]

flo
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Fal=dl AMEE dHEERQl W o2 Qke] Aol gol &
£3l= MMP—-2%} MMP—-97} gelatin® collagens 3}
3= gelatinasezh= 3178 0] 4310 gelatin® & coa-
ting 3 filter® &3l YHEE0] o5k IEE 53
3= AEHolk & ATolx 10% FBSE X3 4ut
AN ErjeklE attractant® o]&3l] GAES] o|FE /AT
SRl wj¥AE SFMOZ 33E wie SW480 cell®]
o 5ol A W¥skoL PMAE HU7IEIS o Hrleks
F5ol met olF3h= M2 7t FUtetsiedl (Fig. 5)
o' MMP-99] &/357st dAlsksitk PMAE protein
kinase C (PKC) 9 stimulatorZ %214 329, PKCe
serine/threonine kinase® A|¥2] 3343} #3l, GHEF
2 AololA Fo3 dEe dth* Masur $%& PMA
£ 50 ng/mLé FEE H7eIGlE W SW480 celld] ©]
3o STtk st & A9k YAlEgit PMAS)
#8)E HT-29D4 celld spreading £5%5 $7HA17]1,
Boyden chamber assayl4] migration-g& FE3F3 =4
PKC+ mitogen activated protein (MAP) kinase path-
way S 843A17)7) diZelzta Basta ok webA
B A#eA 100 ng/mL PMAE 37isle] A|29 o)%&
A58 CLAE AH71813E o, CLAY 5ol wet o] 5
= AR 7 BAsEd o) CLA7EF PKCsF #-d
71HeE MRS o)lFE Al AeR Aladrt o
2ol 353} FAE2] o] FAdel tigt ATZ = all-trans
retinoic acid, 9—cis retinoic acid, 13—cis retinoic acid
7} dBLAEL BM314 cellold] MES] o]BXE T
A A= B 7) 9ek® Tan 5272 sodium hyaluronate
7} SW480 cell, SW620 cell, SW707 cell® motility &
FaAZon o]eidt motility 4ol CD44 receptor7| #
= ghckal SHiTh, fEgh di A ELI Lim1215 cell, Caco—
cell, LIM2405 cell®llA] wound healingS 24A)17F #&
319-¢ w 2 mM butyrate, 8 mM propionate, 16 mM ace-

ok,

i e,

o oy

\V]

tic acid”} migrationd S7MZths Rk 1 ok,

2 AFE Az diFtAEQl SW480 cell?} SW620
CLAZ} AE8] o543 MMP-9 43
U P ZARITL Zymography el <lshd
o T AREeA PMAY FE7} F7Hl we}, A1)
92,00021 E3ol 2]t gelatin £37} 7180k Al3EH)
ofoNe] Al g MMP-9 antibodyE 183t immuno-
blotting-& & A £AFFo] 92,0009 MMP-9 &

BESER2EE 36(3) 1 280~286, 2003 /285

Zo] PMA® o8l 2= R& g 5= Sith o] F
A2 PMA7} o] AEEel MMP-99] #33 848
Z7MNZRs 28-S g 4 Utk PMA (100 ng/mL) 9}
CLAE o] H713155 o) SW480 cell®] H9+= 20 M
oA, SW620 cell2 10, 20 pgMellq MMP—-92) &4o]
ZAasidm, el WS SW620 celloArt AAshe
7o) #AEQT) Boyden chamber assayoll 28l SW480
cell?] M¥o)15/3& &438%& W PMA (100 ng/mL) el
o8 olgsh= A7} FF o= F718IR A, PMA (100
ng/mL) 8} CLAE 37 A71el& o CLA $571 20 M
o wj o)gAo] foH g AT, o] FEok MMP-
9 o] 7ad A UAFAL) o AAEFE CLAYL
MMP-99] 84& ZAAoZA AR AR
o)L HAAA g2 HolE FAATThe 7MEE Alg

=7 3Tk

Literature cited

1) Annual Report of the Central Cancer Registry in Korea, Ministry
of Health and welfare, Seoul, 1998
2) Sul JY, Song OS, Chang ES, Bae IS, Yoon WH. Metastatic
potential of human colon cancer cell lines, LoVo, SW480. J Kor
Cancer 27(2) : 209-222, 1995
3) Lee HJ, KO YH. Matrix metalloproteinase (MMP) inhibitor for
prevention of cancer metastasis. Bio Industry 11 (4) : 41-48, 1998
4) Kermorgant S, Aparicio T, Dessirier V, Lewin MIM, Lehy T.
Hepatocyte growth factor induces colonic cancer cell invasiven-
ess via enhanced motility and protease overproduction. Evidence
for PI3K kinase and PKC involvement. Carcinogenesis 22(7):
1035-1042, 2001
5) Jimenez RE, Antoniu BA, Compton CC, Warshaw AL, Castillo
CF. Effect of matrix metalloproteinase inhibition on pancreatic
cancer invasion and metastasis, An additive strategy fir cancer
control. Annals of Surg 231 (5) : 644-654, 2000
6) Wossner JF Jr. Matrix metalloproteinases and thier inhibitors in
connective tissue remodeling. FASEB J 5: 2145-2154, 1991
7) Douglas DA, Shi YE, Sang QA. Compotational sequence analy-
sis of tissue inhibitor of metalloproteinase family. J Prot Chem
16:237-255, 1997
8) Matsuoka T, Yashiro M, Sawada T, Ohira M, Chung KH. Inhibi-
tion of invasion and lymph node metastasis of gastrointestinal
cancer cells by R-94138, a matrix metalloproteinase inhibitor.
Anticancer Res 20 (6B) : 4331-4338, 2000
9) Oba K, Konno H, Tanaka T, Baba M, Kamiya K, Ohta M,
Kaneko K, Shouji T, Igarashi A, Nakamura S. Prevention of
liver metastasis of human colon caner by selective matrix metal-
loproteinase inhibitor MMI-166. Cancer Lett 175: 45-51, 2002
10) Ha YL, Grimm NK, Pariza MW. Anticarcinogems from fried
ground beef: heat-altered derivatives of linoleic aicd. Carcinoge-
nesis 8. 1881-1887, 1987



286 /CLASF MMP 84 2 AlX o}E4]

11) Praza MW, Park Y, Cook ME. Mechanisms of action of conju-
gated linoleic acid: evidence and speculation. Proc Soc Exp Biol
Med 223: 8-13, 2000

12) Oh YS, Kim EJ, Kim JW, Kim WK, Lee HS, Yoon JH. The effect
of conjugated linoleic acid and its isomers on the proliferation of
prostate TSU-Pr1 cancer. Kor J Nutr 35(2) 1 192-200, 2002

13) Kim EJ, Cho HJ, Kim SJ, Kang YH, HA YL, Yoon JH. Conju-
gated linoleic acid on the proliferation of the human colon
cancer cell line, HT-29. Kor J Nutr 34(8) : 896-904, 2001

14) Belury MA. Inhibition of carcinogenesis by conjugated linoleic
acid: potential mechanisms of action. J Nutr 132: 2995-2998,
2002

15) Hubbard NE, Lim D, Summers L, Erickson KL. Reduction of
murine mammary tumor metastasis by conjugated linoleic acid.
Cancer Lett 150: 93-100, 2000

16) Lombardi DP, Geradts J, Foley JF, Chiao C, Lamb PW, Barrett
JC. Loss of KAIl expression in the progression of colorectal
cancer. Cancer Res 59: 5724-5731, 1999

17) Johnson LL, Dyer R, Hupe DJ. Matrix metalloproteinase. Curr
Opin Chem Biol 2: 466-471, 1998

18) Lou J, Miller MW. Ethanol enhances erbB-mediated migration
of human breast cancer cells. Breast Cancer Res Treat 63: 61-69,
2000

19) McDonnell S, Chaudhry V, Mansilla-Soto J, Zeng ZS, Shu WP,
Guillem JG. Metastatic and non-metastatic colorectal cancer
(CRC) cells induce host metalloproteinase production in vivo.
Clin Exp Metastasis 17 (4) : 1341-1349, 1999

20) Bellone G, Carbone A, Sibona N, Bosco O, Tibaudi D, Smirne C,
Martone T, Gramigni C, Camandona M, Emanuelli G, Rodeck U.
Aberrant activation of c-kit protects colon carcinoma cells ag-
ainst apoptosis and enhances their invasive potential. Cancer Res

61: 2200-2206, 2001

21) Harris HA, Hansen RA, Vidsudhiphan P, Koslo JL, Thomas JB,
Atkins BA, Allen KG. Effects of conjugated linoleic acids and
docosahexaenoic acid on rat liver and reproductive tissue fatty
acids, prostagladins and matrix metalloproteinase production.
Prostaglandin Leukot Essent Fatty Acids 65 (1) : 23-29, 2001

22) Emenaker NJ, Basson MD. Short chain fatty acids inhibit human
(SW1116) colon cancer cell invasion by reducing urikinase
plasminogen activator activity and stimulation TIMP-1 and
TIMP-2 activities, rather than via MMP modulation. J Surg Res
76: 41-46, 1998

23) Adachi Y, Itoh F, Yamamoto H, Lku S, Matsuno K, Arimura Y
and Imai K. Retinoic acids reduce matrilysin (matrix metallo-
proteinase7) and inhibit tumor cell invasion in human colon
cancer. Tumour Biol 22 (4) : 247-253, 2001

24) Hoffman J. The potential for isoenzyme selective modulation
protein kinase C. FASEB J 11: 649-669, 1997

25) Masur K, Lang K, Niggemann B, Zanker KS, Entschladen F.
High PKC ¢ and low E-Cadherin expression contribute to high
migratory activity of colon carcinoma cells. Molecular biol Cell
12:1973-1982, 2001

26) Rigot V, Lehmann M, Andre F, Daemi N, Marvaldi J. Intergrin
ligation and PKC activation are required for migration of colon
carcinoma cells. J Cell Science 111: 3119-3127, 1998

27) Tan B, Eang JH, Wu QD, Kirwan WO, Redmond HP. Sodium
hyaluronate enhances colorectal tumor cell metastatic potential
in vitro and in vivo. Br J Surg 88 (2) : 246-250, 2001

28) Wilson AJ, Gibson PR. Short-chain fatty acids promote the
migration of colonic epithelial cells in vitro. Gastroenterology
113(2) : 487-496, 1997



