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Colon cancer is one of the most common malighancies in the western world and the second leading
cause of cancer death in Korea. Epidemiology studies have shown a reduced incidence of colon cancer
among populations consuming a large quantity of o3-polyunsaturated fatty acids (#3-PUFA) of ma-
rine origin. Recently, it has been found that @3-PUFA has an antineoplastic effect in several cancers.
This study was designed to investigate the mechanism of the anti-invasive effect of @3-PUFA in colon
cancer. ®3-PUFA, docosahexaenoic acids (DHA) and eicosapentaenoic acid (EPA) treatment resulted
in a dose-dependent inhibition of cell growth in SW480 human colon cancer cells. In contrast, arach-
idonic acid (AA), a ®6-PUFA, exhibited no significant effect. This action likely involves apoptosis, giv-
en that DHA treatment increased apoptotic cells in TUNEL assay. Moreover, invasiveness of SW480
cells was inhibited following treatment of DHA in a dose-dependent manner; in contrast, AA had no
effect. The levels of MMP-9 and MMP-2 mRNA decreased after DHA pretreatment. MMP-9 and
MMP-2 promoter activities were also inhibited by DHA treatment. The levels of NF-kB and p-IkB pro-
tein were down-regulated by DHA pretreatment in a dose dependent manner. In addition, DHA in-
hibited NF-kB promoter reporter activities. These findings suggest that @3-PUFA may inhibit cancer
cell invasion by inhibition of MMPs via reduction of NF-kB in colon cancer. In conclusion, »3-PUFA
could be used for chemoprevention and treatment of human colon cancer.
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s ‘?1_“3 o] ZJ&:B‘}%P}% [53 62, 78 79] nude mice S 0]
:7;?}5} uLo 01.4 &o]: zsi}dl—_o] ®

2[6,14,18,34,60] 06-PUFAE ¢S
a3 E?_?}L} w3-PUFA M-S o ie 4 Qltka skoTth

03-PUFAsE 47 AlEute] 9174 A= ol[51] ute] 4
A, 7+ZF % 7152 vHEAY A X9 oxdative stress %
PUFAS] tiAtE 2 9] wiES 2ot F448S vehd
TH17]2 &t} w3-PUFAS] & 7140 tisi & w3-PUFA7}
HALQIAFQ] NF-KB [56,57,69], AP-1 [20,46] 5& A3} o]
9 FAFAALY DAL JAFoE AEFAE A
U & Cox2& Alste] PGE, §4 9 T4 s #8d
# < Lim 5[44]2 Wnt/p-catenin N EAE HZE ‘}%3}"4
E=d 2 79k A2 apoptosis FE3
Calviello 5[16]-& Cox-27} 2& 5 =] & At
03-PUFA7} p-catenin®] down-stream=
independent pathway®ll ]38}l apoptosis® FE=H Tl 35
o1 Szymezak 5[77] human umbilical vein endothelial
cell (HUVEC)4l| A} w3-PUFA7} cyclooxygenase®l| 9|3l &3
A 24T & oAl gk 2y gy 3&, Ea
Aol tigh w3-PUFAS] A 7140 tisjA= H st &s
A QA eroku}

oo & ATl A= HA Y A2 SW480 A doco-
sahexaenmc acid (DHA) 5 w3-PUFAC] 98 N E54 7]H
< 3t o]g o3 a5 AATIAE s Azt

FA°ﬂ AEH Tago
= o

1

9 1751% A 7)o Haahs nholt,
B
EENE

Agarose, Dulbecco’s Modified Eagle Medium (DMEM),
fetal bovine serums A Eujo] o3 A|%ELS GIBCO-
BRLAKGaithersburg, MD)ll A, NF-kB<] p65 subunit, 1kB,

caspase-3, PARP, B-catenin, B-actins 2] 3|+ Santa Crutz
Al(California, DA), DHA, EPA, AA%S-2 Cayman Chemical
AHAnn Arbor, MI)*l| A, piperizine-N, N'-bis [2-ethanesulfonic
acid] (PIPES), 3-[N-morpholino]propanesulfonic  acid
(MOPS), formaldehyde, formamide, ethidium bromide, phe-
nol, sodium dodecyl sulfate (SDS) - SigmaAKSt. Louis,
MO)ell A, random prime DNA labeling kit, guanidine thio-
cyanatet Boeringer MannheimAH(Mannheim, Germany)©]l
A Fgsgion 1 9 Be Aske 539 2 gt

CHER Mo e

ook M2 SWA4809] Bl 42 10% heat-inactivated fetal
bovine serum (FBS), penicillin (100units/ml), streptomycin
(100 pg/ml)S 7} DMEMS #l g o2 5% CO, 37°C
i g7 el A v Fata M 2] Bert mobAd £23H tryp-
sin-EDTA (0.05%trypsin, 0.02% EDTA in Hank’s balanced
salt solution without calcium and magnesium)Z A 23}l
AY A Ag7lel A== At sklaL, ZE 28-S FBSY}

EPHA G AR 28T oE 243 F ARSI

ol [== R |
hAet A EF9 2% tis DHA 59 9E colori-

metric MTT assayE ©]-8-3 S743F9th & 96 well microtiter
tissue culture plated] ™A A ZZ 510x10° cells/well £
platingd}al 824 v oF 5 FBS7} E3HH A &2 WA E we
& ths 24717 WlgElal DHA 55 $=RE Ag3tqth
24A1ZF ok o AIEO wjgAE AASL MTT (05
mg/ml) GH O 37CoA 2 A §HEA7| L A E AA
s & DMSOd| =9 570 nmol|A] automatic ELISA plate
reader2 §3=E A3

A‘”;‘T‘; ZAl=s A

TUNEL assay

SW480 A £& 5x10* Cells/ wellZ cover glass7} 1A=
24-well plated] plating@ ¥ DHA #2]sle] 2447+ 59t v %
3H . ©]E MAEE PBSE 23] washingst th5 4% paraf-
ormaldehyde® 4°CellA] 207 IAAZ s 02%
TritonX-1002.2 % 2] ¢+ ¥ DeadEND Fluorometric TUNEL
System (Promega A}) kits AHE-3te] &3 € DNA®| anti-di-
goxigenin—phosphatase%% 37°Col A 4A17F F3F §HEAIA &
At o]& AE= PBSZ 33| washingdt ¥ DABE ©]-&-3}
WA X171 & DAPIZ 88 H4% S mounting medium<
Y11 coverslipl. 2 W5 A A confocal microscopy (Olympus
™Mz 274, 2939

Western blot

Western blot2> Kim 52| W [36]0l we} Al stct &



SDS-PAGE %ol el @S 7|2 AAROZ nitro-
cellulose membrane®] %71 ¥ ZALE nitrocellulose mem-
brane< 5% skim milk® 424 1A} blockingdt Ths &
Y &H O Z PARP, caspase-3, f-actin 5 <] antibody (1:1,000)
Z 4CAA st wgAIZ T o] & TBSTZE 43| A dfaL
peroxidase conjugated secondary antibodyE 5% skim
milk/TBS-T-§- ¢l 1:10,0002.2 3|4 3}e] 1A17F ¥Hg- A7) 2
TBS-TZ 3] M3 $F ECL Western blotting detection sys-
temS o] &3te] Tl bandS 915

Transfection and luciferase reporter &4 &3
SW480 A EE 6-well culture plate®] 80% confluents}A|
plating®t ¥ 0.5 pg/ well2 TCF-LEF-Luc reporter plasmid

5% lipofectamineS ]88} transfection 3}91t}. Transfection

A Zo] DHA 59 =2 Aeste] AT s &
MEE 1X reporter lysis bufferZ lysis 31 4 E49S
luciferase assay system (Promega’}, USA)S ©]&-3}4] whg-

AlZl & Luminometer (ThermoA}, USA )Z luciferase 84S
=739t Luciferase 249 42 391/\0“«] o s
AT F U dE FoE 249 bs Adsiath

In vitro A&s &8

Transwell chamberg &3 %59 542 Yoon [85]¢]
Wl we} AlgstAtt 3, 65 mm 2749 8 um poresE
7} polycarbonate filter& 1H75>} St transwell culture cham-
ber (Costa, Cambridge, MA)E o] &3} th & &5 NS
23k filter$loll 160 ng®] Matrigel S E=EAZ) $ 37°Cell A
2N7t W oFate] ABE S & E}% A Z @ 200 pl(2x10°
cells)E upper chambere ¥l lower chamber®]= DHAZ}
g el B F UAAD HPART ] 2y
M filter L AEES WES o] &3 AAT & filterE
99 g Ao A ol &4
Asstel HEaAT

2] 3l hematoxylin-eosin ©. &
filter o}AHY NEFE AA

Total RNA Z=X|

Total RNAE Ultraspec 1T Kit (Biotecx Lab. Inc, USA)&
o] g3t ZAGAT. 5, & FES AT SWAS0 AlEE
97 A7t wl okt Fo vjAE Al Asal PBSE 2§] e ke
PBS 1 mlAS 743 AEE SRst 4G T o7
Ultraspec T-§4& A H 718te] AL E &A1 # 4°CollA
587F W8 & 0.18) £39] chloroform$9-& 718t g
T olE HAl 4°CollA 5EZE WA|EaL, 4°Coll A
12,000 rpm &2 15%7F A4 stach d4lee § 44
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70% ethanolZ 23] A1 AHES =9 resind] 2= A=
RNAE &ZA At} Total RNAE AHE-E ] 74A] 50% ethanol
Sdoj A -70°Ce] BA3FAT}

Reverse  Transcriptase  Polymerase  Chain  Reaction
(RT-PCR)

DHA7Z} A2 ¥ Ao} izt AZ2RE 2+ 243 to-
tal RNA 1 ug, 8 ul®] 5x RT buffer (250 mM Tris-HCl, pH
8.3, 250 mM KCl, 50 mM MgCl, 2.5 mM spermidine, 50 mM
DTT), 2.5 mM dNTP 4 ul, oligo-dT (100 pmol/ul) 1 ul, RNase
inhibitor (4 unit/pl) 2 pl, AMV reversetranscriptase (5 unit/u
1) 2 ulE 42°Cell A} 1A12F 52t WES-31e] single-strand cDNA
£ P48 °]E MMP-9 2 MMP-2 f+%4+9] primer
(MMP-2: Forward: ¢} dNTP, Taq polymerase, Taq buffers
7} 40 94°C 1%, 65°C 1%, 72°C 184 30 cycleS w4171
% 15% agarose geldl A719%535t 1 WS FA3Q
MMP-9 2 MMP-29] primer A €-& Table 12 2t}

SHEN

FANE A 39 o]ty 593
Azle] 57 A= student’s t-testol
PovalueZt ATI] 0.05(r<0.05) 0|34 A=

49 Aztoln], 43
Zael Aeagn
FoE A0E

A3kt
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Old| CTHZRAMZE SW4g02l ZAof OJXl= «3-PUFAQ|
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03-PUFAE 06-PUFAS}E 28] TS vl 58 %9
S EF tisl ME54S Vepdth1744]3 &2lA AUt
o] Uﬁi 1A A AT SW4809] th St w3-PUFA2] A
¥ 5735 w6-PUFAS} Blal, 1181t onf 03-PUFAZ =
DHA, EPAZ, 06-PUFAZE AAE A}8315Th 96 well tis-
sue plateo] SW480 A £ 05-1x10" cells/well2 1} 3+ th-&

233 w2 2 24417 vl Fskar 1-25 pM 9] 03-PUFAE # &)
3t 24417 & MTTE A E F45S A3t DHA 2
EPAT SW480 A X9 T4& FRofEH oz JA 8 H oy
AAE A9 9FFo] Uth(Fig. 1A). w3-PUFAY] &3] A€

Table 1. Primer sequences of MMP-2 and MMP-9 genes for
RT-PCR

Primer Primer sequences

MMP-2 Forward 5-GGCCCTGTCACTCCTGAGAT-3’
“ Reverse 5-GGCATCCAGGTTATCGGGGA-3

MMP-9 Forward 5-TGGACGATGCCTGCAACGTG-3’
Reverse 5'-GTCGTGCGTGTCCAAAGGCA-¥
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Fig. 1. Effects of DHA, EPA and AA on cell proliferation of SW480 human colon cancer cell. A, SW480 were incubated with different
concentrations of DHA, EPA, and AA for 24 hr, and cell growth was determined using the MTT assay as described in
Materials and Methods. B, DHA induced dose-dependent apoptosis. Cells were treated with various concentrations of DHA
for 24hour and the proportion of apoptotic cells was determined by TUNEL assay as described in Materials and Methods.

SW480A| :2.¢] Z2]9) apoptosis7} #AE ] A=A &3}
918l apoptotic molecule®] s}1tQl PARPS A4 3& W) DHA
o] A & cleaved PARPO] Z7}3} 0.1 AAd &Ja)A
E 23 dFo] 1%l th(Fig. 1B) =3 DHA 2] ¥ TUNEL
assayS A13t9lS W) DHAE A ¥ SW480 Al ¥+ DHA
o] T 9EF 0 F apoptotic cello] 718tk A AA
A2 $oll& dlxtol vl3l apoptotic celld] ¥-50] FAH XA
oL}t (Fig, 10). o] DHAS 03-PUFAE w6-PUFAS] AASH
© 2 dAAGAE g AE FA40] 9o o]d apop-
totic cell death7} THEEo] LS AJA}3HT}

CHERE MZOIAM  B-catenin L& 3! TCFLEF reporter
EHMol| Cist DHAS| Hgt

B ¢ AAe Wnt signalinge] #HHAFHo] Utk
19,28,33,54]1L ¥l A glow, A Lim S[44]e T R 7F
Sl gk w3-PUFAS A X =/37] X Wnt signaling®]
# 9 p-catenin Hal 7} F a8tk dFdek oo WA BF
A E SW4809] 5-50 yM ] DHAE % 2] 3 B-catenin T
kS Western blot2. & A5G4 v p-catenin T2
A2 DHAS Fxd &4 o2 7285 thFig. 24).
|= DHA® 93 tjd< A< apoptosis 713l Wnt sig-
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nal pathway7} @& o] 35& AAHgth

p-catenin> TCF/LEF ZARRIZI} Aftstar o] E3HA7} o
A] TCF/LEF response element$} 233t & 1 4 FAAE
o) AALS FEFTH1,12,66]. T 03-PUFA7} 559 GA|E
o 4] TCF/LEFY] reporter &4-& A tiar B ii[16]% of
Aem Lim 52 7HH44] 2 2=l A DHAZ} TCF/LEF
reporter F4S AT AT oo tiFA ol A
TCF/LEF reporter &4l thgt DHAY| @3-S H3]7] 93]
6 well tissue plateo] t]g< Al E SW4802 v Fshe] TCF/
LEF reporter vectorg transfection$t ¥ 5-50 uM<] DHAE
At o 24Xt & luciferase activityS 43T
SW480 A3l A DHA #2] ¥ TCF/LEF reporter®] lucifer-
ase 42 DHAY F&ol oEH o2 7143} ¢th(Fig. 2B).
o]= DHA®| 93] p-catenin®] ©¥]d <ko] 7+Astar wE}A
TCF/LEF reporter@/o] ZrAEASS AT

et Mzl Z2S0] ORI DHAS| d&

Szymczak 5[77]& 03-PUFA7} Q14 HEA fd I3
WA Z (HUVEC)S] H&<S Al 8193, Yun 5[8
& A ol A 03-PUFAs7) Al 29 &55 2 A&52
AgAIgka st¢iTt. olol DHAY A Ee] v 2=
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Fig. 2. Effect of DHA on the level of TCF/LEF reporter activity
and P-catenin protein in SW480 cells. A, Cells were treat-
ed with various concentration of DHA for 24 hr and
harvested. The levels of p-catenin was analysed by
Western blot analysis as described in Meterials and
Methods. B, SW480 cells were plated and TCF/LEF luci-
ferase reporter gene was transfected using lipofectam in
reagent as described in Materials and Methods. After the
transfection performed, the cells were treated with DHA
for 24 hr, and then the luciferase activity was measured
using the dual luciferase assay system (Promega). CN,
control; Columns, mean of four independent experi-
ments; bars, SD; *, p<0.05 compared with control; **,
p<0.01 compared with control.

o] AIEEA o= AE AG5S AT 5 J=7E 93]
1 Al FIAEY AEeS AASAT A E SWAS0

< transwell chamber®] 5x10° cells/well2 Z&3}1 5,10 yM
9 DHAi Aeg 1jr~ 48"]7& -?Oﬂ filterS 56]] O]Ed REA

1 SAAth(Fig. 3A, 3B). °1—t— DHAoﬂ 461 EH’E}OWL_«I z;
& AAE 03-PUFAse] AE 9l 2898 AAtgit)
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AA 2] F&oE MMP-9 5 matrix metalloproteinases
ﬁo}lﬂ [25,55,59,76] # Yun 5[86]&
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Fig. 3. Effect of DHA on invasion of SW480 cells. The cells were
loaded onto matrigel-coated upper chamber transwell as
described in Materials and Methods. The cells were treat-
ed with DHA and AA. After 48 hr, the filtrated cells were
stained. A, Microphotographs of filters and quantitative
analysis of matrigel chamber invasion assay are shown.
B, Numbers of invasive cells (mean+SD) counted in 10
random fields. CN, control; AA, arachidonic acid; bars,
SD; ***, p<0.001 compared with control.

o] Atk 3ttt olo] thAek SW4AS0 Ml o)A DHAC
g MMP-9 31 MMP-2 2@e] WEs H4s7] fshe
DHA A2 % total RNAS ZA|s}] RT-PCRS A &3+ v}
FEYEH 0T MMP9 2 MMP-2 mRNASe] 7H23hge
UFig. 4A) AA°] M= dgo] SUSiTh o= SW480 Al
9141 DHAS] S8 MMP-9 % MMP-2 #3174 <] o}417}
03-PUFA9] Eo] 2898 AJALSHE Aolth

CHEFMZOIA  MMP-2Z MMP-9 promoter &HAJof| CH
3} DHAS| &k
271 A& oA DHA 93] MMP-2 2 MMP-9 mRNA S
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Fig. 4. Effect of DHA on MMP-2 and MMP-9 expression in SW480 cells. A, The cells were treated with various concentration
of DHA for 24 hr and were harvested. The levels of MMP-2 and MMP-9 mRNA were analysed by RT-PCR as described
in Materials and Methods. B and C, SW480 cells were plated and MMP-9 and MMP?2 luciferase reporter genes were transfected
by using lipofectamin reagent as described in Materials and Methods. After the transfection was performed, the cells were
treated with DHA for 24 hr. The luciferase activity was measured using the dual luciferase assay system (Promega) lumin-
ometer (Thermo). CN, control; columns, mean of four independent experiments; bars, SD; *, p<0.05 compared with control;

*k%

, p<0.001 compared with control.

o] 24zt st Aed o5 AAZE AL dA A 2H ==
A Qs8] 918 DHA A2l ¥ 93 MMP-2 ¥ MMP-99]
promoter &4-& AT U YA E SW4B0S ] &3t
MMP-2 2 MMP-9 promoter fr# 27} Z 348 reporter plas-
midE transient transfection 3 1 ZAj<] th3l DHAY %3kS
lucifersae 84S =A% o2 A4t MMP-2 2 MMP-9
promoter?] luciferase €-d-2> SW480 Al A DHA A& $
AAHANH ol FEYEHOE e THFig. 4B, 4C).

NF-kB= W}W}i*ﬂ AN —8— o #d ﬂ<>1 A
TNF-os @58A59] 284 #ddo] & ¥ OME}
[4,82,87] FLEA] S E ] apoptosisE A ske] Gl 9
Z24S FE54{7] 03-PUFAE NF-kBY 84S 7HAaA 71t
[56,57]2 €HA Utk T3 MMP9 [5,24] 8452 pro-
moterd & FFX 2.2 NFkB7} 23 4= )= cis element’}
AT Gk ofel DHAC] & NF-kB 24¥ 53 A4
87] 913 WA NEKB subunit 5 kbl p65 o pIk €
Fo] WMES AT SW4S0 Al Zoj DHAS 525 1M 5%
2 AL Wl p65 U kB GHlA o] FEoEHO
2 A3 AtHFig. 5A). T ot AE SW4B0 Al A
NF-kB binding elementE 7}3] reporter plasmidE transient
transfection ¥ DHAQ] oJskS AM3E vt DHA A %
NF-kB reporter &4-& 7434 oH ol FEEHOE
LFERCHFig, 5B). ol o4t A E o)A DHAZF NEAB )
o #3E S7HAIA MMP-95 9] TAE AAlste] &S 9
A TS A,
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Fig. 5. Effect of DHA on the level of NF-kB protein and pro-
moter activity in SW480 cells. A, The cells were treated
with various concentration of DHA for 24 hr. p65 and
phospho-IkB protein level were analysed by Western
blot analysis as described in Materials and Methods. B,
SW480 cells were plated and NF-kB promoter luciferase
reporter plasmid were transfected. After cells were treat-
ed with DHA for 24 hr, the luciferase activity was meas-
ured as described in Materials and Methods. CN, con-
trol; columns, mean of four independent experiments;
bars, SD; * p<0.05 compared with control; **, p<0.01
compared with control; ***, p<0.001 compared with
control.



S 2R 71TH3,26,39,49,70,71,84] 1 3}, E3] FEA Y
A EPA 2 DHAE HH3 AFdA #[3237], 36,14,
18,34,60] F1322,30,31], ARHA[21], & ol g T4 4%
o] AAETt deiA ok g Y AL A 03-PUFA
+ apoptosis 3 AE 54E& e cell cycdes FA T}
[1523,36,68]12 3tc}. ofo] £ A E HA gt A5
SW480°l| 4| DHA % EPAA ] g $ A Aol A H3le
™ TUNEL assayllA] DHA® <J3] #% 9|&4 22 apop-
totic cello] Z7}8+9 oW wo-PUFAS] AAY] 93iAE AT
ggro] Qe ol tALAESL] SW48091A4 DHAG o
3-PUFA7} apoptosisE fr=ste] AEZE5AS UehdS A4}
gt= Aot

B gt AEFAA pcatenine] FHTFH| glon
[75], ©|5 A EE0°] EPA ¥ DHAO| 2oJ&) A Hr}[38,81]x
St}h Lim §[44]% o3-PUFA7} AA9E €38 P-catenin/
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