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ABSTRACT

Conjugated linoleic acid (CLA) is a group of positional and geometric isomers of linoleic acid (ILA) and exhibits
anticarcinogenic activity in a variety of animal models. We have previously observed that CLA inhibited the growth of
Caco-2 cells, a human colon adenocarcinoma cell line. The present study was performed to determine whether the
growth inhibitory effect of CLA is related to change in secretion of IGF-II and/or IGF-binding proteins (IGFBPs) that
have been shown to regulate Caco-2 cell proliferation by an autocrine mechanism. Cells were incubated in serum-free
medium with various concentrations of CLA or linoleic acid (LA). Immunoblot analysis of 24-hours, seram-free,
conditioned medium using a monoclonal anti-IGF-II antibody revealed that Caco-2 cells secreted both mature 6,500 Mr
and higher Mr forms of pro IGF-II. The levels of pro IGF-II and mature IGF-II were decreased by 43 = 2% and 53 =
6%, respectively by treatment with 50 1M CLA. LA slightly increased pro IGF-1I levels. Results from Northern blot
analysis showed that CLA decreased IGF-1I mRNA levels at 50 « M concentration suggesting that CLA regulation of
IGF-1I protein expression occurs partly at the transcriptional level. Ligand blot analysis of conditioned media using
125I-IGF-1I revealed that CLA slightly decreased IGFBP-2 levels and increased IGFBP-4 levels. We confirmed our
previous results that CLA inhibited cell growth in a dose-dependent manner but LA slightly increased cell growth.
Exogenous IGF-II mitigated the growth inhibitory effect of CLA. These results indicate that the growth inhibitory effect
of CLA may be at least in part mediated by decreasing IGF-II and IGFBP-2 secretion and increasing IGFBP-4 secretion
in Caco-2 cells. (Korean J Nutrition 36(3) : 270~279, 2003)

KEY WORDS : conjugated linoleic acid, colon cancer cells, insulin-like growth factor-II, insulin-like growth factor-
binding proteins.
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Ao AT YSE BAFORA CLAY &
#e] 7FeAE AAEIIE 2 T8 A¥E2 CLA
a e wReh® AM dl haeH o) ut
Aol AAEE HAFA Ip 57 Fdelx CLAY
et il dolol xgE] = AL Gt T/l F
Aol 5880 R vehle, CLAY ¥o] ZT71E4E 1
EH7} F7CaL B asiglc) kel fEe SAEF
& AMESE in vitro AFNHE CLAE GAIXS F4& o
ASFRAE Y gt CLAS ¢ 714 dA7z] B&
shA| g2 =] okgket

Insulin—like growth factor (IGF) system< ligand$]
IGF— 1 3} IGF—1I, receptor¢! type I3 type I IGF re-
ceptor, 18] 1. IGF—binding proteins (IGFBPs) & 74
o] 9} ® IGF— [ # IGF— [+ proinsulin®} o}7] At
T-Z7} #A¥sk polypeptide & o8] 7}A] M3£2] F43 £
slo] Q3 93 3tk IGFES endocrine mechanism
o7 Mo FAlu B3E - ¥ ol A 7 23
o AAdxle] 1 ZA ellA] autocrine®]v} paracrine
mechanism @ 25 M ¥ o] A3 #3-& 24%ct” IGF
o] Zg-& Axute] Eaeh= type I IGF receptordll &
) miZi= e IGFBPe) &) ZR9ok® IGF) tigh 2131y
o] & 6579 IGFBP7t o EaHA T o IGFBP
Rok= IGFel oidh F3tgo] W WAl IGFBP-
related proteinE°] 2HAHATE? IGFBP IGFol A%
gho] A3ollM MR IGFE thE 2ot xR Hlst
 ubale] odgke AU Ex IGF7} receptore] A%
3= Ag 37t v AP oEA IGFY A8s 23
3t} W IGFBP= IGFY 3-8 sk Axe 4
o] H5YPH o7 Axe FA £3E sty B1
= Ak

IGF system$] H]Q4AQ Wsh= o8] F/ o4&
Wik A9l F SR EE I kT digetelAE IGF
system®] W37t BEAHJAEE LY 2F M= B
#A8c} [GF-1I mRNAT® IGFBP-2 mRNA% 24
o] Tl B3 HYw, g BN BF
IGF-T18} IGFBP-22] F7Pt #a=cE™ Buckbinder
52 EBI tat AlZelA tumor suppressor] p53°]
[GFBP-32] w3& %3l apoptosisE 3ty B
sk o)Ate] A= IGF system©] thaete] Ay
7} Ao T3 9GS It USS A

B Ao AE CLAZF Q7 thbollA #efst Al
E2l Caco—2 AE2] F4E JAsk= g TEsITEY
o] Aie] F& AFE B dFelA= o] CLAC 2§t A
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1. &

Caco—2 A3 (HTB—-37)< American Type Culture
Collection (Rockville, MD, USA) oA 133t} M
vfjeke]] AR5t Dulbecco’ s Modified Eagle’ s Medium :
Nutrient Mixture Ham' s F12 (DMEM/F12), fetal bovine
serum (FBS), trypsin—EDTA, transferrin, penicillin—
streptomycin, selenium %2 Gibco/BRL (Gaitherburg,
MD, USA) oA 3t} Linoleic acid (LA) ¢} conju-
gated linoleic acid (CLA), bovine serum albumin (BSA),
3— (4, 5—dimethylthiazol—2-yl) =2, 5—diphenyltetra-
zolium bromide (MTT), ascorbic acid, @ —tocopheral,
Tri reagent 5 A2+ Sigma Chemical Co. (St. Louis,
MO, USA) oA F1313c). A7 9EA) ARE-E acrylamide,
TEMED+ Bio—Rad (Hercules, CA, USA) olA 743t
9o BA83 nitrocellulose membrane™ nylon mem-
brane2 Schleicher and Schuell (Keene, NH, USA) 3}
Micron Separations (Westborough, MA, USA)°l|A Z+
7+ 741810tk Digoxigenin—UTP3# DIG Luminescent
detection kit Roche Molecular Biochemicals (Mann-
heim, Germany)olA #4315tk IGF—1 monoclonal
antibody+ Amano Interational Enzyme (Troy, VA, USA)
o4 791319tk Enhanced chemiluminescence (ECL)
detection kit, anti—mouse secondary antibody, 3—["# 1]
iodotyrosyl IGF—1I (specific activity 2,000 Ci/mmol) &
& Amersham (Arlington Heights, IL, USA) ol
3k3ith

2. ME Ui, Immunoblot analysis

Caco—2 AEE A7 s1s DMEM/F12¢] 10%
FBS, 100 units/ml penicillin, 100 xg/ml streptomycin
g 71 oA E ARt} Al ajeksigith. AEz A4,
Hshe IGF-119 & %3171 93] immunoblot an-
alysisZ 8313t} Caco—2 MEE 10% FBS7F £3Hd
Wz 2 3A35te] 40,000 cells/welld] UEZ 24 well—
platedl] 53130tk 24A17H0] At & serum—free me-
diume 2 vjx]E w$3l] serum—starvationA|Z ). Se-
rum~free medium2 DMEM/F12¢} transferrin (5 ¢1/ml),
selenium (5 ng/ml)& #7}ste] WERT APAke] Aks)
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2 91)8}7] Y8l ascorbic acid (50 ng/mD ¢+ @ —tocop-
herol (20 ng/mD) & A7}8lich 24417 F< serum—st-
arvationg 3 F oj7] 59 APAke] o3l serum—
free medium®E @I WAl H7HE AR
Kim 5%'o] AMg-gH #-& Hgsto], APato] gle BSA
9 4:19 Bulz AYNA DE APA-BSA ALAES
AHgISIEh AL 0, 10, 25, 50 uM FEZ o]
A7V, ZE wellel 22§59 BSATH ¥FHES
BSAY & ZBslel Wiskgict e FEEz A
7¥eta MEE 48A17F vis £ ks BTk Al
EZ 247 B A F AT ajFa s FAB
microconcentrator (molecular weight exclusion of 3,000)
& ARg-8le) 108 FE3HATE 10~20% gradient sodium
dodecyl sulfate—polyacrylamide gel electrophoresis
(SDS—-PAGE) o\ @aiia& F2]3t & BA83 nitrocellu-
lose transfer membrane®l ©)}EA) Atk Kim $%3% 22
2 © 2 membrane®] 3% milk—PBST (154 mM NaCl,
0.81 mM Na,HPO,, 0.19 mM NaHPO, - H;0, 0.05%
Tween—20, pH 7.4)& 2] 4CoA 18A1F &
3t & monoclonal IGF—1I antibody/PBST (1 : 1000 3
A& Yol Aol 1AIRE B mHsigith 1 F bio-
tinylated anti—mouse IgG/PBST (1 : 1000 34D ¢} st-
reptavidin—biotinylated horseradish peroxidase com-
plex/PBST (1 : 1000 3A)& Yol A2ollA 1417
A2 wEketich 2} bandE-& ECL kit& AMESH] 714
3131513, IGF-1I bandS¢] %5+ densitometer (Mol
ecular Dynamics, Sunnyvale, CA, USA)E o]&3jo] &
skgich

3. Ligand blot analysis

Immunoblot analysiselA ¢} 22 PO & A|E vjekHd
& FAsl %% ¥ 10~13% gradient SDS—PAGE
oA s Baldte] BAS3 nitrocellulose transfer
membrane®l| ©1%A)1Z7t}k 1% BSA—TBST (10 mM Tris,
150 mM NaCl, 0.1 % Tween 20, pH 7.4) ¢l membrane
& ¥ blocking 3t & ¥ I —labeled IGF—I (100,000
count per minute/ml) & 713t 4TolA 16217 E<t
2Rkt Membraned TBSTE 4L the autoradio-
graphy o2 IGFBPEE 7M1 338Isith. 2 IGFBP
band®] ZE¥ densitometerE ©]&3lo] A5

4. Northern blot analysis
AEE 6 x 10° cells/dish®] YEE 100 mm dishel ¥
T3 5 Qo FUF Yo g AALE FEEE Al

o] AELE visITt 72417 vikeE & Chomczynski™
w8 -§-83 Tri reagent® ARE-3l total RNAE ¥t
% 1% agarose—formaldehyde gelolix] A7199%381] =1
7l w2k Fesigity. 7)ol we}l 2l RNAE nylon
membrane®l] ©}FA]Zl & UV—cross linker (Stratalin-
ker, Stratagene, USA)E AFE319] membraneo] RNA
£ cross—linkA]At}. RNA7} cross—link® membrane
£ 5x SSC (3 M NaCl, 300 mM tri—sodium citrate),
0.02% SDS, 1% sodium lauryl sarcosine, 2% blocking
reagent (Roche), 50% formamide® FAE g9o=
68 Cellx 2A17F <t prehybridizationd THS- antisense
IGF—TI cRNA probes 3718t 68ClA 18AI3F &<t
hybridization8}t}h. Hybridizationd}?] 98 probeg
980 bp IGF—~1 cDNA™E Sal 122 & F digoxig-
enin—UTPS AME3}Y] in vitro transcription o
antisense IGF—I cRNA probe& THEo] ARgSIgith
DIG Luminescent detection kit& A3l mRNAE 7}
Al3kF3i L mRNA bandE9] =+ densitometer ©]
f£3lo] =43131c). Northern blot P& #ZE37] 93
Z} blotu}r} antisense human cyclophilin ¢cRNA probe
(Ambion, Austin, TX, USA)< ARE-8lt Northern blotS
TPkl

5. MIX3Y HaE3

Ape) FEE B

FEE S & A9 FYS YRow MEE plate
3}, serum—starvationd dha, AWARS sxEE A7}
3ta AZE wioksolch wiAlE 29 wih wEksielon,
AAbS Hokstal 48417h 96A1T0] ARt & MTT
assay”’ & AoRlE AESFE A8k

Exogenousd IGF~T7t CLAS HX &4 A g7
o mlal= FFE 2] S8 f9) TLE WioE A

£ FF3811L serum—starvationdt & 25 M CLAES
AZVEAY H718HA] o2 A wjofale] IGF- TS 200
nMe} F== H7lslo] 48417 96AI7F Bljest T Ao} gl

£ AT Sgsink

ARE W AL FHof wAE

6. MIX ¥ 3 5%

Avato] MES] FAle wlX)= ko] AriH o |
SEeA] A9 E7) 3 A3 TAE S Alxs
10% FBS7} 3¢l viA]2 30,000 cells/well®] 257}
A 848k 24 well-plateol] ¥t} 24A17k0] ]
@ Foll DMEM/F122 M Z9] @52 870 i 5 =4t
Ato] Eo] Q)= serum—free medium & & w33}k Al
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] 2dup} MTT assay " & Aololi= ME5E 4819t

7. SHAE

o] BE B pA= 2 AYwe] B £ 252
i JeRYQla, A3 SAS (Statistical Analysis Sys-
tern) PC ZEI13E o]g3te] B #AsIGit 2k AY
759 FAA R o)A
of variance®} Duncan’s multiple range testol] &3 &

H- ]_oﬂ [;]_

@ = 0.05 FF°lA analysis

2 0

1. CLA! IGF-119] 381t mRNA &3 DAl: 3%

B2 Ao M= Caco—2 AIEE o) ¥%9 CLAZF
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Fig. 1. Effect of conjugated lincleic acid (CLA) on IGF-Il sec-
retion by Caco-2 cells. Caco-2 cells were plated in 24-well pl-
ates at 40,000 cells/well in DMEM/F12 supplemented with 10%
FBS. One day later, the monolayers were serum-starved with
serum-free DMEM/F12 supplemented with 5 x g/ml transferrin
and 5 ng/ml selenium for 24 hours. After serum starvation, cells
were incubated in serum-free medium containing 0, 10, 25, or
50M CLA. Twenty four-hour conditioned media were collec-
red and concentfrated for immunoblot analysis with a mono-
clonal anribody against IGF-II. The volumes of media loaded
onto the gel were adjusted for equivalent cell numbers. (A) A
photograph of chemiluminescent detection of a blot, which is
representative of three independent experiments, is shown.
(B) Quantitative analysis of the immunoblots. Each bar rep-
rasents the mean + SEM (n = 3). Comparisons between groups
trat yielded significant differences (p <0.05) are indicated by
different letters above each bar (e.g.. avs. b, bvs. ¢, efc.).
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Z3he) wixjol A wiFEw CLAS] &7t F71stel o
gt FoFHor NESFVE Fhashs A& BESILET &
Aol = CLASY A3E 52 oA 37} Caco—~2 AHIE
9] autocrine growth factor2 &7 IGF—-1 9] *3* 7
H) H3slel g Qi A& ARSIt wiekelel CLAE O,
10, 25, 50 ¢M EEE A7)slo] HEE 48A17F vkt
S w3s ok AE7} 24417 E4F condition
& ujokol-g A3k immunoblotS =385IATE 2 AT
el oJa) ojv] B wke}l ol Caco—2 AEL] WY
Mol A= BajeFo] 14,300, 11,5009 pro IGF- 1 &
ko] 6,500 mature IGF—1 bandEo] ¥HakE|$ic)

F ujepey

CLA® =57} 271845 pro IGF— 1% mature IGF—
I 47 2% §o)d02 7ad9lth CLAZ 50 #M

rog Agst 249 CLAS A7)6HA] 98 thzgte] ]3|
pro IGF— 1 ¢} mature IGF—TI+= 2427} 43 + 5%, 53 =
4% 748tk (Fig. D). AZ 218 tha S7H120 LA
o o9&l pro IGF-TS WAL Gelzoz Zrslglonvt

mature IGF— 1] 432 WighahA] kst (Fig. 2).
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Fig. 2. Effect of linoleic acid (LA) on IGF-Il secretion by Caco-2
cells, Cells were plated and cultured as described in Fig. 1.
After serum-starvation, the monolayers were incubated in se-
rum-free medium in the absence or presence of various ‘con-
centrations of LA, Twenty four-hour conditioned media were
collected and concentrated for immunoblot analysis with a
monoclonal antibody against IGF-Il. The volumes of media
loaded onto the gel were adjusted for equivalent cell num-
bers. (A) A photograph of chemiluminescent detection of a
blot, which is representative of three independent experi-
menfs, is shown. (B) Quantitative analysis of the immunoblofs.
Each bar represents the mean + SEM (n = 3).
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CLA® 23+ IGF—-U A4 747} IGF—1T mRNA 2
& WHalo] Tt AQIXE AN Y3l Northern blotE
AT Caco—2 AlEellAE 6.0 kbt 4.8 kb IGF—
I mRNA7} #2€9ic) 4.8 kb IGF—II mRNAS CLA
o} LAl & wiglskA] ¢kskeh 12y 6.0 kb IGF—1I
mRNAE CLAE 50 xM ¥52 223t 3¢ fodor
AAasr9a, LA 37kl sl F7ksksict (Fig. 3, Fig. 4).

2. CLA} IGFBP2| 4%, 2H1°1 OIR: 3%

IGF-T% Agstozs IGF-19 AE 2 282
ZAske IGFBPE ] A4, #HlE AR 2l A
HFel CLAS 52 F7Iste] 24413k <t AlZ7t
conditiondt medium< FAste], 1251-IGF— I & AR
3} ligand blotZ AAESITE ou] Big uje} o] ™
Caco—2 M|3EelA= EAFe] 34,00091 IGFBP-2, &4
o] 24,000%! IGFBP—49} #2321 30,0002 IGFBP—

| o

i
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Fig. 3. Effect of CLA on IGF-Il mRNA levels in Caco-2 cells. Cells
were seeded at a density of 6 x 10° cells/dish in 100 mm dishes
with DMEM/F12 supplemented with 10% FBS. After 24 h, the
monotayers were rinsed with serum-free medium and serum-
starved for 24 h. Cells were then incubated in serum-free
medium with various concentrations of CLA. (A) Total RNA
was isolated for Northern blot analysis probing with IGF-Il CRNA
(top) or human cyclophilin cRNA (bottom). Photographs of
chemiluminescent detection of the blots, which are represen-
tative of three independent experiments, are shown. (B) Re-
lative abundance of each IGF-Il band relative to its cyclophilin
confrol band on Northemn blot was estimated by densitometric
analysis. Each bar represents the mean + SEM from three in-
dependent experiments.

67} A4, Eujgdck CLAC) 98l IGFBP—2+ 74313
1, IGFBP—-4+ ZF7lstg ot 2ol e zholx= ¢loltt
BHA IGFBP-62] A4, #H)= CLA®] 23l ®slshA] o
ot (Fig. 5). CLA 37} digk= g2l LAS 3713 3¢
IGFBP-2, —4, =62} A4, ¥l F71telrt (Fig. 6).

3. CLATI Caco-2 ME9| 34l OAl= F¢

CLAZ} @171e] thiakel Aol F-ali3t cell line$l Caco—
2 A2 FAe vA= 43 ERIsk] 98 CLAE 0,
10, 25, 50 xM $E2 AL F o} Qe AEFE =
Zgatlck olm} Byt ukel o™ CLAE H7kst ¥ 48
AlZro] st FHE| CLAY 5% F71ol w2t fo4e
2 MNZES7) sk CLAC 98 AlE2] 2= 96
Alzrelle B d@xstA vERt 50 #M CLAE 371st
735 CLAE #7IshA] 92 dizrtell vl3] 57 £ 4% 4
35tk (Fig. 7A). LAS] gt Al 2 53-8 glst
7] Y13 LAE CLAS 5YUst 52 AXE ufjefbel] M7}

LA LA LA LA
0uM

10 #M 25 M 50 M

60kb—

48 kb—
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Fig. 4. Effect of LA on IGF-Il mRNA levels in Caco-2 cells. Cells
were seeded and serum-starved as described in Fig. 3. After
serum starvation, cells were incubated in serum-free medium
with various concentrations of LA. (A) Total RNA was isolated
for Northern blot analysis and probed with IGF-Il cRNA (top) or
human cyclophilin cRNA (bottom). Photographs of chemil-
uminescent detection of the blots, which are representative
of three independent experiments, are shown. (B) Relative
abundance of each IGF-Il band relative to its cyclophilin
control band on Northern blot was estimated by densitome-
fric analysis. Each bar represents the mean + SEM from three
independent experiments.
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Fig. 5. Effect of CLA on IGFBP secretion by Caco-2 cells. Cells
were plated and cultured as described in Fig. 1. After serum-
starvation, the monolayers were incubated in serum-free me-
cium in the absence or presence of various concentrations of
CLA. Twenty four-hour conditioned media were collected and
concentrated for ligand blot analysis utiizing -GF. (A) An
cutoradiograph of a ligand blot, which is representative of three
independent experiments, is shown. (B) Quantitative analysis of
ligand tlots. Each bar represents the mean £ SEM (n = 3).
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Fig. 6. Effect of LA on IGFBP secretion by Caco-2 cells. Cells
were plated and cultured as described in Fig. 1. After serum-
starvation, the monolayers were incubated in serum-free me-
dium in the absence or presence of various concentrations of
LA. Twenty four-hour conditioned media were collected and
concentrated for ligand blot analysis utilizing "I-HGF-Il. (A) An
adtoradiograph of a ligand blot, which is representative of three
independent experiments, is shown. (B) Quantitative analysis
o ligand blots. Each bar represents the mean = SEM (n = 3).
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gto] Aokl AIXE SASISITh LAYZISE 3 484131
ol AEel FH1 Aol RO 96417 0] A
& "We FE Sk wEl MEFE foyor FrEdd
th(Fig. 7B). CLAS] A F2] oA axpr}t 47|30l 4
2 FAEEAE dolrr] s 129 F¢ AT A%
& 331 Fig. 8ol VeRISITE AHake X2)s}A]
%2 controli MIE wike A|Fska 8Yo] Akt uj
7HA] AR} S st 1 o]F Aol £81E 9 pla-
teau® o] Fot} o)} 22 A% F4L Kim™ 5ol 2a)

Bug Caco—29 A 4% fAket A3e B 3%

e

Al AAF 3rAo|tk 10 «M CLA H7be] &) bolgl=
A EFE izl s 4tk CLA] 23 Az
e 495 Y Fo4dog ey, 129717 MEs 2
A7) A S v LA 10 4M 552 371 4
5 Aolols HES e 6YFH tixte] vla] Sk,
AE wiFE 3 12970A) HESY #9489 1S K
%t} (Fig. 8).
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Fig. 7. Effect of CLA and LA on viable Caco-2 cells. Cells were
plated and cultured as described in Fig. 1. After serum-starv-
ation, the monolayers were incubated in serum-free medium
in the absence or presence of various concentrations of CLA.
Cell numbers were estimated by the MTT assay. Each bar re-
presents the mean + SEM (n = 6). Bars with different letters are
significantly different at p <0.05 by Duncan’s multiple range
test at each time point.
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oA mitel vl X P 2ARIRILE 25 M
CLAZ} A7b=Avt 7be] 2] ok A wijofelle] IGF-1I
E 200 nM8] LT H7}5lo] AEE vjokst 3 Ao}
= AEFE 4% 2392 Fig. 99 vehidth A=
212 [GF-11 &7t o8 xR} A4 F71615)
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Aow ZHasilar 9641 el dAEHA AL F4lo] 3
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e} vtk CLASH IGF-T1S A|E ujokalie] 7}
sto] wljoksh £ 48A17to] ARt A CLAY HXE F24
AA| I} haso] tZ2Ey H)ss AT 24 1Y

OlN 32

40
-0~ Control ®

-0- CLA10uM
= LA10uM

Cell Numbers (< 104)
8
T

Days of treatment

Fig. 8. Caco-2 cell growth curves. Caco-2 cells were plated in
24-well plates at 30,000 cells/well in DMEM/F12 supplemented
with 10% FBS and serum starved as described in Fig. 1. After
serum-starvation, cells were incubated in serum-free medium in
the absence or presence of 10 M CLA or LA. Cell numbers were
estimated by the MTT assay. Each bar represents the mean *=

SEM (n=6). = Significantly different from control (p<0.05).
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Fig. 9. Effect of IGF-Il and/or CLA on viable Caco-2 cell num-
ber. Cells were cultured in 24-well plates and serum-starved as
described in Fig. 7. After serum-starvation, the monolayers
were incubated with or without 25 1M CLA in the absence or
presence of 200 nM IGF-ll. Cell numbers were estimated by
the MTT assay. Each bar represents the mean + SEM (n = 6).
Comparisons between groups that yielded significant differe-
nces (p = 0.05) are indicated by different letters above each
bar (e.g. avs. b, bvs.c. efc.).
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