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ABSTRACT

Conjugated linoleic acid (CLA) is a collective term for positional and geometric isomers of octadecadienoic acid in which the
double bonds are conjugated. CLA has anticancer activity in a varicty of animal cancer models, and cis-9,¢rans-11 (c911) and trans-
10,cis-12 (£10c12) CLA are the most predominant isomers present in the synthetic preparations utilized in these animal studies. To
compare the ability of ¢9r11, t10c12 and an isomeric mixture of CLA to inhibit TSU-Prl cell growth, cells were incubated in a
serum-free medium with various concentrations of these fatty acids. The isomeric mixture inhibited cell growth in a dose-dependent
manner (1-3 pM) with a 41 + 1% inhibition observed at 3 pM concentradon after 48 hours. T10c12 also inhibited cell
proliferation in a dose-dependent manner. However, the efficacy and potency of this isomer was much greater than that of the
isomeric mixture with a 49 + 2% inhibition observed at 0.3 pM concentration after 48 hours. By contrast, c9¢11 slightly increased
cell proliferation. To determine whether the growth-inhibiting effect of CLA is related to the changes in production of insulin-like
growth factors (IGF) and IGF-binding proteins (IGFBP) by these cells, serum-free conditioned media were collected. Immunoblot
analysis of conditioned media using a monoclonal anti-IGF-II antibody showed that both the isomeric mixture and r10c12
inhibited secretion of both mature 7,500 Mr and higher Mr forms of pro IGF-11, whereas ¢9¢11 had no effect. Ligand blot analysis
with 1251-IGF-II revealed the presence of two types of IGFBDs: 24,000 Mr IGFBP-4 and 30,000 Mr IGFBP-6. The production
of IGFBP-4 slightly decreased at the highest concentrations of the isomeric mixture and £10c12. These results indicate that CLA
inhibits human prostate cancer cell growth, an effect largely due to the action of t10c12. The growth inhibition may result, at least
in part, from decreased production of IGF-II and IGFBP-4 by these cells. (Korean J Nutrition 35(2) : 192~200, 2002)

KEY WORDS: conjugated linoleic acid (CLA), prostate cancer, CLA isomers, insulin-like growth factor-IT (IGF-II), insulin-like
growth factor binding proteins (IGFBPs).
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Conjugated linoleic acid (CLA)+ linoleic acid®] $]]
4. 71818 ol JABA fAlFoIY wEEY] 1rld B
& o] Zi=o] JYrt.” CLAE in vivodl| A Zhe] dheje]
ololl 913} linoleic acidZH-E 2514 A7 G40 oj4F
3 B4 S FAED® A Eo] Po] AMgstT 9l
E 33ty o 2 3§48 CLAE cis9 trans-11 CLAS} trans-
10.cis-12 CLA7} Z}7} 48% 2 & o4& 24A|8ta 9o ”
cis-9,cis-11 CLA, trans-9.cis~-11 CLA, trans-9, trans-11
CLA, cis-10,trans-12 CLA F THe o] A Eo] vyt
o] Az}t o] Ao g8ty 48 A T A4
Hrh” 2 CLAY thakgl 7)%5A4o] A8ty Fxd ma
Aolgl= FAEC] AAEHL Jdom 53] cis-9mrans-11
CLAS} trans-10,cis-12 CLAZF A2 & 32 Jehj
E 477t Bol AgHz get”

CLAZ} M4E4d& Foigt $EA digy, g5, ¢
o, e 23E A8 49 A4 234E YehllE Ao
BaHAG.? 53] Cesano 52 DU-145 human pro-
state cancer A ¥& HHo] Z¥E SCID micedl] FA
£ df Ao]e] CLAZ 349 2719} #2229 Holg §9F
o7 ZAAFATL Bt ol sk CLAS] 3¢t 7] -]
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Insulin-like growth factor (IGF)& o8] 71x] A|3%9)
T4 2t glo] T8 &S I IGF-19 IGF-
18] $71A] Fel2 pAso], ME=e] type I IGF 8
A, type II IGF 8A9} A& L&A Aget. IG-
F-II= 6778 obiedt 1718 717 9 Ake Ze|gEo]
=24 IGF-1, proinsulin® o} fAME F2E 7HAhH
IGF-1 IGF-1I= IGR-I 7849 w2 1848 /X
o old Aoz ME Y= zHgo] deEo] mi-
togenic response® UEHAT IGFse= YAIXo] F43
A FZAA0lH o] M EoA A= o] autocrine©]
U paracrine mechanismo.2 A¥9] A&7 232 %=
A Y IGFE oy AZdd FElFoz EAs)
2] ¥1 IGFY) 7§ =L z2= IGF binding pro-
teins (IGFBPs)ol A§sted ¢gdrt. @A71=] IGFsel
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IGFs, IGF receptors, IGFBPsZ F4¥ IGF system
of ¥ghrl AgAYe] BT £ 4T WAV Avhe AT
Eo] #EHA}. Shi 52 meta-analysisE £ IGF-
17} IGFBP-39] 89 FX7} AgA¢ galoA won o
T o] FolAd MM 48 =} S/
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1. M X HfQF

A ARg QIzke] A M EQJ TSU-Prl AEE
lizumi group®l ¢J&jA ¥rE912 A2 = Johns Hopkins
University (Boltimore, MD, USA)9] John Isaacs I
2HRE FHEYT? AEE 37C £88 CO, incubator
(5% CO/95% air)°lA Dulbecco’s modified Eagle’s
medium/Nutrient Mixture Ham's F12 (DMEM/F12,
Gibco/BRL, Gaithersburg, MD, USA)& AMg-8te] uj
FaTh. & o] 23td 33} FHFE iR ENE ARl



194/CLAS] AFPA A2 24 dA714-

0.22 pm pore size membrane filter (Millipore, Bed-
ford, MA, USA)E A3l B8t AEE #A8
7] ¢lsl DMEM/F12 #ixlo] 10% fetal bovine serum
(FBS, Gibco/BRL)E #H7Hslz wlAES] Qgolv T4
& A3A37] 93 FAA (100 units/mL penicillin, 100
pg/mL streptomycin, Gibco/BRL)E 718 WiAE A}
2319, AE7} o 80% A= dishE 229 phosphate-
buffered saline solution (PBS)Z monolayerg o
3 0.25% trypsin-2.65 mM EDTA (Gibco/BRL)E #
glate] Alt) wisln wiAlE 2dntet AR

2. CLA 188 mixture, trans-10,cis-12 CLA, cis-9,trans-
11 CLAY 5T°] G2 ME 74 tig 7Y

ARAE] 2 2HFPL | AX] F4d v E
2 oto}r 7] 98 TSU-Prl cell (passage No. 40~55)
£ 10% FBS7I 2719 i 2 3|45t 24 well plated]
40,000 cells/well®] 52 platingdtith. 24A12e] A
% gerum-free medium (DMEM/F12, transferrin 5
pg/mL, selenium 5 ng/mL, ascorbic acid 50 ng/mL,
a-tocopherol 20 ng/mL)o2 WX & A3} serum
starvationA|Zith. Transferrin, selenium, ascorbic acid,
a-tocopherol2 Gibco/BRLoIM F+U3HAT. 2413 se-
rum starvation ¥ HIZE o8 Fx9 CLA °|4A
mixture, LA (Sigma, St. Louis, MO, USA), trans-10,
cis-12 CLA, cis-9,trans-11 CLA (Cayman, Ann Ar-
bor, MI, USA)7} B9} E serum-free medium2.E
gatsdet. olu ARESH AARE L fatty acid-free bovine
serum albumin (BSA, Sigma)3} 4 : 19] Eu8]2 AFA|
7 4 mM stock solution®& WEo] Yol -20Tel
Boste AHEsiant 2T 3 BE welld] BSA
o Ex2 YA FAsld F7MAHE CLA oA
mixturest LAE 0, 1, 2. 3 pM9] %2 HUI38taL, trans-
10.cis-12 CLA, cis-9,trans-11 CLA= 0, 0.1, 0.2, 0.3
Ml =2 AHrietd 0, 48, 9670l AAGE & MTT
assay” WHoz Ao} JE AESFE FA8H MTT
assay %< mitochondria®} dehydrogenase7t MTT
(3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium
bromide, Sigma)& #9AA F&4 2412l formazand
gtEgs dd 7122 § Folth B A e for-
mazan< isopropanoldl] €31A12) T8 570 nm9] 373l
A microplate reader (Bio-Rad, USA)E ©]&3td ¥%

£ ZA3Y.

3. Immunoblot analysis**’

IGF-119] B4 #E 2487 g8 Agag sds 3
7Heta MEES 4847 wjoFsle] ujFdg FA8 mi-
croconcentrator (molecular weight exclusion of 3,000)
& AMEle] 25u) wEAZATH 12.5% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
oA TilAS E2]g o] 0.2 pm BA83 nitrocellulose
Z0] (Schleicher and Schuell, Keene, NH, USA)l
transferstsith. Nitrocellulose ol 4CollA 3% milk-
PBST (15.4 mM NaCl, 0.81 mM Na,HPO,, 0.19 mM
NaHPO, - H;0. 0.05% Tween-20, pH 7.4)4] 18A|12}
20l 44 incubationd ThHe Aol PBST Ao
Witk tHAl monoclonal IGF-II antibody/PBSTelA
(1: 1000 dilution, Amano Enzyme, Troy, VA, USA)
1417} incubation3tx PBSTE Aol o 1000t] 34
8} biotinylated anti-mouse antibody/PBST$} Strep-
tavidin-HRP complex/PBSToIA 1A17HY A2 A2
o] A incubationdlth* ECL kit o]-g3ta] HHsta
filme] IGF-1I bandE¢] =% Densitometer (Molec-
ular Dynamics, Sunnyvale, CA, USA)E &3l &
Asract. o) w ExgE vjE] A7) molecular weight
standard (Amersham, Buckinghamshire, England) ¢t
H 2, BA3led AP ST

25)

4. Ligand blot analysis

Immunoblot® # WHog wjgds A3l IGFBP
£ ligand blot analysisE ©l83ld FA485t. & SDS-
PAGES] ©id & =79 wt £2]§ F 0.2 pm BA83
nitrocellulose Zo|¢] transferdtfitt. 1% BSA-TBST
(10 mM Tris. 150 mM NaCl, 0.1% Tween 20, pH 7.4)
o] membraneg blocking®d tH& I-IGF-II (100,000
count per minute/mL, Amersham)& ¥33 1% BSA-
TBST (10 mM Tris, 150 mM NaCl, 0.1% Tween 20,
pH 7.4)9] 3%%% 4CA incubationdtftt. Nitro-
cellulose Fol2 TBSTE 42 ¥, IGFBPEL X-Omat
AR X-tay film (Eastman Kodak (Rochester, NY, USA)
& ol-g3lad LEhIE). o] o) ¥AEE molecular weight
standard$} ®l®, EAsle] A3k 2} band® =
= Densitometer (Molecular Dynamics, Sunnyvale,

CA, USA)E AHE-3te] A7 2433
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o AR A9k Fig. 134 314 CLA ©]4 4] mixture
0. 102, 3 pMe} S AlEls | CLAS wla/b
S7Egtoll whet QHAE F27F o] A 0w ghAalSdal, 9641 ¢F
ofl1> 3 pMellA] thzstel wish 75 1 1% fHashe] L 7y
7F dASHA veRse (Fig. 1A), 152 5iae] LALE AlE
ool Hrtet 49 &xlr} glir} (data not shown).
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sFt (Fig. 1B). WhA cis-9,rrans-11 CLAIF H7Fsh 790l
17 AEo] HMef offtel ek v #] okt (Fig. 10).

2. CLA OJ§ ™ mixture®t Ol ®MZ0°| IGF-119 ¥4, &4
OA= 3%

A9 okAsEo] 9lo] CLAY F49lA4) axbr} IGF-II
A3, Wulell o ek ZIQIA i Sholry] S8 Fig. 1el4¢}
100wkt CLAGY #7ebe] 48A17E &t v bt 5w
o8 8] immunoblot analysisit 885t} Im-
munoblotA] ¥-2Fo] 14,300, 11,5009! pro IGF-II, 6.500%!
mature IGF-1I bandiiol ¥#2%%05L, CLA ©]4 A mix-
tureit $7F Al Fiiel miA o] bandiro] R
t} (Fig. 2A). CLA ©]4 4 mixtureit 3 Mz #7718
& o izl vl&) pro IGF-II, mature IGF-1I7} 712}
40 + 6%, 38 .+ 6%M Frasto] o141 2ol 7} vhebytvh
(Fig. 2B). mihA CLAS] A GAlaE 521 of4) 28
o] IGF-11¢] KA Ml 7haeh yHAZ) di- AL o &
AU

2t7rol ol Aol thgt 4l§lol A trans-10,cis-12 CLA®]
49 H7kE vt S whet IGF-ID o] ki
stle (Fig. 3A). 0.3 pMoliAxt dizesre] Hlsf pro
IGF-119} mature IGF-IT ¥-8] &) 7}7F 40 + 4%, 38

st

Fig. 1. Effects of a mixture of CLA isomers, rans-10,cis-12 CLA, and cis-9,
rans-11 CLA on TSU-Pr1 cell growth. TSU-Pr1 cells were plated at a den-
sity of 40,000 cellsiwell in 24 well plates with DMEM/F12 supplemented
with 10% FBS. Twenty-four hours after plating, the monolayers were
serum starved with DMEM/F12 supplemented with 5 pg/mlL transferrin, 5
ng/mL selenium, and 1 mg/mL bovine serum albumin (serum-free medium)
for 24 h. After serum starvation (Hour 0), the monolayers were incubated
in serum-free medium with various concentrations of individual fatty acids
(A: the CLA mixture, B: trans-10,cis-12 CLA, C: cis-S.trans-11 CLA). The
cell numbers were estimated by the MTT assay and represent means +
SEM (n = 6). Each bar represents the mean + SEM from three indepen-
dent experiments. ANOVA, followed by Duncan's multiple range test was
used to determine significant differences between different concentrations
of the individual fatty acids. Comparisons between different concentrations
of individual fatty acids that yielded significant differences (p < 0.05) are
indicated by different letters above each bar.
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6%4 G2 oz 45Ut (Fig. 3B). vhd AEEAd] &) o]tofxivhz 218 ¢ 5+ AAH.

A op#l o] YA cis9,rrans-11 CLAY: H7bsie

of whit IGF-IT %o = wshyh vehgx) 3tot (Fig. 3C. 3. CLA ©¥H mixture®t ¥ MEZ°I IGFBPsSl 4%, £
3D). o] A& CLAY FAE Z2) AdA] 2Hgo] oA o A= 3%

%o N trans-10,cis-12 CLAS 2|3+ IGF-11 74l 9 [GF-11¢} Agste] AE 2 218§ 24sk= IGFBP

i3
M, x 10
s | ool - pro IGFI
6.5 - mature [GF-Il
IGE-Il CLA CLA A aa Fig. 2. Effects of a mixture of CLA isomers on secretion of IGF-Il
@ STD OpM 15M 2uM 3M peptides by TSU-Pr1 cells. TSU-Pr1 cells were cultured as described
in Fig. 1. After serum starvation, the monolayers were incubated in
serum-free medium in the absence or presence of various con-
\20r B pro IGF-I centrations of CLA. Forty-eight hour, conditioned media were col-
100 L [ mature IGF-I lected and concentrated for immunoblot analysis using a mono-
5T clonal antibody against IGF-Il. A: A photograph of chemiluminescent
®S sol BC be detection of an immunoblot, which is representative of three in-
€5 dependent experiments, is shown. IGF-Il STD, recombinant hu-
§*§ 60 man IGF-1l, 20 ng. B: Quantitative analysis of immunoblots. Re-
oo lative abundance of each band was estimated by densitometric
20 40} analysis. Fach bar represents the mean + SEM from three indepen-
14 =] . " -
¥ dent experiments. ANOVA, followed by Duncan's multiple range
20 test was used to determine significant differences between different
: s L Lk concentrations of the CLA isomer mixture. Comparisons between dif-
0 CLA CLA CLA CLA ferent concentrations of the CLA isomer mixture that yielded sig-
M 1M 2uM 3uM nificant differences (p < 0.05) are indicated by different letters above
each bar.
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Fig. 3. Effects of trans-10, cis-12 CLA (r10¢12) and cis-9,trans-11 CLA (c911 1) on secretion of IGF-Il peptides by TSU-Pr1 cells. TSU-Pr1 cells
were cultured as described in Fig. 1. After serum starvation, the monolayers were incubated in serum-free medium in the absence or pres-
ence of various concentrations of £10¢12 (A, B) or ¢911 (C, D). Forty-eight hour, conditioned media were collected and concentrated for im-
munoblot analysis using a monoclonal antibody against IGF-Il. A and C. Photographs of chemiluminescent detection of immunoblot, which
is representative of three independent experiments, are shown. IGF-I 5TD, recombinant human IGF-II, 20 ng. B and D. Quantitative analysis
of immunoblots. Relative abundance of each band was estimated by densitometric analysis. Each bar represents the mean + SEM from three
independent experiments. Comparisons between different concentrations of each CLA isomer that yielded significant differences (p < 0.05) are in-
dicated by different letters above each bar.



o] A, ¥l

2A}st7] 818k ligand blot analysis
1F Pastel. CLALE F7Eslal 484K 0] At v ol
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(Fig. 4B). TSU-Pr1 A XA #H]%i- IGFBP-6+= 1
¢kol] ufl-9- A7) wfiol} IGFBP-4%F: densitometer® %5

Aakdrt.

Trans-10,cis-12 CLAS} cis-9, trans-11 CLAIF ¥l %¥s]
r urs ujekeloll M IGEFBP-69F IGFBP-47F #Ha= At
(Fig. BA, 5Q). Trans-10,cis-12 CLA A1 IGFBP+4 %

Fig. 4. Effects of a mixture of CLA isomers on secretion of IGFBPs
by TSU-Pr1 cells, TSU-Pr1 cells were cultured and treated as des-
cribed in Fig. 2. Forty-eight hour, serum-free conditioned media
were collected between day 0 and 2, and the concentrated media
were subjected to ligand blot analysis utilizing 'I-IGF-ll. A: An au-

| toradiograph of a ligand blot, which is representative of three in-
| dependent blots, is shown. B: Quantitative analysis of ligand blots.

Relative abundance of IGFBP-4 was estimated by densitometric scan-
ning of the exposed films. Each bar represents the mean amount of
IGFBP-4 + SEM from three indepcndent experiments. Comparisons
between different concentrations of the CLA isomer mixture that
yielded significant differences (p < 0.05) are indicated by different
letters above each bar.
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Fig. 5. Effects of tl 0c12 (A, B) and c9t11 (C, D} on secretion of IGFBPs by TSU-Pr1 cells. TSU-Pr1 cells were culturod and treated as des—

cribed in Fig. 3. Forty-eight hour, serum-free conditioned media were collected between day 0 and 2, and the concentrated media were sub-
jected to ligand blot analysis utilizing '*'HIGF-II. A and C. Autoradiographs of ligand blot, which is representative of three independent blots,
are shown. B and D. Quantitative analysis of ligand blots. Relative abundance of IGFBP-4 was estimated by densitometric scanning of the
exposed films. Fach bar represents the mean amount of IGFBP-4 + SEM from three independent experiments. Comparisons between dif-
ferent concentrations of each CLA isomer that yielded significant differences (p < 0.05) are indicated by different letters above each bar.
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ol A1 T8l 0.3 pMollA FH o Fash: e wE
a3t (Fig. 5B). ¥HA cis-9,trans-11 CLA= IGFBPs A
A3t Erlo] FE& 4 23kt (Fig. 5C, 5D).
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