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Induction of Apoptotic Cell Death and Depression of Bcl-2 Protein Levels by
Trans-10,cis-12 Conjugated Linoleic Acid in Human Prostate Cancer

Yoon Sin Oh, Eun Ji Kim, Sang Gon Lee*, Cha-Kwon Chung, II-Jun Kang,
Hyun Kyung Shin and Jung H. Y. Park'

Division of Life Sciences and *Dept. of Urology, Hallym University, Chunchon 200-702, Korea

Abstract

Conjugated linoleic acid (CLA) is a collective term for a class of positional and geometric conjugated dienoic
isomers of linoleic acid (LA) and has anti-cancer activity in experimental animals. We have previously observed
that an isomeric mixture of CLA and trans-10,cis—12 (¢10c12) inhibited cell growth in a dose~dependent manner,
whereas LA and cis-9,trans-11 (c9¢11) had no effect. The present study examined whether the CLLA mixture
and £10c12 induce apoptotic cell death. TSU-Pr1 cells were incubated for three days in serum-free medium in
the absence or presence of individual fatty acids, and the DNA fragmentation assay was performed. Cells treated
with the CLLA mixture or £10c12 produced a distinct oligonucleosomal ladder with different sizes of DNA fragments,
a typical characteristic of cells undergoing apoptosis. By contrast, LA and ¢9¢11 had no effect. Western immunoblot
analysis of total lysates revealed that t10c12 reduced anti-apoptotic, 26 kDa, Bcl-2 protein levels by 49+8%
compared with controls, whereas this CLA isomer did not alter pro—apoptotic, 21 kDa, Bax protein levels. These
results suggest that growth inhibitory effect of the £10c12 CLLA isomer may, at least in part, be attributed to

increased apoptotic death in TSU-Prl cells.
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Z Yeplsictr 2arspedel Aol Oh 5(13)2 CLA ©]14
A EZE trans-10,cis-12 CLA7Z} 1 7ke} A=Al Al 24l
TSU-Pr18] ZA1e oA|sts 7S Basledct o2 = CLA
o getm et hA Z ZA] A= Leof] H3t A7) o] 313
=3 9l o}, o] Fo] gt 71 A & a8 o] Fol A=A = o} 4]
A k2] ool

CLA2| & 3ol] 3t 7142 7t 2=, M QAAQ ara
chidonic acid(AA) HAFE o] A3} eicosancids2] "ﬂ AW
FA71A4Y DNA §4& A8 Y apoptosisE +Esh=
7 So] glrh(14,15). =& CLA7} peroxisomal prohferator
activated receptor(PPAR) familyZ¢} 3li1el PPARY & &
A 3l A) S-Az2}e] A ALE A WA e A AH e g2 25y
A= A 2] A& ¥ 8} A} 71 vh= Houseknecht 2(16)2] o3¢
A= slsich

z2)9] AL A £ Bl apoptosis AFol o] T3]
s 2AEE A F oA 9lei(17). Programed cell death
2t % He]= apoptosise Al E7F A AFA Q) Abejoll v} rei=

el gqle] x&5 Fof F3e ol24 == A
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e Zhasthe A& 3kl vh pb3, ras, DCCoF 2 #-4
A7} -, iz oomyc] e 22 fid )] WElEe]
orAl 2] SAle] vt apoptosiseh ¥ e] glekiz 7o) e
A, Bel-27}F ol 52] e g aks it AFEE 3 fﬂlﬂ
a4 eh26). evd AF gkl TSU-Prl Al 00 A 8] Bel-

Bax ralef] $&h A= 7o) A= 2] oghow, =& °l9¥

LA CLAG 93 A E F4] 4] 713 e A= Hy
4 #1E% Aot
Oh 5& A AL AstE CLA mixture®} trans-10,
cis-12 CLA oA A7} IGF-119] WA #v]5 WhA] sk b o]
cis-9trans-11 CLAYE o}F& 37} 9= ZAE& s
). weta] B odFell e CLA o)A A mixture®} CLAS]
—Zrﬁ- o] 4 37} apoptotic cell death® $r=8}57] dolrgte
o, o]# gk APArEe] 28] apoptosisell FE el G2zl
el Bel -2, Bax7)b Wdshex] 248k

M=yt
Aol A3 Qlzke] AFA bA|EQ] TSU-Prl A2
lizumi group(27)el] 2]af| 4] 2+Eo)=l 71 2 & Johns Hopkins
University(Baltimore, MD, USA 9] John Isaacs 25 & g
FEnkekrh M 28 37°C 4528 CO: incubator(5% CO»/9%%
air)ell 41 Dulbecco’s modified Eagle's medium/Nutrient Mix-
ture Ham's F12(DMEM/F12, Gibco/BRL, Gaithersburg, MD,
USA)E AHg-sle] vioFalslict & o] 2818 32} Z-F-+2 ol
A)-g-Ng A z38to] 0.22 um pore size membrane filter(Milli-
pore, Bedford, MA, USA)E AH2-3te] B3t NZE &
2 547] 918l DMEM/F12 #} | o 10% fetal bovine serum
(FBS, Gibco/BRL)-& A 7}8} 3 vl &2 2do) H4]2 o
A3t7] 938 38 A(100 units/mL penicillin, 100 ig/mL strep-
tomycin, Gibco/BRL)E #7138k s x| & AF8-8tdc}. AlZE7}
°F 80% A = dish® 229 phosphate buffered saline solu-
tion(PBS)Z monolayer& 4ol 32 0.25% trypsin -2.65 mM
EDTA(Gibco/BRL) & 2] 3}e] Al viekal v =] = 24 vt
o} wasiedch

CLA oM mixture, trans-10,cis-12 CLA, c¢is-9,
trans-11 CLA, linoleic acid(LA) s&ofl 2 MolUes
M= = &£4

AAabEe] T EE e S o Axe] S w X gt
4 dolr 7] g8 TSU-Prl cell(passage No. 40~55)& 10%
FBSZF & 7}E vz 2 3] 4] 3}e] 24 well platel] 40,000 cells/
well®] % 2 plating st} 244 7ko] A F serum-free
medium(SFM)Y(DMEM/F12, transferrin 5 Ug/ml., selenium
5 ng/ml., ascorbic acid 50 ng/mL, « --tocopherol 20 ng/mi.)2
Z ujA & 238} serum starvation AlFrt}. Transferrin,
selenium, ascorbic acid, @ ~tocopherol-2 Gibco/BRL| 4] 143
st ol 2441 7 serum starvation $- Wi A& o{&] F==2] CLA
o] A A mixture, LA(Sigma, St. Louis, MO, USA), trans-10,
cis 12 CLA, cis-9trans-11 CLA(Cayman, Ann Arbor, MI,
USA)7F Eo{9)+= serum-free medium S 2 w3}l t). o o
AL8-g | uFAFE-S fatty acid-free bovine serum albumin
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(BSA, Sigma)®- 4: 18] Ev]2 24344 4 mM stock solution
L2 whEo] v A -20°Cell Bste] AL &3kt 2T
& EZ3E ZE welloll BSA9] ¥ %8 A5 FAlsle] A
7} Zr} CLA o)A Al mixture®} LA 0, 2, 5, 10 ptM®] %
B A7sta, trans-10,cis-12 CLA, cis-9,trans-11 CLAE 0,
02,05, 1 1M =2 Hrlsto] 0, 48, 9641 7te] Ag ¥
MTT assay B (28)e.2 Alolgle AlE43 23319t
MTT assay #3-> mitochondria®] dehydrogenase”F MTT
[3-(4,5-dimethylthiazol-2-y1)-2 5-diphenyl tetrazolium bro-
mide, Sigmalg #HYAAH E24 249 formazand T
= degld 7122 g Ao} & Aol A+= formazang iso-
propanolell £ A171 t+& 570 nm9) 34 microplate
reader(Bio-Rad, Hercules, CA, USA)E ©|-&3le] S4 &
Zshoict.

CLA O[MA| mixture2} 2tZte] X|ttitof| o5t DNA lad-
dering &4

CLA olA Al mixture?} o)A A S2] Al E £ oA &3}
7} apoptosisel] gt 21l & detws] 48] TSU-Prl Al
£ 1x10° cells/dish®] ¥ %7} © %2 regular medium.2. 2 3]
4 8}ed 100 mm dishes(Corning, NY, USA)ell #5311t} 24
A7kl At Foll SFMOZ wiA| S w#sh 2447 Bt
serum starvations}sith. 74 32} SFMell CLA o143 # mix-
ture®} LAE 10 uM, Z+7+e) o] A A g2 1 iM9] $ =3 A7}
ato] mi A& w3 AL, 48] 7 Fofl g v wi A E wEE}
sdch 7247 F ol °é£°ﬂ/“] 2717 & PBSE ¥ 2 &
2000 rpmol| A} 5487k LA Belsted A 25 38t o47]
ol extraction buffer(50 mM Tris, 20 mM EDTA, 1% Non-
idet, pH 7.5) 2 mL& ¥ 31 4°CollA 2413} incubation&}sit}.
I Foll SDSE 1%7} H 22 Y 24759 4°Cell A incu-
bation&}37, RNase S 0.55 mg/ml ¢ 37°Cail A 24| 7L, pro-
teinase K& 055 mg/mL FE & 3lo] 42°Cell x| 2217k incu-
bationd} 4 ©}(29). @ A& A A7) A F volume}
72 k] phenol-chloroform-isoamylalcohol(25: 24 : 1)& ¢
o] 2k -2 Fof A4l Belalgdoh AE2 A 27 A Holue]
Eppendorf tube®l] =gt} AFZol¢e] DNAE 0.3 M sodium
acetate2} 2.5 2] 1009 ethanol ¥¢] DNA pellet3 34 A
21 F 70% ethanol 2 Al #3317 2 A Zick A 29 pellet& TE
buffer(20 mM Tris, 1 mM EDTA)el =] 260, 280 nmoliA &4
EE 2Aslo] Aukst 5, 29 agarose geloll4] 7] dEs3dc}.

CLA oM mixturet Z+2+2| X|eh4bS0l| 28t Bel-2,
Bax ¢tud ¢is £

CLA o] A Al mixture®} o] A &2 GAIZ F4] A &34
7} apoptosisel] el = a2l el Bel-2, Bax$} #A7} 9l &
oto} ¥ 7] 2] 8} DNA laddering A & ol A&} 22 =712 2 100
mm dishesell TSU-Prl Al %% ¥53tgc) 244 3ke) =t
%ol SFMe2 w8t 2427154} serum starvationt -

CLA °]4 A mixture®} LAY 10 nM, 2}79) oA A& 1
M| =2 Hristoleh 72417 ol PBSE A ZE Fol2
<t} lysis buffer(137 mM NaCl, 20 mM Tris-HCl, pH
8.0)ell 1% triton X-100, 10% glycerol, 1 mM sodium ortho-
vanadate2} 1 mM PMSF, 20 ng/mL aprotinin, 10 Rg/mlL anti-
pain, 10 ug/mL leupeptin, 80 ng/mL benzamidine HC1-S- & 7}
8to] 4°Coll 4] 40%-7F incubationd}sith. o] % 4°C, 12,000 rpm
ol A} 1043} €A £=l8kn Fnhg obx] BCA protein
assay kit(Pierce, Rockford, IL, USA)& o] &-8}o] w2
Aekalgdn}. 125% sodium dodecyl sulfate -polyacrylamide
gel electrophoresis(SDS-PAGE)elA] whudg Hejgh &

Immobilon" "'~ P membrane(Millipore, Bedford, MA, USA)ell
transferdteith. Membrane2- 4°Cell 4 5% milk-TBST (20 mM
Tris~-HCl, pH 74, 137 mM NaCl, 0.1% Tween-20)2 184] 7t
%<t incubation¥} tH2-, anti-Bcl-2 ¥4+ anti-Bax antibody
(1 : 500 dilution, BD Transduction, CA, USA)E 37}3Fo] 4
2-of| A1 1A417F incubationd}sith. Ab2-efl 4] TBSTE 4o \d o}
<, oAl anti-mouse Ig horseradish peroxidase/ TBSTl| 4]
1417} incubationd}ed Supersignal® West Dura Extended
Duration Substrate(Pierce, IL, USA)E o} 43l &3} girt
(21). o]=f Bel-2, Bax 29| band2] 7} =4z densitometer
(Molecular Dynamics, Sunnyvale, CA, USA)E o} £3lo] &

Asted 77, #2182 molecular weight marker standard(Am-
ersham, Bukinghamshire, England)$} B3, 3415} 41235}

et

CLA o4 mixture@t 2tzto] X|2hatso]| 2|5t Bel-2,
Bax mRNA s} &%

CLA °]A Al mixturee}l o] A M52 IHE 224 JA &z
7} Bel-2, Bax el A =k ofvlzl mRNA FEo A = W 3}
£ ol B 93] Bax, Bel-2 immunoblot 41 3 of| 4] 2} 72-&
Z712 2 100 mm dishesol| TSU-Prl A& #5351t 24
A 7ko] At Fo] SFML 2 w#hale] 244 7HE<l serum
starvation®t - CLA oA &l mixtureg} LAY 10 uM, Z37+e)
ol FAEL 1 uMS & AH7bskgirt 72412k H el Chom-
czynski ¥ (30)& §-8-3t] total RNAE #2J3tsict. #-2
%+ total RNA 2 pg& s oligo(dT)E A3+ reverse
transcription(RT)& A A]8lgdct. RT product A ¥-5 3 & 2zt
z}2] specific primer& *}4&‘3]-0:] Bel -2+ 35 cyeles(95°Cel| 4
452 FoF WA, 65°Coll A 45% 5ot 7Fdizt, 72°Coll A 2%

Eol Z2Z) Bax: 32 cycles(94°Cell A 1% F-aF HAl, 55°C
o A 18 Fat 7td iz} 72°Cell A 1 F9t F-%) polymerase

chain reactions 43 3tsich. AFS-¥F primerts o3 o}
Bel-2 sense, 5’ ~-CGA CTT CGC CGA GAT GTC CAG CCA
G-3'; antisense ' ~ACT TGT GGC CCA GAT AGG CACCCA
G-3' Bax sense, 5'-CTG ACA TGT TTT CTG ACG GC-
3’; antisense 5~ TCA GCC CAT CTT CTT CCA GA-3’

o]& RT-PCR%& RNAE 1% agarose gelol| 4] A 7] %453}
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911, ethdium bromide2 @4 sto] 7} gsloic) LAS 22 FE2 miofdd Arlsisd s o), Al 5ol ok
EAxel Eal °§521=%‘ il ‘_I A e¥okeh(Fig. 1B). 484173 96417 Foll 2
B e7el mE Aa B4 Ane 7 eTe BE 5 Lp;:u 2)3k 93 gk glo) TSU-Prl AlE FA1-& A 22 o] 7

L A8 AAFEL 3, analysis of varianceZ ¥4 & -2 al 1zt

zFo] 7t 9l &Edll a4 @ =0.05 45 ¢l 4] Duncan’s mul Trans-10,cis-12 CLA (t10c12), cis-9,trans-11 CLA

tiple range testell o}sl Z+ APTFES Hdgk 1 Aole (911) sEol| w2 Aolele MEsel wst

ek f-2]44-& #3393, CLAE FAsh= ol A% o gake] 78 w2 oAl

trans 10,cis-12 CLA®} cis-9,trans-11 CLAE CLA °©]A A
2 I mixture$] A3 o4 A3k E=2] 1/109) 0, 0.2, 05, 1 M2

2 r g Aeste] 1 E9-EF v 2t oiFig. 2). Trans-10, cis-
12 CLA 7% 484 7ke] At 48] abelgl= Al 257} 24
3}7) A| =) o n] | 964 Zhell = 1 pMel| 4] el el v] 5] 9297}
fro)& o 2 748kl vl(Fig. 2A). ZLelv} cis-9,trans-11 CLA

CLA o|MA| mixture2t LA S0l 2 AlOIU= M|
=2 Hst

CLA °]4 A mixtures} LA} TSU-Pr1¢] Al E5eff 11|

= oodgre zAlel AT Fig. 13 2o} 7b AupAke = ) .
- oo b‘— ]’ 75_ oﬂf‘;lg 1"’]’ 7151:}' 4'1 11 e = 07 2:‘, :, gE__ 7&_‘% %“Ej x—l7]. /K] [rGI’lS"IOClS"12 CLA‘Q‘]“L—" d’ﬂ TSU-
2 = % 5}91 - o] Al z i o] 7
10 uM l_ =2 Ag)sledg o CLA o)A Al mixture Prl Al E2ol] o}2-2] o358 ¥ 7% SokehFig. 2B).
48A7F FHE] QA E 57} 015 02 7 sty T, 964 2ol
= Harewgl 10 uMellA] 2ol 8] s) *—L}O}%l‘f A E 57} CLA O}MX| mixture®} 1 o]MA|E2| DNA laddering
90% 7}A4ske] 2 &EArL A A VelychFig. 1A). vhd CLA®E Zb7e] AkabEo] apoptosis & -fr et eoby.
A
E25[ mciaowm a 25 WLAaouMm ‘
- , | OCtAzum E L, OLA2 uM i m
5 ZACLA 5 pM o BLA 5 uM
S ICLA 10 uM ©q5 } MLA 10 uM
= [
o Q
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@ 2
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Fig. 1. Effect of CLA mixture and LA on viable TSU-Prl cell number.

TSU-Prl cells were treated with various concentrations of CLA mixture (A) or LA (B) as described in Materials and Methods and
viable cell numbers were estimated by the MTT assay. Each bar represents the mean®SEM (n = 6). 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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Fig. 2. Effect of trans-10,cis-12 CLA (¢£10c12) and cis-9,trans-11 CLA (c9t11) on viable TSU-Prl cell number.

Cells were treated with various concentration of t10c12 (A) or ¢9t1]1 (B) and viable cell numbers were estimated by the MTT assay.
Each bar represents the mean*SEM (n = 6). 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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Fig. 3. Effect of different fatty acids on the apoptosis of TSU-
Prl cells.

Cells were treated in the absence or presence of 10 uM CLA, 10
M LA, 1 1M t10c12 or 1 1M 9111 for 3 days. Genomic DNA was
isolated, electrophoresed on 2% agarose gels (30 ng/lane) with TBE
buffer, and visualized by ethidium bromide staining.

7] 93] DNA fragmentation2 &A1+ 24 #H(Fig. 3), Atolgl =
AZ4E 22 AR W CLA o)A A mixture$} trans-10,cis~12
CLAOA thzF¢l uls] DNA ladderinge] & 3}A] vehd
7S FAsted o} =3 CLA o)A A mixture} ¥ 23}e] 1/10
59 trans-10,cis-12 CLA7} DNA laddering$ ©] #A 3]
Z70 7 AL Bt} Wb, A E4Y A 297 3
W cis-9trans-11 CLAS} LACIA & ob5-8 &xtr} ¢lsdch

CLA O] M| mixture®t 1 O|&A|Sofl 2|5t Bel-2, Bax
CHMZEIO] gy

Apoptosis®} 3% Bel-2, Bax s #HES doln 7|
238 CLA, LA, trans-10,cis-12 CLA, cis-9,trans-11 CLAE
DNA ladderings 54 € wot 22 F=2 Aelste] 42
cell lysate 2 immunoblot analysisS 533 23S Fig. 4]
ety ok Anti-apoptotic Al Bel-2+ 26 kDaoll A,
pro—apoptotic A <] Bax+ 21 kDall4] band&o] vehyt
o} 3h& of9) whal A o] Joading® A& vHebul} 7] £17 B-actin
o} EapeEe 42 kDaolth. Bel-2 @A 1 A5, trans-10,cis-
12 CLA®] & s A7 72438)9] o wbe Bax 2l 2 71712
A upAtel] 23] o} o 3k whx] edgkeh(Fig. 4A). o] band&
¢} 7<% densitometerZ o} $3le] ZAg th, Bel-2/Bax
ratioZ Al4kste] Fig. 4Bl vretlSl=l, trans-10,cis-12 CLA
ol 2)a At 1 v go] AXs}Al ZHAH S HEE = ek

. - Bel-2

21KD2- > - > - e -5

42KDa- iy w9 @ 9l - 5-action
CON CLA t10c12 c9t11 LA
10M 1M 1M 10 M
B
14

Bcl-2/Bax ratio

iI

t10c12 cotl1 LA
1uM  1uM 10uM

CON CLA
10 uM

Fig. 4. Expression of Bcl-2 and Bax protein in TSU-Prl cells.
Cells were treated with CLA, LA, t10c12 or ¢9tll as described in
Materials and Methods. Total lysates were subjected to immuno-
blotting with the indicated antibodies. Bound antibody was detected
by horseradish peroxidase conjugated anti-mouse IgG. A, Photo-
graphs of chemiluminescent detection of the blots are shown. B,
Quantitative analysis of immublots. The intensity of each bands was
analysed by densitometry. Each bar represents the mean of Bcl-
2/Bax ratios =SEM from three independent experiments.

CLA O| A& mixture2t 1 O|MdxIE0 2|8t Bel-2, Bax
mRNA 2§

CLA ©|A] A mixture®} 2+7+2] o)Al Ao &3t Bel-2, Bax
mRNA HEHEE 53 5p7] 918, A EH immunoblots o
sal wjo} oy o2 elale] total RNAS FEsgich
o] RNAZE o] 4-3}o] RT-PCR & Z 32 Fig. 5oll Vehliadch
AT 2 Bel-2& 364 bpellA], Baxi= 289 bpellA, p-
actin 318 bpell4] bandEo] Yelytch ImmunoblotAl o=
Bel-2¢] whido] 7H4" 71& #3% 4 9ot mRNA
G=ZFoll A = Bel -2, Bax7F CLA mixture®}t 7 o141 A S-of] 2] 3l

A obpdl deke WA sksrek.
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Fig. b. Expression of Bcl-2 and Bax mRNA in TSU-Pr1 cells.
For RT-PCR, TSU-Prl cells were treated with CLA, LA, t10c12
or c9tll as describes in Materials and Methods, and PCR was
performed by the specific primers of Bcl-2, Bax, or B-actin. The
sizes of expected PCR product were 364 bp and 282 bp for Bel -2
and Bax, respectively. Samples were seperated on a 1% agarose
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