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Conjugated Lmolelc Acid Induces Apopt051s by Activating AMPK in MCF-7 Breast Cancer Cells.
Sun Kyo Lin', Hyun Sook Kim’, Ock Jin Park’ and Young Min Kim*. Department of Biol ogzcul Sciences,
College of Life Science and Nano Technology, Hannam University of Daejeon, 306-791, Korea, 'Department of
Marketmg iBIO, Dacjeon, Korea, *Department of Pathology College of Medicine, Kyung Hee University, Seoul,
Korea, *Department of Food and Nutrition, College of Life Science and Nano Technology, Hannam University
of Daejeon, 306-791, Korea - Conjugated linoleic acid (CLA) is a naturally occurring compound found
in dairy and beef products. It has been shown to suppress cancer cells and to induce apoptosis.
Practically, there is emerging evidence that CLA can inhibit chemically induced carcinogenesis in vari-
ous tissues. However, the molecular mechanisms of CLA on human MCF-7 breast cancer cells have
not been clearly explained yet. In this report, we investigated the anti-cancer activity of CLA in MCF-7
cells. It was found that CLA could inhibit the growth of the MCEF-7 cells and induce apoptosis,
through modulating AMP-activated protein kinase (AMPK) and cyclooxygenase-2 (COX-2). AMPK
acts as a cellular fuel gauge and responds to decreased cellular energy status by inhibiting ATP-con-
suming pathways and increasing ATP-synthesis. CLA treatment with variable concentrations and dif-
ferent time of same-dose CLA on MCEF-7 cells resulted in a strong activation of AMPK and an in-
hibition of COX-2 expression. It supports that CLA induces apoptosis in CLA-treated MCF 7 cells.
Therefore, the effects of CLA induced COX-2 expression via activating AMPK can provide new possi-
bility into the understanding the molecular mechanisms of anti-cancer component.
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L6 =42 AEZE F9stAT. MCE-7 Al v guj A=
10% <] —,—EH o} 8 % (fetal bovine serum, FBS), 1% 9] strepto-
mycin % penicillin (Biofluids, Rockville, MD, USA)g
RPMI 1640 (GIBCO BRL, Grand Island, NZ, USA)dl| & 33}
o], 37°C, 5% CO, Z719A confluence 70~80% F== Hj
FHAE W, el AHE3EA

AloF & Mz A2

CLA, tetrazolium bromide salt (MTT), bovine serum al-
bumin (BSA)< Sigma (Sigma Chemical Co., St. Louis, MO,
USA) Al#s T8t AHEstsith Aol A3 CLAE
g7 Lo =] 50 mM stock solution® 2 A &3} -20°Ca|
A BE Baste] AREStglon, Al AE A CLAY &%
= 20 M, 40 pM, 80 pM, 160 uM, 320 pMZ A 25} 37°C,
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£ 04% Trypsin-EDTA solution (Sigma Chemical Co.)& A}
43t NEES EYA7 &, AEY confluence’} 70~80%
Ae HAS WA g, EE AIE A= RPMI
16407} DMEM (GIBCO BRL, Grand Island, NZ, USA) #}l &
Ao A7 AZete] A AHgAT

MTT assayoi| 2|3t MZMZ=Z

MCF-7 MIZ & #2171 12-well culture platecl], 7 well
vlth MTT (5 mg/ml) &2 30 wl¥ #H7kske] 37°C, 5%
CO, £ZANAM 1A W AIZ £, Al A H3ts B2}
WA phosphate buffered saline (PBS)Z A1~ A A 43}
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sta, YA g7 2HOlympus  SP-6600,
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Reactive oxygen species (ROS) &8

100 mm culture platec] ] ¥ MCF-7 A£¢] con-
fluence7} 80% A% UL w Hv|H o2 Qs , 12-well
culture plate2] 7} well®l| cover glassE 211, v ¥ MCF-7
AT} CLAZ FEEZ 20 M, 40 uM, 80 kM, 160 M &
et &, cover glass Yol ZAAYHA BF381o] 37°C, 5%
CO, 4 Hj ettt ROSS A4 &2 sl 2 well
o 2’, 7"-dichlorofluorescein diacetate (DCFH-DA)E 10 uM
A A8t 308 ¢ 37°C, 5% CO, 27 A vl g3tod,
cover glass 91014 Wi FH ME7} BARA] BEE ZAA
AA AXT 5, IR E S Foko] BESAT

Western blotof] 25t CHHE &i5{o| &4

6-well culture plated] MCF-7 A28} L6 M2 E 77} w) <k
3tod, CLAS g9 AIXPEE A#lste 37°C, 5% CO, 2310
A ulj ¥ttt Total proteing FZ3}7] 913814 triton lysis
buffer [25 mM Tris-Cl (pH 7.4), 150 mM NaCl, 1% Triton
(100x), 5 mM EDTA]E 7} welloll 150 w& #7}3ked Wk-g-A171
<, 14,000 rpm, 4°Col| A 10% &<t Y422 3F4ith. Bradford
assayE ©|-8-3}o] ELISA-reader 595 nmo 4] §F=E S43}
of FFFAE A T, 72 FE9 total protein FEE ZAA s}
%ot Sodium dodecyl sulfate (SDS)-polyacrylamide gel< 3t
7] 913l 5% Laemmi sample buffer (loading dye; 250 mM
Tris-cl (pH 6.8), 40% glycerol, 4% B-mercaptoethanol, 0.08%
bromophenol blue, 8% SDS)°} MCF-7 A oA &3 T
s EFst] 25 AlFe 12 A< phospho-ace-
tyl-CoA carboxylase (ACC), COX-2, phospho-AMPK
(P-AMPK), B-actine Cell Signaling Technology (Beverly,
MA, USA)2 3 75t 217 548 %, 474 er@oe
FAA77] 98 D5 H3 A BATSd TEAZT 23
&4 (Cell Signaling Technology, Beverly, MA, USA)E 3] 4]
3t 1417 HESA1Z] T, Blue X-ray filmoll Yelues HEZ
dde] S5 BEEs
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Fig. 1. Growth inhibition of MCF-7 cells after treatment with
CLA. (A) Cell viability of MCF-7 cells were seeded at
4x10° cells/well in a 12-well culture plate and in-
cubated for 24 hr. The cells were treated with variable
concentrations of CLA for 24 hr. The growth inhibition
was measured by the metabolic-dye-based MTT assay.
The data shown are meanstSD of three independent
experiments. (B) Under the same conditions, the cell
viability of L6 skeletal muscle cells was measured by
MTT assay.
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Fig. 2. Cell viability of MCEF-7 cells treated with different time
of same-dose CLA. The cells were seeded at 4x10°
cells/well in a 12-well plate and incubated for 24 hr. The
cells were treated with a constant concentration of 100
pM CLA for 24 hr. The growth inhibition was measured
by the metabolic-dye-based MTT assay. The data shown
are meanstSD of three independent experiments.
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Fig. 3. Induction of apoptosis of MCEF-7 cells treated with
Hoechst 33342. (A) The MCE-7 cells were treated with
variable concentrations of CLA. The arrows indicate
cleaved nuclei in the MCF-7 cells. Cells were photo-
graphed using a Nikon digital camera and a fluo-
romicroscope after being treated with Hoechst 33342
staining. (B) The MCEF-7 cells were treated with differ-
ent time of same-dose CLA (100 uM). Under the same
conditions, apoptotic bodies are shown with cells
treated with Hoechst 33342.
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Fig. 4. ROS generation by CLA in MCF-7 cells. (A) ROS gen-
eration by CLA in MCF-7 cells was determined by
DCFH-DA dye. Cells were treated with various con-
centrations of CLA. After additional 30 min of in-
cubation in the presence of 10 pM DCFH-DA, changes
in fluorescence intensity were measured by fluo-
rescence-activated cell scanning analysis. (B) Cells were
treated at different time with CLA. Under the identical
conditions, ROS generation by CLA in MCF-7 are
shown by DCFH-DA dye.
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Fig. 5. Effects of CLA on MCF-7 cells induced COX-2 expression
via activating AMPK. (A) The MCE-7 cells were treated
with variable concentrations of CLA for 6 hr, and then
p-ACC, COX-2 and p-AMPK expression was measured
by Western blot analysis. p-actin was used as an internal
control. (B) The MCEF-7 cells were treated with different
time of same-dose CLA (100 uM). Under the same con-
ditions, p-ACC, COX-2 and p-AMPK expression was
measured by Western blot analysis. f-actin was used as
an internal control.
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