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a b s t r a c t

Peroxisome proliferator-activated receptor-g (PPARg) activation has been a new approach to

cancer therapy. In the present study, we investigated the effects of two structurally different

PPARg agonists, rosiglitazone and KR-62980 on MCF-7 breast cancer cells. Both agonists

inhibited the cell proliferation and colony formation via apoptosis. PTEN expression was

increased with decreased Akt phosphorylation by the agonists, whereas agonists actions

were abolished in PTEN knockdown cells, indicating the critical role of PTEN in the anti-

proliferative effects of PPARg activation. Rosiglitazone induced the MCF-7 cell differentia-

tion but KR-62980 did not alter the differentiation pattern with little effects on the lipid

accumulation and the expression of lipogenesis markers. These results suggest that PPARg

activation may result in the inhibition of cell proliferation and/or induction of cell differ-

entiation depending on the type of PPARg agonists, and that KR-62980 may be useful in

breast cancer therapy by inducing apoptosis.
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1. Introduction

Peroxisome proliferator-activated receptors (PPARs) have

recently been identified as the transcription factors belonging

to the nuclear receptor gene superfamily [1]. Three types of the

PPARs have been described in human, rodents, and amphi-

bians: a, b (also called d) and g [2,3]. Numerous studies have

observed that PPARg is critical in a variety of biological

processes, including adipogenesis, glucose metabolism and

inflammation [4], and indeed some PPARg agonists are clinically

used as anti-diabetic agents. In addition, previous studies have

shown that PPARg functions as an important cellular regulator

by inhibiting growth and/or inducing differentiation of adipo-

cytes, monocytes, and cancer cells [5–7].

It has been shown that PPARg ligands attenuate cell growth

in carcinomas of various organs including breast, prostate,

lung, colon, stomach, bladder, and pancreas [7–9]. Among
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various tissue cancers, the breast cancers have significant

lipogenic capacity, and the modulation of fat metabolism has

been associated with alteration of cancer cell growth and

apoptosis. PPARg expression was confirmed in human breast

cancer cell lines as well as primary and metastatic breast

adenocarcinomas, and PPARg activation caused inhibition of

proliferation, changes in epithelial gene expression associated

with a more differentiated, less malignant state and extensive

lipid accumulation in cultured breast cancer cells [10,11].

As one of the downstream signaling pathway of PPARg

activation, PTEN (the phosphatase and tensin homolog deleted

from chromosome 10), a tumor suppressor gene has been

investigated. PTEN has both protein phosphatase (phospho-

serine/threonine and phospho-tyrosine) and phosphoinositide

3-phosphatase activities [12], and primarily serves to remove

phosphate groups from key intracellular phosphoinositide

signaling molecules, thus regulating cell migration, spreading,
.
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Fig. 1 – Effects of KR-62980 and rosiglitazone on cell

proliferation and colony formation in MCF-7 and MDA-

MB-231 cells. (A) Dose–response effect of KR-62980 on cell

proliferation of MCF-7 cells. Cells were incubated with KR-

62980 or rosiglitazone for 4 days, and cell proliferation was

determined by MTT assay. Values are means W S.E.M. of

two different experiments each done with quadruplicate.

(B) Effects of KR-62980 and rosiglitazone on colony

formation of MCF-7 cells. Cells were incubated with KR-

62980 or rosiglitazone for 14 days and colonies were

stained with 0.005% crystal violet. Colonies were counted

in a blinded manner using a �10 objective on a Nikon

inverted microscope. Experiments were carried out two

times in triplicate. Data are expressed as percent of

control. *P < 0.05, ***P < 0.001 vs. vehicle group. (C) Effects

of KR-62980 and rosiglitazone on cell proliferation in

MDA-MB-231 cells. Cells (1 � 103 cells/well) were seeded in

96-well plates and incubated with the indicated

concentrations of KR-62980 or rosiglitazone for 4 days, and
and growth signals by limiting activity of the phosphoinositide-

3-kinase (PI3-K) pathway [13,14]. Previous study has indicated

that PPARg activation induced PTEN expression leading to anti-

proliferative activity in cancer cells [15]. Furthermore, the

promoter region of PTEN contains the PPAR responsive element

(PPRE) sequence, which indicates that PTEN may be directly

regulated by PPARg in a transcriptional level. Recently, down-

stream effects of PTEN have been disclosed showing that the

Bcl-2 family proteins are regulated [16].

KR-62980, 1-(trans-methylimino-N-oxy)-3-phenyl-6-(3-phe-

nylpropoxy)-1H-indene-2-carboxylic acid ethyl ester was

synthesized in the Korea Research Institute of Chemical

Technology as a novel PPARg agonist. The compound was

initially identified from the chemical library of 70,000 structu-

rally diverse synthetic compounds to discover novel anti-

diabetic agents with improvement of side effect profiles of

rosiglitazone. In contrast to rosiglitazone, previous observation

with KR-62980 showed that the compound had little adipogenic

effects on 3T3/L1 preadipocytes and C3H10T1/2 pluripotent

stem cells (unpublished results). Because the adipogenic

potential of two structurally different PPARg agonists, rosigli-

tazone and KR-62980 was different, we examined and com-

pared the effects of two PPARg agonists on MCF-7 cells, of which

activities are related with their lipogenic potentials.
2. Materials and methods

2.1. Cell culture

MCF-7 (ATCC HTB-22, human estrogen receptor-positive

breast cancer cell) and MDA-MB-231 (ATCC HTB-26, human

estrogen receptor-negative breast cancer cell) cells were

cultured in Dulbecco’s minimum essential medium (DMEM)

supplemented with 10 mg/ml insulin and 10% fetal bovine

serum. Cells were grown to confluence at 37 8C in 5% CO2.

2.2. Cell proliferation assay

For mitochondrial tetrazolium assay (MTT) procedure, MCF-7

and MDA-MB-231 cells were seeded at 1 � 103 cells/well in 96-

well tissue culture plates. After 24 h, the indicated concentra-

tions of compounds were added for 4 days, and then 20 ml/well

of MTT solution (5 mg/ml phosphate buffered saline) was

added and incubated for 2 h. The medium was aspirated and

replaced with 150 ml/well of ethanol/dimethyl sulfoxide

solution (1:1). The plates were shaken for 20 min and the

OD was measured at 570–630 nm using microplate spectro-

meter (Bio-Rad Laboratories, Hercules, CA).

2.3. Soft agar colony assay

Effects of KR-62980 and rosiglitazone on the MCF-7 cell

proliferation were assessed using an agar cloning technique.

An underlay of 0.5% agar in DMEM containing 5% fetal bovine

serum was prepared by mixing equal volumes of 1% agar and
cell proliferation was determined using MTT assay. Values

are means W S.E.M. of two different preparations with

quadruplicate experiments. ***P < 0.001 vs. vehicle group.
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2� DMEM plus 10% fetal bovine serum. About 2 ml of this

mixture were pipetted into the wells of six-well plates and

allowed to set. MCF-7 cells, 70–100% confluent, were trypsi-

nized, and the cells were resuspended in growth medium and

counted with a hemocytometer. The cells were then diluted to

a final concentration of 2000 cells/ml in a mixture of 0.7% agar

and 2� DMEM. KR-62980 and rosiglitazone were added from

appropriate stock solutions to achieve the indicated final

concentrations and a final DMSO concentration of 0.1%.

Vehicle controls received similar volume of solvent alone.

Two millilitre of the cell suspension were aliquoted into each

well. The agar was allowed to set, and the plates were

incubated in a humidified chamber at 37 8C for 14 days.

Colonies were stained with 0.005% crystal violet. Colonies
Fig. 2 – Effects of KR-62980 and rosiglitazone on the oligonucleo

(A) Time–response effect of KR-62980 on the oligonucleosomal D

62980 on the oligonucleosomal DNA laddering in MCF-7 cells. L

0.1 mM KR-62980; lane 4, 1 mM KR-62980; lane 5, 10 mM KR-6298

rosiglitazone on the oligonucleosomal DNA fragmentation in M

concentrations of KR-62980 or rosiglitazone for 3 days. M repres

confirmed with two different preparations.
were counted in a blinded manner using a 10� objective on a

Nikon inverted microscope.

2.4. DNA fragmentation assay

MCF-7 and MDA-MB-231 cells were seeded in 100 mm tissue

culture plates. After 24 h, the indicated concentrations of KR-

62980 and rosiglitazone were added for 3 days. Using the

Genomic DNA Purification Kit (Gentra Systems, Minneapolis,

MN), cells were lysed in lysis buffer (10 mM Tris–HCl, pH 7.5,

100 mM NaCl, 1 mM EDTA, 1% sodium dodecyl sulfate, and

0.5 mg/ml proteinase K). Digestion was continued for 20 min at

37 8C, followed by addition of RNase A to 0.1 mg/ml and

running dye (10 mM EDTA, 0.25% bromophenol blue, 50%
somal DNA fragmentation in MCF-7 and MDA-MB-231 cells.

NA laddering in MCF-7 cells. (B) Dose–response effect of KR-

ane 1 represents control; lane 2, 0.01 mM KR-62980; lane 3,

0; lane 6, 10 mM rosiglitazone. (C) Effects of KR-62980 and

DA-MB-231 cells. Cells were treated with the indicated

ents the 100 bp (base pair) DNA ladder markers. Each was
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Fig. 3 – Effects of KR-62980 and rosiglitazone on the

expressions of Bcl-2 protein (A) and Bax protein (B) in MCF-

7 cells. Cells were incubated with the indicated

concentrations of KR-62980 or rosiglitazone for 2 days, and

protein expression was determined using western

blotting. Values are means W S.E.M. of three different

preparations. **P < 0.01, ***P < 0.001 vs. control group.
glycerol). Equivalent amounts of DNA (15–20 mg) were loaded

into wells of 1.6% agarose gel and electrophoresed in 0.5 � TAE

buffer (40 mM Tris–acetate, 1 mM EDTA). DNA was visualized

by ethidium bromide staining. Gel pictures were taken by UV

transillumination.

2.5. Western blot analysis

Cells treated as described above were stimulated with KR-

62980 and rosiglitazone for 24 h (PTEN, phospho-PTEN, Akt

and phospho-Akt) or 48 h (Bcl-2, Bax, E-cadherin, b-casein,

caveolin-1 and caveolin-2). Following centrifugation of cell

lysates at 12,000 rpm, 10 mg of total protein was loaded into an

8% sodium dodecyl sulfate–polyacrylamide gel, and trans-

ferred to nitrocellulose membrane (Amersham Biosciences,

Piscataway, NJ). Protein bands were visualized using chemi-

luminescence (Pierce, Rockford, IL) and quantified with UN-

SCAN-IT gel 5.1 software (Silk Scientific, Inc., Orem, UT). The

results were expressed as a relative density. Polyclonal

antibodies against Bax, b-casein, caveolin-1 and caveolin-2,

and monoclonal antibodies against Bcl-2 and E-cadherin were

from the Santa Cruz Biotechnology (Santa Cruz, CA). Poly-

clonal antibodies against PTEN, phospho-PTEN (Ser380/

Thr382/383), Akt and phospho-Akt (Ser473) were from the

Cell signaling Technology (Beverly, MA).

2.6. PTEN or PPARg knockdown using StealthTM RNAi
oligonucleotide

The PTEN stealthTM Select RNAi oligonucleotide (Target

Accessions nos. NM016335) and the PPARg stealthTM Select

RNAi oligonucleotide (Target Accessions nos. NM1387121,

NM0158692, NM1387111, NM0050373) were synthesized by

Invitrogen (Carsbad, CA). The stealthTM RNAi negative control

Duplex (Invitrogen) was used as a control oligonucleotide.

Transfection efficiency was monitored using a fluorescent

oligonucleotide (BLOCK-iT Fluorescent oligo, Invitrogen) and

estimated to be 80–90%.

The stealthTM RNAi molecules were transfected into MCF-7

cells using Lipofectamine 2000 following Invitrogen’s protocols.

The final concentrations of 100 nM PTEN stealth TM Select RNAi

oligonucleotide and 50 nM PPARg stealthTM Select RNAi

oligonucleotide were empirically determined to maximally

suppress target RNA expression, and the stealthTM RNAi

oligonucleotide was transfected to the medium 48 h prior to

the treatment of compounds. The ability of the stealthTM RNAi

oligonucleotide to knockdown PTEN and PPARg expression was

analyzed by Western blot and real-time reverse transcription-

polymerase chain reaction (RT-PCR) on whole cell extracts.

2.7. RT-PCR analysis

Total RNA was isolated from compounds-treated cells using

easy-BLUE Total RNA extraction Kit (iNtRON Inc., Kyungki-Do,

Korea). Reverse transcription of total RNA (1 mg) was performed

using AccuPower RT PreMix (Bioneer Inc., Daejeon, Korea). PCR

primers for amplification of PTEN were designed based on the

sequences obtained; sense, 50-AGG GAC CGA CTG TAA TG-30;

antisense, 50-AGT GCC ACG GGT CTG TAA TC-30. RT-PCR

conditions were 35 cycles of denaturation at 94 8C for 1 min,
annealing at 60 8C for 1 min, and extension at 72 8C for 1 min,

followed by a 10 min extension reaction at 72 8C. PCR primers

for amplification of PPARg were designed based on the

sequences obtained; sense, 50-CCC TGG CAA AGC ATT TGT

AT-30; antisense, 50-GAA ACT GGC ACC CTT GAA AA-30. RT-PCR

conditions were 30 cycles of denaturation at 94 8C for 30 s,

annealing at 62 8C for 30 s, and extension at 72 8C for 30 s,

followed by a 10 min extension reaction at 72 8C. PCR primers

for amplification of aP2, SREBP-1c, and fatty acid synthase (FAS)

were designed based on the sequences obtained; aP2 sense, 50-

TGG AAG CTT GTC TCC AGT GA-30; aP2 antisense, 50-GCT CTT

CAC CTT CCT GTC GT-30: SREBP-1c sense, 50-GCC ATG GAT TGC

ACT TT-30; SREBP-1c antisense, 50-CAA GAG AGG AGC TCA ATG-

30: FAS sense, 50-GAA ACT GCA GGA GCT GTC-30; FAS antisense,

50-CAC GGA GTT GAG GCG CAT-30. Aliquots of the PCR reaction

were checked by melting curve analysis as provided by the

Roter-Gene 3000 system (Corbett research, Australia). The

instrument settings were: PTEN – denaturing at 95 8C for

15 min; with 40 repeated cycles of denaturing at 94 8C for 30 s,

annealing at 64 8C for 30 s, and elongation at 72 8C for 30 s,

PPARg – denaturing at 95 8C for 15 min; with 40 repeated cycles

genbank:NM016335
genbank:NM1387121
genbank:NM0158692
genbank:NM1387111
genbank:NM0050373
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Fig. 4 – Effect of BADGE, a PPARg antagonist, on KR-62980-suppressed cell proliferation and -induced DNA fragmentation in

MCF-7 cells. (A) Inhibition of the anti-proliferative effects of KR-62980 and rosiglitazone by a PPARg antagonist, BADGE in

MCF-7 cells. Cells (1 � 103 cells/well) were seeded in 96-well plates, treated with BADGE (20 mM) for 1 h, and incubated with

10 mM KR-62980 or rosiglitazone for 4 days, and cell proliferation was determined using MTT assay. Values are

means W S.E.M. of two different preparations with quadruplicate experiments. ###P < 0.001 vs. control group; **P < 0.01,
***P < 0.001 vs. each drug treatment group. (B) Inhibition of the apoptotic effects of KR-62980 and rosiglitazone by a PPARg

antagonist, BADGE in MCF-7 cells. Cells were treated with BADGE (20 mM) for 1 h, and incubated with the indicated

concentrations of KR-62980 or rosiglitazone for 3 days. Lane 1, control; lane 2, 10 mM KR-62980; lane 3, 20 mM BADGE plus

10 mM KR-62980; lane 4, 10 mM rosiglitazone; lane 5, 20 mM BADGE plus 10 mM rosiglitazone; lane 6, 20 mM BADGE. (C&D)

Effects of KR-62980 and rosiglitazone on cell proliferation (C) and DNA fragmentation (D) in PPARg knockdown MCF-7 cells.

BADGE was pretreated for 1 h followed by KR-62980 stimulation for 3 days (D) or 4 days (C) in PPARg stealthTM RNAi

oligonucleotide transfected cells or negative control stealthTM RNAi oligonucleotide transfected cells, and DNA

fragmentation assay or MTT assay was carried out. Values are means W S.E.M. of two different preparations with

quadruplicate experiments. ###P < 0.001 vs. control group; ***P < 0.001 vs. 10 mM KR-62980 treated group; yyyP < 0.001 vs.

negative control stealth RNAi transfected group.
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of denaturing at 94 8C for 30 s, annealing at 62 8C for 30 s, and

elongation at 72 8C for 30 s, aP2 – denaturing at 95 8C for 15 min;

with 50 repeated cycles of denaturing at 94 8C for 30 s, annealing

at 56 8C for 30 s, and elongation at 72 8C for 30 s, and SREBP-1c

and FAS – denaturing at 95 8C for 15 min; with 50 repeated cycles

of denaturing at 94 8C for 30 s, annealing at 60 8C for 30 s, and

elongation at 72 8C for 30 s. Relative abundance of mRNA was

calculated after normalization to GAPDH.

2.8. Measurement of lipid accumulation

Cells were incubated with the indicated concentrations of KR-

62980 and rosiglitazone for 3 days and lipid accumulation was

determined using Oil Red O staining. A stock solution of Oil

Red O (0.5 g in 100 ml isopropanol) was prepared and passed

through a 0.2 mm filter. To prepare the working solution, 6 ml

of the stock solution was mixed with 4 ml of distilled water,

left for 1 h at room temperature, and filtered through a 0.2 mm

filter prior to use. Cells in 6-well plates were fixed with 10%

formalin in phosphate buffered saline for 1 h at 4 8C and

stained with 500 ml of the Oil Red O working solution per well

for 1 h at room temperature. The wells were rinsed three times

with 700 ml of distilled water. Oil Red O-stained cells were then

examined with a Nikon microscope.

2.9. Drugs

KR-62980 and rosiglitazone were synthesized in the Korea

Research Institute of Chemical Technology (Daejeon, Korea).

Bisphenol A diglycidyl ether (BADGE), agar, crystal violet and

MTT were from the Sigma Chemical Co. The PTEN and PPARg

stealthTM Select RNAi oligonucleotide, stealthTM RNAi nega-

tive control duplex and Lipofectamine 2000 were from the

Invitrogen. KR-62980, rosiglitazone and BADGE were dissolved

in dimethyl sulfoxide as a 20 mM stock solution and then

diluted with the phosphate buffered saline.

2.10. Statistical analysis

The results are expressed as means � S.E.M. The comparison of

changes in cell proliferation between control group and drug-

treated groups was analyzed by repeated measures analysis of

variance, and followed by Tukey’s multiple comparison tests as

a post hoc comparison. Student’s t-test was used for analyzing

values between vehicle and PPARg agonist-treated groups.

P < 0.05 was considered to be significant.
Fig. 5 – Effects of KR-62980 and rosiglitazone on the

expressions of PTEN and Akt phosphorylation in MCF-7

cells. Cells were incubated with 10 mM KR-62980 for the

indicated times or with the indicated concentrations of

KR-62980 or rosiglitazone for 24 h and protein expression

was determined using western blotting. Each was

confirmed with three different preparations.
3. Results

3.1. Inhibitory effects of KR-62980 and rosiglitazone on
the proliferation of MCF-7 and MDA-MB-231 cells

Both KR-62980 and rosiglitazone caused inhibition of MCF-7 cell

proliferation in a time- and concentration-dependent manner

(Fig. 1A). When MCF-7 cells were incubated in the medium for 4

days, cell proliferation increasedto 419� 29%. KR-62980 (10 mM)

significantly suppressed the cell proliferation in MCF-7, estro-

gen receptor-positive breast cancer cells, and MDA-MB-231

cells, estrogen receptor-negative breast cancer cells (Fig. 1A and
C). KR-62980 also inhibited the MCF-7 colony formation

concentration-dependently (Fig. 1B). When MCF-7 cells were

incubated in the medium containing 10 mM KR-62980 for 14

days, colony formation decreased to 57� 5% of control.

Rosiglitazone also suppressed the cell proliferation and colony

formation but to a lesser degree than KR-62980.

3.2. Effects of KR-62980 and rosiglitazone on apoptotic cell
death

Exposure of MCF-7 cells to KR-62980 (10 mM) induced promi-

nent oligonucleosomal DNA fragmentation in a concentration

and time-dependent manner, whereas rosiglitazone (10 mM)

showed a lesser degree of DNA fragmentation than KR-62980

(Fig. 2A and B). Similarly, KR-62980 (10 mM) and rosiglitazone

treatment of MDA-MB231 cells also resulted in the DNA

fragmentation, indicating the apoptotic actions of the com-

pounds (Fig. 2C). The LDH assay further supported the anti-

proliferative effects of the compounds are mediated by

apoptosis (results not shown).

Bcl-2 protein was present at a relatively high level in the

control samples and normalized as the relative density of 1.0.

KR-62980 (10 mM) caused a significant decrease in Bcl-2 protein

expression by 0.16 � 0.07 relative density (16% of the control

value) (Fig. 3A). On the other hand, Bax protein expression was

low level in the control MCF-7 cells (expressed as relative

density 1.0), which was markedly and concentration-depen-

dently elevated by application of 1, 3 and 10 mM KR-62980 to

3.90 � 0.59, 4.38 � 0.58 and 4.67 � 0.53 relative density, respec-

tively (Fig. 3B).

3.3. Involvement of PPARg in the KR-62980 and
rosiglitazone-induced anti-proliferative and apoptotic actions

To examine whether the effect of KR-62980 is mediated by

PPARg, the PPARg pathway had been inactivated by treatment
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with BADGE (20 mM) for 1 h, and then KR-62980 (10 mM) was

added to the cells. BADGE decreased both KR-62980 and

rosiglitazone-induced cell death and DNA fragmentation

(Fig. 4A and B). BADGE alone induced no effect on cell prolife-

ration and DNA fragmentation at a concentration of 20 mM.

The transfection of stealthTM RNAi oligonucleotide in MCF-

7 cells resulted in the reduction of PPARg protein expression to

20% of control (data not shown). In contrast to the anti-

proliferative and apoptotic effects of KR-62980 in stealthTM

RNAi negative control oligonucleotide transfected cells, KR-

62980 (10 mM) was ineffective on cell viability and DNA

fragmentation in PPARg knockdown cells (Fig. 4C and D).

These results provide conclusive evidence that PPARg activa-
Fig. 6 – Effects of KR-62980 and rosiglitazone on cell proliferation

cells. BADGE was pretreated for 1 h followed by KR-62980 or ro

stealthTM RNAi oligonucleotide transfected cells or negative con

DNA fragmentation assay or MTT assay was carried out. Value

quadruplicate experiments. ###P < 0.001 vs. control group; ***P <
yyyP < 0.001 vs. negative control stealthTM RNAi transfected grou
tion is required for the anti-proliferative and apoptotic effects

of KR-62980 on breast cancer cells.

3.4. Effects of KR-62980 and rosiglitazone on PTEN
expression and Akt phosphorylation

KR-62980 time-dependently increased the PTEN level, show-

ing a maximum effect at 24 h. The PTEN expression level

increased with increasing concentrations of KR-62980 and

rosiglitazone, which was reversed by BADGE (20 mM). Corre-

lating with decreased PTEN expression, KR-62980 (0.1 � 10 mM)

and rosiglitazone suppressed the Akt phosphorylation, with

no change in the Akt expression (Fig. 5).
(A) and DNA fragmentation (B) in PTEN-knockdown MCF-7

siglitazone stimulation for 4 days (A) or 3 days (B) in PTEN

trol stealthTM RNAi oligonucleotide transfected cells, and

s are means W S.E.M. of two different preparations with

0.001 vs. 10 mM KR-62980 or rosiglitazone treated group;

p.
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We examined the effects of PTEN knockdown on the KR-

62980 and rosiglitazone actions to elucidate the importance

of PTEN. The transfection of PTEN stealthTM RNAi oligonu-

cleotide in MCF-7 cells resulted in the reduction of PTEN

protein expression to 45% of control (data not shown). In

contrast to the anti-proliferative and apoptotic effects of KR-

62980 in stealthTM RNAi negative control oligonucleotide

transfected cells, KR-62980 (10 mM) was ineffective on cell

proliferation and DNA fragmentation in PTEN knockdown

cells (Fig. 6A and B). These results provide important

evidence that PTEN activation is required for the anti-

proliferative and apoptotic effects of KR-62980 and rosigli-

tazone on breast cancer cells.

3.5. Effects of KR-62980 and rosiglitazone on the MCF-7
cell differentiation

PPARg activation induced cells to a more differentiated, less

malignant state and caused extensive lipid accumulation in
Fig. 7 – Effects of KR-62980 and rosiglitazone on the lipid accum

indicated concentrations of KR-62980 or rosiglitazone for 3 day

staining. Each was confirmed with three different preparations
cultured breast cancer cells [10,11]. Thus, we examined

whether addition of KR-62980 and rosiglitazone in MCF-7

cells also induces differentiation using Oil Red O staining.

Untreated MCF-7 cells had little lipid accumulation as

measured by Oil Red O staining (Fig. 7). Rosiglitazone

treatment (1 and 10 mM, 3 days) strongly induced lipid

accumulation whereas little accumulation of lipids was

observed by KR-62980.

To further check the effects of KR-62980 and rosiglitazone

on cell lipogenesis, the well-known breast cancer lipogenesis

markers, aP2, SREBP-1c and FAS were measured after KR-

62980 and rosiglitazone treatment in MCF-7 cells. Rosiglita-

zone induced mRNA aP2, SREBP-1c and FAS level, but KR-62980

did not induce their change (Fig. 8).

When we measured the level of the well-known differentia-

tion marker expressions such as E-cadherin, b-casein, caveolin-

1 and -2 in MCF-7 cells after agonists treatment, rosiglitazone

significantly induced differentiation marker expression,

whereas the expression was not changed by KR-62980 (Fig. 9).
ulation in MCF-7 cells. Cells were incubated with the

s and lipid accumulation was determined using Oil Red O

.
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Fig. 8 – Effects of KR-62980 and rosiglitazone on the aP2,

SREBP-1c, and FAS expression in MCF-7 cells. BADGE was

pretreated for 1 h followed by KR-62980 or rosiglitazone

stimulation for 2 days, and real-time RT-PCR was carried

out. Values are means W S.E.M. of quadruplicate

experiments. ##P < 0.01, ###P < 0.001 vs. control group;
*P < 0.05, ***P < 0.001 vs. 10 mM rosiglitazone group.
4. Discussion

The present study shows that rosiglitazone and KR-62980, a

novel PPARg agonist, strongly inhibited cell proliferation in

human breast cancer cells, MCF-7, human estrogen receptor-

positive cell line, and MDA-MB-231, human estrogen receptor-

negative cell line, by pro-apoptotic mechanism. The apoptotic

action by PPARg activation is likely due to the up-regulation of

PTEN expression, down-regulation of Akt phosphorylation
following Bax and Bcl-2 alteration. The effects of two agonists

appear to be different in that rosiglitazone induced both

inhibition of cell proliferation and promotion of cell differ-

entiation whereas KR-62980 resulted in only inhibition of cell

proliferation. These actions are likely due to the difference in

the adipogenic activity, possibly due to the different binding

mode to the receptor, thereby different recruitments of

coactivators and/or corepressors.

Recently, the role of PPARg in tumors has been widely

studied, and PPARg agonists have been shown to have direct

effects on tumor cells including breast, lung, prostate, colon

and gastric cancer cells. For example, the PPARg ligand 15-

deoxy-D-12,14-prostaglandin J2 inhibits cell proliferation and

induces apoptosis of MCG-803 human gastric cancer cell line

in a dose-dependent fashion [17] and the synthetic PPARg

ligands such as thiazolidinediones have potent anti-tumor

effects against human prostate cancer both in vitro and in vivo

[18]. In the present study, we examined the effects of two

different PPARg agonists, rosiglitazone and KR-62980 on MCF-

7 cells. The potency of these compounds on PPARg was

determined as EC50 values of 250 nM for rosiglitazone, and

15 nM for KR-62980 (data not shown), suggesting that KR-

62980 is more potent. Consistent with their potencies on

PPARg, KR-62980 more strongly suppressed cell proliferation

and colony formation in MCF-7 cells and MDA-MB-231 cells

than rosiglitazone. This anti-proliferative activity by KR-62980

was accompanied by oligonucleosomal DNA fragmentation

with up-regulation of Bax expression and down-regulation of

Bcl-2 expression.

Tumor suppressor protein PTEN is known to negatively

regulate several cellular functions, including cell migration

and survival from apoptosis by suppression of PI-3K and Akt

activation via dephosphorylating the phosphatidylinositol

(3,4,5) triphosphate to phosphatidylinositol (4,5) diphosphate,

an inactive state [12,19]. Weng and coworkers [20] have shown

that PTEN suppresses breast cancer growth by phosphatase

activity-dependent G1 arrest followed by cell death. Moreover,

the regulation of PTEN expression by PPARg has been reported

in several cancer cells and inflammatory cells, and its

regulation is likely at the transcriptional manner based on

the presence of PPRE in the promoter region of PTEN. In our

results, KR-62980 time-dependently and concentration-depen-

dently increased the PTEN expression and suppressed the Akt

phosphorylation, which was reversed by BADGE (20 mM).

Furthermore, in contrast to the anti-proliferative and apoptotic

effects of KR-62980 in stealthTM RNAi negative control

oligonucleotide transfected cells, KR-62980 (10 mM) was inef-

fective on cell viability and DNA fragmentation in PTEN

knockdown MCF-7 cells. These results provide conclusive

evidence that PTEN activation with reduced Akt phosphoryla-

tion is required for the anti-proliferative and apoptotic effects

of KR-62980 and rosiglitazone on breast cancer cells.

Two cellular pathways, namely differentiation and apop-

tosis are main focuses in developing anti-cancer therapies. It

was reported previously that thiazolidinediones-induced

growth inhibition in tumor cells may be associated with cell

cycle arrest, differentiation, and apoptosis [7,18]. In mammary

carcinogenesis studies, high fat consumption was related with

the incidence of breast cancer, and conversely inhibition of fat

metabolism in breast cancer cells may result in the inhibition
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Fig. 9 – Effects of KR-62980 and rosiglitazone on the expressions of E-cadherin (A), b-casein (B), caveolin-1 and -2 (C) in

MCF-7 cells. Cells were incubated with the indicated concentrations of KR-62980 or rosiglitazone for 2 days, and protein

expression was determined using western blotting. Values are means W S.E.M. of three different preparations.
#P < 0.05 vs. control group.
of growth and apoptosis [21,22]. In addition, PPARg ligands

transcriptionally upregulated the caveolin-1 and -2 expres-

sions in MCF-7 breast carcinoma and HT-29 colon adenocar-

cinoma cells [23]. The expression of caveolin-1 and -2, 22–

24 kDa integral membrane proteins, is increased during

differentiation of preadipocytes to adipocytes [24], consistent

with Spiegelman and coworkers’ results [25] that PPARg is

strongly linked with lipid metabolism. The present study

showed that KR-62980 induced no lipid accumulation whereas

rosiglitazone strongly increased lipid accumulation in MCF-7

cells with the induction of well-known breast lipogenic

markers mRNA levels such as aP2, SREBP-1c and fatty acid

synthase. Moreover, the breast cancer differentiation markers

including E-cadherin, b-casein, caveolin-1 and -2 were

induced only by rosiglitazone. Interestingly, PPAR binding

protein (PBP) and PPAR interacting protein (PRIP), the
transcriptional coactivators involved in PPARg transcriptional

activity have been suggested as important players in mam-

mary epithelial differentiation with high expression in breast

cancers [26]. The differential effects of KR-62980 and rosigli-

tazone on MCF-7 cell differentiation may be due to the

differences in the assembly of the coactivators, particularly

PBP and PRIP. In fact, TRAP220, a coactivator involved in

adipocyte differentiation was markedly less recruited by KR-

62980 than by rosiglitazone.

In summary, our data demonstrated that KR-62980

strongly inhibited cell proliferation and colony formation

in human breast cancer cells by means of pro-apoptotic

processes including Bcl-2 and Bax regulation via activation of

PPARg, subsequently up-regulation of PTEN expression and

down-regulation of Akt phosphorylation. On the other

hand, rosiglitazone, a well-known PPARg agonist, exhibited
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differentiation promoting effects as well as anti-proliferative

effects on MCF-7 cells. These results suggest that PPARg

activation has different effects on cancer cells depending on

the type of the agonists, and that anti-cancer effects of KR-

62980 may be primarily due to the apoptotic effects, whereas

rosiglitazone may induce anti-cancer effects by both anti-

proliferation and pro-differentiation actions. Thus, the

activity profile of KR-62980 seems to be different from that

of rosiglitazone in that KR-62980 was incapable of accumu-

lating lipid and inducing cell differentiation.
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