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Abstract

Peroxisome proliferator activator receptor-gamma (PPARc) is a ligand-activated transcriptional factor involved in the

carcinogenesis of various cancers. Insulin-like growth factor-binding protein-3 (IGFBP-3) is a tumor suppressor gene that has

anti-apoptotic activity. The purpose of this study was to investigate the anticancer mechanism of PPARc with respect to

IGFBP-3. PPARc was overexpressed in SNU-668 gastric cancer cells using an adenovirus gene transfer system. The cells in

which PPARc was overexpressed exhibited growth inhibition, induction of apoptosis, and a significant increase in IGFBP-3
expression. We investigated the underlying molecular mechanisms of PPARc in SNU-668 cells using an IGFBP-3 promoter/

luciferase reporter system. Luciferase activity was increased up to 15-fold in PPARc transfected cells, suggesting that PPARc
may directly interact with IGFBP-3 promoter to induce its expression. Deletion analysis of the IGFBP-3 promoter showed that

luciferase activity was markedly reduced in cells without putative p53-binding sites (-D1755, -D1795). This suggests that the

critical PPARc-response region is located within the p53-binding region of the IGFBP-3 promoter. We further demonstrated an

increase in PPARc-induced luciferase activity even in cells treated with siRNA to silence p53 expression. Taken together, these

data suggest that PPARc exhibits its anticancer effect by increasing IGFBP-3 expression, and that IGFBP-3 is a significant

tumor suppressor.
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Introduction

Peroxisome proliferator-activated receptors (PPARs)

aremultifunctional nuclear hormone receptors that influence

cell growth, cell differentiation, and cell death (1). There are

three PPAR isoforms, PPARa, PPARb/d, and PPARc, and
of these, PPARc is mainly expressed in adipose tissues. It

regulates lipid and glucose metabolism and adipocyte

differentiation (2). Because of its role in metabolic regulation,

PPARc has become amolecule of interest in many research

areas, serving as a putative therapeutic target in diseases

such as type 2 diabetes mellitus, dyslipidemia, inflammatory

diseases, and hypertension (3).

While PPARc was initially regarded solely as a regulator

of adipocyte differentiation and glucose homeostasis, it later

became evident that it is also involved in cell differentiation,

apoptosis and angiogenesis; biological processes that are

deregulated in cancer. It is now established that PPARc

ligands, such as rosiglitazone, can inhibit the growth of

tumor cells and produce antineoplastic effects in various

cancers, including lung, breast, and colon cancer (4,5). One

mechanism by which PPARc exerts its effects is by

increasing the expression of proteins involved in apoptosis

and regulation of cell growth, such as Bax (BCL2-associated

X), Bid (BH3 interacting-domain), tumor suppressor p53 (6),

and the cyclin-dependent kinase inhibitor (CDKI) p21 (7).

PPARc ligands have been shown to suppress angiogenesis

by inhibiting vascular endothelial growth factor (VEGF)-

receptor 2 expression and blocking VEGF-receptor signal-

ing (8). PPARc agonists such as troglitazone and ciglitazone

also inhibit metastasis by inhibiting migration of vascular

endothelial cells (9).

Since insulin-like growth factor binding protein-3

(IGFBP-3) also inhibits cancer cell growth independent
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of the IGF signaling system, it is now considered a tumor

suppressor factor (10,11). The exact anticancer mechan-

ism(s) of IGFBP-3 is not well understood; however, it has

been reported that a number of factors, such as transform-

ing growth factor (TGF)-b, retinoic acid, vitamin D, tumor

necrosis factor (TNF), and p53, stimulate the expression

and secretion of IGFBP-3, thus inhibiting cancer cell growth

(12-14). This study presents evidence that a mechanism

whereby PPARc exerts its anticancer effect is by increas-

ing expression of the tumor suppressor gene IGFBP-3.

Material and Methods

Material
Cell culture reagents were purchased from Gibco-BRL

Technologies (USA). Anti-PPARc, IGFBP-3, p53, and

secondary antibodies were purchased from Santa Cruz

Biotechnology (USA). Poly(ADP-ribose) polymerase (PARP)

antibody was purchased from Cell Signaling Technology

(USA).

Cell line and cell culture
An established human gastric adenocarcinoma cell line

(SNU-668), derived from the gastric cancer cells of a Korean

patient, was purchased from the Korea Cell Line Bank

(Korea). The cells were maintained in RPMI 1640 medium

supplemented with 10% heat-inactivated fetal bovine serum

(FBS), 300 mg/mL L-glutamine, 100 U/mL penicillin G and

100 mg/mL streptomycin sulfate. Cell cultures were incu-

bated at 376C in a 5% CO2 atmosphere. Cells from mid-log

phase cultures were harvested, washed twice, and resus-

pended in culture medium prior to use. Cells that had been

infected with adenovirus-expressing PPARc (Ad/PPARc),
Ad/LacZ, or empty vector at a multiplicity of infection (MOI)

of 50 or 100 were plated in 10% FBS-RPMI at a density of

26l04 cells/well. After the indicated period of culture, trypan

blue exclusion was used to assess cell viability by light

microscopy. Cell viability was calculated by dividing the num-

ber of unstained viable cells count by the total number of cells.

RNA extraction and RT-PCR
Cells were treated with TRI reagent (Molecular Research

Center, USA) and total RNA was extracted according to the

manufacturer’s instructions. RT-PCR and agarose gel

electrophoresis were performed as previously described

(15). Specific primer sets were designed from published

cDNA sequences: sense PPARc: 59-TAA AGA GCC TGC

GAA AGC-39 and antisense PPARc: 59-TTG GCA GTG

GCT CAG GAC-39; sense actin: 59-TGA CGG GGT CAC

CCA CAC TGT GCC CAT CTA-39 and antisense actin:

59-CTAGAAGCATTTGCGGTGGACGATGGAGGG-39.

Preparation and administration of the recombinant
adenoviral vector

The E1/E3-deleted replication-deficient recombinant

adenovirus was made using the AdEasy system (Quantum

Biotechnologies, Canada) as previously described (15). In

brief, Kpn-XhoI restriction fragments from pcDNA3/PPARr

and pcDNA3/p53 were ligated into Kpn-XhoI-digested

pShuttle cytomegalovirus (CMV). Recombination into the

pAdEasy viral backbone was accomplished in bacteria

(recombination deficient Escherichia coli, strain BJ5183)

according to the manufacturer’s instructions. Recombinant

adenoviruses were amplified in QBI-293A cells. Following

amplification, lysates containing clonal recombinant adeno-

virus were purified by CsCl gradient centrifugation

(100,000 g at 46C for 20 h). Suspensions of recovered

virus were aliquoted and stored at ––206C in 5 mMTris buffer

containing 50 mM NaCl, 0.05% bovine serum albumin, and

25% glycerol. Virus was titrated by serial dilution infection of

QBI-293A cells, and plaques were counted under an overlay

of 0.3% agarose, 10% fetal bovine serum, and 1% DMEM.

For adenovirus infection, subconfluent cells were infected

with adenovirus at a known MOI in culture medium sup-

plemented with 2% FBS. After gentle and frequent shaking

for 1 h at 376C, cells were washed twice with phosphate-

buffered saline (PBS) and fresh completemediumwas added.

Luciferase assay
A 1.87-kb human IGFBP-3 promoter-luciferase reporter

construct pGL3 (––1936/––64) and a series of deletion con-

structs including pGL3-D1100, pGL3-D1600, pGL3-D1755

and pGL3-D1795 were generated as previously described

(16). To generate pGL3-IGFBP-3, IGFBP-3 was digested

with Bgl II, and the IGFBP-3 promoter fragment was cloned

into Bgl II site of the pzGL-3 basic vector (Promega, USA).

To generate pGL3-D1100, IGFBP-3 was double digested

with Ssp I and Bgl II and the ––1936/––64 region of the IGFBP-

3 promoter was recombined into the pzGL-3 basic vector.

SNU-668 cells were transfected for 24 h with IGFBP-3

promoter/pGL3 constructs using lipofectamine (Invitrogen,

USA). The cells were washed with PBS, followed by

infection with Ad/PPARc in serum-free medium for 4 h.

After 48 h, cell lysates were prepared and luciferase activity

was measured using the Dual Luciferase kit (Promega)

according to the manufacturer’s instructions.

p53 siRNA transfection
p53 (sc-29435) siRNA was purchased from Santa Cruz

Biotechnology. SNU-668 cells were transferred to 6-well

plates (26105/well), and allowed to grow overnight. p53

siRNA (200 pmol) and lipofectamine (5 mL) were diluted into

OPTI-MEM (Invitrogen) to a total volume of 250 mL. After
incubation at ambient temperature for 20 min and washing

with serum-free RPMImedium, the siRNA/lipofectaminemix

was added to the cells. Following incubation at 376C for 6 h,

the siRNA/lipofectamine mix was replaced with complete

culture medium.

Crystal violet assay
Cells were transferred to 6-well plates (16105) and

infected with adenovirus vector as described above. After 3
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days, cells were fixed, stained with 0.5% crystal violet,

rinsed 3 times with deionized water, and allowed to air-dry.

Western blot analysis
Western blots were performed as previously described

(15). In brief, cells were harvested 2-3 days after adenovirus

infection. Proteins were extracted from transfected SNU-

668 cells using lysis buffer and quantified by the Bradford

dye-binding procedure (Bio-Rad, USA). Aliquots contain-

ing 20 mg protein were separated by 8% sodium dodecyl

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)

under denaturing conditions and transferred to Hybond-P

membranes (Amersham, USA). After blocking with 5%

skim milk in Tris-buffered saline and Tween 20 (TTBS), the

membranes were incubated with primary antibody for 2 h.

Protein signals were detected by enhanced chemilumines-

cence (NEN, USA).

Statistical analyses
Results are reported as means±SD. P,0.05 was con-

sidered to be statistically significant. Statistical significance

between groups was assessed by the unpaired Student’s

t-test.

Results

Inhibition of cell growth and induction of apoptosis in
SNU-668 cells by PPARc

The anticancer effect of PPARc was evaluated in

SNU-668 cells infected with Ad/PPARc (50 MOI). Robust

expression of PPARcwas observed after 2 days (Figure 1A)

and was coincident with marked inhibition of cell growth and

reduction of cell numbers compared with the initial numbers

(Figure 1B). The effect on cell growth was readily apparent 2

days after transfection, and even more prominent on days 3

and 4.

We also assayed the levels of PARP protein, a caspase-

3 substrate and key apoptosis-linked protease that is

important in maintaining cell viability and DNA repair in

response to environmental stress. Cleavage of PARP

facilitates cellular disassembly and serves as a marker for

cells undergoing apoptosis. We monitored enzyme activity

Figure 1. Effect of peroxisome proliferator activator receptor-gamma (PPARc) overexpression on cell growth and apoptosis. A, Analysis of

PPARc expression (upper panel, RT-PCR) and PPARc protein (lower panel, Western blot) in SNU-668 cells infected with adenovirus-

expressing (Ad)/PPARc.B, Inhibition of cell growth in SNU-668 cells infectedwith Ad/PPARc.Upper panel, Cells were infected with Ad/PPARc
or Ad/LacZ at the indicated MOI for 4 h and then allowed to grow under standard culture conditions for a further 4 days. Cell number was

determined by direct counting after trypan blue staining. Data are reported as means±SD of 3 independent experiments. *P,0.05 compared

to control cells (Student’s t-test). Lower panel, Crystal violet assay. Cell growth in mock-treated and Ad/LacZ-treated cells compared to cells

treated with Ad/PPARc. C, Effect of PPARc overexpression on PARP, Bcl-2 and Bax in SNU-668 cells infected with Ad/PPARc. Cell lysates
were collected and processed at 48 and 72 h after infection, and total protein was analyzed by Western ligand blot with specific antibody.
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using an antibody that binds to the 89-kDa fragment of

the active enzyme. The active enzyme was present in

Ad/PPARc-transduced cells, but not in mock-transduced

control or Ad/LacZ-transduced cells, indicating that PPARc

over-expression provides a stimulus for induction of apop-

tosis, and that the marked inhibitory effect on tumor cell

growth by PPARc is related to its ability to induce apoptosis.

We also examined the effect of PPARc on the expression

of the anti-apoptotic protein Bcl-2, and the pro-apoptotic

protein Bax, during induction of apoptosis in Ad/PPARc-

transduced cells. Western blot analysis showed decreased

Bcl-2 protein and increased Bax protein expression in

Ad/PPARc-transduced cells compared with control cells

(Figure 1C).

Relationship between IGFBP-3 expression and
inhibition of cell growth by PPARc

It has been shown that IGFBP-3 can inhibit cancer cell

growth through pathways independent of the IGF signaling

system (10,11). In addition to inhibiting cell growth and

inducing apoptosis (Figure 2A and B), infection of SNU-668

cells with Ad/PPARc induced a large increase in IGFBP-3

expression (Figure 2A), suggesting a relationship between

IGFBP-3 expression and inhibition of cell growth by PPARc.
To investigate the molecular mechanisms underlying

the effect of PPARc on IGFBP-3 expression, we examined

whether PPARc directly affects transcription from the

IGFBP-3 gene promoter. SNU-668 cells were transiently

transfected with pGL3-IGFBP-3, a luciferase expression

vector containing the full human IGFBP-3 pGL3 promoter

construct (––1936/––64), promoter deletion constructs (pGL3-

D1100, pGL3-D1600, pGL3-D1755 and pGL3-D1795), or

the pGL3 vector alone before infection with Ad/PPARc.
Luciferase activity was robust in cells transfected with the full

promoter sequence and even greater in cells transfected

with the pGL3-D1100 deletion construct, which lacks 800 bp

from the 59 end of the full promoter sequence. In contrast,

luciferase activity was minimal to absent in cells receiving

the vector control (Figure 2B). These observations suggest

that PPARc induced the expression of IGFBP-3 through

direct interaction with elements in the IGFBP-3 promoter.

Notably, cells transfected with the pGL3-D1600 con-

struct exhibited robust luciferase activity compared to control

cells (Figure 2B), but luciferase activity was absent in cells

Figure 2. Effect of peroxisome proliferator activator receptor-gamma (PPARc) on insulin-like growth factor-binding protein-3 (IGFBP-3)

expression and IGFBP-3 promoter activity. A, Western blot analysis of IGFBP-3 protein in SNU-668 cells infected with adenovirus-

expressing (Ad)/PPARc. B, Analysis of PPARc-induced IGFBP-3 promoter activation. SNU-668 cells were transiently transfected with

a luciferase reporter vector containing the full-length 1.9-kb IGFBP-3 promoter fragment or deletion variants of the IGFBP-3 promoter.

After 24 h, cells were treated with Ad/PPARc in serum-free media for 4 h. Luciferase activity was measured in cell lysates 48 h after

Ad/PPARc infection. Data are reported as the means of fold-increase in luciferase activity of Ad/PPARc transfected cells relative to

control cells not receiving Ad/PPARc. *P,0.05 compared to the Ad/LacZ-infected cells (Student’s t-test). C, Effect of IGFBP-3

overexpression, induced by Ad/IGFBP-3 infection, on the growth of SNU-668 cells. Upper panel, Western blot showing IGFBP-3

protein levels in mock-treated cells, Ad/LacZ-treated cells and cells treated with Ad/IGFBP-3. Lower panel, Crystal violet assay. Cell
growth in mock-treated and Ad/LacZ-treated cells compared to cells treated with Ad/IGFBP-3.
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expressing the pGL3-D1755 or pGL3-D1795 constructs.

The region deleted in pGL3-D1755 and pGL3-D1795 con-

tains p53-binding sites. Thus, the critical PPARc-responsive

elements are located in the region containing p53-binding

sites in the IGFBP-3 promoter.

We also evaluated whether IGFBP-3 itself exerts a

direct effect on inhibition of SNU-668 cell growth. When the

IGFBP-3 gene was overexpressed in SNU-668 cells using

adenovirus (Ad/IGFBP-3), more significant cell growth

retardation was observed in Ad/IGFBP-3 transduced SNU-

668 cells than in control and Ad/LacZ-transduced cells

(Figure 2C).

Induction of IGFBP-3 expression by PPARc in cells in
which p53 expression was inhibited

Having observed that sequences containing the p53-

binding sites in the promoter region of IGFPB-3 were

required for IGFBP-3 promoter activation by PPARc, we
next employed siRNA-mediated silencing of p53 to test

whether the increased luciferase activity induced by PPARc
was dependent on p53 expression. SNU-668 cells were

treated with p53 siRNA before induction of IGFBP-3 ex-

pression (by transient transfection) and PPARc expression

(by adenovirus infection). As anticipated, p53 siRNA re-

duced p53 expression in SNU-668 cells (Figure 3A). Fur-

thermore, IGFBP-3 expression was strongly inhibited in

cells lacking full p53 expression (Figure 3A). SNU-668 cells

treated with p53 siRNA were transiently transfected for 24 h

with the pGL3-1100 promoter-luciferase reporter plasmid,

followed by infection with Ad/PPARc in serum-freemedia for

4 h. Luciferase activity was compared in cells with or without

p53 siRNA treatment. PPARc-induced luciferase activity

was increased over controls even in the absence of p53

siRNA treatment (Figure 3B).

Inhibition of cell growth and IGFBP-3 expression
by rosiglitazone, a PPARc agonist

At concentrations of 1-10 mM, rosiglitazone, a known

PPARc agonist (4), induced growth inhibition of PPARc-
transfected SNU-668 cells (Figure 4A). The maximal effect

was observed at a concentration of 5 mM. In PPARc-

transfected SNU-668 cells, treatment with 5 mM rosiglita-

zone increased luciferase activity 4-fold over untreated cells

(Figure 4B), reflecting the known antineoplastic effects of

the agonist. To verify the increased luciferase activity of the

IGFBP-3 promoter in PPARc-transfected SNU-668 cells

following rosiglitazone treatment, we analyzed the expres-

sion of IGFBP-3 after rosiglitazone treatment. Rosiglitazone

increased IGFBP-3 expression in PPARc-transfected SNU-

668 cells, which was well correlated with luciferase activity

(Figure 4C).

Discussion

The survival rate of patients with gastric cancer has

increased dramatically since early detection and wide-range

radical resection have been available. Nevertheless, gas-

tric cancer is still a malignancy with high patient mortality.

PPARc plays an important role in controlling cellular metab-

olism (17), and it also plays a role in inhibition of cell growth

and induction of apoptosis in various types of cancer cells.

Because of this, numerous studies have evaluated the

therapeutic value of PPARc in cancer. A common strategy

for investigating novel approaches to treatment of gastric

cancer has been to focus on interactions among the multiple

factors known to be related to cancer progression (i.e.,

growth factors, oncogenes, tumor suppressor genes, and

cell adhesion molecules) (18). However, the interactions of

PPARc with other antitumor factors and their precise

Figure 3. Effect of p53 siRNA on insulin-like

growth factor-binding protein-3 (IGFBP-3)

expression and IGFBP-3 promoter activity. A,
Western blot analysis of p53 and IGFBP-3

protein. The anti-actin blot indicates equal protein

loading in each lane. B, Analysis of IGFBP-3

promoter activation by PPARc. SNU-668 cells

were treated with p53 siRNA for 6 h. The cells

were then transiently transfected (24 h) with the

pGL3-1100 promoter-luciferase reporter plasmid,

followed by infection with adenovirus-expressing

(Ad)/PPARc in serum-free media. Controls were

cells not treated with p53 siRNA and cells treated

with Ad/LacZ. Data are reported as means±SD

of 3 independent experiments. *P,0.05 com-

pared to Ad/LacZ-infected cells without p53

siRNA (Student’s t-test).
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mechanisms, especially in gastric cancer, have not been

thoroughly defined.

The expression of PPARc in gastric cancer tissue was

reported to be markedly reduced compared to its expres-

sion in normal tissue (19), and recent studies have indicated

that apoptosis is induced following the administration

of PPARc ligands such as ciglitazone or 15-deoxy-12,

14-prostaglandin J2 (15dPGJ2) in the colorectal carcinoma

cell lines HT-29 and Colo-205 (20), and in MCG-803 human

gastric cancer cells (21). Other recent studies have

demonstrated that isorhamnetin, a 39-O-methylated metab-

olite of quercetin (22) and cannabinoids (23), can mediate

antitumor effects through modulation of the PPARc activa-

tion pathway in gastric cancer and hepatocellular carci-

noma. Therefore, we evaluated the effect of Ad/PPARc
infection in SNU-668 cells, a gastric adenocarcinoma cell

line in which PPARc is not normally expressed. PPARc
expression induced inhibition of cell growth and apoptosis in

SNU-668 cells (Figure 1), strengthening the evidence that

PPARc inhibits tumor growth in gastric cancer cells via

induction of apoptosis. Other studies have reported that

PPARc ligands such as 15dPGJ2 can induce apoptosis in

MCG-803 gastric cancer cells (21), and this study shows

that PPARc expression, established in SNU-668 cells by Ad/

PPARc infection, can directly induce growth inhibition and

apoptosis.

Because of its function as an antitumor agent inde-

pendent of the IGF signaling pathway, IGFBP-3 is now

recognized as a tumor suppressor factor (10,11). The anti-

tumor activity of IGFBP-3 is related to its level of expression,

and factors such as retinoic acid, TNF, p53 and butyric acid

mediate IGFBP-3 expression through direct induction of

its transcription (24). This study demonstrates that the

response region of PPARc exists within the promoter region

of the IGFBP-3 gene and thus indicates that PPARc can

directly increase the expression of IGFBP-3 (Figure 2). We

Figure 4. Effect of the peroxisome proliferator activator receptor-gamma (PPARc) agonist rosiglitazone (Rosi) on cell viability, IGFBP-3

promoter activity, IGFBP-3 expression. A, The effect of rosiglitazone on the viability of PPARc transfected SNU-668 cells. Upper panel,
PPARc transfected cells were treated with various concentrations (1-10 mM) rosiglitazone and then allowed to grow under standard

culture conditions for a further 4 days. The number of viable cells was determined by direct counting after trypan blue staining, and data

are reported as the percent of the cell number before treatment. Lower panel, An equal number of cells were treated with increasing

concentrations (1-10 mM) of rosiglitazone and incubated for 72 h. Cell viability was assessed using the crystal violet assay. B, Analysis
of IGFBP-3 promoter activation by rosiglitazone. SNU-668 cells were transiently transfected with a luciferase reporter plasmid

containing the full length IGFBP-3 promoter (pGL3-IGFBP-3), then infected with adenovirus-expressing (Ad)/PPARc for 4 h. Twenty-

four hours post transfection, luciferase activity was measured following treatment for an additional 24 h with rosiglitazone. C, Western

blot analysis of GFBP-3 protein after rosiglitazone treatment in PPARc transfected SNU-668 cells. The anti-actin blot indicates equal

protein loading in each lane. Data are reported as means±SD of 3 independent experiments. *P,0.05 compared to the absence of

rosiglitazone treatment (Student’s t-test).
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also observed inhibition of cell growth (Figure 4A) and

increased activity from the IGFBP-3 promoter (Figure 4B)

following administration of the PPARc agonist rosiglitazone

in PPARc transfected SNU-668 cells. Although the DNA

consensus sequence TGACCT (25), required for PPARs

binding in promoter regions, does not exist within the

IGFBP-3 promoter, imperfect motifs, e.g. TGACCn, exist at

-190, -260, -270 bases upstream from the TATA box. Our

data suggest that the imperfect TGACCnmotifs are involved

in the transcriptional activation of IGFBP-3 by PPARc.
The IGFBP-3 promoter contains a cluster of eleven p53

consensus binding sites (14), and the imperfect PPARc
binding motifs (TGACCn) are coincident with part of this

cluster. Our analysis of five sequential deletion mutants of

the IGFBP-3 promoter indicates a significant loss of IGFBP-

3 promoter activity in cells transfected with deletion

constructs lacking putative p53-binding sites (i.e., pGL3-

D1755, pGL3-D1795; Figure 2B).

When activated, p53 stimulates the expression of a

broad range of genes, including IGFBP-3 (24). A recent

study suggests that PPARc agonists promote growth arrest

and apoptosis in breast cancer cells, at least in part through

cross-talk between p53 and PPARc (26). To determine

whether p53 is required for the transcriptional activation of

IGFBP-3 by PPARc, we examined PPARc-induced lucifer-

ase activity in pGL3-D1100-transfected cells pretreated with

siRNA (Figure 3B). The PPARc-induced luciferase activity

was strong even when p53 expression was markedly

reduced by siRNA, suggesting that the effect of PPARc on

luciferase activity is likely due to direct interaction of PPARc

on the IGFBP promoter, rather than to indirect regulation by

p53. We previously reported that the exogenous addition

of IGFBP-3 inhibited the growth of cells not expressing

IGFBP-3, causing them to undergo apoptosis (27). Our

demonstration of induction of apoptosis by PPARc in SNU-

668 cells (Figure 1B) is in accordance with that observation.

In summary, our data indicated that PPARc can act as

a transcription factor, and that one mechanism whereby

it exerts an antitumor effect in gastric cancer cells is

by increasing expression of the tumor suppressor gene

IGFBP-3. There have been few studies of the interaction

of PPARc with IGFs (28), and there are no specific data on

IGFBP-3. Additional data demonstrating a role for PPARc

in increasing the anticancer potential of IGFBP-3 may

provide new approaches for treatment of gastric cancers.
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