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Summary

Background—Cycloxygenase-2 (COX-2) overexpression and subsequent prostaglandin E2
(PGE,) production are frequently associated with human non-small cell lung cancer (NSCLC) and
are involved in tumor proliferation, invasion, angiogenesis, and resistance to apoptosis. Here we
report that ciglitazone downregulates PGE, in NSCLC cells.

Methods—PGE2 ELISA assay and COX-2 ELISA assay were performed for measuring PGE2 and
COX-2 respectively in NSCLC. The mRNA level of COX-2 was measured by semi-quantitative RT-
PCR. The transient transfection experiments were performed to measure COX-2 and PPRE promoter
activity in NSCLC. Western blots were unitized to measure PGE synthase (PGES) and 15-
hydroxyprostaglandin dehydrogenase (15-PGDH) protein expression.

Results—COX-2 ELISA assays suggested that ciglitazone-dependent inhibition of PGE, occurs
through the suppression of COX-2. Ciglitazone treatment suppressed COX-2 mRNA expression and
COX-2 promoter activity while upregulating peroxisome proliferator-response element (PPRE)
promoter activity. Ciglitazone did not modify the expression of enzymes downstream of COX-2
including PGES and 15-PGDH. Utilization of a dominant-negative PPARy showed that the
suppression of COX-2 and PGE2 by ciglitazone is mediated via non-PPAR pathways.

Conclusion—Taken together, our findings suggest that ciglitazone is a negative modulator of
COX-2/PGE, in NSCLC.

Introduction

Tumor COX-2 and its metabolite prostaglandin E; (PGEy) play important roles in regulating
tumor invasion, angiogenesis and apoptotic resistance [1-3]. Elevated COX-2 expression has
been documented in a variety of malignancies including colon, gastric, esophageal, prostate,
pancreatic, breast, and lung carcinomas [3-11]. Consistent with findings related to COX-2,
PGE; is also known to possess properties that promote malignant growth. For example,
PGE, stimulates angiogenesis, invasiveness and inhibits immune surveillance (7). Specific
inhibition of COX-2 or PGE2 led to significant in vivo tumor reduction in murine lung cancer
models [1]. Targeted inhibition of COX-2 and/or PGE2 are now regarded as poteintial
strategies to stop completely the occurance or progress of cancers. However, inhibition with
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COX-2 inhibitors such as coxibs has been recently reported to be associated with increased
cardiovascular risk [12]. Therefore we sought to identify reagents other than coxibs which
might decrease COX-2/PGE2 levels in NSCLC cells.

Peroxisome proliferator-activated receptor y (PPARY) is a member of the PPAR family of
ligand-activated nuclear receptors. Thiazolidinediones (TZDs), a class of anti-diabetic and
insulin sensitizing drugs, also known as PPARy ligands, include troglitazone, ciglitazone,
rosiglitazone and pioglitazone. The role of TZDs in the progression of cancer has been the
subject of extensive study during the past several years. Recent evidence indicates that
ciglitazone exhibits antiproliferative activities against a variety of human cancer cell lines
including prostate, colon, breast, thyroid, melanoma and lung ([13] [14] [15]. Further,
ciglitazone is reported to induce differentiation and apoptosis in non small cell lung cancer
[16]. In addition, the TZDs have been found to decrease lung cancer induced angiogenesis and
to limit proliferation [17]. We recently have found that different TZDs have the capacity to
modulate arachidonic acid metabolism by a variety of pathways[18]. The aim of our present
study was to investigate the mechanism of ciglitazone’s capacity to modulate PGE2 levels in
lung adenocarcinoma cells.

Materials and Methods

Cell Culture and Reagents

Human A427 (obtained from Dr. J.A. Radosevich, Northw estern University) and A549
(American Type Culture Collection, Manassas, VA) are maintained in RPMI 1640 medium
(Mediatech Inc., Herndon, VA) supplemented with 4.5 g/L glucose and 4 mM L-glutamine,
100 units/mL penicillin/streptomycin (Invitrogen, Carlsbad, CA), and 10% fetal calf serum
(Gemini Bio-Products, Woodland, CA). Cell cultures were grown in 5% CO, atmosphere at
37 °C.

PGE2 ELISA Assay

Cells were plated in 6-well plates in RPMI containing 10% FBS medium and cultured
overnight. Next day, cells were treated with 10 uM ciglitazone (Axxora LLC, San Diego, CA)
for 24 hours. DMSO was utilized here as diluent. Arachidonic acid (15 uM) was added to the
culture medium one hour before collecting the culture medium for PGE2 assay. PGE; levels
in the culture medium were determined by PGE, EIA kits (Cayman Chemicals, Ann Arbor,
MI). Cells were washed with PBS and were lysed with RIPA buffer for the total protein
measurement using Bradford reagent (Biorad, Hercules, CA).

COX-2 ELISA Assay

Cells were plated in a six-well plate (0.2-0.3 x 108 cells/well) in RPMI medium containing
10% FBS and treated as described above. The lysates were stored at -80 °C for protein isolation.
COX-2 protein was measured by the Human Cycloxygenase-2 Enzyme Immunometric Assay
Kit (Assay Designs, Ann Arbor, MI) using 30 ug of each protein sample.

Western Blot Analysis of Cellular Proteins

NSCLC cells were cultured in a 6-well plate for 24 hours. Cells were washed with PBS once
and lysed with a lysis buffer containing 50 mM Tris-HCI, pH 7.4, 1% NP-40, 0.25% Na-
deoxycholate, 150 mM NaCl, 1 mM EDTA, 1 mM PMSF, 1x complete protease inhibitor
mixture (Roche Diagnostics Corp., Indianapolis, IN), 1 mM Na3Vo4, 1 mM NaF. The protein
content was measured using Bradford reagent (Biorad). An equal amount (20 pg) of the whole
cell protein was run and separated by SDS-PAGE and transferred on polyvinylidene difluoride
membranes (Millipore Corp., Bedford, MA). For determining the expression of all three
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prostaglandin E synthase and 15-PGDH expression in ciglitazone treatment, polyclonal
antibodies (Cayman Chemical) against Prostaglandin E Synthase-1 (microsomal),
Prostaglandin E Synthase (cytosolic), Prostaglandin E Synthase-2 (microsomal) and 15-PGDH
were used. Glyceraldehyde-3-Phosphate Dehydrogenase Monoclonal Antibody (Advanced
Immuno Chemicals Inc., Long Beach, CA) at a concentration of 0.2-2 pug/10 ml in TBS (100
mM Tris-HCI, 1.5 M NaCl, pH 7.4) with 5% nonfat milk. The blots were subsequently
incubated with a horseradish peroxidase-conjugated secondary antibody (Santa Cruz
Biotechnology, Santa Cruz, CA) at 1 ng/10 ml. Detection of proteins on the blots was achieved
using the Amersham ECL Detection System (Amersham Biosciences, Piscataway, NJ).

Semi-quantitative RT-PCR

Total RNA was isolated from cells treated with the 10uM ciglitazone for 24 hours using RNeasy
Mini kit (Qiagen, Valencia, CA). Reverse transcription was performed using 2 pg total RNA
and SuperScript 11 RNase H Reverse transcriptase (Invitrogen Corp.). COX-2 was amplified
using COX-2 primers and following the instructions of the manufacturer. g-Actin gene
expression was used as a standard. The sequence of the primer is:

5-TCCTATTATACTAGAGCCCTTCCT-3" and
STTCCACAATCTCATTTGAATCAGG-3..

Transient transfection

The COX-2 promoter construct (-1432/+59) was a generous gift of Dr. Tadashi Tanabe
(National Cardiovascular Research Institute, Osaka, Japan). This construct contains COX-2
promoter sequences in a firefly luciferase reporter construct. The PPRE promoter construct
(tk-PPRE x 3-luciferase) was a kind gift of Dr. Tontonoz (University of California, Los
Angeles). The dn.PPARYy construct was a generous gift of Dr. VK Chatterjee (Department of
Medicine, University of Cambridge, Addenbrooke’s Hospital, Cambridge). Cells were seeded
at a density of 3 x 108 cells/well (A549) in a 6 well plate in RPMI medium containing 10%
FBS and cultured overnight. One pg of each PPRE, COX-2 or dn. PPARYy constructs was
transfected in NSCLC. The renilla luciferase reporter pRL-CMV plasmid (Promega, Madison,
WI) 0.01 pg/well was cotransfected as an internal control. Effectene transfection reagent
(Qiagen) according to the manufacturer’s protocol. Ciglitazone (10 pg) was added 24 hours
after the transfection in a serum free medium for another 24 hours. Luciferase activities were
measured using the dual-luciferase reporter assay kit (promega). Here relative luciferase units
were calculated as the ratio of firefly luciferase to renella lucifearse for the promoter activities.
For dominant-negative PPARy (dn. PPARYy) overexpression, 1 ug of the PCDNA3 control
vector or 1ug of dn. PPARYy vector was transfected in each well. The ciglitazone was added 24
hours after the transfection in a serum free medium for another 24 hours. Arachidonic acid (15
uM) was added 1 hour before harvesting the medium. Culture medium was collected for
measuring PGE2 levels by using PGE2 EIA kit (Cayman Chemicals).

Statistical Analysis

Results

Probability values were calculated using two-tailed non paired Student’s t test. Tests of
statistical significance were significant if P < 0.05.

Ciglitazone inhibit PGE2 production in NSCLC

Two NSCLC cell lines, A427 and A549 were utilized to access the impact of ciglitazone on
PGE2 production. A dose response study has been performed to detect the optimal
concentration of ciglitazone for suppressing PGE2 in NSCLC. Treatment with ciglitazone
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(1-10 uM) for 24 hours dose-dependently inhibited PGE2 levels in both A427 (Fig 1A) and
Ab549 (Fig 1B) cell lines. Here we also counted the number of cells in the plates after treating
them with DMSO or ciglitazone for 24 hrs and found that 10 uM ciglitaozone showed an
optimal effect on PGE2 in these cell lines without causing cellular cytotoxicity.

Ciglitazone inhibits COX-2 expression

Two NSCLC cell lines, A427 and A549 were selected for studies. Here we tested whether
ciglitazone has the capacity to inhibit IL-1 induced COX-2 expression in NSCLC cells.
COX-2 ELISA assays showed that COX-2 levels were markedly increased when stimulated
with I1L-1 (280 units/ml) in both cell lines (Fig 2A and 2B). In both cell lines, ciglitazone (10
uM) significantly suppressed IL-1p induced COX-2 expression (Fig 2A and 2B).

Ciglitazone significantly suppresses COX-2 mRNA and promoter activity while increasing
PPRE activity

Regulation of COX-2 may occur either at the transcriptional or posttranscriptional level. To
determine whether ciglitazone inhibits COX-2 mRNA levels, real time RT-PCR was performed
in the A427 cell line. Ciglitazone treatment significantly decreased COX-2 mRNA expression
by 60% (Fig 3A).

To determine whether this decrease of COX-2 mRNA is associated with a decrease in the
promoter activity, ahuman COX-2 promoter construct was transiently transfected in both A427
and A549 cell lines. In both cell lines, ciglitazone (10 uM for 2 hours) significantly decreased
COX-2 promoter activity (3B and 3C). Ciglitazone treatment did not alter COX-2 mRNA
stability (data not shown). Thus these results suggest that ciglitazone suppresses COX-2
expression by inhibiting COX-2 gene expression.

In order to understand whether ciglitazone increases PPARYy activity, we performed transient
transfection experiments using a PPRE promoter construct and found that 24 hour treatment
with ciglitazone significantly increased PPRE promoter activity by about 3 fold (3D).

TZDs do not alter the expression of PGE synthases and 15-PGDH in NSCLC cells

In order to further understand the mechanism underlying ciglitazone-mediated suppression of
PGE2 in NSCLC cells, the enzymes downstream events of COX-2 that regulate PGE2
production were assessed. Here three enzymes possessing PGE synthetic activity have been
identified. Microsomal PGES (mPGES1) is an enzyme downstream of COX-2 that affects
PGE, production while cytosolic PGES (cPGES) is functionally coupled with COX-1 only
and mPGES?2 is functionally coupled with both COX-1 and COX-2. As described previously,
the first step of metabolism of PGE2 is catalyzed by the 15-PGDH enzyme, which produces
biologically inactive 15-keto-prostaglandins [19]. Here we determined if these three synthase
enzymes (MPGESL, cPGES, mPGES2) and 15-PGDH were altered by TZDs in A427 and A549
cell lines (Fig 4A and B). Western blot analysis of the mPGES1, cPGES, mPGES?2 and 15-
PGDH enzymes revealed no ciglitazone mediated change in their expression in NSCLC.

Suppression of COX-2 and PGE2 by ciglitazone is PPARy independent

Because ciglitazone is known as a PPARYy ligand, we determined whether the suppressive effect
of ciglitazone on COX-2 and PGE?2 is PPARy dependent. Here, a dominant negative PPARy
plasmid [20] construct was transfected in both A427 and A549 cells. Ciglitazone treatment

clearly shows a significant increase in PPRE activity, which was suppressed by expressing dn.
PPARY. In addition, expression of dn. PPARYy significantly diminishes the basal PPRE activity
in both cell lines (Fig 5A, 5B). This clearly shows that dn. PPARy expression is blocking both
basal and ciglitazone mediated induction of PPRE-luciferase activity. When dn. PPARy was
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overexpressed, ciglitazone still continued to decrease COX-2 (Fig 5C and 5D) and PGE2 (Fig
5E and 5F) significantly in NSCLC cells suggesting that the effect of ciglitazone on both
COX-2 and PGE2 is PPARY independent.

Discussion

Recent investigations support the importance of COX-2 and PGE2 in the pathogenesis of lung
cancer [5,21,22]. Because COX-2 and PGE2 appear to be important in modulating apoptosis
resistance, angiogenesis, invasion and cell mediated immunity, agents targeting the arachidonic
acid pathway have attracted attention for cancer prevention and therapy. The recent
predominant focus has been directed to the coxibs which had originally been developed for
arthritis and pain control. Despite the interest and clinical utility of the coxibs, there may be
advantages for using alternative agents that have COX-2 inhibitory effects or modulate other
aspects of arachidonic acid metabolism because an increased cardiovascular risk has been
associated with the use of some coxibs. In addition, other agents that could have the capacity
to inhibit COX-2 or decrease PGE2 production may also have additional antitumor properties
that could be advantageous. We recently showed that pioglitazone and rosiglitazone decrease
PGE2 in non-small cell lung cancer cells by upregulating 15-hydroxyprostaglandin
dehydrogenase [18]. Here, we consider ciglitazone because it has previously been documented
to have differentiation and apoptosis inducing effects in NSCLC [16]. Ciglitazone is known
to inhibit cell proliferation in several cancer cell lines including melanoma, prostate, colon,
and breast cancers [13,14,23]. Based upon these previous studies we therefore assessed the
capacity of ciglitazone to decrease COX-2 and PGE2 in NSCLC.

Our studies demonstrate that ciglitazone significantly decreases COX-2 expression and PGE2
production in NSCLC cell lines. In addition to COX-2, PGES and 15-PGDH also regulate
PGE; levels [19] [24]. However, neither PGES nor 15-PGDH expression were affected by
ciglitazone treatment of NSCLC cell lines. This suggests that the decrease of PGE2 by
ciglitazone is primarily via downregulation of COX-2 expression. Ciglitazone treatment
decreased COX-2 mRNA expression as well as its promoter activity suggesting that the
suppression of COX-2 occurs at the transcriptional level. The COX-2 promoter studies (data
not shown) confirmed that NF-kB, C/EBP and CRE sites alone are not responsible for
ciglitazone-mediated suppression of COX-2 in NSCLC. However, it is possible that ciglitazone
may inhibit the COX-2 promoter by suppressing transcriptional factors binding to at least two
of these cis-elements [25].

In addition, recent studies have provided evidence that transcriptional repression is associated
with histone deacetylation [26,27]. Based on these studies it is also speculated that ciglitazone
could suppress COX-2 via a histone deacetylase mechanism.

Ciglitazone treatment increased PPARYy activity as indicated by increased PPRE activity.
However while TZDs are widely known as ligands for PPARY, they may mediate receptor-
independent effects as previously demonstrated [28]. For example, by utilizing the embryonic
stem cells from PPARy null mice, Chawla et al found that neither macrophage differentiation
nor anti-inflammatory effects of synthetic PPARYy ligands are PPARY receptor dependent
[29]. In addition ciglitazone was found to activate MAP kinase cascades in astrocytes and
preadipocytes through PPARYy independent mechanisms [28]. In order to understand whether
the suppression of COX-2 and PGE2 by ciglitazone is PPARy dependent in NSCLC, we
performed experiments utilizing a dn. PPARy plasmid vector [20]. Here we report that the
ciglitazone mediated decrease of COX-2 and PGE?2 is independent of PPARy activation as
shown in dn. PPARYy overexpressing A427 and A549 cell lines. There are several possible
mechanisms that could explain the PPARYy independent effects. For examples, based on its
demonstrated activity in central nervous system inflammation, ciglitazone may decrease
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COX-2 and PGE2 expression by suppressing JAK-STAT activation in NSCLC [30] [31]. Other
studies have found that ciglitazone may directly affect the ERK signaling pathway to regulate
COX-2 expression [32] [28]. These studies suggest that the impact of ciglitzone may vary in
accord with the cellular system utilized to assess the PPARy independent effects

Conclusion

In summary, ciglitazone inhibits COX-2 expression and PGE2 production via a PPARy
independent pathway. In addition to the capacity to decrease COX-2 and PGE2 production,
these TZD agents have been found to impact multiple pathways regulating the malignant
phenotype in lung cancer [33]. This study supports the rationale for further evaluation of the
TZDS in lung cancer prevention and combination therapies.
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Fig 1.

Ciglitazone decreases PGE2 release by A427 and A549 cells: Tumor cells were treated with
ciglitazone (1-10 pM) for 24 hours in a 6 well plate in serum free DMEM. Arachidonic acid
(15 uM) was applied one hour prior to collecting the conditioned culture medium (50 pl) for
assessment of PGE2 using a PGE2 enzyme immunoassay Kit. Ciglitazone decreased PGE2 in
a dose dependent manner in A427 (A) and A549 cells (B). (* P < 0.05). All data are
representative of five independent experiments.
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Fig 2.

Ciglitazone inhibits COX-2 expression in NSCLC cells: Ciglitazone (10 pM, 24 hours)
decreases IL-1p induced COX-2 expression by 2 fold in both A427 (2A) and A549 (B) cell
lines as determined by COX-2 ELISA Assay (** p< 0.01). All data are representative of three
independent experiments.
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Fig 3.

Ciglitazone decreases COX-2 mRNA expression and COX-2 promoter activity, and
upregulates PPRE activity. Ciglitazone treatment (24 hrs) decreased COX-2 mRNA expression
by approximately 60% (** p< 0.01); (A). This suppression of COX-2 mRNA was associated
with the suppression of its promoter activity in NSCLC cells (** p< 0.01) (B and C). To
determine whether ciglitazone modifies PPRE activity, A427 cells were transfected with
phRG-TK and PPRE-luciferase constructs for 24 hours followed by the addition of ciglitazone
(10 uM) or DMSO for additional 24 hours. Ciglitazone treatment significantly increased PPRE
activity by 3 fold (* p<0.05) in A427 cells (D). All data are representative of three independent
experiments.
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Fig 4.

Ciglitazone mediated suppression of COX-2 and PGE2 are PGES and 15-PGDH independent:
The cells were treated with ciglitazone or DMSO for 24 hours in serum free medium.
Ciglitazone (10 uM) failed to inhibit mPGES1, cPGES, mPGES2 and 15-PGDH expressions
as compared to the DMSO control in both A427 and A549 cells (4) suggesting that the
ciglitazone suppressed PGE2 via PGES and 15-PGDH independent ways. The bottom panel
of GAPDH expression (A) shows the equal loading of the protein samples. Densitometric
analysis of the Western blot is shown in B. The expression of PGES and 15-PGDH are
normalized for the expression of GAPDH. All data are representative of three independent
experiments.
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Ciglitazone decreases COX-2 expression and PGE2 production in a PPARy independent
manner: Both A427 and A549 cells were transiently transfected with a dn. PPARy construct
for 24 hrs followed by the addition of ciglitazone (10 uM, 24 hrs). Expression of dn. PPARy
suppressed both basal level as well as ciglitazone induced PPRE activity in both A427 (A) and
A549 cells (B). Consistent with the findings in figure 2, COX-2 ELISA assays show that
IL-1p treatment significantly increases COX-2 protein expression and addition of ciglitazone
significantly decreases COX-2 expression (* P < 0.05). Introduction of a dn. PPARy [20] did
not significantly change the suppressive effect of ciglitazone on COX-2 in both A427 (C) and
A549 (D) cells. PGE2 is inhibited by ciglitazone treatment in both cell lines (E and F) as shown
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previously (* P < 0.05). Here the suppression effect of ciglitazone on PGE2 is also PPARy
expression independent as there is no significant changes in suppression of PGE2 production
by ciglitazone observed in dn. PPARy [20] expressing NSCLC cells (E and F). Data are one
representative experiment out of three independent experiments.

Prostaglandins Leukot Essent Fatty Acids. Author manuscript; available in PMC 2008 July 1.



