IPET RashRGLHaTH: tris SN B ds RRE LI RRE 403.040008

JPET #49098

PPAR LIGANDS AFFECT GROWTH-RELATED GENE EXPRESSION IN HUMAN

LEUKEMIC CELLS

STEFANO LAURORA, STEFANIA PIZZIMENTI, FEDERICA BRIATORE,
ALESSANDRA FRAIOLI, MADDALENA MAGGIO, PATRIZIA REFFO, CARLO
FERRETTI, MARIO UMBERTO DIANZANI and GIUSEPPINA BARRERA.

Department of Medicineand Experimental Oncology, University of Turin, Turin, Italy (S.L.,
SP., FB.,AF, MM, P.R, M.U.D., G.B.) and Department of Anatomy, Pharmacology and

Forensic Medicine, University of Turin, Turin, Italy (C.F.).

1

Copyright 2003 by the American Society for Pharmacology and Experimental Therapeutics.

¥20z ‘0T [1dy uo sfeulnor 134SY e Blo'seuuno fiadse ed| wouy papeojumoq


http://jpet.aspetjournals.org/

JPET Fast Forward. Published on March 20, 2003 as DOI: 10.1124/jpet.103.049098
This article has not been copyedited and formatted. The final version may differ from this version.

JPET #49098

RUNNING TITLE: PPAR LIGANDS EFFECTS ON GROWTH-RELATED GENE

EXPRESSION

Correspondence should be addressed to:

Prof. Giuseppina Barrera

Dipartimento di Medicina e Oncologia Sperimentale, Sezione di Patologia Generale
Corso Raffaello, 30; 10125 Torino, Italy.

Tel: +39-011-6707772; Fax: +39-011-6707753

e-mail: giuseppina.barrera@unito.it

Number of text pages. 32

Number of tables: 1

Number of figures: 11

Number of references: 40

Number of words in the Abstract: 223
Number of words in the Introduction: 692

Number of words in the Discussion: 1152

ABBREVIATIONS: PPARs, peroxisome proliferator-activated receptors, PPRE, peroxisome
proliferation responsive element; 15d-PGJ2, 15 deoxy-prostaglandin J2; FCS, foetal calf
serum; PBS, phosphate buffered saline; CDK, cyclin-dependent kinase; RT-PCR, reverse
transcription-polymerase chain reaction; bp, base pair(s); EDTA, etylenediaminetetraacetic

acid; SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis.

SECTION: Cdlular and Molecular

¥20z ‘0T [1dy uo sfeulnor 134SY e Blo'seuuno fiadse ed| wouy papeojumoq


http://jpet.aspetjournals.org/

JPET Fast Forward. Published on March 20, 2003 as DOI: 10.1124/jpet.103.049098
This article has not been copyedited and formatted. The final version may differ from this version.

JPET #49098

ABSTRACT

PPARs are ligand-activated nuclear receptors. Three subtypes of PPARSs (alpha, beta and
gamma) have been identified in different tissues. PPAR apha and PPAR gamma ligands
inhibit cell proliferation and induce differentiation in severa human cell models. We
demonstrated that both PPAR alpha (clofibrate and ciprofibrate) and PPAR gamma ligands
(troglitazone and 15d-PGJ2) inhibited growth, induced the onset of monocytic-like
differentiation and increased the proportion of GO/G1 cells in the HL-60 leukemic cell line.
Moreover, 3 days after the treatment with 2.5 uM 15d-PGJ2 an increase in sub GO/G1
population occurred, compatible with an induction of programmed cell death. To clarify the
mechanisms involved in HL-60 growth inhibition due to the effects of PPAR ligands, we
investigated their action on the expression of some genes involved in the control of cell
proliferation, differentiation and cell cycle progression such as c-myc, c-myb, cyclin D1 and
D2. Clofibrate (50 uM), ciprofibrate (50 pM) and 15d-PG J2 (2.5 uM) inhibited c-myb and
cyclin D2 expression, while they did not affect c-myc and cyclin D1 expression. Only
troglitazone (5pM) decreased c-myc mRNA and protein levels, besides decreasing c-myb and
cyclin D2.

The down-regulations of c-myb and cyclin D2 expression represent the first evidence of the
inhibitory effect exerted by PPAR ligands on these genes. Moreover, the inhibition of c-myc

expression by troglitazone may depend on a PPAR-independent mechanism.
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PPARs (Peroxisome Proliferator-Activated Receptors) are members of the steroid hormone
receptor superfamily which act by altering the transcription of PPAR-regulated genes by
means of a recognition sequence known as a peroxisome proliferation responsive element
(PPRE). Although the nuclear localization is independent of the ligand, PPARs modulate
gene expression only when the ligand is bound (Berger and Moller, 2002). Compounds that
activate PPARs are known as peroxisome proliferators and comprise a heterogeneous group
that includes fatty acids and prostaglandins, plasticizers and anti-diabetic drugs (Willson and
Wahli, 1997). At least three subtypes of PPARs have been identified: PPAR apha, PPAR
beta and PPAR gamma (Berger and Moller, 2002). Activating ligands for PPARs are
semiselective for the subtype and selectivity is ligand concentration and cell type dependent.
PPAR apha and PPAR gamma ligands can inhibit cell proliferation with varying
effectiveness, and can induce differentiation in several cell models (Demetri et al., 1999;
Moore et al., 2001). On the contrary, PPAR beta seems to exert opposite actions in the
tumorigenesis process. In fact, PPAR beta transcriptiona activation enhances hepatic stellate
cell proliferation (Hellemans et al., 2003) and promotes the mitotic clonal expansion of 3T3-
L1 cells(Hansen et a., 2001). Moreover the suppression of PPAR beta expression contributes
to the growth-inhibitory effects of the adenomatosus polyposis coli (APC) tumor suppressor
(Perk et al., 2001). Recently, we demonstrated that both PPAR alpha ligands (clofibrate and
ciprofibrate) and PPAR gamma ligands (troglitazone and 15 deoxy-prostaglandin J2, 15d-
PGJ2) inhibit growth of HL-60 human leukemic cells and induce the onset of monocytic like
differentiation (Pizzimenti et al., 2002). Moreover PPAR ligands, when added in association
with 4-hydroxynonenal (HNE), a product of lipid peroxidation having antiproliferative and
differentiative abilities, induced HL-60 cell differentiation towards the monocytic lineage,
whereas HNE alone induced a granulocytic-like differentiation (Pizzimenti et al., 2002). In

another leukemic cell line, U937 cells, PPAR ligands inhibited proliferation but did not
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induce differentiation (except the higher doses of 15d-PG J2 which induced alittle monocytic
differentiation) (Pizzimenti et al., 2002). Our results and other reports (Pizzimenti et al., 2002;
Berger and Moller, 2002), indicate that the differentiative effect displayed by PPAR ligandsis
cell type specific.

Although the ability of PPAR ligands to inhibit cell growth and to induce cell differentiation
has been demonstrated in several cell lines (Demetri et a., 1999; Moore et al., 2001), neither
the mechanism by which PPAR ligands inhibit cell growth nor the mechanism involved in
differentiation induction has been established conclusively. In particular the effect displayed
by PPAR ligands on c-myc expression was controversial. Troglitazone, a synthetic ligand of
PPAR gamma, inhibits c-myc expression in myeloid leukaemia cells (Y amakawa-Karakida et
al., 2002), and 15-deoxy- prostaglandin J2 inhibits N-myc expression in neuroblastoma cells
(Marui et al., 1990) while it does not decrease c-myc expression in vascular smooth muscle
cells (Okura et al., 2000). No literature data exists regarding the effect of PPAR alpha or
PPAR gamma ligands on the expression of c-myb, another important transcription factor
involved in the control of proliferation and differentiation (Oh and Reddy, 1999). Moreover,
the effect of these substances in inhibiting cell cycle progression has been documented
(Scatena et a., 1999; Kawakami et al., 2002). Fibrates, in dose dependent manner,
significantly alter the cell cycle distribution, mainly leading to GO/G1 phase increment and
G2/M phase reduction in human leukemic cell lines (Scatena et al., 1999). Troglitazone
arrests U937 cells in the G1 phase of the cell cycle (Asou et a., 1999) and inhibits cyclin D1
expression in MCF7 cells (Yin et al., 2001). However, recent findings demonstrate that some
mechanisms in cell growth regulation are affected by PPAR ligands through a PPAR-
independent action (Palakurthi et al., 2001; Lennon et al., 2002).

To clarify the mechanisms involved in PPAR-induced HL-60 growth inhibition due to the

effects of PPAR ligands, we investigated the action of two PPAR alpha ligands (clofibrate
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and ciprofibrate) and two PPAR gamma ligands (troglitazone and 15d-PGJ2) on the
expression of some genes involved in the control of cell proliferation, differentiation and cell
cycle progression such as c-myc, c-myb cyclin D1 and D2. Since PPAR beta demonstrated

opposite action on cell proliferation, it has not been investigated in this study.
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METHODS

Cellsand culture conditions.

HL-60 cells were cultured at 37 °C in a humidified atmosphere of 5% CO2 -air using RPM|I
1640 medium supplemented with 2 mM glutamine, antibiotics and 10% foetal calf serum
(FCS) (Biochrom AG Seromed, Berlin, Germany). Growth rate and cell viability were

monitored daily by the trypan blue exclusion test (Sigma, Milano, Italy).

PPAR ligand treatments.

Clofibrate (Sigma, Milano, Italy), ciprofibrate (Sigma, Milano, Italy), troglitazone (generous
gift from Dr. Fabio Marra, University of Florence, Italy) and 15-deoxy-prostaglandin J2
(Cabiochem, La Jolla, CA, USA) were prepared in stock solutions 100 x in ethanol (final
concentration of ethanol in flask 0.8%) and added at different concentrations to cell
suspension (200.000 cells/ml). Control cells were treated with the vehicle alone (0.8%

ethanal).

Detection of differentiation-associated surface antigens

Expression of the cell surface antigen CD14 was tested by immunofluorescence and detected
by fluorescence microscopy. Cells were washed twice with PBS, then incubated with mouse
monoclonal FITC-conjugated antibody (Sigma, Milano, Italy) directed against CD14 (clone
UCHM-1). After incubation with the antibodies, 3 x 106 cells per sample were pelleted,
resuspended in 1 ml of 0.1% sodium azide in PBS, layered onto a slide, covered with a
coverslip, and scored for fluorescence in microscopy (Leitz, Dialux 20). At least 100 cells
were counted for each experiment (3 separate experiments from 3 different preparations for

each condition).
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Flow Cytometric Analysis

HL-60 (10x10° cells) were centrifuged at 1,000 rpm for 10 minutes at 4°C and the cell pellets
were fixed in 70% ice-cold ethanol for 1 h at 4 °C. The supernatant was centrifuged at 3,000
rpm for 10 minutes at 4°C and fixed in 70% ice-cold ethanol for 1 h at 4 °C. After
centrifugation, both pellets were washed once with PBS, collected in one tube, and then
treated with 0.4 mg/ml RNase (type 1-A, Sigma, Milano, Italy) for 30 minutes at 37°C.
Propidium iodide (Sigma, Milano, Italy) was added to a final concentration of 18 pg/ml and
incubated for at least 5 min at room temperature before analyzing in a FACScan cytometer
(Becton Dickinson, San Jose, CA), equipped with an argon ion laser tuned at 488 nm

(Software: ModFit LT 3.0).

RNA isolation and semi-quantitative RT-PCR analysis

RNA analyses were performed by a semi-quantitative PCR method as previously described
(Pizzimenti et al., 1999). Briefly, the experimental strategy included the following
precautions: (1) the number of PCR cycles was kept low in order to obtain an exponential
amplification of PCR products; (II) all results were standardised using the signal obtained
with L7 (large ribosomal subunit protein L7); (I111) al experiments were performed with at
least three independent cDNA preparations; (1V) to control for DNA contamination, primers
were designed to span at least one exon-intron boundary. Total RNA was isolated using the
Trizol Kit (Life Technologies, INC. Milano, Italy). cDNA synthesis was performed with 4 ug
of total RNA in areaction volume of 40 ul containing 1.25 ug of oligonucleotide (dT) primer,
| mM of dATP, dGTP, dCTP and dTTP (Amersham Biosciences Italia, Cologno Monzese,
Italia), 66 units of RNAsin (Promega Italias.r.l., Milano, Italy), 8 pl of 5x first strand buffer,

10 mM DTT, 300 units of MMLYV reverse transcriptase (Gibco BRL, Milano, Italy). Samples
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were incubated for | h at 37 °C and the reaction was stopped by heating for 10 min. at 95°C.
PCR reactions were performed in a GeneAmp PCR System 9600 (Perkin Elmer), with 1 pl of
cDNA reaction mixture in a volume of 50 pl containing 200 uM of dATP, dTTP, dGTP and
dCTP, 1 uM of 5- and 3 -primer and 1.25 units of TAQ DNA polymerase (Polymed, Firenze,
Italy). Samples were subjected to denaturation at 94°C for 30 sec, annealing for 30 sec (the
annealing temperature was 60 °C for L7, D2 and c-myc primers, 63 °C for c-myb and 70 °C
for D1 primers) and extension at 72°C for 30 sec, followed by afinal extension at 72°C for 10
min. Negative controls contained water instead of cDNA. The primer pair sequences used for

PCR amplification and the numbers of PCR cycles done are indicated as follow:

c-myc - 20 cycles
(forward primer): 5- GAGACAACGACGGCGGTG -3'
(reverse primer): 5-GCTCGTTCCTCCTCTGGC -3

amplifying a 788-bp fragment.

c-myb - 18 cycles
(forward primer): 5-TGGACAGAAGAGGAAGACAGAA-3
(reverse primer): 5-GCAGAGATGGAGTGGAGTGG-3'

amplifying a 633-bp fragment.

cyclin D1 - 28 cycles
(forward primer): 5-GCCAACCTCCTCAACGACCGG-3'
(reverse primer): 5-GTCCATGTTCTGCTGGGCCTG-3

amplifying a 743-bp fragment.
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cyclin D2 - 24 cycles
(forward primer): 5-CCGCCGGGCTTGGCCAT-3
(reverse primer): 5-CTTTCGGCCCAACTGGCATCC-3

amplifying a 905-bp fragment.

L7 - 18 cycles
(forward primer): 5-ATGGAGGGTGTAGAAGAGAA-3
(reverse primer 3'): 5-AATCATGGTAGACACCTTAG-3

amplifying a 764-bp fragment.

A 10 gl sample of the PCR reaction mixture was separated on a 1% agarose gel and
amplification products were stained with Gel Star nucleic acid gel staining (FM C BioProducts,
Rockland, ME USA). Densitometric analysis was perfomed by using a software program

(Multi-Analyst, version 1.1, BioRad Laboratories, Segrate, Italy).

Prepar ation of total extracts and Western blot analysis

10 x 106 cells were washed twice in cold PBS, pH 7.4. Total extracts were prepared by lysis
in a buffer containing Tris-HCI buffer, pH 7.4, 150 mM NaCl, 5 mM EDTA, 1% Nonidet P-
40, 1 mM sodium orthovanadate, 1 mM phenylmethylsulphonyl fluoride, and 0.05%
aprotinin. Insoluble proteins were discarded by high-speed centrifugation at 4°C. Protein
concentration in the supernatant was measured in triplicate using a commercially available
assay (Bio-Rad Laboratories, Segrate, Italy).

All proteins were separated by SDS-PAGE and electroblotted on nitrocellulose membrane
(Bio Rad Laboratories, Segrate, Italy). Membranes were blocked overnight at 4°C in Tris

buffered saline (TBS) containing 5% milk plus 0.5% Tween 20 and then incubated at room
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temperature with primary (anti-c-myc clone 9E10, anti-cyclin D1 clone HD11, anti-cyclin D2
clone C-17 from Santa Cruz Biotechnology, Inc. Santa Cruz, CA, USA; anti c-myb, clone 1-
1 from Upstate Biotechnology, Lake Placid, NY, USA; anti beta-actin, clone AC-15 from
Sigma, Milano, Italy) and horseradish peroxidase-conjugated secondary antibodies (Bio Rad
Laboratories, Segrate, Italy). Detection was carried out by enhanced chemiluminescence
(ECL) according to the manufacturer’s protocol (Amersham-Pharmacia Biotech. Italia,
Cologno Monzesg, Italy). Densitometric analysis was performed by using a software program
(Multi-Analyst, version 1.1, Bio Rad Laboratories, Segrate, Italy). All results were

standardised using the signal obtained with beta-actin.
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RESULTS

PPAR alpha and PPAR gamma ligands inhibit HL-60 cell growth and induced CD14
expression.

The growth of HL-60 cells treated with clofibrate, ciprofibrate, troglitazone and 15d-PGJ2 is
shown in Fig.1. The effect on cell growth was dose-dependent for all the substances used and
the effectiveness in inhibiting growth was higher for the PPAR gamma ligands (in particular
for the 15d-PG J2) than for PPAR alpha ligands. According to previous results (Pizzimenti et
al., 2002), the highest doses of PPAR ligands induced the onset of CD14 expression starting
from day 4 to day 6 after the treatment. In fact, after clofibrate and ciprofibrate 50 pM,
troglitazone 5 UM and 15d-PG J2 2.5 uM treatments, the values of CD14 positive-cells were
between 28% to 42.5% at day 4. These values increased in the following days, except after
ciprofibrate 50 mM treatment, where at days 5 and 6 the number of CD14 positive-cells
decreased (Table 1).

The reduction of cell growth by PPAR ligand treatment may depend on growth-related gene
modulation or cell death induction. Necrosis has been excluded by the Trypan blue exclusion
test which indicated similar number of Trypan blue-positive cells in control and treated cell
populations. Previous results demonstrated that high doses of clofibrate (100 puM),
troglitazone (50 uM) and prostaglandin J2 (10 uM) induced apoptosis in 15-20% of the HL-
60 cell population at day one after the treatment (Pizzimenti et a., 2002). To investigate the
possibility that lower PPAR ligand concentrations, athough able to inhibit cell growth, may
induce programmed cell death in the days following the treatment, we performed a cell cycle

analysis with particular regard to the individuation of sub GO/G1 population.
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Effect of PPAR alpha and gamma ligands on cell cycle distribution of HL-60 cells.

Céll cycle analysis demonstrated that both PPAR alpha and PPAR gamma ligands induced an
increase of cellsin the GO/G1 phase of cell cycle (Fig.2). This phenomenon was more evident
at day 3 where the percentage of GO/G1 cells was 41% in the control cells, 61% in cells
treated with 50 uM clofibrate, 55% in cells treated with 50uM ciprofibrate, 60% in cells
treated with 5uM troglitazone and 70% in cells treated with 2.5 uM 15d- PG J2.

Fig. 3 shows that the sub-GO/G1 population is three-fold increased in 15d-PG J2- treated cells
3 days after the treatment, whereas other PPAR ligands did not increase the sub-G0/G1
population. This action of 15d-PGJ2 is already evident yet at days 1 and 2 (data not shown),
where the sub GO/G1 population was 27% and 33%, respectively, whereas the control values

were similar to those detected at day 3.

Effect of PPAR ligands on oncogene expr ession

The effect of 50 pM clofibrate on c-myc, c-myb and cyclin D1 and D2 mRNA levelsis shown
in Fig. 4. Clofibrate inhibited c-myb and cyclin D2 expression starting from 8 hours after its
addition, while it did not affect c-myc and cyclin D1 expression. A similar effect was
displayed by 50 uM ciprofibrate (Fig. 5).

PPAR gamma ligands (troglitazone and 15d- PG J2) displayed different patterns in the
modulation of MRNA levels. Troglitazone (5uM) transiently inhibited both c-myc and c-myb
oncogene expression, mainly at 8-24 hours after the treatments, and cyclin D2 until 48 hours
after the treatment (Fig. 6). On the contrary, 2.5 pM 15d-PG J2 did not inhibit c-myc
expression. This substance, similarly to PPAR alpha ligands, affected c-myb and cyclin D2
expression (Fig. 7). Theinhibition of c-myb expression was transient (the nadir was observed
after 8 hours from the treatment), such as observed after troglitazone treatment. In all cases

cyclin D1 expression was not affected.
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The analysis of the protein content after PPAR ligands treatment of HL-60 cells, was
performed by western blot, at the same times of mMRNA content analysis. Clofibrate (50 uM)
induced a complete disappearance of the c-myb protein 8-24 hours after addition, as well as
strong inhibition of cyclin D2 expression starting from 8 to 48 hours (Fig. 8). Similar effects
were displayed by 50 uM ciprofibrate, except that cyclin D2 inhibition was transient (Fig. 9).
Troglitazone (5 uM) transiently decreased the protein concentration of c-myc and c-myb
(from 8 to 24 hours for c-myc and only at 8 hours for c-myb), and progressively decreased,
starting from 24 hours, the level of cyclin D2 protein (Fig. 10). Results obtained in protein
extracts derived from 15d-PG J2-treated cells, confirmed the patterns obtained by PCR. 15d-
PG J2 (2.5 pM) transiently reduced the c-myb protein level (from 8 to 24 hours) and induced

aprogressive reduction of cyclin D2 protein (Fig.11).

14
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DISCUSSION

Among the gene expressions tested in this study, only c-myb and cyclin D2 gene expression
were inhibited by both PPAR apha and PPAR gamma ligands. However, the effective
concentrations are higher for PPAR apha ligands with respect to PPAR gamma ligands,
according to that observed on cell growth inhibition and cell differentiation induction.

Cell cycle analysis indicates that an increase of GO/G1 cells occurs in the culture treated with
PPAR ligands, and in particular with 15d-PG J2, according to data reported by others
(Scatena et a., 1999; Kawakami et al., 2002). 15d-PG J2 aso increases the sub GO/G1
population 2 and 3 days after the treatment.

The down-regulations of c-myb and cyclin D2 expression represent the first evidence of the
inhibitory effect exerted by PPAR ligands on these genes. The myb gene family (whose
members are A-myb, B-myb and c-myb) encodes nuclear protein that functions as a
transcriptiona transactivator (Oh and Reddy, 1999). Expression of these genesis cell cycle-
regulated and inhibition of their expression with antisense oligonucleotides has been found to
affect cell cycle-progression, cell division and/or differentiation (Raschella et al., 1992).
Inhibition of c-myb expression by compounds inducing differentiation has been widely
studied in leukemic cells (Kuehl et a., 1988) and c-myb down- regulation accompanied the
cessation of growth and the onset of differentiation markers (Yen et al., 1992). Our results
also indicate that PPAR ligands induce the monocytic differentiation of HL-60 cells, as
measured by CD14 expression, at the same dose effective in decreasing c-myb mRNA and
protein, suggesting that these two phenomena may be linked.

Cyclin D2 expression is also inhibited by the PPAR ligands. According to previous
observation in the HL-60 cell model, cyclin D1 expression was not affected by PPAR ligand

treatment, in contrast to that observed in pancreatic (Toyota et al., 2002) and in ras-
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transformed rat intestinal epithelial cells (Kitamuraet al., 2001). In cell culture D-type cyclins
which show tissue specific expression, do not seem to functionally overlap (Sherr, 1995). In
HL-60 cells cyclin D1 and D2 are down-regulated during differentiation, while cyclin D3 is
upregulated (Bartkova et a., 1998). We restricted our observation to the D1 and D2 cyclins,
since their role in differentiation is better defined. Despite their importance in the control of
growth, cell cycle progression and development, the exact role played by each cyclin D-type
is not yet understood. Individual knockout of D1 or D2 genes in mice does not affect the
overal development of the animal but rather affects the development of specialized tissues
and cell lineages (Fantl et al., 1995; Sicinski et al., 1995).

According to previous observations in the HL-60 cell model (Pizzimenti et al., 1999), our
results suggest that the inhibition of cyclin D2 expression induced by PPAR ligands,
contributes to the cessation of proliferation and to the onset of differentiation.

The major part of PPAR actions in stimulating gene expression depends on the binding
between PPAR (after dimerization with retinoic X receptor alpha) and the PPAR response
element (PPRE) sequences located on the promoter of target genes. Agonists stimulate
binding of PPAR to PPRE (Schlezinger et a., 2002). Some PPRE sequences are identical for
PPAR alpha and PPAR gamma (i.e. the UDP-glucuronosyltransferase 1A9 enzyme) (Barbier
et a., 2003), others are differentially regulated by PPAR alpha and PPAR gammaligands (i.e.
the expression of Uncoupling Proteins, UCP 1)(Teruel et al., 2000). A PPAR- indirectly
dependent mechanism has been postulated for the FAT/CD36 which is activated by PPAR
alpha and PPAR gamma ligands in absence of PPRE in the responding upstream promoter
region (Sato et al., 2002).

PPAR- indirectly dependent mechanisms have also been demonstrated for the inhibitory
action displayed by PPAR on some growth-regulatory genes: i.e. cyclin D1 repression by

PPAR gamma involved competition for limiting the abundance of p300 through a c-Fos
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binding site of the cyclin D1 promoter; 15d-PG J2 enhanced recruitment of p300 to PPAR
gamma but reduced the binding to c-Fos (Wang et al., 2001). Other authors reported that
PPAR gamma ligands attenuated the mitogen-induced degradation of p21 and p27, two
important cyclin/CDK inhibitory proteins (Wakino et al, 2000). In spite of the amount of
evidences accumulated in these last years about the PPAR antiproliferative action, the
mechanism whereby PPAR mediates growth inhibition and, in particular, growth-related gene
expression inhibition, has yet to be elucidated. Certainly, it appears to be different in relation
to cell type (Berger and Moller, 2002). Our results demonstrated that both PPAR alpha and
gamma ligands inhibited c-myb and cyclin D2 expression in human leukemic cells. Since no
PPRE seguences have been found on the promoter of c-myb and cyclin D2 gene, we can
hypothesize a PPAR- indirectly dependent mechanism which involved the modulation of
transcription factor activity. Recently, it has been demonstrated that STATS activation is
sufficient to drive transcriptional induction of the cyclin D2 gene (Friedrichsen et a., 2003)
and PPAR gamma ligands suppress JAK-STAT signalling (Park et a. 2003). Likewise,
PPAR alpha (Pahan et al., 2002) and PPAR gamma (Straus et al., 2000) ligands inhibited
activation of NF-kappa B and AP-1, two transcription factor involved in the regulation of c-
myb expression (Suhasini et a., 1997).

Among the PPAR ligands tested, only troglitazone affects c-myc mRNA and protein levels.
The inhibition of c-myc expression, observed after troglitazone treatment, has been also
confirmed by other works (Yamakawa-Karakida et al., 2002; Shimada et al., 2002). Some
authors (Yamakawa-Karakida et a., 2002) suggest that the down-regulation of c-myc
expression by this ligand can be linked to apoptosis induction. However, our data suggest that
the inhibition of c-myc expression by this ligand can contribute to growth inhibition and
differentiation induction rather than apoptosis induction, since troglitazone was used at non-

apoptotic doses. Interestingly, from our results it arises that neither the PPAR alpha ligands
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(clofibrate and ciprofibrate) nor the natural PPAR gammal ligand, 15d-PG J2, inhibited c-myc
expression. Thus, it is possible that the inhibition of c-myc mMRNA and protein expression, in
troglitazone treated cells, may depend on a PPAR-independent mechanism, through the
recruitment of free Tcf-4 and thus the inhibition of Tcf-4 binding to c-myc promoter, as
suggested by Yamakawa-Karakida et al. (2002). On the other hand a PPAR-independent
mechanism has been demonstrated for other important cell functions modulated by
troglitazone, such as the activation of MAP kinase cascade (Lennon et al., 2002) and the
inhibition of translation initiation (Palakurthi et al., 2001).

In conclusion, our results demonstrate that PPAR ligands inhibit HL-60 cell proliferation and
induce differentiation through the down-modulation of nuclear transcription factors (c-myc
and c-myb) and cyclin D2 expression. The greater effect on cell growth inhibition, displayed
by 15d-PG J2, can be aso ascribed to the induction of programmed cell death, as indicated
by the increase in sub GO/G1 cell population. Moreover, we cannot exclude that PPAR
gamma ligands, which affect cell growth and gene expression at lower doses, may also affect
other growth-regulatory gene expressions and thus inhibit the cell growth with higher

effectiveness.
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LEGENDS FOR FIGURES

Figure 1. Panel A: Growth of HL-60 cells treated with clofibrate at the indicated
concentrations (10 and 50 uM). Panel B: Growth of HL-60 cells treated with ciprofibrate at
the indicated concentrations (10 and 50 uM). Panel C: Growth of HL-60 cells treated with
troglitazone at the indicated concentrations (2.5 and 5 uM). Panel D: Growth of HL-60 cells
treated with 15-deoxy-prostaglandin J2 (15d-PG J2) at the indicated concentrations (1 and 2.5
pUM). C: control cultures; C+EtOH: cultures treated with 0.8% ethanol. Data are the mean +

S.D. of five separate experiments. Variance analysis. * : p<0.05, ** : p<0.01, vs. C+EtOH.

Fig. 2. Effect of 50 uM clofibrate (CLOF), 50uM ciprofibrate (CIPROF), 5 uM troglitazone
(TG) and 2.5 uM 15 deoxy-prostaglandin J2 (15d-PG J2) on cell cycle distribution at different
time points (8, 24, 48 and 72 hours), compared to untreated control cells (C). HL-60 cells
were stained with propidium iodide as described in Meterials and Methods and analyzed by

flow cytometry. Values are the mean + SD three different cell preparations.

Fig. 3 FACScan analysis of cell cycle and apoptosis. A: Cytofluorimetric histograms of cells
collected at 72 hours, representative of different cell preparations, are shown. Cells were
trated with 50 uM clofibrate, 50uM ciprofibrate, 5 UM troglitazone and 2.5 uM 15d-PG J2 or
untreated (control). B: Analysis of hypo-diploid cell population. Data represent the sub-
GO/G1 population identified on the basis of fluorescence intensity and are the mean + SD of

three different cell preparations.

Fig. 4. Pand A: c-myc, c-myb, cyclin D1 (D1) and cyclin D2 (D2) mRNA levels were
determined by RT-PCR in HL-60 cells treated with 50 uM clofibrate and collected at the

indicated times after the beginning of treatment; Panel B: quantification of RT-PCR products
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was performed by densitometric scanning. Data are normalized using the L7 (Large ribosomal
subunit protein 7) signal and represent the mean = SD from three independent experiments.

Values are expressed as percent of control value.

Fig. 5. Pand A: c-myc, c-myb, cyclin D1 (D1) and cyclin D2 (D2) mRNA levels were
determined by RT-PCR in HL-60 cells treated with 50 uM ciprofibrate and collected at the
indicated times after the beginning of treatment; Panel B: quantification of RT-PCR products
was performed by densitometric scanning. Data are normalized using the L7 (Large ribosomal
subunit protein 7) signal and represent the mean + SD from three independent experiments.

Values are expressed as percent of control value.

Fig. 6. Panel A: c-myc, c-myb, cyclin D1 (D1) and cyclin D2 (D2) mRNA levels were
determined by RT-PCR in HL-60 cells treated with 5 uM troglitazone and collected at the
indicated times after the beginning of treatment; Panel B: quantification of RT-PCR products
was performed by densitometric scanning. Data are normalized using the L7 (Large ribosomal
subunit protein 7) signa and represent the mean + SD from three independent experiments.

Values are expressed as percent of control value.

Fig. 7 Panel A: c-myc, c-myb, cyclin D1 (D1) and cyclin D2 (D2) mRNA levels were
determined by RT-PCR in HL-60 cells treated with 2.5 uM 15d-PG J2 and collected at the
indicated times after the beginning of treatment; Panel B: quantification of RT-PCR products
was performed by densitometric scanning. Data are normalized using the L7 (Large ribosomal
subunit protein 7) signal and represent the mean + SD from three independent experiments.

Values are expressed as percent of control value.
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Fig. 8. Pand A: Western blot analysis of c-MYC, ¢c-MYB, cyclin D1 (D1) and cyclin D2
(D2) proteinlevelsin HL-60 cells treated with 50 uM clofibrate and collected at the indicated
times after the beginning of treatment. Equal protein loading was confirmed by exposure of
the membranes to the anti-beta-actin antibody. Panel B: : Relative densitometric values of c-
MYC, c-MYB, cyclin D1 and cyclin D2 protein levels. Quantification of protein products was
performed by densitometric scanning. Data are normalized using the beta-actin signal and are
indicated as mean + S.D. from three independent experiments and are expressed as percent of

control value.

Fig. 9. Pand A: Western blot analysis of c-MYC, c-MYB, cyclin D1 (D1) and cyclin D2
(D2) protein levels in HL-60 cells treated with 50 uM ciprofibrate and collected at the
indicated times after the beginning of treatment. Equal protein loading was confirmed by
exposure of the membranes to the anti-beta-actin antibody. Panel B: : Relative densitometric
values of c-MYC, c-MYB, cyclin D1 and cyclin D2 protein levels. Quantification of protein
products was performed by densitometric scanning. Data are normalized using the beta-actin
signal and are indicated as mean + S.D. from three independent experiments and are

expressed as percent of control value.

Fig. 10. Panel A: Western blot analysis of c-MYC, c-MYB, cyclin D1 (D1) and cyclin D2
(D2) protein levels in HL-60 cells treated with 5 UM troglitazone and collected at the
indicated times after the beginning of treatment. Equal protein loading was confirmed by
exposure of the membranes to the anti-beta-actin antibody. Panel B: : Relative densitometric
values of c-MYC, c-MYB, cyclin D1 and cyclin D2 protein levels. Quantification of protein

products was performed by densitometric scanning. Data are normalized using the beta-actin
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signal and are indicated as mean + S.D. from three independent experiments and are

expressed as percent of control value.

Fig. 11. Panel A: Western blot analysis of c-MYC, c-MYB, cyclin D1 (D1) and cyclin D2
(D2) protein levelsin HL-60 cells treated with 2.5 pM 15d-prostaglandin J2 and collected at
the indicated times after the beginning of treatment. Equal protein loading was confirmed by
exposure of the membranes to the anti-beta-actin antibody. Panel B: : Relative densitometric
values of c-MYC, c-MYB, cyclin D1 and cyclin D2 protein levels. Quantification of protein
products was performed by densitometric scanning. Data are normalized using the beta-actin
signal and are indicated as mean + S.D. from three independent experiments and are

expressed as percent of control value.
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CD 14 expression in PPAR ligands treated HL-60 cells.

Days®
Drug treatment 4 5 6
cP 41+15 21+13 53x15
C+EtOH ¢ 42+ 1.7 2611 51+26
CLOFIBRATE 10 uM 92+31 131+ 4.2 10.0+ 35
CLOFIBRATE 50 uM 280+ 7.2** 29.1+8.0** 295+ 7.5**

CIPROFIBRATE 10 uM 202+7.1* 243+ 6.5** 221+83*
CIPROFIBRATE 50 uM 42.5+8.9** 32.6 £ 8.4** 30.3+9.1**

TROGLITAZONE 2.5 uM 9.6+22 128+ 31 132+51
TROGLITAZONE 5 uM 174+7.0* 24.0+ 8.5** 25.1+88*
15d PG J2 1 uM 9.0+32 22.1+£54* 232+71*
15d PG J2 2.5 uM 33.3+9.0** 38.1+153** 50.2+15.0**

& CD14 expression was detected by fluorescence microscopy. Results are expressed as
percentage of fluorescent cells and are the mean £ S.D. of three separate experiments from
three different preparations for each condition. Immunofluorescence was performed at days 4,
5and 6.

PC: control cultures.

¢ C+EtOH: cultures treated with 0.8% ethanal.

Variance analysis: *: p<0.05, ** : p<0.01, vs. C+EtOH.
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Fig. 4
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Fig. 7
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Fig. 8
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Fig. 9
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Fig. 10
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Fig. 11
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