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ABSTRACT
Phospholipase A2 (PLAJ is an ubiquitous enzyme found in mamrnalian cells. In the
Iast tWO decades, several forms of PLA, have been identified, including a 14-kDa secretory

PLA, (sPLAL) and a 85-kDa cytosolic PLA? (cPLAJ. The cPLA2 is a calcium-dependent
phospholipase which cataiyses the hydrolysis of glycerophospholipids at the sn-2 position.
The enzyme has a high degree of specificity for the release of arachidonic acid (AA) which
is a precursor for the biosynthesis of eicosanoids. The arachidonic acid and its metabolites
possess diverse biological properties, many of which are related to vascular homeostasis.
cPLA2 activity is modulated by a number of factors, including [Caz-], protein
phosphorylation, and other forms of post-translational regulation. However, the mechanism
for controlling its expression at the transcriptional level has not been well-defined.
Peroxisome proliferator activated receptors (PPARs) belong to the superfarnily of
nuclear hormone receptors that heterodimerize with the retinoid X receptor and regdate the
transcription of several genes responsible for lipid metabolism and adipocyte differentiation.
Three subtypes of PPAR have been found so far, including PPAR-a, -y and -6 (or

P).

PPARa is predominantly expressed in tissues with high catabolic rates for fatty acids and
peroxisomal metabolism. PPARy plays a pivotal role in the control of metabolic function in
the adipocyte. PPAFG is ubiquitously expressed, but the function is less known- in this study.
we hypothesize that the catabolism of phospholipids by the cPL.A2 is regulated via the
activation of PPAR pathways at the transcriptional level. The objective of our study is to
elucidate the role of PPARs in the regulation of cPLA, in mamrnalian cells. Since
cyclooxygenase- 112 (COX- 1 and -2) are key enrymes for conversion of AA to eicosanoids.

and cPLA, and COX-2 are functionally coupled in eicosanoids biosynthesis, we also
exarnined the gene expression of COX-1 and COX-2Using the human preadipocyte SW872 ce11 line as a rnodel, the modulation of
arachidonic acid release by PPAR activators was examined. Clofibrate. a PPARa activator,
caused an enhancement of arachidonate release in SW cells. This increase \vas the result of

an elevated cPLA, activity which was caused by an increase in enzyme protein. The presence
of PPAR-aand -y in preadipocytes was confirmed by the presence of the respective mRNAs

for these two proteins. Clofibrate (10-200pM) caused increases in the &-As

encoding

cPLA2and cyclooxygenase (COX-2) in a dose dependent manner. However, at higher dosage
(400 PM), clofibrate treatment resulted in the attenuation of cPLA2 mRNA and protein
expression. Colorimetnc assay using WST-1, a cell proliferation reagent, confirmed that a
high dose of clofibrate impaired the viability of preadipocytes. Our results suggest that the
up-regulation of cPLA2gene expression is caused by an increase in its rate of transcriptim.
As predicted, clofibrate has no effect on COX-1 gene espression. Taken togethe- these
results suggest that the PPARol activator clofibrate induced the gene transcription of cPLA,,
which led to an increase in cPLA2protein. The resultant increase in enzyme activity caused
the enhancement of A-23 187-induced arachidonate release in SW873 cells.
The modification of cPLA2 activity by lyso-PC at the post-translational level was
investigated using rat hem myoblastic H9c2 cells as a model. The incubation of H9c2 cells
with lyso-PC resulted in an enhanced release of arachidonatr in both a time- and dosedependent fashion. Lyso-PC species containing palmitoyl (C!,:,) or stearoyl (C,,:,)
groups
evoked the highest amount of arachidonate release, while other lysophospholipid species

were relatively ineffective. The presence of phospholipase A? inhibitors attenuated the lyso-

PC enhanced arachidonate release. Lyso-PC caused the translocation of phospholipase A7
€rom the cytosol to the membrane h c t i o n and induced an increase in ca2*flux from the
medium into the cells. Nimodipine, a specific Ca2'-charme1 blocker, partially attenuated the
lyso-PC-induced rise in intracellular ~ a ? 'Concurrent
.
with Ca" influx, lyso-PC caused an
enhancernent of protein kinase C activity. The lyso-PC induced arachidonate release was
attenuated when cells were pre-incubated with specific protein kinase C and mitogen
activated protein kinase kinase inhibitors. These results indicate that the lyso-PC induced an
increase in the Ievel of intracellular calcium and stimuiation of protein kinase C, which lead
to the activation of cPLA2and the enhancernent of arachidonate release in H9c2 cells.

In concIusion, we have shown that the action of cPLA2 is regulated both at the
transcriptional and post-trznslational levels. Using the SW872 ce11 line as a model. the long
terrn regulation of cPL& at the transcriptional leveI by clofibrate was demonstrated. The
precise mechanism for the regulation is unclear. Ln addition, lyso-PC activated cPLA2via
post-translational modification of the enzyme. Lyso-PC caused an elevation of the
intracellular calcium concentration and the activation of PKC, which stimulated cPLA, via
the activation of the MAPK and resulted in an enhanced release of arachidonate.
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INTRODUCTION AND LITERATURE REVIEW

1.

The catabolism of phospholipids by phospholipase A,

1.1

Catabolism of phospholipids in mammalian cells

Al1 cells contain phospholipids which provide the essential milieu of cellular
membranes and act as barriers for the entry of compounds into cells (Vance, 1991). Within
the phospholipid bilayer second messenger precursors are stored and these messengers are
released after a ce11 has received an appropnate signal. These second messengers include
eicosanoids, diacylglycerols and phosphatidylinositol 1,4,5-triphosphate (PIP,) (Nishizuka,
1992; Bemdge, 1993). In this study we will focus on the enzyme that hydrolyzes
phospholipids to release arachidonic acid, an eicosanoid precursor (Fig 1).
Phospholipases Al (EC 3.1.1.4) are a group of enzymes that catalyze the hydrolysis
of phospholipids at the sn-2 position, to yield a lysophospholipid and free fatty acid (Vance,
1991). One of the important free fatty acids released is arachidonic acid, a 20-carbon fatty
acid with cis double bonds at carbon 5,8,11, and 14. Once released, the arachidonic acid may

be converted into eicosanoids via three major pathways (Fig 2). The cyclooxygenase (COX)
pathway leads to the synthesis of prostaglandins and thromboxanes. The first enzyme in this
pathway is known as prostaglandin endoperoxide synthase (PGH synthase), also called COX

(Needleman e t al., 1986; Smith et al., 1991). PGH synthase exists in an already active f o m
in the endoplasmic reticulum. This enzyme exhibits two different catalytic activities: a

cyclooxygenase (bis-oxygenase) which catalyzes the formation of PGG, fiom arachidonate
and a peroxidase (or hydroperoxidase) which facilitates the reduction of PGG, to PGH,

CELL SURFACE

P hospholipid Containing Arachidonate

Lysop hosp holipi d

Lipo rygenase
pathwriy

Arachidonic Acid

-4

Fig 1. The catabolism of phospholipids

+

Leuko triene
HEP TES

cyclooxygenase
pathway

Prostanoids:

prostaglandins
and thromboxanes

pathway

i

pathway

Epoxyeicosatrienoic acids,
dihydroxytrienoic acids, and
hydroxyarachidonic acids

Hydroxyeicosatetraenoic acids
and leukotrienes

Fig 2. Pathways for the metabolism of arechidonie acid (AA)

l

(Smith and Mamett, 1991; DeWitt, 1991). Lipoxygenase cataIyzes the first step in the
synthesis of the hydroxy-eicosatetraenoic acids and the leukotrienes- The cytochrome P450
epoxygenase catalyzes the first step in the synthesis of the epoxyeicosatrienoic acids.
In contrast to hormones which have broad systemic effects despite being released
fiom a single site in the body, prostaglandins are synthesized in a broad range of tissue types

and serve as autocrine or paracrine mediators to signal changes within the immediate
environment. Two classes of prostaglandin receptors exist to transduce signals upon binding
of ligand, the G-coupled cytoplasrnic receptor class and the nuclear PPAR receptor class
(Forman et al., 1996).

1.2

Classification of Phospholipase A,
Phospholipase A? (PLAI) piays a central role in diverse celldar processes including

phospholipid digestion and metabolism, host defense, and signal transduction (Dennis et al.,
1991). Phospholipase activity was first studied in the pancreatic juice and cobra venom in

the early 1900s (Waite, 199l), since the enzymes fkom these sources were abundant, easily
purïfied, and stable to a variety of manipulations. Further study showed that they are f 3-1 5

kDa molecules which are extensively cross-linked by disulfide bonds, making them relatively
rigid (Dennis, 1994). Subsequently, the phospholipases A? have been shown to be a diverse
class of enzymes with regard to function, localization. regdation. mechanism, sequence and
structure (Dennis, 1994). PLAls have been divided into four main groups according to their
structure and function. Group I,1I, and III are extracellular enzymes, with a relatively high
disulfide bond content, low molecular mass, and require Ca" for catalysis. The group N

PLAl is distinctly different from the other groups since it is a high molecular weight
intracellular enzyme that is highly specific for arachidonic acid. This enqme has been
identified in the cytosol of a variety of cells, including the human monocytic ceIl line U937
(Clark et al., 1990; Kramer et al., 1991), rat kidney (Gronich et al., 1990), and mouse spleen
(Wijkander and Sundler, 1991). Its general presence in the cytosolic fiaction has led to the
nomenclature of the cytosolic phospholipase A, (cPLAJ. The enzyme has been purïfied,
sequenced and cloned fiom variety of sources (Clark et al., 1991 ;Sharp er al., 199 1), and it

has a rnolecular mass of 83-110 kDa This enzyme can be activated by mitogen-activated
protein kinase (MAPK) phosphorylation, which facilitates its translocation fkom the cytosol
to the nuclear envelope, a process which requires a micromolar concentration of Ca* for
membrane association and full activity (Clark et al., 1995).
A newly identified secreted PLA? in human (Dufton and Hider, l983), rat (DaGdson

and Dennis, 1990) and murine derived P3 88D 1 macrophages (Wong and Dennis, 1990) does
not clearly align with either Group 1 or Group II enzymes and lacks the unique disulfide bond

of both. This enzyme is dso disthguished from the Group III in that it has lower molecular
mass. It has been assigned as Group V PLAI.
A Ca3-independent PLAI (iPLA?) has been identified. It has a molecular mass of 85

kDa and contains a lipase consensus sequence and eight ankyrin repeats. Because this S'LA2
possesses a unique sequence that differs from the Groups 1-V PL-,

it is listed as a Group

VI enzyme (Tang et al., 1997). Another 40 D a calcium-independent PLA? has been isolated
from the myocardium. This enzyme has a high preference for the hydrolysis of the
arachidonoyl group in plasmenylcholine and plasmenylethanolamine. It is regulated by

Ca2'/ca1modulin inhibition (Hazen et al., 1990).
There are other Ca2'-dependent and -independent intracellular PLA, activities fiom
various sources. For example, a ~a"-dependent, 30-kDa dimenc PLA, was purified firom
sheep platelets (Loeb and Gross, 1986). A ~a"-independent, phosphatidylserine-specific

PLA, was purified fiom rat brain (Nakaoka et al-, 1993). These enzymes have sequences
which are homologous to a brain protein that belongs to the family of 14-3-3 proteins (Zupan
et al., 1992).

1.3

The role of cPLA,
cPLA2 mRNA is ubiquitously expressed in al1 mammalian tissues. It is abundantly

expressed in the heart, spleen, lung and kidney. cPLAl can be activated by a wide variety of
stimuli, including tumor necrosis factor (Hoeck e t al., 1993)' ATP (Lin e t al., 1992),
lipopolysacharide (LPS) (Rodewald et al., 1994), rnitogens (Chepenik er al., 1994) and
endothelin (Bamett et d,
1994). The central role of cPLAzis to provide arachidonic acid as
the precursor for prostaglandin m d Ieukotriene biosynthesis. In addition, it has been shown
that arachidonic acid is important not only as a precursor of the eicosanoids, but also as a
second messenger (Jayadev et al., 1994; Kolesnick and Golde, 1994). cPLA, also plays an
important role in platelet activation (Smith er al., 199 1). Furthetmore, there is evidence that
arachidonic acid and its metabolites, and possibly cPLA, itself, are in some way involved in
the regulation of ce11 proliferation (Chepenik et al., 1994; Virdee e t al., 1994).

1.4

Lyso-PC and its role in modulation of cPLAz

The hydrolysis of phosphatidylcholine by the action of phospholipase A2 results in
the production of lysophosphatidylcholine (lyso-PC) and a fatty acid. Due to its arnphipathic

property, Iyso-PC is cytolytic at kigh concentrations and its intraceliular levels are therefore
under rigid control (Weltzien? 1979). The majorïty of lyso-PC formed in the tissue is rapidly
metabolized or reacylated under normal physiological conditions (Giffin e t al., 1988; Choy
and Arthur, 1989; Choy e t al., 1997). In ischemic myocardium, lyso-PC accumulates (Sobel
et al., 1978; Man et a,, 1983; Datorre et al., 1991) and leads to electrophysiological and

mechanical dysfünction of the heart (Hoque e t al., 1997; Woodley e t al., 1991). However,
the work of Shaikh and Downar (198 1) indicated that the elevated level of lyso-PC observed

by Sobel and his CO-workersrnight be formed during the extraction of lipids fiom tissues
(Shaikh and Downar, 1981). Subsequently, a relationship between high lyso-PC
concentrations and calcium overloading in cardiac tissues has been postulated (Ver Donck
e t al., 1992; Yu et al., 1998; Golfman et al., 1998), but the rnechanism for this phenomenon

has been subjected to much debate (Yu et al., 2995; Golfman er cd., 1998; Ahumada et al.,
1979; Watanabe and Besch, 1974). In plasma, the concentration of lyso-PC is normally low
(Phillips, 1957) but high amounts of lyso-PC are found in atherogenic lipoproteins such as
the oxidatively modified low-density lipoprotein and R-very-low-density lipoprotein
(Portman and Alexander, 1969; Steinberg et al., 1989). In addition, the accumulation of lysoPC in atherosclerotic and inflarnrnatory lesions of vascular vessels has been reported
(Witztum and Steinberg, 1991).

Furthemore, Iyso-PC induces the expression of

mononuclear leukocyte adhesion molecules (Kume el al., 1992). It also induces the gene
expression of potent smooth muscle growth factors in monocytes and in cultured human

endothelial cells (Kume and Gimbrone, 1994), modulates smooth muscle contractility (Satio
et al., 1988) and acts as a chernotactic factor for human T lymphocytes (McMurray et al.,

1993) and monocytes (Quim et al-,1988).

It is dear that lyso-PC produced in the plasma is an important signal molecule that
impairs endothelium-dependent relaxation of blood vessels (Witztum and Steinberg, 1991).
In addition to lyso-PC, free fatty acids are produced f?om the hydroIysis of
phosphatidylcholine by phospholipase A2.

The release of arachidonic acid from

phospholipids is regarded as an important step for the biosynthesis of eicosanoids (Dennis,
1987). In most marnmaiian tissues including the cardiac tissue, arachidonate is converted
to prostacyclin, a potent vasodilator which would attenuate the impairment of endotheliumdependent relaxation of blood vessels produced by lyso-PC. We have shown recently that
lyso-PC stimulates the release of arachidonate in human endothelial cells. Lyso-PC caused
the elevation of cellular Ca2-and the activation of PKC, which stimulated cytosolic PLA, in
an indirect marner and resulted in an enhanced release of arachidonate (Wong et al., 1998).

1.5

The cPLA, gene
The human cPLA? gene h a been mapped to chromosome lq25 and is encoded by a

3.4-kb mRNA. While the complete genomis DNA for cPLA, has not yet been sequenced,

there seems to be at least 7 introns in this gene, covering longer than 50 kb (Morii et al.,

1994). The gene also contains a microsatellite series of CA repeats which may be usehl in
linking polyrnorphisms in this region with cPLA?-related diseases (Tay et al., 1994). The
cDNA of cPLA2compnsed a total of 2880 nucleotides, including about 200 nucleotides for

the 5'-untranslated region and about 500 nucleot ides for the 3 '-untmnslated region (Miyashita

et al., 1995; Morii et al., 1994). The promoter region of cPLAz gene contains no TATA or

CCAAT boxes. However, unlike the typical TATA-less housekeeping genes which contain

SP-1 binding sites, these binding sites are absent in the cPLA2promoter (Morii et al., 1994).
Although the majority of TATA-less genes are house-keeping genes. studies have
demonstrated that many of these TATA-less genes are highly and variously regulated at the
level of transcription (Azizkhan et al., 1993). In addition, there are coasensus sites for NF-

KB, NF-IL-6, AP- 1 (activator protein- 1), AP-2, PEA3 @olyomavirus gnhancer - b i n d h g
protein-3), OCT (-tamer - m c n p t i o n factor), CEBP (CCAATT gnhancer binding potein),
GAS (gamma-interferon-activating-site), y -IRE (y -interferon response element) and GRE
(glucocorticoid response elements). The roles of these elements in cPLA2 regulation remain
to be defined. Recently. smdy has shown that TNFa activates both cPLA, and COX-2 via

NF-KB pathway in astrocytoma celfs (Hernandez et al., 1999).

1.6

The protein structure of cPLA,

The human cPLA, cDNA encodes a 749 arnino acid protein with a predicted
molecular mass of 85.2 kDa, which rnigrates as a 100 - 110 kDa protein on SDS-PAGE
(Sharp et al., 1991). As shown in Fig 3, the deduced cPLA, protein sequence has several
interesting structural feahires. Firstly, the cPLALsequence contains a 68 arnino acid stretch

in the N-terminal region termed the CaLB (Ca2'-dependent lipid-binding) dornain that shows
sequence homology with the C2 region of protein kinase C. This domain was found to be
responsible for the Ca2'-dependent binding of cPL& to membranes or phospholipid
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Fig 3. Functional domains of pro teiii strirctirre of cPL& (hriman). CaLB: Ca2'dependent Iipid binding domain. Two conserved phosphoiylation sites: Ser-505 recojnized
by W K and Ser-727 recojnized by PKNPKC. Several essential residues: Ser-228, Asp549,Arg-200.

substrates (Nalefski et al., 1994)).Secondly, several essential amino acid residues have been
identified that may be important for the catalytic mechanism of cPLA,. The cPLA2 sequence
containhg the segment Gly-Leu-Ser228-Gly-Ser resembles the amino acid motif of GIy-XSer-X-Gly that is present in rnany serine esterases and neutral lipases. Replacing the central
senne-228 with alanine by site-directed mutagenesis yielded a catalytically inactive cPLA,,
suggesting that the Ser-228 is required for the catdytic function of cPLA2 (Sharp er al.,
1994). Following mutation of Asp-549 to alanine, the enzymatic activity of cPLA, was
abolished, suggesthg that Asp-549 is also required for the catalytic function (Pickard et al.,
1996). Thirdly, the &LA2 sequence contains consensus phosphorylation sites for both
serine/ttireonine and tyrosine protein kinases (Sharp et al., 1991). Among them, the Ser-505
and Ser-727 are consewed in cPLAz from other species. Ser-505 resides within the sequence

Pro-Leu-Ser-Pro and is typically recognized by proline-directed kinases, such as MAP kinase
(Cobb and Goldsmith, 1995). Ser-727 is flanked by arginines, which is a typical sire
preferred by basotrophic kinases, such as protein kinase C and protein kinase A. Finally, the
cPLA2sequence contains a domain towards the C-terminus modestly e ~ c h e in
d proline that

may be responsible for the reduced electrophoretic rnobility of cPLAz on sodium
dodecylsulfate (SDS) polyacrylarnide gels (Kramer and Sharp, 1997).

1.7

The regulation of cPLA,

The cPLAz is tightly coupled to signal transduction. The product of cPLA,,
arachidonic acid (AA), not only functions as a precursor of ecoisanoids but also as a second
messenger (Clark et al., 1995). For exarnple, AA produced in response to TNFa stimulates

sphingomyelin hydrolysis. leading to the generation of the second messenger ceramide
(Jayadev et al., 1994). In this regard, cPLA? is believed to be of vital importance in cellular
horneostasis, and the regulation of expression and function of cPLA2 is of interest for the
understanding of normal cellular horneostasis and inflarnmatory processes (Irvine, 1982;
-4xelrod, 1990; Bonventre, 1992).
The cPLAz is regulated by multiple mechanisms. At the post-translational level, this
enzyme is subjected to complex modulations including Ca2*-dependenttranslocation to the
nuclear membrane and phosphorylation at serine 505 by MAPK (Clark e t al., 1995). In a
prolonged response, the expression levels of cPLA2 c m be regulated by a nurnber of
cytokines and growth factors at the transcriptional level (Wu et al., 1994; Maxwell e t al.,
1993). Other modes of regulation at the transcriptional level have yet to be explored.
The cPLA2 is the only known PLA? which is regulated by a receptor-mediated
process (Kramer and Sharp, 1997). The best understood process regulating cPLAz is the posttranslational regdatory mechanism responsible for rapid activation of cPLA2 iii response to
a variety of physiological stimuli, including the calcium-dependent translocation to the
membrane fraction via the CaLB domain, and protein phosphorylation (Clark e t al., 1991;
Winitz et al., 1994) (Fig 4). The cPLAz activity is enhanced by phosphorylation, a process
mediated by mitogen activated protein kinase, as well as by the indirect activztion of protein
kinase C and G-protein coupled receptors (Fig 4) (Cobb and Goldsmith, 1995; Nemenoff
et al., 1993; Clark et al., 1995).

The cPLA, mRNA level may also be subjected to modest regulation in some ceIl
lines by mediators such as IFN-y (Wu et al., 1994), macrophage colony stirnulating factor

Fig4. cPLA, Regdation at Post-tninscriptiooal Level

(Nakamura ei al.. 1992), TNFa (Hoeck er al., 1993; Hernandez et al., 1999), epidermal
growth factor (Maxwell et al., 1993). and glucocorticoid (Newton et al., 1997). The existence
of both GAS (Interferon-gammaActivation Site) and y-IRE (Interferon-%Response Element)
consensus elements in the 5'-flanking region of the cPLA2gene have been identified (Wu et
al., 1994). There is evidence to show that the GAS and y-IRE elements rnay be critical for

the induction of the cPLA, gene by IFN-y. In addition, the promoter region of
cPLAz contains several inducible elements, including AP- 1 binding sites and a potential NF-

KB binding site, which may account for the transcriptional control of cPLA2(Tay et al.,
1994). The fact that cPLA, can be regulated by mechanisms affecting its long-term activity
supports the idea that cPLA, could participate in processes such as the development of
nervous system (Yoshihara er al., 1992) or differentiation of premonocytic U937 cetls (Burke
et al., 1999).

1.8

The nuclear receptors
Nuclear hormone receptors comprise of a large superfârnily of ligand-modulated

transcription factors that mediate response to steroids, retinoids, thyroid hormones and
vitamin D,. These receptors play key roles in development, ce11 differentiation, and organ
physiology (Beato et al. 1995). Unlike water-soluble peptide hormones and growth factors,
which bind to ce11 surface receptors and activate a cascade of second messengers, the fatsoluble steroid hormones can enter the ce11 by simple or facilitated diffusion and transduce
their signals to the genome via intracellular receptors (Evans. 1988; Mangelsdorf et al.,
1995). Afier binding to its receptor, the hormone-receptor complex translocates from the

cytoplasrn to the nucleus, induces an altosteric change that enables the complex to bind to
high affïnity sites in the chromatin, and modulate transcription (Kurokawa et d,1994;
Forman et al., 1995a). Nuclear receptors can also bind to DNA in the absence of a ligand
(Mangelsdorf et al., 1995).
There are more than 150 members of nuclear receptor superfamily, spanning a large
diversity of animal species fiom w o m s

PO

insects to human (Mangelsdorf et al., 1995).

Using low stringency hybridization screening as well as genetic and molecular cloning
techniques, numerous members of the family for which there are no apparent ligands have
been identified. These are so-called ccorphan"receptors (Fig 5).

The superfamily of nuclear receptor is often divided into the steroid receptor family

and the thyroid/retinoid/vitamin D (or nonsteroid) receptor family. Each type of receptor
constitures a subfamily (eg., PPAR subfamily). Receptor subtypes are the products of
individual genes (eg., PPARa), and receptor isoforms are the products of alternate splicing,
promoter usage, or both (eg., PPARy 1, PPARy2) (Mangelsdorfet cd., 1995).
The nuciear receptor superfamily c m be broadly grouped into four classes based on
their dimerization and DNA binding properties (Fig 5). Class I receptors include the steroid
hormone receptors which fiuiction as ligand induced homodimers and bind to DNA half-sites
organizea as inverted repcats. Class II receptors heterodimerize with the retinoid X-activated
receptor OU(R) and characteristically bind to direct repeats. Class EI receptors bind primarily
to direct repeats as homodimers. Class IV receptors typically bind to extended core sites as
monomers (Mangelsdorfet al., 1995; Stunnenberg, 1993).

Stsroid Receptors

Dimerie Orphan Receptors

RXR Heterodimers
mcsS

t h y r o hormone
~

RCIR 4B. y
VDR

8#-~8m?
RA

Monomeric Orphan Receptors

Fig 5. Nuclear receptors sharing cornmon structure/function domains. Top figure
depictes the modular structure of the nuclear receptor. (Adapted from Mangelsdorf et al,
1995)

1.9

The modular structure of nuctear receptors
A typical nuclear receptor contains several fiinctional domains (Fig 5, top part): a

variable N-terminal region (NB), a conserved DNA-binding domain (C). a variable hinge
region @), a conserved ligand-binding domain (E) and a variable C-terminal region (F). The
nuclear receptors are charactenzed by a central DNA-binding domain (DBD), which targets
receptor to specific DNA sequences known as hormone response elements. The DBD is the
composed of two highly conserved zinc fingers that set nuclear receptors apart from other
DNA-binding proteins (Kiug and Schwabe, 1995). The C-terminal half o f the receptor
encompasses the ligand-binding domain (LBD), which possesses the essential property o f
hormone recognition and ensures both specificity and selectivity of the physiologie response.

In other words, the LBD can be thought of as a molecular switch that, upon ligand binding,
shifts the receptor to a transcriptiondy active state (Mangelsdorf et al., 1995; Slack, 1999a;
1999b). The functions of other domains are summarized in elsewhere (Tenbaum et al.,

1997).

1.10

Peroxisome proliferator-activated receptors (PPARs)

The DNA binding domain is highly conserved among al1 members of the nuclear
receptor superfamily and permit5 the cloning of many new memben of this farnily. In 1987.
a peroxisome proliferator-binding protein in rat liver was idsntified and charactenzed
(Lalwani et al. 1987). Subsequently, the first peroxisome proliferator-activated receptor

(PPAR)was cioned from mouse liver (Isseman and Green, 1990). foIlowed by other PPAR
homologs in several species (Dreyer et al., 1992; Tontonoz et al.. 1994a; Amri et al., 1995).

With the discovery of rnany tigands of the PPARs, these groups of receptors is no longer
considered as orphan receptors.
To date, three different types of PPARs, cc, y, and 6 have been identified in
vertebrates. They are encoded from separate genes, have distinct tissue distribution and c a r y
out different function. Marnmalian PPARcc is predominantly expressed in liver, heart,
kidney, and tissues with high catabolic rates for fatty acids and peroxisome metabolism, such
as the brown adipose tissue (Isseman and Green, 1990; Braissant et al., 1996). PPARa

activation mediates pleiotropic effects such as stimulation of lipid oxidation, alteration in
lipoprotein metabolism and inhibition of vascular inflammation (Schoojans et al., 1996a;
1996b; Staels et al., 1998). PPARer is also present in endothelid and smooth muscle cells
(Delerive er al., 1999; Marx et al., f 998), monocytes and monocyte-derived macrophages
(Chinetti et al., 1998; Ricote et al., 1998), and in keratinocytes (Hanley et al., 1998). The
dysfunction of PPARa rnay be associated with hyperlipoproteinemia (Staels et a[., 1998;
Delenve et al., 1999). PPARy has been implicated as a mediator of adipocyte differentiation
and provides a mechanism for thiazolidinedione drugs to exert their in vivo insulin
sensitization (Berger et al., 1999). It is proposed that PPARy acts with C/EBPP (CCAATT
enhancer binding protein) and provides the initial trigger for adipogenic development (Fajas
er al., 1998). However, it is unclear whether PPARy is the only PPAR that plays a role in the
induction of adipocyte differentiation. Transcriptional activation of PPARy also initiates a
positive feedback loop that enhances the expression of the oxidized-LDL receptor CD36,
which is involved in a metacrine regdatory circuit whereby the oxidized-LDL may
contribute to foarn ce11 formation during atherogenesis (Nagy et al., 1998; Tontonoz et al..

1998). The altered activiîy of PPARy may be associated with the pathogenesis of obesity and
non-insulin-dependent diabetes mellitus, two risk factors of atherosclerosis (Schoojans et al.,
l996a).
PPARG is abundantly and ubiquitously expressed, but the function is less known.
Recently, it has been shown to be associated with the inhibition of human colorectal
tumorigenesis mediated by non-steroidal anti-inflammatory dmgs (NS AiD S) (He et al.:
1999).

1.1 1

Natural and synthetic activators of PPARa and PPAR y
Al1 PPARs are, albeit to different extents, activated by fatty acids and their

derivatives. With the exception of short-chah fatty acids (<C,,),

a broad range o f naturally

occurring fatty acids are capable of activating different PPARs (Gottiicher et al., 1992; Keller
et d.,
1993). Substituted fatty acids, such as sulphur-substituted fatty acid analogues, are

more potent PPAR activators (Demoz et al., 1994). Several exogenous substances, such as
lipid-lowenng drugs (fibrates), phthalate ester plasticizers, and herbicides also activate
PPAEb (Isseman and Green, 1990; Dreyer et al., 1992). Among them, fibrates bind to and
activate PPARa,with low affinity but high specificity (Forman et al., 1997). WY- 14643
(pirinixic acid; 4-chloro-6-(2,3-xy1idino)-2-pyrimidinylthioacetic acid) is a another specific
synthetic

PPARa

ligand (Table 1). GW2331 (2-(4-[2-(3-[2,4-difTuoropheny&l-

hepty1urieido)ethylphenoxy)-2-methylbuty acid, a synthetic fibrate, has been found
function as a high affinity ligand for both PPARor and PPARy (Kliewer et crl., 1997).
Antidiabetic agents, such as thiazolidinedione, bind selectively with high affinity and

Table 1.

Activators of PPARs and RXR

Receptor

Naîural Activator

Synthetic Activator

PPARa

Oleic acid

Fibrates

Lindeic acid

WY 14,463
(pirinisic acid; 4chloro-6-(2,3-

?cyIidino)-2-pyrimidinylthioacetic
acid)

Arachidonic acid

ETYA Q , 8 , 1 1 , w
eicosatetruynoicacid)

GW233 1 (2x4-12-(3-[2,4Difiuorophenyl]-1-hept-2mylureido>ethfl]phenoxy)2methylbuSric acid

9-HODE

15-DPGJ2

(9-hydro?cyoctadecadinoicacid)

(15deo~~~~'"
prostaglandin &)

13 -HODE
(13-hydr~~uyoctadecadinoic
acid)

TZD (thiazolidinedione)

(15-OH metabolite of arachidonic acid)

Arachidonic acid

cm233 1 (2-(4-[2-(3-[2,4Difluorophenyll-l-hept-2enylureido)ethyI]phenoxy>2methylbutyric acid

9-cis-RA
(94s- retinoic acid)

Ali-tïms-RA
(ail-trans retinoic acid)

potently activate the PPARy subtype, suggesting that they are synthetic ligands for P P M y
(Lehmann et a[.. 1995). Arachidonic acid metabolites, such as the prostaglandin JJ group are
the natural ligands for PPARy (Yu et al., 1995) (Table 1). Hypolipidernic fibrates, such as

cipofibrate, clofibrate and gemfibrozil activated PPARa maximally at 300 p M in CV-1 cells.
At the same concentration, they exhibited only weak activity on PPARy. However, at 1mM,
al1 three drugs displayed significant activity on PPARy (Forman et al., 1997).

1.12

Clofibrate: a hypolipidemic drug

CLofibrate (ethyl-p-chlorophenoxyisobutyrate) is a synthetic lipid-Iowering agent,
which belongs to the fibrate superfamily (Fig 6). It has a molecular mass of 214.6 kDa. As
the first generation of lipid-lowering drugs, clofibrate has been approved for use in the
United States for the last three decades. Treatrnent with clofibrate results in a substantid
decrease in plasma tciglyceride-rich lipoproteins and an increase in high-density lipoproteir~

( D L ) cholesterol concentration (Davignon, 1994; Sirtori and Franceschini, 1988). It also
induces a reduction of the small dense LDL, resulting in better resistance of LDL to
oxidation (Erkelens er al., 1981). These alterations are correlated with decreased apoB,
apoC-III, and apoE levels in triglyceride-rich tipoproteins and increased apo A-I and apoA-II
in HDL (Fruchart et al.- 1987). The fibrate effect on hurnan apo A-1 is mediated by the
transcription factor PPARa. which interacts with a positive PPAR-response element (PPRE)
in its promoter region (Staels and Auwerx, 1998).
In one placebo-controlled study, the mortality rate was increased among patients who

were receiving clofibrate. as a result of diseases of the biliary tract and cancer (The

Committee of Principle Investigators, 1978). Another follow-up study reported in 1982
showed that during the whole period of the study, (the mean observation was 13.2 years),
there were 70 (1 1%) more deaths in the clofibrate-treated group (The Committee of Principle
hvestigators, 1980; 1984). Combined with other adverse effects such as erectile dysfhction
in men and myositis in patients with impaired renal function (Schonfeld, 1994), clofibrate
is not considered as the drug of choice in some cases. The second and third generation of
fibrates, such as fenofibrate and gemfîbrozil , are more powerful in their lipid-lowering
action and have less adverse effects. Therefore, fenofibrate and gemfibrozil have been used

as drugs of choice for the treatment of hyperlipidemia (Fig 6).

1.13

Activation of PPAR and cross-talk with other signaling pathways
After binding to its Iigand, the activated PPARs heterodimerize with another nuclear

receptor, the retinoid X receptor

m),
and initiate downstrearn gene transcription by

recognizing and binding to a specific peroxisome proliferator response element (PPRE).

PPRE is a direct repeat (DR) of the nuclear receptor hexameric AGGTCA DNA core
recognition motif separated by one or two nucIeotides (DR1 and DR2) (Fig 7).
Some receptors c m d s o be activated by ligand-independent mechanisms (Denner et
al., 1990; Power et al., 1Wl), suggesting that the intracellukir and membrane signaling

pathways are not completely separated and that cross-talk between these signaling pathways
may have important implications. Similar mechanisms occur in PPARs (Juge-Aubry et al.,
1999; GeIman et al., 1999). It has been shown that PPREs embody structures that have
potential for multiple cross-talk, and PPARs can interact with other hormone receptors in
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addition to RXR. For example, the regulation of the PPARar gene by glucocorticoids has
been linked to a diurnai rhythmicity in PPARa expression and its induction in response to
stress (Lemberger et al., 1996). This reaction is mediated through the interaction between

PPAR and the glucocorticoid receptor (GR). Some PPARs also act as CO-regulatoryfactors
for the thyroid receptor in thyroid hormone signaling (Bogaui et al., 1994). Furthermore,
PPARs have been implicated in estrogen signaling pathways in the regulation of cardiac and
hepztic lipid metabolism (Djouadi et al., 1998). In PPARa nul1 mice (PPARcr 4- rnice), the
inhibition of cellular fatty acid fluxwas shown to cause massive hepatic and cardiac lipid
accumulation, hypoglycernia and death in 100% of males, but only in 25% of femaieç.
Intcrestingly, the metabolic phenotype of male PPARa-/- mice w a s rescued by a 2-week
pretreatment with beta-estradiol. Six out of eight estradiol-treated PPARa-/- rnice survived
without developing hypoglycemia and exhibited reduced hepatic and myocardial lipid
accumulation (Djouadi et al., 1998).

1.14

Target genes and functional impkation of PPAR
PPAR play an important role in lipid metabolism and homeostasis. The activation of

PPAR has been shown to be involved in multiple cellular processes, such as alteration in
lipoprotein metabolism and preadipocyte differentiation. For example, the activation of
PPARa by fibrates regulates both extracellular and intracelluar lipid metabolism. Fibrates
up-regulate the transcription of lipoprotein lipase (LPL) as well as dom-regulate apoC-III.
therefore resulting in an increase in the extracellular hydrolysis of triglyceride-rich
lipoprotein (Schoonjans er al., 1996a; Staels et al., 1995). Fibrates exert an intracellular

hypolipidemic action by concomitant increases in the up-take and metabolism of the
released fatty acids, through activation of PPARa. Various cytosolic proteins, such as the
liver fatty acid-binding protein (FABP) and the adipose tissue-specific adipocyte fatty acid
binding protein P2 (aP2) are induced upon administration of fibrates (Isseman et al., 1992;
Tontonoz er al., 1994a). These proteins facilitate the cellular fatty acid uptake. Fibrates also
regulate the genes encoding the acyl-CoA oxidase (Dreyer et al., 1992) and microsomal
cytochrome P450 fatty acid o-hydroxylase (Muerhoff et al., l992), the rate-limiting enzymes
in the peroxisomai P-oxidation pathway and in the microsornai a-oxidation pathway,
respectively. Another extra-peroxisomal gene regulated by fibrates is acyl-CoA synthetase,
which is localized in peroxisomes, mitochondria, and microsomes (Schoojans er al., 1995).
Finally, fibrates reduce the activities of acetyl-CoA carboxylase (Maragoudakis and Hankin,
1971) and fatty acid synthase (Balke and Clarke, 1990), therefore inhibiting the de novo fatty
acid synthesis. Al1 of these actions exerted by fibrates are mediated through activation of
PPARn, and PPREs have been identified in each of the genes for the enzymes at the
promoter region.

PPARu was originally cloned from rodent liver (Isseman and Green, IWO). A diverse
group of rodent non-genotoxic carcinogens, which are arnphipathic carboxylates in nature,
are collectively defined as proxisome proliferators (PPS)~including hypolipidemic drugs
(fibrates), plasticizers and herbicides. Although most of the PPARa functions are conserved,
some important differences in response to PPs exist. For example, treatment of rodents with
PPs results in hypolipidemia, peroxisome proliferation and liver hyperplasia leading to nongenotoxic hepatocarcinogenesis (Hertz and Bar-Tana, 19%). In contrast to rodents, the

hypolipidemic effect exerted by PPs (such as fibrates) in humans is never accompanied by
peroxisorne proliferation or by induction of hepatocarcinogenesis. Such different responses
to fibrates among species may be linked to variations in the PPARa signalhg pathways.
Recently, James and CO-workersidentified a naturally occurring PPARa variant from human
liver, which shares the ability of mouse PPARa (mPPARa) to bind to DNA but, unlike
mPPARa, could not be activated by PPs (James et al., 1998). Further studies showed that
the rnRNA of hPPARa variant, which lacks the entire exon 6 due to alternative splicing, is
expressed in seveml hurnan tissues and cells, representing between 20-50% of total PPARcr
mRNA (Gerviois er al., 1999). This deletion leads to the introduction of a premature stop
codon, resulting in the formation of a tnincated PPARa protein (PPARatr) lacking part of
the hinge region and the entire ligand-bhding domain. By contrast, PPARatr mRNA could
not be detected in rodent tissues. The tnincated MPARa protein (hPP&)

produced by the

splicing variant may act as a dominant negative regulator of the gene transcription mediated
by the PPARa wild type (PPARu,.J (Gerviois er al.. 1999). Thus: the protection of human

behgs fkom hepatocarcinonoma by PPs may arise due to the presence of the PPARa variant

(Hertz and Bar-Tana, 1998).
Several highly specialized proteins are induced during adipocyte differentiation. Most
of them are involved in Iipid storage and metabolism, such as aP2 (Tonotonoz et al., 1994a),
acyl-CoA synthetase (Schoojans er al., 1993), and LPL (Schoojans et al., 1996b). In vitro
studies show that in each of these enzymes, PPRE has been identified at the promoter region
in the respective gene. Among them, the LPL gene is more efficiently activated by PPARy

than by PPARa.This is an another piece of evidence that is consistent with the specific role

for PPARy in adipose tissue differentiation (Tonotonoz et al., 1994a; 1994b; Schoojans et

al., 1996a). Moreover, LPL has the ability to increase the availability of fatty acids to the
adipoctye. This increase in uptake of fatty acids is further enhanced by the increase in acyl-

CoA synthetase activity mediated by PPAR. Fatty acids, which are potent activators of PPAR
and provide the necessary building blocks for triglyceride accumulation, also cause adipocyte
differentiation. This positive feedback loop, which involves the PPARy, LPL, acyl-CoA
synthetase, fatty acid transport protein, and perhaps other genes, promotes and maintains the
mature adipocyte phenotype.

1.15

Structural, regulatory and functional dûference of COX-1 and COX-2
Cycooxygenase (COX) (EC 1-14.99.1) is the enzyme which catdyzes the conversion

of arachidonic acid to prostaglandin Hz(PGHJ. PGH2 is subsequently converted to a varieof eicosanoids that include PGE?, PGD?, PGF2,, PG&,and thromboxane (TX) A2 (Fig 1 and
Fig 2). Different tissues or cells produce different PGs, depending on the downstream
enzymatic machinery present in a particular ce11 type. For example, endothelial cells
primady produce prostacyclin (PGIJ, which cm induce the relaxation of vascular smooth
muscle by increasing cyclic AMP (CAMP) levels (Moncada and Vane, 1979). whereas
platelets mainly produce T

m (Herschman, 1996).

COX is encoded by two related genes located on different chromosomes, cox-l and
cox-2, which are differentially expressed and regulated (Smith, 1992). The cox-l gene is 22

kb in length, contains 11 exons (Kraemer et al., 1992), and is constitutively and ubiquitously
expressed. The cox-2 gene is 8 kb in length, contains 10 exons (Kujubu and H e r s c h a ,

.

19921, and is expressed at high levels upon induction by growth factors, cytokines and
extraceI1uIar stimuli associated with ce11 activation (Smith et al., 1996). Many ce11 types
related to inflammation, such as monocytes, endothelid cells and fibroblasts express the cox2 gene upon induction (Hla and Neilson, 1993). The cDNA of human cox-2 encodes a
polypeptide of 604 amino acids that is 61% identical to the previously isolated human COX1 polypeptide (Hla et al., 1992). COX-1 and -2 are integral membrane proteins. The
interactions of the enzymes with the lipid bilayer involve an unique membrane binding
domain (MBD), which was first recognized by analysis ofthe crystd structure of ovine COX1 (Picot et al., 1994). Both COX-1 and -2 are bound to the lumenal surface of the
endoplasrnic r e t i c u l u (ER) and contiguous outer membrane of the nuclear envelope (Otto

and Smith, 1994). However, COX-2 is more concentrated on the nuclear envelop than COX1 (Morib et al., f 995).

Although some cells express both COX-1 and -2, the biological function ofthese two
isoforrns is different. COX-1 is mainly responsible for the biosynthesis of prostaglandins

(PGs) involved in homeostatic regulation, which act as local "housekeeping" responses to
circulating hormone. This action is mediated via G protein-Iinked receptors (Smith et al.,
1996). COX-2, on the other hand, probably has

hi.0

roles. One major d e of COX-2 is

involved in CO-localizingwith COX-1 in the ER to augment the function of COX-I (or to
substitute for COX-1 in cells lacking this isozyme). Another roie of COX-2 is to produce

PGs that act through nucleoplasmic or nuclear membrane targets in association with ce11
differentiation and replication. The latter action is mediated through the nuclear receptor.
For example, PGJ,, a derivative of PGI, can activate PPARy. which in tum triggers 3T3

murine preadipocyte differentiation (Forman et al., 1995b).

1.16

Relationship between cPLA, and COX-2
The synthesis of prosraglandins is regulated by the AA release by cPLA2 and

subsequently, the conversion of AA to PGs by cyclooxygenase (COX). cPLA, and COX
represent

two

crucial

rate-limiting

steps

for

the

PG-biosynthetic

pathway.

Immunofluorescence and confocai microscope studies have shown that cPLAz translocates
fiom the cytosol to the nuclear membrane and endoplasmic reticulum (ER) upon stimulation
by Ca" (Schievella et al., 1995). Using similar approaches, both COX isoforms were found

to reside in the ER and nuclear envelope (Regier et al., 1993). Evidence showed that a
hnctional coupiing exists between cPLA2 and COX-2 in activated cells (Balsinde et al.,
1998; Murakami, 1999). The fùnctional c o u p h g of cPLAz/COX- has been shown to be

associated in both the immediate and delayed PG-biosynthetic responses (Murakami et al.,
1999). In addition, the human cPLA2gene has been mapped to chromosome lq25,a region

that also contains the COX-2 gene (Sharp and Kramer, 1997). Collectively, these data
suggest that there may be coordinated regulation of cPLA2and COX-2.

II

HYPOTHESIS AND OBJECTIVES OF THE STUDY

Arachidonate is an important precursor for eicosanoid biosynthesis. The release of
arachidonate from membrane phospholipids is facilitated by the action of cPLA,. In this
study, we hypothesized that the action of cPLA, is regulated both at the transcriptional and
post-translational levels.
The study in this thesis is divided into two parts. The fmt part was to investigate the
modulation of cPLA, at the &anscriptional level. Human preadipocyte SW 872 cells were

used as a mode1 in this study, and the regulation of cPLA2transcription was modulated by
clofibrate. The involvement of PPARa was exmined since the action of clofibrate has been
shown to be mediated via the activation of this nuclear hormone receptor. The second part
of the study was to elucidate the role and mechanism of lyso-PC in the modulation of cPLA2.
The H9c2 cells were selected as a r;zodel for this study because they were derived from the
rat heart but retained many of the properties of the skeletal muscle. The results obtained
fi-ornboth studies are discussed together in the discussion section.

III.

MATERIALS AND METHODS

1.

Materials and Supplies

The following reagents were purchased fiom specific manufacturers and used
according to instructions supplied, unless specifically annotated.
Sigma Chernical Company:
(St. Louis, MO. US-A)

Dulbecco's Modified Eagle's medium
(DMEM)
Dulbecco's phosphate buffered saline (F'BS)

Bovine semm albumin (BSA, essential fatty
acid Fee)
Clofibrate

9-cis retinoic acid
Calcium ionophore A-23 187
Para-bromophenacyl bromide @BPB)
Gibco Life Technology, Inc.:
(Burlington, ON)

Fetal bovine serum (FBS)
Medium 199
TRIZOL Reagent
Moloney murine Ieukemia virus reverse
transciptase (M-MLV RT)
Taq DNA polymerase

Heat-inactivated newborn calf serum

Arnersharn Phamacia Biotech inc.:
(Quebec)
[5,6,8,9,11,12,14,1 5-3H]-Arachidonic acid

(309.6Ci/mmol)
1-[1 -'"C] palmitoyl-L-lyso-3-phosphatidylcholine (55 mCilmmo 1)

Adenosine
Ci/mrno 1)

~ ' - [ y - ~ ' ~ ] - t r i ~ h o s ~ h(3,000
ate

Peroxidase labelled anti-rabbit antibody
Enhanced cherniluminescence
system (ECL)
Biomol Inc.:
(Plymouth Meeting, PA. U S A )

detection

Staurosporine

Arachidonyltrifluoromethylketone(AAC0CFJ

Bisindolylmaleimide 1:
Calbiochem-Novabiochem Corp.:
(La Jolla, CA. U.S.A)
Serdary Research Lab.:
(London, Ontario, Canada)

Lipid standards
Lysophospholipids

Promega Inc.:
(Madison, WI, U.S.A)

Restriction enzymes
Ribonuclease inhibitor (RNasin)
Deo.xynucleo tide (dNTP)

Roche Inc:
(Quebec)

ExpandTblHigh Fidelity PCR System

nitrophenyl)-2H-5-tetrazolio]-1,3-benzene
disulfonate (WST-1)
Amencan Type Culture Collection: Human preadipocyte ce11 line SW 872
(ATCC)
Human bladder cancer ce11 line T-24
Rat heart myoblast (H9c2) cells
Difco Laboratories, Inc.:

LB agar and medium

Qiagen, Inc:

Plasmid Mini-preparation kit
Plasmid Midi-preparation kit

Invitrogen Corp. :
(Carlsbad, CA, USA)

One ShotTMTOP 1O competent cells

PCR Cloning vector
Zero ~ l u n TOPO^
t ~
Fisher Scientific:

Thin layer chromatographie plates (TLC)
Chlorofonn, methmol, acetic acid (HPLC
grade)

Cayman Chernical Co. :
(Am Arbor, MI, U S A )

5-deoxy-A'L'4-prostaglandinJ2 (PGJ,,)

Bio-Rad Laboratories, Inc:

Hybond nitrocellulose membranes
Pre-stained SDS-PAGE standard (Broad range)

Perkin-Elmer, Inc:
(Foster City, CA, U.S.A)

BigDye Terminator Cycle Sequencing Ready
Reaction Kit

2.

Methods

2.1

Ce11 culture
Preadipocyte SW 872 cells, denved from a human liposarcoma, onginally fiom the

Amencan Type Culture Collection, were kindly provided to us by Dr. Garry Shen (University
of Manitoba). Cells were cultured in Dulbecco's modified Eagle medium /Ham's F12
nutrition mixture at a ratio of 3 1 (DEMEX 12,3: 1), and M e r supplemented with 5 % heatinactivated fetal bovine S e m , 50 p g / d gentamicin, 20 mM N-2-hydroxyethylpiperazine-N2-ethane sulphonic acid (HEPES). Cells were grown in 35 nun or 60 mm dishes at 37 OC, in
a water-saturated atmosphere with 5 % C O and 95 % air. Cells were allowed to grow up to

30% con£luence in a monolayer, and then incubated in a medium containing either clofibrate,

5-deo~~-A"~'~-~rostaglandin
Jz (PGJ,), 9-cis retinoid acid, or vehicle alone (< 0.05 %
DMSO, < 0.05% ethanol) for the prescribed amount of tirne. The medium was changed every
48 hours until the end of the expenment. The human bladder cancer ce11 line T-34 was
cultured in medium 199 with 10 % heat-inactivated fetal bovine senun. Rat heart myoblast
(H9c2) cells were obtaked fiom ATCC and cultured according to the company's guidelines.
The cells were grown in flasks or culture dishes in Dulbecco7s Modified Eagle's medium
supplemented with 10% bovine senim alburnin, 100 units/ml penicillin, 100 pg/ml
streptomycin and 1.25 p g h l fingizone. Cells of 85-90% confluency were used for al1
subsequent experiments.

2.2

Radiolabeling of cells

Preadipocytes were cultured in DMEMIF12 medium (3/1), and grown to 90 %
confluency in 35 mm dishes. Cells were washed three times with HEPES-buffered saline
(HBS) which contained 140 rnM NaC1, 4 mM KCI, 5.5 mM glucose, 10 mM HEPES, 1.5

mM CaCI,, 1.0 mM MgC-, and 0.025% (WN) bovine serum alburnin, with a final pH of
7.4. CeUs were then incubated for 16 hours with 0.88-1 .O pCi/ml [5,6,8,9,ll, 12,14,15-3H]arachidonic acid (209.6 Ci/rnmol) (Tran and Chan, 1988), in a DMEMlF12 mixture (3/1)
contarning 5 % fetal bovine S e m ,
H9c2 cells were radiolabelled (Wong et al., 1998) in 35-mm culture dishes for 16-20
h with 1pCVml [3Hlarachidonatein Dulbecco's Modifïed Eagle's medium containhg 10 %
bovine s e m albumin. The cells were washed 3 times with HEPES-buffered saline
containing 140 mM NaCI, 4 mM KCl, 5.5 mM glucose, 10 mM HEPES, 1.5 rnM CaC12,and
1.O mM MgCl,, pH 7.4 and 0.1 % (w/v) essentially fatty acid-free bovine serum alburnin.
The binding of lysophospholipid to H9c2 cells was studied in the following manner:
cells were cultured on 60 mm plates with Dulbecco's Modified Eagle's medium containing
100 nM ["C]lyso~C (55 nCi/nrnol) for 15 min. Subsequently?the medium was removed,

and cells were incubated for another 15 min with the sarne medium containing 20 ,DMnonradioactive iysophospholipid (100 times excess) or 0.1 % bovine serum albumin. M e r the
second incubation, the cells were dislodged frorn the culture dish in HEPES-buffered saline.

The labeled lysophospholipid content in each dish was determinrd by scintillation counting.

2.3

Determination of arachidonate release

Preadipocytes rvere cultured in DMEM/F12 medium as described above, until30 %

confluent. Cells were then treated with clofibrate for 32 hours, and then incubated with
clofibrate and 0.88 pCi/ml [3H]-arachidonic acid for another 16 hours. At the end of the
incubation, cells were rinsed three times with HEPES-buffered saline containing 0.025 %
bovine senim aibumin in order to remove any nonspecific binding of arachidonic acid to the
cells (Wong et al., 19%) prior to agonist stimulation. Cells were then challenged with 10 p M
calcium ionophore A 2 3 187 for 35 min. The labelled arachidonate teleascd into the medium

was determined by scintillation counting.

2.4

Determination of intracellular Ca2'
H9c2 cells were plated on poly-D-lysine coated 35-mm glass cover slips 3-4 days

prior to experirnentation. [Ca"], levels were detemiined using the Ca2+-specificfluorescent
probe F m - 2 M . Cells were incubated for 40 min at 25OC followed by 10 min at 37°C in
HEPES-buffered saline buffer containing 1.2 rnM CaZ+,0.1% BSA and 2 pM Fura-WAM.
The cover slips containing Fura-2 loaded cells were placed in a PDMI-2 open perfusion
micro-incubator (Medical Microsystems Corp., Greenvale. NY) set at 37°C. Cells were
superfised at a rate of 2 &min with HEPES-buffered saline d u ~ baseline
g
measurements.
After 5 min, the flow was stopped and the buffer was removed and replaced with HEPESbuffered saline containing lyso-PC (25-1 50 PM). Cells were altemately excited at 340 and

380 nM, and emission was recorded at 510 nM with a video-based Universal Imaging
System (EMPIX, Mississauga, ON). R,JR,i

ratios were converted to nanomolar [ ~ a ' ' ] ~

according to the method of Grynkiewicz et al. (1 985). Images were acquired every 15 sec
during baseline measurements and every 5 sec following lyso-PC additions by real time

averaging of 16 &es

of each waveIength that included a background reference subtraction

from each of the acquired images. uicreases in [Ca2+Ii represent average cytosolic
concentrations detennined by subtracting [ca2+lilevels at 5, IO, and 15 min following lyso-

PC applications from baseline [Ca2+Ii. Al1 cells in the visual field were monitored for time
periods up to 30 min.

2.5

Determination of ce11 viability
Ce11 viability assays were performed with the reagent WST-I according to the

manufacturer's instruction. In this assay, the tetrazolium salt is used as a reagent for the
colorirnetric determination of viable cells. Tetrazoliurn is a hydrophobie molecule which can
permeate through the biological membrane, and cm be reduced by the mitochondrial
succinate dehydrogenase (MSH) (Savard and Snyder, 1971; Scudiero er al., 1988). When
a sulfonated tetrazolium salt, 4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2Holio]- 1,3 benzene disulfonate (WST-1) is added to the cell, it is cleaved to produce a highly watersoluble formazan dye by the cellular mitochondrial succinate dehydrogenase (Fig 8) (Iwaki
et al.,

1994). The colour development of this assay is dependent on the viabiliiy of the cells,

and can be quantified by measuring the absorbance of the dye solution. In essence,

preadipocytes were cultured in a 96-well plate and allowed to grow until30 % confluence.
Cells were treated with 50-1OOOpM clofibrate for 48 hours. and the WST-1 solution (1 0 pl)
from a commercial kit was immediately added to each well containing 100 p1 medium. Afier
incubation for 2 hours at 37 OC, the formazan dye produced by metabolically active cells in
each well was quantified by reading the plates with a Bio-Rad Mode1 3350 multi-well

WST-1
(sfighüy red)

-

Fig 8 Cleavage of the tetrazoiium sait WST-1 to foxmazan. (EC = electron c o u p h g
reagent. RS = mitochondrial succinate -tetrazolium-reductase synern).

spectrophotometer (ELISA reader) at 450 nrn, with a reference wavelength of 650 nm.

2.6

Morphological study on the conversion of preadipocyte to adipocyte

In order to detect morphological changes during the conversion of preadipocytes to
adipocytes, SW cells were grown on a Charnber Slide until20 % confluence. Cells were then
treated with the indicated concentration of clofibrate for 4 days, with a change of medium
every 48 hours. At the end of the incubation, the slide was washed &ce with PBS at 4OC,
air-dried for a few min, and then k e d with 10 % formalin for 3-5 min. The slide was stained
with Giemsa for 30 sec. A photograph was taken with the objective magnification of 400 x.

2.7

Determination of cellular protein

Preadipocytes were treated with clofibrate (10-500 PM) or DMSO vehicle (< 0.05
%) for 48 hours, and then washed three times with ice-cooled PBS and sedimented by

centrifugation for 5 min at 600 x g. The cells were re-suspended in the lysis buffer (50 mM
Tris-HCl, pH 7.4, conraining 150 mM NaCl, 1 mM EGTA, 1% NP-40,l mM PMSF,50 m .

NaF and 10 % glycerol). Cells were lysed by sonication twice with Fisher Sonic
Dismembrator, Model-300, at 35% power for 10 sec each tirne. The ce11 lysate was
centrifbged at 600 x g for 5 min at 4 OC to remove ce11 debns and unbroken cells. The protein
content in the supernatant was quantified using the bicinchoninic acid (BCA) reagent (Pierce,
Rockford, IL, USA) (Smith et al., 1985).

2.8

Electrophoresis and Western blot analyses

Samples containing 50 pg of protein were subjected to sodium dodecylsulfate! 7.5
% polyacrylamide gel electrophoresis (SDSPAGE), at constant 150 V for 1 hour. In a

control experiment, the standard c w e showed that the amount of protein used was within
the linear range of the enhanced cherniluminescence detection systern (ECL). cPLA2 protein
standard (15-20 ng) was used as a reference. Protein fractions in the gel were transferred to
the hybond nitrocellulose membrane (Bio-Rad), using the Serni-Dry Transfer Ce11 (Bio-Rad).
The membrane was incubated with the polyclonal anti-cPLA, antibody (1:1500-2000
dilution) dissolved in TBS containing 0.1 % Tween-20 (TTBS)and 2 % skim milk for 2-3
hours at room temperature. Both the cPLA, polyclonal antibody and the cPLAz protein
standard were generous g i h fiom the Genetics Institute, Boston, MA, USA. Subsequently,
the membrane was washed 4 times with TTBS and then incubated with the secondary
antibody (peroxidase labelled anti-rabbit secondary antibody, 1:3000 dilution) for 30 min at
room temperature. Protein bands in the membrane were visualized by ECL. In order to avoid
saturation of the X-ray film, the exposure time was optimized. The relative intensities of
bands were analyzed by scanning the film, and subsequently determined by Scion Image
software (NM Image modified for Windows by Scion Corp).

2.9

Determination of phospholipase A, activity

After clofibrate (10-500 pM) treatment, SW cells were washed twice with ice-cold
PBS and re-suspended in the lysis buffer containing 50 mkI Tris-HCl @H 8.0), 1 mM

EDTA, IO ,DM leupetin, 10 pM aprotinin, 20 mM NaF, 10 mM Na,HPO, and 1 mM
dithiothreitol (Dm).The suspension was sonicated twice for 10 sec each and the mixture

was sedimented at 600

x

g fcr 5 min to remove ce11 debris and unbroken cells. The

supernatant was designated as the ce11 homogenate. This supernatant was further subjected
to centrifugation at 100,000 x g for 60 min, and the cytosolic fraction was obtained Çom the
supernatant whereas the membrane fiaction was obtained from the pellets. Phospholipase
A2activity in the subcellular fiactions was determined by the hydrolysis of 1-stearoyl-2- II-

'JCl-arachidonyl-sn-glycerol-3-phosphocho~ine
to yield the radiolabelled arachidonate. To
prepare the substrate for the assay, the organic solvent was removed and the phospholipid
was suspended in the assay buffer containhg 0.5 % DMSO. A homogenous mixture was
obtained by vigorous shaking and sonication. The assay mixture contained 50 pl (10 pg
protein) of the ce11 homogenate, 50 pl of the assay b d e r (50 rnM Tris-HCI, pH 8.0,3.0 mM
CaCIJ, and 0.9 nmol of 1-steamyL2-f 1 -lJC 1-arachidonyl-sn-glycerol-3-phosphocholi
(100,000 dpmhssay), in a final volume of 100 pl. Oleic acid was added as a fatty acid
carrier. The mixture was incubated for 30 min at 37OC, and the reaction was terminated by
the addition of 1-5 ml of chlorofonn/methano1(2/1, by voiume ). Water (0-5 ml) was added
to the reaction mixtures to cause phase separation, and the lower phase (organic phase
containing the labelled arachidonic acid) was collected. The upper phase was re-extracted
with 1 ml chloroform, and the resultant lower phase was combined with the first extraction.

The fatty acid released in the lower phase was separated by thin layer chromatography (TLC)
in a solvent system consisting hexane/diethyl ethedacetic acid (70/30/1, by volume). The

fatty acid fraction was visualized by exposure of the plate to iodine vapor, and the
radioactivity of the arachidonic acid released was determined by liquid scintillation counting.
Similar approaches were employed to determine the cPLA, activity after treating the T-24

cells with descnbed concentrations of clofibrate for 48 hours.

2-10

Determination of PKC activity
CelIs were sonicated in buffer B (50 mM Tris-HC1, pH 7.5, 5 rnM EDTA, 10 mbf

EGTA, 0.25 M sucrose, 0-3% B-mercaptoethanol, 10 pM benzamidine, Z rnM PMSF, 10

pglml leupeptin. and 10 pg/ml aprotinin) and were centrifuged at 1,500 x g for 10 min. The
supematants were subjected to ultracentrifugation at 100,000 g for 1 h to obtain soluble and
membrane bctions. Approximately 15-30 pg of protein fiom these fractions were used to
determine PKC activity using a PKC assay kit (Amersham), which is based on the
incorporation of "P fkom [yy3*p]ATP into a PKC-specific substrate peptide.

2.11

IsoIation of total RNA
The total cellular RNA was extracted using the TRIZOL Reagent according to the

manufacturer's instruction. Briefly, celk were washed three times with ice-cold PBS, and 1

ml of TRIZOL Reagent was added into each 100-mm dish. The content of each dish was
collected and incubated at room temperature for 10 min, following which 200 pZ chioroform
was added. m e r mixïng, the sample was centrifuged at 10,000 x g for 15 min at 4 OC. The

upper phase was transferred to a new sterile tube, and mixed with 500 pZ ice-cold
isopropanol. The sohtion was allowed to sit at room temperature for 10 min. The RNA pellet
was obtained by centrifugation at 10,000 x g for 10 min at 4 OC. The RNA pellet was stored

at -20 OC in 75 % ethanol for future use, or re-suspended in an appropriate volume of
autoclaved, double-distilled (ADD)-water d e r washing with 75 % ethanol. In a control

study, both the ADD-water and the diethyl pyrocarbonate (DEPC)-treated water were used
to compare the RNA integrity in the preparation and analysis of RNA. There was no

significant difference in RNA degradation between the DEPC-treated water and the ADDwater. Similar results were obtained in another study (Huang et al., 1995). Therefore, the
ADD-water was used in subsequent experiments.

The purity and the yield of isolated RNA were determined by monitoring absorbance
at 260 n m and 280 nm. The integrity of the RNA was confïrmed by performing denaturing
agarose gel electrophoresis on the isolated RNA sample.

2.12

PCR primers and RT-PCR
The cDNA for cPLA, COX-1, COX-2, PPARct or PPARy was amplified with a pair

of specific primers. Using the known gene sequence of each protein, the primers were
designed using the Mac Vector program (Sequence Analysis Software, Version 6.0.1. Oxford
Molecular Group). Each primer was synthesized by Gibco Life Technology, hc. The
sequence of primers and the length of predicted PCR products were listed in Table 2.

The first strand cDNA fkom 1 pg total RNA was synthesized by employing 150 U of
MoIoney murine Ieukemia virus (M-MLV) reverse transcriptase, 25 pmol of random
hexamer primer, 20 U of ribonuclease inhibitor, 1mM dithiothreitol (DTT), and 10 pmoi
each of the four deoxynucleotides (dNTPs), in a total volume of 15 pl (Leygue et al., 1996).

The reaction was incubated at 37' C for 1 hou, and terminated by boiling at 95 OC for 5 min.
An aliquot of 1.0

- 1.2 p l of the resultant cDNA preparation was used directly for each

amplification reaction.

Table 2.

NAM.

PCR Primer Design

SEQWENCE

GAPDHOI) 5'-ACC CAC TCC TCC ACC TTTG-3'
GAPDH(L) 5'-CTC TTG TGC TCT TGC TGG G-3'

cPLA, (ü)
cPLA, (L)

5'-AAA GAA CAC TAT AGG GAG AG-3'
5'-AAA GAG GTA AAG GGC ATT GT-3'

COX-i(U) 5'- TGC CCA GCT CCT GGC CCG CCG CTT-3'
COX-i(L) 5'- GTG CAT CAA CAC AGG CGC CTC TTC-3'
COX-2(U) 5'- TTC AAA TGA GAT TGT GGG AAA ATT GCT-3'
COX-2(L) 5'- AGA TCA TCT CTG CCT GAG TAT CTT-3'
PPAR-a (U) 5'- AAG TGC CTT TCT GTC GGG ATG-3'
PPAR-a(L) 5'- CGT TCA GGT CCA AGT TTG CG-3'
PPAR-y (U) 5'- CAG AAA TGC CTT GCA GTG GG-3'
PPAR-y (L) 5'- GGG GGT GAT GTG TTT GAA CTT (3-3'

START
SITE

PRODUCT
LENGTH
(bp)

PoIymerase chah reaction (PCR) was performed in 20 ~1 reaction mixtures
containing 8 pmol of each primer, 8 pmoi of each dNTP and 0.4U Taq DNA polymeraseThe mixture was overlaid with 30 pl mineral oïl to prevent evaporation. 'The reaction mixture
was incubated in a Perkin-Elmer DNA Thermal Cycler under conditirnus listed in Table 3.

The arnplified RT-PCR product was analyzed by 1.2-1-8 % agarose gels
electrophoresis in TAE buffer (40 mM Tris acetate, 2 mM sodium EDTA), and visualized
by staîning with O.Spg/rnl ethidium brornide. The GAPDH (glyceddehyde 3-phosphate
dehydrohenase ) was used as an intemal control.

2.13

mRNA stability assay

Actinomycin D (Fig 9) is an antibiotic extracted fiom sireptomyces species mixture.
(purchased fiom Sigma. Catalog number: A1410). It inhibits the proliferation of cells in a
nonspecific way by formllig a stable complex with double-stranded DNA, thus inhibithg the
DNA- primed RNA synhesis. To test the stability of cPLA, mFWA, preadipocytes were
grown to 30 % confluence, and then incubated in the presence or absence of clofibrate. Cells
were grown in ciofibrate for 48 hours, and then challenged with 5 pg/rnl actinomycin D for
up to 24 hours. The cPLA, mRNA level at each time point was measued by RT-PCR.

2.14

Sequence analysis of cDNA

The identity of each PCR product generated from RT-PCR using Toq DNA
polymerase was verified and confirmed by direct DNA sequencinig. The gel fraction
containing the target DNA, including COX-1, COX-2, cPLA,, PPARœ or PPARy, was

Table 3.

-

PCR Condition

Cycle

Denaturation

Anneaihg

Extension

cPLA,

28-30

94OC,I min

55OC,2 min

72OC,1 min

COX-1/2

25-28

94OC,1 min

60°C,1 min

72OC,1 min

PPARcl

25-3O

94OC,30 sec

57-60°C,
30 sec

72OC,30 sec

PPARy

25-30

94OC,30 sec

58-60°C,
30 sec

72OC,30 sec

GAPDH

25

94OC,30 sec

5S°C,30 sec

72*C,30 sec

NAME
-

par\

t-Pro

L-MeVal

/
'

Sar

L-Pro

Fig. 9 Structure of Actinomycin D

L-MeVal

excised and purified using standard methods. h brief, the agarose block with DNA fractions
were cut under W light, each fkction was placed in a Spin-X centrifuge tube equipped with
a filter (0.22 ,uncellulose acetate in 2.0 ml tube) and 100 pl H20 was added. The solution
containing the DNA bction was obtained by centrifugation at 12,000 rpm for 5 min at 4 OC.

The DNA in each fraction was extracted with phenol/chloroform, and the DNA in the
aqueous fiaction (100 pl) was allowed to precipitate in 10 pl of 3 M sodium acetate (pH 5.5)
mked with cold 100 % ethanol(250 pl). The DNA was pelleted by centrifugation at L 2,000

rpm for 15 min (4 OC), followed by washing with ice-cold 75 % ethanol. The DNA was resuspended in H20, and an aliquot was submitted for sequencing analysis. The sequencing
was performed using the Perkin-Elmer Applied Biosystems AB1 3 10 Genetic Analyzer and

the BigDye Terminator Cycle Sequencing Ready Reaction Kit at the Institute of Ce11
Biology, University of Manitoba, Winnipeg, Canada.
The nucleotide sequences obtained were used for homologous search by the Basic
Local Mignrnent Search Tool (BLAST). Using a heuristic algorith, BLAST c m seek local
as opposed to global alignments and is therefore able to detect relationships among
sequences that share on& isolated regions of similarity.

2.15

Statistical analysis

The data were analyzed w-ith a two-tailed independent Student's r test, or where
appropriate, a one-way analysis of variance (ANOVA), followed by Duncan's new multiple
range post hoc test to detect individual differences. In al1 cases, the level of significance was
defined as P c 0.05. Results are presented as the mean & standard deviation or standard error.

IV

Part I
4.1-1

EXPERIMENTAL RESULTS

Modulation of cPLA, by Clofibrate in SW Cells
The effect of clofibrate on A-23187-induced arachidonic acid release in SW cells
Clofibrate is a synthetic c h e ~ c awhich
l
belongs to the fibrate farnily. It was the first

generation of triglyceride-lowering drugs to be recommended for treatment of patients with
hyperlipidemia. In order to examine the ability of clofibrate to activate cytosolic
phospholipase A2 (cPLAZ), the effect of clofibrate on the release of arachidonic acid in
human preadipocyte SW 872 cells was studied. SW cells were pre-incubated uI D M E M l 2
(3/1; by volume) medium containing 5 % FBS and 50-200 pM clofibrate for 32 hours, pnor

to incubation in the presence of VH]-arachidonate. A prolonged period of arachidonate
labeling may result in arachidonic acid break down, or chah elongation of arachidonate into
adrenate (Rosenthal and Hill 1986). The presence of adrenate has been shown to resist the
agonist-induced release of arachidonate fkom the phospholipids (Rosenthal and Hill, 1986).
Hence, the labeling of SW cells with [3H]-arachidonate (0.88 pCi/ml) was confined to the
last 16 hours of the clofibrate treatment. About 33 % of the arachidonic acid was taken up
by the cells. In a control study, the presence of clofibrate did not significantly alter the total
cellular uptake of radiolabeled arachidonate in SW cells (Table 4). When these cells were
stimulated with calcium ionophore A-23 187 (10 p M ) (Street et al., 1993; Demis, 1997),
arachidonate release was significantly enhanced in the clofibrate-treated cells (Table 5). No
morphological change in the shape or size of cells was apparent during the course of
treatment. A 34 % increase in arachidonate release was observed when 50 pM

Table 4.

The effect of clofibrate on total cellular uptake of I3Hl labeledarachidonic acid in human preadipocyte cells

Monolayer cells were cultured in regular media to 25 % confluence in 35 mm dishes, and
then treated with 0,50or 200pM clofibrate for 36 hours. Ceils were then incubated with 0.88
pCi/ml [3~-arachidonic
acid for 16 hours in media containhg the indicated concentrations
of clofibrate. The culture media were collected and cells were washed tbree times with
HEPES-buffered saline. The b e e r was combined with the culture media and an aliquot of
solution was taken for determination of radioactivity by scintillation countkg- Results are
expressed as mean standard deviation of three separate experirnents.

*

Clofibrate (PM)

Radioactivity remaining

in medium (dpm x 10'/ml)

Total cellular uptake
(Yo)

Table 5.

The effects of clofibrtae on A-23187-induced arachidonic acid release
in preadipocytes-

C e h were treated with indicated concentrations of clofibrate for 32 hours, and then cultured
with the medium containuig 0.88 p C i d [3EIlara~hidonic
acid and same amounts of clofibrate
for another 16 hours. Cells were rinsed and challenged with 10 p M Calcium ionophore A23 187 for 35 min. Arachidonate release into the medium was determined. Resutts are
expressed mean standard error of the mean fkom 3 independent experiments, each carried
out in triplkate. * Pc 0.05 and ** P< 0.01 when compared with control.

*

Clofibrate
Treatment (pM)

Arachidonate Release
(dpddish x lo4)

of clofibrate was added, whereas a 50 % increase was obtained when 200 pM of clofibrate
was used. In the absence of the agonist, there was a smail but insignificant increase in the
release of arachidonic acid £tom cells treated with a high concentration (200pM) of clofibrate
(data not shown). Our results indicate that clofibrate enhances the A-23187-induced
arachidonic acid. release in hurnan preadipocytes.

4.1.2

The effect of clofibrate o n cPLA, activity
The enhancernent of arachidonic acid release may result from the activation of the

cytosolic or secretory phosphoslipase A,. In mammalian cells, the major pathway for the
release of arachidonate is catalyzed by the hydrolytic action of cPL& (Wong et al., 1998,

and references therein), and the contribution of the secretory phosphoslipase AI to this
process is very limited (Golfinan et al., 1999). Since clofibrate caused the increase of A23 187-induced arachidonic acid release in SW cells, it would be of interest to demonstrate
that the increase was associated with an enhancement of cPLA, activity. In this study, SW
cells were incubated with increasing concentrations of ciofibrate for 48 hours. Subsequently,
cells were lysed and the protein content in each sarnple was determined. As shown in Fig 10,
cPLA, activity was increased in the whole ce11 homogenates with increasing concentration
of clofibrate. The activity of the secretory phospholipase A2was severely attenuated in the
assay system by the presence of 1 mM of dithiothreitol (Dm.The presence of DTT would
reduce the disulfide bonds, which would render the secretory phospholipase A2 inactivate.
When cPLA, activities were examined in both the cytosolic and membrane fractions, we did
not observe a translocation of the enzyme from the cytosol to the membrane upon clofibrate

-
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Fig IO. The effect of clofibrate on cPW, activity in humnn preadipocyte. SW cells were
treated with increasing concentrations of clofibrate in DMEiWF 12 (3 :1) medium containing
5 % FBS. Cells were lysed and cPLA, activity was assayed in the total homogenate. Results
are expressed as means A standard deviation f?om three separate experiments. * P< 0.05.* *
P< 0-01.

stimulation (data not shown). The maximum effect of clofibrate on cPLA, activity was near
200 FM. The cPLA, activity was attenuated fiom the maximal value when cells were
incubated with 400 pM clofibrate. The biphasic effect of clofibrate on cPLA2activity in SW

cells was also observed in the human bladder cancer cells (Table 6).

4.1.3

The effect of clofibrate on the protein Ievel of cPLA,
The enhancement of the cPLA, activity by the clofibrate might be related to an

increase in its protein level. Hence, the protein level of cPLA2in SW cells was determined

by Western blot analyses using polyclonal anti-cPLA2 antibodies. As shown in Fig 11,
incubation of cells with increasing concentrations of clofibrate (up to 200 FM) resulted in
progressive increases in cPLAz protein levels. This indicates that the increase in cPLA?
activity by clofibrate stimulation may be caused by an increase in enzyme protein level.
Similar to the enzyme activity study, the enzyme protein level was attenuated kom the
maximal value when cells were incubated with 500 FM clofibrate.

4.1.4

Study on the integrity of RNA after extraction
We have shown in the previous section that clofibrate caused an enhancement in

arachidonate release which was mediated via an increase in cPLA2protein. In this study, the
mechanism for the observed increase in cPLA, protein was exarnined. The possible increase
in gene transcription was studied by determining the mRNA level of the enzyme aafter
clofibrate stimulation. initially, a control experiment was performed to examine the inte&y

of the RNA extracted fiom the cells under various conditions. SW cells were incubated in

Table 6.

Effects of clofibrate on cPLA, activity in human bladder cancer cells
T-24

CeUs were incubateci with indicated concentrations of clofibrate for 48 hours. Cells were then
lysed, and cPL& activity in whole celi homogenate was measured. Results are expressed as
.- mean standard deviation of three separate experiments. * P < 0.05 when compared with
control.

*

cPLA, activity
@noYmin/rng protein)
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Fig 11. The effect of clofibrate on the protein level of cPLA,. SW ceils were incubated
for 48h in DMEMlF12 (3:1) medium containing different concentrations of clofibrate.
Western blot analyses of cPLA, protein were perfonned using a rabbit polyclond cPLA,
antibody (1 : 2000 dilution). (A) A representative blot is depicted. Std: cPLA, standard. (B)
Densitornetry plot of A.

a medium containing the DMSO vehicle, 1 pM prostaglandin & (PGJI) or 200 ,uM clofibrate

for 48 hours. After incubation, the total cellular RNA was extracted, and resolved by
formaldehyde-agarose gel electrophoresis. As depicted in Fig 12, the 28s ribosomal RNA
(rRNA) was appropriately 2-fold higher that of the 18s rRNA (Johnson et al., 1977). Our
results indicate that there was no substantiat degradation in the total RNA sarnple,
suggesting that the integrity of the RNA was maintained after extraction. In addition, the
integrity of mRNA was not affected by the presence of DMSO, prostaglandin J2 or clofibrate.
Therefore, the protocol for the total RNA extraction was used in subsequent experiments.

4.1.5

Up-regulation of cPLA, mRNA by clofibrate

In this study, the role of clofibrate in the regdation of gene expression of cPLA? was
exarnined. Pre-confluent SW cells were culnired in the DMEME12 medium and then
incubated in the same medium containing clofibrate (200pM), prostaglandin J2 (PGJ2, lpM,
3pM) or the vehicle (DMSO, < 0.05 %) for 48 hours. The mRNAs for cPLAz and GAPDH
were arnplified by RT-PCR. n i e PCR products were analyzed by agarose gel electrophoresis
as described in Materials and Merhods (Fig 13A). The relative intensity of each band in the
agarose gel was quantified by scanning, and then normalized by the intensity of GAPDH.
The results were depicted in Fig 13B. Treatrnent of the cells wkh clofibrate caused a 1.&fold
increase of the cPLA, rnRNA level, whereas treatrnent with 1-3 pM of PGJ, did not elicit any
significant effect. When cells were treated with 5 pM of PGJ, under the same conditions,
only 50% of the cells survived after the incubated period. In another set of experiments, the
effect of various concentrations of clofibrate (10-1000 PM) on cPLA2mRNA leveis were

Fig 12. Analysis of RNA by formaldehyde-agarose gel. The total RNA was extracted
from the SW cells after treatment with vehicle control @MSO), 1pM P- or 200pM
clofibrate for 48 h. Each lane contained 20 pg RNA sample. The fractions were resolved by
electrophoresis on 1% foddehyde-agarose gel, at 120 constant voltage for 1.5 - 2 .h. Lane
1 and 3, vehicle control; lane 2, PGJ, treatment; lane 4, clofibrate treatment. The three major
bands indicate the 28S, 18s and 5 S subunits of the total RNA,

GAPDH (176bp)
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Fig 13. Effects of PPAR ligands on gene expression of cPLA, and COX-2 in human
preadipocytes. Pre-confiuent SW celis were cultured for 48 h in DMEMElZ medium
contaihg either PPARa ligand clofibrate (CLO,200 PM) or PPARy ligand PGJ, (1-5
The total RNA was extracted and RT-PCR analyses were performed using primer sets
specific for cPLA, ,COX-1, COX-2and GAPDH. (A) A îypical photograph is depicted. (B)
Densitometry plot of A Results represent the mean standard deviation nom three
independent experiments. * P < 0.05

m.

*

investigated. As depicted in Fig 14, mRNA Ievels of cPLA, were significantly increased by

10 pM clofibrate, and the maximal effect was achieved at 200 pM clofibrate. The level of
cPLA, mRNA was attenuated fiorn the maximal value when the cells were incubated with

500 pM or 1000 pM clofibrate. It should be noted that the RT-PCR method is only serniquantitative, and it wouid provide us with indications on changes in the mRNA level.

4.1.6

The role of dofibrate on cPLAz mRNA stability

The accumulation of a specific mRNA can be regulated by either an increase in its
rate of synthesis, a decrease in its rate of degradation, or a combination of these two process
(Ross, 1996). Actinomycin D, which is extracted f h m a mixture of Streptomyces species,
is an anti-neoplastic antibiotic that can inhibit DNA-paired RNA synthesis by forming a
stable complex with double-stranded DNA via deoxyguanosine residues. Hence, mRNA
stability assays were conducted using actinomycin D as an inhibitor for RNA synthesis in

SW cells. Cells were incubated with the vehicle control (DMSO), or clofibrate (50 PM, 200

p M ) for 48 hours, and challenged with 5 pg/ml actinomycin D. Afier the challenge, the total

RNA was isolated and the RT-PCR was conducted to determine mRNA levels for cPLA2and

GAPDWCOX-1. The data obtained are shown in Fig 15A, and based on these data, a
regression line (Fig 15%)was determined. Due to technical limitations, the photograph
shown in Fig 15 has some smear and non-specific bands on the gel. In this studies, we did
not observe the degradation of both GAPDH and COX-1 rnRNA. Although the reasons are
not known, we postulated that: (1) GAPDH and COX-1 rnRNAs are relatively stable and
have long half-lives in SW cells; (2) They are present in great abbudance in SW cells and our
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Fig 14. Effects of clofibrnte concentration on cPLAl and COX-2 mRNA levels. Preconfluent SW cells were incubated for 48h in DMEMlF12 medium containing 5% FBS and
increasing concentrations of clofibrate. The total RNA sample was isolated and RT-PCR
analyses were performed. (A) A typical photograph is depicted. (B) Densitometry plot of A.
Results represents mean I standard deviation of three separate expenments. M: molecular
marker. * P < 0.05. * * Pc 0.O1. NC: negative control.

CON

50 p M

20OpM

Fig 15A. Effects of clofibrate on cPLA, mRNA stability. SW cells were incubated with
either vehicle (DMSO) or clofibrate (50 FM, 200 ,KM)for 45 h, and then challenged with 5
pgirnl actinomycin D. The RNA was isolated and mRNA levels oFcPLA, and GAPDWCOX1 were determined by RT-PCRand gel analysis. M: molecular rnarker.

1

CON

1

Fig 15B. Effects of clofibrate on cPLA, mRNiî degradation. The bands on the agarose
gel depicted in Fig. 15A were scanned and the relative intensities of densitometry were
calculated. Each point in the figure is the mean of 3 -4 esperiments.

technique was not sensitive enough to measure their changes. Therefore, it appears that the
data s h o w in Fig 15 would not enable us to draw any solid conctusion. However, they
suggest that there was no apparent changes in mRNA degradation after clofibrate treatment.

4.1.7

Expression of PPARa and -y in cultured SW ceiis
The action of fibrates on the regdation of transcription of lipid metabolic enzymes

is mediated via the peroxisome proliferator-activated receptors. Specifically, the interaction
between clofibrate and PPARa has been shown to regulate the transcription of a variety of
lipid metabolic enzymes including acyl-CoA oxidase, lipoprotein lipase, and HMG-CoA
synthetase. PPARa is found in almost al1 mammalian tissues including the liver, kidney,
heart, endothelid cells and adipose tissues. In order to show that PPARa is a participant in
the control of transcription of cPLAz in Sw cells, our initial approach was to demonstrate
the presence of PPARa in these cells. SW cells were grown in DEMEEI2 medium

containing 5% fetal bovine se-,

and harvested at 90% confluency. The total RNA was

isolated, and RT-PCR was performed using Taq DNA polymerase and specific primers for
PPAR-a, -y and GAPDH as depicted in the Materials and Methods. As shown in Fig 16,

mRNA for both PPARa and PPAR-y were present in SW cells.
AIthough the human PPARa (hPPARa) genomic structure has not been published,
heterogeneity and polymorphism of this receptor have been detected (Tugwood et al., 1996).
There is considerable variation in the hPPARa cDNAs obtained frorn different individuals,
both at the gross structural level (lack of a coding exon) and of a more subtle nature (single
base changes leading to amino acid substitutions). At least two hPPARcr cDNA have been

A

B
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W T PPARa (433 bp)
Variant PPARar (330 bp)
PPARy (289 bp)
GAPDH (176 bp)

,

Fig 16. Expression of mRNA for PPARa and -y in cultured SW cells. The total RNA
was extracted from cultured SW cells and analyzed by RT-PCR. (A) Expression of PPARa
rnRNA in SW with a wild-type 433-bp fragment and a variant 330-bp fragment. (B) P P X y
mRNA with a 289-bp fragment. (C)GAPDH mRNA with a 176-bp fragment as a interna1
control.

characterized and designated as hPPARa6!29 and 8/14 due to alternative splicing. The

hPPARa6/29 clone is identified as a wild type. The novel hPPARa8I14 clone lacks 203 base
pairs of the coding sequence and results in a truncated protein with 170 arnino acids of the

normal PPARa sequence. in this study, a wild-type 433 bp hgrnent and a variant 330 bp
fragment of PPARa mRNAs were both detected in SW cells. The bcnction of the PPARer
variant in preadipocytes is unknown. In liver cells, the PPARcr variant functions as a
dominant negative regulator of the PPAP.cx wild type signaling pathway. The presence of the

PPARa variant may protect human being fiom nimorigenesis by proxisome proliferators
(Gerviois et al., 1999).

4.1.8

The effect of clofibrate on gene expression of COX-1 and COX-2
COX-1 and -2 are integral membrane proteins. COX-1 is rnainly responsible for the

biosynthesis of prostaglandins involved in homeostatic or "house-keeping" regulation.

COX-2 produces prostaglandins that act through nucleoplasmic or nuc lear membme targets
in association with ce11 dzerentiation and replication through the nuclear receptor. Fibrates
have been shown to regulate the gene expression of COX-2 via its interaction with PPAR
(Fruchart et al., 1999). Evidence has shown that cPLA2is hctionally coupled with COX-2

to involve in both the immediate and delayed PG-biosynthetic responses (Balsinde et al.,
1998; Murakami, 1999). Furthemore, COX-2 and c P o may be coordinated regulated

(Sharp and Kramer 1997). Hence, the effect of PPARa activator (clofibrate) on the COX
gene expression in SW ceils was also examined. Cells were incubated in the presence of
either vehicle (DMSO, < 0.05 %) or 200 pM clofibrate for 48 hours, and mRNA levels of

COX-1, CCX-2 and GAPDH were determined by RT-PCR. As predicted, clofibrate
exhibited an effect on COX-2 similar to that observed in cPLA,. SpecificalIy, clofibrate
elicited a 2.0

- 3.8 fold increase in COX-2 mRNA level when compared with the control

(Fig 13A and Fig 14). The effect of clofibrate on COX-2 was found to be concentration
dependent, and the maximum effect was obtained at 200pM (Fig 14). The enhancement of
the COX-2 mRNA was attenuated fiom the maximal level when 500 pM of clofibrate was
used. Taken together, these results demonstrate that clofibrate has the ability to up-regulate

mRNA levels of both COX-2 and cPLA,, suggesting that there is a coordinated regulation
of both e n v e s upon stimulation in SW cells.
No change in COX-1 mRNA level was observed in SW cells treated with clofibrate

(Fig 13). This is not surprishg since COX-2 can be induced by many infiammatory factors
and subsequently producing prostaglandins in response to a wide spectrum of environmental
insults and interna1 stimuli. COX-1, however, is rnainly responsible for the biosynthesis of
prostaglandins involved in homeostatic regulation (Dubois et al., 1998). Our result is
consistent with the postulation that COX-1 b c t i o n s as a house-keeping enzyme whereas
COX-2 is an inducible enzyme subjected to stimuli.

4.1.9

Sequencing of PCR products

The PCR method is extremely sensitive. It can detect a single DNA molecule in a
sarnple. Trace amounts of RNA can be analyzed in the same way by RT-PCR, in which the

RNA is first transcribed into DNA with reverse transcriptase. Hence, the identity of the PCR
product has to be c ~ ~ r m eui
d order
.
to verie the sequence of the PCR product of interest

in this study, the double-stranded DNA produced fiom RT-PCR was subjected to sequencing
analysis. Ali the DNA fragments, including cP-,

COX-1, COX-2, PPARa or PPARy

obtained by RT-PCR was separated by agarose gel electrophoresis. Each target band fiom
the gel was excised, and the DNA was extracted and purified from the gel by
pheno l/chloroforrn extraction. The purïfied DNA fragment obtained was sequenced by a
sequencing facility. The results obtained f?om the sequencing were compared with published
sequences for cPLAz, COX-1, COX-2, PPARy and PPARa variant. The amplified cDNA
fragments from SW cells were found to have a high degree of identity (>95%) with the
published sequences (see Table 7 and related references). Despite several attempts, it was not
possible to sequence the DNA sarnple obtained fiom the mRNA for the PPARcr wild type
(43 3 bp). One reason for the inability to sequence is the difficulty in separating the PPAR
wild type fiom the variant fragments on the agarose gel. Since the double-stranded DNA
sequencing technique is based on PCR ampIification, any trace DNA contamination would
interfere with sequencing of the target gene.

4.1.10 The effect of clofibrate on c e 1 viability

Clofibrate has been shown to induce DNA synthesis (Uno et al., 1999). However,
when SW ceils were incubated with a high concentration of clofibrate (>400 PM), levels of
cPLA2activity, mRNA and protein were attenuated hom the maximal value. A similar result
was observed for the COX-2 mRNA level. Hence, the toxic effect of clofibrate on ce11

viability at higher concentration was investigated. WST-1, a reagent for determining cellular
viability via the mitochondrial succinate dehydrogenase activity, was used for this study.

Table 7.

Name

Published Sequences and HomoIogy

Gene Bank Accession NO

Identity (Yo)

Reference

Sharp JD et al.
1991
CIark JD et ai.
1991
Jones DA e t al.
1993
Hla Tet al. 1992

Funk CD et aI.

PPARa
(330 bp variant)

S74349
279997

199 1
Diaz A et al.
1992
Diaz A et ai.
1992
Takahashi e t al.
1992
Mukherjee et al.
1994
Whiteley M,
1998 *
T u ~ v o o et
d al.
1996

Mukherjee et al.
1997
Elbrecht et al.
1996

(HSU79012)
X90563
(HSPPARGAM)

*

This sequence was submittt?dto GeneBank directly.

Lambe KG and
Tugwood JD.
1996

As depicted in Fig 17, there was no significant difference in the

mitochondrial

dehydrogenase activity when ceils were incubated with up to 200 pM clofibrate. The
proliferation of cells was not affect by clofibrate under the same experimental condition (data
not show). When cells were treated with 500 pM or higher concentrations of clofibrate (Fig
17), the viability of SW cells was significantly affected. The failure to induce higher levels
of cPLA2activity, mRNA and enzyme protein, therefore, could be caused by the toxic effect
of clofibrate at high concentrations.

4.1.11 Morphological study on the conversion of preadipocyte to adipocyte

The differentiation of preadipocytes into adipocytes is regulated by at least two
farnilies of transcription factors: the PPARs and the C/EBPs (Pessin and Bell, 1992; Cao et
al., 1991). Of the known members of PPAR family, ligand-induced PPARy activation
appears to be primarily involved in adipogenesis (Schoonjans et al., 1W6a; Fajas et al.,

1998). However, P P A R a ligands, such as bezafibrate, were also found to induce the
conversion of preadipocytes to adipocytes (Brandes et al. 1986; Brandes et al, 1987).

In order to determine whether clofibrate has a role in rnediating the differentiation of
preadipocytes into adpocytes, cells were grown on charnber slides (Nalge Nunc Inc. USA)
in DMEMF12 medium for 12 hours, and incubated with the same medium containing
clofibrate for 4 days. At the end of incubation, the cells on the slides were fixed and stained
with Giemsa dye. The vacuoles in the cytoplasm represent the neutral lipids (oïl droplets)
which were removed during fixation (see the arrows in Fig 18 A and B). The presence of oil
droplets in these cells was confirmed by the red oil "O" dye staining.
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Fig 17. The effect of clofibrate o n ce11 viability in SW cells. Cells were cultured with 96weil plates in a medium containing diEerent concentrations of clofibrate (50pM-1000pM)for
48 hours. At end of the incubation, the ceii proliferation reagent WST-1 was added into each
well, and the mixture was incubated for another 2 h at 37 OC. Mïtochondrial succinate
dehydrogenase activity in each well was quantified by measunnz the absorbance at 450 nm.
For each experiment, 10 wells were used for each group of study. Results are expressed as
the means standard deviation From three separate expenments. A non-continuous Y axis
is used to highlight the differences between experimental groups. * P 0.05.

Fig lû. Morphological study of conversion of preadipocytes to adipocytes. SW ceils on
slides were treated for 4 days with (A) 200pM clofibrate @) 5 0 p M clofibrate (C) vehicle.
Slides were fixed in 10 % formalli b a e r and stained with Giemsa. The cytoplasmic vacuoles
in A and B correspond to neutral lipids, and were indicated by arrows. (The objective
magmflcation: 400 x).

As shown in Fig 18, cells treated with clofibrate contained more oil droplets when
compared with vehicle-treated cells. At higher clofibrate concentration, more oil droplets
appeared in the cytoplasm. The presence of a high amount of oil droplets in the cytoplasm
is indicative of the conversion of preadipocytes to adipocytes. Although the action of
clofibrate has been shown to be mediated via the activation of PPARa, it is not dear if other
factors may be involved in this process. It is possible that cross-talk between PPARa and

PPARy pathways may play a role in the cellular transformation process.

Part II

Modulation of cPLA, by lyso-PC in H9c2 cells

Preamble
The study on the "Modulation of cPLAz by lyso-PC in H9c2 cells" was initiated by

Dr. Leonard S. Golhan in Dr. Choy's lab. Subsequently, 1 was invited to join the study.My
contribution to this study include: (1) participation in the design of experïments; (2)
participation in the actual experimentai works except for the calcium determination; (3)
participation in the andysis of data; (4) participation in the writïng of the manuscript. This
study has been published in 1999 (Golhan er al-, J.Lipid Res. 40: 1818-26. See reference
for authorships).

4.2.1

Modulation of arachidonate release
The effect of lyso-PC on arachidonate release in H9c2 cells was examined. Cells were

pre-labelled with C3H]arachidonate and then incubated with HEPES-buffered saline
containing 0.1% bovine semm alhumin and O or 150 ,DMIyso-PC for various time periods

(Fig 19A). Lyso-PC elicited a time-dependent enhancement of arachidonate release, which
reached a maximum at 15 min of incubation. The enhancement of arachidonate release was
slightly diminished afier the first 15 min. The presence of IO0 pM lyso-PC resulted in
optimal arachidonate release (Fig 19B) irrespective of the bovine serurn albumin
concentration (0.025-0.1 % w/v) (4-16 PM). Therefore, 100 pM lyso-PC in a medium
containing 0.1% bovine senun alburnin was used in al1 subsequent studies. Cell viability was
confirmed by trypan blue exclusion that showed minimal dye infiltration under the conditions

Time (min)

Figure 19. EBlect of iyso-PC on arachidonate release in H9c2 ce&. Cells were
p&labelled with 1 p~ümÏof [-'H]arachidoaate in Dulbecco's Modifîed Eagle's medium
containiog 1% newborn calfseruxn for 16-ZOh'Cekwere washed 3x with HEPES-buffèred
saline containing 0.1% bovine serum albumin (w/v) ptior to challenge. A, ceUs were
challenged with O p M (D) or 100 p M (A) kso-PC m HEPES-bu&?redsaline contaidg
0.1% bovine serum albumin for the t h e period as indicated. B, celis were chdenged fÔr 1 5
min with m - P C in HEPES-buBertxi saüne containing 0.025% (A),0.05% 0,or 0.10%
(9 ) bovine semm albumin. Arachidonate release into the medium was determined. Values
represent means + standard enor of the mean fiom 4 separate experiments.

described above.

4.2.2

Binding study o f Iyso-PC to H9c2 cells
Lyso-PC is an amphiphilic molecule which can be incorporated into lipid membranes.

Thus, we performed bhding studies to determine the nature of the association of lyso-PC
with the H9c2 cells. These cells were labeled with 1-[L'*Cl palmitoyl-lyso-PC (100 nM,55
nCi/nmol) for 15 min, and a considerable arnouit (45 I 7%) of radioactivity was found to
be associated with cells d e r the incubation When lipids were extracted fiom these cells and
analyzed by thin-Iayer chromatography, the majority of the radioactivity 090%) in the Lipid
extract was found in the lyso-PC fraction. Subsequently, these celis were incubated for
another 15 min in the control medium (without Iyso-PC) or medium containing 10 pM nonradioactive lyso-PC. The majority of the radioactivity (70-76%) associated with the cells was
not removed by either treatrnent. However, more than two-thirds (67-74%) of the
radioactivity was removed fkom these cells by incubation with medium containing 0.1%
albumin. Taken together, our data indicate that the binding of lyso-PC to cells was nonspecific and was not significantly metabolized within 15 min of incubation.

4.23

Acyl specificity of lyso-PC

Since egg lysolecithin contains mainly saturated species of lyso-PC, the abiliw of
myrïstoyl- (Cl,,), paimitoyl (Ci&&, stearoyl (Cl&$))-îyso-PC as well as several unsaturated
lyso-PC species (Le. C,,., Cl,:,, and Cl,:,) to stimulate arachidonate release were investigated.
As depicted in Fig 20,lyso-PC containing palmitoyl and stearoyl chains caused

Figure 20. Effect of various iysolipids on arachidonate release in H9c2 cek. Ce& were
prelabelled with r3Warachidonateand chailenged for 15 min \\?th O pM (ControI) or 100 pM
of the indicated lysolipid. Myristoyl-lyso-PC (14:O): lysolecithin Eomegg (egg); paimitoyllyso-PC (1 6:O); stearoyl-lyso-PC (1 8:O); oleoyl-lyso-PC ( 1 S: 1); holeoyl-lys-PC (1 82);
linoleno yl-iyso-PC (18 :3); lysophosphatidylethanolamine (LP E) ;lysophosphafidic acid (LP A);
IysophosphatidyI-inositol(LPI); 1ysophosphatidylseMe(LPS). Arachidonate release into the
medium was determiued. Values represent means standvd error o f the mean fiom 3
experiments.

*

the highest amount of arachidonate release by these cells.

The specificity of other

lysophospholipid for the stimulation of arachidonate release in H9c2 tells was also
exarnined.

Cells were incubated with 100 pM of lysophosphatidylethanolamine,

lysophosphatidylserine, lysophosphatidylinoçitol, or lysophosphatidate under identical
conditions and the arachidonic acid released was determined. As indicated in Fig 20,
lysophospholipids with head groups other than choline were minimally effective in the
stimulation of arachidonate release. Based on these results, lyso-PC containhg palmitoyi

(C,,,) chain was used in subsequent experiments.

4.2.4

Activation of cPLA, by lyso-PC

In order to determine whether the enhanced release of arachidonate is mediated via
phospholipase A,, the effect of lyso-PC on arachidonate release in H9c2 ce11 was studied in
the presence of arachidonoyl trifluoromethyl ketone (AACOCF,), a specific inhibitor of
cPLA, (Clark et al., 1995; Demis, 1997). As shown in Table 8: cells pre-incubated with
AACOCF, at concentrations of OS, 5.0 and 25 uM significantly reduced arachidonate release
when compared to control cells. Our results indicate that cPLA, is a major phospholipase
involved in lyso-PC-induced arachidonate release in the H9c2 cells.

To determine the mechanism of enzyme activation by lyso-PC, the enzyme activities
in thc cystosolic and membrane fractions were assayed. Direct addition of lyso-PC to the in
vitro assay of phospholipase A2 activity did nvt cause any significant changes in enzyme

activity (data not shown). When e r g m e activity was assayed in subcellular fractions of H9c2
cells incubated with lyso-PC, enzyme activity was decreased by 40% in cytosolic

Table 8.

The effect of arachidonoyl trifluoromethyl ketone (AACOCF,) on
arachidonate release in 89c2 cells

[3w

Cells were prelabelled with
arachidonate and incubated with the indicated concentrations
of AACOCF, for 2 minutes prior to challenge with 120 pM lyso-PC for 15 min. The release
of arachidonate into the medium was determhed. Results are expressed as mean standard
error of the mean fkom 5 separate experirnents. *P <O.OS.

*

Treatment

Control
LYSO-PC

Arachidonate release
dpmldish (x 104

IO* 1.1
132 2.3

AACOCF, + Lyso-PC

*

0-5pM

75 2.2*

5PM

69

* 1.9*

25 P M

54

* 2.4*

Inhibition
YO

fractions and increased by 47 % in membrane fractions (Table 9). These results are consistent
with Iyso-PC induced translocation of the enzyme from the cytosol to the membrane where
it is in its most active form (Clark et al., 1995).

4.2.5

Involvement of PKC and MAPK in arachidonate release induced by lyso-PC
Enzyme phosphorylation has been shown to play a major role in the regulation of

phospholipase A?activity in a number of cell types (Clark el al., 1995; Qui and Leslie, 1994).
We therefore examined the involvement of protein kinase A a n d h C as potential modulators
of phospholipase A? activity. Cells were pre-treated with the protein kinase inhibitors
staurosporine (Tarnaoki et al., l986), Ro3 1-8220 (Nixon et al., l992), bisindolylmdeimide1 (BIS-1) (Gekeler et al., 1996) and H89 (Chijiwa et al., 1990) pnor to the lyso-PC challenge.

Ro3 1-8220, BIS-I and staurosporine inhibited significantly lyso-PC induced arachidonate
release fiom 47 to 86% (Table 10). In contrast, the arachidonate release was not significantly
attenuated by H89 even at concentrations 20-tirnes its Ki value. Thus, on the basis of
pharmacological inhibition?it appeared that protein kinase C was involved in the activation

of phospholipase A2 activity that resulted in the enhancement of arachidonate release.
Furtherrnore, cells incubated with lyso-PC for 5 min resulted in a 84% increase in protein
kinase C activity in the membrane fiaction (Table II). Tt is clear. however, that lyso-PC was
a less potent modulator of protein kinase C activity than was phorbol 17-myristate 13-acetate.

It has been shown that the phosphorylation of cPLA2 via the activation of protein
kinase C is mediated downstream by the mitogen-activated protein kinase (MAPK) (Qui and

Table 9.

The effect of lyso-PC on cPLA, activity in H9c2 ceus.

Cells were treated with or without 100 pM lyso-PC in HEPES-bufEered saline containing
0.1%bovine semm albumin Cells were Iysed and phospholipase A, activity was assayed in
- the cytosolic and membrane fractions. Results are expressed as mean standard error of the
mean fiom four separate experiments. *P < 0.05.

*

-

--

Treatment

cPLA, activity (pmoVmidmg)
Cytosol

Membrane

Control

8-2 0.1

*

1-2 0.1

Lyso-PC (100 pM)

4.9 =t 0.2*

1.8 =t 0.1"

*

Table 10.

.

The effect of protein kinase C and protein kinase A inhibitors on lysoPC-induced arachidonate release in H9c2 cells.

Celis were prelabelled with [3H]arachidonate and then treated with indicated concentrations
of staurosporine, Ro3 1-8220, or H-89 for 15 min or BIS (bisindolylmaleirnide I) for 30
minutes prior to challenge with 100 pM lyso-PC for an additional 15 min Arachidonate
release hto the medium was determined. Results are expressed as mean standard error of
the mean f?om 5 separate experiments. * P c0.05.

-

Treatment

Arachidonate release

dpm/dish (~10'~)
Conîrol
Lyso-PC
Staurosporine + lyso-PC
0.Ip.M
1.0 pM

R o 1-8220
~
+ IYSO-PC
5w
10

w

BIS + lyso-PC
1.0 pM
10.0 pM

H-89+ ~YSO-PC
0.5 pM

1.0 pM

--

Inhibition
%

Table 11.

Effects of lyso-PC and phorbol 12-myristate 13-acetate (PMA) on
protein kinase C activity in EWc2 cells.

Ce& were challenged with 100 pM lyso-PC or 200 n M phorbol 12-myristate 13-acetate for
- 5 min. Protein kinase C activity was deterrnined in the ceii lysate. Results are expressed as
mean standard error of the mean ti-orn 4 separate experiments. * P < 0-05.

Treatment

Control
Lyso-PC
PM.

Protein kinase C activity
(pmoVmin/mg)

% increase

Leslie, 1994; Lin et al., 1993). Hence, the involvement of the MAPK pathway in lyso-PC
induced arachidonate release was tested using PD098059, an inhibitor of the
MAPWextraceIlular reguiated kinase kinase (Alessi et al., 1995). Cells were preincubated

with 10,30and 50 uM concentrations of PD098059 for 30 min prior to challenge with lyso-

PC (Table 12). PD098059 significantly inhibited lyso-PC indured increases in the
arachidonate release by 51% at IO uM, 55% at 30 uM, and 69% at 50 uM (Table 12).

4.2.6

Involvement of Ca2+in arachidonic acid release induced by lyso-PC

Another mode of PLA, activation occurs by increased levels of intracellular calcium
[Ca2+], . An elevation of [Ca2+Iiinduces enzyme translocation and increases enzyme
activation (Nalefski et al., 1994). Hence, cells were chdlenged with varying levels of lyso-

PC (50 to 150 p M ) in the presence of 0-1.5mM ca2'. As shown in Fig 21, arachidonate
release induced by each level of Lyso-PC was progressively suppressed at the Iower Ca"
concentrations. When extracellular Ca2*was removed fiom the challenge bufEer (calciumfree-buffer also contauied 1.O mM EDTA and 1 .O mM EGTA), arachidonate release was
completely abolished (data not shown). Thus, the lyso-PC-induced arachidonate release was
dependent on Ca2- &om the extracellular media In determining the mechanism(s) by which
cells were treated with varying concentrations of lyso-PC (0-150
lyso-PC increased [ca2+Iî
PM) in the presence of 1.2 mM Ca" in HEPES buffer. As shown in Fig 22, the absence of
lyso-PC did not cause any change in [Ca2+Ii.A dose dependent increase in [Ca2'Ii was
observed at 25, 50 and 100 FM lyso-PC. A progressive decrease in the time to achieve

maximum [cd'], was also dose related. At 150 pM lyso-PC, a drarnatic increase in [ca2*li

T h e effect of PD098059 on lyso-PC-induced arachidonate reIease in
H9c2 celis.

Table 12.

Cells were prelabelled with (3qarachidonate and then treated with the indicated
concentrationsofPD098059 for 30 min pnor to challenge with 100 phd lyso-PC for 15 minArachidonate release into the medium was then detennined. Results are expressed as mean
standard error of the mean fiom 5 experiments. * P < 0.05.

*

Treatment

Control
Lyso-PC

Arachidonate release
dpm/dish ( x 1O-*)

* 0.8
131* 1.9

7.4

PD98059
10 pM PD98059 + lyso-PC

64

* 3.2*

30 FM PD98059 + lyso-PC

59

2.8*

50 p M PD98059 -t lyse-PC

41

* 2.3*

% inhibition

Fig 2 1. The effet of eaiacelluhr Ca2+on iyso-PC-induced arachidonate release in H9c2
Cells were preiabeiled with [3HJarachido~te
and challenged for 15 min with 50 p M (a),
and 150 p M (A)LPC at various Ca2+concentrations. Arachidonate release into the
medium was determineci. Values represent means standard error ofthe mean from 5 separate
experiments.
ce*.
100

*

Tirne (min)

Fig 22 The effcct of iyso-PC on Intraceilulnr calcium concentration [Ca*], in B e 2
c e k Numbers wxt to traces indicate micromoiar (CiM) concentrations oflyso-PC in HEPESb u f f d saline containmg 0.1% bovine serum albumh 'Y) Cak" represents the absence of
extmceIIutar calcium. Arrow indicates the time of lyso-pc application. [caZ+Ji
was monitored
using F m - 2 as descri'bed under "MATERIALS AND METHODS".

was followed by quenchïng of Fura 2-fluorescene, and a significant number of these cells

stained trypan blue positive, suggesting that some of the celis became lealcy. The increased
levels of [Ca3Ii achieved at various doses oflyso-PC and at different time points subsequent
to lyso-PC challenge are depicted in Table 13-

The involvement of L-type Ca" channel in the lyso-PC induced elevation of [Ca2+Ji
was investigated. Cells were preincubated with nimodipine for 5 min pnor to incubation
with iyso-PC.

As shown in Fig 23, nimodipine in the presence of lyso-PC did not

significantly influence the time required to achieve peak [Ca"],

however, the amplitude of

peak [Ca2+liwas ~ i ~ c a n tdecreased.
ly
In order to investigate the potential effect of
nimodipine on attenuatEon of lyso-PC-induced

[Caz'Ii levels and lyso-PC induced

arachidonate release, cells were stimulated with 50, 100 and 150 p M lyso-PC in the presence
and absence of nimodipine (10 PM), and arachidonic acid release was determined. Table 14
indicates that at al1 three Lyso-PC concentrations, nimodipine caused significant declines in
arachidonate release 2.5 and 10 min subçepat rn Iyso-PC challenge.

Table 13.

The effect of Iyso-PC concentration on intracellular calcium
concentration [Ca2+],
in B e 2 cells.

Cells were incubated with d ï e r e n t concentrations of lyso-PC for the time indicated, and
- [Ca2*Iiwas determined. Numbers in parentheses indicate cells that maintained flourescent
signal during the time periods indicated. L.O.F.indicates loss of fluorescence.

Increases of [Ca2'Ii above baseline (n.)
Lyso-PC concentration

Lyso-PC incubation
(min)

25 PM

50 P M

100 p.M

150 ph4

5

100*5(46)

216*20(28)

990*7(26)

1781*93(34)

10

i09*5(46)

496*47(27)

1174*111(18)

15

64 5 (46)

575 41 (27)

*

877 A 216 (10)

L.O.F.

L.O.F.

\

10 VMNimadipine

Tirne (min)

Fig 23. The effcet of nimodipine (NIM) on the lyso-PC induced elevatioo of [Cav, h
H9c2 c e k CeLis were incubated with lyso-PC (100 FM) in the presence or absence of(10
PM)NIM. The presence ofNIM attenuated [Ca2]l elevation induced by iyso-PC. M M caused
a delay in obtaining maximum [Ca2+ji(fiom 3.3 0.3 min to 4.09 0.5 mti;P0.05), and the
maximum value of [Cah],was also d u c & . Armw indicates the point ofiyso-PC application.

*

Table 14.

Influence of nimodipine (NIM) on lyso-PC-induced arachidonate
release in H9c2 cells.

Celis were prelabelled with [3H'Jarachidonateand then treated with lyso-PC in the presence

- (+) or absence (-) ofnimodipine (NIM) for the indicated period of tirne. Arachidonate release
into the medium was cietennineci. Results are expresseci as mean k standard error of the mean
fiom 6 separate experiments. *P<0.05,+NIM vs. -NIM under the same incubation conditions.

-

Time (min)

Lyso-PC(CLM)

Arachidonate release (dpmfdish x 1O-*)

V

DISCUSSION

5.1

The metabolism of arachidonate
Arachidonic acid (AA) is an important precursor for ecoisanoid synthesis.

Eicosanoids, which include prostaglandins, leukotrines and thromboxanes, have been
implicated in biological processes as diverse as signal transduction (Habenicht et al., 1986;
Kiesel et al., 199l), the regulation of ceil growth, and the maintenance of vzscular integrity
(Janssen-Timmen et al., 1994, and references therein). Under normal physiologicai
conditions, the vast m a j o r i ~of the arachidonic acid is stored in the esterified f o m in
phospholipids. The arachidonic acid is released fiom the phospholipid by the action of PLA,.
The other product of the PLA, reaction, lysophospholipid, c m be converted into plateletactivating factor, which is a potent mediator of inflammation (Hanahsin, 1986). Since the
release of f k e arachidonic acid is the key step in eicosanoid biosynthesis, the enzyme for its
hydrolysis fiom the phospholipid is under rigid control. Among the different types of PLA?
found in the mammalian cell, cPLA? ,is the intracellular enzyme which directs the release
of arachidonic acid under stimulation (Kramer, 1994). The activation of cPLA, c m be
regdated by many mechanisms at both the transcriptional and post-translational levels. It has
been s h o w that the enzyme is regdated at the transcriptional Ievel by cytokines and growth
factors (Nakamura et al., 1992; Maxwell et al., 1993). The transcriptional regulation of this
enzyme is touted as a prolonged process for the activation of the enzyme during tissue
development and differentiation (Hoeck et al., 1993; Wu et al.. 1994). Alternatively, the
post-translational regulation would provide the ce11 with a rapid process for the activation

of cPLA,. Severai mechanisms for the pst-translational regulation of the enzyme have beeo
identified, including Ca2+-dependenttranslocation to membrane and phosphoryiationdependent activation mediated by MAPK and PKC (Lin e t al., 1993). An additional
mechankm involved in cPLA, activation is mediated through G-protein (s), which regulates
the MAP kinase cascade (Lin et al-, 1992; Winitz et al., 1994). Recently, we have
demonstrated that lyso-PC is a potent activator of the enzyme activity in human endothelid
cells (Wong et al., 1998). In this study, Lyso-PC caused the elevation of intracellular calcium
ion concentration and the activation of PKC, which stimulated cPLAz via the activation of
the MAPK and resulted in an enhanced release of arachidonate.

5.2

The modulation of cPLA, at the transcription level
Clofibrate is a classical peroxisome proliferator and PPAM activator (Schoojans e t

al., 1996a). It has been shown to activate the peroxisome proliferator response element in the
cultured murine 3T3 preadipocytes (Fajas et OZ., 1999). Jh the present study, the release of
arachidonic acid was increased in SW cells incubated in the presence of clofibrate in a dose
dependent marner (50-200 PM). Accordingly, the clofibrate induced increase in cPLAz
activity was also found to be dose-dependent, with the maximum effect at 200 PM. The
protein level of this enzyme was also increased under the same conditions. The regulation
of cPLA, by clofibrate was identified at the transcriptional level, where the mRNA for cPLA2
was markedly increased by clofibrate. This increase was caused by the enhanced gene

transcription of cPLA,, since the cPLA2 mRNA stability was not afFected by clofibrate
treatment.

The nuclear hormone receptor PPARa is a rnember of the thyroidlvitamin Wretinoid
superfamily of transcription factors that require heterodimerization with the RXR for optimal

DNA binding (Manglsdorf and Evans, 1995). Whereas effects by PPARa activators on
activation of cPLA2have not been previously reporte4 the ligand/activatorof other hormone
receptors in this superfiunily, such as the analog or precursor of vitamin D, have been s h o w
to activate cPLA, or COX-2 (Pirianov et al., 1999; Kanekura et al., 1998). In this study, we
postulated that the PPAR pathway is involved in the activation of cPLA,. In order to
establish the involvement of PPAR in this process, our initial approach was to demonstrate

the presence of PPARa in SW cells. However, at the tirne the study was embarked, an
antibody to PPARcr was not commercially available. In Lieu of a direct determination of this
receptor in the SW cells, the abiIity of the ce11 to express the mRNA encoding PPARa was
demonstrated. It is clear fkorn our study that both PPARcr and y were expressed in SW cells.

This is not surprishg since this cell line was denved f?om the human liposarcoma and
contamed specific gene sets of iipogenesis and Iipolysis upon stimulation. Using the RT-PCR

approach, we were able to detect not only the wild-type 433-bp hgment, but also a naturally
occuming variant of PPARa mRNA consisting of a 330-bp fkagment. These two fiavents
correspond to the full length PPARa receptor and truncated PPARa receptor, respectively
(Gerviois et al., 1999). The f i c t i o n of thïs PPARcr variant which presented in preadipocytes
remains unclear.

PPARcr is abundant in liver and kidney where it plays a role in the regulation of fatty
acid metabolism (reviewed in Schoojans et al., 1996a). It is activated by molecules such as
long-chah free fatty acids and hypolipidemic drugs (Keller et al., 1993; Yu et al-, 1995).

Fibrates, including clofibrate, are ligands of PPARa (Forman et al., 1997). Moreover, the
lipid Iowering effect of clofibrate has been shown to be mediated via the activation of

P P M a In this study, the up-regdation of cPLA, mRNA by clofibrate was suggested at the
transcription level. However, the precise mechanism of the induction of gene transcription
of cPLA, by clofibrate remains unclear. We postulate that the transcriptional regulation of
clofibrate on cPLA, in the SW cells is mediated via the activation PPARa. The activated

PPARcr may interact with a positive PPAR-response element (PPRE) in the promoter region
of the target gene. The sequence of PPRE for PPARs is highly conserved, and attempts were
made to match the sequence of the PPRE with the sequence of the cPLA, at the promoter
region. Although we failed to obtain a sequence alignrnent with a typical conserved PPRE
at the promoter region of cPLA, gene, which would be a direct repeat of AGGTCA (or

TGACCT), a half consensus sequence was found at the other region of DNA sequence
encoding the cPLA, (the consensus sequence TGACCT was at 3032'-3037' of human cPLA,
gene. GenBank accession nurnber: U11239). Whether this sequence plays a role in cPLA,
gene expression by clofibrate is unknown. Further investigation is needed to confirm the role
of this sequence.

Phospholipase A2 (PLAa and cyclooxygenase (COX) are two key enzymes in the
prostaglandin synthesis pathway. Whereas clofibrate had no effect on gene expression of
COX-1, it induced 3.5-fold increase in the mRNA level of COX-2. A fÙnctionaI coupling
and differential regulation of cytosolic phospholipase A2 and COX-2 in inflammation has
been s h o w (Scott et al., 1999). For example, both cPLA2and COX-2 mRNAs were induced

by pre-idlammatory cytokines but were suppressed by glucocorticoids in human epithelial

cells (Newton et al., 1997). We have shown in this study that both cPLA2 and COX-2
mRNA were induced by clofibrate, suggesting that these two enzymes are regulated in a
coordinated fashion during eicosanioid biosynthesis.
SW cells exposed for 4 days to clofibrate were found to be converted to fat-loaded
adipocytes. This differentiation was not triggered by ce11 confluence in the presence of fetal
bovine serum, since confluent cells in the control group did not show the accumulation of
lipid droplet in the cytoplasm. Sïmilar studies in 3T3-L1 preadipocytes also showed that
fibrates induced adipose conversion through activation of PPARcr (Brandes et al., 1995). It
should be noted that cells exposed to clofibrate for 2 days should no gross signs of
transformation into adipocytes.
The pivotal role of PPARy in adipogenesis has been well documented (Kiiewer et

al., 1995; W u et al., 1998). Activated PPARy induces cells to exit fiom the ce11 cycle and
triggers the expression of adipocyte-specific genes, resulting in an increased delivery of
energy to the cells (Tontonoz et al., 1994a; 1994b; Schoonjans et al., 1996a). Furthemore,

a gene mutation of PPARy has been discovered which leads to a receptor that cannot be
inactivated. This mutation, while probably rare, is associated with extreme obesity (Freake,
1999). Adipocyte differentiation is also coordinately regulated by several other transcription
factors, such as CEBP beta, C E B P delta and adipocyte differentiation and determination
factor II sterol regulatory element binding protein 1 (ADD-1ISREBP-1) (Fajas et al., 1998).

In light of the above, it is somehow surprising that the PPARaf ligand (PGJ?) had no
eKect on the SW ce11 conversion (data not shown). This lack of effects does not exclude the
d e of PPARy in preadipocyte differentiation. On the contrary, the PPARa activator

(clofibrate) caused the induction of preadipocyte differentiation. In SW cells, it is possible
that the activation of PPARa dramatically changed the concentrations of fiee fatty acid inside
the cell. This change may trigger the activation of PPARy and C E B P a , whose expression

coincide with the later stages of differentiation. In turn, activated C/EBPa cooperates with

PPARy in inducing additional target genes and sustainhg a high level of PPARy in the
mature adipocyte as part of a feed-fornard loop (Schoonjans et al., 1996a). Furtherrnore,
clofibrate at 300 pM has been found to exhibit weak activity on PPARy (Forman et al.,
1997). On the other hand, the observation that both PPARa and PPARy were CO-expressed

in the same cell also support the idea for the existence of cross-tak between these two
signaling pathways =:~h.ïchrnay contribute to ce11 differentiation.

5.3

The modulation of cPLA, at the post-translational level
For the investigation on the modulation of cPLA, at the post-translational level, H9c2

cells were used in this study. This ce11 line is derived from quiescent cardiac myoblastic
cells, and it retains many morphological and strccmal properties similar to the cardiac
muscle myoblast (Kimes and Brandt, 1976). Alternatively, the biochemical and
electrophysiological properties of these cells resemble those found in skeletal muscle cells.
Using the H9c2 cells as a model, we observed that lyso-PC induced both a time- and dosedependent increase in the release of arachidonate. The concentration of lyso-PC used in this
study was sirnilar to its plasma concentrations (O. 13-0.15 mM) (Phillips, 1957; Okita e t al.,
1997), but the presence of senun proteins may attenuate the ability of lyso-PC to enhance
arachidonate release. The effect of lyso-PC was most pronounced in lyso-PC species

containing long and saturated acyl chains. Although the rationale for the effectiveness of
lyso-PC with acyl chains containing Cl,:, or C,, remains unclear, the ability of these lyso-

PC species containing aliphatic chains of 16-18 carbon atoms to produce optimal lytic
activity has been documented (Weltzien, 1979). Lyso-PC appears to induce arachidonate

release by the elevation of [Ca2Iiand activation of protein kinase C .We postulate that both
regdatory factors acted in concert to hlly activate the cytosolic phosholipase A?, Ieading to
the enbanced release of arachidonate in H9c2 cells.

In cardiac and other mammalian cells, the content of unesterified arachidonate is very
low, and the majority of the acyl group is incorporated into the membrane p hospholipid pool
(Dennis, 1987). The estenfied and fiee arachidonate levels are controlled by a fine-tuned
deacylation-reacylation cycle of phopholipids in which phospholipase A?plays a dominant
role (Demis, 1987). Although there are several types of phospholipase A , the cytosolic form
is the predominant form of the enzyme for the intracellular reIease of arachidonate. It has a
molecular m a s of 85- 110 kDa,requires Ca" in the micromolar range for translocation of
the enzyme to its target (phospholipid-containing membrane) and in contrat ta the secretary

form of the enzyme, possesses a high specificity for the arachidonoyl residues at the sn-2
position of the phospholipid molecule (Clark et al., 1995; Sharp et al., 199 1;Dennis, 1997).
This form is activated by phosphorylation followed by the translocation of the
phosphorylated enzyme to the membrane in a calcium-dependent rnanner (Clark er al., 1995;
Lin et al., 1993)- Using AACOCF,., a specific inhibitor of the c-fom of phospholipase A2,
we have shown that the incrzase in arachidonate release was mediated by the enhancement
of cPLA2. In agreement with our earlier study (Wong er al., 1998), we were unable to

ciemonstrate thai û\z bss ~f ~ t ' i activity
~ e
in the s o i ~ b l efraction was quantitativeiy
recovered in the membrane fraction. Based on previous findings fiom our group and by
others, the failure to recover al1 the enzyme activity after translocation was probably caused

by interference of the enzyme assay with the membrane fraction (Wong et al., 1998;
Channon and Leslie, 1990). This phenornenon also occurs when other enzymes are
translocated to the membrane fraction (Channon and Leslie, 1990). Factors attributhg to this
loss of activity include the reduced accessibility of exogenous radioactive substrate to the
enzyme and the dilution effect on the exogenous radioactive substrate.

The resting [Ca2'Ii in quiescent cardiomyocytes is about 100 n M (Xu et al., 1997)
and values obtained for resting H9c2 ceils (85-1 10 nM) are in agreement with this value.
Lyso-PC caused a 2- to 17-fold rise in [Cap], levels (-200 n M to >1.7pM), consistent with
the elevation level of [Ca2-], shown to cause the association of cPLA, with membranes and
also conelates with the level of calcium required to stimulate the catalytic activity of the
enzyme in v i m using phospholipid vesicles as substrates (Clark et al., 1995; Nalefski er al.,
1994; Channon and Leslie, 1990). Inhibition of Iyso-PC-induced increases of [Ca2'Ji by
nimodipine suggests the involvement of L-type ca2+charnels.
Although cPLA2is a substrate for protein kinase C in vitro,the direct phosphorylation
of cPLA2by protein kinase C does not result in enhanced phospholipase activity, nor is there

any evidence that the enzyme is phosphorylated in vivo by protein kinase C (Leslie, 1997;

Lin et al., 1993). However, protein kinase C has been shown to phosphorylate and activate
Raf-1 (Seger and Krebs, 1999, which in tuni activates MAP-kinase through a protein kinase
cascade. Indeed, the direct phosphorylation and activation of cPLA, by MM-kinase has been

demonstrated (Lin et al., 1993; Nemenoff et al.,1993). Our stucïy inaicates that iiie M
M

kinase kinase is involved in the lyso-PC induced activation of cPLA2 for the enhancement
of arachidonate release, and suggests the involvernent of MAP-kinase in this process.

5.4

Conclusion
Arachidonate is an important precursor for eicosanoid biosynthesis. The release of

arachidonate from cellular phospholipids is facilitated by the hydrolytic action of cPLA2. In
this study, we have shown that the action of cPLA, is regulated, both at the transcriptional

and post-translational levels. Using the SW 872 cell as a model, the long term regulation of
cPLA2 at the transcriptionai Level by clofibrate was demonstrated. The precise mechanism
for the regulation is unclear. Mtematively, lyso-PC activated PLA, via the post-transiational

modification of the enzyme. Lyso-PC caused an hcrease in the level of intraceilular calcium,
and stimulated protein kinase C, which activated the cPLA2via the stimulation of the MAPK

and resulted in an enhanced release of arachidonate.
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