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THESIS ABSTRA

Platelet activating factor (PAF) is a biologically active phospholipid implicated in
the developmental brain disorder Miller-Dieker Syndrome (MDS) and purported
to be a primary mediator of cell death in HIV-dementia, ischemia, and epilepsy.
As part of my honour's thesis, | demonstrated that PAF can elicit cell death
independently of its G-protein coupled receptor (PAFR) in PC12 cells. In my
M.Sc. research, | have sought to identify how PAF-mediated cell death is
regulated in PC12 cells. PAF is inactivated in brain by two intracellular PAF-
acetylhydrolases (PAF-AHs): PAF-AH | and PAF-AH Il. PAF-AH lis a trimeric
complex composed of two catalytic subunits (a1 and a2) and one regulatory
subunit (B). Mutations in the Lis7T gene, coding for the § subunit of PAF-AH |, are
the genetic determinant of MDS. However, it is not clear whether these
mutations impact on PAF-AH | enzymatic activity in MDS. Furthermore, it is not
known whether cytosolic PAF-AH activity regulates the kinetics of neuronal loss
following pathophysiological challenge. To begin to address these questions, |
sought to identify an in vitro model system suitable for study of PAF-AH activity.
In my first series of experiments, | have shown that the kinetics of PAF-induced
cell death is regulated by functional PAF-AHs, identified for the first time in PC12
cells. Using RT-PCR, it was demonstrated that PC12 cells and rat primary
cultures express PAF-AH | (a1, o2 and Lis7) and PAF-AH 1l transcripts.
Because the rat PAF-AH 1l gene had not been cloned, | amplified and sequenced
full-length PAF-AH Il cDNA using primer pairs homologous to the mouse and

human genes (Sequence accession number: AY225592). By enzymatic assay
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and thin layer chromatography (TLC), | have demonstrated that PAF is
internalized in PC12 celis in the absence of the known PAFR and that
intracellular PAF-AHs rapidly inactivate PAF to lyso-PAF in PC12 cells. The
inactive metabolite lyso-PAF is subsequently released into the extracellular
space and is apparently not reinternalized by the cells. The serine proteases
inhibitor diisopropy! fluorophosphate (DFP) has been used at 0.1 mM and 1 mM
to inhibit PAF-AH | and PAF-AH Il respectively. Resulis obtained from these
experiments suggested that both isoforms are functional in PC12 cells.
Moreover, | show, for the first time, that the gliotoxin derivative FR 49175,
accelerates cytosolic PAH-AH activity and protects PC12 cells from PAF-
mediated cell death. To address the question of whether LIS1 mutation affects
PAF-AH | enzymatic activity, | engineered two adenoviral constructs to
overexpress functional LIS1 or mutant LIS1. These cohstructs were packaged
by the Adenoviral Core Facility (Lab of Dr. Ruth Slack, University of Ottawa).
Virion will be used in the future to determine the effect of LIS1 and mutant L1S1
overexpression on death susceptibility to PAF in our in vifro neuronal and PC12

cell models.
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CHAPTER 1: GENERAL INTRODUCTION

1.1 Platelet Activating Factor: Overview

in the early seventies, Benveniste ef al. isolated a soluble substance that
they named platelet activating factor (PAF; 1-O-alkyl-2-acetyl-sn-glycero-3-
phosphocholine), reflecting the capacity of this lipid autacoid to elicit aggregation
of rabbit platelets when released from basophils (Benveniste et al., 1972). Since
this discovery, it has been established that PAF is not a single entity but is
composed of a family of sn-2 acetylated, choline-containing phosphoglycerides
that are structurally related, but differ markedly in biological action and potency
(Pinckard et al., 1994). Based upon the chemical linkage at the sn-1 position, the
PAF family is separated into three subclasses: alkyl-, alkenyl- and acyl-PAF. The
majority of PAF research has focused primarily on the most potent (and
predominant) molecular species of PAF (16:0- and 18:0-alkyl-PAF)" (Maclennan
et al., 1996).

PAF phospholipids possess a wide spectrum of potent proinflammatory
actions and other biologically relevant actions (for a review, see (Prescott et al,,
2000)). As a result, the designation PAF is something of a misnomer given that
this bioactive phospholipid can be synthesized by, and acts upon, diverse cell
types, including polymorphonuclear leukocytes (PMNLs), mast cells,
monocytes/macrophages, vascular endothelial cells, lymphocytes, microgiia, and

neurons {McManus and Pinckard, 2000). The majority of PAF-mediated effects

" In this thesis, | will refer to C1gHas and C4sHas alkyl PAF using the family name
PAF unless specifically stated.



are recognized to be receptor-mediated although PAF can also be metabolized
to other bioactive phospholipid mediators (for a review see Ishii and Shimizu,
2000). In fact, PAF was the first lipid molecule for which a protein receptor was
identified (Honda et al., 1991). The PAF receptor (PAFR) is highly conserved
between species and it is a member of the seven tfransmembrane G-protein
coupled receptor family (Honda et al., 1991, Bito et al., 1994). Binding of PAF to
PAFR mediates turnover of phosphatidylinositols, elevations in intracellular
calcium (Ca®") concentration, and activation of many kinases, e.g., protein kinase
C (PKC), and mitogen-activated protein kinase (MAPK) (for review see (Ishii et
al., 2002)). In addition to intercellular signaling, it has been proposed that PAF
has intracrine effects, acting as a second messenger mobilized in response to
glutamate, and acting on one or more intraceliular receptors (for a review see
(Prescott et al., 2000) (Bazan, 1998). Intracellular binding sites for PAF have
been pharmacologically characterized in rat brain cortical lysates (Marcheselli et
al., 1990) and human neutrophils (Svetlov and Nigam, 1993) but have yet to be
identified at the molecular level and have yet to be rigorously characterized.
Several groups have examined the transfer of PAF into cells, a
transmembrane ’process referred to as internalization. However, the conclusions
regarding the role of the PAF receptor have been somewhat conflicting. PAF
infernalization has been shown to be accelerated by expression of PAFR,
demonstrating that the PAF/PAFR ligand complex is rapidly internalized
(Ohshima et al., 2002). However, many other reports support the concept that

the cellular processing of PAF, at least under some conditions, can also occur



independently of a receptor-ligand pathway. Thus, it has been suggested that
PAF signaling can be initiated following the internalization of PAF by transbilayer
movement (flipping) across the plasma membrane, through passive incorporation
of PAF into the lipid bilayer, or through active transport of PAF across the plasma
membrane by a PAF-specific transglutaminase (Bratton et al., 1992; Ishii and
Shimizu, 2000). Moreover, intracellular PAF levels can be elevated by active
synthesis in response to stimulation (Francescangeli et al., 2002). The
concentrations of PAF required to elicit biological responses are significantly less
(1 pM to 1 puM) than its critical micelle concentration (2.5 to 3 yM) (Blank et al.,
1981) and thus, PAF would exist in the aqueous cell cytosol unless it is
compartmentalized or located in the lipid bilayer of a membrane. As indicated
above, PAF can act at picomolar concentrations and is now believed to have a
multitude of physiological and pathological functions (for reviews, see (Braquet et
al., 1987; Venable et al., 1993)). Pathological concentrations of 100 nM to 1 uM
have been shown to elicit apoptotic death (Brewer et al. 2002, Bonin et al.,
submitted). Exposure to higher concentration of PAF (3.5 to 10 uM) is cytotoxic
(Kornecki and Ehrlich, 1988) and elicits necrotic cell lysis by disrupting the

plasma membrane (Brewer et al., 2002).

1.2 PAF and its role in the central nervous system
At the first international PAF conference in Paris (1984), it was asked
whether there was any possible neurologic involvement for PAF: there was no

answer (Bussolino et al., 1995). In 2003, numerous studies have focused on



elucidating the role of PAF in the central nervous system (CNS) as a potential
therapeutic target for numerous neurodegenerative conditions. The involvement
of PAF in cellular signaling in the nervous tissue is further supported by the
presence of receptors located in plasma and intracellular membranes
(Marcheselli et al., 1990) and by the generation of second messengers induced
by PAF in nerve cells (Feurstein et al., 1990; Kornecki and Ehrlich, 1991). PAF
production has been demonstrated in cultured rat cerebellar granule cells (Yue et
al., 1990), human fetal neurons and glial cells in culture (Sogos et al., 1990,
Jaranowska et al., 1995). Cells of the nervous system are both a target for and a
source of PAF, and this lipid mediator serves as a communication signal within
the CNS (for review see (Prescott et al., 2000)). In brain, PAF serves as a critical
mediator in diverse biclogical processes. It induces Ca®* mobilization (Kornecki
and Ehrlich, 1891). It modulates the levels of a variety of neuropeptides
(Rougeot et al., 1990) and controls cerebral blood flow (Kochanek et al., 1988).
The involvement of PAF in long-term potentiation (LTP), a long-lasting increase
in synaptic efficacy following brief high-frequency stimulation of a monosynaptic
pathway, suggests that PAF also acts as a retrograde neurotransmitter in
memory formation (Kato et al., 1994; Kornecki et al., 1996; Chen et al., 2001).
However, in some pathological conditions, elevated levels of PAF accumulate in
the brain resulting in neuronal injury (Pulliam et al., 1998). It has been
repeatedly demonstrated that diverse neuropathologies are associated with

sustained PAF exposure in the brain (for a review see (Maclennan et al., 1996)).



In the adult brain, elevated levels of PAF are associated with neuronal death
following epileptiform seizure and ischemia (Kumar et al., 1988; Braquet et al,,
1989; Bazan et al., 1991; Domingo et al., 1994; Shmueli et al., 1999) and with
the pathogenesis of neurodegenerative diseases such as human
immunodeficiency virus (HIV)-associated dementia (Gelbard et al., 1994; Perry et
al., 1998). It is also postulated that PAF may play a role in Alzheimer's disease
(AD) (Hershkowitz and Adunsky, 1996), and unpublished data from our
laboratory suggests that PAF may act as a second messenger transducing p-
amyloid-induced neurotoxic signals (Tia Moffat, Ph.D thesis, in progress). In the
developing brain, nerve cell development encompasses proliferation,
differentiation and maturation, including outgrowth of cellular processes and
formation of cellular contacts (Ved et al., 1991; Francescangeli et al., 1997,
Dichmann et al., 2000). Sustained PAF exposure in vifro has been shown to
elicit neuronal growth cone collapse (Clark et al., 1995) and inhibit neuronal

motility (Adachi et al., 1997; Bix and Clark, 1998).

1.3 PAF metabolism

There are several mechanisms that individually or together can control the
biological activity of PAF under physiological and pathophysiological conditions.
These include tightly controlled synthetic pathways and efficient PAF degradative
enzymes that are constitutively present in most PAF-responsive cells (see

Fig.1.1).



Figure 1.1: Pathways of PAF biosynthesis (remodeling and de novo) and
degradation (for comments see text).
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1.3.1 Anabolism

PAF can be synthesized via two distinct pathways: the de novo pathway
and the remodeling pathway, both of which have been reviewed extensively
(Snyder, 1994, 1995). The de novo pathway is a three-step process that starts
with 1-O-alkyl-2-lyso-sn-glycero-3-phosphate, which is acetylated by an
acetyltransferase fo form 1QO-alkyi—Z-acety!—sn»gchero—3-phosphate. Following
the removal of the phosphate by a phosphohydrolase, choline-P is added by a
phosphocholinesterase to form PAF (Francescangeli et al., 1997). Alternatively,
the synthesis of PAF via the remodeling pathway requires the conversion of 1-O-
alkyl-2-acyl-sn-glycero-3-phosphocholine by phospholipase Az (PLAZ), into 1-O-
alkyl-2-lyso-sn-glycero-3-phosphocholine (lyso-PAF), the immediate precursor of
PAF. The final step is catalyzed by lyso-PAF acetyltransferase, and involves the
addition of an acetate to the lyso-PAF molecule to form PAF (Baker, 1995,
Maclennan et al., 1996). It has been proposed that the remodeling route plays a
crucial role in generating PAF following pathophysiological challenge, whereas
de novo synthesis appears to be of more physiological importance in that it is
thought to maintain the resting state levels of PAF in various tissues and blood

(Francescangeli et al., 1996).

1.3.2 Catabolism
As mentioned above, the final molecular composition of PAF in the tissues
and its biological activity also depend on the activation of catabolic pathways. It

has been proposed that the extraceliular and intracellular levels of PAF are



mainly regulated by its inactivation, catalyzed by PAF-acetylhydrolases (PAF-
AHs), which remove the acetyl group from the sn-2 position of the glycerol
backbone of PAF (Stafforini et al., 1997). This hydrolytic activity from PAF-AHs
produces lyso-PAF, a lipid that lacks the biological activities associated with PAF
(Baker, 2000). As categorized by enzymatic activity, PAF-AHs are isozymes with
a Ca®*-independent PLA; activity (Kudo and Murakami, 2002). PAF-AHs only act
on a unique type of phospholipids with an ether linkage at the sn-1 position, that
are characterized as either biologically active or toxic. Consistent with the
ubiquitous distribution of PAF and PAF-like lipids, PAF-AHs enzymes are present
in plasma (Farr et al., 1980) and in most tissues (Blank et al., 1981), including
brain (Hattori et al., 1993). Three isoforms have been cloned: plasma PAF-AH,
cytosolic PAF-AH i, and cytosolic PAF-AH | (for a review see (Derewenda and
Ho, 1999)). Within the family of PAF-AHs, there is a range of substrate
specificities. Plasma PAF-AH and intraceliular PAF-AH Il can hydrolyze PAF
analogues with sn-2 propionyl and butyroyl moieties (Stremler et al., 1991;
Hattori et al., 1995a), while PAF-AH | minimally hydrolyzes these phospholipids
(Hattori et al., 1993). Intraceliular PAF-AH | is the only member that has an
absolute requirement for acetate at the sn-2 position and, therefore, is specific for
PAF (Hattori et al., 1993). Intraceliular PAF-AHs have been shown {o be
inhibited by 5,5 -dithiobis {2-nitrobenzoic acid) (DTNB),
phenylmethylsulfonyifluoride (PMSF), and diisopropy! fluorophosphates (DFP)

(Hattori et al., 1995a; Karpouza and Vakirizi-Lemonias, 1997). In contrast,



purified PAF-AH from human plasma is not affected by any of these treatments
(Stafforini et al., 1987).
1.3.2.1 Plasma PAF-AH

The initial studies on PAF-AHs were performed on the secreted form of
PAF-AH found in mammalian plasma (e.g. plasma PAF-AH). The enzyme was
purified from human plasma in 1987 (Stafforini et al., 1987) and its cDNA was
cloned in 1895 (Stafforini et al., 1996a). The 45 kD monomer is the only
secreted PAF-AH characterized fo date (Tjoelker et al., 1995a). Synthesized by
hematopoietic lineage cells (Asano et al., 1999), the isoform circulates in blood
as a complex with lipoproteins (Stafforini et al., 1987, Blencowe et al., 1995).
Deficiency of extracellular (plasma) PAF-AH is associated with increased severity
of asthma (Stafforini et al., 1999), and stroke (Hiramoto et al., 1997). Consistent
with this observation, recombinant plasma PAF-AH (fPAF-AH) may have
therapeutic benefits to patients with allergic airway inflammation (Henderson et
al., 2000). In fact, plasma PAF-AH prevents not only inflammatory conditions
induced by administration of exogenous PAF but also diseases in which the
production of PAF and/or oxidized phospholipids is suspected to occur (for a
review see (Stafforini et al., 1997)). It is known that the exiracellular PAF-AH
transcript is expressed in thymus, tonsil and placenta, but not in heart, kidnéy or
cerebral cortex, despite the fact that expression is detected in other areas of the
brain presumably by endothelial cells or hematopoetic cells circulating in brain
capillary (Tjoelker et al., 1995b). However, it is not known whether the plasma

form of PAF-AH is responsible for regulating the amount of PAF in the brain



since messenger RNA (mRNA) for intraceliular PAF-AHs is present in specific
brain regions but has yet to be localized to CNS-specific cell types (Hattori et al,,

1994a; Hattori et al., 1985Db).

1.3.2.2 PAF-AH I

It has been found that a bovine brain soluble fraction contains at least two
types of PAF-AHs, namely PAF-AH | and PAF-AH Il (Hattori et al., 1993). PAF-
AH i is a monomeric polypeptide that was initiailly purified from the bovine liver
cytosol and that shares 42% identity with the extracellular plasma PAF-AH
(Hattori et al., 1995a). Isoform il is the predominant intracellular isoform
expressed by most tissues including brain (Hattori et al., 1996). PAF-AH Il is the
only isoform that possess fransacetylase activity, meaning that it can transfer an
acetyl group from PAF to acceptor lipids such as lysophospholipids and
sphingosine (Bae et al., 2000). This enzyme translocates to the membrane
during oxidative stress, and inhibits oxidative stress-induced apoptosis
(Matsuzaya et al., 1997). As a result, PAF-AH Il may scavenge oxidized
phospholipids, which are thought to be involved in diverse pathological
processes, including disorganization of membrane structure and PAF-like
proinflammatory actions (Matsuzaya et al., 1997). Overexpression of PAF-AH [l

protects against oxidative cytotoxicity (Marques et al., 2002).

1.3.2.3 PAF-AH I
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Intracellular type | PAF-AH is an oligomeric phospholipase complex
composed of two homologous catalytic subunits, a1 (29 kD) and a2 (30 kD), and
a non-catalytic subunit, referred to as B or LIS1 (45 kD). Recent evidence
demonstrates that the B subunit likely modulates PAF-AH | enzymatic activity
(Shmueli et al., 1999), and that this regulation is dependent on catalytic dimer
composition (Manya et al., 1998). The PAF-AH | isoform is commonly referred
as PAF-AH lb or as the brain PAF-AH | isoform in the literature (Ho et al., 1897,
Manya et al., 1999). The PAF-AH la isoform is composed of the two catalytic
o subunits without the B/Lis7 subunit characterized in vitro, but this configuration
has not been identified in vivo. The expression of the a1 subunit in the newborn
brain correlates with period of active neuronal migration (Ishii et al., 1997). a1
expression decreases once neuronal migration is complete. The p subunit is the
regulatory subunit of the PAF-AH | complex, and it is suspected to inhibit
enzymatic activity of dimers containing the a1 subunit (Manya et al., 1998), which
could result in PAF accumulation, coupled with neuronal migration. This
suggests that PAF-AH | may play a role in brain development and homeostasis.
Conversely, it has been demonstrated that the  subunit stimulates the enzymatic
activity of a2/02 homodimers, which are expressed in the adult brain, where
inappropriate PAF accumulation could result in seizures in the absence of
adequate PAF hydrolysis (Manya et al., 1998). The importance of the PAF-AH |
B subunit has been highlighted by the discovery that it was identical to the
product of Lis7, the proposed disease-associated gene of a neuronal migration

disorder (Reiner et al., 1993; Hattori et al., 1994a).
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1.4 LISt

Known to encode the non-catalytic subunit of the intracellular PAF-AH |
isoform, Lis7 was the first human neuronal migration gene to be cloned (Reiner
et al., 1993; Hattori et al., 1994a). It is located on human chromosome 17p13.3
and consists of 11 exons with a coding region of 1233 bp. Point mutations or
deletions in one allele of the human Lis? gene are the genetic determinant of a
severe developmental brain malformation characterized by a classical or type 1
lissencephaly (“smooth brain”) (Dobyns et al., 1993). Since LIS1 protein is
expressed predominantly in fetal and adult brain (Mizuguchi et al., 1995),
cerebral development is severely impaired in lissencephalic children. The
specific distribution of neurons within the cerebral cortex is disrupted, a condition
that arises from inadequate migration of neuronal progenitors to their cortical
destinations (Reiner et al., 1995). Consequenily, the cortex is inappropriately
layered and underpopulated with neurons. The surface of the brain is smooth
rather than folded as it is in normal individuals (Reiner et al., 1995). The one in
30 000 children that are born with this devastating condition do not reach
measurable development stages, suffer from recurrent seizures, and often face a
reduced life expectancy (Cardoso et al., 2002). Type | lissencephaly occurs
either as an isolated abnormality or in association with dysmorphic facial
appearance in patients with Miller-Dieker Syndrome (MDS) (Dieker, 1967; Miller,
1973).

In addition to its participation in the PAF-AH | enzymatic complex, the LIS1

protein has been implicated in regulation of microtubule dynamics by virtue of its
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ability to bind tubulin and reduce microtubule catastrophe (Sapir et al., 1997,
Sapir et al., 1999). It has been assumed that only a proportion of LIS1 molecules
in a cell are associated with microtubules while other LIS1 molecules act as the
regulatory subunit of PAF-AH |, and these two interactions do not occur
simultaneously (Sapir et al., 1999). As reported above, reduced levels of Lis?
activity in both humans and mice have been shown to result in a defect in
neuronal migration (Dobyns et al., 1993; Hirotsune et al., 1988). Using mouse
embryos, it has been demonstrated that a half dosage of Lis7 affects neuronal
migration only slightly in the developing cortex, whereas further gene dosage
reduction severely obstructs cortical and hippocampal organization (Hirotsune et
al., 1998). The complete loss-of-function phenotype of Lis7 mutations in neurons
has not been described, as mice that are homozygous-null for Lis? die in early
embyrogenesis before formation of the nervous system (Hirotsune et al., 1998).

interestingly, Clark and colleagues have demonstrated in a yeast two-
hybrid system that point mutations found in patients with lissencephaly interfere
with the association of LIS1 for the a1 and a2 subunits of PAF-AH | (Sweeney et
al., 2000), suggesting that the heterotrimeric PAF-AH | complex may also be
involved in regulating migration. Biochemically, the mutant LIS1 protein is not
capable of dimerization, and enzymatic activity has been shown to be elevated in
heterozygous embryos, demonstrating the in vivo role of LIS1 as a subunit of
PAF-AH | (Cahana et al., 2001). Further evidence indicates that PAF interferes
with binding of LIS1 to the catalytic subunits of PAF-AH | (Ross and Walsh,

2001). The precise role of PAF in neuronal migration is uncertain, although it has
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been proposed that PAF affects migrating neurons by influencing cell
morphology or adhesion properties {(Albrecht et al., 1996). Studies demonstrate
that addition of PAF or inhibition of PAF-AH decreases migration of cerebellar
granule cells in vitro (Adachi et al., 1997; Bix and Clark, 1998), and addition of
PAF to cultured hippocampal neurites produces growth cone collapse, neurite
retraction and neurite varicosity formation (Clark et al., 1995). Lis? loss of
function may also prevent the PAF-AH | complex from recognizing its substrate,
thereby leading to abnormal PAF homeostasis during cerebral development, and
subsequent impairment of neuronal migration (Clark et al., 1995; Stafforini et al.,
1996b). Thus, the role of PAF may be to mobilize the LIS1 protein from PAF-AH
| to exert a downstream effect on neuronal migration. Furthermore, identification
of PAF-AH | as a non-traditional G-protein like trimer and LIS1 as a microtubule-
associated protein family member support the hypothesis that Lis? participates in

signaling downstream of PAF hydrolysis (Ho et al., 1997, Sapir et al., 1999).

1.5 Objectives

Intervention into PAF signaling pathways may represent a possible
adjuvant treatment of neurodegenerative diseases, specifically AD, and
neurodevelopmental disorders, specifically lissencephaly. The overall objective
is to characterize the enzymatic control of apoptotic signaling initiated by PAF.
The specific goals of the present study are to establish whether intracellular PAF-
AH I and i activity protect \cells from PAF-mediated apoptosis, and to develop

tools in order to test the hypothesis that mutant Lis7 disrupts PAF catabolism,
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thereby leading to abnormal levels of active ligand during neurogenesis and

migration.

This thesis is divided into the following three experimental chapters
designed to address these specific goals:
e Characterization of an in vitro model to study PAF-AH activity.
o Characterization of PAF-AH activity in PC12 cells.
o Elaboration of tools to determine the effect of functional LisT and mutant Lis?

overexpression on PAF-AH activity and apoptotic susceptibility to PAF.
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CHAPTER 2: CHARA

ZATION OF AN IN VITRO MODEL TO STUDY

PAF-AH ACTIVITY

2.1 Introduction

As reviewed in Chapter 1, PAF is a potent phospholipid serving as a
critical mediator in diverse physiological and pathophysiological processes. In
concert with the ubiquitous distribution of PAF and PAF-like lipids, PAF-AHs
enzymes, responsible for inactivation of PAF to lyso-PAF, are found both in blood
plasma and cell cytosol. Three isoforms have been cloned: plasma PAF-AH,
cytosolic PAF-AH Ii, and cytosolic PAF-AH 1 (for a review see (Derewenda and
Ho, 1999)). Plasma PAF-AH is expressed and secreted by vascular endothelial
and hematopoietic cells (Stafforini et al., 1990). PAF-AH Il is the predominant
intracellular isoform expressed by most tissues including brain (Hattori et al.,
1996). Cytosolic PAF-AH | is a G-protein-like trimeric enzymatic complex
composed of homodimer or heterodimer catalytic subunits (a1 and a2), and a
regulatory B-subunit (for a review see (Derewenda and Ho, 1999)).
Acetylhydrolase activity has been characterized primarily at the biochemical level
by in vitro assay (Hattori et al., 1994a, b; Hattori et al., 1995b; Tjoelker et al.,
1995b; Watanabe et al., 1998), but the role of these enzymes in regulating PAF-
mediated biological functions have vyet to be elucidated (Stafforini et al., 1997).

As reviewed in Chapter 1, chronic exposure to elevated concentrations of
PAF is cytotoxic. While exogenous administration of rPAF-AH or adenoviral-

induced overexpression of plasma PAF-AH in primary neurons or vascular
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endothelial cells reduces cell loss associated with excitotoxicity and
hypercholesterolemia (Ogden et al., 1998; Hirashima et al., 2000; Chen et al,,
2003), the roles of cytosolic PAF-AH | and Il in regulating the kinetics of PAF-

induced cytotoxicity are not known.

2.2 Objectives

The purpose of the present study was to test the hypothesis that cytosolic
PAF-AHs represent potential therapeutic targets that limit PAF-mediated
cytotoxicity. To achieve this objective, it was essential to identify an in vifro
model sensitive to PAF that expressed intracellular PAF-AH isoforms, but not
plasma PAF-AH. Our laboratory has previously demonstrated that PAF elicits
apoptotic loss of PC12 cells (Brewer et al., 2002). As such, the PC12 cell model
was chosen as a starting point to test the hypothesis that endogenous PAF-AH
activity is cytoprotective. The pattern of PAF-AH isoform gene expression was
analyzed by reverse transcriptase polymerase chain reaction (RT-PCR) and
Western blot analyses®. To determine whether PAF-AH activity functionally limits
the kinetics of PAF-mediated cell death, | evaluated cell loss following transient
PAF exposure, repeated PAF exposure, or treatment with a PAF-AH resistant

PAF analog (mc-PAF: methyl-carbamyl PAF).

2 Please note that results from the protein analyses are discussed but not
presented in this thesis, since these experiments were performed by Scott Ryan,
an M.Sc. candidate in the Bennett's laboratory
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Cell culture

PC12-AC cells, a clonal derivate of the PC12 pheochromocytoma cell line
(American Tissue Culture Collection) derived in our laboratory, were cultured in
complete media composed of RPMI 1640 containing 10% horse serum (HS) and
5% newborn calf serum (NCS) at 37°C in a 5% C02/95% air atmosphere.
Culture reagents were obtained from Invitrogen. Stock cultures were fed with

complete media every 2-3 days and passaged when sub-confluent.

Cell death assays

PC12-AC cells (8800 cells/cm?) were plated overnight in complete media
in 6 cm diameter tissue culture plates (VWR). Cells were treated in serum-free
media containing 0.025% bovine serum albumin (BSA) for 24-72 h with ethanol
(EtOH) (0.1%), PAF (10 nM-1 uM, Biomol Research Laboratories Inc.), mc-PAF
(100 nM-1 uM, Biomol Research Laboratories inc), or lyso-PAF (10 nM-1 uM,
Biomol Research Laboratories Inc). Cell survival was assessed by
hemocytometer cell counts of Trypan Blue-excluding cells. Cell viability was
determined by a colorimetric assay based on the ability of mitochondrial
dehydrogenases from viable cells to cleave tetrazolium salt, WST-1, into
formazan salt (measured at Aso-Asgo NM) (Roche). In this assay, absorbance is

directly proportional to the number of metabolically active cells.

Reverse transcriptase polymerase chain reaction (RT-PCR) analysis
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Total RNA was isolated from PC12-AC cells using Trizol reagent
(Invitrogen) and treated with RQ1-DNAse1 (Promega) to eliminate residual
genomic DNA. First strand cDNA synthesis was performed using random
hexamer primers {Promega) and Superscript I RT (Invitrogen). Control reactions
for residual genomic contamination were carried out in the absence of
Superscript Il RT. As a positive control, rat brain RNA was prepared from Wistar
rats approximately 3 months of age or C57Bl/6 mice approximately 2 months of
age (Charles Rivers). Rodents were deeply anesthetized with sodium
pentobarbital and euthanized by decapitation. Two pl of the cDNA RT reaction
mix were PCR amplified in a total volume of 50 pl containing 1X PCR buffer (20
mM Tris-HCI (pH 8.4), 50 mM KCI), deoxynucleotide triphosphates (dNTPs; 200
uM each, Promega), 5 U of Tag DNA polymerase, 1 mM MgCl,, and 10 pmol per
primer for GAPDH, 20 pmol per primer for PAF-AH |l pairs # 2, 3 and 4, 25 pmol
per primer for PAF-AH | a1, PAF-AH | a2, PAF-AH | LIS1 and PAF-AH I pair #1.
The PCR reaction was brought up to a final volume of 50 pi with nuclease free
double-distilled water (NF-H,0) (Promega) and amplified in a GeneAmp PCR
System 2400 (Applied Biosystems): 94°C for 5 minutes, 30-35 cycles of 94°C for
30 seconds, 55°C for 60 seconds, and 72°C for 2 minutes, followed by a final
incubation at 72°C for 7 minutes. Primer pairs are indicated in Table 2.1. Primers
were synthesized at BRI, University of Ottawa. Additional control reactions
included PCR performed in the absence of template to detect reagent

contamination and in the absence of primers to detect artifactual false priming.
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Cloning of the rat PAF-AH II

Four PCR primer pairs were designed using Clone Manager software
(Scientific & Educational Software) to obtain the full-length rat PAF-AH Il cDNA:
primers recognizing homologous sequences in human, mouse, and bovine PAF-
AH 1 (primer pair #1), primers recognizing 5’ murine PAF-AH Il sequence (primer
pair #2), primers recognizing 3’ murine PAF-AH 1l sequences (primer pair #3),
and primers recognizing the complete coding sequence of the rat PAF-AH i
(primer pair #4). The PCR product obtained from the first amplification (primer
pair #1) and a PCR marker (Promega) was size-fractionated by electrophoresis
on a 1.2% (w#v) low melting point agarose gel (Life Technologies). The PAF-AH
Il cDNA was extracted and purified using the QlAquick gel extraction kit (Qiagen)
and sequenced on both strands at BRI, University of Ottawa. Overlapping
amplicons were generated using primer pair #2, sequenced on both strands, and
aligned with the sequence generated using primer pair #1. This procedure was
repeated with primer pair #3, and primers were designed based on this aligned
sequence to amplify complete rat PAF-AH i coding sequence from random-
primed Wistar rat brain cDNA. The full-length PAF-AH Il was ligated into the
pGEM-T vector using T4 DNA Ligase supplied with the PGEM-T vector system
(Promega). Transformation was performed using JM109 High Efficiency
Competent Celis (Promega). Standard plasmid miniprep procedures were used
to screen and isolate recombinant plasmid DNA (Promega). Based on these
screening results, large-scale recombinant plasmid DNA preparation was

performed according to the protocol provided by the manufacturer (Qiagen). The
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resulting cDNA was sequenced on both strands with the T7 forward primer and

the SP6 reverse primer (BRI, University of Ottawa).

Statistical analysis

Data were analyzed using one-way factorial analysis of variance (ANOVA)
or unpaired Student's-t-tests, as applicable. Following detection of a statistically
significant difference by analysis of variance (ANOVA), post hoc Dunnett's t-tests
or Tukey tests were performed as appropriate. P values less than 0.05 were
considered statistically significant (shown as *); P values less than 0.01 were

considered highly statistically significant (shown as **).

2.4 Results
2.4.1 PAF-mediated cell death is dependent upon sustained exposure fo active
ligand.

To determine whether the kinetics of PAF-mediated cell death depend
upon chronic exposure to active ligand, PC12-AC cells were treated with PAF
(Fig 2.1A), the synthetic PAF analog, mc-PAF (1-O-hexadecyl-2-O -
methylcarbamyl-sn-glycero-3-phosphocholine) (Fig 2.1B), or the immediate PAF
metabolite, lyso-PAF (Fig 2.1C) in serum-free media containing 0.025% BSA.
The methyl-carbamyl group at the sn-2 position of mc-PAF is resistant to
degradation by PAF-AHs (O'Flaherty et al., 1987). Both mc-PAF and PAF
elicited comparable concentration-dependent cell death after a 24 h treatment.

Lyso-PAF had no significant effect on cell viability (Fig 2.2A). Treatment with mc-
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Figure 2.1: Chemical structures of PAF, mc-PAF, and lyso-PAF.

(A) PAF (1-O-alkyl-2-acetyl-sn-glycero-3-phosphocholine), (B) the non-
metabolizable PAF analogue mc-PAF (1-O-hexadecyl-2-O-methylcarbamyl-sn-
glycero-3-phosphocholine, (C) the immediate PAF metabolite lyso-PAF (1-O-
alkyl-2-hydroxyl-sn-glycero-3-phosphocholine).
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PAF effectively exiended the kinetics of cell loss relative to PAF (Fig 2.2B). PAF
(1 uM) resulted in a 33% celi loss relative to untreated cells afier 24 h of
treatment (Fig 2.2B, PAF). No additional reductions in cell number were
observed at 48 and 72 h (Fig 2.2B, PAF). mc-PAF (1 uM) triggered progressive
cell loss (Fig 2.2B, mc-PAF). A 33%, 63%, and 70% reduction in cell number
relative to untreated celis was observed 24 h, 48 h, and 72 h after administration
(Fig 2.2B, mc-PAF). PC12-AC viability was mildly compromised within the first
48 h of sustained EtOH exposure (0.1%); no further reductions were cbserved
after 72 h of treatment (Fig 2.2B, EtOH).

To establish the effect of chronic PAF exposure on PC12-AC viability,
cells were repeatedly treated with PAF (Fig 2.2C,D). Medium was replaced and
PAF (1 uM) or vehicle (0.1% EtOH) was added every 24 h. Metabolic activity
and percent survival of PC12-AC cells were assessed. Metabolic activity was
defined by the ability of mitochondrial dehydrogenases in viable cells to reduce
the formazan salt, WST, resulting in a detectable shift in substrate absorbance
(Fig 2.2C). Progressive impairment in the ability of PC12-AC cells fo reduce
WST (Fig 2.2C) and incremental loss in cell number (Fig 2.2D) were observed
after repeated PAF treatment. Taken together, these data demonstrated that
transient exposure to PAF elicits limited cell loss but that chronic exposure or
treatment with a hydrolase-resistant analog (mc-PAF) effectively extends these

kinetics and triggers incremental cell loss over protracted periods.
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Figure 2.2: PAF-mediated cell death is dependent upon sustained exposure
o active ligand.

(A) PC12-AC cells were treated for 24 h with vehicle (0.1% ETOH, 0 lane) or me-
PAF (0.1-10 pM) in low serum media. A dose-dependent decrease in cell
number was observed after 24 h of treatment. (*p<0.05, **p<0.01, ANOVA, post-
hoc Dunnett’s ttest). (B) PAF (1 uM) treatment resulted in quantifiable cell loss
24 h after treatment with no additional cell loss at 48 and 72 h. Treatment with
mc-PAF (1 uM) extended the kinetics of cell loss over a 72 h period. (*p<0.05,
**n<0.01, ANOVA, post-hoc Dunnett's ¢ test). (C) Repeated PAF (1 uM)
administration decreased the metabolic activity of cells for up to 48 h. Media was
replaced and PAF (1 uM) or vehicle (0.1% EtOH) was added every 24 h (arrows).
**p<0.01, ANOVA, post-hoc Dunnett’s f test). (D) Progressive cell loss was
observed following chronic PAF (1 uM) treatment. (*p<0.05, **p<0.01, ANOVA,
post-hoc Dunnett’s £ test). As in (C), media was replaced and PAF (1 uM) or
vehicle (0.1% EtOH) was added every 24 h (arrows). Note that, in (A), data are
expressed as percent survival of vehicle-treated cultures and, in (B,C,D) data are
expressed as percent survival or percent metabolic viability of untreated cells
cultured in low serum media to demonstrate the effect of vehicle treatment on cell
survival. Results are reported as Mean+ SEM of n=5-26 cultures per data point.
Details are as described in Materials and Method.
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2.4.2 Design and opfimization of rodent-specific PAF-AH PCR primer pairs
The first step in establishing the pattern of PAF-AH expression in the
PC12-AC cell line was to reveal PAF-AH mRNA expression. To this end, it was
essential to design and optimize rodent-specific PAF-AH PCR primer pairs o be
used in RT-PCR analysis. A primer designer program (Primer Designer 4, v4.2,
Scientific & Educational Software) was used as a tool to generate optimized
primers for the following rodent PAF-AH genes: LIS1, PAF-AH | a1, PAF-AH |
a2, PAF-AH I and plasma PAF-AH. Optimal primer design implicated the
consideration of several criteria, including length, GC content, melting
temperature, 3’ dimers, any dimers, stability, runs of bases, dinucleotide repeats,
hairpins and worst-case false priming. It was also essential to design primer
pairs specific to their target and non-homologous to other genomic sequences
(as determined by BLAST sequence). The rat PAF-AH primer pair sequences

and amplicon sizes are provided in Table 2.1.

2.4.3 PC12-AC cells express endogenous LIS1, PAF-AH | a1, PAF-AH | o2,
and PAF-AH Il mRNA transcripts, but not plasma PAF-AH

Expression of extracellular and intracellular PAF-AH mRNA was
investigated by RT-PCR. PC12-AC cells expressed Lis1 (Fig 2.3A), PAF-AH | a1

(Fig 2.3B), PAF-AH | 02 (Fig 2.3C) and PAF-AH Il (Fig 2.3D), as defined by
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Table 2.1: Rat-specific PAF-AH PCR primer pair sequences and amplicon
sizes.
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Amplicon

Gene Strand Sequence (5°-3°) .
size (bp)
GAPDH Sense TGGTGCTGAGTATGTCGTGGAGT 292
Antisense | AGTCTTCTGAGTGGCAGTGATGG
PAF-AH1 | Sense GACGGACGCTGGATGTCTCT 537
al Antisense | AGACGAAGCAGCAAGGAGTG
PAF-AH1 | Sense TGCAGCAGTACGAGATATGG 418
o2 Antisense | AACATGTCGTGGCAGGAGAT
PAF-AH1 | Sense CTGCTTCAGAGGATGCTACA 373
LIS1 Antisense | ATCAGAGTGCCGTCCTGATT
PAF-AHII | Sense GGATGTGATGGAGGGTC 1017
Pair #1 Antisense | TGCTTCTGCAGGAAGGCCAA
PAF-AHII | Sense CAGCTGGTGATGAGATGG 224
Pair #2 Antisense | GCGCTTGTTATACTGCAGGT
PAF-AHII | Sense TGAGCCGAGTGGCTGTGATG 472
Pair #3 Antisense | CCCTTGGATGAGCGATGGTC
PAF-AHII | Sense CAGCTGGTGATGAGATGG 1250
Pair #4 Antisense | CAACCTAGAGGCTGGACAGA
Plasma Sense GGGGCATTCTTTTGGAGGAG 413
PAF-AH | Antisense | GACAGTCCCACTGATCAAAGTC




Figure 2.3: PC12-AC cells express all three PAF-AH | subunits (LIS1, ai, o2)
and PAF-AH Il mRNA but not extracellular PAF-AH mRNA.

RT-PCR was performed for (A) LIS1, (B) PAF-AH | a1, (C) PAF-AH [ 0.2 and (D)
PAF-AH li, defining amplicons of 373, 587, 418 and 1017 bp respectively (PC12-
AC lanes). The absence of genomic DNA contamination and reagent
contamination was demonstrated by performing the following control reactions in
parallel: No RT during the RT reaction, no template during the PCR reaction,
and no primers during the PCR reaction. Rat brain RNA was reverse-transcribed
as a same-species positive control PAF-AH (Rat Brain lane). (E) Template
integrity of t random-primed PC12-AC RT product was verified using GAPDH
primers, defining a 292 bp amplicon.
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amplicons of 373, 587, 418 and 1017 base pairs (bp) respectively. PC12-AC
cells do not express plasma PAF-AH (Fig 2.3E). Several control reactions were
carried out in parallel to exclude false positive and false negative results for each
transcript analyzed (i.e., RT reaction carried out in the absence of enzyme to
detect genomic DNA contamination in the RNA template, no template to detect
reagent contamination, and no primers to detect false priming artifacts).
Glyceraldehyde-3'-phosphate dehydrogenase (CAPDH), a “housekeeping” gene,

was also amplified as an internal standard (Fig 2.3F).

2.4.4 Cloning of the rat PAF-AH Ii

Because the rat PAF-AH |l sequence had not been deposited with
GenBank prior to this study, 4 primer pairs were designed against highly
conserved sequences in mouse, bovine, and human genes spanning the
complete open reading frames (Table 2.1). A 1017 bp amplicon was identified by
RT-PCR in PC12-AC cells (Fig 2.3D), sequenced on both forward and reverse
strands, and found to be 88% homologous to murine PAF-AH Il. The 1173 bp
open reading frame was subsequently amplified from adult Wistar rat brain and
placed into the pGEMT-cloning vector. Direct submission to GenBank was
accepted under accession number AY225592. The full-length rat PAF-AH i
cDNA is 83% and 92% homologous to the human and mouse nucleotide
sequences respectively (Fig 2.4). The rat cDNA encodes a 390 amino acid
protein with a predicted molecular weight of 43.5 kD and a 80% and 92%

homology to the human and mouse protein sequences (Fig 2.5).
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Figure 2.4: Nucleotide sequence of rat PAF-AH Il and homology with

murine and human cDNAs.
Nucleotide residues are numbered from 5’ to 3’. The start codon (ATG) encoding

the initiating methionine is surrounded by a box. Nucleic acid sequences with
complete homology between all three species are indicated by (*). The full-
length rat PAF-AH Il cDNA, containing 1173 bp, is 92% and 83% homologous to
the mouse and human nucleotide sequences respectively.

29



Rat
Mouse
Human

Rat
Mouse
Human

Rat
Mouse
Human

Rat
Mouse
Human

Rat
Mouse
Human

Rat
Mouse
Human

Rat
Mouse
Human

Rat
Mouse
Human

Mouse
Human

Rat
Mouse
Human

Rat
Mouse
Humarn

Rat
Mouse
Human

Rat
Mouse
Human

Rat
Mouse
Human

Rat
Mouse
Human

Rat
Mouse
Human

Rat
House
Human

Rat
Mouse
Human

Rat
Mouse
Human

Mouse
Human

ATCACATHRGEGCCEGTCAGTCTATATGCTTCCCGCCCATCTCCGGECCCCACCACATTE
ATGAGATEGEEECCEECCAGTCTETETGCTTCCCACCCATC TCGEGACCCCACCACATTG
ATG. TOGGEETCARCCAGTCTETGEGCTTTCCACCTETCACAGGACCCCACCTCRTAG

%)

EETTY CEEE ® wekkEE % RUWRE Fw ¥w ME Kk FE FRRARAT X K K

GOPGCACGEATETGATEOACEETCACACTCTIGAGCCCAGCCTCTTCCGACTCTICTACT
GCTBCACCEATCTCGATGRAGEE TCACAGTC TTGAGGGGAGCCTC TTCCEACTCTTCTACT
GOTGTRGEEGATGTGATGGAGEGTCAGAATCTCCAGGCGAGC TTCTTTCGACTCTICTACT

AT FHEEARRAAERREERRNR K EkE RAREFRER AREF A ERLARERAL R

COTGCGAAGCATCAGAGACETEC -~ ~GABCAGCLCCTGTEEATTCCCCGCTATCAGTACT
CTTGCCAAGCATCAGACAAGTGC -~ ~BAGCAGCCCCTGTGEATTCCCCOCTACGAGTACA
COTGCCARAAGGCAGAGGAGACCATHGAGCAGCCCCTGTGGATTCCCCGCTATGAGTACT

% kkE AW ExwRt Ak ARUEX AR RERNEEREAAXFRLHEEEE 2RO F R

GCGTOGETCTGECTGACTACCTGCAGTATARCARGCECTEGETERGEGCTECTGTTCARCS
GCATGAGTCTGGCCGATTACCTECAGTATARCARCCGUTGEGTGGGETTGCTCTTCAACS
GCACTGGCCTGGCCGAGTACCTECAGT TTAATARGCGCTACGGRGECTTGCTCTTCARCC

xw Tk WREAS AW RAEVRIRARS KAF AERAFEHE % wAE WAERARCAAAY

TEGECATCGGATCCTGTCECPTGCCTETTAGCTGOAACGGCCCCTTTAAGACARAGGAAT
PEGGTATCGEATCTTETCECTTOCCTETTAGCTGGARCGECCCCTTTAAGGCAARGGACT
TGGCEGTGEGATCTTRTCGCCTGCCTGTTAGCTGGAATGGCCCCTTTAAGACARAGGACT

xhw T oAAERE ARAREE RLAEANENEL S LAk A Ay FXNKFARAANL A A AR X

CTGGATACCCTTTGATCATCTTGTCCCATGGCCTAGGGGGCTTCAGGGTGTCATACTCGG
CTGGATACCCTTPGATCATCT TG TCCCATGGCCTAGGAGGGTTCAGEGCETCATACTCGE
CTGGATACCCCTTGATCATCTPCTCCCATGGCCTAGGAGCCTTCAGGACTTTCTATTCAG

HREEERRERD AN EEARIAE EAXERLERAEATRE X KKK FE x A% km ®

COTTCTGCATGEAGC TGELCTCCCGTEECTTTG TEETTGCTGCCATAGAGCACAGEGACT
COTTCTECATGGAGCTGECCTC TCOTGECT PTG TG TTGCTGCCGTAGAGCACAGGGACT
COTPCTGCATGGAGCTEGCCTCACE PEECTTTCTEETTCCTGTGCCAGAGCACRGGEACT

KURERRAABGRE IR RAREI AR SR RI R AT R I AR Rk A A AR A REEFAEL

AGTCAGCTGCAGCCACCTACTPCTGCAAGCAGACCTCCCAGGAGAGTTCGCCCAL -~ - TG
AGTCAGCTGCGGCCACCTACTICTGCARGCCAACCTCCCAGEAGAGCTCTCCCEC - - - TG
GOTCAGCGGCAACCACCTATTTCTGCARGCAGECCCCAGAAGAGARCCAGCCCACTARTG

EARHRE AT AHERAEE ERRRFAAATT KE ¥k KA sxw K *E

AGTCTCTEGACCAGGAATGCATCCCC T TCCETUGCATCAAGGAAGEEGACAACGALTTCC
AATCTCTGGAGGAGRAGTEGCTCCCCTTCCATCGCATCAAGGAAGGGGAGAAGEAGTTCC
AATCGCTGCAGGAGGAATCGATCCCTTTCCGTCCAGTTCAGGAACCGGAGAAGGAATTTC

kA AR EREAREE AAE RAAE TAEFIAGE ok RRRKFRIERNTAANFE KX

ATGTTAGGAATCCCCAGGTECACCAGCGEGCGARMGAGTETGTGCGCETECTGCAGATCC
ACGTCAGGAATCCTCAGGTECACCAGCCGGTGAAAGAGTGTETGCEAGTGCTGCCEBATCC
ATGTTCCGAATCCCCAGCTGCATCAGC GGG TAAGCGACTRT TTACCECTCTTCAAGATCC

K HE AKRAERRE RETRAURRRE RAGHEANE X EREERI K KE KEE P REARE

TTCAGGACGCCTCTGCTGECAAGCCTETCATCAATGTCTTCCCAGGAGCACTGGATCTGA
TTCAGCACGCCTCTGCTGGGARGACTETCETCARTCTC TTCCCAGGAGGACTGEATCTGA
TGCARGAGGTCACTGCTEEGCAGACTGTCTTCARCATC TTGCCTGGTGGCTTGGATCTCA

d kK AR & K RHREKRER kR AERTH KKKE  REKE KA AF Hk KRAIFARAA

TGACCTTGAAGGGCAGCATCGACATGAGCCOAGTGGCTGTCGATGGGACACTCCTTCGCAG
TEACCTTCAAGCGCAGCGTCEACACGAGCLGCGTEECCGTCATGEETCACTCCTTTEGAC
TGACTTTCAACCGCAACATTGACATGAGCCCTGTGCCTETGATGCCACATTCATTTGGAG

FHw ATAEETANE K ok FAAE AKEURY kAR F RIAEHAAE KE AF K¥ KA RK

GGGCTACGECTATTCTTGCTTTGACCCAGEAGGCCCAGTTICGETETGCTATAGCCCTGE
GAGCTACGGCTGTTCTTGCTTTGACCCAGGAGGTCCAGTTTCGGTATGCTATACCCCTGE
GGGCCACAGCTATTCTGGCTTTGGCCAAGGAGACCCAATTTCGRTCTGCGETGGCTCTGE

¥ kk kk RER RARE RRAGRE Kk KAXkk  kkw REXRAXFFAEL K Fh HHEE

ACGCTTEGATGTTCCCTCTGGAACACGACTTCTACCCCAAGGCCCEGGGCCCCETETICT
ACGCTTEEATCTPCCCTCTGGAACGGGACT TTTACCCCAAAGCCCGEGECCCTGTETTCT
ATGCTTGCATGTTTCCTCTGEAACGTEACTTITACCCCAAGGCCCGACGACCTGTGTTCT

* KRERESRKAAEE FNBREFUFFA WHRAK FA A AW ENH KRRAR KX AE REERAAE

TPATAAACCTTCGAGAAATTCCAGACAGTGGAGAGCOTGAMCTTGATGAAGAAGATATCTG
TPATCAACGTCGAGRAATTCCAGACGGTAGAGAGCCTCAACTTGATCAAGAAGATCTGTE
TTATCAATACTGAGAAATTCCAGAC AATECAGAGTCTCAATTTCATGARGAAGATATETG

wwrk EE AEREERERNREEER  k BEAAT hE KX KEXARRAREAFATE KR AR

CCCAGCACGAGCAATCCAGCATCGTGACTETCCTAGECGCTGTTCATCGCAGTCARALTG
CCCAGCALGAGCAGTCCAGCATCETGACTETCCTAGBCEGCTGTTCATCGGAGTCARACTG
COCAGCATCAACAGTCTAGGATCATAACCGTTC TIGETTCTGTTCATCGGAGTCAAACTE

Gk Ak wdk kA Ak RNREALT b kd WE RF Ak REREEERGAIURNKTNRAAX S

ACTTTGCCTTTETCACGGECAACATCATTGGTARRC TCTTTTCCAGCGGCACACETGGGA
ACTTTGCCTTTETGACGGECARCCTCATTGC TAAAT TC T TTTCCAGTAACTCTCETCGTA
ACTTTGCTTTTGTGACTGGCAACTTGATTGGTARAT TC TTC TCCACTGAAACCCGTGGEA

KEEABED ARRRA Ak RRREKE RFREAIN KARLE RENR WA AK w EkERE K

CTTTGEACCCTTATGAAGGTCAGEAAGTCATEETGCGGECCATGTTCGCCTTCCTCCAGA
COTTEGACCCTTACGAARGTCAGGAGGTCATGCTGAGGGCCATC TTAGCCTTCCTGCAGA
GCCTGGACCCCTATCAAGRGCAGGAGGTTATEGTACGEGCCATCTTGGCCTTCCTGCAGA

BahkREE Ek KEH % AARKE FE EKXAAR XEAERAL KEHAAAAAAEARARNS

AGCACCTCGACCTGAACGAGGACTATGATCACTCCAACAGC TTCATCGAACECATCGGAC
AGCACCTTGACCTCAAGGAAGACTACGATCAATGGAGC ACCTTCATCGAAGGCGTCGGAC
AGCACCTCGACCTGAMAGAAGACTATAATCAATGGAACARCCTTATPGAAGGCATTGGAC

Akkk R FAKEEAAE Bh REEFE  AEEE KXIE BF A K kk KEAKER F KFRE

COTCGCTCATCCAAGGGGCCCCACACTATCTGTCCAGCCTCTAG 1178
CATCGCTCATCCAAGGGECCUCGCACTATCTGTCTAGTCTATAG 1178
CGPCGCTCACCCCAGEEGCCCCCCACCATCTGTCCAGCCTCTAG 1184

X Rk AkAEk kR REBELEUALE RUF KEHTHAR kA RR HEK

60
&0
60

120
120
1290

i77
177
180

237
237
240

287
297
300

357
357
360

417
417
420

474
474
480

534
534
540

594
594
600

654
654
660

714
714
720

774
774
780

834
834
840

894
894
900

954
954
960

1014
1014
1020

1074
1074
1080

1134
1134
1140



Figure 2.5: Predicted amino acid sequence of rat brain PAF-AH Il cDNA and
homology with murine and human protein.

The predicted amino acid sequence of rat, mouse, and human protein with
complete homology between all three species are indicated by (*). The rat cDNA
encodes a 390 amino acid protein with a predicted molecular weight of 43.5 kD
and a 92% and 80% homology to the mouse and human protein sequence.
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2.5 Discussion

Accumulating evidence suggests that protracted exposure to
pathophysiological concentrations of PAF is a principal mediator of neuronal
death in ischemia, encephalitis, epileptic seizure, meningitis, and HIV-1
dementia, and a primary mediator of lethality associated with systemic
anaphylaxis (Bazan et al., 1995; Bazan, 1998; Birkle et al., 1998; Perry et al.,
1998; Langley et al., 1999; Schifitto et al., 1999; Fukuda et al., 2000). We and
others have demonstrated that PAF elicits apoptosis in a variety of cell types at
concentrations comparable to that observed under certain conditions of trauma
and injury, and necrosis when concentrations exceed the critical micelle
concentration (Pulliam et al., 1998; Brewer et al., 2002; Murohisa et al., 2002).
The mechanisms underlying PAF-mediated apoptotic signaling are not clear.
While PAF can be metabolized to other biologically active lipids, the majority of
PAF effects are understood to be receptor-mediated (for a review see Prescott et
al 2000). We have previously demonstrated that PAF elicits cell death in PC12
cells in the absence of the G-protein coupled PAFR, and that transfection and
overexpression of PAFR is cytoprotective (Brewer et al., 2002). These data and
other observations from our laboratory (unpublished) suggest that PAF may act
through a novel PAF binding protein to elicit apoptosis — an important distinction
in the development of new therapy fo reduce cell death associated with lipid
mediators. Whether specific intracellular receptors for PAF exist is still a debated
issue, although strong experimental evidence in favor of their exisience has been

published (Marcheselli et al., 1990; lhida et al., 1999). The role of the known G-
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protein coupled PAFR in the regulation of PAF-mediated apoptotic loss is also
controversial. Other groups have shown that PAFR expression both protects
cells from apoptotic loss and exacerbates apoptosis depending on cellular
response to NF-kB activation (Southall et al., 2001, Li et al., 2003). These
controversies underline the importance of establishing how PAF degradation is
regulated at the intracellular level in context of PAF inactivation following
pathophysiological challenge.

Degradation of PAF has been extensively studied in various cell types and
tissues. However, no evidence has yet been provided for the exact catabolic
kinetics of cytosolic PAF-AH in cells sensitive to PAF-mediated loss. The
present thesis focused on furthering our understanding of how intracellular PAF-
AHs regulate the kinetics of PAF-mediated cell death and, furthermore, on
establishing whether these enzymes can be targeted to promote cell survival
following injury or insult. The first steps in this investigation were to identify a
PAF-sensitive system (PC12 cells) that expresses intracellular but not
extracellular PAF-AH isoforms, and to provide experimental evidence that these
enzymes limit the extent of PAF-mediated cell death. To this end, we
investigated the effects of different concentrations of PAF treatment on PC12 cell
viability. The critical micelle concentration of PAF is estimated to be 2.5 {o 3 uM
(Blank et al., 1981). Presence of higher concentration of PAF (3.5 to 10 uM) has
been shown to produce cytotoxic effect (Kornecki and Ehrlich, 1988) and elicit
necrotic cell death by disrupting the plasma membrane (Brewer et al., 2002).

Although PC12 cells showed responsiveness to nanomolar concentrations of
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PAF (100 nM), significant cell death was apparent at micromolar concentrations
(1 uM). We have previously demonstrated that this cell death occurs through an
apoptotic mechanism (Brewer et al., 2002) and have recently confirmed that
PAF-mediated apoptosis is caspase-3-dependent (Bonin et al, submitted).
These data were not included in this thesis as they were performed as part of my
Honours research project and in collaboration with two undergraduate students |
mentored over the summer of 2003. In this thesis, we extend these observations
to demonstrate that the extent of PAF-mediated apoptotic loss® depends upon
sustained exposure to active ligand. A single exposure to PAF in serum-free
media containing 0.025% BSA resulted in a significant reduction in PC12 cell
survival 24 h after treatment, with no subsequent decreases in cell viability.
Chronic PAF treatment or single exposure to a non-hydrolyzable analogue, mc-
PAF, triggered incremental apoptotic cell death over 72 h, resulting in a loss of
approximately 70% of cultured cells. Salient to this finding, mc-PAF, a PAF
analog known to have a lower affinity for PAF binding proteins than PAF itself
(O'Flaherty et al., 1987) produced the same magnitude of cell loss in PAFR-
negative PC12 cells. This effect is in keeping with the sustained actions of the
ligand despite reduced receptor affinity, a phenomenon we have previously
observed in other cell types (Bennett et al., 1993). Other groups have also
demonstrated that exposure to both PAF, and the non-metabolizable form of it

(mc-PAF) produced comparable effects upon cultured hippocampal neurites,

3 | refer to PAF-mediated cell death as apoptotic, based on the data presented in
Brewer et al 2002 and as a result of the caspase analysis performed by Fan Mo

and Lamiaa Migahed, undergraduate students in the Bennett laboratory. These

data are not presented in this thesis.
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including growth cone collapse, neurite retraction, and neurite varicosity
formation despite the reduced affinity of mc-PAF for PAF binding proteins relative
to PAF (McNeil et al., 1999). Given the fact that an acute PAF administration
caused a decrease in cell survival following 24 h, but, unlike mc-PAF, did not
result in incremental cell loss, it is likely that PAF-AHs limit the extent of PAF-
mediated apoptotic signaling in PC12 cells. Intraceliular PAF-AH activities have
been reported to regulate the intracellular PAF concentrations in other cell types
(Matsuzaya et al., 1997; Marques et al., 2002).

Intracellular PAF-AH enzymatic activity has been shown to be controlled
by two distinct isoforms designated PAF-AH | and Il (Manya et al., 1998). The
PAF-AH genes have since been cloned (for a review see (Arai, 2002)) with
isoform | proven to have more than one catalytic subunit (a1 and o2) and a
regulatory subunit (B or LIS1) (Manya et al., 1998). The expression of PAF-AH
genes was investigated for mRNA and protein expression in the PC12 celi line.
RT-PCR and protein analysis revealed that PC12 cells express PAF-AH Il and all
three subunits of PAF-AH I. Semi-quantitative RT-PCR analysis suggested that
the a2 catalytic subunit expression was more predominant than the a1 catalytic
subunit expression®. This differential expression is predicted to impact upon
enzyme kinetics (Manya et al., 1998), a hypothesis tested in the next Chapter.
The activity of dimeric enzymatic complexes is modulated by the g (LIS1) subunit
in a catalytic subunit composition-dependent manner. The rate of PAF hydrolysis

by the a2/02 homodimer is accelerated approximately 4-fold by the addition of

“ This observation was confirmed at the protein level by Western analysis by
Scoft Ryan, a M.Sc. student in the Bennett laboratory.
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the B subunit, whereas the rate of hydrolysis by the a1/a1 is suppressed by it.
al/a2 activity is not affected by LIS1 (Manya et al., 1999). Therefore, according
to the observation that the o2 subunit expression predominates in PC12 cells, it
is likely that PAF-AH | is mostly composed by a2/a2 and a1/a2 dimers. This
hypothesis was tested in the next Chapter.

In addition to investigating expression of PAF-AHs in PC12 cells, we have
cloned rat PAF-AH II from Wistar rat brain and confirmed expression in PC12-AC
cells. Prior to this research, mouse and human but not rat PAF-AH ll sequences
had been deposited with GenBank. The cDNA encoding the intracellular
cytosolic rat PAF-AH Il was isolated from Wistar rat brain, based on predicted
sequence homology with mouse and human PAF-AH 1l, and registered under
accession number AY225592. RT-PCR analysis using primers based on this
novel sequence detected PAF-AH Il in PC12 cell cultures, which marks the first
report of bioclogical expression of the PAF-AH 1l gene in a rat derivate cell
system. The rat cDNA encodes a 390 amino acid protein with a predicted
molecular weight of 43.5 kD and a 80% and 92% homology to the human and
mouse protein sequence (Clustal analysis). The amino acid sequence of isoform
Il has no homology with any subunits of PAF-AH | but is 41% identity with that of
the plasma PAF-AH, consistent with previously published analyses of mouse and
human homologies (Hattori et al., 1995a; Hattori et al., 1996). The intracellular
PAF-AH il has been shown to be an antioxidant phospholipase in a number of
systems (Matsuzaya et al., 1997). It has been demonstrated that the intraceliular

PAF-AH li translocates between cytosol and membrane in response to a redox
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state of the cells (Matsuzaya et al., 1997). Furthermore, cells overexpressing
PAF-AH Il protein have shown fo be resistant to reactive oxygen species (ROS)-
induced apoptosis, suggesting that hydrolysis of oxidized PAF-like phospholipids
protects against ROS-induced apoptosis (Matsuzaya et al., 1997), consistent
with our hypothesis that PAF-AH activity limits the extent of apopfotic loss in
PC12 cells. Isoform Il has been demonstrated to fransfer an acetyl group from
exogenously added PAF to endogenous acceptor lipid(s) in CHO-K1 celis (Bae
et al., 2000). Whether this mechanism is occurring in an identical manner in
PC12 cells remains to be tested.

In summary, this series of experiments reports the cloning of the
intracellular PAF-AH Il isoform from rat. This study also marks the first report of
endogenous PAF-AH [ (LiS1, a1, a2) and PAF-AH Il expression in the PC12-AC
cell line. The kinetics of PAF-mediated cell death and mc-PAF-mediated cell
death suggest that these intracellular enzymes are playing a protective role

limiting PAF cytotoxicity in PC12 cells.
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CHAPTER 3: CHA PC12 CELLS

ON OF PAF-AH ACTIVITY IN

3.1 Introduction

As reviewed in Chapter 1, PAF-AHs are structurally diverse isoenzymes
that catalyze the hydrolysis of the primary substrate PAF by removing the acetyl
moiety at the sn-2 position of the glycerol backbone, generating the immediate
PAF metabolite, lyso-PAF (for a review see (Stafforini et al., 1996a)).
Mammalian PAF-AHs can be divided into two types: intracellular PAF-AHs found
in the cytosol (PAF-AH | and PAF-AH 11}, and exiracellular PAF-AH secreted to
blood plasma (plasma PAF-AH) (for a review see (Arai, 2002)). PAF-AHlis a G-
protein-like trimer composed of two homo or heterodimer catalytic subunits (a1,
29 kD; @2, 30 kD), and a non-catalytic 45 kD regulatory  subunit called LIS1
(Hattori et al., 1993; Ho et al., 1997). Intraceliular PAF-AH Il is a 40 kD enzyme
expressed by most tissues including brain (Hattori et al., 1996). Isoform Il differs
from isoform | with respect to its polypeptide composition, substrate specificity,
and tissue distribution, suggesting that it may serve a different physiologic
function from isoform | in tissues (Hattori et al., 1995a). In support of this
hypothesis, PAF-AH Il has been shown to recognize both PAF and PAF acyl
analogs with moderate length sn-2 chains (for a review see (Prescott et al,,
2000)). PAF-AH | has been shown to have a strict requirement for the sn-2
acetyl group in PAF and PAF-like lipids (Min et al., 2001). The 45 kD monomer
plasma PAF-AH is the most permissive PAF-AH enzyme capable of inactivating

not only PAF but also structurally related analogs with relatively long sn-2 acyl
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chains (Tjoelker et al., 1995a; Prescott et al., 2000). lf has been proposed that
PAF-AH activity regulates PAF levels, which can be toxic at high concentrations
during brain development (Tjoelker and Stafforini, 2000).

in vifro studies of the rodent PC12 cell have shown that PAF initiates
apoptotic cell death when administered at concentrations observed following
pathological tissue insult (Brewer et al., 2002). The goals of the present study
were to characterize the kinetics of cytosolic PAF-AH | and Il and to test the
hypothesis that PAF-AH enzymatic activity protects cells against PAF-mediated

cytotoxicity.

3.2 Objectives

To elucidate the role of intracellular PAF-AHs in PAF degradation and in
protection against PAF-mediated cell death, we developed a novel and feliable
assay using a fluorescent PAF substrate capable of quantifying intracellular PAF-
AH activity (I and 1) and thereby determining the half-life of PAF. The advantage
of this assay is that both PAF and PAF metabolites can be followed over time in
living cells and following fractionation. Previous assays have used substrates
shown to inhibit PAF-AH Il activity and thereby cannot be used for kinetic
analyses, or radioactive PAF substrates that are not amenable to live cell
imaging.

In this series of experiments, we investigated the presence of functional
PAF-AH activity in PC12 cells. To establish the kinetics of PAF internalization

and metabolism in PC12 cells, cultures were analyzed at single-cell level by
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quantitative time-lapse fluorescence microscopy, and at the population level by
lipid extraction and thin layer chromatography (TLC) using Bodipy FL C-PAF
(B-PAF) (Fig 3.1B). Cell survival and kinetics studies were also performed in the
presence and absence of DFP, a potent inhibitor of serine proteases and
acetylcholinesterase, known to inhibit PAF-AH activity in concentration-
dependent fashion (Hattori et al., 1995a; Hattori et al., 1996; Manya et al., 1999),

and three different PAF antagonists (CV 3988, CV 6209, and FR 498175).

3.3 Materials and Methods
Cell culture
PC12-AC cells were cultured as described in Chapter 2. Stock cuitures

were fed with complete media every 2-3 days and passaged when sub-confluent.

PAF-AH activity assay

PAF-AH activities in complete media, serum-free RPMI, PC12-AC cells,
PC12-AC conditioned media, and mouse brain (positive control) were determined
using a commercial PAF-AH assay kit (Cayman Chemicals) (Fig 3.2). Cells and
tissue were homogenized in 250 mM sucrose, 10 mM Tris-HCI (pH 7.4), and 1
miM ethylenediaminetetra-acetic acid (EDTA) using a Tissue Tearor (Fisher).
Tissue and cells lysates were centrifuged at 600 X g for 10 min and at 100 000 X
g for 60 min. Cytosolic supernatants were concentrated using an Amicon

centrifuge concentrator with a molecular weight cut-off of 10 000 (Millipore, Bio
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Figure 3.1: Substrates used to detect PAF-AH activity.
(A) C1s-2-thio-PAF; (B) Bodipy FL C14-PAF (B-PAF)
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Figure 3.2: The Cayman Chemical PAF acetylhydrolase Assay Kit reaction.
The assay uses Cqs-2-thio-PAF, which serves as a substrate for PAF-AHs
(plasma and intracellular). Upon hydrolysis of the acetyl-thioster bond at the sn-2
position by PAF-AH, free thiols are detected using DTNB at 405 nM. This assay
cannot be used to study the kinetics of intracellular PAF-AH activity given that
DTNB has been shown to inhibit PAF-AH II (Hattori et al., 1995a).
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Process Division). Protein content was determined using a Bradford Protein
Assay DC kit according to the protocol provided by the manufacturer (Bio-Rad
Laboratories). Protein (50 ug) was incubated with C+s-2-thio-PAF (Fig 3.1A)
substrate for 30 minutes at room temperature. Hydrolysis of the thioester bond
at the sn-2 position was detected by conjugation with DTNB (Eliman’s reagent) at
405 nM (Fig 3.2). Control reactions included samples incubated without lysate or

media and samples incubated without substrate.

Intemalization assay (live cell imaging)

PC12-AC cells (5 X 10* cellsiwell) were platéd in complete media
overnight in a 24-well-plate (VWR) coated with 0.1% gelatin. Cells were washed
with 10 mM phosphate buffered saline (PBS, 10 mM sodium phosphate, 137 mM
sodium chloride) and incubated with 1 uM B-PAF (Fig 3.1B) in RPMI 1640
containing 0.1% BSA (Sigma). B-PAF was custom synthesized for our laboratory
by Molecular Probes. At each time point (0, 10, 20, 30, 40, 50, 60, 70, 80, 90,
100, 110, 120 min), incubation media was removed, cells were washed with PBS
or 200 mM Na acetate (pH 4.5) containing 25 mM NaCl, and 1% BSA to separate
cells surface B-PAF (acid-sensitive) from internalized B-PAF (acid-resistant)
(Ohshima et al., 2002). Live cell imaging under phase and fluorescence of
identical cell fields was performed using a DMIL 20X inverted microscope (Leica)
equipped with a QICAM digital camera (Quorum Technologies) and captured
using Openlab software v3.14 (Improvision). Following time-lapse imaging, the

incubation media was replaced and internalization allowed to continue.
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Quantitation of fluorescence intensity of individual cells was performed using the
Advanced Measurement module of Openlab v 3.14 software. Time-lapse

animations were reconstructed using AfterEffects v 5.5 (Adobe).

Lipid extraction and thin layer chromatography (TLC)

PC12-AC calis (1 x 10° cells/cm?) were plated onto 10 cm diameter tissue
culture plates (VWR), and maintained in complete media at 37°C in 5% CO; for
72 h. Cultures were incubated at 37°C with 1 uM B-PAF in serum-free media
containing 0.1% BSA, for 0, 5, 15, 30, 45, 60, and 75 minutes. A number of
experiments included the addition of DFP (0.1 mM and 1 mM; Sigma) or the
addition of a PAF antagonist (FR 49175, 10 uM; Biomol) or vehicle (EtOH, 0.1%;
PBS, 0.1%) 15 minutes before treatment with B-PAF (1 uM). Cells were
maintained in media throughout the experiment, and at each time point, 4
plates/condition were removed from the incubator and were placed on ice. One
mi of methanol acidified with 2% acetic acid was added to each plate and the
extracellular fraction was collected. This fraction contained B-PAF in the culture
media and uninternalized B-PAF bound to cell surface proteins or associated
with the plasma membrane. The remaining monolayer of cells was collected by
scraping, using a cell lifter (Fisher) in acidified methanol. Lipids were exiracted
from the extracellular milieu and cytosolic fractions by the Bligh and Dyer method
(Bligh and Dyer, 1959) and were developed on TLC plates (20 X 20 cm Siiica gel
60; Whatman, VWR) in a solvent system of chloroform/methanol/acetic

acid/water (50:30:8:5, v/v). B-PAF and B-lyso-PAF (Molecular Probes) were
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used as authentic markers. Fluorescent lipids were visualized under ultraviolet
(UV) light using Alphalmager-1220 software (Alpha Innotech Corporation Fisher
Scientific). Fluorescence intensity was determined by densitometry using the

advanced measurement module of Openlab v3.14.

Cell death assays

PC12-AC cells (1 x 10° celisicm?) were plated overnight in complete
media in 6 cm diameter tissue culture plates (VWR). Cells were treated in
serum-free media containing 0.025% BSA with DTNB (1 mM) and/or DFP (0.1
miM and 1 mM), a potent inhibitor of serine proteases and acetylcholinesterase
known to inhibit PAF-AH activity, or PAF antagonists (FR 49175, CV 6209, CV
3988; Biomol) or vehicle (EtOH, 0.1%; PBS, 0.1%), 15 minutes prior to treatment
with PAF (1 uM; Biomol). Cell cultures were incubated at 37°C with 1 uM PAF
and maintained in media for 24 h. Cell survival was assessed by hemocytometer

cell counts of Trypan Blue-excluding cells.

Statistical analysis

Data were analyzed using one-way factorial ANOVA tests. [Cell survival
with PAF antagonists]: Following detection of a statistically significant difference
in a given series of treatments, post hoc Dunnetl’s t-tests were performed in
order to determine which treatment condition differs significantly from a single
control condition (*p < 0.05, **p < 0.01, significant reduction in cell survival

compared to vehicle treatment; Tp < 0.05, 11 p < 0.01, significant protection
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relative to PAF-treated cultures). [Cell survival with PAF-AH inhibitors]: Following

detection of a statistically significant difference in a given series of treatments,
post hoc Tukey tests were performed in order to determine which treatment
conditions differs significantly from another treatment (**p < 0.01, significant

reduction in cell survival).

3.4 Results
3.4.1 Functional PAF-AH activity is detected in PC12-AC lysates and serum-
containing media but not serum-free media.

To establish whether PAF is metabolized by PAF-AH isoforms in PC12-

AC cells or culture media, in vifro activity was assayed using C+e-2-thio-PAF (Fig

3.1A). Cytosolic PAF-AH activity in PC12-AC cell lysates was equivalent to
enzymatic activity detected in mouse brain homogenates (Table 3.1). Plasma
PAF-AH activity, present in mammalian serum, was detected in cell-free
complete media containing 10% HS and 5% NCS (Table 3.1) and minimally in
low serum media containing 0.5% HS (Table 3.1). PAF-AH activity was not
detected in serum-free media or conditioned RPMI/0.1% BSA media harvested

from PC12-AC cells (Table 3.1).

3.4.2 Internalization of PAF in PC12-AC cells by quantitative time-lapse
flucrescence microscopy.
The kinetics of PAF internalization were analyzed at single-cell level by

guantitative time-lapse fluorescence microscopy using B-PAF (Fig 3.1B). In
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Table 3.1: Cytosolic and plasma PAF-AH activity in PC12-AC cells, mouse
brain lysate, and tissue culture media.

Mouse brain and PC12 cytosolic fractions were prepared as described in
materials and methods. The catalytic activity of samples containing 50 pg of
cytosolic protein was measured using the PAF-AH assay kit (Cayman Chemical).
Catalytic activity was also determined in complete media, low serum media,
serum-free RPMI and PC12-AC conditioned media. Results reporied as Means
+ SEM (n= 2-12 replicates conducted in over 1-5 individual experiments).
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Positive

PC12-AC

control Low Serum- conditioned
mouse P(I:;(li-tgc Ccr)nn;glizte Serum free serum-free
brain media media media +
lysate 0.1% BSA
PAF-AH 1.97 1.83 3.36 0.06 0.01 0.00
activity + * + + * x
{(nmol/min/ug) 0.44 0.28 0.10 0.04 0.00 0.00
n=8 n=12 n=2 n=3 n=2 n=3




time-lapse microscopic studies, cultures were incubated for up to 120 min with 1
uM B-PAF in RPMI 1640 containing 0.1% BSA at 37°C. Every 10 min, the B-
PAF containing media was removed and cells were washed with PBS or with a
sodium acetate buffer (pH 4.5) containing 1% BSA to strip uninternalized ligand
bound to cell surface proteins at the plasma membrane (Ohshima et al., 2002).
Time-lapse analysis of cell-associated fluorescence revealed two populations of
cells (Fig 3.3 and Appendix A, Quick-time movie). No differences in the rate of
internalization or in the percentage of cells internalizing B-PAF were detected
between PBS and acidic pH wash conditions, and data were combined for
quantitative analysis (Fig 3.3A). Sixty percent of the PC12-AC population were
PAF-unresponsive over the 120 min test period with little to no increase in cell-
internalized fluorescence detected over time (Fig 3.3A,C). Forty percent of cells
in the PC12-AC cultures were PAF-responsive (Fig 3.3A,B). The most
pronounced linear increase in cell-associated fluorescence was observed over
the first 40 min of exposure (r?=0.98) with linear internalization continuing for up
to 70 min (r*=0.97, Fig 3.3A,B). Incorporation plateaued between 80-120 min

after B-PAF administration (Fig 3.3A,B).

3.4.3 Internalization and metabolic fate of PAF in PC12-AC cells by lipid
extraction and TLC.
internalization kinetics of exogenous B-PAF were confirmed on a

population basis by lipid extraction and TLC using B-PAF (Fig 3.1B). PC12-AC

47



Figure 3.3: Quantitation and characterization of B-PAF internalization in
PC12 celis.

(A) Two populations of PC12-AC cells were identified by live cell imaging. (A,C)
PAF-unresponsive cells (A,B) PAF-responsive cells. (A) Results reported as
Means + SEM (n= 16-25 per data point). (B,C) Scale bars: 5 pm. A QuickTime
movie of PAF internalization is provided on the CD ROM included in Appendix A.
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cultures were treated with B-PAF for up to 75 min at 37°C as described for
internalization assays. Lipids in the extracellular media and lipids internalized in
the celi cytosol were extracted immediately after ligand exposure (0 min) or
following 5, 15, 30, 45, 60, and 75 min of treatment using a medified acidic
methanol/chioroform extraction protocol. This treatment removes both labile PAF
and PAF bound to carrier proteins at the plasma membrane in acid-resistant
conformation (Ammit and O'Neill, 1997). This treatment could not be applied to
live celis imaged over time due to the cytotoxicity associated with the acidified
methanol wash. Fluorescent products were identified by TLC, and lipid yields
were determined by analysis of fluorescence intensity. Most of the B-PAF
recovered at 0 min (99.75+0.09) was present in the extracellular fraction (Fig
3.4A, Vehicle; Fig 3.5A, Extracellular). Maximal internalization was cbserved
over the first 45 min of incubation (Fig 3.4A, Vehicle; Fig 3.5A, Cytosolic) with
42% of the recovered B-PAF detected in the extracellular fraction and 48%
detected in the cytosolic fraction (Fig 3.4A, Vehicle; Fig 3.5A, Extracellular).
Cleavage of B-PAF by PAF-AH activity resulted in a fluorescent lyso lipid
(B-lyso-PAF) that could be distinguished by a shift in mobility when run ona TLC
plate. Initial conversion of B-PAF to B-lyso-PAF, the immediate metabolite of
PAF, was evident between § and 15 min of incubation (Fig 3.4B, Vehicle). Linear
metabolism was observed between 15 and 75 min (r*=0.97, Fig 3.4B, Vehicle).
To control for possible non-specific degradation over time, conversion of B-PAF

to B-lyso-PAF in cell-free RPMI 1640 containing 0.1% BSA over time was
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Figure 3.4: Metabolic fate and isoform contribution.

PC12 cells were pre-incubated with the PAF-AH inhibitor DFP at 1 mM and 0.1
mM or with PBS (vehicle) for 15 minutes. Following these freatments, cells were
incubated with 1 uM B-PAF at 37°C for 0, 5, 15, 30, 45, 60 and 75 minutes. At
each time point, lipids were extracted from the extracellular and cytosolic
fractions, and were separated by TLC. (A) The relative fluorescence of
extracellular B-PAF in each fraction is expressed as the percentage of the total.
DFP had no effect on the rate or extent of B-PAF internalization. (B) B-PAF
degradation was measured by the percentage of total B-lyso-PAF over the
percentage of the total fluorescence. 0.1 mM DFP inhibited PAF-AH activity by
38%, and 1 mM DFP elicited a further 17% reduction effectively inhibiting 55% of
cytosolic PC12-AC PAF-AH activity. (A,B) Media control was done in cell free
media at 0, 30 and 75 minutes to show the absence of PAF-AH activity in the
media. Data represent the means of duplicate samples and are representative of
two independent experiments.
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Figure 3.5: Compartmentalization of B-PAF and B-lyso-PAF to the cell
cytosol or to the extracellular milieu.

PC12 cells were incubated with 1 uM B-PAF at 37°C for 0, 5, 15, 30, 45, 60 and
75 minutes. At each time point, lipids were extracted from the extracellular and
cytosolic fractions, and were separated by TLC. (A) The relative fluorescence of
B-PAF or (B) B-lyso-PAF in each fraction is expressed as the percentage of the
total. (C) To establish whether B-lyso-PAF is internalized in PC12-AC cells,
cultures were treated with 1 uM B-lyso-PAF for up to 60 min, and extracellular
and cytosolic compartmentalization was assessed. (A,B) Data are the means of
duplicate samples and are representative of two independent experiments.
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assessed. No degradation over the 75 min test period was observed (Fig
3.4A,B, Media Control).

Compartmentalization of B-PAF and B-lyso-PAF to the cell cytosol or to
the extracellular milieu was analyzed by fractionation and TLC. Maximal
cytosolic B-PAF levels were reached within 5 min of exposure (Fig 3.5A,
Cytosolic). Intracellular levels remained constant for up to 60 min foliowed by a
40% decrease in cellular B-PAF (Fig 3.5A, Cylosolic). Steady-state B-PAF levels
(Fig 3.5A, Cytosaolic) during active B-PAF internalization (Fig 3.3A, PAF-
responsive) resulted from sustained metabolism of B-PAF to B-lyso-PAF by
PC12-AC cells (Fig 3.4B, Vehicle). Between 5 and 30 min, 50% of the
recovered B-lyso-PAF was identified in the extracellular fraction; 50% was
retained in the cytosolic fraction (Fig 3.5B). No further increases in extraceliular
B-lyso-PAF were detected between 30 and 60 min, with PAF metabolites
accumulating in cell cytosol (Fig 3.5B). A 4-fold increase in extracellular B-lyso-
PAF was detected between 60 and 75 min (Fig 3.5B, Extracellular)
corresponding with a decline in both cytosolic B-PAF and B-lyso-PAF (Fig
3.5A,B, Cytosolic). To establish whether B-lyso-PAF is internalized in PC12-AC
cells, cultures were treated with 1 yM B-lyso-PAF for up to 60 min, and
extracellular and cytosolic compartmentalization was assessed (Fig 3.5C).
Exogenous B-lyso-PAF added directly to culture media was not internalized by

PC12-AC cells (Fig 3.5C).

3.4.4 PAF-AH | activity predominates in PC12-AC cells.
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To provide pharmacological insight into the dominant PAF-AH isoform in
PC12-AC cells, cultures were treated with the active serine-blocking reagent
DFP. DFP is an active serine-blocking agent that has been used to inhibit
activity of cytosolic PAF-AH isoforms in concentration-dependent fashion (Hattori
et al., 1995a; Hattori et al., 1996; Manya et al., 1999). Acetylhydrolase activity
mediated by a) PAF-AH | a2/a2 homodimers are reportedly resistant to DFP
treatment, b) PAF-AH | a1/a1 homodimers or a1/a2 heterodimers are inhibited
by 0.1 mM DFP, and c¢) PAF-AH I is inhibited by 1 mM DFP (Hattori et al.,
1995a; Hattori et al., 1996; Manya et al., 1999). In the present study, DFP had
no effect on the rate or extent of B-PAF internalization (Fig 3.4A, 0.1 mM DFP, 1
mM DFP). After 75 min of treatment, 0.1 mM DFP inhibited PAF-AH activity by
38% (Fig 3.4B, 0.1 mM DFP). Increasing the DFP concentration to 1 mM elicited
a further 17% reduction effectively inhibiting 55% of cytosolic PC12-AC PAF-AH
activity (Fig 3.4B, 1 mM DFP). 45% of the cytosolic PAF-AH activity was
resistant to DFP within the 75 min treatment period. Given that the intraceliular
DFP concentrations must reach pharmacological efficacy, percent inhibition was
confirmed by evaluating in vifro activity of cell lysates directly treated with DFP by
Scott Ryan, a M.Sc. student in our laboratory (data not shown). As expected, the
same trend was respected, but a more efficient inhibition was observed in cell
lysates over time, revealing that 28% (as compared to 45% with the lipid
extraction and TLC assay) of cytosolic activity was DFP-resistant, representing
o2/a2 PAF-AH | homodimer activity. Taken together, these experiments provide

pharmacological evidence suggesting that PAF-AH | activity predominates over
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PAF-AH Il activity, and that PAF-AH | enzymatic activity elicited by DFP-sensitive
PAFAH | at/a1 or at/a2 homo or heterodimers in PC12-AC cells is likely greater

than the DFP-resistant a2/a2 homodimers.

3.4.5 Inhibition of cytosolic PAF-AH activity increases PAF-mediated
cytotoxicity.

To determine whether inhibition of cytosolic PAF-AH isoforms compromises
PC12-AC survival following PAF challenge, cultures were treated with PAF (1
uM) or vehicle (0.1% EtOH) in the presence of DFP, DTNB, and/or vehicle (PBS)
(Fig 3.6). DFP had no effect on the survival of vehicle-treated cells at 0.1 mM
and little effect on the survival of vehicle-treated cells at 1 mM (Fig 3.8, Vehicle).
The 38% inhibition of PAF-AH activity in 0.1 mM DFP-treated cells (Fig 3.4B) did
not affect PC12-AC susceptibility to PAF-mediated death (Fig 3.6, PAF).
Inhibition of PAF-AH [ a1/a1, PAF-AH | at/a2, and PAF-AH Il activity by 1 mM
DFP (Fig 3.4B) enhanced PAF-mediated cell death by an additional 11%
(p<0.01, Fig 3.6, PAF). To ensure that PAF-AH Il activitiy was completely
inhibited, PC12-AC cells were also treated with a combination of 1 mM DFP and
1 mM DTNB. This combination of an active serine-blocking and a sulfhydryl-
blocking reagent has been reported to completely abolish activity of purified PAF-
AH Il (Hattori et al., 1985a). PAF-treated cell survival was compromised when
cells were pretreated with the combination of 1 mM DTNB and 1 mM DFP (Fig
3.6). However, DTNB/DFP-treated cell survival was not significantly different

from what was observed following DFP treatment (absence of DTNB).
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Figure 3.6: Inhibition of cytosolic PAF-AH activity increases PAF-mediated
cytotoxicity in PC12 cells.

PC12 cultures were exposed for 24 h to PAF (1 uM) or vehicle (0.1% EtOH) in
the presence of DTNB (1 mM), DFP (0.1 mM or 1 mM), a combination of DTNB
(1 mM) with DFP (1 mM), and/or vehicle (PBS), in 0.025% BSA serum-free
media. Partial inhibition of PAF-AH by the presence of 1 mM DFP enhanced
PAF-mediated cell death. Cell survival was assessed by Trypan Blue exclusion
assay. Data are expressed as percent survival of vehicle-treated cultures.
Results are reported as Mean + SEM of n=10-30 per condition. [**p<0.01,
significant reduction in cell survival; ANOVA, post hoc Tukey test f-est].
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These data indicate that PAF-mediated cell death is exacerbated by inhibition of

cytosolic PAF-AH isoforms.

3.4.6 Stimulation of cytosolic PAF-AH activity protects cells from PAF-mediated
death.

The abilities of three different PAF antagonists (CV 6209, CV 3988, and
FR 49175) to block PAF-mediated cytotoxicity were examined. PAF-mediated
cytotoxicity was inhibited by FR 49175 (0.5-10 uM) (Fig 3.7C) but not by CV 6209
(Fig 3.7A) or CV 3988 (Fig 3.7B).

The ability of the PAF antagonist FR 49175 to reduce PAF-mediated cell
death in the absence of PAFR by stimulating PAF-AH activity was assessed in
more detail by lipid extraction and TLC. FR 49175 (10 uM) did not affect the rate
or extent of B-PAF internalization over the 75 min exposure period (Fig 3.8A) but
accelerated the temporal kinetics of B-PAF degradation and release of cytosolic
B-lyso-PAF (Fig 3.8B,C). In vehicle-treated cultures, steady-state intracellular B-
PAF levels dropped 75 min after ligand exposure (Fig 3.8B), corresponding to a
release of B-lyso-PAF into the extracellular milieu (Fig 3.8C). In FR 49175-
treated cells, reduced cytosolic B-PAF levels were observed within 45 min of

exposure (Fig 3.8B) corresponding to the release of B-lyso-PAF at this earlier

time point (Fig 3.8C).
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Figure 3.7: PC12 cell survival is afforded by the PAF antagonist FR 49175,
but not CV 6209 or CV 3988, following challenge with PAF.

PC12 cells were exposed for 24 h to PAF (1 uM) or vehicle (0.1% EtOH) in the
presence of different concentrations of PAF antagonists in low serum media.
PAF-induced cell loss was inhibited by (C) FR 498175 (0.5-10 puM), but not (A) CV
6209 or (B) CV 3988. Cell survival was assessed by Trypan Blue exclusion
assay. Data are expressed as percent survival of vehicle-treated cultures.
Results are reported as Mean + SEM of n=5-47 cultures per data point.
[**p<0.01, significant reduction in cell survival compared tc vehicle treatment; T
p<0.05, 11 p<0.01, significant protection relative to PAF-treated cultures;
ANOVA, post-hoc Dunnett’s {-test].
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Figure 3.8: Stimulation of cytosolic PAF-AH activity by the PAF antagonist
FR 48175.

PC12 cells were pre-incubated with the antagonist FR 49175 (10 pM) or with
PBS (vehicle) for 15 minutes. Following these treatments, cells were incubated
with 1 uM B-PAF at 37°C for 0, 5, 15, 45 and 75 minutes. At each time point,
lipids were extracted from the extracellular and cytosolic fractions, and were
separated by TLC. (A-C) The relative fluorescence of extracellular or cytosolic
B-PAF or B-lyso-PAF in each fraction is expressed as the percentage of the total.
(A) FR 49175 had no effect on the rate or extent of B-PAF internalization
(Extracellular). (B) In FR 49175-freated cells, reduced cytosolic B-PAF levels
were observed within 45 min of exposure as compared to 75 min in vehicle-
treated cells, (C) corresponding to the release of B-lyso-PAF at this earlier time
point. Data represent the means of duplicate samples and are representative of
two independent experiments.
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3.5 Discussion

The concentrations of PAF in tissues or plasma are governed by the
equilibrium between its biosynthesis and degradation. Both intraceliular and
plasma PAF appears to undergo rapid turnover through the actions of specific
hydrolases which inactivate the lipid autacoid through a hydrolytic cleavage of
the sn-2 ester bond, releasing free acetate and the immediate PAF metabolite
lyso-PAF (Derewenda and Ho, 1999).

To establish whether PAF is metabolized by the cytosolic PAF-AH
isoforms detected in Chapter 2 in PC12-AC cells, in vitro activity was assayed
using C1s-2-thio-PAF. These data mark the first report of functional PAF-AH
activity in PC12 cells. Results from Chapter 2 demonstrate that PC12-AC cells
express PAF-AH Il and all three subunits of PAF-AH |, but not the secreted
plasma PAF-AH. In this Chapter, these data were confirmed at the functional
level in PC12-AC cell lysates and by analyzing serum-free and conditioned
media.

To provide insight into the kinetics of cytosolic PAF-AH activity in PC12-
AC cells, time-lapse analysis of cell-associated fluorescence revealed that PAF is
most rapidly internalized in a sub-population of PC12 cells over the first 40 min of
exposure, with linear internalization continuing for up to 70 min. The observation
that only 40% of the PC12-AC population was PAF-responsive over the 120 min
treatment period is consistent with earlier data demonstrating that internalization
of certain PAF analogues is largely dependent on the state of cellular activation

(Bratton et al., 1992). Furthermore, given the fact that PC12 cells lack the known
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G-protein coupled PAFR, these data indicaie that PAF internalization
mechanisms can occur in the absence of PAFR. This conclusion is consistent
with earlier studies demonstrating that PAFR-independent internalization is
accelerated by binding fo the PAFR and subseguent endocytosis of
ligand/receptor complexes (Gerard and Gerard, 1994; Ohshima et al., 2002).
Previous data have suggested that the route of PAFR-independent internalization
of PAF is enhanced transbilayer movement (flipping) across the plasma
membrane, occurring as a result of changes in membrane physical properties
accompanying cellular activation (Bratton et al., 1992).

PAF-AH activity in cells, tissues or biological fluids is usually detected with
a radiochemical assay based on the chromatographic separation of labeled
acetate enzymatically released from [sH-acetyl]PAF (Blank et al., 1983). The
purpose of the present study was to develop a sensitive technique to detect
intracellular PAF-AH activity by flucrometric quantitation of B-PAF and B-lyso-
PAF in a continuous assay. In the present study, a fluorescence-based assay for
PAF-AH was developed based on previous studies using a Bodipy fluorophore
attached at the sn-2 position, originally synthesized by (Hendrickson et al., 1999).
However, the original assay was restricted to the plasma PAF-AH since the
cytosolic enzyme has a more strict specificity for an acety! group at the sn-2
position of PAF (for a review see (Stafforini et al., 1997)). The B-PAF used in our
studies was custom synthesized for our laboratory by Molecular Probes, and can
be used for cytosolic PAF-AH activity studies since the fluorophore is attached at

the end of the sn-1 position of PAF.
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Thus far, kinetic studies on PAF-AH activity have been conducted
primarily on the plasma isoform. Previous studies showed that exogenously
added PAF (10" M) has a half-life of 5 min in the plasma of normal individuals
(Yoshida et al., 1996). Data from our studies on the kinetics of cytosoclic PAF-
AHs indicate that B-PAF internalization in PC12-AC cells occurs within the first
45 min of exposure, and that catabolism to B-lyso-PAF is initiated within 15 min
of ligand internalization, and continues for at least 75 min. B-lyso-PAF is
compartmentalized by PC12-AC and released into the extracellular milieu in
three phases: phase 1) active release of half of the metabolized PAF is observed
within the first 30 min of ligand exposure. Released PAF metabolites are
presumably bound to albumin or other carrier protein in a protected configuration
given that fractionation into a labile extracellular pool is only observed using a
protocol capable of detecting secreted PAF in acid-resistant conformation (Ammit
and O'Neill, 1997), and not using an acidic pH shown to strip uninternalized PAF
from cell surface receptors (Ohshima et al., 2002); phase 2) between 30 and 60
min, B-lyso-PAF accumulates in the cell cytosol; phase 3) after 60 min of
incubation, cytosolic B-fyso-PAF is released into the extraceliular milieu. Other
studies have examined whether the receptor-mediated PAF internalization has a
significant role on intracellular PAF metabolism, and demonstrated that PAFR in
macrophages significantly activates PAF degradation by enhancing
internalization of receptor-bound PAF and the release of PAF-AH (Ohshima et
al., 2002). When PAFR internalization was blocked by concanavalin A (ConA),

which is known to inhibit the internalization of the PAFR (Le Gouill et al., 1997),
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the metabolic conversion of PAF to lyso-PAF increased from tip=~ 20 min to tip =
40-50 min (Ohshima et al., 2002). PAFR-independent internalization in
macrophages isolated from PAFR-knockout mice (Ohshima et al., 2002) is
comparable to the rate of internalization observed in PAFR-negative PC12-AC
cells in the present study.

Treatment with PAF-AH inhibitors was used to establish which PAF-AH
isoform predominates in PC12 cells and to determine if the inhibition of cytosolic
PAF-AH activity would increase PAF-mediated cytotoxicity. Serine-blocking
agents are generally potent inhibitors of PAF-AHs (Chroni and Mavri-Vavayanni,
2000). Intracellular hydrophobic PAF-AHs (from bovine liver and mouse platelet)
have been shown to be inhibited by PMSF, DTNB, and DFP (Hattori et al.,
1995a; Karpouza and Vakirtzi-Lemonias, 1997). DFP is a serine-blocking agent
inhibiting serine proteases and acetylcholinesterase. As previously mentioned,
acetylhydrolase activity mediated by a) PAF-AH | a2/02 homodimers are
reportedly resistant to DFP treatment, b) PAF-AH | a1/a1 homodimers or at/a2
heterodimers are inhibited by 0.1 mM DFP, and c) PAF-AH Il is inhibited by 1
mM DFP (Hattori et al., 1995a; Hattori et al., 1996; Manya et al., 1999). Based
on these studies, two different DFP concentrations were used as a
pharmacological means of distinguishing between PAF-AH | and PAF-AH I
enzymatic activity. In the present study, DFP had no effect on the rate or extent
of B-PAF internalization, but had a partial inhibition of 38% in PAF degradation
with 0.1 mM DFP, and a further 17% inhibition with 1 mM DFP, effectively

inhibiting 55% of cytosolic PC12-AC PAF-AH activity. As mentioned previously,
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a more efficient inhibition was obtained using an in vitro PAF-AH assay, since
pharmacological inhibition of PAF-AH in living cells is not as optimal as in cell
lysates. Taken together, these data suggest that relative enzymatic activities are
PAF-AH | a1/a2° > PAF-AH | a2/a2 > PAF-AH Il in PC12 cells, and provide
strong evidence that PAF-AH | activity protects PC12 cells from pathological PAF
challenge.

The PAF-AH | complex from bovine brain has previously been shown fo
be easily dissociated into catalvtic a1/a2 heterodimer and the p subunit
(Derewenda and Ho, 1999). Interestingly, labeling with radioactive inhibitor
[’H]DFP has shown that the a1 subunit is significantly more active than the a2
subunit (Hattori et al., 1993). However, when the two a subunits are
overexpressed separately in E coli, the proteins invariably form stable
homodimers, both of which are equally catalytically competent (Hattori et al.,
1993). A 38% reduction in PAF-AH activity did not render PC12 cells more
susceptible to PAF-mediated cytotoxicity, suggesting that catabolic activities from
DFP-resistant PAF-AH | 02/a2 and from PAF-AH 11 are sufficient to prevent
supplemental reduction in cell survival. However, inhibition of PAF-AH | at/a1,
PAF-AH | a1/a2, and PAF-AH 1l activities generated a significant enhancement
of PAF-mediated cell death in PC12 celis. These data demonstrate that PAF-

mediated cell loss is exacerbated by inhibition of cytosolic PAF-AH isoforms.

Three PAF antagonists, two PAF analogs (CV 3988 and CV 6209) and a

structurally unrelated analog (FR 49175) have been screened for their ability to

® a1/a1 homodimers have not been detected in vivo to date (Manya et al., 1998).
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inhibit PAF-induced PC12-AC cell death. PAF-induced cytotoxicity in PC12-AC
cells was aftenuated by FR 49175, but not CV 6209 and CV 3988. These data
confirm our previous report demonstrating that CV 3988 does not exhibit
cytoprotective activity in the absence of PAFR (Brewer et al., 2002). CV 6209
has been shown to exhibit a binding profile consistent with a single binding site
(Marcheselli et al., 1990). CV 3988 has proven specificity for PAFR (Dupré et al,,
2001). FR 49175 has been shown to have the lowest affinity for PAFR and fo
exhibit the least inhibitory activity on PAFR-mediated effects (Dupré et al., 2001).
In keeping with these PAFR-specific profiles, CV 6209 and CV 3988 did not
inhibit cell death in PAFR-negative PC12 cells. In the absence of PAFR in PC12
celis, we hypothesized that the effects of FR 49175 act downstream of receptor
activation. We provide direct evidence that FR 49175 accelerates the kinetics of
PAF degradation and the release of cytosolic B-lyso-PAF. Given the fact that FR
49175 did not affect the rate or extent of B-PAF internalization over the 75 min
exposure period, it is likely that this PAF antagonist is not acting on a plasma-
bound protein or altering the physicochemical properties of the plasma
membrane in PAFR-negative cells. FR 49175 is a derivative of the fungal
metabolite gliotoxin (Okamoto et al., 1986). Other gliotoxin derivates have been
shown to exert a diverse range of biological activities, including antimicrobial,
antifungal and antiviral properties, as well as DNA-damaging and
immunomodulating activity (Beaver and Waring, 1994, Nicholas et al., 2003).
These activities primarily hinge on the presence of the disulfide bond that can

form mixed disulfides with free thiols present in protein targets, or form ROS in
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the presence of reducing agents, such as giutathione (Nicholas et al., 2003). A
recent study dohe on kinetics inhibition by natural product inhibitors revealed that
a dithiadiketopiperazine gliotoxin related to FR 49175 is a non-competitive
enzymatic inhibitor that can bind to free enzyme and enzyme-substraie
complexes (Nicholas et al., 2003). Thus, FR 49175 represents a potential
therapeutic agent to block PAF-mediated cytotoxicity by modulating PAF-AH
activity.

In summary, these data build upon our mechanistic understanding of how
PAF-mediated cytotoxicity is regulated in cells. The kinetics of cytosolic
intracellular PAF-AHs has revealed that these enzymes have an important role to
play in PAF degradation and in protection against PAF-mediated cell death.
Furthermore, we provide evidence that PAF-AH activity can be accelerated by at
least one PAF inhibitor and thereby protect cells from PAF-induced cell loss.
These data point to a novel pathway that can be pharmacologically manipulated

to promote cell survival following apoptotic challenge.
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INE THE EFFECT OF

CHAPTER 4: ELAI

TION OF TOOLS TO DETERM
FUNCTIONAL LIS1 AND MUTANT LIS1 OVEREXPRESSION ON PAF-AH

ACTIVITY AND APOPTOTIC SUSCEPTIBILITY.

4.1 Introduction

The enzymatic activity of PAF-AH | is regulated in multiple ways by
switching the composition of the a1 and a2 catalytic subunits, and by
manipulating the regulatory p subunit (LIS1) (Manya et al., 1998; Manya et al.,
1999). The B subunit has been shown to strongly accelerate the enzymatic
activity of the a2/a2 homodimer but to suppress the activity of the a1/a1
homodimer, and to have little effect on the a1/a2 (Manya et al., 1999). All
human Lis7 mutations examined to date abolish or reduce the capacity of LIS1
protein to interact with the a1 and a2 catalytic subunits. As reviewed in Chapter
1, mutations in the Lis1 gene coding for the regulatory 45 kD subunit (B) of
trimeric brain PAF-AH [ are the genetic determinant of MDS, a developmental
brain anomaly characterized by type 1 lissencephaly (Reiner et al., 1993;
Hirotsune et al., 1898). Lissencephaly is a severe brain malformation
characterized by abnormal positioning of cortical layers resulting from defective
neuronal migration (Hirotsune et al., 1998). Afflicted individuals present with mild
to profound developmental learning and memory deficits, experience recurring
epileptic seizures, and face a reduced life expectancy (Vallee et al., 2001). Lis?
loss of function may prevent the PAF-AH | complex from recognizing its

substrate, thereby leading to abnormal levels of PAF during cerebral
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development, and subsequent impairment of neuronal migration (Clark et al.,
1995; Stafforini et al., 1996). Alternatively, as suggested by the findings of
Manvya et al (1999), Lis7 mutation may abrogate regulation of catalytic activity of

the two homodimers thereby disrupting PAF homeostasis.

4.2 Objectives

In order to gain molecular insight into the role of LIS1 in regulating the
anti-apoptotic action of PAF-AH | at the physioclogical and pathophysioclogical
levels in the CNS, two mammalian expression vectors expressing a) wild-type
(WT) Lis? and b) a truncated Lis7 mutant were constructed: pCDM8/Flag-
LISTWT and pcDM8/Flag-LIS1A144. The truncated protein is the result of a
missense mutation identified in MDS patients. To facilitate expression in both
PC12 cells and terminally differentiated primary neuronal cultures for future
study, two adenoviral expression vectors were generated using the pAdTrack-
CMYV adenoviral vector: pAdTrack/LIST1WT and pAdTrack/LIS1A144. Adenoviral
vectors were sent to the NRI Adenoviral Core Facility for packaging into 293T
cells, titring, and verification of protein expression. These tools will be used by
other members of the Bennett laboratory to determine the effect of
overexpression of functional or mutant Lis7 on cell viability and PAF-AH |
catalytic activity. Moreover, PAF-AH expression in postnatal rat primary
cerebellar, cortical, and hippocampal cultures has also been characterized to
further elucidate the role of LIS1 in the brain. Together, the PC12 and primary

neuronal modeis and the adenoviral tools generated in this thesis will permit a
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closer examination of the specificities of the a1 and a2 catalytic aclivities, the

anti-apoptlotic actions, and the regulatory effects of LIS1.

lethods
Mammalian expression constructs

WT rat Lis? was amplified from adult Wistar rat brain mRNA template by
RT-PCR as described in Chapter 2 for PAF-AH 1l. PCR primers corresponding to
the 5’- and 3’- complete coding sequence of rat Lis7 were prepared containing an
EcoRl site (Sense: 5° GAATTCACAGCCAAACTGGTGCTGTC-3') and a Xbal
site (Antisense: 5-TCTAGAACTCAATCAACGGCACTCCC-3'), compatible for
insertion into the pCDMB8/Flag vector (kindly provided by Dr. N. Gerard, Harvard
Medical School). The sense primer used has been designed to mutate the
normal initiating methionine of LIS1 to a leucine (ATG—CTG), placing the Lis?
sequence downstream of the initiating ATG of the Flag sequence in pCDM8/Flag.
For the creation of the mutant rat Lis7 coding sequence, primer sequences
corresponding to the 5'- and 3'-coding sequence of the mutant rat Lis7 were
prepared using the same sense primer as the Lis7T WT containing EcoRl site
(Sense: 5 GAATTCACAGCCAAACTGGTGCTGTC-3). The antisense primer
seguence contains a Xbal site (Antisense 5-GGCCTCTAGACCCTTGAGA
GTTCACTCAAA-3'), and was designed to introduce a non-sense mutation by
PCR at position 430 (C—T) of the complete rat Lis? coding sequence, resulting
in a truncated protein of 144 amino acids, described clinically as a mutation

producing a grade 2 MDS phenotype (Pilz et al., 1998). All restriction
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endonucleases and ligation reagents were obtained from Promega. Two pl of
the cDNA RT reaction mix from Wistar rat brain tissue were PCR amplified in a
total volume of 50 pl containing 1X PCR buffer (20 mM Tris-HCI (pH 8.4), 50 miM
KCI), dNTPs; (200 uM each, Promega), 5 U of Tag DNA polymerase, 1 mM
MgCly for LISTWT and 1.5 mM MgCl, for LIS1A144, and 20 pmol per primer for
LISTWT, and 25 pmol per primer for LIS1A144. The PCR reactions were brought
up to a final volume of 50 yi with NF-H,O (Promega) and amplified in a
GeneAmp PCR System 2400 (Applied Biosystems): 94°C for 5 minutes, 30-35
cycles of 94°C for 30 seconds, 55°C for 60 seconds (LIS1A144) or 58°C for 30
seconds (LISTWT), and 72°C for 2 minutes (LIS1A144) or 72°C for 45 seconds
(LISTWT), followed by a final incubation at 72°C for 7 minutes. Control reactions
are as described in Materials and Methods of Chapter 3. The LISTWT PCR
amplicon, the LIS1A144 PCR amplicon and the pCDMB8/Flag-PAFR vector were
digested with EcoRl and Xbal according to the recommendations provided by the
manufacturer. All restriction enzyme digests were agarose gel purified (Quiagen)
and combined in standard ligation reactions containing T4 DNA ligase enzyme
with varying vector: insert ratios (including a control reaction for vector
recircularization), according to recommendations of the manufacturer, and
incubated overnight at 4°C. The ligation reactions were diluted and transformed
into E. coli MC1061/P3 ultracompetent cells (invitrogen). Antibiotic resistant
colonies were selected and their plasmids purified. Restriction enzyme digest
analyses of purified pCDM8/Flag-LISTWT and pCDM8/Flag-LIS1A144 plasmids

were performed according to the protocol provided by the manufacturer, followed
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by direct DNA sequencing on both strands with the T7 forward primer and their
respective antisense primer. Sequencing analyses and primer syntheses were

performed at the BRI (University of Ottawa).

Adenoviral expression constructs

The adenoviral expression vector pAdTrack-CMV (kindly provided by Dr.
Ruth Slack, University of Ottawa) was used to create the pAdTrack/LISTWT and
the pAdTrack/LIS1A144 constructs. The Flag-LISTWT gene and the Flag-
LIS1A144 gene were excised from the pCDM8/Flag-LISTWT and pCDM8/Flag-
LIS1A144 plasmids by restriction enzyme digestion with Hindlll and Xbal for
subsequent ligation into the multiple cloning site of the pAdTrack-CMV vector,
also digested with Hindlil and Xbal. All restriction enzyme digests were agarose
gel purified and combined in standard ligation reactions containing T4 DNA
ligase enzyme with varying vector: insert ratios (including a control reaction for
vector recircularization) and incubated overnight at 4°C. Transformations were
performed using JM109 High Efficiency Competent Cells (Promega). Standard
plasmid miniprep procedures were used on antibiotic resistant colonies for
screening and isolation of recombinant plasmid DNA (Promega). Based on
these screening results, large-scale recombinant plasmid DNA preparations were
performed (Qiagen). Restriction enzyme digest analyses of purified
pAdTrack/Flag-LISTWT and pAdTrack/Flag-LIS1A144 plasmids were performed
to verify inserts, followed by direct DNA sequencing on both strands.

Seguencing analyses were performed at the BRI (University of Ottawa). These
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constructs have been packaged by the NRI Adenoviral Core Facility (Dr. Ruth

Slack, University of Ottawa).

PC12-AC cell cultures
PC12-AC cells were cultured as described in Chapter 2. Stock cultures

were fed with complete media every 2-3 days and passaged when sub-confluent.

Primary cultures

Wistar rat pups (Charles Rivers) were deeply anesthetized with sodium
pentobarbital on postnatal day 6 and 10 (P6 and P10) and euthanized by
decapitation. Brains were removed and placed in a 10 cm diameter tissue
culture plate containing artificial cerebrospinal fluid (ACF; 26 mM NaHCO3;, 124
mM NaCl, 5mM KCI, 2 mM CaCls, 1.3 mM MgCl,, 10 mM D-glucose, 100 units/mi
peniciilin, 100 yg/ml streptomycin, pH 7.3). Whole brains were separated into
cortical, hippocampal and cerebellar regions and placed in separated 10 cm
diameter tissue culture plates containing ACF. Dissected tissues were minced
into fine strips with a scalpel, transferred to single sterile 50 mi polypropylene
tubes and centrifuged at 500 rpm for 5 min. Trypsin/EDTA (0.05% Trypsin, 0.53
mM EDTA) was added (5 ml) and fubes were lightly vortexed at the lowest
vortexer/mixer setting. Tubes were capped and incubated for 10 min at 37°C ina
hybridization oven with rotation. Plating media (Neurobasal medium, 10% heat
inactivated fetal calf serum (FCS), 10% HS, 100 units/ml penicillin, 100 pg/m!

streptomycin, 2 mM L-glutamine) was added (5 ml) and samples were
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centrifuged at 500 rpm for 5 min. The pellet was incubated for 10 min at 37°C
with 10x transcription buffer (Promega) and 5 U of RQ1-DNase (Promega) in a
total volume of 500 pl. Plating media (10 mi) was added and tissue was
dissociated by trituration through successive 10 mi, 5 mi, 1 ml, and pasteur
pipettes. Cell number and viability was determined by Trypan Blue
hemocytometer counts. Approximately 95% of all cells excluded the dye after
the dissociation procedure. 5 ml of the cell suspension was plated per 10 cm
diameter tissue culture plate containing coverslips pretreated with 100 mg/mi
poly L-lysine for 2 h (air dried and washed with plating media before use) and
maintained in a 5% CO0,/95% air atmosphere. Primary cultures were
subsequently maintained in Neurobasal medium containing 100 units/ml
penicillin, 100 ug/ml streptomycin, 1x B27 supplement, and 2 mM L-glutamine.
To suppress glial contamination, P86 cerebellar cells were cultured in the
presence of mitotic inhibitors (1 uM Cytosine b-D-arabinofuranoside (araC), 10
MM 5-fluoro-2'-deoxyuridine (FUdR), 10 uM uridine (Urd)). All culture reagents
were obtained from Invitrogen. Mitotic inhibitors were obtained from Sigma. All
animal manipulations were performed in compliance with approved institutional
protocols and according to the strict ethical guidelines for animal experimentation

established by the Canadian Institutes of Health Research.

RT-PCR analysis of cytosolic PAF-AH isoforms
Total RNA was isolated from primary culture cells 10 days after plating,

using Trizol reagent (Invitrogen). RT of fotal RNA extracted from primary
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cultures and subsequent PCR analysis were performed as described in Chapter
2 Methods, using the same primer sequences as provided in Table 2.1.

4.4 Resuﬂt#

4.4.1 Creation of rat LIS1T mammalian and adenoviral expression vectors.

The complete rat LisT cDNA was isolated from rat brain tissue by PCR,
using primers designed with EcoRI (N-terminus) and Xbal (C-terminus). The
final product (with compatible ends) was sequenced on both strands and inserted
into a pCDMS8 vector containing a Flag-tagged sequence. The resulting plasmid
is referred to as pCDM8/Flag-LISTWT (Fig 4.1A). Restriction enzyme digestion
confirmed insertion of LisTWT (Fig 4.1B). The integrity of the pCDM8/Flag-
LISTWT plasmid and the appropriate orientation of the gene in respect to the
cytomegalovirus (CMV) promoter were further confirmed by direct sequencing.
When double-digested with EcoRI1 and Xbal restriction enzymes, the
pCDMS8/Flag-LISTWT vector contained a 1254 bp fragment corresponding to the
Lis1 insert and a 3944 bp fragment corresponding to the pCDM8/Flag vector
sequence (Fig 4.1B). The complete Lis? sequence, Flag-tagged at the N-
terminus, was excised from the pCDM8/Flag-LIS1WT vector by restriction
enzyme digestion with Hindlll and Xbal and inserted into the pAdTrack-CMV

adenoviral vector. The resulting plasmid is referred to as pAdTrack/LISTWT (Fig
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Figure 4.1: Generation of mammalian LIS1 WT and LIS1A144 expression
vectors.

The coding region of the rat Lis7 (LIS1WT) gene and the mutated rat Lis7
(LIS1A144) gene were amplified from rat brain RNA template by RT-PCR and
inserted into the pCDM8/Flag expression vector. (A) The resulting WT construct
is referred to as pCDM8/Flag-LISTWT and expresses WT LIS1 as a Flag fusion
protein. (B) Successful insertion of the WT LIS1 gene was confirmed by
EcoRl/Xbal restriction endonuclease digest analysis. (C) The mutant construct is
referred to as pCDM8/Flag-LIS1A144 and expresses LIS1A144 as a Flag fusion
protein. (D) Successful insertion of the LIS1A144 gene was confirmed by
restriction endonuclease digest analysis.
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4.2A). Restriction enzyme digestion confirmed insertion of Flag-LISTWT (Fig
4.2B). The integrity of the pAdTrack/LISTWT plasmid and the appropriate
orientation of the gene in respect to the CMV promoters were further confirmed
by direct sequencing. When double-digested with Hindlll and Xbal restriction
enzymes, the pAdTrack/LISTWT vector contains a 1296 bp fragment
corresponding to the Flag-LISTWT insert and an estimated 9215 bp fragment,
corresponding to the pAdTrack-CMV vector sequence (Fig 4.2B). The estimated
size is due to the fact that the pAdTrack-CMV vector is not completely
sequenced. The adenoviral expression vector pAdTrack/LISTWT was sent to the
NRI Adenoviral Core Facility, for adenoviral construction and protein expression
verification on transiently transfected 293T cells by immunocytochemistry and

Western analysis using anti-Flag antibody M2 (Sigma) (data not shown).

4.4.2 Creation of mutant rat LIS1T mammalian and adenoviral expression
vectors.

To create the mutant Lis7, a non-sense mutation was introduced by PCR
at position 430 (C—T) of the complete rat Lis7 coding sequence, resulting in a
tfruncated protein of 144 amino acids described as a grade 2 MDS phenotypic
mutation. The mutated rat Lis7 cDNA was isolated from rat brain tissue by PCR,
using primers designed with EcoRI (N-terminus) and Xbal (C-terminus). The
final product (with compatible ends) was sequenced on both strands and inserted
into a pCDMS8 vector containing a Flag-tagged sequence. The resulting plasmid

is referred to as pCDMB8/Flag-LIS1A144 (Fig 4.1C). Restriction enzyme digestion
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Figure 4.2: Generation of adenoviral LIS1 WT and LIS1A144 expression
vectors.

(A) The Flag-LISTWT cDNA was subcloned from pCDM8/Flag-LISTWT vector
into pAdTrack-CMV vector using existing Hindlll and Xbal restriction enzymes.
The resulting plasmid is referred to as pAdTrack/LISTWT. (B) Successful
insertion of the Flag-LIS1 WT gene was confirmed by Hindlll/Xbal restriction
endonuclease digest analysis. (C) The Flag-LI1S1A144 fusion protein sequence
was subcloned from pCDMB8/Flag-LIS1A144 vector into pAdTrack-CMV vector
using existing Hindlll and Xbal restriction enzymes. The resulting plasmid is
referred to as pAdTrack/LIS1A144. (D) Successful insertion of the Flag-
LIS1A144 gene was confirmed by restriction endonuclease digest analysis.
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confirmed insertion of LIS1A144 (Fig 4.1D). The integrity of the pCDM8/Flag-
LIS1A144 plasmid and the appropriate orientation of the gene in respect to the
CMV promoter were further confirmed by direct sequencing. When double-
digested with EcoRl and Xbal restriction enzymes, the pCDM8/Flag-LIS1A144
vector contains a 458 bp fragment corresponding to the mutant Lis7 insert, and a
3944 bp fragment corresponding to the pCDM8/Flag vector sequence (Fig 4.1D).
The complete LIS1A144 sequence, Flag-tagged at the N-terminus, was excised
from the pCDM8/Flag-LIS1A144 vector by restriction enzyme digestion with
Hindill and Xbal and inserted into the pAdTrack-CMV adenoviral vector. The
resulting plasmid is referred to as pAdTrack/LIS1A144 (Fig 4.2C). Restriction
enzyme digestion confirmed insertion of Flag-LI1S1A144 (Fig 4.2D). The integrity
of the pAdTrack/LIS1A144 plasmid and the appropriate orientation of the gene in
respect to the CMV promoters were further confirmed by direct sequencing.
When double-digested with Hindill and Xbal restriction enzymes, the
pAdTrack/LIS1A144 vector contains a 500 bp fragment corresponding to the
Flag—LlS1A144 insert and an estimated 9215 bp fragment, corresponding to the
pAdTrack-CMV vector sequence (Fig 4.2B). The adenoviral expression vector
pAdTrack/LIS1A144 was sent to the NRI Adenoviral Core Facility for adenoviral
construction and protein expression verification as described above (data not

shown).

4.4.3 Expression of endogenous Lis1, PAF-AH | a1, PAF-AH | a2, and PAF-AH

If mRNA transcripts in cortical, cerebellar and hippocampal primary cultures.
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Expression of intracellular PAF-AH mRNAs was investigated by RT-PCR
of cortical, cerebellar and hippocampal primary cultures from P6 and P10 Wistar
rats. RT-PCR was performed using primers that recognize rodent transcripts for
Lis1 (Fig 4.3A), PAF-AH | a1 (Fig 4.3B), PAF-AH | 02 (Fig 4.3C) and PAF-AH I
(Fig 4.3D,F), defined by amplicons of 373, 587, 418 and 1017 bp respectively.
The “housekeeping” gene, GAPDH, was also amplified as an internal standard
(Fig 4.3E). Several control reactions were carried out in parallel to exclude false
positive and false negative results for each isoform analyzed (data not shown).
Expression of Lis1 subunit mRNA was observed in all tested cultures (Fig 4.3A).
PAF-AH Il mRNA expression was observed in all cultures with a 30-35 cycles
PCR reaction (Fig 4.3D,F). PAF-AH | a1 transcript was observed in all cultures
tested, but the level of expression appeared to be reduced in P6 cortical cultures
(Fig 4.3B). High PAF-AH | a2 expression levels in the cerebellum were
maintained at P6 and P10 (Fig 4.3C; cerebellum), whereas levels were reduced
in primary hippocampal cultures (Fig 4.3C; hippocampus). Note that cultures
were not treated with mitotic inhibitors and, as such, represent mixed
neuronal/glial cultures (cerebelium and hippocampus) or primarily glial cultures
(cortical) based on the previous immunocytochemical characterizations

performed in our laboratory.
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Figure 4.3: Rat primary mixed neuronaliglial cultures express all three PAF-
AH [ subunits (LIS1, a1, a2) and PAF-AH Il mRNA.

RT-PCR analysis was performed for (A) Lis7, (B) PAF-AH | a1, (C) PAF-AH | a2
and (D,F) PAF-AH li, in primary cultures from P6/P10 rat brain (cortex,
hippocampus and cerebellum), defining amplicons of 373, 587, 418 and 1017 bp
respectively. The absence of genomic DNA contamination and reagent
contamination was verified by performing control reactions in parallel (data not
shown). (E) Template integrity of random-primed RT products was verified using
GAPDH primers, defining a 292 bp amplicon.
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4.4.4 Expression of endogenous PAF-AHs mRNA ftranscripts in isolated neural
cells of cerebellar primary cultures.

Expression of intracellular PAF-AH isoforms at the mRNA level was
established by RT-PCR on P6 rat cerebellar pure neuronal cultures treated with
mitotic inhibitors. RT-PCR was performed using primers that recognize rodent
transcripts for Lis7 (Fig 4.4A), PAF-AH | a1 (Fig 4.4B), PAF-AH | a2 (Fig 4.4C)
and PAF-AH Il (Fig 4.4D), defining amplicons of 373, 587, 418 and 1017 bp
respectively. The GAPDH gene was also amplified as an internal control (Fig
4 4E). Pure neuronal cultures express mRNA transcripts for Lis7 (Fig 4.4A),
PAF-AH | a2 (Fig 4.4C), and PAF-AH Il (Fig 4.4D), but do not express mRNA

transcript for PAF-AH | a1 (Fig 4.4B).

4.5 Discussion

In Chapter 2 and 3, cytosolic PAF-AH isoforms were shown to exert anti-
apoptotic activity. The goal of this study was to develop tools to elucidate the
potential role of LIS1 in regulating this activity in PC12 cells and primary cuitures.

As reviewed in Chapter 1, PAF-AH | specifically inactivates PAF lipids,
playing an important role in brain development (Hattori et al., 1993). The
heterotrimeric PAF-AH | complex is composed of two catalytic subunits, a1 and
a2, and a non-catalytic § subunit (herein referred to as LIS1). Recent evidence
has demonstrated that the LI1S1 subunit likely regulates PAF-AH | enzymatic
activity, and that optimal functioning of the LIS1 protein appears fo be a critical

requirement for normal development of the human brain cortex (Clark et al.,
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Figure 4.4: Differential expression of PAF-AHs transcripts in primary
neuronal cultures and mixed neuronal/glial cultures isolated from P6
cerebellum.

RT-PCR analysis of (A) Lis?, (B) PAF-AH | a1, (C) PAF-AH | a2 and (D) PAF-AH
1, in mixed (mitotic inhibitors -) and pure (mitotic inhibitors +) neuronal cultures
form P6 rat cerebellum, defining amplicons of 373, 587, 418 and 1017 bp
respectively. The absence of genomic DNA contamination and reagent
contamination has been verified by performing control reactions in paraliel: No
RT during the RT reaction, and no template during the PCR reaction. (E)
Template integrity of random-primed RT products was verified using GAPDH
primers, defining a 292 bp amplicon.
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1997, Manya et al., 1988). LIS1 is highly conserved between species showing
only a single amino acid difference between mouse and human, three amino acid
differences between human and bovine, 70% identity with Drosophila LIS1, and
42% homology with the nuclear migration protein NudF in Aspergillus nidulans
(Peterfy et al., 1994; Hattori et al., 1995b; Morris et al., 1998; Liu et al., 1999).
Because only one amino acid substitution is observed between the human and
the rat § subunit, it was possible to create a mutation in the rat Lis7 sequence
that would correlate with a known human Lis7 mutation.

A number of approaches have been used in earlier studies to define the
function of LIS1 in cultured mammalian cells. Overexpression of WT LIS1 and
application of Lis7 antisense oligonucleotides have been demonstrated to
produce a dramatic increase in mitotic index, accompanied by a variety of mitotic
spindie abnormailities, implicating LI1S1 in the control of cell division itself
(Faulkner et al., 2000). However, no research has yet been conducted to look at
the effect of LIS1 overexpression on PAF metabolism in a neuronal cell system.
A previous report has revealed that the neuronal sensitivity {o LIS1 dosage may
result from abnormalities in neuronal or interkinetic migration and proliferation
(Gambello et al., 2003). Recent data have demonstrated that Lis7-deficient cells
have an increased susceptibility to cell death, suggesting a role for LIS1 in cell
survival (Gambelio et al., 2003). It is important to remember that LIS1 purifies as
a component of PAF-AH |, and that the substrate, PAF, affects microtubule and
neuronal migration in cultures (Bix and Clark, 1998; McNeil et al., 1999). ltis

hypothesized that LIS1 may regulate the activity or localization of the PAF-AH |
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enzyme (Manya et al., 1999). The tools generated in this thesis will permit direct
evaluation of this hypothesis in primary neuronal culture.

To address the role of Lis1 mutation, an expression vector transducing a
mutated form of Lis7 has been created by the insertion of a missense mutation
that results in a truncated protein of 144 amino acids (referred as LIS1A144 in
the thesis). LIS1 amino acid sequence analysis has revealed that it contains
seven WD40 repeats, recognized for muitiple protein-protein interactions (Wang
et al., 1995; Garcia-Higuera et al., 1996). Of the mimicked human Lis?
mutations, all show loss of interactions with both of the a1 and 02 proteins
(Sweeney et al., 2000). The mutant LIS1 that will be produced by the adenoviral
vector generated in this study is lacking the second WD40 repeat (Cardoso et al,,
2002). This repeat has been shown to be critical for the binding of the LIS1
subunit to the a1 and a2 catalytic subunits, to form the trimeric PAF-AH |
complex (Sweeney et al., 2000). Thus, it is hypothesized that the mutant will be
unable to associate with the catalytic subunits. Purification of this protein and in
vitro assay with recombinant a1 and a2 protein will permit direct determination as
to the effect of this mutation on the regulation of a1/02 and a2/a2 catalytic
activity.

During this project’s design, there was no commercially LIS1 antibody
available. To facilitate detection and functional studies of the Lis7 gene product,
two epitope-tagged expression vectors have been constructed: pCDM8/Flag-
LISTWT and pCDM8/Flag-LIS1A144. These constructs allow proteins to be

expressed ectopically as fusion proteins with a Flag epitope tag attached at the
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amino (N) terminus of expressed LiS1 proteins. The Flag epitope has been
extensively used, and previous studies have demonstrated that the presence of
the Flag peptide does not alier the characteristics of the studied molecule
(Burioni et al., 2001). However, even if protein functions are not altered by a N-
terminus tag, it should be noted that a previous report has indicated that N-
terminal Flag affinity tag reduced protein expression, whereas the same tag
fused to the carboxy (C)-terminus had no effect (Lee and Alienberg, 2003).
Therefore, it is hypothesized that the level of LIS1 expression (functional or
mutant) would be greater if the Flag peptide had been fused at the C-terminus.
However, it is predicted that the presence of the Flag epitope at the N-terminus
of LIS1 WT and LIS1A144 sequences will not interfere in the function of these
proteins.

Under even the most optimal transfection conditions, plasmid-mediated
gene transfer in vitro is highly cell type- and protocol-specific, with relatively low
transfection efficiencies. Therefore, the Flag-LISTWT and the Flag-LIS1A144
have respectively been inserted into an adenoviral system (pAdTrack-CMV
vector), to produce the pAdTrack/LISTWT plasmid and the pAdTrack/LIS1A144
plasmid. These constructs have been seguenced to identify proper initiating’and
terminating sequences in the predicted reading frame. Recombinant adenoviral
vectors have a number of advantages over other means of gene transfer, one of
which is their very high gene transfer efficiency (Kremer and Perricaudet, 1995).
Adenoviral systems are also efficient vectors for neuronal gene therapy due to

their ability to infect post-mitotic celis, their high efficacy of cell transduction, and
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their low pathogenicity (Barkats et al., 1998). The two adenoviral constructs
generated in this study will be used to undertake future studies in primary cell
cultures.

PC12-AC cells can be differentiated to a neuronal-like phenotype with the
use of nerve-growth factor (NGF), and can acquire many of the properties
characteristic of sympathetic neurons. However, these cells are unable fo
pursue glial or oligodendrocyte lineage. While the PC12 cell model was proven
to be a convenient cell system for the characterization of PAF-AHs enzymatic
activity, research on the implication of LIS1 as part of the PAF-AH | complex will
require a PAF-sensitive system that is more representative of the CNS. This
idea is supported by the observation that List RNA and protein are greatly
enriched in the CNS, particularly in neurons, during embryonic development in
drosophila and rat (Smith et al., 2000). Because our preliminary experiments
have demonstrated that rat brain tissue exhibits endogenous Lis?, PAF-AH | a1,
PAF-AH | 02, and PAF-AH Il mRNA transcripts, (Fig 2.3; positive control;
Chapter 2), primary cultures prepared from P6 and P10 cortex, hippocampus and
cerebellum rat brains were tested for PAF-AHs mRNA expression. RT-PCR
analysis revealed that these mixed neuronal and glial cultures express PAF-AH 1l
and all three subunits of PAF-AH | (Lis1, a1, a2). In order to identify the cell
type(s) that expressed each subunit, 95% pure neuronal cuitures from PG rat

cerebellum® were generated in the presence of mitotic inhibitors, and analyzed

® The protocol used in this thesis was demonstrated to generate cultures
containing >95% pure neurons as determined by immunocytochemistry by other
members of the Bennett laboratory.
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by RT-PCR. An unexpected finding was that no transcript for PAF-AH [ a1 was
detected in pure neuronal cultures from P6 rat cerebelium, suggesting that the a1l
subunit is mostly expressed by non-neuronal cells in postnatal Wistar cerebellum
(i.e. oligodendrocytes and astrocytes). The PAF-AH | catalytic composition has
been shown to change from a1/0.2 heterodimers in developing embryos to a2/a2
homodimers in adult brain (Manya et al., 1998). While these data are consistent
with this down-regulation in a1 expression observed in postnatal tissue,
expression in glia was surprising. It has previously been demonstrated that the
o1 subunit appears to be expressed specifically in neurons of neonatal brains
between embryonic day 19 (E19) and P7 (Manya et al., 1898). The a1 subunit
has been shown to be specifically expressed in migrating neurons in the
embryonic and postnatal stages, whereas the a2 expression level is almost
constant from the fetal stages through aduithood (Albrecht et al., 1996; Manya et
al., 1998). Consistent with these data, expression of the a2 and LIS1 subunits
was found to be fairly universal in all cerebellar cultures tested. Our resulis
suggest that the a1subunit is not expressed by neurons and is minimally
expressed by non-neuronal cells in P86 rat cerebellar primary cultures. Based on
a recent report demonstrating that the LIS1 subunit strongly accelerates the
enzymatic activity of the a.2/0.2 homodimer but rather suppresses the activity of
the a1/a1 homodimer (Manya et al., 1998), we speculate that PAF-AH |
enzymatic activity will be increased by the overexpression of Lis?1. Using the
novel PAF-AH kinetic assay and adenoviral vectors generated in this thesis,

another student in the Bennett laboratory will test this hypothesis.
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CHAPTER 5: GENERAL DISCUSSION AND CONCLUSIONS

The studies presented in this thesis were designed to add to the existing
understanding of how intracellular PAF-AHs regulate the kinetics of PAF-
mediated cell death foliowing pathophysiological challenge. It has been
hypothesized that sustained exposure to elevated concentrations of PAF is a
principle mediator of neuronal death in ischemia, encephalitis, epileptic seizure,
meningitis, and HIV-1 dementia (Bazan et al., 1995; Bazan, 1998; Birkle et al,,
1998; Perry et al., 1998; Langley et al., 1999; Schifitto et al., 1999; Fukuda et al.,
2000). While PAF can be metabolized into other biologically active
phospholipids, most of PAF effects have been recognized to be receptor-
mediated (for a review see (Prescott et al., 2000)). A single G-protein coupled
PAFR has been cloned (for a review see (Ishii and Shimizu, 2000)). However,
we have recently established that PAF elicits apoptosis in PC12-AC celis in the
absence of the known PAFR (Brewer et al., 2002). To provide insight into PAFR-
independent apoptosis, the PC12 cell model was used in this thesis to examine
the role of intracellular PAF-AHs in regulating PAF-mediated cell death. Previous
studies from our laboratory have established that PC12 cells are PAF-sensitive
but do not express PAFR (Brewer et al., 2002). In this study, we demonstrate
that the extent of cell loss was exacerbated by pharmacological blockade of PAF-
AH catalytic activity, repeated PAF treatment, or administration of a PAF-AH
resistant analog, suggesting that intracellular PAF-AHs play a cytoprotective role
by limiting the kinetics of PAF-mediated death signaling. In support of this

hypothesis, this study is the first to characterize functional PAF-AH activity in
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PC12-AC lysates, and marks the first report of endogenous PAF-AH | (LIS1, a1,
a2) and PAF-AH Ul expression in the PC12 cell line.

To further elucidate the role of intracellular PAF-AHs in PAF catabolism
and protection against PAF-mediated cell death, we used a fluorescent PAF
analog, B-PAF, to develop a novel assay guantifying intracellular PAF-AHs
kinetics in living cells. In these series of experiments, we demonstrated that PAF
is rapidly internalized over the first 40 min of exposure in PC12 cells. This
observation is important in that it indicates that PAF internalization can occur in
the absence of the PAFR. This is consistent with previous data suggesting that
PAF internalization can be mediated by transbilayer movement (flipping) across
the plasma membrane, as well as by expression of a PAF-specific
transglutaminase, promoting transbilayer incorporation of exogenous ligand and
regulated release of newly synthesized PAF (Bratton et al., 1992). B-PAF
degradation into B-lyso-PAF is initiated within 15 min of ligand internalization,
and continues for at least 75 min. The PAF-AH enzymes responsible for this
hydrolysis were identified as PAF-AH | (a1, 02, and LIS1 subunits) and PAF-AH
ll. Because the rat PAF-AH Il sequence had not previously been deposited with
Genbank, we confirmed transcript identity by cloning the full-length cDNA
{(Accession number AY225592). The release of B-lyso-PAF from PC12-AC into
the extracellular milieu is represented by a three phase process: phase 1) active
release of half of the metabolized PAF is observed within the first 30 min of B-

PAF exposure; phase 2) between 30 and 60 min, B-lyso-PAF accumulates in the
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cell cytosol; phase 3) after 80 min of incubation, cytosoclic B-lyso-PAF is released
into the extracellular milieu.

To establish whether cytosolic PAF-AHs activity regulates PAF-mediated
apoptosis, we analyzed whether pharmacological inhibition of enzymatic activity
compromised PC12 cell survival. Conceniration-dependent effects observed
following treatment with the serine protease inhibitor DFP provide
pharmacological evidence consistent with the conclusion that PAF-AH | activity
predominates over PAF-AH I activity, and that PAF-AH | enzymatic activity
elicited by DFP-sensitive PAFAH | a1/a1 or a1/02 homo or heterodimers in
PC12-AC cells is likely greater than the DFP-resistant a2/a2 homodimers.
Moreover, PAF-mediated cell death was increased by inhibition of cytosolic PAF-
AH isoforms, suggesting that sustained exposure to PAF or a defect in PAF
catabolism can be detrimental following a pathophysiological insult.

A series of PAF antagonists have been screened for their ability to reduce
deleterious effects elicited by PAF. We provide direct evidence that FR 49175
attenuates PAF-mediated cell death in PAFR-negative PC12 cells. It also
accelerates the kinetics of PAF inactivation to lyso-PAF and the release of
cytosolic lyso-PAF, without affecting the rate or extent of PAF internalization over
the 75 min exposure period in PC12 cells. This structurally unrelated PAF
analog has been shown to have a low affinity for PAFR and to exhibit only a
slight inhibitory activity on PAFR-mediated effects (Dupré et al., 2001). Using
PAFR-negative PC12-AC cells, we show that this PAF antagonist has PAF

inhibitory activity in addition to acting on PAFR. We hypothesized that the
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presence of FR 49175 impacts downsiream of receptor activation, by likely
binding to free enzyme and enzyme-—substrate complexes. Therefore, FR 49175
represents a potential therapeutic agent to block PAF-mediated cytotoxicity, by
modulating PAF-AH activity. According to previous reports showing that
exogenous administration of plasma PAF-AH inhibits PAF-mediated neurotoxicity
(Ogden et al., 1998; Hirashima et al., 2000), intracellular PAF-AHs may represent
potential targets that can be pharmacologically manipulated to promote cell
survival following pathological challenge.

The PAF-AH | complex has received much attention in part because the
subunit that modulates enzymatic activity (the B subunit) is the product of the
Lis1 gene. Mutations in this subunit cause MDS, a disorder characterized by
severe brain abnormalities (Hattori et al., 1994a). Recent evidence has
demonstrated that the p subunit likely regulates PAF-AH | enzymatic activity, and
that optimal functioning of the LIS1 protein appears to be a critical requirement
for normal development of the human brain cortex (Clark et al., 1997; Manya et
al., 1999). The LIS1 subunit of the PAF-AH | complex appears to be an essential
player as reflected by the deleterious consequences of its malfunctioning. No
research has yet been conducted to evaluate the effect of Lis7 overexpression
on PAF metabolism in a neuronal cell system. By deciphering the precise details
of the LIS1 protein under normai and abnormal conditions, we will gain additional
insight into how intracellular PAF-AHs regulate the kinetics of PAF-mediated cell
death. To achieve this goal, two adenoviral vectors driving expression of WT

Lis1 or a MDS-relevant mutant have been constructed to permit closer evaluation
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of the regulatory effects of this PAF-AH subunit on PAF-mediated cytotoxicity.
In summary, the fact that precise regulation of PAF levels seems to be a
key factor during and after brain development suggests that careful control of its
degradation must play a key role in such mechanisms. The precise role and
function of intracellular PAF-AHs in the brain is still a subject of investigation.
However, based on the data generated in this thesis, we propose the following
model by which PAF triggers apoptotic death in the absence of PAFR (refer to
Fig 5.1). (1) When extracellular PAF levels rise following certain conditions of
trauma and injury, it can rapidly be internalized by surrounding cells. The route
of PAFR-independent internalization of PAF is possibly enhanced transbilayer
movement (flipping) across the plasma membrane that may be occurring as a
result of changes in membrane physical properties. It is also hypothesized that
PAF binds to a novel PAF binding protein located at the plasma membrane,
followed by subsequent endocytosis of ligand/binding protein complexes based
on unpublished data from our laboratory. It can finally be speculated that PAF
enters the cells through a PAF-specific transglutaminase promoting transbilayer
incorporation of exogenous ligand. (2) Presence of acute levels of PAF or
sustained exposure to active ligand is known to mediate a reduction in cell
survival. We have previously demonstrated that this cell death occurs through an
apoptotic pathway (Brewer et al., 2002) and have recently established that this
pathway is, in part, caspase-3 dependent (Bonin et al. submitted). (3)
Intracellular PAF-AH activities, controlled by two distinct isoforms designated

PAF-AH | (a2/a2, atlal, al/a2) and PAF-AH il, have been reported to regulate
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Figure 5.1: Proposed model by which PAF triggers apoptotic death in the
absence of PAFR (for comments see text).
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the intracellular PAF concentrations, by degrading PAF into its inactive
metabolite lyso-PAF. Inhibition of intraceliular PAF-AHs by the serine-blocking
agent DFP has the effect of preventing adequate degradation of PAF. Thus,
PAF accumulates within the cells and renders them more susceptible to death by
apoptosis. Therefore, it is likely that PAF-AHs limit the extent of PAF-mediated
apoptotic signaling in PC12 cells, by regulating the kinetics of PAF degradation.
PAF-induced cytotoxicity in PC12-AC cells can pharmacologically be attenuated
by the PAF antagonist FR 49175. We proposed that by binding to free
intracellular enzyme and enzyme-—substrate complexes, FR 49175 accelerates
the kinetics of PAF degradation and the release of cytosolic lyso-PAF. (4)
Following catabolism of PAF by infracellular PAF-AHSs, lyso-PAF is produced and
released into the extracellular milieu in three phases. It could be suggested that
these three phases of PAF release correspond to the respective translocation of
the intracellular PAF-AHs (PAF-AH | a1/02, PAF-AH | a2/02 and PAF-AH 1),
given that it has been demonstrated that PAF-AH Il can translocate between
Cytosol and membrane in response to a redox state of the cells. Following their
release from the cytosolic fraction, PAF metabolites remain cell associated,
presumably bound to albumin or other carrier proteins in a protected
configuration at the plasma membrane. (5) Based on a recent report
demonstrating that the LIS1 subunit strongly accelerates the enzymatic activity of
the a2/a2 homodimer but rather suppresses the activity of the a1/a1 homodimer,
we predict that PAF-AH | enzymatic activity will be increased by the

overexpression of LIS1 WT. Thus, overexpressing LIS1 WT should accelerate
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the kinetics of PAF degradation and promote protection against PAF-mediated
apoptosis. Conversely, we speculate that a mutation in Lis? will lead to a loss of
function of the regulatory subunit of the PAF-AH | complex and to abnormal
regulation of intracellular PAF levels. These hypotheses will be further evaluate
by other students in the Bennett laboratory.

Overall, the kinetics of cytosolic intracellular PAF-AHs have revealed that
these enzymes have an important role to play in PAF degradation to fyso-PAF,
leading to protection against PAF-mediated cell death. New discoveries continue
to add interesting components to the puzzle and the next decade holds great

promise.

94



REFERENCES

Adachi T, Aoki J, Manya H, Assou H, Arai H, Inoue K (1997) PAF analogues
capable of inhibiting PAF acetyhydrolase activity supress migration of
isolated rat cerebellar granule cells. Neurosci Lett 235:133-136.

Albrecht M, Abu-lssa R, Ralz B, Hattori M, Aoki J, Arai H, Inoue K, Eichele G
(1996) Platelet-activating factor acetylhydrolase expression and activity
suggest a link between neuronal migration and platelet-activating factor.
Dev Biol 180:579-593.

Ammit AJ, O'Neill C (1997) Studies of the nature of the binding by albumin of
platelet-activating factor released from cells. J Biol Chem 272:18772-
18778.

Arai H (2002) Platelet-activating factor acetylhydrolase. Prostaglandins Other
Lipid Mediat 68-69:83-94.

Asano K, Okamoto S, Fukunaga K, Shiomi T, Mori T, lwata M, keda Y,
Yamaguchi K (1999) Cellular source(s) of platelet-activating-factor
acetylhydrolase acfivity in plasma. Biochem Biophys Res Commun
261:511-514.

Bae K, Longobardi L, Karasawa K, Malone B, Inoue T, Aoki J, Arai H, Inoue K,
Lee T (2000) Platelet-activating factor (PAF)-dependent transacetylase
and its relationship with PAF acetylhydrolases. J Biol Chem 275:26704-
26709.

Baker RR (1995) Enzymes of platelet activating factor synthesis in brain.
Neurochem Res 20:1345-1351.

Baker RR (2000) Lipid acetylation reactions and the metabolism of platelet
activating factor. Neurochem Res 25:677-683.

Barkats M, Bilang-Bleuel A, Buc-Caron MH, Castel-Barthe MN, Corti O, Finiels F,
Horellou P, Revah F, Sabate O, Mallet J (1998) Adenovirus in the brain:
recent advances of gene therapy for neurodegenerative diseases. Prog
Neurobiol 55:333-341.

Bazan NG (1998) The neuromessenger platelet-activating factor in plasticity and
neurodegeneration. Prog Brain Res 118:281-291.

Bazan NG, Rodriguez de Turco HB, Allan g (1995) Mediators of injury in
neurotrama: Intracellular signal and gene expression. J Neurotrama
12:789-911.

Bazan NG, Squinto SP, Bragquet P, Panetta T, Marcheselii VL (1991) Platelet-
activating factor and polyunsaturated fatty acids in cerebral ischemia or
convulsions: intracellular PAF-binding sites and activation of a fos/jun/AP-
1 transcriptional signaling system. Lipids 26:1236-1242.

Beaver JP, Waring P (1994) Lack of correlation between early intracellular
calcium ion rises and the onset of apoptosis in thymocytes. Immunol Cell
Biol 72:489-499.

Bennett SAL, Leite LCC, Birnboim HC (1993) Platelet activating factor, an
endogenous mediator of inflammation, induces phenotypic transformation
of rat embryo cells. Carcinogenesis 14:1289-1296.

95



Benveniste J, Henson PM, Cochrane CG (1972) Leukocyte-dependent histamine
release from rabbit platelets: The role of igE, basophils, and platelet
activating factor. J Exp Med 136:1356-1377.

Birkle DL, Kurian P, Braguet P, Bazan NG (1998) Platelet activating factor
antagonist BN52021 decreases accumulation of free polyunsaturated fatly
acid in mouse brain during ischemia and electroconvulsive shock. J
Neurochem 51:1900-1905.

Bito H, Honda Z, Nakamura M, Shimizu T (1994) Cloning, expression and tissue
distribution of rat platelet-activating-factor-receptor cDNA. Eur J Biochem
221.211-218.

Bix GJ, Clark GD (1998) Platelet-activating factor receptor stimulation disrupts
neuronal migration in vitro. J Neurosci 18:307-318.

Blank ML, Lee T, Fitzgerald V, Snyder F (1881) A specific acetylhydrolase for 1-
alkyl-2-acetyl-sn-glycero-3-phosphocholine (a hypotensive and platelet-
activating lipid). J Biol Chem 256:175-178.

Blank ML, Hall MN, Cress EA, Snyder F (1983) Inactivation of 1-alkyl-2-acetyl-
sn-glycero-3-phosphocholine by a plasma acetylhydrolase: higher
activities in hypertensive rats. Biochem Biophys Res Commun 113:666-
671.

Blencowe C, Hermetter A, Kostner GM, Deigner HP (1995) Enhanced
association of platelet-activating factor acetylhydrolase with lipoprotein (a)
in comparison with low density lipoprotein. J Biol Chem 270:31151-31157.

Bligh EC, Dyer WJ (1959) Can J Biochem Physiol 37:911-917.

Braquet P, Touqui L, Shen T, Vargaftig B (1987) Perspectives in platelet-
activating research. Pharmacol Rev 39:99-145.

Braquet P, Paubert-Braquet M, Koltai M, Bourgain R, Bussoclino F, Hosford D
(1989) Is there a case for PAF antagonists in the treatment of ischemic
states? TIPS 10:23-30.

Bratton DL, Dreyer E, Kailey JM, Fadok VA, Clay KL, Henson PM (1992) The
mechanism of internalization of platelet-activating factor in activated
human neutrophils. Enhanced transbilayer movement across the plasma
membrane. J Immunol 148:514-523.

Brewer C, Bonin F, Bullock P, Nault MC, Morin J, imbeault S, Shen TY, Franks
DJ, Bennett SAL (2002) Platelet activating factor-induced apoptosis is
inhibited by ectopic expression of the platelet activating factor G-protein
coupled receptor. J Neurochem 82:1502-1511.

Burioni R, Bugli F, Mancini N, Fadda G (2001) A novel expression vector for
production of epitope-tagged recombinant Fab fragments in bacteria. Hum
Antibodies 10:149-154.

Bussolino F, Soldi R, Arese M, Jaranowska A, Sogos V, Gremo F (1995) Multiple
roles of platelet-activating factor in the nervous system. Neurochem Int
26:425-433.

Cahana A, Escamez T, Nowakowski RS, Hayes NL, Giacobini M, von Holst A,
Shmueli O, Sapir T, McConnell SK, Wurst W, Martinez S, Reiner O (2001)
Targeted mutagenesis of Lis1 disrupts cortical development and LIS1
homodimerization. Proc Natl Acad Sci USA 98:6429-6434.

96



Cardoso C, Leventer RJ, Dowling JJ, Ward HL, Chung J, Petras KS, Roseberry
JA, Weiss AM, Das S, Martin CL, Pilz DT, Dobyns WB, Ledbetter DH
(2002) Clinical and molecular basis of classical lissencephaly: Mutations in
the LIS1 gene (PAFAH1B1). Hum Mutat 19:4-15.

Chen C, Magee JC, Marcheselli V, Hardy M, Bazan NG (2001) Attenuated LTP
in hippocampal dentate gyrus neurons of mice deficient in the PAF
receptor. J Neurophysiol 85:384-390.

Chen CH, Jiang T, Yang JH, Jiang W, Lu J, Marathe GK, Pownall HJ, Ballantyne
CM, Mcintyre TM, Henry PD, Yang CY (2003) Low-density lipoprotein in
hypercholesterolemic human plasma induces vascular endothelial cell
apoptosis by inhibiting fibroblast growth factor 2 transcription. Circulation
107:2102-2108.

Chroni A, Mavri-Vavayanni M (2000) Characterization of a platelet activating
factor acetylhydrolase from rat adipocyte. Life Sci 67:2807-2825.

Clark GD, McNeil RS, Bix GJ, Swann JW (1995) Piatelet-activating factor
produces neuronal growth cone collapse. Neuroreport 6:2569-2575.

Clark GD, Mitzuguchi M, Antalffy B, Barnes J, Armstrong D (1997) Predominant
localization of the LIS family of gene products to Cajal-Retzius cells and
ventricular neuroepithelium in the developing human cortex. J Neuropathol
Exp Neurol 56:1044-1052.

Derewenda ZS, Ho YS (1999) PAF-acetylhydrolases. Biochim Biophys Acta
1441:229-236.

Dichmann S, Rheinen H, Panther E, Herouy Y, Czech W, Termeer C, Simon JC,
Gebocle-Haerter PJ, Norgauer J (2000) Downreguiation of platelet-
activating factor responsiveness during maturation of human dendritic
cells. J Cell Physiol 185:394-400.

Dieker H (1967) [Studies on the genetics of particularly regular high alpha-waves
in human EEG]. Human genetik 4:189-216.

Dobyns WB, Reiner O, Carrozzo R, Ledbetter DH (1993) Lissencephaly. A
human brain malformation associated with deletion of the LIS1 gene
located at chromosome 17p13. JAMA 270:2838-2842.

Domingo MT, Spinnewyn B, Chabrier PE, Braquet P (1994) Changes in [3H]PAF
binding and PAF concentrations in gerbil brain after bilateral common
carotid artery occlusion: A quantitative autoradiographic study. Brain Res
640:268-276.

Dupré DJ, Le Gouill C, Rola-Pleszczynski M, Stankova J (2001) Inverse agonist
activity of selected ligands of platelet activating factor receptor. J
Pharmacol Exp Ther 2899:358-365.

Farr RS, Cox CP, Wardlow ML, Jorgensen R (1980) Preliminary studies of an
acid-labile factor (ALF) in human sera that inactivates platelet-activating
factor (PAF). Clin Immunol Immunopathol 15:318-330.

Faulkner NE, Dujardin DL, Tai CY, Vaughan KT, O'Connell CB, Wang Y, Vallee
RB (2000) A role for the lissencephaly gene LIS1 in mitosis and
cytoplasmic dynein function. Nat Cell Biol 2:784-791.

Feurstein G, Yue G, Lysko R (1990) Platelet activating factor: a putative mediator
in central nervous system injury? Stroke 21 (suppl 111):11{-90-111-94.

97



Francescangeli E, Domanska-Janik K, Goracci G (1996) Relative contribution of
the de novo and remodelling pathways to the synthesis of platelet-
activating factor in brain areas and during ischemia. J Lipid Mediat Cell
Signal 14:88-98.

Francescangeli E, Lang D, Dreyfus H, Boila A, Freysz L, Goracci G (1997)
Activities of enyzmes involved in the metabolism of platelet-activating
factor in neural cell cultures during proliferation and differentiation.
Neurochem Res 22:1299-1307.

Francescangeli E, Grassi S, Pettorossi VE, Goracci G (2002) Activation of PAF-
synthesizing enzymes in rat brain stem slices after LTP induction in the
medial vestibular nuclei. Neurochem Res 27:1465-1471.

Fukuda Y, Kawashima H, Saito K, Inomata N, Matsui M, Nakanishi T (2000)
Effect of human plasma-type platelet-activating factor acetylhydrolase in
two anaphylactic shock models. Eur J Pharmacol 390:203-207.

Gambello MJ, Darling DL, Yingling J, Tanaka T, Gleeson JG, Wynshaw-Boris A
(2003) Multiple dose-dependent effects of Lis1 on cerebral cortical
development. J Neurosci 23:1719-1729.

Garcia-Higuera |, Fenoglio J, Li Y, Lewis C, Panchenko M, Reiner O, Smith T,
Neer E (19986) Folding of proteins with WD-repeats: comparaison of six
members of the WD-repeats superfamily to the G protein beta subunit.
Biochemistry 35:13985-13994.

Gelbard HA, Nottet HSLM, Swindells S, Jett M, Dzenko KA, Genis P, White R,
Wang L, Choi Y-B, Zhang D, Lipton SA, Tourtellotte WW, Epstein LG,
Gendelman HE (1994) Platelet-activating factor: a candidate human
immunodeficiency virus type 1-induced neurotoxin. J Virol 68:4628-4635.

Gerard NP, Gerard C (1994) Receptor-dependent internalization of platelet-
activating factor. J Immunol 152:793-800.

Hattori K, Hattori M, Adachi H, Tsujimoto M, Arai H, Inoue K (1995a) Purification
and characterization of platelet-activating factor acetylhydrolase Il from
bovine liver cytosol. J Biol Chem 270:22308-22313.

Hattori K, Adachi H, Matsuzawa A, Yamamoto K, Tsujimoto M, Aoki J, Hattori M,
Arai H, Inoue K (1996) cDNA cloning and expression of intracellular
platelet-activating factor (PAF) acetylhydrolase [l. its homology with
plasma PAF acetylhydrolase. J Biol Chem 271:33032-33038.

Hattori M, Arai H, Inoue K (1993) Purification and characterization of bovine brain
platelet- activating factor acetylhydrolase. J Biol Chem 268:18748-18753.

Hattori M, Adachi H, Tsujimoto M, Arai H, Inoue K (1994a) Miller-Dieker
lissencephaly gene encodes a subunit of brain platelet-activating factor
acetylhydrolases. Nature 370:216-218.

Hattori M, Adachi H, Tsujimoto M, Arai H, Inoue K (1994b) The catalytic subunit
of bovine brain platelet-activating-factor acetylhydrolase is a novel type of
serine esterase. J Biol Chem 269:23150-23155.

Hattori M, Adachi H, Acki J, Tsujimoto M, Arai H, Inoue K (1995b) Cloning and
expression of a cDNA encoding the Beta-subunit (30-kDa subunit) of
bovine brain platelet-activating factor acetylhydrolase. J Biol Chem
270:31345-31352.

98



Henderson WRJ, Lu J, Poole KM, Dietsch GN, Chi EY (2000} Recombinant
human platelet-activating factor-acetylhydrolase inhibits airway
inflammation and hyperreactivity in mouse asthma model. J Immunol
164:3360-3367.

Hendrickson HS, Hendrikson EK, Johnson ID, Farber SA (1999) Intramolecularly
guenched BODIPY-labeled phospholipid analogs in phosphliase A2 and
platelef-activating factor acetyhydrolase assays and in vivo fluorescence
imaging. Anal Biochem 276:27-35.

Hershkowitz M, Adunsky A (1996) Binding of platelet-activating factor to platelet
of Alzheimer's disease and multiinfarct dementia patients. Neurobiol Aging
17.865-868.

Hiramoto M, Yoshida H, Imaizumi T, Yoshimizu N, Satoh K (1997) A mutation in
plasma platelet-activating factor acetylhydrolase (Val279-->Phe) is a
genetic risk factor for stroke. Stroke 28:2417-2420.

Hirashima Y, Ueno H, Karasawa K, Yokoyma K, Setaka M, Takaku A (2000)
Transfection of the plasma-type platelet-activating factor acetylhydrolase
gene attenuates glutamate-induced apoptosis in cultured rat cortical
neurons. Brain Res 885:128-132.

Hirotsune S, Fleck MW, Gambelio MJ, Bix GJ, Chen A, Clark GD, Ledbetter DH,
McBain CJ, Wnshaw-Boris A (1998) Graded reduction of Pafah1b1 (Lis1)
activity results in neuronal migration defects and early embryonic lethality.
Nature Genet 19:333-339.

Ho YS, Swenson L, Derewenda U, Serre L, Wei Y, Dauter Z, Hattori M, Adachi T,
Aoki J, Arai H, Inoue K, Derewenda ZS (1997) Brain acetylhydrolase that
inactivates platelet-activating factor is a G-protein-like trimer. Nature
385:89-93.

Honda Z, Nakamura M, Miki |, Minami M, Watanabe T, Seyma Y, Okado H, Toh
H, lto K, Miyamoto M, Shimizu T (1891) Cioning by functional expression
of platelet-activating factor receptor from guinea-pig lung. Nature 349:342-
345.

lhida K, Predescu D, Czekay RP, Palade GE (1999) Platelet activating factor
receptor (PAF-R) is found in a large endosomal compartment in human
umbilical vein endothelial celis. J Cell Sci 112:285-295.

Ishii S, Shimizu T (2000) Platelet-activating factor (PAF) receptor and genetically
engineered PAF receptor mutant mice. Progress Lipid Res 39:41-82.

Ishii S, Nagase T, Shimizu T (2002) Platelet-activating factor receptor.
Prostaglandins Other Lipid Mediat 68-69:599-609.

Ishii S, Nagase T, Tashiro F, lkuta K, Sato S, Waga |, Kume K, Miyazaki J,
Shimizu T (1997) Bronchial hyperreactivity, increased endotoxin lethality
and melanocytic tumorigenesis in transgeneic mice overexpressing
platelet-activating factor receptor. EMBO J 16:133-142.

Jaranowska A, Bussolino F, Sogos V, Arese M, Lauro GM, Gremo F (1995)
Platelet-activating factor production by human fetal microglia. Effect of
lipopolysaccharides and tumor necrosis factor-alpha. Mol Chem
Neuropathol 24:85-106.

99



Karpouza AP, Vakirizi-Lemonias C (1997) The platelet-activating factor
acetylhydrolase of mouse platelets. Biochim Biophys Acta 1323:12-22.

Kato K, Clark GD, Bazan NG, Zorumski CF (1994) Platelet-activating factor as a
potential refrograde messenger in CA1 hippocampal long-term
potentiation. Nature 367:175-179.

Kochanek PM, Nemoto EM, Melick JA, Evans RW, Burke DF (1988)
Cerebrovascular and cerebrometabolic effects of intracarotid infused
platelet-activating factor in rats. J Cereb Blood Flow Metab 8:46-51.

Kornecki E, Ehrlich YH (1988) Neuroregulatory and neuropathological actions of
the ether-phospholipid platelet activating factor. Science 240:1792-1794.

Kornecki E, Ehrlich YH (1991) Calcium ion mobiization in neuronal cells induced
by PAF. Lipids 26:1243-1246.

Kornecki E, Wieraszko A, Chan J, Ehrlich YH (1996) Platelet activating factor
(PAF) in memory formation: role as a retrograde messenger in long-term
potentiation. J Lipid Mediat Cell Signal 14:115-126.

Kremer EJ, Perricaudet M (1985) Adenovirus and adeno-associated virus
mediated gene transfer. Br Med Bull 51:31-44.

Kudo |, Murakami M (2002) Phospholipase A2 enzymes. Prostaglandins Other
Lipid Mediat 68-69:3-58.

Kumar R, Harvey S, Kester N, Hanahan D, Olson M (1988) Production and
effects of platelet-activating factor in the rat brain. Biochem Biophys Acta
963:375-383.

Langley SM, Chai PJ, Jaggers JJ, Ungerleider RM (1999) Platelet activating
factor receptor antagonism improves cerebral recovery after circulatory
arrest. Ann Thorac Surg 68:1578-1584.

Le Gouill C, Parent JL, Rola-Pleszczynski M, Stankova J (1997) Structural and
functional requirements for agonist-induced internalization of the human
platelet-activating factor receptor. J Biol Chem 272:21289-21295.

Lee SH, Altenberg GA (2003) Expression of functional muitidrug-resistance
protein 1 in Saccharomyces cerevisiae: effects of N- and C-terminal
affinity tags. Biochem Biophys Res Commun 306:644-649.

Li T, Southall MD, Yi Q, Pei Y, Lewis D, Al-Hassani M, Spandau D, Travers JB
(2003) The epidermal platelet-activating factor receptor augments
chemotherapy-induced apoptosis in human carcinoma cell lines. J Biol
Chem 278:16614-16621.

LiuZ, Xie T, Steward R (1999) Lis1, the Drosophila homolog of a human
lissencephaly disease gene, is required for germiine cell division and
occyte differentiation. Development 126:4477-4488.

Maclennan KM, Smith PF, Darlington CL (1896) Platelet-activating factor in the
CNS. Prog Neurobiol 50:585-596.

Manya H, Aoki J, Kato H, Ishii J, Hino S, Arai H, Inoue K (1999) Biochemical
characterization of various catalytic complexes of the brain platelet-
activating factor acetylhydrolase. J Biol Chem 274:31827-31832.

Manya H, Aoki J, Watanabe M, Adachi T, Asou H, Inoue Y, Arai H, Inoue K
(1998) Switching of platelet-activating factor acetylhydrolase catalytic
subunits in developing rat brain. J Biol Chem 273:18567-18572.

100



Marcheselli VL, Rossowska M, Domingo MT, Braquet P, Bazan NG (1990)
Distinct platelet-activating factor binding sites in synaptic endings and in
intraceliular membranes of rat cerebral cortex. J Biol Chem 265:9140-
9145.

Marques M, Pei Y, Southall MD, Johnston JM, Arai H, Aoki J, Inoue T, Seltmann
H, Zouboulis CC, Travers JB (2002) Identification of platelet-activating
factor acetylhydrolase Il in human skin. J Invest Dermatol 119:913-919.

Matsuzaya A, Hattori K, Aoki J, Arai H, Inoue K (1897) Protection against
Oxidative Stress-induced Cell Death by Intracellular Platelet-activating
Factor-Acetylhydrolase Il. J Biol Chem 272:32315-32320.

McManus LM, Pinckard RN (2000) PAF, a putative mediator of oral inflammation.
Crit Rev Oral Biol Med 11:240-258.

McNeil RS, Swann JW, Brinkley BR, Clark GD (1999) Neuronal cytoskeletal
alterations evoked by a platelet-activating factor (PAF) analogue. Cell
Motil Cytoskel 43:99-113.

Miller JQ (1973) Microcephaly, mental retardation and hypertelorism in
chromosome deletion studies. Neurology 23:1141-1146.

Min JH, Wilder C, Aoki J, Arai H, Inoue K, Paul L, Gelb MH (2001) Platelet-
activating factor acetylhydrolases: broad substrate specificity and
lipoprotein binding does not modulate the catalytic properties of the
plasma enzyme. Biochemistry 40:4539-4540.

Mizuguchi M, Takashima S, Kakita A, Yamada M, lkeda K (1995) Lissencephaly
gene product. Localization in the central nervous system and loss of
immunoreactivity in Miller-Dieker syndrome. Am J Pathol 147:1142-1151.

Morris NR, Efimov VP, Xiang X (1998) Nuclear migration, nucleokinesis and
lissencephaly. Trends Cell Biol 8:467-470.

Murohisa G, Kobayashi Y, Kawasaki T, Nakamura S, Nakamura H (2002)
Involvement of platelet-activating factor in hepatic apoptosis and necrosis
in chronic ethanol-fed rats given endotoxin. Liver 22:394-403.

Nicholas GM, Eckman LL, Newton GL, Fahey RC, Ray S, Bewley CA (2003)
Inhibition and kinetics of mycobacterium tuberculosis and mycobacterium
smegmatis mycothiol-S-conjugate amidase by natural product inhibitors.
Bicorg Med Chem 11:601-608.

O'Flaherty J, Redman J, Schmitt J, Ellis J, Surles J, Marx M, Piantadosi C, Wykle
R (1987) 1-O-alkyl-2-N-methylcarbamyl-glycerophsophocholine: a
biclogically potent, non-metabolizable analog of platelet-activating factor.
Biochem Biophys Res Commun 147:18-24.

Ogden F, DeCoster MA, Bazan NG (1998) Recombinant plasma-type platelet-
activating factor acetylhydrolase atienuates NMDA-induced hippocampal
neuronal apoptosis. J Neurosci Res 15:677-684.

Ohshima N, Ishii S, Izumi T, Shimizu T (2002) Receptor-dependent metabolism
of platelet-activating factor in murine macrophages. J Biol Chem
277:9722-9727.

Okamoto M, Yoshida K, Uchida |, Nishikawa M, Kohsaka M, Aoki H (1986)
Studies of platelet activating factor (PAF) antagonists from microbial

101



products. 1. Bisdethiobis(methylthio)gliotoxin and its derivatives. Chem
Pharm Bull (Tokyo) 34:340-344.

Perry SW, Hamilton JA, Tjoelker LW, Dbaibo G, Dzenko KA, Epstein LG,
Hannun Y, Whittaker JS, Dewhurst S, Gelbard HA (1998) Platelet
activating factor receptor activation. An initiator step in HIV-1
neuropathogenesis. J Bio Chem 273:17660-17664.

Peterfy M, Gyuris T, Basu R, Takacs L (1994) Lissencephaly-1 is one of the most
conserved proteins between mouse and human: a single amino-acid
difference in 410 residues. Gene 150:415-416.

Pilz DT, Matsumoto N, Minnerath S, Mills P, Gleeson JG, Allen KM, Walsh CA,
Barkovich AJ, Dobyns WB, Ledbetter DH, Ross ME (1998) LIS1 and XLIS
(DCX) mutations cause most classical lissencephaly, but different patterns
of malformation. Hum Mol Genet Dec;7(13):2029-37 7:2029-2037.

Pinckard RN, Woodard DS, Showell HJ, Conklyn MJ, Novak MJ, McManus LM
(1994) Structural and (patho)physiological diversity of PAF. Clin Rev
Allergy 12:329-359.

Prescott SM, Zimmerman GA, Stafforini DM, Mcintyre TM (2000) Platelet
activating factor and related lipid mediators. Annu Rev Biochem 69:419-
445,

Pulliam L, Zhou M, Stubblebine M, Bitler CM (1998) Differential modulation of cell
death proteins in human brain cells by tumour necrosis factor alpha and
platelet activating factor. J Neurosci Res 54:530-538.

Reiner O, Carrozzo R, Shey Y, Whemert M, Faustinella F, Dobyns WB, Caskey
CT, Ledbetter DH (1993) Isolation of a Miller-dieker lissencephaly gene
containing G-protein beta-subunit-like repeats. Nature 364:717-721.

Reiner O, Albrecht U, Gordon M, Chianese KA, Wong C, Gal-Gerber O, Sapir T,
Siracusa LD, Buchberg AM, Caskey CT, Eichele G (1995) Lissencephaly
gene (LIS1) expression in the CNS suggests a role in neuronal migration.
J Neurosci 15:3730-3738.

Ross ME, Walsh CA (2001) Human brain malformations and their lessons for
neuronal migration. Annu Rev Neurosci 24:1041-1070.

Rougeot C, Junier MP, Minary P, Weidenfeld J, Braquet P, Dray F (1990)
Intracerebroventricular injection of platelet-activating factor induces
secretion of adrenocorticotropin, beta-endorphin and corticosterone in
conscious rats: a possible link between the immune and nervous systems.
Neuroendocrinology 51:267-275.

Sapir T, Elbaum M, Reiner O (1997) Reduction of microtubule catastrophe
events by LIS1, platelet-activating factor acetylhydrolase subunit. EMBO J
16:6977-6984.

Sapir T, Cahana A, Seger R, Nekhai S, Reiner O (1999) LIS1 is a microtubule-
associated phosphoprotein. Eur J Biochem 265:181-188.

Schifitto G, Sackior N, Marder K, McDermott MP, McArthur JC, Kieburtz K, Small
s, Epstein LG (1999) Randomized trial of the platelet-activating factor
antagonist lexipafant in HIV-associated cognitive impairment.
Neurological AIDS Research Consortium. Neurology 53:391-396.

102



Shmueli O, Cahana A, Reiner O (1999) Platelet-activating factor (PAF)
acetylhydrolase activity, LIS1 expression, and seizures. J Neurosci Res
57:176-184.

Smith DS, Niethammer M, Ayala R, Zhou Y, Gambello MJ, Wynshaw-Boris A,
Tsai LH (2000) Regulation of cytoplasmic dynein behaviour and
microtubule organization by mammalian Lis1. Nat Cell Biol 2:767-775.

Snyder F (1994) Metabolic processing of PAF. Clin Rev Allergy 12:309-327.

Snyder F (1995) Platelet-activating factor and its analogs: Metabolic pathways
and related intraceliuiar processes. Biochim Biophys Acta Lipids Lipid
Metab 1254:231-249.

Sogos V, Bussolino F, Pilia E, Torelli S, Gremo F (1990) Acetylcholine-induced
production of platelet-activating factor by human fetal brain cells in culture.
J Neurosci Res 27:706-711.

Southall MD, Isenberg JS, Nakshatri H, Yi Q, Pei Y, Spandau DF, Travers JB
(2001) The platelet-activating factor receptor protects epidermal cells from
TNF{alpha} and TRAIL-induced apoptosis through a NF-kB-dependent
process. J Biol Chem 276:45548-45554.

Stafforini DM, Mcintyre TM, Carter ME, Prescott SM (1987) Human plasma
platelet-activating factor acetylhydrolase. Association with lipoprotein
particles and role in the degradation of platelet-activating factor. J Biol
Chem 262:4215-4222.

Stafforini DM, Prescott SM, Zimmerman GA, Mcintyre TM (1996a) Mammalian
platelet-activating factor acetylhydrolases. Biochim Biophys Acta
1301:161-173.

Stafforini DM, Mcintyre TM, Zimmerman GA, Prescott SM (1997) Platelet-
activating Factor Acetylhydrolases. J Biol Chem 272:17895-17898.

Stafforini DM, Elstad MR, Mcintyre TM, Zimmerman GA, Prescott SM (1990)
Human macrophages secret platelet-activating factor acetylhydrolase. J
Biol Chem 265:9682-9687.

Stafforini DM, Numao T, Tsodikov A, Vaitkus D, Fukuda F, Watanabe N, Fueki N,
Mcintyre TM, Zimmerman GA, Makino S, Prescott SM (1999) Deficiency
of platelet-activating factor acetylhydrolase is a severity factor for asthma.
J Clin Invest 103:989-997.

Stafforini DM, Satoh K, Atkinson DL, Tjoelker LW, Eberhardt C, Yoshida H,
Imaizumi T, Takamatsu S, Zimmerman GA, Mcintyre TM, Gray PW,
Prescott SM (1996b) Platelet-activating factor acetylhydrolase deficiency -
A missense mutation near the active site of an anti-inflammatory
phospholipase. J Clin Invest 97:2784-2791.

Stremler KE, Stafforini DM, Prescott SM, Mcintyre TM (1991) Human plasma
platelet-activating factor acetylhydrolase. Oxidatively fragmented
phospholipids as substrates. J Biol Chem 266:11095-11103.

Svetlov S, Nigam S (1993) Evidence for the presence of specific high affinity
cytosolic binding sites for platelet-activating factor in human neutrophils.
Biochem Biophys Res Commun 190:162-1686.

Sweeney KJ, Clark GD, Prokscha A, Dobyns WB, Eichele G (2000)
Lissencephaly associated mutations suggest a requirement for the

103



PAFAH1B heterotrimeric complex in brain development. Mech Dev
92:263-271.

Tioelker LW, Stafforini DM (2000) Platelet-activating factor acetylhydrolases in
health and disease. Biochim Biophys Acta 1488:102-123.

Tjoelker LW, Eberhardt C, Unger J, Trong HL, Zimmerman GA, Mcintyre TM,
Stafforini DM, Prescott SM, Gray PW (1995a) Plasma platelet-activating
factor acetylhydrolase is a secreted phospholipase A2 with a catalytic
triad. J Biol Chem 270:25481-25487.

Tjoelker LW, Wilder C, Eberhardt C, Stafforini DM, Dietsch G, Schimpf B, Hooper
S, Le Trong H, Cousens LS, Zimmerman GA, Yamada Y, Mcintyre TM,
Prescott SM, Gray PW (1995b) Anti-inflammatory properties of a platelet-
activating factor acetylhydrolase. Nature 374:549-553.

Ved HS, Gustow E, Pieringer RA (1991) Regulation of neuronal differentiation in
neuron-enriched primary cultures from embryonic rat cerebra by platelet
activating factor and the structurally related glycerol ether lipid,
dodecylglycerol. J Neurosci Res 30:353-358.

Venable ME, Zimmerman GA, Mcintyre TM, Prescott SM (1993) Platelet-
activating factor: A phospholipid autacoid with diverse actions. J Lipid Res
34.691-702.

Wang DS, Shaw R, Hattori M, Arai H, Inoue K, Shaw G (1995) Binding of
pleckstrin homology domains to WD40/beta-transducin repeat containing
sements of the protein product of the Lis-1 gene. Biochem Biophys Res
Commun 209:622-629.

Watanabe M, Aoki J, Manya H, Arai H, Inoue K (1998) Molecular cloning of
cDNAs encoding alpha1, alpha2, and beta subunits of rat brain platelet-
activating factor acetylhydrolase. Biochem Biophys Acta 1401:73-79.

Yoshida H, Satoh K, Koyama M, Hiramoto M, Takamatsu S (1996) Deficiency of
plasma platelet-activating factor acetylhydrolase: roles of blood cells. Am J
Hematol 53:158-164.

Yue TL, Lysko PG, Feuerstein G (1990) Production of platelet-activating factor
from rat cerebellar granule cells in culture. J Neurochem 54:1809-1811.

104



Bonin F, Ryan SD, Bullock P, Migahed L, Mo F, Arai H, Franks DJ, and Bennett
SAL; Cytosolic platelet activating factor | and i protect PC12 cells from apoptotic
loss and can be pharmacologically targeted to promote cell survival. (Submitted
to JBC).

Bonin F, Franks D, Bennett S.A.L. (2002) Development of an in vilro system to
study LIS1-mediated signaling. (Society for Neuroscience 32nd Annual meeting;
Abstract 235.1; Orlando, USA)

Bonin F, Franks D, Bennett S.A.L. (2002) Functional platelet activating factor
acetylhydrolases expressed by PC12 cells regulate platelet activating factor-
induced apoptosis. (Canadian Federation of Biological Sciences; Montreal,
Canada)

Bonin F, Franks D, Bennett S.A.L. (2002) Molecular mechanisms of LIS-1
signaling in PC12 cells. (BMI Graduate Research Day; University of Ottawa,
Canada)

Bonin F, Brewer C, Chen J, Bennett SAL (2001). Effect of platelet activating
factor receptor expression on nerve growth factor-induced differentiation of PC12
cells. (Society for Neuroscience 31st Annual meeting; Abstract 31: 793.16; San
Diego, USA) and (Ottawa Life Sciences Research Conference; Ottawa, Canada)

Bonin F, Bennett S.A.L., Franks D. (2001). L'influence de la stimulation du
récepteur du facteur d’activation plaquettaire (PAF) sur la prolifération et la
differenciation des précurseurs neuronaux. (UQTR, Depariment of chemistry-
biology: B.Sc.in medical biology ; Trois-Riviéres, Canada)

Lecture Presentations

A time to live: Platelet activating factor receptor-GPCR activation inhibits growth
arrest associated with neuronal differentiation (February 2002); Minisymposia on
Cell Signaling and Neuronal Survival (Louisiana State University Neuroscience
Center of Excellence, New Orleans, USA)

Techniques in Cellular Regulation (January 2002); Guest lecturer for the fourth

year Biochemistry course « Cellular Regulation and Control » (BCH 4125)
(University of Ottawa, Canada)

107



Emplovment, Teaching Experience and Volunteer work

Sept. 2003 - Present Neurochem Inc.

Research assistant in Molecular Biology

Apr. 2003 Provincial Expo-Sciences finals

Volunteer judge

University of Ottawa

Teaching Assistant
Jan. 2002 - Mai 2002 -Biochemistry Laboratory (BCH 2736)
Sep. 2001 - Jan. 2002 -Principles of Chemistry (CHM 1710)
June 1995 — Jan. 2001 McDonald’s Restaurant

Trainer (Chef d’équipe )

Computer Skills

Microsoft Word, WordPerfect, Excel, Powerpoint, Improvision Openlab, Adobe
Photoshop, Adobe illustrator, Adobe After Effect, DeltaGraph, Clone Manager,
Acrobat, EndNote.

2003
2001
1999
1998
1996
1996
1996

Awards/Scholarships

Scottish Rite Charitable Foundation of Canada scholarship ($ 6750)
Premiers research excellence recruitment summer scholarship ($ 4000)
Best Employee of the year from McDonald’s Restaurant

Distinction Award for implication in Ronald McDonald Children’s charities
Les Caisses Desjardins scholarship (300 $)

Ronald McDonald scholarship (300 $)

Distinction Award for grades in English

** References are available on request

108



