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Abstract

This piece offers perspectives on the emerging roles of lysophospholipids, which include lysophos-
phatidic acid (LPA) and sphingosine 1-phosphate (S1P), for the biology and pathophysiology of the
nervous system. It reflects opinions generated during a meeting sponsored by the National Institute
on Drug Abuse (NIDA) entitled “Targeted Lipidomics: Signaling Lipids and Drugs of Abuse” held
in Washington, D.C., 15–17 April 2004, organized by Dr. Rao Rapaka. Lysophospholipids represent
one class of lipids that has many important actions mediated by G protein-coupled receptors. While
influencing a large number of biologically important systems, this discussion will focus on the nervous
system, including areas of future research.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Lysophospholipids are small lipid molecules that have been shown, in recent years,
to have a range of important effects on many different organ systems. The best stud-
ied examples of lysophospholipids are lysophosphatidic acid (LPA) and sphingosine 1-
phosphate (S1P), which are part of a host of related molecules that are defined by
a 3-carbon backbone, glycerol or sphingoid in nature, to which an acyl chain having
variable length and saturation is attached. A major focus in recent years has been the
action of extracellular lysophospholipids through their cognate G protein coupled recep-
tors (GPCRs): there are nine lysophospholipids receptors, 4 for LPA (LPA1–4) and 5 for
S1P (S1P1–5), with a number of putative lysophospholipid GPCRs existing in the liter-
ature. Recent reviews have covered many facets of this rapidly growing field in detail
[1–17]and no attempt will be made to review this extensive literature. The purpose of this
opinion piece is to stimulate discussion and increase awareness of areas relevant to Neuro-
science, towards achieving an understanding of both the basic neurobiology of lysophos-
pholipid signaling, and a framework for therapeutically useful strategies involving activated
pathways.

2. Discussion

An essential distinction that must be made in assessing effects produced by lysophos-
pholipids is whether their effects involve surface receptors – GPCRs – or non-GPCR mech-
anisms that could utilize different pathways, such as seen with S1P intracellular functions
in Arabidopsis[18]. The necessity for this distinction, particularly in the nervous system
where there exists enormous complexity of cellular interactions, is differentiating true sig-
naling properties of lysophospholipids from important but non-signaling roles that include
pools associated with lipid metabolism, and structural pools that contribute to non-signaling
roles such as the effects of LPA on synaptic vesicle curvature[19]. This distinction does
not place a value judgment on the importance of signaling versus non-signaling roles. It
does underscore the experimental tractability of rigorously distinguishing direct effects of
lysophospholipids attributable to the nine identified GPCRs, which contrasts with attribut-
ing neural effects to non-GPCR mechanisms. The existence of numerous orphan GPCRs
amongst the 350–400 non-olfactory/sensory GPCRs in mouse and human[20] raises the
clear possibility that the currently known repertoire of lysophospholipid GPCRs[16,17]
is incomplete, a point underscored by non-homologous GPCRs for single lysophospho-
lipid ligands, as has been reported for LPA[21]. Therefore, at least within the mammalian
nervous system, biological actions of lysophospholipids should first be considered for
their potential GCPR-mediated mechanisms before invoking non-GPCR or non-receptor
mechanisms.

Related to this view is the existence of genetic deletions in mice for most known lysophos-
pholipid receptors[22,23,17]and the advent of chemical tools that show receptor agonist
and antagonist properties (reviewed in[17]). Combined use of these experimental reagents
can allow identification of essential roles for lysophospholipid GPCRs as well as roles
for a given receptor subtype. It is notable that lysophospholipid receptors have apparent
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Kd values with their cognate ligands in the nanomolar range, and thus nervous system
effects observed in the micromolar range or higher must be interpreted with caution, partic-
ularly in differentiating those effects that are specific as compared to non-specific or toxic
effects.

Considering these caveats, there is an enlarging range of neurobiologically relevant,
receptor-mediated functions that portend the existence of more actions of lysophospholipid
signaling. Much of what has thus far been identified has come from studies of neural-
derived cell lines or the developing mammalian nervous system, including isolation of
primary cells from many developmental ages preceding adulthood. Most of these types
of studies have involved analyses of cells in culture or in tissue sections. Examples of
observed effects include neuroprogenitor cell influences in the cerebral cortex such as
cell morphology, cell survival, cell cycle progression, cell migration, electrophysiological
changes and growth cone guidance, along with a large range of activated, downstream
signaling molecules. Other effects have been observed in glia – both in situ and in cul-
ture – that affect Schwann cells, oligodendrocytes, astrocytes and microglia, producing
alterations in cell morphology and cell adhesion, as well as signaling pathway activation.
Most of these effects appear to be cell intrinsic, whereby receptor activation of individ-
ual receptors through exogenous lipids results in a cellular change within the activated
cell.

In addition to cell intrinsic responses, systemic effects on larger populations of neural
cells have also been observed, producing changes observed in both neuroanatomy and
animal behavior. For example, LPA exposure can produce dramatic receptor-dependent
changes on folding in the developing cerebral cortex, along with increases in cell number
amongst both proliferating and postmitotic cells[24]. Deletion of a single LPA receptor
(LPA1) produces olfactory deficits that may be centrally mediated[25], and consistent with
central defects, a behavioral phenotype reminiscent of Schizophrenia – as judged by pre-
pulse inhibition studies – has also been reported[26]. Alterations in neuronal excitability,
as judged by increased spontaneous seizure activity has also been reported in null mutants
for an S1P receptor subtype (S1P2) [27]. In addition to these results, roles for LPA receptor
subtypes in the initiation of neuropathic pain (LPA1) has recently been reported[28]. These
studies and others have been reviewed[29–33,24,17].

This broad range of activities underscores some of the possible areas that may emerge
from continued study of lysophospholipids in the nervous system. Further studies on the
developmental consequences of lysophospholipid receptor activation or absence will un-
doubtedly yield new insights into responses of various neural cell types or subtypes, in-
cluding those not previously examined for lysophospholipid signaling. It is also notable
that receptors within a ligand class (e.g. LPA receptors), as well as between classes (e.g.,
LPA versus S1P), show distinct expression patterns. This indicates that responses to lipid
signals are controlled, at least in part, by receptor expression. A single cell type may ex-
press multiple receptor subtypes for a single ligand, as well as different receptor types
for more than one lysophospholipid. Thus, a single ligand can produce different effects
on one cell type, different lysophospholipid ligands can produce similar effects, and these
represent non-mutually exclusive possibilities. Moreover, there exists the further possibil-
ity for both positive and negative cooperativity or synergism at the level of both receptors
and ligands. This type of combinatorial interaction extends beyond lipids to interactions
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with protein receptors, as shown for the platelet-derived growth factor receptor (PDGFR)
[34–36]. It seems likely that other lipid receptor interactions in combination with other pep-
tide growth factor receptor tyrosine kinase receptors will have relevance to understanding
neurobiological actions of lysophospholipids. Added to these possible cooperative interac-
tions, it is likely that more lysophosopholipid GPCRs will be identified, adding further to
receptor-based mechanisms in accounting for lysophospholipid actions within the nervous
system.

Another area of interest could be in the neuroimmune axis, as lysophospholipid recep-
tors are also expressed on a range of immunological cell types. This could have direct
relevance to diseases in which a neuroimmune mechanism might be influenced or disrupted
by lysophospholipid signaling. Indeed, this type of activity has been observed in mouse
models of multiple sclerosis using agonists for S1P receptors[37,38]. It is notable that lipid
involvement in these types of diseases may extend beyond lysophospholipids, based on the
efficacy of cholesterol lowering drugs – statins – in multiple sclerosis mouse models[39].
The relevance to human multiple sclerosis remains to be determined, however there is a
way forward in this area in view of the entrance of at least one S1P receptor agonist into
humans[40].

A third general area of involvement may be that of cognitive function. Could more com-
plex behavioral phenotypes have mechanistic explanations through lysophospholipid signal-
ing? The phenotype of the LPA1–null mouse in which normal prepulse inhibition appeared
disrupted suggests that lysophospholipid signaling mechanisms could be relevant. In this re-
gard, it is notable that the nearest evolutionary neighbor to most lysophospholipid receptors
are the cannabinoid receptors, CB1 and CB2. Not only do these receptors mediate the effects
of delta-9 tetra-hydrocannabinol (THC the active ingredient of marijuana) but they also inter-
act with the molecules 2-arachidonyl glycerol and anandamide, both of which have structural
similarity to lysophospholipids. It may therefore be of interest to examine the behavioral con-
sequences of deleting or otherwise altering normal lysophospholipid receptor function. The
involvement of LPA signaling in prepulse inhibition may be related to observations on the
role of the same LPA1 receptor in the initiation of neuropathic pain since this injury model ap-
pears to involve a demyelination step[28]. This is potentially relevant to a Schizophrenia-like
phenotype in view of myelin dysregulation reported for some cases of human Schizophrenia
[41,42]. Determining lysophospholipid signaling links between this disease and other neu-
rological or psychiatric diseases will be an active and likely fruitful area of future research.
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