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Overview of phospholipases 

Phospholipases A2 are enzymes that share the common attribute to hydrolyze fatty 
acids from the sn-2 position of glycerol phospholipids [1-3]. Groups I, II, V and X 
PLA2 are four sets of enzymes in a highly conserved family of secreted PLA2 found 
in mammals [4-14]. Other non-secreted PLA2 enzymes include group N, cytosolic 
PLA2 (cPLA2) [15-17], group VI, calcium-independent PLA2 (iPLA2) [18-22] and 
groups VII and VIII, selective acetyl hydrolases [23-28]. The secretory family of 
enzymes has a number of features that distinguish them from other PLA2 families 
including a relatively low molecular weight (-14 kDa), high disulfide bond content 
and a requirement for relatively high concentrations of calcium for maximal activa
tion [29, 30]. In contrast, cytosolic enzymes are generally higher molecular weight 
proteins and require no calcium or very low calcium concentrations for optimal acti
vation [18,22]. Many sPLA2 isotypes are synthesized as proenzymes that contain a 
signal peptide sequence that facilitates its release from cells. sPLA2 isotypes have 
been studied extensively in mammals and in snake venoms, yet there is no clear 
understanding of their physiological and pathophysiological roles. Inspection of 
numerous publications dealing with sPLA2s reveals that they have potential to medi
ate a wide range of biological activities including: 

1) Producers of AA that contributes to eicosanoid formation [31-36]; 
2) Generation of lysophospholipids that contribute to electrophysiologic alteration 

that lead to arrythmogenesis in the heart or altered airway permeability and sur
factant properties in the lung [37-48]; 

3) Potent antibacterial effects and implications in viral infections [49-54]; 
4) Key components in glycerophospholipid digestion [55]; 
5) Serum markers and potential regulators of severe illnesses such as sepsis, shock, 

organ injury and pancreatitis, all of which are linked to the development of adult 
respiratory distress syndrome or multiple organ failure [56-75]; 
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6) Regulators of platelet aggregation in hemorrhagic diseases [76-78]; 
7) Prevention of apoptosis of inflammatory cells and initiators of cell proliferation 

in several cancer cell lines [79-82]; 
8) A potent modifying locus in intestinal tumorigenesis in mice that is absent in 

human [83]; 
9) Pro-inflammatory components in diseases such as rheumatoid arthritis and asth

ma [84-93]. 

This overwhelming list of biological activities and diseases raises deep-seated ques
tions as to whether sPLA2 cause or is merely associated with the aforesaid effects. It 
also raises questions about molecular mechanisms that this family of enzymes could 
influence in order to control such a wide range of biological activities. 

Role of sPlA2 on cell function and animal physiology 

With the milieu of so many potential biological activities, inhibitors, antibodies, 
antisense oligonucleotides and genetic models have been used to better define the 
essential processes induced by sPLA2 secretion into sites of inflammation [94-105]. 
While some inhibitors, antibodies and antisense oligonucleotides have been devel
oped that block sPLA2 activity and inflammatory processes, the lack of selectivity 
among these reagents against different sPLA2 isotypes make data interpretation 
ambiguous. Various genetic models have been discovered or developed in order to 
address the complex issue of the role sPLA2 isotypes may play in diseases 
[106-111]. For example, peritoneal macrophages from mice with targeted gene dis
ruption of group IV cPLA2 show a marked reduction in their capacity to synthesize 
leukotriene B4 (LTB4), leukotriene C4 (LTC4), prostaglandin E2 (PGE2) and platelet
activating factor (PAF) [111]. These animals have attenuation in pulmonary 
responses and hyper-responsiveness after allergen challenge. In terms of sPLA2, 

Nevalainen and colleagues designed experiments where transgenic mice expressed 
more than eighty fold more group II PLA2 in most tissues including liver, lung, kid
ney and skin than non-transgenic littermates. Histopathological analysis of these 
animals revealed a disorder in skin consisting of hyperkeratosis, epidermal and 
adrenectral hypoplasia [112]. Chronic hypoplasia and hyperkeratosis observed in 
these animals is similar to that seen in a variety of skin disorders including human 
psoriasis. Certain mouse strains (C57BLl6, 129, N], C58 and PI]) have been shown 
to have a natural disruption of group IIA PLA2 gene [106]. Thus, these strains are 
deficient in functional group IIA PLA2 and have been used to determine the need for 
this enzyme in cell function. Interestingly, mast cells obtained from PLA2g2a+/+ and 
PLA2g2a-i- mice both contained sPLA2 activity and release similar quantities of AA 
upon antigen stimulation. Studies using these animals and antisense oligonu
cleotides reveal that group V sPLA2, and not IIA, is likely an important sPLA2 iso-
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type in mast cell immune activation [113]. Similar studies using antisense oligonu
cleotide specific for group V PLA2 in macrophages also demonstrated that group V 
PLA2 has an important role in extracellular AA release after endotoxin and PAF 
stimulation [114]. Fonteh and colleagues have also shown that cells over-expressing 
group IIA PLA2 and group V PLA2 release more AA that mock-transfected cells 
[115]. Together, these studies show that various sPLA2 isotypes can induce AA 
release from a variety of inflammatory cells. 

Cytokine-like effects of sPLA2 in inflammatory diseases 

sPLA2 may contribute to the pathogenesis of an inflammatory disease such as asth
ma in one of the following ways. First, sPLA2 may induce lipid mediator formation. 
Second, sPLA2 may induce degranulation of inflammatory cells leading to the 
release of preformed mediators such as histamine. Third, sPLA2 may induce the syn
thesis of inflammatory cytokines. Our data show that sPLA2 can also induce the for
mation of cytokines that prevent mast cells from undergoing apoptosis, thus pre
venting the resolution of inflammation. These potential effects of sPLA2 summa
rized in Figure 1 and discussed in detail below can have significant ramifications in 
the management of inflammatory diseases. 

Eicosanoid biosynthesis 

Although the existence of sPLAz receptors has been recognized for several years, few 
studies have focused on the significance of receptor occupancy or the signaling 
mechanisms associated with receptor occupancy and how these events manifests 
themselves in inflammatory disease processes. Early work on sPLAz receptors 
focused on the neurotoxic effects of snake venom sPLAz acting through high affin
ity for sPLA2 receptors. It has been speculated that somewhere along the evolution 
of sPLAz, the mannose receptor may have been duplicated to accommodate other 
forms of and other functions of sPLAz. These sPLAz receptors and their agonists 
(sPLAz) regulate events in inflammatory cells that are critical to the pathogenesis of 
diseases such as asthma. Thus, sPLA2 isotypes can act through their receptors in 
both autocrine and cytokine-like fashion. For example, mast cells contain and 
release group V PLA2 during antigen activation and our data reveal that mast cells 
contain plasma membrane receptors and respond to receptor occupancy by sPLAz 
[116, 117]. A sPLA2 receptor pathway could clarify several studies in the literature. 
For example, Arm and colleagues have shown that there are two phases of prosta
glandin production in cultured mast cells that are primed with c-kit ligand and stim
ulated with antigen [118, 119]. AA is supplied for the first phase of prostanoids syn
thesis by cPLAz activation and AA for the second phase is provided by sPLAz. It has 
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Stimulation of mast cells by sPLA2, formation of mediators and their biological properties 

sPLA2 receptor occupancy results in the activation of mast cells. Mediators released include 

preformed biogenic amines (histamine), newly formed lipid mediators of inflammation 

(/eukotrienes (LTC4, LTB~, prostaglandins (PGD2) , thromboxane (TXB2) and platelet adivat

ing fador (PAF)), neutral proteases, proteoglycans and cytokines. These mediators induce 

various biological functions that are linked to disease processes. 

been proposed that sPLA2 hydrolyzes AA from membrane phospholipids to supply 
the substrate for PGD2 biosynthesis. Fonteh and colleagues have provided evidence 
that sPLA2 binds to cell surface receptors on mast cells that may initiate subsequent 
activation of cPLA2, cyclo-oxygenase and lipoxygenase enzymes needed for AA 
release, prostaglandin formation and leukotriene biosynthesis, respectively [115, 
116]. sPLA2 also could have cytokine-like roles in that it could be released from one 
cell type and subsequently act on a variety of other cells types expressing sPLA2 

receptors_ For example, it is well documented that high levels of sPLA2 are found in 
serum of patients with sepsis, shock, organ injury or pancreatitis. Tools for study
ing these diseases suggest that group HA sPLA2 is involved. However, many of these 
studies used antibodies that are non-specific recognizing group HA, V and X PLA2. 

Thus, it is not clear which of the various sPLA2 isotypes playa role in these diseases. 
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We have postulated that sPLA2 isotypes released from mast cells after antigen chal
lenge are found in sites of inflammation and these sPLA2 isotypes induce lipid medi
ator formation or influence the recruitment and function of cells that participate in 
airway diseases. A study by Reddy and colleagues showing that mast cells can pro
vide sPLA2 to fibroblasts for prostaglandin production supports this postulation 
[120]. Cells other than mast cells can also provide sPLA2 in airways. For example, 
using an enzyme-linked immunoassay specific for groups IIA and V PLA2, has 
shown that human eosinophils have approximately 14-fold more of the enzymes 
than human neutrophils and this activity is released very rapidly upon cell activa
tion [121]. In a related study, Hundley and colleagues have shown that sPLA2 is 
released from human basophils and likely participates in leukotriene generation 
[122]. Thus, there is also potential for sPLA2 from eosinophils or basophils to have 
both autocrine and cytokine effects in airway disease by inducing the formation of 
eicosanoids. 

Degranulation of inflammatory cells 

In addition to eicosanoid production, sPLA2 has been shown to induce degranula
tion of several cells. Fonteh and colleagues showed that incubation of mast cells 
with different sPLA2 isotypes resulted in the release of histamine. Likewise Triggiani 
and colleagues have duplicated these mast cell studies using macrophages, mono
cytes and eosinophils [123-125]. Their studies show that sPLA2 induce the release 
of ~-glucuronidase and the production of IL-6, IL-8, IL-12 and TNF-a by these 
cells. They conclude that this process is mediated via the mannose receptor and 
another receptor based on experiments showing that sPLA2 isotypes are not cyto
toxic to macrophages that were used in their studies. Together, these studies suggest 
that sPLA2 may induce immune and inflammatory responses in cells by inducing 
exocytosis resulting in the release of mediators such as histamine and cytokines. 
Mast cells and macrophages also contain other proteases, which are released by acti
vated inflammatory cells [126-129]. Induction of the release of these can result in 
bronchoconstriction, edema of the bronchial mucosa, chemoattraction, mucus 
secretion, vascular permeability and leakage, cell proliferation and expression of 
adhesion molecules (Fig. 1). Together, these biological properties constitute events 
related to inflammatory diseases of the airway. 

Induction of cytokine formation 

An important observation in mast cells, macrophages, monocytes and eosinophils 
incubated with sPLA2 is that these cells while releasing AA still remain viable, indi
cating that these enzymes are not cytotoxic to these cells. This paradoxical effect can 
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be explained by the fact that sPLA2 acts on receptors to induce processes that pre
vent apoptosis. For example, sPLA2 acting on sPLA2 receptors may activate mito
gen-activated protein kinase (MAP kinase) and this process may result in the biosyn
thesis of cytokines, which prevent apoptosis. We confirmed this process by showing 
that incubation of bone marrow-derived mast cells with low concentrations of 
sPLA2 resulted in the induction of IL-3 release into supernatant fluids. Only sPLA2 

isotypes that induced IL-3 production prevent apoptosis of mast cells [130]. A sim
ilar study showed that some sPLA2 isotypes induce IL-6, IL-8, IL-12 and TNF-a for
mation by other inflammatory cells [123-125]. In addition to preventing apoptosis, 
cytokines induced by sPLA2 also induce several biological effects including 
bronchial reactivity, chemoattraction, and activation of other inflammatory cells 
and the induction of adhesion molecules. Prevention of apoptosis of inflammatory 
cells such as mast cells and macrophages keep these cells longer in the site of 
inflammation and thus prevent quick resolution of the inflammatory process. 

Mechanisms that account for the biologic functions of sPLA2 

sPLA2 receptors 

To date, most of the biological activities of sPLA2 have been attributed to its capac
ity to hydrolyze membrane phospholipids. However, several of the biological func
tions described above cannot be easily reconciled with enzymatic activity alone. For 
example, intradermal injection of inactivated sPLA2 causes similar phenotypic 
changes in skin to those observed when the fully active enzyme was injected [131]. 
Similarly, others have shown that the physiologic action of sPLA2 is not due to 
hydrolytic activity [125, 132]. We have demonstrated that very low concentrations 
of sPLA2 (low nanomolar levels) of certain sPLA2 isotypes induce AA release, hist
amine release, and proliferation of some cells and enhance the survival of other cells 
in a receptor-mediated fashion [82]. Our studies also show that sPLA/s cause the 
selective release of AA and not other more abundant fatty acids from cells that 
express sPLA2 receptors [115]. In contrast, cells that do not express sPLA2 receptors 
do not selectively release AA when incubated with low amounts of sPLA2• 

Recently, different subtypes of membrane receptors for sPLA2 have been identi
fied in a variety of cells by determining their affinities for various types of sPLA2• 

Arita and colleagues described the existence of a specific receptor family termed 
PLATI receptor that is abundant in brain and several other tissues and has high 
affinity for the binding of pancreatic-type PLA2 [133-136]. More recently, receptors 
have been divided into two classes termed N-type receptors (neuronal) or M-type 
receptor (muscle). Lambeau and colleagues report that a major difference between 
N-type and M-type receptors is their capacity to bind group III PLA2 from bee 
venom [137, 138]. N-type receptor associates very tightly with both pancreatic 
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Figure 2 

Domain organization of the sPLA2 receptor 

S, signal sequence; Cys, cysteine-rich domain; T. fibronectin type repeat; C1-C8, carbohy

drate-like domain; M, membrane spanning domain; I, intracellular region 

sPLA2 and bee venom group III PLA2 while rabbit muscle M-type receptor tightly 
binds human synovial fluid group II PLA2 but does not bind bee venom sPLA2• Our 
studies show that bee venom sPLA2 at extremely low concentrations induced the 
selective release of AA from mast cells suggesting that this mast cell line expresses a 
protein that is similar if not identical to N-type receptors. Both membrane and plas
ma bound sPLA2 receptors have been described [139]. The plasma bound sPLA2 

receptors seem to prevent the LPS-induced inflammatory process by binding sPLA2 

and thus preventing septic shock during bacterial infections [140]. 
Despite the fact that these receptor subtypes show somewhat different sPLA2 

binding profiles, their amino acid sequences are strikingly similar with as much as 
82 % homology. Additionally, the sequences of the cloned sPLA2 receptor is homol
ogous to that of the macrophage mannose receptor and DEC-20S, suggesting that 
these proteins constitute a new family of membrane proteins [137]. The sPLA2 

receptor is composed of an N-terminal cysteine rich domain (Cys) a fibronectin-like 
type II domain (T), eight carbohydrate recognition domains (C1-C8), a membrane 
spanning domain (M) and an intracellular tail (I) (Fig. 2). sPLA2 is thought to bind 
to the M-type receptor via the carbohydrate domains (particular CS) [137]. 
Although occupancy of the sPLA2 receptor has been suggested to enhance cell sur
vival, proliferation, cell migration, much remains to be learned about the molecular 
events and physiological ramifications of sPLA2 receptor activation. 

Hydrolytic activity of sPLA2 

In addition to receptor binding, the hydrolytic activity of PLA2 may also play an 
important role in releasing fatty acids from cells. There are several distinct features 
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that distinguish receptor-mediated effects of sPLA2 from enzymatic activity. First, 
whereas sPLA2 receptor-mediated release is specific for AA [35, 115, 116], hydrolyt
ic activity releases other more abundant fatty acids and degrades phospholipids 
[141]. Various reports have shown more release of oleic acid than AA in cells where 
hydrolytic activity is the major mechanism of action. Secondly, very low levels of 
sPLA2 (nanomolar amounts) are required for receptor-mediated release of AA. In 
contrast, 1,000 fold more sPLA2 is needed to release fatty acids by hydrolytic activ
ity. Thirdly, disruption of cell membrane is not required for receptor-mediated AA 
release, while perturbation of cellular membranes is needed for hydrolytic activity 
[79, 130, 142]. Disruption of cell membranes or loss of membranes phospholipid 
asymmetry is usually accomplished using cell-activating agents such as ionophore 
and thrombin in the case of platelets or antigen in the case of mast cells [143, 144]. 
Additionally, there is alteration in membrane asymmetry when cells are undergoing 
apoptosis. A combination of disruptive agents and sPLA2 treatment, or treatment of 
apoptotic cells, usually results in enhanced fatty acid mobilization. Fourthly, sPLA2 

receptor-mediated AA release is predominantly from the phosphatidylethanolamine 
pool whereas hydrolytic release favors phosphatidylcholine [35, 145, 146]. As 
shown in Figure 3, very low amounts of sPLA2 (0.1 nM) induce the selective for
mation of lysophosphatidylethanolamine from [3H]-ethanolamine-labeled mast cells 
while higher concentrations (100 nM) are required to significantly form lysophos
phatidylcholine from [3H]-choline labeled mast cells. It is important to note that the 
receptor-mediated release from a pool of phospholipid that is usually found within 
the inner bilayer of cell membranes will only be possible if there is recruitment of 
another lipase activity within cells. Importantly, it is worth noting that the profile of 
AA release in mast cells incubated with sPLA2 (receptor-mediated) is similar to that 
of IgE-receptor mediated release of AA. Finally, sPLA2-receptor mediated processes 
may lead to enhanced cell survival or cell proliferation while hydrolysis inevitably 
results in cell death as a result of lysis of cell membranes. Similarities between recep
tor-mediated and hydrolytic activity revolve around the fact that both processes 
release AA from phospholipid pools and also form lysophospholipids. These 
lysophospholipids can be acetylated to form PAF or can act as mediators of several 
processes in cells [147-149]. Thus, AA and lysophospholipids released by hydrolyt
ic action of sPLA2 can be converted to eicosanoid or PAF, respectively and these 
lipid mediators can then induce several biological effects at sites of inflammation. 

sPlA2 receptor-mediated signaling pathways 

Although several sPLA2 binding proteins have been described in various mammalian 
cells, little is currently known about signaling events that are initiated once sPLA2 

isotypes or mannose receptors are occupied by ligands. Although little is known 
about binding of group I PLA2 to N-type receptors, it is clear that calcium is not 
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Mobilization of Iysophospholipids by group 18 PLA2 

Mast cells labeled with [3Hl-ethanolamine or [3Hl-choline are incubated with increasing 

concentrations of group 18 sPLA2. Lysophosphatidylethanolamine (Lyso PE) and Iysophos

phatidylcholine (Lyso PC) were isolated using thin layer chromatography and radioactivity 

in these lipid species determined using lipid scintillation counting (*p < 0.05). 

required, while calcium is required for the mannose receptor. Mannose receptor 
occupancy is linked with tyrosine phosphorylation while sPLA2 receptors have been 
recently shown to mediate cell proliferation and AA release by MAP kinase activa
tion [116, 150]. Demonstration of sPLA2 receptor function as opposed to catalytic 
action is based on studies using catalytically inactive sPLA2 or ligands of sPLA2 

receptors that are devoid of hydrolytic activity. In these studies, catalytically inac
tive sPLA2 induced the selective release of AA from mast cells and prevented apop-
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tosis of these same cells when they were cultured in cytokine-depleted cell culture 
medium. Likewise, a ligand of the mannose receptor, p-amino-phenyl-D-mannopy
ranoside BSA (APDM-BSA) is shown to induce AA release from mast cells and to 
compete with sPLA2 in this process. Binding studies also show that only sPLA2 iso
types that selectively induce AA release can compete with each other for specific 
binding. Interestingly, APDM-BSA does not prevent mast cells from undergoing 
apoptosis. This suggests that there are at least two sPLAz receptor subtypes in mast 
cells, one that is linked to AA release (binds APDM-BSA) and another that prevents 
apoptosis. Alternatively, there are multiple signaling pathways in mast cells activat
ed differentially likely due to difference in receptor affinity of the different ligands. 
These signaling events are reviewed below. 

In receptor-mediated AA -release, another lipase activity must be recruited if 
sPLAz activity is not required. As described above, AA is mobilized from phospho
lipid pools (mainly PE) that are normally found within cells. Therefore, an ideal 
PLA2 that can release this AA pool is the hormonally regulated cytosolic PLAz 
(cPLA2). cPLAz is translocated to a membrane location in response to an increase in 
cytosolic calcium and activated by phosphorylation of serine 505 or other phos
phorylation sites by MAP kinases [151-154]. The extracellular signal-regulated 
kinase (ERKs, p42/p44) initially was thought to be the major kinases responsible for 
cPLAz phosphorylation. However, recent studies suggest that p38 kinase pathway, 
which can be activated by environmental stresses and inflammatory cytokines, may 
also phosphorylate/activate cPLA2• In stimulated platelets, inhibitors of p38 kinase 
have been shown to prevent cPLA2 activation while these same inhibitors indicate 
that ERKs and not p38 kinase may activate cPLA2 in other cell types [155, 156]. 
Wykle and colleagues have shown in human neutrophils that both ERKs and p38 
kinases are important in cPLA2 activation depending on the stimuli used. Fonteh 
and colleagues have also shown that tyrosine kinase inhibitors attenuate sPLAz-
induced cPLA2 and Ras activation [116]. Since Ras activation is upstream of MAP 
kinase activation, we have proposed the signaling pathway depicted in Figure 4A for 
cPLAz recruitment and AA release after sPLAz receptor occupancy. We have pro
posed that the sPLAz receptor is similar to other protein tyrosine kinase (PTK) 
receptors that may have an intrinsic kinase activity or may be able to recruit kinas
es from cytosol upon ligand binding. Once tyrosine kinases are activated, a sequence 
of events including Ras, ERKs or p38 activation lead to the phosphorylation and 
translocation of cPLA2 from cytosol to membranes [116]. This results in the mobi
lization of AA that is utilized for eicosanoid formation (Fig. 4A). It is likely that the 
c-Jun pathway may also be linked to cPLAz activation. As the tools become avail
able for studying and discriminating between the various signaling pathways, it will 
become clearer whether c-Jun kinases phosphorylate cPLAz and induce AA release 
from cells. 

The high affinity IgE receptor is a well-characterized membrane bound protein 
that belongs to the multi-chain system of receptors involved in hypersensitivity reac-
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sPLArreceptor mediated signaling pathways 

A) Cytosolic PLA2 activation. Binding of sPLA2 to its receptors results in the activation of 

kinase pathways (protein tyrosine kinase (PTK), tyrosine kinases (Syk, Syk and Btk), MAP 

kinases (ERK1I2, p38, c-Jun)). These kinases adivate cytosolic phospholipase A2 (cPLA2) via 

phosphorylation of various amino acid residues. Adivated cPLA2 translocates to membrane 

fradion of cells and releases AA that is used for eicosanoid biosynthesis. Other second mes

sengers (DAG and Ca2+) are also initiated via PLCy. 

B) Anti-apoptotic signaling pathways. sPLA2 binds to its receptors and activates kinase path

ways (phosphoinositide 3-kinase (PI3-K), phosphatidylinositol dependent kinase (PDK, 

glycogen synthase kinase (GSK)), transcription factors (nuclear fador kappa B (NF-KB) and 

anti-apoptotic proteins such as Bad. Adivation of these pathways prevents apoptosis of cells 

and/or induces cell growth and differentiation. 

tions [157]. These receptors lack intrinsic tyrosine kinase activity and so have to 
recruit cytoplasmic tyrosine kinase that phosphorylates the receptor at sites known 
as immunoreceptor tyrosine-based activation motifs (ITAMs). Phosphorylation of 
ITAMs results in protein tyrosine kinase activation. Three major PTKs have been 
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described in mast cells including Lyn, Syk and Burton's tyrosine kinase (Btk) that are 
upstream of the three subfamilies of MAK kinases (ERKs, p38 and c-Jun NH2 ter
minal kinases) [158-160]. Activation of PTKs and their respective downstream 
MAP kinases result in cPLA2 activation and the formation of pro-inflammatory 
mediators described above. Another group of mast cell receptors characterized by 
kit, have intrinsic tyrosine kinase activity and are involved in mast cell survival and 
proliferation [160, 161]. Similar to kit, the high affinity nerve growth factor (NGF, 
165 kDa) receptor autophosphorylates tyrosine residues to activate multiple down
stream effectors including PLCy, MAP kinases and phosphoinositide-3-kinase (PI3-
KlAkt). Of the many signaling pathways influenced by kit and NGF, the PI3-KlAkt 
pathway has been implicated in mast cell survival and growth. PI3-K is a dual kinase 
consisting of an 85 kDa regulatory unit and a 110 kDa catalytic unit. PI3-K adds a 
phosphate molecule specifically to the 3 position of the inositol ring of phos
phatidylinositols resulting in the formation of products that have been implicated in 
survival, proliferation or cell migration. There are striking similarities between kit, 
NGF and the sPLA2 receptor when one examines mast cell survival. First, the cloned 
sPLA2 receptor (180 kDa) has one membrane-spanning domain, as does the NGF 
receptor. Secondly, NGF prevents apoptosis of mast cells, as does sPLA2 isotypes 
that bind specifically to sPLA2 receptors. Thirdly, NGF activates PI3-KlAkt path
way. We have shown that PI3-K specific inhibitors reverse the anti-apoptotic effects 
observed in mast cells incubated with very low levels of sPLA2. Moreover, sPLA2 
also induce Akt phosphorylation in mast cells while inhibitors of nuclear factor 
kappa B (NF-KB) are shown to prevent sPLA2 effects on mast cells. Both active and 
catalytically inactive sPLA2 induce IL-3 production from mast cells and NF-KB 
inhibitors reverse this property of sPLA2 [130]. Taken together, these data show that 
sPLA2 produce IL-3 by activating the PTKlPI3-KlAktINF-KB pathway. Similarly 
antigen-stimulated mast cells have been shown to produce cytokines via PTKlPI3-
KlAktINF-KB activation. 

Conclusions 

The first step in designing new pharmaceutical agents is the identification of a can
didate target. Elucidation of all biological properties of the identified target plays a 
crucial role in conceptualizing new strategies for selectively blocking disease-related 
events. 

The above review examines sPLA2 from mast cells as a candidate ligand and 
sPLA2 receptor as a potential target responsible for important biological functions 
linking sPLA2 to inflammatory diseases. To our knowledge, the concept that sPLA2 

receptors play an important role in inflammatory diseases is novel and potentially 
interesting to pursue in the development of agents to avert allergic and inflammato
ry reactions associated with these diseases. 
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