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Update review

Secretory phospholipases A, in inflammatory
and allergic diseases: Not just enzymes

Massimo Triggiani, MD, PhD, Francescopaolo Granata, MD, Giorgio Giannattasio, VD,

and Gianni Marone, MD Naples, Italy

Secretory phospholipases A, (sPLA;s) are molecules released
in plasma and biologic fluids of patients with systemic
inflammatory, autoimmune, and allergic diseases. Several
sPLA, isoforms are expressed and released by such human
inflammatory cells as neutrophils, eosinophils, basophils,

T cells, monocytes, macrophages, and mast cells. Certain
sPLA,s release arachidonic acid, thereby providing the
substrate for the biosynthesis of proinflammatory eicosanoids.
However, there are other mechanisms by which sPLA,s might
participate in the synthesis of lipid mediators. Interestingly,
sPLA s activate inflammatory cells through mechanisms
unrelated to their enzymatic activity. Several sPLA,s induce
degranulation of mast cells and eosinophils and activate
exocytosis in macrophages. Furthermore, SPLA,s promote
cytokine and chemokine production from macrophages,
neutrophils, eosinophils, monocytes, and endothelial cells. Some
of these effects are mediated by the binding of sPLA;s to
specific receptors expressed on effector cells. Thus sPLA,s
might play important roles in the initiation and amplification of
the inflammatory reaction. Selective inhibitors of sSPLA,s and
specific antagonists of sPLA, receptors might prove useful in
the treatment of allergic and autoimmune diseases, such as
bronchial asthma and rheumatoid arthritis. (J Allergy Clin
Immunol 2005;116:1000-6.)

Key words: Secretory phospholipases A,, arachidonic acid, inflam-
mation, cytokines, chemokines, asthma

Phospholipases A, (PLA,s) are enzymes that hydrolyze
fatty acids at the sn-2 position of phospholipids. Several
PLA, isoenzymes have been identified in mammals and
are classified into 12 major groups and several subgroups
(Table I). Two major types of PLA,s are currently recog-
nized: (1) high-molecular-weight cytosolic PLA,s (cPLAs)
and (2) low-molecular-weight secretory PLA,s (sPLA,s).!
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Abbreviations used
AA: Arachidonic acid
cPLA,: Cytosolic phospholipase A,
DC: Dendritic cell
ERK: Extracellular signal-regulated kinase
HSPG: Heparan sulfate proteoglycans
MIP: Macrophage inflammatory protein
M-type receptor: Muscular-type receptor
NO: Nitric oxide
N-type receptor: Neural-type receptor
PLA,: Phospholipase A,
sPLA,: Secretory phospholipase A,

cPLA s are located in the cytosol and migrate to the peri-
nuclear membrane and other intracellular compartments
of stimulated cells. In contrast, most sPLA,s are stored
in cytoplasmic granules and are released in the extracellu-
lar environment on appropriate cell activation, which
explains their presence in the plasma and biologic fluids
of patients with systemic inflammatory, autoimmune, or
allergic diseases (eg, acute pancreatitis, rheumatoid arthri-
tis, bronchial asthma, and allergic rhinitis).2 The latter
finding led to the hypothesis that sSPLA,s might play a
role in inflammation.

The hydrolysis of arachidonic acid (AA)—containing
phospholipids by a PLA, enzyme generates free AA and
lysophospholipids, which are the precursors of eicosa-
noids and platelet-activating factor, respectively. There-
fore it was initially thought that sPLA,s served to
provide substrates for the biosynthesis of proinflammatory
lipid mediators. However, not all sSPLA,s hydrolyze AA
from intact mammalian cells (Table I),> suggesting that
generation of lipid mediators is not a general function of
SPLAs.

A major breakthrough in sPLA, biology was the iden-
tification of other biologic effects in cells involved in
inflammatory and immune responses. These effects are
not always related to sPLA, enzymatic activity and are
thought to depend on other mechanisms, including inter-
actions with membrane peptidoglycans and with specific
or promiscuous receptors.’

The number of sPLA,s identified in human cells or tis-
sues has greatly increased in the last decades (Table I).
Interestingly, the expression of SPLA,s is greatly different
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TABLE |I. Classification of sPLA,s and cPLA,s

Hydrolytic
Group Subgroups Species Human sources Classes activity*
I A Snakes — Secretory Yes
B Mammals Lung, kidney, pancreas, spleen Secretory No
I A Mammals, snakes Lung, placenta, serum, spleen, Secretory No
thymus, bone marrow, synovia,
chondrocytes, keratinocytes, platelets,
mast cells, macrophages
B Snakes — Secretory ND
C Rodents — Secretory No -
D Human subjects, rodents  Lymphoid organs, colon, pancreas, Secretory No E =
endothelium, eosinophils, keratinocytes, g 9
mast cells _E T
E Human subjects, rodents ~ Brain, heart, lung, placenta, smooth muscle Secretory No a E
F Human subjects, rodents  Kidney, liver, placenta, synovia, testis, Secretory No ‘.E -]
thymus, endothelium g "_:'
111 Human subjects, reptiles ~ Heart, kidney, liver, skeletal muscle Secretory Yes E §
v A/B/C Mammals Most mammalian cells Cytosolic - ‘c E‘
v Human subjects, rodents  Lung, heart, placenta, airway epithelium, Secretory Yes _g é’
chondrocytes, fibroblasts, keratinocytes, 3 S
macrophages, neutrophils 3
VI A-1/A-2/B Mammals Most mammalian cells Cytosolic -
Vil Mammals Plasma, liver, kidney, macrophages Secretory ND
(acetylhydrolase)
VIII A/B Human subjects Brain Cytosolic -
X Marine snail — Secretory ND
X Human subjects, mice Gut, lung, spleen, thymus, airway Secretory Yes
epithelium and endothelium, macrophages,
keratinocytes, neutrophils
XI A/B Plants —_ Secretory ND
X1I A Human subjects, mice Heart, brain, gut, kidney, liver, lung, pancreas,  Secretory No
placenta, skeletal muscle
B Human subjects Gut, kidney, liver Secretory No
ND, Not done.

*Determined as AA release from intact mammalian cells (monocytes, macrophages, HEK293, or RBL 2H3) treated with exogenous sPLAs.>”

from cell to cell.' In addition, different SPLA,s are upregu-
lated in inflamed tissues, where they might augment eicos-
anoid production.7’8 Moreover, the sPLA,s expressed in
normal and inflamed tissues can differ greatly depending
on the tissue and the type of inflammation.” These obser-
vations evoke a complex scenario in which the various
sPLA,s expressed and released at sites of inflammation
differ in their capacity to produce lipid mediators or to
modulate functions of inflammatory and immune cells.

EXPRESSION AND RELEASE OF sPLA,s IN
ALLERGIC INFLAMMATION

Stadel et al' were the first to report sPLA, activity in
the nasal lavage fluid of patients with allergic rhinitis on
specific antigen challenge. sPLA,s were later found in
the bronchoalveolar lavage fluid of patients with bronchial
asthma in which bronchial antigen challenge increased
sPLA,; activity 3- to 5-fold during the late-phase reaction
(ie, 4-20 hours after challenge).“'12 This increase was
associated with the appearance of AA and lysophospholi-
pids, which are major enzymatic products of SPLA,." 112

The sPLA, isoforms present in the bronchoalveolar lavage
or nasal fluid of allergic patients have not yet been char-
acterized. However, several resident cells are potential
sources of sPLA,s in the human airways, among which
are mast cells, macrophages, epithelial cells, endothelial
cells, and bronchial smooth muscle cells (Table I and
Fig 1). Moreover, infiltrating leukocytes, such as baso-
phils, eosinophils, neutrophils, lymphocytes, and mono-
cytes, also synthesize sPLA,s.

Most studies of the expression of sPLA; isoforms have
been carried out in rodents. Murine mast cells express all
the group II (GII; ““G” indicates group, with Roman letters
indicating group number and capital letters indicating
subgroup designation) subfamily sPLA,s (GIIA, GIIC,
GIIE, GIIF, and GV)."? By contrast, murine macrophages
mainly express GV and GX.'*'” Interestingly, 2 specific
sPLA,s (GV and GXII) are selectively expressed in
murine T2 cells, but not in Ty1 or B cells.!® Human ba-
sophils'” and lung mast cells'® contain and release sSPLA,
activity when immunologically stimulated (ie, with anti-
IgE or antigen), but the isoforms expressed by these cells
have yet to be defined. Various sPLA,s have been detected
in tissue biopsy specimens of human lung, where GV and
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FIG 1. Schematic representation of the cellular sources of sPLA,s
in human airways (upper panel) and of sPLA,-induced effects on
the cells involved in the pathogenesis of asthma (lower panel).
Eos, Eosinophil; Bas, basophil; MC, mast cell; M®, macrophage.

GX have been demonstrated in epithelial cells in both
normal'® and inflamed” lungs. In the latter study, intersti-
tial and alveolar macrophages were found to produce
GIID, GV, and GX, whereas GIIA expression was re-
stricted to the vascular smooth muscles and bronchial
chondrocytes.”

The expression of some sPLA, isoforms can be upregu-
lated in activated inflammatory cells or inflamed tissues,
whereas the expression of other sPLA;s appears to be
constitutive."*”* Induced expression of GIIA occurs in
a variety of cells exposed to such stimuli as IL-1, IL-6,
TNF-a, IFN-vy, LPS, phorbol esters, and cyclic AMP-
elevating agents.l’9 Interestingly, in mesangial cells,
GIIA is an autocrine inducer of its own expression by
activating peroxisome-proliferator receptor activator c.?
Moreover, it has recently been reported that IL-12 signif-
icantly increases the plasma levels of sPLA, in vivo.”!
Glucocorticoids** and anti-inflammatory cytokines (TGF-
B and IL-10)*2 might prevent the inducible expression
of GIIA by blocking its mRNA synthesis, its posttranscrip-
tional expression, or both. Interestingly, the expression of
GV, which is also upregulated by proinflammatory stimuli,
is not inhibited by glucocorticoids.*>

The differential expression of the various sPLAs is
important because different isoforms might elicit distinct
biologic responses. These observations underscore the
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need to characterize further the sPLA, isoforms expres-
sed by cells involved in allergic inflammation.

ROLE OF sPLA,s IN AA GENERATION AND
EICOSANOID SYNTHESIS

In most inflammatory cells, the majority of intracellular
AA converted to eicosanoids is provided by the major
cPLA, (GIV).1 However, sPLA,s also could contribute
to the generation of AA. Earlier studies performed with
nonspecific inhibitors were unable to discriminate the
effects of different sSPLA, isoforms. Transfection tech-
nology is now being used to evaluate the role of individual
sPLA,s in the mobilization of AA. For example, Satake
et al*® showed that zymosan-induced generation of leuko-
triene C, and prostaglandin E, is reduced in macrophages
isolated from GV-deficient mice and that these knockout
mice also have a reduced plasma exudation and leuko-
triene C4 generation in vivo. 2

sPLA,s contribute to the generation of lipid mediators
through several mechanisms. Some of them (GIA, GIII,
GV, and GX) efficiently hydrolyze AA from membrane
phospholipids by binding to the outer layer of mammalian
cells.>® Alternatively, sPLA,s possessing a heparin-binding
domain (GIIA, GIID, and GV) interact with heparan sulfate
proteoglycans (HSPG), which are particularly abundant in
specialized membrane microdomains known as caveolae
or lipid rafts.>” On cell activation, these sPLA,s are inter-
nalized and concentrated into restricted compartments
enriched in AA-containing phospholipids. This HSPG-
shuttling pathway allows sPLA,s to come in close contact
with other enzymes, such as COX and 5-lipoxygenase,
thereby creating the conditions for efficient eicosanoid
production.’ A third mechanism by which sPLA,s con-
tribute to AA mobilization is by upregulating the activity,
expression, or both of other enzymes involved in eicosa-
noid synthesis. In mast cells®® and neutrophils®® exoge-
nous GIB, GIIA, and GV generate intracellular signals,
leading to cPLA, activation and subsequent eicosanoid
production. This intracellular cross-talk between sPLAjs
and cPLA, is mediated by such mitogen-activated protein
kinases as extracellular signal-regulated kinase (ERK)
1/2.%%2° Similarly, GIIA and GV participate in the delayed
phase of prostaglandin synthesis through functional cou-
pling with COX-2 or by enhancing COX-2 expression.3 0.31

Taken together, these observations indicate that certain
sPLA,s play a role in the synthesis of eicosanoids.
Although their contribution is usually lower than that of
the cPLA s, it might be important for initiation and ampli-
fication of eicosanoid production in activated inflamma-
tory cells. In addition, although sPLA,s show little or no
specificity for AA, they are very efficient to hydrolyze
other fatty acids at the sn-2 position of phospholipids,
thereby generating lysophospholipids. Conditions such
as bronchial asthma, in which sPLA,s are released in a
phospholipid-rich extracellular environment (ie, the air-
way surfactant), are associated with the presence of large
quantities of lysophospholipids.'' These molecules exert



J ALLERGY CLIN IMMUNOL
VOLUME 116, NUMBER 5

multiple effects on inflammatory and immune cells by
activating their G protein—coupled receptors and by pro-
viding the substrate for the synthesis of platelet-activating
factor.®? Therefore generation of lysophospholipids is
another mechanism by which sPLA,s contribute to air-
way inflammation in asthma.

BIOLOGIC EFFECTS OF sPLA,s RELEVANT TO
ASTHMA AND ALLERGIC DISORDERS

Inflammation induced by sPLA,s in vivo is character-
ized by the following: (1) vasodilation and increased vas-
cular permeability; (2) recruitment of inflammatory cells;
(3) severe tissue damage; and (4) proliferation of resident
cells (eg, fibroblasts in the lung or keratinocytes in the
skin).” These effects are partially explained by the contri-
bution of sSPLA,s to the generation of lipid mediators.
Other mechanisms by which sPLA,s might induce
biologic responses are based on the ability of certain iso-
forms to bind specific or promiscuous membrane recep-
tors.>3*>* Tnitial studies with snake venom sPLA,s
showed that their major biologic effects (myotoxicity
and neurotoxicity) were mediated by the interaction with
2 distinct specific receptors: the muscular-type (M-type)
and neural-type (N-type) receptors, respectively.6 The
M-type receptor is a 180-kd protein cloned in various
mammalian tissues that binds various sPLA,s, including
GIB, GIIA, and GX.>* The structure of this receptor is
similar to that of other receptors belonging to the mannose
receptor family (ie, the mannose receptor, the DEC-205,
and the Endo-180) that are involved in endocytosis, anti-
gen processing, and innate immunity.** In particular, the
mannose receptor that binds mannose-containing mole-
cules is also able to interact with some sPLA,s. By
contrast, the N-type receptor, which is highly expressed
in the brain, has not yet been cloned. It is constituted by
3 subunits of 36, 51, and 85 kd, and its best ligands are
venom GIA and GIIL® The role of these receptors in
cellular responses evoked by sPLA,s is currently under
investigation (Table II).

Effects of sPLA,s on dendritic cell
and T-cell functions

Dendritic cells (DCs) are thought to play a crucial role
in the pathogenesis of bronchial asthma. These cells are
primarily involved in antigen presentation to T cells, and
they are responsible for the polarization of immune
response toward a Ty2 phenotype during allergic sensiti-
zation. Human monocyte-derived DCs apparently do not
release sPLA, activity,>> but they might be targets for
sPLAs produced by other cells at sites of allergic inflam-
mation. Two recent studies have shown that GIII promotes
the phenotypical and functional maturation of DCs and
increases their capacity to stimulate allogeneic T cells.>>3°
In addition, GIII increases macrophage inflammatory
protein (MIP) 3B—induced DC migration® and activates
several transcription factors (ie, nuclear factor kB, activa-
tor protein-1, and nuclear factor of activated T cells).36
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TABLE Il. The past, present, and future of sPLA,s in
allergic inflammation

Established concepts

o SPLA,s are released in the airways of patients with asthma and
rhinitis.

e Mast cells, basophils, eosinophils, and Ty2 cells express and
release sPLA,s.

o sPLA,s contribute to the generation of AA and lysophospholipids
in human airways and within inflammatory cells.

e sPLA;s elicit cytokine and chemokine production by human
inflammatory cells, such as eosinophils, monocytes, and
macrophages.

Current areas of investigation

e Mechanisms by which sPLA,s activate human inflammatory cells
(ie, mediated by enzymatic activity vs receptor mediated).

o Characterization of sPLA,-specific (M-type and N-type) and
promiscuous receptors (mannose receptor, DEC-205, Endo-180).

e Role of sPLA, inhibitors or receptor antagonists in bronchial
asthma and airway remodeling.

Areas of uncertainty

o What is the role of sSPLA,s in allergic sensitization?

o Is there a cooperative or an opposing role for SPLA,s
(deleterious) and cPLA,s (beneficial) in asthma?

e What are the effects on sPLA, expression and function
of drugs currently used in asthma (inhaled corticosteroids,
B>-agonists, antileukotrienes, and methylxanthines).

These effects are linked to the release of fatty acids from
either resting DCs or cells primed with TNF-a or IL-1.%

Increasing evidence suggests that sPLA,s regulate
T-cell activation through the generation of free fatty acids
and lysophospholipids. Earlier reports showed that GITA
enhanced thymidine incorporation and IL-2Ra expression
in human T cells activated by diacylglycerol and ionomy-
cin.*” This observation was extended by Tessier et al,*®
who showed that GIB and GV, constitutively expressed
in Jurkat T cells, are crucial for cell proliferation and 1L-2
production induced by phorbol 12-myristate 13-acetate
and ionomycin. As previously mentioned, GV and GXII
are preferentially expressed in Ty2 rather than Ty 1 cells,'®
as are other enzymes involved in eicosanoid synthesis
(COX-2 and hematopoietic prostaglandin D synthase).*
Given that sPLA,s such as GV could be functionally
coupled to COX-2 and prostaglandin D synthase,3 031 the
Ty2 cell appears to possess a very efficient biochemical
machinery for prostaglandin D, production. In addition,
the low-affinity receptor for prostaglandin D, (CRTH2)
is selectively expressed and is a potent chemotactic recep-
tor for T2 cells.*® Therefore Ty2-specific SPLAss, such
as GV and GXII, might be important components of an au-
tocrine pathway that regulates differentiation, recruitment,
and activation of T2 cells.

Effects of sPLA,s on exocytosis and
nitric oxide production

It has long been known that GIIA triggers degranulation
of rat mast cells.*! Several sSPLA,s induce exocytosis of
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human macrophages,** neutrophils,** and eosinophils.44
sPLA,-induced exocytosis occurs irrespective of enzy-
matic activity. Indeed, it is not reproduced by AA and
lysophospholipids** and is still elicited by catalytically
inactive sPLA,s.**** Current evidence suggests that
sPLA,-induced exocytosis is mediated by the engagement
of membrane receptors, such as the M-type receptor or
the mannose receptor.‘u’43 In particular, the latter appears
to be involved in sPLA,-induced activation of human
macrophages because an antibody anti-mannose receptor
blocks exocytosis induced by both GIIA and mannose-
BSA, a ligand of this receptor without AA-releasing
capacity.42

A receptor-mediated mechanism has also been pro-
posed for sPLA,-induced production of nitric oxide (NO).
Park et al*> showed that GIIA induces NO production in
murine macrophages by upregulating the expression of
the inducible form of NO synthase. This effect of sSPLA,
appears to be mediated by the engagement of the M-type
receptor and involves several intracellular kinases (ie,
ERK1/2, phosphatidylinositol 3-kinase, and Akt) and
nuclear factors, such as nuclear factor kB. However, the
exact pathways leading to the upregulation of inducible
NO synthase in macrophages have yet to be defined.

Effects of sPLA,s on cytokine and chemokine
production and chemotaxis

GIA and GIIA were the first sSPLAs reported to induce
IL-6 production from human lung macrophages.** More
recently, we found that other human sPLA,s (GIB, GV,
and GX) induce the production of a wide spectrum of cy-
tokines (IL-6, TNF-a, and IL—lO)5 and chemokines of the
CC (monocyte chemotactic protein 1/CCL2, MIP-1a/
CCL3, and MIP-13/CCL4) and CXC (IL-8/CXCLS8) fam-
ilies (Granata et al, unpublished observation). GIA, GIB,
and GIIA also activate the production of IL-6, TNF-a,
and IL-12 in human monocytes4; of IL-6 and IL-8/
CXCLS8 in human eosinophils and neutrophils***®; and
of Gro-a/CXCLI1, ENA-78/CXCL5, and IL-8/CXCLS8
in lung microvascular endothelial cells.*’ Like exocytosis,
sPLA,-induced cytokine-chemokine production appears
to be independent of enzymatic activity because there is
no relationship between the ability of SPLA,s to release
AA and their capacity to induce cytokine production.*’
In addition, sPLAjs in which hydrolytic activity has
been suppressed by site-directed mutagenesis retain the
ability to induce cytokine release.’ Various observations
link the production of cytokines and chemokines to the
engagement of the M-type receptor. First, the M-type re-
ceptor has been detected at the mRNA and protein level
in the cells actively producing cytokines and chemokines
in response to SPLA,s.”**** Second, binding of sPLA,s
to the M-type receptor expressed on these cells results
in activation of mitogen-activated protein kinases (ie,
ERK1/2 and p38) crucial for cytokine-chemokine gene
transcription.>****® Finally, sPLA,-induced cytokine
production from human macrophages is suppressed by
indoxam,” the only pharmacologic agent known to block
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the binding of sPLA,s to the M-type receptor.’> These
in vitro observations are further supported by data
obtained in vivo showing that targeted disruption of the
M-type receptor gene or pretreatment of mice with
indoxam prevent the increase in IL-6 and TNF-a plasma
levels during experimentally induced endotoxic shock.*

sPLA,s also promote the recruitment of inflammatory
cells through chemokine-independent mechanisms that
seem to involve both the enzymatic activity and the inter-
action with membrane targets. Rizzo et al*® found that var-
ious sPLA,s induced endothelial cell migration and that
this process was mediated, at least in part, by the catalytic
activity. By contrast, it was reported that several sPLA;s
activate human neutrophil chemotaxis independently of
catalytic activity through mechanisms involving the inter-
action with HSPG.*’

In conclusion, sPLA,s might be involved in allergic
inflammation through exertion of multiple biologic effects
(eicosanoid formation, degranulation, NO generation,
cytokine-chemokine production, and inflammatory cell
recruitment and activation) that are mediated by their
enzymatic activity, as well as by interactions with mem-
brane receptors.

THERAPEUTIC IMPLICATIONS OF sPLA,
INHIBITORS IN INFLAMMATORY AND
ALLERGIC DISEASES

The multivalent proinflammatory activities of SPLA5s
led many research groups to develop selective inhibitors
to be tested in in vitro and in vivo models of inflammation.
Recently, using an extracellular inhibitor of sPLA;s in
a murine model of asthma, Offer et al’® showed that
sPLA,s induce primarily cysteinyl leukotriene generation,
whereas cPLA, is mainly responsible for prostaglandin
E, production. These results suggest that cPLA,s and
sPLA,s might have opposing roles in asthma and that
their selective inhibition could be a novel pharmacologic
approach to modulate eicosanoid formation.

The new compounds S-5920/LY315920Na and the
related molecule S-3013/LY333013 are potent and selec-
tive inhibitors of human GIIA with little or no effects on
cPLA,.>' These drugs are effective anti-inflammatory
agents in experimental models of inflammatory diseases>”
and have been used in clinical trials in patients with rheu-
matoid arthritis®> and bronchial asthma.>* However, both
of these trials failed to demonstrate a significant thera-
peutic effect. One possible explanation for these negative
results is that sSPLA,s other than GIIA are primarily in-
volved in rheumatoid arthritis and bronchial asthma. In
addition, there is no evidence that these inhibitors of
GIIA enzymatic activity block the other nonenzymatic,
receptor-mediated, proinflammatory activities of this
SsPLA,. Therefore molecules that inhibit the enzymatic
activity of several sPLA, isoforms and prevent the inter-
action with the M-type receptor (ie, indoxam)>>~> appear
to be more promising candidates for the treatment of auto-
immune and allergic diseases (Table II).
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CONCLUDING REMARKS AND
FUTURE DIRECTIONS

sPLA,s are emerging as a novel class of mediators of
inflammation and immune responses. These molecules
are found in biologic fluids in a variety of systemic inflam-
matory, allergic, and autoimmune disorders. The biologic
effects of sPLA,s relevant to the pathogenesis of bron-
chial asthma are schematically summarized in Fig 1. These
effects are mediated by various mechanisms that in-
volve the enzymatic activity of sSPLA,s and their capacity
to interact with membrane targets (HSPG, M-type,
N-type, or mannose receptors).

Research on sPLAs is still in its infancy, and much re-
mains to be done to understand fully the molecular biology
and pathophysiology of these molecules in human subjects
(Table II). A major target of future investigations is the
development of molecules that interfere with SPLA,-induced
effects in vivo, either as inhibitors of their enzymatic
activity or as antagonists of SPLA, membrane receptors.
However, when considering inhibitors or antagonists for
therapeutic purposes, it should be kept in mind that
sPLA,s also exert protective effects in bacterial and viral
infections.” Given their capacity to hydrolyze bacterial
phospholipids, mammalian sPLA,s (particularly GIIA)
exhibit a potent bactericidal activity against gram-negative
and gram-positive bacteria both in vitro and in vivo. 3¢
Other sPLAs (eg, GIII) are potent inhibitors of HIV-1 in-
fection by blocking membrane structures (heparans, fusion
receptors, or chemokine receptors) crucial for HIV-1 entry
into target cells.””>’

Studies currently ongoing are expected to discriminate
the deleterious and protective roles of SPLA,s in human
pathophysiology and to provide pharmacologic tools
potentially useful for the treatment of allergic and other
inflammatory diseases.
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