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INTRODUCTION:

COPD and Asthma is rated as the most severe
disease of the pulmonary system, carrying major risks. It
has been postulated that the mortality rate will be in the top
three by the end of 2020. The annual healthcare expenditure
on COPD is estimated as € 1.2 billion in UK and € 12
billion in the US. None of the available treatments have
been shown to slow the progression of COPD or
suppression of inflammation in small airways or lung
parenchyma. However, there are a few new treatments that
are undergoing clinical trials that suppress the inflammatory
pathways or inflammatory cells, which seems to be a more
logical approach for COPD therapy. These therapies include

small molecules against adhesion molecules, chemokines,
cytokines and enzymes involved in cell signaling.

Asthma is an allergic disease affecting upper
respiratory tract. Rapid industrialization, air pollution,
increasing population and changing life style are
contributing towards increased incidence of bronchial
asthma. Although, moderate asthma is well controlled by
inhaled corticosteroids, a population of asthma patients does
not respond to steroids and need hospitalization. In addition,
patient compliance improves with therapy being
administered in the form of an oral dosage form. EXisting

orally active anti asthma therapeutics are either poorly QQ
efficacious or suffer from adverse effect upon prolonged N\

use.
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It has become clear that membrane lipids act as a
reservoir of important biologically active molecules.
Lipases are enzymes that release biologically active
molecules from membrane lipids. A key lipase enzyme
family consists of phopholipase A, (PLA;). PLA;
contributes towards release and/or formation of at least
three important lipid mediators from membrane -
arachidonic acid, platelet activating factor and
lysophosphatidic acid (Fig.1). Whereas platelet activating
factor and lysophosphatidic acid bind to their respective G-
protein coupled receptors (GPCR) arachidonic acid is
metabolized to produce pro-inflammatory mediators like
leukotrienes and prostaglansdins.  Arachidonic acid
metabolic pathways have been well studied and its
intervention resulted in drugs, like Montelukast, Celecoxib,
Zileuton. In this section, we shall look at PLA, family of
enzymes and evidence that link them to airway
inflammation. Effort that has gone into discovery of PLA,
inhibitor and their development status will be discussed.

Phospholipase A,:

Phospholipase A, has been studied in detail by
several groups [1-7]. These enzymes cleave glycero-
phospholipids (Fig. 2), which are esters of long chain fatty
acids with glycerol. One of the hydroxyl groups of glycerol
is usually coupled with phosphatidyl choline, phosphatidyl
serine, phosphatidyl inositol or phosphatidyl ethanolamine.
As shown in fig. 2, R1 and R2 in glycerolipids represent
long chain fatty acids. Usually R1 is a saturated fatty acid
while R2 is an unsaturated fatty acid. R3 can be choline,
ethanolamine, serine or inositol. PLA, enzymes cleave a
phospholipid at R2 position, also called sn-2 position,
releasing a fatty acid, usually arachidonic acid, and creating
a lysophospholipid.

Broadly, as shown in Table 1, PLA, enzymes can
be grouped into cytosolic PLA, (CPLA;), secretory PLA;
(SPLA,;) and calcium independent PLA, (iPLA)).
Classification is based on molecular weight, calcium
requirement, structural features, substrate specificity and
functional role. It is important to mention that in this article
no effort will be made to understand in detail classification
of different PLA, subtypes. Foucs of this article will remain
on PLA; subtypes around which experimental animal data
have been generated using gene knockout / knock in
technology or using pharmacological tools. We shall also
explore molecules that have moved into clinical
development from focused PLA,; inhibitor programs.

Cytosolic Phospholipase A;:

Cytosolic phospholipase A, (cPLA,) can be divided
into several subgroups. For the purpose of this article, most
of the discussion will be around cPLA, — all subtype.
However, it is important to know that several additional
subtypes of cPLA, exists, namely - B,v,0,& and C
(reviewed in [6-8]. cPLA, B and y isoforms have about 30%

homology with a0 subtype. Exact functional significance
of and cPLA,B and cPLA,y[] is not known.

Cytosolic PLA, is a 85 KDa protein. The enzyme
has a calcium binding site (CALB) at amino terminal end
and a phosphorylation site. Calcium dependent
phospholipid binding site (CALB) binds calcium and
promotes translocation of the enzyme to membrane. For
enzyme activity, CPLA2 needs phosphorylation at active site
serine residue (Ser 505). A wide variety of different agents
including cytokines, growth factors, hormones, mitogens,
calcium ionophore etc. can promote gene expression as well
as activation of cPLA, by promoting phosphorylation and
migration to membrane. Cytosolic PLA, is present in many
different cell types with the exception of mature
lymphocytes [2, 3]. In response to stimulus induced
elevation of intracellular calcium level, cPLA, moves from
cytosol to perinuclear and endoplasmic reticular membranes
where enzymes for arachidonic acid metabolism are located.
CPLA; is a phospholipase that is specific for arachidonic
acid containing phospholipid namely phosphatidyl inositol
[3,4,7].

Secretory Phospholipase A;:

Secretory PLA, (sPLA;) family has several
different members. Namely, phospholipase A2 — I, lla, V
and X. Biological role of these enzymes have been
relatively well understood. However, there are several other
members in SPLA,family (Table 2), for which biology is not
as clear as well as a few of them are present in species other
than humans.

Secretory phospholipases are 13 — 15 KDa proteins.
These proteins have 6 — 8 disulphide bridges that give
rigidity to their tertiary structure and protect these proteins
from proteolysis in circulation. Secretory phospholipase A,
enzymes need millimolar calcium for activation. The
secretory phospholipase enzymes have an N-terminal signal
peptide to facilitate secretion [5]. Secretory phospholipase
A2 enzymes are distributed in different cell types [9, 6]).
Message of type IIA, type V and type X sPLA, enzymes
have been reported in lung epithelial cells. In addition,
inflammatory cells like neutrophils express type V and type
X sPLA,. Type lla is secreted by alveolar macrophages as
well as by eosinophils. Type X is expressed mainly in
immune cells. Unlike cytosolic phospholipase A,, secretory
phospholipases are not selective for arachidonic acid
containing lipids.

Calcium Independent PLA;:

Three different enzymes come under the category
of calcium independent PLA2. Namely, calcium-
indepdendent PLA, (subtypes B and y), acidic calcium
independent PLA, (aiPLA2), lysosomal PLA, (LPLA,) and

PAF acetylhydrolase (PAF-AH). However, these differ in o)

their molecular weight, substrate specificity, functional
activity etc, as shown in table 1 [10, 6, 7].
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Group VI PLA2 family can be divided into
gVIPLAZ2 into gPLA2VIA and gPLA2VIB categories [10,
7]. gviPLA2A belongs to chromosome 22q13.1 whereas
gviPLA2B belongs to chromosome 7qg31. GvViPLA2A
undergoes post translational modification to give five splice
variants gviPLA2AL, 2, 3, 4 and 5. GViPLA,a;, A; and B
have consensus GXSXG sequence with an active site serine
residue. However, gviPLAs; and 5 do not have any
consensus sequence and do not exhibit any enzymatic
activity. At the N terminal region, PLA A enzyme family
has 7 — 8 ankyrin repeats, whereas PLA,yg does not. All
enzymes have ATP binding sites. GviPLA, members do not
need calcium for enzyme activity. Infact, it has been shown
that depletion of calcium activates PLA, activity.
Calmodulin binding reduces enzyme activity whereas
protein kinase C regulates enzyme activity positively.

Group gviPLA2A, and gviPLA,z enzymes are also
known as iPLA,  and v, respectively. Calcium independent
PLA,, protein expression is seen in mouse and rat heart and
human platelets. PLA, and PLA,q, have been implicated in
arachidonic acid release, monocyte activation and
chemotaxis [11, 12, 13]. Additional members of gVIPLA,
family have been reported such as — gVIPLA,c (PLA ),
gVIPLA,, (PLA ), gVIPLAx (PLAy) and gVIPLAx
(PLA ) [7]. Other subunits of iPLA,, namely 3, ¢,C,,
n isotypes have role in triacyl glycerol hydrolysis and
acylcoA independent transacylation [14].

Remaining calcium independent phospholipase A,
can be grouped into those that regulate lung surfactant
catabolism and those that regulate hydrolysis of platelet
activating factor. Lysosomal phospholipase A, (LPLA,) and
acidic calcium independent PLA, (aiPLA,) are two enzymes
that regulate lung surfactant metabolism. Both enzymes
need acid optima of 4 for activity and a catalytic serine
residue for activity. LPLA, is present in alveolar
macrophage where as aiPLA2 is presented in alveolar
eptithelium. LPLA, acts on phosphatidyl choline and
phosphatidyl ethanolamine, whereas aiPLA, acts on
dipalmitoyl phosphatidyl choline. In addition to
phospholipase A, activity, LPLA; also has phospholipase
A; activity and ceramide O acyl transferase activity.
AIPLA; has glutathione dependent peroxidase activity [6].
PAFAH enzyme can be grouped into type VII and type VIII
PLA,. Type VII enzyme includes a circulating PAFAH or
lipoprotein associated PLA2 (LpPLA;) and a liver enzyme
(PAFAH,). Type VIII enzymes are is intracellular and can
be grouped into type | and type Il PAFAH. Type VIII
PAFAH is strictly specific for PAF alone. Type VII
enzymes recognize upto 6 carbon length acid at Sn-2
position [15].

Role in inflammation:
It is well established that arachidonic acid
metabolites play important role in the pathophysiology of

inflammatory diseases like bronchial asthma. Since cPLA,
is key to release of arachidonic acid from phospholipids, it
is implicit that an effective inhibitor of cPLA, may be
effective in treating asthma along with other inflammation
associated diseases..

It has been shown using different tools that
interference with phospholipase expression reduces
production of leukotrienes and prostaglandins. Using
selective inhibitors, several groups have shown [16-18] that
blocking cPLA, results in attenuation of production of
arachidonic acid, prostaglandins and leukotrienes. Similar
studies have been done using gene knockout animals.
Peritoneal macrophages from cPLA, gene knockout mouse
are deficient in producing prostaglandin and leukotrienes
upon challenge with calcium ionophore [19].

In experimental animal models of asthma, acute
respiratory distress syndrome and bleomycin induced lung
fibrosis a role of cPLA, has been was demonstrated.
Uozumi et al (1997) investigated the effect of cPLA, gene
knockout in mice on allergen induced airway response and
airway inflammation [19]. Mice were made allergic to
ovalbumin by repeated exposure. Wild type mice developed
lung resistance following ovalbumin exposure that peaked
in 2 min. The peak lung resistance value in cPLA, gene
deleted animals was lower and recovery to baseline was
much faster compared to wild type animals. Compared to
allergic wild type animals, development of airway
hyperresponsiveness to methacholine was much less
pronounced, almost comparable to nonallergic animals, in
gene deleted animals. Upon histopathological examination,
allergic wild type animals exhibited narrowing of airway
and thickening of alveolar septum. These features were
absent in cPLA, (-/-) mice. Data suggested that in mouse
allergy model, cPLA, plays an important role in
development of allergen induced bronchoconstriction,
airway hyperresponsiveness and airway inflammation
(Table 3).

Findings of gene knockout study were confirmed
using small molecule inhibitors of cPLA,. In a model where
mouse were made allergic to ovalbumin by repeated
exposure, administration of an inhibitor by oral route
attenuated allergen induced anaphylactic response and
nonspecific hyperreactivity to methacholine [16]. In a
different study using allergic balbc mouse, Choi et al.
(2005) demonstrated biphasic airway reactivity — early
response and late response, to ovalbumin [20]. The authors
observed that expression of cPLA, peaked around 3 hours
post allergen challenge. Blocking PLA, expression using
TNF antibody, attenuated late phase airway reactivity and
eosinophil influx. In a different animal species, Myou et al
(2001) demonstrated that allergic airway inflammation and
airway hyperresponsiveness can be blocked by cPLA,
inhibition in guinea pig [21].

LPS induced airway inflammation is used as a
model of acute respiratory distress syndrome. In two
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different studies, Nagase et al (2000 and 2002) investigated
the role of cPLA, in acute respiratory distress syndrome
[22, 23]. Respiratory distress was induced by administration
of intravenous LPS / zymosan to mice. LPS exposure
increased lung resistance, plasma carbon dioxide
concentration. Protein level in bronchoalveolar lavage fluid
increased indicating increased vascular permeability.
Neutrophil count and myeloperoxidase activity in lavage
fluid increased following LPS challenge. Markers of
arachidonic acid metabolism, namely thromboxane A,,
cysteinyl leukotrienes and leukotriene B4 increased in
lavage fluid. In cPLA, (-/-) mice, increase in lung
resistance was much less pronounced following LPS
challenge. Absence of cPLA2 gene protected animals from
LPS induced mortality. Most physiological, biochemical,
histopathological and inflammatory abnormalities induced
following LPS administration to wild type mice, were very
close to normal in gene deleted mice [22]. Administration of
CPLA; inhibitor, Arachidonyl trifluromethyl ketone, at a
dose of 20 mg/kg by intraperitoneal route reversed in a
statistically significant manner most of the abnormalities in
lung function, lung inflammation at cellular and molecular
level [23].

To explore the role of cPLA2 in initiation and
propagation of lung fibrosis, Nagase et al (2002) used
bleomycin induced lung fibrosis model in cPLA, gene
knock out mouse. Bleomycin was administered by
intratracheal route [23]. Fourteen days after bleomycin
administration, mice were monitored for lung elastance,
lung inflammation, lung fibrosis, arachidonic acid
breakdown products in bronchoalveolar lavage fluid and
lung hyrdroxyproline content. Bleomycin increased lung
elastance and upon histopathology of lung there was
evidence of collagen deposition and neutrophil infiltration.
There was increase in protein and neutrophils in
bronchoalveolar lavage fluid along with prostaglandins and
leukotrienes. Most of the changes observed in wild type
mice following bleomycin treatment were attenuated in
CPLA; gene knockout mice exposed to bleomycin. On many
parameters, cPLA, (-/-) mice were very similar to wild type
mice not treated with bleomycin.

In addition to airway inflammation, studies have
shown that mice lacking phospholipase A, gene exhibit
resistance to collagen induced arthritis and experimental
autoimmune encephalomyelitis [24].

Secretory Phospholipase A; and Airway Inflammation:

Secretory phospholipases are normally undetectable
in healthy tissue. Exposure to inflammatory stimuli induces
expression sPLA,. Using transfected cell lines, purified /
recombinant sPLA, and selective inhibitors, it has become
apparent that SPLA, promote arachidonic acid metabolism,
chemokine and cytokine production, lung surfactant
catabolism [6].

Inflammatory Mediator Release:

Group IB PLA, and group X PLA, are capable of
inducing production of cytokines in macrophages. It is
suggested that this activity is mediated through activation of
specific cell surface receptors. Type IlA enzyme is secreted
by alveolar macrophages, whereas type X expression goes
up in alveolar epithelium and interstitial tissue below
epithelium. Addition of secretory PLA, (type IB and Il1A) to
airway epithelial cells result in generation of arachidonic
acid [6]. Transfection of lung epithelial cells with secretory
PLA, genes (Type V, X) results in secretion of arachidonic
acid and prostaglandin production. Group V PLA, release
LTB4 from neutrophils.

Studies have shown that slIPLA, inhibitors like SB
203347, BMS 181162, Variablin inhibit A23187 induced
release of arachidonic acid, PAF and leukotriene B4 from
human neutrophil [25-27]. In another study, Snyder et al
(1999) reported sIIPLA, inhibit release of thromboxane A,
from guinea pig lung bronchoalveolar lavage cell [28]. This
can be inhibited by LY315920. Using inhibitors of
phospholipase A,, it has been shown that PLA, induced
arachidonic acid release and PLA, induced contractile
response of guinea pig lung pleural strips can be blocked by
inhibitor [28].

Secretory phospholipase A, enzymes play role in
airway inflammatory disease by (i) promoting release of
arachidonic acid metabolites from inflammatory cells, (ii)
promoting bronchoconstriction, (iii) recruiting
inflammatory cells to the airway (v) participating in airway
remodeling, (vi) promoting lung surfactant breakdown
(Table. 4).

Efficacy in Airway Inflammation Model:

Experimental animals exposed to antigens,
allergens, lipopolysaccharides or humans suffering from
inflammatory diseases of airway like asthma [29, 30], acute
respiratory distress syndrome etc, and expression of
secretory PLA, increases and many of these enzymes are
detected in the bronchoalveolar lavage fluid [6].

Expression of group V sPLA, was observed in lung
sections of mice made allergic to ovalbumin. Allergic mice
exposed to inhaled gVsPLA,, exhibited
bronchoconstriction. Anti  gVsPLA, antibody blocked
expression SPLA,, SPLA, induced bronchoconstriction,
airway  hyperresponsiveness to  methacholine and
eosinophilia [29]. In the same study it was observed that
gVsPLA, gene knockout mice did not exhibit allergen
induced bronchoconstriction and eosinophilic inflammation.
Henderson et al (2007) created a mouse model of asthma
where animals were made allergic by repeated exposure to
ovalbumin as shown in table 5. By day 29, animals
exhibited circulating levels of IgE, airway reactivity to

methacholine, and increase in eosinophils in airway, and *=
mucus glycoproteins, cytokines like 1L4, IL5, IL13, and €Y)

arachidonic acid breakdown products in the lavage fluid.
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Upon continuation of ovalbumin challenge by day 76, mice
develop goblet cell hyperplasia, subepithelial collagen
deposition, increased smooth muscle mass and airway wall
thickening. In sXPLA, gene deleted mice, airway reactivity
to methacholine, airway inflammation markers, prostanoid
breakdown products were blunted in a statistically
significant manner compared to allergic wild type mice, and
were similar to naive non allergic mice. Similarly, on
parameters of airway remodeling, collagen deposition,
goblet cell hyperplasia and mucus occlusion of airway, mice
without cPLA, and non allergic mice were very similar and
statistically significantly different from allergic mice.
Secretory PLA, X deficient mice exhibit resistance to
ovalbumin induced airway inflammation, smooth muscle
hyperplasia and subepithelial fibrosis compared to wild type
control.

Secretory phospholipases A, IB, stimulate mucus

secretion, induce airway inflammation, and produce
secretory hyperresponsiveness to neutrophil elastase in
ferret trachea
[32].

Effect on Lung Surfactant Metabolism — in vitro and in
Vivo:

Secretory PLA, are capable of hydrolyzing
phospholipid component of surface active agents in the
lung. Group IB, V and X hydrolyze phosphatidyl-choline
whereas group IIA hydrolyze phosphatidyl-glycerol [9].
Arbibe et al (1998) demonstrated induction of glIsPLA; in
guinea pig lung following LPS exposure [33]. This was
followed by increase in the level of fatty acid and
lysophosphatidyl choline. Inhibitor of sPLA,, Ly 311727
inhibited LPS response. Similar response was observed,
when recombinant guinea pig sPLA, was administered
intratracheally to guinea pig.

Ohtsuki et al (2006) reported that gVsPLA,
overexpressing mice exhibit abnormality in lung
architecture and die immediately after birth [8]. These mice
exhibit thickened aleveolar wall and narrow airway. On the
other hand gXsPLA, overexpression does not affect lung
architecture.

Secretory phospholipases are synthesized and
secreted by one inflammatory cell and to act on a different
cell type. These enzymes can act on extracellular as well as
intracellular surfaces of cells to release arachidonic acid. It
has been shown that, depending upon cell type involved,
secretory PLA, enzymes (type IIA, and V) can release
arachidonic acid in a cytosolic PLA, dependent and
independent manner [6]. It is not clear if there exists cells
surface receptors to which these proteins bind.

Calcium Independent PLA, and Airway Inflammation:
Calcium independent PLA2 have been ascribed a

house keeping role [4, 6, 7, 10, 34]. Lot of evidence exists

in support of a role of iPLA; in cells and tissues other than

airway, for generation of arachidonic acid and prostaglandin
generation. These responses are sensitive to inhibition by
antisense oligonucleotide of gviPLA,, as well as by small
molecule inhibitors like arachidonyl fluoromethyl ketone
and bromoenol lactone [12]. In cardiac tissue PLAy,
activation has been linked to ventricular arrhythmias [4, 10].
Evidence of a role of gviPLA, in airway is lacking.
Recently, it has been shown that in small airway epithelial
cells, gviPLA,; plays a role in arachidonic acid
prostaglandin and platelet activating factor generation. This
response can be antagonized by PLA, inhibitor R-BEL [11].
Using monocytin cell line Tay and Melendez (2004) have
demonstrated that gviPLA;, plays a role in monocyte
activation [12]. Mishra et al (2008) have further extended
this observation when they have shown that gviPLA, plays
a role in MCP-1 induced monocyte chemotaxis [13].
Inhibition of gviPLA,, using antisense oligonucleotide
prevented monocyte migration to the site of inflammation in
thiogylcolate induced peritonitis model in mouse. However,
no evidence exists in support of a role of PLA,, in airway
inflammation.

Of different calcium independent PLA, enzymes,
most evidence in support of a role in airway inflammation
exists for circulating type VII PAF-AH (LpPLA,). Data has
been generated in experimental animal models in support of
a protective role of rPAF-AH in different experimental
setup — PAF induced mortality model [35], allergen induced
airway inflammation and airway hyperreactivity model in
mouse [36]. Data from human subjects also suggest a role
of PAF-AH in asthma pathophysiology. A negative
correlation was shown between circulating plasma PAF-AH
level and severity of anaphylaxis [37]. Subjects with point
mutation in PAF-AH gene (V279F) exhibit an inactive
enzyme, greater propensity for asthma prevalence and
increase in severity of asthma attack [6]. Inspite of so many
positive data, clinical trial of recombinant PAF-AH (1
mg/kg) in fourteen human allergic asthma patients did not
offer any protection on early and late allergic response or
sputum eosinophil count [38].

Phospholipase A2 Inhibitor:

Indications for which PLA, inhibitors are being
pursued include sepsis, acute pancreatitis, inflammatory
skin and bowel diseases, and rheumatoid arthritis.

Discovery of phospholipase A, inhibitor is
hampered by complication in vitro enzyme assay [5, 39].
Phospholipase A; is a soluble enzyme, whereas its substrate
lipids are insoluble. For effective enzyme activity, enzyme
has to bind to lipid water interface first. This binding is
independent of catalytic activity of the enzyme. Bound
enzyme will have access to lipid substrate and enzyme
activity will again depend on its substrate specificity. Thus

enzyme activity is controlled by equilibrium between bound N
and free enzyme, substrate accessibility, and actual enzyme €Y

kinetics. Many compounds that can affect partitioning of the
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enzyme between lipid water interface, may come out as
false positive. High incidence of false positive in in vitro
assay leads to poor in vivo efficacy.

Secretory PLA2 Inhibitor:

Many pharmaceutical companies had programs to
design and develop secretory phospholipase A, inhibitors —
Bristol Myers Squib, Yamanouchi, Glaxo Smith Kline, Eli-
Lilly [26, 40, 25, 41, 42, 28]. Table 6 lists in vitro potency
of some of the compounds.

Eli-Lilly had the most advance program for
discovery of sPLA, inhibitor. Two molecules have entered
clinical trial from their discovery program. Crystal structure
of non pancreatic secretory PLA, bound with indole
acetamide analog LY31127 was reported [43]. Working
with indole acetamide and indole glyoxamide, Dillard et al
(1996) and Draheim et al (1996) established detailed
structure activity relationship of this class of compounds for
human non pancreatic secretory PLA; [44, 41]. Draheim et
al (1996) reported discovery of LY315920. This molecule
has a glyoxamide group at 3 position of indole and an
oxyacetic acid group at position 4 as shown in Fig 3 [41].
LY315920 inhibited secretory PLA, with an ICsy of 7 nM
and inhibited contraction of guinea pig lung tissue with an
ICs, of 83 nM and more than 20 fold exhibited selectivity
over pancreating PLA,. Snyder et al (1998) have studies
LY315920 in greater detail and reported that LY315920
inhibited release of sPLA, induced release of thromboxane
A, from guinea pig lung bronchoalveolar lavage cells both
in vitro and ex vivo [28]. When administered by intravenous
and oral routes, LY 315920 inhibited serum sPLAZ2 activity
in transgenic mouse expressing human sPLA,. This
molecule was administered by intravenous route as an
adjunct to disease modifying anti rheumatic drug therapy.
Kelly et al (2005) reported that LY 315920 was safe but did
not exhibit any efficacy [45]. An orally active prodrug of
LY 315920, LY 333013 was evaluated for efficacy in
patients with allergic asthma. However, no protection on
allergen induced bronchoconstrictor response was observed
[46]. At present, LY 315920 is undergoing phase Il clinical
trial for atherosclerosis.

cPLA, Inhibitor:

A lot of effort has gone into designing cPLA,
inhibitors. Several groups have worked with different
chemical class and very potent inhibitors have been reported
[47-49]. Many of these compounds also block release of
arachidonic acid and prostaglandins from cells. Yakash et al
(2006) have also demonstrated oral efficacy of cPLA,
inhibitors in experimental models of pain [50]. Wyeth had
very advanced program to design cPLA, inhibitor and
several molecules have entered preclinical development and
two have gone into human trial. Working with an indole
chemotype reported discovery of Ecopladib, Giripladib,
Efipladib and WAY-19625 as shown in fig.3 [51, 52, 39].

McKew and colleagues have brought in substitutions at
positions C2 and C3 of indole ring. Ecopladib has a two
carbon ethoxy linker connecting indole ring to benzoic acid
[39]. Giripladib, Efipladib and WAY-19625 have a 3 carbon
linker at C3 linked to benzoic acid or methyl benzoate. At
C2 positions of indole ring, all four compounds have a
substituted benzyl sulphonamide group attached with the
help of 2 carbon linker. Benzene ring is substituted with 2
trifluoro methyl (Giripladib), 3, 4 dichloro (Ecopladib and
Efipladib) and 2, 6 dimethyl groups for WAY-19625. Table,
shows in vitro and in vivo pharmacology data three
molecules inhibit cPLA; enzyme and inhibit release of
arachidonic acid breakdown products from intact cells.
Ecopladib has much less potency for enzyme compared to
Efipladib and WAY-19625. All three molecules exhibit low
plasma clearance with poor oral bioavailability in rats —
Ecopladib 8%, Efipladib and WAY-19625 4% each. All
three molecules have shown oral efficacy in experimental
animal models of joint inflammation — carrageenan paw
oedema (Table 6).

Whalen et al (2008) have shown that WAY-19625

significantly attenuates gene expression induced by allergen
when human peripheral blood mononuclear cells from
asthma patients are incubated in vitro with allergens [53].
Efipladib and WAY-19625 were also tested for efficacy in
preclinical models including sheep model of bronchial
asthma. At a dose of 10 mg/kg given twice daily and 2 hour
before allergen challenge, Efipladib and WAY-19625 had
no effect on early phase bronchoconstriction but inhibited
late phase bronchoconstriction. A fourth dose was
administered 8 hour after allergen challenge and 16 hour
later, both compounds offered complete protection of
airway from hyperresponsiveness.
Efipladib, Ecopladib and Giripladib have moved into human
trial. Giripladib was slotted for phase Il osteoarthritis trial.
However, it has been terminated. @ WAY-19625 is
undergoing preclinical studies [49, 39].

Calcium Independent PLA, Activity Modulation: PAF-
AH (LpPLA,):

Inspite of many positive preclinical data, clinical
trial of recombinant PAF-AH (1 mg/kg) in fourteen human
allergic asthma patients did not offer any protection on early
and late allergic response or sputum eosinophil count [38].
Inhibitor of LpPLA, is being evaluated for efficacy in
atherosclerosis. Darapladib, an inhibitor of LpPLA,, is
undergoing phase 111 clinical trial for atherosclerosis.

Expert Summary:

PLA,s are crucial lipid metabolizing enzymes that
play a significant role in etiology and pathology of the
inflammatory disorders. Modulation of pro-inflammatory

lipid mediator production by inhibition of PLA, activity €
remains a potential target for airways disease. Ample €Y)

evidence exists now that by inhibiting PLA, isoform
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activities have resulted in efficacy in animal models and
some initial efficacy in humans in clinic. Thus, the current
discovery effort should focus on selective inhibition of
PLA, by small molecules, towards a developing a potential
drug for airway diseases.

It is well established that arachidonic acid
metabolites play important role in the pathophysiology of
inflammatory airway diseases like bronchial asthma.
Phospholipase A, as a target acquires the status of
precedented target given the success of downstream
mediators in the clinic. Of different PLA,S, secretory
phospholipases are induced. Consequently, these may be an
easy target for drug discovery under a background of
inflammatory activity. It is not clear why secretory PLA2
inhibitor did not show efficacy in the clinic. It may be
possible that more than one PLAZ2 subtypes may be
expressed in human disease, or alternatively, the sPLA2s
may have relatively less important role in the propagation of
human asthma.

CPLA; remains central molecule because of sPLA,s need
this molecule for their biological effect. cPLA, is selective

for arachidonic acid containing phospholipids. Thus
propensity of adverse effect due to nonspecific
phospholipase activity may be lower. Very few

phospholipase A, inhibitors are being pursued for asthma,
and other inflammatory airway diseases.

It is not clear why a PLA2 inhibitor did not show
efficacy in the clinic. It is possible that inhibiting PLA2
blocks in all likelihood both cyclooxygenase and
lipoxygenase pathways. While lipoxygenase derived
mediators play important role in airway inflammation, the
picture is more complex with cycloxygenase inhibition.
Different prostaglandins have mutually antagonistic effects
on airway contractility and airway inflammation. Thus
inhibition of cyclooxygenase pathway may play a role in
masking beneficial effects of lipoxygenase inhibition. It is
also emerging that Lipoxin, the natural lipid derived anti-
inflammatory  molecule, plays important role in
inflammation resolution. Inhibition of PLA2 most likely
blocks synthesis of lipoxins, this may further complicate
anti-inflammatory effect of PLA2 inhibition.

Table 1: Properties of various phospholipase enzymes

Mol. Wt. | Ca** Subtype Localizatio | Substrate Function
KDa n
SPLA2 13-15 mM range | |, IlA, | Secreted Non selective | Arachidonic acid release;
IID, IE, Cytokine generation;
", v, X Surfactant breakdown
CPLA2 85 uMrange | a; B,y Cytosol Arachidonyl | Arachidonic acid release
Phospholipid
iPLA2 85 - 88 None B, v; Cytosol /| Non selective | Lipid remodeling;
membrane Arachidonic acid release!
LPLA2 45 None Lysosome Phosphatidyl | Surfactant catabolism
choline and
ethanolamine
aiPLA2 26 None Cytosol Dipalmitoyl | Surfactant metabolism;
Extracellula | Phosphatidyl | Antioxidant
r fluid; Choline
PAF Hydrolase 45 None LpPLA2 Circulating | PAF PAF catabolism

Table 2: Distribution and function of sPLA2 subtypes

Secretory Phospholipase A2

Class | Distribution Function

[ Pancreatic juice Digestion

A Synovial fluid of RA patients; Proinflammatory cells | Antibacterial; Arachidonic acid release

11D Lung Unknown

IE Lung Unknown

I Adaptive Immunity

\% Heart; Lung, epithelialcell, Macrophage, Neutrophil, Arachidonic acid metabolism; Surfactant degradation
T lymphocyte

X Immune cell; Lung epithelilal cell Arachidonic acid metabolism;

Ref:
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Table 3: cPLA2 and Experimental Airway Disease

cPLAZ2 and Experimental Airway Disease

System Experimental Response Reference
Model
KO mouse Ovalbumin induced | Attenuation of anaphylaxis; [19]
allergy Attenuation of airway reactivity
KO mouse LPS induced lung | Gas exchange; Lung oedema; [22]
injury Neutrophil influx
KO mouse Bleomycin induced | Reduced inflammation; [23]
fibrosis in mouse Reduced PG and LT production; Reduced fibrosis
cPLA2 inhibition LPS induced lung | Gas exchange; Lung oedema [23]
injury Neutrophil count and myeloperoxidase activity in BAL;
PG and LT in BAL;
cPLAZ2 inhibition Guinea pig allergy | Attenuation of airway eosinophilia; [21]
model Attenuation of airway reactivity
cPLAZ2 inhibition Mouse allergy | TNF induced eosinophilia and airway reactivity [20]
model
CPLAZ2 inhibitor Allergic mouse | Protection Ova induced anaphylaxis; [16]
model Mch induced AHR
Table 4: PLA2 and Inflammatory Mediator Release
PLA2 and Inflammatory Mediator Release
System Response Reference
cPLA2 ko mouse Loss of stimulus induced arachidonic acid and PAF release from | [19]
macrophage;
CPLAZ2 inhibitor Arachidonic acid release from PLA2a expressing cell CHO cell; [16]
SPLAZ2 antisense PGE?2 release from macrophage cell line [55]
SPLAZ2 inhibitor Release of LTB4 and superoxide from neutrophils [27]
Neutrophil degranulation
SPLAZ inhibitor Arachidonic acid, LTB4 and PAF release from PMN [26]
Table 5: sSPLA2 and Experimental Airway Disease
sPLA2 and Experimental Airway Disease
System Experimental Response Reference
Model
SPLA2 X KO mouse | Ovalbumin induced | Attenuation of LT and PG production; [31]
allergy . Reduced cytokine production;
o Decreased airway inflammatory cell number
o Decrease airway remodeling
SPLA2 I11 KO mouse Reduced arachidonic acid release from cell [4]
SPLA2 V KO mouse | Allergic mouse | Reduced cell migration; [29]
model Reduced AHR
Reduced eicosanoid production from macrophage ex
Vivo [54]
SPLAZ2 Inhibitor Reduced sPLA2 induced TxA2 production in BAL | [28]
fluid ex vivo and in vitro
glIsPLAZ2 inhibitor LPS induced | LPS induced PLA2 expression; PLA2 inhibitor block | [33]
surfactant reakdown | LPS induced surfactant breakdown
Human asthma patient | Allergen challenge | Elevated sSPLA2 [46]
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Table 6: Pharmacological characterization of cPLA2 inhibitors

Cell Free Assay Cell Based Assay In Vivo Assay PK
1Cs0 (NM) 1Cs0 (M) EDso (Mg/kg)
Enzyme Assay LTB4 PG CPE | Air AlA Cl % F
Pouch (ml/min/kg)
Effipladib 40 20 20 35 - 25 4
Way 196025 10 12 6 8 - > 25 4
Ecopladib 150 <300 <300 40 8 14 8
Giripladib
Table 7: In-Vitro & In-vivo characterization of SPLA2 inhibitors
Cell Free Assay SPLA2 Mediated Response In vivo Studies | Reference
1Cso (uWM) 1Cso (uM) (nglear)
Enzyme Assay Thromboxane Mouse Ear
Release Oedema
LY 315920 (Varespladib) | 0.009 0.790 [28]
LY 311727 0.023 1.8 [42]
BMS 181162 8 10 (*) 0.180/ ear [26]
YM 26567 6.7 - 0.028 / ear [40]
Variabilin 6.9 - 0.133/ear [27]
SB 203347 0.5 1(*) ~100 mg/kg® | [25]

(*) A23187 induced arachidonic acid release
(%) Mouse endotoxemia model by intraperitoneal route

Membrane Phospholipids
o

PLAZ
[ Lyso Phosphatidic acid l l Arachidonic Acid l | Platelet Activating Factors
Cyto-Pus l FLAP ] - l
v
| EETs | 5-LOX 12/15-L0X [ coxs |
¢ ‘l PGG,
[ Oxo-ETEs + | HETEs | Lipoxins Resolvins
EH PGH, |
m SYNTHASES
v
| o

PGs (PGD;) TXB;

(GPCR:Functionalresponse)

Figure 1: Lipid metabolism pathway and current marketed drugs interfering lipid metabolism pathway. Membrane phospholipid is
metabolized by PLAZ2 inhibitors leading to three major metabolites, namely Lysophosphatidic acid (LPA), Archidonic acid (AA) and Platelet
activating factors (PFA). LPA and PFA bind to their respective GPCRs and exert biological functions. AA is metabolized further through various
distinct pathways and lead to both pro-inflammatory metabolistes (like LTB4, LTC4, EETs, PGs etc) and anti-inflammatory mediators (Lipoxins and
Resolvins). Through intervening of these pro-inflammatory pathways various drugs have been produced in clinic, e.g., Zileuton by inhibiting 5-

Lipoxygenase enzyme, Montelukast by antagonizing CysLT receptor functions, Clelcoxib and Aspirin by inhibiting COX enzymes.
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wachidonic acd

Diacylglcerol {DAG)

R1

R2

Sphingosine

Phosphatidic acid

Platelet Activating Factor (PAF)

Figure 2: Mechanism of action of PLA2s. The glycerol moiety of phospholipid consists of three major parts, two of long chain fatty acids and one
polar head group. The various phospholipases cleave phospholipid at distinct places to produce distinct metabolites. PhospholipaseAl and A2 cleave
the ester bond of first and second fatty acid attached, respectively leading to release fattya cid. Phospholipase-C cleaves the phosphate bond of the
polar group to produced DAG. Phospholipase-D cleaves the polar heard group to produced PAF.
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Figure 3: Various PLAZ inhibitors tested in clinic. List of various drugs tested in clinic as PLAZ2 inhibitors till date.

4.

Declaration of interest:

The authors state no conflict of interest and have 5.

received no payment in preparation of his manuscript.

BIBLIOGRAPHY: 6.

1. Dennis EA. Diversity of group types, regulation, and

function of phospholipase A2. J Biol Chem (1994) 269: 7.

13057 — 13060
2. Leslie CC. Properties and regulation of cytosolic

phospholipase A2. J Biol Chem (1997) 272: 16709- 8.

16712.

3. Balsinde J, Balboa, M, Insel, P and Dennis EA.
Regulation and inhibition of phospholipase A2. Annu
Rev Pharmacol Toxicol (1999) 39: 175 - 189

Murakami M and Kudo I. Secretory phospholipase A2.
Biol Pharma Bull (2004) 27: 1158 — 1164.

Lambeau G and Gelb MH. Biochemistry and
physiology of mammalian secreted phospholipases A2.
Annu Rev. Biochem (2008) 77: 495 — 520.

Hurley BP and McCormick B. (2008) Multiple roles of
phospholipase A2 during lung infection and
inflammation. Infection and Immunity 76, 2259 — 2272.
Burke JE, Dennis EA. Phospholipase A2
structure/function, mechanism, and signaling. J Lipid
Res. (2009) 50: Suppl: S237-42.

Ohtsuki M, Taketomi Y, Arata S, Masuda S, Ishikawa
Y, Ishii T, Takanezawa Y, Aoki J, Arai H, Yamamoto
K, Kudo I, Murakami M. Transgenic expression of
group V, but not group X, secreted phospholipase A2 in

Vol.1 Issue 8. August-2013

Page3 7



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Punit Kumar Srivastava et al. / Journal of Drug Discovery and Therapeutics 1 (8) 2013, 28-40

mice leads to neonatal lethality because of lung 20.

dysfunction. J Biol Chem (2006) 281: 36420-33.

Hite RD, Seeds MC, Jacinto RB, Grier BL, Waite
BM, Bass DA. Lysophospholipid and fatty acid
inhibition of pulmonary surfactant: non-enzymatic
models of phospholipase A2 surfactant hydrolysis.
Biochim Biophys Acta (2005) 1720: 14-21.

Akiba S, li H, Yoneda Y and Sato T. Translocation
of phospholipase A2 to membranes by oxidized LDL
and hydroxyoctadecadienoic acid to contribute to
cholesteryl ester formation. Biochim Biophys Acta
(2004) 1686: 77-84.

Rastogi P, Young DM, McHowat J. Tryptase
activates calcium-independent phospholipase A2 and
releases PGE2 in airway epithelial cells. Am J Physiol
Lung Cell Mol Physiol (2008) 295: L925-32.

Tay HK and Melendez AJ. Fcgamma RI-triggered
generation of arachidonic acid and eicosanoids requires
iPLA2 but not cPLA2 in human monocytic cells. J Biol
Chem (2004) 279: 22505-13.

Mishra RS, Carnevale KA and Cathcart MK.
iPLA2beta: front and center in human monocyte
chemotaxis to MCP-1. J Exp Med (2008) 205: 347-59.

Jenkins CM, Mancuso DJ, Yan W, Sims HF,
Gibson B and Gross RW. Identification, cloning,
expression, and purification of three novel human
calcium-independent  phospholipase A2  family
members possessing triacylglycerol lipase and
acylglycerol transacylase activities. J Biol Chem (2004)
279: 48968-75.

Mclintyre TM, Prescott SM and Stafforini DM. The
emerging roles of PAF acetylhydrolase. J Lipid Res.
(2009) 50: Suppl:S255-9.

Ghomashchi F, Stewart A, Hefner Y, Ramanadham
S, Turk J, Leslie CC and Gelb MH. A pyrrolidine-based
specific inhibitor of cytosolic phospholipase A(2)alpha
blocks arachidonic acid release in a variety of
mammalian cells. Biochim Biophys Acta (2001) 1513:
160-6.

Flamand N, Picard S, Lemieux L, Pouliot M, Bourgoin
SG and Borgeat P. Effects of pyrrophenone, an inhibitor
of group IVA phospholipase A2, on eicosanoid and
PAF biosynthesis in  human neutrophils. Br J
Pharmacol (2006) 149: 385-92.

McKew JC, Foley MA, Thakker P, Behnke ML,
Lovering FE, Sum FW, Tam S, Wu K, Shen MW,
Zhang W, Gonzalez M, Liu S, Mahadevan A, Sard H,
Khor SP, Clark JD. Inhibition of cytosolic
phospholipase AZalpha: hit to lead optimization. J
Medicinal Chemistry (2006) 49: 135 — 158

Uozumi N, Kume K, Nagase T, Nakatani N, Ishii S,
Tashiro F, Komagata Y, Maki K, lkuta K, Ouchi Y,
Miyazaki J.i, Shimizu T. Role of cytosolic
phospholipase A2 in allergic response and parturition.
Nature (1997 390: 618—622.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Choi IW, Sun-Kim, Kim YS, Ko HM, Im SY, Kim
JH, You HJ, Lee YC, Lee JH, Park YM and Lee HK.
TNF-alpha  induces  the late-phase  airway
hyperresponsiveness and airway inflammation through
cytosolic phospholipase A(2) activation. J Allergy Clin
Immunol (2005) 116: 537-43.

Myou S, Sano H, Fujimura M, Zhu X, Kurashima K,
Kita T, Nakao S, Nonomura A, Shioya T, Kim KP,
Munoz NM, Cho W and Leff AR. Blockade of
eosinophil migration and airway hyperresponsiveness
by cPLAZ2-inhibition. Nature Immunol (2001) 2: 145-
149.

Nagase T, Uozumi N, Ishii S, Kume K, Izumi T, Ouchi
Y, Shimizu T. Acute lung injury by sepsis and acid
aspiration: a key role for cytosolic phospholipase A2.
Nature Immunol (2000) 1: 42—46.

Nagase T, Uozumi N, Ishii S, Kita Y, Yamamoto H,
Ohga E, Ouchi Y, Shimizu T. A pivotal role of
cytosolic phospholipase A2 in bleomycin-induced
pulmonary fibrosis. Nat Med (2002) 8: 480—484
Sapirstein A and Bonventre JV. Specific physiological
roles of cytosolic phospholipase A(2) as defined by
gene knockouts. Biochim Biophys Acta (2000) 1488:
139-148.

Marshall LA, Hall RH, Winkler JD, Badger A,
Bolognese B, Roshak A, Flamberg P L, Sung C M,
Chabot-Fletcher M and Adamset JL. SB 203347, an
inhibitor of 14 kDa phospholipase A2, alters human
neutrophil arachidonic acid release and metabolism and
prolongs survival in murine endotoxin shock. J
Pharmacol Exp Ther (1995) 274: 1254 — 1262.

Tramposch KM, Chilton FH, Stanley PL, Franson
RC, Havens MB, Nettleton DO, Davern LB, Darling IM
and Bonney RJ. Inhibitor of phospholipase A2 blocks
eicosanoid and platelet activating factor biosynthesis
and has topical anti-inflammatory activity. J Pharmacol
Exp Ther (1994) 271: 852-9.

Escrig V, Ubeda A, Ferrandiz ML, Darias J,
Sanchez JM, Alcaraz MJ and Paya M. Variabilin: a dual
inhibitor of human secretory and cytosolic
phospholipase A2 with anti-inflammatory activity. J
Pharmacol Exp Ther (1997) 282: 123-31.

Snyder DW, Bach NJ, Dillard RD, Draheim SE,
Carlson DG, Fox N, Roehm NW, Armstrong CT,
Chang CH, Hartley LW, Johnson LM, Roman CR,
Smith AC, Song M and Fleisch JH. Pharmacology of
LY315920/S-5920, [[3-(aminooxoacetyl)-2-ethyl-1-
(phenylmethyl)-1H-indol-4-ylJoxy] acetate, a potent
and selective secretory phospholipase A2 inhibitor: A
new class of anti-inflammatory drugs, SPI. J Pharmacol
Exp Ther (1999) 288: 1117-24.

Mufioz NM, Meliton AY, Arm JP, Bonventre JV,
Cho W and Leff AR. Deletion of secretory group V
phospholipase A2 attenuates cell migration and airway

Vol.1 Issue 8. August-2013

o
o™

Page



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Punit Kumar Srivastava et al. / Journal of Drug Discovery and Therapeutics 1 (8) 2013, 28-40

hyperresponsiveness in immunosensitized mice. J
Immunol (2007) 179: 4800-7.

Bowton DL, Seeds MC, Fasano MB, Goldsmith B

and Bass DA. Phospholipase A2 and arachidonate
increase in bronchoalveolar lavage fluid after inhaled
antigen challenge in asthmatics. Am J Respir Crit Care
Med (1997) 155: 421-5.
Henderson WR Jr., Chi EY, d Bollinger JG, Tien YT,
Ye X, Castelli L, Rubtsov Y, Singer AG, Gertrude KS,
Chiang K, Nevalainen T and Alexander Y, Rudensky Y
and Gelb MG. Importance of group X-secreted
phospholipase A2 in allergen-induced airway
inflammation and remodeling in a mouse asthma model.
J Exp Med (2007) 204: 865 — 877.

Okamoto K, Kim JS and Rubin BK. Secretory
phospholipases A2 stimulate mucus secretion, induce
airway inflammation, and produce secretary
hyperresponsiveness to neutrophil elastase in ferret
trachea. Am J Physiol Lung Cell Mol Physiol (2007)
292: L62 - L67

Arbibe L, Koumanov K, Vial D, Rougeot C, Faure
G, Havet N, Longacre S, Vargaftig BB, Béréziat G,
Voelker DR, Wolf C and Touqui L. Generation of lyso-
phospholipids from surfactant in acute lung injury is
mediated by type-Il phospholipase A2 and inhibited by
a direct surfactant protein A-phospholipase A2 protein
interaction. J Clin Invest (1998) 102: 1152-60.

Murakami M, Shimbara S, Kambe T, Kuwata A et
al. The functions of fove distinct mammalian
phospholipase A2S in regulating arachidonic acid
release: Type 111 and type V secretary phospholipase
A2S are functionally redundant and act in concert with
cytosolic phospholipase A2. J Biol Chem (1998) 273:
14411-14423.

Fukuda Y, Kawashima H, Saito K, Inomata N,
Matsui M and Nakanishi T. Effect of human plasma-
type platelet-activating factor acetylhydrolase in two
anaphylactic shock models. Eur J Pharmacol (2000)
390: 203-7.

Henderson WR Jr, Lu J, Poole KM, Dietsch GN
and Chi EY. Recombinant human platelet-activating
factor-acetylhydrolase inhibits airway inflammation and
hyperreactivity in mouse asthma model. J Immunol
(2000) 164: 3360-7.

Vadas P, Gold M, Perelman B, Liss GM, Lack G,
Blyth T, Simons FE, Simons KJ, Cass D and Yeung J.
Platelet-activating factor, PAF acetylhydrolase, and
severe anaphylaxis. N Engl J Med (2008) 358: 28-35.

Henig NR, Aitken ML, Liu MC, Yu AS and
Henderson WR Jr. Effect of recombinant human
platelet-activating factor-acetylhydrolase on allergen-
induced asthmatic responses. Am J Respir Crit Care
Med (2000) 162: 523-7.

McKew JC, Lee KL, Shen MW, Thakker P, Foley MA,
Behnke ML, Hu B, Sum FW, Tam S, Hu Y, Chen L,

41.

42.

43.

44,

45.

46.

47.

Kirincich SJ, Michalak R, Thomason J, Ipek M, Wu K,
Wooder L, Ramarao MK, Murphy EA, Goodwin DG,
Albert L, Xu X, Donahue F, Ku MS, Keith J,
Nickerson-Nutter CL, Abraham WM, Williams C,
Hegen M and Clark JD. Indole cytosolic phospholipase
A2 alpha inhibitors: discovery and in vitro and in vivo
characterization of 4-{3-[5-chloro-2-(2-{[(3,4-
dichlorobenzyl)sulfonyl]Jamino}ethyl)-1-
(diphenylmethyl)-1H-indol-3-yl]propyl}benzoic  acid,
efipladib. J Medicinal Chemistry (2008) 51: 3388 —
3413

Miyake A, Yamamoto H, Kubota E, Hamaguchi K,
Kouda A, Honda K and Kawashima H. Suppression of
inflammatory responses to 12-O-tetradecanoyl-phorbol-
13-acetate and carrageenin by YM-26734, a selective
inhibitor of extracellular group Il phospholipase A2. Br
J Pharmacol (1993) 110: 447-53.

Darheim, SE et al. (1996) Indole inhibitors of human
nonpancreatic secretory phospholipase A2. 3. Indole-3-
glyoxamides. J Med Chem 39, 5159 — 5175

Fleisch JH, Armstrong CT, Roman CR, Mihelich

ED, Spaethe SM, Jackson WT, Bobbitt JL, Draheim S,
Bach NJ, Dillard RD, Martinelli M, Fouts R, Snyder
DW.Recombinant human secretory phospholipase A2
released thromboxane from guinea pig bronchoalveolar
lavage cells: in vitro and ex vivo evaluation of a novel
secretory phospholipase A2 inhibitor. J Pharmacol Exp
Ther (1996) 278: 252-7.
Schevitz RW, Bach NJ, Carlson DG, Chirgadze NY,
Clawson DK, Dillard RD, Draheim SE, Hartley LW,
Jones ND, Mihelich ED, Olkowski JL, Snyder DW,
Sommers C and Wery J.-P. Structure-based design of
the first potent and selective inhibitor of human non-
pancreatic  secretory  phospholipase A, Nature
Structural Biology (1995) 2: 458 — 465.

Dillard RD, Bach NJ, Draheim SE, Berry DR,
Carlson DG, Chirgadze NY, Clawson DK, Hartley LW,
Johnson LM, Jones ND, McKinney ER, Mihelich ED,
Olkowski JL, Schevitz RW, Smith AC, Snyder DW,
Sommers CD, Wery JP. Indole inhibitors of human
nonpancreatic secretory phospholipase A2. 1. Indole-3-
acetamides. J Med Che. (1996) 39: 5119-36.

Kelly J. PLA-2 inhibitor fails as DMARD adjunct
in RA. (2005) From Medchem Medical News.
http://www.medscape.com/viewarticle/538166

Bowton DL, Dmitrienko AA, lsrael E, Zeiher BG,

Sides GD. Impact of a soluble phospholipase A2
inhibitor on inhaled allergen challenge in subjects with
asthma. J Asthma (2005) 42: 65-71.
Seno K, Okuno T, Nishi K, Murakami Y, Yamada K,
Nakamoto S and Ono T. SB 203347, an inhibitor of 14
kDa phospholipase A2, alters human neutrophil
arachidonic acid release and metabolism and prolongs
survival in murine endotoxin shock. Bioorganic &
Medicinal Chemistry Letters, (2001) 11: 587-590.

Vol.1 Issue 8. August-2013

Page3 9


http://www.medscape.com/viewarticle/538166

48.

49.

50.

51.

52.

Punit Kumar Srivastava et al. / Journal of Drug Discovery and Therapeutics 1 (8) 2013, 28-40

Kokotos G, Six DA, Loukas V, Smith T,
Constantinou-Kokotou V, Hadjipavlou-Litina D,
Kotsovolou S, Chiou A, Beltzner CC and Dennis EA.
Inhibition of group IVA cytosolic phospholipase A2 by
novel 2-oxoamides in vitro, in cells, and in vivo. J Med
Chem (2004) 47: 3615-28.

Ludwig J, Bovens S, Brauch C, Elfringhoff AS and
Lehr M. Design and synthesis of 1-indol-1-yl-propan-2-
ones as inhibitors of human cytosolic phospholipase
A2alpha. J Med Chem (2006) 49: 2611-20.

Yaksh TL, Kokotos G, Svensson Cl, Stephens D,
Kokotos CG, Fitzsimmons B, Hadjipavlou-Litina D,
Hua XY, Dennis EA. Systemic and intrathecal effects
of a novel series of phospholipase A2 inhibitors on
hyperalgesia and spinal prostaglandin E2 release. J
Pharmacol Exp Ther (2006) 316: 466-75.

Lee KL, Foley MA, Chen L, Behnke ML, Lovering FE,
Kirincich SJ, Wang W, Shim J, Tam S, Shen MW, Khor
S, Xu X, Goodwin DG, Ramarao MK, Nickerson-
Nutter C, Donahue F, Ku MS, Clark JD and McKew
JC. Discovery of Ecopladib, an indole inhibitor of
cytosolic  phospholipase AZ2alpha. J Medicinal
Chemistry (2007) 50: 1380 — 1400

Hegen M, Lamothe J, Lee KL, Schelling S, Stedman N,
Leach MW, McKew JC, Clark JD, Nickerson-Nutter CL

53.

54.

55.

Efficacy of giripladib, a novel inhibitor of cytosolic
phospholipase a2alpha, in two mouse models of
rheumatoid arthritis Ann Rheum Dis (2008) 67: (Suppl
11):155

Whalen KA, Legault H, Hang C, Hill A, Kasaian M,
Donaldson D, Benschw GW, Benschw G, Bakerz J,
Reddy PS, Wood N, Ramarao MK, Ellis DK, Csimma
C, McKee C, Clark JD, Ryan J., Dorner AJ and O’Tool
M. In vitro allergen challenge of peripheral blood
induces differential gene expression in mononuclear
cells of asthmatic patients: inhibition of cytosolic
phospholipase  A2alpha overcomes the asthma-
associated response. Clin Exp Aller (2008) 38: 1590 —
1605.

Satake Y, Diaz BL, Balestrieri B, Lam BK, Kanaoka Y,
Grusby MJ, Arm JP. Role of group V phospholipase A2
in zymosan-induced eicosanoid generation and vascular
permeability revealed by targeted gene disruption. J
Biol Chem (2004) 279:16488-94.

Barbour SE and Dennis EA. Antisense inhibition of
group Il phospholipase A2 expression blocks the
production of prostaglandin E2 by P388D1 cells. J Biol
Chem (1993) 268: 21875-82.

Vol.1 Issue 8. August-2013

Page4 O



