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Anaphylaxis is an acute, severe, life-threatening multisystem
allergic reaction resulting from the sudden systemic release of
biochemical mediators and chemotactic substances. Release of
both preformed granule-associated mediators and newly
generated lipid-derived mediators contributes to the
amplification and prolongation of anaphylaxis. Platelet-
activating factor (PAF) is a potent phospholipid-derived
mediator the central role of which has been well established in
experimental models of both immune-mediated and non-
immune mediated anaphylaxis. It is produced and secreted by
several types of cells, including mast cells, monocytes, tissue
macrophages, platelets, eosinophils, endothelial cells, and
neutrophils. PAF is implicated in platelet aggregation and
activation through release of vasoactive amines in the
inflammatory response, resulting in increased vascular
permeability, circulatory collapse, decreased cardiac output,
and various other biological effects. PAF is rapidly hydrolyzed
and degraded to an inactive metabolite, lysoPAF, by the enzyme
PAF acetylhydrolase, the activity of which has shown to
correlate inversely with PAF levels and predispose to severe
anaphylaxis. In addition to its role in anaphylaxis, PAF has also
been implicated as a mediator in both allergic and nonallergic
inflammatory diseases, including allergic rhinitis, sepsis,
atherosclerotic disease, and malignancy, in which PAF signaling
has an established role. The therapeutic role of PAF antagonism
has been investigated for several diseases, with variable results
thus far. Further investigation of its role in pathology and
therapeutic modulation is highly anticipated because of the
pressing need for more selective and targeted therapy for the
management of severe anaphylaxis. (J Allergy Clin Immunol
2015;135:1424-32.)
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Platelet-activating factor (PAF), also known as 1-0-alkyl-2-
acetyl-sn-glycero-3-phosphocholine, AGEPC, or PAF-acether, is
a highly potent phospholipid that is thought to play a central role
in the cause of numerous immune and inflammatory conditions."
From an evolutionary standpoint, the earliest fossil records
indicate the presence of PAF in many protozoans, yeasts, and
bacteria, perhaps playing a regulatory role. Thereafter, several
studies identified the presence of platelet-activating factor
receptors (PAFRs) in various cell types, especially those involved
in host defense, including basophils, mast cells, macrophages,
and monocytes, in addition to neutrophils, eosinophils, and
endothelial cells (Table I).”

The role of PAF was first reported in the literature by a French
immunologist, Jacques Benveniste, who sought to describe its
relationship with histamine through an IgE-dependent process
and as a mediator of anaphylaxis.” In the 1960s, rabbit models
demonstrated the role of PAF in the release of histamine by
antigen- and leukocyte-dependent mechanisms mediated through
thermoregulation and calcium homeostasis.” Subsequently, the
role of PAF in platelet aggregation and activation and the resultant
increased vascular permeability was further elucidated.”

Since its discovery, our breadth of knowledge surrounding the
biochemical function of PAF has been expanding, given the
exponential growth in its research. PAF remains a lively topic of
interest and holds promise for the future for its clinical
implications and utility.””

SOURCES OF PAF

PAF production in endothelial cells is triggered by thrombin,
vasopressin, angiotensin II, anti-factor VIII, and IL-1. 10R gl 10,11
summarizes both sources of PAF, as well as stimuli for its release.
Both neutrophils and eosinophils can be stimulated to synthesize
and release PAF through chemotaxis and by C5a, C5a-des-Arg,
and formyl-methionyl-leucyl-phenylalanine, whereas only eosin-
ophils respond to eosinophil chemotactic factor of anaphylaxis
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TABLE I. Cells and systems in which PAF has a signaling role”

Cells or system

Roles/responses

Platelets

PMN leukocytes

Eosinophils

Monocytes/macrophages

Lymphocytes
Vascular endothelial cells

Smooth muscle cells
Bronchus

Heart

Systemic and pulmonary vessels
Liver

Kidney

Neuronal systems

Adherence, secretion of granules,
aggregation

Adherence, aggregation, oxygen
production, chemotaxis, priming

Chemotaxis, secretion of granules, LT
production

Aggregation, oxygen production,
cytokine production

Inhibition of IL-2 production

Adherence of neutrophils and
monocytes, increased vascular
permeability

Growth, contraction

Bronchoconstriction, accumulation of
eosinophils

Alterations in rhythm and cardiac output

Altered vascular tone

Glycogenolysis

Increased glomerular filtration

Excitatory synaptic transmission, release
of neurotransmitters

Uterus Contraction

Ovary Ovulation

Amnion membrane Prostaglandin E, production
Fetal lung Maturation

Osteoclasts Alterations in cytosolic free Ca>*

and the calcium ionophore A23187."Y PAF is secreted in
IgG-mediated reactions by basophils'” and in IgE-mediated
reactions by mast cells.'® These cells can be stimulated to release
histamine and PAF through a number of biochemical pathways
that might play a role in mast cell activation.'*'*"?

PAF released by endothelial cells is thought to play a
vasoconstrictive role in vascular physiology through promotion
of leukocyte adhesion at the cell surface, although it can also act
as a potent vasodilator. The variability in its role is multifactorial,
influenced not only by its concentration at the site in addition to
the nature of the vasculature but also by its response to indepen-
dent factors, such as circulating mediators (ie, leukotrienes [LTs]
and TNF-a) that might be present during a particular reaction.'®

Although the focus of research on PAF has been in eukaryotic
cells, PAF production has been shown in prokaryotic
enterobacteria cells, specifically Escherichia coli.'’ The
mechanism by which PAF exerts its effects through bacteria,
such as E coli, might be associated with its potent endotoxin
activity. PAF-acether produced by E coli has the same
physicochemical and biological characteristics as synthetic
PAF-acether and PAF derived from eukaryotic cells.'’

Lymphocytes can be stimulated to produce PAF through at least
2 pathways: the calcium ionophore A23187 or synthesis or
activation of acetyl transferases.'” In the context of B-cell
ontogeny, PAF can enhance the humoral response through
antigen-stimulated B cells.'®

Synthesis of PAF
PAF is produced through rapid synthesis in response to stress,
either through remodeling or a de novo pathway, and is not stored
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intracellularly. In remodeling (Fig 2)'” the pathway is primarily
triggered by inflammatory mediators and results in the removal
of a fatty acid from the phospholipid backbone by phospholipase
A,. This results in production of an intermediate, lysophosphati-
dylcholine, which forms PAF with the addition of an acetyl group.
The fatty acid most commonly acetylated in the sn-2 position is
arachidonic acid."”

De novo synthesis of PAF involves the addition of
phosphocholine from cytidinediphosphocholine to the sn-3 site
of 1-0-alkyl-2-acetyl-sn-glycerol. This process is catalyzed by
cholinephosphotransferase, an enzyme the activity of which is
increased in patients with certain malignancies.'”’

The molecular structure of PAF can vary in terms of the length
of the O-alkyl side chain. The alkyl component is connected at the
C1 carbon to a 16-carbon chain through an ether linkage, and the
phosphocholine group can be found at C3." Because the half-life
of PAF is quite short, approximately 5 minutes in plasma and
whole blood,”” it can act as a single messenger through a short
acetate unit located at the C2 carbon. Importantly, the
serum half-life is inversely correlated to the activity of PAF-
acetylhydrolase, where higher circulating concentrations of this
lipoprotein-associated phospholipase result in the rapid
degradation of PAF.*' %

Each structural component of PAF plays an integral role in
maintaining its biological activity, and even a slight structural
modification can lead to loss of biological activity. However,
structurally related biologically active analogues of PAF do exist,
and although there might be differences in the degree of
biological activity between PAF and its analogues, the similarities
allow for investigation into shared mechanisms of action with the
potential for novel therapeutic options in the future.”*>°

The platelet-activating factor receptor (PAFR) gene has been
mapped to chromosome 1. It is localized within the lipid bilayer
of the cell membrane and is comprised of a 7-transmembrane
rhodopsin-like G protein—coupled receptor.'” It is thought that a
single receptor mediates the effects of PAF,”” although the effects
of the receptor have been demonstrated in many cells of the
immune system and can be found distributed throughout the body.

PAF can be produced by many cell types in response to various
stimuli, although its generation by endothelial cells and platelets
has been studied most extensively. This molecule can be
distributed in many body fluids, including serum, saliva, and
bronchial fluids, as well as in various cells, such as keratinocytes,
although the exact location of synthesis has not been determined
(Table 11)."! For PAF to be secreted, it must be transferred to the
plasma membrane, a process thought to occur through transport
proteins or fusion of lipid vesicles.'

Research has shown that the concentration of PAF within
various cell types differs considerably and is dependent on the
expression of PAF acetylhydrolases (PAF-AHs), the nature of its
binding sites, and environmental factors, such as pH and
temperature. L7

Regulation of PAF

PAF metabolism is tightly regulated by a family of enzymes
called PAF-AHs, which have the ability to hydrolyze and
inactivate the compound through enzymatic removal of acetyl
groups at the sn-2 position (Fig 3).2829

Some extracellular types of PAF-AHs circulate as a
complex with low- and high-density lipoproteins and are termed
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FIG 1. Sources of PAF.'%"
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FIG 2. Synthesis of PAF through remodeling (left) and de novo pathways (right).'® Figure permission

courtesy of Cayman Chemical, Ann Arbor, Michigan.

lipoprotein-associated phospholipase A, (Lp-PLA,). Levels of
these Lp-PLA, isotypes are increased in conditions of oxidative
stress and inflammation. Although the mechanisms of PAF
regulation have not yet been fully delineated, its production can
be controlled by extrinsic factors, such as pH, fatty acids, and
metal ions.

Biological effects of PAF

The biological actions of PAF are thought to be regulated by
several mechanisms, including the expression and activity of the
PAFR, through regulation of synthetic pathways and cell
signaling, as well as degradation through PAF-AH.”

PAF has been shown to exert its effects at concentrations as low
as 10~'% mol/L,”**” with a half-life of approximately 3 to 13 mi-
nutes, depending on the time to inactivation by PAF-AH.?**"*
PAF and PAF-AH levels have been shown to be inversely

correlated in studies of anaphylaxis, demonstrating more severe
clinical symptoms with higher PAF levels.”

Since its discovery, our knowledge surrounding the role of PAF
has expanded to include its effects on platelet aggregation and its
role as a vasodilator and bronchoconstrictor, its role in host
defense, and its role as a mediator of the inflammatory response
(Table III). PAF has been shown to play a pivotal role as a
mediator of anaphylaxis™ and might help elucidate potential
therapeutic targets for the management of PAF-mediated
anaphylaxis.

REVIEW OF THE SPECIFIC ROLE OF PAF IN
ANAPHYLAXIS

Anaphylaxis is an acute, potentially life-threatening
multisystem allergic reaction resulting from the sudden systemic
release of preformed and lipid-derived mediators from basophils
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TABLE Il. Distribution of PAFRs in various tissues and cell
types™’
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TABLE Illl. Summary of pathophysiologic and physiologic
effects of PAF"’

Bmax (sites or cells

Cell and tissue K; (nmol/L) as indicated)
Human platelets 37 £ 13 1399 * 498
Human platelet 1.58 = 0.36 1983 * 391
Human platelet 0.05 242 * 64
Rabbit platelet 0.5 400
Rabbit platelet 1.36 150-300
membrane
Rate platelet No specific PAF binding
Neutrophil 0.11 + 0.02 5 % 10°
Neutrophil 45 2.8 X 10*
Neutrophil 0.2 1100
membrane
Macrophage 0.08 7872
0.25 117 fmol/mg protein
Mononuclear 5.7 1.11 x 10*
leukocyte
Lung membrane 0.49 140 fmol/mg protein
Liver membrane 0.5 = 0.14 140 £ 18 fmol/mg protein

Gerbil brain
membrane

3.66 £ 0.92 (high) 0.83 pmol/mg protein

20.4 *+ 0.5 (low)
0.023 (high)

1.1 pmol/mg protein

Synaptic plasma 8.75 fmol/mg protein

membrane
25 0.96 pmol/mg protein
Rat retina 2.9 0.85 pmol/mg protein
Eosinophil 1.6 3.5 x 10*
Kupffer cells 0.12-0.14 1.06 X 10*

Reaction catalyzed by PAF acetylhydrolases.

o CHp - Ry PAF CHp - Ry o
i | acetylhydrolase “
Rg4-C—-O—CH 9 + H0 ——— HO-CH + Rg4~C-OH
CHz0 ~ P-O-CHa-ChN" (ChHgs CHy0 - |:=|'—0—CH2—CH2—N’ (CHas
o o)
Where R,  O(CHy),CH,
o n=15-17

1]
Ry O-C(CHp)yCH,

n=0-8
Ry  (CHa)nCHy X = COOH
Ry (CHaaX.Y.Z Y=CHO

Z=CH,O0H

FIG 3. PAF degradation is catalyzed through PAF-AH and occurs at the sn-2
position through hydrolysis of an acetyl residue. Therefore the remnants
are lysoPAF and acetate molecules.?®?° Reprinted with permission from
Stafforini et al.>°

and mast cells.”** Clinical presentations vary from mild and

self-limited reactions to rapid and fatal outcomes. Cutaneous
symptoms of urticaria and angioedema are the most common
manifestations of anaphylaxis but might be absent or delayed,
particularly in rapidly progressive reactions. Severe and
life-threatening reactions are generally related to a rapid onset
of symptoms. Death from anaphylaxis is usually the result of
cardiovascular collapse or respiratory obstruction involving the
lower airway, upper airway, or both.**¢

The pathogenesis of anaphylaxis can be immunologic or
nonimmunologic in nature,””” leading to the release of biochem-
ical mediators and chemotactic substances. Degranulation of

Targets Effects

Hematologic Platelet aggregation and secretion, thrombosis

Microbial Chemotaxis of eosinophils, neutrophils and macrophages,
endotoxin release

Immunologic Anaphylaxis, inflammation through increased vascular
permeability and edema

Gastrointestinal ~ Pancreatitis, ulceration, glycogenolysis

Respiratory Asthma through smooth muscle constriction and acute

lung injury

Hormonal Pregnancy, ovulation, ovoimplantation

Cardiac Negative ionotropic results, positive chronotropic results,
vasodilator

Renal Decreases renal blood flow, sodium excretion and diuresis

mast cells and basophils leads to exocytosis of preformed or
granule-associated mediators, such as histamine, tryptase,
chymase, heparin, and carboxypeptidase A. Production of newly
generated lipid-derived mediators, including LTC,4, LTBy, LTE,,
prostaglandin D,, and PAF, occurs within minutes,’”"*
contributing to the amplification and prolongation of anaphylaxis.

PAF is a potent phospholipid-derived biological mediator with
messenger function, the role of which as a central mediator has
been well established in experimental models of anaphylaxis,
particularly active systemic anaphylaxis.”*"**** Serum PAF
levels correlate with the severity of anaphylaxis in human subjects
and mouse models.>"*' It is produced and secreted by several
types of cells, including mast cells, monocytes, tissue
macrophages, platelets, eosinophils, Kupffer cells, endothelial
cells, neutrophils, and spermatozoaf1‘39‘42‘43 and has been found
to be active at concentrations as low as 10~ 2 mol/L,’ despite its
short half-life.

G protein-linked receptors expressed on the surfaces of a
variety of cells, such as platelets, monocytes, macrophages, and
neutrophils, mediate the intracellular actions of PAF,!?8
producing various biological effects, including circulatory
collapse, decreased cardiac output, increased vascular
permeability, portal hypertension, and smooth muscle contraction
in the airways, gut, and uterus.””*'*? In mice PAF has been shown
to activate and induce degranulation of mouse eosinophils.** PAF
signaling results from its binding to the PAFR rather than to direct
physicochemical effects on the target cell.”**° Initiation of
intracellular signaling events requires binding of PAF to its
receptor to produce biological effects.”® Many of the cells
producing PAF are also targets for its bioactivity."

PAFR-mediated responses

PAF has been shown to be produced in both IgE-dependent and
IgE-independent anaphylaxis in murine models through
cross-linking on FceRI on mast cells and FcyRIII on stimulated
macrophages, respectively.”' PAF acts through a specific PAFR
on the plasma membranes of target cells by binding to a
transmembrane G protein—coupled receptor, leading to mobiliza-
tion of intracellular calcium and activation of kinases.''**"
Expression of the PAFR is regulated by intracellular cyclic AMP,
which can downregulate PAFR mRNA expression and reduce
PAF-induced arachidonic acid release.””"” Arachidonic acid
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metabolites have been shown to reduce cardiac contractility in rat
models."' After binding of PAF to its receptor on platelets,
monocytes, macrophages, and neutrophils, the activation of several
kinases, including protein kinase C and mitogen-activated protein
kinase, results in release of arachidonic acid and prostaglandins,
including prostaglandin E,, from vascular smooth muscle
cells,'**** exerting biological activity and manifestations of
anaphylaxis. Downregulation of signaling through PAFR occurs
through epinephrine and other vasoactive agents that activate
adenylate cyclase, leading to increased intracellular calcium
levels.”***

Systemic mast cell activation after antigen exposure in patients
with anaphylaxis has been attributed to hematogenous
dissemination of allergen, and although plausible, the rapid onset
of events after an oral exposure suggests other factors might be
important'® and that additional mechanisms might lead to
amplification of anaphylaxis.

Increases in mast cell-specific B-tryptase support the central
role of mast cells in patients with anaphylaxis,”® with 2 common
mast cell phenotypes recognized in human subjects, based on
their protease content. One population containing only tryptase
(MCt cells) is found at mucosal surfaces, such as bronchial
epithelium and the small bowel, whereas the other population
containing chymase, tryptase, carboxypeptidase A, and cathepsin
G (known as MCtc cells) is typically located in skin and
connective tissue.'**° Distribution of mast cell phenotypes will
influence the clinical events of anaphylaxis.

It has been shown that PAF releases histamine through PAFR
on human lung mast cells and peripheral blood—derived mast cells
but not skin mast cells. This is supported by the histochemical
findings of preferential expression of PAFR in the mast cell
population containing only the tryptase phenotype.13 39 Activa-
tion of the PAFR-coupled Gai leads to degranulation through
PLCgl and PLCb2 activation in human mast cells,'® providing
insight into the specific role of PAF and its receptor’s interaction
in amplification of the allergic response.

In human subjects serum PAF levels were significantly
increased in patients with acute allergic reactions, with higher
levels noted in patients with severe anaphylaxis.® Patients with
severe anaphylaxis had respiratory or cardiovascular
compromise, in which both organ systems are targets of PAF
bioactivity. High PAF levels better correlated with severe anaphy-
laxis compared with serum tryptase or histamine levels.”'>*-*"%7
Conversely, subjects with the lowest PAF levels had the least
severe reactions.”’

Role of PAF-AH and PAFR antagonists in patients
with anaphylaxis

PAF is rapidly hydrolyzed and degraded to an inactive
metabolite, lysoPAF, by the enzyme PAF-AH. PAF-AH is a
calcium-independent enzyme belonging to group 7 of the family
of phospholipases A,.'® Circulating levels of PAF are controlled
by the activity of PAF-AH,”"** which is an important determinant
of PAF’s short half-life.”'""!

Patients with the lowest PAF-AH levels were at highest risk
of severe anaphylaxis, whereby PAF-AH activity correlated
inversely with PAF levels.”'”'*> Several studies have
independently confirmed that PAF-AH deficiency predisposes
to severe anaphylaxis, and more rapid rates of inactivation of
PAF result in milder allergic manifestations.”'***
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Basal PAF-AH levels studied in patients with Hymenoptera
venom allergy showed that patients with grade III or IV
anaphylaxis had the lowest basal enzyme activity,4g confirming
earlier published findings”'~” showing that low PAF-AH levels
are a risk factor for severe anaphylaxis. Factors affecting
PAF-AH levels have been studied, including stability of precursor
molecules,”” susceptibility to oxidant attack’' and clearance rate
from plasma.”” PAF-AH in plasma forms circulating complexes
with lipoproteins; in particular, low-density lipoprotein (LDL)
and removal of LDL from the circulation might increase the
clearance rate of PAF-AH and modify the activity of PAF-AH
in blood. Decreasing LDL levels pharmacologically might
unintentionally lead to an increased risk of anaphylaxis.*’

There has been much interest around the development of drugs
that selectively block the actions of PAF as both long-term
prophylaxis and emergency treatment and for those at high risk
for fatal anaphylactic reactions. In animal studies PAF antagonists
have shown protection against airway hyperreactivity,
shock, allergic disorders, ischemic tissue damage, and other
inflammatory disorders.”*>" In animal models treatment with
PAFR antagonists significantly reduced the severity of peanut-
induced anaphylaxis and accelerated recovery from anaphylactic
reactions.’” Pretreatment with a combination of antihistamine and
PAFR antagonist has shown synergistic and dramatic benefit.””
However, there continues to be a pressing need for more selective
and targeted therapy for the management of severe anaphylaxis.

PAF analogues

Although structurally related, the biochemical activity of PAF
analogues might be reduced in comparison. Triggiani et al’*
investigated the preferential production of an acyl analogue of
PAF (1-0-acyl-2-acetyl-sn-glycero-3-phosphocholine) by baso-
phils, mast cells, and endothelial cells in comparison with
inflammatory cells that produce PAF. Recent research has
investigated the role of analogues containing lysoPAF, acetylPAF,
and butanoylPAF in assessing PAFR function and as possible
therapeutic targets.” MclIntyre”* investigated the properties of
oxidized analogues of PAF and found their functional activities
to be similar to those of PAF itself.

Similar to PAF analogues, structural homologues of PAFR
have been investigated as possible therapeutic targets in damage
caused by environmental stressors and microbes.”” Both PAF and
PAFR, as well as their analogues, have been implicated in athero-
sclerosis, reproduction, tumorigenesis, and inflammation.”°

PAF IN OTHER DISEASES

In addition to its role in anaphylaxis, PAF has also been
implicated as a mediator in both allergic and nonallergic inflam-
matory diseases. The roles of PAF and PAF-AH are still emerging
in a number of conditions, and precise pathogenic roles have yet
to be elucidated. The therapeutic role of PAF antagonism has been
investigated for several diseases, with variable results thus far.
PAF and PAF-AH have been reviewed for allergic rhinitis,
asthma, sepsis, atherosclerotic disease, and malignancy, disease
entities in which PAF signaling has an established role.

Allergic rhinitis and asthma
PAF is thought to be an important mediator in the pathogenesis
of allergic rhinitis. PAF has been demonstrated in nasal lavage
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fluid from patients with allergic rhinitis after allergen challenge.’®
Human PAF nasal provocation leads to increased nasal airway
resistance, reduced nasal volume, and symptoms of nasal
obstruction.”’ >’ Biochemically, PAF challenge results in nasal
hyperresponsiveness to histamine and kinins and recruitment of
neutrophils and eosinophils to the nasal mucosa.”® %! PAFRs
are expressed in nasal mucosal epithelial cells, submucosal
glands, vascular endothelial cells, mast cells, leukocytes, and
lymphocytes.”” In animal models of allergic rhinitis, PAFR
antagonists reduce nasal airway resistance and vascular
permeability after allergen challengq.(’}'64 Rupatadine is a dual
antagonist of histamine and PAFRs.”” A recent meta-analysis of
10 trials of rupatadine in patients with allergic rhinoconjunctivi-
tis, comprising 2573 patients, found a favorable risk-benefit
profile and efficacy for relief of overall allergy symptoms
(ie, both nasal and ocular symptoms).°® Rupatadine is licensed
for use in patients with allergic rhinoconjunctivitis in several
countries outside North America.

PAF is one of many mediators involved in the pathogenesis of
asthma. PAF inhalation resulted in bronchoconstriction,
bronchial reactivity, impaired gas exchange, mucus hypersecre-
tion, and infiltration of inflammatory cells.®””! LTs, mediators
with an established role in asthma, can act downstream of PAF
in asthmatic patients.”’”’” The 5-lipoxygenase inhibitor zileuton
prevented the effects of inhaled PAF in patients with mild
asthma, suggesting that the respiratory effects of PAF might be
mediated by thromboxane and LTs.””’"*7* 1In addition,
PAF-AH levels were significantly lower in adults with asthma
compared with those in healthy control subjects, supporting
an association between PAF-AH deficiency and asthma.’’""
Despite this, trials of PAF antagonists and recombinant
PAF-AH have not shown clinical benefit in asthma, likely
reflecting the multitude of proinflammatory mediators under-
lying asthma pathogenesis.’*”!

Sepsis

PAF is one of the multiple inflammatory mediators involved in
the systemic inflammatory response that results in clinical
sepsis.”® PAF activates key cells of the innate immune system,
including neutrophils, monocytes, and platelets, inducing platelet
aggregation, cytokine synthesis, and release of neutrophil
extracellular traps for extracellular microbial destruction.*®”””®
PAF also interacts with other inflammatory mediators central to
sepsis, including TNF-ac and nitric oxide.”® In animal studies
increased serum PAF levels have been documented during sepsis,
and infusion of PAF resulted in hypotension, shock, and death.”®
In human sepsis studies findings have been conflicting.”® Some
studies have found increased serum PAF levels in septic
patients,””® but others have found no significant increase
compared with levels in healthy control subjects.®’* Plasma
PAF-AH activity has also been found to be decreased in some
patients with sepsis, raising the possibility of a pathogenic
imbalance between increased PAF generation and decreased
degradation.% A short-term analysis of patients with acute lung
injury and acute respiratory distress syndrome predominantly
caused by sepsis found that nonsurvivors had significantly lower
plasma PAF-AH activity than survivors.®’

Different approaches to pharmacologic termination of PAF
activity in septic patients have been examined in clinical trials
with limited success. One approach involved the use of direct
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antagonists of PAFR. Collective results from studies totaling 1279
patients revealed a nonsignificant (3.1%) reduction in mortality
with use of PAFR antagonists,”* ™’ although subgroup effects
were seen in some of the studies (reviewed by Marshall®’).
Animal studies have suggested that combination treatment with
receptor antagonists for LTB,; or other proinflammatory
mediators with PAFR antagonists might be of benefit.”'
A second approach used recombinant PAF-AH to hydrolyze
PAF.*® This approach showed initial success in a multicenter
phase II trial of 127 patients with severe sepsis, resulting in
significant reduction in 28-day all-cause mortality (21% vs
44%, P = .03).” A subsequent phase III randomized
placebo-controlled trial of patients with severe sepsis examined
administration of recombinant PAF-AH daily for 5 consecutive
days. This study was halted after an interim analysis revealed
no significant reduction in 28-day all-cause mortality or
secondary end points, such as acute respiratory distress syndrome
or days free from coagulopathy, respiratory, renal, and
cardiovascular failure.” Patients in this study were not stratified
according to endogenous PAF-AH levels, and it has been
suggested that this might have contributed to the apparent lack
of efficacy.*’

Atherosclerosis

PAF-AH, also known as Lp-PLA,, has been identified as a
marker to stratify patients at risk of coronary atherosclerotic
disease. PAF-AH is released from macrophages in atherosclerotic
plaques, and plasma PAF-AH forms complexes with lipoproteins
in LDL cholesterol.”*”" Increased PAF-AH expression has been
demonstrated in human atherosclerotic plaques,”® and an animal
study demonstrated increased PAF-AH activity in atherosclerotic
vessels compared with nonatherosclerotic vessels.”*”® Whether
PAF-AH has a direct pathogenic role in atherosclerosis or rather
is a biomarker reflective of other factors that increase
atherosclerotic risk has not yet been established.”” It has been
postulated that PAF-AH might play a direct role in atherogenesis
by liberating arachidonic acid from LDL cholesterol particles,
providing the precursor for generation of prostaglandins and
LTs.”” Increased PAF-AH expression has been demonstrated in
ruptured and rupture-prone atherosclerotic plaques, suggesting
a potential role in plaque progression or instability.”” Plasma
PAF-AH activity is associated with the presence of angiographic
coronary artery disease independent of conventional risk factors,
such as LDL cholesterol.”””® Consensus guidelines recommend
measurement of PAF-AH (Lp-PLA,) levels in moderate- to
high-risk patients as an adjunct to traditional cardiovascular risk
assessment.”” Therapeutic use of PAF-AH inhibition has been
met with disappointing results thus far. Darapladib, an oral
PAF-AH inhibitor, was initially demonstrated to prevent
expansion of necrotic cores in coronary atheroma compared
with standard-of-care treatment.'’C However, 2 recent large
double-blind, placebo-controlled trials found no reduction in
major coronary events with addition of darapladib to optimal
medical therapy in patients with acute coronary syndromes or
stable coronary disease.'’"'> A smaller multicenter
placebo-controlled study also found no significant improvement
in radiographically imaged vascular inflammation with short-
term use of rilapladib, another oral PAF-AH inhibitor.'*
A recent population-based study among Han Chinese patients
suggests that select polymorphisms in the PAF-AH gene correlate



1430 GILLET AL

with higher circulating PAF-AH levels and higher coronary
risk, 104

Malignancy

A key role for PAF is developing in the field of oncology. PAF
has been identified as one of the mediators present in the tumor
microenvironment, and PAF signaling has been implicated in
tumor growth, angiogenesis, and metastasis in a number of in vitro
and animal models.”'°>'°° PAF and PAFR agonists are generated
after exposure to oxidative stress and inhibit the antitumor
immune response.'”’” In an animal model of lung cancer,
administration of PAFR agonists led to increased tumor growth
and lung metastasis.'”® In a recent animal study the oxidative
stress of traditional chemotherapy promoted PAF production
and subsequent treatment failure, suggesting a role for PAF
signaling in treatment outcomes.'’* Interestingly, these untoward
effects were inhibited by antioxidants, COX-2 inhibitors, or
depletion of regulatory T cells.'”® Further studies with these
strategies and PAF antagonists are anticipated.

PAF: EMERGING ROLES AND FUTURE DIRECTIONS

In addition to its involvement in allergy, atherosclerosis,
malignancy, and sepsis, a role in a number of diverse conditions
from asthma to pre-eclampsia is emerging for PAF signaling. The
importance of PAF-AH as an antioxidant is being increasingly
recognized. A study of patients with adult-onset asthma
correlated higher PAF-AH activity with decreased development
of asthma.'"’ The effect of dietary antioxidants on PAF signaling
is also being explored. In healthy volunteers healthy dietary
patterns and dietary antioxidant intake were inversely correlated
with serum PAF and PAF synthetic enzyme levels, suggesting
the potential for dietary influences on PAF levels.''" Along
these lines, another group looked at lipid profiles and PAF-AH
activity in neonates born to women with pre-eclampsia
compared with healthy neonates.''' The neonates of women
with severe pre-eclampsia had significantly higher PAF-AH
activity and lipid profile changes suggestive of chronic
inflammation.''" It is not yet known whether this inflammatory
profile at birth is associated with long-term sequelae.1 1 Finally,
PAF-AH expression is not limited to humans and other mammals.
Leishmania species, an intracellular protozoan, expresses
PAF-AH, which appears to play a key role in virulence of the
organism.'"?

It is clear that the PAF signaling pathway is fundamental to a
number of pathologic processes, and therefore control of this
pathway should hold great promise in the therapeutic arena. We
are still in the early stages of understanding PAF signaling, and
further investigation of its role in pathology and therapeutic
modulation is highly anticipated.
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