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A complex interplay of inflammatory cells and chemical medi-

ators is responsible for allergic inflammation. It is now under- Abbreviations used

stood that the allergic reaction consists of an early-phase LT: Leukotriene

response involving mast cell degranulation with the release of PAF: Platelet activating factor
histamine and a late-phase response characterized by the

migration of inflammatory cells. This review provides a sum-
mary of the early- and late-phase events associated with aller-

gic inflammation and an overview of the principal chemical lymphocytes are activated and mature into plasma cells
mediators involved in the inflammatory process. (J Allergy that produce allergen-specific IgE antibodies. The IgE
Clin Immunol 1999;103:5378-81) antibodies then bind to receptors on tissue mast cells and

The discovery of the role of histamine in immediate circulating basophils. On subsequent allergen exposure
hypersensitivity reactions and the identification of sub-allergen molecules bind to IgE antibodies, which results
classes of histamine receptors, (&#hd H,)1 led to the in cross-linking of IgE molecules and activates enzyme
development of selective [Heceptor antagonists for cascades in the cell membrane involving tyrosine kinase,
managing the histamine-related symptoms of allergicprotein kinase C, phospholipase C, phospholipase A2,
rhinitis. As research progressed, it became clear that thand an influx of calcium ions that results in the release of
pathophysiology of allergic rhinitis was the result not preformed (histamine) and newly synthesized chemical
only of histamine being released during the allergic reacmediators (leukotrienes, prostaglandins) in the early-
tion but also of several other chemical mediators. Includphase response.
ed among these mediators are arachidonic acid derive Mast cells also secrete interleukins and other cytokines
tives (leukotrienes and prostaglandins), vasoactive pefthat regulate the duration and intensity of the immune
tides (kinins), phospholipid mediators (platelet activatingresponse by promoting the expression of adhesion mole-
factor), and cytokines (interleukins and other biore-cules and by recruiting inflammatory cells, particularly

sponse modifiers). eosinophils, to the site of the allergic reaction. These
inflammatory cells release additional chemical mediators
OVERVIEW OF ALLERGIC INFLAMMATION in the late-phase response, leading to chronic inflamma-

tion, priming of nasal tissues, and tissue damage.
Allergic inflammation involves a complex interaction
of many different inflammatory cells that release a specMEDIATORS OF ALLERGIC INFLAMMATION
trum of chemical mediators ultimately affecting various
target tissues. Although the clinical manifestations of the
allergic response vary depending on the tissue and antige Histamine B-Imidazolylethylamine) is a vasodilator, a
involved, it is now understood that the allergic reactionconstrictor of smooth muscle, and a potent stimulant of
consists of an early-phase response primarily involvincvascular permeability, respiratory mucus, and gastric
mast cell degranulation accompanied by the release acid secretion. It exerts its effects on a variety of cell
histamine and other mediators including cytokines and types including smooth muscle cells, neurons, glandular
late-phase response that is characterized by the migraticcells (endocrine and exocrine), blood cells, and cells of
of inflammatory cells from the circulation. Eosinophil the immune systefln addition to its role in immediate
infiltration is a hallmark feature of allergic rhinitis and hypersensitivity reactions, histamine can exestrétep-
distinguishes allergic inflammation from other inflamma- tor-mediated anti-inflammatory activity including inhibi-
tory conditions of the upper respiratory tract. tion of human neutrophil lysosomal enzyme release,
The sensitization phase of the allergic response begirinhibition of IgE-mediated histamine release from
when antigen-presenting cells (Langerhans’ cells) dis-peripheral leukocytes, and activation of suppressor T-
play allergen fragments to T lymphocytes. In a proceslymphocytes?
that involves the secretion of IL-4 by T lymphocytes, B Histamine is synthesized in the Golgi apparatus of
mast cells and basophils by decarboxylation of the amino
acid histidine and is then stored in secretory granules in
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After continuity is established between the secretorymast cells. Similar to 5-lipoxygenase, cyclooxygenase
granule and the plasma membrane of the mast cell, hiccatalyzes the formation of relatively unstable intermedi-
tamine dissociates from the partially solubilized granulaiates PG2 and PGH2.These intermediates may then be
matrix by exchanging with sodium ions in the extracellu-converted nonenzymatically or enzymatically by specific
lar environment and is extruded into tissue spéces.isomerase/peroxidase or synthase enzymes to yield the
Recent studies provide evidence for an alternate secretprimary prostaglandins PGD2, PGE2, and BGF
ry process in humans, referred to as piecemeal degran
lation, in which histamine is released from mast cells
with retention of empty granule containers within the Kinins are potent peptide hormones formed de novo in
cytoplasm?’ The release of histamine from mast cells andbody fluids and tissues during inflammation. They are
basophils can occur by immunologic (IgE-mediated) ancderived froma2 globulins (high and low molecular
nonimmunologic (exercise-induced asthma) mechaweight kininogens) through proteolytic cleavage by a
nisms, thereby contributing to the symptoms of bothvariety of enzymes, the most important of which are
allergy and anaphylaxfsResearch also suggests that plasma and tissue kallikreid3.Three distinct kinins
activated T lymphocytes may participate in the process chave been identified in humans: bradykinin, kallidin (lys-
mast cell degranulation by direct cell-to-cell confact.  bradykinin), and met-lys-bradykin#f. Although some
] guantitative differences exist, all of the kinins possess the
Leukotrienes same basic pharmacologic properties including the

Leukotriene (LT) C4 and its products, LTD4 and induction of smooth muscle contractility, vasodilation,
LTE4, make up the biologic mixture previously known asand increased capillary blood flGw.
the slow-reacting substance of anaphylaxis. Leukotriene The generation of kinins in the inflammatory response
are generated by most cell types that participate itoccurs through a plasma pathway, a tissue pathway, and a
inflammatory reactions including mast cells, basophils,plasma/tissue-independent pathway. Kinin production by
eosinophils, neutrophils, and monocyte#\s chemical the plasma pathway is initiated by the interaction of acti-
mediators of inflammation, they have biologic activity vated factor XIl (Hageman factor) with prekallikr&én
similar to that of histamine. Studies of the effects ¢f H and high molecular weight kininogéhActivated Hage-
receptor antagonists on leukotriene release suggest ttrman factor (factor Xlla) initiates the conversion of
the mechanism may involve blocking the activity of prekallikrein to kallikrein, which furthers the conversion
receptor-coupled G proteifs. of factor XllI to Xlla. The action of kallikrein to further

Leukotrienes are derived from arachidonic acid, whichconversion of factor XIlI to Xlla is augmented by
is made available from cell membrane phospholipids byhigh molecular weight kininogen. The active kallikrein
the action of phospholipase A2or by the sequential released by this sequence of events cleaves high molecu-
action of phospholipase C and diacylglycerol liptse. lar weight kininogen to release bradykinin.

After being released from cell membranes by the actior The tissue pathway for bradykinin synthesis involves
of phospholipase A2, arachidonic acid is converted by 5tissue kallikreins that are physiochemically and immuno-
lipoxygenase to S-hydroperoxy-6,8rans-11,14¢€is- logically distinct from plasma kallikrei®® Tissue
eicosatetraenoic acid. The same 5-lipoxygenase path- kallikreins release kinins from both high molecular
way catalyzes the conversion o8-Bydroperoxy-6,8- weight kininogens and low molecular weight kininogens,
trans-11,14<cis-eicosatetraenoic acid to LT4 (LTAZ).  with low molecular weight kininogen making up approx-
LTA4 can then be converted to LTB47 or conjugated imately 70% of the total human kininogen p8d®IThe
with reduced glutathione to form LTG4&.In the later  ability of tissue kallikreins to react equally well with high
phases of the allergic reaction, after transport into themolecular weight kininogen and low molecular weight
extracellular environment, LTC4 can undergo furtherkininogen provides a larger pool of available substrate
metabolism to LTD4 and LTEW than is available to plasma kallikrein. Once activated, tis-
sue kallikreins are less susceptible to inhibition by pro-
tease inhibitors than plasma kallikrein, and they are the

Another group of arachidonic acid-derived moleculesonly known enzymes to generate the bradykinin precursor
that mediate allergic reactions are prostaglandins. Thkallidin. Kallidin can then be converted to bradykinin by
most abundant cyclooxygenase product generated by ttthe enzymatic removal of the N-terminal lysine. The inde-
immunologic activation of human lung mast cells is pendent pathway involves the action of kininogenases
PGD219 PGD2 is generated by human mast cells afteiother than kallikreins in the cleavage of high and low mo-
they are activated through the IgE receptor or by calciunlecular weight kininogen to form bradykinin.
ionophore20 The biologic effects of prostaglandins gen-  Although the relevance of kinins as mediators of allergic
erated during mast cell-dependent reactions in tissueairway disease is not clearly established, observations that
include modulation of smooth muscle contractility, vas-human mast cef8 and basophif® possess IgE-mediated
cular permeability, sensations of pruritus and pain, ankininogenase activity, that bradykinin receptors are present
platelet aggregation and degranulaién. in nasal mucos&. and that elevated levels of kinins are pre-

Prostaglandins are generated by cyclooxygenase, esent in nasal lavages of patients with allergic rhi#itis
enzyme associated with the endoplasmic reticulum osuggest a role for these peptides in allergic inflammation.

Kinins

Prostaglandins
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and mast cells and activation of eosinopB#4?
Increased levels of chemokines IL-8, macrophage
Platelet activating factor (PAF) is an ether-linked inflammatory protein-@, and RANTES, which correlat-
phospholipid, designated as such because of its discoveed with total symptom scores, together with cytokines
as a basophil-derived mediator of rabbit platelet activaTNF-a and GM-CSF, have been detected in nasal secre-
tion.33 PAF may be produced by several of the cells thations after allergen challenge in patients with allergic
participate in the inflammatory response including masrhinitis.41
cells, macrophages, neutrophils, and eosinoghilEhe The inflammatory changes that occur during the aller-
synthesis of PAF occurs as a 2-step pathway in whiclgic response produce priming of the nasal tissues. The
phospholipase A2 hydrolyzes a 1-O-alkyl-2-acyl-glyc- resultant nasal hyper-responsiveness leads to escalation of
eryl-3-phosphorylcholine to produce 1-O-alkyl-2-acyl- both the symptomatic and inflammatory response to addi-
glyceryl-3-phosphocholine (lyso-PAF), which is then tional allergic or irritant stimulation to the nasal mucosa.
converted by an acetyltransferase enzyme to PAF.
The biologic activities of PAF include platelet activa- CONCLUSIONS
tion, activation of neutrophils, and smooth muscle con-
traction21 Because PAF is rapidly inactivated in vivo, it A complex interplay of inflammatory cells and chem-
is likely that it triggers a chain of inflammatory events. ical mediators is responsible for allergic inflammation.
PAF stimulates the accumulation of eosinophils toThe understanding of how the mast cell-mediated events
endothelial surfaces, which may be the first step inof the early-phase response lead to the late-phase
the recruitment of eosinophils into tissues. Eosinophilsresponse and chronic inflammation indicates that effec-
also are a source of PAF and can attract additionetive management of allergic diseases must address the
eosinophils, which can potentiate the inflammatory reacinflammatory component. However, the numbers of
tion. PAF stimulates eosinophils to release basic proteinimediators, their multiple effects and sites of action, and
leading to epithelial cell damage, and causes an increasthe interplay among the mediators and effector cells in
expression of low-affinity IgE receptors on eosinophilsthe inflammatory process suggest that no single mediator
and monocyted?4 can be targeted. The most effective therapies will com-
] . bine the receptor antagonist approaches of the antihista-
Cytokines and chemokines mines with the anti-inflammatory properties of cortico-
An increasing body of evidence suggests that cytokinesteroids. Recently, specific leukotriene antagonists have
play a critical role in late-phase inflammatory events assobeen developed for use in chronic bronchial astfima,
ciated with allergic rhinitis and asthma, and that the masand further studies into the role of cytokines and
cell is a source of many multifunctional cytokir®®s. chemokines in the inflammatory process may lead to new
Cytokines such as IL-1, -2, -4, -5, -6, TNF-and GM-  treatment approaches for respiratory disease.
CSF influence the course of allergic inflammation by
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