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Foreword

The fields of allergy, immunology, and otolaryngol-
ogy are inextricably linked. Immunologic dysregula-
tion is recognized to be the underpinning of a wide
variety of diseases of the head and neck, and on a
daily basis the practicing otolaryngologist must
draw upon principles of allergy and immunology in
the diagnosis and treatment of patients. For example,
it is a rare patient presenting with a sinonasal com-
plaint in whom consideration of allergic etiologies
is not relevant. The otolaryngologist must also have
a strong understanding of autoimmune illnesses to
recognize the unique array of potential head and
neck manifestations associated with autoimmune
disease. Equally important, a deeper understand-
ing of immunopathology may be the key to unlogks
ing the mechanisms of major diseases ranging from
chronic rhinosinusitis to head and neck caneer~Thus,
it is imperative for the otolaryngologist te master
principles of allergy and immunology in ordertto
provide optimal patient care.

The body of knowledge encompassed by allergy
and immunology is rapidly evolving and expand-
ing, posing a great challenge for otolaryngologists

vii

seeking to keep up with diagnostic and treatment
advances in the field. This splendid textbook offers
a comprehensive, multidisciplinary encapsulation
of contemporary allergy and immunology for the
otolaryngologist. Drs. Rosenstreich, Fried, de Vos,
and Jackman have assembled an illustrious group of
authors who have managed to distill the essentials
of allergy and immunology for the otolaryngologist
without sacrificing scientific content or detail. The
reader will appreciate clear elucidation of basic sci-
ence concepts and the practical translation of basic
science prificiples to the clinical management of
otelaryngologic illnesses. Diagnostic and treatment
guidelines are presented with a comprehensive and
pragmatic approach. This book is essential reading
fortall otolaryngologists, from trainees looking to
grasp the breadth of overlap between otolaryngol-
ogy.and allergy /immunology, to seasoned otolaryn-
gologists seeking to update their fund of knowledge
with the latest developments in immunophysiology
and clinical treatment. The knowledge gained from
this expertly edited volume will benefit our patients
tremendously.

—Peter H. Hwang, MD
Professor and Chief
Division of Rhinology and Endoscopic
Skull Base Surgery
Department of Otolaryngology-Head &
Neck Surgery
Stanford University School of Medicine



Fundamentals of Immunity

Denisa E. Ferastraoaru, Robert Tamayev, and Harris Goldstein

OVERVIEW OF IMMUNITY

The discipline of Immunology is focused on stadyy
ing the function of the immune system, including
the mechanisms utilized by our body to defend itself
against different types of infections and malfunc*
tions that result in immunological disorders\Since
we are constantly exposed to innumerabléymicroot-
ganisms (normal microflora or pathogenic ones); our
immune system has to identify foreign pathogens
from self and prevent themsfromncausing disease:
This process is generally termed the immuneiesponse.

There have been numerous advanges in our
current understanding of how the immune system
functions through its immune responses. Given the
complexity of this subject, we can only provide in
this chapter a basic introduction to the main com-
ponents and functions of the immune system. We
highlight the most common terms used inimmunol-
ogy and how the immune system is involved in the
pathophysiology of ear, nose, and throat disorders.

One of the main functions of the immune
response is to identify the microorganisms that
threaten the human body, by recognizing any mol-
ecule or part of a molecule that is present in poten-
tially harmful or foreign substances. These foreign
molecules are termed antigens (antibody generators)!
and are usually proteins or polysaccharides, and less
frequently lipids, and can be endogenous or exog-
enous. Specific cells use a variety of mechanisms to
take up or bind the antigens and to degrade them
once captured.

Highlyspecialized structures expressed by lym-
phocytes recoghize antigens, and these lymphocytes
along with anumber of other cells, effector molecule
andyenzymes, constitute the immune system. The
immune system is considered to have 2 basic types
of defense mechanisms. The adaptive immune re-
sponse consists of responses that develop during the
lifetime of an individual in response to exposure to
new antigens. Its main function is to protect against
infections by producing antibodies and forming
memory cells. The innate immune response is present
from birth and consists of a number of different com-
ponents, including physical barriers (skin, mucous
membranes, and low gastric pH), enzymes, and cells
that act nonspecifically against infectious organisms.>?

There are 2 types of immune responses that
work closely together: adaptive and innate.

THE INNATE IMMUNE SYSTEM

The innate immune system, the nonspecific por-
tion of the immune response, is primed to respond
immediately to and provide host defenses against
microorganisms. It is capable of mounting a rapid
response against any pathogenic invader that infil-
trates the skin and mucous membranes, and to ini-
tiate signals that recruit and activate a subsequent
adaptive immune response. The innate and adaptive
immune responses work in close conjunction.
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Innate and adaptive immune responses
work closely together.

The innate immune system consists of fixed
barriers such as the skin, which prevents entry of
a pathogen into the body, and epithelial and muco-
sal layers that possess different factors that prevent
pathogen invasion (eg, cytocidal molecules such as
defensins, or cells with beating cilia that clear exte-
rior pathogens). In addition, environmental condi-
tions, such as the acidity of the stomach, and resident
normal flora of the gastrointestinal and urogenital
tracts prevent unrestricted entrance of pathogens
into the bloodstream.*

The innate system relies on a limited number of
genetically encoded receptors (pattern recognition
receptors, PRRs) that recognize structural motifs
common to bacterial or viral pathogens (pathogen-
associated molecular patterns, PAMPs).2 Othler
distinct receptors recognize molecules expfessed
normally by cells of the body (“self”/molegules):
Identification of these self molecules delivers“an
inhibitory signal to immune cells that prevefits aeti-
vation of the immune response against host tissues.
Natural killer (NK) cells are another type of protéc-
tive cell that kills abnormal cells that have dowhreg-
ulated their molecular histocompatibilityscomplex
(MHC) class I proteins due topathogen infection.or
neoplastic transformation.’

Skin, mucosa, stomach acidity, NK cells,
complement system, toll-like receptors
(TLRs), and chemokines are all components
of the innate immune system.

Components of the Innate
Immune System

Cells of the Innate Immune System

Phagocytes. Phagocytic cells (neutrophils and
macrophages) are 2 of the major cellular compo-
nents of the innate immune system. Their main func-
tion is to identify and kill pathogens that enter the
body through a process called phagocytosis. Through
this process, bacteria and other foreign substances

are ingested after PAMPs on the pathogen surface
are recognized by PRRs or after pathogens have
been opsonized by specific molecules (such as C3
molecules of the complement or immunoglobu-
lin G). The foreign particle is trapped in a phago-
cytic vesicle (phagosome) inside the phagocytic cell.
The phagosome then fuses with a lysosome form-
ing a phagolysosome where the foreign substances
are degraded by different enzymatic processes*
(Figure 1-1).

An important mechanism by which phagocytes
kill ingested bacteria is through the release of bacte-
riolytic enzymes that break down the pathogen. This
activity is augmented by a respiratory burst, where
the cells utilize different enzymes (NADPH [nicotine
adenine dinugleotide phosphate] oxidase, myeloper-
oxidase, andnitric oxide) to produce bactericidal-
frepoxygefitadicals. Lack of NADPH oxidase results
in¢hronicigrantilomatous disease, an X-linked reces-
sive disordet characterized by recurrent infections
with.catalase positive organisms such as Staphylococ-
cus auteus. Although the phagocytes of these patients
can ingest the pathogen, they cannot kill it, leading
6 chronic infection and abscess formation (reviewed
in Chapter 15).

Lack of NADPH oxidase results in chronic
granulomatous disease (CGD), character-
ized by infections with catalase-positive
organisms (eg, S aureus).

An alternative mechanism for attacking an
endocytosed pathogen is by producing small mol-
ecules such as defensins, bacteriocidal peptides that
perforate bacterial cell walls, and lactoferrin, which
decreases iron stores available to pathogens thereby
slowing their growth.

In addition, phagocytes send out other signals,
either through immunologic proteins or peptides
(cytokines and chemokines), or through cell-surface
receptors that initiate activation of the adaptive
immune response.

Neutrophils. Neutrophils play a crucial role in the
innate inflammatory response and are the first cir-
culating cells to migrate toward the site of infection.
Neutrophils are produced and mature in the bone
marrow and then are released into the bloodstream.
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Figure 1-1. The process of phagocytosis. A. PAMPs on the surface of bac-
teria are recognized by PRRs onthe surface of phagocytes. B. The bacteria
are internalized in the phagosome. C. The phagosome fuses with a lyso-
some (which.centains different bactericidal enzymes) forming the pha-
golysosomée where the bacteria are lysed. D. The lysed bacterial particles
are removedithrough the process of exocytosis.

They are the main phagocytic population inthe body
and are found in great numbers in the bloodstream
and in infected areas.

Activation of neutrophils involves the detection
of PAMPs through PRRs which stimulates activation
of the nuclear factor (NF)-kB pathway. This initiates
activation of different effector cell functions includ-
ing degranulation, the oxidative burst, and media-
tors production.®

Neutrophils have surface receptors for immu-
noglobulin G (IgG) and the C3b component of the
complement system, which enable them to identify
their targets after they have been opsonized by these
molecules. Neutrophils target binding causes inter-
nalization of the pathogen followed by the release of
bactericidal enzymes and bacterial death.

The main cytocidal mediators produced by neu-
trophils include serine proteases, reactive oxygen
species, defensins, and cytokines:

* Serine proteases (neutrophil elastase
and proteinase 3) are found in neutrophil
granules. Their main function is
to degrade and kill phagocytosed
pathogens.”

* Reactive oxygen species (superoxide,
hydrogen peroxide, and hydroxyl
radical) are generated by the actions
of different enzymes such as NADPH
oxidase, superoxide dismutase, and
myeloperoxidase. They also kill
phagocytosed pathogens.
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* Defensins are small peptides that exert
their antimicrobial activity through
increasing microbe cell membrane
permeability.8

¢ Cytokines are proinflammatory, anti-
inflammatory, and/or growth inducers.
Neutrophils produce a diverse repertoire
of cytokines. Cytokine production is
increased by inflammatory stimuli such
as the Gram-negative bacterial cell
wall lipopolysaccharide (LPS) and the
lipoteichoic acids of the Gram-positive
bacterial cell walls.”

After neutrophil activation, digestion and kill-
ing of the engulfed microorganisms, the neutrophils
die through the process of programmed cell death
(apoptosis) or via necrosis. Apoptosis is induced by
cellular enzymes (caspases) which lead to nuclear.
collapse, cytosolic vacuolization, and cell shrinkagle.
Necrosis is the process where the neutrophil<bissts
and releases its contents. This cycle of formatien and
death of neutrophils is a very important homeostatie
mechanism for maintaining the correct amount, of
neutrophils in the blood, enabling them to exext their
functions but also allowing for the eventual resolt-
tion of the inflammatory process.!?

Macrophages. Macrophages develop_from the dif-
ferentiation of blood-derived monocytes. This differ-
entiation process takes place in most tissues, especially
in those where pathogens are likely to enter such as
the skin and gastrointestinal and respiratory tracts.

Macrophage cell surface receptors recognize
danger signals (eg, bacterial LPS) that trigger activat-
ing signals resulting in a proinflammatory response
that kills phagocytosed intracellular pathogens.

Macrophage activation also leads to release of
cytokines such as interleukin (IL)-1, -12, and TNF
(tumor necrosis factor) which stimulate the adaptive
immune response. One of these cytokine functions is
to induce the differentiation of T helper (Ty) 1 cells.
In addition to phagocytosis and stimulation of Ty1
cell differentiation, macrophages can act as antigen-
presenting cells (APCs) and present processed pep-
tides to T cells.

Similar to neutrophils, macrophages secrete a
variety of pro-inflammatory and cytocidal molecules

including enzymes, growth factors, lipid mediators
(leukotrienes and prostaglandins), and reactive oxy-
gen species.!!

Dendritic Cells. Dendritic cells (DCs) are the most
important APCs in the body. Their cell surface is
characterized by long membrane projections called
dendrites, which give the cell its name. The DCs
develop in the bone marrow, circulate in the blood,
and then migrate into different peripheral tissues
such as the skin (Langerhans cells) and the mucosa
of the upper and lower airways and gastrointestinal
tract. They remain in the tissues in an inactive state
until they bind antigen. Once they encounter an anti-
gen, they upregulate specific surface receptors and
become mature DCs. They then migrate into drain-
ingAdymph-nodes where they activate B and T cells
by presentifig-the’bound processed antigen.

The APCs”such as dendritic cells can take up
antigéns thfough different processes, including
éndocytosis, macropinocytosis, or phagocytosis.

Endocytosis is a receptor-mediated process in
which cell membrane clathrin-coated pits bind anti-
gens forming clathrin-coated vesicles.!? In the pro-
cess of macropinocytosis, the invagination of the
membrane forms a pocket that develops into a ves-
icle filled with a large amount of fluid and diverse
pathogens or antigens.! This vesicle then fuses with
a lysosome resulting in antigen digestion and pro-
cessing (Figure 1-2).

As described earlier in the chapter, through
the process of phagocytosis the foreign substances
are opsonized by C3 or IgG, ingested by the phago-
cytic cells, and processed with the use of different
enzymes leading to their removal.

Through these 3 processes, extracellular aller-
gens are processed and bound to MHC class II mol-
ecules for subsequent presentation to CD4* T cells.
The details of antigen presentation and T-cell activa-
tion are discussed later in this chapter.

Natural Killer (NK) Cells. Natural killer (NK) cells
are effector cells of the innate immune system whose
role is to identify and mark for death, cells that are
infected with viruses or tumor cells that attempt to
evade killing by effector (CD8*) T cells.

The NK cells are derived from bone marrow
stem cells and circulate in the blood. They have both
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Figure 1-2. Foreign particle uptake by APCs. A. Phago-
cytosis. Through specialized receptors, the cell recog-
nizes the antigen and engulfs it in the phagosome.
The antigen is processed in the phagolysosome.
B. Macropinocytosis. Through cell membrane invagi-
nation, a pocket is formed where fluid and different
pathogens/antigens are frapped resulting a vesicle.
C. Receptor-mediated endocytosis. Cell membrane
clathrin-coated pits bind to different molecules/anti-
gens forming clathrin-coated vesicles.

cell surface-activating receptors (that activate the NK
cells when they bind to target cells) and inhibitory
receptors (that transmit an inhibitory signal if the
NK cells bind to a cell which has MHC class I mol-
ecules on its surface). The NK cells identify potential

targets by evaluating target cell class I MHC expres-
sion using special receptors (killer immunoglobulin-
like receptors, KIRs).

If the potential target cells are normal and not
malignant or infected, and have normal MHC class



