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Abbreviations used

AERD: Aspirin-exacerbated respiratory disease

AFS: Allergic fungal sinusitis

CCS: Corticosteroid

CF: Cystic fibrosis

CHES: Chronic hyperplastic eosinophilic sinusitis

CS: Chronic sinusitis

CT: Computed tomography

CysLT: Cysteinyl leukotriene

HIF: Hypoxia-inducible factor

LTC4S: Leukotriene C4 synthase

NES: Noneosinophilic sinusitis

NP: Nasal polyp

PAI-1: Plasminogen activator inhibitor 1

PG: Prostaglandin
Chronic sinusitis with nasal polyposis historically has been
treated as a single monolithic clinical disorder. Just as asthma is
now accepted as numerous heterogeneous diseases, chronic
sinusitis should also be viewed as comprising several diseases
with varying causes, with each one characterized by distinct
histologic and gene and protein expression patterns. This
includes recognition of the need to define these diseases based on
the presence or absence of an eosinophilic infiltrate but also on
additional distinctions based on unique agents that drive their
development and perpetuation. As a collection of heterogeneous
diseases, proper differential diagnosis is required to delineate
appropriate therapeutic intervention. This review will focus on
recognized distinct presentations of chronic sinus disease,
including distinguishing the clinical presentations, cellular and
molecular characteristics, genetic differences, and current
treatment options for each. (J Allergy Clin Immunol
2011;nnn:nnn-nnn.)
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Diseases within the sinuses produce one of the most common
health care problems, affecting approximately 16% of the pop-
ulation and having a significant adverse effect on quality of life
and daily functioning.1 Historically, chronic sinusitis (CS) was
considered a unimodal disease, and as such, all patients had the
same treatment options. In recent years, this idea has been chal-
lenged, and it is now recognized that there exist multiple variants
of CS, each requiring unique approaches to management. There
has also been a move toward renaming this spectrum of diseases
with the term rhinosinusitis in an attempt to emphasize the
concept that patients present with symptoms attributable to not
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Terms in boldface and italics are defined in the glossary on page nnn.
only the sinuses but also to nasal inflammation that might often
but not always be present. Our use of the term sinusitis through-
out this review is to emphasize that we are focusing exclusively
on the pathological component present in the sinuses to avoid
confusion insofar as associated nasal diseases can comprise dis-
tinct pathological entities. Furthermore, this term can be mislead-
ing in suggesting that the natural progression of sinusitis is
initially driven by inflammation in the nasal cavity. Although it
might often be the case that sinus ostial obstruction and subse-
quent sinusitis can result from primary allergic or upper respira-
tory tract infectious inflammation in the nose, it remains
unproved from prospective studies whether and how often this
is the actual order of events.

This review will focus on the recognized subtypes of
inflammatory diseases of the sinuses, including distinguishing
clinical presentations, cellular and molecular characteristics,
genetic differences, and treatment options for each, to better
address these issues, while temporarily setting aside this
controversy. Although CS with nasal polyps (NPs) is also a
near-universal complication of cystic fibrosis (CF), this is
already a well-recognized association and will not be a focus
of this review.
STRUCTURE AND FUNCTION OF THE SINUSES
The paranasal sinuses and turbinates develop from primordial

ridges that develop along the lateral nasal cavity wall during
fetal development. With the exception of the inferior turbinate,
the sinonasal structures all develop from these ethmoturbinals.
Although there is a fairly consistent pattern to the formation of
these structures, resulting in a series of oblique structures that
attach to the lamina papyraceae (uncinate process, ethmoid
bulla, middle turbinate, superior turbinate, and sometimes a
1
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supreme turbinate), the extent and complexity of pneumatiza-
tion can be variable. At birth, the maxillary, frontal, and
sphenoid sinuses are fairly nascent, expanding out from these
primary structures into their respective cranial bones during
childhood and adolescence.2

Although the structure of the sinuses is well understood, the
actual purpose of the paranasal sinuses remains unknown. Various
ideas have been proposed over time, including lightening the
weight burden of the head, enhancing vocal resonance, or
providing a thermal insulating barrier. A recently proposed theory
suggests that they serve as a ‘‘crumple zone’’ for the vital
structures of the head (eyes and brain) to dissipate destructive
forces resulting from trauma.3 Whether part of their original tel-
eological function, they have now been found to also produce ni-
tric oxide, an immune mediator capable of killing bacteria,
viruses, fungi, and tumor cells that, through inhalation, can func-
tion as a bronchodilator. The sinuses thereby also contribute to the
innate immune defense of the airway.

Proper functioning of the sinuses relies on adequate drainage of
their produced mucus and normal ventilation. Even when against
gravity, in the case of the maxillary sinus, this mucociliary
clearance is a highly coordinated effort of millions of beating cilia
that line the surface of the sinus epithelium, which have been
preprogrammed to move any mucus or particles toward the
natural, often slit-like opening (or ostium). This process can
easily be compromised by swelling or inflammation of the nasal
mucosa, which can result in both a decrease in ciliary beat
frequency4 and ostial obstruction and poor drainage. This combi-
nation leads to stagnation of sinus secretions and a lack of oxygen
in the sinus, further reducing mucociliary clearance and nitric
oxide production.
GLOSSARY

B CELL–ACTIVATING FACTOR OF THE TNF SUPERFAMILY (BAFF),

A PROLIFERATION-INDUCING LIGAND (APRIL): BAFF and APRIL are

both ligands that bind to the TNF receptor family member transmem-

brane activator and calcium-modulator and cyclophilin ligand interactor

(TACI) to activate B cells and induce class-switching. TACImutations can

cause common variable immunodeficiency.

BIOFILMS: Biofilms are comprised of bacteria embedded in a bacterial

matrix of polysaccharide, proteins, andDNAand function as a resistance

barrier to antibiotics and phagocytosis.

HYPOXIA-INDUCIBLE FACTOR (HIF): Hypoxia-inducible factor is a tran-

scription factor that binds to hypoxia-responsive elements. It is activated

during airway remodeling, is induced by vascular endothelial growth

factor, and occurs in inducible (HIF-1a) and constitutive (HIF-1b) forms.

IL-4, SIGNAL TRANSDUCER AND ACTIVATOR OF TRANSCRIPTION

(STAT6): The STAT family of transcription factors become phosphory-

lated, dimerize, and bind to palindromic DNA elements in response to

Janus-activated kinase pathways. STAT6 is important for IL-4 and IL-13

signals and activates GATA3 gene expression.

IL-6: IL-6 is released by dendritic cells, primes for TH2 effector cells, and

inhibits the suppressive functions of CD41CD251 regulatory T cells.

IL-22: IL-22 is thought to be a key regulator of epithelial cell homeostasis

and to be protective/regenerative rather than proinflammatory. It is

made by T cells (TH22 andTH17) andnatural killer (NK-22) cells, aswell as

by macrophages.

IL-33: IL-33 is an IL-1 family member that is produced by epithelial cells,

smooth muscle cells, and fibroblasts that increase both IL-5 and IL-13

production.
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CHRONIC SINUSITIS
By definition, CS is characterized by symptoms of nasal

irritation, anterior and posterior rhinorrhea, and nasal blockage
with the concomitant presence of pressure or pain in a ‘‘sinus’’
distribution that last more than 12 weeks.5-7 Corroboration with
objective criteria on nasal endoscopy or computed tomographic
(CT) imaging is essential because there can be significant overlap
in these symptoms with severe nasal inflammation or self-
diagnosed ‘‘sinus headaches,’’ which, although presenting with
nasal congestion and rhinorrhea, are more likely to be of migraine
or midfacial pain syndrome origin.8,9

A summary statement has divided CS into 2 subsets exclusively
defined by whether the chronic inflammatory sinus process is
present with or without NPs.6,7 This distinction was driven in
large part by research that indicated a significant association be-
tween nasal polyposis and the presence of tissue eosinophilia.10-13

Although the data are compelling that eosinophilia is more likely
to be associated with the presence of NPs, both the presence and
extent of eosinophilia in NPs can be quite variable, and a large
subset of NPs observed in patients with idiopathic nasal polyposis
do not demonstrate eosinophilia.12,14-19 These observations sup-
port the opposing expert view20 that although certain forms of
CS might be more likely to produce NPs, polyposis can develop
as a complication of any form of CS and should not be used as
the exclusive basis for diagnosis or treatment recommendations.
The association of eosinophilia to NPs is driven, to a large extent,
by recognition that certain, particularly proinflammatory, forms
of CS, such as allergic fungal sinusitis (AFS)21 and aspirin-
exacerbated respiratory disease (AERD),22,23 are characterized
both by a strong predilection for NP growth and the presence of
a robust eosinophilic infiltrate into the sinus cavity. The presence
MIDFACIAL PAIN SYNDROME: Also known asmidfacial segmental pain

syndrome.Midfacial pain syndrome is pain localized to themiddle of the

face and occurs because of migraine or sinus disease or after facial

trauma.

OMALIZUMAB: Anti-IgE can be used for the treatment of severe asthma

and has been used in clinical trials for the treatment of peanut allergy,

immunotherapy, and eosinophilic gastroenteritis.

TGF-b: TGF-b is associated with both proinflammatory and anti-

inflammatory states. High TGF-b production by gastrointestinal TH3

cells is associated with tolerance to food antigens, and lack of TGF-b

inmice is associatedwith autoimmunity. In patientswith allergic inflam-

mation, eosinophils and mast cells can make TGF-b, which contributes

to airway and esophageal fibrosis and remodeling. TGF-b consists of a

number of family members (TGF-b 1, 2, and 3) that reside on distinct

chromosomes and have differential tissue expression patterns.

TH17: TH17 cells are defined by production of IL-17A, IL-17F, IL-6, IL-21,

IL-22, and TNF-a and are involved in autoimmunity. Production of

IL-17 is increased by IL-23, which uses the transcription factor STAT3

to maintain a TH17 phenotype in CD41 T cells.

VASCULAR ENDOTHELIAL GROWTH FACTOR, PLATELET-DERIVED

GROWTH FACTOR: Vascular endothelial growth factor is a proangio-

genic factor; is increased relative to antiangiogenic factors, such as

endostatin, in asthmatic patients; can be produced by chymase-positive

mast cells in the airway; and is associated with airway remodeling that

can lead to airways dysfunction. Platelet-derived growth factor can

switch the airway smooth muscle phenotype from contractile to

proliferative.

is glossary.



TABLE I. Presentations of CS

CF

Infectious Idiopathic

With immune deficiency

Noneosinophilic Idiopathic

Caused by chronic rhinitis

Caused by anatomic predisposition

Eosinophilic CHES

AERD

AFS

J ALLERGY CLIN IMMUNOL

VOLUME nnn, NUMBER nn

PAYNE, BORISH, AND STEINKE 3
or absence of NPs can therefore be useful in clinical practice for
defining patients who are more or less likely to have eosinophilic
disease and, as such, are more or less likely to respond to
eosinophil-targeted therapies. However, it is the overarching
treatise of this review that the proper categorization of chronic
sinus diseases should be based primarily on distinct pathological
presentations and that this should form the basis for diagnostic
and treatment considerations (Table I). However, it should be
recognized that CS in reality presents as a spectrum of disorders
in which the level of eosinophilia and predilection for polyposis
exist on a continuum (Fig 1). Although wewill emphasize the dis-
tinct features of the pathology of eosinophilic and noneosino-
philic forms of these diseases, in reality patients can present
with variable overlapping features.
FIG 1. Eosinophilic and noneosinophilic forms of sinusitis present with

distinct pathological features and require distinct clinical approaches.

However, in individual patients CS presents along a spectrum in which

the level of eosinophilia and predilection for polyposis exists on a contin-

uum. CSsNP, Chronic sinusitis without nasal polyposis; CSwNP, chronic

sinusitis with nasal polyposis.
CHRONIC INFECTIOUS SINUSITIS
All forms of CS are associated with the loss of barrier and

innate immune functions that would normally prevent infection of
healthy sinuses, and as such, these patients are highly predisposed
to frequent and protracted bouts of acute sinusitis. Consequently,
all forms of CS are also associated with the loss of sterility
observed in healthy sinuses and, as such, are routinely associated
with the presence of anaerobic bacteria, gram-negative orga-
nisms, Staphylococcus aureus, and other bacteria. However,
chronic infection (ie, an episode of acute sinusitis that persists
beyond 12 weeks despite antibacterial therapy) is less often the
cause of CS and, when present, should raise suspicion for under-
lying immune deficiency, HIV, Kartagener syndrome, or CF.
Additionally, current recommendations are that patients with
CS should be evaluated for other factors that might have a caus-
ative or modifying role, such as allergic status or the presence
of anatomic abnormalities. The exact role of either of these
with respect to sinus inflammation is uncertain, but failure to ad-
dress them might result in a decreased level of patient improve-
ment.24 Patients with chronic infectious sinusitis are identified
pathologically by prominent neutrophilia and intense bacterial
infiltration (>105 to 106 colony-forming units/mL) within their si-
nuses. However, these patients with primary infectious sinusitis
should not be confused with most other patients with CS who
have a noninfectious inflammatory disorder that can be compli-
cated or exacerbated by overlying infection. In these latter pa-
tients, the presence of these bacteria reflects the loss of the
usual mechanisms responsible for maintaining sterility in the
healthy sinus cavity (eg, loss of mucociliary clearance and barrier
function) and the resultant secondary bacterial colonization.
These bacteria might be benign commensal organisms but, alter-
natively, likely promote or exacerbate each of the other presenta-
tions of CS through their ability to function as sources of antigens,
immune adjuvants, and superantigens.

The role of biofilms as a major component of chronic infections
has also been noted.Numerous studies have indicated the presence
of biofilms in patients undergoing endoscopic sinus surgery.25-27

Additionally, the presence of these biofilms has prognosticated a
poorer outcome after sinus surgery.28-30 It is not entirely clear
what the role of biofilms is in the pathogenesis of CS in patients
who have not had prior surgery. Furthermore, it remains uncertain
whether refractory patientswith biofilms havemore severe disease
as a direct result of the infection or as a function of the immune-
modulating characteristics imparted by associated toxins or
pathogen-associated molecular patterns. Biofilms are present
and likely contribute to all forms of CS.31 Thus biofilms act as
sources of bacteria that can emerge from this resting state and
differentiate into their planktonic form, driving acute superinfec-
tions. Also, as in patients with chronic infectious disease, bacteria
in biofilms can be sources of antigens, superantigens (eg, Staphy-
lococcus species–derived superantigens), adjuvants, toxins, and
other proinflammatory factors.31 This is particularly relevant,
for example, to AERD in which Staphylococcus species–derived
superantigens drive specific IgE production and promote the
severity of inflammation.32 Regardless, the concept that all CS
is primarily an infectious disorder, although mostly discredited,
still leads to the inappropriate use of antibiotics and surgical
drainage as primary modalities of treatment.
NONEOSINOPHILIC SINUSITIS
Idiopathic noneosinophilic sinusitis (NES) is thought to result

from chronic or recurrent occlusion of the sinus ostia caused by
viral rhinitis, allergic rhinitis, anatomic predisposition, or other
causes. These processes lead to recurrent and protracted bacterial
infections, possibly in association with barotrauma of the sinus
cavities and damage to the respiratory epithelium, ciliary de-
struction, prominent mucous gland and goblet cell hyperplasia,
bacterial colonization and biofilm formation, and chronic inflam-
matory changes.15,33 The inflammatory component of this form of
sinusitis consists of a mononuclear cell infiltrate with few neutro-
phils.19 Neutrophils, when present, suggest recent infection, CF,
or persistent infection. NES is associated with robust remodeling
with dense deposition of collagen and other matrix proteins.

Many studies have addressed the role of lymphocytes in the
various forms of CS. Although not a prominent feature of NES or,
similarly, chronic hyperplastic eosinophilic sinusitis (CHES) or
AERD, infiltrating CD4 and CD8 T lymphocytes are identified in
all forms of CS.34,35 In contrast to these T-cell studies, what is par-
ticularly striking is the prominence of infiltrating B cells, often in
the form of germinal center–like structures,15,36 and plasma cells,
and this finding is particularly prominent in patients with NES.
B-cell activation has been linked to the prominent expression of
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B cell–activating factor of the TNF superfamily (BAFF) and a
proliferation-inducing ligand (APRIL).36 This B-cell activation
is primarily associated with secretion of IgA antibodies.

The thick collagen remodeling seen in patients with NES is
reflected by the high expression of growth factors involved in
fibroblast and fibrocyte recruitment with secondary collagen
production, including TGF-b2, fibroblast growth factor, platelet-
derived growth factor, and vascular endothelial growth factor.33

However, other authors have had differing results when evaluat-
ing for TGF-b1,37,38 showing a decrease in TGF-b1 levels in
polyps, which was accentuated in patients without asthma. An-
other characteristic of NES is the presence of large numbers of
connective-tissue mast cells, which are less frequent in the eosin-
ophilic forms of sinus disease.33 These mast cells are also likely
candidates as sources of the fibrotic factors demonstrated in these
polyps. Increasing evidence points to the role of mast cells in
many diseases characterized by chronic injury and repair and a
resulting interplay between mast cells and fibroblasts.39,40

Microarray analysis of NES-NP demonstrated increased ex-
pression of hypoxia-inducible factor (HIF) 1a.41 This is consis-
tent with the concept that occlusion of sinus ostia is a likely
primary pathogenic mechanism in this form of CS and will lead
to the development of relatively high levels of hypoxia within
the sinuses.42 HIF-1a is a transcription factor induced under hy-
poxic conditions (and in response to tissue injury) that is involved
in the activation of inflammatory pathways.43 NP-derived fibro-
blasts increase their production of HIF-1a in response to
hypoxia,44 and a corresponding in vivo upregulation was also
demonstrated45 and is consistent with the hypoxic milieu ob-
served in patients with CS.46 Although the increased expression
ofHIF-1amight simply be a stress response, the implication can-
not be ignored that hypoxia might play a significant role in the
pathogenesis of NES, promoting the production of inflammatory
mediators and tissue fibrosis. This model is supported by the find-
ing that hypoxia increased production of CXCL8 (IL-8) and sev-
eral proangiogenic factors.44,47
Genetics of NES
Little is known regarding the development of this disease, and

as such, there are few studies that have directly assessed its
genetic component. An early study by our group identified the
plasminogen activator inhibitor 1 (PAI-1) gene as a possible can-
didate gene.48 A role for PAI-1 is consistent, with recent observa-
tions regarding the expression of PAI-1 and thrombotic/
fibrinolytic pathways in patients with CS.49,50 The 4G allele of
this gene has been linked to the regulation of fibrosis in asthmatic
patients and in particular to airway remodeling leading to irre-
versible obstruction.51 In our study the 4G allele was overrepre-
sented in the NES group compared with the control group of
subjects without sinus disease (0.53 vs 0.45).48 In a recent study
in which subjects were excluded if they had asthma, atopy, or as-
pirin intolerance (and thus were more likely to have NES), it was
found that patients with CS had an increased prevalence of a GG
genotype at position2174 of the IL-6 promoter compared with a
control group without sinus disease.52 This led to an odds ratio of
2.65 for having this genotype and having NES with NPs. Given
the effect of IL-6 on the differentiation of naive CD41 T cells to-
ward a TH17 lineage, this correlates with other authors who have
found an increased TH17 signature in NE-NPs.

37,38 IL-6 is also es-
sential for plasma cell differentiation, and this linkage also fits
into the previously discussed role for humoral immunity in pa-
tients with NES.
Treatment
When caused by anatomic occlusion, chronic inflammatory

sinusitis that has not resolved with conservative medical therapy
is generally responsive to surgical interventions, specifically
functional endoscopic sinus surgery.53 The increased ventilation
of the sinuses is likely able to contribute to the therapeutic benefit
observed after surgery because of a secondary reduction of
HIF-1a and hypoxically induced inflammation and fibrosis.
Furthermore, the increased ostial size allows for enhanced pene-
tration of sinonasal irrigants.54 When complicated by the pres-
ence of biofilms, patient improvement might be more limited,
however. Additional topical therapies have been used to combat
these limitations by augmenting the promotion of the mucus-
clearing effect of nasal saline irrigation with surfactants55,56

and antimicrobial agents.57
CHES
CHES is an inflammatory disease characterized by the

prominent accumulation of eosinophils in the sinuses and, when
also present, associated NP tissue.58-60 Although NPs frequently
occur with CF, AFS, and AERD, in the absence of one of these
conditions, the presence of nasal polyposis (especially in the con-
comitant presence of asthma) has been proposed as presumptive
evidence for CHES.61 However, CHES can only be unambigu-
ously diagnosed on histochemical staining of tissue for eosino-
phils or through quantification of eosinophil-derived mediators
(eg, eosinophil cationic protein ormajor basic protein). In patients
with CHES, the sinus tissue demonstrates a marked increase in
cells that express cytokines (eg, IL-5 and GM-CSF), chemokines
(eg, CCL5, CCL11, and CCL24), and proinflammatory lipid me-
diators (eg, cysteinyl leukotrienes [CysLTs]) that are responsible
for the differentiation, survival, and activation of eosino-
phils.60,62-64 Because eosinophils are a prominent source of
many of these cytokines and lipid mediators, this suggests that
CHES is a disease of unrestrained inflammation and that once
eosinophils are recruited, they provide the growth factors neces-
sary for their further recruitment, proliferation, activation, and
survival.58,62,63 Thus in contrast to NES, CHES behaves as a
self-perpetuating syndrome and, as such, does not respond well
to surgery alone.65

The cause of CHES is poorly understood. Many, but not all, of
these patients display allergic sensitization as determined by
positive skin prick test or IgE immunoassay results. In general,
aeroallergens do not access healthy sinus cavities, and this is
likely to be even truer with the occlusion of the sinus ostia that
occurs with this disease.66,67 However, these patients do display
worsening of sinus inflammation after aeroallergen exposures,
and nasal challenges exacerbate eosinophil influx into the si-
nuses.61 In the absence of direct access to the sinuses, these stud-
ies suggest systemic and/or local lymphatic recirculation of
inflammatory cells (ie, eosinophils, eosinophil precursors,68 den-
dritic cells, and TH lymphocytes) between the nasal epithelium,
nasal/sinus lymphatics, bone marrow, and sinus tissue that drive
this disorder.69-72 Alternatively, allergic (IgE) sensitization to
commensal fungi and bacteria colonizing the sinuses (or residing
in biofilms) might also be pathogenic.73-75 These patients often
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have asthma, and this disease shares many histologic and immu-
nologic features with asthma, suggesting that CHES and asthma
might comprise the same idiopathic immune process, attacking
the upper and lower airways, respectively.69-71
Genetics of CHES
More than 30 studies have been performed addressing a

possible genetic linkage to CHES and NP formation. Many of
these are single studies that have not been replicated and have low
numbers of subjects enrolled. As a result, only studies that have
been replicated or contain sufficient numbers will be discussed
here. Many of the genes associated with CHES fall into the
category of inflammatory genes, possibly indicating a role for
dysregulation of cytokine production in the induction and
maintenance of CHES. An association of IL-1a with CS and
NPs has been replicated in 3 separate studies with a G allele at
position 14858 in exon 5 of the gene being associated with
greater risk.76-78 Three studies have also described an association
of CS and NPs with the 2308 G-to-A polymorphism in the
TNF-a gene77,79,80; however, 2 other studies were unable to rep-
licate this finding,78,81 making the true significance of this poly-
morphism unclear. In patients with asthma, we reported that a
C-to-T polymorphism at position 2590 of the IL-4 promoter is
associated with increased risk of asthma.82,83 The C allele has
now also been associated with the development of NPs in 2 stud-
ies of Asian cohorts.84,85 Other inflammatory genes that have
been reported include IL-33, IL-22 receptor a1, IL-1ra, IL-1
receptor–like 1, and matrix metalloproteinase 9. Another genetic
region that has been linked with the development of CHES is the
human major histocompatibility complex. Numerous genes
within this region have been reported, suggesting a link to defects
in antigen presentation as a cause for disease. The HLA-
DQA1*0201 allele has been found to confer a 2 to 5 times in-
creased risk for disease.86,87 More than 12 other HLA alleles
have been implicated in disease development, although many
have not been replicated in subsequent studies.
Treatment
Because mucous inspissation and bacterial biofilms also con-

tribute to CHES, nasal saline irrigationwith or without surfactants
is themainstay of treatment for these disorders as well. As sources
for antigens and superantigens, bacteria contribute to disease
severity, and limited use of systemic (or possibly topical)
antibiotics might be useful. The addition of mupirocin to the
irrigations in patients with recalcitrant disease was shown to be
effective in patients with polypoid mucosa.57

Reflecting its pathological similarity to asthma, approaches
that are effective in patients with asthma are often effective in
patients with CHES, including corticosteroids (CCSs) and leu-
kotriene modifiers. Topical CCSs, although shown to be effective
in decreasing NP size and reducing recurrence after surgery,
might have limited efficacy against the CHES component of this
disease because of their limited capacity to access the sinus
cavity.88 Systemic CCSs can be extremely effective in the short
term both in reducing polyp size and targeting the inflammatory
component of CHES, and numerous studies have shown a reduc-
tion in IL-5, eotaxin, and eosinophil cationic protein levels with a
decrease in polyp mass.89 The combination of systemic CCSs fol-
lowed by intranasal CCSs has also been shown to be an effective
long-term strategy.90 This might reflect in part the use of the sys-
temic CCS to help intranasal CCS sprays gain access to the sinus
cavity. We found that budesonide nasal irrigations led to a de-
crease in the sinus CT score, a decrease in the reported sinus
symptom score, and an increase in sense of smell after a minimum
of 3 months’ treatment,91 which we attribute to improved sinus
access compared with nasal sprays. This effect is enhanced in
the postsurgical patient, as we had noted previously. It is likely
that providing the CCS in a large-volume liquid form (compared
with an aerosol or droplet form in which direct contact is much
more localized) is able to deliver the agent to areas otherwise
unreached through more traditional applicators. The study also
showed improvement in the severity of asthma in 75% of those
whose symptoms had been poorly controlled.91

There are no well-performed controlled studies of leukotriene
modifiers in patients with CHES, and most of the published
studies with leukotriene modifiers were conducted as add-on
therapy to intranasal CCSs, making them even more difficult to
interpret. In one study 24 patients who were actively treated with
intranasal steroids were followed for 3 months after starting
montelukast. NP symptom scores improved in 17 of the subjects,
and eosinophil polyp counts decreased when compared with
pretreatment values.92 No studies have compared leukotriene
receptor antagonists with 5-lipoxygenase inhibitors.

Surgery, as noted, is seldom effective by itself in providing
long-term benefit but might be essential both to initially address
aggressive hyperplastic disease before initiating optimal medical
therapy and to provide access for topically acting agents (eg, nasal
saline irrigants, surfactants, topical antibiotics, or intranasal
CCSs, including especially those delivered by means of saline
irrigation [budesonide inhalant suspension]).

Despite early enthusiasm, current studies do not support the use
of topical antifungal agents.93,94 This might reflect the absence of
a role for fungal colonization in patients with CHES; however,
this might also reflect the use of an unstable compound (ampho-
tericin B) that was not able to reduce fungal antigen load. The role
of allergy-directed therapies (eg, immunotherapy or omalizu-
mab) is reported but not established by compelling properly
performed clinical trials. In a small unblinded study 4 subjects
with atopic asthma received omalizumab after endoscopic sinus
surgery and demonstrated improvement in NP scores, whereas a
matched control group did not show improvements.95 In a larger
uncontrolled open-label study of 19 subjects with severe asthma
and CS, treatment with omalizumab for 16 months led to a reduc-
tion in NP size, with no patients needing sinus surgery and a de-
crease in intranasal CCS use.96 Antibodies that target IL-5 have
also been shown to be effective in diminishing NPs,97 specifically
in the CS cohorts displaying high levels of this cytokine and eo-
sinophilia. This observation emphasizes the utility of differentiat-
ing forms of CS based on their phenotype as opposed to merely
the presence or absence of NPs.
AFS
Occasionally, mold present as a commensal in the sinuses can

act as potent activators of pathogen-associated molecular pattern
receptor–induced innate immune pathways and synergistically
elicit robust TH2 lymphocyte and eosinophilic inflammatory re-
sponses, thereby producing this distinct disorder. Originally,
this disease was singularly ascribed to Aspergillus species; how-
ever, it is now recognized that many species of fungi, particularly



TABLE II. Features of AERD

Onset Third or fourth decades of life, later than other forms of asthma

Eosinophilic sinusitis Extensive pansinusitis, often with complete opacification of all sinuses

NPs Robust, rapidly growing, and require frequent surgical removal

Anosmia More frequently associated with complete anosmia than idiopathic eosinophilic sinusitis

Asthma When present, tends to be severe and difficult to control

Frequently associated with extensive remodeling and progressive irreversible decrease in lung function

Aspirin sensitivity Sensitivity to aspirin and other nonselective COX inhibitors

Patients generally tolerate selective COX-2 inhibitors

Eosinophilia Robust eosinophilic infiltration of bronchial airways, as well as sinuses and NPs

Also significant increases in circulating absolute eosinophil counts

CysLTs Patients display constitutive overproduction and overresponsiveness to CysLTs.

Aspirin (and other COX inhibitor)–induced reactions largely reflect surge in CysLT production.

Nonatopy In contrast to other forms of asthma, patients are often nonatopic (do not display IgE sensitivity to

aeroallergens or increased total IgE levels).

When present, allergic rhinitis reflects coincidental presence of this common disorder.
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dematiaceous varieties, are associated with AFS, including
Alternaria, Penicillium, Cladosporium, Curvularia, and Bipola-
ris species.98 This form of eosinophilic CS is characterized by
specific IgE sensitization, as demonstrated by skin prick tests or
serum immunoassays, along with increased total serum IgE con-
centrations.21 Development of AFS tends to occur in young,
atopic, immunocompetent subjects, with a slight female prepon-
derance.21 In contrast to other forms of eosinophilic sinusitis, this
disease is often unilateral and limited to 1 or a few sinuses. The
presence of intense eosinophilic infiltration and eosinophil-
derived secretory products, fungal hyphae, and extensive goblet
cell and mucus gland hyperplasia produces a thick dark brown
to green exudate (‘‘allergic mucin’’) that has a distinct appearance
both on CT examination and during surgical resection. The char-
acteristic CT scan findings include heterogeneously dense mate-
rial filling and expanding the sinuses while the mucus takes on
a dense, highly viscous consistency comparablewith that of paper
cement.99 The mucous and inflammatory responses often behave
as a space-occupying lesion, with expansion into proximate tissue
that obstructs the sinus ostia and might eventually cause bone ab-
sorption with resultant expansion into the orbits or cranium.100,101
Genetics of AFS
Only 1 study has attempted to address a genetic linkage with

AFS. In a modest study of 74 subjects, 44 with AFS, a weakly
significant association of disease was observed with the MHC
class II allele HLA-DQB1*03.102 The results should be inter-
preted with some caution because a high percentage of subjects
in the control group had positive skin prick test responses to at
least 1 fungal species.
Treatment
Treatment of AFS requires surgical removal with thorough

debridement. Treatments to forestall recurrence are recommen-
ded, including immunotherapy103,104 and omalizumab, although
these approaches have been poorly (if at all) studied.Most authors
advocate for prolonged oral CCS use, but there have been no pro-
spective randomized controlled trials. One article did indicate that
the use of a modified CCS protocol similar to that used in allergic
bronchopulmonary aspergillosis portended a better long-term
result. The role of topically administered CCSs in suspension
(eg, budesonide suspension) has been advocated but not studied
specifically.105 Although the standard of care because of apparent
efficacy in a few trials,106 a role for immunotherapy in preventing
AFS recurrence is difficult to understand given the absence of
compelling evidence that immunotherapy is particularly benefi-
cial when used for allergic rhinitis mediated by organisms associ-
ated with AFS, such as Aspergillus, Curvularia, or Bipolaris
species. No role for topical or systemic antifungal agents has
been clearly established.107 Recent literature has indicated a po-
tential role for itraconazole108,109 in some patients, but it remains
uncertain whether this is secondary to its antifungal or anti-
inflammatory properties.110 Unfortunately, the current absence
of an established postsurgical medical approach has led to a
poor prognosis with frequent recurrences and the need for further
surgeries.
AERD
AERD is a distinct disorder, the features of which are summa-

rized in Table II. AERDwas originally defined by the triad of NPs,
asthma, and aspirin sensitivity (Samter triad).111 Aspirin intoler-
ance occurs in as many as 20% of adult asthmatic patients and up
to 30% of asthmatic patients with CS or nasal polyposis.112,113

Features of this disorder are its association with severe and exten-
sive pansinusitis, often with complete opacification of all sinuses,
and its tendency to develop de novo in adulthood.When present in
patients who have avoided aspirin, extensive pansinusitis on CT
scan examination is suggestive of aspirin sensitivity.23 The nasal
polyposis of AERD is aggressive, withmultiple polyps and polyp-
oid changes observed that are characterized by rapid growth and,
in the absence of medical management, universal recurrence after
surgery.112,114 Despite the extensive involvement of the sinuses
with inflammatory tissue, this disease is surprisingly asymptom-
atic, and in contrast to acute sinusitis or NES, patients seldom
complain about ‘‘sinus pressure’’ or headaches. The one consis-
tent complaint is complete anosmia, a feature that produces per-
haps the greatest morbidity.

In many patients asthma does not develop, and thus the current
preference for the term AERD rather than aspirin-intolerant
asthma or triad asthma. However, when present, AERD produces
a particularly severe form of asthma that is often difficult to
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control and is frequently associated with aggressive remodeling
with a progressive irreversible decrease in lung function.23,115,116

The sinus and NP tissue display robust eosinophilia, which dis-
plays approximately 3-fold greater numbers of eosinophils than
observed in patients with CHES33 or that express approximately
5-fold greater numbers of eosinophils in the asthmatic airway.117

This can be a diagnostic feature of this disease. This eosinophilia
extends into the circulation and, when present in patients with
AERD who do not have asthma and have avoided aspirin, might
result in many of these patients being erroneously classified as
having a hypereosinophilic syndrome. Another feature that distin-
guishes this disease from other forms of asthma (or eosinophilic
sinusitis) is the absence of a role for allergy.112,114 These patients
often do not provide a history of allergic rhinitis and do not dis-
play IgE sensitization to aeroallergens, and total IgE concentra-
tions tend to be modest. When present, allergic rhinitis is
therefore likely the coincidental presence of this common disor-
der (although clearly this needs to be addressed as part of a com-
prehensive treatment plan). In contrast to the less common
presence of IgE responses to inhaled aeroallergens, studies have
indicated exaggerated local IgE responses to S aureus coloniza-
tion and subsequent biofilm formation that frequently develops
in the sinuses of patients with AERD. These responses take the
form of both superantigen-mediated polyclonal IgE production
and generation of IgE specific to the S aureus enterotoxins,
both of which promote the severity of inflammation.32

These patients have upper respiratory tract symptoms of nasal
congestion, rhinorrhea, and paroxysmal sneezing, typically with
severe exacerbations of their asthma after taking aspirin or other
nonsteroidal anti-inflammatory drugs that inhibit COX. These are
not allergic (ie, IgE-mediated) reactions to these medications, but
instead, these reactions directly reflect their pharmacological
mechanism. Ingestion of these agents leads to a decrease in
production of the COX product prostaglandin (PG) E2 and a surge
in secretion of CysLTs. CysLTs are produced by activated eosin-
ophils and mast cells. PGE2 inhibits activation of mast cells and
eosinophils, and when PGE2 concentrations are reduced by
COX inhibitors, they become activated.118 Several studies have
addressed the expression of PGE2 and the COX enzymes in pa-
tients with AERD and CHES and have consistently demonstrated
diminished presence of both PGE2 and COX-2.63,119 NP tissue
obtained from patients with AERD also displays diminished
expression of the anti-inflammatory PGE2 receptor (EP2), exacer-
bating the harmful effects of its diminished production.120 This
baseline deficiency in PGE2 renders patients with AERD increas-
ingly susceptible to a massive inflammatory response because
their eosinophils, basophils, and mast cells are dependent on the
modest concentrations of PGE2 that are available to prevent their
activation. The ensuing further reduction in PGE2 production
after aspirin ingestion, along with the limiting number of EP2
receptors, releases these cells from the constraints provided by
PGE2 and leads to the explosive inflammatory response. Support
for this concept is derived from the observation that exogenously
administered PGE2 prevents this response from developing.121

The PGE2 that protects mast cells and eosinophils from activation
appears to be derived from COX-1 because selective COX-2 in-
hibitors are generally well tolerated.122-124

AERD is also explained by the overproduction of and over-
responsiveness toCysLTs.60,63 PatientswithAERDdisplaydramatic
upregulation of 2 essential enzymes involved in CysLT synthesis:
5-lipoxygenase and leukotriene C4 synthase (LTC4S).

63,117,125
This overexpression drives both the constitutive overproduction of
the CysLTs and the life-threatening surge in CysLTs that occurs
with ingestion of aspirin and other nonselective COX inhibitors.126

CysLTs have important proinflammatory and profibrotic effects
that contribute to the extensive hyperplastic sinusitis and nasal
polyposis that characterize this disorder. In addition to their
overproduction, these patients display greatly enhanced sensitiv-
ity to the CysLTs, reflecting overexpression of the CysLT recep-
tors,127,128 including both the 2 well-characterized receptors and
newly described selective leukotriene E4 receptors.129-131 As
with the overexpression of the synthesis enzymes, enhanced
sensitivity to CysLTs is a diagnostic feature of this disease.
Genetics of AERD
As discussed, AERD is characterized by the overproduction of

leukotrienes, and as a result, many studies have looked for
association of genes involved with leukotriene synthesis or
response. The rate-limiting enzyme in leukotriene synthesis is
LTC4S. An A-to-C base exchange at position2444 of the LTC4S
promoter has been described that, depending on cell type, in-
creases expression of the gene.132 Several studies in different
ethnic populations have found an association of this base change
with AERD,48,133,134 whereas others have not found this associa-
tion.135,136 The importance of this exchange is still unclear. The
first committed enzyme in the synthesis of leukotrienes is
5-lipoxygenase. Within the promoter of the 5-lipoxygenase
gene, there exist multiple variants of the tandem repeat GGGCGG
that binds the transcription factor Sp1.137 One study has found an
increased odds ratio of 5.0 for the development of AERD in asso-
ciation with this gene,136 and another study found a linkage of this
polymorphism with increased severity of airway hyperrespon-
siveness in patients with AERD.138 Other associations with the
leukotriene pathway include the CysLT1 and CysLT2 receptors.
As with CHES, a few studies have reported the histocompatibility
locus as linking to the development of AERD; however, these
have only been single studies awaiting replication.
Treatment
Approaches described for CHES should all be part of the

AERD treatment regimen. Reflecting the important role of the
CysLTs in patients with AERD, these patients are often thera-
peutically responsive to leukotriene modifiers. Although reported
to improve asthma and upper airway symptoms and appropriate as
first-line therapy, these patients seem less responsive to the
leukotriene receptor antagonists (eg, montelukast and zafirlu-
kast). In contrast, the leukotriene synthesis inhibitor zileuton has
been shown in controlled clinical trials to improve asthma, reduce
CCS requirements, reduce NPs, and restore anosmia.139 The
greater beneficial response to this agent is poorly understood
but could reflect either a role for other leukotrienes (eg, leukotri-
ene B4) or for the CysLTs primarily acting through other CysLT
receptors (eg, the putative leukotriene E4 receptor or recep-
tors).129-131 These patients also uniquely benefit from aspirin de-
sensitization and subsequent ingestion of high-dose daily aspirin
(typically 1300 mg/d).140,141 Aspirin desensitization produces
improved asthma control, fewer requirements for CCS ‘‘bursts,’’
improved (or restored) sense of smell, reduced need for repeat
polypectomies, and greatly reduced occurrence of bacterial su-
perinfections of the sinuses.142 Although the basis for the benefit



TABLE III. Therapeutic implications and future directions for research

Disease Therapeutic implications

Unanswered questions/potential therapies/

future directions for research

Chronic infectious sinusitis Surgery

Antibiotics

As appropriate, therapies directed against

underlying diseases (immune deficiency, CF)

Intrasinus DNAse

Noneosinophilic sinusitis Surgery

Limited role for systemic/topical antibiotics

Nasal saline irrigation

Surfactants

Role of hypertonic vs hypotonic irrigation

Improved biofilm-targeting agents (xylitol, gold)

B cell–targeting agents (belimumab; anti-BLyS [BAFF] antibodies)

Chronic hyperplastic

eosinophilic sinusitis

Surgery

Nasal saline irrigation

Topical (intrasinus) CCSs

Role of allergy/allergy-targeting therapies (anti-IgE,

immunotherapy)

Eosinophil-targeting modalities (anti–IL-5/anti–IL-5 receptor)

Role of fungal antigens and antifungal therapies in certain subsets

AERD Surgery

Nasal saline irrigation

Topical (intrasinus) CCSs

Aspirin desensitization

Leukotriene modification, especially

5-lipoxygenase inhibitors

Specific leukotriene E4 antagonists

Eosinophil-targeting modalities (anti–IL-5/anti–IL-5 receptor)

IL-4/signal transducer and activator of transcription 6 antagonists

Role of Staphylococcus species/staphylococcal superantigen–

targeting approaches

Systems biology approaches to identify molecular mechanism

driving the AERD signature

AFS Surgery

Systemic CCSs

Immunotherapy?

Improved targeted antifungal antibiotics, systemic or topical

Better therapeutics for use in fungal immunotherapy

Eosinophil-targeting modalities (anti–IL-5/anti–IL-5 receptor)

Anti-IgE?
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of aspirin is not known, it is noteworthy that this treatment is as-
sociated with both diminished production of the CysLTs and di-
minished expression of the CysLT receptors.127,143 Both LTC4S
and CysLT receptor 1 and 2 gene expression are stimulated by
IL-4.144 We have shown that aspirin interferes with signal trans-
ducer and activator of transcription 6 signaling induced by IL-4
and prevents upregulation of these genes, providing a partial
mechanistic explanation for the efficacy of aspirin desensitiza-
tion.145,146 In the authors’ clinical experience, this desensitization
process is often more successful and safe when timed after sur-
gery. This might reflect the dramatic reduction in local cytokines,
a so-called IL-5-ectomy, that results from the removal of these in-
flammatory reservoirs, as suggested by the decrease in circulating
absolute eosinophil counts that often accompanies AERD-related
sinus surgery (personal observations). It is also likely that by
removing much of the reservoir of eosinophils (and other cells),
one can produce the CysLTs and the other mediators that drive
these reactions; surgery thereby also improves the safety profile
of the subsequent desensitization.
CONCLUSION
It is increasingly recognized that CS and nasal polyposis

comprise several disease processes with varying causes charac-
terized by distinct clinical presentations, distinct histologic gene
and protein expression patterns, and distinct agents that drive their
development and perpetuation. These diagnostic considerations
include a primary need to characterize disease based on the
presence or absence of an eosinophilic infiltrate. The presence of
systemic eosinophilia, allergic sensitization, concomitant asthma,
and a tendency to produce NPs support the diagnosis of one of the
eosinophilic forms of this disease. Although predictive of an
eosinophilic process, the presence of NPs alone is not an adequate
basis for making a proper diagnosis or predicting the response to
treatment. Sinus or NP tissue sampling might ultimately be
required to confirm classification. As a collection of heteroge-
neous diseases, proper diagnosis is required as the basis for
recommending proper therapeutic interventions (summarized in
Table III). Further work is needed both to delineate additional
presentations of CS and to identify readily accessible diagnostic
biomarkers for each subgroup that could be used in the clinical
setting.
REFERENCES

1. Benninger MS, Ferguson BJ, Hadley JA, Hamilos DL, Jacobs M, Kennedy DW,

et al. Adult chronic rhinosinusitis: definitions, diagnosis, epidemiology, and path-

ophysiology. Otolaryngol Head Neck Surg 2003;129(suppl):S1-32.

2. Stammberger HR, Kennedy DW. Paranasal sinuses: anatomic terminology and

nomenclature. The Anatomic Terminology Group. Ann Otol Rhinol Laryngol

Suppl 1995;167:7-16.

3. Kellman RM, Schmidt C. The paranasal sinuses as a protective crumple zone for

the orbit. Laryngoscope 2009;119:1682-90.

4. Chen B, Shaari J, Claire SE, Palmer JN, Chiu AG, Kennedy DW, et al. Altered

sinonasal ciliary dynamics in chronic rhinosinusitis. Am J Rhinol 2006;20:325-9.

5. Kaliner MA, Osguthorpe JD, Fireman P. Sinusitis: bench to bedside. J Allergy

Clin Immunol 1997;99(suppl):S829-48.

6. Meltzer EO, Hamilos DL, Hadley JA, Lanza DC, Marple BF, Nicklas RA, et al.

Rhinosinusitis: establishing definitions for clinical research and patient care.

J Allergy Clin Immunol 2004;114(suppl):S155-212.

7. Slavin RG, Spector SL, Berstein IL, Kaliner MA, Kennedy DW, Virant FS, et al.

The diagnosis and management of sinusitis: a practice parameter update.

J Allergy Clin Immunol 2005;116(suppl):S13-47.

8. Perry BF, Login IS, Kountakis SE. Nonrhinologic headache in a tertiary rhinol-

ogy practice. Otolaryngol Head Neck Surg 2004;130:449-52.

9. Cady RK, Schreiber CP. Sinus headache or migraine? Considerations in making a

differential diagnosis. Neurology 2002;58(suppl):S10-4.

10. Elovic A, Wong DT, Weller PF, Matossian K, Galli SJ. Expression of transform-

ing growth factors-alpha and beta 1 messenger RNA and product by eosinophils

in nasal polyps. J Allergy Clin Immunol 1994;93:864-9.



J ALLERGY CLIN IMMUNOL

VOLUME nnn, NUMBER nn

PAYNE, BORISH, AND STEINKE 9
11. Baraniuk JN, Maibach H. Pathophysiological classification of chronic rhinosinus-

itis. Respir Res 2005;6:149.

12. Van Zele T, Claeys S, Gevaert P, Van Maele G, Holtappels G, van Cauwenberge P,

et al. Differentiation of chronic sinus diseases by measurement of inflammatory

mediators. Allergy 2006;61:1280-9.

13. Polzehl D, Moeller P, Riechelmann H, Perner S. Distinct features of chronic rhi-

nosinusitis with and without nasal polyps. Allergy 2006;61:1275-9.

14. Bachert C, Gevaert P, Holtappels G, Johansson SG, van Cauwenberge P. Total and

specific IgE in nasal polyps is related to local eosinophilic inflammation.

J Allergy Clin Immunol 2001;107:607-14.

15. Berger G, Kattan A, Bernheim J, Ophir D. Polypoid mucosa with eosinophilia

and glandular hyperplasia in chronic sinusitis: a histopathological and immuno-

histchemical study. Laryngoscope 2002;112:738-45.

16. Ponikau JU, Sherris DA, Kephart GM, Kern EB, Congdon DJ, Adolphson CR,

et al. Striking deposition of toxic eosinophil major basic protein in mucus: impli-

cations for chronic rhinosinusitis. J Allergy Clin Immunol 2005;116:362-9.

17. Steinke JW. The relationship between rhinosinusitis and asthma sinusitis. Curr

Allergy Asthma Rep 2006;6:495-501.

18. Early SB, Han J, Borish L, Steinke JW. Histologic examination reveals distinct dis-

ease subsets of chronic sinusitis. J Allergy Clin Immunol 2007;119(suppl):S243.

19. Kim JW, Hong SL, Kim YK, Lee CH, Min YG, Rhee CS. Histological and im-

munological features of non-eosinophilic nasal polyps. Otolaryngol Head Neck

Surg 2007;137:925-30.

20. Platts-Mills TA, Rosenwasser LJ. Chronic sinusitis consensus and the way for-

ward. J Allergy Clin Immunol 2004;114:1359-61.

21. Schubert MS, Goetz DW. Evaluation and treatment of allergic fungal sinusitis. I.

Demographics and diagnosis. J Allergy Clin Immunol 1998;102:387-94.

22. Sladek K, Dworski R, Soja J, Sheller JR, Nizankowska E, Oates JA, et al. Eico-

sanoids in bronchoalveolar lavage fluid of aspirin-intolerant patients with asthma

after aspirin challenge. Am J Respir Crit Care Med 1994;149:940-6.

23. Mascia K, Borish L, Patrie J, Hunt J, Phillips CD, Steinke JW. Chronic hyperplas-

tic eosinophilic sinusitis as a predictor of aspirin-exacerbated respiratory disease.

Ann Allergy Asthma Immunol 2005;94:652-7.

24. Rosenfeld RM, Andes D, Bhattacharyya N, Cheung D, Eisenberg S, Ganiats TG,

et al. Clinical practice guideline: adult sinusitis. Otolaryngol Head Neck Surg

2007;137(suppl):S1-31.

25. Cryer J, Schipor I, Perloff JR, Palmer JN. Evidence of bacterial biofilms in human

chronic sinusitis. ORL J Otorhinolaryngol Relat Spec 2004;66:155-8.

26. Ferguson BJ, Stolz DB. Demonstration of biofilm in human bacterial chronic rhi-

nosinusitis. Am J Rhinol 2005;19:452-7.

27. Sanderson AR, Leid JG, Hunsaker D. Bacterial biofilms on the sinus mucosa of

human subjects with chronic rhinosinusitis. Laryngoscope 2006;116:1121-6.

28. Psaltis AJ, Weitzel EK, Ha KR, Wormald PJ. The effect of bacterial biofilms on

post-sinus surgical outcomes. Am J Rhinol 2008;22:1-6.

29. Bendouah Z, Barbeau J, Hamad WA, Desrosiers M. Biofilm formation by Staph-

ylococcus aureus and Pseudomonas aeruginosa is associated with an unfavorable

evolution after surgery for chronic sinusitis and nasal polyposis. Otolaryngol

Head Neck Surg 2006;134:991-6.

30. Zhang Z, Linkin DR, Finkelman BS, O’Malley BW Jr, Thaler ER, Doghramji L,

et al. Asthma and biofilm-forming bacteria are independently associated with re-

vision sinus surgeries for chronic rhinosinusitis. J Allergy Clin Immunol 2011

[Epub ahead of print].

31. Suh JD, Ramakrishnan V, Palmer JN. Biofilms. Otolaryngol Clin North Am 2010;

43:521-30, viii.

32. Van Zele T, Gevaert P, Watelet JB, Claeys G, Holtappels G, Claeys C, et al. Staph-

ylococcus aureus colonization and IgE antibody formation to enterotoxins is in-

creased in nasal polyposis. J Allergy Clin Immunol 2004;114:981-3.

33. Payne SC, Early SB, Huyett P, Han JK, Borish L, Steinke JW. Evidence for dis-

tinct presentations of nasal polyps: with and without eosinophilia. Laryngoscope.

In press 2011.

34. Hamilos DL. Noninfectious sinusitis. ACI International 2001;13:27-32.

35. Huyett P, Negri JA, Han J, Payne S, Borish L, Steinke JW. Distinct immune pro-

files of chronic inflammatory, eosinophilic, aspirin insensitive, and fungal sinus-

itis. J Allergy Clin Immunol 2008;121:S217.

36. Kato A, Peters A, Suh L, Carter R, Harris KE, Chandra R, et al. Evidence of a

role for B cell-activating factor of the TNF family in the pathogenesis of

chronic rhinosinusitis with nasal polyps. J Allergy Clin Immunol 2008;121:

1385-92, e1-2.

37. Cao PP, Li HB, Wang BF, Wang SB, You XJ, Cui YH, et al. Distinct immunopath-

ologic characteristics of various types of chronic rhinosinusitis in adult Chinese.

J Allergy Clin Immunol 2009;124:478-84, e1-2.

38. Zhang N, Van Zele T, Perez-Novo C, Van Bruaene N, Holtappels G, DeRuyck N,

et al. Different types of T-effector cells orchestrate mucosal inflammation in

chronic sinus disease. J Allergy Clin Immunol 2008;122:961-8.
39. Artuc M, Hermes B, Steckelings UM, Grutzkau A, Henz BM. Mast cells and their

mediators in cutaneous wound healing—active participants or innocent by-

standers? Exp Dermatol 1999;8:1-16.

40. Nishijima I, Sanai A, Yoshihara T. A relationship between mast cells and alpha-

smooth muscle actin-positive cells in the nasal polyps of chronic rhinosinusitis.

Acta Otolaryngol Suppl 2009;(562):110-4.

41. Payne SC, Han JK, Huyett P, Negri J, Krophf EZ, Borish L, et al. Microarray

analysis of distinct gene transcription profiles in non-eosinophilic chronic sinus-

itis with nasal polyps. Am J Rhinol 2008;22:568-81.

42. Steinke JW, Woodward C, Borish L. Role of hypoxia in inflammatory upper air-

way disease. Curr Opin Allergy Clin Immunol 2008;8:16-20.

43. Hu CJ, Wang LY, Chodosh LA, Keith B, Simon MC. Differential roles of

hypoxia-inducible factor 1a (HIF-1a) and HIF-2a in hypoxic gene regulation.

Mol Cell Biol 2003;23:9361-74.

44. Early SB, Hise K, Han JK, Borish L, Steinke JW. Hypoxia stimulates inflamma-

tory and fibrotic responses from nasal-polyp derived fibroblasts. Laryngoscope

2007;117:511-5.

45. Lin SK, Shun CT, Kok SH, Wang CC, Hsiao TY, Liu CM. Hypoxia-stimulated

vascular endothelial growth factor production inhuman nasal polyp fibroblasts.

Arch Otolaryngol Head Neck Surg 2008;134:522-7.

46. Matsune S, Kono M, Sun D, Ushikai M, Kurono Y. Hypoxia in paranasal sinuses

of patients with chronic sinusitis with or without complication of nasal allergy.

Acta Otolaryngol 2003;123:519-23.

47. Shun CT, Lin SK, Hong CY, Huang HM, Liu CM. Hypoxia induces cysteine-rich

61, vascular endothelial growth factor, and interleukin-8 expressions in human

nasal polyp fibroblasts: an implication of neutrophils in the pathogenesis of nasal

polyposis. Am J Rhinol Allergy 2011;25:15-8.

48. de Alarcon A, Steinke JW, Caughey R, Barekzi E, Hise K, Gross CW, et al.

Expression of leukotriene C4 synthase and plasminogen activator inhibitor

1 gene promoter polymorphisms in sinusitis. Am J Rhinol 2006;20:545-9.

49. Sejima T, Holtappels G, Bachert C. The expression of fibrinolytic components in

chronic paranasal sinus disease. Am J Rhinol Allergy 2011;25:1-6.

50. Shimizu S, Gabazza EC, Ogawa T, Tojima I, Hoshi E, Kouzaki H, et al. Role of

thrombin in chronic rhinosinusitis-associated tissue remodeling. Am J Rhinol

Allergy 2011;25:7-11.

51. Cho SH, Hall IP, Wheatley A, Dewar J, Abraha D, Del Mundo J, et al. Possible

role of 4G/5G polymorphism of the plasminogen activator inhibitor 1 gene in the

development of asthma. J Allergy Clin Immunol 2001;108:212-4.

52. Kosugi EM, de Camargo-Kosugi CM, Weckx LL, Guerreiro-da-Silva ID, Gre-

gorio LC. Interleukin-6 -174 G/C promoter polymorphism and nasal polyposis.

Rhinology 2009;47:400-4.

53. Chiu AG, Kennedy DW. Surgical management of chronic rhinosinusitis and nasal

polyposis: a review of the evidence. Curr Allergy Asthma Rep 2004;4:486-9.

54. Singhal D, Weitzel EK, Lin E, Feldt B, Kriete B, McMains KC, et al. Effect of

head position and surgical dissection on sinus irrigant penetration in cadavers.

Laryngoscope 2010;120:2528-31.

55. Desrosiers M, Myntti M, James G. Methods for removing bacterial biofilms:

in vitro study using clinical chronic rhinosinusitis specimens. Am J Rhinol

2007;21:527-32.

56. Chiu AG, Palmer JN, Woodworth BA, Doghramji L, Cohen MB, Prince A, et al.

Baby shampoo nasal irrigations for the symptomatic post-functional endoscopic

sinus surgery patient. Am J Rhinol 2008;22:34-7.

57. Uren B, Psaltis A, Wormald PJ. Nasal lavage with mupirocin for the treatment of

surgically recalcitrant chronic rhinosinusitis. Laryngoscope 2008;118:1677-80.

58. Bachert C, Wagenmann M, Hauser U, Rudack C. IL-5 synthesis is upregulated in

human nasal polyp tissue. J Allergy Clin Immunol 1997;99:837-42.

59. Bachert C, Gevaert P, van Cauwenberge P. Nasal polyposis—a new concept on

the formation of polyps. ACI International 1999;11:130-5.

60. Steinke JW, Bradley D, Arango P, Crouse CD, Frierson H, Kountakis SE, et al.

Cysteinyl leukotriene expression in chronic hyperplastic sinusitis-nasal polyposis:

importance to eosinophilia and asthma. J Allergy Clin Immunol 2003;111:342-9.

61. Baroody FM, Mucha SM, Detineo M, Naclerio RM. Nasal challenge with aller-

gen leads to maxillary sinus inflammation. J Allergy Clin Immunol 2008;121:

1126-32, e7.

62. Minshall EM, Cameron L, Lavigne F, Leung DYM, Hamilos D, Garcia-Zepada

A, et al. Eotaxin mRNA and protein expression in chronic sinusitis and

allergen-induced nasal responses in seasonal allergic rhinitis. Am J Respir Cell

Mol Biol 1997;17:683-90.

63. Hamilos DL, Leung DYM, Huston DP, Kamil A, Wood R, Hamid Q. GM-CSF,

IL-5, and RANTES immunoreactivity and mRNA expression in chronic hyper-

plastic sinusitis with nasal polyposis. Clin Exp Allergy 1998;28:1145-52.

64. Perez-Novo CA, Watelet JB, Claeys C, van Cauwenberge P, Bachert C. Prosta-

glandin, leukotriene, and lipoxin balance in chronic rhinosinusitis with and

without nasal polyposis. J Allergy Clin Immunol 2005;115:1189-96.



J ALLERGY CLIN IMMUNOL

nnn 2011

10 PAYNE, BORISH, AND STEINKE
65. Lee JY, Byun JY, Shim SS, Lee SW. Outcomes after endoscopic sinus surgery for

unilateral versus bilateral chronic rhinosinusitis with nasal polyposis. Am J Rhi-

nol Allergy 2010;24:83-6.

66. Adkins TN, Goodgold HM, Hendershott L, Slavin RG. Does inhaled pollen enter

the sinus cavities? Ann Allergy Asthma Immunol 1998;81:181-4.

67. Gwaltney JM Jr, Hendley JO, Phillips CD, Bass CR, Mygind N, Winther B. Nose

blowing propels nasal fluid into the paranasal sinuses. Clin Infect Dis 2000;30:

387-91.

68. Denburg JA, Keith PK. Eosinophil progenitors in airway diseases: clinical impli-

cations. Chest 2008;134:1037-43.

69. Chanez P, Vignola AM, Vic P, Guddo F, Bonsignore G, Godard P, et al. Compar-

ison between nasal and bronchial inflammation in asthmatic and control subjects.

Am J Respir Crit Care Med 1999;159:588-95.

70. Braunstahl GJ, Kleinjan A, Overbeek SE, Prins JB, Hoogsteden HC, Fokkens WJ.

Segmental bronchial provocation induces nasal inflammation in allergic rhinitis

patients. Am J Respir Crit Care Med 2000;161:2051-7.

71. Braunstahl GJ, Overbeek SE, Kleinjan A, Prins JB, Hoogsteden HC, Fokkens WJ.

Nasal allergen provocation induces adhesion molecule expression and tissue

eosinophilia in upper and lower airways. J Allergy Clin Immunol 2001;107:

469-76.

72. Steinke JW, Borish L. The role of allergy in chronic rhinosinusitis. Immunol

Allergy Clin North Am 2004;24:45-57.

73. Ponikau JU, Sherris DA, Kern EB, Homburger HA, Frias E, Gaffey TA, et al. The

diagnosis and incidence of allergic fungal sinusitis. Mayo Clin Proc 1999;74:

877-84.

74. Bachert C, Gevaert P, van Cauwenberge P. Staphylococcus aureus superantigens

and airway disease. Curr Allergy Asthma Rep 2002;2:252-8.

75. Gevaert P, Holtappels G, Johansson SG, Cuvelier C, Cauwenberge P, Bachert C.

Organization of secondary lymphoid tissue and local IgE formation to Staphylo-

coccus aureus enterotoxins in nasal polyp tissue. Allergy 2005;60:71-9.

76. Karjalainen J, Joki-Erkkila VP, Hulkkonen J, Pessi T, Nieminen MM, Aromaa A,

et al. The IL1A genotype is associated with nasal polyposis in asthmatic adults.

Allergy 2003;58:393-6.

77. Erbek SS, Yurtcu E, Erbek S, Atac FB, Sahin FI, Cakmak O. Proinflammatory

cytokine single nucleotide polymorphisms in nasal polyposis. Arch Otolaryngol

Head Neck Surg 2007;133:705-9.

78. Mfuna Endam L, Cormier C, Bosse Y, Filali-Mouhim A, Desrosiers M. Associ-

ation of IL1A, IL1B, and TNF gene polymorphisms with chronic rhinosinusitis

with and without nasal polyposis: a replication study. Arch Otolaryngol Head

Neck Surg 2010;136:187-92.

79. Bernstein JM, Anon JB, Rontal M, Conroy J, Wang C, Sucheston L. Genetic pol-

ymorphisms in chronic hyperplastic sinusitis with nasal polyposis. Laryngoscope

2009;119:1258-64.

80. Batikhan H, Gokcan MK, Beder E, Akar N, Ozturk A, Gerceker M. Association

of the tumor necrosis factor-alpha -308 G/A polymorphism with nasal polyposis.

Eur Arch Otorhinolaryngol 2010;267:903-8.

81. Cormier C, Bosse Y, Mfuna L, Hudson TJ, Desrosiers M. Polymorphisms in the

tumour necrosis factor alpha-induced protein 3 (TNFAIP3) gene are associated

with chronic rhinosinusitis. J Otolaryngol Head Neck Surg 2009;38:133-41.

82. Borish L, Mascali JJ, Klinnert M, Leppert M, Rosenwasser LJ. SSC polymor-

phisms in interleukin genes. Hum Mol Genet 1994;3:1710.

83. Burchard EG, Silverman EK, Rosenwasser LJ, Borish L, Yandava C, Pillari A,

et al. Association between a sequence variant in the IL-4 gene promoter and

FEV(1) in asthma. Am J Respir Crit Care Med 1999;160:919-22.

84. Park SK, Heo KW, Jung H, Yea SS, Yang YI. Expression of cyclooxygenase-2

and 5-lipoxygenase in nasal polyps associated with interleukin-4 promoter poly-

morphism -590. Otolaryngol Head Neck Surg 2006;135:928-32.

85. Yea SS, Yang YI, Park SK, Jang WH, Lee SS, Seog DH, et al. Interleukin-4 C-

590T polymorphism is associated with protection against nasal polyps in a Ko-

rean population. Am J Rhinol 2006;20:550-3.

86. Molnar-Gabor E, Endreffy E, Rozsasi A. HLA-DRB1, -DQA1, and -DQB1

genotypes in patients with nasal polyposis. Laryngoscope 2000;110:422-5.

87. Fajardo-Dolci G, Solorio-Abreu J, Romero-Alvarez JC, Zavaleta-Villa B, Cerezo-

Camacho O, Jimenez-Lucio R, et al. DQA1 and DQB1 association and nasal

polyposis. Otolaryngol Head Neck Surg 2006;135:243-7.

88. Hartwig S, Linden M, Laurent C, Vargo AK, Lindqvist N. Budesonide nasal spray

as prophylactic treatment after polypectomy (a double blind clinical trial).

J Laryngol Otol 1988;102:148-51.

89. Bachert C, Gevaert P, Holtappels G, van Cauwenberge P. Mediators in nasal pol-

yposis. Curr Allergy Asthma Rep 2002;2:481-7.

90. Vaidyanathan S, Barnes M, Williamson P, Hopkinson P, Donnan PT, Lipworth B.

Treatment of chronic rhinosinusitis with nasal polyposis with oral steroids

followed by topical steroids: a randomized trial. Ann Intern Med 2011;154:

293-302.
91. Steinke JW, Payne SC, Tessier E, Borish L, Han JK, Borish L. Pilot study of bu-

desonide inhalent suspension irrigations for chronic eosinophilic sinusitis.

J Allergy Clin Immunol 2009;124:1352-4.

92. Kieff DA, Busaba NY. Efficacy of montelukast in the treatment of nasal polypo-

sis. Ann Otol Rhinol Laryngol 2005;114:941-5.

93. Weschta M, Rimek D, Formanek M, Polzehl D, Podbielski A, Riechelmann H.

Topical antifungal treatment of chronic rhinosinusitis with nasal polyps: a ran-

domized, double-blind clinical trial. J Allergy Clin Immunol 2004;113:1122-8.

94. Ebbens FA, Scadding GK, Badia L, Hellings PW, Jorissen M, Mullol J, et al. Am-

photericin B nasal lavages: not a solution for patients with chronic rhinosinusitis.

J Allergy Clin Immunol 2006;118:1149-56.

95. Penn R, Mikula S. The role of anti-IgE immunoglobulin therapy in nasal polyp-

osis: a pilot study. Am J Rhinol 2007;21:428-32.

96. Vennera MD, Picado C, Mullol J, Alobid I, Bernal-Sprekelsen M. Efficacy of

omalizumab in the treatment of nasal polyps. Thorax 2010 [Epub ahead of print].

97. Gevaert P, Lang-Loidolt D, Lackner A, Stammberger H, Staudinger H, Van Zele

T, et al. Nasal IL-5 levels determine the response to anti-IL-5 treatment in patients

with nasal polyps. J Allergy Clin Immunol 2006;118:1133-41.

98. Robson JM, Hogan PG, Benn RA, Gatenby PA. Allergic fungal sinusitis present-

ing as a paranasal sinus tumour. Aust N Z J Med 1989;19:351-3.

99. Mukherji SK, Figueroa RE, Ginsberg LE, Zeifer BA, Marple BF, Alley JG, et al.

Allergic fungal sinusitis: CT findings. Radiology 1998;207:417-22.

100. Daghistani KJ, Jamal TS, Zaher S, Nassif OI. Allergic aspergillus sinusitis with

proptosis. J Laryngol Otol 1992;106:799-803.

101. Lydiatt WM, Sobba-Higley A, Huerter JV Jr, Leibrock LG. Allergic fungal sinus-

itis with intracranial extension and frontal lobe symptoms: a case report. Ear Nose

Throat J 1994;73:402-4.

102. Schubert MS, Hutcheson PS, Graff RJ, Santiago L, Slavin RG. HLA-DQB1 *03

in allergic fungal sinusitis and other chronic hypertrophic rhinosinusitis disorders.

J Allergy Clin Immunol 2004;114:1376-83.

103. Folker RJ, Marple BF, Mabry RL, Mabry CS. Treatment of allergic fungal sinus-

itis: a comparison trial of postoperative immunotherapy with specific fungal

antigens. Laryngoscope 1998;108:1623-7.

104. Bassichis BA, Marple BF, Mabry RL, Newcomer MT, Schwade ND. Use of

immunotherapy in previously treated patients with allergic fungal sinusitis.

Otolaryngol Head Neck Surg 2001;125:487-90.

105. Schubert MS, Goetz DW. Evaluation and treatment of allergic fungal sinusitis. II.

Treatment and follow-up. J Allergy Clin Immunol 1998;102:395-402.

106. Marple BF, Mabry RL. Comprehensive management of allergic fungal sinusitis.

Am J Rhinol 1998;12:263-8.

107. Ryan MW, Marple BF. Allergic fungal rhinosinusitis: diagnosis and management.

Curr Opin Otolaryngol Head Neck Surg 2007;15:18-22.

108. Chan KO, Genoway KA, Javer AR. Effectiveness of itraconazole in the manage-

ment of refractory allergic fungal rhinosinusitis. J Otolaryngol Head Neck Surg

2008;37:870-4.

109. Seiberling K, Wormald PJ. The role of itraconazole in recalcitrant fungal sinusitis.

Am J Rhinol Allergy 2009;23:303-6.

110. Kanda N, Enomoto U, Watanabe S. Anti-mycotics suppress interleukin-4 and

interleukin-5 production in anti-CD3 plus anti-CD28-stimulated T cells from

patients with atopic dermatitis. J Invest Dermatol 2001;117:1635-46.

111. Samter M, Beers RF Jr. Intolerance to aspirin. Clinical studies and consideration

of its pathogenesis. Ann Intern Med 1968;68:975-83.

112. Szczeklik A, Sanak M. Molecular mechanisms in aspirin-induced asthma. ACI Int

2000;12/4:171-6.

113. Vally H, Taylor ML, Thompson PJ. The prevalence of aspirin intolerant asthma

(AIA) in Australian asthmatic patients. Thorax 2002;57:569-74.

114. Szczeklik A, Nizankowska E. Clinical features and diagnosis of aspirin induced

asthma. Thorax 2000;55(suppl):S42-4.

115. ten Brinke A, Grootendorst DC, Schmidt JT, de Bruine FT, van Buchem MA,

Sterk PJ, et al. Chronic sinusitis in severe asthma is related to sputum eosino-

philia. J Allergy Clin Immunol 2002;109:621-6.

116. Mascia K, Haselkorn T, Deniz YM, Miller DP, Bleecker ER, Borish L. Aspirin

sensitivity and severity of asthma: evidence for irreversible airway obstruction

in patients with severe or difficult-to-treat asthma. J Allergy Clin Immunol

2005;116:970-5.

117. Cowburn AS, Sladek K, Soja J, Adamek L, Nizankowska E, Szczeklik A, et al.

Overexpression of leukotriene C4 synthase in bronchial biopsies from patients

with aspirin-intolerant asthma. J Clin Invest 1998;101:834-46.

118. Feng C, Beller EM, Bagga S, Boyce JA. Human mast cells express multiple EP

receptors for prostaglandin E2 that differentially modulate activation responses.

Blood 2006;107:3243-50.

119. Schmid M, Gode U, Schafer D, Wigand ME. Arachidonic acid metabolism in na-

sal tissue and peripheral blood cells in aspirin intolerant asthmatics. Acta Otolar-

yngol 1999;119:277-80.



J ALLERGY CLIN IMMUNOL

VOLUME nnn, NUMBER nn

PAYNE, BORISH, AND STEINKE 11
120. Ying S, Meng Q, Scadding G, Parikh A, Corrigan CJ, Lee TH. Aspirin-sensitive

rhinosinusitis is associated with reduced E-prostanoid 2 receptor expression on

nasal mucosal inflammatory cells. J Allergy Clin Immunol 2006;117:312-8.

121. Sestini P, Armetti L, Gambaro G, Pieroni MG, Refini RM, Sala A, et al. Inhaled

PgE2 prevents aspirin-induced bronchoconstriction and urinary LTE4 excretion in

aspirin-sensitive asthma. Am J Respir Crit Care Med 1996;153:572-5.

122. Dahlen B, Szczeklik A, Murray JJ. Celecoxib in patients with asthma and aspirin

intolerance. The Celecoxib in Aspirin-Intolerant Asthma Study Group. N Engl J

Med 2001;344:142.

123. Sanchez Borges M, Capriles-Hulett A, Caballero-Fonseca F, Perez CR. Tolerabil-

ity to new COX-2 inhibitors in NSAID-sensitive patients with cutaneous reac-

tions. Ann Allergy Asthma Immunol 2001;87:201-4.

124. Stevenson DD, Simon RA. Lack of cross-reactivity between rofecoxib and aspirin

in aspirin-sensitive patients with asthma. J Allergy Clin Immunol 2001;108:47-51.

125. Adamjee J, Suh YJ, Park HS, Choi JH, Penrose JF, Lam BK, et al. Expression of

5-lipoxygenase and cyclooxygenase pathway enzymes in nasal polyps of patients

with aspirin-intolerant asthma. J Pathol 2006;209:392-9.

126. Christie PE, Tagari P, Ford-Hutchinson AW, Charlesson S, Chee P, Arm JP, et al.

Urinary leukotriene E4 concentrations increase after aspirin challenge in aspirin-

sensitive asthmatic subjects. Am Rev Respir Dis 1991;143:1025-9.

127. Sousa AR, Parikh A, Scadding G, Corrigan CJ, Lee TH. Leukotriene-receptor

expression on nasal mucosal inflammatory cells in aspirin-sensitive rhinosinusitis.

N Engl J Med 2002;347:1493-9.

128. Corrigan C, Mallett K, Ying S, Roberts D, Parikh A, Scadding G, et al. Expression

of the cysteinyl leukotriene receptors cysLT(1) and cysLT(2) in aspirin-sensitive

and aspirin-tolerant chronic rhinosinusitis. J Allergy Clin Immunol 2005;115:

316-22.

129. Nonaka Y, Hiramoto T, Fujita N. Identification of endogenous surrogate ligands

for human P2Y12 receptors by in silico and in vitro methods. Biochem Biophys

Res Commun 2005;337:281-8.

130. Paruchuri S, Tashimo H, Feng C, Maekawa A, Xing W, Jiang Y, et al. Leukotriene

E4-induced pulmonary inflammation is mediated by the P2Y12 receptor. J Exp

Med 2009;206:2543-55.

131. Maekawa A, Kanaoka Y, Xing W, Austen KF. Functional recognition of a distinct

receptor preferential for leukotriene E4 in mice lacking the cysteinyl leukotriene

1 and 2 receptors. Proc Natl Acad Sci U S A 2008;105:16695-700.

132. Sanak M, Pierzchalska M, Bazan-Socha S, Szczeklik A. Enhanced expression of

the leukotriene C(4) synthase due to overactive transcription of an allelic variant

associated with aspirin-intolerant asthma. Am J Respir Cell Mol Biol 2000;23:

290-6.

133. Sanak M, Simon H-W, Szczeklik A. Leukotriene C4 synthase promoter polymor-

phism and risk of aspirin-induced asthma. Lancet 1997;350:1599-600.
134. Kawagishi Y, Mita H, Taniguchi M, Maruyama M, Oosaki R, Higashi N, et al.

Leukotriene C4 synthase promoter polymorphism in Japanese patients with

aspirin-induced asthma. J Allergy Clin Immunol 2002;109:936-42.

135. Van Sambeek R, Stevenson DD, Baldasaro M, Lam BK, Zhao J, Yoshida S, et al.

5’ flanking region polymorphism of the gene encoding leukotriene C4 synthase

does not correlate with the aspirin-intolerant asthma phenotype in the United

States. J Allergy Clin Immunol 2000;106:72-6.

136. Choi JH, Park HS, Oh HB, Lee JH, Suh YJ, Park CS, et al. Leukotriene-related

gene polymorphisms in ASA-intolerant asthma: an association with a haplotype

of 5-lipoxygenase. Hum Genet 2004;114:337-44.

137. In KH, Asano K, Beier D, Grobholz J, Finn PW, Silverman EK, et al. Naturally

occurring mutations in the human 5-lipoxygenase gene promoter that modify tran-

scription factor binding and reporter gene transcription. J Clin Invest 1997;99:

1130-7.

138. Kim SH, Bae JS, Suh CH, Nahm DH, Holloway JW, Park HS. Polymorphism of

tandem repeat in promoter of 5-lipoxygenase in ASA-intolerant asthma: a positive

association with airway hyperresponsiveness. Allergy 2005;60:760-5.

139. Dahlen B, Nizankowska E, Szczeklik A. Benefits from adding the 5-lipoxygenase

inhibitor zileuton to conventional therapy in aspirin-intolerant asthmatics. Am J

Respir Crit Care Med 1998;157:1187-94.

140. Sweet JM, Stevenson DD, Simon RA, Mathison DA. Long-term effects of aspirin

desensitization—treatment for aspirin-sensitive rhinosinusitis-asthma. J Allergy

Clin Immunol 1990;85:59-65.

141. Stevenson DD. Aspirin desensitization in patients with AERD. Clin Rev Allergy

Immunol 2003;24:159-68.

142. Stevenson DD, Hankammer MA, Mathison DA, Christiansen SC, Simon RA. As-

pirin desensitization treatment of aspirin-sensitive patients with rhinosinusitis-

asthma: long-term outcomes. J Allergy Clin Immunol 1996;98:751-8.

143. Nasser SMS, Patel M, Bell GS, Lee TH. The effect of aspirin desensitization on

urinary leukotriene E4 concentrations in aspirin-sensitive asthma. Am J Respir

Crit Care Med 1995;151:1326-30.

144. Early SB, Barekzi E, Negri J, Hise K, Borish L, Steinke JW. Concordant modu-

lation of cysteinyl leukotriene receptor expression by IL-4 and IFN-g on periph-

eral immune cells. Am J Respir Cell Mol Biol 2007;36:715-20.

145. Hsieh FH, Lam BK, Penrose JF, Austen KF, Boyce JA. T helper cell type 2 cy-

tokines coordinately regulate immunoglobulin E-dependent cysteinyl leukotriene

production by human cord blood-derived mast cells: profound induction of leuko-

triene C4 synthase expression by interleukin 4. J Exp Med 2001;193:123-33.

146. Steinke JW, Culp JA, Kropf E, Borish L. Modulation by aspirin of nuclear

phospho-signal transducer and activator of transcription 6 expression: possible

role in therapeutic benefit associated with aspirin desensitization. J Allergy Clin

Immunol 2009;124:724-30, e4.


	 Genetics and phenotyping in chronic sinusitis
	 Structure and function of the sinuses
	 Chronic sinusitis
	 Chronic infectious sinusitis
	 Noneosinophilic sinusitis
	 Genetics of NES
	 Treatment

	 CHES
	 Genetics of CHES
	 Treatment

	 AFS
	 Genetics of AFS
	 Treatment

	 AERD
	 Genetics of AERD
	 Treatment

	 Conclusion
	 References


