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Abstract

Aspirin-exacerbated respiratory disease (AERD) is characterized by immune cells dysfunction. This study aimed to inves-
tigate the molecular mechanisms involved in AERD pathogenesis. Relevant literatures were identified by a PubMed search
(2005-2019) of english language papers using the terms “Aspirin-exacerbated respiratory disease”, “Allergic inflammation”,
“molecular mechanism” and “mutation”. According to the significant role of inflammation in AERD development, ILC-2 is
known as the most important cell in disease progression. ILC-2 produces cytokines that induce allergic reactions and also
cause lipid mediators production, which activates mast cells and basophils, ultimately. Finally, Monoclonal antibody and

Aspirin desensitization in patients can be a useful treatment strategy for prevention and treatment.
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Abbreviations
ARED Aspirin Exacerbated Respiratory Disease
NSAIDS Nonsteroidal anti-inflammatory drugs

BAG-1 BCL-2 associated athanogenet
TLR Toll Like Receptor
Introduction

Aspirin-exacerbated respiratory disease (AERD) is an
inflammatory disorder, which is caused by allergy to non-
steroidal anti-inflammatory drugs (NSAIDs) such as aspirin
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[1]; it is acquired, and most often higher prevalence occurs
in individuals over the age of thirty. The main pathogen-
esis is related to the cyclooxygenase-1 (COX-1) inhibition,
which is an involved enzyme in the prostaglandins produc-
tion [1, 2]. So far, the genetic factors that predispose people
to AERD have not been identified. However, many environ-
mental and acquired factors contributed to disease have been
known. The main mechanisms of the disease are autoim-
mune reactions and chronic viral infections [3].

The clinical symptoms of the disease are very variable;
it is very hard in some people, and sometimes no clinical
signs are observed for a long time. In contrast, respiratory
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disorders such as cough and wheezing are found in some
other patients [4]. Also, the duration of symptoms and their
stability varies significantly depending on the type of cell
activation in the patient’s body, which can be due to the
causative agents of basophils, mast cells or platelets [5].
Therefore, in this study, we investigated the molecular and
pathological mechanisms of AERD from a prognostic and
diagnostic perspective.

Pathophysiology of AERD
Blood cells

The cause of AERD pathogenesis is the use of NSAIDs,
which stimulates the reactive cells including platelets, baso-
phils, mast cells and eosinophils [6]. On the other hand, the
function of Thl inflammatory cells, which produce inflam-
matory cytokines, is impaired. Therefore, the mechanisms
that block the inhibitory functions of reactive cells in IFN-y
production can form a therapeutic strategy, which could be a
diagnostic and prognostic approach for AERD disease [7, 8].

Platelet

Platelets are one of the main components of the homeostasis
system, which play an essential role in clot formation and
bleeding prevention. Platelets initiate coagulation cascades
by generating stimuli and inducing signaling pathways [9].
In some cases, such as AERD, platelet activation leads to the
disease and its clinical complications. The platelet count in
AERD patients is higher than normal individuals. In the pul-
monary tissues, the accumulation of platelets is very high,
lonely or in contact with leukocytes (through some factors
such as P-selectin). Leukotrienes are one of the pre-inflam-
matory factors, which release during the platelet activation
and activate the metabolism of arachidonic acid.
Leukotriene C4 (LTC4) is one of the platelet leukotrienes;
its cycLT2R is present on many cells, including platelets [10,
11]. LTC4 autocrine binding to cycLT2R on platelets release
High mobility group box 1 (HMGB1) (one of the stimuli
of the innate immune system) from platelets. The HMGB/1
receptor includes TLR4 and receptor for advanced glycation
end product (RAGE), which are expressed on the lung and
platelet, respectively. Therefore, HMGB1 binding to RAGE,
stimulates cells and epithelial tissues of the lungs to secrete
cytokines such as IL-25, IL-33, IL-13 and IL-5, which acti-
vate basophils, eosinophils and mucus secretion [10].
Thromboxane A2 (TXA2) is another platelet-mediated
inflammatory that activates platelets by binding to its
T-prostanoid receptor (TP). TP is one of the main factors in
the binding of platelets and leukocytes; also, Intercellular
Adhesion Molecule 1 (ICAM-1) expression increases the
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movement of leukocytes toward endothelial cells and tissues
[12, 13]. P2Y12 is another platelet surface receptor, which
release platelet micro particle (MP) by interacting with ADP.

The results of studies have shown that the use of P2Y12
antagonist (such as Clopidogrel) has no effects on the AERD
treatment; it does not prevent the progression and worsening
of the disease. But another study found that the use of the
P2Y12 antagonist had different effects on the platelet func-
tion, depending on the involved Toll Like Receptors(TLRs).

It has been demonstrated that platelet-secreted MPs,
which activate TLR2 at platelet surfaces reduce the produc-
tion of inflammatory cytokines such as IL-17 and IFN-G;
platelet MPs induce cytokine production by activating TLR4
[14, 15]. Another study showed that a group of T-regula-
tory cells (Treg) produces inflammatory cytokines in the
event of inflammation; however, the secretion of some MPs
inhibits the production of inflammatory cytokines by Tregs
[16]. Platelet P-selectin binding with leukocyte P-selectin
glycoprotein ligand-1 (PSGL-1) can activate the PKC-AKT-
MAPK path. According to this fact, activation of the AKT
prevents ICAM-1 expression on endothelial cells and tissues
and reduces the chemotaxis of immune cells to the tissues;
it also prevents the production of IFN-G [12]. AKT target-
ing can be done in AERD patients with desensitization and
disease severity reduction.

Eosinophil

Eosinophils are one of the main causes of allergic inflam-
mation, which are transmitted to the inflammation site by
chemotactic substances release. Eosinophils complicate
the pathogenesis mechanism of AERD by producing lipid
mediators such as leukotrienes [17, 18]. Arachidonic acid
metabolism is done by eosinophils; although the involved
enzymes in the cited process are known, but their molecular
mechanism and pathogenesis have not been identified fully,
yet. Therefore, the identification of these pathways can pro-
vide an appropriate treatment strategy to prevent the activa-
tion of eosinophils in AERD patients [17].

In addition, eosinophils have been shown to cause
chronic rhino sinusitis (CRS) with or without nasal pol-
yps (NPs). CRS has been shown to be similar to AERD
in some symptoms. Eosinophils increase the production
of cytokines including IL-4, IL-5 and IL-13, by inducing
HMGBI1 secretion. In addition to IGE production incre-
ment, these cytokines increase TLR-9 expression. TLR-9
ultimately increases cytokine production by activating the
NF-xB pathway [19]. furthermore, the NF-kB pathway lead
to the expression of adhesion molecules and increase the
infiltration of eosinophils and mast cells, which ultimately
leads to more severe clinical symptoms of the patient; cited
process increases the production of cytokines, which causes
differentiation of T cells to Th2 [20].
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Prostaglandin D2 (PGD2) is an inflammatory lipid media-
tor produced by eosinophils. Signaling pathways which
increase the tyrosine kinases PGD2 production and inhibi-
tion, in addition to reducing PGD2 production, reduces the
eotaxin expression (one of the causative agents of eosino-
phil chemotaxis at the site of allergic inflammation [21].
Eosinophils stimulate inflammatory cells to produce IFN-y;
eventually IFN-y secretion leads to Transforming growth
factor beta (TGF-) production [22]. TGF-p is also produced
by eosinophils.

Lung epithelial cells Fibrosis, leads to mucus secretion
and obstruction of the pulmonary pathways, as well as
increased cell proliferation. TGF-f increases the prolifera-
tion of lung cells and their fibrosis by activating the MAPK
/ P38 / ERK1 pathway [23, 24]. In addition to eosinophils,
HLA polymorphisms may lead to IFN-y production; poly-
morphism in the coding genes of HLA-DQB1 * 0302 and
HLA-DRBI is associated with activation of T cells and
increased production of IFN-y [25]. Although IFN-y is said
to be associated with TGF-f production and pulmonary cell
fibrosis; like a double-edged sword, it has a preventive and
therapeutic role in AERD.

HSP70 is one of the main protective factors against cell
damage during inflammation; HSP70 expression is associ-
ated with increase in eosinophils and the allergic inflam-
mation in the lung tissue. Therefore, BCL2-associated ath-
anogene-1(BAG-1) causes eosinophil infiltration in the
lung by binding to HSP70 and increasing its expression.
Th2 cytokines such as IL-4 and IL-5 are some agents which
increase the BAG-1 expression; [FN-y is determined as the
reduction factor for BAG-1 expression [26, 27].

Finally, it can be said that identifying eosinophils activat-
ing factors along with inhibiting eosinophils can be a good
treatment strategy for ARED patients.

Innate lymphoid cells (ILC)

They are a rare type of immune cells, which are divided
into three groups based on the transcription factors; ILC-2
is one of the cells, that increases during the allergic inflam-
mation [28]. The number of these cells increases in AERD
patients, which are not only involved in the pathogenesis of
the disease; they play an essential role in disease progression
and worsening the clinical condition of patients, by activat-
ing eosinophils and mast cells and even some inflammatory
cells such as platelets [28, 29]. Lipid mediators derived from
arachidonic acid metabolism are the activator and inhibitor
factors for ILC-2 cells. LXA4 is one of the lipid mediators
of arachidonic acid, which reduces ILC-2 activity [30]; it
reduces LTC4 production and AERD progression, by inhib-
iting IFN-y production of eosinophils [31].

GATA Binding Protein 3 (GATA3), is one of the effec-
tive transcription factor in Th2 differentiation, the expression

increases by binding to CRTH2 promoter region; there is
also a binding site for the NFAT1 factor in the promoter
area, which simultaneously connects the NFAT1 to GATA3
to express CRTH2 [32, 33]. ILC-2 activation is associated
with cytokine secretion including IL-25, IL-5, IL-13 and
Thymic stromal lymphopoietin-1 (TSLP-1). IL-25 and
TSLP-1 are associated with mast cell and basophil activa-
tion and Th2 cytokine stimulation, which ultimately increase
allergic reactions and AERD progression [34, 35].

Epithelial cells also play an important role in regulat-
ing ILC-2 function; glucagon-like peptide-1 (GLP-1) is
expressed, at the surface of these cells. This receptor plays
an important role in the insulin production. However, it
has been shown to regulate ILC-2 function. GLP-1 reduces
mucus secretion from lung cells by activating the cAMP
/ PKA pathway. In addition, it reduces the expression of
CCL11 and CCL24; it also reduces the production of IL-13,
IL-4 and IL-33 cytokines, which together reduce the func-
tion of ILc-2 and prevent the activation of eosinophils [36,
37].

In contrast, ILC-2 has been shown to play an important
role in the regulation of neutrophil-mediated inflammation.
It has been shown that ILC-2 increases the production of
Arg-1 by activating STAT6, which ultimately leads to neu-
trophil chemotaxis and reduces inflammation. IL-13 and
IL-33 produced by ILC-2 increase the STAT6 expression
[38, 39].

Genetic variation

Although susceptibility to aspirin use is a major cause
of AERD, recent studies have indicated that inherited or
acquired genetic changes are major effective factor on
AERD pathogenesis (Tablel). Polymorphisms in the coding
genes of the immune system as well as inflammatory factors,
increase AERD incidence and sensitivity of the patients to
aspirin consumption [40]. Since few studies have been done
about AERD-susceptible genes, AERD patients have been
diagnosed based on the history of adverse reactions; due
to anti-inflammatory drugs consumption, accurate identi-
fication of major altered genes in disease pathogenesis can
be helpful as a diagnostic factor in disease detection [41].
Most of the genes polymorphisms of the involved enzymes
in arachidonic acid metabolism have been identified [42, 43].

Arachidonate 15-lipoxygenase (ALOX15) belongs to
the lipoxygenase family, which produces 15-hydroperoxy-
eicosatetraenoic acid from arachidonic acid; it is expressed
in various cells, including eosinophils, mast cells and epi-
thelial lung cells. It also produces chemotactic substances
from immune cells and induces inflammatory responses by
stimulating immune system cells [44]. Recent results have
found that -427G / A polymorphism in the ALOX15 enzyme
gene increases the activity; it leads to eosinophil infiltration
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Table 1 Some of genetic variations in the pathogenesis of AERD

Factor Type of change Location Mechanism References
GSDMB SNP 17q21 Increase the proliferation of epithelial lung cells and apoptosis inhibition [45]
FANCC SNP 9q22.3 Induction inflammation through mobilization of hematopoetic progenitors [51]
KIFCl1 SNP 6p21.3 Up-regulation of the renin-angiotensin system [52]
DCBLD2 SNP 3pl2-qll Increased proliferation of epithelial lung cells and inflammation Induction [53, 54]
TRPM3 SNP chromosome 9 Activation of mast cell and basophil through calcium channel [55]
OBSCN SNP 1q42.13 Dysregulation of Airway remodeling through intracellular calcium [56]

GSDMB gasdermin B gene, FANCC Fanconi anemia, complementation group C, SNP single-nucleotide polymorphism, KIFC/ kinesin family
member C1, DCBLD? discoidin, CUB and LCCL domain-containing protein 2 OBSCN obscurin, cytoskeletal calmodulin and titin-interacting

RhoGEF

into epithelial lung cells, therefore progresses AERD [42].
Some of the mutations that lead to eosinophils activation and
leukotrienes production are listed in Table 2.

Solute carrier family 6 (neurotransmitter transporter,
betaine / GABA) member 12 (SLC6A12) gene increases
AERD susceptibility due to the polymorphism [45].
SLC6A12 is an ion transmitter on the surface of many
cells, including airway epithelial cells. Activating the PI3K
/ AKT pathway increases IL-13 production, which ulti-
mately increases mucus production in the airways of AERD
patients by increasing SLC6A12 expression [46, 47]. It has
been reported that IL-13 encoding gene polymorphism is
associated with eosinophils increment and AERD progres-
sion. According to the role of IL-13 in SLC6A 12 expression,
polymorphism occurrence not only increase the amount of
eosinophil, but also increases mucus production in the epi-
thelial cells of the airways [41, 48].

Recently, Genome-wide association studies (GWASs)
have been used in AERD patients to assess genetic changes
and mutations. GWASs have also been used to assess the
response to treatment of patients due to the genetic changes
[49, 50]. Identifying the relationship between mutation and
the patient response to treatment can play a prominent role
in the design and implementation of the prevention and
treatment strategies. In addition, this method can evalu-
ate the genes, that make patients susceptible to AERD. For
example, a study of a Korean population found that patients

with mutations in the gene encoding HLA-DPB1 were more
likely to develop AERD [49].

Therapeutic strategies

Despite the variety of treatment strategies, the likelihood
of recurrence of symptoms is high in patients with AERD;
AERD treatment remains a major challenge in the current
situation. The choice of treatment regimen in the AERD
patients is generally based on the prevention of NSAIDs,
aspirin desensitization following aspirin therapy or drug
therapies. Avoiding NSAIDs due to the induction of COX-1
inhibiting mediators can prevent acute reactions, but chronic
airway inflammation remains [61, 62].

On the other hand, one of the most common problems
during the process of desensitization is severe asthma
attacks, which must be controlled by leukotriene-modify-
ing drugs (LMDs), as a pretreatment strategy [63]. There-
fore, in addition to NSAIDs avoidance or desensitization,
standard treatment strategies (to control prevalent asthma
and rhino sinusitis in AERD) should also be in the list. The
most important strategies for treating AERD are listed as
following: drug therapies, aspirin desensitization, monoclo-
nal antibodies (mAbs) and other therapies associated with
AERD pathogenesis (Table 3) [64].

Table2 Summary of polymorphisms involved in the eosinophil activation and leukotriene production

Gene Polymorphism Mechanism References
P2Y12 742 T>C,18C>T Activation eosinophils and platelets and cause leukotriene E4 production [57]
IL-5 5993G4A, 5567C4G, 5091G4A Activation eosinophils and mast cells and leukotriene over production [58]
DCBLD2 T>C,G>C,G>A,A>G Activation eosinophils and produce CysLTs from arachidonic acid [54]
ALOX15 -427G/A, -272C/A, -217G/C Eosinophils infiltration and leukotriene production [42]
CCR3 -520 T/G and -174C/T Cause eosinophilic infiltration into the asthmatic airway [59]
CRTH2 -466 T>C, -129C> A Cause eosinophilic infiltration into the asthmatic airway [60]

DCBLD? discoid in, CUB and LCCL domain-containing protein 2; ALOX15: arachidonate 15-lipoxygenase
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Table 3 The most important mechanism and clinical outcome of AERD-related treatment strategies

Therapeutic strategies Pharmacological drugs Mechanism Clinical outcome References
Intranasal corticosteroids Budesonide, Fluticasone, Phospholipase A2 inhibition Reducing sinus inflammation, 4, 67, 68]
Mometasone, Triamcinolone polyps formation and relapse
Oral corticosteroid Prednisolone, Dexamethasone Phospholipase A2 inhibition Reducing nasal polyp tissue and  [65, 86]
mucosal edema
Inhaled corticosteroid Flovent HFA, Pulmicort Flex- Phospholipase A2 inhibition Minimizing the need for [64, 65]
haler systemic corticosteroids and
Reducing inflammatory activ-
ity
LMDs Montelukast, Zafirlukast, Pran- ~ CysLTR blocking Improving pulmonary functions  [69-71]
lukast and reducing asthma symptoms
Zileuton SLO-inhibitors
Aspirin desensitization According to the desensitization  Disruption of prostaglandins Reducing the prevalence of pol  [64, 65, 87]
protocol production yp function and episodes of
sinusitis, as well as Minimiz-
ing the need for systemic
corticosteroids
Monoclonal antibodies Omalizumab Anti-IgE mAb Increasing the quality of life and [76-82, 88]
improving lung function
Mepolizumab anti-IL-5 mAb Inhibiting eosinophilic hemat-
opoiesis and increasing eosino-
phil apoptosis
Benralizumab anti-IL-5 receptor mAb Eosinophil/basophil destruction
Dupilumab IL-4 o receptor antagonist Inhibiting IL-3/IL-4 signaling
and improving lung function
Anti-platelet therapies Prasugrel, Clopidogrel P2Y12 receptor blocking Suppression of pulmonary [34, 82]
inflammation
Ifetroban Thromboxane A2 receptor Inhibition of bronchoconstriction
blocking
CRTH? antagonists ARRY-502, AZD1981 Prostaglandin-D2 blocking Relieving airway inflammation  [2, 82, 89]

LMDs Leukotriene modifiers drugs, CRTH2 Chemoattractant receptor-homologous molecule expressed on TH 2 cells, CysLTR cysteinyl leukot-
rienes receptor, SLO-inhibitors 5-lipoxygenase- inhibitors, mAb monoclonal antibodie

Intranasal corticosteroids

Given that intranasal corticosteroids (such as budeson-
ide, fluticasone, mometasone and triamcinolone) have
high potency to reduce sinus inflammation, new polyps
formation and rhinitis symptoms, they should be consid-
ered as the first-line therapy in AERD patients [65]. These
medications prevent relapse and re-growth of polyps after
surgery by A2 Phospholipase (in the arachidonic acid
pathway) inhibition [66]. For any patients with asthma,
who develop the least airway symptoms, corticosteroids
should be given with or without long-term controllers
[67]. However, a subset of patients with AERD requires
permanent systemic corticosteroids. In one study about
32% of AERD patients, who use daily systemic corticos-
teroids were identified [68]; although corticosteroids have
many benefits, the continuous use does not cause good
results and increases destructive effects.

Oral and inhaled corticosteroids

If clinical symptoms persist in patients, despite different
treatment strategies, oral corticosteroids (such as predniso-
lone and dexamethasone) may be useful in treating and man-
agement of AERD patients. The action mechanism of oral
corticosteroids is similar to the intranasal ones (inhibition of
phospholipase A2), and significantly reduces nasal polyp tis-
sue and mucosal edema [65]. Although the response to oral
corticosteroids is very diverse in AERD, but most effects
occur within 2-3 weeks of treatment onset [57]. According
to the harmful side effects, physicians should be cautious to
prescribe oral corticosteroids; they should not be consid-
ered as the first-line therapy [65]. On the other hand, asthma
management in AERD is based on the recent guidelines by
inhaled corticosteroids (such as flovent HFA and Pulmicort
Flexhaler), in association with bronchodilators therapy and
B2-agonists; the main reason to use inhaled corticosteroids
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is to reduce inflammatory activity and minimize the need for
systemic prescription [64].

Leukotriene modifier drugs

Given that overproduction of CysTLs is a critical feature in
the pathogenesis of AERD, various studies have declared
that leukotriene modifier drugs (LMDs) can be a suitable
strategy [61]. LMDs minimize the specific inflammatory
reactions of patients, who had been exposed to NSAIDs,
via blocking cysteinyl leukotriene receptor (CysLTR) by leu-
kotriene receptor antagonists (such as montelukast, zafirlu-
kast, pranlukast); they can act by inhibiting 5-lipoxygenase
by SLO-inhibitors (such as zileuton), too [69]. Leukotriene
receptor antagonists, especially montelukast and zileuton,
both improve pulmonary function, reduce asthma symptoms
and increase the quality of life in AERD patients.

Montelukast is more common than SLO-inhibitors, due to
its lower cost and side effects [70]. Also, zileuton increases
the risk of hepatotoxicity, so patients’ need for serial moni-
toring of hepatic enzymes increases, which is not economi-
cally viable [71].

Aspirin desensitization

This is the gold standard strategy for AERD patients. Thera-
peutic purposes in aspirin desensitization include reducing
the prevalence of polyp function, episodes of sinusitis and
reducing the need for systemic corticosteroids [72]. Aspi-
rin desensitization increases resistance to aspirin and other
NSAIDs [61]. LMDs can reduce the safety of oral aspirin
challenge, that occurs following aspirin desensitization by
decreasing the severity of asthma responses. For this reason,
LMDs administration is recommended as a pretreatment, at
least one week before oral aspirin therapy [65].

Failure to use LMDs may reduce the risk of forced expira-
tory volume in 1-s (FEV1) to less than 80% of the predicted
amount, as well as respiratory capacity depletion [73].
Another measure to control the effects of aspirin desensiti-
zation is the availability of an intensive care unit (ICU). One
of the most significant problems during the desensitization
process is severe asthma attacks. Although researches have
reported a small number of patients who need ICUs during
the desensitization process; it is strongly recommended to
control the asthma episodes during desensitization [64, 74].

Monoclonal antibodies (mAbs)

So far, no specific researches has been done on the use of
mADbs to treat AERD patients in particular; however, the
results of mAbs consumption in patients with asthma and
allergy have opened a new window for the effectiveness
of these medications in AERD. One of the most important
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mAbs is Omalizumab (anti-IgE mAb), which therapeu-
tic properties have been proven in patients with asthma
[67]. Omalizumab is a recombinant human antibody that
inhibits IgE binding to the high-affinity IgE receptor
(FceR) [75]. Some studies have indicated to Omalizumab
role in improving clinical symptoms, quality of life and
lung function of AERD patients [62, 76]. According to
the AERD pathogenesis, which is not Ig-E dependent, the
benefits of this mAb remain a challenge for the treatment
of patients with AERD [77]. However, more researches are
needed on the use of Omalizumab, due to its mechanism
and functions.

Regarding to the undeniable role of cytokines in the
pathogenesis and exacerbation of symptoms, researches
on anti-IL-5 mAb (such as Mepolizumab, Reslizumab, and
Benralizumab) as well as anti-IL-4 receptor antagonists
(such as Dopilumab) is suitable for treatment design of
AERD, as well as control severe asthma [78, 79].

Mepolizumab is an anti-IL-5 mAb, that inhibits eosino-
philic hematopoiesis and increases eosinophil apoptosis
[80]; it can be useful in eosinophilic asthma and minimiz-
ing nasal polyps [78]. Benralizumab is an anti-IL-5 recep-
tor mAb, which leads to eosinophil/basophil destruction
by antibody-dependent cell-mediated cytotoxicity, unlike
anti-IL-5 mAbs [81]; it can be used to treat patients with
eosinophilic asthma, but its therapeutic properties have not
been established in AERD patients [81].

Dupilumab is an IL-4 a antagonist receptor, which inhib-
its IL-4 / IL-3 signaling. Clinical researches have shown
that the use of Dupilumab in eosinophilic asthma individu-
als has been associated with nasal symptoms reduction and
improved lung function [79]; it can decrease the level of
TH2-associated inflammatory markers [82]. However, so far,
no specific studies have examined the effects of this mAb
on AERD patients. It should be noted that Omalizumab and
Mepolizumab are FDA approved, unlike Dupilumab; they
are more economical too [82, 83].

Anti-platelet therapies

Today, clinical trials with platelet-targeted therapies offer
promising prospects for advancing AERD therapy. Platelets
stimulate leukocyte aggregation to produce excessive leu-
kotrienes in AERD; P2Y 12 receptor antagonists, including
clopidogrel and Prasugrel can suppress pulmonary inflam-
mation by reducing leukocyte aggregation [84]. On the
other hand, the thromboxane receptor can be another plate-
let related therapeutic goal, due to its role in strengthening
bronchospasm; therefore, researches on thromboxane recep-
tor antagonists such as Ifetroban are performed in patients
with AERD; they act by blocking the bronchoconstriction
signals [82, 84].



Molecular Biology Reports

CRTH2 antagonists

Due to the overexpression of prostaglandin-D2 and inflam-
matory lipid mediators in AERD, several studies have
focused on CRTH2 antagonists such as ARRY-502 and
AZD1981, recently [2].

Prostaglandin-D2 leads to the recall of allergic effec-
tor cells, such as eosinophils, basophils and ILC-2 s to
respiratory tissue, through CRTH2 signaling. Therefore,
CRTH2 antagonists appear to be effective on relieving
airway inflammation in the allergic reactions or even in
AERD [2, 85].

Conclusion

As a general conclusion and a possible idea for designing
a treatment strategy for ARED patients, it can be said that
NSAIDs act as a double edge sword; They and, on the
other hand, they can change them worse. Sex hormones
can prevent disease progression through the molecular
mechanisms involved in leukotrienes. Identifying the
molecular pathways that occur between sex hormones and
leukotrienes could be a good idea for future researches, to
treat ARED patients.
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