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Mediators involved in the pathophysiology  
of allergic rhinitis

LITERATURE REVIEw

INTRODUCTION

The interest in novel cytokines and other mediator 
studies in allergy was recently revealed at the latest Con-
gress of the European Academy and Clinical Immunol-
ogy (Istanbul, Turkey, 2011). 

Allergic rhinitis is defined as an immune-mediated 
inflammatory disease of the nasal mucosa, induced after 
allergen exposure by an IgE-mediated hypersensitivity 
reaction in the nose, clinically characterized by sugges-
tive symptoms of sneezing, nasal pruritus, rhinorrhea 
and nasal obstruction. Allergic rhinitis is a risk factor for 
asthma, commonly associated with allergic conjunctivitis 
(Johansson et al, 2004; Bousquet et al, 2008; Scadding et 
al, 2011)1,2,3. Furthermore, allergic rhinitis has many 
other inflammatory comorbidities such as allergic 
asthma, rhinosinusitis, otitis media and nasal polyposis 
(Andiappan et al., 2011)4. 

ALLERGIC RHINITIS PATHOPHySIOLOGy

The pathophysiologic mechanism of allergic rhinitis is 
very complex and it is a result of complex interactions 
between genetic and environmental factors. Atopy is vital 
in the physiopathology of allergic diseases through IgE-
mediated mechanism, such as allergic rhinitis. 

Inflammation is a key pathogenic mechanism in al-
lergic rhinitis and it is responsible for symptom develop-
ment. In patients with this respiratory allergic disease, 

allergen challenge increases inflammatory markers and 
inflammatory mediator application elicits symptoms 
(Bousquet et al., 2008)2. The symptoms of allergic rhini-
tis result from a complex allergen-driven mucosal inflam-
mation, caused by interplay between many resident and 
infiltrating inflammatory cells and various proinflamma-
tory and vasoactive mediators, including cytokines, hista-
mine and cysteinyl leukotrienes. Sensory nerve activation, 
plasma leakage and congestion of venous sinusoids also 
have a pathogenic role. Specific IgE-mediated rhinitis 
may be characterized by early-phase and late-phase al-
lergic responses (Wallace et al., 2008)5. This early phase 
of allergic response in allergic reaction is characterized 
by sneezing, nasal itching and rhinorrhea, while the late 
phase reaction is manifested by nasal congestion and na-
sobronchial hyperreactivity (Mandhane et al., 2011)6. 

Many inflammatory and immune cells are involved in 
the IgE-mediated inflammation of the nasal mucosa in 
allergic rhinitis. Dendritic cells (DC), some of the most 
organized of antigen presenting cells (APC), are key 
players in allergic inflammation. Th2 cells are critically 
important in IgE synthesis and they produce a set of 
proinflammatory cytokines that include IL-4, IL-5, IL-9, 
IL-13, IL-25, and IL-31. Allergen-specific CD4+Th2 cells 
produce IL-4 and IL-13, which induce B cell class-switch 
into the antibody isotypes of ε immunoglobulin heavy 
chain and the production of allergen-specific IgE anti-
body. These specific IgE molecules bind to high affinity 
receptor for IgE (FcεRI receptors) on the surface mem-
brane of mast cells and basophils. Moreover, there is an 
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essential role of the regulatory T cells in immune toler-
ance to allergens. In addition, Th17 cells, a subset of T 
helper lymphocytes with pro-inflammatory activities, may 
also be involved in allergic rhinitis. Eosinophils play a key 
role in allergic inflammation. Last mentioned, but not 
least, mast cells have long been recognized to have a 
critical role in allergic rhinitis. 

A plethora of inflammatory mediators and cytokines is 
involved in the allergic inflammatory process of allergic 
rhinitis.

Histamine, an important organic nitrogen compound, 
is generated by activated mast cells and basophils. Hista-
mine induces, mainly via H1 receptors, vasodilatation 
and increased capillary permeability, sensory neural stim-
ulation and hypersecretion from glandular cells (Po-
pes cu, 2003)7. The local release of histamine is largely 
responsible for the early response to inhaled allergen, 
although its contribution to the late response is less well 
understood. Histamine has been reported to increase 
eosinophil chemotaxis, and in lymphocytes, augments 
the generation of IL-4 and IL-5. Moreover, histamine ac-
tivates the inflammatory regulatory protein nuclear fac-
tor NF-kB (which orchestrates the upregulation of 
cytokine gene expression) and increases the TNF alpha-
induced IL-6 and IL-8 production by endothelial cells 
and the expression of adhesion molecules, such as 
ICAM-1 and E-selectin (Bachert, 1998; Nathan, 2008)8,9. 

Histamine concentrations in nasal secretion are ele-
vated in patients with allergic rhinitis (Wang et al., 1995)10. 
Allergen challenge increases histamine and elicits symp-
toms in these patients. Furthermore, histamine challenge 
increases nasal airway resistance and elicits symptoms in 
allergic rhinitis (Wagenmann et al., 1997)11. 

Although histamine is considered one of the major 
mediators in allergic rhinitis, many others are addition-
ally involved, such as lipid mediators, proinflammatory 
cytokines, chemokines, neuropeptides and adhesion 
molecules, all cooperating in a complex network in-
volved in provoking specific symptoms and nonspecific 
hyperreactivity (Bousquet et al., 2008)2. 

Cysteinyl leukotrienes, LTC4, LTD4, LTE4, are inflam-
matory lipid mediators synthesized from arachidonic acid 
by many cells, including mast cells, eosinophils, basophils 
and macrophages, which play multifunctional roles in al-
lergic rhinitis. Acting on the cysLT 1 receptor, these leu-
kotrienes induce nasal vasodilatation and increase 
blood-vessel permeability, mucus secretion and the re-
cruitment of additional cellular inflammatory mediators 
(Nathan, 2008)9. Cysteinyl leukotrienes may facilitate the 
maturation of eosinophil precursors and act as eosinophil 
chemoattractants, promoters of eosinophil adhesion and 
inhibitors of eosinophil apoptosis (Naclerio et al., 2010)12. 
Therefore, these leukotrienes are involved in both early 
and late phase responses in allergic rhinitis.

LTC4/D4 and PGD2 in nasal secretion are increased 
in symptomatic allergic rhinitis (Knani et al., 1992)13. In 

subjects with allergic rhinitis, allergen challenge increases 
cysteinyl leukotriene concentrations in nasal secretions 
in a dose-response manner, and their production is cor-
related with sneezing as a clinical response (Creticos et 
al., 1984)14. LTD4 plays also a role in nasal secretion (rhi-
norrhea) and increases nasal airway resistance longer 
than histamine. LTD4 is a mediator of nasal response 
stronger than histamine, having a threshold concentra-
tion approximately 5000-fold lower (Okuda et al., 1988)15. 
LTC4 is released in upper respiratory mucosa during 
natural exposure to allergen in children with allergic 
rhinitis, and increased LTC4 concentrations are corre-
lated with symptom severity (Volovitz et al., 1988)16.

Type 2 cytokines, small cell-signaling molecules se-
creted by Th2 cells, and other interleukins or cytokines 
with other cellular origin, are of great importance for 
intercellular communication in allergic rhinitis inflam-
mation.

IL-5 is a main regulator of eosinopoiesis, eosinophil 
maturation, activation and survival. Its receptor is a het-
erodimer, whose beta subunit is shared with the recep-
tors for interleukine 3 (IL3) and colony stimulating 
factor 2 (CSF2/GM-CSF). It was supposed for more than 
a decade that IL-5 was involved in the pathogenesis of 
allergic rhinitis (Garrelds et al., 1995)17. More recent 
data in animal models of rhinitis do not support a sig-
nificant involvement of this cytokine in experimental al-
lergic rhinitis (Yamasaki et al., 2002)18. 

IL-4 is a key Th2 cytokine critical for Th2 cell differen-
tiation, B-cell class switching to IgE, and eosinophil re-
cruitment. This cytokine is a ligand for interleukin 4 
receptor. The interleukin 4 receptor also binds IL-13, 
which may contribute to many overlapping functions of 
this cytokine and IL-13. STAT6, a signal transducer and 
activator of transcription, has been shown to play a cen-
tral role in mediating the immune regulatory signal of 
this cytokine. 

IL-9 stimulates mucus production (upregulating the 
mucin synthesis), predominantly via calcium-activated 
chloride channels (CLCAs), and the development of air-
way inflammation, largely by increasing mast cell num-
bers and activity in the airways; this cytokine is known to 
stimulate cell proliferation and to prevent apoptosis. IL-9 
enhances the growth of CD34+CD38+c-kit+ human mast 
cell progenitors (which express IL-9R mRNA) under 
stimulation with SCF (Stem Cell Factor, also known as 
kit-ligand), which binds to its c-Kit receptor (CD117). 
The Th9 cells were initially identified as a Th2 subpopu-
lation that produced exceptionally large quantities of the 
Th2-specific cytokine IL-9 (Matsuzawa et al., 2003; Lai 
and Rogers, 2010; Oh et al., 2011)19,20,21. High serum IL-9 
levels are related to symptom severity in patients with al-
lergic rhinitis (Ciprandi et al., 2011)22. 

IL-13 is involved in several stages of B-cell matura-
tion and differentiation and promotes IgE isotype 
switching of B cells. IL-13 induces its effects through a 
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multi-subunit receptor that includes the alpha chain 
of the IL-4 (IL-4Rα) and at least one of two known IL-
13-specific binding chains. Most of the biological ef-
fects of IL-13, like those of IL-4, are linked to the 
transcription factor STAT6 (signal transducer and ac-
tivator of transcription6). The effects of an anti-IL-13 
monoclonal antibodies on cytokine levels and nasal 
symptoms following nasal allergen challenge were re-
cently evaluated (Nicholson et al., 2011)23.

Some authors found an up-regulation of IL-18 in nasal 
secretions in allergic rhinitis. The persistence of high 
IL-18 concentrations until after the season and the high 
concentrations in persistent allergic rhinitis compared to 
seasonal forms suggest its role in persistent allergic in-
flammation (Verhaeghe et al., 2002)24. 

IL-25 is also a proinflammatory cytokine favoring Th2-
type immune responses. Despite of the opposing effects 
of IL-17A and IL-25 on TSLP regulation in human nasal 
epithelial cells, IL-25 seems to be dominant (Xu et al., 
2010)25. More recently, it was characterized the allergen-
induced IL-31 production in patients with allergic rhini-
tis (Okano et al., 2011)26. 

IL-32 presents a significant increase as protein and 
mRNA in the nasal mucosa of allergic rhinitis, and the 
level of IL-32 production is correlated with inflamma-
tion, IL-1β, IL-18, and granulocyte-macrophage colony-
stimulating factor (GM-CSF). 

IL-33, a novel member of the IL-1 cytokine family and 
a ligand for the orphan IL-1 family receptor ST2, plays 
also important roles in allergic rhinitis (Kamekura et al, 
2011)27. Recently, anti-IL-33 antibody revealed its thera-
peutic effect in a murine model of allergic rhinitis (Kim 
et al., 2012)28.

Other proinflammatory interleukins (IL-1β, IL-6 and 
IL-8) are elevated in patients with allergic rhinitis and 
have been shown to promote the activation of immune 
cells as well as to enhance expression of receptors for cell 
adhesion molecules. 

TNF-α is a well known key inflammatory mediator of 
the late-phase response. It activates T cells, endothelial 
cells, fibroblasts and macrophages to express cell surface 
receptors and to release additional inflammatory cytok-
ines, and increases the expression of ICAM-1 and VCAM-1 
(Naclerio et al., 2010)12. The TNF-apha inhibitor inflix-
imab is able to induce anti-allergic effects by decreasing 
local and systemic Th2 cytokine (IL-4) production, total 
and specific IgE levels, adhesion molecule (E-selectin) ex-
pression and eosinophil infiltration into the nasal mucosa 
in an allergic rhinitis model (Mo et al., 2011)29. 

Moreover, the thymic stromal lymphopoietin (TSLP), 
a new key mediator of allergic inflammation, is associ-
ated with allergic rhinitis in children with asthma (Bu-
nyavanich et al., 2011)30.

The roles of chemokines and their receptors in the 
pathogenesis of allergic rhinitis were analysed evaluating 
their complementary DNA (cDNA) expression in the 

nasal mucosa of patients with allergic rhinitis, using gene 
chips. The cDNAs of the following chemokines were up-
regulated: CCL1, CCL2, CCL5, CCL7, CCL8, CCL11, 
CCL13, CCL14, CCL17, CCL18, CCL19, CCL24 and 
CX3CL1 in most of the allergic rhinitis sample chips, 
while CCR2, CCR3, CCR4, CCR5, CCR8 and CX3CR1 
were the highly expressed receptor genes. Low expres-
sion of CXCL4 was found (Zhang et al., 2007)31. RANTES 
(regulated on activation of normal T cells expressed and 
secreted), among other chemokines, plays a crucial role 
in chemotaxis of eosinophils into airway mucosa. Nasal 
allergen challenge induces the enhanced secretion of 
RANTES in the lower airways of nonasthmatic patients 
with allergic rhinitis (Semik-Orzech et al., 2009)32. Aller-
gen-induced secretion of eotaxin, but not IL-8, in the 
nasal mucosa of allergic rhinitis is involved in determin-
ing the cellular character of both upper and lower airway 
inflammation (Semik-Orzech et al., 2011)33. Moreover, 
inflammatory crosstalk via IL-15/IL-8 axis can be modu-
lated by vitamin D3 (El-Shazly et al., 2011)34. 

Between adhesion molecules, E-selectin (also known 
as CD62 antigen-like family member E, CD62E, or 
endothelial-leukocyte adhesion molecule-1, ELAM-1) 
is expressed only on endothelial cells activated by cy-
tokines, such as TNF-α. It binds to sialylated carbohy-
drates present on the surface proteins of certain 
leukocytes and plays an important part in recruiting 
them to the site of inflammation. Vascular cell adhe-
sion molecule-1 (VCAM-1, also known as CD106), an 
endothelial ligand for VLA-4 (Very Late Antigen-4 or 
α4β1) of the β1 subfamily of integrins, mediates the 
adhesion of leukocytes to vascular endothelium. There 
is a synergistic effect of TNF-α and IL-4 on VCAM-1 
expression. Intercellular adhesion molecule-1 
(ICAM-1, also known as CD54), a member of the im-
munoglobulin superfamily which binds to integrins of 
type CD11a/CD18 or CD11b/CD18, is an important 
endothelial transmembrane protein, known for its im-
portance in stabilizing cell-cell interactions and facili-
tating leukocyte endothelial transmigration. ICAM-1 
mediates local infiltration at the site of allergen chal-
lenge, increased expression following allergen chal-
lenge being important in allergic rhinitis. ICAM-1 is 
enhanced by cytokines such as TNF-α. In addition, 
ICAM-1 is the receptor for 90% of human rhinovi-
ruses. Attachment, adhesion and transendothelial mi-
gration of eosinophils to the site of nasal allergic 
inflammation is associated with the expression induc-
tion of these three adhesion molecules on the vascular 
endothelium (Canonica and Compalati, 2009; Na-
clerio, 2010; Mandhane et al., 2011)6,12,35.

Other mediators were also investigated for their role 
in the pathogenesis of allergic rhinitis.

Prostaglandin D2 (PGD2), a major prostanoid pro-
duced in the acute phase of allergic reactions, seems to 
be associated with hypertrophic nasal inflammation and 
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recruitment of eosinophils (Naclerio et al, 2010)12. Al-
lergen challenge increases PGD2 in nasal secretion of 
patients with allergic rhinitis (Wagenmann et al, 1996), 
while PGD2 and bradykinin challenge increase conges-
tion in this condition (Doyle et al., 1990)36,37. 

Kinins are vasoactive peptides that are directly or 
indirectly associated with inflammation. Allergen chal-
lenge increases also bradykinin levels in the nasal la-
vage of patients with allergic rhinitis (Wihl et al., 
1995)38. Bradykinin in nasal lavage is elevated during 
natural allergen exposure in such patients (Svensson 
et al., 1990)39.

Platelet-activating factor, also known as a PAF, PAF-
acether or acetyl-glyceryl-ether-phosphorylcholine, in-
duces chemotaxis/activation of leukocytes and increases 
vascular permeability (Nathan, 2008; Bousquet et al., 
2008)2,9. 

Tryptase, a neutral protease, is a dominant protein 
component of the secretory granules of human mast 
cells, being a marker for mast cell activation. Allergen 
challenge increases tryptase concentrations in nasal se-
cretions of patients with allergic rhinitis (Wang et al., 
1995)10. Nasal lavage tryptase is elevated during natural 
allergen exposure in patients with allergic rhinitis and 
correlates with symptoms (Di Lorenzo et al., 1997)40.

Eosinophil cationic protein (ECP), a cytotoxic ribo-
nuclease located in the granule matrix of eosinophils, 
has increased serum concentrations among patients 
with allergic rhinitis, in correlation with the allergic 
symptoms (Cheng et al., 2009)41. Signalling through 
PI3K is involved in ECP and EPO release in allergic 
rhinitis; in allergic asthma it is demonstrated less inhi-
bition of ECP release via phosphatidylinositol 3-kinase 
(PI3K) during natural allergen exposure (Kämpe, 
Lampinen et al., 2011)42. Systemically activated eosino-
phils and neutrophils have similar patterns of degran-
ulation after allergen exposure in allergic rhinitis and 
allergic asthma, the released amount of ECP and EPO 
being similar in allergen challenge models in both 
groups (Kämpe, Stolt et al., 2011)43. Evidence for a 
local allergic rhinitis is supported by a positive re-
sponse to nasal allergen provocation with local nasal 
production tryptase and ECP (Rondón et al., 2010)44.

Neurogenic mediators could have a role in the non-
specific hyperreactivity, frequently seen in allergic 
rhinitis and defined as an increased nasal response to 
a stimulus such as nasal mucosa heating, cold air, 
strong odors, distilled water, body temperature 
changes, hot drinks, capsaicin, histamine or metha-
choline (Bousquet et al., 2008)2. Neurotrophins, such 
as the nerve growth factor (NGF) and brain-derived 
neurotrophic factor (BDNF), are expressed in nasal 
mucosa and exert immunomodulatory functions on 
eosinophils. In patients with allergic rhinitis, exposure 
to nasal allergen induces upregulation of BDNF and 
NGF expression (Greiner at al., 2011)45.

CONCLUSIONS

In conclusion, many mediators are involved in the 
IgE-mediated inflammation of the nasal mucosa in al-
lergic rhinitis. There is a need of understanding of their 
actions in order to elucidate the complex pathogenic 
mechanisms of allergic rhinitis and to discover new phar-
macotherapeutic and immunotherapeutic targets and 
strategies.    

REFERENCES

1.   Johansson S.G., Bieber T., Dahl R., Friedmann P.S., Lanier B.Q., Lockey 

R.F., Motala C., Ortega Martell J.A., Platts-Mills T.A., Ring J., Thien F., 

Van Cauwenberge P., Williams H.C. - Revised nomenclature for allergy 

for global use: Report of the Nomenclature Review Committee of the 

World Allergy Organization, October 2003. J Allergy Clin Immunol., 

2004; 113(5):832-836.

2.   Bousquet J., Khaltaev N., Cruz A.A., Denburg J., Fokkens W.J., Togias A., 

Zuberbier T., Baena-Cagnani C.E., Canonica G.W., van Weel C., Agache 

I., Aït-Khaled N., Bachert C., Blaiss M.S., Bonini S., Boulet L.P., Bousquet 

P.J., Camargos P., Carlsen K.H., Chen Y., Custovic A., Dahl R., Demoly P., 

Douagui H., Durham S.R., van Wijk R.G., Kalayci O., Kaliner M.A., Kim 

Y.Y., Kowalski M.L., Kuna P., Le L.T., Lemiere C., Li J., Lockey R.F., Ma-

vale-Manuel S., Meltzer E.O., Mohammad Y., Mullol J., Naclerio R., 

O’Hehir R.E., Ohta K., Ouedraogo S., Palkonen S., Papadopoulos N., 

Passalacqua G., Pawankar R., Popov T.A., Rabe K.F., Rosado-Pinto J., 

Scadding G.K., Simons F.E., Toskala E., Valovirta E., van Cauwenberge 

P., Wang D.Y., Wickman M., Yawn B.P., Yorgancioglu A., Yusuf O.M., Zar 

H., Annesi-Maesano I., Bateman E.D., Ben Kheder A., Boakye D.A., 

Bouchard J., Burney P., Busse W.W., Chan-Yeung M., Chavannes N.H., 

Chuchalin A., Dolen W.K., Emuzyte R., Grouse L., Humbert M., Jackson 

C., Johnston S.L., Keith P.K., Kemp J.P., Klossek J.M., Larenas-Linnemann 

D., Lipworth B., Malo J.L., Marshall G.D., Naspitz C., Nekam K., Nigge-

mann B., Nizankowska-Mogilnicka E., Okamoto Y., Orru M.P., Potter P., 

Price D., Stoloff S.W., Vandenplas O., Viegi G., Williams D. - World 

Health Organization; GA2LEN; AllerGen. Allergic Rhinitis and its Im-

pact on Asthma (ARIA) 2008 update(in collaboration with the World 

Health Organization, GA2LEN and AllerGen).Allergy. 2008; 63 Suppl 

86:8-160.

3.   Scadding G., Hellings P., Alobid I., Bachert C., Fokkens W., van Wijk 

R.G., Gevaert P., Guilemany J., Kalogjera L., Lund V., Mullol J., Passalac-

qua G., Toskala E., van Drunen C. - Diagnostic tools in Rhinology EAACI 

position paper. Clinical and Translational Allergy, 2011;1:1-39.

4.   Andiappan A.K., Wang de Y., Anantharaman R., Parate P.N., Suri B.K., 

Low H.Q., Li Y., Zhao W., Castagnoli P., Liu J., Chew F.T. - Genome-wide 

association study for atopy and allergic rhinitis in a Singapore Chinese 

population. PLoS One., 2011; 6(5):e19719. 

5.   Wallace D.V., Dykewicz M.S., Bernstein D.I., Blessing-Moore J., Cox L., 

Khan D.A., Lang D.M., Nicklas R.A., Oppenheimer J., Portnoy J.M., Ran-

dolph C.C., Schuller D., Spector S.L., Tilles S.A. - Joint Task Force on 

Practice; American Academy of Allergy; Asthma & Immunology; Ameri-

can College of Allergy; Asthma and Immunology; Joint Council of Al-

lergy, Asthma and Immunology. The diagnosis and management of 

rhinitis: an updated practice parameter. J Allergy Clin Immunol., 2008; 

122(2 Suppl):S1-84.

6.   Mandhane S.N., Shah J.H., Thennati R. - Allergic rhinitis: An update on 

disease, present treatments and future prospects. Int Immunopharma-

col., 2011; 11(11):1646-62.

7.   Popescu F.D. - Antihistaminicele în alergologie. Ed. Univ. “Carol Davila”, 

București, 2003.

Popescu  Mediators involved in the pathophysiology of allergic rhinitis



108 Romanian Journal of Rhinology, Vol. 2, No. 6, April - June 2012

8.   Bachert C. - Histamine - a major role in allergy? Clin Exp Allergy, 1998; 

28(Suppl 6):15-9.

9.   Nathan R.A. - The pathophysiology, clinical impact, and management of 

nasal congestion in allergic rhinitis. Clin Ther., 2008; 30(4):573-586.

10.   Wang D., Clement P., Smitz J., Derde M.P. - Relevance of histamine and 

tryptase concentrations in nasal secretions after nasal challenges with phos-

phate buffered saline and allergen. Mediators Inflamm., 1995; 4(2):98-102.

11.   Wagenmann M., Baroody F.M., Cheng C.C., Kagey-Sobotka A., Lichtenstein 

L.M., Naclerio R.M. - Bilateral increases in histamine after unilateral nasal 

allergen challenge. Am J Respir Crit Care Med., 1997; 155(2):426-431.

12.   Naclerio R.M., Bachert C., Baraniuk J.N. - Pathophysiology of nasal conges-

tion. Int J Gen Med., 2010; 3:47-57.

13.   Knani J., Campbell A., Enander I., Peterson C.G., Michel F.B., Bousquet 

J. - Indirect evidence of nasal inflammation assessed by titration of inflam-

matory mediators and enumeration of cells in nasal secretions of patients 

with chronic rhinitis. J Allergy Clin Immunol., 1992; 90(6 Pt 1):880-889.

14.   Creticos P.S., Peters S.P., Adkinson N.F. Jr, Naclerio R.M., Hayes E.C., 

Norman P.S., Lichtenstein L.M. - Peptide leukotriene release after anti-

gen challenge in patients sensitive to ragweed. N Engl J Med., 1984; 

310(25):1626-1630.

15.   Okuda M., Watase T., Mezawa A., Liu C.M. - The role of leukotriene D4 

in allergic rhinitis. Ann Allergy., 1988; 60(6):537-540.

16.   Volovitz B., Osur S.L., Bernstein J.M., Ogra P.L. - Leukotriene C4 release 

in upper respiratory mucosa during natural exposure to ragweed in 

ragweed-sensitive children. J Allergy Clin Immunol., 1988; 82(3 Pt 1):414-

418.

17.   Garrelds I.M., De Graaf-in ‚t Veld T., Nahori M.A., Vargaftig B.B., Gerth 

van Wijk R., Zijlstra F.J. - Interleukin-5 and eosinophil cationic protein in 

nasal lavages of rhinitis patients. Eur J Pharmacol., 1995; 275(3):295-

300.

18.   Yamasaki M., Mizutani N., Sasaki K., Nabe T., Kohno S. - No involvement 

of interleukin-5 or eosinophils in experimental allergic rhinitis in guinea 

pigs. Eur J Pharmacol., 2002; 439(1-3):159-169.

19.   Matsuzawa S., Sakashita K., Kinoshita T., Ito S., Yamashita T., Koike K. - 

IL-9 enhances the growth of human mast cell progenitors under stimula-

tion with stem cell factor. J Immunol., 2003; 170(7):3461-3467.

20.   Lai H.Y., Rogers D.F. - Mucus hypersecretion in asthma: intracellular signal-

ing pathways as targets for pharmacotherapy. Curr Opin Allergy Clin Im-

munol., 2010; 10(1):67-76.

21.   Oh C.K., Raible D., Geba G.P., Molfino N.A. - Biology of the interleukin-9 

pathway and its therapeutic potential for the treatment of asthma. In-

flamm Allergy Drug Targets., 2011; 10(3):180-186.

22.   Ciprandi G., De Amici M., Marseglia G.L. - Serum IL-9 levels and sublin-

gual immunotherapy: preliminary report. J Biol Regul Homeost Agents, 

2011; 25(2):295-297.

23.   Nicholson G.C., Kariyawasam H.H., Tan A.J., Hohlfeld J.M., Quinn D., 

Walker C., Rodman D., Westwick J., Jurcevic S., Kon O.M., Barnes P.J., Krug 

N., Hansel T.T. - The effects of an anti-IL-13 mAb on cytokine levels and 

nasal symptoms following nasal allergen challenge. J Allergy Clin Immunol., 

2011; 128(4):800-807.

24.   Verhaeghe B., Gevaert P., Holtappels G., Lukat K.F., Lange B., Van Cauwen-

berge P., Bachert C. - Up-regulation of IL-18 in allergic rhinitis. Allergy, 2002; 

57(9):825-830. 

25.   Xu G., Zhang L., Wang D.Y., Xu R., Liu Z., Han D.M., Wang X.D., Zuo 

K.J., Li H.B. - Opposing roles of IL-17A and IL-25 in the regulation of 

TSLP production in human nasal epithelial cells. Allergy, 2010; 65(5):581-

589.

26.   Okano M., Fujiwara T., Higaki T., Makihara S., Haruna T., Noda Y., Kanai 

K., Kariya S., Yasueda H., Nishizaki K. - Characterization of pollen antigen-

induced IL-31 production by PBMCs in patients with allergic rhinitis. J Al-

lergy Clin Immunol., 2011; 127(1):277-279.

27.   Kamekura R., Kojima T., Takano K., Go M., Sawada N., Himi T. - The role 

of IL-33 and its receptor ST2 in human nasal epithelium with allergic rhini-

tis. Clin Exp Allergy., 2011; 2(42):218-228. 

28.   Kim Y.H., Yang T.Y., Park C.S., Ahn S.H., Son B.K., Kim J.H., Lim D.H., Jang 

T.Y. - Anti-IL-33 antibody has a therapeutic effect in a murine model of al-

lergic rhinitis. Allergy, 2012; 67(2):183-190.

29.   Mo J.H., Kang E.K., Quan S.H., Rhee C.S., Lee C.H., Kim D.Y. - Anti-tumor 

necrosis factor-alpha treatment reduces allergic responses in an allergic 

rhinitis mouse model. Allergy, 2011; 66(2):279-286.

30.   Bunyavanich S., Melen E., Wilk J.B., Granada M., Soto-Quiros M.E., Avila L., 

Lasky-Su J., Hunninghake G.M., Wickman M., Pershagen G., O’Connor 

G.T., Weiss S.T., Celedón J.C. - Thymic stromal lymphopoietin (TSLP) is 

associated with allergic rhinitis in children with asthma. Clin Mol Al-

lergy., 2011;9:1.

31.   Zhang R.X., Yu S.Q., Jiang J.Z., Liu G.J. - Complementary DNA microar-

ray analysis of chemokines and their receptors in allergic rhinitis. J Inves-

tig Allergol Clin Immunol., 2007; 17(5):329-336.

32.   Semik-Orzech A., Barczyk A., Wiaderkiewicz R., Pierzchala W. - Interleukin 

17 and RANTES levels in induced sputum of patients with allergic rhinitis 

after a single nasal allergen challenge. Ann Allergy Asthma Immunol., 2009; 

103(5):418-424.

33.   Semik-Orzech A., Barczyk A., Wiaderkiewicz R., Pierzchała W. - Eotaxin, but 

not IL-8, is increased in upper and lower airways of allergic rhinitis subjects 

after nasal allergen challenge. Allergy Asthma Proc., 2011; 32(3):230-238.

34.   El-Shazly A.E., Lefebvre P.P. - Modulation of NK cell autocrine-induced 

eosinophil chemotaxis by interleukin-15 and vitamin D(3): a possible 

NK-eosinophil crosstalk via IL-8 in the pathophysiology of allergic rhini-

tis. Mediators Inflamm., 2011; 2011:373-589.

35.   Canonica G.W., Compalati E. - Minimal persistent inflammation in al-

lergic rhinitis: implications for current treatment strategies. Clin Exp 

Immunol., 2009; 158(3):260-271.

36.   Wagenmann M., Baroody F.M., Desrosiers M., Hubbard W.C., Ford S., 

Lichtenstein L.M., Naclerio R.M. - Unilateral nasal allergen challenge 

leads to bilateral release of prostaglandin D2. Clin Exp Allergy., 1996; 

26(4):371-378.

37.   Doyle W.J., Boehm S., Skoner D.P. - Physiologic responses to intranasal 

dose-response challenges with histamine, methacholine, bradykinin, and 

prostaglandin in adult volunteers with and without nasal allergy. J Allergy 

Clin Immunol., 1990; 86(6 Pt 1):924-935.

38.   Wihl J.A., Baumgarten C.R., Petersson G. - Contralateral differences 

among biomarkers determined by a modified nasal lavage technique 

after unilateral antigen challenge. Allergy, 1995; 50(4):308-315.

39.   Svensson C., Andersson M., Persson C.G., Venge P., Alkner U., Pipkorn 

U. - Albumin, bradykinins, and eosinophil cationic protein on the nasal 

mucosal surface in patients with hay fever during natural allergen expo-

sure. J Allergy Clin Immunol., 1990 May; 85(5):828-33.

40.   Di Lorenzo G., Mansueto P., Melluso M., Candore G., Colombo A., Pellitteri 

M.E., Drago A., Potestio M., Caruso C. - Allergic rhinitis to grass pollen: 

measurement of inflammatory mediators of mast cell and eosinophils in 

native nasal fluid lavage and in serum out of and during pollen season. J 

Allergy Clin Immunol., 1997; 100(6 Pt 1):832-837.

41.   Cheng K.J., Wang S.Q., Xu Y.Y., Liu H.Y. - Serum ECP levels in patients with 

allergic rhinitis and chronic rhinosinusitis. Zhonghua Er Bi Yan Hou Tou 

Jing Wai Ke Za Zhi., 2009; 44(12):1001-1005.

42.   Kämpe M., Lampinen M., Stolt I., Janson C., Stålenheim G., Carlson M. - PI3-

Kinase regulates eosinophil and neutrophil degranulation in patients with 

allergic rhinitis and allergic asthma irrespective of allergen challenge model. 

Inflammation, 2012; 35(1):230-9.

43.   Kämpe M., Stolt I., Lampinen M., Janson C., Stålenheim G., Carlson M. - 

Patients with allergic rhinitis and allergic asthma share the same pattern of 

eosinophil and neutrophil degranulation after allergen challenge. Clin Mol 

Allergy., 2011; 9(1):3.

44.   Rondón C., Fernandez J., Canto G., Blanca M. - Local allergic rhinitis: con-

cept, clinical manifestations, and diagnostic approach. J Investig Allergol 

Clin Immunol., 2010; 20(5):364-371.

45.   Greiner A.N., Hellings P.W., Rotiroti G., Scadding G.K. - Allergic rhinitis. 

Lancet., 2011; 378(9809):2112-2122.  


