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Abstract

Background: Patients with nonallergic rhinitis with eosino-
philia syndrome (NARES) show typical symptoms of persis-
tent allergic rhinitis (PAR). The aim of the present study was
to compare nasal cytokine patterns between NARES and
PAR. Methods: Nasal secretions of 31 patients suffering from
NARES, 20 patients with PAR to house dust mite and 21
healthy controls were collected using the cotton wool meth-
od and analyzed for interleukin (IL)-1B, IL-2, IL-4, IL-5, IL-6, IL-7,
IL-8, IL-10, IL-12, IL-13, IL-17, granulocyte-macrophage colony-
stimulating factor (GM-CSF), granulocyte colony-stimulat-
ing factor (G-CSF), interferon-y (IFN-v), tumor necrosis fac-
tor-a (TNF-a), monocyte chemoattractant protein-1 (MCP-1)
and macrophage inflammatory protein-18 (MIP-1B) by Bio-
Plex Cytokine Assay as well as eosinophil cationic protein

(ECP) and tryptase by UniCAP-FEIA. Results: NARES and PAR
presented elevated levels of tryptase, while ECP was mark-
edly increased solely in NARES compared to both the con-
trols and PAR. Elevated levels of IL-1B, IL-17, IFN-y, TNF-a and
MCP-1 were found in NARES compared to the controls as well
as PAR. MIP-13 was elevated in NARES and PAR, while IL-4,
IL-6 and G-CSF showed increased levels in NARES, and IL-
5 was elevated in PAR only. Conclusions: In patients with NA-
RES and PAR, eosinophils and mast cells appear to be
the pivotal cells of inflammation, reflected by high levels
of tryptase and ECP as well as IL-5 and GM-CSF as factors
for eosinophil migration and survival. The elevated levels
of proinflammatory cytokines in NARES may indicate the
chronic, self-perpetuating process of inflammation in NARES
which seems to be more pronounced than in PAR. IL-17
might be a factor for neutrophilic infiltration or be respon-
sible for remodeling processes in NARES.
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Introduction

Rhinitis is defined as an inflammation of the nose and
since markers of inflammation are not routinely exam-
ined in daily practice, the term rhinitis is mainly used for
a complex of symptoms including rhinorrhea, nasal
blockage, sneezing and nasal itching [1]. Compared to
acute rhinitis that is self-limiting and resolves within 1 or
2 weeks, chronic rhinitis can persist for several weeks and
may even be perennially affecting up to 20% of the gen-
eral population [2].

Allergic rhinitis constitutes the most frequent mani-
festation of atopic diseases with nearly 80 million affected
people in the USA, and thus accounts for about 50% of
patients with chronic rhinitis [3]. The classification into
‘seasonal’ and ‘perennial’ has been replaced by the terms
‘intermittent’ and ‘persistent’, with persistent meaning
symptoms occurring >4 days a week and >4 consecutive
weeks per year [2]. The pathogenic features of allergic rhi-
nitis have been explored in many studies. In the early
phase, the bridging of mast cell-bound allergen-specific
IgE with allergens leads to the degranulation of mast cells
and the release of products like histamine and leukotri-
enes. Later, the influx of inflammatory cells like eosino-
phils and basophils leads to persistent inflammation and
associated tissue changes [4, 5].

As a separate entity of chronic rhinitis, nonallergic
rhinitis with eosinophilia syndrome (NARES) consti-
tutes a rare nasal condition, although prevalence rates
range from 2 to 14% among patients with chronic rhinitis
[6]. Patients present typical symptoms of persistent rhini-
tis, mainly nasal blockage and rhinorrhea, but in vitro
and in vivo tests fail to detect any sensitization [7]. A
chronic, unspecificliberation of histamine and a self-per-
petuating eosinophilic infiltration have hitherto been
supposed to be pathogenic factors of this disease, with a
nasal smear showing more than 25% eosinophilia as a di-
agnostic criterion [7]. However, recent literature has pro-
vided evidence that some patients with rhinitis show na-
sal allergy with no systemic markers of atopy, either by
local IgE production or even through an IgE-indepen-
dent antigen-specific pathway [8, 9]. In addition, it has
been suggested that this condition may be prevalent in up
to one third of adults with nonallergic rhinitis, and al-
though it usually occurs as an isolated disorder, there is
evidence of association with asthma, aspirin sensitivity
and nasal polyps [10-13].

Investigating cytokine levels and other mediators in
the nasal fluid of patients with rhinitis has been used in
a number of studies, either to get more insight of the
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pathogenic conditions [14], for diagnostic use [15] or to
measure therapeutic effects [16].

The aim of this study was to investigate cytokine levels
and other inflammatory mediators in the nasal fluid
of patients with persistent allergic rhinitis (PAR) and
NARES in comparison with healthy controls. An attempt
was made to identify disease-specific cytokine patterns
and to identify the role of different cytokines in both dis-
eases.

Methods

Study Population

Seventy-two adult volunteers (46 males, 26 females, median
age 32 years, range 15-68 years) participated in this study. Clini-
cal history was taken by one of the investigators. All volunteers
completed a questionnaire referring to nasal obstruction, rhinor-
rhea, sneezing and nasal itching. Symptoms were rated on a scale
from 0 to 3 (0 = no symptoms, 1 = minor symptoms, 2 = moderate
symptoms and 3 = severe symptoms). Patients presenting with
sensitization to seasonal allergens, a history of bronchial asthma
and/or bronchial hyperreactivity, chronic rhinosinusitis, nasal
polyposis or aspirin sensitivity were excluded from the study. Any
medication taken concerning the nasal disease during or 6 weeks
prior to the examination also constituted an exclusion criterion,
especially anti-inflammatory medication such as nasal steroids or
antihistamines.

Nasal endoscopy was performed in all participants in order to
assess clinical signs of rhinitis and to exclude patients with signs
of purulent rhinitis or polyposis. Allergic rhinitis was determined
by the patient’s history and by a positive skin prick test (ALK-
Abello, Wedel, Germany) for the following allergens: timothy
grass, rye, birch, hazel, alder, beech, mugwort, ribwort, nettle,
dandelion, house dust mite, storage mite, dog, cat and horse epi-
thelial dander, Alternaria, Aspergillus, Cladosporium and Peni-
cillium. Histamine dihydrochloride solution at 1 mg/ml as a pos-
itive control and allergen-free saline solution as a negative control
were used. Thereafter specific IgE to the allergens tested posi-
tive in skin prick tests was measured in serum (UniCAP-FEIA,
Phadia, Freiburg, Germany).

NARES (n = 31; 5 female, 26 male; median age 31 years, range
15-68 years) was determined by typical nasal symptoms and neg-
ative skin prick test to all the tested allergens, but with excessive
levels of eosinophil cationic protein (ECP) in nasal secretions
(>200 ng/ml) in the absence of any other sinonasal disease such
as polyposis.

PAR (n = 20; 7 female, 13 male; median age 31 years, range
17-62 years) due to house dust mites was determined by the pa-
tient’s history, a sensitization to house dust mites with a positive
skin prick test and a house dust mite-specific IgE (CAP class =2),
and a positive intranasal allergen challenge.

Healthy controls (n = 21; 14 female, 7 male; median age 36
years, range 15-66 years) presented no history of nasal com-
plaints, normal ECP levels in nasal secretions and a negative in
vitro allergy screening test Sx1 (Phadia).

The study was approved by the local ethics committee and
written informed consent was obtained from all participants.
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Biochemical and Immunological Methods

Nasal secretions were gained using small cone-shaped cotton
wool pieces (absorbent cotton, Hartmann Inc., Heidenheim/
Brenz, Germany) with a length of about 3 cm and a diameter of
about 6 mm. Introduced into the middle meatus of the nose, the
cotton wool pieces were left in place for 20 min and were subse-
quently centrifuged (+4°C, 2,000 g) on a sieve for 10 min [15].
Control experiments were performed with diluted nasal secre-
tions tested at 1:2, 1:5 and 1:10 for reproducibility and recovery
rates, which were best at a dilution of 1:5.

All samples were analyzed for Interleukin (IL)-18, IL-2, IL-4,
IL-5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-13, IL-17, granulocyte-mac-
rophage colony-stimulating factor (GM-CSF), granulocyte colo-
ny-stimulating factor (G-CSF), interferon-y (IFN-v), tumor ne-
crosis factor-a (TNF-a), monocyte chemoattractant protein-1
(MCP-1) and macrophage inflammatory protein-1 (MIP-1B) us-
ing a human cytokine 17-plex panel (Bio-Plex Cytokine Assay,
Bio-Rad Laboratories, Hercules, Calif., USA). The cytokine assay
uses fluorescently addressed polystyrene beads with conjugated
capture antibodies directed to the above-mentioned cytokines.
After washing, a fluorescently marked detection antibody builds
an immunoassay with the cytokine. For analysis, two lasers excite
the fluorochromes: one for classifying each bead, the other for
quantifying the amount of bound analyte [10]. Detection levels
were 0.5 pg/ml.

Total IgE was measured in nasal secretion diluted 1:2 (Uni-
CAP-FEIA, Phadia). ECP and tryptase were measured by ELISA
(UniCAP-FEIA, Phadia). Thresholds for detection were 10 ng/ml
for ECP and 5 ng/ml for tryptase.

Statistics

SPSS 10.0 software was used for statistical evaluation. Signifi-
cances were obtained by the Kruskal-Wallis one way analysis of
variance on ranks. When significant differences were indicated,
the Mann-Whitney U test was also performed. p values <0.05
were regarded as significant. As values were not normally distrib-
uted, data are given as median and range. Data are shown as box
plots for graphic presentation of the results with significances
graphically represented between the corresponding scatter plots.

Results

The clinical characteristics of all patients are given in
table 1. No relevant differences in the clinical appearance
of PAR and NARES were detectable. As shown in figure
1, asignificant difference among the groups could be seen
in the total IgE in nasal secretion. In PAR total nasal IgE
(median 4 ng/ml, range 0-145 ng/ml) was significantly
higher in comparison to the controls (median 0 ng/ml,
range 0-0 ng/ml, p<0.001) as well as to NARES (median
0 ng/ml, range 0-83 ng/ml, p<0.05). IgE levels in NARES
were not significantly elevated.

Concerning the nasal fluid specimens, ECP showed
significantly higher levels in NARES (median 472 ng/ml,
range 241-1,000 ng/ml) compared to PAR (median 72 ng/
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Fig. 1. Box plot of levels of total IgE in nasal secretions of the three
patient groups. Total IgE is significantly elevated in PAR versus
controls (*** p < 0.001) as well as versus NARES (* p < 0.05).

Table 1. Mean symptom scores

Symptom score Controls PAR NARES
Obstruction 0 1.94 1.45
Secretion 0.24 1 1.33
Sneezing 0.38 1 0.81
Itchy nose 0.24 0.8 0.55

ml, range 10-1,000 ng/ml, p < 0.001) as well as to healthy
controls (median 23 ng/ml, range 10-90 ng/ml, p<0.001).
As shown in figure 2, tryptase was significantly elevated
in PAR (median 14 ng/ml, range 5-1,000 ng/ml, p <0.01)
compared to the controls (median 5 ng/ml, range 5-16
ng/ml), and also showed significantly higher levels in
NARES (median 5 ng/ml, range 5-207 ng/ml, p < 0.01).

For IL-2 (controls: median 0 pg/ml, range 0-12 pg/ml;
PAR: median 0 pg/ml, range 0-15 pg/ml; NARES: me-
dian 0 pg/ml, range 0-94 pg/ml) and IL-12 (controls: me-
dian 0 pg/ml, range 0-15 pg/ml; PAR: median 0 pg/ml,
range 0-15 pg/ml; NARES: median 0 pg/ml, range 0-17
pg/ml), similar levels could be found in the nasal fluids
of all three groups.

We detected significantly higher levels of the proin-
flammatory cytokines IL-1 (controls: median 30 pg/ml,
range 0-412 pg/ml; PAR: median 18 pg/ml, range 3-996
pg/ml; NARES: median 285 pg/ml, range 41-2,618 pg/ml;
p < 0.001; fig. 3), IFN-vy (p < 0.001; table 2) and TNF-a
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Fig. 2. Box plot of levels of tryptase in sera of the three patient
groups. Tryptase is significantly elevated in PAR and NARES ver-
sus controls (** p < 0.01).

Table 2. Cytokine levels

Fig.3.Box plot of levels of IL-1B in sera of the three patient groups.
IL-1B is significantly elevated in NARES versus controls as well
as versus PAR (*** p < 0.001).

IFN-y TNF-«a MCP-1 MIP-13

Controls 26 (0-253) 9 (0-71) 246 (118-388) 136 (18-455)
PAR 49 (0-502) 10 (0-171) 218 (87-523) 259 (73-1,671)
NARES 203 (30-1,129) 62 (11-348) 388 (159-1,022) 378 (121-2,511)
p values

Controls vs. PAR n.s. n.s. n.s. <0.01

Controls vs. NARES <0.001 <0.001 <0.01 <0.001

PAR vs. NARES <0.001 <0.001 <0.01 n.s.

Data are measured as pg/ml and presented as median values with ranges in parentheses. n.s. = Not significant.

(p < 0.001; table 2) in NARES compared to the controls
and PAR, while there were no significant differences be-
tween levels in PAR and the controls. IL-6 (p < 0.001;
table 3) was significantly elevated in NARES solely in
comparison to the controls.

Levels of IL-7 were quite similar in all the groups (con-
trols: median 22 pg/ml, range 7-51 pg/ml; PAR: median
29 pg/ml, range 12-99 pg/ml; NARES: median 39 pg/ml,
range 6-196 pg/ml). The magnitude of IL-17 in NARES
(median 8 pg/ml, range 0-35 pg/ml) was significantly
higher compared to the controls (median 0 pg/ml, range
0-22 pg/ml, p <0.01) as well as to PAR (median 0 pg/ml,
range 0-13 pg/ml, p < 0.01; fig. 4).

IL-8 showed no elevated levels in inter-group compar-
ison, while significantly higher levels of the chemokine
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MCP-1 could be detected in NARES (p < 0.01; table 2 and
3). MIP-1P was significantly elevated in NARES as well
as in PAR (p <0.001 and p < 0.01, respectively; table 2).
As shown in figure 5, IL-4 was significantly elevated
in NARES (median 106 pg/ml, range 0-500 pg/ml, p <
0.001) in comparison with the controls (median 0 pg/ml,
range 0-206 pg/ml) but not versus PAR (median 0 pg/ml,
range 0-206 pg/ml). The levels of IL-5 in PAR were sig-
nificantly higher compared to the controls (p < 0.05),
while there were no significant differences in levels of IL-
13 in the nasal secretions from all three groups (table 3).
G-CSF showed significantly elevated levels in NARES
(median 375 pg/ml, range 0-5,856 pg/ml, p < 0.01) com-
pared to the controls (median 53 pg/ml, range 0-2,086
pg/ml) but not to PAR (median 214 pg/ml, range 0-5,688
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Fig.4.Box plot of levels of IL-17 in sera of the three patient groups.
IL-17 is significantly elevated in NARES versus controls as well as
versus PAR (** p < 0.01).

Table 3. Interleukin levels

Fig. 5. Box plot of levels of IL-4 in sera of the three patient groups.
IL-4 is significantly elevated in NARES versus controls (** p <
0.01).

IL-5 1L-6 1L-8 IL-13

Controls 0 (0-20) 93 (13-1,594) 3,573 (467-23,277) 0 (0-61)
PAR 5(0-188) 202 (25-750) 4,205 (524-11,759) 0 (0-58)
NARES 0 (0-320) 309 (70-8,168) 3,485 (0-33,932) 13 (0-62)
p values

Controls vs. PAR <0.05 n.s. n.s. n.s.

Controls vs. NARES n.s. <0.001 n.s. n.s.

PAR vs. NARES n.s. n.s. n.s. n.s.

Data are measured as pg/ml and presented as median values with ranges in parentheses. n.s. = Not significant.

pg/ml). The quantity of GM-CSF was not significantly
different among the three groups (controls: median 0 pg/
ml, range 0-905 pg/ml; PAR: median 0 pg/ml, range
0-582 pg/ml; NARES: median 90 pg/ml, range 0-1,176
pg/ml). IL-10 could not be detected in the controls or
PAR, but was measurable in a few patients with NARES
(median 0 pg/ml, range 0-125 pg/ml).

Discussion

Both chronic allergic as well as chronic nonallergic
rhinitis constitute frequent inflammatory diseases of the
upper-airway mucosa. Patients suffering from NARES, a
nonallergic rhinitis defined by nasal mucosa eosinophil-

Cytokines in Allergic Rhinitis and
NARES

ia, show symptoms of perennial allergic rhinitis without
systemic sensitization. Recently, new insights into in-
flammatory processes have become possible by studying
the release of cytokines and chemokines involved in
pathogenic pathways. Detecting these mediators in nasal
fluid has become a standardized and well-evaluated tech-
nique [11, 15]. However, the results from different studies
remain inconclusive, particularly regarding the tech-
nique of specimen collection. We used the cotton wool
method for its accessibility and for prevention of predilu-
tion, which occurs in nasal lavage [12].

Eosinophils are the pivotal cell type in NARES, with
eosinophilia in the nasal smear as a diagnostic criterion.
Accordingly, the highest levels of nasal ECP were found
in patients with NARES. This is in accordance with oth-
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er studies comparing different types of chronic rhinitis
[15]. We found even higher levels of ECP in patients with
sensitization to the perennial allergen house dust mite
than we had shown in patients with seasonal allergic rhi-
nitis in a previous study (210.2 vs. 115.5 ng/ml) [14]. This
might be due to the fact that the nasal fluid of seasonal
allergic patients was not collected during assured allergen
exposure. The importance of eosinophils in mucosa in-
flammation in allergic rhinitis has also been highlighted
in other studies [13, 17].

Tryptase could clearly discriminate the nasal secre-
tions of allergic patients from those of the controls. Mast
cell activation is one of the main mechanisms in allergic
rhinitis, which has been proven in former studies [14, 15].
Interestingly, high levels of tryptase were detected in the
nasal secretions of patients with NARES, which is in ac-
cordance with previous studies showing increased mast
cells and mast cell activation in different forms of nonal-
lergic rhinitis [9, 15]. This might also implicate a kind of
allergen-dependent mast cell activation, either IgE-de-
pendent as suggested in recent challenge studies for local
allergies [18], or IgE-independent as indicated by finding
free light-chain expression in patients with nonatopic
rhinitis [8].

For IL-12, which, among other cytokines, is supposed
to be important in mounting a Thl-helper cell response,
only low levels were found in all the three groups, sug-
gesting an inferior role of Th1-helper cells in NARES and
PAR.IL-2, which plays a pivotal role in inflammation and
stimulates the synthesis of other proinflammatory cyto-
kines like IL-1 or IL-6, showed higher but not significant-
ly elevated level in NARES. Like IL-12, it could not be
detected in all the samples. Whether this is because of its
short half-life or the time course in cytokine expression
cannot be answered conclusively.

We found a remarkable upregulation of the proin-
flammatory cytokines IL-1B3, IL-6, TNF-o and IFN-y in
NARES in comparison to the controls. Levels of IL-1j3,
TNF-a and IFN-vy were also significantly higher com-
pared to PAR. Whilst in PAR IL-1 was 2-fold higher
than in healthy subjects, a significant increase in com-
parison with the controls was not detected in any of these
proinflammatory cytokines. Th1-derived, proinflamma-
tory cytokines have often been studied in the nasal secre-
tions of patients with allergic rhinitis, mostly in challenge
studies [19] or in seasonal allergic rhinitis [20, 21], where
high levels of IL-1 could mostly be found after challenge
or during the pollen season. This secretion of IL-1f3,
which activates T lymphocytes and endothelial cells and
leads to a release of further cytokines, was also detected
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in PAR [21], which is in accordance with our findings.
Measuring proinflammatory cytokines could also be in-
teresting for the detection of a subclinical state of inflam-
mation in patients with seasonal [21, 22] as well as peren-
nial [23] allergic rhinitis. In this so called ‘minimal per-
sistent inflammation’ [24] infiltration of neutrophils and
eosinophils is found without overt allergic symptoms.
Detecting and treating this state is important, as data
show a priming effect of the minimally inflamed mucosa
leading to hyperreactivity of upper and lower airways and
an increased allergic response [25].

Another interesting finding was the significantly ele-
vated level of IL-17 in NARES. The recent identification
of an IL-17-producing T helper cell line, Th17 cells, pro-
vided new insight into the development of infectious and
autoimmune diseases as well as immune responses [26].
IL-17 can enhance human bronchial fibroblast produc-
tion of IL-6, IL-8, and chemokine (C-X-C motif) ligand 1
(CXCL1) as well as human bronchial epithelial cell ex-
pression of IL-8, CXCLI, chemokine (C-C motif) ligand
20 (CCL20), intercellular adhesion molecule-1 and G-
CSF [27, 28]. IL-8 and CXCLI are potent neutrophil che-
moattractants, whereas IL-6 and G-CSF are important in
neutrophil maturation. Thus, IL-17 seems to play an im-
portant role in neutrophil activation and proliferation in
forms of noneosinophilic asthma. Whether or not these
findings can be transferred to inflammatory processes of
the nose has not been studied yet. While in our study IL-6
and G-CSF were significantly elevated in NARES, IL-8
showed slightly lower levels. On the other hand, MIP-1(3,
a chemoattractant for neutrophil granulocytes as well as
for eosinophils and basophils, and MCP-1, a chemokine
for monocytes, were detected in high levels in NARES,
indicating that not only eosinophils play a role in this in-
flammatory disease. The etiology of neutrophilic infiltra-
tion in nonallergic rhinitis without infection is multifac-
torial, including pollutants and tobacco smoke [29, 30].
As we did not exclude smokers, this cause of neutrophil-
ic infiltration cannot be ruled out. In further studies, na-
sal cytology should be performed to measure different
cellular patterns, as a high presence of neutrophils could
lead to resistance to nasal steroids as already shown for
the lower airways [31]. Not only Th17 cells can be the
source of IL-17 as neutrophils, eosinophils, plasma cells
and serous glands have also been identified [32, 33]. A re-
cent study by Saitoh et al. [34] detected IL-17 in the nasal
polyps of patients with asthma and, besides CD4 T cells,
could clearly determine eosinophils as the major source
of IL-17. Moreover, the authors found correlations be-
tween IL-17-positive cells and the eosinophil recruitment
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into the polyps, epithelial damage and the thickness of
the basal membrane. This indicates that IL-17 is a deter-
mining factor for mucosal remodeling of nasal polyps be-
ing related to cytotoxic mediators derived from eosino-
phils and/or having a profibrotic capability itself. Some
investigators even suggest NARES as being a precursor of
nasal polyps, subsequent asthma or aspirin sensitivity
[35].

As for Th2-cytokines, we found significantly higher
levels of IL-4 in NARES compared to the controls, while
IL-13 showed similar levels in the nasal secretions of all
groups. IL-4 was insignificantly elevated in patients with
PAR. Although both cytokines are key mediators in al-
lergic inflammation [36] and should therefore be elevated
in PAR, these results are in accordance with previous
findings showing elevated levels of IL-4 in the nasal se-
cretions of patients with allergic rhinitis [37, 38] but no
elevation of IL-13 [13]. IL-5 was significantly elevated in
PAR and to a similar extent also in NARES. It activates

the selective migration of eosinophils from the periph-
eral circulation into tissues and constitutes a major sur-
vival factor for eosinophils [39] being the only human
leukocytes expressing a specific IL-5 receptor [40]. The
interesting finding of high amounts of Th2 cytokines
IL-4 and IL-5 in NARES cannot be explained yet. As we
could detect IgE in the nasal secretions of about 20% of
NARES subjects, it cannot be ruled out that in a small
subgroup of NARES patients a local nasal allergic disease
pathway may be present. However, this cannot sufficient-
ly explain the more general characteristics of our find-
ings. Therefore, further work is necessary to confirm
these results.

Acknowledgment

We thank Bio-Rad Laboratories, Hercules, Calif., USA, for
providing the Multi-Plex assays.

—

References

van Rijswijk JB, Blom HM, Fokkens WJ: Id-
iopathic rhinitis, the ongoing quest. Allergy
2005;60:1471-1481.

Bousquet J, van Cauwenberge P, Khaltaev N:
Allergic rhinitis and its impact on asthma. ]
Allergy Clin Immunol 2001;108:S147-S334.
Nathan RA, Meltzer EO, Derebery J, Camp-
bell UB, Stang PE, Corrao MA, Allen G,
Stanford R: The prevalence of nasal symp-
toms attributed to allergies in the United
States: findings from the burden of rhinitis
in an America survey. Allergy Asthma Proc
2008;29:600-608.

Naclerio RM, Baroody F: Understanding the
inflammatory processes in upper allergic
airway disease and asthma. J Allergy Clin
Immunol 1998;101:5345-S351.

Frieri M: Inflammatory issues in allergic rhi-
nitis and asthma. Allergy Asthma Proc 2005;
26:163-169.

Crobach M, Hermans J, Kaptein A, Rid-
derikhoff J, Mulder J: Nasal smear eosino-
philia for the diagnosis of allergic rhinitis
and eosinophilic non-allergic rhinitis. Scand
J Prim Health Care 1996;14:116-121.
Moneret-Vautrin DA, Jankowski R, Bene
MC, Kanny G, Hsieh V, Faure G, Wayoff M:
NARES: a model of inflammation caused by
activated eosinophils? Rhinology 1992;30:
161-168.

Powe DG, Groot KT, Sisson M, Blokhuis BJ,
Kramer MF, Jones NS, Redegeld FA: Evi-
dence for the involvement of free light chain
immunoglobulins in allergic and nonaller-
gic rhinitis. J Allergy Clin Immunol 2010;
125:139-145.

Cytokines in Allergic Rhinitis and
NARES

10

11

12

13

14

15

16

Powe DG, Huskisson RS, Carney AS, Jenkins
D, Jones NS: Evidence for an inflammatory
pathophysiology in idiopathic rhinitis. Clin
Exp Allergy 2001;31:864-872.

Vignali DA: Multiplexed particle-based flow
cytometric assays. J Immunol Methods
2000;243:243-255.

Klimek L, Rasp G: Norm values for eosino-
phil cationic protein in nasal secretions: in-
fluence of specimen collection. Clin Exp Al-
lergy 1999;29:367-374.

Riechelmann H, Deutschle T, Friemel E,
Gross HJ, Bachem M: Biological markers in
nasal secretions. Eur Respir ] 2003;21:600-
605.

Canakcioglu S, Tahamiler R, Saritzali G, Ali-
moglu Y, Isildak H, Guvenc MG, Acar GO,
Inci E: Evaluation of nasal cytology in sub-
jects with chronic rhinitis: a 7-year study.
Am J Otolaryngol 2009;30:312-317.
Klemens C, Rasp G, Jund F, Hilgert E, De-
vens C, Pfrogner E, Kramer MF: Mediators
and cytokines in allergic and viral-triggered
rhinitis. Allergy Asthma Proc 2007;28:434-
441.

Kramer MF, Burow G, Pfrogner E, Rasp G:
In vitro diagnosis of chronic nasal inflam-
mation. Clin Exp Allergy 2004;34:1086-
1092.

Segundo GR, Gomes FA, Fernandes KP,
Alves R, Silva DA, Taketomi EA: Local cyto-
kines and clinical symptoms in children
with allergic rhinitis after different treat-
ments. Biologics 2009;3:469-474.

17

18

19

20

21

22

23

Woschnagg C, Rubin J, Venge P: Eosinophil
cationic protein (ECP) is processed during
secretion. ] Immunol 2009;183:3949-3954.
Rondon C, Fernandez J, Lopez S, Campo P,
Dona I, Torres MJ, Mayorga C, Blanca M:
Nasal inflammatory mediators and specific
IgE production after nasal challenge with
grass pollen in local allergic rhinitis. J Al-
lergy Clin Immunol 2009;124:1005-1011.
Wagenmann M, Schumacher L, Bachert C:
The time course of the bilateral release of cy-
tokines and mediators after unilateral nasal
allergen challenge. Allergy 2005;60:1132-
1138.

Bachert C, Hauser U, Prem B, Rudack C,
Ganzer U: Proinflammatory cytokines in al-
lergic rhinitis. Eur Arch Otorhinolaryngol
1995;252(suppl 1):S44-549.

Bachert C, van Kempen M, van Cauwen-
berge P: Regulation of proinflammatory cy-
tokines in seasonal allergic rhinitis. Int Arch
Allergy Immunol 1999;118:375-379.
Milanese M, Ricca V, Canonica GW, Cipran-
di G: Eosinophils, specific hyperreactivity
and occurrence of late phase reaction in al-
lergic rhinitis. Eur Ann Allergy Clin Immu-
nol 2005;37:7-10.

Ciprandi G, Pronzato C, Ricca V, Passalac-
qua G, Bagnasco M, Canonica GW: Aller-
gen-specific challenge induces intercellular
adhesion molecule 1 (ICAM-1 or CD54) on
nasal epithelial cells in allergic subjects: rela-
tionships with early and late inflammatory
phenomena. Am J Respir Crit Care Med
1994;150:1653-1659.

Int Arch Allergy Immunol 2012;159:171-178

177



24

25

26

27

28

29

30

Canonica GW, Compalati E: Minimal per-
sistent inflammation in allergic rhinitis: im-
plications for current treatment strategies.
Clin Exp Immunol 2009;158:260-271.
Storms WW: Minimal persistent inflamma-
tion, an emerging concept in the nature and
treatment of allergic rhinitis: the possible
role of leukotrienes. Ann Allergy Asthma
Immunol 2003;91:131-140.

Louten ], Boniface K, de Waal MR: Develop-
ment and function of Th17 cells in health
and disease. ] Allergy Clin Immunol 2009;
123:1004-1011.

Molet S, Hamid Q, Davoine F, Nutku E, Taha
R, Page N, Olivenstein R, Elias ], Chakir J:
IL-17 is increased in asthmatic airways and
induces human bronchial fibroblasts to pro-
duce cytokines. J Allergy Clin Immunol
2001;108:430-438.

ObokiK, Ohno T, Saito H, Nakae S: Th17 and
allergy. Allergol Int 2008;57:121-134.
Hellgren J, Toren K: Nonallergic occupation-
al rhinitis. Clin Allergy Immunol 2007;19:
241-248.

Shusterman D: Environmental nonallergic
rhinitis. Clin Allergy Immunol 2007;19:249-
266.

31

32

33

34

35

McKinley L, Alcorn JF, Peterson A, Dupont
RB, Kapadia S, Logar A, Henry A, Irvin CG,
Piganelli JD, Ray A, Kolls JK: Th17 cells me-
diate steroid-resistant airway inflammation
and airway hyperresponsiveness in mice. J
Immunol 2008;181:4089-4097.

Wang X, Dong Z, Zhu DD, Guan B: Expres-
sion profile of immune-associated genes in
nasal polyps. Ann Otol Rhinol Laryngol
2006;115:450-456.

Molet SM, Hamid QA, Hamilos DL: IL-11
and IL-17 expression in nasal polyps: rela-
tionship to collagen deposition and suppres-
sion by intranasal fluticasone propionate.
Laryngoscope 2003;113:1803-1812.

Saitoh T, Kusunoki T, Yao T, Kawano K, Ko-
jima Y, Miyahara K, Onoda ], Yokoi H, Ikeda
K: Role of interleukin-17A in the eosinophil
accumulation and mucosal remodeling in
chronic rhinosinusitis with nasal polyps as-
sociated with asthma. Int Arch Allergy Im-
munol 2010;151:8-16.

Moneret-Vautrin DA, Hsieh V, Wayoff M,
Guyot JL, Mouton C, Maria Y: Nonallergic
rhinitis with eosinophilia syndrome a pre-
cursor of the triad: nasal polyposis, intrinsic
asthma, and intolerance to aspirin. Ann Al-
lergy 1990;64:513-518.

178

Int Arch Allergy Immunol 2012;159:171-178

36

38

39

40

Hershey GK: IL-13 receptors and signaling
pathways: an evolving web. J Allergy Clin
Immunol 2003;111:677-690.

Scavuzzo MC, Rocchi V, Fattori B, Ambrogi
F, Carpi A, Ruffoli R, Manganelli S, Iannes-
si F: Cytokine secretion in nasal mucus of
normal subjects and patients with allergic
rhinitis. Biomed Pharmacother 2003;57:
366-371.

Ciprandi G, Vizzaccaro A, Cirillo I, Tosca M,
Massolo A, Passalacqua G: Nasal eosinophils
display the best correlation with symptoms,
pulmonary function and inflammation in
allergic rhinitis. Int Arch Allergy Immunol
2005;136:266-272.

Bachert C, Wagenmann M, Hauser U, Ru-
dack C: IL-5 synthesis is upregulated in hu-
man nasal polyp tissue. J Allergy Clin Im-
munol 1997;99:837-842.

Egan RW, Umland SP, Cuss FM, Chapman
RW: Biology of interleukin-5 and its rele-
vance to allergic disease. Allergy 1996;51:
71-81.

Groger/Klemens/Wendt/Becker/Canis/
Havel/Pfrogner/Rasp/Kramer



