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ABSTRACT

Background: Local allergic rhinitis (LAR) is rhinitis with a localized nasal allergic response in the absence of systemic
allergy. This study aimed to evaluate the pathogenesis specific to LAR compared with allergic rhinitis (AR) and nonallergic
rhinitis (NAR) by using cytokines from polypous tissues.

Methods: We recruited 43 patients with AR (n = 15; mean age, 17.4 years), LAR (n = 12; mean age, 15.9 years), and NAR
(n = 16; mean age, 15.6 years) who underwent polypectomy. Atopic status was defined as presenting a sufficiently high total
immunoglobulin E (IgE) serum concentration and skin-prick test or serum allergen test. Immunoassays were performed by
using polyp tissue homogenates to quantify the levels of regulated on activation of normal T cell expressed and secreted
(RANTES), tumor necrosis factor (TNF) alpha, interleukin (IL) 5, and sera to assess total IgE and eosinophil cationic protein.

Results: RANTES levels were higher in patients with LAR than in patients with AR and NAR. There was a significant
correlation in the concentration of RANTES between polyp tissue homogenates and serum (R*> = 0.51, p < 0.05). The levels
of IL-5, TNF alpha, and interferon gamma also demonstrated positive correlations between polyp tissue homogenates and
serum; however, they were not significantly different.

Conclusion: Results of our study indicated that RANTES may play an important role and contribute to allergic reaction

in LAR, and RANTES may be related to the pathogenesis of LAR
(Allergy Asthma Proc 39:e30-e37, 2018; doi: 10.2500/aap.2018.39.4135)

llergic rhinitis (AR) is the most common form of
noninfectious rhinitis, but local allergic rhinitis
(LAR) also affects a large number of patients with rhini-
tis.! LAR is a localized nasal allergic response in the
absence of systemic allergy, characterized by local pro-
duction of specific immunoglobulin E (IgE) antibodies,
especially the allergic response during natural exposure
to aeroallergens, and a positive nasal allergen provoca-
tion test (NAPT) response. Localized IgE-mediated in-
flammation may be suspected in a small subgroup of the
idiopathic rhinitis group with negative skin-prick testing
(SPT) results, whereas allergen-specific IgE is measurable
in patients’ nasal secretions.” Results of studies have
proven that localized cellular pathogenesis is analogous
to that in patients with AR.'**
Patients with nonallergic rhinitis (NAR) have been con-
sidered to be nonallergic because they have negative SPT
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responses and serum IgE is absent.>* However, over the

past decade, a number of studies have shown that many
patients with negative SPT responses and who lack se-
rum slgE and would otherwise have been categorized as
having NAR, but some patients presented nasal symp-
toms after nasal allergic provocation tests with common
aeroallergens, such as house-dust mites, grass, and some
pollens.l*3 In addition, results of recent studies indicated
that the local production of sIgE occurs in these patients.
LAR has been proposed in these cases, which led to a
new classification of rhinitis. The possibility that IgE is
produced locally in the target organ was first proposed
after an experiment in children with AR to house-dust
mites and asthma.” * IgE was measured in the serum and
in nasal secretions in the steady state, and kinetic studies
were conducted. It was observed that, after reexposure,
local IgE levels increased more rapidly than did serum
IgE.>® Although precise prevalence data are not avail-
able, according to several reports, LAR may be present
in 47 to 62.5% of patients with perennial and sea-
sonal symptoms. Many of these patients were previ-
ously diagnosed with idiopathic rhinitis or NAR
with eosinophilia syndrome.' These early studies
included patients with NAR with eosinophilia syn-
drome and, possibly, inpatients with LAR.®™

Nasal polyps are a chronic inflammatory disease that
affects the nasal cavity and paranasal sinuses, which are
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characterized by the presence of a number of inflamma-
tory cells with infiltration of eosinophils, T-helper type 2
(Th2) cells, mast cells, and macrophages.'® The cytokines
of endothlin-1 (ET-1), thymus- and activation-regulated
chemokine (TARC), and/or chemokine ligand 17 (CCL
17), and a-defensin were significantly increased in pa-
tients with chronic rhinosinusitis and with polyps com-
pared with those without polyps, as in patients with AR,
which indicates that the pathogenesis of polyp may be
associated with Th2-based inflammation, e.g., the patho-
genesis of AR Although patients with nasal polyps
frequently exhibit concomitant allergies and patients
with eosinophilic polyps respond favorably to nasal cor-
ticosteroid steroid as with patients with AR, there is
limited information about the impact of allergies on the
severity of nasal polyps.'* Nasal polyposis often coexists
with asthma, rhinitis, and sinusitis.!° When nasal polyps
and atopy occur together, a special interaction occurs and
total and specific IgEs are found at a significantly greater
concentration in nasal polyp tissue than in sera and tonsil
tissue.'”"* Polyps recur frequently during specific pollen
seasons in individuals who are sensitive.'®

Regulated on activation of normal T cell expressed and
secreted (RANTES) is a member of the chemokine family
of proinflammatory basic chemoattractant polypeptides.*
This molecule has been indicated as playing an important
role in inflammatory recruitment, which leads to cell
activation and directional migration of specific T-cell sub-
sets and contributes to the activation of integrin-mediated
adhesive events necessary for transendothelial migra-
tion.'®” RANTES is a potent mediator of eosinophilic
chemotaxis in vitro but also acts on a wider range of other
cells. Hence, mechanisms by which Th2 cell subsets are
recruited to the inflamed tissue were examined, with a
focus on chemotactic factors.>'” "

Tumor necrosis factor (TNF) « is a proinflammatory
cytokine produced by macrophages, eosinophils, epi-
thelial cells, and mast cells in airways.”*® TNF-a along
with Th2 cytokines, such as interleukin (IL) 5 may
stimulate nasal polyp fibroblasts to produce inflamma-
tory mediators. TNF-« is also involved in the produc-
tion of antigen-specific IgE and the adhesion molecules
responsible for the attraction of eosinophil to allergic
inflammatory sites. However, the specific role and
source of TNF-« in the nasal mucosa is not well known.
TNEF-a is responsible for smooth-muscle activation and
for inducing late-phase plasma exudation, which is
associated with increased nasal mucosal output of
granulocyte mediators.”*?! The goal of the present
study was to evaluate the pathogenesis specific to LAR
compared with AR and NAR by using cytokines from
nasal polypous tissues. We evaluated differences and
compared the contents of RANTES, TNF-q, IL-5, and
interferon (IFN) y among the nasal polyps of children
with LAR, AR, and NAR.
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METHODS

Subjects

We recruited children with rhinitis who underwent
polypectomy between June 2009 and July 2013 in the
Department of Otolaryngology at Hanyang University
Guri Hospital. Among them, children with congenital
anomalies in the head and neck or with systemic dis-
eases, or those suspected of having congenital or ac-
quired immune deficiency were excluded. Cases of
accompanying sinusitis diagnosed by radiologic find-
ings of paranasal series or endoscopic findings were
excluded. A total of 43 subjects were included. Cases of
polypectomy in infants or young age groups were
rarely found in the present study. The age range of the
subjects with polypectomy was 10-20 years old.

Participation was by parental informed consent, and
the study was approved by the local ethics committee of
Hanyang University Guri Hospital. The parents or foster
parents of the patients were asked to complete an exten-
sive questionnaire. Data were collected on symptoms and
signs; medications; and family history with respect to
allergy, such as rhinoconjunctivitis, asthma, eczema,
smoking habits, and contact with pets. Atopy is defined
as predisposition toward developing certain allergic hy-
persensitivity reactions, which is also defined as any IgE-
mediated reaction, even in those that are appropriate and
proportional to the antigen. Therefore, atopic status con-
stitutes presenting a sufficiently high total IgE serum
concentration and positivity in a SPT or an serum aller-
gen test, such as ImmunoCAP system (Phadia, Uppsala,
Sweden). Patients were excluded if medications that con-
tained antihistamines were used during surgery or
within the preceding week, or if immunosuppressive
agents, including steroids, were used during surgery or
within the preceding 6 weeks.

The patients were classified into one of the following
three groups: (1) AR: patients who, with an allergen
SPT result that had skin swelling of >3 mm larger than
that caused by histamine or showed a positive result
(>0.35 kU/L) on the specific IgE test; (2) LAR: patients
who, with an SPT result, had no skin swelling caused
by an allergen larger than that caused by histamine,
had a negative result (<0.35 kU/L) on the specific IgE
test, and who tested positive on the nasal allergen
provocation test (NAPT); and (3) NAR: patients who,
with an SPT result of an allergen, had no skin swelling
larger than that caused by histamine, had a negative
result (<0.35 kU/L) on the IgE test, and who also had
a negative result on the nasal provocation test.

Nasal Allergen Provocation Test

A specific, unilateral NAPT was performed accord-
ing to current recommendations in our otolaryngology
department. Challenges were performed during the
pollen-free season in a room with constant temperature
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and humidity. The participants underwent provocation
between 9:00 AM and noon, and were acclimatized for 30
minutes before starting the procedure. All the tests were
performed by the same investigator (YJC). All the pa-
tients were asymptomatic at the time of testing. No de-
congestants were used during NAPT.

The same batch of a standardized nasal extract of
house-dust mites, Dermatophagoides farinae and Der-
matophagoides pteronyssinus (Aquagen SQ; ALK-Abello,
Heorsholm, Denmark), was used throughout the study.
The allergen solution contained 5,000 standardized bi-
ologic units/mL of the allergen mixture was delivered
through the nostril into the inferior turbinate region by
using a nasal pump sprayer, insufflating one puff
(00.4-0.05 mL) into the challenged nasal cavity. Dur-
ing insufflation, the patients held their breath and kept
their head in a forward prone position to avoid swal-
lowing or aspirating allergen into the lower respiratory
tract.'*'® To interpret results, the total nasal symptom
scores were determined for sneezing, runny nose, and
nasal blockage, and their sum was used as a total score.
A positive result was defined as increasing the post-
provocation total score by >30% compared with the
preprovocation score.

Tissue Collection

Polyps were removed with a curette. They were
thawed and dispersed in radioimmunoprecipitation ly-
sis buffer (Sigma-Aldrich, St. Louis, MO) that con-
tained a protease inhibitor (Roche, Indianapolis, IN).
Cells were harvested by centrifugation and the super-
natants were stored at —70°C before use. To obtain
tissue homogenates, nasal tissue specimens were
weighed, and 1 mL of 0.9% NaCl solution was added
for every 0.1 g of tissue. The mixture was homogenized
with a mechanical homogenizer (B. Braun, Melsungen,
Germany). All the parameters measured in the polyp
tissue homogenate are presented as ratios to albumin
concentration to correct for differences in dilution of
the individual tissues. Albumin levels in adenoid tis-
sue homogenates were measured by using a Quanti
Chrom BCP Albumin Assay Kit (Bio Assay Systems,
Hayward, CA).

Measurement of Cytokines in Polyp Tissue
Homogenates

Inflammatory markers, eosinophil cationic protein
(ECP) (diluted 1:5) and albumin levels, in polyp tissue
homogenates were quantified by fluoroimmunoassay
by using the ImmunoCAP system (Phadia, Uppsala,
Sweden). The minimal detection limits for ECP were 2
ng/mL. Biomarker concentrations were corrected for
albumin content and expressed as nanograms per mil-
ligram of albumin. Levels of IL-5, IFN-y, TNF-«, and
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RANTES were quantified by commercial enzyme im-
munoassay (R&D System Inc., Minneapolis, MN).

Statistical Analysis

Statistical analyses were performed by using SPSS
version 15 (SPSS Inc., Chicago, IL). The data are ex-
pressed as mean = standard deviation (SD). Statistical
comparisons were made with paired t-tests. A p value
of <0.05 indicated statistical significance. Parametric
one-way analysis of variance was used to compare
levels of cytokines among the study groups.

RESULTS

Characteristics of Subjects

In the present study, we recruited 43 patients with
rhinitis, which comprised AR (n = 15), LAR (n = 12),
and NAR (n = 16). The respective IgE concentrations,
total eosinophil counts in peripheral blood, and serum
ECP concentrations of patients with AR and NAR are
shown in Table 1. These were as follows mean = SD:
AR, 727.8 = 501.7 IU/mL; LAR, 94.3 = 87.5 IU/mL;
and NAR, 79.2 = 47.6 IU/mL (AR versus NAR, p <
0.01). Total mean * SD eosinophil counts in peripheral
blood were AR, 804.5 = 452.8/mm?> LAR, 233.4 +
421.6/mm?>; and NAR, 67.6 * 42.5/mm> (AR versus
NAR, p < 0.01). Mean * SD serum ECP concentrations
were for AR, 1344 * 699 ug/L; LAR, 79.2 = 349
pg/L; and NAR, 22.8 = 104 ng/L (AR versus LAR
versus NAR, p < 0.01).

Concentrations of Cytokines in Polyp Tissue
Homogenates

RANTES levels were significantly higher in patients
with LAR than those with AR and NAR, but there was
no significant difference between AR and NAR
(mean * SD RANTES: LAR, 37.0 = 12.5 pg/mL; AR,
279 £ 7.7 pg/mL; and NAR, 19.7 = 7.9 pg/mL; p >
0.05). TNF-a and IL-5 levels were higher in AR and
LAR than in NAR (mean = SD TNF-a: LAR, 105.3 =
43.3 pg/mL; AR, 117.8 = 96.8 pg/mL; and NAR, 63.8 *
38.7 pg/mL; AR and LAR versus NAR, p < 0.05.
Mean * SD IL-5 values were the following: LAR,
83.2 + 48,5 pg/mL; AR, 110.7 = 86.3 pg/mL; and NAR,
38.7 £ 28.8 pg/mL; AR and LAR versus NAR, p <
0.01), but there was no significant difference in mean =
SD IFN-v levels (IFN-y: AR, 116.7 * 66.0 pg/mL; LAR,
138.6 = 43.3 pg/mL; NAR, 141.8 = 97.7 pg/mL; p >
0.05) (Table 2).

Serum Cytokine Concentrations

RANTES, TNF-q, and IL-5 levels were higher in both
AR and LAR than in NAR (mean = SD RANTES levels:
LAR, 30.2 £7.83 pg/mL; AR, 39.4 = 14.43 pg/mL; and
NAR, 20.7 = 7.53 pg/mL; and for TNF-« values: LAR,
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Table 1 Comparison of characteristics of subjects with LAR and with polyps versus subjects with AR and

with polyp and those with NAR and with polyp

Group No. Patients Age, mean = IgE Level, mean = Eosinophils, mean = ECP Level, mean *
(boys/girls) SD, y SD, IU/mL SD, no./ mm? SD, /L
AR with polyps 15 (12/3) 174 =42 727.8 = 501.7*% 804.5 + 452.8% 134.4 + 69.9*
LAR with polyps 9(5/4) 159 £55 94.3 + 87.5 233.4 *+ 421.6 79.2 = 34.9#
NAR with polyps 14 (8/6) 15.6 £ 2.9 79.2 = 47.6 67.6 =425 22.8 =10.4
p Value NS NS p < 0.01* p < 0.01* p < 0.01*#

LAR = Local allergic rhinitis; AR = allergic rhinitis; NAR = mnonallergic rhinitis; SD = standard deviation; IgE =
immunoglobulin E; ECP = eosinophil cationic protein; NS = nonsignificant.

*Expressed as p values when AR with polyps compared with NAR with polyps.

#Expressed as p values when NAR with polyps compared with NAR with polyps.

Table 2 Comparison of cytokines in polyp tissues of patients with AR and polyps, LAR and polyps, and

NAR with polyps

Group IFN-y Level, mean = TNF-«a Level, mean IL-5 Level, mean = RANTES Level, mean *
SD, pg/mL = SD, pg/mL SD, pg/mL SD, pg/mL
AR with polyps 116.7 = 66.0 117.8 = 96.8% 110.7 = 86.3% 279 =77
LAR with polyps 138.6 = 43.3 105.3 = 43.3# 83.2 = 48.5# 37.0 = 12.5%
NAR with polyps 141.8 = 97.7 63.8 = 38.7 38.2 + 28.8 197 =79
p Value NS p < 0.05%# p < 0.01*# p < 0.01*

AR = Allergic rhinitis; LAR = local allergic rhinitis; NAR = nonallergic rhinitis; IFN = interferon; SD = standard deviation;
TNF = tumor necrosis factor; IL = interleukin; RANTES = regulated on activation of normal T cell expressed and secreted;

NS = nonsignificant.

*Expressed as p values when AR with polyps compared with NAR with polyps.
#Expressed as p values when LAR with polyps compared with NAR with polyps.

Table 3 Comparison of cytokines in sera of AR with polyp, LAR with polyp, and NAR with polyp

Group IFN-g Level, mean = TNF-« Level, mean * IL-5 Level, mean = RANTES Level, mean *
SD, pg/mL SD, pg/mL SD, pg/mL SD, pg/mL
AR with polyps 197.7 = 92.0 156.1 = 143.3* 126.1 + 108.1* 39.4 + 14.4*
LAR with polyps 244.7 + 1459 133.6 = 85.4# 83.6 = 61.1# 30.2 = 7.8#
NAR with polyps 2269 * 164.2 37.6 = 30.9 55.7 = 21.3 20.7 =75
p Value NS p < 0.05* p < 0.01*# p < 0.05*#

AR = Allergic rhinitis; LAR = local allergic rhinitis; NAR = nonallergic rhinitis; IFN = interferon; SD = standard deviation;
TNF = tumor necrosis factor; IL = interleukin; RANTES = regulated on activation of normal T cell expressed and secreted;

NS = nonsignificant.

*Expressed as P values when AR with polyps compared with NAR with polyps.
#Expressed as P values when LAR with polyps compared with NAR with polyps.

133.6 = 85.4 pg/mL; AR, 156.1 * 143.3 pg/mL; and
NAR, 37.6 = 30.9 pg/mL; LAR and AR versus NAR,
p < 0.05); for IL-5 values: LAR, 83.6 = 61.1 pg/mL;
AR, 126.1 = 108.1 pg/mL; and NAR, 55.7 * 21.3
pg/mL, but mean = SD INF-v levels did not differ
(IFN-vy levels: AR, 197.7 = 92.0 pg/mL; LAR, 244.7 =
145.9 pg/mL; NAR, 226.9 * 164.2 pg/mL; p > 0.05)
(Table 3).

Allergy and Asthma Proceedings

Correlations among Concentrations of RANTES,
IL-5, TNF-«, and IFN-v in Nasal Polyp Tissue
Homogenates and Serum

There was a significant correlation between the con-
centrations of RANTES in polyp tissue homogenates
and sera (R* = 0.51, p < 0.05). TNF-q, IL-5, and IFN-y
values also demonstrated positive correlations. How-
ever, there were no significant correlations in polyp
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Figure 2. The correlation between polyp
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tissue homogenates or sera (IL-5: R* = 0.34, p < 0.05;
TNF-a: R* = 0.11, p < 0.05; and IFN-y: R* = 0.26, p <
0.05) (Figs. 1-4).

DISCUSSION

The concept of LAR is both intriguing and contro-
versial. Although some of the aforementioned studies
found nasal-specific IgE, positive NAPT results, and
inflammatory cells in a subset of patients, the results
are still conflicting.'”* The failure to detect IgE in se-
rum from a large proportion of patients with LAR with
positive NAPT responses might be due to the existence
of an immunologic mechanism, such as the stimulation
of allergen on airway innate immune cells by a non-
specific protease activity. Intrinsic allergen-binding
specific for allergens is found in the nasal mucosa of
30% of patients with idiopathic rhinitis, as further ev-
idenced by a localized allergic response and creating
the term “entopy” to describe the process of a localized
allergic mucosal response that is independent of sys-
temic atopic responses.”
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tissue homogenates and serum concentra-
tion of interleukin (IL) 5 (R*> = 0.34, p <
0.05, n = 38).

250 300

Rondon et al?*?* demonstrated that tryptase and
eosinophilic cationic protein were detected in the nasal
secretions of 40% and 43% patients with LAR, and
specific IgE to grass pollen was detected in 30% of
patients after the NAPT; in contrast, an increase in total
serum IgE levels was not detected. Hence, the research-
ers concluded that patients with LAR had not only
local, specific IgE production but also mast cell and
eosinophil activation induced by nasal exposure to
grass pollen.®”* The existence of an inflammatory
mechanism in patients with LAR has been controver-
sial. Although several histologic and in situ hybridiza-
tion studies found a Th2 inflammatory pattern with
increased numbers of mast cells, eosinophils, B cells,
and T cells, other studies found no significant differ-
ences between patients with NAR and control sub-
jects. 172225

Several investigators noted that patients with a
subset of idiopathic rhinitis have positive specific
NAPT results, but other investigators found the re-
sults to be negative on repeated challenging.”*
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Powe et al.® demonstrated an increase in mast cells,
eosinophils, and IgE cells, together with a similar
T-cell phenotype in patients with AR. In contrast,
van Rijswijk et al.** found that patients with idio-
pathic rhinitis had a similar inflammatory profile to
controls with NAR. Differences in biopsy specimens
and patient selection may explain these conflicting
results.”

In the present study, RANTES levels were signifi-
cantly higher in patients with LAR than in patients
with AR and those with NAR, but there was no signifi-
cant difference between AR and NAR. Detectable levels
of RANTES antigen in nasal polyps of both patients who
were allergic and patients who were not allergic support
the hypothesis that local production of RANTES could be
an important factor in sustaining recruitment of leuko-
cytes in nasal polyps.*'** RANTES is a potent mediator
of eosinophilic chemotaxis but also acts on a wider range
of other cells. Inflammatory infiltrates may contribute to

Allergy and Asthma Proceedings

tissue injury through local production of a number of
inflammatory mediators, such as RANTES and monocyte
chemotactic protein-1, and mechanisms by which T lym-
phocytes are recruited to the inflamed tissue. Therefore,
RANTES may play an important role in local inflamma-
tory recruitment, which leads to directional migration of
specific leukocyte subsets and may activate integrin-
mediated adhesion necessary for transendothelial mi-
gration. RANTES is also produced locally within the
nasal microenvironment of polyps and may be respon-
sible for the eosinophil recruitment. The level of RAN-
TES expression is also higher in allergic polyps than in
allergic nasal mucosae.'®>'**

In the present study, TNF-a and IL-5 levels were
higher in polyp tissue homogenates from patients with
LAR and patients with AR than in those from patients
with NAR, but IFN-vy levels did not differ among them.
TNF-« is a well-known proinflammatory cytokine that
is relevant to the pathogenesis of allergic mucosal in-
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flammation. TNF-« is required for the migration of Th2
cells to the sites of allergic inflammation, which has
been demonstrated to increase the effects of IL-4 on IgE
production.’®> Some studies reported that TNF-a is lo-
calized to nasal mucosal mast cells and is released in
acute AR***' IFN-y is also an important activator of
macrophages and an inducer of major histocompatibil-
ity complex-II molecule expression, and there is recent
evidence that IFN-v is a potent inhibitor of IgE synthe-
sis in animal models.”> Hence, we compared differ-
ences in the contents of RANTES, TNF-«, IFN-vy, and
IL-5 among the nasal polyps of children with LAR, AR,
and NAR for the unique biomarker for the LAR mech-
anism.

The present study may support the hypothesis that
local production of RANTES could be a crucial factor
in sustained recruitment of eosinophils and leukocytes
in nasal polyps. RANTES is locally produced within
the nasal microenvironment of polyps and may be
partially responsible for the eosinophil recruitment of
AR. RANTES likely plays a more significant role in the
pathogenesis of LAR than of AR, although the role of
RANTES in inflammatory disorders might induce T-
cell infiltration, directly inducing local inflammation.
Otherwise, RANTES probably plays a more significant
role in the pathogenesis of local inflammation on nasal
mucosa than do other preinflammatory cytokines, such
as TNF-a, IFN-v, and IL-5.

The present study had some limitations. First, the
study had a small sample size, of 43 subjects, with only
12-16 subjects per group. Second, we used polyp tissue
instead of turbinate mucosa. It was not easy to collect
nasal tissues or nasal turbinate tissues of children with
AR; therefore, tissues from children with AR or LAR
who had polypectomy were used in the present study.
Nonetheless, we validated a biomarker that was im-
portant in LAR. It is expected that further studies will
identify and evaluate the pathogenesis specific to LAR.

CONCLUSION

The present study indicated that RANTES may have
played a critical role of pathogenesis of LAR. RANTES
was not only significantly increased in the polyp tissue
of patients with LAR compared with the patients with
AR or with NAR but also had significantly higher
levels in serum of patients with AR and LAR compared
with patients with NAR. IL-5 and TNF-« levels were
significantly increased in polyp tissues and serum of
patients with AR and LAR compared with patients
with NAR, but there were no differences between AR
and LAR. Thus, there are still further evaluations for
the clarification of the mechanism of LAR.
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