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Purpose: Allergic rhinitis (AR) is a common and increasing disease in which Dermatophagoides (D.) farinae is one of the most common causative
allergens. The aims of this study were to confirm the presence of locally produced antibodies to D. farinae in nasal secretions between nasal provo-
cation test (NPT)-positive and -negative groups of AR patients, to evaluate their relationships with the levels of inflammatory mediators, and to de-
termine adaptive and innate immune responses in nasal mucosa. Methods: Sixty AR patients sensitive to house dust mites confirmed by skin prick
test or serum specific IgE to D. farinae underwent NPT for D). farinae. Nasal packs were placed in both nasal cavities of the patients for 5 minutes to
obtain nasal secretions after NPT. The levels of total IgE, specific IgE to D. farinae, eosinophil cationic protein (ECP), and tryptase in nasal secretions
were detected by using ImmunoCAP. The levels of specific IgE, IgA, and secretory IgA antibodies to D. farinae in nasal secretions were measured by
using ELISA. The levels of IL-8, VEGF, IL-25, and IL-33 were also measured by using ELISA. Results: High levels of total IgE, specific IgE, specific IgA,
and secretory IgA to D. farinae, as well as inflammatory mediators, such as ECP, IL-8, VEGF and tryptase, were detected in nasal secretions, al-
though the differences were not statistically significant between the NPT-positive and NPT-negative groups. Levels of all immunoglobulins mea-
sured in this study significantly correlated with ECP, IL-8, and VEGF (P<0.05), but not with tryptase (P>0.05). IL-33 and IL-25 were also detected, and
IL-25 level significantly correlated with IL-8 (r=0.625, P<0.001). Conclusions: These findings confirmed the presence of locally produced specific
antibodies, including D. farinae-specific IgE and IgA, in nasal secretions collected from D. farinae-sensitive AR patients in both the NPT-positive and
NPT-negative groups, and close correlations were noted between antibodies and nasal inflammatory mediators, including such as ECP, IL-8 and
VEGF, indicating that locally produced antibodies may be involved in the nasal inflammation of AR.
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INTRODUCTION

Allergic rhinitis (AR) is a chronic inflammatory condition in
the mucosa of the nasal cavity and paranasal sinuses character-
ized by rhinorrhea, sneezing, itching, and nasal congestion.'
The prevalence of AR is increasing, emerging as a global prob-
lem that affects approximately 10% to 30% of the adult popula-
tion. Since AR not only interferes with the quality oflife, but also
attributes to risk factors for asthma and rhinosinusitis, early di-
agnosis and intervention of AR are essential in preventing asth-
ma and further sensitization to other allergens.>*

House dust mites, including Dermatophagoides (D.) pteronys-
sinus and D. farinae, are one of the most common causative in-
halant allergens responsible for AR."* Exposure to house dust
mites induces specific antibody production and nasal inflam-
mation by various inflammatory cells, including mast cells, eo-
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sinophils, and structural cells, such as nasal epithelial cells.>”
The innate immune response has been identified to augment
inflammation in nasal airway mucosa.? IL-33 and IL-25 pro-
duced by airway epithelial cells are important Th2-augmenting
cytokines to affect eosinophilic homeostasis and airway inflam-
mation.”'® These 2 cytokines are involved in the development
of allergic disease as a link between innate and adaptive airway
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mucosal immunity.''?

Nasal secretion is the first-line defense mechanism that pro-
duces cytokines and biologic factors, such as protein, cells, and
mediators, to protect airway epithelium from inoculation with
allergens and pathogens like bacteria and virus and to regulate
immune responses in nasal inflammation.” The most impor-
tant point in the collection of nasal secretions is the method of
collection and storage which requires careful and coordinated
efforts. Various methods, such as blowing of the nose, suction,
use of absorbent cotton wool samplers, and collection of nasal
lavage fluid, are applied to collect nasal secretions in order to
investigate upper airway mucosa.'*> However, there has been
no consensus on a standardized method for the collection of
nasal secretion.

In this study, we applied a simple, non-invasive method using
a cotton-ball nasal pack to collect nasal secretions in the nasal
provocation test (NPT)-positive and NPT-negative groups of AR
patients in order to confirm the presence of locally produced
specific antibodies to D. farinae and also evaluated their corre-
lation with inflammatory mediators in nasal secretions be-
tween the 2 groups. Moreover, we investigated the link between
innate and adaptive immune responses in the nasal inflamma-
tion of AR.

MATERIALS AND METHODS

Study patients

Sixty patients were diagnosed with AR sensitized to D. farinae
based on either positive results of skin prick test (A/H ratio >3)
or elevated serum specific IgE (>0.35 kU/L). The study patients
were divided into 2 groups according to the NPT results: the
NPT-positive (n=39) and NPT-negative (n=21) groups. The pa-
tients stopped receiving antihistamines, leukotriene receptor
antagonists, or intranasal steroids prior to NPT for at least 3
days. The results of skin prick test, levels of serum total/specific
IgE to D. farinae and D. pteronyssinus, and eosinophil cationic
protein (ECP) levels were obtained, which are summarized in

Table 1. Clinical characteristics of the study subjects
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Table 1. The study was approved by the Institutional Review
Board of Ajou Medical Center, Suwon, Korea. Informed con-
sent was obtained from each study patient.

Nasal provocation test

NPT with D. farinae was performed according to previously
described methods.'*"® Patients were first placed at room tem-
perature for 30 minutes to minimize the effects of daily-life
stimuli. They underwent saline challenge tests to exclude nasal
hyperreactivity. NPT was performed by applying an 8-mm filter
paper disk impregnated with an allergen solution (5,000 BU/L,
D. farinae; prepared by Allergopharma, Reinbek, Germany) to
the anterior tip of the inferior turbinate on the wider side of the
nose for 10 minutes or until allergic symptoms appear. Nasal
symptoms of rhinorrhea, nasal itching, nasal obstruction, and
sneezing were determined on a Visual Analogue Scale (VAS)
from 0 to 10 (subjective symptoms reported by patients) at
baseline and 30 minutes after NPT. A positive response to NPT
with D. farinae was defined as a 3 point or more increase in the
total nasal symptom score, which is the sum of rhinorrhea, na-
sal itching, nasal obstruction, and sneezing during the test.

Sample collection and processing

The cotton ball nasal packing method suggested by Ghent
University Hospital™ which was adjusted according to circum-
stances was applied. In brief, a Falcon tube with the cotton ball
(Wejae Sangsa, Chungju, Korea) was weighed. Cotton ball na-
sal packs were placed on the middle turbinate for 5 minutes af-
ter NPT to collect nasal secretions. The cotton ball was placed
back to the Falcon tube and weighed again to obtain the vol-
ume of nasal secretions. After 3 mL of normal saline were add-
ed to the pack and incubated at 4°C for 2 hours, the pack was
put in the shaft of a syringe 10 mL (Kovax-Syringe; Korea Vac-
cine Co. LTD, Ansan, Korea). The syringe with the pack and no
piston was placed in a Falcon tube. The Falcon tube was centri-
fuged at 1,500 g for 10 minutes at 4°C. Aliquots of 500 pL were
prepared and stored at -70°C for analysis.

NPT-positive group (n=39) NPT-negative group (n=21) Pvalue
Age (year) 30.92+10.94 36.67+12.78 0.073
Sex (male/female) 15/24 13/8 0.107
Positive SPT result to D. farinae (%) 38/39(97.4) 17/21(80.1) 0.002
AR vs AR with BA 21/12 18/3 0.218
Serum total IgE* (IU/mL) 370.18+412.33 478.00+1,095.68 0.585
Serum specific IgE to D. farinae”* (kU/L) 29.79+37.27 2631803 <0.001
Total nasal symptom scores before NPT 11.59+9.49 6.81+7.33 0.043
Total nasal symptom scores after NPT 19.92+8.1 7524827 <0.001

All data are expressed as mean + SD.
*Detected by using the ImmunoCAP method.

SPT, skin prick test; D., Dermatophagoides, AR, allergic rhinitis; BA, bronchial asthma; NPT, nasal provocation test.
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Measurement of local antibodies, inflammatory mediators, and
inflammatory markers in nasal secretion samples

The levels of total IgE and specific IgE to D. farinae and D.
pteronyssinus in the nasal secretion were detected by using Im-
munoCAP® (ThermoFisher Scientific, Uppsala, Sweden). The
protein concentrations were determined by the Bradford assay.
The levels of specific IgE, IgA, and secretory IgA to D. farinae in
the nasal secretion were measured by using enzyme-linked im-
munosorbent assay (ELISA) as previously described.>'® In brief,
96-well microtiter plates (Corning, Corning, NY, USA) were
coated with D. farinae (2 pg/well, homemade antigen)* and in-
cubated overnight at 4°C. After washing, the plates were
blocked with 10% fetal bovine serum (FBS) in phosphate buff-
ered saline (PBS) and incubated for 2 hours. Fifty microliters of
the nasal secretion was incubated for 2 hours. Then, biotin-la-
beled goat anti-human IgE antibody (Vector Lab, Burlingame,
CA, USA) at 1:1,000 dilution, biotinylated anti-human IgA (Sig-
ma Co., St. Louis, MO, USA) at 1:2,000 dilution, and monoclo-
nal anti-secretory IgA (Sigma Co.) at 1:2,000 dilution were add-
ed and incubated for 1 hour to detect specific IgE, IgA, and se-
cretory IgA to D. farinae. After washing, the plates were incu-
bated with streptavidine-peroxidase (Sigma Co.) at 1:1,000 dilu-
tion for 30 minutes, anti-goat IgG-AP (Sigma Co.) at 1:10,000 di-
lution, and anti-mouse IgG-AP (Sigma Co.) at 1:10,000 dilution
for 1 hour at room temperature. After washing, O-phenylene di-
amine was added as a substrate solute, and optical densities
were measured by using an ELISA reader (Bio-Tek Instruments,
Winooski, VT, USA) at 405 nm.

ECP and tryptase were detected by using ImmunoCAP®
(ThermoFisher Scientific). The level of IL-8 and vascular endo-
thelial growth factor (VEGF) in the nasal secretion samples
were measured by using ELISA kits (Endogen, Woburn, MA,
USA and R&D Systems Inc., Minneapolis, MN, USA, respective-
ly). To evaluate the role of innate immune responses, IL-25 and
IL-33 levels in the nasal secretion samples were measured by
using ELISA kits (R&D systems).

Calculation of concentrations and statistical analysis

After 3 mL of normal saline was added to each sample, con-
centrations of local antibodies and inflammatory mediators
were recalculated using protein concentration for each mea-
surement to correct the dilution effect of the samples. All the
values were shown as the protein ratio.

All analyses were carried out by using SPSS 20.0 (SPSS Inc.,
Chicago, IL, USA). The values are presented as mean+SD. The
levels of antibodies in the nasal mucosa were compared by us-
ing Student’s ¢ test between the NPT-positive and NPT-negative
groups. Symptom scores were compared by using Wilcoxon'’s
signed-ranks test. Pearson’s correlation coefficients were ap-
plied to examine the correlation between local antibodies and
inflammatory mediators. A P value of <0.05 was considered
statistically significant.
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RESULTS

Characteristics of the study patients

There was no significant difference in age or sex between the
NPT-positive and NPT-negative groups. Twelve of the 39 pa-
tients in the NPT-positive group and 3 of the 18 patients in the
NPT-negative group had bronchial asthma. The baseline total
nasal symptom scores were 11.5919.49 in the NPT-positive
group and 6.81£7.33 in the NPT-negative group (P=0.043),
and after NPT they were 19.921+8.1 in the NOT-positive group
and 7.52+8.27 in the NPT-negative group (P<0.001). The
symptom scores increased significantly in the NPT-positive
group (P<0.001), while no significant change was noted in the
NPT-negative group. The serum specific IgE level to D. farinae
was significantly higher in the NPT-positive group than in the
NPT-negative group. The clinical characteristics of the patients
are summarized in Table 1.

Comparison of local antibody levels in nasal secretions
between the NPT-positive and NPT-negative groups

Fig. 1 shows comparison of total IgE, specific IgE, IgA, and se-
cretory IgA to D. farinae between the NPT-positive and NPT-
negative groups. Although some AR patients had high levels of
local antibodies in nasal secretions, there was no significant dif-
ference in either variables between the NPT-positive and NPT-
negative groups (P=0.656, 0.285, 0.988, 0.699, or 0.507, respec-
tively).

Comparison of inflammatory markers in nasal secretions
between the NPT-positive and NPT-negative groups

Fig. 2 shows comparison of the levels of ECP, tryptase, IL-8,
and VEGF between the NPT-positive and NPT-negative groups.
There was no significant difference in ECP, tryptase, or VEGF
levels between the NPT-positive and NPT-negative groups
(P=0.508, 0.490, or P=0.972, respectively), while the IL-8 level
was significantly higher in the NPT-negative group than in the
NPT-positive group (P=0.02).

Comparison of IL-33 and IL-25 levels in nasal secretions
between the NPT-positive and NPT-negative groups

Fig. 3 shows comparison of IL-33 and IL-25 between the NPT-
positive and NPT-negative groups. The level of IL-33 or IL-25
showed no significant difference between the NPT-positive and
NPT-negative groups (P=0.163 or 0.392, respectively).

Correlation between local specific antibodies to D. farinae and
inflammatory markers in nasal secretions

ECP correlated with total IgE, specific IgE detected by Immu-
noCAB, specific IgE, IgA, and secretory IgA to D. farinae mea-
sured by ELISA (r=0.757, r=0.463, r=0.761, r=0.737 and
r=0.692, respectively) with statistical significance (all P<0.001)
(Fig. 4). However, there was no significant correlation between
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tryptase and local antibodies (r=0.179, r=0.208, r=0.219,
r=0.169, or r=0.170, respectively; all P>0.05). IL-8 showed a
significant correlation with local specific antibody levels
(r=0.283, r=0.239, r=0.306, r=0.299, and r=0.295; P<0.05, ex-
cept IL-8 to specific IgE to D. farinae P=0.065), and VEGF cor-
related with local specific antibody levels (r=0.593, r=0.387,
r=0.618, r=0.612, and r=0.566; P<0.05) (Fig. 5). A significant
correlation was noted between ECP and VEGF (r=0.520,
P<0.001), but not between tryptase, IL-8, and VEGE

Correlation of local specific antibodies and inflammatory
mediators with IL-25 and IL-33

The correlation of local specific antibodies and inflammatory
mediators with IL-25 and IL-33 was evaluated (Table 2). No sig-
nificant correlation was noted, except between IL-25 and IL-8
(r=0.625, P<0.001).

DISCUSSION

IgE plays a key role in type I hypersensitivity that manifests
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correlation coefficients were applied to the test.
ECP, eosinophil cationic protein.
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Table 2. Correlation of local specific antibodies to D. farinae and inflammatory
mediators with IL-33 and IL-25

IL-33 IL-25

r Pvalue r Pvalue
Total IgE* 0171 0.191 0.079 0.546
Specific IgE to D. farinae*  -0.162 0.216 0218 0.095
Specific IgE to D. farinae' -0.0186 0.164 0.141 0.283
Specific IgA to D. farinae' ~ -0.0186 0.156 0.086 0516
Secretory IgA to D. farinae'  -0.199 0.127 0.072 0.583
ECP* 0.017 0.900 0.025 0.850
Tryptase™® -0.173 0.187 0.021 0.873
IL-8' -0.039 0.768 0625  <0.001
VEGF' 0.025 0.851 0.084 0.523
IL-25" 0012 0.926

All values were adjusted by the protein ratio.

*Detected by using the ImmunoCAP method; 'Measured by using ELISA; Pear-
son's rank correlation coefficients were applied to the test; All values were ad-
justed for the protein ratio.

D., Dermatophagoides; ECP. eosinophil cationic protein; IL, interleukin; VEGF,
vascular endothelial growth factor.
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were adjusted for the protein ratio. Pearson’s rank
correlation coefficients were applied to the test.
VEGF, vascular endothelial growth factor.

(EJ

various allergic diseases, such as AR, allergic asthma, and food
allergy.”' IgA is an antibody produced mostly in the mucosal
lining and plays a critical role in mucosal immunity.** Secretory
IgA, a dimeric form of IgA found in mucous secretions, such as
nasal secretions and saliva, is associated with allergic diseas-
es.? Although allergen-specific IgA is known to be involved in
allergen tolerance, few studies on physiologic functions of spe-
cific IgA have been conducted.” In this study, the high levels of
specific IgA and secretory IgA were noted in nasal secretions in
both the NPT-positive and NPT-negative groups.

Various studies have revealed a role of IgA in Th2-related eo-
sinophilic inflammation and innate immunity, suggesting that
natural helper cells can stimulate B cells to produce IgA or the
IgA-based immune complex against certain antigens.**® In our
study, not only were locally produced specific IgE and IgA de-
tected in the nasal secretions of both the NPT-positive and
NPT-negative groups, but significant correlations were noted
between specific IgE and IgA and between ECP and specific
IgE/IgA. These findings suggest that locally produced specific
and secretory IgA, as well as specific IgE, may play a role in the
nasal inflammation of AR patients.
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Eosinophilic inflammation plays a key role in the pathogene-
sis of AR; therefore, the ECP level in nasal secretions may be
used to monitor the activity of eosinophilic inflammation and
the efficacy of anti-inflammatory treatment.*** In this study, we
confirmed a high level of ECP in the nasal secretion of AR pa-
tients. Moreover, significant correlations were found between
ECP and local specific IgE/IgA antibodies, and between various
inflammatory mediators, such as IL-8 and VEGE These find-
ings suggest that ECP plays a key role in nasal inflammation of
AR patients in that locally produced specific antibodies, includ-
ing IgE and IgA, could be involved in nasal eosinophilic inflam-
mation of AR patients.

Mast cells contain cytokines, chemokines, and growth factors
as well as mediators, such as histamine and tryptase. Tryptase
has been used as a marker of mast cell activation, and numer-
ous studies have proved the function of mast cells in type I hy-
persensitivity reaction associated with IgE.*"** In this study,
high tryptase levels were noted in the nasal secretion of AR pa-
tients in both the NPT-positive and NPT-negative groups, but
there was no significant correlation between the tryptase levels
and local antibodies/other inflammatory mediators. Tryptase
shows no correlation with local antibodies; however, mecha-
nisms other than local antibody response may be involved in
the activation of mast cells.

Epithelial cells are positioned on the first-line exposure to al-
lergens and pathogens, and regulate innate and adaptive im-
mune systems in the nasal mucosa. IL-8 produced by epithelial
cells, macrophages, and smooth muscle cells is released to the
nasal fluid and recruits other inflammatory cells, such as lym-
phocytes and neutrophils.** Zuyderdyun et al.** have reported
that IL-8 is released by airway smooth muscle cells in response
to airway inflammation. Simpson et al.*® have suggested that
airway disease is an innate immune response to neutrophilic
inflammation caused by elevated IL-8. The results of their study
showed a significantly higher level of IL-8 in the NPT-negative
group compared to NPT-positive group as well as a significant
correlation between specific antibodies. IL-25, a cytokine re-
leased from activated epithelial cells, is increased in nasal se-
cretions after exposure to house dust mites and correlates with
the IL-8 level. These findings suggest that activated epithelial
cells may be involved in the nasal inflammation of AR patients
via innate and adaptive immune responses. VEGF is a potent
signal protein to induce vascular angiogenesis, permeability,
remodeling, and wound protection/healing, which is derived
from macrophages, neutrophils, eosinophils, epithelial cells,
and fibroblasts in the airway mucosa. Recent studies have dem-
onstrated that VEGF regulates immune responses by inhibiting
T-cell development and dendritic-cell activity, and by stimulat-
ing eosinophil chemotaxis.>*® Choi et al.*” have reported eosin-
ophilic inflammation augmented by VEGF in the nasal lavage
fluid in patients with AR sensitized to house dust mites. In this
study, high VEGF levels were noted in AR patients in both the
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NPT-positive and NPT-native groups and showed a significant
correlation with local specific antibodies, such as specific IgE,
specific IgA, and secretory IgA. These findings suggest that the
vascular factor may be another key component for nasal in-
flammation of AR patients regardless of positivity to NPT, which
can be a target for anti-inflammatory treatment.

IL-25 and IL-33 both produced by sinonasal epithelial cells
are reported to have critical roles in promoting Th2-mediated
inflammation.”! Previous studies have shown a role of IL-25 in
augmenting allergic inflammation by epithelial cell hyperpla-
sia, mucus secretion, airway hyperresponsiveness, and produc-
tion of specific eosinophilic chemokines and Th2 cytokines.**
In the present study, the innate immunity-related cytokines IL-
25 and IL-33 were detected in the nasal secretion of AR pa-
tients, and IL-25 correlated strongly with IL-8, while no signifi-
cant correlation was found between IL-33 and inflammatory
mediators/local specific antibodies. These findings suggest in-
nate immune responses induced by the nasal epithelial cells
may augment nasal inflammation of AR patients.

According to our study, serum specific IgE is a key factor asso-
ciated with NPT results (Table 1). However, the increased level
of specific antibodies and inflammatory mediators in nasal se-
cretions in both the NPT-positive and NPT-negative patients
can explain active inflammation of nasal mucosa in AR pa-
tients. NPT is an effective method for the confirmative diagno-
sis of AR in patients without definitive history or clinical mani-
festation. Although NPT is time-consuming and has the poten-
tial for anaphylaxis, it has been widely used to confirm caus-
ative allergens in occupational asthma and aspirin-exacerbat-
ed respiratory disease in order to confirm nasal hyperreactivi-
ty."® Furthermore, previous studies have mentioned a decrease
in the hyperreactivity of airway mucosa by treatment with im-
munotherapy,"*"" and NPT results may be used to predict the
efficacy of treatment modalities. Increased symptom scores
may reflect the increased hyperreactivity of nasal mucosa in the
NPT-positive group compared to the NPT-negative group.
There is still no clear explanation of the insignificant difference
in the level of local antibodies and the role of these antibodies
between the NPT-positive and NPT-negative groups. We specu-
late that local antibodies may be involved in the nasal inflam-
mation of AR patients, and increased target tissue sensitivity
and nasal hypersensitivity may be more important in determin-
ing NPT results, although further studies are needed to confirm
our results. Nasal secretion is a heterogeneous fluid composed
of protein, various cells, plasma exudates, and mucus. Since
considerable inter-individual variations exist in terms of
amount, composition, biological activity, and cellular compo-
nent, nasal secretions are difficult to obtain, so we need easy
techniques to collect sufficient amounts of nasal secretions.' In
our study, a non-invasive and inexpensive method using a cot-
ton ball nasal pack was introduced, and both ELISA and Immu-
noCAP methods were applied to detect specific IgE to D. fari-
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nae in order to validate the consistency of our method with
good results. Our method allows collection of sufficient
amounts of nasal secretions, needs no special techniques or in-
struments, and does not cause patient discomfort. It was con-
ducted on a total of 60 patients, and the specific antibodies and
inflammatory mediators were detected, which suggests that its
results are steady and highly reproducible.

Nasal secretion samples are usually insufficient in study sub-
jects and normal controls. NPT provokes rhinorrhea, which al-
lows collection of sufficient nasal secretion samples. Thus, na-
sal secretion samples are easy to collect after NPT, which allow
investigators to elucidate mechanisms underlying nasal inflam-
mation and therapeutic outcomes of pharmacologic treatment
and allergen immunotherapy using nasal secretions.

In conclusion, we confirmed the presence of local specific an-
tibodies and inflammatory mediators in the nasal secretion of
AR patients by using a simple and non-invasive method for col-
lecting nasal secretions. Specific IgE and IgA antibodies may be
involved in nasal eosinophilic inflammation and innate im-
mune responses via IL-25, and can be involved in nasal inflam-
mation via epithelial-cell activation.
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