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Abstract

Background: There is no trial to make a diagnostic tool of allergic rhinitis (AR) utilizing biomarkers from nasal fluid. Base on
previous studies, we selected following five biomarkers in nasal fluids that represent the characteristics of allergic reactions:
tryptase, eosinophil cationic protein (ECP), interleukin 5 (IL-5), Clara cell protein 16 (CC16) and CCl6-to-albumin ratio.
Obijective: This study aimed to identify biomarkers in nasal discharge that may be used in biosensors to diagnose AR as an
additional diagnostic tool.

Methods: Patients showed rhinorrhea and tested positive on allergic skin and specific immunoglobulin E (IgE) tests were
included in the AR group. The non-AR group included individuals no dominant nasal symptoms and tested negative on allergy
tests. Nasal lavage fluid samples were collected from all participants. Biomarkers in the samples were quantified using
enzyme-linked immunosorbent assay.

Results: Forty-five patients with AR and 28 non-AR subjects were enrolled in this study. Comparing the concentrations of
biomarkers, the concentrations of tryptase and IL-5 were significantly higher in the AR group than in the NAR group.
And CCI6 level and CCl6-to-albumin ratio were significantly lower in the AR group. In the combination of tryptase or
CCl6-to-albumin ratio, the sensitivity was 90.7% and the specificity was 64.3% (p =0.013).

Conclusion: The combination of “tryptase or CCl6-to-albumin” could be used as a screening tool for AR. Although this
diagnostic method could not replace conventional diagnostic tools, we could consider the method we proposed as an
additional screening tool for patients who could not undergo allergy tests.
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Intr ion : A . .
troductio with the severity of AR symptoms.>* In previous studies,

Allergic rhinitis (AR) is an immunoglobulin E (IgE)- skin- and serum-specific IgE tests show various sensitiv-

mediated disease caused by aeroallergens. It causes trou- ity and specificity for diagnosing AR. Usually, the skin

blesome symptoms such as nasal obstruction, watery
rhinorrhea, sneezing, and nasal itching sensation,
which affect patients’ quality of life." In the diagnosis
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prick test is more sensitive than the specific IgE test,
which has higher specificity than the skin prick test.*

The pathogenesis of AR is divided into early and late
phases, and depending on the phase, many mediators act
and cause allergic symptoms.” During the early phase,
mast cells and basophils act mainly, and degranulate and
release mediators such as histamine, tryptase, leuko-
trienes, and prostaglandin D». In the late phase, inflam-
matory cells such as T-helper (Th) 2 cells, eosinophils,
and basophils infiltrate into the nasal mucosal tissue and
conduct late-phase symptoms.’

According to the pathogenesis of AR, several studies
have investigated biomarkers related with allergic dis-
eases.® Mast cell-derived markers include histamine,
tryptase, prostaglandin D, and leukotrienes. The levels
of these markers increase in nasal lavage fluid during AR
and are restored after intranasal steroid therapy.” Of the
eosinophil-derived markers, eosinophil cationic proteins
(ECP) can be used for the experiments. In addition, var-
ious cytokines such as interleukin (IL)-5 can be detected
from nasal fluid or nasal mucosa in AR patients.
Previous studies proposed the role of IL-5 in AR
based on its secretion by allergen-specific Th2 cells and
the presence of elevated IL-5 levels in nasal mucosa sam-
ples taken from AR patients.® Albumin could be the
biomarker that represents nasal mucosa permeability
during AR reaction. In addition, Clara cell protein 16
(CC16), which is mainly produced by mucosal epithelial
cells and has a protective role in airway inflammation,
has been studied as a biomarker in upper and lower
airway diseases.” The CC16-to-albumin ratio could be
a marker of nasal epithelial function.'”

Until now, several studies have been conducted about
biomarkers related with AR. However, even though
many studies attempted to identify unique biomarkers
of AR in nasal fluid, no study has used biomarkers as a
diagnostic tool of AR.

On the basis of several reports of previous studies, we
selected the following four biomarkers in nasal fluids
that represent the characteristics of allergic reactions:
tryptase, ECP, IL-5, and CCI16. In addition, as a
marker of nasal epithelial function, we selected the
CCl16-to-albumin ratio. Therefore, this study aimed to
identify biomarkers in nasal discharge that may be used
in biosensors to diagnose AR quickly and easily.

Materials and Methods

Study Design

Patients with nasal symptoms who tested positive in an
allergy test were enrolled in this study and included in
the AR group (n=45). Patients aged <18 years or >75
years were excluded from the study, including those who
were pregnant, had any other sinonasal disease such as

chronic rhinosinusitis and suspected as having cerebro-
spinal fluid rhinorrhea. Thus, the AR group included
patients who satisfied both of the following conditions:
1) manifested allergy symptoms such as nasal obstruc-
tion, watery rhinorrhea, itching sensation, and sneezing,
and 2) tested positive in the allergy skin test (score of
>3--)'" and multiple allergen simultaneous test (score of
>2+)."2 It was included in the patient group only when
the type of allergen was perennial allergen
(Dermatophagoides farinae, Deramtophagoides ptero-
nyssinus, and Cockroach) for allergic skin reaction
tests. Among the patients who came to the ENT depart-
ment, patients who did not complain of nasal symptoms
and reported negative results in all the allergy tests were
categorized in the non-AR (NAR) group (n=28). Only
patients who did not receive intranasal steroid or anti-
histamine treatment for more than 2 weeks before col-
lecting sample were enrolled. For all the patients, we
measured the total serum IgE level.

From all the individuals who participated in this
study, the total nasal symptom score (TNSS) was col-
lected. TNSS was self-assessed and recorded by all the
participants (both in the AR and NAR groups). The
TNSS consisted of four major symptoms (sneezing,
nasal obstruction, nasal itching, and watery nasal dis-
charge). The degree of severity of each symptom was
based on the following scores: 0 = none; 1 = mild;
2 = moderate; and 3 = severe. The maximum total
scores was 12 points.

Sampling Method for Nasal Fluid and Enzyme-Linked
Immunosorbent Assay

In the AR group, nasal lavage fluid samples were col-
lected from each patient. The lavage nasal fluid sample
was collected after instilling 0.9% normal saline in both
nostrils.'® In the NAR group, the nasal lavage fluid
sample was collected using the same method as that
used in the AR group. Samples were collected from the
patient’s sitting position, and 2ml of saline was sprayed
into each nasal cavity, and 1ml of nasal fluid was col-
lected wusing Juhn Tym-tap (Xomed Products,
Jacksonville, FL). Collected samples were transferred
to Eppendorf tubes, and stored at —70°C.

The levels of tryptase, ECP, IL-5, albumin, and CC16
in the nasal fluid samples were measured using human
enzyme-linked immunosorbent assay kits (Cloud-Clone
Corp, Katy, TX). Nasal fluid was added to the wells of a
precoated 96-well plate followed by the addition of
detection reagent A. The plate was then incubated for
1 hour at 37.8°C, and the wells were washed and incu-
bated with detection reagent B for 30 minutes at 37.8°C.
The wells were washed and incubated with a tetrame-
thylbenzidine substrate solution for 15 minutes at
37.8°C. The reaction was stopped using Stop Solution,
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and the samples were evaluated by measuring absor-
bance at 450 nm using a microplate reader. The assays
were performed in triplicates.

Ethnical Consideration

This study was conducted in accordance with the guide-
lines stipulated in the Declaration of Helsinki. From all
the patients enrolled in the study, we received prior per-
mission with written informed consent for using
their samples and provided them with explanation of
the purpose of the study. This study was approved by
the institutional review board of Kyung Hee University
Medical Center prior to its initiation (IRB No. KHUH
2015-07-102).

Statistical Analyses

Parametric grouped data were presented as mean values
with their standard deviations (SDs) using the Student ¢
test, and non-parametric grouped data were compared
using the Mann—Whitney U test. Receiver-operating
characteristic (ROC) curves were calculated. The area
under the ROC curve was determined, and the signifi-
cance of the differences was assessed. From the ROC
curve, the appropriate cutoff values were obtained for
each biomarker. Categorical variables were compared
using the chi-square test. The sensitivity, specificity,
diagnostic accuracy, positive predictive value (PPV),
negative predictive value (NPV), and false-positive rate
for each biomarker were calculated. In addition, the sen-
sitivity, specificity, diagnostic accuracy, PPV, NPV, and
false-positive rate of two or three biomarker combina-
tions were calculated. Statistical significance was set at
p<0.05. The statistical analysis of data was performed
with the SPSS v 20.0 statistical software (IBM
Corporation, USA).

Results

Forty-five patients with AR (31 men and 14 women) and
28 NAR subjects (16 men and 12 women) were enrolled
in this study (Table 1). In the AR group, the mean age of

Table |I. Demographics.

the patients was 30.56 years, and the mean total IgE level
was 329.2 TU/ml. For the investigation of the subjective
symptoms in the AR group, we checked TNSS from all
participants. The mean total TNSS was 8.2 4+ 2.6 in the
AR group and 4.5+ 3.2 in the NAR group. In the AR
group, the watery rhinorrhea, sneezing, and nasal itching
sensation were more severe than the nasal obstruction
symptom.

When we compared the concentrations of the bio-
markers, the concentrations of tryptase and IL-5 were
significantly higher in the AR group than in the NAR
group. However, the CC16 level and CC16-to-albumin
ration were significantly lower in the AR group
(Table 2).

From the ROC curves, we calculated the cutoff values
of all the biomarkers. The cutoff values of tryptase, IL-5,
CCl16, and CCl6-to-albumin ratio were 344.7 pg/ml
(area under the curve [AUC]=0.69, P=0.006), 19.7
pg/ml  (AUC=0.67, P=0.025), 906.3 ng/ml
(AUC=0.71, P=0.002), and 0.68 (AUC=0.74,
P=0.001), respectively. Finally, we calculated the sensi-
tivity, specificity, PPV, NPV, and false-positive rates of
tryptase, IL-5, CC16, and CC16-to-albumin ratio for the
diagnosis of AR (Table 3).

From these results, we calculated the sensitivity and
specificity again in combination of two or three bio-
markers. Sensitivity and specificity were calculated for
the following seven combinations: tryptase and IL-5,
tryptase and CC16-to-albumin ratio, IL-5 and CCl16s-
to-albumin ratio, tryptase or IL-5, tryptase or CC16-
to-albumin ratio, IL-5 or CCl6-to-albumin ratio, and
all of three markers combined. In the combination of
tryptase or CCl6-to-albumin ratio, the sensitivity was
90.7% and the specificity was 64.3% (P =0.013). In
the combination of tryptase and IL-5 and CCl6-to-
albumin, the sensitivity was 51.1% and the specificity
was 92.8% (P <0.001; Table 4).

Discussion

The use of biomarkers as diagnostic tools in AR was still
unpopular owing to the difficulties involved in procuring

Variables AR (N=45) Non-AR (N=28) P-Value
Gender (male:female) 31: 14 16:12 0.442
Age, yr 3056+ 11.5 50.75+£ 17.96 <0.01
Total Ig E, IU/ml 329.2+624.5 109.89 +£310.32 0.182
Total TNSS (0~12) 82+26 45432 <0.01
Nasal obstruction 1.96 + 1.04 -

Watery rhinorrhea 2.13+0.75 -

Sneezing 22+0.75 -

Nasal itching sensation 2.0£0.90 -

AR =allergic rhinitis; Ig E=Immunoglobulin E; TNSS = total nasal symptom score.
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Table 2. Comparison of Concentration of Biomarkers Between AR and Non-AR Group.

Variables AR (N =45) Non-AR (N =28) P-Value®
Tryptase (pg/ml) 767.14+872.7 334.651+240.19 0.006
ECP (pg/ml) 9313.5+18818.1 7414.79 £ 14019.84 0.49
IL-5 (pg/ml) 49.07 £51.35 27.11+£26.26 0.025
CCl16 (ng/ml) 804.5 £ 586.2 1049.96 +402.81 0.002
CCl6/Albumin 0.62+0.58 .54+ 1.58 0.001

*Mann-Whitney U-test.

AR = allergic rhinitis; ECP = eosinophil cationic protein; CC16 = Clara cell 16.

Table 3. Sensitivity, Specificity, Positive Predictive Value (PPV), Negative Predictive Value (NPV), and False Positive Rate of Each

Biomarker as a Diagnostic Marker of AR.

Sensitivity (%) Specificity (%) PPV (%) NPV (%) False Positive Rate (%) P-Value
Tryptase 773 46.4 69.4 56.5 535 0.042
IL-5 70.7 53.8 70.7 538 46.0 0.071
CCleé 69 71 79.5 58.8 28 0.001
CCl6/Albumin 71.1 714 60.6 28.8 0.001

AR =allergic rhinitis; CC16 = Clara cell 16.

Table 4. Sensitivity, Specificity, Positive Predictive Value (PPV), Negative Predictive Value (NPV), and False Positive Rate According to Two

or Three Biomarkers Combinations as a Screening Tool of AR.

False Positive

Sensitivity (%)  Specificity (%) PPV (%) NPV (%) Rate (%) P-Value
2 SET  Tryptase and IL-5 56.8 714 75.7 51.3 28.6 0.029
Tryptase and CClé6/albumin 57.7 85.7 86.6 55.8 14.3 <0.001
IL-5 and CClé/albumin 62.2 89.3 90.3 59.5 10.7 <0.001
Tryptase or IL-5 92.8 26.9 67.2 70 73.1 0.036
Tryptase or CClé/albumin 90.7 64.3 68.4 714 64.2 0.013
IL-5 or CCl6/albumin 80.5 61.5 67.3 55.5 61.5 0.1
3SET Tryptase and IL-5 and CClé/albumin  51.1 92.8 92 54.1 7.1 <0.001

AR =allergic rhinitis; CC16 = Clara cell 16.

samples for detection of biomarkers. In this study, a
biomarker obtained from nasal lavage fluid was used
to identify a biomarker that is useful for creating a diag-
nostic biosensor in a quick method of determining
whether a patient with rhinitis symptoms is allergic or
not. From the study result, the concentrations of tryp-
tase, IL-5, CCl16, and the CCl6-to-albumin ratio
showed significant differences between the AR and
NAR groups. Finally, the sensitivity and specificity of
the combination of tryptase or CCIl6-to-albumin ratio
for the diagnosis of AR were 90.7% and 64.3%, respec-
tively. This result demonstrates the potential of the com-
bination as a screening tool for AR.

In a previous study, nasal tryptase level showed a
significant positive correlation with nasal allergy.'*
Another study reported that the IL-5 concentration in
nasal secretion increased by fivefold in patients with
AR." In studies that used CCl6, the CCl6

concentration was lower in patients with persistent AR
than in healthy individuals,'® and the CCI16 levels in
nasal secretions and the severity of rhinitis symptoms
negatively correlated.!” Our results corresponded to
those of the previous studies. The other study team
reported that nasal ECP level increased in patients
with AR.'"> However, in our study, the mean nasal
ECP level was higher in the AR group but not significant
statistically. Measurement of the ECP level, such as that
in the serum, could be useful for the diagnosis of AR.
However, on the basis of our study results, ECP was
excluded from the analysis.

We obtained the cutoff values of the following bio-
markers: tryptase, IL5, CC16, and CCI16-to-albumin.
From the cutoff values, we calculated the sensitivity,
specificity, PPV, NPV, false-positive rate of each
biomarker. Although the AUC values of tryptase and
IL-5 level were not satisfactory, this could be solved if
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the number of samples is increased and samples are col-
lected from the healthy control group.

No previous report has evaluated the diagnostic
values of biomarkers of AR. Sensitivity, specificity,
PPV, NPV, and false-positive rate could be influenced
by the quality of data. If the samples are contaminated,
the false positive rate could increase.'® To increase the
sensitivity and specificity, we could combine several bio-
markers.!” Therefore, we combined selected biomarkers
and calculated their sensitivity and specificity of the
combinations. As the “AND” combination and the
number of biomarker combinations increased, the spe-
cificity of the test increased, but the sensitivity decreased.
In the “OR” combination of two biomarkers, the sensi-
tivity of the test was increased. Ideally, when we used the
test for disease screening, high-sensitivity and high-
specificity tests were recommended but were difficult to
find."® 2! In this study, the combination of tryptase or
CCl6-to-albumin ratio seemed likely to be a screening
tool of AR.

The skin prick and specific IgE tests revealed various
degrees of sensitivity and specificity, which differed
depending on the type of allergen. The skin prick test
is known to be more sensitive than the specific IgE
test.”>* For example, in a previous study performed
skin prick and specific IgE tests in 2 species of house
dust mites (Dermatophagoides pteronyssinus and
D. farina). For the two allergens, the sensitivities of the
skin test were 90% and 86%, and the specificities were
99% and 93%, respectively. The sensitivity and specific-
ity of the specific IgE test for D. pteronyssinus and
D. farinae were 96% and 89%, respectively.>* In another
study, when the sensitivity and specificity of the skin and
radioimmunosorbent tests were compared among the 4
aeroallergens (D. farinae, cockroach, cat, and dog), the
sensitivity and specificity differed depending on the type
of allergens, but the skin prick test was more sensitive.?
As such, the current diagnostic methods also showed
varied degrees of sensitivity and specificity.

To assess the efficacy of the treatment of AR, the
conventional diagnostic tests for AR must be performed,
including skin prick and specific IgE tests. Therefore, if
an allergy test could not be performed or while awaiting
the result of the serum-specific IgE test, information
about the patient’s condition can be obtained from
nasal discharge quickly and easily by using the screening
tool suggested in this study. Although our proposed
diagnostic tool cannot replace the previous diagnostic
tools, this additional diagnostic tool could be used as a
screening tool, patients could be assessed more easily.

This study has several limitations. First, the sample
size was small. Second, the control group was not age-
matched. Third, because the AUC in the ROC curve
were not high, the cutoff values could change in a
large group.

However, we believe that our study outweighs the
limitations in that it confirmed that the tryptase, IL-5,
and CCI16 levels and CC16-to-albumin ratio could be
used as effective biomarkers for use in the diagnosis of
AR. Moreover, from the results, we identified the possi-
bility of biomarkers in nasal lavage fluid as a diagnostic
tool for AR. In particular, when investigating the
sensitivity and specificity of the tests using biomarker
combinations, the combination of tryptase or CC16-to-
albumin ratio in nasal fluid seemed to be suitable for use
as a screening tool for AR.

Conclusion

Tryptase, IL-5, CC16 and CCl16-to-albumin ratio mea-
sured in nasal lavage fluids showed significant sensitivity
and specificity. According to the result, the “tryptase or
CCl16-to-albumin” combination could be used as a
screening tool for AR. Although this diagnostic
method could not replace the skin prick or specific IgE
test, we could consider the method we proposed as an
additional screening tool for patients who could not
undergo allergy tests. In addition, further study in a
large pool of patients is needed to verify our finding.
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