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Abstract

Asthma and allergies are both major global health problems
with an increasing prevalence, and environmental data im-
plicate an influence of air pollutants on their development.
The present study focuses on the influence of nitrogen diox-
ide (NO,) and the major allergen of the house dust mite Der
p 1 on human nasal epithelial cells of nonallergic patients in
vitro. Nasal epithelial mucosa samples of 11 donors were
harvested during nasal air passage surgery and cultured as
an air-liquid interface. Exposure to 0.1, 1 and 10 ppm NO, or
synthetic air as a control was performed for 1 h. Subsequent-
ly, the cells were exposed to Der p 1 for 24 h. The release of
interleukin (IL)-6 and IL-8 was measured by ELISA, and the
production of IL-6 mRNA and IL-8 mRNA was measured by
RT-PCR. NO, exposure resulted in a concentration-depen-
dent release of IL-6, but not IL-8 release. The coexposure of
0.1 ppm NO, and Der p 1, or 1 ppm NO, and Der p 1 signifi-
cantly increased both IL-6 and IL-8 release. Exposure to NO,,
Der p 1, or their combination, did not significantly influence
the production of IL-6 or IL-8 mRNA. In conclusion, NO, in-

creases the release of inflammatory cytokines in human na-
sal epithelial cells, especially in coexposure with Der p 1, as
a mechanism of allergotoxicology. ©2016'S. Karger AG, Basel

Introduction

Nitrogen oxides are mainly generated by combustion
processes indoors from domestic gas cookers, and out-
doors by the combustion of fossil fuels. Nitrogen monox-
ide (NO) rapidly transforms into nitrogen dioxide (NO,)
by reaction with ozone. Therefore, NO, concentrations
are elevated in urban and industrial areas. Thus, it is of
major concern that the particulate oxidation catalysts of
modern engines increase the emission of nitrogen oxides
[1]. Hence, this paper focuses on possible health hazards
of NO, on humans.

In this context, the toxic effects of NO, have been
widely discussed [2-4]. Genotoxic effects of low NO,
concentrations on nasal epithelial cells were previously
analyzed by our group [5-7]. To summarize that work,
the genotoxicity of NO, could be demonstrated at a con-
centration as low as 0.01 ppm NO, indicated by DNA
fragmentation in the Comet assay and micronucleus for-
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mation. A threshold of NO, genotoxicity could not be
defined. Besides the genotoxic potential, NO, is also haz-
ardous to humans due to its inflammatory effect and in-
crease in airway responsiveness [8, 9]. This leads to bron-
chial hyperreactivity and a decrease in lung function. Ex-
perimental settings demonstrated that exposure to 2-4
ppm NO; in healthy test individuals did not change lung
function [10], while concentrations of 0.25 ppm NO, in
patients with asthma or chronic obstructive pulmonary
disease jeopardized lung function [11, 12]. Tunnicliffe et
al. [13] described a ‘no-effect concentration’ of 0.1 ppm
NO,, and Berglund et al. [14] suggested a possible thresh-
old at this concentration. On the basis of these experi-
mental studies, the WHO recommended a year-limit val-
ue of 0.02 ppm NO, and a 1-hour-limit value of 0.1 ppm
NO; [5, 16].

Regarding the nasal epithelium, the prevalence of al-
lergic rhinitis has increased in recent years [17]. Allergic
rhinitis is a common global condition affecting 10-20%
of the adult population [18, 19]. Zhang and Zhang [17]
correlated the increase in allergic rhinitis with the in-
crease in industrialization and air pollution over the last
2 decades in China. Moreover, increased ambient NO,
has been consistently associated with an increased preva-
lence of allergic sensitization [20]. The mechanisms may
involve an increase in airway responsiveness to allergens
and allergenicity, as well as the increased bioavailability
of airborne allergens from air pollution [21]. However, a
significant association between long-term exposure to
particulate matter (PM10) and NO, with the prevalence
of either asthma or wheezing was not observed [22]. Still,
the interactions and additive effects of NO, and allergens
are not yet fully understood. Regarding allergens, the
house dust mite is a typical indoor aeroallergen, and more
than 60% of children that are sensitized to house dust
mites have asthma, eczema, or rhinitis. House dust mites
are an independent risk factor for the development of al-
lergic respiratory diseases [23]. Der p 1 is one of the most
allergenic major proteins of the house dust mite, and in
2010 Shi et al. [24] demonstrated the induction of inter-
leukin (IL)-6 and IL-8 by Der p 1 in cultured human nasal
epithelial cells and its association with the PAR/PI3K/
NF«B signaling pathway. Other authors could also show
anincrease in the IL-6 and IL-8 production of airway cells
by Der p 1, which was induced by the cysteine protease
activity of Der p 1 [25-27].

How does NO, influence cellular reactions to aller-
gens? The present study focuses on exposure of the hu-
man nasal epithelium, representing the first target of the
upper aerodigestive tract, to NO,, reflecting realistic ur-
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ban concentrations, and coexposure to Der p 1. We hy-
pothesized that NO, exposure would enhance the pro-
duction of IL-6 and IL-8 induced by Der p 1, and thereby
boost the allergenic potential of Der p 1.

Materials and Methods

Isolation and Cultivation of Human Nasal Epithelial Cells

Nasal epithelial cells were obtained from 11 patients who un-
derwent sinus surgery or turbinoplasty, and the samples were de-
livered to our laboratory in 5 ml of saline solution within 5 min.
Nasal polyps and the nasal epithelium from patients with allergies
or other chronic epithelial diseases were excluded. Donors gave
written informed consent for participation and the study was ap-
proved by the Ethics Board of the Medical Faculty of the Univer-
sity of Wiirzburg according to the approval notification dated Feb-
ruary 2006, No. 16/06.

Isolation and cultivation of the cells were carried out as previ-
ously described [5]. In brief, after isolation the cells of each donor
were cultured on 27 porous membrane inserts (Corning® Tran-
swell polycarbonate membrane inserts, 0.4 um; 12 mm diameter;
Corning Inc., New York, N.Y., USA), covered with 150 pl of
collagen I (66 ng/ml; Sigma-Aldrich, St. Louis, Mo., USA). After
reaching 70-80% confluence on day 7, the medium apical to the
membrane was removed, and nutrition was provided to the cells
by adding 1.3 ml of Airway Epithelial Cell Medium (PromoCell,
Heidelberg, Germany) per insert under the membrane. At this
point, the cultures reached an air-liquid interface condition, which
was maintained from day 7 to 14 to stabilize the culture conditions.
Therefore, all the cells were in passage 1. Subsequently, the mem-
branes with the cells were used for NO, and control exposure.

Gas Mixtures

For NO, exposure, a gas mixture construction was developed
on the basis of mass-flow controllers (Bronkhorst High-Tech B.V.,
Ruurlo, The Netherlands), thus achieving a defined and controlled
concentration of NO, by diluting NO, with synthetic air [5]. The
mixture of 0.1 ppm NO, was made by mixing 10 ml/min of 10 ppm
NO, with 990 ml/min of synthetic air (Linde Gas, Pullach, Ger-
many) to achieve 1,000 ml/min of 0.1 ppm NO,. The other con-
centrations (1 ppm NO, and 10 ppm NO,) were mixed similarly
to achieve a 1,000 ml/min gas mixture. After the dilution process,
the concentration of the dilution was analyzed by an inline NO,
analyzer during the entire exposure duration (Ansyco GmbH,
Karlsruhe, Germany), verifying that the gas dilution was stable
during all experiments.

Exposure

Just before exposure, the Transwell membranes with the nasal
epithelial cells were checked microscopically. The cell surfaces
were then washed twice with sterile PBS, and the supernatant was
removed under sterile conditions. To expose the cells, the Trans-
well membranes were transferred into a Vitrocell® exposure
chamber (Vitrocell Systems GmbH, Waldkirch, Germany). For
exposure, the gas dilution was drawn over the cell layer by vacuum
without further humidification. The material of the exposure
chamber consisted of glass, stainless steel, and polytetrafluorethyl-
ene to avoid absorption effects. The exposure chamber of each
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membrane had a volume of 2.5 ml. The flow rate of the vacuum
was adjusted via mass-flow controllers at the gas outlets to 5 ml/
min; therefore, the volume change was 120x/h.

The membranes were exposed to either 0.1 ppm NO,, 1 ppm
NO,, 10 ppm NO, (Linde Gas Germany), or synthetic air free of
hydrocarbons (Linde Gas Germany) for 1 h. For each experiment,
1 membrane was used as a negative control and was not exposed.

After gas exposure, the samples were exposed to Der p 1 for
24 h. Therefore, 10 samples for the experimental setup were re-
quired (fig. 1). To expose the cells to Der p 1, LoTox Natural Der
p 1 (Indoor Biotechnologies, Charlottesville, Va., USA) was used
with endotoxins <0.03 EU/pg. Der p 1 was prepared according to
the manufacturer’s instructions. Der p 1 was dissolved in PBS at a
concentration of 10 pg/ml. Sterile-filtered L-cysteine at a concen-
tration of 5 mmol/l in PBS was added. The solution was incubated
for 15 min at 37°C to oxidize the thiol group of Der p 1. Thereby,
the cysteine protease activity of Der p 1 was regained, which had
been previously lost by the production process of Der p 1. Der p 1
was added to the basolateral medium of the wells at a concentra-
tion of 500 ng/ml, and the samples were incubated for 24 hat 37°C
in 5% CO,. After exposure, the medium of the basolateral com-
partment was transferred to a 1.5-ml vial and stored at -20°C un-
til further IL-6 and IL-8 ELISA analysis.

Thereafter, the cells were trypsinized from the membrane and
centrifuged at 500 g for 5 min. The cell pellets were resuspended in
500 ul of PBS and centrifuged again. The cell pellets were lysed by
adding 350 ul of buffer RLT of the RNeasy mini kit (Qiagen, Ven-
lo, The Netherlands). The lysates were stored at -80°C until fur-
ther analysis.

IL-6 and IL-8 ELISA

To determine the IL-6 and IL-8 concentrations, the cell medi-
um of the samples was analyzed by human IL-6 and IL-8 ELISA
kits (Diaclone SAS, Besangon, France). The experiments were car-
ried out in duplicate. The ELISA plate was read at 450 nm (Titertek
Multiskan PLUS; Labsystems, Helsinki, Finland). IL-6 and IL-8
concentrations (pg/ml) were determined by constructing a stan-
dard curve using recombinant IL-6 and IL-8 according to the man-
ufacturer’s instructions. Values lower than the detection limit were
set as zero.

Total RNA Extraction, cDNA Synthesis, and RT-PCR
The effects of gas exposure and Der p 1 exposure on mRNA
expression of IL-6 and IL-8 were analyzed using RT-PCR. The fro-

Proinflammatory Potential of NO,

zen lysates were warmed to room temperature. Afterwards, RNA
isolation was done using the RNeasy mini kit (Qiagen) according
to the manufacturer’s instructions. The remaining DNA was elim-
inated using an RNase-free DNase kit (Qiagen).

The concentration of extracted total RNA was analyzed photo-
metrically at an extinction of 260 nm, and the samples were di-
luted to equal RNA concentrations. The extracted total RNA was
reverse transcribed to cDNA. The cDNA concentrations were
measured using a photometer at an extinction of 320 nm. The
samples were normalized to an equal cDNA concentration of 200-
400 ng/ml.

For the quantification of gene expression, the TagMan Gene
Expression Master Mix and the IL-6 and IL-8 primers were used
(Life Technologies Corp., Carlsbad, Calif., USA; TagMan Gene
Expression Assay IL-6, assay ID Hs00985639_m1 and TaqMan
Gene Expression Assay IL-8, assay ID Hs02758991_g1).

The amplifications for gene quantification were 50°C for 2 min,
95°C for 10 min, and 40 cycles at 95°C for 15 s and 60°C for 1 min.
The GAPDH gene was used as an endogenous control, and was
quantified by TagMan Gene Expression Assay GAPDH, assay ID
Hs02758991_gl (Life Technologies Corp.). The unexposed cells
served as a negative control.

The relative mRNA expression was calculated by the AACy
method. ACy of each sample was calculated by subtracting the Cy
of the target gene and the Cy of GAPDH:

ACr (target gene) = Cr (target gene) - Cy (GAPDH).

Afterwards the AACr (target gene) was calculated for each ex-
posure:

AACr (target gene) = ACr (target gene) — ACr (target gene of
negative control).

The relative gene expression of IL-6 and IL-8 mRNA was de-
termined as follows:

Relative gene 3expression = 2-4ACr (target gene)

Statistical Analysis

The statistical analyses were done using GraphPad Prism 5.0
(GraphPad Software, La Jolla, Calif., USA). We used the nonpara-
metric Friedman test for related samples at different gas exposure
concentrations. To compare equal exposure concentrations with
or without Der p 1, the nonparametric Wilcoxon test for 2 related
samples was used. For statistical analysis of the ELISA, the concen-
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Fig. 2. IL-6 ELISA. The boxplots represent IL-6 levels after expo-
sure to synthetic air or NO, at increasing concentrations alone and
in coexposure with Der p 1. For the definition of boxplots see Sta-
tistical Analysis. Coexposure of Der p 1 with 0.1 or 1 ppm NO, led
to a significant IL-6 release.

trations of IL-6 and IL-8 (pg/ml) were compared. To determine the
mRNA production of IL-6 or IL-8, the relative gene expressions
were compared.

Boxplots were used to chart the results. The box represents the
area of 50% of all values, and is bordered by the upper and lower
quartile. The median is represented by a line in the box, and divides
the box into 2 parts with 50% of the values in each box. The whis-
kers of the boxes show values outside the boxes, and are limited to
a length of 1.5 interquartile distances according to the definition
of John W. Tukey. Values outside the whiskers with more than 1.5
interquartile distances are indicated as outliers by a dot.

Results

ELISA

IL-6 and IL-8 production was analyzed by ELISA. Re-
garding exposures to elevated concentrations of NO,
alone, a concentration-dependent increase in IL-6 (p <
0.05, Friedman test) could be measured, while IL-8 was
not influenced (p > 0.05, Friedman test) by increasing
concentrations of NO,. Regarding the effect of Der p 1,
the coexposure of Der p 1 to 0.1 and 1 ppm NO, resulted
in a significant increase in IL-6 production, while Der p 1
did not influence the IL-6 production in the coexposures

30 Int Arch Allergy Immunol 2016;171:27-35
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Fig. 3. IL-8 ELISA. The boxplots represent IL-8 levels after expo-
sure to synthetic air or NO, at increasing concentrations alone and
in coexposure with Der p 1. For the definition of boxplots see Sta-
tistical Analysis. Coexposure of Der p 1 with 0.1 or 1 ppm NO, led
to a significant IL-8 release.

with synthetic air or 10 ppm NO, (Wilcoxon test; fig. 2).
The effect of Der p 1 on IL-8 production during coexpo-
sure with the different gas dilutions was similar to the
IL-6 production, with a significant increase in IL-8 by co-
exposure to Der p 1 with 0.1 ppm NO, or 1 ppm NO,
(Wilcoxon test; fig. 3). The boxplots show that Der p 1
induces IL-6 and IL-8 production mainly during coexpo-
sure with 0.1 ppm NO,. The ELISA data are presented in
table 1.

RT-PCR

All data, including the relative gene expression of IL-6
and IL-8 mRNAs, are presented in table 2. For all 11 sam-
ples, elevating concentrations of NO, did not influence
IL-6 or IL-8 mRNA expression (p > 0.05, Friedman test).
The IL-6 mRNA expression was even not influenced by
the addition of Der p 1 to different gas exposures (p >
0.05, Wilcoxon test; fig. 4). A significant increase in IL-8
mRNA expression could be observed at a coexposure of
Der p 1 with 1 ppm NO, only (p < 0.05, Wilcoxon test).
Any other combination of Der p 1 exposure with additive
gas exposures did not influence IL-8 mRNA expression
(fig. 5).
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Table 1. IL-6 and IL-8 concentrations (pg/ml) of the cell medium

No. Synthetic air ~ Syntheticair + NO, 0.1 ppm NO,0.1+ NO,lppm NO,1+ NO, 10 ppm NO, 10 +
Derp1 Derp 1 Derp 1 Derp 1

IL-6

1 8.10 12.39 17.00 26.52 28.14 42.23 19.54 2791

2 0 9.08 0 23.77 20.94 35.98 0 21.21

3 15.09 12.17 10.66 34.45 120.23 187.32 55.14 76.83

4 35.07 9.88 12.78 31.17 20.86 38.02 8.12 6.38

5 0 25.62 6.40 12.09 0 74.73 0 0

6 22.64 119.06 140.75 171.02 19.82 41.41 0 0

7 0 8.88 0 126.57 47.97 44.33 16.59 11.63

8 0 13.45 0 0 0 0 0 0

9 0 0 6.60 0 9.46 0 8.90 9.32
10 10.98 92.75 93.30 208.46 24.05 57.72 55.64 23.11
11 37.68 25.73 18.88 7.24 28.93 9.58 34.56 123.30
Median 8.10 12.39 10.66 26.52 20.94 41.41 8.90 11.63
Mean 11.78 29.91 27.85 58.30 29.13 48.30 18.04 27.25
SEM 14.32 38.73 45.81 74.14 33.15 51.61 21.33 38.69
IL-8

1 355.83 131.70 383.17 1,042.82 103.97 251.55 71.91 92.07

2 86.04 208.39 142.20 1,548.80 263.81 375.33 137.04 272.37

3 104.12 283.06 111.83 300.39 103.41 356.51 72.45 170.29

4 537.26 86.62 199.59 324.67 288.42 549.40 81.51 0

5 93.04 690.72 157.58 420.66 198.46 1776.48 252.54 65.79

6 419.26 352.92 364.31 252.54 118.84 130.47 67.39 67.16

7 29.70 208.84 0 1,911.93 0 247.00 14.57 0

8 241.24 329.12 272.50 673.86 130.46 309.21 78.20 100.37

9 259.22 206.09 168.98 338.87 210.72 295.62 78.86 213.40
10 78.59 682.54 944.87 1,777.01 131.40 1,421.04 737.23 189.35
11 254.42 431.63 258.07 63.56 91.00 169.58 340.13 454.53
Median 241.24 283.06 199.59 420.66 130.46 309.21 78.86 100.37
Mean 223.52 328.33 273.01 786.83 149.14 534.74 175.62 147.76
SEM 162.96 202.68 248.85 670.73 83.73 543.38 208.96 133.57

Discussion ly exposed to environmental and agricultural pollution

The aim of the current study was to examine the influ-
ence of an environmental pollutant on the extent of cyto-
kine release of upper airway epithelial cells to an allergen.
Therefore, we focused on Der p 1, which is the most im-
portant allergen of the house dust mite, and NO, as a re-
active environmental pollutant.

Most studies to date have evaluated the hazardous po-
tential of NO, or Der p 1 alone. Studies considering a
synergistic effect of both a major allergen and a volatile
reactive gas are rare. A recent study by Elshabrawy et al.
[29] examined the impact of environmental and agricul-
tural pollutants on the prevalence of allergic diseases.
The authors demonstrated that subjects which are high-

Proinflammatory Potential of NO,

are at a high risk for developing allergies. The current
study was therefore unique by analyzing the effect of
an environmental allergen on the effect of an allergen in
vitro.

Existing studies on Der p 1 have shown the induction
of IL-6 and IL-8 production in airway epithelial cells. The
mechanism of IL-6 and IL-8 production is based on the
cysteine protease activity of Der p 1, which could be dem-
onstrated in several studies [24-27]. Der p 1 seems to in-
duce the PAR/PI3K/NFkB signaling pathway, and there-
by the induction of IL-6 and IL-8 [24, 25, 28]. Besides a
Der p 1 protease-dependent signaling pathway, Der p 1
triggers a protease-independent signaling pathway in air-
way epithelial cells. IL-6 and IL-8 release results in an in-
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Table 2. Relative mRNA expression of IL-6 and IL-8

No. Synthetic air ~ Syntheticair+ NO, 0.1 ppm NO, 0.1 + NO,lppm NO,1+ NO, 10 ppm NO, 10 +
Derpl Derp1 Derpl Derp1l
IL-6
1 2.19 2.68 3.92 4.07 6.61 5.78 0.66 5.48
2 0.69 2.65 1.74 4.56 4.65 2.86 1.59 6.18
3 3.47 3.11 1,77 8.7 23.5 51.66 10.46 14.48
4 8.75 2.54 3.71 5.66 5.27 4.14 2.35 1.92
5 1.32 7.61 1.86 0.76 0.92 12.27 0.95 1.3
6 14.2 20.97 36.13 8.84 2.33 4.02 0.51 0.29
7 1.2 5.85 2.51 44.46 22.61 21.37 8.63 6.65
8 0.98 4.61 1.33 1.79 0.6 2.55 0.57 0.73
9 0.43 1.19 1.39 1.13 2.18 1.63 2.47 2.22
10 1.4 9.6 7.73 39.16 1.3 4.99 5.21 2.46
11 4.05 2.82 2.61 0.89 3.39 1.23 4.09 11.97
Median 1.40 2.82 2.61 4.07 3.39 4.14 1.59 2.46
Mean 3.40 5.75 6.08 10.49 5.13 6.06 2.52 4.06
SEM 4.09 5.39 9.66 14.98 5.90 5.62 2.43 3.32
IL-8
1 3.13 1.28 3.18 7.21 0.77 1.6 0.18 0.6
2 0.92 2.2 1.58 12.3 2.74 3.9 1.56 2.73
3 0.87 1.95 0.76 1.24 0.36 2.42 0.53 1.24
4 14.53 0.67 1.81 2.52 2.5 2.82 0.77 0.33
5 0.96 6.1 1.54 1.09 2.27 14.19 2.51 0.8
6 7.92 6.62 6.72 4.69 1.15 1.72 0.06 0.03
7 1.08 6.02 0.95 77.98 1.29 7.5 0.56 0.26
8 0.59 0.68 0.6 0.55 0.32 0.41 0.17 0.25
9 1.85 1.54 1.05 2.15 1.57 1.91 0.66 1.62
10 0.87 12.21 27.95 47.08 1.06 7.08 4.47 1.83
11 3.9 3.72 2.43 0.05 1.07 1.64 2.81 3.78
Median 1.85 2.20 1.81 4.69 1.15 1.91 0.66 0.60
Mean 3.53 3.85 4.64 14.80 1.41 4.03 1.27 1.17
SEM 4.03 3.42 7.55 23.70 0.74 3.89 1.36 1.14

flammatory response, which may be the first step in air-
way inflammation.

NO, itself also has an inflammatory effect in addition
to toxic and genotoxic properties. Hence, in air pollution
regulations, threshold values of NO, have been imple-
mented in several countries, following the recommenda-
tions of the WHO [15, 16]. The WHO suggested an an-
nual limit value of 40 pg/m?, which equals approximately
0.02 ppm NO,, and a 1-hour maximum of 200 pg/m3,
reflecting 0.1 ppm NO,. The WHO defined threshold val-
ues based, among other things, on the experiments by
Tunnicliffe et al. [13] who described a no-effect concen-
tration level of 0.1 ppm NO,. These recommendations are
based on experimental studies dealing with NO, alone.
However, by assuming an additive or synergistic effect of
air pollutants and allergens, a detailed analysis on the ex-

32 Int Arch Allergy Immunol 2016;171:27-35
DOI: 10.1159/000450751

posure of airway cells to volatile environmental pollution,
such as NO,, and allergenic components, such as Der p 1,
is of great interest.

The presented data demonstrated the influence of el-
evated NO, concentrations on IL-6 discharge in the cell
medium, as measured by ELISA. NO, alone could not
influence IL-8 discharge. The addition of Der p 1 (10 pg/
ml) to NO, exposure resulted in an enormous increase in
IL-6 and IL-8 in the cell medium, especially at the 1-hour-
limit value of 0.1 ppm NO,. The current study thus dem-
onstrated a synergistic effect of allergenic compounds
and airway pollution at a low concentration of NO,, re-
flecting realistic values for urban areas. It is of major con-
cern that the nasal epithelial cells of nonallergic subjects
reacted via an inflammatory response to the combination
of NO, and Der p 1, which may be an initial step in aller-
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Fig. 4. IL-6 RT-PCR. The boxplots represent relative IL-6 mRNA
expression after exposure to synthetic air or NO, at increasing con-
centrations alone and during coexposure with Der p 1. For the
definition of boxplots see Statistical Analysis. Coexposure to Der
p 1 did not influence IL-6 mRNA expression.

gen sensitization. These findings are in line with the en-
vironmental studies of Elshabrawy et al. [29], and to our
knowledge this is the first in vitro study to analyze the
impact of volatile air pollution on human cellular reac-
tions to aeroallergens.

The increase in IL-6 and IL-8 in the cell medium was
measurable at the 1-hour-limit value of 0.1 ppm NO,. We
can speculate as to why this increase was not observable
at higher NO, concentrations. A possible explanation
may be that the inflammation induced by higher NO,
concentrations occurred fairly rapidly, and thus IL-6 and
IL-8 in the cell medium were measured too late at 24 h
after exposure. Higher concentrations of NO, in combi-
nation with Der p 1 probably induced cell damage that
prevented higher levels of IL-6 and IL-8. Kauffman et al.
[25] demonstrated cell shrinking and desquamation of
A549 cells by elevated Der p 1 concentrations. Perhaps
this process is already increased by higher NO, concen-
trations in the presence of ambient Der p 1 concentra-
tions. In contrast, analysis by trypan blue did not show
any significant changes in cell viability in our experi-
ments. So far we do not have a conclusive explanation as

Proinflammatory Potential of NO,

Fig. 5. IL-8 RT-PCR. The boxplots represent relative IL-8 mRNA
expression after exposure to synthetic air or NO, at increasing con-
centrations alone and during coexposure with Der p 1. For the
definition of boxplots see Statistical Analysis. Coexposure to Der
p 1 did not influence IL-8 mRNA expression.

to why the measured effects cannot be observed with
higher NO, exposure. Nevertheless, this effect could be
seen in both analyses of IL-6 and IL-8 and should be reli-
able.

It was our aim to demonstrate the effect of Der p 1 and
NO, on protein and mRNA levels. In contrast to the
ELISA results, the mRNA of IL-6 and IL-8 did not in-
crease significantly. An explanation for this observation
may be that NO, and Der p 1 induce a discharge of cel-
lular IL-6 and IL-8 storage, but do not influence the in-
tracellular accumulation of IL-6 and IL-8. Another expla-
nation may be that mRNA levels are elevated by extended
exposure durations or in measurements made at a later
time point. Our experimental setup with relatively short
exposure durations did not influence the generation of
intracellular IL-6 and IL-8 but did increase the cellular
release of these proteins. Therefore, the missing elevation
of IL-6 and IL-8 mRNA levels is of speculation and an is-
sue of further research.

Several studies have demonstrated epidemiological
data that show a correlation between air pollution and the
prevalence of asthma and allergies [8, 30-32]. However,

Int Arch Allergy Immunol 2016;171:27-35 33
DOI: 10.1159/000450751

©
>
&
o
®

44; Bibl. Area Biomed. Tor Vergata

6 4:32:04 PM



the nasal mucosa air-liquid interface is not suitable as a
test system for allergic diseases, since allergies are com-
plex reactions involving epithelial cells, dendritic cells
within the subepithelial tissue and perivascular/intrano-
dular lymphocytes. However, allergic reactions are highly
influenced by the coinflammatory conditions of the sur-
rounding tissue. Proinflammatory cytokines like IL-6 or
IL-8 support chemotaxis of lymphocytes or lymphocyte
homing. Thus, we could demonstrate that a combined
exposure of NO, and allergens like Der p 1 affects epithe-
lial cells in terms of a proinflammatory response that sup-
ports the development of allergic reactions. We could as-
sume that NO, may intensify the reaction to Der p 1 in an
allergic subject and, moreover, may trigger an allergy in
subjects that have allergic presuppositions, such as ge-
netic conditions.

In addition, we could show that the air-liquid interface
of nasal epithelial cells could be an adequate model for
studying the underlying molecular mechanisms in vitro,
and thus further research should focus on cellular reac-
tions to air pollutants and potential allergens. In this con-
text, it is important to focus on allergotoxicology, which
means ‘the investigation of effects of toxic substances
upon the induction, elicitation, and maintenance of al-
lergic reactions’ [30]. The focus on allergotoxicology may
give us a more specific insight into the mechanisms of al-
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