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Abstract

Background

The prevalence of asthma has increased in recent decades. Among the reasons for this
increase is environmental pollution. Pollutants cause bronchial inflammation and
introduce modifications in the pollen, making it more allergenic.

Objective

Assess symptoms and medication requirements of asthmatic patients with grass allergies
in Madrid (high urban pollution) and Ciudad Real (low pollution), and simultaneously
evaluate the in vitro effects that pollen collected in both areas has on the immune cells of
patients.

Methods

During two pollen seasons, patients from both cities were included. The patients
recorded their symptoms and the asthma medication they took daily. In both cities,
pollen data, pollutants and meteorological variables were evaluated. The response to
different cell populations from patients in both areas were analysed after “in vitro”
stimulation with pollen from both cities.
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Results

The symptoms and medication use of the patients in Madrid was 29.94% higher. The NO,
concentration in Madrid was triple that of Ciudad Real (33.4 vs. 9.1 ug/m?3 of air). All other
pollutants had very similar concentrations during the study period. Pollen from the high
pollution area caused a significant enhancement of T-CD8+ and NK cells proliferation
compared with pollen of low pollution area, independently of the patient's origin.

Conclusion

Asthmatic patients from Madrid have a worse clinical evolution than those from Ciudad
Real because of higher levels of urban pollution, and this could be driven by the higher
capacity of pollen of Madrid to activate T-CD8+ and NK cells.

Abstract

Patients with asthma caused by grass pollen are affected by high pollution rates. In areas with high
pollution their clinical symptoms intensify, and patients require more medication. Pollen from highly
polluted areas alters the immune system of patients. It causes in vitro an enhanced stimulation of
T-CD8+ and NK cells which could be responsible for the clinical worsening of the patients.
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Key messages
Pollution induces worse clinical outcome in patients with grass pollen allergy.
Pollen from polluted areas alters the immune response of patients.

Pollen from areas with high pollution enhanced proliferation of T-CD8 and NK
cells of allergy patients.

1 INTRODUCTION
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The prevalence of asthma and allergic diseases have increased significantly in recent
decades in children and adolescents especially those in urban environments.' Urban
pollution from vehicle traffic is one of the main causes of this increase and is closely related
to the increase in emergency room visits, limited lung capacity, increased school
absenteeism and increased consumption of anti-asthma medication.*® Air pollution due to
vehicle traffic is directly responsible for climate change, with a significant impact on the
onset and worsening of asthma that enhances the allergenicity of some plants and
contributes to global warming.” Likewise, pollutants interact with pollen, causing oxidative
stress and endotoxin-mediated cellular and tissue responses, which can lead to further
proinflammatory effects in the respiratory tract and lungs.® ° Recently, we analysed and
compared grass pollen (Lolium perenne) from Madrid (high urban pollution) and Ciudad Real
(low pollution). We demonstrated that Madrid grasses expressed a higher degree of
oxidative stress and higher photosynthetic activity than did the grasses from Ciudad Real.'?
Under these premises, it seems interesting to explore the clinical alterations of asthmatic
patients allergic to grasses and the cellular mechanisms that are involved in the effects that
pollution generates in the grass pollen allergy.

Previously, our group analysed the effect of pollution on pollen-allergic asthma. The study
was carried out with patients from Puertollano (high industrial pollution) and Ciudad Real
(low pollution). Analyses of daily symptoms, medication and lung function measurements
revealed a significant increase in the risk of asthma and greater clinical decompensation in
patients from Puertollano compared with those in Ciudad Real.""” '? In addition, an analysis
of pollen samples of grasses (L. perenne) collected in both cities showed a greater biological
potency in the pollen collected in Puertollano, as well as a higher production of endotoxins,
compared to the pollen collected in Ciudad Real."?

Once the effect of industrial pollution on pollen-allergic asthmatic patients was established,
our next objective was to analyse the impact of urban pollution on this group of patients.
Madrid has high levels of pollution derived from vehicle traffic; the negative effects of this
pollution are increased in asthmatic patients due to the frequent anticyclonic situations that
prevent the dispersion of pollutants.’*

The aerobiological profile of Madrid is similar to that of Ciudad Real, both with a dry and
continental climate, with short and intense pollination, with grasses being the most relevant
allergenic pollen.’> 1

The objective of this study was to determine the evolution of asthmatic patients allergic to
grasses in two cities with different levels of urban pollution: Madrid and Ciudad Real.
Simultaneously, we analysed the effects that pollen from both cities have on the activation
of lymphocyte populations and dendritic cells of patients from both areas. The study was
carried out for two consecutive years using records of daily symptoms and medication use
during the six weeks of the pollen season.
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2 MATERIALS AND METHODS

2.1 Study areas

Madrid (population, 6,780,000) and Ciudad Real (population, 75,000) are situated in the
central area of Spain in a flat zone with uniform vegetation. This area has a dry, continental
climate and has extreme temperatures. The grass pollination period is short and intense,
lasting approximately six weeks (May and first half of June). Madrid is a large city with high
levels of pollution, especially NO,, associated with intense vehicle traffic. Administrative and
service activities are predominant in the city of Ciudad Real, which lacks any industrial
activity and produces little pollution from vehicle traffic."’

2.2 Patients

We designed a cohort study of 3 years duration (2016-2019), covering two pollination
seasons (2017-2018). Patients from the Hospitals of Madrid (Infanta Leonor) and Ciudad
Real were selected. We have only included patients diagnosed by prick test with moderate
persistent asthma due to allergy to grass pollens, and with the clinical evolution that
corresponded to step 3 of the GINA'” during the last two years. The patients were sensitized
to Lolium perenne or other pollens, but not to everlasting allergens. In patients with
diagnostic doubts, spirometry or methacholine tests were performed to confirm that they
were asthmatic. In addition, patients had resided in the study town for over 5 years, and
between 12 and 55 years of age. The exclusion criteria were as follows: use of specific
immunotherapy over the previous 2 years, persistent moderate-severe asthma (steps 4 and
5 of the GINA) and inability to complete the questionnaire. Because asthmatic patients are
not usually smokers, this habit was not reported in the study. Written informed consent was
obtained from all participants; the study was approved by the Institutional Review Board.

2.3 Diary cards

In the month of April, patients were given the case record form (CRFs), and they were
instructed on how to record all data during the pollination period (1 May to 15 June),
according to the assessment of the sum of symptoms and medication previously
described."® '# Patients with allergic rhinitis could also use the routine treatment such as
topical corticosteroids, but this item was not considered.
Subjective symptoms of asthma, recorded at end of the day, on scale 0 of to 3(0 =no
symptoms; 1 = mild symptoms; 2 = moderate symptoms; 3 = severe symptoms).

Drug consumption: terbutaline as required (1 point per 500 pg dose), budesonide
400 pg/day (2 points); salmeterol 100 pg/day or formoterol 9 pyg/day (3 points), and
budesonide/fluticasone 800/1000 pg/day (4 points).

2.4 Aerobiological study

From 1 March to 30 June, the daily pollen concentration was measured in Hospital Infanta
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Leonor (Madrid) and Hospital of Ciudad Real. Grass Pollen grain counts were measured
using a Burkard spore trap (Burkard Manufacturing Co.). The sampling air flow rate was

10 L/min, and the size of the orifice of the spore trap was 14 x 2 mm. Pollens were caught on
24-mm wide transparent tape coated with a thin film of petroleum jelly. This tape was
mounted on a cylinder rotating at a speed of 2 mm/h. To study the pollens caught over a 2
4-hour period, a 48-mm sweep (2 mm/h x 24 h) was performed with the oil immersion lens
(Prior Scientific Instruments Ltd.) (x10 ocular, x100 objective, and field diameter of 0.18 mm).

2.5 Air pollution data and meteorological conditions

The air pollution and meteorological data were obtained during the study season (1 March
to 30 June).

Air pollution data from the Ensanche de Vallecas station (next to the Infanta Leonor
Hospital) were obtained from the air quality web portal of Madrid Town Hall
(https://www.tutiempo.net/calidad-del-aire/estaciones/madrid/puente-de-vallecas.html).

Data from Ciudad Real were obtained from web portal of the Vice-Ministry of the
Environment Monitoring and control of air quality of the Junta de Castilla la Mancha
(https://www.castillalamancha.es/gobierno/desarrollosostenible/estructura/dgecocir
/actuaciones/red-calidad-del-aire-datos-validados-mensuales).

The data of the atmospheric pollutants shown in the work, SO2 (ug/m3), NO2 (ug/m?3) and 03
(ug/m?3), are the monthly average of the period from 1 March to 30 June. In both cases the
data were collected from the nearest stations to the sampling point of pollen and plants.

Meteorological conditions data during the studied period were obtained from AEMET
(Spanish Weather Agency) web portal (http://www.aemet.es).

2.5.1 Sample collection

Heparinized peripheral blood was obtained from 29 patients (14 from Ciudad Real and 15
from Madrid) by venopunction. Peripheral blood mononuclear cells (PBMCs) were isolated
by ficoll-paque density gradient (Rafer S.L.) and stored in liquid nitrogen with RPMI

1640 medium supplemented with 40% of Fetal Bovine Serum (BioWhittaker), 2 mM
L-Glutamine, 50 ng/ml Streptomycin, 5 mg/ml Gentamycin (Normon) and 10% Dimethyl
sulfoxide (Sigma-Aldrich) for further use.

2.5.2 Proliferative response assays

PBMCs were quickly defrosted and cultured with 5,6-carboxyfluorescein diacetate
N-succinimidyl ester (CFSE) (Thermo Fisher Scientific), at 10 x 106 PBMCs/ml in phosphate
buffer for 15 min in darkness. A total of 1.5 x 10° pre-labelled cells were stimulated with
pollen extracts from Madrid and Ciudad Real at 5, 10 and 25 yg/ml and incubated at 37°C for
6 days. Unstimulated pre-labelled cells and Phytohemaglutinin (Sigma-Aldrich) at 20 pg/ml
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were used as negative and positive controls, respectively. Proliferative response of different
lymphocyte populations (T-CD3+, both T-CD4+ and T-CD8+ and NK cells-CD56+), was
analysed as cells expressing CFSEDim. Moreover, the proliferation status of T-CD4+Th1
(CD4+CXCR3+IFNyHigh), T-CD4+Th2 (CD4+CD294+IL4High) and inflammatory NK
(CD56+DimIFNyHigh) and cytotoxic (CD56+BrightPerforinHigh) cells were assessed using the
Fixation-Permeabilization solution kit (BD Biosciences). Treg
(CD4+CD127LowCD25HighFOXP3+) and Treg IL-10High cells were stained using human
Foxp3 buffer (BD Biosciences). Cells were acquired in a FACSCanto Il flow cytometer (BD
Biosciences) and analysed with FlowJo software (Tree Star, Inc.). Results were expressed as
proliferation index (Pl), calculated as the ratio between the percentage of CFSEDim
stimulated cells and the percentage of CFSEDim unstimulated cells.

2.5.3 DC maturation assays

Firstly, monocytes were isolated from PBMCs by positive selection using CD14 microbeads
(Miltenyi Biotec, Bergisch Gladbach, Germany). Then, monocytes were cultured in plates at
3 x 10° cells/well with 200 ng/ml of recombinant human granulocyte macrophage colony-
stimulating factor (GM-CSF) and 100 ng/ml of recombinant human IL-4 (both from R&D
Systems Inc) for 5 days at 37°C to obtain immature monocyte-derived dendritic cells
(immoDCs). These cells were then cultured with pollen extracts from both Madrid and
Ciudad Real at 5, 10 and 25 pg/ml at 37°C, for 72 h. immoDCs migration activation and
maturation were assessed by analysing the expression of CCR7, CD40, CD80, CD83 and
CD86 molecules in a FACSCanto Il flow cytometer and analysed with FlowJo software. Results
were presented as maturation index (Ml), calculated as the ratio between stimulated and
unstimulated moDCs. Positive results were considered when M| > 2.

2.6 Statistical analysis

Statistical analysis was carried out using SPSS v.24. In the descriptive analysis, the qualitative
variables were summarized as absolute and relative frequencies. Quantitative variables
were described by means of mean and standard deviation. Normality distribution of data
was checked using the Kolmogorov-Smirnov test and due to the data follow a normal
distribution, t-test was used for comparing the means of the number of daily symptoms and
medications between both locations. To compare means in the in vitro studies, the
nonparametric Mann-Whitney U test was used. Statistical tests were two-sided with a
significance level of p < .05.

3 RESULTS

A total of 106 patients were selected: 42 from Madrid and 64 from Ciudad Real. The mean
age of the participants was 32.28 (+11.97) years, with a predominance of women (64.6%).

Regarding the number of daily symptoms and medications, the combined average for
patients in Madrid was 1.90 (+1.92), and that for patients in Ciudad Real was 1.35 (+1.34).
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Thus, the combined average was 28.94% higher in the patients from Madrid than in the
patients from Ciudad Real. However, the difference between both values was not statistically
significant (p = .147) due to the large dispersion found in the samples.

For the aerobiological study, the total grains of grass pollen per cubic metre of air in the first
year of study was 1918 grains in Madrid (peak day, 130th day of the year) and 2098 grains in
Ciudad Real (peak day, 117th day of the year), ie 8.57% higher in Ciudad Real. The values for
the second year were 1773 grains in Madrid (peak day, 114th day of the year) and

1853 grains in Ciudad Real (peak day, 114th day of the year), ie 4.31% higher in Ciudad Real
(Figure 1A). The meteorological conditions in both cities during the period studied are
shown. The climatological diagrams indicate the typical meteorological conditions of the
Mediterranean climate, with a dry period from March to June, when the temperature line is
above the precipitation bar. The temperatures were very similar in both cities, with
somewhat more precipitation in Ciudad Real than in Madrid (Figure 1B).

()
MADRID

CIUDAD REAL

{B) Civdad Real Meteoralogical conditions c)

FIGURE 1

Open in figure viewer | ¥PowerPoint
(A) Concentration of grass pollen in Madrid and Ciudad Real during the months studied (March-june 2017). (B)
Climatological diagrams of Madrid and Ciudad Real showing the meteorological conditions during the same studied

period

The average monthly concentration of NO, in Madrid was three times higher than that in
Ciudad Real both in the first year of study (31.7 vs. 8.2 pg/m? of air) and in the second year
(35 vs. 10 pg/m?3) (Figure 2A).
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FIGURE 2

Open in figure viewer | ¥PowerPoint
Average monthly concentrations of NO; (A) and Os (B) in Madrid and Ciudad Real, during the two years (2017-2018) in

which the study was carried out. The concentrations are expressed in yg/m?

The values for pollutant particles (PM;o) were similar the first year, ie 18.3 versus 23.5 pug/m?3
for Madrid and Ciudad Real, respectively, and almost identical in the second year, ie 17
versus 16.7 ug/m?3 for Madrid and Ciudad Real, respectively.

Ozone values were slightly higher in Ciudad Real than in Madrid (74.7 pg/m?3vs. 72.1 ug/m?3)
in the first year and higher in Ciudad Real than in Madrid (72.7 pg/m?3vs. 62.3 pg/m?3) in the
second year (Figure 2B).

We have analysed the proliferation of different lymphocyte subpopulations (T-cells, both
CD4 and CD8, and NK cells) from both cities’ patients, Ciudad Real and Madrid, after
stimulation with pollens collected in the two areas. Data showed a dose-response curve for
all populations. In general, the proliferative response was higher with Madrid pollen
independently of the origin of the group of allergic patients, being such response more
significant at 25 pg/ml concentration and for the cytotoxic populations as T-CD8+ and NK
cells (Figure 3). No differences in the reactivity to pollen were found between the two groups
of allergic patients.
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FIGURE 3

Open in figure viewer | %PowerPoint

Stimulation produced by Madrid (M) and Ciudad Real (CR) pollen in lymphocyte populations (CD3, CD4, CD8 and NK) of

patients with allergy to grass pollen. The studies were performed at three doses (5, 10, 25 ug/ml) and on cells from

patients from both cities, Madrid and Ciudad Real

We further analysed the response of different T-CD4+ cell subpopulations, including Th
profile and Treg cells. Results indicated a similar increase tendency to those observed in
T-CD3+ and T-CD4+ cells although with no statistical significances (Figure 4A). No differences
were observed regarding the proliferation of Treg and Treg IL10" cells in any case

(Figure 4B). Regarding NK cell subpopulations (inflammatory and cytotoxic), significant
differences in the proliferative response were found when stimulation was performed with

Madrid pollen in both groups of patients (Figure 4C).
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FIGURE 4

Open in figure viewer | %PowerPoint
Stimulation produced by Madrid (M) and Ciudad Real (CR) pollen in lymphocyte subpopulations (Th1, Th2, Treg, Treg-
IL10+, NK-INF-y*, NK-Perforin+), with intracellular labelling as described in material and methods, of patients with
allergy to grass pollen. The studies were performed at three doses (5, 10, 25 pyg/ml) and on cells from patients from

both cities, Madrid and Ciudad Real

The maturation, activation and migration status of dendritic cells of patients from Ciudad
Real and Madrid were also analysed after stimulation with pollen obtained in these two
cities. The results indicated that although statistical differences were only obtained for the
costimulatory molecule CD80 in the Ciudad Real group, which were higher after stimulation
with Madrid pollen (Figure 5), higher expression of CCR7, CD40, CD83 and CD86 was
obtained after the stimulation with Madrid pollen compared with the Ciudad Real ones,
independently the group of allergic patients.
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FIGURE 5

Open in figure viewer | %PowerPoint
Maturation produced by Madrid (M) and Ciudad Real (CR) pollen in dendritic cells (increased expression of CCR7, CD40,
CD83, CD80 and CD86) of patients with allergy to grass pollen. The studies were performed at three doses (5, 10,

25 pg/ml) and on cells from patients from both cities, Madrid and Ciudad Real

4 DISCUSSION

The results of this study of asthmatic patients allergic to grasses indicate a worse clinical
evolution in those from Madrid than in those from Ciudad Real. The recording of symptoms
and medication required by the patients was carried out for two years. In both seasons,
compared with patients in Ciudad Real, patients in Madrid consumed up to 30% more anti-
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asthma medication because of their greater symptomatology. Nitrogen dioxide values in
Madrid tripled the value in Ciudad Real. NO, is a relatively specific traffic-related air
pollution (TRAP) pollutant.'® ' However, the meteorological data (rain, humidity,
temperature) and the grass pollen concentration were similar in both cities, confirming that
urban pollution is the only environmental variable that differentiates them. Along these
lines, Cortegano”’ demonstrated the effect of high density of vehicle traffic on the response
to allergenic pollens. It showed that pollen collected near motorways had a significantly
more intense skin response (prick-test) than pollen from rural areas. In addition, Cupressus
arizonica pollen associated with high traffic density expressed a new allergen from the
taumatin family (Cup a 3) because of exposure to high levels of pollution.

It is well established that TRAP pollutants worsen the evolution of asthmatic patients. For
three decades, numerous studies have verified the close relationship between emergency
care and hospitalizations due to increased concentrations of air pollutants, even with
concentrations lower than those recommended by environmental agencies.?’-** In most
studies, only the effects on severe asthma have been evaluated; mild and moderate asthma,
which represent 90% of cases of this disease, have been little studied but are also affected
by air pollution.?” Likewise, the monitoring of patients throughout the year dilutes the
seasonal effect of pollen as a cofactor involved in the evolution of patients. In this way,
Galan et al." analysed emergency care for asthma attacks in Madrid for four consecutive
years. The levels of pollutants were significantly associated with the number of hospital
admissions, but the involvement of pollen was weaker, including clinically irrelevant pollens
in Madrid, such as P. lanceolata and O. europaea. Cabrera?® showed that the symptoms of
seasonal allergic rhinitis increased in relation to the ozone concentration in Madrid, even
when the concentrations were lower than the guidelines established by the environmental
agencies. Marques-Mejias®’ analysed environmental factors related to emergency care in
Madrid, showing a significant relationship between emergency attendance, grass peak days
and atmospheric pollutants, especially those associated with vehicle traffic (NO, and PMy).
In Brussels, Guilbert”® analysed hospitalizations for asthma for five years, showing a close
association with grasses in synergy with pollutants, especially in the young and middle age
groups.

Tosca et al’? analysed asthma emergency calls for 10 years in the city of Genoa (Italy). There
was a trend towards a correlation between emergency calls and different pollen types
during the spring, but there was no significant correlation between the global quantity of all
pollens and emergency calls during warm months. As in our study, NO, stood out among
the pollutants; notably, the pollutant increased over 10 years as a result of the increase in
the number of cars. However, the study analysed pollen and pollutants independently
without reaching an association between the two asthma risk factors. In addition, including
several pollen types does not allow the identification of the specific risk of patients
sensitized to certain pollen taxa. In London, Osborne®’ studied emergency care for asthma
exacerbations, pollen levels and pollutants for one year. There was a significant relationship
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between asthma attacks and grass pollen but not with pollutants. To establish aerobiological
data in an area, it is necessary to collect data for a minimum of two pollen seasons, thus
presenting a limitation in this single-year study.

On the other hand, decrease in urban pollution has been shown to improve asthmatic
patients’ evolution. In London McCreanor>' found that asthmatic patients significantly
improved their lung function when walking through Hyde Park, compared to do it through
Oxford Street. Similar effects were observed in Olympic Games (JJOO) celebrated in Los
Angeles and Beijing. Limitations in vehicle traffic during sports activities were associated
with significant decreases in pollutants and emergency assistance due to asthma crises,
compared to the data before and after the Olympic Games.® 32 In the same way, the
implementation of a low-emission zone to improve air quality in the centre of Madrid
reached historical records of NO, reduction, as citizens changed their urban transport
habits.?3

Grass pollens have a direct relationship with pre-seasonal humidity and rainfall, even
allowing approximations of risk predictions for patients in each season. It is well established
that the number of grass pollen grains can quadruple from one year to another in our study
area (centre of the Iberian Peninsula).>* This has been the most important limitation of the
project because the two seasons analysed were characterized by low or very low
concentrations of grasses. For this reason, patient reactivities were mild to moderate; thus,
the sample size was one-third of the calculated estimate required. However, the results
obtained are quite consistent with our initial hypothesis, but a greater inclusion of patients
would most likely have resulted in clear statistical significance in the results.

Data obtained from our cellular studies clearly show that pollen obtained from areas with
high pollution generate a greater stimulation of dendritic cells and lymphocyte populations.
This effect is more evident in cytotoxic T-CD8" and NK cells (both, inflammatory and
cytotoxic subpopulations) as it is shown in the proliferation data. Increasingly, studies have
been shown that T-CD8+ lymphocytes contribute to the pathogenesis of the allergy, by
secreting cytokines characteristic of the Th2 response and associated with disease
severity.> In addition, hypoxia increases T-CD8+ cell-mediated inflammation,® and these
cells have been shown to be more resistant to corticosteroids.?’ T-CD8+ lymphocyte
activation is even described as contributing to asthma-related death.>® Similarly, patients
with asthma have been found to have a high proportion of IL4-secreting NK cells.>? Virally
activated NK cells augment pre-existing allergic inflammation and contribute to asthma
exacerbations. When infection occurs in naive animals prior to allergic sensitization, NK cells
prevent type-2 responses and asthma.“? All these data together indicate a clear implication
between the activation of both cytotoxic cells and a more severe evolution of asthma. We do
not know in what form pollen from areas with high pollution is able to provoke a greater
activation of these cells. It has been described that both CD8 and NK cells respond to
alarmins such as I1L33 and TSLP.#"-*? It is possible that pollen from polluted areas has a
larger capacity to induce the release of these cytokines and that this leads to an increased
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proliferation of T-CD8+ and NK cells. On the other hand, the response to pollen from the
polluted area is similar in patients from Madrid and Ciudad Real, which shows that this
effect is independent of the patients and is determined by the features of the pollen. We
have previously described that NADPH oxidase activity and H202 levels in pollen from
Madrid were significantly higher, suggesting a likely higher allergenic capacity of this pollen
associated with a higher air pollution.'?

In conclusion, urban pollution in Madrid poses an additional risk of seasonal symptoms in
asthmatic patients allergic to grasses and may be triggered by pollen activation of

CD8 lymphocytes and NK cells. In this way, it is appropriate to alert allergic patients not only
to the risk levels of grass pollen but also to atmospheric pollutants.

ACKNOWLEDGEMENTS

Ministerio de Economia y Competitividad, Instituto de Salud Carlos Il of Spanish
Government PI115/00715, P118/00095 and co-founded by Fondo Europeo de Desarrollo
Regional—FEDER for the Thematic Networks and Co-operative Research Centres: ARADyAL
(RD16/0006/0028 and RD16/0006/0001). CMM hold a “Nicolas Monardes” research contract
by Andalusian Regional Ministry Health: RC-0004-2021.

CONFLICT OF INTEREST

The undersigned authors declare that they have no conflict of interest regarding the work
presented in the manuscript.

The study was approved by the Ethics Committee of the Hospital General Universitario de
Ciudad Real on 27/11/2012.

AUTHORS’ CONTRIBUTION

FFB and TAA studied and recruited patients from the Ciudad Real area. MLSA and EHD
studied and recruited patients from the Madrid area. CMM and RFS performed the
immunological studies. MAS and JMUA participated in the data analysis. All authors
participated in the design of the study and in the preparation of the manuscript.

REFERENCES v

1 D'Amato G, Pawankar R, Vitale C, et al. Climate change and air pollution: effects on respiratory
allergy. Allergy Asthma Immunol Res. 2016; 8: 391- 395.
https://doi-org.bibliosan.clas.cineca.it/10.4168/aair.2016.8.5.391

Crossref | PubMed | Web of Science® | Google Scholar

2 Bowatte G, Lodge C, Lowe AJ, et al. The influence of childhood traffic-related air pollution
exposure on asthma, allergy and sensitization: a systematic review and a meta-analysis of birth

13di 19 24/11/2021, 18:32



Clinical impact and immunological alterations in asthmatic patients alle... https://onlinelibrary-wiley-com.bibliosan.clas.cineca.it/doi/10.1111/cea...

cohort studies. Allergy. 2015; 70(3): 245- 256.
https://doi-org.bibliosan.clas.cineca.it/10.1111/all.12561
Wiley Online Library | CAS | PubMed | Web of Science® | Google Scholar

3 PerezL, Declercq C, Ifiguez C, et al. Chronic burden of near-roadway traffic pollution in 10
European cities (APHEKOM network). Eur Respir J. 2013; 42: 594- 605.
https://doi-org.bibliosan.clas.cineca.it/10.1183/09031936.00031112

Crossref | PubMed | Web of Science® | Google Scholar

4 Xu D, Zhang, Zhou L, Li T. Acute effects of PM, 5 on lung function parameters in
schoolchildren in Nanjing, China: a panel study. Environ Sci Pollut Res Int. 2018; 25(15): 14989-
14995, https://doi-org.bibliosan.clas.cineca.it/10.1007/s11356-018-1693-z

Crossref | CAS | PubMed | Web of Science® | Google Scholar

5 Slaughter JC, Lumley T, Sheppard L, Koenig JQ, Shapiro GG. Effects of ambient air pollution on
symptom severity and medication use in children with asthma. Ann Allergy Asthma Immunol. 2003;
91: 346- 353. https://doi-org.bibliosan.clas.cineca.it/10.1016/51081-1206(10)61681-X

Crossref | CAS | PubMed | Web of Science® | Google Scholar

6 LiY, Wang W, Wang J, Zhang X, Lin W, Yang Y. Impact of air pollution control measures and
weather conditions on asthma during the 2008 Summer Olympic Games in Beijing. Int J
Biometeorol. 2011; 55: 547- 554,
https://doi-org.bibliosan.clas.cineca.it/10.1007/s00484-010-0373-6

Crossref | PubMed | Web of Science® | Google Scholar

7 Eguiluz-Gracia I, Mathioudakis AG, Bartel S, et al. The need for clean air: the way air pollution
and climate change affect allergic rhinitis and asthma. Allergy. 2020; 75(9): 2170- 2184.
https://doi-org.bibliosan.clas.cineca.it/10.1111/all.14177

Wiley Online Library | PubMed | Web of Science® | Google Scholar

8 Aina R, Asero R, Ghiani A, Marconi G, Albertini E, Citterio S. Exposure to cadmium-contaminated
soils increases allergenicity of Poa annua L. pollen. Allergy. 2010; 65(10): 1313- 1321.
https://doi-org.bibliosan.clas.cineca.it/10.1111/j.1398-9995.2010.02364.x

Wiley Online Library | CAS | PubMed | Web of Science® | Google Scholar

9 Mendy A, Wilkerson J, et al. Synergistic association of house endotoxin exposure and ambient
air pollution with asthma outcomes. Am J Respir Crit Care Med. 2019; 15(200): 712- 720.
https://doi-org.bibliosan.clas.cineca.it/10.1164/rccm.201809-17330C

Crossref | Google Scholar

10 Lucas JA, Gutierrez-Albanchez E, Alfaya T, Feo-Brito F, Gutiérrez-Mafiero FJ. Oxidative stress in
ryegrass growing under different air pollution levels and its likely effects on pollen allergenicity.
Plant Physiol Biochem. 2019; 135: 331- 340.
https://doi-org.bibliosan.clas.cineca.it/10.1016/j.plaphy.2018.12.018

Crossref | CAS | PubMed | Web of Science® | Google Scholar

14di 19 24/11/2021, 18:32



Clinical impact and immunological alterations in asthmatic patients alle... https://onlinelibrary-wiley-com.bibliosan.clas.cineca.it/doi/10.1111/cea...

11 Feo Brito F, Mur Gimeno P, Martinez C, et al. Air pollution and seasonal asthma during the
pollen season. A cohort study in Puertollano and Ciudad Real (Spain). Allergy. 2007; 62(10): 1152-
1157. https://doi-org.bibliosan.clas.cineca.it/10.1111/j.1398-9995.2007.01438.x

Wiley Online Library | CAS | PubMed | Web of Science® | Google Scholar

12 Mur Gimeno P, Feo Brito F, Martinez C, et al. Decompensation of pollen-induced asthma in
two towns with different pollution levels in La Mancha, Spain. Clin Exp Allergy. 2007; 37: 558- 563.
https://doi-org.bibliosan.clas.cineca.it/10.1111/j.1365-2222.2007.02684.x

Wiley Online Library | CAS | PubMed | Web of Science® | Google Scholar

13 Alfaya T, Feo Brito F, Garcia Rodriguez C, et al. Lolium perenne pollen from a polluted city
shows high allergenic potency and increased associated Enterobacteriaceae counts. J Investig
Allergol Clin Immunol. 2014; 24: 132- 134.

CAS | PubMed | Web of Science® | Google Scholar

14 Galan |, Tobias A, Banegas JR, Aranguez E. Short-term effects of air pollution on daily asthma
emergency room admissions. Eur Respir J. 2003; 22: 802- 808.
https://doi-org.bibliosan.clas.cineca.it/10.1183/09031936.03.00013003

Crossref | CAS | PubMed | Web of Science® | Google Scholar

15 Feo Brito F, Mur Gimeno P, Carnés J, et al. Grass pollen, aeroallergens, and clinical symptoms
in Ciudad Real, Spain. J Investig Allergol Clin Immunol. 2010; 20: 295- 302.
CAS | PubMed | Web of Science® | Google Scholar

16 Subiza J. Gramineas: aerobiologia y polinosis en Espafia. Rev Esp Alergol Inmunol Clin. 2003; 18:
7-23.
Google Scholar

17 Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention.
Revised 2014. Vancouver, GINA, 2014. www.ginasthma.org
Google Scholar

18 Modig L, Jarvholm B, Ronnmark E, et al. Vehicle exhaust exposure in an incident case-control
study of adult asthma. Eur Respir J. 2006; 28: 75- 81.
https://doi-org.bibliosan.clas.cineca.it/10.1183/09031936.06.00071505

Crossref | CAS | PubMed | Web of Science® | Google Scholar

19 Favarato G, Anderson HR, Atkinson R, Fuller G, Mills I, Walton H. Traffic-related pollution and
asthma prevalence in children. Quantification of associations with nitrogen dioxide. Air Qual Atmos
Health. 2014; 7(4). 459- 466. https://doi-org.bibliosan.clas.cineca.it/10.1007/s11869-014-0265-8
Crossref | CAS | PubMed | Web of Science® | Google Scholar

20 Cortegano |, Civantos E, Aceituno E, et al. Cloning and expression of a major allergen from
Cupressus arizonica pollen, Cup a 3, a PR-5 protein expressed under polluted environment.
Allergy. 2004; 59: 485- 490.

15di 19 24/11/2021, 18:32



Clinical impact and immunological alterations in asthmatic patients alle... https://onlinelibrary-wiley-com.bibliosan.clas.cineca.it/doi/10.1111/cea...

https://doi-org.bibliosan.clas.cineca.it/10.1046/j.1398-9995.2003.00363.x
Wiley Online Library | CAS | PubMed | Web of Science® | Google Scholar

21 Lipsett M, Hurley S, Ostro B. Air pollution and emergency room visits for asthma in Santa Clara
County, California. Environ Health Perspect. 1997; 105: 216- 222.
https://doi-org.bibliosan.clas.cineca.it/10.1289/ehp.97105216

Crossref | CAS | PubMed | Web of Science® | Google Scholar

22 D’Amato G. Urban air pollution and plant-derived respiratory allergy. Clin Exp Allergy. 2000;
30: 628- 636. https://doi-org.bibliosan.clas.cineca.it/10.1046/j.1365-2222.2000.00798.x
Wiley Online Library | CAS | PubMed | Web of Science® | Google Scholar

23 GentJ, Triche E, Holford T, et al. Association of low-level ozone and fine particles with
respiratory symptoms in children with asthma. JAMA. 2003; 290: 1859- 1867.
https://doi-org.bibliosan.clas.cineca.it/10.1001/jama.290.14.1859

Crossref | CAS | PubMed | Web of Science® | Google Scholar

24 Betancourt A, Zapatero A, Pola-Bibian B, Dominguez-Ortega J. Impact of short- term exposure
to below recommended pm10 pollution levels on asthma exacerbations. J Investig Allergol Clin
Immunol. 2021; 31(5): 439- 440. https://doi-org.bibliosan.clas.cineca.it/10.18176/jiaci.0663
Crossref | CAS | PubMed | Google Scholar

25 Haselkorn T, Szefler SJ, Chipps BE, et al. Disease burden and long-term risk of persistent very
poorly controlled asthma: TENOR II. J Allergy Clin Immunol Pract. 2020; 8: 2243- 2253.
https://doi-org.bibliosan.clas.cineca.it/10.1016/j.jaip.2020.02.040

Crossref | PubMed | Web of Science® | Google Scholar

26 Cabrera M, Garzon Garcia B, Moreno Grau S, Subiza J. Association between seasonal allergic
rhinitis and air pollution, meteorological factors, and grass pollen counts in Madrid (1996 and
20009). J Investig Allergol Clin Immunol. 2019; 29(5): 371- 377.
https://doi-org.bibliosan.clas.cineca.it/10.18176/jiaci.0368

Crossref | CAS | PubMed | Web of Science® | Google Scholar

27 Marques Mejias MA, Tomas Pérez M, Hernandez |, Lépez |, Quirce S. Asthma exacerbations in
the pediatric emergency department at a tertiary hospital: association with environmental factors.
J Investig Allergol Clin Immunol. 2019; 29(5): 365- 370.
https://doi-org.bibliosan.clas.cineca.it/10.18176/jiaci.0364

Crossref | CAS | PubMed | Web of Science® | Google Scholar

28 Guilbert A, Cox B, Bruffaerts N, et al. Relationships between aeroallergen levels and hospital
admissions for asthma in the Brussels-Capital Region: a daily time series analysis. Environ Health.
2018; 17(1): 35. https://doi-org.bibliosan.clas.cineca.it/10.1186/512940-018-0378-x

Crossref | PubMed | Google Scholar

29 Tosca MA, Ruffoni S, Canonica GW, Ciprandi G. Asthma exacerbation in children: relationship
among pollens, weather, and air pollution. Allergol Immunopathol. 2014; 42(4): 362- 368.

16di 19 24/11/2021, 18:32



Clinical impact and immunological alterations in asthmatic patients alle... https://onlinelibrary-wiley-com.bibliosan.clas.cineca.it/doi/10.1111/cea...

https://doi-org.bibliosan.clas.cineca.it/10.1016/j.aller.2013.02.006
Crossref | CAS | PubMed | Web of Science® | Google Scholar

30 Osborne NJ, Alcock |, Wheeler BW, et al. Pollen exposure and hospitalization due to asthma
exacerbations: daily time series in a European city. Int / Biometeorol. 2017; 61: 1837- 1848.
https://doi-org.bibliosan.clas.cineca.it/10.1007/s00484-017-1369-2

Crossref | PubMed | Web of Science® | Google Scholar

31 McCreanor J, Cullinan P, Nieuwenhuijsen MJ, et al. Respiratory effects of exposure to diesel
traffic in persons with asthma. N Engl / Med. 2007; 357: 2348- 2358.
https://doi-org.bibliosan.clas.cineca.it/10.1056/NEJMo0a071535

Crossref | CAS | PubMed | Web of Science® | Google Scholar

32 Friedman MS, Powell KE, Hutwagner L, Graham LM, Teague WG. Impact of changes in
transportation and commuting behaviors during the 1996 Summer Olympic Games in Atlanta on
air quality and childhood asthma. JAMA. 2001; 285: 897- 905.
https://doi-org.bibliosan.clas.cineca.it/10.1001/jama.285.7.897

Crossref | CAS | PubMed | Web of Science® | Google Scholar

33 Salas R, Pérez Villadoniga M, Prieto-Rodriguez J & Russo A Restricting Traffic into the City
Centre: Has Madrid Central Been Effective to Reduce NO 2 Levels? (November 29, 2019). Available
at SSRN:https://ssrn.com/abstract=3495440 or
http://dx.doi.org.bibliosan.clas.cineca.it/10.2139/ssrn.3495440

Google Scholar

34 Subiza], Jerez M, Jiménez JA, et al. Allergenic pollen pollinosis in Madrid. J Allergy Clin Immunol.
1995; 96: 15- 23, https://doi-org.bibliosan.clas.cineca.it/10.1016/s0091-6749(95)70028-5
Crossref | CAS | PubMed | Web of Science® | Google Scholar

35 Seneviratne SL, Jones L, King AS, et al. Allergen-specific CD8(+) T cells and atopic disease. J Clin
Invest. 2002; 110(9): 1283- 1291. https://doi-org.bibliosan.clas.cineca.it/10.1172/)CI15753
Crossref | CAS | PubMed | Web of Science® | Google Scholar

36 Ning F, Takeda K, Schedel M, Domenico J, Joetham A, Gelfand EW. Hypoxia enhances CD8+ TC2
cell-dependent airway hyperresponsiveness and inflammation through hypoxia-inducible factor
1a. J Allergy Clin Immunol. 2019; 143(6): 2026- 2037.e7.
https://doi-org.bibliosan.clas.cineca.it/10.1016/j.jaci.2018.11.049

Crossref | CAS | PubMed | Web of Science® | Google Scholar

37 Chung EH, Jia Y, Ohnishi H, et al. Leukotriene B4 receptor 1 is differentially expressed on
peripheral T cells of steroid-sensitive and -resistant asthmatics. Ann Allergy Asthma Immunol. 2014;
112(3): 211- 216.e1. https://doi-org.bibliosan.clas.cineca.it/10.1016/j.anai.2013.12.006

Crossref | CAS | PubMed | Web of Science® | Google Scholar

38 O'Sullivan' S, Cormican L, Faul JL, et al. Activated, cytotoxic CD8(+) T lymphocytes contribute to
the pathology of asthma death. Am J Respir Crit Care Med. 2001; 164(4): 560- 564.

17di 19 24/11/2021, 18:32



Clinical impact and immunological alterations in asthmatic patients alle... https://onlinelibrary-wiley-com.bibliosan.clas.cineca.it/doi/10.1111/cea...

https://doi-org.bibliosan.clas.cineca.it/10.1164/ajrccm.164.4.2102018
Crossref | PubMed | Web of Science® | Google Scholar

39 WeiH, ZhangJ, Xiao W, Feng J, Sun R, Tian Z. Involvement of human natural killer cells in
asthma pathogenesis: natural killer 2 cells in type 2 cytokine predominance. J Allergy Clin Immunol.
2005; 115(4): 841- 847. https://doi-org.bibliosan.clas.cineca.it/10.1016/j.jaci.2004.11.026

Crossref | CAS | PubMed | Web of Science® | Google Scholar

40 Lunding LP, Webering S, Vock C, et al. Poly(inosinic-cytidylic) acid-triggered exacerbation of
experimental asthma depends on IL-17A produced by NK cells. J/ Immunol. 2015; 194(12): 5615-
5625. https://doi-org.bibliosan.clas.cineca.it/10.4049/jimmunol.1402529

Crossref | CAS | PubMed | Web of Science® | Google Scholar

41 Yang Q, Li G, Zhu Y, et al. IL-33 synergizes with TCR and IL-12 signaling to promote the effector
function of CD8+ T cells. Eur / Immunol. 2011; 41(11): 3351- 3360.
https://doi-org.bibliosan.clas.cineca.it/10.1002/eji.201141629

Wiley Online Library | CAS | PubMed | Web of Science® | Google Scholar

42 RochmanY, Leonard WJ. The role of thymic stromal lymphopoietin in CD8+ T cell homeostasis.
JImmunol. 2008; 181(11): 7699- 7705.
https://doi-org.bibliosan.clas.cineca.it/10.4049/jimmunol.181.11.7699

Crossref | CAS | PubMed | Web of Science® | Google Scholar

43 Nagata Y, Kamijuku H, Taniguchi M, Ziegler S, Seino K. Differential role of thymic stromal
lymphopoietin in the induction of airway hyperreactivity and Th2 immune response in antigen-
induced asthma with respect to natural killer T cell function. Int Arch Allergy Immunol. 2007; 144(4):
305- 314. https://doi-org.bibliosan.clas.cineca.it/10.1159/000106319

Crossref | CAS | PubMed | Web of Science® | Google Scholar

Download PDF

About Wiley Online Library

Privacy Policy
Terms of Use
Cookies
Accessibility
Publishing Policies

Help & Support

Contact Us
Training and Support

18di 19 24/11/2021, 18:32



Clinical impact and immunological alterations in asthmatic patients alle... https://onlinelibrary-wiley-com.bibliosan.clas.cineca.it/doi/10.1111/cea...

DMCA & Reporting Piracy

Opportunities

Subscription Agents
Advertisers & Corporate Partners

Connect with Wiley

The Wiley Network
Wiley Press Room

Copyright © 1999-2021 John Wiley & Sons, Inc. All rights reserved

19di 19 24/11/2021, 18:32



