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This study was to investigate the effects of Biyeom-go (BYG, an herbal formula) on immune biomarkers present in the nasal
mucosa of patients with allergic rhinitis under exposure to particulate matter 2.5 (PM2.5), and on changes in goblet cells and
immune biomarkers in mice under exposure to Korea diesel particulate matter (KDP20). Thirty patients showing characteristic
allergic rhinitis symptoms were enrolled in Jeonju-si, Korea, and treated with BYG thrice a day for four weeks. Changes in the
expression of immune biomarkers (interleukin 4 (IL-4), IL-5, IL-8, IL-13, IL-33, and thymic stromal lymphopoietin (TSLP)
mRNA), total nasal symptom scores (TNSS), mini-rhinitis-specific quality of life questionnaire (RQLQ) results, and visual analog
scale scores were evaluated after 4 weeks of treatment. Additionally, the difference in PM2.5 concentrations in the air in Jeonju-si,
Korea (November, 2019 ~ March, 2020), was analyzed to determine the change in TNSS. KDP20 (100 yg/mL) was exposed to
C57BL/6 mice for 10 days; 0.05% Nasonex (a positive control, mometasone furoate), or BYG was administrated for 5 days twice a
day. The expression of inflammatory factors was detected via qRT-PCR using nasopharynx tissue samples of mice. BYG treatment
was found to be associated with significant improvement in total nasal symptoms, especially itching and sneezing (p < 0.0001),
and mini-RQLQ after 4 weeks. IL-8 (p <0.01), IL-33 (p <0.01), and TSLP (p <0.001) expression levels decreased after BYG
treatment. In mice, administration of BYG reduced the number of goblet cells increased through KDP20 treatment. KDP20-
induced immune biomarkers (IL-33, TSLP, tumor necrosis factor alpha, and IL-8) were also significantly downregulated in the
nasopharynx tissue after BYG treatment. Therefore, BYG may show therapeutic effects against allergic rhinitis in humans, and it
was confirmed that the expression of PM-induced inflammatory factors in mice was decreased via BYG treatment.

1. Introduction

Particulate matter (PM) has been identified as an important
environmental risk factor for allergies, respiratory diseases,
and cardiovascular morbidity and mortality [1]. PM is
categorized based on the aerodynamic diameter of the

particles. PM with a diameter of 10 yum or less among the
total suspended particles in the air is defined as PM10, and
PM with a diameter of <2.5um is classified as PM2.5. Fine
PM (PM2.5) penetrates further into the human body than
other PM, causing various inflammatory reactions in the
human body. It is associated with increased mortality,
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cardiovascular effects, respiratory effects, and cancer inci-
dence [1]. The association of PM with health disorders has
been reported in several PM health hazard assessment
studies. PM2.5 and PM10 are associated with a significant
increase in-hospital admissions for respiratory diseases
based on increasing PM levels in Korea [2].

Exposure to PM modulates the airway epithelium and
promotes the production of several cytokines, including
interleukin 1 (IL-1), IL-6, IL-8, IL-25, IL-33, tumor necrosis
factor-alpha (TNF-a), thymic stromal lymphopoietin
(TSLP), and granulocyte-macrophage colony-stimulating
factor. PM-induced type 2-promoting cytokines are im-
portant mediators in the acute and aggravating effects of PM
on airway inflammation [3]. These cytokines are targeted in
the treatment of allergic airway inflammation and asthma.
High concentrations of PM2.5 upregulate TNF-a and the
helper T cell 2 (Th2)-mediated cytokines IL-4 and IL-10.
Exposure to PM2.5 leads to the loss of barrier function in
humans, and it is associated with allergic rhinitis develop-
ment via penetration of the mucus barrier over the muco-
ciliary epithelium. Moreover, PM2.5 directly affects the
cardiovascular system and pulmonary tissues [4]. Oxidative
stress, inflammatory response, and genotoxicity have been
proposed to be the major causal factors involved in the
mediation of PM-induced effects on pulmonary health
outcomes [5]. Intranasal herbal treatment using ointments,
drops, and sprays is widely performed for treating rhinitis in
East Asian and European countries [6-8].

Biyeom-go (BYG), a herbal ointment, is composed of the
Korean Medicine herbal prescription, Hwanglyeonhaedok-
tang with Sophorae Radix and Glycyrrhizae Radix et Rhi-
zoma added. It is clinically used in Korea to improve nasal
symptoms associated with rhinitis [9]. Prospective obser-
vational studies have shown that Biyeom-go (BYG) helps
manage rhinitis symptoms and improves rhinitis-associated
quality of life [6, 9]. IL-2 levels are found to increase, and IL-
8, chemokine (C-C motif) ligand (CCL) 5, chemokine (C-X-
C motif) ligand (CXCL) 9, CCL2, and CXCLI0 levels de-
crease in the nasal lavage fluid after treatment with BYG. To
identify the immune biomarkers in rhinitis that are asso-
ciated with the effects of PM and BYG, we examined the
effects of BYG on the changes in immune biomarkers in
patients with rhinitis and PM-exposed mice in this study.

2. Materials and Methods

2.1. Participants and Ethical Considerations. Patients who
were provided with and used BYG and those that met the
following criteria were included: (1) age over 19 years, (2)
more than 2 symptoms of allergic rhinitis (nasal congestion,
rhinorrhea, itching, and sneezing), and (3) positive result in
the testing for allergen-specific IgEs with the multiple al-
lergen simultaneous test within 12 months. The following
conditions were exclusion criteria: pregnancy, breastfeeding,
or planning for pregnancy for the next 2 months. This
prospective observational clinical study was performed at
the Woosuk Korean Medicine Medical Center Jeonju-si,
Korea, between October 2019 and March 2020. BYG was
manufactured by the Dispensary Pharmacy of Woosuk
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Korean Medicine Medical Center, and the quality was
controlled [9]. Patients were provided with BYG that was
used via a cotton swab thrice a day for 4 weeks. The protocol
was approved by the Institutional Review Board of the
Woosuk Korean Medicine Medical Center (WSOH IRB
H1810-04-06).

2.2. Concentrations of PM2.5 in the Air of Jeonju-Si.
Surface PM2.5 concentrations in Jeonju-si, Korea, were
obtained every hour from the AIR Korea data archive
(https://www.airkorea.or.kr) and from the National Ambi-
ent Air Quality Monitoring Information System. The con-
centration of PM2.5 (ug/m’) was measured at five
monitoring sites in Jeonju-si, between November 2019 and
March 2020. Locations of the monitors are shown in the
supplementary material (Table S1 and Figure S1).

2.3. Collection of Nasal Swabs. To examine the changes in the
mRNA expression of immune factors, 60 nasal fluid samples
from 30 patients were collected at the initial and fifth visits.
The nasal swabs were collected using sterile cotton swabs
(25-3306-U TT FDNA, Guilford, ME, USA), which were
used to sample the internal anterior walls of both nostrils
and were then placed in the provided transport tube that
contained a viral transport media-soaked foam pad at the
base. Within 24 h of collection, the nasal swabs were stored
at —80°C until analysis.

2.4. Animal Experiments. Six-week-old male C57BL/6 mice
were purchased from Orient Bio (Seoul, Korea). Mice in the
normal control group (NOR) were subjected to intranasal
administration of phosphate-buffered saline for 10 days, and
mice exposed to Korea diesel particulate matter (KDP20) for
10 days were randomly allocated to three groups (n= 10,
each group): (1) KDP20-treated mice were administered
with a vehicle (KDP20), (2) KDP-treated mice were ad-
ministered with 0.05% mometasone furoate (positive con-
trol, Nasonex), and (3) KDP20-treated mice were
administered with 100% BYG (BYG). BYG and Nasonex
were nasally administered twice a day. The animal experi-
ments were approved by the Institutional Animal Care and
Use Committee (IACUC approval no. 20-027).

2.5. Immunohistochemistry. All samples were fixed in 10%
formalin for 24 h and then embedded in paraffin. Sections of
5um thickness were cut and stained using periodic acid-
Schift (PAS; ab150680; Abcam, Cambridge, United King-
dom) and Alcian blue (ab15662; Abcam). Images of the
tissues were captured and observed blindly via light mi-
croscopy (BX43; Olympus Lifescience, Tokyo, Japan).

2.6. Quantitative Real-Time Polymerase Chain Reaction (qRT-
PCR). An RNA extraction kit (Invitrogen, Carlsbad, CA,
USA) was used to isolate RNA from human nasal secretions
from the back of the nose and from the nasopharynx tissues
of mice. cDNA was synthesized from the isolated RNA
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(1 mg/mL) using a SuperScript IL kit (Bio-Rad, Hercules, CA,
USA). The cDNA was amplified via q-PCR using specific
primers listed in Table S2 using a thermocycler (Bio-Rad).

2.7. Statistical Analysis. All analyses were performed by an
independent statistician using SAS version 9.4 (SAS Insti-
tute, Inc., Cary, NC, USA) and GraphPad Prism 7.05
(GraphPad Software, San Diego, CA, USA). Data are pre-
sented as mean + standard deviation (SD). Differences be-
tween groups were analyzed using the unpaired #-test or
Wilcoxon rank-sum test. One-way ANOVA was used to
compare multiple groups. Values of p <0.05 were consid-
ered statistically significant.

3. Results

3.1. Changes in Air Pollution in Jeonju-Si. During the study
period, Jeonju-si experienced a daily average ambient PM2.5
concentrations of 30.88 + 11.69 yg/m>, which was lower than
the concentration recommended by the World Health Or-
ganization (35 ug/m®). The air was relatively clean due to the
reduced social activity after the Coronavirus disease 2019
(COVID-19) outbreak. To determine the effects of BYG on
PM-induced rhinitis, we performed statistical analyses on
the ecological association between immune biomarkers and
PM2.5 concentrations. Patient characteristics are summa-
rized in Table S3.

3.2. Effects of BYG Treatment on Nasal Symptoms Defined by
TNSS and Mini-RQLQ. After BYG treatment, the TNSS and
mini-RQLQ exhibited significant improvements from
baseline at each visit (Table 1). Significant differences in
TNSS and mini-RQLQ were found between baseline and
week 4 in nasal congestion, rhinorrhea, itching, and
sneezing. The mean TNSS score was reduced from 6.1+2.3
to 3.4+2.2 (p<0.0001), and the mini-RQLQ score was
reduced from 38.6+11.9 to 19.3+12.8.

The nasal endoscopy index significantly improved after 4
weeks of treatment compared to that at baseline (Table 2). As
the BYG treatment progressed, nasal discharge and atrophy
edema did not improve compared to those at baseline.
Particularly, the color and dryness dampness were signifi-
cantly improved after BYG treatment. We then compared
the relevance between air quality (PM2.5< 35ug/m’,
PM2.5>35ug/m’) and the change in TNSS after BYG
treatment. The mean TNSS in the PM2.5 > 35 ug/m” group
was slightly higher than that in the PM2.5 < 35 ug/m’ group;
after treatment with BYG, TNSS was significantly reduced
regardless of the concentration of PM2.5 (Table 3). However,
there was no difference in the improvement of nasal
symptoms based on the concentration of PM2.5 (Table 4).

3.3. Effects of BYG Treatment on the Expression of Immune
Biomarkers. We compared the mRNA expression levels of
immune biomarkers in the nasal mucosa of 30 patients
before and after treatment with BYG. The levels of IL-8
(p<0.01), IL-33 (p<0.01), and TSLP mRNA (p<0.001)

were significantly reduced after BYG treatment. However,
there were no changes in the mRNA expression of IL-4, IL-5,
and IL-13 (Figure 1).

3.4. Effects of BYG Treatment on Expression of Goblet Cells and
Inflammatory Factors in PM-Treated Mice. In the afore-
mentioned human experiment, the effect of BYG was
confirmed; however, we could not evaluate the changes
attributed to PM2.5 because the air quality had improved
owing to reduced social activity during the COVID-19
outbreak. Therefore, we examined the effects of BYG in a
KDP20-induced nasal inflammation mouse model. BYG and
Nasonex were intranasally administered twice a day for 5
days (Figure 2).

The number of mucus-secreting goblet cells significantly
increased in the epithelium on one side of the nasal septum
(red asterisk) after exposure to KDP20 (Figure 3(a)).
However, treatment with BYG and Nasonex (positive
control) remarkably reduced the number of goblet cells
compared to that in the KDP20-treated group. Exposure to
PM increases the levels of inflammatory cytokines associated
with respiratory disease [10]. In particular, alarmin cyto-
kines such as IL-25, IL-33, and TSLP are strongly associated
with the development of rhinitis due to PM exposure
[11, 12]. Therefore, we evaluated the effects of BYG on the
expression of inflammatory cytokines. qPCR analysis
revealed that the mRNA expression of IL-33, TSLP, TNF-q,
IL-8, and IL-4 was significantly increased via KDP20
treatment; however, treatment with BYG markedly inhibited
the upregulation of the inflammatory cytokines except for
IL-4 (Figures 3(c)-3(g)).

4. Discussion

Allergic rhinitis is an inflammatory disorder to the nasal
mucosa caused by allergen exposure that causes IgE-me-
diated inflammation. Clinically, it is characterized by four
main symptoms such as rhinorrhea, sneezing, nasal itching,
and nasal congestion and is associated with pathogenesis
with asthma and nasal polyps [13]. The mucosal immune
system in humans is poorly studied; however, it has proven
to be important in establishing an effective immune response
to airborne pathogens and toxic pollutants such as PM, by
stimulating Th1/Th2 cells, cytotoxic T lymphocyte pro-
duction, plasma, and B cells [14]. It has been found that BYG
treatment is beneficial in the management of rhinitis
symptoms and rhinitis-associated quality of life by modu-
lating the immune response [9]. Here, we examined the
effects of BYG on immune biomarkers in patients with
rhinitis and mice exposed to PM.

PM induces the activation of pathogenic immune cells in
mucosal tissues with disrupted barriers, which then migrate
to the affected organs such as brain, lung, and gut [15]. It is
associated with increased disease activity in multiple scle-
rosis together with an increase in CCR6"CD4" T cells with
migratory properties [16]. Epidemiological studies suggest
that exposure to PM10 increases the risk of developing al-
lergic rhinitis [17]. A previous study shows that PM2.5
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TaBLE 1: The change of TNSS and mini-RQLQ for 4 weeks.

Nasal symptoms Baseline Week 1 Week 2 Week 3 Week 4 Difference (baseline-4 weeks) p value
Nasal congestion 1.7+£0.7 1.4+0.7* 1.5+0.8 1.3+0.8% 1.1+0.8* 0.6+0.9 0.0011
Rhinorrhea 1.6+0.7 1.6+£0.8 1.4+£0.7 1.3+0.7* 1.1+0.8* 0.5+0.9 0.0067
Itching 1.3+0.9 1.0+0.8 0.8+0.7* 0.7 +0.7** 0.5+0.6%* 0.7+£0.8 <0.0001
Sneezing 1.5+0.8 1.1+0.8* 0.9+£0.7** 0.6 +0.6™" 0.6 £0.7** 0.9+0.8 <0.0001
TNSS 61+23*  50+22°°  46+21°"  38+20%4 34122+ 27426 <0.0001
Mini-RQLQ 38.6+11.9° 27.4+101**° 256+10.2**" 24.0+11.6**% 19.3+12.8*¢ 19.3+12.8 <0.0001

TNSS, total nasal symptom score; mini-RQLQ, mini-rhinoconjunctivitis quality of life questionnaire. The values are expressed as the mean + SD. RM
ANOVA *p<0.05 **p<0.001.

TaBLE 2: The change of TNSS and mini-RQLQ.

Nasal symptoms Baseline 4 weeks Difference (baseline-4 weeks) p value
Nasal congestion 1.7+£0.7 1.1+0.8 0.6+0.9 0.0011
Rhinorrhea 1.6+0.7 1.1£0.8 0.5+0.9 0.0067
Itching 1.3+£0.9 0.5%£0.6 0.7+0.8 <.0001
Sneezing 1.5+£0.8 0.6+0.7 09+0.8 <.0001
TNSS 6.1+2.3 34+22 2.7+2.6 <.0001
Mini-RQLQ 38.6+11.9 19.3+12.0 19.3+£12.8 <.0001

TNSS, total nasal symptom score; mini-RQLQ, mini-rhinoconjunctivitis quality of life questionnaire. The values are expressed as the mean + SD.

TaBLE 3: The changes in the nasal endoscopy index.

Nasal endoscopy index Baseline 4 weeks Difference (baseline-4 weeks) p value
Left

Color 0.9+0.4 0.6+0.5 0.3+0.5 0.0046
Dryness dampness 09+0.3 04+0.5 0.5%0.6 0.0003

Nasal discharge 02+04 01+0.3 01+0.6 0.3746

Atrophy edema 01+0.3 01+0.3 0£0.4 0.6624

Right

Color 0.9+0.4 0.5+0.5 0.4+0.5 0.0001

Dryness dampness 09+0.4 0.4+0.5 0.6+0.6 <0.0001
Nasal discharge 02+04 0.2+0.4 0+0.6 1.0000

Atrophy edema 0.3+0.6 0.2+0.4 01+0.5 0.4888

Total 45+1.9 26%2.0 19+21 <0.0001
Bolded p values represent statistically significant values: Baseline vs. 4 weeks.

TaBLE 4: Comparison of the difference of PM2.5 air quality and the change of TNSS.
Difference of PM2.5 air quality (baseline-4 weeks)

Nasal symptom PM2.5 < 35 ug/m’ PM2.5 > 35 ug/m’ p value'
Nasal congestion 0.4+0.74 0.73£0.96 0.2757

Rhinorrhea 0.53+0.83 0.47 £1.06 0.8626

Itching 0.87+0.74 0.60+0.91 0.4955

Sneezing 0.87+0.74 0.93+£0.96 0.8412

TNSS 2.73+1.94 2.73+£3.22 0.9008

TNSS, total nasal symptom score. The values are expressed as the mean + SD. p value' was calculated through the nonparametric statistics (Wilcoxon rank-
sum test, n=15 each).

causes defects in the nasal epithelial barrier in noninflamed
nasal biopsy samples of patients with sinusitis [18]. A sig-
nificant association between PM2.5 exposures at birth and
the development of allergic rhinitis at the age of 7-8 has been
shown in a meta-analysis of 6 birth cohorts in Canada [19].
Exposure to PM2.5 exacerbates allergic rhinitis in mice by
increasing DNA methylation of the interferon-gamma gene
promoter in CD4+ T cells via the extracellular signal-reg-
ulated kinase-DNA methyltransferase pathway [20].

The PM2.5 concentrations were >35 yg/m’ in the air in
Jeonju-si, Korea, for only a few days during the study period;
therefore, it was difficult to directly determine the associ-
ation of PM2.5 concentrations with nasal symptoms in al-
lergic rhinitis. Also, the mean TNSS value in the
PM2.5 > 35 ug/m’ group (N=15) was not significantly dif-
ferent from that in the PM2.5< 35 ug/m’ group (N=15).
However, BYG treatment (N =30) for 4 weeks was associ-
ated with a significant improvement in total nasal
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FIGURE 1: Expression of human IL-4, IL-5, IL-8, IL-13, IL-33, and TSLP mRNA in the human nasal mucosa. mRNA gene expression was
measured via real time-polymerase chain reaction and presented as relative fold-changes to visit 1 sample. Data are presented as the
mean * standard deviation (n=30). *p <0.01 ***p <0.001. IL-4, interleukin 4; TSLP, thymic stromal lymphopoietin.
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FIGURE 2: Generation of a PM-induced animal model and drug administration. KDP20, Korea diesel particulate matter; BYG, Biyeom-go;
Nasonex, positive control; L.N., intervention; CTL, control.
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FiGURE 3: Effects of BYG and Nasonex treatment on expression of goblet cells and inflammatory factors in KDP20-induced mice.
(a) Generation of a KDP-induced animal model and drug administration. (b) Representative images of goblet cells with PAS staining of
nasal tissues in KDP20-treated mice. PAS-positive cells were distributed in the nasal epithelium. (c-g) mRNA expression of immune
biomarkers. NOR, negative control; KDP20, Korea diesel particulate matter; BYG, Biyeom-go; Nasonex, positive control; PAS, periodic
acid-Schiff; IL-33, interleukin 33; TSLP, thymic stromal lymphopoietin; TNF-a, tumor necrosis factor-alpha.



Evidence-Based Complementary and Alternative Medicine

symptoms, especially itching and sneezing, and an im-
provement in mini-RQLQ was determined based on
downregulation of IL-8 and alarmin cytokines such as IL-33
and TSLP in the nasal mucosa. IL-33 functions as an alarm
signal that is rapidly released from cells upon cellular
damage or stress [21]. TSLP belongs to the IL-2 cytokine
family and promotes Th2 responses in the lung- and skin-
specific allergic disorders [22]. TSLP expression in the nasal
epithelial cells of patients with allergic rhinitis is found to be
significantly greater than that in the nasal mucosa of patients
with nonallergic rhinitis [23]. Previous studies show that PM
affects the distribution of occludin and the alveolar epithelial
cells in ex vivo humans and rats.

Although it was not possible to directly compare the
effects on PM10 and PM2.5, our results showed that KDP20
exposure for 10 days significantly increased the expression of
immune biomarkers IL-33, TSLP, TNF-a, and IL-8 in the
nasopharynx tissue, suggesting that PM represents a caus-
ative agent of rhinitis in animals. Moreover, PM induced the
secretion of mucin in goblet cells that increased in number.
The findings of this study suggest that BYG may improve
nasal symptoms and may be used to develop treatments for
PM-induced inflammation in rhinitis.

Data Availability

The datasets analyzed during the current study are available
from the corresponding author upon reasonable request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

This research was supported by the Korea Institute of
Oriental Medicine (grant no. KSN2022220) and the KIST
Institutional Program (Atmospheric Environment Research
Program, contract no.2E31390-21-P019).

Supplementary Materials

Table S1: list of the air quality index for 4 weeks. Table S2:
sequences of primers used for qRT-PCR. Table S3: demo-
graphic and blood data for the participants. Figure S1: days
of PM2.5 > 35 ug/m’ from October 2019 to March 2020 in
Jeonju-si, South Korea. (Supplementary Materials)

References

[1] F.J. Kelly and J. C. Fussell, “Air pollution and public health:
emerging hazards and improved understanding of risk,”
Environmental Geochemistry and Health, vol. 37, no. 4,
pp. 631-649, 2015.

[2] D. E. Schraufnagel, “The health effects of ultrafine particles,”
Experimental ¢ Molecular Medicine, vol. 52, pp. 311-317,
2020.

[3] K. C. De Grove, S. Provoost, G. G. Brusselle, G. F. Joos, and
T. Maes, “Insights in particulate matter-induced allergic
airway inflammation: focus on the epithelium,” Clinical and
Experimental Allergy, vol. 48, no. 7, pp. 773-786, 2018.

[4] Q. Sun, X. Jin, A. Natanzon, R. D. Duquaine Brook et al.,
“Long-term air pollution exposure and acceleration of ath-
erosclerosis and vascular inflammation in an animal model,”
JAMA, vol. 294, no. 23, pp. 3003-3010, 2005.

[5] C.-C. Cho, W.-Y. Hsieh, C.-H. Tsai, C.-Y. Chen, H.-F. Chang,
and C.-S. Lin, “In vitro and in vivo experimental studies of
PM2.5 on disease progression,” International Journal of En-
vironmental Research and Public Health, vol. 15, no. 7, p. 1380,
2018.

[6] R. R. Ciuman, “Phytotherapeutic and naturopathic adjuvant
therapies in otorhinolaryngology,” European Archives of Oto-
Rhino-Laryngology, vol. 269, no. 2, pp. 389-397, 2012.

[7] O. Pfaar, J. Mullol, C. Anders, K. Hormann, and L. Klimek,
“Cyclamen europaeum nasal spray, a novel phytotherapeutic
product for the management of acute rhinosinusitis: a ran-
domized double-blind, placebo-controlled trial,” Rhinology
journal, vol. 50, no. 1, pp. 37-44, 2012.

[8] N. Zhang, K. Van Crombruggen, G. Holtappels, and

C. Bachert, “A herbal composition of scutellaria baicalensis

and eleutherococcus senticosus shows potent anti-inflam-

matory effects in an ex vivo human mucosal tissue model,”

Evid. Based Complement Alternat. Med.vol. 2012, Article ID

673145, 9 pages, 2012.

M. J. Son, J. Jung, Y. E. Kim et al., “Treating nasal symptoms

associated with rhinitis using the intranasal herbal ointment

Biyeom-go: a prospective observational study,” Clinical

Otolaryngology, vol. 44, no. 6, pp. 997-1003, 2019.

[10] R.B.Hetland, F. R. Cassee, M. Lag, M. Refsnes, E. Dybing, and
P. E. Schwarze, “Cytokine release from alveolar macrophages
exposed to ambient particulate matter: heterogeneity in re-
lation to size, city and season,” Particle and Fibre Toxicology,
vol. 2, no. 1, p. 4, 2005.

[11] B.Rogala and]. Gliick, “The role of interleukin-33 in rhinitis,”
Current Allergy and Asthma Reports, vol. 13, no. 2, pp. 196-
202, 2013.

[12] Z. Celebi Sozener, L. Cevhertas, K. Nadeau, M. Akdis, and
C. A. Akdis, “Environmental factors in epithelial barrier
dysfunction,” The Journal of Allergy and Clinical Immunology,
vol. 145, no. 6, pp. 1517-1528, 2020.

[13] J. Varshney and H. Varshney, “Allergic rhinitis: an overview,”
Indian Journal of Otolaryngology and Head & Neck Surgery,
vol. 67, no. 2, pp. 143-149, 2015.

[14] A. Porzia, C. Cavaliere, E. Begvarfaj, S. Masieri, and
F. Mainiero, “Human nasal immune system: a special site for
immune response establishment,” Journal of Biological Reg-
ulators and Homeostatic Agents, vol. 32, pp. 3-8, 2018.

[15] C.A. Akdis, “Does the epithelial barrier hypothesis explain the
increase in allergy, autoimmunity and other chronic condi-
tions?” Nature Reviews Immunology, vol. 21, no. 11,
pp. 739-751, 2021.

[16] C. Andrea, L. Luca, C. Patrizia et al., “Air pollution as a
contributor to the inflammatory activity of multiple sclerosis,”
J. Neuroinlammation, vol. 17, p. 334, 2020.

[17] B.-F. Hwang, J.J. Jaakkola, Y.-L. Lee, Y.-C. Lin, and Y.-1. Leon
Guo, “Relation between air pollution and allergic rhinitis in
Taiwanese schoolchildren,” Respiratory Research, vol. 7, no. 1,
p. 23, 2006.

[18] X. Mu, M. Siyuan, W. Kuiji et al., “Particulate matter 2.5
causes deficiency in barrier integrity in human nasal epithelial
cells,” Allergy Asthma Immunol Res, vol. 12, pp. 56-71, 2020.

[19] E. Fuertes, M. Brauer, E. MacIntyre et al., “Childhood allergic
rhinitis, traffic-related air pollution, and variability in the
GSTP1, TNF, TLR2, and TLR4 genes: results from the TAG

[9


https://downloads.hindawi.com/journals/ecam/2022/4259669.f1.docx

[20

[21

[22

[23

Study,” The Journal of Allergy and Clinical Immunology,
vol. 132, no. 2, pp. 342-352, 2013.

Y. Li, J. Zhou, X. Rui, L. Zhou, and X. Mo, “PM2.5 exposure
exacerbates allergic rhinitis in mice by increasing DNA
methylation in the IFN-y gene promoter in CD4+T cells via
the ERK-DNMT pathway,” Toxicology Letters, vol. 301,
pp. 98-107, 2019.

C. Cayrol and J.-P. Girard, “IL-33: an alarmin cytokine with
crucial roles in innate immunity, inflammation and allergy,”
Current Opinion in Immunology, vol. 31, pp. 31-37, 2014.

S. F. Ziegler, F. Roan, B. D. Bell, T. A. Stoklasek, M. Kitajima,
and H. Han, “The biology of thymic stromal lymphopoietin
(TSLP),” Advances in Pharmacology, vol. 66, pp. 129-155,
2013.

S. Kimura, R. Pawankar, S. Mori et al., “Increased expression
and role of thymic stromal lymphopoietin in nasal polyposis,”
Allergy, Asthma and Immunology Research, vol. 3, no. 3,
pp. 186-193, 2011.

Evidence-Based Complementary and Alternative Medicine



