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ARTICLE INFO ABSTRACT

Keywords: Background: Allergic rhinitis (AR) is characterized by eosinophilic inflammation. However, the function and
Interleukin-36 regulation of eosinophils in AR are largely unknown. This study aimed to explore the expression and role of
IL-36R interleukin-36 (IL-36) cytokines in AR.

Eosinophil

Methods: Sixty AR patients and 20 control subjects were recruited in this study. The mRNA and protein ex-
pression of serum IL-36 family cytokines and IL-36R in AR were detected by quantitative RT-PCR and enzyme-
linked immunosorbent assay ELISA, respectively. IL-36R expression and regulation by eosinophils and the role of
IL-36v in the survival, adhesion, migration and activation of eosinophils were performed in purified eosinophils.
Human nasal epithelial cell line was cultured and treated with different stimulators and IL-36y was measured.
Results: The mRNA and protein expression of serum IL-36 cytokines and IL-36R were significantly higher in AR
compared with control, especially in asthmatic patients. Among the IL-36 cytokines, the expression of IL-36y was
the highest. The expression of IL-36R by eosinophils were significantly increased compared with normal controls
and was up-regulated by recombinant IL-17, IL-25, IL-33 and Dermatophagoides pteronyssinus group 1. The IL-36y
promote the survival, adhesion, migration and activation of eosinophils. Human nasal epithelial cells can secrete
IL-36y after treated with recombinant IL-17, IL-25, IL-33.

Conclusions: High expression of IL-36y exaggerates eosinophilic inflammation in AR by promoting the survival,
adhesion, and activation of eosinophils.

Human nasal epithelial cells
Allergic rhinitis

1. Introduction cytokines were proved to be engaged in neutrophil infiltration in

psoriasis [16]. Moreover, increased production and activation of IL-36y

Allergic rhinitis (AR), which is characterized by eosinophilic in-
flammation of upper airway, often presented as enhanced Th2 immune
response, migration of eosinophils into the airway and airway mucus
production. Therefore, eosinophils are crucial effector cells in the al-
lergic inflammatory reactions. After stimulation, eosinophils release
cytotoxic granule proteins, reactive oxygen species and lipid mediators,
which caused tissue injury, vascular leakage, and mucus secretion [1].

IL-36 cytokine family members, which includes IL-36a, IL-36f3, IL-
36y, and IL-36 receptor antagonist (IL-36Ra), are grouped into the IL-1
family [2]. IL-36 receptor complex composed of IL-36R and IL-1R ac-
cessory protein (IL-1RAcP) as a co-receptor [3]. IL-36 cytokines can be
induced by monocytes/macrophages, T cells, neuron cells, keratino-
cytes, and bronchial epithelial cells [4-8]. Correspondently, IL-36R is
expressed by skin keratinocytes, fibroblasts, glial cells, and various
immune cells [3,9-11]. IL-36a, IL-36f, IL-36y act as agonists for IL-
36R, whereas IL-36Ra and IL-38 function as antagonists for IL-36R
signaling by competitively binding to IL-36R [12-15]. Recently, IL-36
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may act on neutrophils and further exaggerate neutrophilic inflamma-
tion in chronic rhinosinusitis [17]. However, whether they play a role
in eosinophilic inflammation in AR is not known.

In the current study, we aimed to explore the role of IL-36 in AR and
its regulation in eosinophilic inflammation in AR.

2. Methods
2.1. Patients

Sixty AR patients (18-60 years old) and 20 control subjects were
enrolled in this study (Table 1). Our study was approved by the First
Affiliated Hospital of Harbin Medical University ethics committee and
the parent’s written informed consent. The diagnosis of AR were made
according to Allergic Rhinitis and its Impact on Asthma (ARIA) guide-
line (2010) [18]. The patient’s disease history, nasal symptoms
(sneezing, rhinorrhea, itchy nose, and nasal congestion), and a positive
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Table 1

Demographic characteristic of AR and control patients.
Groups AR group AR with Asthma group Control
Number 45 15 20
Sex (Male:Female) 23:22 7:8 11:9
Age (years) 35.3(23-46) 28.1(21-38) 32.2(25-42)
Eosinophil® (count/mm®) 245(90-1280) 128(105-1750) " 45(6-165)

Neutrophil® (count/mm®)
ECP? (ng/ml)
TIgE (IU/mL)

6200(2100-18700)
23.1(6.0-156.0)
117.2(41.5-789.2)

Sensitization

D1 (n) 25

D2 (n) 30
Cockroach (n) 8

Cat (n) 7

Dog (n) 4
Others (n) 1

Nasal steroid 30(75%)
Nasal antihistamine 35(78%)
Oral antihistamine 20(44%)
inhaled corticosteroid 0

12500(7000-19900) "
64.7(22.5-183.0)"
156.7(87.1-1123.4)

7800(2200-11500)
12.8(8.1-123.0)
22.6(7.1-67.8)

10

15

0

0

0

0
10(67%)
9(60%)
11(73%)
12(80%)

[=l=leleNeN-ReRoR=2-}

@ Data presented as median values (minimum-maximum). D1, Dermatophagoides pteronyssinus. D2, Dermatophagoides farinae.

* Compared with control group, P < 0.05.
** Compared with AR group, P < 0.05.

Table 2
Primers for quantitative RT-PCR analysis.
Primer Sequence
IL-36a (F)5-CAGCTGAAGGAAAAGGATATAATGGAT-3’
(R)5’-GCCACTCTGGCTGTGGTAGAA-3’
1L-36p3 (F)5-ACCAAGGAGAGAGGCATAACTAAT-3’
(R)5-AGTGAACTCAGTCGCATAATGATC-3’
IL-36y (F)5’-TAGGACCTCCACCCTTGAGTC-3"
(R)5-AATGATGGGCTGGTCTCTCTT-3"
IL-36Ra (F)5-AGGGAGGTGGTCATAGAGTCAG-3’
(R)5’-GAGGGAAGAGATAGGAAAGGTAGC-3’
1L-38 (F)5’-ACGCTTCACCTTCTTCCAGAG-3’
(R)5-GCAGTTTCCTGTCTCCCTACC-3’
IL-36R (F)5’-CTGGACAAGCCGTGGCCAATGT-3’
(R)5’-AGCCCAGCGATTCGGGGACC-3’
GUSB (F)5-GACACGCTAGAGCATGAGGG-3’

(R)5’-GGGTGAGTGTGTTGTTGATGG-3’

IL, interleukin; IL-36Ra, IL-36 receptor antagonist; GUSB, beta-glucuronidase.

atopic status were confirmed before AR was diagnosed. The atopic
status was evaluated by a skin prick test or the detection of IgE (Phadia)
specific to common inhalant allergens (dust mites, pollens, pets, molds,
cockroach, etc.). Patients with other nasal disease (chronic rhinosinu-
sitis, nasal tumor, etc.) were excluded from our study. For controls, 20
healthy volunteers were enrolled. All subjects were nonsmokers and
free of respiratory tract infections and any drug usage history 4 weeks
before the study.

2.2. Real-time PCR analysis

Total RNA was extracted from cells using TRIzol reagent (Life
Technologies, Carlsbad, California) as described previously [19]. The
cDNA was synthesized from 1pg of total RNA using an oligo (dT)
primer and M-MLV reverse transcriptase (TAKARA, Shiga, Japan).
Quantitative PCR was performed by using an ABI PRISM 7300 Detec-
tion System (Applied Biosystems, Foster City, California). The se-
quences of the primers were listed in Table 2. Amplification was per-
formed under 95 °C for 10 min, followed by 40 cycles of denaturation at
95 °C for 105, and annealing extension at 60 °C for 60 s. Melting curve
analysis was used to control for amplification specificity. Relative gene
expression was calculated as mentioned in previous study [20]. Beta-
glucuronidase (GUSB) was selected as a housekeeping gene for nor-
malization of gene expression. The relative abundance of different IL-36
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members in sinonasal mucosa was reflected by ACt values (ACt = the
difference in threshold cycles for target and housekeeping gene GUSB).
Therefore, high ACt value means low expression in target mRNA.

2.3. ELISA

The serum levels of IL-36a, IL-36f, IL-36y, IL-36Ra, and IL-38 were
detected in duplicate using ELISA kits (R&D Systems, Minneapolis, MN,
USA) according to the manufacturer’s instructions. All experiments
were repeated at least three times. The eosinophilic cationic protein
(ECP) levels were measured by using the UniCAP system (Pharmacia,
Uppsala, Sweden).

2.4. Preparation and culture of eosinophils

Eosinophils (15mL) were prepared from atopic donors by MACS-
negative immunomagnetic isolation kit (Miltenyi Biotec, Bergisch
Galdbach, Germany) as described in the instructions. The eosinophils
(> 98% purity and viability) were cultured in RPMI 1640 medium
supplemented with 10% FBS (Gibco, New York, USA).

IL-4, IL-5, IL-6, IL-13, IL-17, IL-1, IL-33 at 10 ng/mL (R&D systems,
Minneapolis, MN, USA), IL-25 (R&D system) at 50ng/mL, and
Dermatophagoides pteronyssinus group 1 (Der p1) at 10 pg/mL (Prospec,
East Brunswick, NJ, USA) were used for stimulation.

2.5. Functional experiments of eosinophil

Eosinophil apoptosis was performed using flow cytometric analysis
(FACS Calibur, BD, New Jersey, USA). The percentage of viable eosi-
nophils was determined by low mean fluorescence intensity (MFI) of
both Annexin V-FITC and propidium iodide (PI)-PE.

For the adhesion assay, the eosinophil suspension was cultured in
96-well plates coated with 60 pl of fibronectin (R&D system) for 30 min
at 37 °C (5% CO,) with different stimulators. After incubation, the ad-
hered cells were washed twice with PBS. The eosinophil adhesion was
calculated by comparing the residual eosinophil peroxidase (EPO) ac-
tivity of adherent cells to that of a standard curve as described pre-
viously [21].

For the migration assay, a 24-well Transwell system was used. In
brief, the lower wells of the Boyden chamber were loaded with stimu-
lators in RPMI medium and cell suspension of eosinophils was added to
the upper wells of the chamber. After 6 h incubation at 37 °C (5% CO»),
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Fig. 1. The mRNA expression of IL-36 family cytokines and IL-36R in AR. A, The mRNA expression levels of IL-36 cytokines and IL-36R were elevated in AR and AR
with asthma compared with controls. B, The relative mRNA expression abundance of IL-36 family members. C, The ratio of IL-36y/IL-36Ra mRNA level and the ratio
of 1L-36y/IL-38 mRNA level in different groups. P < 0.05, compared with the control group. P < 0.05, compared with other IL-36 family members.

the number of migrated cells was determined by Gimesa staining.
Migrated cells were counted in 10 fields microscopically under 400 x
magnification. All the above results were from three independent ex-
periments.

BAY11-7082 (1 uM, IkB-a phosphorylation inhibitor), U0126 (1 pM,
MEK inhibitor), SP600125 (3 puM, Jun N-terminal kinase (JNK) in-
hibitor), SB203580 (7.5uM, p38MAPK inhibitor), LY294002(5 uM,
phosphatidylinositol 3-OH kinase (PI3K)/Akt inhibitor) and AG490
(10 puM, Janus kinase (JAK) inhibitor) were purchased from Calbiochem
Corp.

2.6. Human nasal epithelial cell culture and treatment

Human nasal epithelial cell line (HNECs) was bought from
American Type Culture Collection (ATCC, Rockville, MD, USA) and
cultured in bronchial epithelial cell basal medium (BEBM, Lonza,
Walkersville, MD, USA) supplemented with SingleQuot Kit Suppl
(Lonza) at 37 °C in a 5% CO»-humidified chamber. After the cells were
differentiated, they were stimulated by various stimulators or
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inhibitors. After stimulation, cells were harvested for quantitative RT-
PCR assay.

IL-4, IL-5, IL-6, IL-13, IL-17, IL-1B, and IL-33 at 10 ng/mL (R&D
systems, Minneapolis, MN, USA), IL-25 (R&D system) at 50 ng/mL, poly
(I:C) (dsRNA) at 25ug/mlL (Tocris, Bristol, UK), lipopolysaccharides
(LPS) (InvivoGen, San Diego, CA, USA) at 1ug/mlL, staphylococcal
enterotoxin B (SEB) (Millipore, Merck KGaA, Darmstadt, Germany) at
1 pug/mL, and Der pl at 10 pg/mL (Prospec, East Brunswick, NJ, USA)
used for stimulation. For nasal epithelial cells, SEB, LPS, dsRNA were
used as mimics for bacterium and virus. We aimed to compared the IL-
36y expression by nasal epithelial cells under allergic (Der pl) or in-
fection state (SEB, LPS, dsRNA).

2.7. Statistical analysis

All data are expressed as the medians and interquartile ranges.
Statistical analysis was performed using the Kruskal-Wallis H test and
the nonparametric Mann-Whitney U test except additional note.
Correlations analysis were done by the Spearman rank correlation
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Fig. 3. Correlation between serum IL-36y levels and eosinophils counts and ECP concentration in AR group were shown in A and B. Correlation between serum IL-36y
levels neutrophil count (r = 0.58, P < 0.01) in AR with asthma group were shown in C.

analysis. A P value of less than .05 was defined as statistically sig-
nificant.

3. Results

3.1. The mRNA and protein expression of IL-36 family cytokines and IL-
36R in AR

The demographic characteristics of study subjects are listed in
Table 1. According to the occurrence of asthma, the patients were di-
vided into AR group, AR with asthma group, and control group. Our
data showed that the eosinophil number, total IgE, and eosinophil ca-
tionic protein (ECP) levels were significantly higher in the AR group
compared with the control group, especially in AR with asthma group.
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We also found that the neutrophil count in AR with asthma group was
significantly higher compared with AR group and control group,
whereas the neutrophil count between AR and control group had no
difference.

Our results found that both mRNA and protein expression of serum
IL-36 family cytokines (IL-36a, IL-36f3, IL-36v, IL-36Ra, and IL-38) and
IL-36R were significantly increased in AR compared with normal con-
trols, especially in AR with asthma group. Of those cytokines, IL-36y
expression was the highest. We also found that higher relative mRNA
and protein expression of IL-36y/IL-36Ra and IL-36y/IL-38 in AR
compared with normal controls, especially in AR with asthma group
(Figs. 1 and 2). Our results showed that serum IL-36v levels were sig-
nificantly correlated with eosinophils counts (r = 0.68, P < 0.01) and
ECP concentration (r = 0.66, P < 0.01) in AR group and neutrophil
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Fig. 4. The regulation of IL-36R mRNA expression from peripheral blood eo-
sinophils (1.5 x 105/0.2 mL/well) after 15 h stimulation by various stimulators
from AR donors. The experiments were repeated for three times. 'P < 0.05,
compared with the control group. ‘P < 0.05, compared with the control group.

count (r = 0.58, P < 0.01) in AR with asthma group (Fig. 3).

3.2. IL-36R expression and regulation by eosinophils in AR

Our results found that the mRNA of IL-36R by eosinophils in AR
were significantly increased compared with normal controls (Fig. 1).
We also stimulated eosinophils using different stimulators and the re-
sults showed that Der p1, IL-17, IL-25, and IL-33 promote the IL-36R
mRNA expression by eosinophils (Fig. 4). We also found that AR with
asthma showed the similar results with AR patients (Data not shown).

3.3. Role of IL-36y in the function eosinophils

Our results showed that IL-36y delayed spontaneous eosinophil
death compared with controls (cell viability, 72.3% vs 35.4%) and the
effect was inhibited when U0126 and SB203580 were added, sug-
gesting that p38MAPK and MEK pathway were involve in the regulation
of eosinophil death (Fig. 5A). We also found that IL-36y promote ex-
pression of cluster of differentiation 18 (CD-18) and intercellular ad-
hesion molecule 1 (ICAM-1) and inhibit ICAM-3 and L-selectin ex-
pression, proving that IL-36y plays positive role in eosinophil adhesion
(Fig. 5B). Our data also showed that IL-36y induced the migration and
activation of eosinophils (Fig. 5C). These effects were significantly in-
hibited by U0126 and SB203580 were added, suggesting that p38MAPK
and MEK pathway were also engaged in the adhesion, migration and
activation of eosinophils. We also found that IgG alone or all inhibitors
alone (BAY, U, SP, SB, LY, AG) produced similar effect as control (Data
not shown).

3.4. Regulation of IL-36v expression in HNECs

We stimulated HNECS using different stimulators and the results
showed that IL-17, IL-25, and IL-33 promoted the IL-36y mRNA ex-
pression by HNECs (Fig. 6).

4. Discussion

In the present study, we first provided evidence that the expression
of IL-36 family members were up-regulated significantly in AR, espe-
cially in patients with asthma. In the IL-36 family members, IL-36y
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expression was the most abundant. We also found positive correlation
between IL-36y levels and eosinophils counts as well as ECP con-
centration. These findings suggested that IL-36y may play important
roles in the function of eosinophils. Besides, we also found that IL-36y
expression was correlated the neutrophil count in AR with asthma
group, which is in line with other studies [22].

Next, we studied the expression of IL-36R using purified eosino-
phils. Our result first showed that IL-36R were expressed by eosinophils
and up-regulated after stimulation by Der pl, IL-17, IL-25, IL-33.
Previous studies had no report on the IL-36R expression by eosinophils.
However, Liu’s study showed that IL-36R expression on peripheral
neutrophils could be up-regulated by IL-1b, IL-6, and Der p1, suggesting
that IL-36R expression by eosinophils and neutrophils may have similar
pathways [17].

To explore the direct effect of IL-36y on the eosinophils, we per-
formed series experiments. We found that IL-36y promoted the survival
of eosinophil and p38MAPK and MEK pathway mediated this effect. In
the adhesion assay, we explore the effect of IL-36y on common adhesion
molecules. Previous studies had confirmed that ICAM-1 and integrin
were deeply involved in the recruitment and trans-endothelial migra-
tion of eosinophils whereas ICAM-3 is highly expressed on resting eo-
sinophil surface [23-25]. Consistently, we found that IL-36y increased
the expression of ICAM-1 and CD18 and inhibited ICAM-3 and L-se-
lectin expression. In eosinophil migration assay, we first provide evi-
dence that IL-36y had direct effect on migration and activation of eo-
sinophils. We also found that IL-36y mediated adhesion and activation
of eosinophils through p38MAPK and MEK pathway, which was not
fully consistent with previous studies [26,27].

Finally, we investigated the expression of IL-36y in human nasal
epithelial cells. Our results suggested that IL-36y mRNA expression in
HNECs was up-regulated by IL-17, IL-25, IL-33, which were similar with
the reports in bronchial epithelial cells [6].

So far, few studies explored the relationship between IL-36 and
eosinophils. In Agnieszka’s study, they provided preliminary evidence
that IL 36 may play a relevant role of enrolling eosinophils and neu-
trophils in DH, BP, and PV and finally provoke tissue injury [28]. An-
other study had proved that the expression of IL-36y by the lung is up-
regulated in asthma susceptible mice compared to asthma resistant
C3H/HeJ mice in allergen induced mice model, suggesting that IL-36y
play a role in allergic inflammation [29]. In their study, recombinant IL-
36y given intratracheally results in neutrophil influx, but not eosino-
philic influx in the lungs of mice. Inconsistently, our study first proved
that IL-36y promotes the survival, adhesion, and activation of eosino-
phils. This discrepancy between studies may be due to different disease
backgrounds and the difference which may be caused by in vitro and in
vivo studies. Therefore, our results should be further proved by animal
model.

Our study also had some limitations. First, we only focused the
expression and regulation of IL-36y on eosinophils and HNEC, however,
IL-36y may also be produced by other cells. Second, animal model were
not established in this study. Third, nasal turbinate mucosa were not
used in this study.

In summary, our study shows that up-regulation of IL-36y ex-
aggerates eosinophilic inflammation in AR by promoting the survival,
adhesion, migration and activation of eosinophils. Therefore, targeting
IL-36y represents a promising novel pathway to control inflammation in
AR.
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