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ABSTRACT 

 

The purpose of this study was to investigate the effects of interleukin-37 (IL-37) on a 
Dermatophagoides farinae (Der f)-induced murine model of allergic rhinitis (AR). 

BALB/c mice, except the control groups, were sensitized intraperitoneally and challenged 
intranasally with Der f (Der f group). The IL-37 and IL-37+anti-CD25 groups were 
administered IL-37 intranasally. The IL-37+anti-CD25 groups were administered anti-CD25 
monoclonal antibody intraperitoneally before challenge. Allergic symptoms and the average 
eosinophil number were counted. The levels of cytokines and transcription factors in the 
nasal mucosa were measured by Real-Time polymerase chain reaction (PCR) and western 
blotting. The levels of Der f-specific immunoglobulin E (IgE) were measured. The 
CD4+CD25+Foxp3+T cells among splenic mononuclear cells were analyzed by flow 
cytometry. 

The allergic symptom scores and Der f-specific IgE levels were lower in the IL-37 group 
compared to the Der f group. Additionally, the levels of the transcription factor GATA-3 and 
ROR-γt and those of the cytokines IL-4, IL-5, IL-13, and IL-17, representing both T helper 
(Th)2 and Th17 responses, were lower in the IL-37 group in comparison with the Der f 
group. However, the Th1 response was not suppressed after administration of IL-37. IL-37 
increased the IL-10 level; however, Real-Time PCR, western blotting, and flow cytometry 
results showed the limited action of IL-37 on CD4+CD25+Foxp3+T cells.  

This study demonstrates that intranasal IL-37 can suppress Th2 and Th17 responses in an 
AR murine model. Furthermore, these data suggest that IL-10 is increased, but 
CD4+CD25+Foxp3+T cells are not correlated with the IL-37-induced mechanism. 
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INTRODUCTION 

 

Allergic rhinitis (AR) is one of the most common 

chronic illnesses worldwide, and its prevalence has 

increased rapidly over the last few decades.
1
 Despite 

advances in the understanding of allergic inflammation 

mechanisms, the disease symptoms usually cannot be 

controlled completely with current therapies. 

Therefore, adaptive immunity, as well as innate 

immunity and immune tolerance, have been the subject 

of focus in AR treatment. Additionally, innate 

immunity was revealed to regulate adaptive immune 

responses and affect the activity and function of 

dendritic cells (DCs) and epithelial cells.
2-4

 

Interleukin 37 (IL-37), formerly termed IL-1 family 

member 7, has been shown to down-regulate the 

expression levels of pro-inflammatory cytokines in 

chronic inflammatory diseases.
5-7

 IL-37 expression has 

been reported in the lung, lymph nodes, spleen, and 

thymus, as well as in activated peripheral blood 

mononuclear cells, DCs, plasma cells, and bronchial 

epithelial cells.
6,8,9

 Although the open reading frame of 

IL-37 has, thus far, not been identified in murine cells, 

several studies have reported that human IL-37 

demonstrates effects on murine as well as human 

cells.
6,7,10-16

 IL-37 has been reported to promote the 

generation of semi mature tolergenic DCs
13,17

 and to 

suppress the activity of pro-inflammatory cytokines 

such as IL-1α, IL-1β, TNF-α, IL-6, IL-23, and GM-

CSF,
6-9,18,19

 but also to play a role in adaptive 

immunity.
12,13,20

. However, its effects on the role of 

regulatory T cells (Treg) are controversial.
6,7,13,14,17

 

Thus, this study was designed to investigate the 

therapeutic potential of IL-37 in AR using a 

Dermatophagoides farinae (Der f)-induced murine 

model of AR and to clarify its effect on immune 

tolerance. To our knowledge, this is the first study to 

evaluate the effect of topical IL-37 treatment in a 

murine model of AR.  

 

MATERIALS AND METHODS 

 

Experimental Animals 

 Forty 6-week-old, healthy female BALB/c mice 

were used in the present study. The mice were housed 

in a controlled environment under a 12-hour light/dark 

cycle with free access to food and water. This 

experiment was performed with the approval of the 

Institutional Animal Care and Use Committee at the 

Catholic University of Korea (No.2014008003). 

 

Reagents 

Der f crude body extract (Arthropods of Medical 

Importance Resource Bank, College of Medicine, 

Yonsei University, Seoul, Korea) was used as the 

allergen. The Der f crude extract was solubilized and 

stored at -70°C and dissolved before use. The 

recombinant human IL-37 (Adipogen AG, Liestal, 

Switzerland) and anti-CD25 (clone PC61; eBioscience, 

San Diego, CA, USA) monoclonal antibodies (mAb) 

were prepared in sterile phosphate-buffered saline 

(PBS). 

 

Sensitization, Antigen challenge, and Treatment 

The 40 mice were randomized into four groups: 

control (n=10), Der f (AR, n=10), IL-37 (n=10), and 

IL-37+anti-CD25 mAb (n=10). Allergen sensitization 

and challenge for the development of the AR mouse 

model are summarized in Figure 1. On days 0, 7, and 

14, all of the mice, except those in the control group, 

were immunized by intraperitoneal injection of 100 µg 

Der f absorbed on the 1 mg aluminum hydroxide 

(Sigma-Aldrich, St. Louis, MO, USA). Mice in the IL-

37 and IL-37+anti-CD25 group were treated 

intranasally with 1 µg IL-37 dissolved in 50 µL sterile 

PBS as described previously
12,21

 on days 26, 27, 28, 29, 

and 30. Next, 10 days after sensitization, these mice 

were challenged intranasally with 20 µg Der f in 20 μL 

PBS for 6 consecutive days. Mice in the IL-37+anti-

CD25 group were treated intraperitoneally with 250 µg 

anti-CD25 mAb 1 day before the first intra-nasal 

challenge with Der f (on day 24). The control group 

received PBS intranasally instead of Der f. 
22

 
 

Evaluation of Allergic Symptoms  

The numbers of sneezing and nose-rubbing motions 

during the 15 minutes after the final allergen challenge 

were recorded and compared between the experimental 

groups by two observers blinded to the experimental 

groups.
22,23

 

 

Nasal Mucosal Tissue Evaluation 

Mice were sacrificed and decapitated 24 hours after 

the last allergen challenge. The heads were fixed in 4% 

paraformaldehyde for 3 days at 4°C, washed in running 

water, decalcified for 3 days using Calci-Clear Rapid 

(National Diagnostics, Atlanta, GA, USA)
24

 at room 

temperature, dehydrated by passage through a graded 
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Figure 1. Schematic representation of the experimental allergic rhinitis model and treatment protocol 

Der f, Dermatophagoides farinae; IN, intranasal administration; IP, intraperitoneal administration; Anti-CD25, anti-CD25 

monoclonal antibody  

The units are days. 

 

 

alcohol series, and embedded in paraffin blocks. These 

blocks were cut into 4-µm-thick sections and stained 

with hematoxylin and eosin (H&E) to evaluate the 

general morphology and number of eosinophils in the 

lamina propria of the nasal mucosa. The average 

number of eosinophils was counted in four areas 

around the nasal septa areas under a light microscope 

(×400). The individuals who counted the cells were 

blinded to the animals’ group assignments. 

 

Measurement of the Der f-Specific Levels of 

Immunoglobulin E (IgE) in the Serum 

Samples were collected 24 hours after the last Der f 

challenge. The levels of Der f-specific IgE in the serum 

were measured using an enzyme-linked immunosorbent 

assay kit (ELISA; Bethyl, Montgomery, TX, USA). 

 

Cytokines and Transcription Factors in Nasal 

Mucosal Tissue  

Using cytokines from nasal mucosal tissue, 

interferon (IFN)-γ for the T helper 1 (Th1) immune 

reaction, interleukin (IL)-4, 5, 13 for the T helper 2 

(Th2) immune reaction, IL-17 for the T helper 17 

(Th17) immune reaction, and IL-10 and transforming 

growth factor (TGF)-β for the Treg immune reaction, 

were measured by real-time polymerase chain reaction 

(PCR). Simultaneously, the relative mRNA expression 

levels of the transcription factors T-bet, GATA-3, 

ROR-γt, and Foxp3 were measured by real-time PCR. 

Total RNA was extracted from nasal mucosal tissue 

using TRIzol reagent (Invitrogen, Carlsbad, CA, USA), 

and first-strand cDNA was reverse transcribed using 

random primers (TaKaRa, Otsu, Japan).
25,26

 The 

oligonucleotide primer sequences used in this study 

was presented in Table 1. The mRNA levels of IFN-γ, 

IL-4, IL-5, IL-13, IL-17, IL-10, TGF-β, T-bet, GATA-

3, ROR-γt, Foxp3, and GAPDH were determined by 

real-time PCR using the CFX96 Real Time PCR 

Machine (Bio-Rad, Hercules, CA, USA) and iQ SYBR 

Green Supermix (Bio-Rad, Hercules, CA, USA). The 

results were normalized relative to GAPDH expression 

and expressed as the absolute mRNA expression level 

for the cytokines and as the fold increase relative to the 

expression of the control group for the transcription 

factors. 

 

Western Blotting 

Western blot analysis was used to detect the relative 

protein expression patterns of transcription factors (T-

bet, GATA-3, ROR-γt, and Foxp3) and cytokines (IFN-

γ, IL-4, IL-5, IL-13, IL-17, IL-10, and TGF-β) within 

the nasal mucosa of the control, Der f, IL-37, and IL-

37+anti-CD25 groups. Nasal mucosal tissues were 

homogenized and extracted using  Precellys Lysing kits 

(Bertin Technologies, Rockville, MD, USA) and T-

PER tissue protein extraction reagent (Pierce, 

Rockford, IL, USA) with protease inhibitor cocktail 

(Roche, Mannheim, Germany) according to 
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manufacturer’s protocol. Protein concentrations were 

determined by bicinchoninic acid (BCA) reagent kit 

(Pierce, Rockford, IL, USA). Proteins were separated 

by 12% sodium dodecyl sulphate polyacrylamide gel 

electrophoresis (SDS-PAGE). Then, the proteins were 

transferred onto polyvinylidene fluoride membranes 

(Milipore, Bedford, MA, USA). After being blocked 

with 5% skim milk (BD BioSciences, San Jose, CA, 

USA), the membranes were incubated with the primary 

antibody at 4 °C for 24 h. After washing the 

membranes three times, the membranes were probed 

with horseradish peroxidase-labeled secondary 

antibodies. Finally, immunoreactive bands were 

visualized using enhanced chemiluminescence (ECL) 

detection kit (Bio-rad, Richmond, CA, USA). 

Results were based on the gray-scale target gene to 

GAPDH ratios to indicate the relative levels of the 

proteins encoded by the target genes using anti-GATA-

3, -Foxp3, anti-IL-5, -IL-10, -IL-13, -IL-17, -IL-10, -

TGF-β, and -ROR-γt antibodies (Santa Cruz 

Biotechnology, Dallas, TX, USA). 

 

Flow Cytometry 

 For cell-surface staining, aliquots of 10
6
 splenic 

mononuclear cells were incubated with fluorescein 

isothiocyanate-conjugated anti-mouse CD4 (GK1.5) 

antibody (eBioscience, San Diego, CA, USA). For 

intracellular staining, cells stained with CD4 were 

incubated with fixation/permeabilization working 

solution, and Fc receptors were blocked with excess 

mouse Fc block. Next, the cells were stained with 

phycoerythrin-Cy5-conjugated anti-mouse Foxp3 

(FJK-16s) and anti-allophycocyanin-CD25 antibodies 

(eBioscience, San Diego, CA, USA). 

CD4
+
CD25

+
Foxp3

+
T cells were analysed by flow 

cytometry (FACS Calibur flow cytometer; Becton 

Dickinson, San Jose, CA, USA).
26,27

 

 

Table 1. The primer sequences used in the allergic rhinitis murine model groups (control, Der f-induced allergic rhinitis, IL-

37 treated Der f-induced allergic rhinitis, and IL-37+anti-CD25 treated Der f-induced allergic rhinitis)  

Cytokines and 

transcription factors 

 Primer sequences 

IFN-γ forward primer 

reverse primer 

5′-AGAGCCAGATTATCTCTTTCTACCTCAG-3′ 

5′-CCTTTTTCGCCTTGCTGTTG-3′ 

IL-4 forward primer 

reverse primer 

5′-TCAACCCCCAGCTAGTTGTC-3′ 

5′-AAATATGCGAAGCACCTTGG-3′ 

IL-5 forward primer 

reverse primer 

5′-GACGAGGCAGTTCCTGGAT-3′ 

5′-GCATATGGTATCCCTTGCATT-3′ 

IL-13 forward primer 

reverse primer 

5′-CCTCTGACCCTTAAGGAGCTTAT-3′ 

5′-CGTTGCACAGGGGAGTCT-3′ 

IL-17 forward primer 

reverse primer 

5′-TTTAACTCCCTTGGCGCAAAA-3′ 

5′-CTTTCCCTCCGCATTGACAC-3′ 

IL-10 forward primer 

reverse primer 

5′-ATGCTGCCTGCTCTTACTGACTG-3′ 

5′-CCCAAGTAACCCTTATCCTGC-3′ 

TGF-β forward primer 

reverse primer 

5′-CACCATCCATGACATGAACC-3′ 

5′-TCATGTTGGACAACTGCTCC-3′ 

T-bet forward primer 

reverse primer 

5′-GCCAGGGAACCGCTTATA-3′ 

5′-CCTTGTTGTTGGTGAGCTTTA-3′ 

GATA-3 forward primer 

reverse primer 

5′-CTGGATGGCGGCAAAGC-3′ 

5′-GTGGGCGGGAAGGTGAA-3′ 

ROR-γt forward primer 

reverse primer 

5′-ACCTCCACTGCCAGCTGTGTGCTGTC-3′ 

5′-TCATTTCTGCACTTCTGCATGTAGACTGTCCC-3′ 

Foxp3 forward primer 

reverse primer 

5′ -GAAAGCGGATACCAAATGA-3′ 

5′- CTGTGAGGACTACCGAGCC-3′ 

GAPDH forward primer 

reverse primer 

5′-GCACAGTCAAGGCCGAGAAT-3′ 

5′-GCCTTCTCCATGGTGGTGAA-3′ 

*GAPDH; glyceraldehyde 3-phosphate dehydrogenase 
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Statistical Analysis 

All measured parameters are expressed as 

means±standard deviation. Differences among the 

groups were analyzed using the Kruskal-Wallis test. In 

cases of statistical significance, the ranked parameters 

were compared by one-way analysis of variance and 

Bonferroni’s multiple comparison tests. A p value less 

than 0.05 was considered to reflect statistical 

significance. All statistical analyses were conducted 

using SAS version 9.3 (SAS Institute, Cary, NC, USA). 

 

RESULTS 

 

Allergic Symptoms 

The number of episodes of sneezing motion was 

1.60±1.58 in the control group, 45.6±11.48 in the Der f 

group, 16.6±5.38 in the IL-37 group, and 19.2±6.51 in 

the IL-37+anti-CD25 group. The number of episodes of 

nose-rubbing motion was 8.67±3.13 in the control 

group, 111.1±18.19 in the Der f group, 33±8.47 in the 

IL-37 group, and 44.7±8.41 in the IL-37+anti-CD25 

group. The number of episodes of sneezing and nose-

rubbing motions was significantly lower in the control 

group than in the other groups (all p<0.001; Figure 2). 

The IL-37 and IL-37+anti-CD25 groups showed 

significantly fewer sneezing and nose-rubbing motions 

than those of the Der f group (all p<0.001; Figure 2). 

The number of episodes of nose-rubbing motion was 

significantly higher in the IL-37+anti-CD25 group than 

in the IL-37 group (p=0.011; Figure 2B). 

 

Serum Der f-Specific IgE 

 The serum Der f-specific IgE levels were 

significantly higher in the Der f group (2.54±0.80 

ng/mL, p<0.001) than in the control (0.3±0.20 ng/mL), 

IL-37 (2.54±0.80 ng/mL, p=0.005), and IL-37+anti-

CD25 (1.57±0.85 ng/mL, p=0.019) groups. The control 

group had a significantly lower serum Der f-specific 

IgE level than that of each of the other groups (IL-37, 

p=0.005; all of the others, p<0.001). The IL-37 group 

showed significantly lower serum Der f-specific IgE 

levels than those of the Der f group (p=0.001;               

Figure 3). 

 

 

 

 

Figure 2. Nasal symptom scores measured in the allergic rhinitis murine model groups (control, Der f-induced allergic 

rhinitis, IL-37 treated Der f-induced allergic rhinitis, and IL-37+anti-CD25 treated Der f induced allergic rhinitis). Sneezing 

(A) and nose-rubbing motions (B) of the control (n=10), Der f (n=10), IL-37 (n=10), and IL-37+anti-CD25 (n=10) groups. The 

box and whisker plots show the medians and interquartile ranges. The error bars represent standard deviations. *P<0.05, 

Der f vs. IL-37; **p<0.05, control vs. Der f; ***p<0.05, Der f vs. IL-37+anti-CD25. 
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Figure 3. Serum levels of Dermatophagoides farinae-specific immunoglobulin E measured in the allergic rhinitis murine 

model groups (control, Der f-induced allergic rhinitis, IL-37 treated Der f-induced allergic rhinitis, and IL-37+anti-CD25 

treated Der f-induced allergic rhinitis). The box and whisker plots show the medians and interquartile ranges. The error bars 

represent standard deviations. *p<0.05, Der f vs. IL-37; **p<0.05, control vs. Der f. 

 

 

Figure 4. Histologic results of nasal mucosa in the allergic rhinitis murine model groups (control, Der f-induced allergic 

rhinitis, IL-37 treated Der f-induced allergic rhinitis, and IL-37+anti-CD25 treated Der f induced allergic rhinitis): (A) 

control group, (B) Der f group, (C) IL-37 group, and (D) IL-37+anti-CD25 group (hematoxylin and eosin staining; original 

magnification, ×400). The black arrows indicate the infiltration of eosinophils. 
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Figure 5. Eosinophil counts in the nasal mucosa in the allergic rhinitis murine model groups (control, Der f-induced allergic 

rhinitis, IL-37 treated Der f-induced allergic rhinitis, and IL-37+anti-CD25 treated Der f-induced allergic rhinitis). The box 

and whisker plots show the medians and interquartile ranges. The error bars represent standard deviations. *p<0.05, Der f 

vs. IL-37; **p<0.05, control vs. Der f. 

 

 

Eosinophil Counts in the Lamina Propria 

Figure 4A-D shows eosinophil infiltration in the 

lamina propria. The eosinophil numbers were 

22.6±3.47 in the control group, 103.8±15.13 in the Der 

f group, 33.9±7.29 in the IL-37 group, and 40.4±8.04 in 

the IL-37+anti-CD25 group. The eosinophil count was 

significantly higher in the Der f group than in the 

control, IL-37, or IL-37+anti-CD25 groups (all 

p<0.001). The control group had a significantly lower 

eosinophil count than those in the IL-37 (p=0.001) and 

IL-37+anti-CD25 (p<0.001) groups (Figure 5). 

 

Real-Time PCR and Western Blotting 

The mRNA expression levels of cytokines (IFN-γ, IL-

4, IL-5, IL-13, IL-17, IL-10, and TGF-β) and 

transcription factors (T-bet, GATA-3, ROR-γt, and 

Foxp3) were measured by real-time PCR. 

Concurrently, the protein expression patterns of the 

cytokines and transcription factors were evaluated by 

western blotting. 

In the Th1 response, the relative mRNA level of the 

transcription factor T-bet showed no significant 

difference among the groups (Figure 6A). Additionally, 

the expression level of IFN-γ mRNA showed no 

difference among the groups, except between the IL-

37+anti-CD25 and control groups (p=0.003, Figure 

6B).  

In the Th2 response, the relative level of GATA-3 

mRNA was significantly higher in the Der f group than 

in the IL-37 and control groups (both p<0.001; Figure 

7A). The expression levels of IL-4, -5, and -13 mRNA 

were all significantly higher in the Der f group than in 

the IL-37 (p=0.015, 0.001, and <0.001), IL-37+anti-

CD25 (p=0.029, 0.002, and 0.001) and control groups 

(p=0.035, <0.001, and <0.001; Figure 7B, C, and D, 

respectively).  
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Figure 6. Quantitative analysis by real-time PCR of cytokine levels in the nasal mucosa of the allergic rhinitis murine model 

groups (control, Der f induced allergic rhinitis, IL-37 treated Der f-induced allergic rhinitis, and IL-37+anti-CD25 treated 

Der f-induced allergic rhinitis) in the Th1 response: (A) T-bet and (B) IFN-γ. The results were normalized relative to 

glyceraldehyde 3-phosphate dehydrogenase (GAPDH) expression. The box and whisker plots show the medians and 

interquartile ranges. The error bars represent standard deviations. **p<0.05, control vs. Der f. 

 

 

Figure 7. Quantitative analysis by real-time PCR of the cytokine levels in the nasal mucosa of the allergic rhinitis murine 

model groups (control, Der f induced allergic rhinitis, IL-37 treated Der f induced allergic rhinitis, and IL-37+anti-CD25 

treated Der f induced allergic rhinitis) in the Th2 response: (A) GATA-3, (B) IL-4, (C) IL-5, and (D) IL-13. The results were 

normalized relative to glyceraldehyde 3-phosphate dehydrogenase (GAPDH) expression. The box and whisker plots show the 

medians and interquartile ranges. The error bars represent standard deviations. *p<0.05, Der f vs. IL-37; **p<0.05, control 

vs. Der f. 
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In the Th17 response, the relative level of ROR-γt 

mRNA was significantly higher in the Der f group than 

in the other groups (all, p<0.001) and significantly lower 

in the IL-37 than control group (p=0.002; Figure 8A). 

Additionally, the level of IL-17 mRNA was significantly 

higher in the Der f group than in the other groups 

(control, p<0.001; IL-37, p<0.001; IL-37+anti-CD25, 

p=0.002) and significantly lower in the IL-37 than IL-

37+anti-CD25 group (p=0.023; Figure 8B). 

For the Treg response, we evaluated the mRNA 

expression levels of Foxp3, IL-10, and TGF-β. The 

relative expression levels of Foxp3 were significantly 

lower in the IL-37+anti-CD25 group than in the other 

groups (all, p<0.001). The Der f group showed a 

significantly lower Foxp3 level than the control group 

(p<0.001; Figure 9A). The expression level of IL-10 

mRNA was also significantly lower in the Der f group 

than in the IL-37 (p<0.001) and IL-37+anti-CD25 groups 

(p=0.011). The IL-37 group showed a significantly 

higher IL-10 level than the control group (p=0.004; 

Figure 9B). The level of TGF-β was significantly lower 

in the IL-37+anti-CD25 group than in the other groups 

(all, p<0.001; Figure 9C). 

We conducted western blotting to confirm the 

express patterns of the above cytokines and transcription 

factors. Because we did not perform a quantitative test, 

we checked the general gray-scale patterns of each factor 

(Figure 10).  

 

Flow Cytometric Analysis of CD4
+
CD25

+
Foxp3

+
T 

Cells from Splenic Mononuclear Cells 

We sorted CD4-expressing cells and measured their 

expression of Foxp3 and CD25 (Figure 11A). 

CD4
+
CD25

+
Foxp3

+
T cells accounted for 2.71±0.79% of 

all splenic mononuclear cells in the control group, 

2.46±0.61% in the Der f group, 2.26±0.28% in the IL-37 

group, and 2.02±0.13% in the IL-37+anti-CD25 group. 

The IL-37+anti-CD25 group had a significantly lower 

percentage of CD4
+
CD25

+
Foxp3

+
T cells than those of 

the other groups (control, p=0.002; Der f, p=0.043; IL-

37, p=0.029; Figure 11B). 

 

 

 

 

Figure 8. Quantitative analysis by real-time PCR of the cytokine levels in the nasal mucosa of the allergic rhinitis murine 

model groups (control, Der f induced allergic rhinitis, IL-37 treated Der f induced allergic rhinitis, and IL-37+anti-CD25 

treated Der f induced allergic rhinitis) in the Th17 response: (A) ROR-γt and (B) IL-17. The results were normalized relative 

to glyceraldehyde 3-phosphate dehydrogenase (GAPDH) expression. The box and whisker plots show the medians and 

interquartile ranges. The error bars represent standard deviations. *p<0.05, Der f vs. IL-37; **p<0.05, control vs. Der f; 

***p<0.05, Der f vs. IL-37+anti-CD25. 
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Figure 9. Quantitative analysis of the cytokine levels by real-time PCR from the nasal mucosa of the allergic rhinitis murine 

model groups (control, Der f induced allergic rhinitis, IL-37 treated Der f induced allergic rhinitis, and IL-37+anti-CD25 

treated Der f induced allergic rhinitis) in the regulatory T response: (A) Foxp3, (B) IL-10, and (C) TGF-β. The results were 

normalized relative to glyceraldehyde 3-phosphate dehydrogenase (GAPDH) expression. The box and whisker plots show the 

medians and interquartile ranges. The error bars represent standard deviations. *p<0.05, Der f vs. IL-37; **p<0.05, control 

vs. Der f. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Cytokines and transcription factors measured 

by western blotting to confirm protein expression of the 

cytokines and transcription factors in the allergic rhinitis 

murine model groups (control, Der f induced allergic 

rhinitis, IL-37 treated Der f induced allergic rhinitis, and 

IL-37+anti-CD25 treated Der f induced allergic rhinitis): 

(A) control group, (B) Der f group, (C) IL-37 group, and 

(D) IL-37+anti-CD25 group. 
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Figure 11. Flow cytometric analysis of CD4+CD25+Foxp3+T cell subsets in the allergic rhinitis murine model groups 

(control, Der f induced allergic rhinitis, IL-37 treated Der f induced allergic rhinitis, and IL-37+anti-CD25 treated Der f 

induced allergic rhinitis). (A) Representative fluorescence-activated cell sorting analysis. The upper right quadrant 

represents CD4+CD25+Foxp3+T cells. (B) The percentage of splenic mononuclear cells that are CD4+CD25+Foxp3+T cells. 

The box and whisker plots show the medians and interquartile ranges. The error bars represent standard deviations. 

*p<0.05, Der f vs. IL-37; **p<0.05, control vs. Der f; ***p<0.05, Der f vs. IL-37+anti-CD25. 
 

 

 

 

 

 

 

DISCUSSION 

 

The conventional treatment of AR has limitations 

because of the side effects and failure of long-term 

symptomatic treatments or low compliance with 

allergen avoidance.
28

 Thus far, intranasal steroid and 

specific allergen immunotherapy have been applied 

clinically, and their long-term effects have been 

controversial. Consequently, the roles of adaptive 

immunity as well as innate immunity, such as 

involvement of Toll-like receptors and immune 

tolerance, in AR have been investigated. Early studies 

showed that IL-37 regulates the expression of pro-

inflammatory cytokines in chronic inflammatory 

diseases,
5-7

 but its effect on adaptive immunity
12,13

 has 

been reported recently. We demonstrated the anti-

inflammatory effect in an AR mouse model. IL-37 

treatment was effective in alleviating allergic 

symptoms, such as sneezing and nose-scratching 

motions. Additionally, histologic changes were 

observed. Tissue eosinophil recruitment in the lamina 

propria was significantly decreased after IL-37 

treatment. Additionally, immune suppression after  

Der f induced a Th2 and Th17 cytokine milieu, 

identified at both the protein and mRNA levels. The IL-

37 treatment groups showed a significant reduction in 

serum IgE levels and GATA-3, IL-4, IL-5, IL-13, 

ROR-γt and IL-17 mRNA levels, compared with the 

Der f group. IL-4 plays a pivotal role in the allergic 

response, including induction of isotype switching to 

IgE, expression of vascular cell adhesion molecule-1, 

promotion of eosinophil migration across the 

endothelium, mucus secretion, and differentiation of 

Th2 lymphocytes. IL-5 is essential for the 

differentiation, maturation, and survival of 

eosinophils.
29

 Additionally, IL-13 is the most potent 

inducer of goblet cell differentiation and mucus 

production.
30

 The anti-inflammatory effect of IL-37 via 

the IL-18Rα and IL-1R8 (SIRR or TIR8) receptor 

pathways has been reported.
12,31

 In addition, IL-17 is 

related to airway hyperreactivity and mucus 

hypersecretion in the upper airway, including in 

AR.
32,33

 Th17 suppression has been explained by the 

inhibition of the IL-1 receptor pathway and mTOR 

kinase activation.
34,35

 As a result, the intranasal 

administration of IL-37 could suppress these allergic 
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reactions via Th2 and Th17. Moreover, we found that 

the local administration of IL-37 did not suppress the 

Th1 milieu, such as the transcription of IFN-γ or T-bet 

mRNA. IL-18Rα and IL-1R8 receptors directly 

regulate Th17 but not Th1 cell development.
35

 From 

this point of view, the intranasal administration of IL-

37 could be a novel and potent AR treatment candidate.  

It has been suggested that IL-37 promotes the 

generation of IL-10
13,16,17

 and 

CD4
+
CD25

+
Foxp3

+
Treg.

13,17
 However, other studies 

have shown opposite results.
6,7,12,14

 Thus, we clarified 

the effect of IL-37 on Treg via evaluation of cell-

surface CD25, a well-known marker of Treg. 

CD25
+
Treg in mice were treated with anti-CD25 mAb, 

which was reported to reverse the effects of Bacillus 

Calmette-Guérin-stimulated DCs and berberine to 

reduce allergic inflammation.
36,37

 This effect was 

limited in the anti-CD25 mAb treatment group in our 

study because of the negligible contribution of Treg. 

Thus, in our study, elevated IL-10 levels might 

contribute to semi mature tolergenic DCs
13,17

 or affect 

B cells, monocytes/macrophages and natural killer cells 

through a mode other than CD25
+
Treg. Additionally, in 

our study, CD4
+
CD25

+
Foxp3

+
T cells were not 

significantly increased in the IL-37 group compared 

with the control and AR groups, according to real-time 

PCR, western blot analysis in the nasal mucosa, or flow 

cytometric analysis in splenic mononuclear cells. These 

results confirmed the limited action of IL-37 on 

CD25
+
Treg and can be understood within the same 

context that TGF-β levels in the IL-37 administrated 

groups were comparable with those in the control and 

AR groups.  

An important strength of the current study is the use 

of Der f, which is a common allergen associated with 

AR patients. Additionally, to determine the effect of 

Treg, we used anti-CD25 mAb treatment and real-time 

PCR, western blot analysis and flow cytometry. 

Our study had several limitations. First, there were 

relatively small numbers of mice in each group. 

However, lots of conducted experiments showed 

significant statistical differences between the groups. 

Second, although many studies showed human IL-37 

effects on murine model, it is important to clarify the 

exact mechanism of IL-37 on allergic rhinitis. 

Taken together, our study demonstrated that IL-37 

can reduce Th2 and Th17 cell-related allergic 

inflammation in an AR mouse model. Additionally, we 

found that the administration of IL-37 has a minimal 

effect on Th1. In conclusion, we postulate that IL-37 

has a therapeutic potential for the alleviation of AR in a 

mice. Further studies are needed to identify the exact 

mechanism underlying IL-37 treatment of AR. 
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