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Abstract 

Background: IL-37 is emerging as an anti-inflammatory cytokine, particularly in innate 

inflammation. However, the role of IL-37 in Th2-mediated allergic lung inflammation remains 

uncertain. We sought to determine the role and the underlying mechanisms of IL-37 in the 

development of house dust mites (HDM)-induced murine asthma model. 

Methods: We examined the effect of IL-37 administration during the sensitization or 

challenge phase on Th2-mediated allergic asthma induced by inhaled HDM. Cellular source 

of CCL11 and distribution of IL-37 receptors, IL-18R and IL-1R8, were determined in 

HDM-exposed lungs. Finally, we examined the effect of IL-37 on CCL11 production and 

STAT6 activation in different primary lung structural cell types upon IL-4/IL-13 stimulation.  

Results: IL-37 had no effect on HDM sensitization, but when administrated during the 

challenge phase, significantly attenuated pulmonary eosinophilia, CCL11 production and 

airway hyper-reactivity (AHR). Interestingly, IL-37 treatment had no significant effects on lung 

infiltrating T cells and Th2 cytokine production. Intranasal co-administration of CCL11 

reversed the inhibiting effect of IL-37 on HDM-induced pulmonary eosinophilia and AHR. 

Furthermore, we demonstrated that CCL11 was primarily expressed by fibroblasts and 

airway smooth muscle cells (AMSC), while IL-37 receptors by tracheobronchial epithelial 

cells (TEC). In vitro study showed that IL-37 inhibited IL-4/IL-13–induced STAT6 activation 

and CCL11 production by fibroblasts and AMSC, which was dependent on its direct action on 

TEC. Moreover, cell-contact was required for the inhibitory effect of IL-37-treated TEC.  

Conclusions: IL-37 attenuates HDM-induced asthma, possibly by inhibiting 

IL-4/IL-13-induced CCL11 production by fibroblasts and AMSC via its direct act on TEC. 

 

Key words: Allergic asthma, CCL11, IL-37, lung structural cell, Th2-mediated eosinophilia  

 

Introduction 

Asthma is a complex disease characterized by airway inflammation and airway 

hyper-reactivity (AHR), affecting 300 million people worldwide (1). Allergic asthma is the most 

common form, and widely believed to be mediated by dysregulated type 2 inflammatory 

response to common inhaled environmental allergens (2, 3). Type 2 cytokines, IL-4, IL-5, and 

IL-13, primarily produced by antigen-specific Th2 cells, play critical roles in allergic asthma by 

acting on immune cells and lung structural cells, leading to IgE isotype switch, pulmonary 

eosinophilia, mucus secretion and bronchoconstriction (4, 5).  

    Pulmonary eosinophilia is a cardinal feature of allergic asthma (2, 6). The cooperation of 

several cytokines and chemokines is required for asthmatic eosinophilia (7-9). IL-5 is a 

well-known cytokine and critical for most aspects of eosinophils including development, 

mobilization, survival and activation(10). However, IL-5 has a minor role in eosinophil 

chemotaxis, instead, CCL11 is believed to be critical for attracting eosinophil into the lungs 

(11, 12). IL-4/IL-13 signaling contributes to pulmonary eosinophilia by inducing CCL11 

production, as interruption of IL-4, IL-13 or downstream STAT6 markedly decreased CCL11 

production and pulmonary eosinophilia in several asthma models (13-15). In vitro studies 
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demonstrated that IL-4/IL-13 could induce CCL11 secretion by several lung structural cells in 

a STAT6-dependent manner (16-18). However, it remains unclear about the major source of 

CCL11 and the possible negative regulators of CCL11 expression during allergic lung 

inflammation.  

IL-37 is a unique member of IL-1 family with broad anti-inflammatory functions (19). The 

early study showed that endogenous IL-37 exerts its anti-inflammatory effect via interaction 

with nucleus Smad3 (20). More attention has been paid to the extracellular function of IL-37, 

which recently has been reported to be mediated by IL-18R and IL-1R8 (21). Most studies 

have focused on the role of IL-37 in limiting innate inflammation primarily by inhibiting 

pro-inflammatory cytokine production by macrophages or epithelial cells (20, 21). Although so 

far there is no IL-37 homologue found in the mouse, murine cells are able to respond to 

human IL-37, as transgenic mice expressing human IL-37 gene or human IL-37 treatment 

exhibited a remarkable protection in several mouse models of acute inflammation or injury 

(22-25). However, little is known about how IL-37 modulated adaptive immune response, 

despite a previous study demonstrating that IL-37 suppressed hapten-specific T cell 

differentiation by targeting dendritic cells (DC) maturation (26). Emerging evidence suggests 

that IL-37 may be involved in allergic asthma, as decreased IL-37 expression was reported in 

allergic asthmatic children (27, 28) and IL-37 administration during the challenge phase was 

shown to reduce asthma phenotypes in a conventional ovalbumin (OVA)-induced asthma 

model (28). However, it remains unknown whether IL-37 inhibited the development of allergic 

Th2 response via airway sensitization, and the mechanism by which IL-37 attenuated allergic 

lung inflammation.  

 In this study, we took advantage of a mouse model of allergic asthma induced by house 

dust mites (HDM), a clinically relevant allergen, via mucosal sensitization route, to study the 

role of IL-37 in the development of allergic lung inflammation by intranasally (i.n.) 

administrating recombinant human IL-37 during the sensitization phase or challenge phase. 

 

 

Materials and methods  

Mice 

Female BALB/c mice purchased from Chinese Academy of Science (Shanghai, China) 

were housed in the animal facility of Fudan University under specific pathogen-free barrier 

conditions. Experimental procedures were in accordance with the Animal Care and Use 

Committee at Fudan University. 

Reagents 

HDM was purchased from Greer laboratory (Lenoir, NC, USA). Fluorochrome labeled 

antibodies for flow cytometry: mouse anti-CD4 and CD8 (both from Biolegend, San Diego, 

CA, USA); recombinant cytokines used: human IL-37b (E. coli-derived Val46-Asp218, 

endotoxin <0.10 EU/g), mouse CCL11 (both from R&D, Minneapolis, MN, USA); mouse IL-4 

and IL-13 (both from Peprotech, Rocky hill, NJ, USA). For cell culture, media D/F12K, Ham’s 

F12, DMEM, RPMI-1640 and FBS were purchased from Gibco (Waltham, MA, USA).  
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Allergic asthma mouse model and pharmacologic interventions 

HDM-induced allergic asthma model was established as previously described (29). 

Bronchoalveolar lavage fluid (BALF) total cells were counted, and differential leukocytes were 

determined from stained cytospins by Weight-Giemsa. AHR was measured as previously 

described using Buxco’s modular and invasive system (BUXCO Electronics Inc., NY, USA) 

(30). For intervention experiments, IL-37 (200 ng/mouse) was i.n. administrated 30 min 

before HDM sensitization or 30 min before HDM challenge. In some experiments, CCL11 

(200 ng/mouse) was i.n. administrated 30 min after HDM challenge.  

ELISA 

The concentrations of IL-4, IL-5, IL-3, IL-17A, IFN-, and CCL11 were determined by 

mouse ELISA kits (R&D). 

Histopathological analysis of lung 

 Lung sections were stained with hematoxylin and eosin (H&E) or Periodic Acid Schiff 

(PAS). Eosinophils were counted blinded in 10 random high-power fields of H&E stained 

sections at a magnification of 200 X.  

Primary cell Isolation and stimulation 

The isolation of tracheobronchial epithelial cells (TEC) and airway smooth muscle cells 

(AMSC) were performed as previously described with modification (31, 32). For isolation of 

alveolar epithelial cells (AEC), lung tissues without trachea and bronchi tissue were cultured 

in D/F12K medium until AEC migrated from the lung explants. For isolation of lung fibroblasts, 

lung tissues without trachea and bronchi tissue were digested with collagenase I followed by 

40 min incubation for precluding macrophages. The purity of lung fibroblasts, ASMC, AEC 

and TEC were determined by flow cytometry or immunofluorescence staining of specific 

markers (Fig. S1).  

Lung fibroblasts, ASMC, or AEC were starved with low serum medium (1% FBS), and 

TEC with 5% FBS for 24 h followed by IL-4 and IL-13 stimulation (each 10 ng/ml) for 30 min 

or 24 h. In some experiments, lung fibroblasts and ASMC were pre-treated with IL-37 at 

different concentrations for 30 min. For direct co-culture system, TEC were seeded in a 

24-well plate with lung fibroblasts and ASMC (1×105 each). For indirect co-culture system, 

TEC and lung fibroblasts or ASMC (each for 1×105) were seeded in 24-well transwell plates 

(Corning, 0.4 M). The co-cultured cells were pretreated with IL-37 (50 ng/ml) for 30 min, 

then followed by IL-4 and IL-13 stimulation. 

Western blot  

Cell lysates were incubated with the following primary antibodies against 

phosphor-STAT6 (Tyr641) (1:1000), total-STAT6 (1:1000), GAPDH (1:1000) followed by 

incubation with HRP-conjugated secondary anti-rabbit antibodies (1:3000) (all from Cell 

Signaling Technology, Beverly, MA, USA). Blots were developed with the ECL detection 

system (Pierce/Thermo Fisher Scientific, Waltham, MA, USA).  
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Quantitative PCR analysis  

Total RNA was extracted using TRIzol Reagent (Invitrogen, Carlsbad, CA, USA). cDNA 

was generated with High-capacity cDNA Reverse Transcription kit (TaKaRa Bio, Otsu shiga, 

Japan). Quantitative real-time PCR was performed with SYBR green Gene Expression Assay 

(TaKaRa Bio). The relative expression of target genes was calculated using the comparative 

method for relative quantitation by normalization to the internal control -actin. The primer 

sequences of all genes for PCR were in Table 1. 

Statistical analysis 

Differences between groups were analyzed by unpaired Student’s t-tests or ANOVA 

(Prism 5; GraphPad Software, San Diego, CA). 

 

Results 

IL-37 treatment during the challenge phase, but not the sensitization phase, attenuates 

pulmonary eosinophilia and AHR in HDM-induced allergic asthma  

We first investigated the role of IL-37 in HDM sensitization by i.n. administering IL-37 to 

BALB/c mice during the sensitization phase (Fig. S2A). IL-37 did not affect inflammatory 

infiltrates in BALF and lung tissues, as well as AHR following HDM challenge (Fig. S2B-D). 

Consistently, we found that IL-37 failed to inhibit HDM-induced expression of IL-1 and IL-33 

(Fig. S3), both of which were reported to be required for HDM sensitization (33). These data 

suggest that IL-37 did not affect HDM sensitization. In contrast, IL-37 administration during 

the challenge phase (Fig. 1A) significantly reduced the numbers of total cells and eosinophils, 

with no effect on macrophages, lymphocytes and neutrophils, in BALF (Fig. 1B). Consistently, 

IL-37 greatly decreased the magnitudes of peribronchial inflammatory infiltrates mainly 

consisting of eosinophils, which was further confirmed by eosinophil counts in H&E stained 

lung sections (Fig. 1C, D). However, there was no difference in the extent of PAS-positive 

staining and gene expression of Muc5ac, a marker of mucus cell hyperplasia (Fig. 1C and 

data not shown) (34), suggesting that IL-37 did not affect mucus secretion. Importantly, IL-37 

significantly reduced AHR responding to methacholine (Fig. 1E). Collectively, our data 

demonstrate that IL-37 administration during the challenge phase attenuates pulmonary 

eosinophilia and AHR in HDM-induced allergic asthma. 

IL-37 treatment has no significant effect on T cell infiltration and cytokine production 

Accumulating evidence demonstrates that Th2 cells mediate pulmonary eosinophilia by 

producing IL-4, IL-5 and IL-13 in allergic asthma. However, flow cytometric analysis showed 

that IL-37 treatment had no significant inhibition on the numbers of CD4+ and CD8+ T cells in 

BALF of asthmatic mice (Fig. 2 A, B), which is consistent with unaltered BALF lymphocytes 

(Fig. 1B). Furthermore, IL-37 did not significantly affect the concentrations of IL-4, IL-5 and 

IL-13 in lung tissue homogenates (Fig. 2C). These data suggest that IL-37 did not affect 

airway infiltration and the activation of Th2 cells in HDM-induced allergic asthma. Th17 cells 

were reported to be involved in HDM-induced allergic asthma (35), and Th1 cells to 

counteract allergic Th2 responses (36). IL-37 also had no effect on the production of IL-17A 

and IFN- in lungs (Fig. 2C), further supporting that IL-37 did not inhibit the activation of 
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effector T cells in our model. Similar results were obtained when IL-37 was administered 

during the challenge phase to OVA-induced asthma model (Fig. S4A-G). 

The inhibitory effect of IL-37 on HDM-induced allergic asthma is mediated by reduced 

lung CCL11 production   

Pulmonary eosinophilia is dependent on CCL11 in allergic asthma (12). Consistent with 

reduced pulmonary eosinophilia, IL-37 treatment significantly decreased CCL11 production in 

lungs of asthmatic mice (Fig. 3A and Fig. S4H). We next investigated whether the supplement 

of exogenous CCL11 could abolish the inhibitory effects of IL-37 on HDM-induced asthma by 

i.n. administering CCL11 into mice together with IL-37 or alone during the challenge phase. 

CCL11 alone did not affect HDM-induced allergic asthma (Fig. S5). Importantly, CCL11 

co-administration completely restored pulmonary eosinophilia and AHR, with no effect on the 

infiltration of other inflammatory cells in BALF and mucus secretion as determined by PAS 

staining in IL-37-treated mice (Fig. 3B-E). Notably, CCL11 co-administration did not affect Th2 

cytokine production in lungs of IL-37-treated asthmatic mice (Fig. 3F). Our findings that either 

reduced AHR caused by IL-37 treatment or restored AHR by exogenous CCL11 was not 

associated with altered expression of IL-13, suggesting an IL-13-independent mechanism by 

which IL-37 inhibited AHR. Cysteinyl leukotrienes (cys-LTs) is another potent 

bronchoconstrictor agonist, and the antagonist of the receptor of cys-LTs was clinically used 

for treating asthma (37). IL-37 treatment significantly reduced lung expression of leukotriene 

C4 synthase (LTC4S), the key enzyme for cys-LTs synthesis, while co-administration with 

CCL11 completely restored lung expression of LTC4S in IL-37-treated mice (Fig. S6). 

Collectively, our results demonstrate that the inhibitory effect of IL-37 on HDM-induced 

allergic asthma is due to the reduction in CCL11 production.  

Lung fibroblasts and ASMC are the major cell sources for CCL11 in HDM-induced 

asthma  

We next explored the underlying mechanism by which IL-37 inhibited CCL11 production 

in lungs of asthmatic mice. Considering that many lung cell types are reported to express 

CCL11 (16-18), we first attempted to identify the major cell source of CCL11 in our model. To 

this end, CD45+ leukocytes and CD45- cells were sorted from enzymatically digested lungs by 

FACS and respective CCL11 gene expression was evaluated. CD45- cells sorted from lungs 

of naïve mice expressed baseline level of CCL11, which greatly increased (7.310.83-fold) in 

those from HDM-induced asthmatic mice (Fig. 4A). Expectedly, CD45- cells from 

IL-37-treated mice had greatly decreased CCL11 gene expression (Fig. 4A). In contrast, very 

little, if any, CCL11 gene expression was detected in CD45+ leukocytes from naive or 

HDM-induced asthmatic mice (Fig. 4A). To further determine which CD45- cell type primarily 

expressed CCL11, lung structural cells including fibroblasts, ASMC, AEC, and TEC were 

isolated from naive mice. Relatively high baseline gene levels of CCL11 were detected in 

fibroblasts and ASMC, but not AEC and TEC (Fig. 4B). Markedly up-regulated CCL11 gene 

expression was detected in lung fibroblasts, and ASMC, but not AEC and TEC, isolated from 

HDM-induced asthmatic mice (Fig. 4B), indicating CCL11 is primarily produced by lung 

fibroblasts and ASMC in HDM-induced allergic asthma.  
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IL-37 treatment fails to directly inhibit IL-4/IL-13-induced CCL11 secretion by lung 

fibroblasts and ASMC in vitro 

IL-4 and IL-13 have been reported to be critical for inducing CCL11 expression in allergic 

asthma (4, 15, 38). Given our above findings that IL-37 inhibited CCL11 with no significant 

effect on Th2 cytokine production, we hypothesized that IL-37 could inhibit IL-4/IL-13-induced 

CCL11 production, thereby leading to reduced pulmonary eosinophilia. In vitro study revealed 

that stimulation with IL-4/IL-13 greatly induced CCL11 expression at mRNA and protein levels 

by cultured fibroblasts and ASMC, but not AEC and TEC, isolated from naïve mice (Fig. 4C, 

D), further confirming lung fibroblasts and ASMC as major cell sources of CCL11 in type 2 

inflammation-dominated lung microenvironment. However, in contrast to significantly 

decreased CCL11 expression in lung fibroblasts and ASMC from IL-37-treated mice (Fig. 4B), 

IL-37 pretreatment at different concentrations had no effect on CCL11 secretion in the culture 

of lung fibroblasts and ASMC upon IL-4/IL-13 stimulation (Fig. 4E, F). These data clearly 

suggest that the suppressive effect of IL-37 on CCL11 production is not caused by its direct 

act on lung fibroblasts and ASMC, instead, IL-37 may target other cell types to indirectly 

suppress IL-4/IL-13-induced CCL11 production by lung fibroblasts and ASMC.  

IL-37 receptors, IL-18R and IL-1R8, are highly expressed in TEC 

 To identify the target cells of IL-37 in our model, we first examined the cellular 

distribution of two identified IL-37 receptors, IL-18R and IL-1R8. Much higher baseline gene 

levels of both receptors were detected in CD45- cells than those in CD45+ leukocytes (Fig. 

5A). Gene expression of both receptors was not altered in either CD45- cells or CD45+ 

leukocytes, sorted from lungs of HDM-induced asthmatic mice (Fig. 5A). Furthermore, both 

receptors were expressed in TEC at high baseline levels, while in lung fibroblasts and ASMC 

at very low levels (Fig. 5B). This is consistent with the unresponsiveness of lung fibroblasts or 

ASMC to IL-37 inhibition. Relatively high baseline level of IL-1R8 was detected in AEC (Fig. 

5B, right), which is consistent with previous findings that IL-1R8 is preferentially expressed by 

epithelial cells (39). Gene expression of both receptors was unaltered in all four types of lung 

structural cells isolated from HDM-induced asthmatic mice (Fig. 5B). Consistently, IL-4/IL-13 

stimulation had no effect on IL-18R and IL-1R8 expression in cultured lung fibroblasts, 

ASMC, AEC, or TEC (Fig. 5C). Collectively, these results suggest that TEC, which express 

two receptors of IL-37 at highest levels, is likely to be the major target cell of IL-37 in lungs. 

IL-37 targets on TEC to indirectly suppress IL-4/IL-13-induced CCL11 production by 

lung fibroblasts and ASMC in a cell-contact manner 

We next investigated whether the direct act of IL-37 on TEC is needed to inhibit 

IL-4/IL-13-induced CCL11 production by lung fibroblasts and ASMC. To this end, we first 

performed direct co-culture of TEC with lung fibroblasts or ASMC, which were pretreated with 

IL-37 for 30 min followed by IL-4/IL-13 stimulation. We found that IL-37 pretreatment 

significantly reduced CCL11 concentrations in supernatants from co-culture of TEC and lung 

fibroblasts or ASMC (Fig. 6A). It is known that STAT6 is required for IL-4/IL-13-induced 

CCL11 expression (14, 18). We demonstrated that IL-4/IL-13 stimulation rapidly induced 

strong STAT6 phosphorylation in cells from co-culture system, which was greatly reduced by 

IL-37 pretreatment (Fig. 6B). Moreover, IL-37 pretreatment had no effect on 

IL-4/IL-13-induced STAT6 activation in TEC (Fig. 6B), suggesting decreased p-STAT6 levels 

could be attributed to the reductions in STAT6 activation in co-cultured lung fibroblasts or 
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ASMC. To find whether this reduction required cell-cell contact, TEC and fibroblasts or ASMC 

were cultured in transwell plates, which precluded direct cell–cell contact but allowed 

communication via soluble factors. In contrast to direct co-culture system, IL-37 pretreatment 

of TEC failed to inhibit IL-4/IL-13-induced CCL11 production by lung fibroblasts or ASMC in 

the indirect co-culture system (Fig. 6C). Similarly, supernatants from IL-37-pretreated TEC 

also failed to inhibit IL-4/IL-13-induced CCL11 by lung fibroblasts or ASMC (Fig. S7). 

Collectively, our results demonstrate that IL-37 suppresses IL-4/IL-13-induced CCL11 

production by lung fibroblasts or ASMC via its direct act on TEC, which is dependent on direct 

cell-cell contact. 

  

Discussion 

We here revealed a previously unidentified role of IL-37 in suppressing CCL11 

production by lung fibroblasts and ASMC via its direct action on TEC, leading to attenuated 

pulmonary eosinophilia and AHR in a HDM-induced asthma model.  

In contrast to OVA-induced asthma model that relies on non-mucosal intraperitoneal 

sensitization to OVA with alum as adjuvant, asthma model induced by airway sensitization 

with HDM is more relevant to human asthma. Given previous studies showing IL-37 as an 

inhibitor of innate immunity and the importance of pro-inflammatory cytokines in HDM 

sensitization (21, 33), we speculated that IL-37 might interfere with airway sensitization with 

HDM. However, IL-37 administration during the sensitization phase failed to affect the 

phenotypes of allergic asthma following airway challenge with HDM. In sharp contrast, IL-37 

administration during the challenge phase significantly inhibited pulmonary eosinophilia and 

AHR. However, IL-37 treatment appeared not to affect Th2 cell differentiation, recruitment 

and reactivation in response to HDM, as evidenced by comparable airway infiltration of CD4+ 

T cells and T cell-associated cytokine production in both lungs and mediastinal lymph nodes 

(Fig. S2E, F). The previous study using OVA model showed that IL-37 treatment inhibited the 

Th2 cytokine levels in BALF, despite of unaltered lymphocyte infiltration (28). However, it is 

notable that the concentrations of IL-4, IL-5 and IL-13 they measured were very low (IL-5 at 

highest level was about 15 pg/ml and IL-4 and IL-13 both only about 3 pg/ml). Furthermore, 

we confirmed the inability of IL-37 to inhibit Th2 cytokine levels by using the same OVA model. 

Consistent with unchanged IL-13 levels, there was no change in mucus secretion following 

IL-37 treatment in both models. Furthermore, we also found that the administration of IL-37 

had no effect on serum levels of total IgE, emphasizing a local anti-inflammatory effect of 

IL-37 (Fig. S8). 

In spite of unchanged Th2 cytokine production, we found that IL-37 treatment greatly 

suppressed the production of CCL11, a critical eosinophil chemokine, in HDM-induced 

asthmatic mice. Importantly, co-administration of exogenous CCL11 completely restored 

pulmonary eosinophilia and AHR with no effect on Th2 cell response, suggesting that 

reduced CCL11 production mediates the inhibitory effect of IL-37 on HDM-induced allergic 

asthma. It is also worth noting that reduced AHR in IL-37-treated asthmatic mice is 

accompanied by decreased expression of LTC4S, indicative of less cys-LTs synthesis, but 

unchanged production of IL-13, both of which are known to be responsible for the 

development of AHR (40, 41). Since eosinophils are known to be a primary source of cys-LTs 
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during allergic inflammation, it is likely that IL-37 inhibits pulmonary eosinophilia, which 

release less cys-LTs, leading to reduced AHR independently of IL-13. 

Furthermore, we revealed that IL-37 suppressed CCL11 production by impairing 

IL-4/IL-13 signaling. We first identified lung fibroblasts and ASMC as the major cell sources of 

CCL11 in HDM-induced allergic asthma. Interestingly, in contrast to the efficient inhibition in 

vivo, addition of IL-37 failed to inhibit IL-4/IL-13-induced CCL11 production by these cells in 

vitro, indicating of indirect inhibitory effect. Although IL-37 has not been identified in mouse, 

its functional receptors IL-18R and IL-1R8 are actually present in mouse, both of which have 

been reported to be involved in allergic asthma (42, 43). We found that lung fibroblasts and 

ASMC expressed these two receptors at very low levels, which is consistent with their 

unresponsiveness to IL-37 inhibition in our study. Macrophages are reported to respond to 

IL-37 upon stimulation with Toll-like receptor (TLR) agonists (20, 21). However, lung CD45+ 

cells isolated from naïve or asthmatic mice expressed very little IL-37 receptors, suggesting 

they are unlikely to be the target cells of IL-37 in our model. Notably TEC, but not AEC, 

constitutively expressed IL-37 receptors at very high levels, which is consistent with airway 

epithelial cells at different anatomical location serves distinct function in responses to 

different stimuli (44). Importantly, direct cell-cell contact with IL-37-pretreated TEC was 

required for the effective inhibition of IL-4/IL-13-induced STAT6 activation and CCL11 

production by lung fibroblasts and ASMC. Moreover, IL-37 did not affect IL-4/IL-13-induced 

STAT6 activation in TEC, emphasizing the inability of IL-37 to directly inhibit IL-4/IL-13 

signaling. It would be worth determining the critical molecule expressed by IL-37-treated TEC 

that mediates the inhibition of IL-4/IL-13 signaling and consequent CCL11 expression in the 

future study.  

According to the literature, human IL-37 exerts similar biological function in both human 

and mouse cells under different inflammatory context such as suppression of cytokine 

production stimulated by different stimuli (20, 21, 45). Moreover, mouse expresses both 

functional receptors of IL-37, IL-18R and IL-1R8, with a similar distribution pattern to that 

observed in human (21, 39), further suggesting a similar response to IL-37. Actually, 

transgenic expression of human IL-37 or administration of human IL-37 have been 

extensively used in the study of IL-37 in mouse models of inflammatory diseases, which also 

demonstrated a correlation with some corresponding human diseases (22-24, 26). Thus, 

IL-37 is very likely to play a similar anti-inflammatory role in human allergic asthma.  

In summary, our study demonstrated that IL-37 had no effect on HDM sensitization, but 

markedly inhibited pulmonary eosinophilia and AHR when administered during the challenge 

phase. Furthermore, we demonstrated that IL-37 had no significant effect on Th2 cytokine 

production, instead, impaired IL-4/IL-13 signaling in lung fibroblasts and ASMC indirectly by 

acting on TEC, leading to reduced CCL11 production. Thus, our study reveals the underlying 

mechanism of the suppressive effect of IL-37 on HDM-induced allergic asthma, and which 

may have implications for the development of new therapeutic approach for allergic asthma. 

Acknowledgment 

This work was supported by State Key Basic Research Program (973) Project 

2015CB553404 (to R.H.) and the National Natural Science Foundation of China Grant 

81771679 (to R.H.), 31570885 (to Q.L.).   



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Disclosure of potential conflict of interest: None of the authors has a conflicting financial 

interest. 

 

Reference 

1. Kim HY, DeKruyff RH, Umetsu DT. The many paths to asthma: phenotype shaped by 

innate and adaptive immunity. Nat Immunol 2010;11(7):577-584. 

2. Lambrecht BN, Hammad H. The immunology of asthma. Nat Immunol 2015;16(1):45-56. 

3. Barrett NA, Austen KF. Innate cells and T helper 2 cell immunity in airway inflammation. 

Immunity 2009;31(3):425-437. 

4. Larché M, Robinson DS, Kay AB. The role of T lymphocytes in the pathogenesis of 

asthma. J Allergy Clini Immunol 2003;111(3):450-463. 

5. Wynn TA. Type 2 cytokines: mechanisms and therapeutic strategies. Nat Rev Immunol 

2015;15(5):271-282. 

6. Walsh ER, August A. Eosinophils and allergic airway disease: there is more to the story. 

Trends Immunol 2010;31(1):39-44. 

7. Mould AW, Matthaei KI, Young IG, Foster PS. Relationship between interleukin-5 and 

eotaxin in regulating blood and tissue eosinophilia in mice. J Clin Invest 

1997;99(5):1064-1071. 

8. Collins PD, Marleau S, Griffiths-Johnson DA, Jose PJ, Williams TJ. Cooperation between 

interleukin-5 and the chemokine eotaxin to induce eosinophil accumulation in vivo. J Exp Med 

1995;182(4):1169-1174. 

9. Simson L, Foster PS. Chemokine and cytokine cooperativity: eosinophil migration in the 

asthmatic response. Immunol Cell Biol 2000;78(4):415-422. 

10. Takatsu K, Nakajima H. IL-5 and eosinophilia. Curr Opin Immunol 2008;20(3):288-294. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

11. Kim J, Merry AC, Nemzek JA, Bolgos GL, Siddiqui J, Remick DG. Eotaxin represents the 

principal eosinophil chemoattractant in a novel murine asthma model induced by house dust 

containing cockroach allergens. J Immunol 2001;167(5):2808-2815. 

12. Pope SM, Zimmermann N, Stringer KF, Karow ML, Rothenberg ME. The eotaxin 

chemokines and CCR3 are fundamental regulators of allergen-induced pulmonary 

eosinophilia. J Immunol 2005;175(8):5341-5350. 

13. Kuperman D, Schofield B, Wills-Karp M, Grusby MJ. Signal transducer and activator of 

transcription factor 6 (Stat6)-deficient mice are protected from antigen-induced airway 

hyperresponsiveness and mucus production. J Exp Med 1998;187(6):939-948. 

14. Kuperman DA, Schleimer RP. Interleukin-4, interleukin-13, signal transducer and 

activator of transcription factor 6, and allergic asthma. Curr Mol Med 2008;8(5):384-392. 

15. He R, Kim HY, Yoon J, Oyoshi MK, MacGinnitie A, Goya S, et al. Exaggerated IL-17 

response to epicutaneous sensitization mediates airway inflammation in the absence of IL-4 

and IL-13. J Allergy Clin Immunol 2009;124(4):761-770 e761. 

16. Matsukura S, Stellato C, Georas SN, Casolaro V, Plitt JR, Miura K, et al. Interleukin-13 

upregulates eotaxin expression in airway epithelial cells by a STAT6-dependent mechanism. 

Am J Respir Cell Mol Biol 2001;24(6):755-761. 

17. Wenzel SE, Trudeau JB, Barnes S, Zhou X, Cundall M, Westcott JY, et al. TGF-beta and 

IL-13 synergistically increase eotaxin-1 production in human airway fibroblasts. J Immunol 

2002;169(8):4613-4619. 

18. Peng Q, Matsuda T, Hirst SJ. Signaling pathways regulating interleukin-13-stimulated 

chemokine release from airway smooth muscle. Am J Respir Crit Care Med 

2004;169(5):596-603. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

19. Boraschi D, Lucchesi D, Hainzl S, Leitner M, Maier E, Mangelberger D, et al. IL-37: a 

new anti-inflammatory cytokine of the IL-1 family. Eur Cytokine Netw 2011;22(3):127-147. 

20. Nold MF, Nold-Petry CA, Zepp JA, Palmer BE, Bufler P, Dinarello CA. IL-37 is a 

fundamental inhibitor of innate immunity. Nat Immunol 2010;11(11):1014-1022. 

21. Nold-Petry CA, Lo CY, Rudloff I, Elgass KD, Li S, Gantier MP, et al. IL-37 requires the 

receptors IL-18Ralpha and IL-1R8 (SIGIRR) to carry out its multifaceted anti-inflammatory 

program upon innate signal transduction. Nat Immunol 2015;16(4):354-365. 

22. McNamee EN, Masterson JC, Jedlicka P, McManus M, Grenz A, Collins CB, et al. 

Interleukin 37 expression protects mice from colitis. Proc Natl Acad Sci U S A 

2011;108(40):16711-16716. 

23. Moretti S, Bozza S, Oikonomou V, Renga G, Casagrande A, Iannitti RG, et al. IL-37 

inhibits inflammasome activation and disease severity in murine aspergillosis. PLoS Pathog 

2014;10(11):e1004462. 

24. Teng X, Hu Z, Wei X, Wang Z, Guan T, Liu N, et al. IL-37 ameliorates the inflammatory 

process in psoriasis by suppressing proinflammatory cytokine production. J Immunol 

2014;192(4):1815-1823. 

25. Dinarello CA, Nold-Petry C, Nold M, Fujita M, Li S, Kim S, et al. Suppression of innate 

inflammation and immunity by interleukin-37. Eur J Immunol 2016;46(5):1067-1081. 

26. Luo Y, Cai X, Liu S, Wang S, Nold-Petry CA, Nold MF, et al. Suppression of 

antigen-specific adaptive immunity by IL-37 via induction of tolerogenic dendritic cells. Proc 

Natl Acad Sci U S A 2014;111(42):15178-15183. 

27. Raedler D, Ballenberger N, Klucker E, Bock A, Otto R, Prazeres da Costa O, et al. 

Identification of novel immune phenotypes for allergic and nonallergic childhood asthma. J 

Allergy Clin Immunol 2015;135(1):81-91. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

28. Lunding L, Webering S, Vock C, Schroder A, Raedler D, Schaub B, et al. IL-37 requires 

IL-18Ralpha and SIGIRR/IL-1R8 to diminish allergic airway inflammation in mice. Allergy 

2015;70(4):366-373. 

29. Coquet JM, Schuijs MJ, Smyth MJ, Deswarte K, Beyaert R, Braun H, et al. 

Interleukin-21-Producing CD4(+) T Cells Promote Type 2 Immunity to House Dust Mites. 

Immunity 2015;43(2):318-330. 

30. Zhao L, Yang W, Yang X, Lin Y, Lv J, Dou X, et al. Chemerin suppresses murine allergic 

asthma by inhibiting CCL2 production and subsequent airway recruitment of inflammatory 

dendritic cells. Allergy 2014;69(6):763-774. 

31. Lam HC, Choi AM, Ryter SW. Isolation of mouse respiratory epithelial cells and exposure 

to experimental cigarette smoke at air liquid interface. J Vis Exp 2011(48). 

32. Mohamed JS, Hajira A, Li Z, Paulin D, Boriek AM. Desmin regulates airway smooth 

muscle hypertrophy through early growth-responsive protein-1 and microRNA-26a. J Biol 

Chem 2011;286(50):43394-43404. 

33. Willart MA, Deswarte K, Pouliot P, Braun H, Beyaert R, Lambrecht BN, et al. 

Interleukin-1alpha controls allergic sensitization to inhaled house dust mite via the epithelial 

release of GM-CSF and IL-33. J Exp Med 2012;209(8):1505-1517. 

34. Thai P, Loukoianov A, Wachi S, Wu R. Regulation of airway mucin gene expression. 

Annu Rev Physiol 2008;70:405-429. 

35. Choy DF, Hart KM, Borthwick LA, Shikotra A, Nagarkar DR, Siddiqui S, et al. TH2 and 

TH17 inflammatory pathways are reciprocally regulated in asthma. Sci Transl Med 

2015;7(301):301ra129. 

36. Holgate ST, Polosa R. Treatment strategies for allergy and asthma. Nat Rev Immunol 

2008;8(3):218-230. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

37. O'Byrne PM, Gauvreau GM, Murphy DM. Efficacy of leukotriene receptor antagonists 

and synthesis inhibitors in asthma. J Allergy Clin Immunol 2009;124(3):397-403. 

38. Zhou X, Hu H, Balzar S, Trudeau JB, Wenzel SE. MAPK regulation of IL-4/IL-13 

receptors contributes to the synergistic increase in CCL11/eotaxin-1 in response to 

TGF-beta1 and IL-13 in human airway fibroblasts. J Immunol 2012;188(12):6046-6054. 

39. Polentarutti N, Rol GP, Muzio M, Bosisio D, Camnasio M, Riva F, et al. Unique pattern of 

expression and inhibition of IL-1 signaling by the IL-1 receptor family member TIR8/SIGIRR. 

Eur Cytokine Netw 2003;14(4):211-218. 

40. Kim DC, Hsu FI, Barrett NA, Friend DS, Grenningloh R, Ho IC, et al. Cysteinyl 

Leukotrienes Regulate Th2 Cell-Dependent Pulmonary Inflammation. J Immunol 

2006;176(7):4440-4448. 

41. Walter DM, McIntire JJ, Berry G, McKenzie AN, Donaldson DD, DeKruyff RH, et al. 

Critical role for IL-13 in the development of allergen-induced airway hyperreactivity. J 

Immunol 2001;167(8):4668-4675. 

42. Xu MH, Yuan FL, Wang SJ, Xu HY, Li CW, Tong X. Association of interleukin-18 and 

asthma. Inflammation 2017;40(1):324-327. 

43. Bulek K, Swaidani S, Qin J, Lu Y, Gulen MF, Herjan T, et al. The essential role of single 

Ig IL-1 receptor-related molecule/Toll IL-1R8 in regulation of Th2 immune response. J 

Immunol 2009;182(5):2601-2609. 

44. Whitsett JA, Alenghat T. Respiratory epithelial cells orchestrate pulmonary innate 

immunity. Nat Immunol 2015;16(1):27-35. 

45. Li S, Neff CP, Barber K, Hong J, Luo Y, Azam T, et al. Extracellular forms of IL-37 inhibit 

innate inflammation in vitro and in vivo but require the IL-1 family decoy receptor IL-1R8. Proc 

Natl Acad Sci U S A 2015;112(8):2497-2502. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Figure legends  

Figure 1. Administration of IL-37 in the challenge phase attenuates house dust mites 

(HDM)-induced eosinophilic airway inflammation and airway hyper-reactivity (AHR). (A) 

Protocol for HDM-induced allergic airway inflammation and the time points of IL-37 

intervention during the sensitization phase. (B) The differential cell counts in BALF. (TC: total 

cells; Mac: macrophages; Eos: eosinophils; Lym: lymphocytes; Neu: neutrophils) (C) 

Representative photomicrographs of lung sections stained with H&E and PAS. Original 

magnification, 200 X. (D) Numbers of eosinophils were counted in ten random 200 X 

high-power fields (HPF). (E) Airway resistance to methacholine was measured at 72 hours 

after the final HDM challenge by using Buxco’s modular and invasive system.  

Columns and error bars represent mean ± SEM. n=5 per group. *p< 0.05, **p< 0.01, ***p< 

0.001. NS=no significance. Similar results were obtained from two or four independent 

experiments. 

Figure 2. Administration of IL-37 during challenge phase has no significant effect on T 

cell response in lungs upon house dust mites (HDM) challenge. (A) Representative flow 

cytometric analysis of the percentages of CD4+ and CD8+ cells. (B) The absolute cell 

numbers of CD4+ and CD8+ cells calculated based on the numbers of total cells and 

respective percentage in BALF. (C) ELISA analysis of Th cell cytokine concentrations in the 

lung tissue homogenates.  

Columns and error bars represent mean ± SEM. n=15 per group. **p< 0.01, ***p< 0.001. 

NS=no significance. 

Figure 3. IL-37 inhibits lung production of CCL11, and exogenous CCL11 

administration abolishes the inhibitory effect of IL-37 on HDM-induced allergic asthma. 

(A) The concentration of CCL11 in the lung tissue homogenates of HDM-induced asthmatic 

mouse with or without IL-37 treatment. (B-F) Following co-administration of CCL11 and IL-37, 

the differential cell counts in BALF (B), representative photomicrographs of lung sections 

stained with H&E and PAS. Original magnification, 200 X (C), numbers of eosinophils in 

peribronchial tissue of lung sections (D), and airway resistance to methacholine (E), ELISA 

analysis of concentrations of IL-4, IL-5, and IL-13 in the lung tissue homogenates (F). 

Columns and error bars represent mean ± SEM. n=5 per group. *p< 0.05, **p< 0.01, ***p< 

0.001. NS=no significance. Similar results were obtained from two independent experiments. 

Figure 4. IL-37 fails to direct inhibited CCL11 production, which primarily produced by 

lung fibroblasts and airway smooth muscle cells (ASMC). (A and B) Gene expression of 

CCL11 in isolated CD45- and CD45+ cells (A), as well as fibroblasts, ASMC, alveolar 

epithelial cells (AEC), and tracheobronchial epithelial cells (TEC) (B) isolated from digested 

lung of HDM-induced asthmatic mice with or without IL-37 treatment. Cells from lung of PBS 

treated mice were used as control. (C and D) CCL11 expression at mRNA (C) and protein 

levels (D) in fibroblasts, ASMC, AEC, or TEC isolated from lungs of naïve mice with or without 

IL-4/IL-13 stimulation. (E and F) CCL11 concentrations in the culture of IL-4/13-stimulated 

lung fibroblasts (E) and ASMC (F) which was pretreated with IL-37 at different concentration 

for 30 min. 
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Columns and error bars represent mean ± SEM. n=3-5 per group. *p< 0.05, **p< 0.01, ***p< 

0.001. NS=no significance. Similar results were obtained from three or four independent 

experiments. In E and F, columns and error bars are mean ± SEM of three replicate wells 

from a representative of three experiments. 

Figure 5. IL-37 receptors, IL-18R and IL-1R8, is primarily expressed on 

tracheobronchial epithelial cells (TEC). (A and B) Gene expression of IL-18R and IL-1R8 

in isolated CD45- cells and CD45+ cells (A), as well as lung fibroblasts, airway smooth muscle 

cells (ASMC), alveolar epithelial cells (AEC), and TEC (B) from digested lung of house dust 

mites (HDM)-induced asthmatic mice or PBS controls. (C) Gene expression of IL-18R and 

IL-1R8 in isolated lung fibroblasts, AEC, TEC, and ASMC from lungs of naive mice stimulated 

with or without IL-4/IL-13.  

Columns and error bars represent mean ± SEM. n=3 per group. NS=no significance. Similar 

results were obtained from two or three independent experiments. 

Figure 6. IL-37 targets on TEC to indirectly suppress IL-4/IL-13-induced CCL11 

production and STAT6 activation by/in lung fibroblasts and ASMC in a cell-contact 

manner. For direct co-culture system, lung fibroblasts or ASMC were directly co-cultured with 

TEC at a ratio of 1:1. For indirect co-culture system, lung fibroblasts or ASMC were 

co-cultured with TEC in the transwell plates at a 1:1 ratio. Cells in both co-culture systems 

were pretreated with IL-37 for 30 min followed by IL-4/IL-13 stimulation. (A) ELISA analysis of 

CCL11 concentrations in supernatant of direct co-culture system. (B) Representative western 

blots showing the levels of phosphorylated STAT6 (p-STAT6) and total STAT6 (t-STAT6) in 

direct co-cultured cells or cultured TEC alone 30 min after IL-4/IL-13 stimulation. (C) ELISA 

analysis of CCL11 concentrations in supernatant of indirect co-culture system. 

Columns and error bars are mean ± SEM of three replicate wells from a representative of 

three experiments. *p< 0.05, **p< 0.01, NS=no significance.  

 

 

 

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

 

 

  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

 

  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

 

  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

 

  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

 

  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

 

 

 



















IL-37 inhibits IL-4/IL-13-induced CCL11 production and lung eosinophilia in murine

allergic asthma

Jiaoyan Lv1,5,6, Yingluo Xiong1,6, Wenjing Li1, Xinyi Cui1, Xunjia Cheng2, Qibin Leng3, and

Rui He1,4,7

1 Department of Immunology and State Key Laboratory of Medical Neurobiology, School of

Basic Medical Sciences, Fudan University, Shanghai, People's Republic of China. 2

Department of Medical Microbiology and Parasitology, School of Basic Medical Sciences,

Fudan University, Shanghai, People's Republic of China. 3 CAS Key Laboratory of Molecular

Virology & Immunology, Institute Pasteur of Shanghai, Chinese Academy of Sciences,

Shanghai, People's Republic of China. 4 Department of Laboratory Animal Science, Fudan

University, Shanghai, People's Republic of China. 5 Institute for Immunology, Tsinghua

University-Peking University Joint Center for Life Sciences, Tsinghua University School of

Medicine, Beijing, People’s Republic of China.

7 Address correspondence and reprint requests to: Rui He, Department of Immunology,

School of Basic Medical Sciences, Fudan University, 138# Yixueyuan Road, Shanghai,

200032, People's Republic of China; E-mail: ruihe@fudan.edu.cn

6 The authors contribute equally to this work.



Figure S1. The purity of isolated lung structural cells. (A and B) Immunofluorescence

staining of cultured lung fibroblasts with vimentin (green) (A) and airway smooth muscle

cells (ASMC) with -SMA antibodies (B) and counterstained with

4,6-diamidino-2-phenylindole (DAPI) (blue). (C and D) Representative flow cytometric

analysis of the expression of EpCAM, the epithelial cell marker, in isolated alveolar epithelial

cells (AEC) (C) and tracheobronchial epithelial cells (TEC) (D).

Figure S2. Administration of IL-37 during the sensitization phase fails to impair house

dust mites (HDM)-induced pulmonary eosinophilia and airway hyper-reactivity (AHR).

(A) Protocol for HDM-induced allergic airway inflammation and the time points of IL-37

intervention during the sensitization phase. (B) The differential cell counts in

bronchoalveolar lavage fluid (BALF). (TC: total cells; Mac: macrophages; Eos: eosinophils;

Lym: lymphocytes; Neu: neutrophils) (C) Representative photomicrographs of lung sections.

Original magnification, 200 X. (D) Airway resistance to methacholine. (E and F) The

concentration of Th cytokines in lung homogenates (E) and the culture of mediastinal lymph

nodes (MLN) (F).

Columns and error bars represent mean ± SEM. n=5 per group. *p< 0.05, **p< 0.01, ***p<

0.001. NS=no significance. Similar results were obtained from two independent

experiments.

Figure S3. Administration of IL-37 has no effect on the expression of IL-1 and IL-33

in lungs following HDM exposure. Gene expression of IL-1 and IL-33 in lungs 2 h after

single HDM (10 g/mouse) challenge.

Columns and error bars represent mean ± SEM. n=4-5 per group. *p< 0.05, **p< 0.01.

NS=no significance. Similar results were obtained from two independent experiments.

Figure S4. Administration of IL-37 attenuates ovalbumin (OVA)-induced pulmonary



eosinophilia and airway hyper-reactivity (AHR). (A) Protocol for OVA-induced allergic

airway inflammation and the time points of IL-37 intervention. (B) The differential cell counts

in bronchoalveolar lavage fluid (BALF). (TC: total cells; Mac: macrophages; Eos: eosinophils;

Lym: lymphocytes; Neu: neutrophils) (C) Representative photomicrographs of lung sections

stained with H&E and PAS. Original magnification, 200 X. (D) Numbers of eosinophils were

counted in ten random 200 X high-power fields (HPF). (E) Airway resistance to

methacholine. (F) The percentage and number of Infiltrating CD4+ T cells in BALF. (G)

ELISA analysis of protein levels of Th2 cytokines in lung tissues homogenates. (H) Gene

expression of CCL11 in lungs.

Columns and error bars represent mean ± SEM. n=4 per group. *p< 0.05, **p< 0.01, ***p<

0.001. NS=no significance. Similar results were obtained from two independent

experiments.

Figure S5. Exogenous CCL11 has no effect on HDM-induced pulmonary eosinophilia

and Th2 cell response. (A) Protocol for HDM-induced allergic airway inflammation and the

time points for administering CCL11. (B) The differential cell counts in bronchoalveolar

lavage fluid (BALF). (TC: total cells; Mac: macrophages; Eos: eosinophils; Lym:

lymphocytes; Neu: neutrophils) (C) Representative photomicrographs of lung sections

stained with H&E and PAS. Original magnification, 200 X. (D) Numbers of eosinophils were

counted in ten random 200 X high-power fields (HPF). (E) The number of infiltrating CD4+ T

cells in BALF. (F) ELISA analysis of concentrations of IL-4, IL-5, and IL-13 in lung tissue

homogenates.

Columns and error bars represent mean ± SEM. n=4-6 per group. *p< 0.05, **p< 0.01, ***p<

0.001. NS=no significance. Similar results were obtained from two independent

experiments.



Figure S6. IL-37 reduces leukotriene C4 synthase (LTC4S) expression in lungs of

HDM-induced asthmatic mice, which is restored by co-administration of exogenous

CCL11. Gene expression of LTC4S in lungs determined by quantitative real-time PCR

Columns and error bars represent mean ± SEM. n=5 per group. *p< 0.05, ***p< 0.001.

Similar results were obtained from two independent experiments.

Figure S7. The conditioned medium (CM) of IL-37-pretreated tracheobronchial

epithelial cells (TEC) fails to inhibit IL-4/IL-13-induced CCL11 production by lung

fibroblasts and airway smooth muscle cells (ASMC). ELISA analysis of protein levels of

IL-4/IL-13 induced CCL11 in the supernatant of lung fibroblasts and ASMC with or without

the addition of CM from IL-37-pretreated TEC.

Columns and error bars are mean ± SEM of three replicate wells from a representative of

three experiments. ***p< 0.001. NS=no significance. Similar results were obtained from

three independent experiments.

Figure S8. Administration of IL-37 has no effect on the concentration of total IgE in

serum both of HDM-induced and OVA-induced asthma model. (A and B) ELISA analysis

of the concentration of total IgE in serum of HDM- (A) and OVA-induced asthmatic mice (B)

with or without IL-37 administration.

Columns and error bars represent mean ± SEM. n=4-5 per group. *p< 0.05, ***p< 0.001.

NS=no significance. Similar results were obtained from two or three independent

experiments.
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