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To the Editor,

Acute respiratory infections including rhinovirus (RV) infections are a major cause of 

asthma exacerbations.1 Recent studies suggest that eosinophils play important roles in the 

development of asthma exacerbation.2 Not only neutrophils but also eosinophils increase in 

asthmatic airways during viral infection,3 suggesting that eosinophils are indeed recruited to 

and activated in the airways during virus-related asthma exacerbations.

Cadherin-related family member 3 (CDHR3), a member of the cadherin superfamily, is a 

transmembrane protein with six extracellular cadherin domains. However, the biological 
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function of CDHR3 is still unknown. Recently, Bønnelykke et al. reported that a coding 

single nucleotide polymorphism (SNP) (rs6967330; C529Y) in CDHR3 is associated with 

severe exacerbations of childhood asthma.4 Furthermore, we reported that CDHR3 is a 

receptor for rhinovirus C (RV-C) species,5 which is more virulent and more likely to cause 

exacerbations of childhood asthma as compared with RV-B.1, 6 CDHR3 rs6967330; C529Y 

increases the expression of CDHR3 protein on the cell surface 4, 5 resulting in increased RV-

C binding and progeny yields.5 Moreover, this SNP is associated with increased RV-C 

illnesses in vivo.7 Therefore, CDHR3-Y529 variant is likely to promote the development of 

asthma exacerbations by increasing susceptibility to RV-C illnesses. CDHR3 is mainly 

expressed on the apical surface of ciliated epithelial cells, but the natural ligands and 

function are unknown.

In this study, we examined whether CDHR3 binds to and activates eosinophils. We first 

examined the effect of CDHR3 on eosinophil adhesion. Eosinophils were obtained from 

healthy volunteers, and their adhesion to CDHR3 or intercellular adhesion molecule 

(ICAM)-1 was measured using residual eosinophil peroxidase (EPO) assays. Compared to 

control or ICAM-1, CDHR3 induced significantly higher spontaneous adhesion of 

eosinophils (Figure 1A). More than 10 μg/ml of CDHR3 augmented eosinophil adhesion, 

and 100 µg/ml of CDHR3 induced a maximal response (Figure 1B). IL-5 further enhanced 

eosinophil adhesion to CDHR3 (Figure 1B). Eosinophil adhesion to CDHR3 was inhibited 

by anti-αM integrin or anti-β2 integrin mAb, but not by anti-α4 integrin mAb (Figure S1), 

suggesting that eosinophils can adhere to CDHR3 via αMβ2 integrin. The inhibition of 

adhesion by anti-αM integrin or anti-β2 integrin mAb could be due to steric hindrance. 

CDHR3-induced eosinophil adhesion of asthmatic patients was higher than that of healthy 

volunteers (Figure 1C).

We next examined the effect of CDHR3 on superoxide anion (O2
−) generation or release of 

eosinophil-derived neurotoxin (EDN) by eosinophils. Compared to medium control, CDHR3 

induced significantly greater eosinophil O2
− generation, to a level similar to that induced by 

IL-5 (Figure 1D). Eosinophil O2
− generation induced by CDHR3 was suppressed by anti-

αM integrin or anti-β2 integrin mAb but not by anti-α4 integrin mAb (Figure S1). In 

addition, CDHR3 induced significantly higher EDN release (Figure 1E) compared to 

control. Anti-αM integrin or anti-β2 integrin mAb, but not anti-α4 integrin mAb, suppressed 

EDN release induced by CDHR3 (Figure S1).

We next tested whether CDHR3 C529Y mutation affects eosinophil functions. Eosinophils 

adhesion to plates coated with the wild-type CDHR3-C529 or the CDHR3-Y529 variant 

protein were similar (Figure S2). Eosinophil O2
− generation by CDHR3 variant protein did 

not differ from that by wild-type CDHR3 protein (Figure S2). Therefore, we transfected 

HeLa cells with these CDHR3 variants, and then examined effects of CDHR3 C529Y 

mutation on eosinophil adhesion and functions. We previously demonstrated that expression 

of CDHR3-Y529 variant after transfection of HeLa-H1 cells lead to enhanced surface 

expression of protein as compared to CDHR3-C529,5 whereas levels of overall cellular 

expression of CDHR3 were similar,5 and confirmed these finding in this study (data not 

shown). Along with increased CDHR3 expression on the cell surface, transfection with 

CDHR3-Y529 also increased eosinophil adhesion compared to CDHR3-C529 or the negative 
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control (Figure 2A). Similar results were obtained when we used fluorescently-labeled 

eosinophils (Figure 2B, 2C) or performed major basic protein (MBP) staining (Figure S3). 

Furthermore, CDHR3-Y529 transfection induced greater eosinophil O2
− generation (Figure 

2D) and EDN release (data not shown).

In this study, we found that CDHR3 activated eosinophil function such as adhesion, O2
− 

generation and degranulation. This was true for plate-bound CDHR3 (Figure 1) and for 

CDHR3 expressed in transfected HeLa cells (Figure 2). However, the effects of genetic 

variation at rs6967330 on eosinophil adhesion and function depended on whether the 

proteins were plate bound (Figure S2; no difference) or expressed in HeLa cells (Figure 2; 

Y529 induced increased eosinophil activation). These findings suggest that the difference in 

eosinophil adhesion was due to the level of surface expression of CDHR3 protein, but not 

due to the different ability of the CDHR3 variants to induce eosinophil adhesion. The plate-

bound experiments demonstrate that if the display of CDHR3 protein on a surface is similar, 

the effects on eosinophil adhesion are also similar.

Given the close association between eosinophilic inflammation and asthma exacerbation,2 

CDHR3-Y529 could promote eosinophil adhesion and proinflammatory functions linked to 

asthma exacerbations. Recent studies suggested that CDHR3-Y529 increases the risk for 

developing chronic rhinosinusitis or severe adult asthma with early onset, suggesting that 

CDHR3 variant may contribute to eosinophilic inflammation in chronic rhinosinusitis as 

well as bronchial asthma.

Whether CDHR3 expression is increased in the airway of patients with asthma is 

incompletely understood. For example, Bai et al. reported that CDHR3 mRNA expression in 

airway epithelial cells cultured at air-liquid interface was slightly lower in cells obtained 

from donors with asthma.8 Furthermore, Everman et al. reported that CDHR3 is exclusively 

expressed on ciliated cells, and that expression is greatest in cells undergoing ciliation as 

compared to mature ciliated cells,9 suggesting that eosinophil adhesion to ciliated cells 

could be greatest in airways with active cell differentiation or repair. In addition, Jones et al. 

reported that CDHR3 protein expression of bronchial epithelial cells increased in atopic 

asthma as compared with that in non-atopic controls.10 Additional studies are needed to test 

for cell surface expression of CDHR3 in vivo with regard to CDHR3 genotype at rs6967330 

and asthma status.

We found that CDHR3-induced eosinophil adhesion of asthmatic patients was higher than 

that of healthy volunteers (Figure 1C), although the mechanism is unknown. In this study, 

eosinophil adhesion to CDHR3 in allergic asthma did not differ from that in non-allergic 

asthma (data not shown). Furthermore, in allergic asthma, the titer of specific IgE or total 

IgE did not affect the degree of eosinophil adhesion (data not shown), suggesting that IgE-

mediated mechanisms are unlikely to be involved.

One limitation of this study is that the experiments were performed in vitro and these 

findings need to be confirmed in nontransformed airway epithelial cells and in clinical 

studies. Another limitation is that we tested for interactions between CDHR3 and a limited 
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number of integrins. It is possible that other integrins in addition to αM integrin or β2 

integrin may interact with CDHR3.

In conclusion, CDHR3 upregulated eosinophil functions such as adhesion, O2
− generation 

and EDN release. Furthermore, eosinophil activation by CDHR3 was at least partially 

mediated through αMβ2 integrin. These findings suggest that genetic variation in CDHR3 

can modify the risk for developing asthma by activating eosinophils, as well as by increasing 

the risk of RV-C induced illnesses.
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FIGURE 1. 
Effect of CDHR3 on eosinophil functions. (A and B) Effect of CDHR3 on eosinophil 

adhesion. A, Eosinophils (1×105 cells/ml) collected from non-allergic donors were 

incubated in CDHR3 or ICAM-1-coated plates (10 μg/ml) or in medium (HBSS/gel)-coated 

plates, and their adhesion was measured. As for IL-5, eosinophils (1×105 cells/ml) were 

incubated with IL-5 (100 pM) in medium-coated plates and their adhesion was measured. 

Data are shown as means ± SEM of 6 experiments using cells from different donors. * P < 

0.05 vs. spontaneous adhesion (Spon). # P < 0.05 vs. ICAM-1. B, Eosinophils (1×105 

cells/ml) collected from non-allergic donors were incubated with or without IL-5 (100 pM), 

and their adhesion to various concentrations of rh-CDHR3 (0.1–100 µg/mL) was measured 

(n = 6). * P < 0.05 and *** P < 0.001 vs. spontaneous adhesion (Spon). # P < 0.05 and ## P 
< 0.01 vs. buffer (without IL-5). C, Effect of asthma on CDHR3-induced eosinophil 

adhesion. Eosinophils (1×105 cells/ml) collected from healthy volunteers or asthmatic 
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patients were incubated in CDHR3-coated plates (1 or 10 μg/ml) and their adhesion was 

measured (n = 6). * P < 0.05 and ** P < 0.01 vs. spontaneous adhesion (Spon). ## P < 0.01 

vs. healthy volunteers. D, Effect of CDHR3 on eosinophil O2
− generation. Eosinophils (1 × 

106 cells/ml) from non-allergic donors were incubated in CDHR3 or ICAM-1-coated plates 

(10 μg/ml) or in medium-coated plates. As for IL-5, eosinophils (1 × 106 cells/ml) were 

incubated with IL-5 (100 pM) in medium-coated plates. The generation of eosinophil O2
− 

was examined (n = 6). Maximum value of eosinophil O2
− generation over the next 240 min 

were shown. * P < 0.05 and ** P < 0.01 vs. spontaneous O2
− generation (Spon). ## P < 0.01 

vs. ICAM-1. E, Effect of CDHR3 on EDN release. Eosinophils (1 × 106 cells/ml) from non-

allergic donors were incubated in CDHR3 or ICAM-1-coated plates (10 μg/ml) or in 

medium-coated plates for the 240 min. As for IL-5, eosinophils (1 × 106 cells/ml) were 

incubated with IL-5 (100 pM) in medium-coated plates for the 240 min. Levels of EDN in 

cell-free supernatants were quantified using ELISA (n = 6). ** P < 0.01 vs. spontaneous 

EDN release (Spon). # P < 0.05 vs. ICAM-1.
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FIGURE 2. 
Effect of CDHR3 C529Y gene mutation on eosinophil functions. A, Effect of CDHR3 C529Y 

gene mutation on eosinophil adhesion to HeLa cells transfected with plasmid DNA. HeLa 

cells were transfected with plasmids encoding wild-type CDHR3 (C529) or CDHR3 variant 

(Y529) or lipofectamine only (Lipo), and eosinophil adhesion to transfected cells was 

measured (n = 6). * P < 0.05 and ** P < 0.01 vs. Lipo. ## P < 0.01 vs. C529. B, 

Fluorescently-labeled eosinophil adhesion to transfected HeLa cells. HeLa cells were 

transfected with plasmids encoding wild-type CDHR3 (C529) or CDHR3 variant (Y529) or 

lipofectamine only (Lipo). Eosinophils were labeled with calcein-AM and then incubated 

with the transfected HeLa cells for 20 min. After the plates were washed, cells were 

observed under a fluorescence microscope. Representative figures of 3 independent 

experiments with different donors were shown. Scale bar, 100 μm. C, Fluorescently-labeled 

eosinophil adhesion to transfected HeLa cells at higher magnification. Scale bar, 20 μm. D, 

Effect of CDHR3 C529Y gene mutation on eosinophil O2
− generation. HeLa cells were 

transfected with plasmids encoding wild-type CDHR3 (C529) or CDHR3 variant (Y529) or 

lipofectamine only (Lipo), and eosinophils were incubated with transfected HeLa cells for 

240 min. The generation of eosinophil O2
− was examined (n = 6). The maximum value of 

eosinophil O2
− generation was shown. * P < 0.05 and ** P < 0.01 vs. Lipo. # P < 0.05 vs. 

C529.
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