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Summary:

We found that HBEC expressed the IL-5 receptor, which triggered intracellular signaling and 

changed gene expression. This data indicate that in addition to targeting eosinophils, IL-5 and anti-

IL-5 biologics may have a direct role on AEC.
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To the Editor:

Airway epithelial cells (AEC) form the continuous barrier and primary defense mechanism 

in respiratory tract and the lungs against inhaled pathogens and allergens. Consisting of 

columnar, ciliated, basal, and secretory cells, AEC play a vital role in modulating innate and 

adaptive immune responses(1). This regulatory role occurs in the pathogenesis of asthma, 

specifically, through AEC involvement in mucus production, airway inflammation and 

remodeling(1). AEC drive allergic inflammation and airway remodeling in response to 

inhaled stimuli by promotion of the type 2 immune response, which includes inflammatory 

cytokines such as interleukin-5 (IL-5)(1). IL-5 has long been implicated in asthma due to its 

function as a growth and differentiation factor for eosinophils(2). Eosinophil numbers in 

peripheral blood and in the airways are associated with asthma severity(3). Therefore, 

several therapeutic monoclonal antibodies targeting the IL-5 pathway have been developed 
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for treatment of eosinophilic asthma(4). These anti-IL-5 biologics target either IL-5 itself or 

its receptor. The specific α-chain of the IL-5 receptor is reported to be exclusively produced 

by eosinophils and to a lesser extent by basophils and some B-lymphocytes(5). Therefore, 

while anti-IL-5 therapy is believed to modulate inflammation through inhibition of 

eosinophil recruitment, its effects may extend to other cell types that express its receptor. We 

have found that IL5RA mRNA is expressed in differentiated primary AEC and whole sinus 

tissue samples using gene expression microarrays(6). Therefore, in the present study, we 

tested whether both α- and β-chains of the IL-5 receptor are expressed in differentiated 

human bronchial epithelial cells (HBEC) and bronchial tissue. In addition, we explored the 

functionality of the IL-5 receptor in HBEC, investigating IL-5-induced downstream 

signaling events and gene expression changes in IL-5-activated HBEC.

First, we assessed the mRNA expression level of the IL-5 receptor α-subunit (IL5RA) and ß-

subunit (CSF2RB) in HBEC cultured at an air-liquid interface (ALI). In accordance with our 

previous microarray analyses(6) (Table S1), fully-differentiated HBEC in ALI cultures 

displayed 70-fold more IL5RA mRNA (Cycle threshold (Ct)~27), compared to 

undifferentiated monolayer cultures (Ct~32) (Figure 1A). The expression of CSF2RB 
mRNA was lower in differentiated cells compared to monolayer cultures but remained 

detectable (Ct ~29.5) (Figure 1B). We then evaluated IL-5 receptor protein expression in 

differentiated HBEC by western-blot. We detected a high levels of the IL5RA protein in 

differentiated cells, which was stable for at least 15 min after addition of a recombinant 

human (rh)-IL-5 basally (Figure 1C). CSF2RB protein was also detected in HBEC and its 

presence tended to increase after 15 min with rh-IL-5 (Figure 1D). We next analyzed the 

presence of both protein subunits of the IL-5 receptor on airway epithelial cells of bronchial 

tissue samples by immunofluorescence. We found that IL5RA staining was abundant along 

the ciliated apical surface of HBEC (Figure 1E). Of note, the presence of the IL5RA protein 

specifically on ciliated HBEC was also confirmed by immunofluorescence and single-cell 

RNA-sequencing of differentiated HBEC cultured at ALI (unpublished observations and 

Figure S1). Staining for CSF2RB was present but faint and dispersed along the ciliated 

epithelium (Figure 1E).

Consequently, we sought to demonstrate the functionality of the IL-5 receptor expressed on 

HBEC. IL-5 binds to its surface receptor and then triggers three main intracellular signaling 

pathways in eosinophils including the JAK-STAT5, PI3K-Akt, and Ras-ERK pathways (7, 

8). We found that phosphorylation of ERK increased significantly after 15 min of 

stimulation with IL-5 (p<0.003, n=4) (Figure 2A). This IL-5-induced ERK phosphorylation 

was inhibited by a neutralizing anti-IL5RA antibody (Figure S2). Phosphorylation of Akt 

was also significantly increased after 60 min of rh-IL-5 activation (p<0.03, n=4) (Figure 

2B). Finally, although STAT5A was present in differentiated HBEC (Figure 2C), it was not 

phosphorylated following rh-IL-5 stimulation. This is in contrast to eosinophils activated 

with rh-IL-5 (2 ng/ml) for 15 min (Figure 2C), indicating some differential response to IL-5 

between eosinophils and HBEC.

To more broadly assess the effects of the IL-5 receptor on HBEC, cells were either untreated 

or stimulated with rh-IL-5 for 6 or 24 h and then RNA-sequencing was performed. After 

filtering for protein coding genes with counts ≥ 1 in ≥ 20% of libraries and computation of 
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mean-variance relationships and observational-level weights, 14,370 genes were analyzed 

with untreated (Mock) cells used as the reference. Figure 1D shows a volcano plot, 

illustrating transcript levels significantly increased and decreased by rh-IL-5 at 24 h 

compared to untreated HBEC. No statistically significant changes in gene expression were 

found after 6 hours of rh-IL-5 stimulation when compared to no treatment control. After 24 

h of stimulation, 1403 genes displayed increased expression while 1851 genes had decreased 

expression (False discovery rate (FDR)<0.01) (Table S2 and Supplemental Spreadsheet 1). 

The main functional pathway upregulated by rh-IL-5 at 24 h was a set of genes involved in 

protein translation (GO_BP translation initiation, count=54 genes, FCR=1.9E-22; KEGG 

ribosome, count=51 genes, FDR=4.9E-20; Table S3). Genes with decreased expression after 

24 hours of rh-IL-5 stimulation were most highly functionally enriched for cell adhesion 

molecules (GO_BP, cell-cell adhesion, count=85 genes, FDR=6.4E-19; KEGG focal 

adhesion, count=45 genes, FDR=5.8E-4; Table S4), including CDH1 (E-cadherin), 

Caveolin-1 and −2 (CAV1, CAV2), epidermal growth factor receptor (EGFR), and six 

integrin subunits. Interestingly, this group also showed enrichment for immune genes 

(GO_BP, positive regulation of immune system process, count=128 genes, FDR=6.1E-3), 

including CXCL8 (IL-8), CXCL1, IL10RA, IL1RL1 (ST2), and IL6R. Downregulation of 

these functional pathways suggests that IL-5 may reduce strength of the epithelial barrier 

through weakening cell-to-cell and cell-matrix adhesions, and also reduce HBEC ability to 

enhance components of the immune response.

In conclusion, in this study, we demonstrated the presence and functionality of the IL-5 

receptor on differentiated HBEC. Considering that the concentration of IL-5 in 

bronchoalveolar lavage fluids from patients with symptomatic asthma can reach several 

hundred pg/ml(9), it is likely that IL-5 concentrations in the airways are high enough to 

affect HBEC function through the functional cognate receptor. The apical expression of the 

receptor on airway epithelial cells also suggests that it senses IL-5 secreted by luminal cells. 

These findings also suggest that the efficacy of anti-IL-5 therapeutics in asthma might 

include direct effects on airway epithelial cells to improve the integrity of the epithelial 

barrier. In addition, future studies are warranted to determine whether benralizumab, an 

antibody specific for IL-5RA that can mediate antibody-dependent cell-mediated 

cytotoxicity against leukocytes, might have similar effects on IL-5R-expressing airway 

epithelial cells in vivo.
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Abbreviations:

AEC airway epithelial cells

Ct cycle threshold

FDR false discovery rate

GUSB glucuronidase beta

HBEC human bronchial epithelial cells

CSF2RB ß-subunit of the receptor for IL-5, IL-3 and GM-CSF

IL-5 interleukin 5

IL-5RA IL-5 receptor α-subunit

rh recombinant human

RT-qPCR reverse transcription followed by quantitative polymerase chain 

reaction
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Figure 1. Human bronchial epithelial cells (HBEC) express the two subunits of the IL-5 receptor.
A and B. HBEC were either cultured undifferentiated as a monolayer (1 donor) or fully 

differentiated at an air liquid interface (ALI; 9 donors). A. IL5RA mRNA levels were 

determined by RT-qPCR, normalized to GUSB, and expressed as a fold difference compared 

to the monolayer. Dots identify fold difference for each individual culture. Mean Ct values 

are shown. B. CSF2RB mRNA levels. Analysis is identical to that for IL5RA mRNA in A. C 
and D. Differentiated HBEC in ALI cultures were treated with rh-IL-5 (10ng/mL) for 15 

minutes. Western blots were performed to visualize IL5RA (C) and CSF2RB (D) proteins. 

Eosinophils were used as a positive control. Graphs represent ratios of IL5RA (n=3) and 

CSF2RB (n=6) to β-actin normalized to untreated HBEC (T0). E. In red, protein expression 

of the IL-5 receptor α-(IL5RA, upper panel) and β- (CSF2RB, lower panel) subunits in 

bronchial tissue from one lung donor as determined by immunofluorescence. In blue, DAPI 

(nuclei) staining.
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Figure 2. IL-5 receptor expressed by HEBC is functional.
A. B. and C. Differentiated HBEC at ALI were treated with rh-IL-5 (10ng/mL) for 15 and 

60 minutes. Analyses of ERK, Akt and STAT5A phosphorylation in HBEC lysates from four 

different donors were performed by western blotting. For ERK and Akt, graphs indicate 

means ± SEM from four cultures. Data were analyzed by ANOVA followed by Holm-Sidak 

method (A) and ANOVA followed by Turkey test (B). C. Eosinophils (EOS) activated with 

rh-IL-5 were used as a positive control. D. HBEC from three different donors, were cultured 

at ALI and remained untreated (Mock) or were activated with rh-IL-5 (10ng/ml) for 24 h. 

RNA-sequencing was performed and a volcano plot demonstrating transcript levels 

increased (red) and decreased (blue) is shown.
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