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Abstract
Type-2 (T2) inflammation is a characteristic feature of asthma. Biological therapies 
have been developed to target T2-inflammation in asthma. IL-13 is a key component of 
T2-inflammation in asthma, driving mucus hypersecretion, IgE-induction, and smooth 
muscle contraction. Early phase clinical trials for treatments that target T2-inflammation 
require biomarkers to assess pharmacological effects. The aim of this study was to ex-
amine levels of IL-13 inducible biomarkers in the airway epithelium of patients with 
mild asthma compared to healthy controls. Ten patients with mild asthma with high 
blood eosinophil and high fractional exhaled nitric oxide (FeNO) were recruited, and six 
healthy subjects. Blood eosinophil and FeNO reproducibility was assessed prior to bron-
choscopy. Epithelial brushings were collected and assessed for IL-13 inducible gene 
expression. Blood eosinophil and FeNO levels remained consistent in both patients with 
asthma and healthy subjects. Of the 11 genes assessed, expression levels of 15LOX1, 
POSTN, CLCA1, SERPINB2, CCL26, and NOS2 were significantly higher in patients 
with asthma compared to healthy controls. These six genes, present in patients with mild 
asthma with T2 inflammation, have the potential to be used in translational early phase 
asthma clinical trials of novel therapies as bronchial epithelial biomarkers.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Type 2 (T2) inflammation is found in many patients with asthma and is not always 
controlled by inhaled corticosteroids. T2-specific biomarkers may be useful for meas-
uring the pharmacological effects of novel anti-T2 treatments.
WHAT QUESTION DID THIS STUDY ADDRESS?
We sought to identify IL-13 associated biomarkers in the airways of patients with 
asthma with T2 inflammatory phenotype.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Six genes were identified in airway epithelium whose expressions were elevated in 
patients with T2-high asthma compared to healthy subjects.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
The six genes identified have the potential to be used as target engagement biomarkers in 
early phase clinical development for novel asthma treatments targeting T2-inflammation.
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INTRODUCTION

Asthma is a heterogeneous disease associated with in-
creased Type 2 (T2) inflammation, which is characterized 
by eosinophilic infiltration and/or increased levels of the 
cytokines interleukin (IL)-4, IL-5, and IL-13.1 Whereas T2-
inflammation is a prominent feature in many patients with 
asthma, there are also patients who do not express T2 fea-
tures.2 T2-inflammation can be suppressed by the use of 
inhaled corticosteroids (ICS), but T2-inflammation may re-
main persistently elevated in some patients despite the use 
of high-dose ICS.3 Biological therapies targeting T2 inflam-
mation are currently used in the treatment of severe asthma, 
and novel anti-T2 biologics are in clinical development (re-
viewed in ref. 4).

The early phase clinical development of novel asthma 
treatments targeting T2-inflammation requires biomarkers to 
measure pharmacological effects.5–8 These biomarkers can 
help with dose selection decisions and provide information 
regarding mechanism of action. These early phase studies 
often involve patients with mild asthma in order to provide 
initial safety assessment before proceeding to larger studies 
in patients with more severe asthma.

IL-13 levels are increased in sputum and mucosal tissue 
from patients with mild, moderate, and severe asthma.9 IL-
13 has different roles in asthma pathophysiology, causing 
small airway remodeling by increasing extracellular matrix 
formation and myofibroblast differentiation, inducing epi-
thelial mucus hypersecretion and B-cell derived IgE, and 
enhancing airway smooth muscle contraction (reviewed in 
ref. 10). Woodruff identified three IL-13-induced genes 
expressed in bronchial epithelial cells, including POSTN, 
SERPINB2, and CLCA1, which are elevated in asthma and 
downregulated by corticosteroid treatment.11,12 Bhakta 
et al. (2013) showed that an average of POSTN, SERPINB2, 
and CLCA1 expression correlated well with blood eosin-
ophil numbers and forced exhaled nitric oxide (FeNO) 
levels in patients with mild to moderate asthma. POSTN, 
SERPINB2, and CLCA1 are therefore IL-13 pathway bio-
markers expressed in the bronchial epithelium that may be 
useful for measuring the effects of anti-T2 biologics in early 
phase asthma studies.

This paper reports a further investigation of bronchial 
epithelial T2 biomarkers in asthma, focusing on a sub-
group with high FeNO levels and blood eosinophil counts 
in order to enrich the population for individuals with 
“T2-high” asthma. The main aim was to investigate the 
gene expression of IL-13 pathway biomarkers (11 genes, 
including POSTN, CLCA1, and SERPINB2) in bronchial 
epithelial samples from patients with T2 high mild asthma 
compared to healthy controls. Patients with mild asthma 
were studied because this subgroup is often enrolled in 
early phase asthma studies for reasons of safety.6,8 The 

validation of POSTN, CLCA1, and SERPINB2 and the 
identification of other T2 bronchial epithelial biomarkers 
in this asthma subgroup would enable future early asthma 
clinical trials to use these biomarkers to evaluate novel an-
ti-T2 treatments.

METHODS

Subject recruitment and sample collection

Ten steroid naive patients with mild asthma using short 
acting beta agonists only, with blood eosinophil counts 
(>0.3 × 109/L) and high FeNO levels (>50 ppb), were re-
cruited for bronchoscopy at the Medicines Evaluation Unit, 
Manchester, UK, along with six healthy subjects. All sub-
jects were never smokers. Subjects with any other lung 
disease, inflammatory disorders, or an acute respiratory ill-
ness within 4  weeks of recruitment were excluded. At the 
initial visit, subjects answered the asthma control question-
naire and underwent spirometry, skin prick test, FeNO as-
sessment (Aerocrine, Solna, Sweden), and full blood count 
(Manchester University NHS Foundation Trust, Manchester, 
UK). Two repeat full blood counts and FeNO measurements 
were taken 1–2  weeks apart, prior to bronchoscopy, to as-
sess variability. The study was approved by the local research 
ethics committee (NRES Committee North West – Greater 
Manchester South; REC Ref: 06/Q1403/156) and all subjects 
provided written informed consent.

Gene expression analysis

Bronchial brush samples were collected from the lower 
lobes, stored in RNA-Later (Invitrogen, Paisley, UK) and 
analyzed by Almac, Craigavon, UK. RNA was isolated 
using RNASTAT60 (Amsbio, Abingdon, UK). Following 
DNase-1 treatments and purification, concentration and pu-
rity was evaluated using spectrophotometry, and integrity 
by an Agilent Bioanalyzer 2100. Reverse transcription was 
performed using the ABI High capacity kit and quantitative 
polymerase chain reaction (qPCR) performed using a Roche 
Lightcycler 480 system using ABI Taqman Universal 
Mastermix for the following genes: DPP4, MUC5AC, 
15LOX1, POSTN, CLCA1, SERPINB2, TARC, MUC5B, 
CCL11, CCL26, and NOS2 were analyzed by qPCR; these 
epithelial genes are all induced by IL-13.11,13–15 Gene ex-
pression levels were quantified using the 2−Δct method and 
normalized to the mean expression of the following house-
keeping genes: GAPDH1, TOP1, PPIA, CYC1, HMBS, 
SDHA, GUSB, HPRT1, ACTB, and TUBB2A. The three-
gene-mean for POSTN, CLCA1, and SERPINB2 was calcu-
lated as per Bhakta et al. (2013).
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Statistical analysis

All results were assessed using Graphpad Prism ver-
sion 8.4.3 (San Diego, CA, USA). Comparisons be-
tween patients with asthma and healthy subjects were 
Mann-Whitney test, with distribution of data assessed 
by D'Agostino and Pearson normality test. Correction 
for multiple testing, using methods such as Bonferoni or 
Šidák, are more appropriate for independent variables.16 
The genes investigated are all IL-13 inducible; corrections 
for multiple testing were not applied due to the depend-
ency of the genes, which was assessed by Spearman’s rank 
analysis. Any p values less than 0.05 was taken as statisti-
cally significant.

RESULTS

Patients with asthma had lower lung function compared 
to the healthy subjects (FEV1% predicted 77.2  ±  11.3 vs. 
106 ± 12.8; p < 0.001); both groups had a similar age (mean 
(range) age: asthma 36 (21–55) years; healthy 42 (32–46) 
years, and were predominantly men (asthma: 10 men, 0 
women; healthy 5 men, 1 woman). All patients with asthma 
were atopic, assessed by the skin prick test to house dust 
mites, cat hair, and grass pollen; all healthy subjects were 
non-atopic. Blood neutrophil and basophil levels were signif-
icantly higher in the patients with asthma. The patients with 
asthma had partly controlled (Asthma Control Questionnaire 
[ACQ] score 0.75–1.4917) or uncontrolled asthma (ACQ 
score >1.5); mean ACQ score of 1.3 (range: 0.7–2.0). All 
subjects were White.

Healthy subjects had lower blood eosinophil counts and 
FeNO levels than the patients with asthma (mean eosin-
ophils: 0.13 vs. 0.46  ×  109/L, respectively; mean FeNO: 
13.1 vs. 78.7 ppb, respectively; both p < 0.0001). Three re-
peat measurements of blood eosinophils and FeNO, over a 
2–4-week period, showed that levels remain relatively stable 
(Figure 1); in healthy subjects, levels were consistently below 
the cutoffs of 0.3 × 106 eosinophils/ml and 50 ppb FeNO, 
whereas 93% of measurements in the patients with asthma 
were above these two cutoffs.

Bronchial epithelial gene expression results from three of 
the 10 patients with asthma were excluded from the analysis 
due to insufficient RNA quantity or integrity. Of the 11 genes 
assessed, expression levels of 15LOX1, POSTN, CLCA1, 
SERPINB2, CCL26, and NOS2 were significantly higher in 
the patients with asthma compared to the healthy controls 
(Figure  2a). Analyzing the data using the three-gene-mean 
method for POSTN, CLCA1, and SERPINB2 showed signifi-
cantly higher expression levels in the patients with asthma 
versus controls, with results for all patients with asthma 
being above the 99% confidence interval for healthy subjects 

(Figure  2b). A potential three-gene mean cutoff value of 
0.0037 was calculated to identify T2-high patients, based 
on the mean healthy score plus three SDs; all asthma scores 
were above this cutoff.

To evaluate the interdependency of the genes, associa-
tions with POSTN levels were assessed; there were strong 
positive correlations with 15LOX1 (rho = 0.790, p = 0.002), 
CLCA1 (rho = 0.853, p = 0.0004), SERPINB2 (rho = 0.937, 
p < 0.0001), CCL26 (rho = 0.944, p < 0.0001), and NOS2 
(rho = 0.825, p = 0.001).

DISCUSSION

These results demonstrate that, in patients with mild asthma 
with clinical evidence of T2 inflammation (blood eosinophil 
counts and FeNO), the gene expression levels of POSTN, 
CLCA1, and SERPINB2 are increased in the bronchial epithe-
lium compared to healthy subjects, confirming the findings of 
Bhakta et al. We now show that levels of 15LOX1, CCL26, 

F I G U R E  1   Blood eosinophil and FeNO reproducibility in 
patients with asthma (n = 10) and healthy subjects (n = 6). Three 
repeat blood eosinophil (a) and FeNO (b) measurements were taken 
1–2 weeks apart. Asthma visit 1 inclusion cutoffs for blood eosinophils 
(>0.3 × 109/L) and FeNO (>50 ppb) are illustrated by dotted lines. 
Comparisons between asthma and healthy levels were by Mann-
Whitney test. FeNO, fractional exhaled nitric oxide
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and NOS2 are also elevated. The 11 genes measured in this 
study are all induced by IL-1311,13–15; we demonstrate that six 
of these can serve as epithelial biomarkers of T2 inflammation, 
with potential to be used in early phase clinical trials to measure 
the effects of drugs targeting T2 inflammation, and in particu-
lar IL-13 signaling. CLCA1 and SERPINB2 have recently been 
used as biomarkers to demonstrate the effects of the anti-IL13 
monoclonal antibody lebrikizumab in uncontrolled asthma.5

The six genes upregulated in patients with T2 high mild 
asthma are associated with asthma severity, increased cor-
ticosteroid response, or other T2 biomarkers. The 15LOX1 
plays a key regulatory role in the production of lipid medi-
ators that regulate inflammation in asthma and is associated 
with asthma severity.18 CCL26 induces eosinophil migra-
tion,19 and CCL26 epithelial expression is associated with 
sputum eosinophilia and asthma severity.20 In vitro induction 
of CCL26 by IL-13 in airway epithelial cells has been shown 
to be corticosteroid sensitive.21 Bronchial gene expression of 
NOS2 is elevated in patients with atopic mild asthma com-
pared to controls and is further increased following allergen 
challenge with levels correlating with FeNO.22 Inhaled cor-
ticosteroid treatment reduces FeNO levels, and budesonide 
treatment reduces iNOS expression in the airways of pa-
tients with asthma.23 Higher epithelial expression of CLCA1, 
POSTN, and SERPINB2 are associated with increased cor-
ticosteroid sensitivity.11 Bhakta et al. (2013) developed a 
composite score for CLCA1, POSTN, and SERPINB2 gene 
expression to compensate for variability in expression; lev-
els of this three-gene-mean correlated with FeNO and blood 
eosinophil levels.12 Our analysis of CLCA1, POSTN, and 
SERPINB2 gene expression provides further evidence of an 

association of this three-gene panel with FeNO and blood 
eosinophils.

Our results showing that POSTN, SERPINB2, CLCA1 
have higher expression in the airways of patients with asthma 
compared to healthy subjects agree with previous studies. 
However, these earlier studies showed considerable overlap 
in expression levels between patients with asthma and con-
trols.12,24 This heterogeneity in previous studies could be at-
tributed to the inclusion of patients with asthma with low or 
absent T2 inflammation. Here, we studied a homogeneous 
asthma population who were not using inhaled corticoste-
roids and who all had evidence of T2-high asthma based on 
FeNO levels and blood eosinophil counts. It is striking from 
our results that expression of POSTN, SERPINB2, CLCA1, 
and NOS2, as well as the three-gene mean, all showed perfect 
separation in expression levels between healthy subjects and 
patients with T2-high mild asthma. Ideally, validation in a 
larger population would be valuable. Nevertheless, these re-
sults indicate that the FeNO (>50 ppb) and blood eosinophil 
(>0.3 × 109/L) cutoffs can identify patients with mild asthma 
with high levels of T2 bronchial epithelial biomarkers. This 
high bronchial epithelial T2 signal enhances the opportunity 
to observe biological effects of pharmacological interven-
tions directed against T2 inflammation.

The three-gene mean has been used in different studies to 
assess T2 inflammation.24 The method used to calculate the 
three-gene mean using a cohort-specific average and differ-
ences in PCR methodology means that direct comparisons 
of three-gene mean scores between studies is not possible. 
The accuracy of cutoff values generated is also limited by the 
small number of subjects involved in many studies.

F I G U R E  2   Bronchial epithelial expression of IL-13 inducible genes in patients with asthma (n = 7) and healthy subjects (n = 6). (a) Epithelial 
brushings were collected during bronchoscopy and gene expression assessed by qPCR. Expression was quantified using the 2−Δct method, with 
results normalized to housekeeping gene expression. (b) The three-gene-mean composite score for CLCA1, POSTN, and SERPINB2 epithelial gene 
expression to compensate for variability in expression. Bars illustrate median expression levels. Comparisons between patients with asthma and 
healthy were by Mann-Whitney test: **p < 0.01. qPCR, quantitative polymerase chain reaction
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Recent changes to GINA now recognize that initial asthma 
treatment may be better treated with intermittent ICS use by 
combining ICS with formoterol as a reliever treatment.25 Our 
results, in patients who were being treated with short acting 
beta agonist treatment only, show excessive T2 inflamma-
tion (based on blood eosinophils and FeNO), which was as-
sociated with airflow obstruction (FEV1  =  77% predicted) 
and suboptimal asthma control (ACQ = 1.3). These patients 
would likely benefit from ICS treatment targeted at the T2 
inflammation present.

Although numerically clear and statistically significant 
differences for epithelial gene expression between groups 
was observed, this study was limited by small sample size. 
The usefulness of using airway gene expression to measure 
T2 inflammation in a clinical setting is limited by the need 
to perform bronchoscopy. However, early phase clinical tri-
als regularly involve bronchoscopies and such biomarkers are 
highly applicable. Our study is potentially limited by recruit-
ment of a predominantly male, White population; any fol-
low-up study should study a wider population.

In conclusion, we have demonstrated a group of bronchial 
epithelial biomarkers present in patients with mild asthma with 
T2 inflammation, identified clinically by high blood eosino-
phil counts and FeNO levels. Expression of these genes may 
be useful for translational early phase asthma clinical trials.
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