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Capsule summary.

Significant deficits were found in the levels of the anti-inflammatory CC16 protein in BAL from
asthmatics. Asthma was more strongly associated with deficits in airway than circulating CC16.

The value of airway CC16 for risk stratification in asthma should be investigated.
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BAL:

bronchoalveolar lavage

CCL16: club cell secretory protein

OR:

RRR:

odds ratio

relative risk ratio
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To the Editor:

Club cell secretory protein (CC16) is a homodimeric pneumoprotein that is mainly produced by
non-ciliated bronchial epithelial cells™? and is found both in the airways and circulation. The
biological functions of CC16 have not been conclusively determined, but in vitro, ex vivo, and
animal studies indicate anti-inflammatory, immunomodulatory, and anti-toxicant properties of

this molecule in the lungs® 2.

Clinical studies have reported decreased circulating levels of CC16 in asthma®. In a population-
based study®, although serum CC16 levels were not associated with asthma per se, they
correlated positively with lung function in asthmatics suggesting that CC16 deficits may be
related to disease severity. This scenario is in line with the relation of low circulating CC16 to

prevalence and progression of chronic obstructive pulmonary disease®.

Whether deficits of circulating CC16 in patients with asthma reflect similar deficits of this protein
in the airways remains controversial because of inconsistent results from previous studies® ’.
One study reported lower CC16 levels in bronchoalveolar lavage (BAL) fluid from 24 patients
with asthma compared to 24 controls®. In contrast, another study found both patients with
difficult-to-treat (refractory) asthma and patients with mild-to-moderate asthma to have higher
CC16 in induced sputum than controls’. When BAL samples were analyzed, subjects with

refractory asthma had higher CC16 than those with mild-to-moderate asthma.

Assessing airway CC16 in asthma is important because it may provide insights into whether
CC16 deficits in serum from asthmatics can be explained by reduced airway CC16 production.
We sought to compare CC16 levels in serum and BAL from patients with refractory asthma,

non-refractory asthma, and controls.

The study population included refractory asthmatics as defined by ATS criteria®; non-refractory

asthmatics who were on low to medium dose inhaled corticosteroids (ICS) with a methacholine
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PC, < 16 mg/ml and did not meet the refractory asthma definition; and normal healthy controls
with normal lung function and a PC,, > 25 mg/ml. For statistical analyses, current ICS intake

was converted into beclomethasone dipropionate equivalent. Protocol approval was granted by
the National Jewish Health Institutional Review Board and informed consent was obtained from

study subijects.

Bronchoscopy with BAL was performed. BAL consisted of 240 ml and was analyzed for cell
count and differential as well as immunomodulating mediators including CC16. Peripheral blood

was obtained within approximately 30 minutes of BAL sampling.

CC16 levels were measured in serum and BAL using a commercially available ELISA kit
(BioVendor, Asheville, NC). As done previously’, in statistical analyses CC16 levels were
analyzed as log-transformed, standardized values to allow comparability between effects of
serum and BAL CC16. Correlations between CC16 levels in serum and BAL, ICS intake, and
BAL recovery were tested using Spearman correlation coefficients. Differences in CC16 levels
across the three groups were tested with ANOVA and multivariate multinomial logistic
regressions. Differences among participants with asthma (non-refractory and refractory asthma

combined) and controls were tested with t-test and multivariate logistic regression models.

Characteristics of participants across the three groups are shown in table E1. Participants with
refractory asthma were on average older and had lower % BAL recovery, but no significant

differences were found for sex and smoking.

We found a significant, but weak, correlation between CC16 levels in serum and BAL
(correlation coefficient: 0.22, p=0.03). When CC16 levels were compared across the three
groups, lower levels of BAL CC16 were found in participants with asthma (either refractory or
not) than controls (Figure 1). Similar, albeit not significant, trends were present for serum CC16.
Neither serum nor BAL CC16 levels differed between the groups with non-refractory and
refractory asthma. Although ICS intake was significantly higher among patients with refractory
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than non-refractory asthma, we did not observe an association between ICS intake and either
serum or BAL CC16 levels. In addition, the lack of CC16 differences between refractory and

non-refractory asthma was confirmed after adjustment for ICS intake (data not shown).

After adjustment for sex, age, and smoking, BAL CC16 levels were inversely associated with
the risk for both non-refractory and refractory asthma (Table 1a, model 2; adjusted relative risk
ratio for 1-SD increase in BAL CC16: 0.32 [p=0.02] and 0.37 [p=0.03], respectively). Similarly,
they were associated with lower odds for asthma (non-refractory and refractory asthma
combined) (Table 1b, model 2; adjusted odds ratio: 0.36 [p=0.02]). Associations with non-
refractory, refractory, and combined asthma were generally weaker and of borderline
significance for serum CC16. Consistently, in multivariate models including both serum and BAL
CC16 levels (Table 1a and 1b, models 3) only the latter were significantly and inversely
associated with asthma. These results were not explained by differences in BAL recovery
across the three groups because there was no correlation between % BAL recovery and BAL
CC16 levels, and because the association of BAL CC16 levels to asthma was confirmed after

further inclusion of % BAL recovery among covariates (data not shown).

The results of our study indicate that significant CC16 deficits are present in the airways of
patients with asthma and suggest that reduced lung CC16 expression or decreased CC16-
producing epithelial cells may be responsible. Although similar trends were found for serum
CC16, the statistical significance and magnitude of association were stronger for CC16
measured in BAL than circulation. In addition, serum and BAL CC16 correlated only weakly with
each other indicating that airway and circulating levels may differ at least partially in cellular
sources and/or may be variably influenced by different factors (bronchial epithelial permeability,

glomerular filtration rate, etc).

We did not observe differences between refractory and non-refractory asthma for either serum

or BAL CC16, despite subjects with refractory asthma having substantial deficits in their lung
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function levels, a phenotype that had been linked to low circulating CC16 in previous studies®.
This observation may be related to the sample size and possibly limited statistical power of our
study, or to an actual lack of association between CC16 and response to treatment in asthma.
Alternatively, there might have been other factors that operated as reverse confounders. For
example, intake of corticosteroids is both a major criterion for the definition of refractory asthma®
and an important up-regulating factor for CC16 production®, although we did not find significant

correlations between ICS intake and CC16 levels in our study.

Our finding of airway CC16 deficits in asthma is consistent with results reported by Van Vyve
and colleagues®, but in apparent contrast with those from a recent study that found higher CC16
in induced sputum from patients with asthma’. The reasons for these discrepancies are unclear
and may be related to differences in the clinical characteristics of participants (e.g., CC16
deficits have been shown to correlate with asthma duration®) or in the samples used to assess
airway CC16 (e.g., BAL vs sputum). Nevertheless, our finding of BAL CC16 deficits in asthma is
also in line with previous observations of reduced serum CC16 levels® and decreased

proportions of CC16-positive bronchial epithelial cells from the small airways in asthmatics™.

Further research is warranted to determine whether these deficits in airway CC16 have

predictive value on the natural history of adult asthma and/or play a direct role in its progression.
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Table 1. Univariate and multivariate associations of serum and BAL CC16 with asthma.

Table 1a includes results from multinomial logistic regression models predicting non-refractory and refractory

asthma (no asthma is the reference category).

Table 1b includes results from logistic regression models predicting asthma (non-refractory plus refractory)
versus non-asthma. RRRs and ORs refer to the effects of 1-unit change in standardized CC16 levels.

Table l1a

Serum CC16
RRR (95% CI), p

BAL CC16
RRR (95% Cl), p

MODEL 1*
Non-refractory asthma
Refractory asthma

0.57 (0.29, 1.11), 0.099
0.68 (0.36, 1.26), 0.215

0.43 (0.20, 0.91), 0.028
0.38 (0.19, 0.78), 0.008

MODEL 2**
Non-refractory asthma
Refractory asthma

0.45 (0.20, 1.01), 0.053
0.47 (0.20, 1.07), 0.073

0.32 (0.13, 0.81), 0.016
0.37 (0.15, 0.91), 0.030

MODEL 3***
Non-refractory asthma
Refractory asthma

0.51 (0.21, 1.23), 0.133
0.52 (0.21, 1.28), 0.154

0.37 (0.15, 0.96), 0.040
0.42 (0.17, 1.05), 0.065

Serum CC16 BAL CC16

Table 1b OR (95% Cl), p OR (95% CI), p
MODEL 1*

Asthma 0.64 (0.35, 1.16), 0.139 0.40 (0.20, 0.79), 0.009
MODEL 2**

Asthma 0.46 (0.21, 1.00), 0.050 0.36 (0.15, 0.84), 0.018
MODEL 3***

Asthma 0.51 (0.22, 1.20), 0.124 0.41 (0.17, 0.98), 0.044
* univariate

* %

***  single model including serum CC16, BAL CC16, sex, age, and smoking

separate models for serum and BAL CC16, adjusted for sex, age, and smoking

Ns: Non-Asthmatic Controls (19), Non-refractory Asthma (28), Refractory Asthma (52)




182  Figure Legend
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184  Figure 1. Standardized CC16 levels in serum and BAL across the three groups.
185

186 NR-Asthma: non-refractory asthma

187 R-Asthma: refractory asthma

188
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Online Supplementary Table

Table E1. Characteristics of participants across the three groups

Non-Asthmatic | Non-Refractory Refractory p-

Control Asthma Asthma value*

N=99 (N=19) (N=28) (N=52)
Mean (SD) Mean (SD) Mean (SD)
Age 33.16 (9.08) 38.61 (12.33) 52.79 (13.56) <0.0001
FEV1 % predicted 97.47 (11.91) 77.86 (17.48) 60.14 (19.56) <0.0001
(pre-bronchodilator) (N=98)
FEV1/FVC 0.80 (0.04) 0.76 (0.15) 0.66 (0.12) <0.0001
(pre-bronchodilator) (N=98)
FEV1 % predicted 102.42 (12.79) 90.25 (15.03) 69.85 (18.63) <0.0001
(post-bronchodilator) (N=94)
FEV1/FVC 0.84 (0.03) 0.83 (0.13) 0.69 (0.11) <0.0001
(post-bronchodilator) (N=94)
% BAL recovery 57% (14%) 47% (16%) 40% (17%) 0.0005
N (%) N (%) N (%)
Sex (male) 7 (36.84%) 9(32.14%) 22 (42.31%) 0.664
Smoking status 2 (10.53%) 3(10.71%) 8 (15.38%) 0.784
(former vs never smoker)
Geometric Mean | Geometric Mean | Geometric Mean

(95% ClI) (95% ClI) (95% ClI)

Serum CC16 in ng/ml 8.58 6.40 7.11 0.2519
(7.42,9.92) (5.02, 8.16) (5.95, 8.51)
BAL CC16 in ng/ml 374.5 223.8 201.9 0.0320
(300.8, 466.4) (172.2, 290.9) (150.6, 270.6)

*p-value from chi-square (categorical data) or ANOVA (continuous data)

10
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