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Abstract

Introduction: Club cell secretory protein-16 (CC16) is a major anti-inflammatory protein expressed in the airway;
however, the potential role of CC16 on overweight/obese asthma has not been assessed. In this study, we exam-
ined whether obesity reduces airway/circulatory CC16 levels using experimental and epidemiological studies. Then,
we explored the mediatory role of CC16 in the relationship of overweight/obesity with clinical asthma measures.

Methods: Circulating CC16 levels were assessed by ELISA in three independent human populations, including two
groups of healthy and general populations and asthma patients. The percentage of cells expressing club markers

in obese vs. non-obese mice and human airways was determined by immunohistochemistry. A causal mediation
analysis was conducted to determine whether circulatory CC16 acted as a mediator between overweight/obesity and
clinical asthma measures.

Results: BMI was significantly and monotonously associated with reduced circulating CC16 levels in all populations.
The percentage of CC16-expressing cells was reduced in the small airways of both mice and humans with obesity.
Finally, mediation analysis revealed significant contributions of circulatory CC16 in the association between BMI and
clinical asthma measures; 21.8% of its total effect in BMI's association with airway hyperresponsiveness of healthy
subjects (p=0.09), 26.4% with asthma severity (p=0.030), and 23% with the required dose of inhaled corticosteroid
(p=0.042). In logistic regression analysis, 1-SD decrease in serum CC16 levels of asthma patients was associated with
87% increased odds for high dose ICS requirement (p <0.001).

Conclusions: We demonstrate that airway/circulating CC16, which is inversely associated with BMI, may mediate
development and severity in overweight/obese asthma.

Keywords: CC16, Overweight and obesity, BMI, Asthma, Clinical asthma measures

Introduction

Epidemiologic studies have consistently demonstrated
that obesity is associated with the prevalence of asthma
[1-7], as well as poor disease control and increased
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bronchial hyper-responsiveness [12], steroid resist-
ance [13-15], and an increased prevalence of obesity-
associated inflammation and comorbidities [10, 16—18].
However, the molecular basis for the obesity—asthma
association remains unclear.

Club cell secretory protein-16 (CC16), also known as
secretoglobin 1A1 (SCGB1Al) or CCI10, is expressed
primarily in the respiratory tract and is a potent anti-
inflammatory agent that protects the airway from inflam-
mation [19]. Mice deficient in CC16 exhibit higher levels
of allergic airway inflammation [20], and the reconsti-
tution of CC16 in CC16-deficient mice can reverse this
[21]. In humans, studies have shown significant associa-
tions between decreased blood CC16 levels and asthma
outcomes, such as airway hyperresponsiveness (AHR),
nocturnal asthma, and steroid resistance [22-24]. CC16
is primarily produced in the respiratory tract and it has
been proposed to be a clinically useful serum biomarker
for the management of chronic airway diseases, such as
chronic obstructive pulmonary disease (COPD), and
asthma [22, 24, 25].

Given that CC16 is a major anti-inflammatory protein
in the airway, coupled with the relationship between
CC16 and asthma, we hypothesized that it is involved
in the pathogenesis of obese asthma. In our preliminary
data analysis, we found an inverse correlation between
BMI and serum CC16 in patients with asthma. For an
extension of the potential effects of obesity on CC16 lev-
els in populations without asthma, we also examined two
independent non-asthmatic populations to understand
the association between BMI and circulating CC16 levels.
With laboratory studies, we assessed the causal relation-
ship between obesity and reduced CC16 levels. Finally,
using mediation analysis, we examined to what extent
CC16 could be involved in the effect of BMI on asthma
severity, as well as AHR, in healthy subjects.

Materials and methods

Study populations

We examined circulatory CC16 in three independ-
ent populations as follows: (1) participants undergoing
annual health check-ups (Population 1, n=357): Japa-
nese participants at the JR Sapporo Hospital (Sapporo,
Japan) between 2009 and 2010, requested to answer
questionnaires, including the European Community Res-
piratory Health Survey (ECRHS) questionnaire [26, 27];
(2) young healthy participants (Population 2, n=137):
asymptomatic individuals with no history of wheezing,
shortness of breath, or other respiratory diseases, and
none reported any recent respiratory infections based
on written questionnaires and direct questioning (see
Additional file 1) [28]; (3) patients with asthma (Popula-
tion 3, n=206): the recruitment of patients with asthma
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has been previously described [29, 30], and the diagnosis
of severe asthma was based on the American Thoracic
Society (ATS) criteria for refractory asthma in 2000 [31],
with slight modifications [30]. This study was approved
by the ethics committees of the Research Review Board
of Hokkaido University (for Populations 2 and 3; 14-057,
15-041), Hokkaido University Hospital (009-0205, 017-
0258, 018-0091), and JR Sapporo hospital (Population 1;
2012-5, 14-057). Written informed consent was obtained
directly from all participants.

Influence of the CC16 A38G polymorphism on circulating
CC16 levels in all populations

Additional file 1: Table S1 and Figure S1 show the allele
frequency and serum/plasma CC16 levels according to
the A38G genotype. The frequency of this polymorphism
did not deviate significantly from the Hardy—Weinberg
equilibrium (p>0.05) in Populations 1, 2, and 3. In all
populations, CC16 levels differed significantly and in a
monotonic manner based on genotype. Participants with
the AA genotype had the lowest circulating CC16 lev-
els. Therefore, we included CCI6 polymorphisms in our
adjusted models.

Nonspecific airway responsiveness in young healthy
participants (Population 2)

For population 2, we performed the methacholine-
induced bronchoconstriction test. Nonspecific airway
responsiveness, as indicated by the degree of metha-
choline-induced bronchoconstriction, was determined
by continuous methacholine inhalation with simultane-
ous measurement of respiratory resistance (Astograph;
Chest, Tokyo, Japan), as described previously [23, 28].
After recording baseline respiratory resistance, beginning
with the lowest concentration, increasing doses of meth-
acholine were inhaled at 1-min intervals. The cumulative
dose values of inhaled methacholine, measured at the
inflection point at which respiratory conductance started
to decrease (Dmin), were used as an index of AHR. One
Dmin unit represented a 1-min inhalation of 1 mg/mL of
methacholine (for more details, see Additional file 1).

Lean vs. obese mice
C57BL/6] female mice were randomly divided into two

groups fed a normal or high-fat diet for 6 weeks (see
Additional file 1).

Measurement of biomarkers

Serum or plasma samples were stored at —80 °C until
assayed for CC16. Serum or plasma CC16 levels were
measured using a commercial enzyme-linked immuno-
sorbent assay (ELISA) kit (Bio Vendor Laboratory Medi-
cine, Inc., Brno, Czech Republic), as reported in previous
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studies [23]. For details of surfactant protein (SP)-A, and
SP-D measurements in mice, see Additional file 1.

Mouse and human lung tissue samples

for immunohistochemistry

Formalin-fixed cancer-free lung samples of lung cancer
cases who were never-smokers without any respiratory
diseases were immunostained for CC16, SCGB3A2, and
MUCS5AC. For more details see Additional file 1: Fig. S2
and Table S2).

Statistical analysis

To compare differences within and between groups, we
used Student’s ¢-tests, and one-way analysis of variance
for parametric continuous variables, a Mann—Whitney U
test for non-parametric continuous variables, and a chi-
square test for categorical variables. To assess the associ-
ation of BMI with circulatory CC16 cross-sectionally, we
divided BMI into three groups, and least-square means
and 95% confidence intervals (CIs) for circulatory CC16
were calculated. To calculate the trend in p-values, we
used linear contrast coefficients, as reported previously
[4, 10]. We divided budesonide equivalent dose into low
(200-400), medium (>400-800), and high (>800) dose
groups in asthma patients (population 3) according to
Global Initiative for Asthma (GINA) guideline [32] and
examined the associations between serum CC16 lev-
els and the risk of high dose of ICS requirement using
logistic regression analyses. We selected confounders in
the analysis based on available mechanistic and biologi-
cal knowledge (see Additional file 1). Statistical analyses
were performed using the statistical software package
JMP version 13 (SAS Institute Inc., Cary, NC, USA). For
all statistical analyses, p <0.05 was considered significant.

Mediation analysis

To estimate the extent to which circulatory CC16
explains the association between BMI and asthma-
related outcomes, we conducted a causal mediation
analysis, based on a counterfactual approach using the
CAUSALMED procedure and estimated the total effect
as the sum of direct and indirect effects [33, 34]. The
indirect effect referred to the effect of BMI on clinical
asthma measures through circulatory CC16 as a media-
tor. The direct effect referred to the remaining effect that
is not through the mediator. The mediation analysis was
conducted with SAS 9.4 (SAS Institute, Cary, NC).

Results

Participant characteristics

In Population 1 who had their annual health check-up
(Additional file 1: Table S3), 43.1% of participants were
females. The mean=+standard deviation (SD) age and
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BMI were 50.547.7 years and 22.743.1 kg/m?, respec-
tively. Current smokers (vs. non-current smokers) and
female (vs. male) participants had significantly lower lev-
els of serum CC16 (Additional file 1: Table S4). In Popu-
lation 2 (young healthy participants), 29.2% were female.
Only 10.2% of the participants were current smokers,
the mean+SD for age and BMI were 24.0+3.4 years
and 21.64+2.6 kg/m? respectively (Additional file 1:
Tables S5 and S6). In Population 3 (asthma patients), the
mean =+ SD for age and BMI were 59.5413.8 years and
24.9 +5.0 kg/m?, respectively (Additional file 1: Table S7).
Further, 59.7% of the participants were female and 127
(61.7%) had severe asthma. The number of patients
who were overweight/obese (BMI>25 kg/m?) was sig-
nificantly higher in patients with severe asthma than in
those with non-severe asthma (50.4% vs. 32.9%, Addi-
tional file 1: Table S8). The serum CC16 levels in patients
with asthma were significantly lower in women than in
men [geometric means (GMs), 6.3 vs. 7.7 ng/mL] and
in patients with severe asthma than in those with non-
severe asthma (GM, 6.1 vs. 8.2 ng/mL; Additional file 1:
Table S9).

BMl is inversely associated with circulating CC16 levels

in a dose-response manner

We examined the association between circulating
CC16 levels and BMI in all populations using crude and
adjusted models (Fig. 1A-C). We found a trend for a
significant decline in CC16 levels across BMI tertiles in
Populations 1 (p for the trend=0.008) and 2 (p for the
trend=0 0.039) in fully adjusted models. We found the
same results in asthma patients (p for the trend =0.009;
Fig. 1C). Finally, a combination of these three popula-
tions showed the same results (Fig. 1D) and the exclu-
sion of current smokers did not alter the results (p for the
trend < 0.001; Additional file 1: Fig. S3).

Comparison of CC16-, SCGB3A2-, and MUC5AC-expressing
cells in the small airways

Using immunohistochemistry, we observed a signifi-
cant decrease in CCl6-expressing small airway epithe-
lial cells in obese mice compared to that in control mice
(p=0.036; Fig. 2A, C). We also found that humans who
were overweight/obese had a lower number of CC16-
expressing cells compared to that in lean individuals
(p=0.042; Fig. 2B, D, Additional file 1: Table S2). Addi-
tionally, we examined the number of SCGB3A2 (another
biomarker of club cells)-expressing cells (Additional
file 1: Fig. S4) and found reduced numbers in the airways
of humans and mice with obesity compared to those in
controls without obesity. We performed periodic acid—
Schiff and MUC5AC staining in human and mouse sam-
ples; however, no significant differences were found in
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Model 1 (partially adjusted) 0.023 0.029 0.009 <0.001
Model 2 (fully adjusted) 0.008 0.039 0.009 <0.001

Fig. 1 Association of circulating CC16 levels and categorical BMI in three populations. The values are shown as the least-square means, and the
error bars depict the upper and lower 95% Cl. Figures indicate fully adjusted associations between BMI values and circulatory CC16 levels (ng/
mL). Model 1 (partially adjusted model): adjusted by age, sex, smoking status, and history of doctor-diagnosed asthma for population 1; adjusted
by sex, age, smoking status for population 2; adjusted by age, sex, smoking status, and asthma severity for population 3; for the combination of
populations 1, 2, and 3; adjusted by age, sex, and smoking status. Model 2 (fully adjusted model): adjusted for covariates in Model 1 and the CC16
A38G polymorphism (rs3741240)
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Fig. 2 Decreased number of CC16 expressing cells in small airways of obese mice and overweight/obese humans. Representative
photomicrographs of CC16 immuno-histochemical staining of obese vs. control mice (n=5 mice per group) (A) and overweight/obese vs. lean
human airways (B). Comparison of the percentage of CC16 expressing cells in the small airways of obese vs. normal control mice (n =5 mice per
group) (C). Comparison of the percentage of CC16 expressing cells in the small airways of overweight/obese vs. lean humans (n= 10 for the lean
group, and n=9 for the overweight/obese group) (D). The number of cells expressing each target protein in the small airways was manually and
randomly counted in five randomly selected fields by two blinded examiners to determine the average percentage of positive cells/sample. The
scale bars are 100 pm. split-plot method (ANOVA)
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the percentages of mucin-producing cells between sub-
jects with and without obesity (data not shown).

Obesity reduces circulatory CC16 levels but not SP-A

and SP-D levels

Serum CC16 levels were significantly lower in obese mice
than in non-obese control mice (p=0.002). However, the
serum levels of SP-A and SP-D, other products of club
cells, did not vary between obese and non-obese control
mice (Additional file 1: Fig. S5). We also found no sig-
nificant difference in scgblal gene expression (encodes
CC16 protein) in the lung of obese vs lean mice (data not
shown).

Association between BMI and airway hyperresponsiveness
mediated by CC16 among young healthy participants
(Population 2)

We found a significant inverse association of BMI with
Log Dmin between values (p=0.022), which was attenu-
ated after adjusting for CC16 levels (p=0.078; Fig. 3A).
We also found a significant positive association between
CC16 levels and log Dmin in crude and adjusted mod-
els. Of note, this association remained significant after
controlling for BMI (p =0.045; Additional file 1: Fig. S6).
Therefore, we conducted a mediation analysis to access
the potential mediatory role of CC16 in the association
between BMI and AHR and found a mediating effect
of CC16 on the BMI-AHR relationship accounting for
21.8% of the total effect, albeit non-significant (p=0.09)
(Fig. 3B).
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Association between BMI and asthma severity

or requirement dose of inhaled corticosteroid (ICS)
mediated by CC16 among patients with asthma
(Population 3)

BMI was significantly higher in patients with severe
asthma than in those with non-severe asthma in the
crude model (p=0.020) and after adjustments for sex
and age (p=0.037); however, this association was attenu-
ated after controlling for CC16 levels (p=0.103; Fig. 4A).
Of note, serum CC16 levels were significantly lower
in patients with severe asthma than in those with non-
severe asthma, even after controlling for BMI (p=0.009;
Additional file 1: Fig. S7). We, therefore, evaluated the
potential mediatory effect of CC16 on the association
between BMI and asthma severity. The results from the
mediation analysis indicated a significant effect of BMI
on asthma severity [odds ratio (OR): 1.085; 95% CI 1.009,
1.161; p=0.027], whereas the CC16 mediatory effect was
26.4% of the total effect (OR: 1.021; 95% CI 1.002, 1.040;
p=0.030). Interestingly, the direct effects (not mediated
through CC16) were not significant (OR: 1.063; 95% CI
0.998, 1.137; p=0.096; Fig. 4B).

BMI was found to be positively associated with the
required dose of ICS (p for trend=0.025); however, this
association was attenuated after adjusting for serum CC16
levels (p for trend=0.101; Fig. 5A). Moreover, the sig-
nificant association between CC16 levels and lower ICS
dose did not change after controlling for BMI (Additional
file 1: Fig. S8). We also found that CC16 mediated 23% of
the total effect of BMI on requirement dose of ICS (coef-
ficient: 7.7; 95% CI 0.21, 15.2; p=0.043; Fig. 5B). We also

95% confidence intervals (in the parentheses), and p-values
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Adjusted by circulatoryCC16 levels  -0.083 (-0.175,0.009)  0.078

Fig. 3 BMI, circulatory CC16, and airway hyperresponsiveness in young healthy participants (Population 2). A The figure indicates the unadjusted
associations between BMI and Log Dmin. B Mediation analyses were performed to estimate the direct and mediation effect of BMI on Log Dmin
(airway hyperresponsiveness; AHR) mediated by circulatory CC16 in young healthy participants. Numbers in the parentheses indicate the estimates,

Mediatory effect

-0.023(-0.050, 0.003), p = 0.090
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Fig. 4 Association among, BM|, circulatory CC16, and asthma severity in patients with asthma (Population 3). A The values are shown as the least
square means (95% confidence interval; Cl). The figure shows the fully adjusted associations between asthma severity and circulatory CC16 levels
(ng/mL; model 2). B Mediation analyses were performed to estimate the direct and mediation effect of BMI on asthma severity mediated by
circulatory CC16 in asthma patients. Numbers indicate the odds ratio, 95% Cls (in parentheses), and p-values
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Fig. 5 Association among BM|, circulatory CC16, and inhaled corticosteroid (ICS) dose in patients with asthma (Population 3). A The values are
shown as the least square means (95% confidence interval; Cl). Patients with current oral corticosteroid (OCS) use were excluded (n=45). The figure
shows the unadjusted association between BMI and ICS dose. B Mediation analyses were performed to estimate the direct and mediation effects
of circulatory CC16 levels on the association between BMI and ICS dose in patients with asthma. Numbers indicate the estimates, 95% Cls (in the
parentheses), and p-values
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Discussion
To the best of our knowledge, we have demonstrated
for the first time that obesity is inversely associ-
ated with airway and circulatory CC16 levels. CC16
was significantly and inversely associated with being

overweight/obese in asthmatic and non-asthmatic pop-
ulations, regardless of smoking status and genetic poly-
morphisms. Obesity reduced circulating CC16 levels
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but not surfactant protein SP-A and SP-D levels in the
mice in this study. Furthermore, we found fewer CC16-
expressing cells in the airways of subjects with obesity.
Whereas CC16 is expressed primarily in the respiratory
tract, the inverse association between CC16 levels and
BMI in participants without asthma suggests that high
BMI itself could influence the CC16 levels, regardless
of asthma. Based on the firm evidence regarding the
causal relationship between obesity and reduced CC16
levels mentioned previously herein, we attempted, for
the first time, to quantify the indirect effect of BMI on
asthma outcomes that might be explained by CC1é.
Our results indicated evidence of CC16 effect on the
relationship between obesity and examined asthma
outcomes including AHR, asthma severity, and require-
ment dose of ICS, comprising 21.8%, 26.4%, and 23%
of the total effect, respectively. Finally, a 1-SD decrease
in serum CC16 levels was associated with around 80%
increased risk of high ICS dose in asthma patients.

It has been shown that circulating CC16 levels are
highly influenced by age. Guerra et al. [25] reported a
U-shaped age distribution in CC16 levels among adults,
which is in line with our results in Populations 1 and 3.
In Population 2, we examined the association between
circulating CC16 levels and BMI among young healthy
participants within a narrow range of ages to minimize
the influence of age and pulmonary diseases. Regarding
smoking as another confounder [35], with a combination
of the three human populations and excluding smokers,
we showed that the association between BMI and CC16
levels is not confounded by smoking.

Notably, in Population 2, circulating CC16 levels and
BMI were significantly associated with AHR in young
healthy adults without asthma. Despite often being
accompanied by respiratory symptoms, AHR can occur
without any clinical respiratory symptoms, a condition
termed asymptomatic AHR [36]. Although the clinical
significance of asymptomatic AHR and its relationship
with asthma is not fully understood, prospective studies
have suggested that asymptomatic AHR is a risk factor
for the development of future asthma in adults [37, 38].
We found that the association between BMI and AHR
was attenuated after controlling for CC16 levels and the
estimated mediation effect explained approximately 22%
of the association between BMI and AHR. Although the
p-value did not reach the threshold of statistical signifi-
cance (p=0.090), it could be because of the modest sam-
ple size of Population 2.

Among patients with asthma, BMI was inversely asso-
ciated with serum CC16 levels, and patients with severe
asthma had lower CC16 levels than did those with mild-
to-moderate asthma. Furthermore, the significantly
higher BMI seen in severe asthma patients compared to
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that in non-severe asthma patients was attenuated after
adjusting for CC16 levels. Mediation analysis showed
a significant indirect, but not direct, effect of BMI on
asthma severity, suggesting an independent effect of
BMI on asthma severity through CC16. Furthermore, the
influence of BMI on the required dose of ICS was attenu-
ated after controlling for CC16. Although an effect of
high steroid doses on the suppression of CC16 expression
could not be ruled out in this cross-sectional analysis,
Chen et al. showed that the A allele of the CC16 A38G
genotype resulting in high CC16 levels is also associ-
ated with steroid sensitivity in children [24]. In line with
this report, our results suggest that CC16 is involved in
asthma severity, which is defined by steroid resistance
[29, 38, 39].

In addition to SCGBI1A1 (which encodes CC16),
SCGB3A2 is another member of the SCGB gene super-
family expressed in club cells that plays an anti-inflamma-
tory role in the lungs and is a marker of an early program
of club cell fate [40, 41]. In lab studies, we found that
obesity reduced the numbers of CC16- and SCGB3A2-
expressing cells in the airways. This study, therefore, pro-
vides critical new insights into the mechanism by which
obesity might affect club cell function and lineage, pos-
sibly by regulating secretory proteins in the airways.
Because of the potential effects of obesity on epithe-
lial cell differentiation, we also examined the number of
mucin-expressing cells; however, we did not find any evi-
dence supporting the role of obesity in the polarization
of epithelial cell differentiation from club cells to goblet
cells. Moreover, in contrast to that with serum CC16 lev-
els, obesity did not reduce serum SP-A and SP-D levels,
which can also be produced by type II pneumocytes, in
addition to club cells.

To further clarify the influence of obesity on CC16
gene expression, we examined the mRNA expression of
this gene in lung tissues of obese and control mice. How-
ever, we did not find a significant change in CC16 mRNA
expression levels (data not shown). Obesity may there-
fore regulate CC16 protein levels post-transcriptionally.
In addition, obesity may induce apoptosis in club cells
resulting in a reduced number of CC16 expressing cells
in the airway and a corresponding reduction in circulat-
ing CC16 levels.

Several reports have suggested that Asian popula-
tions with low levels of adiposity are more susceptible
to the risk of non-communicable diseases than West-
ern populations, including respiratory diseases [7, 42].
In a nationwide study, we examined the association
between high BMI and asthma among Japanese adult
participants aged 20 to 79 years, collecting data from a
nationwide population-based survey of asthma preva-
lence in Japan (n=22,962). The results suggested that
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Japanese people are likely to have asthma with a lesser
degree of obesity (start at BMI 23.0) than Western pop-
ulations. Further studies from Western populations are
required to replicate our data, and the results may be
more evident in such populations with a larger num-
ber of individuals with overweight and obesity. Fur-
thermore, previous reports suggested high abdominal
obesity, higher body fat percentage with lower body
weight, and a tendency for abdominal obesity in Asian
countries [43, 44], a risk factor for metabolic and res-
piratory diseases. Therefore, Asians may develop res-
piratory diseases with lower BML

The results of the current study are based on sev-
eral strengths. We used three epidemiological studies
to assess the association between BMI and CC16 levels
in a dose-response manner creating several models to
minimize potential residual confounding effects. We con-
firmed these findings from epidemiological studies with
laboratory studies demonstrating a causal relationship
between obesity and reduced CC16. However, the present
study has several limitations. First, a cross-sectional anal-
ysis, particularly one examining associations among fac-
tors, such as BMI and CC16, in epidemiological studies,
cannot determine causal relationships. Of note, we did
observe that there was a significant inverse association
between BMI and CC16 levels in three independent pop-
ulations. In addition, CC16 is known to be expressed pri-
marily in the respiratory tract, and club cells are the main
source of circulating CC16. Our observation of a negative
association between CC16 levels and BMI in participants
without asthma strongly suggests that obesity itself can
influence CC16 protein expression in the bronchioles.
We also confirmed reduced circulating CC16 levels in
obese mice, as well as fewer CC16-expressing airway epi-
thelial cells in mice and humans with obesity, compared
with those in the controls. Second, mediation analysis
does not imply causation, and the results could be influ-
enced by residual confounders. However, our results offer
insight into the significant contribution of CC16 to the
relationship between BMI and asthma-related outcomes.
The results should therefore be interpreted with caution,
and further studies are necessary to confirm the detailed
pathophysiologic role of CC16 in the effect of obesity
on asthma outcomes. Ultimately, we cannot rule out the
effect of obesity on CC16 driven by dietary intake rather
than by adipose tissue. Also, because of the lower preva-
lence of obesity in the general population and asthmatic
patients in Japan compared to Western populations, it is
worth replicating such data in western countries which
have a significantly higher prevalence of obesity.
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Conclusions

In conclusion, we demonstrated that obesity is inversely
associated with the level of a major anti-inflammatory
pneumoprotein and immune modulator, CC16, in the
airways and circulation. Being overweight/obese was
inversely associated with the level of CC16 in asthmatic
and non-asthmatic populations, and CC16 might be
an important mediator of the association between BMI
and asthma development and severity. Weight loss may
improve respiratory outcomes in asthmatic and non-
asthmatic obese populations through CC16-dependent
mechanisms.
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