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Abstract
Background—Club (formerly Clara) cell secretory protein (CC16) is produced mainly by
bronchiolar club cells and has been shown to have protective effects against airway inflammation
and oxidative stress from cigarette smoking and related carcinogens. The goal of this study was to
determine whether serum CC16 levels predict all-cause and cancer-specific mortality in adults.

Methods—We used data from the population-based TESAOD study, a prospective cohort study
of respiratory health initiated in Tucson, AZ in 1972. At baseline, participants completed
standardized respiratory questionnaires and lung function tests. Serum CC16 was measured in
cryopreserved serum samples. A review of vital status of participants as of January 1st, 2011 was
completed through contact with next of kin, collection of death certificates, and linkage with the
National Death Index.

Findings—A total of 1086 participants who were 21 to 70 years old at enrollment were included.
Of these, 653 (60%) died by 2011 and cause of death was ascertained for 649 (99%). In Cox
proportional hazards models adjusted for sex, age, education, body mass index categories,
smoking and pack-years, and baseline levels of lung function, serum CC16 levels at the baseline
survey were inversely associated with mortality risk over the study follow-up. Mortality risk
increased by 16% for each standard deviation (SD) decrease in CC16 (Hazard Ratio (HR), 95%
CI: 1.16, 1.06 – 1.26; p = 0.0007). When data on cause-specific mortality were analyzed, each SD
decrease in serum CC16 was associated with >40% increased risk of dying of cancer (adjusted
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HR=1.41, 1.19 – 1.67; p < 0.0001). Among smokers, the corresponding adjusted HRs for mortality
by lung cancer were 1.52 (1.14 – 2.03; p = 0.004).

Interpretation—Serum CC16 levels predict mortality risk in the general adult population. The
excess risk associated with lower CC16 is largely explained by cancer, particularly lung cancer.

Introduction
Club (formerly Clara) cell secretory protein (CC16, also called CC10 or CCSP) is a 16kDa
protein that belongs to the Secretoglobin superfamily and, although it can be also found in
the urogenital tract, is mainly produced by bronchiolar club cells, which account for the
majority of its levels in blood1–3. The biological functions of CC16 are not completely
understood, but growing evidence indicates that this molecule has anti-inflammatory, anti-
toxicant, and anti-tumoral properties1–3.

CC16 levels are substantially reduced in serum and bronchoalveolar lavage of smokers4, 5,
possibly because of direct toxicity of cigarette smoking on club cells in the airways. In
adults, serum CC16 levels are inversely correlated with lung function deficits5 and the
presence of chronic obstructive pulmonary disease (COPD)6, suggesting that this molecule
may be involved in protection from the pro-inflammatory effects and oxidative stress of
cigarette smoking and other noxious exposures.

In line with these observations, expression of CC16 by bronchial epithelial cells has been
shown to have strong protective effects against lung carcinogenesis7. CC16 levels in
bronchoalveolar lavage were associated with regression of bronchial dysplasia in smokers at
high risk for lung cancer8 and non-small cell lung cancer A549 cells transfected with CC16
showed reduced invasiveness and adhesiveness to fibronectin9. These results are in line with
animal studies showing that CC16-knock-out mice are susceptible to airway epithelial
hyperplasia and adenomas after exposure to 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone10, a smoking-related carcinogen, and that lung CC16 expression is inversely
related to tumor development and progression11. Interestingly, the anti-tumoral effects of
CC16 have been proposed to extend also to cancers originated from other organs either
through direct effects on tumorigenesis or by reducing chronic inflammation and/or
metastatic migration and invasion2, 12, 13.

The above in vivo and in vitro evidence implicates CC16 as a potential biomarker of cancer
risk, particularly in smokers. To test this hypothesis, we used the long-term, population-
based cohort of the Tucson Epidemiological Study of Airway Obstructive Disease
(TESAOD) to determine whether baseline serum CC16 levels predicted all-cause and
cancer-specific mortality of participants during the study follow-up.

Methods
TESAOD is a population-based, prospective cohort study of respiratory health initiated in
Tucson, Arizona in 1972. Details of the enrollment process have been previously reported14.
Participants completed a baseline and up to 12 follow-up surveys over 24 years. At baseline,
they completed a standardized respiratory questionnaire that included specific questions on
smoking habits, number of cigarettes smoked per day, and age at which they started and quit
smoking. Lung function tests were also completed according to methods previously
described15 and percent predicted values for lung function indices, including forced
expiratory volume in one second (FEV1), were computed using reference equations
generated by Knudson and colleagues16. Weight and height were measured by study nurses
at the time of lung function tests and body mass index (BMI) computed and categorized into
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underweight (BMI<18.5 Kg/m2), normal weight (18.5≤BMI<25), overweight (25≤BMI<30),
and obese (BMI≥30) according to the World Health Organization recommendations.

Serum CC16 was measured in cryopreserved serum samples from the baseline survey using
a commercially available enzyme-linked immunosorbent assay kit (BioVendor, Asheville,
NC). In addition, we measured CC16 in serum samples from follow-up surveys in the subset
of participants for whom they were available. Results of these secondary prospective
analyses are presented in the online repository.

Because the distribution of CC16 values was skewed to the right, values were log-
transformed before statistical analyses. Log-transformed CC16 values were analyzed as
inverse standardized levels and as inverse tertiles to determine the effects of one SD or one
tertile decrease, respectively, on mortality risk. Inverse standardized levels were calculated
by subtracting the study population mean from raw log-transformed values and then
dividing them by the study population standard deviation (SD). The resulting variable with
mean 0 and SD 1 was then multiplied by −1.

A complete review of vital status of all TESAOD participants as of January 1st, 2011 was
completed through direct contact with the family or designated next of kin of the participant
and linkage with the National Death Index (NDI)17. Underlying causes of death were
obtained directly from death certificates for events that occurred up to 1978 and from NDI
records for events that occurred after 1978. The main cause of death was designed as 1)
heart disease for records with underlying cause of death coded as ICD-9 390–398, 402, 404,
or 410–429, or as ICD-10 I00–I09, I11, I13, or I20–I51; 2) cancer for records coded as
ICD-9 140–208, or 238.6, or as ICD-10 C00–C97; 3) lung cancer for records coded as
ICD-9 162 or ICD-10 C34. Cancer events were also classified as “tobacco-related” cancers
based on review of existing evidence by the International Agency for Research on Cancer18.
All cancers whose primary site was not on the list of tobacco-related cancers were classified
as other types of cancer. A list of tobacco-related and other types of cancer from our study is
provided in Table E1 in the online repository.

The relation of baseline serum CC16 to all-cause mortality risk was investigated in adjusted
Cox proportional hazards models. Main analyses on cause-specific mortality were
completed using Cox models with death events due to causes other than the specific cause of
interest treated as censored observations and results were also confirmed using competing-
risks survival regressions. In Cox models, proportional hazard assumptions were evaluated
by both graphical and hypothesis testing approaches. Inverse standardized levels and tertiles
of baseline CC16 were tested in separate Cox models and estimates of Hazard Ratios (HR)
associated with medium or low CC16 as compared with high CC16 were obtained from
linear trends across tertiles. Analyses on cause-specific mortality were powered only for the
two most frequent causes of death: heart disease and cancer. Time to event was defined as
the time from enrollment to the date of death for deceased participants and to January 1st,
2011 for subjects who were still alive as of that date.

The statistical packages IBM SPSS Statistics version 20 and Stata version 12 were used for
all analyses.

Role of the funding source
The study sponsors had no role in study design, in the collection, analysis, and interpretation
of data, in the writing of the report, and in the decision to submit the paper for publication.
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Results
Overall 2120 non-Hispanic whites between the ages of 21 and 70 years were enrolled at the
baseline survey 1 in TESAOD. Of them, 1086 (51%) completed lung function tests at
baseline and in at least one follow-up survey and had available serum samples of sufficient
volume from survey 1 for CC16 measurements. Compared with the 1034 participants not
included, the 1086 TESAOD subjects included in the present study were slightly older (44.8
vs 46.4, respectively; p = 0.02) and more likely to be females (53% vs 59%, p = 0.008).
However, the two groups did not differ in terms of years of formal education, smoking
status, and baseline lung function levels, and after taking into account the sex and age
differences they had very comparable mortality risk (adjusted Hazard Ratio [HR] comparing
included versus excluded participants: 1.00, p = 0.94).

Baseline serum CC16 levels had a geometric mean of 7.6 ng/ml and an inter-quartile range
of 5.5–10.8 ng/ml. The baseline characteristics of participants and their association with
serum CC16 levels are shown in Table I. Serum CC16 levels varied significantly with age,
decreased with lower education, current smoking, and increasing pack-years, and correlated
directly with levels of FEV1 % predicted (Spearman correlation coefficient: 0.135, p <
0.0001). The association of serum CC16 with sex and BMI categories was of borderline
significance.

Of the 1086 participants, 653 (60%) died by January 1, 2011, and cause of death was
ascertained for 649 (99%) of them. The two main underlying causes of death were heart
disease and cancer, with 220 and 141 death events, respectively. In the total population,
baseline serum CC16 levels were inversely associated with mortality risk over the study
follow-up, with mortality risk increasing by 13% for each standard deviation (SD) decrease
in CC16 (HR, 95% CI: 1.13, 1.05 – 1.21; p = 0.002) and by 19% for each lower CC16 tertile
(1.19, 1.09 – 1.31; p = 0.0003). After adjusting for sex, age, education, BMI categories,
smoking and pack-years, and baseline levels of FEV1 % predicted, lower serum CC16 levels
at baseline were still significantly associated with all-cause mortality, both when used on a
continuous scale and as tertiles (Table II).

When cause-specific mortality was analyzed, baseline CC16 was not associated significantly
with heart disease but the association with cancer was highly significant (Table II). After full
adjustment, each SD decrease in serum CC16 was associated with >40% increased risk of
dying of cancer (1.41, 1.19 – 1.67; p < 0.0001) and subjects in the lowest CC16 tertile were
more than twice as likely to die of cancer as were subjects in the highest tertile (p = 0.0007).
The corresponding adjusted HRs tended to be stronger for the 88 mortality events by
tobacco-related cancers (as shown in Table II) than for mortality by other types of cancer
(HR for each SD decrease in CC16: 1.31, 0.96 – 1.80, p = 0.09). In the subset of 555
participants with available serum samples from the follow-up, further inclusion of slopes of
CC16 change over the follow-up in the Cox models did not change the estimates of the
effects of baseline CC16 on either all-cause or cancer-specific mortality risk (Tables E2 and
E3). In these models, evidence for a U-shaped association with CC16 slope was found both
for all-cause and cancer-specific mortality, although results from these secondary analyses
should be interpreted with caution (see online repository for a full discussion).

When analyses on baseline CC16 were stratified by smoking, the above associations of
CC16 with all-cause and cancer-specific mortality were confirmed in ever smokers, while
they were weaker and non significant among never smokers. However, only the effects of
the lowest CC16 tertile on all-cause mortality were significantly different between never and
ever smokers (p for interaction between low CC16 tertile and smoking = 0.026). Among
smokers, associations with serum CC16 were particularly strong for mortality by lung
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cancer (Figure 1), with the lowest CC16 tertile being associated with a nearly 170%
increased risk of dying of lung cancer as compared with the highest tertile (Table II).

The above significant associations were confirmed after additional adjustment for number of
cigarettes smoked per day and when pack-years were modeled on a continuous scale. The
effects of CC16 on mortality risk were also confirmed after restricting analyses to the 388
subjects who were current smokers at baseline (HRs associated with 1-SD decrease in
CC16: 1.15, 1.02 – 1.30, p = 0.03 for all-cause mortality; 1.34, 1.07 – 1.67, p = 0.01 for
cancer mortality; 1.51, 1.11 – 2.05, p = 0.009 for lung cancer mortality, respectively).
Among the 381 participants who were current smokers at baseline and had follow-up
information on smoking habits, no differences in baseline serum CC16 levels were found
between subjects who consistently reported current smoking at all completed follow-up
surveys (N=182) and those who did not (N=199), suggesting that the relation of CC16 at
baseline to subsequent mortality was not due to differential persistence of cigarette smoking
during the study follow-up.

Discussion
Using the long-term TESAOD cohort, to our knowledge we report here for the first time that
serum levels of CC16 predict all-cause and cancer-specific mortality risk in the general
population. These relations were confirmed after full adjustment for covariates and were
particularly strong among smokers and for mortality by tobacco-related cancers including
lung cancer, which has now become the fifth leading cause of death worldwide19. In
contrast, the association of baseline serum CC16 was not significant for mortality by heart
disease, although the HRs for this cause-specific outcome were comparable to those for all-
cause mortality and therefore the lack of statistical significance may be related to the smaller
number of death events and, in turn, statistical power.

Serum CC16 is a lung-specific biomarker whose levels increase in response to acute
exposure to irritants and augmented bronchial epithelial permeability. However, chronic
exposure to noxious inhalants, including cigarette smoking, is associated with a decrease in
serum levels, possibly in response to airway damage of club cells. Consistent with this
scenario, both CC16 levels in serum and broncho-alveolar lavage (BAL) and the percentage
of CC16-positive bronchiolar epithelial cells were found to be lower in smokers than non-
smokers, even in the presence of conserved lung function levels4. The positive correlation
between circulating and BAL levels of CC164, 20 also indicates that deficits in serum CC16
are likely to reflect similar CC16 deficits in the airways. In this framework, decreased serum
CC16 has been proposed as a potential systemic biomarker of obstructive lung disease and
found to be related to coexisting lung function impairment in the general population5 and
accelerated decline of lung function among smokers with COPD21. In line with these
observations, we found that subjects who smoked and those with lung function deficits had
lower levels of serum CC16 at baseline in TESAOD. Of note, full adjustment for smoking
status at baseline, pack-years, number of cigarettes smoked per day, and persistence of
smoking during follow-up did not reduce the relation of low CC16 to increased mortality
risk, implicating CC16 not only as a biomarker for exposure but also for susceptibility to
increased mortality from cigarette smoking. The above associations held true also after
adjustment for lung function deficits, which have been shown to be an additional
independent risk factor for lung cancer22.

Our results are in apparent contradiction with those from the ECLIPSE study in which
baseline serum CC16 among 1843 COPD patients was not related with risk of all-cause
mortality for the 168 patients who died over the 3-year study follow-up23. The different
findings in ECLIPSE may be related to insufficient cancer mortality over the 3-year follow-
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up because all participants were required not to have had any cancer in the five years prior to
recruitment to be eligible for the study. In addition, at the beginning of the study patients
had moderate to severe COPD and therefore they may have had already substantial deficits
in serum CC16 levels, which could bias the results towards the null for mortality risk.

Our data are in line with experimental evidence that supports a protective role of CC16
against oxidative stress and chronic inflammation in the lungs and, in turn, against
carcinogenesis1–3, 7–13. We found serum CC16 to be also associated with protection against
other cancers whose primary site was not in the lung. These CC16 associations may be
mediated by effects in the airways that result in reduced absorption of tobacco carcinogens
in circulation, by a reduction in systemic inflammation, or by inhibition of neoplastic cell
metastatic migration and invasion2, 12, 13. However, prediction of risk does not imply
causality, and whether CC16 is etiologically involved in resistance to cancer or only a
marker of that resistance remains to be determined. Also, we cannot completely rule out that
residual confounding (e.g., by under-reported and unmeasured smoking behavior or
occupational exposures) may at least partially explain the effects of CC16 on mortality risk.
However, reports from nationally representative samples of the adult population indicate a
lower than 1% expected under-report of smoking status in face-to-face interviews in the
US24, 25 and the fact that we observed similar trends in non-smokers (albeit not significant)
as in smokers (Table II) argues against the possibility that our findings can be completely
explained by confounding by smoking. In addition, in our study CC16 associations with
mortality by all causes, cancer, and lung cancer did not change after adjustment for
education, which is known to be at least partly related to occupational exposures associated
with lung cancer risk26. In any case, our results support serum CC16 as an informative
biomarker that may improve risk prediction over traditional demographic and behavioral
risk factors.

Information on vital status was obtained from several sources and cause of death was
assigned based on direct review of death certificates for events that occurred up to 1978 and
based on NDI reports for events that occurred after 1978. Although this has been shown to
be a reliable and sensitive method to assess mortality17, 27, some level of misclassification
(alive subjects classified as deceased and vice versa) is likely to occur. However, this could
have biased our results towards spurious associations only if a significant proportion of
misclassification was differential (i.e., if the likelihood of participants to have their vital
status misclassified was dependent on their baseline CC16 levels). We consider this scenario
unlikely. Based on available data, we cannot determine whether the association of low CC16
with cause-specific mortality risk is related to increased disease incidence or decreased
survival once the disease has occurred. In this context, the substantial improvements that
have occurred in cancer treatment over the 40 years of follow-up of the TESAOD study
need to be taken into account as they may have differential effects on the CC16 associations
with cancer mortality over time. However, it is noteworthy that the risk for cancer mortality
associated with low CC16 did not change relevantly over the follow-up and that the
strongest CC16 effects were seen with lung cancer, whose 5-year relative survival rate in the
US white population was lower than 13% in the 1970s and about 17% by 200828. These
observations suggest that at least part of the CC16 effects were related to protection against
incidence. Finally, no information was available on renal function in our study and we could
not adjust serum CC16 for this known determinant of its serum levels29. The increase of
serum CC16 with age that was found in our study is consistent with previous reports5, 30 and
may indeed reflect the reduction of glomerular filtration rate associated with aging29.
However, these age effects are very unlikely to explain our results because both serum CC16
and mortality risk increase with aging, whereas in this study we found an inverse association
between CC16 and mortality.
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In conclusion, serum CC16 levels predict mortality risk in the general adult population and
the excess mortality risk associated with low CC16 is largely explained by cancer,
particularly tobacco-related and lung cancer in smokers. Studies are warranted to establish
the potential use of this biomarker in risk prediction and targeted prevention.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Systematic review

Serum levels of CC16 have been long known to be reduced in smokers and patients with
chronic lung disease. In addition, growing experimental evidence supports possible
protective effects of this molecule in the lungs against airway inflammation, oxidative
stress, and smoking-related carcinogens. However, whether serum CC16 predicts all-
cause and cancer-specific mortality remains unknown. While a PubMed search returned
multiple experimental and cross-sectional studies linking this molecule to smoking, lung
function deficits, and cancer and prospective studies addressing this molecule for
mortality risk in clinical cohorts, no previous prospective study has evaluated serum
CC16 in relation to cancer mortality in the general population.
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Interpretation

By showing that serum CC16 levels predict mortality risk by all causes and by cancer in
the general adult population, our study supports the potential value of this molecule in
risk prediction and targeted prevention. The most valuable and novel component of our
results refers to their longitudinal cohort-based nature because cross-sectional case-
control studies cannot fully resolve the temporal sequence between reduced CC16 and
cancer onset and may be affected by changes in biological and behavioral factors
(including smoking habits) that are likely to occur once a cancer diagnosis is established.
The potential clinical implications of CC16 in cancer and lung disease prevention should
be exploited in future research.
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Figure 1.
Kaplan-Meier survival curve for death by lung cancer among TESAOD smokers.
P value for trend across tertiles
Number of participants at risk at each 5-year time point during follow-up

enrollment 5 yrs follow-up 10 yrs follow-up 15 yrs follow-up 20 yrs follow-up 25 yrs follow-up 30 yrs follow-up 35 yrs follow-up

High CC16 363 359 328 304 271 241 205 183

Medium CC16 361 352 340 309 278 247 204 174

Low CC16 362 356 334 305 262 222 176 122
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Table I

Baseline characteristics and serum CC16 levels among the 1086 TESAOD participants.

N CC16 geom mean (95% CI) in ng/ml ANOVA p

Sex 0.06

 M 448 7.89 (7.51, 8.29)

 F 638 7.41 (7.09, 7.74)

Age <0.0001

 21 ≤ years < 30 253 8.28 (7.71, 8.89)

 30 ≤ years < 45 230 6.66 (6.19, 7.17)

 45 ≤ years < 60 323 7.05 (6.65, 7.48)

 60 ≤ years ≤ 70 280 8.55 (8.05, 9.09)

Years of formal education 0.002

 ≤ 12 years 589 7.24 (6.91, 7.59)

 > 12 years 497 8.05 (7.70, 8.43)

BMI (kg/m2) categories 0.06

 Underweight (BMI<18.5) 21 5.83 (4.20, 8.10)

 Normal weight (18.5 ≤ BMI < 25) 611 7.73 (7.40, 8.07)

 Overweight (25 ≤ BMI < 30) 343 7.56 (7.13, 8.02)

 Obese (BMI ≥ 30) 75 6.94 (6.06, 7.94)

Smoking status and intensity <0.0001

 Never smokers 430 8.83 (8.44, 9.23)

 Smokers < 1 pack-year 23 9.60 (8.28, 11.3)

 Former smokers 1 ≤ pkyrs < 20 138 8.21 (7.54, 8.93)

 Former smokers 20 ≤ pkyrs < 50 71 7.81 (7.04, 8.66)

 Former smokers pkyrs ≥ 50 38 7.49 (6.18, 9.08)

 Current smokers 1 ≤ pkyrs < 20 182 6.49 (5.91, 7.12)

 Current smokers 20 ≤ pkyrs < 50 159 5.94 (5.43, 6.49)

 Current smokers pkyrs ≥ 50 43 5.62 (4.59, 6.89)

% predicted FEV1 0.0003

 FEV1 ≥ 100% 428 8.28 (7.88, 8.70)

 80% ≤ FEV1 < 100% 465 7.32 (6.93, 7.72)

 50% ≤ FEV1 < 80% 174 6.95 (6.42, 7.52)

 FEV1 < 50% 19 6.44 (5.03, 8.24)
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