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T he CC16 microprotein is the main secretory product of Clara cells, which are
epithelial cells lining lung airways. In crossing through the bronchoalveolar/blood barrier,
CC16 diffuses passively into plasma. Serum CC16 (sCC16) has recently been proposed as
a biomarker for detecting Clara cell impairments. The aim of this study was to assess if
sCC16 concentrations are reduced in a group of healthy young smokers. A group of 118
healthy young males volunteered to take part in the study. Each subject answered a
questionnaire, and provided blood and urine samples. Serum CC16, urinary cotinine and
creatinine were measured. Median serum CC16 concentrations were lower in smokers
than in non-smokers (11.3 µg l–1 vs 14.6 µg l–1; p= 0.005; N = 89 and 29, respectively) but
did not correlate with either the daily or the life-time cigarette consumption, or with
urinary cotinine concentrations. sCC16 did not correlate with age or body mass index in
the whole study population or in the groups of smokers and non-smokers.  These results
suggest the reduction in sCC16 concentrations in a group of healthy young smokers may
be an early effect of cigarette smoking.

Keywords: Clara cell protein (CC16-CC10-CCSP), lung biomarker, smoking.

Introduction
T he CC16 microprotein is the main secretory product of human Clara cells,

which are non-ciliated epithelial cells lining lung airways (Singh and Katyal 1984,
Singh et al. 1985). The acronym CC16 is related to the molecular mass of the
protein which, as determined by electrospray/mass spectrometry, is 15840 Da
(Bernard et al. 1993). CC16 has also been designated by other terms, such as CC10
(on the basis of the less accurate molecular mass determination by SDS–PAGE) or
the Clara cell secretory protein. CC16 is identical to human protein 1, a
microprotein detected in urine from patients with tubular proteinuria (Bernard et
al. 1992a, Itoh et al. 1993).

CC16 is secreted from Clara cells into the airways. In bronchoalveolar lavage
�uids from healthy subjects, the CC16 concentration is on average 2 % of the total
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protein concentration. In crossing through the bronchoalveolar/blood barrier,
CC16 diffuses passively into plasma, where concentrations are about 50 times lower
than in bronchoalveolar lavage �uid (Bernard et al. 1992b). CC16 is then rapidly
cleared from plasma by glomerular �ltration, before being reabsorbed and
catabolized into the renal tubules.  Thus, several factors such as Clara cell number
and functioning, the integrity of the bronchoalveolar/blood barrier and the
glomerular �ltration rate may cause serum CC16 (sCC16) concentrations to vary
(Bernard et al. 1989, Hermans and Bernard 1996).

Serum CC16 may be useful for detecting impairments in Clara cells (Hermans
and Bernard 1996, 1998, 1999), as few and/or poorly functioning Clara cells may
reduce CC16 synthesis and secretion in the airways, thus lowering sCC16
concentrations (Hermans and Bernard 1996).

Histological and immunohistochemical studies have shown the number of
Clara cells in lung epithelium is markedly reduced in smokers, and consequently
CC16 synthesis is decreased (Lumsden et al. 1984, Shijubo et al. 1997).
Furthermore, sCC16 concentrations are reported to be low in middle-aged smokers
(Bernard et al. 1994, Shijubo et al. 1997, Hermans et al. 1998).

As little information is available on younger subjects with a low lifetime
consumption of cigarettes, this study determined sCC16 concentrations in healthy
young male smokers.

Materials and methods 
A group of 119 young men doing their National Service in a small country town in Umbria, central

Italy, volunteered to take part in the study.  The town was free of sources of environmental or industrial
pollution. At the National Service medical examination less than 12 months previously all men had
undergone a clinical examination, routine blood and urine tests, and spirometry. All results were normal.

Each soldier answered a questionnaire on personal information, smoking habit, and civilian and
military occupations. Height and weight were measured to calculate body mass index (weight/height2

expressed as kg m–2).
Each volunteer provided a blood sample for the determinations of sCC16 concentrations and a urine

sample for cotinine and creatinine levels. 

Study population
None of the subjects had been affected by respiratory infections in the month before enrolment in

the study. No one had bronchial asthma or chronic pulmonary diseases.
Ninety of the 119 soldiers declared they were smokers. Data from one smoker were omitted from

analysis because of blood sample haemolysis. All �gures refer to 89 smokers out a population of 118.
T he median number of cigarettes daily was 20 (range 2–50) and the median of pack-years [(number of
cigarettes daily/20) ´ years smoking] was 3.8 (0.1–12.4). The mean age of the 89 smokers was 21.1 (SD:
2.2; range 18.6–27.4) years and of the 39 non-smokers 23.4 (3.2; 8.9–29.0) years.

Mean body mass index in smokers was 24.7 (3.5; 18.7–34.3) kg m–2 and in non-smokers 24.5 (2.9;
19.4–34.8) kg m–2.

Median urinary cotinine concentration was 572.5 (range 9.8–2350.0) ng mg–1 creatinine in smokers
and 18.1 (8.9–124.0) ng mg–1 creatinine in non-smokers.

Analytical methods
All samples were collected in the afternoon (2–4 p.m.) and frozen at –80°C except for the aliquot for

urinary creatinine, which was stored at 4 °C and analysed the following morning. 
Serum and urine samples were shipped to the Unité de Toxicologie Industrielle, Université

Catholique de Louvain, Brussels, in dry ice for sCC16 and cotinine determination, as described in detail
elsewhere (Haufroid and Lison 1998, Hermans et al. 1998). 

Brie�y, sCC16 was measured by an immunoassay based upon agglutination of latex particles coated
with polyclonal anti-CC16 antibodies and quanti�cation of residual unagglutinated particles with a
Technicon Autocounter. Serum samples were decomplemented and delipidated by heating and by
adding polyethylene glycol and trichloroacetic acid before analysis, because chylomicrons may be
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counted as latex particles in the assay (Bernard and Lauwerys 1983, Hermans et al. 1998). Cotinine was
measured by capillary column gas–liquid chromatography coupled with nitrogen-phosphorous detector
after extracting alkalinized urine in chloroform (Feyerabend and Russell 1990).

For the statistical analysis, the value of 25 ng ml–1 was attributed to urinary cotinine concentrations
below the detection limit (50 ng ml–1). Cotinine concentrations were then corrected for creatinine
content.

Statistical analysis
We used non-parametric methods as most variables were not normally distributed. The

Mann–Whitney U test was used for comparisons between two groups and the Spearman correlation
coef�cient to correlate sCC16 with other variables. SPSS software was used for the statistical analysis.

Results
Serum CC16 concentrations were signi�cantly lower in smokers than in non-

smokers, median values being 11.3 (range 2.3–32.9) µg l–1 and 14.6 (7.5–31) µg l–1,
respectively (p = 0.005). 

Median sCC16 values were 12.2 µg l–1 in moderate smokers (i.e. subjects
smoking 1–19 cigarettes day–1) and 10.1 µg l–1 in heavy smokers (i.e. subjects
smoking 20 or more cigarettes day–1) (�gure 1). In subjects who had smoked less
than 3.8 pack-years, median sCC16 levels were 11.4 µg l–1 which fell to 11.0 µg l–1

when pack-years were more than 3.8 (p = n.s.) 
In smokers, sCC16 concentrations did not correlate with either the daily or life-

time cigarette consumption (rs = –0.04, p = 0,70; and rs = 0.06, p = 0.60, respectively).
When urinary cotinine was assumed as an estimate of current smoking, sCC16

did not correlate with urinary cotinine concentrations either in the total population

160 M. dell’Omo et al.

Figure 1. Box and whisker plot of serum CC16 concentrations in male non-smokers, moderate
smokers (1–19 cigarettes daily) and heavy smokers (20 or more cigarettes daily) all under 29 years
of age who were not affected by any disease ( moderate smokers vs heavy smokers: p= 0.65). T he
number of subjects is shown on the x-axis.
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or in the group of smokers (rs = –0.16, p = 0.08; and, rs = 0.02, p = 0.84, respectively)
(�gure 2). 

Serum CC16 concentrations did not correlate with age or body mass index in
the whole study population or in the groups of smokers and non-smokers.

Discussion
We found signi�cantly reduced sCC16 concentrations in these healthy young

male smokers who were not occupationally or environmentally exposed to lung
toxicants and who were not affected by lung and kidney diseases which may modify
sCC16 concentrations (Hermans and Bernard 1996, Bernard and Hermans 1997,
Bernard et al. 1998). We believe smoking habit misclassi�cation bias was avoided in
our study, as we used both self-reported cigarette consumption and a well-validated
biomarker, i.e. urinary cotinine, to assess the extent of the smoking habit. Even
though self-reports of smoking are considered reasonably accurate, measurements
of urinary cotinine may detect smoking in subjects who deny it (Patrick et al. 1994,
Haufroid and Lison 1998). In our subjects who denied smoking, concentrations of
urinary cotinine did not exceed 150 ng mg–1 creatinine, the proposed cut-off
between active smokers and non-smokers who are exposed to environmental
tobacco smoke (Riboli et al. 1995). 

Our �nding of reduced sCC16 concentrations in smokers diverges from
Nomori et al. (1996), who reported slightly increased sCC16 concentrations in 35
smokers compared with 61 non-smokers. We suspect the discrepancy is due to
serum lipid interference in the sCC16 determination when the sCC16 analysis is
performed by nephelometric latex immunoassay, as in the study by Nomori et al.
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Figure 2. Scatterplot of urinary cotinine and serum CC16 concentrations in healthy male smokers and
non-smokers under 29 years of age. No correlation emerged in the whole population (rs=–0.16;
P = 0.08) or in the sub-group of smokers (rs = 0.02; P = 0.84).
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(Hermans et al. 1998). Concurring with us, sCC16 levels were signi�cantly reduced
in other studies on different groups of smokers with a markedly higher life-time
cigarette consumption than our volunteers (Bernard et al. 1994, Shijubo et al. 1997,
Hermans et al. 1998). In fact, the geometric mean was 17.9 (range: 0.8–126) pack-
years in a group of male Belgian smokers (Bernard et al. 1994), 13.7 (2–42) pack-
years in a group of Belgian blood-donors (Hermans et al. 1998), and the arithmetic
mean 28.4 (SD: 16.7) pack-years in a group of Japanese smokers (Shijubo et al.
1997), as compared with a median life-time cigarette consumption of only 3.8
(range: 0.1–12.4) pack-years in our group.  Thus, our results suggest the drop in
sCC16 is an early effect of smoking.  This hypothesis is supported by the fact that,
in our study, the median sCC16 concentration was only about 24 % lower in young
smokers than in non-smokers, whereas average values were about 30–35 % lower in
groups of older smokers with higher cumulative cigarette consumption than in age-
matched non-smoking referents (Bernard et al. 1994, Shijubo et al. 1997, Hermans
et al. 1998).

In smokers, we did not �nd a dose–response relationship between sCC16
concentrations and current or cumulative degree of smoking. Our �ndings do not
concur with those of Bernard et al., showing a negative association between sCC16
concentrations (age-adjusted values) and several indices of cigarette consumption,
in particular life-time cigarette smoking (Bernard et al. 1994). Lifetime-cigarette
consumption was on average four-fold, and up to ten-fold, higher in the Belgian
male population than in ours. So we may presume dose-related toxic effects are
detectable only when cumulative consumption is high. 

Reduced sCC16 concentrations in smokers appear to be related to decreased
CC16 production in the lung. In fact, a recent study showed that the proportion of
CC16-positive cells in lung biopsy specimens was lower in healthy smokers (i.e.
without ventilatory lung impairment) compared with non-smokers, and was
associated with decreased CC16 levels in bronchoalveolar lavage �uid and serum
(Shijubo et al. 1997). 

Individual factors which modulate Clara cell sensibility to tobacco smoke
remain unknown. Many potential lung toxicants have been detected in tobacco
smoke, and several need to be activated by cytochrome P450-dependent enzymes
before exerting their effects (Stripp et al. 1995, Van Winkle et al. 1995). With their
cytochrome P450 activity, Clara cells may activate these pneumotoxicants (Boyd
1977, Massaro et al. 1994, Plopper et al. 1997), and inter-individual variations in
Clara cells cytochrome P450 activity might be related to inter-individual Clara cell
sensibility to tobacco smoke. 

T he roles of Clara cells and CC16 in physiological and pathological lung
processes, and the health consequences of their reduction are still unclear.  There is
evidence to suggest Clara cells play a role in repairing damaged bronchial
epithelium (Singh and Katyal 1997). Furthermore CC16 appears to modulate
in�ammatory processes in the lung by feeding back with b -interferon (Miele et al.
1987, Dierynck et al. 1995, Magdaleno et al. 1997, Yao et al. 1998a, b). Low sCC16
levels are indicative of fewer Clara cells and reduced CC16 pulmonary production,
and subjects with them might well be at higher risk of epithelial damage and
in�ammatory processes in the lung. 
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