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ABSTRACT: Sarcoidosis is a systemic granulomatous disorder with a high rate of
spontaneous regression. Clara cell 10-kDa protein (CC10), the predominant product
of nonciliated bronchiolar epithelial cells, is a potent immunoregulatory and anti-
inflammatory agent.

CC10 levels were measured in sera and bronchoalveolar lavage (BAL) fluids from
31 sarcoidosis patients (nine progressive disease and 22 regressive disease) and their
relevance to spontaneous regression investigated. The inhibitory effects of recom-
binant CC10 on interferon gamma (IFN-c) production were examined using lipo-
polysaccharide (LPS)-stimulated sarcoid BAL fluid cells, and the blocking effects of
monoclonal antibody TY-5, directed against CC10, on CC10 function were also tested.

Serum and BAL fluid CC10 levels in the regressive disease group were significantly
higher than those in the progressive disease group (serum, p<0.05; BAL fluid,
p<0.005) and healthy subjects (serum, p<0.0001; BAL fluid, p<0.005). CC10 inhibited,
in part, IFN-c production from LPS-stimulated sarcoid BAL fluid cells (CC10
inhibition: 1,000 ng.mL-1, 30%; 100 ng.mL-1, 14%). TY-5 restored IFN-c production
by blocking CC10 function.

Sarcoidosis patients with regressive disease showed increased Clara cell 10-kDa
protein levels in their sera and bronchoalveolar lavage fluids. Clara cell 10-kDa
protein may be a regulator of the inflammatory process in sarcoidosis.
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In sarcoidosis, the unknown causative agent leads to the
accumulation of activated CD4+ lymphocytes releasing
the T-helper cell 1 cytokines interleukin (IL)-2 and inter-
feron gamma (IFN-c) at sites of inflammation and granu-
loma formation [1]. Despite the systemic nature of the
disease, T-cell and macrophage/monocyte activation are
restricted to the involved organs. In ~60% of patients with
sarcoidosis, spontaneous regression is observed [2, 3].
Mechanisms downregulating inflammation are present in
sarcoidosis, however, the prerequisites or mechanisms for
induction of spontaneous regression are unknown.

Clara cell 10-kDa protein (CC10) is the predominant
product of nonciliated bronchiolar epithelial cells (Clara
cells) in respiratory and terminal bronchioles in the lung
[4]. Human CC10 has been proven identical to human
protein 1 (P1) [5] and uteroglobin (UG) [6]. CC10/UG
possesses various biochemical and biological properties,
including phospholipase A2 (PLA2)- [7] and phospholi-
pase C (PLC)-inhibitory activity [8]. CC10 shows potent
inhibition of IFN-c, tumour necrosis factor-a (TNF-a)
and IL-1b [9, 10]. In addition, CC10 deficiency results in
increased sensitivity to hyperoxia-induced lung injury by
increasing pro-inflammatory cytokine expression [11].
The evidence has led to speculation that CC10 may
function as a downregulator of airway inflammation.

The aims of the present study were to investigate CC10
levels in sera and bronchoalveolar lavage (BAL) fluids and
their correlation with outcome of disease in sarcoidosis
patients, and to test the inhibitory effects of CC10 on IFN-c
production from sarcoid BAL fluid cells.

Materials and methods

Subjects

Only lifelong nonsmokers were selected for this study,
because tobacco smoking has been associated with an
~30% decrease in serum CC10 levels and an ~50%
decrease in BAL fluid CC10 levels [12, 13].

Patients

Thirty-one lifelong nonsmokers (mean age 47�20 yrs;
four male and 27 female) were selected from among 148
patients with sarcoidosis who visited our hospitals (Sap-
poro Medical University School of Medicine and Sapporo
Hospital of Hokkaido Railways Company) between 1992
and 1996 (first series). They exhibited histological findings
consistent with sarcoidosis (noncaseating epithelioid cell
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granulomas) in the lung, without evidence of mycobac-
terial, fungal or parasitic infection. None had a history of
exposure to organic or inorganic materials known to cause
granulomatous lung diseases. They had not received
corticosteroid therapy.

Nine patients had stage 0 sarcoidosis (clear chest radio-
graph); 12 had stage 1 (hilar lymphadenopathy); seven had
stage 2 (hilar lymphadenopathy and pulmonary infiltrates);
and three had stage 3 (pulmonary infiltrates without hilar
lymphadenopathy). They were followed-up for $3 yrs.

In all stage 0 patients, extrapulmonary lesions (skirl, eye
and/or lymph node) disappeared or regressed within 3
years without any therapy (regressive disease group). In six
patients, the intrathoracic lesions progressed on chest
radiography and/or chest computed tomography (CT) for
$3 yrs (progressive disease group), and, in 20, the intra-
thoracic lesions disappeared spontaneously or regressed
within 3 yrs without any therapy (regressive disease
group). Two patients were treated with corticosteroids for
long periods due to progression of pulmonary or bone
sarcoidosis (progressive disease group). In two patients
(stage 1 and stage 2), the ocular lesions greatly improved
with short-term (4±8 week) corticosteroid therapy; within 3
yrs after therapy, intrathoracic lesions relapsed in one
patient (progressive disease group), and the remaining
patient did not have any recurrence (regressive disease
group). The progressive (n=9) and regressive disease
group (n=22) were divided. In the first series, serum and
BAL fluid samples were simultaneously collected from un-
treated patients with sarcoidosis at the time of diagnosis.

In order to evaluate the effects of recombinant CC10 on
IFN-c production from BAL fluid cells, eight untreated
patients were selected. They visited the hospitals between
July 1997 and December 1998 (second series). All of them
were histologically confirmed to have sarcoidosis. In the
second series, five patients were in stage 1 and three in
stage 2 (mean age 32�5 yrs; three male and five female).
BAL fluid samples were collected at the time of diagnosis.

Healthy subjects

Serum samples were obtained from 64 healthy lifelong
nonsmokers (mean age 42�9 yrs; 15 male and 49 female).
BAL fluid samples were obtained from 15 healthy lifelong
nonsmokers (mean age 28�7 yrs; 10 male and five female).
The healthy subjects had no history of respiratory diseases.
Their chest radiography films revealed no abnormalities
and spirometric tests showed normal results (vital capacity
>80% of the predicted value; forced expiratory volume in
one second (FEV1) >70% pred). Informed consent was
obtained from the patients and healthy subjects.

Bronchoalveolar lavage procedure

Three 50-mL aliquots of sterile 0.9% saline were
instilled into a bronchus in the right middle lobe through a
fibreoptic bronchoscope. The BAL fluid was recovered by
gentle suction immediately after infusion of each aliquot.
BAL fluid samples were centrifuged for 10 min at 4006g.
The recovered cells were analysed for total (using a cyto-
meter) and differential cell counts (500 cells were counted).
The supernatants centrifuged for 30 min at 5506g. The
supernatants from this last centrifugation were cryopre-
served at -308C until use. Albumin concentrations in BAL

fluids were determined by immunoprecipitation and laser
nephelometry. The results of BAL fluid analysis of healthy
subjects and sarcoidosis patients (first and second series)
are shown in table 1.

Expression and purification of recombinant human
Clara cell 10-kDa protein

Using a pET expression system, recombinant human
CC10 was obtained from Escherichia coli culture as de-
scribed previously [8, 14]. Recombinant human CC10
was purified using anti-CC10/P1 monoclonal antibody
(MoAb) 6D4-conjugated Sepharose 4B (Pharmacia,
Uppsala, Sweden) and reverse-phase high-performance
liquid chromatography (Bondasphere mm C4-300A; Wa-
ters, Milford, MA, USA), as described previously [8, 14].
The 20 amino-terminal amino acid residues of purified
recombinant CC10 were identical to those of native
protein except for an additional methionine at the amino-
terminus of recombinant human CC10, when determined
with gas-phase amino acid sequencer model PPSQ-10
(Shimazu, Kyoto, Japan) according to the manufacturer's
instructions.

Monoclonal antibodies to human Clara cell 10-kDa
protein/protein 1

Nine MoAbs (6D4, TY-1, TY-2, TY-3, TY-4, TY-5, TY-
6, TY-7 and TY-8) to human CC10/P1 were produced [14].
CC10 is a homodimer consisting of 70-amino acid sub-
units arranged in an antiparallel fashion and connected
by two disulphide bonds. Epitopes recognized by these
clones were analysed as described previously [14]. The
clones TY-1 and TY-2 recognized residues 61±68, which
are exposed to solvent. A sensitive sandwich enzyme-
linked immunosorbent assay (ELISA) was developed
using TY-1 and TY-2, selected from among the MoAbs
[14, 15]. The clone TY-5 recognized residues 7±16 of
CC10, which make up the hydrophobic cavity of CC10,
possibly associated with chemical-binding function. The
binding of TY-5 to CC10 prevents the other clones from

Table 1. ± Characteristics of bronchoalveolar lavage fluid
analysis

Healthy
subjects

Sarcoidosis

First
series

Second
series

Subjects n 15 31 8
Recovery rate % 66.3�10.8 63.5�13.5 67.2�10.3
Total cell counts 104

cells.mL-1
12.8�7.1 15.8�12.4 17.9�10.3

Alveolar macrophages 104

cells.mL-1
10.6�5.8 10.3�7.7 11.4�5.6

Lymphocytes 104

mg.mL-1
2.1�0.5 5.5�2.6* 6.4�3.9**

Neutrophils 104

mg.mL-1
0.04�0.02 0.09�0.05 0.10�0.06

Albumin 104

cells.mL-1
39.1�12.1 47.4�18.7 52.8�20.3

CC10 104

cells.mL-1
757�418 1100�772 1054�689

Data are presented as mean�SD. *: p<0.005; **: p<0.01 versus
healthy subjects.
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binding, suggesting that TY-5 induces strong conforma-
tional changes in CC10 [14].

Quantitation of Clara cell 10-kDa protein

CC10 concentrations were measured via an ELISA
employing MoAbs TY-1 and TY-2 to human CC10/P1, as
described previously [15]. Briefly, plastic immunoplates
(Nunc, Copenhagen, Denmark) were coated with MoAb
TY-2 (1 mg.L-1) in 50 mM carbonate buffer (pH 9.6)
overnight at 48C. Unbound MoAb was removed by
washing with 0.05% Tween 20 in 0.05 M phosphate-
buffered saline (PBS-T) (pH 7.0) and then coated with
100 mL 1% bovine serum albumin in PBS-T (BSA-PBS-
T). To this, 100 mL of standard or diluted samples were
added and allowed to react with the coated antibody for
60 min at 378C. Unbound antigen was removed by
washing with PBS-T. Biotinylated MoAb TY-1 (100 mL,
1 mg.L-1) in BSA-PBS-T was added, and the mixture
incubated for 60 min at 378C. The material was then
washed with the same buffer, 100 mL of streptavidin/
peroxidase-conjugated goat antimouse immunoglobulin
(diluted 1:1,000 in BSA-PBS-T) added and the mixture
again incubated for another 30 min at 378C. After re-
peated washing with the same buffer, the unbound en-
zyme conjugate was removed. At this point, 100 mL
enzyme substrate containing 1 mg.mL-1 o-phenylenedia-
mine in citrate buffer (pH 5.0) and 0.03% (volume/
volume) hydrogen peroxide was added. Enzyme activity
was measured by determining absorbance at 490 nm after
terminating the reaction with 150 mL 1.0 M sulphuric
acid. Purification of standard antigen was performed as
previously described [13, 16]. Mean coefficients of vari-
ation of intra-assay and interassay accuracy were 5.2%
(range 4.7±5.9%) and 7.2% (range 6.2±8.6%), respec-
tively [15]. CC10 concentrations can be determined in the
range 5 pg.mL-1±20.5 ng.mL-1. This ELISA was 10 times
more sensitive than one using MoAb 6D4 to CC10 and
polyclonal antibody to CC10/P1 [15, 17]. All assays were
performed in duplicate.

Cell culture

BAL fluid cells were obtained from the eight patients
with sarcoidosis. The cells were washed three times with
Roswell Park Memorial Institute (RPMI)-1640 medium
containing 10% foetal calf serum (FCS). Cells were cul-
tured at 16106 cells.mL-1 in RPMI-1640 supplemented
with 10% heat-inactivated (568C, 30 min) FCS, 2 mM l-
glutamine, and 0.1% gentamycin in 24-well microtitre
plates (Nunc, Roskilde, Denmark). Media and supplements
were purchased from Gibco (Paisley, UK). The authors
tested IFN-c production by sarcoid BAL fluid cells with
stimulation by lipopolysaccharide (LPS; E coli serotype
0111 B4, Sigma Aldrich Chemi GmbH, Steinheim, Ger-
many) at concentrations of 10 ng.mL-1, 100 ng.mL-1, 1
mg.mL-1 and 10 mg.mL-1. LPS effectively induced IFN-c
in sarcoid BAL fluid cells at a concentration of 1 mg.mL-1.
Thus cells were stimulated by 1 mg.mL-1 LPS in the ab-
sence or presence of recombinant CC10 (100 or 1,000
ng.mL-1) and cultured for 48 h.

In order to block CC10 function, MoAb TY-5 (25
mg.mL-1) was added at the initiation of the culture of LPS-
stimulated BAL fluid cells with 1,000 ng.mL-1 CC10.

When isotype-matched MoAb (25 mg.mL-1) was added as
a negative control, no significant differences in IFN-c
concentrations were found in LPS-stimulated sarcoid BAL
fluid cells with or without isotype-matched MoAb in the
presence of 1,000 ng.mL-1 CC10. Samples were obtained
from the supernatants and cryopreserved at -808C until use.

Measurement of interferon gamma

Human IFN-c ELISA kits were purchased from Bio-
source International (Camarillo, CA, USA). IFN-c concen-
trations can be determined in the range 4±1,000 pg.mL-1.
Mean coefficients of variation of intra-assay and interassay
precision were 5.5 and 6.0%, respectively. The assay sys-
tem showed no cross-reactivity with other human cyto-
kines.

Statistical analysis

Data are expressed as means�SD. The Mann-Whitney U-
test or paired t-test was used to compare paired sets of data.
Pearson least squares linear regression analysis was used to
determine correlation. A p-value of <0.05 was considered
significant.

Results

Serum and bronchoalveolar lavage fluid Clara cell 10-
kDa protein levels and their correlation

The serum CC10 levels of patients with sarcoidosis
(19.5�8.60 ng.mL-1, range 6.92±42.3 ng.mL-1) were sig-
nificantly increased as compared with healthy subjects
(11.6�3.85 ng.mL-1, range 5.16±22.4 ng.mL-1; p<0.0001)
(fig. 1). There were no significant differences in serum
CC10 levels according to radiological stage (stage 0,
19.2�11.0 ng.mL-1; stage 1, 18.7�6.2 ng.mL-1; stage 2,
21.4�11.0 ng.mL-1; and stage 3,18.8�5.0 ng.mL-1).

There was no significant difference in CC10 levels in
BAL fluids from healthy subjects (757�418 ng.mL-1) and
sarcoidosis patients (1,100�772ng.mL-1) (table 1 and fig.
2). No significant difference in BAL fluid CC10/albumin
ratios was found between healthy subjects (18.7�9.1
ng.mg-1) and sarcoidosis patients (25.8�16.6 ng.mg-1).
There were no significant differences in BAL fluid CC10
levels according to radiological stage (stage 0, 1,110�671
ng.mL-1; stage 1, 1,050�780 ng.mL-1; stage 2, 1,330�
1,040 ng.mL-1; and stage 3, 676�311 ng.mL-1). No signi-
ficant differences in BAL fluid CC10/albumin ratios were
found according to radiological stage (stage 0, 26.5�13.1
ng.mg-1; stage 1, 24.2�18.7 ng.mg-1; stage 2, 29.6�20.0
ng.mg-1; and stage 3, 20.6�14.0 ng.mg-1).

There was a significant positive correlation in CC10
levels between sera and BAL fluids from sarcoidosis
patients (r=0.759, p<0.0001) (fig. 3).

Relationship of Clara cell 10-kDa protein levels to
clinical outcome

Relationships of serum and BAL fluid CC10 levels to
clinical outcome were analysed in the 31 patients with sar-
coidosis. The mean CC10 levels in serum (21.7�9.13
ng.mL-1) and BAL fluid (1,360�751 ng.mL-1) in the re-
gressive disease group were significantly higher than those
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in the progressive disease group (serum, 14.2�3.70 ng.mL-1,
p<0.05;BALfluid,458�328 ng.mL-1,p<0.005)and those in
the healthy subjects (p<0.0001 and p<0.005, respectively).
In contrast, there were no significant differences in serum or
BAL fluid CC10 levels between the progressive disease
group and healthy subjects. In addition, the mean BAL fluid
CC10/albumin ratio (31.7�15.0 ng.mg-1) was significantly
higher in the regressive disease group than in the pro-
gressive group (11.3�10.3 ng.mg-1, p<0.005) and healthy
controls (p<0.005). There was no significant difference in
BAL fluid CC10/albumin ratios between the progressive
disease group and healthy controls.

Effects of recombinant Clara cell 10-kDa protein on in-
terferon gamma production in bronchoalveolar lavage
fluid cells

LPS-stimulated sarcoid BAL fluid cells produced IFN-c
(871�382 ng.mL-1). CC10 reduced IFN-c production by
LPS-stimulated sarcoid BAL fluid cells (CC10 1,000
ng.mL-1: 30.3�17.6% inhibition, range 11.7±54.9%; CC10
100 ng.mL-1: 14.0�14.8% inhibition, range 1.2±46.5%)
(fig. 4). However, there was no significant difference in
the percentage of inhibition of IFN-c production by CC10
in LPS-stimulated sarcoid BAL fluid cells between the
stage 1 and stage 2 disease groups. When correlation of
the percentage of inhibition of IFN-c production by CC10
(100 and 1,000 ng.mL-1) was analysed with numbers of
alveolar macrophages and lymphocytes, there was no
significant correlation of the percentage of inhibition with
cell subsets. The MoAb TY-5 restored IFN-c production
by blocking CC10 function (fig. 5).

Discussion

Significantly increased levels of serum and BAL fluid
CC10 in sarcoidosis patients with regressive disease com-
pared with those with progressive disease and with healthy
subjects were found in the present study. Recombinant
CC10 inhibited IFN-c production by LPS-stimulated

sarcoid BAL fluid cells and MoAb TY-5 to CC10 restored
IFN-c production by blocking CC10 function.

CC10 plays an important immunoregulatory and anti-
inflammatory role in the lung. It has been shown to inhibit
the activity of PLA2, a key enzyme in inflammatory phen-
omena [6]. JOHNSTON et al. [11] reported increased
sensitivity to hyperoxia-induced lung injury and an
exaggerated inflammatory response in CC10-deficient
mice. In an animal model, CC10 messenger ribonucleic
acid was upregulated by IFN-c [16]. CC10 production by
human airway epithelial cells was stimulated by TNF-a
[18]. Several lines of evidence support the hypothesis that
CC10 functions as a downregulator and a counterregu-
lator of inflammation.

CC10 levels in sera and BAL fluids have been reported
in various lung diseases [13, 19±24]. Decreases in CC10
levels have been found in the BAL fluids of patients with
asthma [19], idiopathic pulmonary fibrosis [20], and
chronic obstructive pulmonary disease [21] and in the
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sera of patients with asthma [22], chronic obstructive pul-
monary disease [21] and bacterial pneumonia [23]. In-
creases in CC10 level have been found in the BAL fluids
of patients with asbestosis [24]. A recent observation
showed reduced numbers of CC10-positive epithelial cells
in the small airways of patients with asthma [25]. The
present study documented increased CC10 levels in the
sera of patients with sarcoidosis, but not in BAL fluids,
consistent with a prior report [21]. Increased CC10 levels in
sera and BAL fluids from sarcoidosis patients with re-
gressive disease were documented in the present study. In
this study, control BAL fluid samples were obtained from
considerably younger healthy subjects. It is difficult to
obtain BAL fluid samples for healthy subjects from age-
and sex-matched sarcoidosis patients, because all life-long
nonsmoker sarcoidosis patients were considerably old and
many of the patients were female with very few male
patients. This study also demonstrated a positive cor-
relation between serum and BAL fluid CC10 levels in
sarcoidosis patients, suggesting that serum CC10 levels
reflect CC10 production in lung cells under disease
condition as well as in healthy subjects [12, 21].

In the present study, recombinant CC10 reduced, in part,
IFN-c production by LPS-stimulated sarcoid BAL fluid
cells. Native CC10/P1 inhibited IFN-c production by
phytohaemagglutinin-stimulated peripheral blood mono-
nuclear cells from a healthy donor [9]. CC10 reduced the
biological action of IFN-c such as antiviral activity and
phagocytosis-stimulating activity [9]. Native CC10/P1

induced PLA2-mediated inhibition of fibroblast migra-
tion [20]. Recombinant CC10 inhibited PLA2 and PLC
activities in a dose-dependent manner [8, 26]. Recombi-
nant CC10/UG blocked fibroblast-conditioned medium-
stimulated cancer cell migration in a dose-dependent
manner [27]. Recombinant CC10/UG suppressed extra-
cellular matrix invasion by normal and cancer cells that
expressed high-affinity receptors for CC10/UG [28, 29].
Several lines of evidence indicate that there are no signi-

ficant functional differences between native and recom-
binant CC10. In addition, although speculative, the inhi-
bitory effects of CC10 on IFN-c production from sarcoid
BAL fluid cells may depend on the expression of high-
affinity CC10-binding receptors of BAL fluid cells.

The present study demonstrated that MoAb TY-5,
specific to human CC10, restored IFN-c production by
blocking CC10 function. TY-5 recognized residues 7±16
of CC10, which make up the hydrophobic cavity [14]. The
binding of TY-5 to CC10 prevented the other MoAbs
from binding to CC10, suggesting that TY-5 induced
strong conformational change in CC10 [14]. To the
authors' knowledge, this is the first report demonstrating
that MoAb specific to human CC10 restores the inhibi-
tory function of CC10 by neutralizing CC10. The evid-
ence suggests that CC10 is a downregulator in sarcoidosis
patients and that high levels of CC10 in inflamed lesions
could reduce inflammation and cytokine production from
sarcoid lesions, resulting in disease regression in sarcoid-
osis. The lungs and eyes are the organs most commonly
affected in sarcoidosis; interestingly, CC10 immunore-
activity has been found in the eyes [30] as well as in Clara
cells in the lung. The A38G polymorphism of human
CC10 has been found in asthmatic children [31]. This
polymorphism has been associated with reduced levels of
serum CC10 and an increased risk of developing asthma
[31]. In addition, homozygous 38A subjects demon-
strated reduced plasma CC10 levels as compared to
heterozygotes and homozygous 38G subjects within the
nonasthmatic group [31]. Although speculative, the
A38G polymorphism in the untranslated region of the
CC10 gene may be related to CC10 production in re-
sponse to IFN-c and TNF-a, reflected in the clinical
outcome of sarcoidosis. Additional studies are needed to
evaluate the association of CC10 levels with the A38G
polymorphism of patients with sarcoidosis.

In conclusion, serum and bronchoalveolar lavage fluid
samples from sarcoidosis patients with regressive disease
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contain significantly higher levels of Clara cell 10-kDa
protein, and human Clara cell 10-kDa protein inhibits in-
terferon gamma production by lipopolysaccharide-stimu-
lated sarcoid bronchoalveolar lavage fluid cells. The
evidence indicates the importance of Clara cell 10-kDa
protein as a regulator of airway inflammation in sarcoid-
osis patients.
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