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Use of Serum Clara Cell 16-kDa (CC16) Levels as a
Potential Indicator of Active Pulmonary Fibrosis in
Systemic Sclerosis
MINORU HASEGAWA, MANABU FUJIMOTO, YASUHITO HAMAGUCHI, TAKASHI MATSUSHITA, 

KATSUMI INOUE, SHINICHI SATO, and KAZUHIKO TAKEHARA

ABSTRACT. Objective. To clarify the clinical significance of concentrations of serum Clara cell 16-kDa protein

(CC16; previously denoted CC10) in the diagnosis and monitoring of pulmonary fibrosis (PF) in

patients with systemic sclerosis (SSc); and to compare CC16 levels with levels of the current most

reliable serum markers for PF, such as Krebs von den Lungen-6 (KL-6) antigen and surfactant pro-

tein-D (SP-D).

Methods. Serum levels of CC16, KL-6, and SP-D were determined by ELISA in 92 patients with

SSc, 20 patients with systemic lupus erythematosus (SLE), and 20 healthy controls. In a retrospec-

tive longitudinal study, correlation of serum CC16 levels with the activity of PF was assessed in 16

SSc patients with PF.

Results.Although CC16 levels were higher in patients with SSc than in SLE patients or healthy con-

trols, the difference was not significant. Increased serum CC16 levels were associated with involve-

ment of PF, especially active PF, as well as KL-6 and SP-D. Receiver operating characteristic curve

analysis revealed that the utility of CC16 is slightly inferior to KL-6, but was comparable with that

of SP-D for detecting PF in patients with SSc. In the longitudinal study, serum levels of CC16, KL-6,

and SP-D were significantly decreased in the inactive disease phase compared to the active disease

phase. 

Conclusion. CC16 levels can be used as a potential serum biomarker for PF in addition to KL-6 and

SP-D in patients with SSc. (J Rheumatol First Release Jan 15 2011; doi:10.3899/jrheum.100591) 
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Systemic sclerosis (SSc) is a connective tissue disease char-

acterized by tissue fibrosis in the skin and internal organs.

Pulmonary fibrosis (PF) develops in more than half of

patients with SSc and is one of the major SSc-related caus-

es of death1,2. To assess fibrotic activity, high-resolution

computed tomography and pulmonary function tests are per-

formed. However, lung-specific serological markers may

provide an easier and less invasive approach for closely

monitoring the activity of PF in patients with SSc.

Krebs von den Lungen-6 (KL-6) and surfactant protein-

D (SP-D) are currently the most reliable serum markers for

PF. KL-6 antigen is expressed mainly by alveolar type II

pneumocytes and respiratory bronchiolar epithelial cells

including Clara cells3, whereas SP-D is produced and

secreted by alveolar type II pneumocytes and Clara cells4.

Recent studies revealed that levels of KL-6 and SP-D are

elevated in serum from patients with PF, including

SSc-related PF3,5,6. These studies suggested that serum

 levels of KL-6 and SP-D are serologic markers of the sever-

ity and activity of PF in SSc7,8,9. However, some SSc

patients with active PF showed discrepancies in the serum

levels of these markers. Serum KL-6 levels can be increased

in patients with adenocarcinoma of the lung, breast, or pan-

creas10. Elevated serum levels of SP-D can be observed in

patients with bacterial pneumonia and pulmonary tuberculo-

sis11,12,13. Further, KL-6 or SP-D does not necessarily

reflect the activity of PF in some patients. Therefore, an
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additional serum marker may be helpful for reliable moni-

toring of PF.

Clara cell 16-kDa protein (CC16) is a 15.8-kDa homod-

imeric protein secreted throughout the tracheobronchial

tree, especially in the terminal bronchioles where Clara cells

are localized. This protein was previously referred to as the

10-kDa CC10 because of an underestimation of its molecu-

lar weight4. Although the exact function of CC16 remains to

be clarified, studies suggest that CC16 plays a protective

role in the respiratory tract during oxidative stress and

inflammatory responses14. CC16 has been shown to modu-

late the production and activity of various mediators of the

inflammatory response, including phospholipase A2, inter-

feron-g, and tumor necrosis factor-a in vitro15. In addition,

CC16 has been considered a peripheral biomarker for

assessing the integrity of the lung epithelium. Increased

CC16 concentrations have been found in serum from

patients with lung injury such as sarcoidosis and idiopathic

PF4,16. In contrast, serum CC16 levels are decreased in

patients with asthma17.

These findings suggest that CC16 is a candidate serum

biomarker for PF in SSc. To test this hypothesis, we evalu-

ated serum levels of CC16 and examined the correlation

with clinical features in patients with SSc.

MATERIALS AND METHODS

Patients. Serum samples were obtained from 92 Japanese patients with SSc

(77 women, 15 men). All patients fulfilled the criteria proposed by the

American College of Rheumatology (ACR; formerly, the American

Rheumatism Association)18. Patients were grouped according to the degree

of skin involvement, based on the classification system proposed by LeRoy,

et al19. Thirty-five patients (31 women, 4 men) had limited cutaneous SSc

(lcSSc) and 57 patients (49 women, 8 men) had diffuse cutaneous SSc

(dcSSc). The average age of the SSc patients was 52.3 ± 13.5 years (mean

± SD). Disease duration was 5.5 ± 6.6 years in patients with lcSSc and 3.3

± 7.3 years in patients with dcSSc. Fifty-six patients (61% of total SSc

patients, 8 lcSSc and 48 dcSSc) had PF. None of the SSc patients received

any treatment, including corticosteroids, D-penicillamine, or other

immunosuppressive therapy, at their first visit.

Antinuclear antibodies were determined by indirect immunofluores-

cence using HEp-2 cells as a substrate. Autoantibody specificities were fur-

ther assessed by ELISA and immunoprecipitation. Anticentromere antibod-

ies were present in 29 patients, antitopoisomerase I antibodies were present

in 39 patients, anti-U1 RNP antibodies were present in 2 patients, anti-U3

RNP antibodies were present in 2 patients, anti-RNA polymerase I and III

antibodies were present in 6 patients, anti-Th/To antibodies were present in

2 patients, and antinuclear antibodies of unknown specificity were present

in 6 patients. Six patients tested negative for autoantibodies. Twenty

patients with systemic lupus erythematosus (SLE; 17 women, 3 men; mean

age 51.7 ± 15.9 yrs) who fulfilled the ACR criteria20 and did not have PF

were also evaluated as disease controls. No patients with SLE were treated

with corticosteroid or immunosuppressive agents at this timepoint. In addi-

tion, 20 healthy age- and sex-matched Japanese volunteers (17 women, 3

men; mean age 54.2 ± 16.1 yrs) served as controls. All SSc and SLE

patients and healthy controls involved in this study were nonsmokers and

had no other respiratory diseases, including asthma and sarcoidosis, or

impaired renal function.

To determine whether the change in serum pneumoprotein levels corre-

lated with the activity of PF, we analyzed serum samples obtained at the

time of active and inactive phase of PF in 16 SSc patients (11 women, 5

men). Five patients had lcSSc and 11 had dcSSc. The age of these patients

was 53.7 ± 11.6 years and the disease duration was 3.1 ± 1.7 years. Nine

patients with antitopoisomerase I antibodies and no patients with anticen-

tromere antibody were included. These patients initially exhibited active

PF. Twelve patients received oral corticosteroid therapy (prednisolone ~20

mg/day) and intravenous cyclophosphamide pulse therapy (500~1000 mg,

once per month ¥ 6) for treatment of active PF. The other 4 patients were

treated with oral corticosteroid therapy (prednisolone ~20 mg/day).

Activity of PF was stabilized by the treatment during the followup period

in all patients (3.2 ± 2.0 yrs).

Samples of venous blood were drawn and allowed to clot, and cen-

trifuged shortly after clot formation. Sera were removed, and all samples

were stored at –70°C prior to use.

Clinical assessments. Complete medical histories, physical examinations,

and laboratory tests were conducted on all patients. The degree of skin

involvement was determined according to the modified Rodnan skin thick-

ness score, as described21. Organ system involvement was defined as

described22 with some modifications: pulmonary fibrosis = bibasilar inter-

stitial fibrosis on high-resolution computed tomogram (HRCT); pulmonary

hypertension = clinical evidence of pulmonary hypertension and increased

mean pulmonary arterial pressure (> 40 mm Hg) documented by echocar-

diography, in the absence of severe pulmonary interstitial fibrosis; esopha-

gus = hypomotility shown by barium radiography; heart = pericarditis, con-

gestive heart failure, or arrhythmias requiring treatment; kidney = malig-

nant hypertension and rapidly progressive renal failure with no other expla-

nation; joint = inflammatory polyarthralgias or arthritis; and muscle = prox-

imal muscle weakness and elevated serum creatine kinase. Pulmonary

function, including vital capacity (VC) and diffusing capacity for carbon

monoxide (DLCO), was also tested. Erythrocyte sedimentation rates (ESR)

and C-reactive protein (CRP) were considered elevated when each value

was higher than 20 mm/h and 0.5 mg/dl, respectively.

PF activity was initially determined by HRCT of the chest and pul-

monary function testing. Specifically, PF was considered to be active when

the following 2 criteria were met: (1) a ground-glass appearance or reticu-

lar pattern on HRCT of the chest23; and (2) > 10% change in VC or > 15%

change in DLCO within 1 year24. PF activity was monitored by serial

HRCT scans of the chest and by pulmonary function testing, as

described25,26,27.

The study protocol was approved by the Kanazawa University

Graduate School of Medical Science. Informed consent was obtained from

all study participants.

Measurement of serum CC16 concentrations. Serum levels of CC16 were

measured in duplicate with a specific competitive ELISA kit (APC

Biomaterials, Rockville, MD, USA), according to the manufacturer’s pro-

tocol. Briefly, horseradish peroxidase (HRP) conjugated to recombinant

human CC16 is captured by the anti-CC16 antibody coating the wells, gen-

erating a signal (A450) proportional to the amount of CC16-HRP conjugate

bound. The CC16-HRP conjugate is premixed with the sample to be

assayed. The assay thus measures a decrease in signal as CC16 in the sam-

ple competes with the CC16-HRP conjugate for binding sites. The detec-

tion limit of this assay is 10 ng/ml.

Measurement of serum KL-6 and SP-D levels. Serum levels of KL-6 and

SP-D were measured with specific ELISA kits (Eitest KL-6, Eisai, Tokyo,

Japan; SP-D kit, Yamasa, Chiba, Japan), according to the manufacturers’

protocols. Briefly, 96-well plates were coated with monoclonal antibodies

to KL-6 or SP-D and diluted serum samples were added to duplicate wells.

After washing, bound antibodies were detected with peroxidase-conjugat-

ed monoclonal antibodies against KL-6 or SP-D. The detection limits of

KL-6 and SP-D are 50 U/ml and 1.56 ng/ml, respectively.

Statistical analysis. Statistical analyses were performed using the Mann-

Whitney U test and Wilcoxon’s signed-rank test for comparison of sample

means, Fisher’s exact probability test for comparison of frequencies, and

Bonferroni’s test for multiple comparisons. Spearman’s rank correlation

coefficient was used to examine the relationship between 2 continuous vari-
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ables. The concentrations of CC16, KL-6, and SP-D were analyzed using

receiver-operating characteristic (ROC) curves in order to find cutoff val-

ues for optimal discriminative accuracy. Statistical analyses were per-

formed using JMP® 7.01 software (SAS Institute, Cary, NC, USA). P val-

ues less than 0.05 were considered statistically significant. All values are

reported as the mean ± SD.

RESULTS

Serum concentrations of CC16 in SSc patients at initial

presentation. Although SSc patients had higher serum levels

of CC16 at the initial presentation (mean 71.7 ± 118.6

ng/ml) compared with the levels of healthy controls (27.7 ±

17.1 ng/ml) and SLE controls (30.6 ± 19.0 ng/ml), the dif-

ference was not significant (Figure 1A).

Serum CC16 levels were significantly elevated in SSc

patients with PF (n = 56) compared with SSc patients with-

out PF (n = 36, 90.8 ± 110.7 vs 42.1 ± 80.7 ng/ml; p < 0.01;

Figure 2A). Although several cases of SSc without PF

showed increased CC16 levels, these patients did not show

any characteristic difference. Serum levels of KL-6 were

significantly elevated in SSc patients with PF compared

with SSc patients without PF (711.0 ± 535.1 vs 275.2 ±

330.4 U/ml; p < 0.001; Figure 2A). Serum levels of SP-D

were also significantly elevated in SSc patients with PF

compared with SSc patients without PF (146.2 ± 94.6 vs

88.9 ± 75.0 ng/ml; p < 0.01; Figure 2A).

Further, SSc patients with active PF (n = 18) showed sig-

nificantly elevated serum CC16 levels compared to patients

with inactive PF (n = 38, 168.8 ± 161.5 vs 53.8 ± 95.0

ng/ml; p < 0.01; Figure 3A). SSc patients with active PF

also showed significantly elevated serum levels of KL-6 and

SP-D compared to patients with inactive PF (1225.1 ± 630.7

vs 467.5 ± 231.2 ng/ml; p < 0.001; and 207.7 ± 122.6 vs

117.1 ± 60.8 U/ml; p < 0.01, respectively; Figure 3A).

Serum CC16 levels were significantly associated with

SP-D (r = 0.40, p < 0.0001), but not with KL-6 (r = 0.22, p

= 0.10, data not shown).

Thus, serum levels of CC16 as well as KL-6 and SP-D

were elevated in SSc patients with PF, especially active PF.

ROC curve analysis. To evaluate the value of CC16 for

diagnosis of PF in patients with SSc, ROC curve analysis

was performed and the result was compared with that of

KL-6 and SP-D. For this analysis, serum CC16 levels in SSc

patients with PF were compared to serum CC16 levels

observed in SSc patients without PF. KL-6 had excellent

diagnostic capacity as demonstrated by an area under the

curve (AUC) of 0.89 (Figure 2B). KL-6 level of 302 U/ml

or higher was diagnostic of PF with a sensitivity of 85.5%

and specificity of 85.3%. AUC of SP-D was 0.72 and SP-D

level of 91.0 ng/ml or higher was diagnostic of PF with a

sensitivity of 71.4% and specificity of 77.2%. AUC of CC16

was 0.76 and the value was inferior to that of KL-6 but was

comparable with that of SP-D (Figure 2B). CC16 level of

46.0 ng/ml or higher was diagnostic of PF with a sensitivity

of 51.8% and specificity of 88.8% (Figure 2B).

Similar analysis was also assessed for diagnosis of active

PF in SSc patients with PF. For this analysis, serum pneu-

moprotein levels in SSc patients with active PF were used

and compared to levels observed in SSc patients with inac-

tive PF. The AUC of KL-6 (0.94) was higher compared with

that of CC16 (0.82) and SP-D (0.75, Figure 3B). Cutoff lev-

els set as the closest point to 100% sensitivity and 100%

specificity were 46.0 ng/ml for CC16 (sensitivity 94.4%,

specificity 68.4%), 729.0 U/ml for KL-6 (sensitivity 88.9%,

specificity 89.2%), and 147.0 ng/ml for SP-D (sensitivity

72.5%, specificity 82.9%).

Although KL-6 seems to be the best marker of PF, this is

still not perfect. While 2 patients without PF showed

markedly elevated KL-6 (Figure 2A), these patients were

3Hasegawa, et al: Serum CC16 levels in SSc
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Figure 1. A. Levels of CC16 in serum samples from patients with systemic sclerosis (SSc), and systemic lupus ery-

thematosus (SLE) as well as healthy controls (CTL). B. Serum CC16 levels in patients with diffuse cutaneous SSc

(dcSSc) and limited cutaneous SSc (lcSSc). Serum CC16 levels were determined by competitive ELISA. Bars show

group means.
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negative for CC16 and positive for SP-D (data not shown).

Among 8 patients with PF that showed negative KL-6

(Figure 2A), 2 cases were positive for both CC16 and SP-D,

and 3 cases were positive only for CC16, and 3 cases were

positive only for SP-D (data not shown). These findings sug-

gest that use of CC16 and SP-D in combination with KL-6 is

valuable as an indicator of PF. Thus, ROC curve analysis

suggests that CC16 is as useful as SP-D for diagnosis of PF

or active PF, although it may not be as diagnostic as KL-6.

Serum CC16 levels and correlation with clinical features in

SSc. Serum levels of CC16 were comparable in dcSSc and

lcSSc patients (78.3 ± 124.3 vs 60.8 ± 109.5 ng/ml, Figure

1B). When the cutoff value was determined as 46 ng/ml as

described above, elevated serum CC16 levels were observed

in 35.9% of the SSc patients (33 of 92; Table 1). SSc

patients with elevated CC16 levels had PF more frequently

than patients with normal CC16 levels (88% vs 46%,

respectively; p < 0.001; Table 1). Patients with elevated

serum CC16 levels showed significantly decreased VC and

DLCO values (predicted percentages) relative to those in

SSc patients with normal CC16 levels (p < 0.01 for both

comparisons). Antitopoisomerase I antibodies were present

more frequently in SSc patients with elevated levels of

CC16 than in those with normal levels, whereas anticen-

tromere antibodies were found less frequently (p < 0.05,

both comparisons). It is well known that patients with anti-

topoisomerase I antibodies frequently develop severe PF,

whereas patients with anticentromere antibodies usually do

not develop PF. Serum CC16 levels and the type of autoan-

tibody present do not likely have a direct association, since

serum CC16 levels were also found to be closely correlated

with PF among patients with antitopoisomerase I antibodies

or patients without anticentromere antibodies (data not

shown).

Serum levels of CC16 were significantly inversely corre-

lated with percentage VC (r = –0.28, p < 0.05) or percentage

DLCO (r = –0.20, p < 0.05) values in patients with SSc

(Table 2). The direct correlation of CC16 with percentage

VC and percentage DLCO was modest compared with that

of KL-6 (r = –0.33, p < 0.01, and r = –0.46, p < 0.0001,

respectively), but was comparable with that of SP-D (r =

–0.21, p < 0.05, and r = –0.36, p < 0.01, respectively). No

other significant correlations were detected between serum

CC16 levels and clinical or laboratory findings, as shown in

Table 1. Thus, serum CC16 levels were specifically associ-

ated with the involvement of PF.

4 The Journal of Rheumatology 2011; 38:5; doi:10.3899/jrheum.100591
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Figure 2. A. Serum levels of CC16, KL-6, and SP-D from SSc patients with pulmonary fibrosis (PF) and without PF. Bars show group means. B. ROC curves

show the sensitivity and 1 – specificity of CC16, KL-6, and SP-D for detection of PF in patients with SSc. AUC: area under the ROC curve. 
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Correlation between serum CC16 levels and activity of PF.

Changes in serum CC16 levels in 16 SSc patients with

active PF were also compared with changes in serum KL-6

and SP-D levels (Figure 4). Serum levels of CC16 were

decreased significantly in parallel with the suppression of

PF activity (p < 0.05). Serum levels of KL-6 were also sig-

nificantly reduced in the inactive phase (p < 0.05). Further,

serum SP-D levels were significantly decreased in associa-

tion with the stabilization of PF activity. There were a few

cases that showed increased levels of CC16, KL-6, or SP-D

after stabilization of PF. In these patients, either 1 or 2 pneu-

moprotein levels were reduced in association with the dis-

ease activity (data not shown). These findings suggest that

the utility of each marker for monitoring disease activity can

be different in each patient. Thus, serum CC16 levels may

indicate the PF activity as well as KL-6 or SP-D.

DISCUSSION

To our knowledge, this study is the first to evaluate serum

levels of CC16 in patients with SSc. We found not only that

serum CC16 levels were elevated in SSc patients with PF,

but also that serum CC16 levels were remarkably higher in

patients with active PF compared to patients with inactive

PF. Further, CC16 levels were significantly reduced after the

stabilization of PF in SSc patients. ROC curve analysis

demonstrated that CC16 is as useful as SP-D for the diag-

nosis of PF or active PF in patients with SSc. Although

serum CC16 may be slightly inferior as a marker for diag-

nosing PF or evaluating the severity of PF compared to

KL-6, our data show it can be useful as an additional mark-

er of PF activity in patients with SSc. 

Ohnishi, et al28 demonstrated a clear superiority of KL-6

to SP-D, SP-A, and monocyte chemoattractant protein-1 as

a diagnostic marker of PF in terms of accuracy, sensitivity,

specificity, and likelihood ratio in patients with idiopathic

PF and collagen vascular disease-related interstitial pneu-

monia28. In SSc patients, the utility of KL-6 and SP-D has

been reported for the evaluation of PF7,8,9. In a previous

comparative study, we concluded that combined use of these

2 markers would be more effective for diagnosis and moni-

toring of PF activity in SSc than single use of each marker9.

Another group’s study supports these findings8. Our current

results suggest that CC16 is another candidate protein for

evaluating PF in SSc patients. Although the sensitivity and

5Hasegawa, et al: Serum CC16 levels in SSc
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Figure 3. A. Serum levels of CC16, KL-6, and SP-D from SSc patients with active pulmonary fibrosis (PF) and inactive PF. Bars show group means. B. ROC

curves show the sensitivity and 1 – specificity of CC16, KL-6, and SP-D for the detection of active PF in SSc patients with PF. AUC: area under the ROC

curve.
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specificity were limited compared to KL-6, they were com-

parable with that of SP-D. Similarly, the sensitivity and

specificity for active PF were slightly inferior to KL-6 and

were at least comparable to that of SP-D. Further, our retro-

spective longitudinal study suggested that CC16 is as effec-

tive as KL-6 and SP-D to evaluate the activity of PF.

In addition to other important functions, the lung epithe-

lium produces complex secretions, including mucus, surfac-

tant proteins, and several proteins important for host

defense29. Although CC16 is secreted by Clara cells into

bronchoalveolar lavage (BAL) fluid, a significant correla-

tion between CC16 levels in BAL fluid and serum has been

reported30. Therefore, serum CC16 could potentially pro-

vide a less invasive method for assessing airway damage31.

The exact physiological function of CC16 in the lung is not

known, but it is believed to play a role in reducing inflam-

mation in the airways32 and protecting the respiratory tract

from oxidative stress15,31,32. Serum CC16 has been shown

to be elevated in several conditions related to impairment of

the air-blood barrier, including idiopathic PF16,29. In our

study, the CC16 serum levels as well as SP-D levels were

found to be significantly associated with measurements of

lung function such as percentage VC, but the correlation

factors of CC16 and SP-D were slightly lower than that of

KL-6. Serum CC16 levels were significantly associated

with SP-D levels but not with KL-6 levels. The molecular

weights of CC16 and SP-D (15.8 kDa and 43 kDa, respec-

tively) are lower than that of KL-6 (> 200 kDa). Therefore,

CC16 and SP-D may more easily leak into the circulation

compared with KL-6 despite considerable lung-blood barri-

er destruction and subsequent fibrosis3,15,33. CC16 and

SP-D are secretory proteins, whereas KL-6 is basically a

structural component of cell membrane. Additionally, some

proteinase to cleave its extracellular domain would be need-

ed for KL-6 to leak into peripheral blood. Further, high

molecular weight KL-6 may require more destruction of the

lung-blood barrier or regeneration of lymph vessels com-

pared with the other 2 pneumoproteins to leak into the cir-

culation. These differences may explain why KL-6 is a more

specific marker for detecting PF and evaluating the severity

of PF compared with CC16 and SP-D in patients with SSc.

On the other hand, these features may suggest that CC16

and SP-D are more sensitive to monitor the activity of inter-

stitial pneumonia compared with KL-6. Although our study

could not clarify this, previous studies demonstrated that

SP-D is a more sensitive marker of alveolitis than KL-6 in

patients with SSc8,9.

There are some limitations to this study. This was not a

prospective study and the study groups were not large, espe-

cially in the longitudinal study. Further, CC16 is not neces-

sarily a perfectly specific marker for PF as much as KL-6

and SP-D. Reductions in levels of serum CC16 of approxi-

mately 30% have been found in smokers17, and circulating

CC16 levels were increased in patients with sarcoidosis and

decreased in patients with asthma as compared with healthy

controls17. Since CC16 is eliminated by glomerular filtra-

tion, the concentration of CC16 in serum can be used as a

biomarker of lung epithelial injury only when the renal

function is normal or moderately decreased14. Therefore,

smokers and people with asthma, sarcoidosis, or impaired

renal function were excluded from this study. The effects of

these conditions on CC16 levels need to be considered when

evaluating the effectiveness of using CC16 for monitoring

PF. In addition, serum CC16 levels were elevated in several

SSc patients without PF. Although we could not find any

characteristic features in these patients, the kinds of factors

other than PF that affect serum CC16 levels should be clar-

ified in future studies. 

6 The Journal of Rheumatology 2011; 38:5; doi:10.3899/jrheum.100591
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Table 1. Clinical and laboratory features of patients with systemic sclero-

sis according to serum CC16 levels. Except where indicated otherwise,

values are percentages.

Elevated CC16, Normal CC16,

Characteristic n = 33 n = 59

Sex, male:female 6:27 9:50

Age, mean ± SD yrs 55.2 ± 10.9 50.3 ± 14.4

Disease duration, mean ± SD yrs 5.4 ± 12.0 3.3 ± 4.0

Clinical features

MRSS, mean ± SD 12.6 ± 9.7 12.3 ± 10.5

Digital pitting scars/ulcers 37 42

Contracture of phalanges 45 41

Diffuse pigmentation 48 42

Organ involvement

Pulmonary fibrosis 88** 46

%VC, mean ± SD 93.8 ± 19.3** 105.8 ± 17.5

%DLCO, mean ± SD 57.1 ± 16.9** 70.0 ± 14.5

Pulmonary hypertension 21 10

Esophagus 63 73

Heart 3 2

Kidney 0 0

Joint 19 20

Muscle 7 22

Laboratory findings

Antitopoisomerase I antibody 61* 32

Anticentromere antibody 3* 32

Elevated ESR 67 39

Elevated CRP 19 12

* p < 0.05, ** p < 0.01 vs normal serum CC16 levels. MRSS: modified

Rodnan skin thickness score; VC: vital capacity; DLCO: diffusing  capacity

for carbon monoxide; ESR: erythrocyte sedimentation rate; CRP: C-reac-

tive protein.

Table 2. Correlations between serum pneumoprotein levels and values of

respiratory function tests in patients with systemic sclerosis.

VC, % DLCO, %

CC16 r = –0.28, p < 0.05 r = –0.20, p < 0.05

KL-6 r = –0.33, p < 0.01 r = –0.46, p < 0.0001

SP-D r = –0.21, p < 0.05 r = –0.36, p < 0.01
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Our data indicate that higher serum CC16 levels reflect

increased activity of PF in patients with SSc. KL-6 and SP-

D levels are currently the best serum markers of PF, but are

still not perfect. Therefore, use of CC16 combined with

KL-6 and SP-D may be a more valuable approach to moni-

tor PF in SSc patients. Further prospective and comparative

studies in larger populations will be needed to confirm these

 studies.
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Figure 4. Change in serum levels of CC16, KL-6, and SP-D during active and inactive PF in patients with SSc. Serum samples were obtained during an active

phase and an inactive phase of PF in each patient. Bars show group means.
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