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ABSTRACT. Background: Cystic fibrosis (CF) is a chronic progressive disease leading to obstructive pulmonary
impairment, fibrosis and shortened life expectancy. Serum levels of KL-6, high molecular weight human MUC1
mucin, are increased in the majority of patients with various interstitial lung disorders. Whether they are also
elevated in CF has not been investigated before. Objective: To evaluate whether serum KL-6 levels are elevated
and correlate with pulmonary function variables in CF. Design: Serum KL-6, lactate dehydrogenase (LDH) and
C-reactive protein (CRP) levels were measured in 72 consecutive CF and 80 age- and sex-matched healthy con-
trol subjects. The relationship between serum KL-6 levels and pulmonary function variables was analyzed. Re-
sults: Serum KL-6 levels in CF patients were significantly increased compared to healthy subjects. Receiver op-
erating characteristic curve analysis revealed that the diagnostic accuracy of KL-6 was better than that of LDH
and CRP. Serum KL-6 levels showed an inverse relationship with vital capacity (VC) % predicted and forced
expiratory volume in one second (FEV:) % predicted. Concl/usions: Serum KL-6 levels are elevated and appear
to be correlated with pulmonary function variables in CF. These results suggest that KL.-6 may be a useful non-
invasive marker to monitor disease severity. (Sarcoidosis Vasc Diffuse Lung Dis 2009; 26: 47-53)
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INTRODUCTION

Cystic fibrosis (CF) is the most common life-
shortening genetic disorder among Caucasian indi-
viduals, with an estimated frequency of 1:3,400 live
births (1). The main pathogenetic factor of CF is a
mutation in the cystic fibrosis transmembrane regu-
lator gene (2). Despite dramatic therapeutic ad-
vances, CF continues to be progressive, resulting in
chronic pulmonary infection and shortened life ex-
pectancy. Previous studies have shown that impaired
pulmonary function is the most sensitive prognostic
factor for CF patients (3-7). Sensitive serum mark-
ers for predicting impaired pulmonary function and
prognosis may be therefore useful to monitor disease
progression. Although the specificity of a blood test
is, in general, limited for evaluating the local pathol-
ogy in the small airways of CF patients, it may still
be beneficial because blood sampling is minimally
invasive and can easily be repeated.

KL-6 is a mucin-like glycoprotein with a mole-
cularweight of 200 kd and has been classified as hu-
man MUC1 mucin (8). KL-6 has been reported to
be a sensitive marker for various interstitial lung dis-
eases, including idiopathic pulmonary fibrosis (IPF),
radiation pneumonitis, drug-induced pneumonitis,
collagen vascular disease-associated interstitial
pneumonitis, extrinsic allergic alveolitis, pulmonary
sarcoidosis and pulmonary alveolar proteinosis (9-
12). In addition, prognostic significance of KL-6 has
been also demonstrated in patients with IPF and
drug-induced pneumonitis with diffuse alveolar
damage or chronic interstitial pneumonia pattern
(10, 13). However, the significance of serum KL-6 in
CF patients has not been investigated.

The aim of the present cross-sectional study was
to evaluate whether serum KL-6 levels are elevated
and correlate with pulmonary function variables in

CFE.
METHODS
Study Subjects
Consecutive patients with CF admitted to
Ruhrlandklinik (Essen, Germany) for routine assess-

ments between February and November 2007 were
studied. The diagnosis was based on compatible

clinical findings, genetic mutation or sweat test. At
the enrollment, patients with obvious interstitial
lung diseases of known etiology, malignancy or an
acute infection were excluded. Age- and sex-
matched healthy subjects were selected from our
serum bank as controls for serum KIL-6 levels. All
subjects were Caucasians. There were 72 patients
with CF (all non-current smokers) 40 healthy non-
smokers and 40 healthy current smokers. No signif-
icant differences were observed in sex and age distri-
bution between the groups (Table 1). The CF pa-
tients had a mean height of 170.0 £ 9.7 cm, a mean
body weight of 59.5 + 12.4 kg and a mean body mass
index (BMI) of 20.5 + 3.4. Serum samples were ob-
tained from all subjects when taking routine blood
tests and stored at -80°C until analysis of KL-6.
Serum lactate dehydrogenase (LDH) and C-reactive
protein (CRP) levels were measured at the routine
clinical examinations. The pancreatic insufficiency of
the patients was evaluated by the 72-hour fecal fat
excretion. Documented informed consent was ob-
tained from all subjects. The study was approved by
the Institutional Review Board.

KI1.-6 Assay

Serum KL-6 level was measured by a sandwich
enzyme-linked immunosorbent assay (ELISA) using
the Eitest KL-6 ELISA kit (Eisai, Tokyo, Japan) ac-
cording to the manufacturer’s protocol. All samples
were measured in duplicate and mean values were
used for subsequent analysis.

Pulmonary Function Tests
Vital capacity (VC) and forced expiratory vol-

ume in one second (FEV,) were analyzed by using

spirometry (ZAN 400 Sniff, ZAN Messgeraete

Table 1. Characteristics of the 72 subjects enrolled

Factors CF Healthy Healthy

(Non-smokers) (Current
smokers)

Number, n 72 40 40

Gender, 32/40 18/22 14/26

Male/Female, n

Age (years), 30699 326+10.0 355=x12.4

mean + SD (range) (15-63) (16-58) (19-64)
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GmbH, Germany). Values were expressed as per-

centages of predicted normal values.
Statistical Methods

Data are expressed as mean * standard devia-
tion. Comparison of non-normally distributed vari-
ables between groups was done with the Mann-
Whitney U test. Correlations between serum KL-6
levels and pulmonary function valuables were ana-
lyzed with linear regression analysis. Fisher’s PLSD
procedure was used for multiple comparison analy-
sis. Paired ¢ test was used to compare the areas under
the ROC curve. All statistical analyses were done us-
ing SPSS version 13.0 for Windows (SPSS Inc.,
Chicago, IL). Differences were considered statisti-
cally significant when the p value was < 0.05.

REesuLts
Serum KL-6, LDH, CRP Levels in Healthy Subjects

The distribution of serum KL-6 levels in 80
healthy subjects is shown in Figure 1. The mean
serum KL-6 level was significantly higher in male
subjects than in females (mean + SD, male 262 + 79

U/mL, female 225 + 81 U/mL; p < 0.03). The mean
LDH and CRP levels were not different between
male and female subjects (LDH, mean + SD, male
180 + 30 U/mL, female 179 + 26 U/mL; CRP, mean
+ SD, male 0.1 + 0.3 mg/dL, female 0.1 + 0.4
mg/dL). Serum levels of KL-6 and LDH, but not of
CREP, correlated with age (r = 0.51, p <0.0001; r =
0.42, p = 0.0001, respectively).

Serum KI-6, LDH, CRP Levels in CF Patients

The mean serum KL-6 level was significantly
elevated in CF patients compared with healthy sub-
jects (mean * SD, CF 410 + 200 U/mL, healthy non-
smokers 228 + 73 U/mL, healthy current smokers
252 + 90 U/mL, p <0.0001, p <0.0001, respectively)
(Figure 2). The comparison of LDH and CRP lev-
els between CF and healthy controls is shown in
table 2. There was no significant difference in serum
KL-6, LDH and CRP levels between healthy non-
smokers and healthy current smokers. Pancreatic in-
sufficiency was observed in 62 (86%) of CF patients.
No significant correlation was found between serum
KL-6 levels and the presence of pancreas insuffi-
ciency. Site of involved organ(s), presence of chronic
infection(s), use of inhalation therapy, use of oral
medication and frequency of hospitalization had no
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Fig. 1. Scatter plot graph showing sex (A) and age (B) distribution of serum KL-6 levels in 80 healthy subjects. Bars indicate average values.
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Fig. 2. Scatter plot graph showing the distribution of serum KL-
6 levels in patients with CF, healthy non-smoker subjects and
healthy current smoker (Cu-smoker) subjects. Bars indicate aver-
age values. NS: Not statistically significant.

Table 2. Comparison of serum level of LDH and CRP between
CF group and healthy control

Marker CF Healthy Healthy
(Non-smokers)  (Current

smokers)

LDH (IU/L) 195437 176429 * 183+26
CRP (mg/dL) 1.9+3.2 0.120.4 * 0.1x0.3 *

* Fisher's PLSD test, p<0.05 compared with CF group

significant effect on serum KL-6 levels (data not
shown).

Receiver Operating Characteristic (ROC) Curve
Analysis

ROC curve analysis was used to evaluate the
sensitivity, specificity and diagnositic accuracy of
serum KL.-6, LDH and CRP levels (Figure 3). The
largest area under the curve (AUC) was found for
KL-6: KL-6, 0.79 (95% confidence interval (CI),
0.71 to 0.86); LDH, 0.62 (95% CI, 0.53 to 0.71);
CRP, 0.71 (95% CI, 0.62 to 0.81). When the cut-off

levels were set as the closest point to 100% sensitiv-
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Fig. 3. Receiver operating characteristic curves for KL-6, LDH
and CRP for the detection of cystic fibrosis. Closed circles indi-
cate KL-6, opened squares indicate LDH and crosses indicate

CRP.

ity and 100% specificity, the levels were 310 U/mL
for KL-6 (sensitivity, 63%; specificity, 85%; and di-
agnostic accuracy, 74%), 195 IU/L for LDH (51%;
71%; and 61%) and 0.6 mg/dl for CRP (58%; 95%;
and 77%). The differences in the AUC between KL-
6, LDH and CRP was significant (KL-6 and LDH,
p = 0.0005; KL-6 and CRP, p = 0.0002, LDH and
CRP, p = 0.001).

Correlation of Serum KL-6 Levels with Pulmonary
Function Test Variables in CF patients

In CF patients, the mean + SD values of VC %
predicted, FEV; % predicted and FEV./VC were 65
+ 20%, 45 + 21% and 56 *+ 13%, respectively. Serum
KL-6 levels showed an inverse relationship with VC
% predicted (r = -0.37, p = 0.001) (Figure 4A), with
FEV, % predicted (r = -0.35, p = 0.003) (Figure 4B)
and with FEV,/VC (r=-0.27, p = 0.02) (Figure 4C).
When the 72 CF patients were categorized into two
groups based on the values of VC % predicted (above
or equal to 40%, n = 59; under 40%, n = 13) or FEV,
% predicted (above or equal to 40%, n = 40; under
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Fig. 4. Scatter diagrams showing the correlation of serum KL-6 levels in CF patients with VC % predicted (A), FEV1 % predicted (B) and
FEV1/VC (C). The r value indicates a correlation coefficient. The equation indicates a regression equation. Lines indicate regression lines

40%, n = 32), patients with the lower VC or FEV,
showed significantly higher serum KL-6 levels (p =
0.01, p = 0.0009).

DiscussionN

This is the first study to explore the utility of
KL-6 as a serum marker in patients with CF. Serum
KL-6 levels in CF patients were significantly in-
creased independent of age and sex compared to
healthy control subjects. Increased serum KL-6 lev-
els correlated with lower values of FEV, and VC.
Serum KL-6 levels in CF patients were not influ-
enced by extrapulmonary lesions, presence of chron-
ic infection or mode of therapy. Interestingly, com-
pared with traditional markers of cell injury or in-
flammation such as LDH and CRP, serum KL-6
discriminated best between CF patients and healthy
controls.

We have previously reported that serum KL-6
levels are increased in various interstitial lung dis-
eases (9-12). Because of this feature of KL-6, the
value of KL-6 in diagnosing CF is limited. The sig-
nificant correlation of serum KL-6 level with pul-
monary function tests, however, indicates that serum
KL-6 may be a non-invasive marker for evaluating
the degree of lung destruction in CF patients.

Patients with chronic obstructive pulmonary
disease (COPD) or asthma also show impaired pul-

monary function tests with low FEV; values. It is,
therefore, important to know whether serum KL-6
levels are also elevated in COPD or asthma especial-
ly during acute exacerbations. Our previous study in
a Japanese adult population has demonstrated no
significant differences between healthy controls and
patients with COPD, asthma, bacterial pneumonia
or bronchiectasis (9). Increased serum levels are also
rare in diffuse panbronchiolitis (14). Another study
of a pediatric population has shown significantly in-
creased serum KL-6 levels in patients with pneumo-
nia, including measles pneumonia, and slightly in-
creased levels in asthmatic patients, more frequently
in those with acute exacerbations. The magnitude of
the increase KL-6 in asthma was very modest, com-
pared to the 2 fold increase in our CF population
(15). It is likely that severe infection or inflammation
can evoke alveolar epithelial damage in the imma-
ture lungs of these subjects. To date, however, no
study has directly evaluated serum KL-6 levels in a
CF group in comparison with COPD/asthma pa-
tients in a Caucasian adult population. Further stud-
ies are needed.

FEV, is an important prognostic factor in CF
patients (7, 16). Kerem et al. have demonstrated that
FEV, <30% predicted was associated with a mortal-
ity rate of 50% within 2 years (7). Milla et al. have
shown that the yearly decline in FEV, was predictive
of mortality in CF (17). In addition, CF patients
with a low FEV, are more likely to experience pul-
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monary exacerbations (18). The inverse correlation
of serum KL-6 with FEV, may indicate the poten-
tial ability of KL-6 to assess the severity of airway
remodeling due to fibrosis in CF. Further studies are
needed to assess whether the local concentrations of
KL-6 in BALF, sputum or exhaled breath conden-
sate are even better as a biomarker for CF than
serum levels.

Only few studies have shown that a serum
marker may be useful for predicting decline in lung
function in CF patients. McColley et al. have
demonstrated that the serum level of vascular en-
dothelial growth factor (VEGF) was increased com-
pared to healthy subjects and predicted the decrease
in FEV, (19). Carlsson et al. have shown that an in-
creased serum level of autoantibodies against bacte-
ricidal permeability increasing protein predicted a
decrease in FEV; and a poor prognosis (20). Other
investigators studied local concentrations of poten-
tial biomarkers in CF patients. In this regard, the
concentrations of neutrophil elastase (NE),
myeloperoxidase (21), ou-proteinase inhibitor (ou-
PI) (22), tumor necrosis factor (TNF)-a, interleukin
(IL)-1, IL-6 and IL-8 in BALF or sputum (23-25)
could potentially be useful for evaluating pulmonary
impairment in CF patients. Wolter et al., however,
have demonstrated a divergence between the local
and systemic inflammatory response (26). IL-8 and
TNF-o were generally undetectable in serum. No or
only weak correlations were found between serum
and sputum levels of proinflammatory markers, in-
cluding IL-8, TNF-a, 0,-PI and NE-04-PI com-
plex (26).

The predominant histological feature of the
lung in CF is an inflammation of the small airways
with resultant obstruction and surrounding fibrosis.
Serum KL-6 levels are known to be increased in var-
ious fibrotic lung diseases (9-12). The increase of
serum KL-6 levels in interstitial pneumonitis is
thought to be due to an enhanced production of KL-
6 by regenerating alveolar type II pneumocytes,
and/or due to an increased permeability following
destruction of the air-blood barrier in the affected
lungs (27, 28). The concentration of KL-6 in BALF
corresponds well with serum KL-6 in patients with
interstitial lung diseases (27). We have previously
demonstrated that the purified KL-6 molecule has
chemotactic, proliferative and anti-apoptotic effects
on fibroblasts iz vitre, and that the proliferative and

anti-apoptotic effects of KL-6 are additive to those
of transforming growth factor-B (29, 30). The in-
crease of serum KL-6 in CF patients is likely to fa-
vor accelerated fibrosis.

Stahel et al. have immunohistochemically
demonstrated that the location of KL-6 is in the ep-
ithelial cells of the pancreatic and mammary ducts,
as well as in the type II epithelial cells of the lung
(8). Sakuma et al. have shown that serum KL-6 lev-
els decreased by 36% following lobectomy, indicating
that circulating KL-6 is predominantly derived from
the lung (31). Our study demonstrated no significant
correlation between serum KL-6 levels and the pres-
ence of pancreatic insufficiency or glucose tolerance,
suggesting that KL-6 is a lung-specific marker in CF
patients.

Our study is the first to show the distribution of
serum KL-6 levels in healthy Caucasian subjects. In
these subjects, serum KL-6 levels are higher in males
than in females and show a correlation with age,
whereas there was no difference between healthy
smokers and non-smokers. These findings are com-
patible with a previous study performed in Japanese
subjects (32). The reason for the increased serum
KL-6 in male or aged healthy subjects is unclear to
date.

The potential limitation of our study is the al-
most exclusive enrollment of adult patients. Because
this was a single center study, a sufficient number of
children could not be enrolled. A multicenter longi-
tudinal study including pediatric patients will be
important to evaluate the further utility of KL-6 in
CF.

In conclusion, we demonstrated increased
serum KL-6 levels in CF patients and an inverse
correlation with FEV, and VC. These findings sug-
gest that serum KL-6 may be a useful marker to as-
sess the disease severity. Further studies are required
to validate these investigations and to evaluate the
utility of serum KL-6 as a prognostic marker for CF
patients.
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