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Abstract

Krebs von den Lungen-6 (KL-6) has been described as a promising biomarker in the diagnosis and determining the sever-
ity of interstitial lung disease in adults with connective tissue disease. This study was performed to determine whether the
serum KL-6 level is useful as a biomarker for detecting the interstitial lung disease (ILD) in pediatric cases of connective
tissue disease (CTD). In total, 88 patients [36 patients with systemic juvenile idiopathic arthritis (sJIA), 27 patients with
juvenile systemic lupus erythematosus (JSLE), 14 patients with juvenile dermatomyositis (JDM), and 11 patients with
juvenile systemic sclerosis (JSSc)] and 68 healthy controls were included in this study. Age, sex, and duration of CTD and
ILD (if any) were recorded. Blood samples from all the patients and controls were examined by ELISA. Eleven of the 88
patients with CTD (12.5%) had ILD and all of them were symptomatic. Subgroup analysis indicated that eight patients had
JSSc, two had JSLE, and one had systemic JIA. The median serum KL-6 level was 1450.5 U/mL (interquartile range (IQR)
742.9-2603.2) in the CTD with ILD group, 415.9 U/mL (IQR 233.4-748.4) in the CTD without ILD group, and 465.9 U/
mL (IQR 273.6-1036) in the control group. KL-6 levels were significantly higher in the CTD with ILD group than the CTD
without ILD group and the control group (p=0.003). At a cut-off of 712.5 U/ml identified by ROC curve, serum KL-6
yielded a sensitivity of 81% and specificity of 72% for CTD with ILD group. There was no significant difference in serum
KL-6 level among the disease subgroups (sJIA, JSLE, JSSc, JDM), in either the CTD with ILD group or the CTD without
ILD group (p > 0.05). In conclusion, KL-6 is a useful biomarker of CTD with ILD in pediatric patients.
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Introduction

Systemic juvenile idiopathic arthritis (sJIA), juvenile
systemic lupus erythematosus (JSLE), juvenile systemic
sclerosis (JSSc), and juvenile dermatomyositis (JDM) are
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immune-mediated connective tissue diseases (CTD) that can
affect many organs [1]. Imnmune mechanisms involved in the
pathogenesis of these diseases may cause structural changes
or damage in the various tissues such as the eye, musculo-
skeletal, cardiovascular, and respiratory systems. Interstitial,
alveolar, pleural, airway, vascular, and lymphatic structures
may be affected in CTD-related pulmonary disease. Lung
involvement often manifests in the form of interstitial lung
disease (ILD) [2, 3]. ILD can cause destruction of the pul-
monary structure. It is very rare in children and is seen most
commonly in JSSc. ILD also may occur in with sJIA, JSLE,
and JDM [1, 4]. Although it has been common in JSSc,
recent studies have shown that the ILD is increasing in sJIA.
It is stated that the increasing ILD in sJRA is associated
with early development of disease and macrophage activa-
tion syndrome [5, 6]. ILD can cause uncontrolled systemic
disease activity in CTD patients. CTD with comorbid ILD
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can be fatal, and early detection of the disease is, therefore,
important [2, 3, 5]. The diagnosis of ILD requires care-
ful evaluation of clinical, radiological, physiological, and
pathological changes of disease. There is no definitive test
for diagnosis of ILD in CTD. Although pulmonary function
tests (PFTs) and radiological imaging are used to detect ILD,
they have low sensitivity and specificity and are not able
to diagnose ILD at the early stage [1, 7]. Therefore, novel
noninvasive methods for early detection are needed. Krebs
von den Lungen-6 (KL-6) is a high molecular weight mucin-
like protein that shows increased expression in the serum in
response to cellular damage and expression of type-2 alveo-
lar pneumocytes and bronchial epithelial cells. The blood
level of KL-6 has been reported to be increased in ILD. In
many studies, serum KL-6 levels have a positive correlation
with ILD severity [2, 3, 7]. Also KL-6 level is suggested
as a clinically useful biomarker in screening and evaluat-
ing CTD-ILD, especially in adults [8]. There is no study
to determine the relationship between KL-6 and CTD-ILD
in children.

This study was performed to examine whether KL-6 is
useful as a biomarker for ILD in CTD, by comparing serum
KL-6 levels in CTD patients with or without ILD to those
of healthy controls.

Materials and methods
Study population

Eighty-eight patients (36 patients with sJIA, 27 patients with
JSLE, 14 patients with JDM, and 11 patients with JSSc) and
68 healthy controls were included in this study. Age, sex,
duration of CTD and ILD (if any), and the treatment and its
duration were recorded. ILD was diagnosed on the basis of
the American Thoracic Society guidelines [9]. sJTA, JSLE,
JSSc, and JDM were diagnosed according to their accepted
criteria, based on the clinical and laboratory findings by
pediatric rheumatologists [ 10—13]. The patients were ques-
tioned regarding the pulmonary symptoms, such as cough,
dyspnea, tachypnea, chest pain, and hemoptysis, and con-
sidered to have ILD if they had findings on clinical exam,
chest X-ray, and pulmonary function tests. High-resolution
computed tomography (HRCT) and echocardiography were
performed in patients with abnormal radiologic findings and
symptoms. Bronchoscopy, bronchoalveolar lavage, and/or
open lung biopsies were performed if clinically indicated.
The patients aged over 18 years, and those with active or
chronic infection, malignancy, or liver or kidney disease
were excluded. The control subjects were selected within
former patients at the department of pediatrics and all had
been approved as healthy before invited to be a volunteer.
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The control group patients were in similar age and had simi-
lar gender distribution with the study group.

Laboratory analysis

Blood samples (10 mL) were collected from all the patients
and controls, and stored at — 80 °C after centrifugation at
1000 rpm for 15 min. KL-6 levels were measured using
ELISA (MyBioSource) after thawing and appropriate dilu-
tion of the samples.

Statistical analysis

Mean, standard deviation, interquartile ranges (IQR),
median, range, frequency, and ratio data were computed as
descriptive statistics. The distribution of variables was exam-
ined by the Kolmogorov—Smirnov test. The Kruskal-Wallis
and Mann—Whitney U tests were used for the analysis of
quantitative independent data. The y? test was used for the
analysis of qualitative independent data, and Fisher’s test
was used when the assumptions for the y test were not met.
Spearman’s correlation analysis was used to examine the
associations among the variables. Receiver operating char-
acteristic curve was established to define the best threshold
value for KL-6 to discriminate patients. Statistical analyses
were performed using SPSS software (ver. 22.0; SPSS Inc.,
Chicago, IL, USA). In all the analyses, p <0.05 was taken
to indicate the statistical significance. A prior sample size
calculation was not considered necessary in view of the
exploratory nature of the study.

Ethics

The study was approved by the Medical Ethics Committee
of Cerrahpasa Medical Faculty, Istanbul University-Cerrah-
pasa, Istanbul, Turkey (the date of approval: 02.05.2017,
document submission number: 83045809-604.01.02) The
methods were carried out in accordance with the principles
stated in the Declaration of Helsinki, and informed consent
was obtained from the parents/legally authorized repre-
sentatives of all the study and control group patients under
16 years of age and also an informed consent was obtained
from all the study and control group patients who were older
than 16 years.

Results
Demographic and clinical characteristics of patient
The study population consisted of 88 patients with CTD,

11 (12.5%) of whom had ILD; their data were compared
to those of 68 healthy control subjects. The mean age of
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the CTD without ILD group was 14.4 +3.4 years, versus
16.2+2.4 and 14.3 +3.3 years in the CTD with ILD and
control groups, respectively. Subgroup analysis indicated
that 8 patients in the CTD with ILD group had JSSc, 2 had
JSLE, and 1 had sJIA, while 35 patients in the CTD with-
out ILD group had sJIA, 25 had JSLE, 3 had JSSc, and 14
had JDM. The mean disease duration of the patients in the
CTD with and without ILD groups was 4.95 +1.98 and
5.49+4.02 years, respectively (p > 0.05). The mean dura-
tion of ILD was 1.64 +0.67 years. While 75% (n=58) of
the patients were female and 25% (n=19) were male in the
CTD without ILD group, 91% (n=10) were female and 9%
(n=1) were male in the CTD with ILD group. The control
group consisted of 51% (n=35) females and 49% (n=34)
males. Thus, the ratio of females was higher in the CTD with
and without ILD groups than the control group (p <0.05)
(Table 1).

All ILD patients were symptomatic. Five patients had
cough, three patients had dyspnea, two patients had mild
tachypnea with normal oxygen saturation, and one patient
had both cough and pulmonary hypertension.

Pulmonary function tests

In pulmonary function tests, the CTD without ILD group
showed a forced expiratory volume in 1 s (FEV1) (% pre-
dicted) of 100+ 10, forced vital capacity (FVC) (% pre-
dicted) of 100+ 10, and diffusing capacity of the lung for
carbon monoxide (DLCO) (% predicted) of 80+ 10. The
CTD with ILD group showed a FEV1% of 80+ 10, FVC%
of 90 + 10, and DLCO% of 70 + 10; the differences between
the two groups were not significant (all, p > 0.05). Also,
there were no significant differences in FEV1%, FVC%, or
DLCO% between the JDM, sJIA, JSSc, and JSLE subgroups
(all, p>0.05).

KL-6 levels and relationship between ILD and KL-6

The median serum KL-6 level was 1,450.5 U/mL (IQR
742.9-2603.2, min—max: 271.9-4165) in the CTD with
ILD group, 415.9 U/mL (IQR 233.4-748.4, min—-max:
75.3-3288) in the CTD without ILD group, and 465.9 U/
mL (IQR 273.6-1036, min—max: 48.8-2726) in the con-
trol group. KL-6 levels were significantly higher in the
CTD with ILD group than the CTD without ILD and con-
trol groups (p =0.003) (Table 2). To assess the diagnostic
value of serum KL-6 for CTD with ILD, the receiver of
characteristic curve analysis was performed and yielded
a cut-off level of 712.5 U/ml. At this cut-off value, the
serum, KL-6 level had a sensitivity of 81% and speci-
ficity of 72% for the diagnosis of CTD with ILD group
(area under the curve (AUC)=0.80, p <0,001) (Fig. 1)
There were no significant differences in serum KL-6 levels
among the disease subgroups (sJIA, JSLE, JSSc, and JDM)
in either the CTD with ILD group or the CTD without ILD
group (all, p>0.05). Serum KL-6 was not significantly
correlated with the CTD or ILD duration, or with FEV 1%,
FVC% or DLCO (all, p > 0.05).

Table2 Comparison of Krebs von den Lungen-6 levels among
groups

KL-6 levels (U/mL)

Min—max Median p
Control 48.8-2726 465.9 0.003?
ILD (-) 75.3-3288 415.9
ILD (+) 271.9-4165 1450.5

#Kruskal-Wallis and Mann—Whitney U tests

Table 1 Characteristics of
patients with connective tissue

Patient’s group

disease with and without CTD with ILD (n=11) CTD without Total (n=88) Control
interstitial lung disease ILD (n="77) group
(n=68)
Age (years) 162+2.4 144+3.4 14.5+3.7 143+3.3
Gender (F/M) 10/1 58/19 68/20 35/33
Duration of CTD (years) 4.95+1.98 5.49+4.02 54+3.8
Duration of ILD (years) 1.64 +0.67 1.64+0.67
CTD subtype
sJTA 1 (9%) 35 (45%) 36 (41%)
JSLE 2 (18%) 25 (33%) 27 (30%)
JSSc 8 (73%) 3 (4%) 11 (13%)
IDM 0(0%) 14 (18%) 14 (16%)

CTD connective tissue disease, /LD interstitial lung disease, sJIA systemic juvenile idiopathic arthritis,
JSLE juvenile systemic lupus erythematosus, JSSc juvenile systemic sclerosis, JDM juvenile dermatomy-

ositis
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Fig. 1 ROC curve analysis of the serum KL-6 level

Discussion

This study was aimed to evaluate the relationship between
ILD and KL-6 in childhood CTD. We confirmed that the
serum levels of KL-6 were significantly elevated in CTD
patients with versus without ILD.

Childhood CTD is characterized by high morbidity and
mortality and can affect many organs. ILD is one of the
most serious comorbidities of CTD [2, 3]. A number of
studies have been performed to develop methods for early
diagnosis of ILD. The serum KL-6 level is increased in
regenerated normal lung tissue, and when the air-blood
barrier is disrupted in the lungs or expression of alveolar
type-2 pneumocytes is increased [14-16]. KL-6, which
is a sensitive and specific marker for the development of
ILD, is also increased in cases of CTD with comorbid ILD
[17-20]. The present study showed that the KL-6 levels
were increased in the CTD with ILD patients compared to
the CTD without ILD and control groups. At the cut-off
value of 712.5 U/ml, calculated by the receiver operat-
ing characteristic curve analysis, the serum KL-6 level
had a sensitivity of 81% and specificity of 72% for the
diagnosis of CTD with ILD patients. Similar results were
reported in the literature. In 68 adult patients, Oguz et al.
detected increased KL-6 levels in CTD with ILD patients
compared to the CTD without ILD and control groups [2].
Similarly, Fathi et al. reported that the KL-6 levels were
significantly higher in 12 patients with polymyositis and
DM who developed ILD [7]. In addition, Fukaya et al.
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showed that the KL-6 level was an indicator of ILD in
CTD, as well as a biomarker of disease activation and
response to treatment [8].

In our study, there was no significant difference in
KL-6 level among the CTD subgroups, similar to a previ-
ous study of CTD patients with comorbid ILD [2]. In that
study, no correlation was found between disease duration
and KL-6 level, similar to our study.

The PFT is used to detect the lung involvement in CTD
[21-23]. Although it is a noninvasive test that can be
repeated easily, it requires cooperation from the patient
and is not easy to apply, especially in pediatric cases. In
a study of polymyositis and DM patients, a negative cor-
relation was found between serum KL-6 level and PFT
performance in patients with ILD [7]. In another study, Hu
et al. reported polymyositis and DM patients with ILD had
a higher KL-6 levels than those without ILD, and they also
found that the KL-6 levels were significantly inversely cor-
related with PFT [14]. In addition, Cao et al. demonstrated
that the elevated serum KL-6 correlates with the clinical
manifestations of microvascular injury and it may predict
deterioration of lung function of SSC-ILD patients [24].

In the present study, there was no relationship between
the serum KL-6 level and FEV1%, FVC%, DLCO%. This
may have been due to the range of CTD subtypes or the
small number of patients in our study.

JIA is the most common CTD of childhood [25, 26].
There were a few studies of children with sJIA and pul-
monary complications in the past. But, the recent stud-
ies reported that the pulmonary disease is increasingly
detected in children with sJIA [6, 27]. Schulert et al.
described 18 JIA patients with comorbid lung disease (LD)
and found that the developing sJTA before the age of two
and history of macrophage activation syndrome are risk
factors for sJIA-LD [6]. In another multicenter study, it
was found that the macrophage dysfunction and inhibi-
tor exposure may promote life-threatening LD [5]. In this
study we have only one patient with sJTA-ILD, so we could
not to be able to detect any risk factors for ILD.

This study had some limitations. First, it used a cross-
sectional design and included a small number of ILD
patients, so we could not draw any definitive conclusions
regarding whether KL-6 level is a prognostic or predic-
tive marker of childhood CTD with comorbid ILD. Also,
it is difficult to detect powerful association between ILD
and different CTDs because of the small number of ILD
patients. In addition, the study population was heterogene-
ous and we did not evaluate the active disease phase in the
CTD with ILD group. Additionally, we did not perform
HRCT to all the patients to minimize radiation exposure
and thus asymptomatic ILD patients might be missed. This
reduces the power of our work.
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Conclusion

KL-6 can be used as a screening biomarker for ILD in chil-
dren CTDs. Further studies are needed to validate serum
KL-6 as a prognostic or predictive biomarker of ILD in
childhood CTD.
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