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Abstract

Objective This cross-sectional study was designed to assess the clinical significance of the serum KL-6 in the diagnosis of
interstitial lung disease (ILD) in patients with idiopathic inflammatory myopathy (IIM).

Methods We measured serum KL-6 levels in 184 patients with IIM using a chemiluminescent enzyme immunoassay and
compared KL-6 levels between patients with and without ILD, according to other clinical features.

Results 1IM patients with ILD had significantly higher serum KL-6 levels than those without ILD (776.5 [372.3—1378.8] vs.
297.5[204.75-599.3] U/ml, P < 0.001). At a cut-off of 461.5 U/ml identified by ROC curve, serum KL-6 yielded a sensitivity of
70.2% and specificity of 73.9% for ILD in IIM patients. IIM patients with an elevated serum KL-6 were more likely to have
clinical symptoms of mechanic’s hands (P = 0.002), anti-Jo-1 antibody positivity (P = 0.021), dysphagia (P = 0.039), hoarseness
(P <0.001), and polyarthritis/polyarthralgia (P < 0.001). Significant inverse correlations were found between serum KL-6 levels
and pulmonary function tests (P < 0.01), including forced vital capacity (FVC, %Pred), total lung capacity (TLC, %Pred), and
diffusing capacity for carbon monoxide (DLCO, %Pred).

Conclusions Serum KL-6 offers high sensitivity and specificity for the diagnosis of [IM-associated ILD and is inversely corre-
lated with pulmonary function deterioration. Serum KL-6 may represent a promising biomarker for monitoring ILD severity in
[IM patients.
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Introduction systemic autoimmune diseases characterized by chronic pro-
gressive muscle weakness and inflammation of the striated
Idiopathic inflammatory myopathies (IIMs), including poly-  muscles with unknown etiology and resulting in significant

myositis (PM) and dermatomyositis (DM), are considered  morbidity and mortality [1]. In addition, extramuscular com-
plications, such as skin manifestations, interstitial lung disease
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early and accurate diagnosis of ILD in patients with IIM, high-
resolution computed tomography of the chest (HRCT) scan-
ning and invasive lung biopsy are used to screen and confirm
the diagnosis.

In 1989, the serum level of Krebs von den Lungen-6
(KL-6) antigen was reported by Kohno et al. to be a
useful indicator of disease activity in patients with ILD
[5]. Several previous studies have shown that KL-6 is a
marker of SSc-associated ILD, correlates with disease
activity [6-9], and may provide valuable information in
identifying patients with ILD who are at increased risk
for subsequent mortality [9]. However, less research has
been conducted in patients with [IM-associated ILD [10].
In the present study, we applied a chemiluminescent en-
zyme immunoassay (CLEIA) to detect KL-6 levels in
serum samples of patients with IIM to explore whether
the serum KL-6 concentration can serve as a specific
marker complement to HRCT in identifying patients with
ILD at the time of IIM diagnosis in Chinese patients.

Methods
Ethical approval

This study was approved by the Medical Ethics Committee of
Peking Union Medical College Hospital (S-478). The
methods were carried out in accordance with the principles
stated in the Declaration of Helsinki, and informed consent
was obtained from each patient.

Patients and samples

A total of 184 PM/DM patients (47.9 +13.8 years, 47
males, 137 females) enrolled in this study were from
the Peking Union Medical College Hospital inflammato-
ry myopathies (PUMCH-IM) registry database and were
recruited from March 2012 to September 2016. Patients
from outpatient clinic and inpatient ward, who were di-
agnosed with PM/DM and fulfilled the definite or prob-
able diagnostic criteria of Bohan and Peter, were consec-
utively enrolled in the PUMCH-IM registry [11, 12].
Patients with other connective tissue diseases, malignan-
cies, infectious diseases, or drug-induced myopathy as
well as those aged younger than 14 years were excluded.
Four-milliliter blood samples were collected when pa-
tients were registered using a BD vacutainer without an-
ticoagulants and clotted at room temperature for up to
1 h, before being centrifuged at 4 °C for 5 min at
3000 rpm. The serum was then allocated and stored at
—80 °C. No sample was subjected to more than one
freeze-thaw cycle before analysis.
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Measurements of serum KL-6

Serum levels of KL-6 in patients with IIM were measured
using a chemiluminescent enzyme immunoassay according
to the manufacturer’s instructions (Fujirebio Inc., Japan).

Diagnosis of ILD

Pulmonary function tests (PFTs) based on lung volume, spi-
rometry, and diffusing capacity were examined by the respi-
ratory lab at PUMCH. Data collected from PFTs included
forced vital capacity (FVC), forced expiratory volume in 1 sec-
ond (FEV1), total lung capacity (TLC), and diffusing capacity
for carbon monoxide (DLCO). The results were reported as
percentages of predicted values for each patient’s age, gender,
and height. Evidence of restriction (reduced FVC accompa-
nied by abnormal or increased FEV1/FVC ratio) and impaired
gas exchange (increased alveolar-arterial oxygen pressure gra-
dient [PA-a0,], decreased arterial partial pressure of oxygen
[PaO,], or decreased DLCO) were required for the diagnosis
of ILD.

HRCT scans were reviewed by two independent radiolo-
gists (Drs. Hui Huang and Zuojun Xu) without the knowledge
of patients’ clinical information. HRCT examinations were
carried out using 2-mm-thick collimation at 1-cm intervals
throughout both entire lungs during inspiration in the supine
position. Ground-glass and bibasilar opacity represented alve-
olar involvement, while honeycombing represented the inter-
stitial findings. Each radiologist provided a diagnosis based on
HRCT characteristics. In cases of conflict regarding the
HRCT diagnosis, the HRCTs were reread by both radiologists
and a consensus on the diagnosis was reached if possible.

Statistical analysis

The normality of continuous variables was tested by distribu-
tion plots, and the data are expressed as mean + standard
deviation or as median plus inter quartile range (25th—75th
percentiles) according to their normal or non-normal distribu-
tion. Dichotomous data are presented as frequencies and per-
centages. Differences in the serum KL-6 concentration be-
tween [IM patients with or without ILD were analyzed using
the ¢ test, and the performance of KL-6 in the diagnosis of [IM
patients with ILD was assessed by receiver operating charac-
teristic curve analysis. The associations between KL-6 and
ILD as well as other clinical features of IIM were investigated
using x* or Fisher’s exact test. The correlations between se-
rum levels of KL-6 and PFT parameters were assessed using
Spearman’s rank correlation coefficient. All statistical analy-
ses were performed using the SPSS statistical software pack-
age for Windows (version 16.0; SPSS Inc., Chicago, IL,
USA), and two-tailed P values <0.05 were considered
significant.



Clin Rheumatol (2019) 38:2181-2187

2183

Results
Demographic data of IIM patients

The 184 IIM patients included in this study were divided into
two groups according to a cut-off value for serum KL-6 of
500 U/ml, which was given as a cut-off value for high and
low KL-6 levels by the manufacturer of the immunoassay used
in this study. The mean age of patients in the group with serum
KL-6>500 U/ml was significantly higher than that of patients
in the group with serum KL-6 < 500 U/ml (50.3 +12.2 vs. 45.8

+14.8 years, P=0.025). Compared with patients with serum
KL-6 <500 U/ml, those with serum KL-6>500 U/ml were
more likely to have clinical symptoms of mechanic’s hands
(40.5% vs. 20.0%, P =0.002), positivity for anti-Jo-1 antibod-
ies (16.67% vs. 6.00%, P=0.021), dysphagia (47.9% vs.
35.0%, P=0.0391), hoarseness (26.0% vs. 3.0%, P <0.001),
and polyarthritis/polyarthralgia (40.5% vs. 16.0%, P <0.001).
The characteristics of the [IM patients stratified according to the
serum KL-6 cut-off value of 500 U/ml are presented in Table 1.

Performance of KL-6 in the diagnosis of ILD
in patients with IIM

IIM patients with ILD had a significantly higher median se-
rum KL-6 level than those without ILD (776.5 [372.3—
1378.8] vs. 297.5 [204.75-599.3] U/ml, P<0.001; Fig. 1).
In order to assess the diagnostic value of serum KL-6 for
ILD in IIM patients, the receiver operating characteristic curve
analysis was performed and yielded a cut-off level of 461.5 U/
ml. At this cut-off value, the serum KL-6 level had a sensitiv-
ity of 70.2% and specificity of 73.9% for the diagnosis of ILD
in IIM patients (area under the curve [AUC]=0.76, P=
0.000). The ROC curve is shown in Fig. 2.

3000.00
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KL-6 U/ml
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1 I
ILD Non-ILD

Fig. 1 Box plots showing the distribution of serum KL-6 levels in PM/
DM patients with or without ILD

Associations between serum levels of KL-6
and pulmonary function parameters in patients
with IIM

A significant inverse correlation was found between serum levels
of KL-6 and all included pulmonary function parameters: pre-
dicted TLC (%Pred) (r=—10.440, P=0.001), DLCO (%Pred)
(r=—0.492, P=0.000), predicted FEV1 (%Pred) (r=—0.372,
P=0.000), and FVC (%Pred) (r=—10.396, P=0.000) (Fig. 3).

In order to evaluate the relationship between KL-6 and lung
function further, patients were divided into three groups accord-
ing to diminished lung function: mildly decreased function
(DLCO [%Pred] or FVC [%Pred] >80%), moderately de-
creased function (DLCO [%Pred] or FVC [%Pred] 50-80%),
and severely decreased function (DLCO [%Pred] or FVC
[%Pred] <50%). We found that the concentration of KL-6 was
significantly lower in the group with moderately decreased

Table 1  Characteristics of the IIM patients stratified according to the serum KL-6 cut-off value of 500 U/ml

Demographic variables Total (n=184) KL-6 <500 U/ml (n=100) KL-6>500 U/ml (n=84) Xz/t P

Gender (M/F) 47/137 24/76 23/61 0.27 0.600

Age (years)* 47.87+13.81 45.8+14.8 503+£12.2 225 0.025

Characteristics of [IM at diagnosis
Mechanic hands 54 (29.35%) 20 (20.00%) 34 (40.48%) 9.23 0.002
Heliotrope rash 97 (52.72%) 58 (58.00%) 39 (46.43%) 2.45 0.117
Gottron’s sign 85 (46.20%) 42 (42.00%) 43 (51.19%) 1.55 0.213
V sign/shawl sign 81 (44.02%) 49 (49.00%) 32 (38.10%) 2.20 0.138
Anti-Jo-1 positivity 20 (10.87%) 6 (6.00%) 14 (16.67%) 5.36 0.021
ANA 64 (34.78%) 34 (34.00%) 30 (35.71%) 0.06 0.808
Dysphagia 38 (20.65%) 24 (35.00%) 14 (47.93%) 4.28 0.039
Hoarseness 25 (13.59%) 13 (3.00%) 12 (26.04%) 21.55 <0.0001
Polyarthritis 50/122 (40.98%) 16/78 (16.00%) 34/44 (40.48%) 13.82 <0.001

Health assessment 46.00+£22.67 53.06+21.72 38.48+21.42 3.29 0.001

*Statistical analysis of age adopted independent-sample test
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Fig. 2 Receiver operating characteristic curves indicating the power of

initial serum KL-6 level for the diagnosis of PM/DM patients with ILD
(AUC=0.76, P=0.000)

function (846.6+961.9 U/ml) than in the group with severely
decreased function (1403.2 +1106.8 U/ml; P=0.028), but this
difference was not found between the groups with mildly and
moderately decreased function, as shown in Fig. 4a. The
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frequency of patients with serum KL-6 > 500 U/ml in the group
with severely decreased function was significantly higher than
that in the group with moderately decreased function. At the
same time, the frequency of patients with serum KL-6>
500 U/ml in the group with moderately decreased function
was also significantly higher than that in the group with mildly
decreased function (P =0.036), as shown in Fig. 4b.

With regard to FVC (%Pred), the concentration of KL-6 was
significantly lower in the patients with FVC (%Pred) >80%
(614.0+646.0 U/ml) than that in those with FVC (%Pred)
50-80% (1176.1 +£1173.4 U/ml; P=0.005), but this difference
was not found between patients with FVC (%Pred) 50-80% and
patients with FVC (%Pred) <50% (777.4+377.0 U/ml; P=
0.460), as shown in Fig. 4c. The frequency of patients with
serum KL-6>500 U/ml in the group with FVC (%Pred) 50—
80% was significantly higher than that in the group with FVC
(%Pred) >80% (P =0.005), but this difference was not found
between patients with FVC (%Pred) 50-80% and patients with
FVC (%Pred) <50% (P =0.992), as shown in Fig. 4d.

Discussion

Polymyositis and dermatomyositis are connective tissue dis-
eases with characteristic of myositis and extramuscular com-
plications, such as skin manifestations, ILD, and cardiomyop-
athy [1]. A number of risk factors have been identified to be
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Fig. 3 Significant inverse correlation between serum KL-6 level and results of pulmonary function tests. a Percentage total lung capacity (TLC). b
Diffusing capacity for carbon monoxide (DLCO). ¢ Forced expiratory volume in 1 second (FEV1). d Forced vital capacity (FVC)
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associated with the presence of ILD in patients with 1IM,
which could benefit the early diagnosis of IIM patients and
improve outcomes [13]. KL-6 is a mucin-like high molecular
weight glycoprotein strongly expressed on type II alveolar
pneumocytes and bronchiolar epithelial cells; it was discov-
ered by Kohno et al. in 1985 and reported to be a serum
marker of ILD in several studies [5, 14]. From then on, KL-
6 was also reported as a marker of ILD in patients with sclero-
derma and rheumatoid arthritis, which can facilitate the diag-
nosis of ILD and play a role in predicting ILD progression and
mortality [15-17].

In the present study, we applied a chemiluminescent enzyme
immunoassay to detect serum KL-6 levels in a large cohort of
patients with IIM. First, we found IIM patients with ILD had
significantly higher serum KL-6 levels than those without ILD.
Furthermore, we confirmed that the serum level of KL-6
reflected the severity of ILD in terms of pulmonary function
deterioration. The KL-6 levels were significantly inversely cor-
related with the results of the included pulmonary function
tests: TLC (%Pred), DLCO (%Pred), FEV1 (%Pred), and
FVC (%Pred). Second, we identified the relationship that [IM
patients with serum KL-6 > 500 U/ml were more likely to have
clinical symptoms of mechanic’s hands, positivity for anti-Jo-1
antibodies, dysphagia, hoarseness, and polyarthritis/
polyarthralgia, which were consistent with the features of
antisynthetase syndrome [1]. Among the clinical manifesta-
tions, ILD is the most frequent complication and present in

>80%  80-50% < 50%
FVC (%Pred)

70-89% of antisynthetase syndrome patients. As ILD is often
difficult to treat and can have a fatal clinical course, it has drawn
much attention in the last few decades [18]. The ARS-AD,
including anti-Jo-1 antibodies, were reported to be associated
with ILD, but those antibodies were present only in 7-20% of
patients with IIM [19]. Moreover, the association between the
concentrations of those antibodies and pulmonary function
were not clear. In the present study, we have confirmed that
45.7% of Chinese IIM patients had a serum KL-6 level >
500 U/ml, and the serum concentration of KL-6 was signifi-
cantly higher in the PM/DM patients with ILD than in those
without. At the cut-off value of 461.5 U/ml calculated by the
receiver operating characteristic curve analysis, the serum KL-6
level had a sensitivity of 70.2% and a specificity of 73.9% for
the diagnosis of ILD in PM/DM patients. Consistent with the
results of Oguz et al. [20], the serum KL-6 level is a sensitive
and specific diagnostic factor for ILD and may be used for the
detection of ILD in patients with IIM. In patients with [IM, the
lung is probably the most frequently involved extramuscular
organ, and the presence of ILD in patients with IIM is associ-
ated with high morbidity and mortality [18]. As ILD encom-
passes a variety of lung parenchymal involvements, it may be
overlooked and could be an underestimated problem in 1M,
thereby with delayed treatment. The diagnosis of ILD has been
based on the results of high-resolution CT or the invasive
transbronchial lung biopsy, which could be influenced by nu-
merous factors or bring great suffering for patients. Although it
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is known that the pulmonary function test is noninvasive, it is
highly dependent on the cooperation of patients; instead of
frequently repeated pulmonary function tests, radiographic ex-
amination, and invasive transbronchial lung biopsies, detection
of serum KL-6 throughout the course of a patient’s disease is
easier to perform. In our cohort, we observed an inverse corre-
lation between changes in serum levels of KL-6 and pulmonary
function test results. It is interesting that when the patients were
divided into three subgroups according to the degree of change
in lung function, DLCO (%Pred) (= 80%, 50-80%, and < 50%)
or FVC (%Pred) (> 80%, 50-80%, and < 50%), the correlations
between serum KL-6 levels and pulmonary function test results
differed for different degrees of lung function decline. For the
DLCO (%Pred), with a greater change in DLCO (%Pred), the
change in the serum level of KL-6 was also greater. For the
FVC (%Pred), the change in the serum KL-6 level was more
sensitive for reflecting the change in FVC (%Pred) at the be-
ginning, but the change in KL-6 did not reflect the changes in
FVC (%Pred) when FVC (% Pred) was severely changed.

There are several limitations in our study. It has been re-
ported in patients with systemic sclerosis-associated ILD that
cyclophosphamide might affect the KL-6 serum level in spite
of the spirometry parameters (FVC and DLCO) [9]. Given the
remarkable disparity of treatment regimens when patients
were registered, the effect of pharmacological treatments on
serum level of KL-6 was not taken into account in our [IM
patients. Furthermore, the relationship between serum KL-6
level and disease activity of myositis were not investigated in
this study, because the disease activity of muscle, skin, and
lung lesions in myositis patients are not always concordant,
and the score system developed by International Myositis
Outcome Assessment Collaborative Study (IMACS) is quite
complicated and not available when these patients were reg-
istered. Instead, we compared the frequency of a number of
typical myositis-related clinical features between groups with
different KL-6 levels (Table 1). Obviously, detection of serum
KL-6 serially may be useful in the follow-up of IIM patients
with ILD and could possibly be a complement to repeat pul-
monary function tests and chest radiography/HRCT for eval-
uating the response to therapy.

In conclusion, this is a comprehensive report on the
significance of the serum KL-6 level in Chinese patients
with TIM. IIM patients with ILD had significantly higher
serum KL-6 concentrations than those without ILD. Also,
there was a significant inverse correlation between serum
KL-6 levels and the results of pulmonary function tests.
From a clinical point of view, these data support the use-
fulness of serum KL-6 as an additional serological marker
for the diagnosis of ILD in IIIM patients and as a predic-
tive marker for some [IM-related manifestations. However,
additional longitudinal studies are needed to validate the
diagnostic and/or prognostic role of serum KL-6 in a larger
cohort of patients with 1IM.
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