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Objective: Krebs von den Lungen-6 (KL-6) is expressed on regenerating type Il pneumocytes and has been recognized as biomarkers
in interstitial lung disease (ILD). We aim to identify the role of the serum KL-6 level in patients with newly diagnosed Sjogren
syndrome (SS), as well as the correlation between the immunoassays.

Methods: Patients with newly diagnosed SS and receiving HRCT for clinical reason during follow-up were included. Baseline KL-6
level was measured via enzyme-linked immunosorbent assay (ELISA) and latex particle-enhanced turbidimetric immunoassay
(LETIA).

Results: Of the 39 patients, 21 (53.85%) developed interstitial lung disease (ILD) by the conclusion of the follow-up period. The
median time to diagnosis of ILD was 2.24 years (IQR 1.15-4.34) in the ILD group. The median serum KL-6 level, measured using
ELISA, was 1232 U/mL (IQR 937-2242) and 764.5 U/mL (IQR 503.25-1035.75) in the ILD group and the non-ILD group,
respectively (p = 0.001). The median LETIA for serum KL-6 was 329 U/mL (IQR 235-619) and 245 U/mL (IQR 215.25-291) in
the ILD group and the non-ILD group, respectively (p = 0.074).

Conclusion: Serum KL-6 levels were higher in newly diagnosed SS patients with ILD diagnosis during follow-up. Thus, the serum
KL-6 level can serve as a valuable biomarker to identify hidden ILD in patients with newly diagnosed SS patients. However, the
immunoassay procedure may influence the efficacy of the prediction and its clinical association.
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Introduction
Sjogren syndrome (SS) is an autoimmune disease presenting with exocrine gland inflammation and extra-glandular
involvement.' Approximately one-fifth of primary SS (pSS) patients presented symptomatic pulmonary involvement with
reduced quality of life and a fourfold increase in their mortality rate.> However, a high fraction of pSS patients without
clinical symptoms could be identified abnormality on pulmonary high resolution computed tomography (HRCT).?
Krebs von den Lungen-6 (KL-6), also called episialin, was initially identified using a murine IgGl monoclonal
antibody in a BALB/c mouse, immunized with a human pulmonary adenocarcinoma cell line.* It is a membrane-
associated glycoprotein, which was classified as cluster 9 mucin-1 (MUCI), that is expressed in epithelial cells,
especially type II pneumocytes, respiratory bronchiolar epithelial cells, bronchial gland serous cells, fundic gland
cells, ductal epithelial cells of mammary glands, pancreas and salivary glands.>® Furthermore, it is highly expressed
in regenerating pneumocytes from patients with ILD and adenocarcinoma of the lung, pancreas, or breast; whereas in
healthy lung tissue, type I pneumocytes, goblet cells, and mucous cells of the bronchial glands do not express KL-6.” The
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concentration of KL-6 is highest in the epithelial lining fluid, followed by the serum and then the bronchoalveolar lavage
fluid, which suggests a high permeability through the air-blood barrier.” KL-6 also functions as a chemotactic factor for
human fibroblasts, and the high KL-6 concentration found in epithelial lining fluid may trigger intra-alveolar fibrosis.®
Other biomarkers, including anti-Ro antibodies and complement 3 (C3), were reported to be associated with the
development of ILD in a cohort of 315 Chinese pSS patients.” However, the serum KL-6 level is directly related to the
process of recovery from pneumonitis and the following fibrosis. We aim to identify the role of the serum KL-6 level in
patients with newly diagnosed SS, as well as the correlation between the latex particle-enhanced turbidimetric immu-
noassay (LETTA) with enzyme-linked immunosorbent assay (ELISA) and association with clinical phenotypes.

Materials and Methods
Study Subjects

In this retrospective case—control study, patients who were diagnosed with pSS between 2011 and 2018 fulfilled the
American-European Consensus Group Criteria for Sjogren’s syndrome, and had an available baseline serum sample for
KL-6 level evaluation, were included.! All patients received a chest high resolution computed tomography (HRCT) for
clinical reason in the follow-up period. Clinical information and laboratory results on inclusion were retrieved from
electronic medical records. A diagnosis of ILD was established by the pulmonologist, and the HRCT patterns were
recorded according to the classification of idiopathic interstitial pneumonia.'® The results of pulmonary function testing
and pulmonary arterial pressure detected by transthoracic echocardiography at the end of follow-up were recorded. An
experienced pulmonologist reviewed all pulmonary imaging, including a chest X-ray and HRCT.

The KL-6 level at baseline was detected with ELISA (MBS2601395; MyBioSource, CA, USA) and LETIA
(Nanopia), following the manufacturer’s instructions. Immunologic assay on inclusion included antinuclear antibody
(ANA), anti-Ro/La, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), complement 3 (C3) and comple-
ment 4 (C4). This study was approved by the Institutional Review Board of Tri-Service General Hospital and the
National Defense Medical Center in Taiwan (1-107-05-137).

Statistical Analysis

We used the Chi-square test to compare categorical variables. The continuous variables were tested using the Wilcoxon
rank sum test or #-test according to the Shapiro—Wilk normality test. Correlation between continuous variables was
examined with Spearman correlation. A p-value <0.05 was considered statistically significant. Biomarker-predicted
values were estimated with logistic regression, receiver-operating characteristic (ROC) curve and the area under curve
(AUC). We use Youden’s J statistic to find an optimal cut-point. The effect size of independent two-sample comparison
was examined in power analysis. Statistical analyses were conducted using the R software, version 3.5.2.

Results
Of the 39 patients with pSS, 21 (53.85%) had developed ILD by the end of the follow-up period, with a median of 2 years
(IQR 4.47-0.91). The median age of the participants was 59 years (IQR 53-63). Women comprised 87.2% of the participants.
The median time to diagnosis of ILD was 2.24 years (IQR 1.15-4.34) in the ILD group. There were coexisting malignancies in
seven patients, including two patients with breast cancer and one patient with lung adenocarcinoma in the non-ILD group and one
with breast cancer, one with lymphoplasmacytic lymphoma, one with pancreatic adenocarcinoma, and one with gastric mucosa-
associated lymphoid tissue lymphoma in the ILD group. Five patients had non-productive cough lasting for at least 3 months at
baseline, including two in the ILD group and three in the non-ILD group. Other baseline characteristics including European
League Against Rheumatism Sjogren’s syndrome disease activity index (ESSDAI), immunomodulators, and comorbidities did
not show a difference between the ILD and non-ILD groups (Table 1). Five patients received labial minor salivary gland biopsy
with a focus score 1, three of whom were in the ILD group and two of whom were in the non-ILD group.

Baseline serum and clinical markers are summarized in Table 2. Missing data for clinical laboratory examinations are listed in
Table 2. Two patients were not arranged pulmonary function test, and echocardiogram was not available in 16 patients. The
median serum KL-6 level, measured using ELISA, was 1232 U/mL (IQR 937-2242) and 764.5 U/mL (IQR 503.25-1035.75) in
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Table | Patient Characteristics
Total ILD (n = 21) Non-ILD (n = 18) p-value
Age (years) 57.41 (10.98) 59.76 (8.94) 54.67 (12.66) 0.220
Female, n (%) 34 (87.18) 18 (85.71) 16 (88.89) |
Follow-up period (years) 2 [0.91; 4.47] 224 [1.15; 4.34] 1.95 [0.74; 4.85] 0.806
ESSDAI 5[27] 412, 7] 5[3.25 7] 0.327
Non-productive cough, n (%) | 5 (7.80) 2 (9.52) 3 (16.67) 0.853
Immunomodulators, n (%)
Hydroxychloroquine 36 (92.31) 20 (95.24) 16 (88.89) 0.889
Methotrexate 3 (7.69) | (4.76) 2(11.11) 0.889
Azathioprine 9 (23.08) 3 (14.29) 6 (33.33) 0.305
Prednisolone 6 (15.38) 4 (19.05) 2 (I1.11) 0811
Smoking, n (%) 2 (5.13) 1 (4.76) I (5.56) |
Hypertension, n (%) 10 (25.64) 5(23.81) 5(27.78) |
Diabetes, n (%) 2 (5.13) 1 (4.76) 1 (5.56) |
Asthma, n (%) 3 (7.69) 2 (9.52) I (5.56) |
COPD, n (%) 2 (5.13) 1 (4.76) I (5.56) |
Coexciting malignancy, n (%) 7 (17.95) 4 (19.05) 3 (16.67) |

Note: Data were presented as mean (standard deviation) or median [interquartiles] according to normality.
Abbreviations: ILD, interstitial lung disease; ESSDAI, the EULAR Sjogren’s syndrome disease activity index; COPD, chronic obstructive pulmonary disease.

Table 2 Baseline Serum and Clinical Markers

Total

ILD

Non-ILD

p-value

KL-6 (ELISA, U/mL)
KL-6 (LETIA, U/mL)

ANA > 1:80, n (%)
Anti-Ro (U/mL)

997 [757; 1497]
258 [219.5; 435.5]

LDH (U/L) 185.67 (39.61)
Missing: 18

ANA 320 [40; 640]
Missing: 2

26 (70.27%)
240 [47; 240]

Anti-Ro positive, n (%) | 34 (87.18)
Anti-La (U/mL) 0.7 [0; 13.3]
Anti-La positive, n (%) 11 (28.21)
Anti-dsDNA, n (%) 1 (2.56)
ACPA, n (%) 1 (2.56)
ATA, n (%) 1 (2.56)
Anti-B2GP, n (%) 1 (2.56)
AMA, n (%) 1 (2.56)
C3 (mg/dL) 100.97 (19.67)
Missing: 4
Low C3, n (%) 4 (11.43)
C4 (mg/dL) 21.97 (6.4)
Missing: 4
Low C4, n (%) 8 (22.86)

1232 [937; 2242]
329 [235; 619]
188.42 (38.29)

320 [40; 640]

15 (71.43%)
234 [21; 240]
18 (85.71)
0.4 [0; 1.9]

5 (23.81)

0

0

| (5.88)

| (5.88%)
99.9 (14.63)

| (5.88)
22.26 (7.06)

4 (23.53)

764.5 [503.25; 1035.75]

245 [215.25; 291]
182 (43.36)

160 [30; 1280]

11 (68.75%)

240 [156.25; 240]
16 (88.89)

0.85 [0.03; 17.65]
6 (33.33)

| (5.56)

| (5.56)

0

| (5.56)

0

101.98 (2.87)

3 (16.67)
21.68 (6.05)

4(22.22)

0.001
0.074
0.729

0.565

0.373

0.408

0.763

0.938

0.938

0.938

0.757

0.638
0.796

Note: Data were presented as mean (standard deviation) or median [interquartile range] according to normality.
Abbreviations: KL-6, Krebs von den Lungen-6, ELISA, enzyme-linked immunosorbent assay, LETIA, latex particle-enhanced turbidimetric immunoassay, LDH, lactate
dehydrogenase, ANA, antinuclear antibodies, ACPA, anti-citrullinated protein antibodies, ATA, anti-topoisomerase | antibodies (anti-Scl-70), Anti-B2GP, anti-beta

2-glycoprotein.

the ILD group and the non-ILD group, respectively (p = 0.001). (Figure 1) The median serum KL-6 in LETIA was 329 U/mL
(IQR 235-619) and 245 U/mL (IQR 215.25-291) in the ILD group and the non-ILD group, respectively (p = 0.074). The effect
size was 0.528 for ELISA KL-6 and 0.289 for LETIA KL-6. Serum KL-6 did not differ between patients with and without
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Figure | The KL-6 level, measured using enzyme-linked immunosorbent assay, in patients with and without interstitial lung disease (ILD) development, shows significantly
higher values in patients with the development of ILD. Colors discriminated against different CT patterns. N and Y represent the non-ILD and ILD groups, respectively. LD
not meeting the above-mentioned patterns was recorded as indeterminate.

Abbreviations: LIP, lymphocytic interstitial pneumonitis; NSIP, nonspecific interstitial pneumonia; OP, organizing pneumonia; UIP, usual interstitial pneumonia.

coexisting malignancy (p = 0.770 for ELISA and 0.985 for LETIA). Serum KL-6 level did not differ between patients with and
without positive anti-Ro, including ELISA (p = 0.529) and the LETIA (p = 0.867). The correlation between ELISA and LETIA
for serum KL-6 was 0.40 (p = 0.012). The correlation between ESSDAI and KL-6 was insignificant in ELISA (r = 0.01,
p = 0.929) and low in LETIA (= 0.32, p = 0.048).

The AUC of the ROC curve was 0.810 and 0.669 on ELISA and LETIA of serum KL-6, respectively (Figure 2). The
optimal cut-point was 922 U/mL and 402 U/mL for ELISA and LETIA of serum KL-6, respectively. The risk factors for
ILD are summarized in Table 3. Serum KL-6 level higher than the cut-point revealed an increased risk of ILD, odds ratio
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Figure 2 Receiver-operating characteristic curve analysis of two methodologies of serum KL-6. Investigation of the ability of KL-6 level to identify the development of ILD in
patients with Sjogren syndrome revealed an area under the curve of 0.810 and 0.669 on enzyme-linked immunosorbent assay (ELISA) (A) and latex particle-enhanced
turbidimetric immunoassay (LETIA) (B) of serum KL-6, respectively.
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Table 3 Predictors for Interstitial Lung Disease in Patients with

Sjogren Syndrome

Biomarkers OR (95% CI) P
ELISA KL-6 12 (2.51,57.48) <0.001
LETIA KL-6 7.27 (1.33,39.86) 0.011
Old age 1.56 (0.32,7.7) 0.58
Smoking 0.85 (0.05,14.64) 0911
Hypertension 0.81 (0.19,3.43) 0.777
Diabetes 0.85 (0.05,14.64) 0911
Asthma 1.79 (0.15,21.54) 0.639
COPD 0.85 (0.05,14.64) 0911
ESSDAI 0.96 (0.83,1.1) 0.539
ANA positive 1.56 (0.41,5.95) 0.518
Anti-Ro positive 0.75 (0.11,5.07) 0.767
Anti-La positive 0.62 (0.15,2.54) 0.51
Low C3 0.31 (0.03,3.34) 0.305
Low C4 1.08 (0.22,5.22) 0.927

Notes: The two methods of KL-6 were defined as positive with a greater than
calculated cut-point by Youden'’s | statistic. Age greater than 65 was defined as old
age. ANA greater than 1:80 was defined as positive.

Abbreviations: COPD, chronic obstructive pulmonary disease; ESSDAI, the
EULAR Sjogren’s syndrome disease activity index; ELISA, enzyme-linked immu-
nosorbent assay, LETIA, latex particle-enhanced turbidimetric immunoassay, LDH,
lactate dehydrogenase, ANA, antinuclear antibody.

12 (95% CI 2.51, 57.48) in ELISA and 7.27 (95% CI 1.33, 39.86) in LETIA. The rest of the biomarkers did meet the
significance level to incorporate into multivariable adjustment.'’

At the end of follow-up, the median percentage of predicted forced vital capacity (FVC) was 84.00 (IQR 74.30-88.00) and
86.00 (IQR 74.80-90.40) in the ILD and non-ILD groups, respectively (p-value 0.798); the median diffusing capacity for
carbon monoxide (DLCO) was 72.55 (IQR 59.80-84.28) and 90.35 (IQR 83.15-101.50) in the ILD and non-ILD groups,
respectively (p-value <0.001). The median pulmonary artery pressure measured by transthoracic echocardiography was 36.00
(IQR 28.50-40.50) mmHg in patients with ILD and 28.00 (IQR 27.00-36.00) in patients without ILD (p = 0.292).

Discussion

KL-6 is a mucin-like high-molecular-weight glycoprotein expressed in regenerating type IT pneumocytes.'? Serum KL-6,
measured with various immunoassays, has shown diagnostic and prognostic value in ILD. Immunoassays with ELISA,
LETIA, and chemiluminescent enzyme immunoassay (CLEIA) have been reported in studies. Its levels are highly
associated with ILD activity in patients with radiation pneumonitis, idiopathic pulmonary fibrosis (IPF), nonspecific
interstitial pneumonia (NSIP), hypersensitivity pneumonitis, sarcoidosis, rheumatoid arthritis (RA), polymyositis, der-
matomyositis, systemic sclerosis (SSc), and a combination of autoimmune diseases, which were primarily measured by
ELISA.>'322 LETIA KL-6 has demonstrated higher levels in patients with CTD-ILD and provided an independent
prognostic prediction for the mortality of patients with RA-associated ILD.?**** Moreover, serial change in serum KL-6,
measured in CLEIA, was associated with the improvement of lung function and HRCT in patients with IPAF.>>2® In
a recent trial with newly diagnosed CTD patients, serum KL-6 was higher in CTD-LID patients than patients with non-
ILD CTD, pneumonia, and healthy population; there was also a correlation between serum KL-6 and extent of HRCT
involvement.*> Serum KL-6 increased mortality hazard with a cutoff value greater than 800 U/mL in a Japanese cohort.?’
An increase in the levels of KL-6 in the serum might reflect an increase in the number of regenerating type II
pneumocytes, secondary to pulmonary damage.”’ Our data also suggested that serum KL-6 level is higher in pSS
patients with insubstantial chest X-ray changes (non-radiographic) and developing ILD. Furthermore, KL-6 tended to
induce chemotaxis, proliferation and inhibit apoptosis of human fibroblast.*** However, the predictivity of KL-6 may
vary according to the immunoassay methodology. Serum KL-6 in both immunoassays was elevated in patients with pSS
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who developed ILD during follow-up, but the LETIA did not achieve significance. Other markers, such as autoimmunity
markers (ANA, anti-Ro/La, C3, and C4), inflammation markers (ESR and CRP), and LDH, did not exhibit a significant
difference.”” ' Although LETIA is much more efficient than ELISA, only requiring approximately 10 minutes with an
automated clinical chemistry analyzer versus 4 hours, respectively, the implication regarding clinical association needs to
be carefully taken into consideration.

Pulmonary symptoms are present in 6—15% of the patients with pSS; among these, dyspnea and cough are the most
common.”~*® Although most patients with pulmonary involvement are non-symptomatic, they present with functional
decline.** There was a lower DLCO in patients with ILD. FEV1, FVC, FEV1/FVE, or pulmonary arterial pressure, upon
transthoracic echocardiography, did not reveal a significant difference. The decline in DLCO was most likely the result of
an ILD other than restrictive lung disease, obstructive lung disease, or pulmonary hypertension.

ILD may be highly misdiagnosed or delay-diagnosed in patients with pSS,® although the progression of ILD is
relatively less frequent in patients with pSS than other CTD.*® The pSS patients who developed ILD exhibited increased
morbidity and mortality, and required additional medical resources. Our data support that KL-6 is a valuable biomarker in
identifying hidden ILD in patients with pSS.

This study was a retrospective case—control study with small sample size and possible selection bias. The effect size
in power analysis was large enough for ELISA KL-6 but small for LETIA KL-6. The HRCT was performed at the end of
follow-up, but not on inclusion. There might be hidden ILD patients on inclusion until they received HRCT. Except for
KL-6 level, other serum biomarker levels were measured clinically with existing missing data. Moreover, although the
serum KL-6 level was associated with ILD and adenocarcinoma in the literature review, the coexisting malignancy did
not significantly affect the serum KL-6 level in both ELISA and LETIA.

Conclusion

Serum KL-6 levels were significantly higher in SS patients with developing ILD and might denote early pulmonary
damage. Serum KL-6 level can serve as a valuable biomarker for identifying hidden ILD in patients with newly
diagnosed SS, and regular screening may be warranted. However, the methodology of immunoassay may influence the
efficacy of the prediction and clinical association.
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