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Abstract

Objective

Surfactant protein D (SP-D) is considered a serum biomarker of various forms of interstitial
lung disease (ILD). In this study, we examined the utility of SP-D as a predictive biomarker
for mortality in patients with ILD associated with polymyositis/dermatomyositis (PM/DM)
using large-scale multicentre cohort data.

Methods

We enrolled 381 patients with incident PM/DM-associated ILD in a multicentre retrospective
cohort based on the availability of serum SP-D at the baseline. Demographic and clinical
characteristics as well as the presence of autoantibodies to melanoma differentiation-asso-
ciated gene 5 (MDAS5) and aminoacyl tRNA synthetase were measured at the time of diag-
nosis, and follow-up survival data were collected prospectively.

Results

Seventy-eight patients died during the median observation period of 18 months, and the
majority of patients died of ILD. The SP-D levels at baseline were significantly lower (P =
0.02) in a non-survivor subset than in a survivor subset among the entire enrolled patients.
However, the SP-D levels were higher in the non-survivor subset than in the survivor subset
based on the stratification by anti-MDA5-positive, anti-ARS-positive and, double-negativity,
although there was an only statistically significant difference (P=0.01) in the double-nega-
tive group. Surprisingly, the SP-D levels were within the upper limit of normal, 110 ng/mL, in
54 (87%) of 62 anti-MDAS5-positive patients who died. In the double-negative group, the
mortality rates were significantly higher (P = 0.002) in a subset with SP-D >127.6 ng/mL,
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the cut-off value for mortality calculated by the receiver operating characteristic curve, than
the other subset. All of patients with SP-D <127.6 ng/mL survived.

Conclusion

Serum SP-D levels behave differently among patients with stratified by anti-MDAS5 antibody,
anti-ARS antibody and both negativity in PM/DM-associated ILD. Its use in clinical practice
should be applied with caution on the basis of the presence or absence of anti-MDAS5 anti-
body or anti-ARS antibody.

Introduction

Polymyositis and dermatomyositis (PM/DM) are idiopathic inflammatory myopathies charac-
terized by muscle weakness and skin rash, such as Gottron’s papules or signs and heliotrope
rash [1]. Of the extra-muscular manifestations of PM/DM, interstitial lung disease (ILD) is the
leading cause of death [2]. A number of circulating biomarkers have been shown to be useful in
assessing disease activity and/or predicting the outcomes of ILD in patients with connective tis-
sue diseases, including PM/DM,; these biomarkers include autoantibodies, pneumoproteins,
such as Krebs von den Lungen-6 (KL-6) and surfactant protein D (SP-D), and inflammation-
related proteins, such as C-reactive protein (CRP) and a variety of cytokines and chemokines
[3]. Myositis-specific autoantibodies (MSAs) are the most powerful biomarkers for predicting
the clinical presentation, response to treatment, and prognosis in patients with PM/DM [4]. It
has been shown that the measurement of additional biomarkers potentially enhances the predic-
tive performance of MSAs. For example, in patients positive for anti-melanoma differentiation-
associated gene 5 (MDAD5) antibody, mortality due to ILD was higher in patients with hyperfer-
ritinaemia than in those without hyperferritinaemia [5]. Therefore, the combined evaluation of
multiple biomarkers is used in clinical practice for patients with PM/DM-associated ILD.

We recently established a multicentre retrospective cohort of Japanese patients with PM/
DM-associated ILD (JAMI), which involved 44 institutions across Japan, and we successfully
identified independent predictors of short-term ILD-related mortality [6]. In this cohort,
serum SP-D was identified as one of the predictors of mortality; a high mortality rate was asso-
ciated with a low level of SP-D. This is inconsistent with the results of previous studies showing
negative correlations between SP-D and lung function parameters, such as vital capacity and
diffusing capacity for carbon monoxide, in patients with PM/DM-associated ILD [7]. Another
study suggested that an increase in the levels of SP-D during the first 4 weeks of immunosup-
pressive therapy was a risk factor for death in patients with PM/DM-associated ILD [8]. In
addition, serum SP-D levels are not associated with malignancy and infectious pneumonia in a
way that is different from that of KL-6. Serum SP-D is clinically one of the useful biomarkers
related to ILD [9]. In this study, we assessed usefulness of serum SP-D levels on prediction of
mortality in patients with PM/DM-associated ILD using the JAMI cohort data, with consider-
ation of the heterogeneity of the disease.

Patients and methods
Patients

This study utilized data from the JAMI cohort, which was described in detail elsewhere [6].
Briefly, the JAMI cohort was a nationwide, multicentre retrospective and prospective cohort
that consisted of 499 adult patients with PM, classic DM, or clinically amyopathic DM
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(CADM) complicated with ILD. We selected 381 patients based on the availability of serum
SP-D data at the baseline. The study was approved by the Ethics Committee of the coordinat-
ing centre (Nippon Medical School, Tokyo, Japan; 26-03-434) and by individual participating
centres. The JAMI cohort had been registered in the University Hospitals Medical Information
Network Clinical Trial Registry (UMIN000018663).

Detection of MSAs

MSA identification was performed centrally in experienced laboratories. Anti-aminoacyl-
tRNA synthetase (ARS) antibodies were detected with an RNA immunoprecipitation assay,
as described previously [10]. Anti-MDAS5 antibody was measured with an in-house enzyme-
linked immunosorbent assay using recombinant MDAS as an antigen source [11].

Statistical analysis

A P-value < 0.05 was regarded as significant. Mann-Whitney U test was used to compare
median values for continuous data. Survival curves were obtained with the Kaplan-Meier
method, and differences in overall survival between subgroups were analysed using the log-
rank test. The optimal cut-off values of SP-D for distinguishing survivors from non-survivors
were defined on the basis of the receiver-operating characteristic (ROC) curve. All statistical
analyses were performed with JMP software (SAS Institute, NC, USA).

Results

Baseline clinical characteristics, regimens used for induction treatment and
outcomes

The baseline characteristics of the 381 patients with incident PM/DM-associated ILD are
shown in Table 1. The mean age (standard deviation) at onset was 56 [12] years old. The num-
ber of female patients was 253 (66%). The disease duration at diagnosis was 2 months, indicat-
ing that the majority of patients were diagnosed and treated early. Our cohort consisted
mainly of patients with classic DM (31%) and CADM (53%), and only 13% were classified as
having PM. The baseline median level (interquartile range [IQR]) of SP-D was 91.1 ng/mL
(44.9-175.5). Anti-ARS and anti-MDADS5 antibodies were detected in 131 (34%) and 170 (45%)
patients, respectively. One patient had both anti-MDAS5 and anti-ARS antibodies and was thus
excluded, while 81 (21%) were negative for both MSAs (“double-negative”). High-dose corti-
costeroids (CS) in combination with immunosuppressants were commonly used as regimens
for induction treatment and included the “double combo” with cyclophosphamide (CYC) in
13 (3%) patients, the “double combo” with a calcineurin inhibitor in 146 (38%) patients, and
the “triple combo” with CYC and a calcineurin inhibitor in 166 (44%) patients.

In total, 78 patients, including 62 with anti-MDAS5, 8 with anti-ARS, and 8 with double-
negative, died during the median observation period of 18 months. The overall survival rates
were 81% and 75% at 1 and 3 years, respectively. The causes of death included respiratory
insufficiency directly related to ILD in 68 (87%) patients, infection in 2 (3%) patients, malig-
nancy in 3 (4%) patients, and other causes in 5 (6%) patients, indicating that the majority of
deaths were the result of ILD in our patient population.

Comparison of the SP-D level at baseline between survivors and non-
survivors

The SP-D levels at baseline were significantly lower (P = 0.02) in the non-survivor subset;
median level (IQR), 72.5 (34.4-133.3), than in the survivor subset; median level (IQR), 99.5
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Table 1. Baseline characteristics and regimens used for induction treatment in 381 patients with PM/DM-associ-
ated ILD.

Variables Value Available data per outcome
Demographics

Age at onset, years 56 + 12 381 (100%)

Female, no (%) 253 (66) 381 (100%)

Disease duration at diagnosis, month 2 [1-5] 381 (100%)
Diagnosis

PM, no (%) 48 (13) 381 (100%)

Classic DM, no (%) 119 (31) 381 (100%)

CADM, no (%) 214 (53) 381 (100%)
Pulmonary function testing

%Vital capacity, predicted 77 (63-92) 309 (81%)

%DLco, predicted 61 (48-78) 262 (69%)
Laboratory parameters

CRP, mg/dL 0.7 (0.2-1.8) 378 (99%)

Ferritin, ng/mL 348 (134-721) 285 (75%)

KL-6, U/mL 830 (547-1296) 381 (100%)

SP-D, ng/mL 91 (45-175) 381 (100%)
MSAs

Anti-ARS antibody, no (%) 131 (34)* 381 (100%)

Anti-MDAS5 antibody, no (%) 170 (45)* 381 (100%)

Double-negative, no (%) 81 (21) 381 (100%)
Regimens used for induction treatment

CS alone, no (%) 56 (15%) 381 (100%)

CS + IVCY, no (%) 13 (3%) 381 (100%)

CS + CNI no (%) 146 (38%) 381 (100%)

CS + IVCY + CNI, no (%) 166 (44%) 381 (100%)

Continuous variables are shown as median [interquartile range].

*One patient was positive for both anti-ARS and MDAS5 antibodies.

PM: polymyositis, DM: dermatomyositis, CADM: clinically amyopathic dermatomyositis, DLco: diffusing capacity
for carbon monoxide, CRP: C-reactive protein, MSA: myositis-specific autoantibody, ARS: aminoacyl tRNA
synthetase, MDA5: melanoma differentiation-associated gene 5, CS: corticosteroid, IVCY: intravenous

cyclophosphamide, CNI: calcineurin inhibitor

https://doi.org/10.1371/journal.pone.0234523.t001

(46.7-189.9) (Fig 1A). In the non-survivor subset, there was no statistically significant differ-
ence (P = 0.17) in the SP-D levels between patients who died due to ILD and those who died
due to the other causes. Thus, SP-D levels were not influenced by the other factors such as
malignancy and infectious pneumonia, suggesting this result was similar to those in previous
reports.

Comparison of the SP-D level, disease duration and pulmonary function at
baseline among MSAs

In our cohort, 78% of patients who died had anti-MDAS5 antibody. We analysed the baseline
SP-D levels based on the stratification by MSAs. The baseline median level (IQR) of serum
SP-D was 51 (29.5-77.0), 169.2 (1-4.9-260.4), and 124 (52.2-242.5) in anti-MDAS5 antibody-
positive group, anti-ARS-antibody positive group and, double-negative group, respectively
(Fig 2A). The SP-D levels were significantly lower in anti-MDAS5 antibody-positive group than
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Fig 1. Comparison of the SP-D level at baseline between survivors and non-survivors in various patient populations with PM/DM-associated ILD.
The median baseline levels of SP-D were compared between survivors and non-survivors in the whole cohort (A), patients with anti-MDA-5 antibody (B),
patients with anti-ARS antibody (C), and patients with double-negative (D). MDA5: melanoma differentiation-associated gene 5, ARS: aminoacyl tRNA

synthetase.
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in anti-ARS antibody positive group (P <0.0001) or double-negative group (P <0.0001). Sur-
prisingly, the SP-D levels increased over the upper limit of normal, 110 ng/mL, just only in 24
(14%) of 169 anti-MDAD5 patients. On the other hand, the increased SP-D levels with more
than 110 ng/mL were revealed in 96 (74%) of 130 anti-ARS patients and 45 (56%) of 81 double
negative patients, respectively. The SP-D levels were significantly highest in anti-ARS anti-
body-positive group among these 3 groups (Fig 2A).

We also compared disease duration and pulmonary function among the three groups. With
regard to disease duration at diagnosis of PM/DM-associated ILD, the median disease dura-
tion (IQR) was significantly shorter in anti-MDAS5 antibody-positive group: 2 months [1-3],
than in anti-ARS antibody-positive group: 3 months (1-8) (P = 0.0002) or double-negative
group: 3 months [1-6] (P = 0.0005). The range of disease duration in anti-ARS antibody-posi-
tive group was 0-122 months; longer than that of double-negative group with 0-88 months,
although there was no significant difference of the median disease duration (P = 0.82) between
the two groups. In terms of the severity of pulmonary dysfunction with %vital capacity (VC),
the median value (IQR) of %V C was lower in anti-ARS antibody positive group: 70.2% (60-
85), than in double-negative group: 84.9% (66-98) (P = 0.0002) or anti-MDA5 antibody
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Fig 2. Comparison of the SP-D level and %vital capacity at baseline among MSAs. The median baseline levels of SP-D
(A) and %vital capacity (B) were compared between patients with anti-MDA-5 antibody, patients with anti-ARS antibody,
and patients with double-negativity. Broken lines in Fig 2A indicate the upper limit of normal in serum SP-D levels, which
was 110 ng/mL. MDAS5: melanoma differentiation-associated gene 5, ARS: aminoacyl tRNA synthetase.

https://doi.org/10.1371/journal.pone.0234523.9g002
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positive group: 81% (66-98) (P = 0.0005) (Fig 2B). On the other hand, there was no significant
difference (P = 0.53) between anti-MDAD5 antibody-positive group and double-negative group.
These results indicated more widespread damage of ILD as well as longer disease duration in
anti-ARS antibody-positive group than the other two groups.

Comparison of the SP-D level at baseline between survivors and non-
survivors based on stratification by MSA

Based on the stratification by MSA, the SP-D levels were higher in the non-survivor subset
than in the survivor subset in each MSA group: anti-MDA5-positive group (Fig 1B), anti-ARS-
positive group (Fig 1C) and, double-negative group, respectively (Fig 1D), although there was
an only statistically significant difference in double-negative group (P = 0.01). Among the
entire 78 non-survivors, the increased SP-D levels with more than 110 ng/mL were revealed in
8 (13%) of 62 anti-MDA5-positive patients, 7 (88%) of 8 anti-ARS-positive patients, and 8
(100%) of 8 double-negative patients, respectively. In double-negative patients, the ROC curve
analysis identified that the optimal cut-off value of the SP-D levels for predicting all-cause
mortality was 127.6 ng/mL (AUC 0.77, P = 0.002). Among double-negative patients, 8 (20%)
of 38 patients with SP-D >127.6 ng/mL died (Fig 3). On the other hand, all of the 43 patients
with SP-D <127.6 ng/mL survived.

Discussion

This study identified for the first time that serum SP-D levels behaved differently among
patients with PM/DM-associated ILD stratified by anti-MDAS5 antibody, anti-ARS antibody

100%
80%
2
S 60%
2
®
% 40%
20%
0%

SP-D 2127.6 ng/mL SP-D <127.6 ng/mL
(n = 38) (n=43)

Fig 3. Mortality rate in patients with >127.6 ng/mL of the SP-D level and those without in double-negative group.
127.6 ng/mL at the baseline serum level of SP-D was calculated as the cut-off value for prediction of all-cause mortality
by the ROC curve analysis among double-negative patients.

https://doi.org/10.1371/journal.pone.0234523.g003
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and both negativity. In accordance with previous reports [7, 8], this study demonstrated that
the serum level of SP-D at baseline were higher in patients with poor prognosis than those
without (Fig 1B-1D). However, in the whole group, serum SP-D levels were lower in the non-
survivors than the survivors. Our previous study has demonstrated that an SP-D level <95.4
ng/mL was identified as a predictor of mortality due to ILD in the analysis of the entire patient
population enrolled in the JAMI cohort [6]. In JAMI cohort, anti-MDA5 antibody was positive
in approximately 80% of non-survivors. This study also showed that the serum SP-D levels
were lowest in anti-MDA5-positive group among groups regardless of survivors or non-survi-
vors (Fig 2). In addition, surprisingly, the SP-D levels rose over the upper limit of normal just
only in 13% of anti-MDA5-positive patients who died. Thus, the skewed distribution of non-
survivors with anti-MDAS5 antibody influenced on the lower levels of serum SP-D in the entire
non-survivors in JAMI cohort.

This study has elucidated that the SP-D levels were within the upper limit of normal in
approximately 90% of anti-MDAS5 patients. The mechanisms underlying serum lower SP-D
levels in patients with anti-MDA5 antibody remain unknown. SP-D is a surfactant protein
secreted mainly from type II pneumocytes and is involved in stabilizing alveolar surface ten-
sion at the air-liquid interface and supporting lung host innate immunity through the direct
killing of bacteria and enhancement of phagocytosis [12]. The elevated serum levels of SP-D in
patients with various forms of ILD could be attributed to an increase in SP-D production by
regenerating alveolar type II pneumocytes and/or to the enhanced permeability of the air-
blood barrier following the destruction of alveolar capillaries in the affected lung [13]. Histo-
pathological differences of ILD at diagnosis of PM/DM-associated ILD might contribute to the
behavior of serum SP-D levels in each MSA group. In this study, the disease duration was sig-
nificantly longer in in anti-ARS antibody-positive group or double-negative group than in
anti-MDAS5-positive group. In addition, the median value of %vital capacity was lower in anti-
ARS antibody-positive group than in double-negative group or anti-MDA5 antibody-positive
group. These findings might indicate that chronic damage and remodelling of peripheral pul-
monary structure was more apparent in anti-ARS antibody-positive group, causing transloca-
tion of SP-D molecules from alveolar epithelium to blood vessels much more. On the other
hand, the intrinsic mechanism regarding lower SP-D levels is potentially relevant to the rapid
progressive and fatal course of anti-MDA5 antibody-associated ILD. This might be explained
by impaired regeneration of type II pneumocytes and/or impaired production of SP-D by
regenerating type II pneumocytes, as reported in patients with idiopathic pulmonary fibrosis
[14].

In addition, this study demonstrated that the measurement of serum SP-D was useful for
the prediction of outcomes in the double-negative group, suggesting that the double-negative
patients with lower levels of SP-D have favorable prognosis. SP-D can be measured as a labora-
tory test for clinical use in Japan based on the unique Japanese health insurance system. The
measurement of SP-D is not yet available at clinical practice in many countries. Further study
is required to investigate the role of SP-D in the pathogenic process of PM/DM-associated ILD
in patients with anti-MDAS5 antibody, and to validate whether the measurement of serum
SP-D levels is beneficial for prediction of outcomes in each MSA among patients with PM/
DM-associated ILD in daily practice if the test is approved for clinical use in many countries
over the world.

The present study has several potential limitations. First, because patients were selected
mainly from tertiary referral hospitals, selection bias towards a more severe form of the dis-
ease, such as anti-MDAD5 antibody-associated rapidly progressive ILD, could influence the
results. Secondly, we lacked data regarding SP-D in 118 out of 499 patients enrolled in JAMI
cohort because this study was retrospectively conducted, and the measurement of SP-D was
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made based on decisions by physicians who participated in this study. In addition, the median
observation period in the JAMI cohort was 18 months, and the biomarkers identified in this
study were primarily short-term prognostic markers.

In conclusion, serum SP-D levels behave differently among patients with stratified by anti-
MDAS antibody, anti-ARS antibody and both negativity in PM/DM-associated ILD. Its use in
clinical practice should be applied with caution on the basis of the presence or absence of anti-
MDAS antibody or anti-ARS antibody.
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