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Background: Decorin is a small leucine-rich repeat proteoglycan that plays a critical role in collagen 
fibrillogenesis, and regulates inflammation, wound healing and angiogenesis. In idiopathic pulmonary fibrosis 
(IPF), decorin is expressed in fibrotic lesions; furthermore, intratracheal gene transfer of decorin has been 
demonstrated to inhibit bleomycin-induced pulmonary fibrosis. Although these results suggest the critical 
role of decorin in pulmonary fibrosis, the role of decorin in the acute exacerbation of idiopathic interstitial 
pneumonia (AE-IIP) has not been clarified in detail. Thus, the goal of this study was to determine the role of 
decorin in AE-IIP.
Methods: We retrospectively analyzed AE-IIP patients who had been admitted to our hospital. First, 
serum decorin levels were compared among patients with AE-IIP, patients with stable idiopathic interstitial 
pneumonia (SD-IIP), and healthy subjects. Next, the relationship between serum decorin levels and 
clinical parameters was analyzed in AE-IIP patients. Finally, the association between serum decorin levels 
and prognosis was evaluated in AE-IIP patients. IIP was divided into IPF and non-IPF, according to the 
published guidelines.
Results: The serum decorin levels of AE-IIP patients were significantly lower than those of both healthy 
subjects and SD-IIP patients. Serum decorin levels were not related with the clinical parameters and 
prognosis, when all IIP patients were analyzed. In IPF patients, serum decorin levels had a significant 
correlation with oxygenation, and IPF patients with low serum decorin levels had a significantly higher 
survival rate than those with high serum decorin levels.
Conclusions: Serum decorin levels are a potential prognostic biomarker in AE-IPF.
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Introduction

Acute exacerbation (AE) of idiopathic pulmonary 
fibrosis (IPF) is an acute clinically significant respiratory 
deterioration without an obvious clinical cause (1). Three 
cases of AE-IPF was first reported by Kondoh et al. (1), and 
AE has been reported to occur at frequencies of 8.6% and 
23.9% at 1 and 3 years after diagnosis of IPF, respectively (2).  
The mortality rate after AE onset is approximately 50% (3). 
Although AE had been reported in IPF patients, growing 
evidence has shown that AE can occur in patients with 
other types of fibrosing lung diseases, such as idiopathic 
nonspecific interstitial pneumonia and connective tissue 
disease-associated interstitial pneumonia (4-6). AE is the 
critical event in most patients with several types of interstitial 
pneumonia. However, the pathogenesis of AE is poorly 
understood and no standard treatment is yet available.

Decorin is a small leucine-rich repeat proteoglycan with 
one chondroitin/dermatan sulfate glycosaminoglycan side 
chain (7). It plays a critical role in collagen fibrillogenesis 
by binding to collagen, and is reported to inhibit functions 
of transforming growth factor (TGF)-β, a well-known 
profibrotic growth factor (8-10). In IPF, decorin is expressed 
in fibrotic lesions such as fibroblastic foci (11); additionally, 
it has been demonstrated that intratracheal instillation of 
recombinant decorin and decorin overexpression in the 
lungs inhibited murine bleomycin-induced pulmonary 
fibrosis (12-15). Furthermore, decorin can inhibit 
connective tissue growth factor (CTGF)-induced collagen 
production in fibroblasts (16). Taken together, these reports 
strongly suggest that decorin is involved in the pathogenesis 
of pulmonary fibrosis. The goal of the present study was 
to clarify the role of decorin in AE of idiopathic interstitial 
pneumonia (IIP). 

Methods

Subjects

Fifty-six patients who were sequentially hospitalized for 
AE of IIP (AE-IIP) at our department between 2007 and 
2014, 97 patients with clinically stable IIP (SD-IIP), and 
36 healthy volunteers (HVs) were included in this analysis. 
Clinically stable was defined as no subjective symptoms of 
dyspnea or rapid deterioration on image findings for at least 
three months. AE was diagnosed according to a definition 
of AE in a previous report (17). The inclusion criteria were 
as follows: progression of dyspnea within the past month; 
new bilateral infiltrative shadows or ground glass opacities 

on high-resolution computed tomography (HRCT); and 
a decrease in partial pressure of arterial oxygen (PaO2) of 
at least 10 Torr or a PaO2/fraction of inspiratory oxygen 
(FiO2) (PF) ratio of <300 mmHg. Patients with pneumonia, 
heart failure, pulmonary embolism, and pneumothorax 
were excluded. In addition, patients whose progression 
of pulmonary fibrosis was clearly associated with another 
disease, such as connective tissue disease, hypersensitivity 
pneumonitis, pneumoconiosis, drug-induced lung injury, 
sarcoidosis, lymphangioleiomyomatosis, and pulmonary 
Langerhans cell histiocytosis were also excluded. The 
definition outlined in the 2011 ATS/ERS/JRS/ALAT joint 
statement was used to diagnose patients as having IPF (18), 
and all patients with IIP met the 2013 ATS/ERS Update 
of the International Multidisciplinary Classification of the  
IIP (19). At the time of admission, patients were diagnosed 
as having systemic inflammatory response syndrome  
(SIRS) (20) and APACHE II classifications (21) according to 
past diagnostic criteria. All patients had undergone steroid 
pulse therapy for treatment. This work was approved by 
the ethics committee of Fukushima Medical University 
(approval number: 2484), and all clinical investigations were 
conducted according to the principles of the Declaration of 
Helsinki. Informed consent was not obtained because the 
data were analyzed anonymously.

Measurement of serum decorin levels

First, serum decorin levels were compared among the 
AE-IIP patients, SD-IIP patients, and HVs. Next, serum 
decorin levels during AE were compared in the same 
patients with those in the clinically stable phase. Serum 
samples to evaluate decorin levels during AE were collected 
before starting therapies. Decorin levels were measured by 
ELISA (DuoSet, R&D, Minneapolis, MN, USA), according 
to the manufacturer’s protocol as described previously (22).

The relationship between serum decorin levels and clinical 
parameters

The relationship between serum decorin levels of patients 
with AE-IIP, and clinical characteristics such as blood 
laboratory findings was also examined.

The relationship between serum decorin levels and prognosis 

The clinical data of a survival group and a non-survival 
group, as defined at 60 days after admission for AE were 
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compared, and the Kaplan-Meier analysis was used to 
examine the relationship between serum decorin levels and 
prognosis.

Statistical analysis

Data are expressed as mean ± standard errors of the mean 
(SEM), unless otherwise stated. The Mann-Whitney U 
test or Fisher’s exact test was used to compare two unpaired 
groups, and ANOVA with the Tukey HSD for multiple 
groups. Serum decorin levels in each patient during AE and 
in the clinically stable phases were analyzed with Wilcoxon’s 
signed-rank test. We used Spearman’s correlation coefficient 
to analyze correlations between serum decorin levels 
and clinical parameters. Survival curves were made using 
Kaplan-Meier method, and the log-rank test was used to 
analyze survival rates. Statistically significance was defined 
as P<0.05.

Results

Clinical characteristics

Fifty-six patients with AE-IIP were hospitalized during the 
study period; 21 were IPF patients and 35 were IIP other 
than IPF (non-IPF) patients. Their mean age of 70±1 years, 
and 47 men and nine women were included. The patients 
with AE-IIP had a reduced PF ratio as well as elevated 
Krebs von den Lungen-6 (KL-6), surfactant protein 
(SP)-A, and SP-D levels (Table 1). There was no difference 
in clinical characteristics between the IPF and non-IPF 
patients, except for a predominance of males among the 
IPF patients. When the AE-IIP and SD-IIP patients were 
compared, a significantly higher white blood cell (WBC) 
count, lactate dehydrogenase (LDH), C-reactive protein 
levels, erythrocyte sedimentation rate, KL-6, SP-A, SP-D, 
and brain natriuretic peptide (BNP) in the AE-IIP patients, 
as well as a significantly lower % vital capacity (VC) and PF 
ratio were found (Table 1).

Serum decorin levels in AE-IIP patients 

When serum decorin levels of the SD-IIP patients, AE-
IIP patients, and HVs were compared, serum decorin 
levels in the AE-IIP patients were significantly lower than 
those in the SD-IIP patients and HVs (7,183.8±275.3 vs. 
9,430.2±375.2 vs. 11,171.9±445.3 ng/mL; Figure 1). In 
addition, serum decorin levels in the SD-IIP patients were 

significantly lower than those in the HVs. Among the 56 
patients with AE-IIP, it was possible to compare the serum 
decorin levels between the clinically stable phase and 
AE in the 34 patients. The analysis revealed that serum 
decorin levels were significantly lower during AE than 
in the clinically stable phase in the IIP (7,022.8±234.4 
vs. 8,070.5±390.2 ng/mL, P=0.013 for AE and clinical 
stable phase, respectively; Figure 2A) and the IPF patients 
(6,894.5±391.4 vs. 8,778.5±458.4 ng/mL, P=0.006 for AE 
and clinical stable phase, respectively; Figure 2B). However, 
in the non-IPF patients, serum decorin levels did not differ 
between the clinically stable phase and AE (7,124.0±291.3 
vs. 7,511.6±575.4 ng/mL, P=0.469 for AE and clinical stable 
phase, respectively; Figure 2C). The mean period from 
blood-sampling day in stable phase to hospitalization day 
due to AE was 556±104 days.

The relationship between serum decorin levels and clinical 
parameters 

The relationship between the serum decorin levels of the 
AE-IIP patients upon admission for AE and their clinical 
parameters, including blood laboratory results, SIRS score, 
and APACHE II score was also examined. The levels 
of decorin in the AE-IIP patients did not correlate with 
any clinical parameters (Table 2). Furthermore, when the 
IPF and non-IPF patients were analyzed separately, no 
correlation was found between serum decorin levels and 
clinical parameters except for PF ratio in IPF patients.

The relationship between serum decorin levels and 
prognosis

The survival rate was 53.6% (30 out of 56 patients), when 
prognoses 60 days after admission for AE were compared 
in all 56 AE-IIP patients. When the clinical characteristics 
were compared between the survivors and non-survivors, 
we observed higher fibrinogen degradation products and 
APACHE II levels, and lower %VC for non-survivors. 
There was no difference in the serum decorin levels upon 
admission for AE between the two groups. All patients 
with AE-IIP were treated with two cycles of steroid pulse 
therapy (methyl prednisolone 1.0 g/day, 3 sequential days) 
followed by 40–60 mg/day prednisolone. Although some 
other therapies were added to the steroid therapy in some 
patients, there was no difference in additional therapies 
such as immunosuppressant pulse therapy, sivelestat, 
recombinant thrombomodulin and direct hemoperfusion 
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Table 1 Clinical characteristics of healthy volunteers, patients with SD-IIP, and patients with AE-IIP

Characteristics HV SD-IIP AE-IIP P value*

Subjects 36 97 56

Age (years) 39.3±1.6 69.7±0.9 70.2±1.0 0.841

Gender (male/female) 24/12 74/23 47/9 0.263

WBC (/μL) Not measured 6,877±187 10,439±618 <0.001

LDH (U/mL) Not measured 236.0±5.6 450±56 <0.001

CRP (mg/dL) Not measured 0.58±0.13 7.97±0.88 <0.001

ESR (mm/h) Not measured 20.1±1.6 39.2±3.7 <0.001

KL-6 (U/mL) Not measured 1,162±82 1,524±127 0.007

SP-A (ng/mL) Not measured 79.2±4.1 119.3±7.3 <0.001

SP-D (ng/mL) Not measured 218.3±16.2 343.5±52.6 0.006

PF ratio (mmHg) Not measured 390±5 206±16 <0.001

%VC (%) Not measured 79.4±2.1 70.8±10.3 <0.001

BNP (pg/mL) Not measured 47.4±15.9 90.1±21.2 0.002

PCT (ng/mL) Not measured Not measured 0.65±0.27

FBG (mg/dL) Not measured Not measured 453.4±15.5

FDP (μg/mL) Not measured Not measured 13.7±3.5

D-dimer (μg/mL) Not measured Not measured 6.6±1.6

SIRS score Not measured Not measured 1.91±0.15

APACHE II score Not measured Not measured 13.7±0.7

Serum decorin (ng/mL) 11,171.9±445.3 9,430.2±375.2 7,183.8±275.3 <0.001

SD, clinically stable; AE, acute exacerbation; HV, healthy volunteers; IIP, idiopathic interstitial pneumonia; IPF, idiopathic pulmonary  
fibrosis; WBC, white blood cell count; LDH, lactate dehydrogenase; CRP, c-reactive protein; ESR, erythrocyte sedimentation rate; KL-6, 
Krebs von den Lungen-6 (reference <500 U/mL); SP-A, surfactant protein-A (reference <43.8 mg/mL); SP-D, surfactant protein-D (reference  
<110.0 ng/mL); PF, arterial partial pressure of carbon dioxide/Fraction of inspiratory oxygen; VC, vital capacity; BNP, brain natriuretic  
peptide; PCT, procalcitonin; FBG, fibrinogen; FDP, fibrin and fibrinogen degradation product. *, IPF vs. non IPF.

with polymyxin B-immobilizes fiber between the survivors 
and non-survivors (Table 3). In AE-IPF patients, the clinical 
characteristics, serum decorin levels upon admission for 
AE, and the therapies for AE did not differ between the 
survivors and non-survivors (Table 4).

We divided the AE-IIP patients into high and low 
serum decorin groups, using the median serum decorin 
level as a reference, and analyzed the relationship between 
serum decorin level and prognosis. Division of the AE-IIP 
patients showed a significantly higher PF ratio in the low 
serum decorin group (Table 5); however, no correlation was 
found between serum decorin levels and PF ratio (Table 2).  
In addition, there was no difference in survival rate 
between the two groups. However, when the IIP patients 
were divided into IPF and non-IPF groups, the survival 

rate was significantly higher in the IPF patients with 
low serum decorin levels than in those with high serum 
decorin levels (Figure 3) despite no significant differences 
in clinical characteristics except for PF ratio (Table 6). 
In the non-IPF patients, no difference in survival rate 
between those with high and those with low serum decorin 
levels was observed, and the treatment before AE such as 
anti-fibrotic drugs did not differ between the low and high 
serum decorin groups in patients with both AE-IIP and 
AE-IPF.

Discussion

In this study, we demonstrated that: (I) serum decorin 
levels were lower in the IIP patients than in the HVs, and 
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Figure 1 Serum decorin levels in idiopathic interstitial pneumonia 
(IIP) patients in the clinically stable phase (SD-IIP), patients with 
acute exacerbation (AE-IIP), and healthy volunteers (HVs). Serum 
decorin levels in the AE-IIP patients were significantly lower than 
those in the SD-IIP patients and HVs. In the SD-IIP patients, 
serum decorin levels were significantly lower than HVs.

Figure 2 Serum decorin levels in same patients in the stable phase 
and during acute exacerbation of (A) IIP, (B) IPF and (C) non-
IPF. Serum decorin levels were significantly lower during AE 
than in the clinically stable phase for patients with IIP (A) and 
IPF (B) in same patients. However, in the non-IPF patients, there 
was no difference in serum decorin levels between the clinically 
stable phase and AE. IIP, idiopathic interstitial pneumonia; IPF, 
idiopathic pulmonary fibrosis; SD, clinically stable phase; AE, 
acute exacerbation; NS, not significant. 
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decreased during AE; (II) serum decorin levels during AE 
were not correlated with any clinical characteristics except 
for PF ratio in IPF patients; and (III) the IPF patients with 
lower serum decorin levels had better prognosis than those 
with higher levels after the onset of AE. 

Because the AE of interstitial pneumonia influences the 
prognosis, it is a clinically important event of interstitial 
pneumonia. In IPF, AE has been reported to occur at 
frequencies of 8.6% and 23.9% at one and three years after 
diagnosis, respectively, with a mortality rate of approximately 
50% (2), and is the leading cause of death in Japan (23). The 
median length of survival after AE is three to four months 
in IPF patients (24,25). Although the exact mechanisms of 
AE have not yet been clarified, growing evidence suggests 
the possible involvement of alveolar epithelial injury, 
autoimmunity, infection and microaspiration (26). Several 
risk factors for the development of AE have been reported, 
of which a low forced vital capacity (FVC) is considered to be 
the most consistent (2,24,25). In addition, a recent decline in 
FVC (2,27,28), increased dyspnea (2,24) and previous episodes 
of AE (28) are reported to be risk factors. Blood markers 
such as KL-6, circulating fibrocytes, anti-heat shock protein 
70 autoantibodies, hyaluronan and syndecan-4 have been 
reported as candidate prognostic biomarkers (17,25,29-32);  
however, no biomarker has been definitively established to 
date. 

Decorin is a prototype of small leucine-rich repeat 
proteoglycans which has 12 leucine-rich repeats within 
a core protein and a single glycosaminoglycan chain of 
chondroitin or dermatan sulfate (7). Decorin interacts with 
a variety of proteins, such as extracellular matrix proteins, 
cell surface receptors, cytokines and growth factors, and is 
reported to have important roles in collagen fibrillogenesis, 
inflammation, wound repair, angiogenesis and autophagy 
(8,9,33). 

In the lungs, decorin expression has been reported and, 
in IPF, was found in areas of dense collagen deposition and 
fibroblastic foci. In the fibroproliferative phase of acute 
respiratory distress syndrome, myofibroblasts within the 
bronchial epithelium and in hyperplastic type II alveolar 
cells were reported to express decorin (11). Decorin 
binds to collagen and has critical roles in collagen fibril 
formation and fibrillary spacing; furthermore, decorin-
deficient mice have been reported to have a phenotype 
with abnormal collagen fibril morphology and skin fragility 
(8,34). In addition, it has been shown that decorin inhibits 
TGF-β activity and CTGF-induced collagen production in 
fibroblasts by binding to growth factors via its core protein 
(10,16). These results strongly suggest the important role 
of decorin in pulmonary fibrosis. In fact, intratracheal 
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inst i l la t ion of  recombinant  decor in  and decor in 
overexpression in the lungs has been reported to attenuate 
murine bleomycin-induced pulmonary fibrosis (12-15).

In this study, serum decorin levels were significantly 
lower in IIP patients in the clinically stable phase compared 
to HVs. Furthermore, serum decorin levels during AE were 
lower compared to those in the clinically stable phase and 
the HVs. These results suggest the involvement of decorin 
in the pathogenesis of IIP in both the clinically stable phase 
and upon AE. However, regarding survival, IPF patients 
with low serum decorin levels had a significantly higher 
survival rate compared to those with high serum decorin 
levels. This result does not seem to be consistent with 
the anti-fibrotic effect of decorin. However, decorin is 
also known to be one of the danger-associated molecular 
patterns (DAMPs), and binds to TLR-2 and -4, leading 
to trigger proinflammatory signaling (30,35). It was 
demonstrated that stimulation of decorin induced TNF-α 
and IL-12 production from macrophages. In addition, it 

was reported that decorin levels were increased in septic 
lungs and decorin-deficient mice were resistant to septic 
inflammation (35). Furthermore, attenuation of leukocyte 
recruitment and reduced expression of TNF-α in the 
inflamed ears were observed in decorin-deficient mice (36).  
These results indicate the proinflammatory effect of 
decorin. If this is the case in AE of IPF, lower decorin 
levels lead to less inflammation which is consistent with 
better prognosis in IPF patients with lower serum decorin 
levels. On the other hand, in the present study, there was 
no relationship in prognosis between the higher and lower 
serum decorin groups in total IIP patients as well as non-
IPF patients. We were unable to identify the exact reason 
of the result; however, this may reflect the difference in the 
pathogenesis of AE between IPF and non-IPF. In addition, 
although diffuse alveolar damage is considered to be a 
histological characteristic of IPF and non-IPF AE, other 
types of histological patterns, such as organizing pneumonia 
and extensive fibroblastic foci, have been reported (4). 

Table 2 Correlation between serum decorin levels and clinical parameters in IIP patients with acute exacerbation

Variables
IIP IPF Non-IPF

r P value r P value r P value

Age (years) −0.008 0.952 0.008 0.974 0.043 0.806

WBC (/μL) −0.114 0.405 0.064 0.782 −0.175 0.315

LDH (U/mL) 0.208 0.125 0.235 0.305 0.196 0.258

CRP (mg/dL) 0.113 0.405 0.145 0.531 0.106 0.543

ESR (mm/h) 0.007 0.624 −0.060 0.819 0.175 0.391

KL-6 (U/mL) −0.023 0.865 −0.295 0.194 0.137 0.434

SP-A (ng/mL) 0.128 0.353 −0.101 0.672 0.205 0.237

SP-D (ng/mL) −0.060 0.667 −0.026 0.912 −0.077 0.663

PCT (ng/mL) 0.036 0.847 0.021 0.936 0.021 0.940

BNP (pg/mL) 0.129 0.371 0.196 0.409 0.068 0.720

D-dimer (µg/mL) 0.068 0.627 0.216 0.348 −0.068 0.788

PF ratio −0.189 0.164 −0.509 0.019 −0.050 0.822

% VC (%) 0.165 0.272 −0.121 0.622 0.340 0.082

SIRS score −0.014 0.921 0.215 0.349 −0.118 0.499

APACHE II score 0.017 0.901 0.276 0.239 −0.065 0.710

IIP, idiopathic interstitial pneumonia; IPF, idiopathic pulmonary fibrosis; WBC, white blood cell count; LDH, lactate dehydrogenase; CRP, 
C-reactive protein; ESR, erythrocyte sedimentation rate; KL-6, Krebs von den Lungen-6 (reference <500 U/mL); SP-A, surfactant protein-A 
(reference <43.8 mg/mL); SP-D, surfactant protein-D (reference <110.0 ng/mL); PCT, procalcitonin; BNP, brain natriuretic peptide; PF,  
arterial partial pressure of carbon dioxide/Fraction of inspiratory oxygen; VC, vital capacity; SIRS, systemic inflammatory response  
syndrome; APACHE II, acute physiology and chronic health evaluation II. r, correlation coefficients. 
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Table 3 Comparison of clinical characteristics between survivors and non-survivors in AE-IIP patients

Variables Survivors (n=30) Non-survivors (n=26) P value

Age (years) 68.1±1.4 72.6±1.4 0.053

Gender (male/female) 28/2 19/7 0.053

WBC (/μL) 9,880±756 11,084±1,006 0.215

LDH (U/mL) 378.1±31.4 532.0±115.3 0.092

CRP (mg/dL) 6.85±1.17 9.28±1.31 0.144

ESR (mm/h) 40.2±5.4 37.9±4.9 0.835

KL-6 (U/mL) 1,463±192 1,594±165 0.286

SP-A (ng/mL) 108.8±9.1 132.0±11.5 0.174

SP-D (ng/mL) 277.1±29.4 426.6±111.5 0.663

PF ratio (mmHg) 238±22 168±20 0.051

%VC (%) 84.3±17.8 53.3±3.9 0.032

Baseline %VC (%) 85.2±8.4 84.1±3.9 0.901

BNP (pg/mL) 60.0±17.3 125.4±40.8 0.104

FBG (mg/dL) 432.9±21.7 475.6±21.7 0.178

FDP (μg/mL) 11.2±4.7 16.3±5.3 0.01

D-dimer (μg/mL) 5.9±2.1 7.4±2.4 0.084

SIRS score 1.83±0.23 2.00±0.19 0.677

APACHE II score 12.20±0.95 15.40±0.94 0.024

Steroid (before AE) 14/30 14/26 0.789

Immunosuppressants (before AE) 4/30 9/26 0.111

Anti-fibrotic drugs (before AE) 8/30 5/26 0.545

NAC inhalation (before AE) 1/30 2/26 0.592

Steroid pulse therapy (after AE) 30/30 26/26 1.000

Immunosuppressants (after AE) 3/30 4/26 0.693

Sivelestat (after AE) 9/30 14/26 0.103

Thrombomodulin (after AE) 0/30 1/26 0.464

PMX (after AE) 1/30 0 1.000

Serum decorin (ng/mL) 7,176.6±422.3 7,192.1±347.2 0.450

AE, acute exacerbation; IIP, idiopathic interstitial pneumonia; WBC, white blood cell count; LDH, lactate dehydrogenase; CRP, c-reactive 
protein; ESR, erythrocyte sedimentation rate; KL-6, Krebs von den Lungen-6 (reference <500 U/mL); SP-A, surfactant protein-A (reference 
<43.8 mg/mL); SP-D, surfactant protein-D (reference <110.0 ng/mL); BNP, brain natriuretic peptide; PF, arterial partial pressure of carbon 
dioxide/fraction of inspiratory oxygen; VC, vital capacity; SIRS, systemic inflammatory response syndrome; APACHE II, acute physiology 
and chronic health evaluation II; NAC, N-acetylcysteine; PMX, direct hemoperfusion with polymyxin B-immobilizes fiber.

Furthermore, it has been reported that prognosis after the 
onset of AE was better in patients with non-IPF compared 
to those with IPF (4,6,26).

The present study has some limitations. First, this is a 

retrospective study of IIP patients who had developed AE, 
and the number of patients was limited. We found that the 
survival rate after the onset of AE in IPF patients with lower 
serum decorin levels was significantly higher when the IIP 
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Table 4 Comparison of clinical characteristics between survivors and non-survivors in AE-IPF patients

Variables Survivors (n=14) Non-survivors (n=7) P value

Age (years) 69.8±1.9 69.6±2.2 0.793

Gender (male/female) 14/0 7/0 1.000

WBC (/μL) 10,029±1,157 11,514±2,182 0.360

LDH (U/mL) 422.7±48.1 847.9±419.2 0.400

CRP (mg/dL) 6.19±1.66 8.84±2.47 0.360

ESR (mm/h) 32.8±7.2 31.0±12.3 0.799

KL-6 (U/mL) 1,668±292 1,858±458 0.856

SP-A (ng/mL) 121.0±14.0 138.0±16.0 0.494

SP-D (ng/mL) 254.1±33.5 426.3±170.5 0.353

PF ratio (mmHg) 200±30 104±25 0.094

%VC (%) 95.2±37.4 58.9±25.1 0.967

Baseline %VC (%) 89.9±8.3 80.3±5.5 0.391

BNP (pg/mL) 55.7±22.1 229.4±117.1 0.351

FBG (mg/dL) 408.4±29.5 454.0±60.4 0.400

FDP (μg/mL) 15.0±8.2 18.0±6.5 0.135

D-dimer (μg/mL) 6.2±3.4 9.3±3.4 0.110

SIRS score 2.29±0.30 2.43±0.43 0.971

APACHE II score 14.9±1.23 17.7±1.49 0.179

Steroid (before AE) 8 5 0.656

Immunosuppressants (before AE) 2 3 0.280

Anti-fibrotic drugs (before AE) 7 3 1.000

NAC inhalation (before AE) 0 1 0.333

Steroid pulse therapy (after AE) 14 7 1.000

Immunosuppressants (after AE) 1 1 1.000

Sivelestat (after AE) 6 4 0.659

Thrombomodulin (after AE) 0 0 1.000

PMX (after AE) 1 0 1.000

Serum decorin (ng/mL) 7,118.7±712.1 7,900.7±655.4 0.094

AE, acute exacerbation; IPF, idiopathic pulmonary fibrosis. WBC, white blood cell count; LDH, lactate dehydrogenase; CRP, c-reactive 
protein; ESR, erythrocyte sedimentation rate; KL-6, Krebs von den Lungen-6 (reference <500 U/mL); SP-A, surfactant protein-A (reference 
<43.8 mg/mL); SP-D, surfactant protein-D (reference <110.0 ng/mL); BNP, brain natriuretic peptide; PF, arterial partial pressure of carbon 
dioxide/fraction of inspiratory oxygen; VC, vital capacity; SIRS, systemic inflammatory response syndrome; APACHE II, acute physiology 
and chronic health evaluation II; NAC, N-acetylcysteine; PMX, direct hemoperfusion with polymyxin B-immobilizes fiber.

patients were divided into IPF and non-IPF patients. As the 
number of IPF patients who had developed AE was small 
and there were large variations in duration between initial 
stable analysis and AE, and some clinical parameters such 
as LDH and BNP, it is necessary to confirm our results 

through further prospective study of a larger population. 
Second, we were unable to identify the role of decorin in the 
pathogenesis of AE-IIP from the present study. Although 
we suspect the role of decorin as a DAMP and found a 
significant negative correlation between serum decorin 
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Table 5 Clinical characteristics of AE-IIP patients with high and low serum decorin levels

Variables High serum decorin group (n=28) Low serum decorin group (n=28) P value

Age (years) 70.1±1.1 70.3±1.8 0.633

Gender (male/female) 23/5 24/4 0.716

WBC (/μL) 9,535±821 11,342±906 0.193

LDH (U/mL) 532.4±108.3 366.8±27.5 0.071

CRP (mg/dL) 7.93±1.14 8.02±1.37 0.793

ESR (mm/h) 39.6±6.3 38.9±4.6 0.883

KL-6 (U/mL) 1,407±152 1,641±205 0.512

SP-A (ng/mL) 115.4±8.0 123.2±12.2 0.900

SP-D (ng/mL) 302.2±51.2 384.8±92.3 0.295

PF ratio (mmHg) 173±19 239±24 0.036

%VC (%) 64.2±4.9 78.0±20.9 0.367

BNP (pg/mL) 139.4±41.2 44.7±9.1 0.382

PCT (ng/mL) 0.30±0.08 0.93±0.47 0.896

FBG (mg/dL) 456.8±25.1 450.0±18.7 0.667

FDP (μg/mL) 15.2±5.2 12.2±4.9 0.767

D-dimer (μg/mL) 7.0±2.4 6.2±2.2 0.901

SIRS score 1.89±0.21 1.93±0.22 1.000

APACHE II score 13.7±1.1 13.6±0.9 0.859

Steroid (before AE) 15 13 0.79

Immunosuppressants (before AE) 7 6 1.000

Anti-fibrotic drugs (before AE) 5 8 0.582

NAC inhalation (before AE) 3 0 0.236

Serum decorin (ng/mL) 8,513.9±402.5 5,853.7±125.6 <0.001

AE, acute exacerbation; IIP, idiopathic interstitial pneumonia; WBC, white blood cell count; LDH, lactate dehydrogenase; CRP, C-reactive 
protein; ESR, erythrocyte sedimentation rate; KL-6, Krebs von den Lungen-6 (reference <500 U/mL); SP-A, surfactant protein-A (reference 
<43.8 mg/mL); SP-D, surfactant protein-D (reference <110.0 ng/mL); PCT, procalcitonin; BNP, brain natriuretic peptide; PF, arterial partial 
pressure of carbon dioxide/Fraction of inspiratory oxygen; VC, vital capacity; SIRS, systemic inflammatory response syndrome; APACHE 
II, acute physiology and chronic health evaluation II; NAC, N-acetylcysteine. Patients with patients with AE-IIP were stratified according to 
median serum decorin levels (low serum decorin group; <6,812 ng/mL; high serum decorin group; >6,812 ng/mL).

level and PF ratio in IPF patients, there was no relationship 
between serum decorin level and inflammatory parameters 
such as SIRS and APACHE II scores. Because decorin has a 
variety of biological properties and is known to play critical 
roles on collagen fibrillogenesis, inflammation, wound 
repair, angiogenesis, and autophagy (8,9,33), the exact role 
of decorin in vivo might be too complex to be understood 
easily. In addition, we could not find the difference in 
prognosis between the low and high PF ration groups in 
IPF patients, when IPF patients were divided into the two 

groups according to median PF ration. However, we could 
not draw a conclusion whether the higher PF ration is 
driving survival rather than serum decorin level from the 
present study. Further study is necessary to clarify the exact 
role of decorin in the pathogenesis of AE-IIP. Finally, the 
exact reason(s) for the decreased levels of serum decorin 
of the IIP patients in the clinically stable phase as well as 
during AE was unclear. Increased levels of TGF-β, which is 
reported to inhibit decorin gene expression in fibroblasts, 
might be one reason (37). Moreover, the mRNA levels of 
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decorin have been reported to be decreased in rats’ lungs 
after intratracheal bleomycin instillation (38). In addition, 
degradation of decorin by proteinases might be related to a 
decrease in serum decorin levels because some proteinases, 
such as metalloproteinases, granzyme B and cathepsin-S, 
which were increased in serum and the lungs of patients 
with IPF (39-42), have been reported to cleave decorin. 
Kehlet et al. recently demonstrated that an increase in 
cathepsin-S degraded decorin levels in the serum of patients 
with IPF (39). On the other hand, an increase in serum 
decorin levels has been reported in patients with COPD 
and sepsis, where protease levels are increased (35,43). It is 
necessary to clarify the mechanisms by which serum decorin 
levels are changed in patients with several pulmonary 
diseases in future studies. 

Collectively, however, the results of this study show that 
serum decorin level is a potential prognostic biomarker 
after the onset of AE in patients with IPF.

Figure 3 The relationship between serum decorin levels and 
prognosis in patients with acute exacerbation of IPF. IPF patients 
with low decorin levels had a significantly higher survival rate 
than those with high serum decorin levels. Groups of low and 
high decorin levels were divided based on a median value. IPF, 
idiopathic pulmonary fibrosis.
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Table 6 Clinical characteristics of AE-IPF patients with high and low serum decorin levels

Variables High serum decorin group (n=28) Low serum decorin group (n=28) P value

Age (years) 70.1±1.1 70.3±1.8 0.633

Gender (male/female) 23/5 24/4 0.716

WBC (/μL) 9535±821 11342±906 0.193

LDH (U/mL) 532.4±108.3 366.8±27.5 0.071

CRP (mg/dL) 7.93±1.14 8.02±1.37 0.793

ESR (mm/h) 39.6±6.3 38.9±4.6 0.883

KL-6 (U/mL) 1,407±152 1,641±205 0.512

SP-A (ng/mL) 115.4±8.0 123.2±12.2 0.900

SP-D (ng/mL) 302.2±51.2 384.8±92.3 0.295

PF ratio (mmHg) 173±19 239±24 0.036

%VC (%) 64.2±4.9 78.0±20.9 0.367

BNP (pg/mL) 139.4±41.2 44.7±9.1 0.382

PCT (ng/mL) 0.30±0.08 0.93±0.47 0.896

FBG (mg/dL) 456.8±25.1 450.0±18.7 0.667

FDP (μg/mL) 15.2±5.2 12.2±4.9 0.767

D-dimer (μg/mL) 7.0±2.4 6.2±2.2 0.901

SIRS score 1.89±0.21 1.93±0.22 1.000

APACHE II score 13.7±1.1 13.6±0.9 0.859

Steroid (before AE) 15 13 0.79

Table 6 (continued)
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