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Association of serum monomeric periostin level with outcomes of 
acute exacerbation of idiopathic pulmonary fibrosis and fibrosing 
nonspecific interstitial pneumonia 
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Background: The associations of serum monomeric periostin (M-PN) level and serial change in M-PN 
with acute exacerbation of chronic fibrosing interstitial pneumonia (AE-FIP) are unclear. 
Methods: We prospectively measured serum M-PN level from onset of AE to day 14 in 37 patients with 
AE-FIP and evaluated its association with outcome. To determine localization of periostin expression, 
immunohistochemical staining of pathological lung tissue from autopsy cases of AE-IPF was evaluated.
Results: Data from 37 AE-FIP patients (28 men; age 73.9±7.8 years) were analyzed. With healthy controls 
as reference, serum M-PN level was significantly higher in patients with AE-FIP (P=0.02) but not in those 
with stable idiopathic pulmonary fibrosis (P=1.00). M-PN was significantly lower on day 7 than at AE-FIP 
onset in survivors [14.6±5.8 vs. 9.3±2.8 ng/mL (onset to day 7: P<0.001)] but not in non-survivors [14.6±5.1 
vs. 13.2±5.1 ng/mL (onset to day 7: P=0.07)]. In analysis using a cut-off value for serial change in M-PN 
(ΔM-PN), 3-month survival was 92.3% in the ΔM-PN decrease group and 36% in the ΔM-PN increase 
group (P=0.002). In multivariate analysis, 3-month survival tended to be associated with high ΔM-PN (OR: 
12.4, 95% CI: 0.82–187.9, P=0.069). 
Conclusions: Serial change in serum M-PN level may be a prognostic indicator of AE-FIP. 
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a progressive disease 
in which growth of fibroblasts and excessive deposition of 
extracellular matrix (ECM) proteins result in abnormal lung 
structure and function (1,2). The effects of transforming 

growth factor-β (TGF-β) are an important mechanism 

of action; however, pathways involving molecules other 

than TGF-β likely have roles in the growth of fibrotic 

tissues. Periostin is produced by the Th2-type cytokines 

interleukin-4 (IL-4) and interleukin-13 (IL-13) and has a 
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key role in fibrosis, independent of TGF-β (3-6). Periostin 
was expressed in lungs of mice with bleomycin-induced 
lung injury and in those of IPF patients (7-9).

Periostin has the characteristics of a matricellular 
protein—it promotes epithelial-mesenchymal transition 
(EMT) and regulat ion of  act ivat ing f ibroblasts/
myofibroblasts after binding αvβ3 and αvβ5 integrin—and 
functions as an ECM protein (2,7-9). Immunohistochemical 
staining of a lung biopsy specimen from a patient with 
stable IPF exhibited staining for periostin in fibroblastic 
foci only; staining was not observed in all fibrotic lung 
tissue (3). Additionally, serum periostin level was positively 
correlated with a temporal decrease in vital capacity (ΔVC) 
and diffusing capacity of the lung for carbon monoxide 
(ΔDlco) over a 6-month period, and periostin might 
predict long-term outcomes for IPF (10). Periostin is 
present in respiratory epithelium of patients with bronchial 
asthma and during myocardial remodeling after myocardial 
infarction and progression of malignant tumors (2,11-13).  
As compared with traditional serum total periostin (T-
PN, SS18A×SS17B), serum monomeric periostin (M-
PN, SS20A×SS19D), which specifically reflects fibrosis in 
interstitial pneumonias (IIPs), is more useful for evaluating 
disease activity in chronic fibrosing interstitial pneumonia 
(FIP) (14). Ohta et al. (14) reported that, in IPF patients, 
serum M-PN level was more strongly correlated than either 
Krebs von den Lungen-6 (KL-6) or surfactant protein-D 
(SP-D) levels with change in %VC and %Dlco during a 
6-month period. This suggests that M-PN level could be 
used to predict outcomes for IPF patients. The natural 
history of IPF is heterogeneous and may include periods 
of acute respiratory deterioration, which are termed acute 
exacerbations of IPF (AE-IPF) when a cause cannot be 
identified (15,16). The prognosis of AE-IPF is very poor 
(15-17). The time course of serum M-PN level and its 
role in acute exacerbation of FIP (AE-FIP) have not been 
extensively described. Serum fibrotic maker such as KL-6 
or SP-D are usually more elevated in AE-FIP than in the 
stable phase, and fibrosis of the lung parenchyma sometimes 
rapidly progresses after AE-FIP. Thus, we hypothesized 
that serum M-PN level would be elevated in patients with 
AE-FIP and might be associated with AE-FIP outcomes. 
The purpose of this study was to evaluate serum M-PN 
level and its association with outcome in patients with AE-
FIP. We present the following article in accordance with 
the STROBE reporting checklist (available at http://dx.doi.

org/10.21037/atm-21-414).

Methods

Subjects

We prospectively measured serum M-PN levels in  
37 patients with AE-FIP who were admitted to our hospital 
during the period from January 2013 through March 2017. 
We assessed change in serum M-PN level from onset of 
AE-FIP to day 14 (days 0, 7, and 14) by using an enzyme-
linked immunosorbent assay (ELISA) for M-PN that 
included monoclonal antibodies to M-PN, as previously 
described (a new periostin ELISA Kit, SHINO-TEST 
Corporation, Kanagawa, Japan) (14). Serum M-PN level 
was also measured in patients with stable IPF (n=11) and 
in healthy controls (n=5). These results were compared to 
those for patients with AE-FIP. On the basis of 3-month 
outcomes, the patients were classified as survivors (n=21) 
and non-survivors (n=16). Patient background, clinical 
characteristics, and serum M-PN level were compared 
between these two groups, as was serial change in serum 
M-PN. Finally, using univariate and multivariate analysis, 
we identified factors contributing to 3-month survival.

Diagnosis of FIP

Diagnosis of FIP was based on the 2013 update of the 
international multidisciplinary classification of the 
idiopathic interstitial pneumonias (15) and 2018 IPF 
guidelines of the American Thoracic Society (ATS)/
European Respiratory Society (ERS)/Japanese Respiratory 
Society (JRS)/Latin-American Thoracic Association 
(ALAT) (18). In this study, FIP comprises IPF and 
nonspecific interstitial pneumonia (NSIP). IPF was 
diagnosed on the basis of usual interstitial pneumonia 
(UIP) or probable UIP patterns on high-resolution 
computed tomography (HRCT) images. Diagnosis of 
NSIP was based on histopathogical patterns or HRCT 
patterns showing the presence of traction bronchiectasis 
with a peribronchovascular distribution and/or intralobular 
ret icular  opacity and,  less  frequently,  peripheral 
distribution and/or a wide extent of ground-glass 
attenuation. All diagnoses of interstitial pneumonia were 
confirmed by multidisciplinary discussion. We assessed 
FIP severity before AE onset by using the interstitial lung 
diseases-gender, age, and physiology (ILD-GAP) model 
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proposed by Ryerson et al. (16), and JRS criteria.

Diagnosis of AE-FIP 

Diagnosis of AE was based on criteria reported by Collard 
et al. (17,18). Chest CT images were scored according 
to a report by Kazerooni et al. (19) and included fibrosis 
score and ground-glass score. Furthermore, using the 
classification of Akira et al. (20), we classified CT pattern at 
AE-FIP onset as diffuse, peripheral, or multifocal.

Treatment of AE-FIP

All patients were treated with high-dose corticosteroid 
pulse therapy (methylprednisolone 1,000 mg/day for  
3 days). Corticosteroid dose was tapered after pulse therapy  
(0.5–1.0 mg/kg/day) in all patients. Cotrimoxazole (a 
combination antibiotic containing trimethoprim and 
sulfamethoxazole) was prescribed for prevention of 
pneumocystis pneumonia. Cyclosporine A (2.5 mg/kg/day) and/
or recombinant human thrombomodulin (0.06 mg/kg/day) 
therapy were administered for severe disease (lower PaO2/
FiO2 ratio and/or a diffuse HRCT pattern).

Immunohistochemical assay

We retrospectively selected 5 lung tissue samples obtained 
from consecutive patients with AE-IPF (5 men; median age, 
67 years) who had undergone autopsy after death from AE 
during the period from January 2007 through December 
2017 in a collaborating research facility. Additionally, we 
randomly selected 5 samples of lung tissue obtained from 
patients with stable IPF (5 men; median age, 66 years) who 
had undergone surgical lung biopsy (SLB) during the above 
period. These samples were fixed with 10% formalin and 
embedded in paraffin wax for conventional hematoxylin 
and eosin staining. Immunohistochemical analysis was 
performed as reported previously (3). Briefly, rat anti-human 
periostin monoclonal antibodies (mAbs) of immunoglobulin 
G1κ (IgG1κ; clone no. SS19B or SS5D, produced in the 
lab of Biomolecular Sciences, Saga Medical School, Saga, 
Japan) were diluted to 1:1,000 and applied to the sections, 
which were then stored overnight at 4 ℃. Positive reactivity 
was identified with the EnVision™ + Dual Link System-
HRP (DAKO, Japan). Mouse anti-human alpha-smooth 
muscle actin (α-SMA)-Abs (clone 1A4, Dako, Japan) were 
used to detect myofibroblasts, and purified mouse IgG1κ-
Abs (BioLegend, USA) were used as negative controls.

Statistical analysis

The Wilcoxon rank sum test and chi-square test were used 
to compare two groups. The Kruskal-Wallis test was used 
for comparisons among 3 groups. 

Correlations between two variables were evaluated 
by using Spearman’s rank correlation coefficients. Cox 
proportional hazards regression was used to analyze 
prognostic factors. Receiver operating characteristic (ROC) 
curves were used to determine the optimal cutoff value 
for serum M-PN at onset in prognostic factor analysis. 
Kaplan-Meier analysis was used to investigate survival rate, 
and significant differences were analyzed with the log-
rank test. Results are expressed as mean ± SD, and the level 
of statistical significance was set at P<0.05. The software 
package SPSS version 11.0 (SPSS Inc., Chicago, IL, USA) 
was used for all statistical analysis.

Ethics

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study 
was approved by the Institutional Review Board of Toho 
University Omori Medical Center (project approval no.: 
27-129; approval date: September 17, 2015). All patients 
or their families provided written informed consent, and 
medical records were reviewed with the approval of the 
Institutional Review Board.

Results

Serum M-PN levels in patients with AE-FIP, patients with 
stable IPF, and healthy controls

Serum M-PN level was 14.5±5.4 ng/mL in patients with AE-
FIP (n=37), 14.0±6.3 ng/mL in patients with stable IPF (n=11), 
and 8.3±2.2 ng/mL in healthy controls (n=5). Serum M-PN 
level was significantly higher in patients with AE-FIP than 
in healthy participants (P=0.02) but did not differ between 
patients with stable IPF and those with AE-FIP (P=1.00). 
However, M-PN level was not significantly higher in stable 
IPF patients than in healthy control (P=0.07) (Figure 1).

Clinical characteristics of survivors and non-survivors

Table 1 shows the clinical characteristics of survivors and non-
survivors at AE onset and before AE. The cause of death 
for all non-survivors was respiratory failure due to AE-FIP. 
There was no significant difference between the groups in 
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Figure 1 Serum monomeric periostin (M-PN) levels in patients with AE-FIP, patients with stable IPF, and healthy controls. The whiskers 
show ranges, and the bars indicate mean M-PN levels. Serum M-PN level was significantly higher in AE-FIP patients than in healthy 
controls. *P<0.05.

Table 1 Clinical characteristics of survivors and non-survivors

Survivors (n=21) Non-survivors (n=16) P value

Before AE-FIP

Smoking index 502.4±483.7 848.1±870.2 0.13

%FVC 70.8±4.7 50.5±9.0 0.07

%DLco (%) 54.8±18.9 42.8±7.9 0.16

ILD-GAP score 3.5±2.1 5.5±1.4 0.03*

Disease severity of JRS criteria (I/II/III/IV) 4/1/3/4 3/0/2/6 NS

IPF/f-NSIP 13/8 9/5 0.51

At onset of AE-FIP

Age, yrs 75.0±7.7 72.6±7.9 0.37

P/F ratio 243.0±104.5 227.1±89.5 0.63

CRP (mg/dL) 4.9±3.2 10.7±9.0 0.03*

LDH (IU/L) 365.1±112.1 403.7±134.9 0.35

HMGB-1 (ng/mL) 16.6 ±13.6 23.4±27.6 0.35

BNP (pg/mL) 99.5±95.0 138.9±228.7 0.63

KL-6 (U/mL) 1,697.4±2,250.4 1,299.2±695.9 0.53

SP-D (ng/mL) 342.8±280.6 674.0±452.5 0.01*

D-dimer (μg/mL) 11.4±14.5 8.7±8.1 0.54

M-PN (ng/mL) 14.6± 5.8 14.6± 5.1 0.99

GGO score 2.1±1.2 2.5±0.9 0.39

Fibrosis score 1.7±0.9 2.0±0.7 0.35

Diffuse pattern (%) 7/21 (33.3) 4/13 (30.8) 1.00

APACHE II score 11.9±4.1 14.0±6.9 0.36

*P≤0.05. %FVC, %forced vital capacity; %DLco, diffusing capacity for carbon monoxide; ILD-GAP; P/F ratio, PaO2/FiO2 ratio; CRP, 
C-reactive protein; LDH, lactate dehydrogenase; HMGB-1, high mobility group box-1; BNP, brain natriuretic peptide; SP-D, surfactant 
protein-D; M-PN, monomeric periostin. 
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age, Pao2/Fio2 (P/F) ratio, serum lactate dehydrogenase 
(LDH) level, brain natriuretic peptide (BNP) level, KL-6 
level, D-dimer level, or ground-glass opacity (GGO) score 
or fibrosis score on HRCT. However, ILD-GAP score 
before AE onset was significantly lower in survivors than 
in non-survivors (3.5±2.0 vs. 5.5±1.4, P=0.03). In addition, 
serum C-reactive protein (CRP) level and SP-D level at AE-
FIP onset were significantly lower in survivors than in non-
survivors (4.9±3.2 vs. 10.7±9.0, P=0.01, and 342.8±280.6 
vs. 674.0±452.5, P=0.01, respectively). Duration of survival 
was significantly longer in survivors than in non-survivors 
(457.0±478.0 vs. 27.8±29.0 days, P=0.001).

Serum periostin level at AE-FIP onset and its correlation 
with clinical characteristics

Serum M-PN level at AE onset was weakly correlated 
with definite UIP pattern, fibrosis score on HRCT, serum 
D-dimer level, BNP, latest pulmonary function test results, 
ILD-GAP score, %FVC, and %DLco (BNP: R=0.45, 
P=0.01; UIP pattern: R=0.41, P=0.01; fibrosis score: R=0.44, 
P=0.01; ILD-GAP score: R=0.40, P=0.04; %FVC; R=−0.59, 
P=0.004; %DLco; R=−0.48, P=0.027). 

Serum M-PN was not correlated with age, sex, P/
F ratio, white blood cell count, serum levels of CRP, 
LDH, KL-6, SP-D, SP-A, or high-mobility group box 1 
protein (HMGB1), diffuse HRCT pattern, GGO score, or 
APACHE II score (Table 2).

Change in serum M-PN levels in survivors and  
non-survivors

Serum M-PN level at onset of AE did not significantly differ 
between survivors (n=21) and non-survivors (n=16) (14.6±5.8 
vs. 14.6±5.1 ng/mL, respectively, P=0.91) (Figure 2). Analysis 
of serial change in M-PN level from onset of AE-FIP to 
day 7, and from day 0 to day 14, showed that M-PN level 
significantly decreased in survivors [14.6±5.8 vs. 9.3±2.8 ng/mL  
(onset to day 7; P<0.001), and 14.6±5.8 vs. 9.8±3.9 ng/mL  
(onset to day 14; P<0.001)]. However, there was no significant 
decrease in M-PN level from AE onset to day 7 in non-
survivors [14.6±5.1 vs. 13.2±5.1 ng/mL (onset to day 7; 
P=0.07)]. There was a significant decrease in M-PN from AE 
onset to day 14 in non-survivors [14.6±5.1 vs. 9.8±3.1 ng/mL 
(onset to day 14; P=0.03)] (Figure 2).

Using these data, we evaluated the association of change in 
M-PN level with 3-month survival. ROC curves were used to 
determine the optimal cutoff value of ΔM-PN (expressed as 
change in M-PN from day 0 to day 7) for predicting survival, 
which was −2.7 ng/mL (sensitivity, 85.7%; specificity, 75.0%; 
area under the curve, 0.73) (Figure 3). The patients were then 
divided into a decrease group (<−2.7 ng/mL) and increase 
group (≥−2.7 ng/mL). Survival at 3 months was significantly 
better in the decrease group (92.3%) than in the increase 
group (36.3%) (P=0.002) (Figure 4).

Factors predicting 3-month survival

Univariate analysis of patients with AE-FIP identified the 
following factors as predictors of 3-month survival: a ΔM-PN 
of ≥−2.7 ng/mL (OR: 18.0, 95% CI: 1.63–198.5, P=0.012), 

Table 2 Serum periostin level at AE-FIP onset and its correlation 
with clinical characteristics

R P value

Before AE-FIP

%FVC (L) −0.59 0.004*

%DLco (%) −0.48 0.027*

ILD-GAP score 0.40 0.04*

At the onset of AE-FIP

WBC (×103/μL) 0.15 0.36

CRP (mg/dL) 0.04 0.84

HMGB-1 (ng/mL) 0.18 0.32

LDH (IU/L) −0.04 0.82

D-dimer (μg/mL) 0.29 0.11

P/F ratio −0.18 0.28

BNP (pg/mL) 0.45 0.01*

KL-6 (U/mL) −0.02 0.90

SP-D (ng/mL) −0.10 0.57

SP-A (ng/mL) −0.18 0.33

UIP pattern 0.41 0.01*

GGO score −0.12 0.52

Fibrosis score 0.44 0.01*

Diffuse pattern 0.06 0.74

APACHE II score 0.03 0.87

*P≤0.05. %FVC, %forced vital capacity; %DLco, diffusing 
capacity for carbon monoxide; ILD-GAP; P/F ratio, PaO2/FiO2 
ratio; CRP, C-reactive protein; LDH, lactate dehydrogenase; 
HMGB-1, high mobility group box-1; BNP, brain natriuretic 
peptide; SP-D, surfactant protein-D; M-PN, monomeric 
periostin. 
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SP-D (OR: 1.00, 95% CI: 1.00–1.01, P=0.03), and CRP at 
AE-FIP onset (OR: 1.18, 95% CI: 1.02–1.36, P=0.03). 

Multivariate analysis was performed by using the 
forced entry method with a variable that was statistically 
significant in univariate analysis. Multivariate analysis 
showed that 3-month survival tended to be associated with 
high ΔM-PN (OR: 12.4, 95% CI: 0.82–187.9, P=0.069) 
(Table 3).

Localization of periostin in autopsied lung specimens with 
AE-IPF and SLB specimens with stable IPF

We retrospectively analyzed lung tissue samples obtained by 

Serial changes of serum M-PN (survivors and nonsurvivors)

P<0.001*

Survivors (n=21) Nonsurvivors (n=16)

Day 0 (n=21) Day 0 (n=16) Day 7 (n=9) Day 14 (n=6)Day 7 (n=16) Day 14 (n=18)

14.6±5.8 14.6±5.1 13.2±5.1 9.8±3.19.3±2.8 9.8±3.9

P=0.03*

P<0.001* P=0.46
P=0.07 P=0.16
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Figure 2 Change in serum M-PN level in survivors and non-survivors. The whiskers show ranges, the bars show median M-PN levels, 
and “x” indicates mean M-PN level. Among survivors, serum M-PN level was significantly lower on day 7 than on day 0 (9.3±2.8 vs.  
14.6±5.8 ng/mL, respectively; P<0.001). In contrast, serum M-PN level did not significantly change in non-survivors (14.6±5.1 vs.  
13.2±5.1 ng/mL, respectively; P=0.07). *P<0.05.

ROC curves to determine optimal cut off value of ΔM-PN

Sensitivity: 85.7%     Specificity: 75.0%     AUC: 0.732

Figure 3 ROC curves to determine the optimal cutoff value of 
ΔM-PN (expressed as change in M-PN from day 0 to day 7) for 
predicting survival, which was −2.7 ng/mL (sensitivity, 85.7%; 
specificity, 75.0%; area under the curve, 0.732).

Kaplan-Meier survival curves for 3-month survival
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Figure 4 Kaplan-Meier survival curves for 3-month survival in 
patients with a ΔM-PN of <−2.7 ng/mL (n=13) and >−2.7 ng/mL 
(n=11). Survival at 3 months was significantly better for a ΔM-PN 
of <−2.7 ng/mL (n=13) than for a ΔM-PN of ≥−2.7 ng/mL (n=11) 
(92.3% vs. 36.3%, respectively; P=0.002). *P<0.05.
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SLB from 5 patients with stable IPF and by autopsy from 5 
patients with AE-IPF. Representative findings of SLB and 
autopsied specimens obtained from a 66-year-old man with 
IPF are shown in Figure 5. SLB specimens of stable IPF 
showed strong expression of periostin in fibroblastic foci, 
with patchy distributions, as previously reported (Figure 5A). 
Autopsied specimens obtained from patients with AE-IPF 
also showed strong expression in fibrotic lesions. Fibrotic 

lesions with periostin expression were larger in autopsied 
specimens than in SLB specimens (Figure 5B). Periostin 
was not expressed in alveolar or bronchiolar epithelial 
cells, or in alveolar mononuclear cells. Localization of 
periostin was moderately consistent with that of α-SMA-
positive cells, namely myofibroblasts (Figure 5A,B). IgG1κ 
was not expressed in fibroblastic foci or in alveolar or 
bronchiolar epithelial cells but was weakly stained in alveolar 

Table 3 Univariate and multivariate analysis of predictors of 3-month mortality

OR 95% CI P value

Univariate analysis of predicting 3-month mortality

Before AE-FIP

%FVC (L) 0.94 0.88–1.01 0.09

%DLco (%) 0.93 0.86–1.01 0.10

ILD-GAP score 2.02 0.99–4.12 0.06

At the onset of AE-FIP

Age, yrs 0.96 0.88–1.05 0.37

P/F ratio 1.00 0.99–1.01 0.62

CRP (mg/dL) 1.18 1.02–1.36 0.03*

LDH (IU/L) 1.00 1.00–1.01 0.34

BNP (pg/mL) 1.00 0.99–1.00 0.63

KL-6 (U/mL) 1.00 0.99–1.00 0.53

SP-D (ng/mL) 1.00 1.00–1.01 0.03*

D-dimer (μg/mL) 0.98 0.92–1.04 0.53

HMGB-1 (ng/mL) 1.02 0.98–1.06 0.35

Fibrosis score 1.61 0.61–4.24 0.34

GGO score 1.38 0.67–2.85 0.38

M-PN, day 0 (ng/mL) 0.99 0.88–1.12 0.91

Diffuse pattern 0.89 0.20–3.93 0.88

M-PN, day 7 (ng/mL) 4.40 0.77–25.15 0.10

ΔM-PN ≥−2.7 (ng/mL) 18.0 1.63–198.5 0.018*

APACHE II score 1.08 0.92–1.26 0.35

rhTM use (25 case) 0.40 0.10–1.64 0.21

Multivariate analysis of predictors of 3-month mortality (forced entry)

Serum ΔM-PN ≥−2.7 (ng/mL) 12.4 0.82–187.9 0.069

CRP (mg/dL) 1.27 0.90–1.80 0.18

SP-D (ng/mL) 1.00 1.00–1.01 0.30

*P≤0.05. %FVC, %forced vital capacity; %DLco, diffusing capacity for carbon monoxide; ILD-GAP; P/F ratio, PaO2/FiO2 ratio; CRP, 
C-reactive protein; LDH, lactate dehydrogenase; HMGB-1, high mobility group box-1; BNP, brain natriuretic peptide; SP-D, surfactant 
protein-D; M-PN, monomeric periostin. 
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Figure 5 Representative findings of SLB and autopsied specimens obtained from a 66-year-old man with IPF. (A) Stable IPF. SLB specimens 
of stable IPF showed strong expression of periostin in fibroblastic foci, with patchy distributions. (B) AE-IPF. Autopsied specimens obtained 
from patients with AE-IPF also showed strong expression in fibrotic lesions. The numbers of periostin-positive cells and α-SMA-positive 
cells in fibrotic lesions were higher in AE-IPF than in stable IPF. HE: hematoxylin and eosin staining; Periostin: rat anti-human periostin 
monoclonal antibodies (mAbs) of immunoglobulin G1κ (IgG1κ; clone no. SS19B or SS5D, produced in the laboratory of Biomolecular 
Sciences, Saga Medical School, Saga, Japan); α-SMA: mouse anti-human alpha-smooth muscle actin (α-SMA)-Abs (clone 1A4, Dako, Japan); 
IgGκ: purified mouse IgG1κ-Abs (BioLegend, USA).

mononuclear cells (Figure 5A,B). Therefore, positive staining 
by anti-periostin-mAbs in fibrotic lesions of IPF does not 
appear to include nonspecific reactions via such as the Fc-
receptor of immunoglobulin.

Discussion

AE of idiopathic interstitial pneumonias (IIPs) is a disease 
concept that originated in Japan (21) and is characterized by 
diffuse alveolar damage of unknown cause. The prognosis is 
poor (mortality rate, 50% to 80%), and it accounts for 40% 
of deaths from IPF (22,23). The causes include idiopathic, 
viral, and bacterial infection and aspiration (24-26). However, 
AE is not well understood. Recent molecular studies have 
focused on the involvement of immunomodulators such as 
annexin-1, heat shock protein 47 (HSP47), and ST2 proteins 
(27-29). CRP level during AE-IPF was higher in non-survivors 

than in survivors (22). In the present study, CRP was related to 
a predictor of 3-month survival. Although the pathogenesis of 
AE-IPF is known to be associated with inflammation, a specific 
biomarker of AE-FIP outcomes has not been identified.

Periostin is stained in early fibroblastic foci and was 
reported to be a long-term prognostic factor for IPF 
(6,7,9,14,30). Fibroblastic foci in pathological specimens 
were nonsignificantly larger in patients with postoperative 
AE of interstitial pneumonia (5,30,31). Serum periostin 
levels correlate with the amount of fibroblastic foci; thus, 
fibroblast activity may also be involved in AE of FIP. 
Recently, Ohta et al. (14) developed a new M-PN kit that is 
more specific than total periostin in diagnosing IPF. 

In this study, we evaluated serum M-PN level at AE onset 
and serial change in M-PN level in patients with AE-FIP. 
In addition, we evaluated the correlation of serum M-PN 
with outcome. Although serum M-PN levels at the onset of 
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AE-FIP did not differ in stable IPF, there was a significant 
difference with healthy controls. In this study, M-PN value 
was not useful for diagnosing AE-FIP. We did not analyze 
the difference in M-PN between FIP-stable and FIP-AE 
patients because patients without IPF were included in the 
sample. In a comparison of serum M-PN in patients with 
FIP-AE and stable IPF, serum M-PN was not significantly 
higher at the onset of AE than in stable IPF (14.5±5.4 vs. 
14.0±6.3 ng/mL, respectively, P=1.00). Furthermore, M-PN 
values at day 7 and day 14 in survivors and at day 14 in non-
survivors did not statistically differ from the value for stable 
IPF. There are several potential explanations for this finding. 
First, serum periostin levels correlate with the extent 
of fibrosis in CT images in stable IPF, so M-PN values 
differ in relation to the spread of individual fibrosis (3).  
Therefore, to confirm how M-PN changes from the stable 
period to the period of exacerbation, it must be measured 
before and after the onset of AE-IPF in the same patients; 
however, we could not evaluate serum M-PN level before 
AE-FIP onset. Second, inclusion of f-NSIP (n=14) in the 
FIP patients may have resulted in a lower M-PN level than 
in AE-IPF patients, as a previous study reported that M-PN 
values tended to be higher in stable IPF than in f-NSIP (14).  
Finally, eight of 37 patients died within 14 days in this 
study. The absence of data for these non-survivors, who 
likely would have had higher M-PN values, might explain 
our finding of a lower M-PN level at day 14.

During follow-up of AE-FIP patients, serum M-PN level 
decreased in most patients as their condition improved, 
which suggests that M-PN level is higher at onset of AE 
than in stable disease. Periostin immunohistochemical 
staining of lung pathological specimens showed that fibrotic 
regions with periostin-positive cells were larger in autopsied 
specimens in patients with AE than in SLB specimens 
collected from patients with stable disease. 

α-SMA staining was frequently positive in areas that 
stained positive with periostin. Therefore, localization 
of periostin was similar to that in α-SMA-positive cells: 
myofibroblasts were stained in both cases. M-PN level at 
the onset of AE-FIP was weakly correlated with fibrosis 
score and definite UIP pattern. Thus, fibrosis activity at the 
onset of AE might be associated with serum M-PN. 

Therefore, we focused on serial change in serum (ΔM-
PN) levels of patients with AE-FIP. AE-FIP patients 
with a ΔM-PN level greater than −2.7 ng/mL had worse 
outcomes, which might predict 3-month survival. However, 
we could not assess change in serum M-PN in patients who 
died within 7 days, so the possibility of bias in the results is 

a concern.
In AE-IPF, periostin regulates cells as a matricellular 

protein and activates myofibroblasts during abnormal repair 
of disorders in alveolar type II cells/vascular endothelial 
cells, through inflammation/coagulation disorder. Ashley  
et al. (32) suggested that periostin regulates fibrocyte 
function, thereby promoting myofibroblast differentiation 
and lung fibrosis. Thus, M-PN is likely involved in AE-
IPF. Serum periostin level at the onset of AE is positively 
associated with promotion of the abnormal repair process, 
and M-PN may thus be a prognostic factor in AE-FIP.

Limitations

This study has several limitations. First, it was a single-
center study with a small sample size. Therefore, large-
scale studies are needed in order to confirm our results. 
Second, we could not measure serum M-PN before the 
onset of AE-FIP, i.e., during stable FIP. Thus, we could 
not directly compare AE-FIP and stable FIP in the same 
patients. Third, we could not analyze lung tissue obtained 
from surviving FIP-AE patients by surgical lung biopsy in 
this study. In addition, we could not evaluate histological 
staining of periostin because we did not perform lung 
biopsies in all IPF patients before onset of AE-FIP. 
We expect to investigate this issue in a future study. In 
immunohistochemical analysis, postmortem changes may 
have influenced the results. However, the widespread 
periostin protein expression in autopsied lung tissues of 
IPF-AE patients suggests that serum periostin level may be 
a biomarker for IPF-AE. 

Finally, because we could not assess change in serum 
M-PN in patients who died within 7 days, there is a 
possibility of bias in the results. 

Conclusions

In conclusion, serum M-PN level was significantly higher in 
patients with AE-FIP than in healthy controls. A decline in 
serum M-PN level during the period from the onset of AE 
to day 7 was a predictor of 3-month survival. Although the 
precise role of M-PN level in AE-FIP is unknown, M-PN 
level during AE-FIP may be a promising biomarker of 
3-month survival after AE-FIP.
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