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ABSTRACT

Background: Neutrophilic inflammation is a characteristic feature of idiopathic pulmonary 
fibrosis (IPF). S100 calcium-binding protein A9 (S100A9) is a neutrophil-derived protein 
involved in the development of neutrophil-related chronic inflammatory disorders. However, 
the role of S100A9 in IPF remains unclear.
Methods: We used enzyme-linked immunosorbent assays to measure S100A9 levels in 
bronchoalveolar lavage fluid (BALF) and serum obtained from healthy controls (HCs) and patients 
with IPF, non-specific interstitial pneumonia, hypersensitivity pneumonitis, and sarcoidosis.
Results: Compared with HCs, BALF S100A9 levels were significantly higher in IPF patients 
(P < 0.001), patients with hypersensitivity pneumonitis (P = 0.043), and patients with 
nonspecific interstitial pneumonia (P < 0.001). The S100A9 level in BALF of 0.093 ng/mL 
could distinguish IPF patients from HCs, with a specificity of 78.8% and a sensitivity of 
81.6%. Similarly, the S100A9 level in BALF of 0.239 ng/mL had a specificity of 64.7% and a 
sensitivity of 66.7% for distinguishing IPF patients from patients with other interstitial lung 
diseases. Additionally, BALF S100A9 levels were significantly correlated with neutrophil 
counts (r = 0.356, P < 0.001) in BALF. IPF patients with S100A9 levels in BALF > 0.533 ng/
mL had lower survival rates, compared with patients who had levels ≤ 0.553 ng/mL (n = 
49; hazard ratio [HR], 3.62; P = 0.021). Combination analysis revealed that IPF patients 
with S100A9 levels in BALF> 0.553 ng/mL or neutrophil percentages > 49.1% (n = 43) had 
significantly lower survival rates than patients with S100A9 levels in BALF ≤ 0.553 ng/mL 
and neutrophil percentages ≤ 49.1% (n = 41) (HR, 3.91; P = 0.014). Additionally, patients 
with serum S100A9 levels > 0.077 ng/mL (n = 29) had significantly lower survival rates than 
patients with levels ≤ 0.077 ng/mL (n = 53, HR, 2.52; P = 0.013). S100A9 was expressed on 
neutrophils and macrophages in BALF from IPF patients as well as α-smooth muscle actin 
positive cells in the lung tissues.
Conclusion: S100A9 is involved in the development and progression of IPF. Moreover, 
S100A9 levels in BALF and serum may be surrogate markers for IPF diagnosis and survival 
prediction, particularly when analyzed in combination with neutrophil percentages.
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INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is characterized by the progressive accumulation of 
fibroblasts in the pulmonary parenchyma and interstitium, which causes irreversible fibrosis 
and the deterioration of lung function.1,2 Recurrent alveolar epithelial cell injury leading to 
dysregulated epithelial cell signal influences mesenchymal, immune, and endothelial cells, 
thereby activating fibroblasts and myofibroblasts.3 Additionally, innate immune mechanisms 
and various inflammatory cells (e.g., immune cells, macrophages, T cells, and innate 
lymphoid cells) have been implicated in IPF pathogenesis.3 Although neutrophils are not 
commonly observed in the lung tissue of IPF, they release profibrotic cytokines and cause 
extracellular matrix remodeling.4,5 Neutrophil elastase levels as well as neutrophil-derived 
matrix-degrading enzymes (e.g., matrix metalloproteinases) are elevated in patients with 
IPF. They are the primary tissue-destructive agents that drive fibroblast proliferation and 
myofibroblast differentiation.6,7 Furthermore, cytokeratin 19, an alveolar epithelial injury 
marker, is correlated with neutrophil infiltration in IPF.8 A recent study has revealed elevated 
levels of granulocyte-colony stimulating factor in bronchoalveolar lavage fluid (BALF) 
from IPF patients, which were associated with lower survival rates.9,10 Additionally, BALF 
neutrophilia is associated with early mortality in IPF patients.11,12 However, the mechanism 
underlying the relationship between neutrophils and IPF remains unclear.

The mediator S100 calcium-binding protein A9 (S100A9) is a damage-associated molecular 
pattern protein released by neutrophils and macrophages under conditions of cellular 
stress.13 This mediator causes fibroblast proliferation; it upregulates collagen type III and 
α-smooth muscle actin (α-SMA) through expression of the receptor for advanced glycation 
end-products (RAGE).14,15 Previous studies have demonstrated higher S100A9 levels in 
BALFs from IPF patients than in those from patients with other interstitial lung diseases 
(ILDs), such as sarcoidosis, non-specific interstitial pneumonia (NSIP), or pulmonary 
fibrosis associated with connective tissue diseases.16,17 However, the previous studies had 
small sample sizes (< 50 patients) and provided insufficient information regarding clinical 
outcomes. Here, we measured BALF and serum S100A9 levels in a relatively large cohort of 
IPF patients to determine the association between S100A9 levels and IPF. Additionally, we 
investigated the association between S100A9 levels and long-term survival rates.

METHODS

Study subjects
All subjects were examined by physicians and underwent a chest X-ray, high-resolution chest 
computed tomography (HRCT), and pulmonary function tests including forced vital capacity 
(FVC) and diffusion capacity of lungs for carbon monoxide (DLco). BALFs from study 
subjects, including healthy controls (HCs), as well as patients with IPF, NSIP, hypersensitivity 
pneumonitis (HP), and sarcoidosis, and serums from study subjects, including HCs and IPF 
patients, were obtained from the biobank of Soonchunhyang University Hospital, Bucheon, 
Korea (Schbc-biobank-18101601-14-01 and schbc-biobank-2021-010-01). Bronchoscopy was 
performed after obtaining the informed consent for the procedure within the first 2 weeks 
of the initial examination. Regarding the status of the sampling, the ILD subjects donated 
their samples in a stable state, and none had any signs of infection and acute exacerbation 
at the initial examination. Remnant bronchoalveolar lavage (BAL) samples after diagnostic 
laboratory study have been kept for storage in the Biobank and donated to scientists after 
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permission of local Institutional Review Board (IRB) in each institution. The samples for 
HCs were obtained from the medical students and hospital personnel, after approval by the 
hospital Ethics Committee (IRB No: SCHBC 2015-08-025-005). Regarding lung tissues, 
the IPF lung tissues were obtained for diagnosis using video assisted thoracoscopy surgery, 
and the control lung tissues were obtained from cancer free - normal lungs of pathologic 
specimens from patients who underwent surgery for stage I or II lung cancer. IPF was 
diagnosed by the presence of usual interstitial pneumonia patterns in the pathological 
specimens (surgical IPF) and/or after multidisciplinary discussion without lung biopsy 
(clinical IPF) on the basis of the 2011 and 2018 guidelines.18,19 There was no evidence of any 
underlying collagen vascular diseases in IPF patients according to their laboratory results 
and clinical symptoms. The diagnostic criteria for NSIP, HP, and sarcoidosis were based 
on international consensus statements.20-22 HCs exhibited no respiratory symptoms as 
determined by a screening questionnaire and had a predicted forced expiratory volume at 1 
second (FEV1) and FVC > 80.0% and normal chest radiograms.

Enzyme-linked immunosorbent assay (ELISA) of S100A9 in BALF and serum
BAL was performed in lung segments with the greatest disease involvement on HRCT in 
cases of ILD, or in the right middle lobe of the controls, as described previously.23 The total 
cell count was measured using a hemocytometer. Cells were removed from the supernatant 
by centrifugation (500 g, 5 minutes), and supernatants were stored at –80°C. Differential cell 
counts were performed on 500 BALF cells placed on slides prepared using a cytocentrifuge 
and Diff-Quik stain. S100A9 protein level was measured using an ELISA kit (MyBioSource, 
San Diego, CA, USA) according to the manufacturer’s recommendations. The lower limit of 
detection was 0.1 ng/mL, and values below this limit were set to 0. The inter- and intra-assay 
coefficients of variation were below 15.0%.

Immunofluorescence stain of S100A9 in bronchial alveolar lavage fluid cells 
and lung tissues
Paraffin blocks of IPF and control lung tissues were cut into 4-μm-thick slices, 
deparaffinized, and rehydrated. The lung tissue and BALF cell slides were fixed with 0.4% 
cold paraformaldehyde for 30 minutes at room temperature. The sections were incubated 
for 1 hour in an Fc receptor blocking agent (FC blocker, Innovex Biosciences, Richmond, CA, 
USA) containing 5.0% bovine serum albumin to block non-specific binding. The sections 
were then incubated overnight at 4°C with monoclonal mouse anti-human S100A9 antibody 
(1:200 dilution; Novus Biological, Littleton, CA, USA) and polyclonal mouse anti-human 
α-SMA antibody (1:200 dilution; Abcam, Cambridge, MA, USA). Slides of BALF cells were 
incubated overnight with monoclonal goat anti-human CD163 antibody for macrophages 
(1:200 dilution, Hycult Biotech, Uden, PB, Netherlands) and monoclonal rabbit anti-
human neutrophil elastase antibody (1:100 dilution; Abcam) for neutrophils. After washing 
three times with tris buffered saline (TBS), the slides were incubated for 1 hour at room 
temperature with the following fluorescent secondary antibodies: anti-rabbit IgG H&L 
(FITC) (1:1,000 dilution; Abcam), anti-mouse IgG H&L (PE) (1:1,000 dilution; Abcam), or 
anti-goat IgG H&L (PE) (1:1,000 dilution; Abcam). After washing in TBS, the slides were 
incubated for 3 minutes at room temperature with 4′,6-diamidino-2-phenylindole (DAPI) 
(Sigma-Aldrich, St. Louis, MO, USA) and confocal laser scanning was performed using a 
microscope (LSM 510 META, Zeiss, Jena, Germany) coupled to a CoolsnapPhotometrics HQ 
camera (Photometrics, Tucson, AZ, USA), and images were generated using the Zeiss LS M 
image browser.
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Statistical analysis
The Kruskal–Wallis test and the post-hoc Mann–Whitney U test were used to compare the 
S100A9 levels between groups. Correlations between the S100A9 levels and other parameters 
were analyzed using Spearman’s correlation coefficient. The data are presented as median 
with 25.0% and 75.0% quartile for variables with a skewed distribution, or as a mean ± 
standard error of the mean for variables with a normal distribution. Receiver operating 
characteristic (ROC) analysis was performed, and the area under the ROC curve (AUC) and 
cutoff values were determined using MedCalc statistical software. Optimal cutoff levels of 
S100A9 and the neutrophil percentage were calculated using Cutoff Finder.24 Survival rates 
were estimated using the Kaplan–Meier method and compared using a log-rank test. The 
data were analyzed using SPSS software v. 20.0 (IBM Corp., Armonk, NY, USA). Values of P < 
0.05 were considered statistically significant.

Ethics statement
The study protocol was approved by the Ethics Committee of Soonchunhyang University 
Hospital (Schbc-medicine-2018-10 and Medicine-2021-12). Informed written consents for 
study participation and sample donation were obtained from the subjects.

RESULTS

Demographic characteristics
In the present study, 127 IPF, 22 NSIP, 19 HP, 10 sarcoidosis patients, and 77 HCs were 
enrolled. Among them, we obtained BALF from patients with IPF (n = 87), NSIP (n = 22), HP 
(n = 19), and sarcoidosis (n = 10). Among IPF patients, 62 had undergone surgical lung biopsy 
before diagnosis, whereas 65 were diagnosed without lung biopsy. Additionally, BALF was 
obtained from 33 HCs. Serum was obtained from 90 patients with IPF and 40 normal controls. 
Among them, BALF and serum were matched in 50 patients with IPF, but not in the normal 
controls. Table 1 presents the clinical characteristics of the study patients, who underwent 
BAL procedure. The total cell count, comprising macrophages, neutrophils, lymphocytes, 
and eosinophils, was significantly higher in BALF from patients with IPF, NSIP, HP, and 
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Table 1. Clinical characteristics of study participants who underwent bronchoalveolar lavage
Parameters Healthy controls IPF NSIP HP Sarcoidosis
No. of subjects 33 87 22 19 10
Age, yr 55 (35–72) 63.8 (32–86)a 60.1 (39–70) 51.3 (28–70) 43.3 (28–69)
BMI, kg/m2 24.21 ± 3 22.88 ± 2.78 22.68 ± 2.59 22.58 ± 3.21 22.6 ± 3.03
Sex (male/female) 20/13 54/33 9/13 10/9 6/4
Smoking (CS/ES/NS) 2/1/30 38/29/20 2/5/15 3/2/14 3/2/5
FVC (% pred.) 106.1 (87.0–119.0) 75.0 (63.7–83.0)a 78.0 (66.0–91.8)a 64.5 (57.0–82.5)a 77.0 (65.0–86.0)a

FEV1 (% pred.) 102.1 (88.2–117.0) 89.0 (77.5–100.5)a 85.0 (73.8–101.3)a 74.5 (64.3–92.0)a 85.0 (64.0–101.0)a

DLco (% pred.) NA 64.0 (38.5–72.5) 76.0 (59.0–92.0) 67.0 (55.0–90.0) 75.5 (57.8–84.5)
Follow-up duration, yr NA 4.1 (2.1–6.3) ND ND ND
BAL total cells (×105) 3.42 ± 0.96 18.62 ± 30.06 9.30 ± 3.53 10.28 ± 5.94 12.04 ± 8.07
Macrophages, % 95.4 ± 7.4 57.0 ± 25.0a 68.9 ± 27.3a 57.9 ± 29.5a 71.2 ± 14.8a

Neutrophils, % 3.6 ± 2.7 27.5 ± 21.3a 12.6 ± 7.6a 24.7 ± 19.3a 4.7 ± 7.5a

Eosinophils, % 0.3 ± 1.3 2.3 ± 8.0a 2.3 ± 1.3a 2.9 ± 4.5a 1.2 ± 0.8a

Lymphocytes, % 0.5 ± 4.1 3.0 ± 4.7a 15.8 ± 3.1a 14.7 ± 5.8a 22.9 ± 4.8a

Data are presented as medians (inter-quartile range) or mean ± standard error of the mean. Groups among the normal controls and the IPF, NSIP, HP, and 
sarcoidosis patients were compared using a Kruskal–Wallis ANOVA with the Mann–Whitney U as the post-hoc test, or using a one-way ANOVA and Tukey’s 
honestly significant difference test as the post-hoc test among the five groups. Significance: compared with control, aP < 0.05.
IPF = idiopathic pulmonary fibrosis, NSIP = non-specific interstitial fibrosis, HP = hypersensitivity pneumonitis, BMI = body mass index, CS/ES/NS = current 
smoker/ex-smoker/never smoker, FVC = forced vital capacity, FEV1 = forced expiratory volume at 1 second, DLco = diffusing capacity of the lungs for carbon 
monoxide, BAL = bronchoalveolar lavage, ANOVA = analysis of variance.



sarcoidosis than in BALF from HCs (P < 0.05). Moreover, all patients exhibited lower FVC and 
FEV1, compared with HCs (P < 0.05). Serum samples were collected from 90 IPF patients and 
40 HCs. Clinical characteristics of the participants are summarized in Supplementary Table 1.  
The IPF patients had significantly lower values of FVC and FEV1 than the HCs (P < 0.05). 
Among them, BALF was concomitantly obtained from 50 of the IPF patients.

Comparison of S100A9 levels in BALF of IPF with those of other ILDs and HCs
Compared with S100A9 levels (0 [0–0.5] ng/mL) in BALF from HCs, significantly higher 
S100A9 levels in BALF were observed in BALF from patients with IPF (0.4 [0.18–0.9] ng/mL, 
P < 0.001), NSIP (0.28 [0.07–0.52] ng/mL, P < 0.001), and HP (0.19 [0.07–0.33] ng/mL, P < 
0.001). Moreover, S100A9 levels in BALF were significantly higher among IPF patients than 
among patients with HP (P = 0.043) or sarcoidosis (0.06 [0–0.11] ng/mL, P < 0.001). S100A9 
levels in BALF were significantly correlated with neutrophil counts in BALF from IPF patients 
(n = 87, r = 0.356, P < 0.001) (Fig. 1B and Supplementary Table 2). The ROC curve showed a 
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Fig. 1. S100A9 levels, correlation with neutrophil percentage in BALF, and ROC analysis. (A) S100A9 levels were detected in 12 of 33 HCs, 76 of 87 patients with 
IPF, 17 of 22 patients with NSIP, 15 of 19 patients with HP, and 6 of 10 patients with sarcoidosis. Data are presented as medians with interquartile ranges. (B) 
Correlation between S100A9 levels and neutrophil percentages in BALF (n = 87, r = 0.356, P = 0.007). (C) ROC curves for S100A9 levels in IPF patients and HCs. A 
cutoff value of 0.093 ng/mL had an AUC of 0.833, specificity of 78.8%, and sensitivity of 81.6% for distinguishing IPF patients from HCs. (D) A cutoff level of 0.239 
ng/mL for S100A9 exhibited a specificity of 64.7% and a sensitivity of 66.7% for distinguishing between IPF patients and patients with other ILDs (AUC = 0.661). 
BALF = bronchoalveolar lavage fluid, S100A9 = S100 calcium-binding protein A9, HC = healthy control, IPF = idiopathic pulmonary fibrosis, NSIP = non-specific 
interstitial fibrosis, HP = hypersensitivity pneumonitis, AUC = area under the ROC curve, ILD = interstitial lung disease, ROC = receiver operating characteristic. 
*P < 0.05; **P < 0.001.



clear distinction between IPF patients and HCs (AUC = 0.833, Fig. 1C). The S100A9 in BALF 
cutoff level of 0.093 ng/mL, as determined by the ROC curve, had a specificity of 78.8% and 
a sensitivity of 81.6% for distinguishing IPF patients from HCs. Furthermore, the S100A9 in 
BALF cutoff level of 0.239 ng/mL exhibited a specificity of 64.7% and a sensitivity of 66.7% 
for distinguishing IPF patients from those with the other ILDs including NSIP, HP, and 
sarcoidosis (AUC = 0.661, Fig. 1D).

Associations of survival rates and clinical features with BALF S100A9 level 
and neutrophil count in IPF patients
In total, 84 IPF patients were followed up for 1–10 years. The cutoff values for S100A9 level 
in BALF and neutrophil percentage were determined as previously described in the methods 
section. The survival rate was significantly lower in patients with S100A9 levels in BALF > 
0.553 ng/mL (n = 35) than in patients with S100A9 levels in BALF ≤ 0.553 ng/mL (n = 49; 
hazard ratio [HR], 3.62; 95.0% confidence interval [CI], 1.13–11.63; P = 0.021, Fig. 2A). In the 
IPF patients with S100A9 levels > 0.553 ng/mL, the total cell and neutrophil counts in BALF 
were significantly higher than the counts in those with S100A9 levels in BALF ≤ 0.553 ng/mL 
 (P < 0.001, Supplementary Table 3). Similarly, the survival rate was significantly lower 
in patients with neutrophil percentages > 49.1% (n = 17) than in patients with neutrophil 
percentages ≤ 49.1% (n = 67; HR, 5.38; 95.0% CI, 2.07–13.98; P = 0.003, Fig. 2B). Moreover, 
patients with S100A9 levels in BALF > 0.553 ng/mL or neutrophil percentages > 49.1% (n = 
43) had significantly lower survival rates, compared with patients who had S100A9 levels 
in BALF ≤ 0.553 ng/mL and neutrophil percentages ≤ 49.1% (n = 41; HR, 3.91; 95.0% CI, 
1.62–9.39; P = 0.014, Fig. 2C). The patients with S100A9 levels in BALF ≤ 0.553 ng/mL and 
neutrophil percentages ≤ 49.1% had higher proportion of men (P = 0.02, Table 2) than those 
with S100A9 levels in BALF > 0.553 ng/mL or neutrophil percentages > 49.1%. However, the 
two groups displayed no significant differences in age, body mass index, smoking status, or 
lung function.
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Fig. 2. Survival rates in relation to S100A9 levels and neutrophil percentages in bronchoalveolar lavage fluid from IPF patients. Kaplan–Meier analysis was 
used to analyze 84 IPF patients who were followed up for 1–10 years. (A) Comparison of survival rates between patients with S100A9 levels > 0.553 ng/mL (n = 
35, dotted line) and patients with S100A9 levels ≤ 0.553 ng/mL (n = 49, solid line) (HR, 3.62; 95.0% CI, 1.13–11.63; P = 0.021). (B) Comparison of survival rates 
between patients with neutrophil percentages > 49.1% (n = 17, dotted line) and patients with neutrophil percentages ≤ 49.1% (n = 67, solid line) (HR, 5.38; 95.0% 
CI, 2.07–13.98; P = 0.003). (C) Comparison of survival rates between patients with S100A9 levels > 0.553 ng/mL or neutrophil percentages > 49.1% (n = 43, dotted 
line) and patients with S100A9 levels ≤ 0.553 ng/mL and neutrophil percentages ≤ 49.1% (n = 41, solid line) (HR, 3.91; 95.0% CI, 1.62–9.39; P = 0.014). 
S100A9 = S100 calcium-binding protein A9, Neu = neutrophil, IPF = idiopathic pulmonary fibrosis, HR = hazard ratio, CI = confidence interval.



Associations of survival rates and clinical features with serum S100A9 levels 
in IPF patients
Significantly higher S100A9 levels in serum were observed in IPF patients (0.01 [0–0.32] 
ng/mL) than in HCs (0 [0–0.02] ng/mL, P = 0.044, Fig. 3A). A significant association was 
detected between S100A9 levels in serum and S100A9 levels in BALF from 50 IPF patients 
(P = 0.023, Fig. 3B). Kaplan–Meier survival analysis of 82 patients who were followed up for 
1–10 years revealed a significantly lower survival rate among patients with S100A9 levels in 
serum > 0.077 ng/mL (n = 29) than among patients with S100A9 levels in serum ≤ 0.077 ng/
mL (n = 53; HR,  2.52; 95.0% CI, 1.15–5.51; P = 0.013, Fig. 3C).
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Table 2. Clinical characteristics of patients with idiopathic pulmonary fibrosis classified according to the levels of 
S100A9 and percentage of neutrophils in bronchoalveolar lavage fluid
Parameters S100A9 > 0.553 ng/mL or  

Neu % > 49.1%
S100A9 ≤ 0.553 ng/mL and  

Neu % ≤ 49.1%
P value

No. of subjects 43 41 -
Age, yr 65 (56.5–73) 63 (59–68) 0.342
BMI, kg/m2 23.35 ± 2.61 22.17 ± 2.83 0.051
Sex (male/female) 22/21 31/10 0.020*

Smoking (CS/ES/NS) 21/12/10 15/17/9 0.392
Gap score 2 (2–5) 4 (2.5–4.25) 0.691
FVC (% pred.) 77.0 (64.0–85.0) 79.0 (68.0–85.0) 0.579
FEV1 (% pred.) 89.0 (78.5–102.0) 90.0 (80.0–100.0) 0.717
DLco (% pred.) 65.5 (52.0–80.8) 69.5 (63.0–76.3) 0.210
Follow-up duration, yr 4.06 (2.57–5.94) 4.25 (2.17–7.02) 0.537
Survival/death, % 28/15 (34.8) 38/3 (7.3) 0.002*

BAL total cell count (×105) 6.9 ± 4.59 4.36 ± 1.96 0.002*

Macrophages (×105) 3.58 ± 2.88 3.31 ± 1.41 0.281
Neutrophils (×105) 2.62 ± 2.91 0.71 ± 0.71 < 0.001*

Eosinophils (×105) 0.44 ± 1.53 0.14 ± 0.25 0.237
Lymphocytes (×105) 0.27 ± 0.28 0.21 ± 0.22 0.536
Data are presented as medians (inter-quartile range) or mean ± standard error of the mean. Between group 
differences were compared using the Mann–Whitney U as the post-hoc test, or using Student’s t-test.
S100A9 = S100 calcium-binding protein A9, BMI = body mass index, CS/ES/NS = current smoker/ex-smoker/never 
smoker, FVC = forced vital capacity, FEV1 = forced expiratory volume at 1 second, DLco = diffusing capacity of the 
lungs for carbon monoxide, BAL = bronchoalveolar lavage.
Significance: compared with control, *P < 0.05.
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Fig. 3. S100A9 levels in serum from IPF patients and relationship with survival rates. (A) Serum S100A9 levels were detected in 19 pf 40 HCs and in 53 of 90 IPF 
patients. Data are expressed as medians with 25.0% and 75.0% quartiles, with statistical significance denoted as *P < 0.05 vs. HCs. (B) Correlation between 
S100A9 levels in serum and BALF (r = 0.320, P = 0.023). (C) Kaplan–Meier survival curves comparing survival rates between IPF patients with S100A9 levels > 0.077 
ng/mL (n = 29, dotted line) and those with S100A9 levels ≤ 0.077 (n = 53, solid line) ng/mL (hazard ratio, 2.52; 95.0% confidence interval, 1.15–5.51; P = 0.013). 
S100A9 = S100 calcium-binding protein A9, IPF = idiopathic pulmonary fibrosis, HC = healthy control, BALF = bronchoalveolar lavage fluid.



S100A9 immunofluorescence staining of lung tissues and BALF cells from IPF 
patients
To confirm S100A9 expression in IPF patients, we performed double immunofluorescence 
staining of S100A9/α-SMA using lung tissues from 3 IPF patients and 3 controls. In lung 
tissues from controls, α-SMA and S100A9 staining was detected in perivascular and 
peribronchial areas. In lung tissues from IPF patients, interstitial fibroblasts expressed 
α-SMA; most of these fibroblasts also expressed S100A9 (Fig. 4A). To confirm S100A9 
expression in BALF cells from IPF patients, we performed double immunofluorescence 
staining of S100A9 with CD163 and neutrophil elastase. Macrophages strongly expressed 
CD163; most of these cells also exhibited S100A9 expression (Fig. 4B). Moreover, we observed 
co-staining of neutrophil elastase and S100A9 in BALF cells from IPF patients.

DISCUSSION

This study demonstrated that BALF S100A9 levels were significantly higher in IPF patients 
than in HCs and patients with other ILDs. High S100A9 levels in BALF had high sensitivity 
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Fig. 4. Immunofluorescence staining of S100A9 in lung tissues and BALF cells of IPF patients. (A) S100A9 (green) and α-SMA (red) were co-stained with PE-(red) 
or FITC-conjugated antibodies (green), respectively (200× magnification). (B) Images show colocalization of pan-macrophage marker CD163 (Alexa 488) (green) 
and S100A9 (Alexa 594) (red), along with DAPI-stained nuclei (blue) (400× magnification). Control: lung tissue obtained from normal lungs of the patients who 
underwent surgery for stage I or II lung cancer. 
BALF = bronchoalveolar lavage fluid, IPF = idiopathic pulmonary fibrosis, S100A9 = S100 calcium-binding protein A9, SMA = smooth muscle actin, PE = 
phycoerythrin, FITC = fluorescein isothiocyanate, DAPI = 4′,6-diamidino-2-phenylindole, H&E = hematoxylin & eosin.



and specificity for diagnosis and differentiation of IPF from HCs as well as other ILDs. 
Moreover, a cutoff value of 0.553 ng/mL for S100A9 could separate IPF patients into short-term 
and long-term survival groups, with an HR of 3.62. Based on these findings, S100A9 levels in 
BALF could serve as a useful surrogate biomarker for prediction of survival in IPF patients.

In the past decade, multiple studies have revealed higher S100A9 levels in BALF from IPF 
patients, compared with patients who have other ILDs.16,17,25,26 The levels were inversely 
related to impairments in lung function, as indicated by reduced FVC and DLco.17 Moreover, 
S100A9 levels could distinguish IPF from NSIP and collagen vascular disease-related 
interstitial pneumonia.25 However, these reports were based on relatively small numbers of 
patients. Recently, Bennett et al.27 reported that higher S100A9 levels have been associated 
with more advanced IPF, lower lung function values, shorter walking distance in the 6-min 
walk test, and BALF neutrophilia in 30 IPF patients. Our study findings are consistent with 
the results of previous investigations. In addition, we have confirmed the utility of serum 
S100A9 levels as a biomarker for predicting survival rates in larger cohorts of IPF patients. 
To our knowledge, this is the first study to demonstrate the utility of serum S100A9 as a 
surrogate biomarker for predicting prognosis in patients who cannot provide BALF samples 
because of the invasive procedure involved.

S100A9 is a small calcium-binding protein released by cells undergoing necrosis in response 
to stress.13 S100A9 can exacerbate non-infectious inflammation by enhancing chemotaxis 
among neutrophils and macrophages, and by modulating the functions of these cells.28,29 
Considering the prevalence of neutrophilic inflammation in BALF from IPF patients,11,30 
S100A9 is suspected to participate in the pathogenesis of neutrophilic inflammation in 
IPF. Consistent with this hypothesis, we found a significant association between S100A9 
levels in BALF and neutrophil percentages in BALF from IPF patients. In addition, when 
the S100A9 levels were adjusted with the neutrophil count in BALF, there were significant 
differences in the values of S100A9 between groups. The ratio of S100A9 to the number of 
neutrophils was higher in IPF, NSIP, and HP compared to HCs (Supplementary Table 4). 
Thus, neutrophils may have a greater potency to produce S100A9 in IPF compared to those in 
HCs. Furthermore, a cutoff value of 49.1% for neutrophil percentage in BALF samples could 
separate patients into short- and long-term survival groups, with an HR of 5.38. A combined 
analysis of S100A9 levels and neutrophil percentages showed that patients with S100A9 
levels in BALF > 0.553 ng/mL or neutrophil percentages > 49.1% had a significantly lower 
survival rate, compared with patients who had S100A9 levels in BLAF ≤ 0.553 and neutrophil 
percentages ≤ 49.1%, with an HR of 3.91. These findings indicate that the combined effect of 
high S100A9 levels or high neutrophil percentages leads to a significantly higher mortality 
risk among IPF patients, compared with the effect of high S100A9 levels alone.

S100A9 and neutrophils are involved in the pathogenesis of inflammatory conditions, 
such as severe asthma and chronic obstructive pulmonary disease.31-34 In addition to its 
pro-inflammatory effects, S100A9 has fibrotic effects.33 S100A9 stimulates fibroblast 
proliferation and myofibroblast differentiation by inducing the expression of cellular 
communication network factor 2, promoting basal migratory motility in fibrocytes, and 
activating lung fibroblasts through the RAGE signaling pathway and activation of ERK1/2 
MAPK and nuclear factor-κB.3,15,35 In the present study, immunofluorescence revealed co-
expression of S100A9 and the markers of macrophages and neutrophils, indicating the major 
sources of S100A9 from macrophages and neutrophils. Regarding co-localization of S100A9 
on α-SMA in fibrotic loci, fibroblasts may uptake the S100A9 derived from macrophages 
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and neutrophils when considering the expression of S100A9 is minimal on fibroblasts 
determined using single-cell next-generation sequencing.36 As S100A9 receptors, RAGE and 
Toll-like receptor 4 levels are also elevated in parenchymal fibroblasts and infiltrating cells 
within fibrotic loci.37,38 Therefore, high S100A9 levels may induce neutrophil and monocyte 
inflammation, as well as fibroblast activation, leading to fibrosis progression.

Our study has several limitations. First, we did not measure other mediators released by 
neutrophils, such as neutrophil elastase and matrix metalloproteinases. The IPF-patients 
having low S100A9 levels with high neutrophil percentages were also associated with 
early mortality, suggesting that other neutrophil-derived mediators may contribute to the 
mortality implicated in IPF patients: neutrophil elastase is a potential candidate because it 
degrades various ECM components and promotes fibroblast proliferation and myofibroblast 
differentiation in a SMAD-dependent, but transforming growth factor (TGF)-β-independent, 
manner.6,7 An additional mediator is the neutrophil extracellular trap, which promotes 
fibrosis by inducing TGF-β1 production and subsequent myofibroblast activation.39 
Therefore, future studies should evaluate the effects of these mediators on prognosis of IPF 
patients. Second, there was a small number of patients with other ILDs, including NSIP, and 
HP to evaluate the diagnostic significance. Finally, validation studies using other cohorts are 
required to improve the diagnostic utility of S100A9.

To investigate the role of S100A9 in neutrophilic inflammation associated with IPF, we 
measured S100A9 levels in BALF and serum. Our findings revealed significantly higher S100A9 
levels in IPF patients than in HCs or patients with other ILDs. Moreover, S100A9 levels could 
distinguish IPF from other ILDs as well as HCs. IPF patients with increased S100A9 levels 
or neutrophil percentages demonstrated significantly lower survival rates, compared with 
patients who had reduced S100A9 levels and neutrophil percentages. These findings suggest 
that S100A9 plays a role in the development and progression of IPF; moreover, S100A9 levels 
in BALF and serum could serve as a surrogate biomarker for diagnosis and survival in patients 
with IPF, particularly when combined with neutrophil percentages.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Clinical characteristics of the study participants who underwent measurement of plasma S100A9

Click here to view

Supplementary Table 2
Correlation of S100A9 levels with cellular profiles from the BALF and the lung function 
profiles in IPF

Click here to view

Supplementary Table 3
Clinical characteristics of patients with idiopathic pulmonary fibrosis classified by the level of 
bronchoalveolar lavage fluid S100A9

Click here to view
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Click here to view

REFERENCES

	 1.	 Chambers RC, Mercer PF. Mechanisms of alveolar epithelial injury, repair, and fibrosis. Ann Am Thorac Soc 
2015;12(Suppl 1):S16-20. 
PUBMED | CROSSREF

	 2.	 Richeldi L, Collard HR, Jones MG. Idiopathic pulmonary fibrosis. Lancet 2017;389(10082):1941-52. 
PUBMED | CROSSREF

	 3.	 Moss BJ, Ryter SW, Rosas IO. Pathogenic mechanisms underlying idiopathic pulmonary fibrosis. Annu Rev 
Pathol 2022;17(1):515-46. 
PUBMED | CROSSREF

	 4.	 Desai O, Winkler J, Minasyan M, Herzog EL. The role of immune and inflammatory cells in idiopathic 
pulmonary fibrosis. Front Med (Lausanne) 2018;5:43-43. 
PUBMED | CROSSREF

	 5.	 Giannandrea M, Parks WC. Diverse functions of matrix metalloproteinases during fibrosis. Dis Model Mech 
2014;7(2):193-203. 
PUBMED | CROSSREF

	 6.	 Obayashi Y, Yamadori I, Fujita J, Yoshinouchi T, Ueda N, Takahara J. The role of neutrophils in the 
pathogenesis of idiopathic pulmonary fibrosis. Chest 1997;112(5):1338-43. 
PUBMED | CROSSREF

	 7.	 Gregory AD, Kliment CR, Metz HE, Kim KH, Kargl J, Agostini BA, et al. Neutrophil elastase promotes 
myofibroblast differentiation in lung fibrosis. J Leukoc Biol 2015;98(2):143-52. 
PUBMED | CROSSREF

	 8.	 Inage M, Nakamura H, Kato S, Saito H, Abe S, Hino T, et al. Levels of cytokeratin 19 fragments in 
bronchoalveolar lavage fluid correlate to the intensity of neutrophil and eosinophil-alveolitis in patients 
with idiopathic pulmonary fibrosis. Respir Med 2000;94(2):155-60. 
PUBMED | CROSSREF

	 9.	 Lee JU, Choi JS, Kim MK, Min SA, Park JS, Park CS. Granulocyte colony-stimulating factor in 
bronchoalveolar lavage fluid is a potential biomarker for prognostic prediction of idiopathic pulmonary 
fibrosis. Korean J Intern Med 2022;37(5):979-88. 
PUBMED | CROSSREF

	10.	 Jegal Y. The role of neutrophils in the pathogenesis of IPF. Korean J Intern Med 2022;37(5):945-6. 
PUBMED | CROSSREF

	11.	 Kinder BW, Brown KK, Schwarz MI, Ix JH, Kervitsky A, King TE Jr. Baseline BAL neutrophilia predicts 
early mortality in idiopathic pulmonary fibrosis. Chest 2008;133(1):226-32. 
PUBMED | CROSSREF

	12.	 Tabuena RP, Nagai S, Tsutsumi T, Handa T, Minoru T, Mikuniya T, et al. Cell profiles of bronchoalveolar 
lavage fluid as prognosticators of idiopathic pulmonary fibrosis/usual interstitial pneumonia among 
Japanese Patients. Respiration 2005;72(5):490-8. 
PUBMED | CROSSREF

	13.	 Foell D, Wittkowski H, Vogl T, Roth J. S100 proteins expressed in phagocytes: a novel group of damage-
associated molecular pattern molecules. J Leukoc Biol 2007;81(1):28-37. 
PUBMED | CROSSREF

	14.	 Shibata F, Miyama K, Shinoda F, Mizumoto J, Takano K, Nakagawa H. Fibroblast growth-stimulating 
activity of S100A9 (MRP-14). Eur J Biochem 2004;271(11):2137-43. 
PUBMED | CROSSREF

	15.	 Xu X, Chen H, Zhu X, Ma Y, Liu Q, Xue Y, et al. S100A9 promotes human lung fibroblast cells activation 
through receptor for advanced glycation end-product-mediated extracellular-regulated kinase 1/2, mitogen-
activated protein-kinase and nuclear factor-κB-dependent pathways. Clin Exp Immunol 2013;173(3):523-35. 
PUBMED | CROSSREF

	16.	 Bargagli E, Olivieri C, Prasse A, Bianchi N, Magi B, Cianti R, et al. Calgranulin B (S100A9) levels in 
bronchoalveolar lavage fluid of patients with interstitial lung diseases. Inflammation 2008;31(5):351-4. 
PUBMED | CROSSREF

11/13

S100A9 in IPF

https://doi.org/10.3346/jkms.2024.39.e13https://jkms.org

https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2024.39.e13&fn=jkms-39-e13-s004.doc
http://www.ncbi.nlm.nih.gov/pubmed/25830828
https://doi.org/10.1513/AnnalsATS.201410-448MG
http://www.ncbi.nlm.nih.gov/pubmed/28365056
https://doi.org/10.1016/S0140-6736(17)30866-8
http://www.ncbi.nlm.nih.gov/pubmed/34813355
https://doi.org/10.1146/annurev-pathol-042320-030240
http://www.ncbi.nlm.nih.gov/pubmed/29616220
https://doi.org/10.3389/fmed.2018.00043
http://www.ncbi.nlm.nih.gov/pubmed/24713275
https://doi.org/10.1242/dmm.012062
http://www.ncbi.nlm.nih.gov/pubmed/9367478
https://doi.org/10.1378/chest.112.5.1338
http://www.ncbi.nlm.nih.gov/pubmed/25743626
https://doi.org/10.1189/jlb.3HI1014-493R
http://www.ncbi.nlm.nih.gov/pubmed/10714422
https://doi.org/10.1053/rmed.1999.0712
http://www.ncbi.nlm.nih.gov/pubmed/35730133
https://doi.org/10.3904/kjim.2021.442
http://www.ncbi.nlm.nih.gov/pubmed/36068714
https://doi.org/10.3904/kjim.2022.267
http://www.ncbi.nlm.nih.gov/pubmed/18071016
https://doi.org/10.1378/chest.07-1948
http://www.ncbi.nlm.nih.gov/pubmed/16210888
https://doi.org/10.1159/000087673
http://www.ncbi.nlm.nih.gov/pubmed/16943388
https://doi.org/10.1189/jlb.0306170
http://www.ncbi.nlm.nih.gov/pubmed/15153104
https://doi.org/10.1111/j.1432-1033.2004.04129.x
http://www.ncbi.nlm.nih.gov/pubmed/23682982
https://doi.org/10.1111/cei.12139
http://www.ncbi.nlm.nih.gov/pubmed/18784990
https://doi.org/10.1007/s10753-008-9085-z


	17.	 Bargagli E, Olivieri C, Cintorino M, Refini RM, Bianchi N, Prasse A, et al. Calgranulin B (S100A9/MRP14): 
a key molecule in idiopathic pulmonary fibrosis? Inflammation 2011;34(2):85-91. 
PUBMED | CROSSREF

	18.	 Raghu G, Collard HR, Egan JJ, Martinez FJ, Behr J, Brown KK, et al. An official ATS/ERS/JRS/ALAT 
statement: idiopathic pulmonary fibrosis: evidence-based guidelines for diagnosis and management. Am 
J Respir Crit Care Med 2011;183(6):788-824. 
PUBMED | CROSSREF

	19.	 Raghu G, Remy-Jardin M, Myers JL, Richeldi L, Ryerson CJ, Lederer DJ, et al. Diagnosis of idiopathic 
pulmonary fibrosis. an official ATS/ERS/JRS/ALAT clinical practice guideline. Am J Respir Crit Care Med 
2018;198(5):e44-68. 
PUBMED | CROSSREF

	20.	 Travis WD, Costabel U, Hansell DM, King TE Jr, Lynch DA, Nicholson AG, et al. An official American 
Thoracic Society/European Respiratory Society statement: Update of the international multidisciplinary 
classification of the idiopathic interstitial pneumonias. Am J Respir Crit Care Med 2013;188(6):733-48. 
PUBMED | CROSSREF

	21.	 Erratum: diagnosis of hypersensitivity pneumonitis in adults: an official ATS/JRS/ALAT clinical practice 
guideline. Am J Respir Crit Care Med 2021;203(1):150-1. 
PUBMED | CROSSREF

	22.	 Crouser ED, Maier LA, Wilson KC, Bonham CA, Morgenthau AS, Patterson KC, et al. Diagnosis and 
detection of sarcoidosis. an official American Thoracic Society clinical practice guideline. Am J Respir Crit 
Care Med 2020;201(8):e26-51. 
PUBMED | CROSSREF

	23.	 Park SW, Ahn MH, Jang HK, Jang AS, Kim DJ, Koh ES, et al. Interleukin-13 and its receptors in idiopathic 
interstitial pneumonia: clinical implications for lung function. J Korean Med Sci 2009;24(4):614-20. 
PUBMED | CROSSREF

	24.	 Budczies J, Klauschen F, Sinn BV, Győrffy B, Schmitt WD, Darb-Esfahani S, et al. Cutoff Finder: a 
comprehensive and straightforward Web application enabling rapid biomarker cutoff optimization. PLoS 
One 2012;7(12):e51862. 
PUBMED | CROSSREF

	25.	 Hara A, Sakamoto N, Ishimatsu Y, Kakugawa T, Nakashima S, Hara S, et al. S100A9 in BALF is a candidate 
biomarker of idiopathic pulmonary fibrosis. Respir Med 2012;106(4):571-80. 
PUBMED | CROSSREF

	26.	 Korthagen NM, Nagtegaal MM, van Moorsel CH, Kazemier KM, van den Bosch JM, Grutters JC. MRP14 
is elevated in the bronchoalveolar lavage fluid of fibrosing interstitial lung diseases. Clin Exp Immunol 
2010;161(2):342-7. 
PUBMED | CROSSREF

	27.	 Bennett D, Salvini M, Fui A, Cillis G, Cameli P, Mazzei MA, et al. Calgranulin B and KL-6 in 
bronchoalveolar lavage of patients with IPF and NSIP. Inflammation 2019;42(2):463-70. 
PUBMED | CROSSREF

	28.	 Ryckman C, McColl SR, Vandal K, de Médicis R, Lussier A, Poubelle PE, et al. Role of S100A8 and S100A9 
in neutrophil recruitment in response to monosodium urate monohydrate crystals in the air-pouch model 
of acute gouty arthritis. Arthritis Rheum 2003;48(8):2310-20. 
PUBMED | CROSSREF

	29.	 Cesaro A, Anceriz N, Plante A, Pagé N, Tardif MR, Tessier PA. An inflammation loop orchestrated by 
S100A9 and calprotectin is critical for development of arthritis. PLoS One 2012;7(9):e45478. 
PUBMED | CROSSREF

	30.	 Watters LC, Schwarz MI, Cherniack RM, Waldron JA, Dunn TL, Stanford RE, et al. Idiopathic pulmonary 
fibrosis. Pretreatment bronchoalveolar lavage cellular constituents and their relationships with lung 
histopathology and clinical response to therapy. Am Rev Respir Dis 1987;135(3):696-704.
PUBMED

	31.	 Lee TH, Jang AS, Park JS, Kim TH, Choi YS, Shin HR, et al. Elevation of S100 calcium binding protein 
A9 in sputum of neutrophilic inflammation in severe uncontrolled asthma. Ann Allergy Asthma Immunol 
2013;111(4):268-275.e1. 
PUBMED | CROSSREF

	32.	 Lee TH, Chang HS, Bae DJ, Song HJ, Kim MS, Park JS, et al. Role of S100A9 in the development of 
neutrophilic inflammation in asthmatics and in a murine model. Clin Immunol 2017;183:158-66. 
PUBMED | CROSSREF

	33.	 Pouwels SD, Nawijn MC, Bathoorn E, Riezebos-Brilman A, van Oosterhout AJ, Kerstjens HA, et al. 
Increased serum levels of LL37, HMGB1 and S100A9 during exacerbation in COPD patients. Eur Respir J 
2015;45(5):1482-5. 
PUBMED | CROSSREF

12/13

S100A9 in IPF

https://doi.org/10.3346/jkms.2024.39.e13https://jkms.org

http://www.ncbi.nlm.nih.gov/pubmed/20422274
https://doi.org/10.1007/s10753-010-9210-7
http://www.ncbi.nlm.nih.gov/pubmed/21471066
https://doi.org/10.1164/rccm.2009-040GL
http://www.ncbi.nlm.nih.gov/pubmed/30168753
https://doi.org/10.1164/rccm.201807-1255ST
http://www.ncbi.nlm.nih.gov/pubmed/24032382
https://doi.org/10.1164/rccm.201308-1483ST
http://www.ncbi.nlm.nih.gov/pubmed/33385222
https://doi.org/10.1164/rccm.v203erratum1
http://www.ncbi.nlm.nih.gov/pubmed/32293205
https://doi.org/10.1164/rccm.202002-0251ST
http://www.ncbi.nlm.nih.gov/pubmed/19654941
https://doi.org/10.3346/jkms.2009.24.4.614
http://www.ncbi.nlm.nih.gov/pubmed/23251644
https://doi.org/10.1371/journal.pone.0051862
http://www.ncbi.nlm.nih.gov/pubmed/22209187
https://doi.org/10.1016/j.rmed.2011.12.010
http://www.ncbi.nlm.nih.gov/pubmed/20550547
https://doi.org/10.1111/j.1365-2249.2010.04181.x
http://www.ncbi.nlm.nih.gov/pubmed/30680696
https://doi.org/10.1007/s10753-018-00955-2
http://www.ncbi.nlm.nih.gov/pubmed/12905486
https://doi.org/10.1002/art.11079
http://www.ncbi.nlm.nih.gov/pubmed/23029038
https://doi.org/10.1371/journal.pone.0045478
http://www.ncbi.nlm.nih.gov/pubmed/3826895
http://www.ncbi.nlm.nih.gov/pubmed/24054362
https://doi.org/10.1016/j.anai.2013.06.028
http://www.ncbi.nlm.nih.gov/pubmed/28847516
https://doi.org/10.1016/j.clim.2017.08.013
http://www.ncbi.nlm.nih.gov/pubmed/25931489
https://doi.org/10.1183/09031936.00158414


	34.	 Quoc QL, Choi Y, Thi Bich TC, Yang EM, Shin YS, Park HS. S100A9 in adult asthmatic patients: a 
biomarker for neutrophilic asthma. Exp Mol Med 2021;53(7):1170-9. 
PUBMED | CROSSREF

	35.	 Wang CH, Punde TH, Huang CD, Chou PC, Huang TT, Wu WH, et al. Fibrocyte trafficking in patients 
with chronic obstructive asthma and during an acute asthma exacerbation. J Allergy Clin Immunol 
2015;135(5):1154-62.e1. 
PUBMED | CROSSREF

	36.	 Adams TS, Schupp JC, Poli S, Ayaub EA, Neumark N, Ahangari F, et al. Single-cell RNA-seq reveals ectopic 
and aberrant lung-resident cell populations in idiopathic pulmonary fibrosis. Sci Adv 2020;6(28):eaba1983. 
PUBMED | CROSSREF

	37.	 Kyung SY, Byun KH, Yoon JY, Kim YJ, Lee SP, Park JW, et al. Advanced glycation end-products and 
receptor for advanced glycation end-products expression in patients with idiopathic pulmonary fibrosis 
and NSIP. Int J Clin Exp Pathol 2013;7(1):221-8.
PUBMED

	38.	 Bhattacharyya S, Kelley K, Melichian DS, Tamaki Z, Fang F, Su Y, et al. Toll-like receptor 4 signaling 
augments transforming growth factor-β responses: a novel mechanism for maintaining and amplifying 
fibrosis in scleroderma. Am J Pathol 2013;182(1):192-205. 
PUBMED | CROSSREF

	39.	 Chrysanthopoulou A, Mitroulis I, Apostolidou E, Arelaki S, Mikroulis D, Konstantinidis T, et 
al. Neutrophil extracellular traps promote differentiation and function of fibroblasts. J Pathol 
2014;233(3):294-307. 
PUBMED | CROSSREF

13/13

S100A9 in IPF

https://doi.org/10.3346/jkms.2024.39.e13https://jkms.org

http://www.ncbi.nlm.nih.gov/pubmed/34285336
https://doi.org/10.1038/s12276-021-00652-5
http://www.ncbi.nlm.nih.gov/pubmed/25441632
https://doi.org/10.1016/j.jaci.2014.09.011
http://www.ncbi.nlm.nih.gov/pubmed/32832599
https://doi.org/10.1126/sciadv.aba1983
http://www.ncbi.nlm.nih.gov/pubmed/24427342
http://www.ncbi.nlm.nih.gov/pubmed/23141927
https://doi.org/10.1016/j.ajpath.2012.09.007
http://www.ncbi.nlm.nih.gov/pubmed/24740698
https://doi.org/10.1002/path.4359

	S100 Calcium-Binding Protein A9, 
a Potential Novel Diagnostic Biomarker for Idiopathic Pulmonary Fibrosis
	INTRODUCTION
	METHODS
	Enzyme-linked immunosorbent assay (ELISA) of S100A9 in BALF and serum
	Immunofluorescence stain of S100A9 in bronchial alveolar lavage fluid cells and lung tissues
	Statistical analysis
	Ethics statement

	RESULTS
	Comparison of S100A9 levels in BALF of IPF with those of other ILDs and HCs
	Associations of survival rates and clinical features with BALF S100A9 level and neutrophil count in IPF patients
	Associations of survival rates and clinical features with serum S100A9 levels in IPF patients
	S100A9 immunofluorescence staining of lung tissues and BALF cells from IPF patients

	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Table 1
	Supplementary Table 2
	Supplementary Table 3
	Supplementary Table 4

	REFERENCES


