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Abstract

Background: ST00A12, STO0A8, and ST00A9 are inflammatory disease biomarkers whose functional
significance in idiopathic pulmonary fibrosis (IPF) remains unclear. We evaluated the significance of
S100A12, ST00A8, and ST00A9 levels in IPF development and prognosis.

Methods: The dataset was collected from the Gene Expression Omnibus (GEO) database and
differentially expressed genes were screened using GEO2R. We conducted a retrospective study of 106
patients with IPF to explore the relationships between different biomarkers and poor outcomes. Pearson’s
correlation coefficient, Kaplan—Meier, Cox regression, and functional enrichment analyses were used to
evaluate relationships between these biomarkers’ levels and clinical parameters or prognosis.

Results: Serum levels of ST00A12, ST00A8, and S100A9 were significantly elevated in patients with IPF.
The two most significant co-expression genes of ST00A12 were STO0A8 and ST00A9. Patients with levels
of ST00A12 (median 231.21 ng/mL), ST00A9 (median 57.09 ng/mL) or ST00A8 (median 52.20 ng/mL),
as well as combined elevated ST00A12, ST00A9, and ST100A8 levels, exhibited shorter progression-free
survival and overall survival. Serum S100A12 and S100A8, S100A12 and S100A9, ST00A9 and S100A8
concentrations also displayed a strong positive correlation (r;? = 0.4558, r,2 = 0.4558, r,2 = 0.6373; P<
0.001). ST00A12 and S100A8/9 concentrations were independent of FVC%, DLCO%, and other clinical
parameters (age, laboratory test data, and smoking habit). Finally, in multivariate analysis, the serum
levels of ST00A12, ST00A8, and ST00A9 were significant prognostic factors (hazard ratio 1.002, P =
0.032, hazard ratio 1.039, P=0.001, and hazard ratio 1.048, P=0.003).

Conclusions: ST00A12, ST100A8, and S100A9 are promising circulating biomarkers that may aid in
determining IPF patient prognosis. Multicenter clinical trials are needed to confirm their clinical value.

Introduction

Idiopathic pulmonary fibrosis (IPF) is a progressive, life-threatening interstitial lung

disease (1) associated with extracellular matrix remodeling, lipid metabolism, and autoimmune
reactivity (2, 3). The overall 5-year survival rate for IPF is 20—40% (4). Treatment failure in IPF patients
may be due, in part, to a limited understanding of IPF and a lack of predictive diagnostic/prognostic
biomarkers. With the successful introduction of the anti-fibrosis drugs, pirfenidone, and nintedanib, in
recent years, anti-IPF therapy has been demonstrated to have potential (5), and early intervention may
help improve clinical outcomes (2).

Calgranulins (ST00A8, S100A9, and S100A12) are members of the S100 small calcium-binding protein
family. They are damage-associated molecular pattern (DAMP) molecules that serve as important
inflammatory mediators involved in many intracellular processes, including cell proliferation and
differentiation, and calcium homeostasis (6). ST00A12 and ST00A8/9 stimulate neutrophil and
monocyte chemotaxis, fibrin adherence in vitro, neutrophil migration to sites of inflammation in vivo (7,
8), binding and activation of Toll-like receptor 4 (TLR4) and advanced glycosylation end-product receptor
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(RAGE), and altering inflammation by promoting cellular immune responses (9, 10). These three S100
proteins also activate airway epithelial cells to produce mucin 5AC (11), and inhibit lung fibroblast
migration (12). Previous studies have suggested that ST00A12 and ST00A8/A9 may be closely
associated with IPF(10), but to date, the clinical relevance of serum S100A12 and

ST100A8/9 concentrations in patients with IPF remains to be investigated. We thus hypothesized that
serum S100A12 and S100A8/9 concentrations in patients with IPF reflect lung fibroblast activity and
serve as useful prognostic biomarkers. Due to the lack of functional ST00A12 in mice (13), we compared
S100A12 concentrations with STO0A8/A9 concentrations in patients with IPF.

We used the Gene Expression Omnibus (GEO) database to determine the differential concentrations of
S100A12 and S100A8/9 in patients with IPF. Associations between clinical parameters and mortality
were evaluated by further quantifying serum S100A12 and S100A8/9 concentrations in patients with IPF.
This study provides insights into the molecular mechanisms underlying IPF and identifies potential
molecular targets for the development of novel intervention strategies.

Materials And Methods
2.1. Gene expression data

The gene expression dataset GSE93606, from the National Center for Biotechnology Information
Comprehensive Gene Expression Database (https://www.ncbi.nlm.nih.gov/geo/) was used. GSE93606
includes the expression profiles of 60 peripheral blood samples from patients with IPF and 20 samples
from healthy donors. GSE93606 data were generated using an Affymetrix Human Gene 1.1 ST Array
(Affymetrix, Inc., Santa Clara, CA, USA; GPL11532 platform).

2.2. Differentially expressed gene data preprocessing and screening

GEOZ2R is a web-based tool within the GEO database specifically designed to analyze differentially
expressed genes (DEGs) between experimental and control groups. GEO2R analysis was performed to
compare IPF and control groups, and the differential expression results were downloaded for further
analysis. The critical criteria for differential gene expression were an absolute value of logarithmic fold
change (FC) > 1 and a Pvalue < 0.05.

2.3. Gene Ontology and Kyoto Encyclopedia of Genes and Genomes
pathway enrichment analysis of DEGs

Gene Ontology (GO) enrichment of DEGs in the biological process, molecular function, and cellular
component categories, and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment
analyses were performed using the DAVID online tool

(https://david.ncifcrf.gov and https://bioinformatics.com.cn/) (14). Forced vital capacity (predicted
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FVC%), diffusion capacity of the lung for carbon monoxide (predicted DLCO%), progression-free survival
(PFS), and gender-age-physiology (GAP) index value were calculated for the GSE93606 dataset based on
previous reports. PFS was defined as disease progression (defined as FVC% decline predicted within 6
months >10%) at follow-up, death, or review at the time of last contact.

2.4. Construction of a protein-protein interaction network

The STRING database analyzes protein-protein interactions (PPIs) using online tools
(http://www.string.embl.de/, version:11.5) (15). PPl analysis was carried out using the STRING database,
with a confidence score > 0.4 as the cutoff. The Multi-Experiment Matrix (MEM) database
(https://biit.cs.ut.ee/mem/index.cgi) was used to verify correlations between genes from the STRING
database, using hundreds of public STO0A12 gene expression datasets (16). Correlations between
S100A12, ST00A8, and ST00A9 concentrations and lung function were determined using the Lianchuan
Biocloud platform (OMicstudione.cn).

2.5. Study population

This prospective cohort study included patients with IPF who were hospitalized or were outpatients at the
Second Hospital of Jilin University, the People's Hospital of Jilin Province, and the People's Hospital of
Jilin City from June 2017 to June 2022 and who had serum samples collected at the time of

diagnosis. The inclusion criteria included: 1) patients diagnosed with IPF based on the
ATS/ERS/JRS/ALAT IPF Diagnostic and Management Guidelines (17) in a fashion of multidisciplinary
discussion; 2) All patients underwent high-resolution computed tomography (HRCT) at diagnosis and
images were independently reviewed by two radiologists who were blinded to the clinical

information. And the exclusion criteria included: 1) Patients with other known causes of interstitial lung
disease, such as connective tissue disease with autoimmune features, domestic or occupational
environmental exposure, and drug toxicity, were excluded; 2) Patients with lung cancer, liver and kidney
dysfunction, infection(tuberculosis, bacteria, mycology, etc), and lung transplantation affecting the level
of serum ST00A12, ST00A8, and ST100A9 are excluded from the cohort; 3) Those who refused consent or
were lost to follow-up were also excluded. Based on these criteria, 106 patients with IPF were included in
this study. Serum samples from 60 age-sex-matched healthy volunteers were collected as a control group
of which all participants underwent a full medical examination prior to inclusion in the study. All patients
were followed up for > 1 year or until death.

2.6. Data collection

Basic and clinical information (sex, age, laboratory test data, pulmonary function test results, and GAP
index value) were collected from all patients with IPF at the time of enroliment, and venous blood
samples were collected. All patients in our study were treated according to standard clinical practice

guidelines. A follow-up investigation was conducted with enrolled participants by telephone until July
Page 4/23



2023. Study participants were followed up every 3—4 months by the Simmons Center’'s customary care
practices. Physiological data (lung function test results) and physician assessments were performed at
all visits. All included patients were followed up clinically for at least 12 months (except for those who
died). These studies were conducted according to the principles of the Declaration of Helsinki and were
approved by the Human Investigation Committee of the Second Hospital of Jilin University (No.
2023111). All patients signed an informed consent form to participate in these studies.

2.7. Immunoassays

Peripheral blood samples collected from IPF patients were centrifuged at 3,000 x g for 10 min within 30
min of collection, and the resulting serum samples were stored at -80 °C for subsequent assays. Serum
S100A12, ST100A8, and ST00A9 concentrations were determined using a commercially available enzyme-
linked immunosorbent assay (ELISA) (Shanghai Enzyme Linked Biotechnology Co., Ltd., Shanghai,
China), performed in batches by the same technician, who was blinded to the clinical data.

2.8. Statistical analyses

Statistical analyses were performed using SPSS software (version 20.0; SPSS Inc., Chicago, IL, USA) and
GraphPad Prism software (version 5.0; GraphPad Software Inc., San Diego, CA, USA). Categorical
variables are expressed as counts (percentages), and differences between groups were compared using
chi-square tests or Fisher’s precision tests, as appropriate. Normally distributed variables were presented
as mean and SD, while non-normally distributed variables were presented as median and interquartile
range (IQR). A Student's t-test and a Mann-Whitney U test were used for the between-group comparison.
Bivariate correlations were analyzed using Spearman’s correlation coefficients. The area under the curve
and 95% confidence intervals (Cls) generated by the receiver operating characteristic (ROC) curve
analysis were used to evaluate the predicted values. The Kaplan—Meier method was used to summarize
the survival probability of IPF patients, and univariate and multivariate Cox proportional hazard
regression models were used to determine the impact of variables on the survival of IPF patients. The
associated hazard ratios (HRs) and 95% Cls were reported. P < 0.05 was considered statistically
significant.

Results

3.1. Differential expression analysis of peripheral blood serum in
patients with IPF

In the dataset, GSE93606, the DEGs of the IPF group and control group were analyzed by GEO2R, and the
results were shown in Figure 1A and the UMAP cluster in Figure 1B. In this study, we have identified a
total of 1,358 DEGs between serum samples from the two groups. Significant differences in gene
expression distribution were observed between the two groups. The five tops differentially expressed
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genes were thioredoxin (TXM FC, 2.2; P=2.75x 107°), cystatin A (CSTA; FC, 2.1; P=5.81x 107°),
chemokine-like factor superfamily member 2 (CMTMZ2. FC, 1.7; P=1.78 x 10°8), ST00A72 (FC, 1.94; P=
8.75x 1078), and retinol-binding protein 7 (RBP7: FC, 1.86; P=1.45x 107). To reveal the potential
biological functions and pathways associated with these DEGs, GO enrichment and KEGG pathway
analyses were performed. According to GO and KEGG analyses (Fig. 1D), the DEGs were significantly
correlated with positive regulation of the inflammatory response, extracellular exosome, the innate
immune response, TLR4 binding, RAGE binding, and oxidative phosphorylation signaling pathways.

3.2. Expression and co-expression of S100A12 in peripheral blood
serum of IPF patients

S100A12 expression was significantly upregulated in blood samples from patients with IPF, especially in
those with a poor prognosis (Fig. 2C). According to the STRING database, the expression of 10 protein-
coding genes (ST00A8, ST00A9, IDH1, ANXA5, GAPDH, ALDOA, RELA, NFKB2, NFKB1, and AGER) was
regulated with ST00A72 (Fig. 1E). Co-expression scores based on RNA expression patterns, and on
protein co-regulation provided by Proteome HD (Fig. 1F). ST00A12 and ST00A9 RNA co-expression score
0.927; S100A12 and S100A8 RNA co-expression score 0.983; ST00A9 and S100A8 combined co-
expression score 0.995 based on RNA expression 0.954 and protein co-regulation. Based on the MEM
database, ST00A8 and ST00A9 were the most significantly co-regulated genes with ST00A172 (Fig. 1C).
These genes were thus included in further studies. Both S100A8 and S100A9 were upregulated in blood
samples from patients with IPF, especially in those with poor prognosis (Fig. 2A, B).

3.3. Correlation analysis of lung function and prognosis

No significant association was observed between serum S100A12, ST00A8, and ST00A9 levels and lung
function (Fig. 1G). A ROC curve analysis was performed to determine the optimal threshold for predicting
disease progression (Fig. 2G). Patients with IPF were divided into two groups based on the optimal cut-
off value of gene expression levels. ST00A12, ST00A8, and ST00A9 concentrations were significantly
negatively associated with PFS (Figs. 2D, E, F). The calculated pooled values of sensitivity, specificity,
positive predictive value (PPV), and negative predictive value (NPV) of ST00A8 were 98%, 70%, 90%, and
93%, respectively. The calculated pooled values of sensitivity, specificity, PPV, NPV of ST00A9 were 78%,
95%, 98%, and 59%, respectively. The calculated pooled values of sensitivity, specificity, PPV, NPV of
S100A12 were 88%, 85%, 95%, and 68%, respectively.

3.4. Baseline characteristics of study participants

Study population characteristics are summarized in Table 1. No significant differences in age, sex, or
body mass index (BMI) were observed between IPF patients and healthy controls. We initially evaluated
125 IPF patients and excluded twelve due to secondary causes (eight), autoimmune disease (six), and
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malignancy (five). Finally, 106 patients with IPF and 60 healthy subjects were evaluated. Baseline
pulmonary function test data in patients with IPF showed moderate pulmonary impairment, with a mean
predicted FVC% of 75.98 +14.14 and a mean predicted DLCO% of 52.18 +14.84.

Table 1. Baseline characteristics of the study population.
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Controls IPF P-value
Number of subjects 60 106
Gender
Male, n (%) 32 53.33 55 51.89 0.858
Female, n (%) 28 46.67 51 48.11
Age (years), mean (SD) 64.63 + 3.29 65.62 + 8.45 0.286
BMI, mean (SD) 22.54 £ 0.93 22.82+1.24 0.099
Smoking status
- never smokers, n (%) 38 (63.33) 60 (56.60) 0.397
- ex-smokers, n (%) 6 (10.00) 10 (9.43) 0.905
- current smokers, n (%) 16 (26.67) 36 (33.97) 0.330
WBC *109/L 7.93 +£0.71 8.40 + 2.31 0.052
CRP mg/dL 0.49 £ 0.22 0.44 +£0.19 0.211
PCT ng/ml 0.29 £ 0.09 0.27 £ 0.08 0.180
KL6 ng/ml 1.35 £ 0.09 1.84 +£0.29 <0.001
S100A8 ng/ml 19.50 18.61 23.46 52.70 28.76 72.52 <0.001
S100A9 ng/ml 14.46 13.32 16.24 56.16 27.98 69.19 <0.001
S100A12 ng/ml 91.97 84.99 102.83 226.21 161.36 522.39 <0.001

FVC (% of predicted), mean (SD)

DLCO (% of predicted), mean (SD)
FEV1 (% of predicted), mean (SD)

GAP index, n (%)

N/A

N/A
N/A
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I N/A 68 64.15
I1 N/A 35 33.02
I1I N/A 32.83

Abbreviations: IPF, idiopathic pulmonary fibrosis; SD standard deviation; WBC, white blood cell; CRP,
C-reactive protein; PCT, procalcitonin; KL6, Krebs von den Lungen-6; FVC, forced vital capacity; DLCO
diffusion capacity for carbon monoxide; GAP index Gender-Age-Physiology index; BMI Body Mass Index.

Among IPF patients, forty-three subjects were treated with pirfenidone (40.6%) and thirty-two with
nintedanib (30.2%); thirty-one patients refused any antifibrotic drug (29.2%). There was no significant
difference in terms of survival between patients treated with pirfenidone or nintedanib.

3.5. Serum S100A12 and ST100A8/9 concentrations in IPF patients

Serum S100A12 and S100A8/9 concentrations were measured in all study subjects. We noted that the
serum concentrations of ST00A12, ST00A8, and ST00A9 in the control group and the IPF group were
91.97 (84.99, 102.83) ng/ml vs 226.21 (161.36 522.39) ng/ml, P<0.001, 19.50 (18.61, 23.46) ng/ml vs
52.70 (28.76,72.52) ng/ml, P<0.001, 14.46 (13.32, 16.24) ng/ml vs 56.16 (27.98, 69.19) ng/ml, P<0.001.
Compared to the control group, the concentration of IPF patients increased significantly (Fig. 3A, B, C).

3.6. S100A12 and S100A8/9 concentrations were associated with
clinical parameters

Correlations between serum ST100A12 concentration and several clinical parameters are shown in Figure
4. Serum S100A12 and ST100A8 concentrations showed a strong positive correlation (Fig. 4C; r,2=
0.4558, P<0.001). A strong positive correlation between serum S100A12 and ST00A9 concentrations
was also observed (Fig. 4B; rs2 =0.5355, P<0.001). Serum ST00A9 and ST100A8 concentrations also
displayed a strong positive correlation (Fig. 4A; r,> = 0.6373, P< 0.001). Serum S100A12, S100A8, and
S100A9 concentrations in IPF patients correlated positively with the KL6 concentration (Fig. 4F; rs2 =
0.03481, P=0.0555; Fig. 4D; r.2 = 0.02641, P = 0.0960; Fig. 4E; r.2 = 0.04754, P= 0.0247, respectively).
S100A12 and ST00A8/9 concentrations were independent of FVC%, DLCO%, and other clinical
parameters (age, laboratory test data, and smoking habit).

3.7. Subgroup analysis based on S100A12 and S100A8/9
concentrations

A ROC curve analysis was performed to determine the optimal threshold for predicting disease
progression (Fig. 3G, Table 2). With 116.2 ng/mL as the threshold serum ST100A12 concentration,
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sensitivity, specificity, PPV, NPV were 95%, 98%, 99%, and 92%, respectively. With 27.99 ng/mL as the
threshold serum S100A8 concentration, sensitivity, specificity, PPV, NPV were 77%, 100%, 100%, and 71%,
respectively. With 17.95 ng/mL as the threshold serum S100A9 concentration, sensitivity, specificity, PPV,
NPV of STO0A9 were 98%, 90%, 95%, and 96%, respectively.

Table 2. Discriminating capability and cut-off values of baseline serum
S100A120 S100A80 and S100A9 by ROC curve analysis distinguishing IPF from control.

S100A12 S100A8 S100A9
AUC 0.9912 0.9374 0.9857
95% CI 0.9811 -1.000 0.9038-0.9711 0.9730-0.9984
P-value < 0.001 < 0.001 < 0.001

Cut-off value 116.2 ng/mL  27.99 ng/mL 17.95 ng/mL

Sensitivity 95% 77% 98%
Specificity 98% 100% 90%
PPV 99% 100% 95%
NPV 92% 71% 96%

Abbreviations: S100A12, S100 calcium binding protein A12; S100A8, S100 calcium binding protein AS;
S100A9, S100 calcium binding protein A9; AUC, area under the curve; CI, confidence interval.

3.8. Overall survival analysis

Of 106 patients with IPF, 62 (58.5%) exhibited disease progression. According to Kaplan—Meier analysis,
IPF patients with high serum concentrations of S1T00A12 and S100A8/9 had poorer overall outcomes
than healthy subjects and IPF patients with low serum concentrations of ST00A12 and S100A8/9 (Fig.
3D, E, F). When patients were divided into two groups based on median ST00A12 (231.21 ng/mL),
median ST100A8 (52.20 ng/mL), or median S100A9 (57.09 ng/mL), patients with higher levels had
significantly lower survival rates than those with lower levels.

3.9. Prognostic factors for survival among patients with IPF
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In univariate Cox proportional risk analysis, higher serum S100A12 and ST100A8/9 concentrations were
significant risk factors in patients with IPF (HR = 1.005, P< 0.001; HR = 1.059, P< 0.001; HR = 1.078; P<
0.007; Table 3). Higher KL6 concentrations were significantly associated with poorer survival (HR = 2.806,
P=0.023; Table 3). In multivariate analyses, only serum S100A12 and ST00A8/9 concentrations (HR =
1.002, P=0.032; HR = 1.039, P=0.001; HR = 1.048, P= 0.003, respectively) were associated with
mortality in patients with IPF (Table 3) and were independent predictors of higher rates of disease
progression.

Table 3. Results of the Cox proportional hazards regression analysis of disease progression.

Univariate analysis Multivariate analysis

sters
HR (95% CI) E-value HR (95% CI) E-value

1.019 (0.988-1.051) 0.230  1.032 (0.966-1.103)  0.345

0.868 (0.524-1.438) 0.583 1.431 (0.644-3.181) 0.379
0.877 (0.705-1.091) 0.238 0.760 (0.554-1.042) 0.089
S100A12 ng/ml 1.005(1.003-1.006) 0.001 1.002(1.000-1.005) 0.032
S100A8 ng/ml 1.059 (1.043-1.075) 0.001 1.039(1.015-1.064) 0.001

S100A9 ng/ml 1.078 (1.051-1.106) 0.001 1.048 (1.016-1.081) 0.003

109/L 0.961 (0.857-1.078) 0.498 1.031 (0.898-1.183) 0.665
g/dL 1.708 (0.466-6.262) 0.420  2.399 (0.381-15.124) 0.351
r/ml 0.082(0.003-2.068) 0.129  0.023 (0.000-1.221) 0.063
/ml 2.806 (1.156-6.811) 0.023 1.527 (0.656-3.554) 0.327
~edicted 1.000 (0.983-1.017) 0.997 0.964 (0.928-1.001) 0.055
predicted 1.010 (0.992-1.027) 0.275  0.990 (0.959-1.022) 0.538
yredicted 0.998 (0.983-1.014) 0.837 1.003 (0.981-1.027)  0.775
dex, n (%) 0.939 (0.782-1.129) 0.506  0.740 (0.451-1.214) 0.234
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Significance tests for comparisons between groups were based on Cox proportional
hazards regression.

Abbreviations: IPF, idiopathic pulmonary fibrosis; WBC, white blood cell; CRP, C-reactive
protein; PCT, procalcitonin; KL6, Krebs von den Lungen-6; FVC, forced vital capacity;
DLCO diffusion capacity for carbon monoxide; GAP index Gender-Age-Physiology index;
BMI Body Mass Index.

Discussion

We aimed to evaluate serum ST100A12 and S100A8/9 concentrations and their prognostic significance in
patients with IPF. Previous studies have demonstrated an association between inflammatory cytokines
and innate and adaptive immune cell infiltration in IPF (18). ST00A8, S100A9, and S100A12 are danger-
signaling members of the DAMP family that initiate and amplify local inflammation and innate immune
responses (19). For several inflammatory diseases, including inflammatory bowel disease, various
rheumatic diseases, fever syndrome, and vasculitis, these three S100 proteins are considered typical
alarm proteins (20). The peripheral blood expression profile has undergone corresponding modifications
in the current investigation, which suggests that the existence of an altered or overactive inflammatory
immune response is met with a host response. These responses persisted at elevated levels during long-
term monitoring and varied across patients with stable and progressing disease, pointing to the
possibility that an overactive inflammatory immune response may serve as a constant stimulus for
recurrent alveolar injury in IPF.

In this investigation, we found 1358 DEGs in total between serum samples from IPF patients and healthy
controls. These DEGs are closely linked to ECM-related functions, according to GO enrichment analysis,
which is consistent with the clinical traits of IPF. This correlation corresponds to the clinical features of
IPF, where the accumulation of ECM and declining parenchymal cells are distinct histological attributes
driving abnormal lung remodeling and disease development (4, 21). Additionally, the analysis of KEGG
pathways indicates the involvement of these differentially expressed genes (DEGs) in Spliceosome and
oxidative phosphorylation signaling pathways. A previous study has demonstrated that Spliceosome
functions as a proinflammatory DAMP in lung fibrosis (22, 23). Both of these pathways play critical roles
in the pathogenesis of IPF (24).

Bioinformatics studies have shown that ST00A12, ST00A8, and ST00A9 are upregulated in the blood of
IPF patients relative to levels in healthy subjects. Levels are further elevated in IPF patients with a poor
prognosis. Our ELISA results support these findings. The genes S100A9, ST00A8, and ST00A12 play a
role in three biological processes associated with IPF, specifically ECM remodeling, lipid metabolism, and
immune response (3). ST00A8, ST00A9, and ST100A12 are mainly released by activated neutrophils and
monocytes (7, 8), involved in activating signal transduction pathways in endothelial, vascular smooth
muscle, and inflammatory cells, leading to the transcription and secretion of pro-inflammatory cytokines
and cell adhesion molecules (25).
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S100A12 inhibits migration of lung fibroblasts via RAGE-p38 MAPK signaling (12). A study has proposed
a potential role for RAGE signaling in the development of abnormal lung tissue repair processes due to
changes in mesenchymal cell migration (12). Thus, the effect of ST00A12 on lung fibroblast migration
might be caused by random migration (chemokinesis) and/or directed migration (chemotaxis) (12, 26). In
addition, actin polymerization is crucial for cell migration (26), but the inhibition of migration by S1T00A12
was not caused by impaired actin polymerization. High concentrations of S100A12 in the peripheral
blood predict a low overall survival rate for IPF, suggesting that an excessive inflammatory immune
response worsens prognosis (7), ST00A12 as Biomarker of Disease Severity and Prognosis in Patients
With Idiopathic Pulmonary Fibrosis (27) consistent with the results of this study.

ST100A8 and ST00A9 are the most important co-expression genes of ST00A12, once released from the
cell, they act as DAMPs via TLR4 and RAGE (19). ST00A8/A9 have bipolar functions. By stimulating the
production of reactive oxygen species (ROS), ST00A8/A9 induce the secretion of several pro-
inflammatory cytokines, including IL-6, TNFq, and IL-1B. This in turn activates the transcription factor NF-
KB, leading to cytokine secretion and expressing and activating the NLRP3 inflammasome (28). Blocking
ST00A8/A9 activity using small molecule inhibitors or antibodies ameliorates pathological conditions in
mouse models by eliminating inflammatory activity. These findings suggest that ST00A8/A9 has a pro-
inflammatory nature (28, 29). In contrast, ST00A8/A9 also have anti-inflammatory functions in various
microenvironments. ST00A8/A9 inhibit the differentiation and functioning of dendritic cells (30), induce
myeloid-derived suppressor cells (31), and increase the functions of regulatory T-lymphocytes (32). In our
study, we found a correlation between elevated levels of ST00A8/A9 and decreased survival rates in
patients suffering from IPF. The pro-inflammatory effects and subsequent anti-inflammatory effects of
S100A8/A9 may contribute to compromised tissue repair and the advancement of lung fibrosis, similar to
M1 and M2 macrophages (33). In terms of fibroblasts, which have a crucial role in fibrosis, ST00A8/A9
activate cardiac fibroblasts (34) and dermal fibroblasts (35). These studies indicated that STO0A8/A9 are
related to the progression of fibrosis. Furthermore, GO and KEGG analyses showed that DEGs were
associated with TLR4 binding and RAGE binding signaling pathways. These results are consistent

with those of previous studies.

Multivariate analyses showed that higher serum S100A12 and S100A8/9 concentrations were associated
independently with higher rates of disease progression, regardless of age, sex, BMI, or other variables. It
can be speculated that greater dysregulation of inflammatory and fibrotic homeostasis in lung tissue
amplifies lung injury, thus worsening patient outcomes (33). Our ROC and other results suggest that the
effects of STO0A8/A9 and S100A12 are highly similar. KL-6 is a marker of alveolar epithelial cell

injury (36). Our univariate analysis revealed a significant correlation between KL-6 concentration and IPF
prognosis, but multivariate analysis showed no significant correlation. This may be due to the gradual
depletion of KL-6 producing cells, as normal lung area decreases with the progression of chronic IPF,
resulting in lower serum KL-6 concentrations (37). We also observed higher peripheral blood white blood
cell counts in patients with IPF compared with healthy subjects, and serum C-reactive protein
concentrations tended to be higher, but correlations with IPF patient prognosis were not obvious. In the

multivariate model generated from our derived cohort and tested in our validation cohort, ST00A12 and
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S100A8/9 together explained the overlapping proportion of poor prognostic variability in IPF. However, the
protein concentration threshold from the derived cohort was not optimal for the validation cohort in
univariate analysis. Our results thus indicate that combining molecular information with clinical
parameters is important for deriving repeatable and accurate outcome prediction rules. Based on these
results, serum ST100A12 and S100A8/9 concentrations appear to be prognostic markers in patients with
IPF.

Given that traditional physiological measures do not accurately predict short- and long-term prognoses,
incorporating peripheral blood protein concentrations into IPF prognosis is a key step toward improving
the classification and management of these patients. Our study was a prospective, multicenter study
based on a well-defined group of patients with IPF. Study limitations include a lack of cytokine
measurements in bronchoalveolar lavage fluid and tissues parallel to our measurements in peripheral
blood. Finally, a larger study is needed to determine the prevalence of high serum S100A12 and
S100A8/9 concentrations among IPF in patients and the optimal cut-offs for predicted outcomes. Future
studies should repeatedly measure serum S100A12 and S100A8/9 concentrations to reveal predictors of
disease progression or risk of death.

Conclusions

Important findings of this study include: 1) serum ST00A12 and S100A8/9 concentrations were
significantly increased in IPF patients and 2) higher serum S100A12 and ST00A8/9 concentrations were
associated with adverse outcomes in IPF patients. Novel features of this study include bioinformatic
analysis of DEGs associated with IPF and validation of serum ST00A12 and ST00A8/9 concentrations by
ELISA to predict IPF outcome. We recommend routine testing of serum ST00A12 and ST100A8/9
concentrations to stratify patients with worse prognoses.
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(A) Differentially expressed genes in the IPF group and control group in dataset GSE93606. (B) UMAP
cluster of IPF patients. (C) According to the MEM database, the correlation between S700472 and 10

genes came from the PPI network. (D) GO and KEGG pathway analysis of ST00A72 and 10 interacting
genes. (E) Protein-protein interaction (PPI) network based on STRING database S100A12. (F) Co-

expression scores based on RNA expression patterns, and on protein co-regulation provided by Proteome

HD. (G) There was no significant association between serum S100A12, S100A8, and S100A9 and lung

function.
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Figure 2

(A, B, C) Expression of three biomarkers (S100A12, ST00A8, and ST100A9) in the blood of patients with IPF
in dataset GSE93606. (D, E, F) Kaplan-Meier survival curve analysis showed that IPF patients with high
expression of ST00A12, ST00A9, and ST00A8 in serum had poorer overall survival. (G) Receiver operating
characteristic (ROC) curve analysis of peripheral blood ST00A8, ST00A9, and S100A12 evaluated IPF
patients.
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Figure 3

Expression of ST00A8 (A), STO00A9 (B), and S100A12 (C) in the blood of patients with IPF. (D, E, F) Kaplan-
Meier survival curve analysis showed that IPF patients with high peripheral blood expression of ST00A12,
S100A9, and S100A8 had poor overall survival. (G) ROC curve analysis of peripheral blood ST00A8,
ST100A9, and ST00A12 evaluated IPF patients.
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Figure 4

Correlation of serum S100A12 and ST00A8/9 levels of IPF with several clinical parameters. There was a
strong positive correlation between serum S100A9 and S100AS8 levels (Fig. 4A, r,? = 0.6373, P< 0.001).

Serum ST100A12 and ST00A9 levels showed a strong positive correlation (Fig. 4B, r,? = 0.5355, P< 0.001).

Strong positive correlation between serum S100A12 and S100AS8 levels (Fig. 4C, r,2 = 0.4558, P< 0.001).
Serum levels of STO0A8, ST00A9 and S100A12 in IPF patients were positively correlated with KL6 (Fig.
4D, r,2 = 0.02641, P= 0.0960; Fig. 4E, r,2 = 0.04754, P= 0.0247; Fig. 4F, r,? = 0.03481, P= 0.0555).
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