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Identification of S100A8 as a
common diagnostic biomarkers
and exploring potential
pathogenesis for osteoarthritis
and metabolic syndrome

Xu Huang1, Jiacheng Liu2 and Wei Huang2*

1Department of Critical Care Medicine, The First Affiliated Hospital of Chongqing Medical University,
Chongqing, China, 2Department of Orthopedics, Orthopedic Laboratory of Chongqing Medical
University, The First Affiliated Hospital of Chongqing Medical University, Chongqing, China
Background: Osteoarthritis (OA) is the most frequent musculoskeletal disease

and the major contributor to disability worldwide. Metabolic syndrome (MetS)

has been recognized as being associated with the pathogenesis of osteoarthritis.

However, the exact mechanisms and links between the two are not clear.

Methods:We downloaded clinical information data and gene expression profiles

for OA and MetS from the database of Gene Expression Omnibus (GEO), and

immune related gene (IRG) from the database of Immunology Database and

Analysis Portal (IMMPORT). After screening OA-DEG and MetS-DEG, we

identified the common immune hub gene by screening the overlapping genes

between OA-DEG, MetS-DEG and IRG. Then we conducted single-gene analysis

of S100A8, assessed the correlation of S100A8 with immune cell infiltration, and

verified the diagnostic value of S100A8 in OA and MetS database respectively.

Results: 323 OA-DEGs,101 MetS-DEGs and an immune-related hub gene,

S100A8, were identified. In single gene analysis of S100A8 in OA samples,

GSEA suggested that immune-related biological processes were more

significantly enriched. The results of immune cell infiltration analysis showed

that the enrichment fraction of M2 macrophages was significantly higher in the

high S100A8-expressing group, and the level of S100A8 expression was

positively correlated with M2 macrophage infiltration. The results of the

dataset validation showed that S100A8 expression levels were significantly

upregulated in the OA group and performed well in the diagnosis of OA. In

single gene analysis of S100A8 in MetS samples, immune cell infiltration analysis

showed that monocyte infiltration was higher in the S100A8 high expression

samples and that there was a positive correlation between the two. Dataset

validation showed that S100A8 is of high value for the diagnosis of MetS. In the
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validation of the dataset for the four metabolism-related diseases (obesity,

diabetes, hypertension and hyperlipidaemia), S100A8 was expressed at higher

levels in the disease group and also had a higher diagnostic value for the four

metabolism-related diseases.

Conclusion: S100A8 is a common hub gene and diagnostic biomarker for OA

and MetS, and the immune regulation involved in S100A8 may play a central role

in the pathogenesis of OA and MetS.
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Introduction

Osteoarthritis (OA) is the main reason for disability and the

most frequent musculoskeletal disorder worldwide (1), and it affects

a larger proportion of people over the age of 70 and increases the

risk of co-morbidity and death (2). OA is characterized by synovitis,

remodeling of the underlying bone and degeneration of articular

cartilage (3, 4), which ultimately leads to joint function loss. OA

leads to a high incidence of polyarticular involvement and typically

affects the hands, feet, spine, hips and knees. The etiology of OA is

related to several conditions including aging, metabolic factors,

immune factors and mechanical factors (5, 6).

Metabolic syndrome (MetS) characterized by obesity,

hypertension, hyperlipidemia and diabetes has been recognized as

closely related to the pathogenesis of OA (7). The strong correlation

between MetS and OA has also been confirmed in epidemiological

studies (8). Obesity leads to OA in two ways, a weight-dependent

way with increased mechanical loading of the joints and a weight-

independent way which leads to systemic and local inflammation

(9). Some studies have shown that hypertension increase the risk of

OA development (10). In addition, two meta-analyses also

confirmed a positive correlation between hyperlipidemia and OA

(11, 12). Some researchers also found that subchondral bone loss

was greater in patients with hypertension and diabetes compared to

those without these conditions (13).

So, a growing amount of research suggested that there was a

close relationship between OA and MetS, and that there may be

common pathways and key genes in the pathogenesis of both.

However, to date, the common pathogenesis of OA and MetS was

unclear and few studies have been conducted to explore the

molecular mechanisms of association between OA and MetS

based on bioinformatics analysis. We explored common hub gene

between OA and MetS and further performed single gene analysis

and explored its relationship with immune infiltrating cells to

understand the pathogenesis of OA and MetS. We then validated

the common hub gene in multiple datasets to understand its

diagnostic value for OA and MetS, helping to identify potential

diagnostic biological markers and treatment candidates for both.
02
Materials and methods

Microarray data

Gene expression comprehensive database (GEO) is the most

complete and largest public gene expression data resource

worldwide, so we downloaded the dataset from GEO for analysis.

The gene expression profiling dataset GSE114007 included 18

normal and 20 OA cartilage tissue of the human knee joint, and

dataset GSE89408 included 28 normal and 22 OA human joint

synovial biopsy. In GSE114007 and GSE89408, gene set enrichment

analysis (GSEA) was applied to verify the correlation between OA

and MetS. The datasets GSE98918, GSE82107, GSE117999 and

GSE1919 as validation sets include 12 OA and 12 controls, 10 OA

and 7 controls, 12 OA and 12 controls, 5 OA and 5 controls,

respectively. The array-based gene expression profile dataset

GSE23561 collected peripheral blood samples from 9 normal

subjects and 6 Metabolic Syndrome. Other metabolic related

disease datasets GSE161042, GSE15932, GSE76845, GSE1010

include 8 Obese Patients and 5 normal, 8 diabetes mellitus and 8

normal, 5 hypertension patients and 5 normal, 12 hyperlipemia

patients and 12 normal, respectively. The details of the above

datasets are shown in Table 1.
Screening for differentially expressed genes

We screened the DEG between OA patients and control

individuals in the two datasets GSE114007 and GSE89408, and

the DEG between MetS patients and control individuals in the

dataset GSE23561 through the “limma” package. We used the

“ggplot2” software package to draw the volcano map of DEG to

show the differential expression. The following criteria were

statistically significant: P<0.05 and | log2FC |>1.

We performed subsequent Kyoto Encyclopedia of Genes and

Genomes (KEGG) pathway and Gene Ontology (GO) enrichment

analysis on the DEGs of each of the above three datasets using R

software (4.2.1) and cluster analysis package.
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The overlapping genes between the DEGs of GSE114007 and

the DEGs of GSE89408 was identified as OA-DEGs, and the DEGs

of GSE 23561 was identified as MetS-DEGs. The analysis of PPI,

MCODE and the function enrichment of OA-DEGs were obtained

by The Metascape database (http://metascape.org/).
Screening of immune-related hub DEGs

Through the ImmPort database (https://www.immport.org/

home), we obtained 2483 immune related genes (IRGs) totally.

Then, S100A8 was identified by screening the overlapping genes

among IRG, OA-DEG and MetS-DEG through Venn map, that is,

immune related hub DEG (IRDEG).
Building protein–protein
interaction network

Totally 50 S100A8-binding proteins were acquired from the

STRING network (https://string-db.org/) by setting the following

main parameters: minimum required interaction score [“medium

confidence (0.400)”] and active interaction sources (“Experiments,

Text mining, Databases”). Visualization of the PPI network was

then obtained by Cytoscape (version 3.7.2). We conducted the

pathway enrichment analysis for GO and KEGG of 50 S100A8-

binding proteins by a cluster Profiler package for statistical analysis

and visualized them with the “ggplot2” package.
Single-gene analysis for the S100A8 in
OA database

Analysis of DEGs
On the basis of S100A8 expression median value, OA samples in

datasets GSE114007 and GSE89408 were classified into S100A8
Frontiers in Immunology 03
high expression group and S100A8 low expression group. DEGs

between these two groups were analyzed by R package DESeq2 and

volcano plots to show differential expression were plotted by the

“ggplot2” package (Statistical significance was set at p-values less

than 0.05 and |log2FC| greater than 1).

Gene set enrichment analysis
To identify biological signal pathways, GSEA was performed

between high and low levels of S100A8 expression in OA samples of

GSE114007 and GSE89408 datasets. The KEGG pathway was

demonstrated to have significant enrichment results on the basis

of net enrichment scores (NES), gene ratios and P values. |NES|>1

and FDR q<0.25 were considered significantly enriched. Statistical

analysis were conducted using the R software (4.2.1) and the results

were visualized with the “ggplot2” package.

Correlation between S100A8 and immune
cell infiltrates

22 immune cells in OA samples are quantified by

“CIBERSORT” software package, and the data with CIBERSORT

value of p<0.05 were included in a more detailed analysis.

Therefore, we obtained a matrix of immune cell fractions.

Wilcoxon rank sum test was used to assess the difference in the

level of immune infiltration between S100A8 high expression group

and low expression group. Software R (4.2.1) package “boxplot” was

utilized to show the difference in immune cell infiltration between

S100A8 high and low expression group. Finally, Spearman

correlation analysis was used to examine the association of

S100A8 expression with immune cell infiltration, and the R(4.2.1)

package “ggplot2” was used for visualization.

Validation of S100A8 expression and
diagnostic value

The mRNA expression of S100A8 was verified in GSE114007,

GSE89408, GSE98918, GSE82107, GSE117999, GSE1919. The

comparison between the OA patients and controls was conducted
TABLE 1 Information of all datasets in the paper.

ID GSE number Platform Samples Disease Group

1 GSE114007 GPL11154 20 osteoarthritis and 18 controls Osteoarthritis Discovery cohort

2 GSE89408 GPL11154 22 osteoarthritis and 28 controls Osteoarthritis Discovery cohort

3 GSE98918 GPL20855 12 osteoarthritis and 12 controls Osteoarthritis Validation cohort

4 GSE82107 GPL570 10 osteoarthritis and 7 controls Osteoarthritis Validation cohort

5 GSE117999 GPL20844 12 osteoarthritis and 12 controls Osteoarthritis Validation cohort

6 GSE1919 GPL9 91 5 osteoarthritis and 5 controls Osteoarthritis Validation cohort

7 GSE23561 GPL10775 6 metaboic syndrome and 9 controls Metabolic syndrome Discovery cohort

8 GSE161042 GPL18573 8 obese Patients and 5 controls Metabolic related diseases Validation cohort

9 GSE15932 GPL570 8 diabetesm ellitus and 8 controls Metabolic related diseases Validation cohort

10 GSE76845 GPL13825 5 hypertension patients and 5 controls Metabolic related diseases Validation cohort

11 GSE1010 GPL96 12 hyperlipem ia patients and 12 controls Metabolic related diseases Validation cohort
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with the T-test. Statistical significance was set at p-values less

than 0.05.

We determined the sensitivity and specificity of S100A8 by

performing Receiver Operating Characteristic (ROC) curve analysis

with the R (4.2.1) pROC package, visualized using the R

package “ggplot2”.
Single-gene analysis for the S100A8 in
MetS database

Diagnostic value and immune infiltration analysis
of S100A8

The ROC curve was applied to evaluate the diagnosis value of

S100A8 in MetS patients, which was performed using R (4.2.1)

pROC package and visualized using R package “ggplot2”.

On the basis of median value of S100A8 level, MetS samples in

GSE23561 were classified into S100A8 high group and S100A8 low

group. The infiltration degrees of 22 immune cell were compared

between S100A8 high level group and S100A8 low level group. The

visualization of the differences was conducted using R software

package. We explored the association of S100A8 expression with

immune cell infiltration using Spearman’s correlation analysis, and

used R package “ggplot2” for visualization.

Validation of S100A8 expression and diagnostic
value in metabolic related diseases

The mRNA expression of S100A8 was verified in 4 gene expression

profiles of patients with Metabolic related diseases (GSE161042,

GSE15932, GSE76845, GSE1010). The GSE161042 dataset contained
Frontiers in Immunology 04
8 Obese Patient and 5 controls, the GSE15932 dataset contained 8

diabetes mellitus and 8 controls, the GSE76845 dataset contained 5

hypertension and 5 controls, the GSE1010 dataset contained 12

hyperlipemia patients and 12 controls. Comparison of S100A8

expression level between patients and controls was performed by t-

test. P-value < 0.05 was considered significant. Sensitivity and specificity

of S100A8 in the four metabolic related diseases mentioned above were

assessed by ROC curves.

Associations between S100A8 expression and
body mass index

We analyzed the correlation between S100A8 expression level

and BMI in the dataset GSE161042, GSE117999 and GSE98918. We

used R (4.2.1) for the statistics analysis, visualized using the R

“ggplot2” package.
Result

Identification of DEGs and analysis of GO
and KEGG pathway enrichment

The diagram of the research design flow is presented in Figure 1.

We initially identified 2247 DEGs between OA patients and control

individuals in GSE114007, and 1475 DEGs in GSE89408. To

understand the relationship between OA and MetS, based on the

KEGG gene set in MetSigDB database, we conducted GSEA analysis

and found that OA gene set was significantly enriched in MetS

(P=0.009 in GSE89408, p=0.049 in GSE114007) (Figures 2A, B). We

further obtained 101 MetS-DEGs between MetS patients and
FIGURE 1

The flow chart of this study.
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control individuals in GSE23561. The volcano plot of DEGs were

shown in Figures 2C–E. The DEGs in the above three datasets were

utilized for GO and KEGG analysis. The top 3 enriched GO terms

were listed in Figures 2F–H. In GSE114007 and GSE89408, the most

significant BP terms were about Immune cell. We also detected that

DEGs were significantly enriched in the Immune and inflammatory

mediator pathway in the 3 datasets.
Screening and analysis of OA-DEGs

323 OA-DEGs was identified by overlapping genes between the

DEGs of GSE114007 and the DEGs of GSE89408. By using the

Metascape database, the analysis of PPI, MCODE and the function

enrichment of OA-DEGs were obtained (Figure 3). The results

suggested that biological function was primarily related to immune

and inflammatory response.
Frontiers in Immunology 05
Screening of immune-related hub DEGs
and analysis of functional enrichment

We obtained Immune-Related hub DEG S100A8 by

overlapping genes between IRGs, OA-DEGs and MetS-DEGs

(Figure 4A). 50 S100A8 target binding proteins were screened by

utilizing the STRING database and Cytoscape (Figure 4B). Then, 50

S100A8 target binding proteins were used for GO enrichment

analysis (Figures 4C, D) and the results revealed that the main

biological processes (BP) encompassed positive regulation of

cytokine production, leukocyte cell-cell adhesion, positive

regulation of MAP kinase activity, positive regulation of

interleukin-6 production. The cellular component (CC) was

primarily enriched in endocytic vesicle, phagocytic vesicle,

NADPH oxidase complex, secondary lysosome. The molecular

function (MF) was mainly involved in cytokine receptor binding,

Toll-like receptor binding, superoxide-generating NADPH oxidase
A B

D E

F G H

C

FIGURE 2

GSEA analysis, DEGs identification and GO and KEGG analysis. (A) Using GSEA analysis to verify the correlation between OA and MS in GSE89408. (B)
Using GSEA analysis to verify the correlation between OA and MS in GSE114007. (C) Identification of DEGs in GSE114007. (D) Identification of DEGs
in GSE89408. (E) Identification of DEGs in GSE23561. (F) GO and KEGG terms of DGEs in GSE114007. (G) GO and KEGG terms of DGEs in
GSE89408. (H) GO and KEGG terms of DGEs in GSE23561.
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activity. The KEGG pathway enrichment (Figure 4E) was primarily

related to Osteoclast differentiation, Toll-like receptor signaling

pathway and NF-kappa B signaling pathway.
Single-gene analysis for the S100A8 in
OA database

Identification of DEGs and GSEA analysis
In the OA sample of GSE89408 dataset, there were 7641 DEGs

between S100A8 high expression group and S100A8 low expression

group, including 5907 upregulated and 1554 downregulated DEGs

(Figures 5A, C). In the OA sample of GSE114007, there were 2918

genes differentially expressed, including 1958 upregulated and 960

downregulated DEGS. (Figures 5B, D).

To identify differentially activated signaling pathways in OA

samples of GSE89408 and GSE114007, we further conducted GSEA

between the high and low expression of S100A8. In both datasets,

enrichment of biological processes associated with immunity More.

The most significantly enriched signaling pathways are listed

according to the Normalized Enrichment Score (NES) (Figures 5E,

F). In the GSE89408, GSEA mainly identified reactome innate

immune system, reactome metabolism of RNA, reactome neutrophil

degranulation, reactome cell cycle checpoints, reactome mitotic

metaphase and anaphase (Figure 5E). In the GSE114007, GSEA

mainly identified reactome signaling by GPCR, NABA matrisome

associated, reactome innate immune system, reactome GPCR ligand

binding, reactome neutrophil degranulation. (Figures 5F).
Frontiers in Immunology 06
Correlation between S100A8 and immune
cell infiltrates

The immune cell infiltration analysis of OA samples from

GSE114007 and GSE89408 datasets both showed that M2 type

macrophages infiltration was significantly different between high

and low expression of S100A8 groups (Figures 6A, B). The

enrichment scores of M2 type macrophages in high expression of

S100A8 group were significantly higher than those in low

expression of S100A8 group in both datasets (all p < 0.01)

(Figures 6C, D). Moreover, the expression level of S100A8 was

positively correlated with M2 macrophages infiltration in both

datasets (r=0.753 in GSE89408, r=0.722 in GSE114007, all p <

0.001) (Figures 6E, F).

Validation of S100A8 expression and
diagnostic value

In order to verify the reliability of S100A8 expression levels, we

added other four datasets containing OA and normal samples and

analyzed S100A8 expression level. The outcome suggested that

S100A8 expression was significantly upregulated in the OA

samples compared to normal samples in all six data sets (Figure 7).

ROC curves were created by using data from the OA samples in

the six datasets above versus normal subjects. The results showed that

S100A8 was of great value for diagnosis. The AUC of the variable

S100A8 were 0.761 (95% CI: 0.619–0.903) in GSE114007, 0.736 (95%

CI: 0573–0.899) in GSE89408, 0.955 (95% CI: 0.879–1.0) in

GSE98918, 0.950 (95% CI: 0.847–1.0) in GSE 117999, 0.729 (95%

CI: 0.459–0.998) in GSE82107, 0.960 (95% CI: 0.849–1.0) in GSE1919.
A B

D

C

FIGURE 3

The enrichment analysis of OA-DEG Metascape. (A) 323 OA-DEGs was identified by overlapping genes between the DEGs of GSE114007 and the
DEGs of GSE89408. (B) Protein–protein interaction (PPI) network. (C) significant MCODE components form the PPI network. (D) Heatmap of Gene
Ontology (GO) enriched terms and Kyoto Encyclopedia of Genes and Genomes (KEGG) enriched terms colored by p-values.
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In addition, we found that the combination of S100A8 and BMI has

higher diagnostic value for OA. The AUC of S100A8+BMI were 0.992

and 0.990 in GSE98918 and GSE117999 (Figure 8).
Single-gene analysis for the S100A8 in
MetS database

Diagnostic value and immune infiltration analysis
of S100A8

ROC curves were created by using data from MetS samples and

control samples in GSE23561. The outcome suggested that the AUC

of S100A8 was 0.889 (95% confidence interval: 0.713–1.0) in

GSE23561 (Figure 9A). The analysis results of infiltration degree

of 22 immune cell showed that the infiltration of monocyte was

significantly different between S100A8 high expression group and

S100A8 low expression group (Figure 9B). High infiltration of

monocytes was detected in samples with elevated S100A8

expression (Figure 9C). Further validation of the correlation study

indicated that the expression level of S100A8 was correlated

positively with monocyte infiltration (Figure 9D).
Frontiers in Immunology 07
Validation of S100A8 expression and diagnostic
value in metabolic related diseases

To further explore the expression and diagnostic value of

S100A8 in metabolic related diseases, we verified it in the 4

datasets of metabolic related diseases. The outcome indicated that

S100A8 expression levels were significantly higher in four metabolic

related diseases, namely obesity, diabetes, hypertension and

hyperlipidaemia, than in the control group (Figures 10A–D).

Moreover, S100A8 also has high diagnostic value for four

metabolic related diseases. For obesity, diabetes, hypertension and

hyperlipidemia, the AUC values of S100A8 were 0.925 (95%

confidence interval: 0.783–1.0), 0.875(95% confidence interval:

0.679–1.0), 0.96 (95% confidence interval: 0.849–1.0), 0.75 (95%

confidence interval: 0.541–0.959), respectively (Figures 10E–H).

Associations between S100A8 expression and
body mass index

To further explore the association between S100A8 expression

and BMI, we analyzed the correlation between the two. The

outcome of the correlation study suggested a positive correlation

between the expression level of S100A8 and BMI, as shown in
A B

D E

C

FIGURE 4

Identification of S100A8 and analysis of 50 targeted binding proteins of S100A8. (A) Screening of S100A8 by overlapping genes between IRGs, OA-
DEGs and MS-DEGs. (B) PPI network of 50 targeted binding proteins of S100A8. (C) visual network of GO and KEGG analyses. (D) GO analysis. (E)
KEGG analysis.
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Figure 11. (r=0.863 in GSE161042, r=0.747 in GSE117999, r=0.737

in GSE98918, all p<0.001)
Discussion

OA is the most prevalent type of arthritis (14), affecting 1 in 3

older people all over the world (15). MetS is common in the general

population and is a major public health problem prevalent

worldwide (16). It is a group of metabolic abnormalities that

include hypertension, obesity, dyslipidaemia and insulin

resistance (16). MetS is also thought to be a comorbid condition

of many immune diseases, such as psoriatic arthritis (PsA) and OA

(17, 18). No doubt about it, OA and MetS are both leading public

health problems with increasing rates of illness and disability.

Notably, MetS provides a higher propensity for the

development of OA as a major risk factor for OA (19). In
Frontiers in Immunology 08
particular, diabetes, obesity, dyslipidaemia and hypertension, as

four of the main features of MetS, are precisely the four main

metabolic abnormalities that are closely associated with OA (20,

21). So far, plenty of studies have identified inflammation and

metabolic abnormalities as two important factors contributing to

cartilage degeneration and OA progression (22–24). So it can be

inferred that OA may actually be a metabolic syndrome-related

disorder with low systemic inflammation originating from

metabolic abnormalities. However, the molecular mechanisms

between OA and MetS are still not clear. In this study, first of all,

to study the relationship between OA and MetS, we used GSEA

method to verify the correlation between OA and MetS in

GSE89408 and GSE114007 respectively, and found that OA and

MetS are positively correlated in both datasets. In order to further

explore the possible common mechanisms between OA and MetS,

we obtained the common hub gene S100A8 of OA and MetS

through differential gene expression analysis. We also found that
A B

D

E F

C

FIGURE 5

Single-gene analysis and GSEA of S100A8 in OA. Volcano plots of DEGs in S100A8 high-expression group compared to S100A8 low-expression
group in GSE89408 (A) and GSE114007 (B). Heatmaps showing DEGs in S100A8 high-expression group compared to S100A8 low-expression group
in GSE89408 (C) and in GSE114007 (D). GSEA between the high- and low-S100A8 expression groups in GSE89408 (E) and in GSE114007 (F).
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S100A8 may play an extremely crucial role in the development of

OA and MetS.

S100A8 belongs to damage-associated molecular pattern

(DAMP) protein family and is mainly produced by activated

macrophages, monocytes and neutrophils (25). Early on,

researchers found high expression of S100A8/A9 in serum,

synovial membranes and synovial fluid of OA patients (26, 27).

Another study also showed that serum S100A8/A9 levels were

positively correlated with cartilage defects, knee symptoms and

increased serum cartilage degrading enzymes in the knee of OA

patients, indicating a possible role for S100A8 in osteoarthritis of

the knee (28). Furthermore, high levels of S100A8 mRNA were
Frontiers in Immunology 09
expressed in biopsies from both early symptomatic OA patients and

patients with end-stage OA, suggesting prolonged expression of

S100A8 throughout the course of OA (28). It has therefore been

suggested that S100A8 may be a useful biomarker for predicting and

evaluating cartilage destruction in OA, on the one hand because

levels of S100A8 are increased in OA and remain high over time,

and on the other hand because patients with elevated S100A8 levels

are at greater risk of progressing to severe OA (26). For mechanistic

exploration, it has been suggested that S100A8 is linked to an

increase in cartilage defects and may play an important role in the

etiopathogenesis of cartilage defects in OA. We know that the

matrix metalloproteinase (MMP) has been shown to trigger
A

B
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C

FIGURE 6

Analysis of S100A8 and Immune Cell Infiltrates. Differences in the levels of immune cells between the S100A8 high- and low-expression groups in
GSE89408 (A) and GSE114007 (B). Different M2 macrophages infiltration levels among the S100A8 high- and low-expression groups in GSE89408
(C) and GSE114007 (D). Correlation analysis between S100A8 expression and M2 macrophage levels in GSE89408 (E) and GSE114007 (F). (**p < 0.01).
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cartilage deterioration and facilitate the progression of OA (29),

S100A8 may play a role in cartilage defects by upregulating the

expression of these matrix metalloproteinases (28). S100A8 induces

catabolic phenotype in OA chondrocytes through TLR-4

upregulation of MMP1,3,9,13 and pro-inflammatory cytokines

(30). Similar reports have been made in animal experiments. In

collagenase-induced osteoarthritic mice (CIOA), S100A8/A9 was

up-regulated in synovial membranes and serum compared to

control. Moreover, S100A8 mRNA and S100A8/A9 heterodimer

stayed at a high level for a long duration (as long as 21 days post

injecting) (26). In terms of mechanistic studies, on the one hand,

cartilage disruption and synovial activation were decreased in CIOA

S100A9 -/- mice (double knockout S100A8 and S100A9

functionally) compared to CIOA wild type mice (26, 31). On the

other hand, stimulation of OA donor chondrocytes with S100A8

facilitated articular cartilage breakdown by upregulating (MMP1, 3,

9, 13, IL-6, IL-8 and monocyte chemotaxis protein 1) and

downregulating metabolic markers of synthesis (type II collagen

and aggrecan) (30).

Similar to previous reports, we also found that S100A8 level was

significantly elevated in OA samples compared to controls. We

divided the OA samples in GSE114008 and GSE89408 into S100A8

high expression and S100A8 low expression groups and performed

GSEA analysis, and the outcome indicated that more biological

processes associated with immunity were significantly enriched in

both datasets. To learn more about association of S100A8 levels

with immune cells, immune infiltration analysis suggested that the
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enrichment scores of M2 type macrophages in S100A8 high-

expression group were markedly increased compared to S100A8

low-expression group. In particular, correlation analysis suggested a

significant positive correlation between S100A8 expression levels

and M2 macrophage infiltration. We also validated the diagnostic

value of S100A8 in six OA datasets and found that S100A8 had

significant value for diagnosing.

The role of S100A8 in MetS is not very clear, although chronic

inflammation and innate immunity are important factors in the

pathogenesis of MetS (32). Of particular note is also the close

association of S100A8 with four major metabolism-related diseases,

namely diabetes, obesity, hypertension and hyperlipidaemia, and

the important role it plays in their pathogenesis. Research has found

that a large amount of S100A8 have been found in diabetes patients

(33), and it has been used as a biomarker of diabetes (34). Moreover,

some studies have found that S100A8 was higher in the obese test

population than in the non-obese test population and was reduced

by weight loss (35, 36). Circulating levels of S100A8 and visceral

adiposity expression are also elevated in obese patients with type 2

diabetes (36). Peripheral blood S100A8 mRNA expression levels

significantly associated with visceral fat area, and visceral fat

deposits resulted in dysregulated adipocytokine, leading to

chronic low-level systemic inflammation (37). So, some

researchers have even proposed S100A8 as a novel marker of

obesity in non-type 2 diabetics (35). Animal experiments showed

that the level of S100A8 mRNA in fat of obese mice was significantly

increased. In particular, compared with lean mice, S100A8
A B
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FIGURE 7

The expression level of S100A8. The S100A8 expression level compared between Normal and OA samples in GSE89408 (A), GSE98918 (B),
GSE117999 (C), GSE114007 (D), GSE82107 (E) and GSE1919 (F). (*p < 0.05; **p < 0.01; ***p < 0.001).
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expression in white adipose tissue of obese mice was higher (38). In

addition, it was also found that in the mouse model, high systemic

LDL level would exacerbate OA pathology by causing ectopic bone

production and S100A8 generation, the latter leading to increased

production of synovial activation and injury-inducible

proteins (39).

In the current research, we discovered that S100A8 had high

diagnostic value for MetS. Similarly, we divided MetS samples into

S100A8 high- and low-expression two groups and analyzed

infiltration degree of 22 immune cell. High infiltration of

monocytes was identified in the higher S100A8 level samples.

Correlation analysis indicated that S100A8 level was correlated

positively with monocytes infiltration. Because obesity, diabetes,

hypertension and hyperlipidemia were the core of MetS syndrome,

we verified the level of expression and diagnostic value of S100A8 in

these four metabolic related diseases. The results showed that the

expression level of S100A8 was significantly higher in disease group

compared to in control group, and all four AUCs suggested that
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S100A8 had high diagnostic value. Finally, the correlation analysis

of S100A8 expression level and BMI level also indicated that they

were positively correlated.

Few studies have explored the common hub gene and common

molecular mechanism between OA and MetS through advanced

bioinformatics approach. Because of the high comorbidity between

OA and MetS, we took the lead in exploring and identifying the

common hub gene between them, and further conducted single

gene analysis, which will help further clarify the relationship and

mechanism between OA and MetS. However, our research also has

some limitations. First of all, the sample size in the original dataset

is somewhat small, and further research should be conducted based

on larger samples. Secondly, the function of S100A8 needs to be

further verified in clinical models, which will be the focus in our

future work.

In conclusion, our results indicated that S100A8 was the

common hub gene of OA and MetS, and may participated in the

pathogenesis of MetS and OA through immune regulation. In
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FIGURE 8

Receiver operating characteristic (ROC) curve for S100A8 expression in OA. The ROC curve of S100A8 in GSE89408 (A), GSE98918 (B), GSE117999
(C), GSE114007 (D), GSE82107 (E) and GSE1919 (F). The ROC of S100A8+BMI in GSE98918 (G) and GSE117999 (H).
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FIGURE 9

Diagnostic value and Immune Infiltration Analysis of S100A8 in MS. (A) The ROC curve of S100A8 in GSE23561. (B) Differences in the levels of
immune cells between the S100A8 high- and low-expression groups in GSE23561. (C) Different monocyte infiltration levels among the S100A8 high-
and low-expression groups in GSE23561. (D) Correlation analysis between S100A8 expression and monocyte levels in GSE23561. (**p < 0.01).
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FIGURE 10

Expression and ROC of S100A8 in Metabolic related diseases. (A) The S100A8 expression level compared between obesity samples and Normal in
GSE161042. (B) The S100A8 expression level compared between Diabetes Mellitus samples and Normal in GSE15932. (C) The S100A8 expression
level compared between Hypertension samples and Normal in GSE76845. (D) The S100A8 expression level compared between Hyperlipidemia
samples and Normal in GSE1010. The ROC curve of S100A8 in GSE161042 (E), GSE15932 (F), GSE76845 (G) and GSE1010 (H). (*p < 0.05; **p < 0.01).
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addition, S100A8 was a potential biomarker for diagnosing OA and

MetS. Therefore, we supposed that the shared gene S100A8 played a

key role in the common pathogenesis of OA and MetS, and may be

a therapeutic target in the future.
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A, Garcıá-Yuste A, Sánchez-Temprano A, et al. Extracellular vesicles enriched in
connexin 43 promote a senescent phenotype in bone and synovial cells contributing to
osteoarthritis progression. . Cell Death Dis (2022) 13(8):681. doi: 10.1038/s41419-022-
05089-w

7. Dickson BM, Roelofs AJ, Rochford JJ, Wilson HM, De Bari C. The burden of
metabolic syndrome on osteoarthritic joints. Arthritis Res Ther (2019) 21(1):289. doi:
10.1186/s13075-019-2081-x

8. Reyes C, Leyland KM, Peat G, Cooper C, Arden NK, Prieto-Alhambra D.
Association between overweight and obesity and risk of clinically diagnosed knee,
hip, and hand osteoarthritis: a population-based cohort study: OVERWEIGHT/
OBESITY AND THE RISK OF DEVELOPING OA. Arthritis Rheumatol (2016) 68
(8):1869–75. doi: 10.1002/art.39707

9. Wen L, Kang JH, Yim YR, Kim JE, Lee JW, Lee KE, et al. Associations between
body composition measurements of obesity and radiographic osteoarthritis in older
adults: data from the dong-gu study. BMC Musculoskelet Disord (2016) 17:192. doi:
10.1186/s12891-016-1040-9

10. Berenbaum F, Griffin TM, Liu-Bryan R. Review: metabolic regulation of
inflammation in osteoarthritis. Arthritis Rheumatol (2017) 69(1):9–21. doi: 10.1002/
art.39842

11. Xiong J, Long J, Chen X, Li Y, Song H. Dyslipidemia might be associated with an
increased risk of osteoarthritis. BioMed Res Int (2020) 2020:3105248. doi: 10.1155/
2020/3105248
A B C

FIGURE 11

Associations Between S100A8 Expression and BMI. Correlation analysis between S100A8 expression and BMI in GSE161042 (A), GSE117999 (B),
GSE98918 (C).
frontiersin.org

https://doi.org/10.1038/s41588-018-0327-1
https://doi.org/10.1093/hmg/ddx302
https://doi.org/10.1093/hmg/ddx302
https://doi.org/10.1126/sciadv.aaz7492
https://doi.org/10.1126/sciadv.aaz7492
https://doi.org/10.1096/fj.202101791RR
https://doi.org/10.1016/j.bcp.2019.02.030
https://doi.org/10.1038/s41419-022-05089-w
https://doi.org/10.1038/s41419-022-05089-w
https://doi.org/10.1186/s13075-019-2081-x
https://doi.org/10.1002/art.39707
https://doi.org/10.1186/s12891-016-1040-9
https://doi.org/10.1002/art.39842
https://doi.org/10.1002/art.39842
https://doi.org/10.1155/2020/3105248
https://doi.org/10.1155/2020/3105248
https://doi.org/10.3389/fimmu.2023.1185275
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Huang et al. 10.3389/fimmu.2023.1185275
12. Baudart P, Louati K, Marcelli C, Berenbaum F, Sellam J. Association between
osteoarthritis and dyslipidaemia: a systematic literature review and meta-analysis. Rmd
Open (2017) 3(2):e000442. doi: 10.1136/rmdopen-2017-000442

13. Wen CY, Chen Y, Tang HL, Yan CH, Lu WW, Chiu KY. Bone loss at
subchondral plate in knee osteoarthritis patients with hypertension and type 2
diabetes mellitus. Osteoarthritis Cartilage (2013) 21(11):1716–23. doi: 10.1016/
j.joca.2013.06.027

14. Vos T, Barber RM, Bell B, Bertozzi-Villa A, Biryukov S, Bolliger I, et al. Global,
regional, and national incidence, prevalence, and years lived with disability for 301
acute and chronic diseases and injuries in 188 countries, 1990-2013: a systematic
analysis for the global burden of disease study 2013. Lancet (2015) 386:743–800. doi:
10.1016/S0140-6736(15)60692-4

15. Arthritis Alliance of Canada. The impact of arthritis in Canada: today and over
the next 30 years. Toronto: Arthritis Alliance of Canada (2011).

16. Alqahtani S, Kobos LM, Xia L, Ferreira C, Franco J, Du X, et al. Exacerbation of
nanoparticle-induced acute pulmonary inflammation in a mouse model of metabolic
syndrome. Front Immunol (2020) 11:818. doi: 10.3389/fimmu.2020.00818

17. Venerito V, Lopalco G, Abbruzzese A, Colella S, Morrone M, Tangaro S, et al. A
machine learning approach to predict remission in patients with psoriatic arthritis on
treatment with secukinumab. Front Immunol (2022) 13:917939. doi: 10.3389/
fimmu.2022.917939

18. Roman-Blas JA, Mendoza-Torres LA, Largo R, Herrero-Beaumont G. Setting up
distinctive outcome measures for each osteoarthritis phenotype. Ther Adv
Musculoskelet Dis (2020) 12:1–16. doi: 10.1177/1759720X20937966

19. Wang T, He C. Pro-inflammatory cytokines: the link between obesity and
osteoarthritis. Cytokine Growth Factor Rev (2018) 44:38–50. doi: 10.1016/j.cytogfr.2018.10.002

20. Farnaghi S, Crawford R, Xiao Y, Prasadam I. Cholesterol metabolism in
pathogenesis of osteoarthritis disease. Int J Rheum Dis (2017) 20(2):131–40. doi:
10.1111/1756-185X.13061

21. Lo GH, McAlindon TE, Katz JN, Driban JB, Price LL, Eaton CB, et al. Systolic and
pulse pressure associate with incident knee osteoarthritis: data from the osteoarthritis
initiative. Clin Rheumatol (2017) 36:2121–8. doi: 10.1007/s10067-017-3656-z

22. Courties A, Sellam J, Berenbaum F. Metabolic syndrome-associated
osteoarthritis. Curr Opin Rheumatol (2017) 29(2):214–22. doi: 10.1097/
BOR.0000000000000373

23. Distel E, Cadoudal T, Durant S, Poignard A, Chevalier X, Benelli C. The
infrapatellar fat pad in knee osteoarthritis: an important source of interleukin-6 and its
soluble receptor. Arthritis Rheum (2009) 60(11):3374–7. doi: 10.1002/art.24881

24. Baker JF, Walsh P, Mulhall KJ. Statins: a potential role in the management of
osteoarthritis. Joint Bone Spine (2011) 78(1):31–4. doi: 10.1016/j.jbspin.2010.02.035

25. van den Bosch MH, Blom AB, Schelbergen RFP, V ogl T, Roth JP, Slöetjes AW,
et al. Induction of canonical wnt signaling by the alarmins S100A8/S100A9 in murine
knee joints: implications for osteoarthritis. Arthritis Rheumatol (2016) 68:152–63. doi:
10.1002/art.39420

26. van Lent PLEM, Blom AB, Schelbergen RFP, Slöetjes A, Lafeber FPJG, Lems
WF, et al. Active involvement of alarmins S100A8 and S100A9 in the regulation of
synovial activation and joint destruction during mouse and human osteoarthritis.
Arthritis Rheumatism (2012) 64:1466–76. doi: 10.1002/art.34315
Frontiers in Immunology 14
27. van den Bosch MHJ. Inflammation in osteoarthritis: is it time to dampen the
alarm(in) in this debilitating disease? Clin Exp Immunol (2019) 195(2):153–66. doi:
10.1111/cei.13237

28. Ruan G, Xu J, Wang K, Zheng S, Wu J, Ren J, et al. Associations between serum
S100A8/S100A9 and knee symptoms, joint structures and cartilage enzymes in patients
with knee osteoarthritis. Osteoarthritis Cartilage (2019) 27(1):99–105. doi: 10.1016/
j.joca.2018.08.020

29. Wu J, Wang K, Xu J, Ruan G, Zhu Q, Cai J, et al. Associations between serum
ghrelin and knee symptoms, joint structures and cartilage or bone biomarkers in
patients with knee osteoarthritis. Osteoarthritis Cartilage (2017) 25:340 1428–1435. doi:
10.1016/j.joca.2017.05.015

30. Schelbergen RF, Blom AB, van den Bosch MH, Slöetjes A, Abdollahi-Roodsaz S,
Schreurs BW, et al. Alarmins S100A8 and S100A9 elicit a catabolic effect in human
osteoarthritic chondrocytes that is dependent on toll-like receptor 4. Arthritis Rheum
(2012) 64:1477–87. doi: 10.1002/art.33495

31. Schelbergen RFP, de Munter W, van den Bosch MHJ, Lafeber FPJG, Sloetjes A,
V ogl T, et al. Alarmins S100A8/S100A9 aggravate osteophyte formation in
experimental osteoarthritis and predict osteophyte progression in early human
symptomatic osteoarthritis. Ann Rheumatic Dis (2016) 75:218–25. doi: 10.1136/
annrheumdis-2014-205480

32. Fahed G, Aoun L, Bou Zerdan M, Allam S, Bou Zerdan M, Bouferraa Y, et al.
Metabolic Syndrome: Updates on Pathophysiology and Management in 2021.
International J Mole Sci (2022) 23(2). doi: 10.3390/ijms23020786

33. Nakajima Y, Inagaki Y, Kido J, Nagata T. Advanced glycation end products
increase expression of S100A8 and A9 via RAGE-MAPK in rat dental pulp cells. Oral
Dis (2015) 21(3):328–34. doi: 10.1111/odi.12280

34. Bouma G, LamtseWK,Wierengawolf AF, Drexhage HA, Versnel MA. Increased
serum levels of MRP-8/14 in type 1 diabetes induce an increased expression of CD11b
and an enhanced adhesion of circulating monocytes to fibronectin. Diabetes (2004) 53
(8):1979–86. doi: 10.2337/diabetes.53.8.1979

35. Mortensen OH, Nielsen AR, Erikstrup C, Plomgaard P, Fischer CP, Krogh-
Madsen R, et al. Calprotectin–a novel marker of obesity. PLoS. One (2009) 4:e7419. doi:
10.1371/journal.pone.0007419
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