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A B S T R A C T   

Background: Gout is the most common inflammatory arthritis in adults. Gout is an arthritic disease 
caused by the deposition of monosodium urate crystal (MSU) in the joints, which can lead to 
acute inflammation and damage adjacent tissue. Hyperuricemia is the main risk factor for MSU 
crystal deposition and gout. With the increasing burden of gout disease, the identification of 
potential biomarkers and novel targets for diagnosis is urgently needed. 
Methods: For the analysis of this subject paper, we downloaded the human gout data set 
GSE160170 and the gout mouse model data set GSE190138 from the GEO database. To obtain the 
differentially expressed genes (DEGs), we intersected the two data sets. Using the cytohubba 
algorithm, we identified the key genes and enriched them through GO and KEGG. The gene 
expression trends of three subgroups (normal control group, intermittent gout group and acute 
gout attack group) were analyzed by Series Test of Cluster (STC) analysis, and the key genes were 
screened out, and the diagnostic effect was verified by ROC curve. The expression of key genes in 
dorsal root nerve and spinal cord of gout mice was analyzed. Finally, the clinical samples of 
normal control group, hyperuricemia group, intermittent gout group and acute gout attack group 
were collected, and the expression of key genes at protein level was verified by ELISA. 
Result: We obtained 59 co-upregulated and 28 co-downregulated genes by comparing the DEGs 
between gout mouse model data set and human gout data set. 7 hub DEGs(IL1B, IL10, NLRP3, 
SOCS3, PTGS2) were screened out via Cytohubba algorithm. The results of both GO and KEGG 
enrichment analyses indicate that 7 hub genes play a significant role in regulating the inflam
matory response, cytokine production in immune response, and the TNF signaling pathway. The 
most representative hub genes SOCS3 and PTGS2 were screened out by Series Test of Cluster, and 
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ROC analysis results showed the AUC values were both up to 1.000. In addition, we found that 
PTGS2 expression was significantly elevated in the dorsal root ganglia and spinal cord in mon
osodium urate(MSU)-induced gout mouse model. The ELISA results revealed that the expression 
of SOCS3 and PTGS2 was notably higher in the acute gout attack and intermittent gout groups 
compared to the normal control group. This difference was statistically significant, indicating a 
clear distinction between the groups. 
Conclusion: Through cross-species comprehensive analysis and experimental verification, SOCS3 
and PTGS2 were proved to be new biomarkers for diagnosing gout and predicting disease 
progression.   

1. Introduction 

Gout is a common disease caused by the deposition of monosodium urate crystals in joints and nonjoint structures [1]. People with 
acute gout attacks experience severe foot pain, injury, and disability [2], which often manifests as intense unbearable pain in the joints 
[3]. The new classification standard contains at least 1 case of swelling, pain, or tenderness of peripheral joints or cysts [4]. Depending 
on the study population, gout affects <1 %–6.8 % of the population, and this number is increasing [5]. Male sex, advanced age, obesity, 
diet, drug use, and genetics are all risk factors for gout [6]. As a major risk factor for gout, hyperuricaemia is usually defined as a blood 
uric acid level of no less than 0.42 mmol/L (7 mg/dL) [1]. However, the presence of hyperuricaemia alone should not be diagnosed as 
gout. Approximately 20 % of Americans have asymptomatic hyperuricaemia [7]. A large proportion of patients with hyperuricaemia 
have never had a gout attack, and some patients with gout may have uric acid levels within the normal range [8]. 

The four stages of gout include asymptomatic hyperuricaemia, acute gouty arthritis, intercritical gout, and chronic tophaceous gout 
[9]. ABCG2 regulates serum uric acid levels through physiologically important mechanisms involved in renal and extrarenal urate 
excretion [10]. ABCG2 dysfunction leads to an overload of urate excretion. The concentration of urate in the blood increases, as does 
the formation of uric acid crystals. Acute gout symptoms are caused by an inflammatory response to monosodium urate crystals. 
Martinon et al. reported that MSU can produce active interleukin 1b and interleukin 18 through activated NALP3 [11]. The inhibition 
of GLUT1-mediated glucose uptake suppresses MSU crystal-induced NLRP3 activation and IL-1β production [12]. POP1 inhibits NLRP3 
inflammasome activation by interfering with key interactions between NLRP3 and ASC in the inflammasome complex [13]. In 
addition, IL-33/ST2 can mediate pain hypersensitivity and inflammation in a mouse model of gout [14]. IL-37 promotes the nonin
flammatory phagocytic activity of macrophages and may be a potentially valuable option for the treatment of patients with chronic 
gout [15]. 

Experts suggest the presence of monosodium urate crystals in synovial fluid or gout aspirates as the gold standard for diagnosis 
[16]. It is difficult to perform sodium urate crystal analysis by collecting synovial fluid or gout aspirate because the examination is 
invasive and requires specialized personnel and technology. To better predict the onset of gout and reduce misdiagnosis and missed 
diagnoses of gout, we identified novel diagnostic and therapeutic markers for gout across species via bioinformatics analysis. 
Furthermore, we gathered general information and blood biochemistry samples from both gout patients and individuals without this 
condition. Using ELISA, we analyzed and compared the expression of key gene regulators in individuals with gout. The present study 
provides new directions for identifying new biomarkers for gout. 

2. Methodology 

2.1. Dataset collection 

The keyword “gout” was used to search the microarray datasets from the GEO database (https://www.ncbi.nlm.nih.gov/), which 
was used to investigate the gene expression profile of gout. We chose microarray datasets containing both samples from patients with 
gout and healthy controls. Finally, we included two datasets for follow-up research, namely, GSE160170 (3 human acute gout samples, 
3 human intermittent gout samples, and 6 normal samples) and GSE190138 (18 before- and after-induced mouse gout models, 
including 6 mouse spinal cord-sourced samples, 6 mouse dorsal root ganglia-sourced samples, and 6 mouse ankle joint-sourced 
samples). The complete dataset information is shown in Table 1. 

Table 1 
Datasets used in the present study.  

GEO ID Platform Organism Organization Sample Country Year Author 

Control Case 

GSE160170 GPL21827 Homo sapiens blood 6 3 (IG) 3 (AG) China 2020 Daifei Dai 
GSE190138 GPL10558 Mus musculus ankle joint 3 3 China 2021 Yi Zhang 

spinal cord 3 3 
dorsal root ganglion 3 3  
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2.2. Cross-species differential expression analysis 

The GEO2R (https://www.ncbi.nlm.nih.gov/geo/geo2r/) and “limma” R packages were used to screen out differentially expressed 
genes (DEGs) in the GSE160170 and GSE190138 datasets. The GEOquery package was used to read the data, and the “limma” package 
was used to calculate the multiple differential expression. The DEGs in both datasets were selected using the ggplot2 package in the 
volcano diagram. We set criteria including a p value < 0.05 and a |logFC| >1 as the threshold values. Ultimately, to identify cross- 
species DEGs more accurately, a Venn diagram was drawn via the Venn tool (http://vip.sangerbox.com) to obtain overlapping 
DEGs that were upregulated or downregulated in both human and mouse gout samples for further analysis. 

2.3. Functional enrichment analysis 

Gene Ontology (GO) enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis were conducted for 
exploring the enrichment pathways of gout-associated genes [17,18]. FDR<0.01 and P < 0.05 was set as the criteria of GO 
(BP/CC/MF) analysis, and the results were described in aspects including biological processes (BPs), molecular functions (MFs), and 
cellular components (CCs). KEGG analysis was performed using “clusterProfile” package of R 4.0. 

2.4. Construction of the protein‒protein interaction network 

In this study, we obtained 59 coupregulated and 28 codownregulated DEGs after cross-species differential expression analysis. 
Subsequently, the STRING database (http://string-db.org) was used to construct a predicted protein–protein interaction (PPI) network 
for evaluating the interactions among these DEGs. The key modules were then visualized using the MCODE plugin in Cytoscape 
(http://www.cytoscape.org). Next, 7 algorithms in the CytoHubba plugin were utilized to further analyze the 15 gout-related genes 
among the 87 DEGs; thus, 7 key genes were obtained. Finally, gout-related hub genes were obtained after we took the intersection of 
the key modules and 7 key genes, and the GeneMANIA website (http://genemania.org) was used to conduct coexpression analysis. 

2.5. Series test of clusters 

Based on the acute gout, intermittent gout, and control samples from the GSE160170 datasets, principal component analysis (PCA) 
and association analysis were performed to further verify the necessity and accuracy of exploring acute gout and intermittent gout, 
respectively. Next, a series test of cluster (STC) was conducted to extensively explore key clusters closely associated with gout [19]. 
Through further analysis of the STC data, we were able to identify the most significant hub genes involved in the progression of gout. 
To verify our findings, we investigated the expression levels of these hub genes, SOCS3 and PTGS2, in both human and mouse samples 
from the gout and control groups. The detailed results are shown with box plots drawn with the ggplot2 package. Moreover, the 
“pROC” package was used to construct a receiver operating characteristic (ROC) curve prediction model to determine the clinical value 
of SOCS3 and PTGS2 [20]. 

2.6. Immune cell infiltration analysis 

The ssGSEA score was calculated to evaluate the immune infiltration level in the GSE160170 dataset, in which the expression scores 
of 28 types of immune cells were generated [21]. Notably, the expression score was based on the expression levels of immune 
cell-specific marker genes and was obtained from a previous article [22]. The ssGSEA was conducted with the GSVA package of R 4.0. 
Moreover, Pearson correlation analyses were conducted among 28 immune cells and between the 7 hub genes and 28 immune cells. 

2.7. Construction and validation of diagnostic prediction model 

To identify important diagnostic factors, we utilized a machine learning algorithm to predict the status of the disease. Specifically, 
we employed the least absolute shrinkage and selection operator (LASSO) algorithm, which incorporates regularization to improve the 
accuracy of predictions through regression analysis. We first applied univariate Cox regression analysis to detect diagnosis-related 
genes among the gout-related genes with a log-rank P < 0.01. The LASSO regression algorithm was carried out using the “glmnet” 
package in R to identify the genes significantly associated with the discrimination of gout patients from normal individuals. ROC 
analysis was employed to evaluate the model’s accuracy and thus assess the clinical diagnostic value of the hub genes. 

2.8. Validations and explorations of PTGS2 and SOSC3 expression in multiple tissues with mice gout model 

ROC analysis was performed to evaluate the clinical value of PTGS2 and SOSC3 using mice gout and control samples. In addition, 
we conducted expression validations of PTGS2 and SOSC3 in various tissues using the GSE190138 dataset. 

2.9. Collection of samples 

We collected blood samples from 40 patients (10 cases in the acute gout attack group, 10 cases in the intermittent gout group, 10 
cases in the hyperuricemia group, and 10 cases in the normal control group) from the First Affiliated Hospital of Nanchang University. 
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The Medical Research Ethics Committee of the First Affiliated Hospital of Nanchang University approved the study, and all patients 
provided their informed consent by signing the necessary form. The specific demographic characteristics of the samples can be shown 
in Table S1 and Fig. S1. 

2.10. Enzyme-linked immunosorbent assay (ELISA) 

The ELISA kit (Jiangsu enzyme Industries Co, Ltd, China) (SOSC3, Cat No. 2H-KMLJh315354; PTGS2, Cat No. 2H-KMLJh315369) 
was utilized to detect PTGS2 and SOSC3 levels in serum samples extracted from blood samples of 10 hyperuricemia gout patients, 10 
high intermittent gout patients, 10 acute gout patients, and 10 healthy controls. Microplate reader was adopted to detect the optical 
density (OD) value, after which the PTGS2 and SOSC3 levels in human serum samples were calculated via a standard curve. 

2.11. Statistical analysis 

In this study, all statistical analysis was performed via R version 4.0, which followed two-sided, and p-values of <0.05 were 
considered as statistically significant differences. 

3. Results 

3.1. Cross-species differential expression analysis 

The flow chart of this study is shown in Fig. 1. We screened 980 DEGs (402 upregulated genes and 578 downregulated genes) in 
human gout samples and 2880 DEGs (1543 upregulated genes and 1337) in mouse gout samples compared with those in the healthy 
control group (Fig. 2 A–B). Fifty-nine coupregulated and 28 codownregulated genes were obtained as the most related DEGs after we 
overlapped the above results, as shown in the Venn diagram (Fig. 2 C). 

Additionally, GO/KEGG analysis was employed to explore the associations between 87 DEGs and correlated pathways. The results 
indicated that in the GO (MF) analysis, the top 3 correlated pathways were “response to external stimulus”, “response to molecule of 
bacteria origin” and “response to lipopolysaccharide”; in the GO (CCs) analysis, the top 3 correlated pathways were “plasma membrane 
part”, “integral component of plasma membrane” and “intrinsic component of plasma membrane”; and in the GO (BP) analysis, the top 
3 correlated pathways were “receptor ligand activity”, “receptor regulator activity” and “cytokine activity” (Fig. 2 D). KEGG analysis 
revealed that the DEGs were correlated with pathways related to “TNF signalling pathway”, “IL-17 signalling pathway” and 

Fig. 1. Flow chart.  
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“rheumatoid arthritis” (Fig. 2 E). In summary, the results revealed close relationships between these DEGs and immune response and 
cellular metabolic processes. 

3.2. Identification of hub genes via a protein‒protein interaction (PPI) network 

Fifty-nine coupregulated and 28 codownregulated DEGs were used to establish a PPI network via Cytoscape. Most of the 87 proteins 
were closely correlated with each other (Fig. 3 A). The key gene cluster was selected using the MCODE plugin of Cytoscape, and most of 
the DEGs in the key module were upregulated (Fig. 3 B). Next, taking the intersection of the results of 7 mainstream algorithms, the 7 
hub DEGs, namely, IL1B, IL10, NLRP3, SOCS3, and PTGS2, were further screened out from the 15 top gout-related genes of the 87 
DEGs via Cytohubba (Fig. 3 C). Notably, we conducted a coexpression network analysis between DEGs in the key module and the 7 hub 
DEGs via GeneMANIA (Fig. 3 D). SOCS3 and PTGS2 were closely correlated with TNFAIP3, HBEGF, and ICAM-1, which have been 
reported to play essential roles in gout occurrence and progression [23–25]. In conclusion, we examined the expression levels of seven 
hub DEGs in both the gouty and control groups. Our findings indicate that the expression levels of these seven hub genes were 
significantly elevated in gout samples compared to control samples (Fig. 3 E). 

3.3. Functional enrichment analysis (and association analysis of hub genes) 

GO/KEGG analysis was applied to investigate the correlations between the 7 hub genes and correlated pathways. The results 
showed that in GO(MFs) analysis, the top 3 correlated pathways were “regulation of inflammatory response”, " response of cytokine 
production involved in immune response” and “cytokine production involved in immune response”, and in GO (CCs) analysis, the top 3 
correlated pathways were “interleukin-6 receptor complex”, “NLRP3 inflammasome complex” and “inflammasome complex”, and in 
GO (BPs) analysis, the top 3 correlated pathways were “cytokine receptor binding ", “receptor ligand activity” and “cytokine activity” 
(Fig. 4 A). KEGG analysis revealed that the DEGs were correlated with pathways related to “pertussis”, “C-type lectin receptor sig
nalling pathway” and “TNF signalling pathway” (Fig. 4 B). Next, association analysis was conducted and revealed that there were 
significant positive mutual correlations among the 7 hub genes (Fig. 4 D). Furthermore, we assessed the predictive value of the hub 
genes by analysing their performance in distinguishing between human gout and control samples. This was achieved by plotting the 
ROC curve, and our findings indicate that the AUC values of these genes were as follows: 1.000 (SOCS3), 1.000 (NLRP3), 1.000 

Fig. 2. Identification of DEGs. (A, B): Volcano plots of upregulated DEGs in both human gout samples (GSE160170) and mice gout samples 
(GSE190138). The green and red colors respectively represent that compared to control groups, the gene expression state in gout group was down 
and up. (C): Venn diagram of co-DEGs in both human and mice gout samples. (D): Heatmap of co-DEGs and correlated pathways by GO analysis. (E): 
Heatmap of co-DEGs and correlated pathways by KEGG analysis. P value of <0.05 and a FDR of <0.25 were considered statistically significant. The 
top 10 KEGG pathways were shown based on enrichment score (− log10 [p-value]). (For interpretation of the references to color in this figure 
legend, the reader is referred to the Web version of this article.) 
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(PTGS2), 1.000 (IL10), 1.000 (IL1B), 1.000 (IL6), and 1.000 (TNF) (Fig. 4 C). The results demonstrated that the 7 hub genes all had 
excellent diagnostic value. The LASSO analysis results indicate that SOCS3, PTGS2, and IL10 genes play crucial roles in gout (Fig. 4 E, 
F). 

3.4. Series test of cluster 

The expression data from the GSE160170 dataset were used to construct an overall cohort, which was classified into acute gout, 
intermittent gout, and healthy control groups, and the results are shown with a box plot (Fig. 5 A). As shown in the figure, after 
normalization, the expression boxplots of the samples were almost the same, which implied that they could be used for subsequent 

Fig. 3. PPI (Protein-protein interaction) network and identification of key genes. (A): PPI network of co-DEGs in both human and mice gout 
samples. (B) The details of genes clustered in one module was exhibited by MCODE. (C) An Upset plot displaying the intersections of key genes 
searched for by seven algorithms in the CytoHubba plugin. (D): The co-expression analysis of the seven hub genes by GENEMANIA plugin. (E): 
Expressions of seven hub genes in human gout samples (GSE160170). 
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analysis. Moreover, PCA and correlation analysis were also conducted for the GSE160170 datasets, and the results demonstrated 
significant differences among the acute gout, intermittent gout, and control samples, which indicated that investigating acute gout, 
intermittent gout, and healthy control samples separately was imperative and accurate (Fig. 5 B–C). Based on the above results, 7 gout- 
related hub genes were stratified into 12 clusters using the Series Test of Cluster (P < 0.05 as the criterion), which aimed to further 
screen out the most representative hub genes (Fig. 5 D). Cluster 12 (SOCS3 and PTGS2) was thus selected, and the detailed results are 
shown with box plots (Fig. 5 E-F). The results showed that SOCS3 expression significantly increased from the control group to the 
intermittent gout group and to the acute gout group. Although the difference in PTGS2 expression was not statistically significant, the 
overall trend of both hub genes increased. Notably, the results of our external experiment demonstrated that PTGS2 expression did not 
differ between intermittent gout and acute gout, which may provide a possible explanation and further verify the above findings. 

3.5. Validation and exploration of PTGS2 and SOSC3 expression in multiple tissues in a mouse gout model 

ROC analysis was also conducted to evaluate the clinical value of PTGS2 and SOSC3 in mouse gout and control samples, and the 
results showed that the AUC values of PTGS2 and SOSC3 were as high as 1.000, which indicated that the hub genes all had superior 
diagnostic performance (Fig. 6 A–B). Moreover, PTGS2 and SOSC3 expression in various tissues were validated using the GSE190138 
dataset, which revealed that the PTGS2 and SOSC3 expression levels exhibited an overall gradually increasing trend from the control 
group to the gout group in both the dorsal root ganglia and the spinal cord, while the change in SOSC3 expression in the dorsal root 
ganglia was not statistically significant. These negative results might be ascribed to potential bias caused by inadequate samples or 
other limitations (Fig. 6 C–F). These results demonstrated that PTGS2 and SOSC3 expression was upregulated in distinct tissues of the 
mouse models and might play essential roles in gout pathogenesis and acute pain. 

3.6. Immune cell infiltration analysis 

The patterns of 28 immune cell subpopulations in patients with gout from the GSE160170 dataset were revealed via ssGSEA. The 
proportions of immune cells were distinct between the two groups. The results showed that the fraction of 10/28 immune cells varied 
distinctly between gout patients and healthy controls. Moreover, immune cells, including neutrophils, regulatory T cells, mast cells, 
gamma delta T cells, and macrophages, were significantly upregulated, and the fraction of 14/28 immune cells was significantly 
different (Fig. 7 A). Next, we conducted an association analysis of 28 immune cells and found that most of the 28 immune cells were 
positively correlated with each other (Fig. 7 B). Subsequently, we conducted an association analysis between 28 immune cells and 7 
hub genes. The results of our study showed that seven hub genes were significantly positively correlated with Eosinophil cells but 
significantly negatively correlated with CD56 bright nature killer cells, type 2 T helper cells, and effector memory CD8 T cells. These 
findings suggest that these specific cells may play a crucial role in the development of gout (Fig. 7 C). 

Fig. 4. Further exploration of key genes. (A) Gene Ontology (GO) enrichment results of seven key genes. P value of <0.05 and a FDR of <0.25 
were considered statistically significant. (B) Bar chart of seven key genes by KEGG analysis. The top 10 KEGG pathways were shown based on 
enrichment score (− log10 [p-value]). (C) ROC analysis of seven key genes. (D) Heatmap for expression correlation analysis of seven key genes. (E) 
Selection of the optimal l value. (F) Least absolute shrinkage and selection operator (LASSO) regression of seven key genes. 
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3.7. External validations 

We performed ROC analysis using real data collected from the First Affiliated Hospital of Nanchang University to evaluate the 
clinical diagnostic value of PTGS2 and SOSC3 in human gout and control samples. The results showed that the AUC value of SOSC3 was 
0.930 and that of PTGS2 was 0.955, indicating that both SOSC3 and PTGS2 have superior diagnostic performance (Fig. 8 A–B). The 
ELISA results indicated that SOCS3 expression was significantly greater in the hyperuricaemia, intermittent gout, and acute gout attack 
groups than in the normal control group (Fig. 8 C). Notably, there was a significant difference in SOCS3 expression between the 
intermittent gout and acute gout groups. Our results also demonstrated that PTGS2 expression was significantly greater in the 
intermittent gout and acute gout groups than in the normal control group (Fig. 8 D). However, PTGS2 expression did not significantly 
differ between the hyperuricaemic gout group and the normal control group. 

4. Discussion 

Gout is a chronic disease characterized by local inflammation that results from the deposition of monosodium urate (MSU) crystals 

Fig. 5. Further exploration of subgroups of acute and chronic gout in human gout samples (GSE160170). (A) Sample box plots after 
standardization and normalization. (B) PCA analysis based on gene expression. (C) Correlation heatmap based on gene expression level. (D) Gene 
clustering trend chart for all genes. All genes are clustered into 12 categories based on gene expression. (E) Analysis of SOCS3 gene expression 
subgroups. (F) Analysis of PTGS2 gene expression subgroups. 
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in joints or adjacent tissues. The primary risk factor for MSU crystal deposition and gout is elevated serumuric acid (hyperuricaemia). 
To conduct our research, we obtained data from datasets on patients with gout and datasets on gout mouse models from the GEO 
database, 59 upregulated DEGs and 28 down-regulated DEG were obtained by intersection, and 7 important genes by the Cytohubba 
algorithm, which included SOCS3, NLPR3, PTGS2, IL10, IL1β, IL6 and TNF-α. Enrichment analysis showed that these genes were 
involved mainly in the regulation of the inflammatory response and cytokine production involved in the immune response. The 
activation of NLRP3 has been shown to promote the release of IL-1β and other proinflammatory cytokines, accompanied by vasodi
lation and an increase in fine granulocytes near the crystal deposition site, which amplifies inflammation and is the key factor in the 
process of gout [26,27]. TNF-α and IL-6 are crucial factors in both the immune response and bone metabolism. They work to activate 
macrophages, facilitate antigen presentation, and regulate immunity through distinct mechanisms [28]. 

Prior research, as well as our own investigation, have highlighted the significance of inflammatory factors like IL-1βand IL-6 in the 
context of gout, serving as crucial diagnostic indicators. Yet, our Series Test of Cluster analysis reveals that only SOCS3 and PTGS2 
exhibit a positive correlation with gout progression(Fig. 5 D). The diagnostic accuracy of SOCS3 and PTGS2, validated in clinical real 
data, reached 0.930 and 0.995, respectively (Fig. 8 A). These values are higher than the currently reported accuracy of inflammatory 
factors such as IL-1βand IL-6 [29]. Due to the broad expression of classical inflammatory factors in various immune and non-immune 
diseases, their lack of specificity makes it challenging to pinpoint a specific diagnosis. Therefore, we propose that SOCS3 and PTGS2 
could serve as novel markers for the accurate diagnosis of gout. The ELISA method was utilized to analyze the expression levels of 
SOCS3 and PTGS2 in clinical samples(Fig. 8 C-D). The results indicated a significantly higher expression of these two genes in the IGG 
and AGG groups compared to the NC group. This suggests that SOCS3 and PTGS2 could potentially serve as key markers for differ
entiating gout patients from healthy individuals. Moreover, SOCS3 showed a statistical increasing trend (NC-IGG-AGG), indicating that 
further research of SOCS3 could provide valuable insights to distinguish between acute gout and intermittent gout. 

SOCS3 belongs to the cytokine signal transduction inhibitor (SOCS) family and is the key negative feedback inhibitor of the JAK- 
STAT3 pathway. It directly inhibits JAK1, JAK2 and TYK2 by targeting the (glycine-glutamine-methionine) GQM motif, thus inhibiting 

Fig. 6. Analysis of the expression of SOCS2 and PTGS2 genes in mice gout samples (GSE190138). (A) ROC analysis of SOCS2 in ankle joint 
samples. (B) ROC analysis of PTGS2 in ankle joint samples. (C,D) Expression of (C) SOCS3 and PTGS2 (D) in the dorsal root ganglion samples. (E,F) 
Expression of (E) SOCS3 and PTGS2 (F) in the spinal cord samples. 
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the signal transduction of the JAK-STAT3 pathway [30] [31]. Our study revealed that the expression of SOCS3 increased at different 
stages of gout. Many previous studies have shown that IL-6 is the primary inducer of JAK-STAT3 activation [32]. When exposed to 
harmful MSU stimulation, many inflammatory mediators (IL-1β, TNF-α, and prostaglandin E) induce the secretion of IL-6, and IL-6 
phosphorylates STAT3 to promote inflammation; thus, the negative feedback regulator SOCS3 significantly increases to maintain 
the strict regulation of the JAK-STAT pathway [32] [33]. A recent study also confirmed that the expression of CIS and SOCS3, which 
are SOCS family members, is upregulated in MSU crystal-stimulated macrophages and that the expression of extracellular 
anti-inflammatory molecules is significantly increased in gout synovial fluid [34]. The results of this study demonstrated that the 
overexpression of CIS can hinder the MSU crystal-induced production of proinflammatory factors, such as IL-1β and TNFα. Addi
tionally, it enhances the transcriptional activation of the STAT3 and TGFβ1 promoters, leading to an increase in the production of the 
anti-inflammatory factor TGFβ1 [34]. This increase in TGFβ1 production may be associated with the spontaneous regression of acute 
gouty arthritis. Moreover, the PS-MerTK axis plays a role in limiting gout inflammation. MerTK activation induces SOCS3, which 
subsequently suppresses TLR-induced cytokine release, inhibiting IL-6 signalling [35][36]. Additionally, SOCS3 inhibits G-CSF signal 
transduction in neutrophils. In a murine acute gouty arthritis model, SOCS3 deficiency in haematopoietic and endothelial cells led to 
more severe joint inflammation and more lymphoid tissue neutrophils due to the production of G-CSF and IL-6 [37,38]. IL-37 can 
inhibit the expression of NLRP3 and enhance the expression of IL-1R8 and SOCS3 to carry out anti-inflammatory signal transduction. 
These results suggest that SOCS3 can regulate the aggregation of neutrophils and monocytes in gout-related inflammation to some 
extent [39]. Furthermore, researchers have discovered that SOCS-3 plays a crucial role in suppressing CD4 T lymphocytes. Our analysis 
of immune cells also revealed a significant negative correlation between the expression of SOCS-3 and the infiltration of various types 
of T lymphocytes. Combined with the findings of other studies demonstrating the relationship between gout and uncontrolled growth 
of T lymphocytes, it is possible that SOCS3 regulates T-cell activity by modulating the systemic level and response of individuals to IL-6 
and various cytokines, thereby reducing the acute inflammatory response to gout [40][41]. Moreover, a recent study highlighted the 
important role of SOCS3 in analgesia. The opening of the KATP channel can have an analgesic effect through the upregulation of the 
Gas6/Axl/SOCS3 signalling pathway, which also reduces alveolar inflammation in ischaemia‒reperfusion-induced acute lung injury 
[42,43]. IL-6 can induce the chemokine CCL2, which directly influences pain regulation through the JAK/STAT3 pathway [44]. Based 
on our findings and previous research, we hypothesize that the upregulation of SOCS3 in gout patients suppresses the downstream 

Fig. 7. Correlation between seven key genes and 28 immune cells. (A) Differential analysis of 28 types of immune cell infiltration between 
normal and disease samples. (B) Correlation heatmaps of 28 immune cells. (C) Correlation heatmap between key genes and 29 types of im
mune cells. 
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signalling of the JAK2/STAT3 pathway, thereby blocking the direct impact of IL-6 and the chemokine CCL2 on pain [45][46]. This, to 
some extent, can lead to a reduction in inflammation and pain relief. Consequently, further investigations into SOCS3 as a potential 
diagnostic marker and therapeutic target for gout are warranted. 

PTGS2, which encodes the COX-2 protein, is a key enzyme involved in the synthesis of prostaglandins (PGs) from arachidonic acid. 
COX is expressed on the lumen surface of the endoplasmic reticulum (ER) and the intima and adventitia of the nuclear envelope (NE). 
COX-1 can protect the PG to protect the gastric intima and normal renal function. COX-2 can induce the expression of proinflammatory 
cytokines and growth factors, which exist in the brain and spinal cord and participate in the nerve transmission of pain and fever, 
indicating that COX-2 plays an important role in the occurrence and development of inflammation and pain [47]. It has been reported 
that monosodium urate (MSU) crystals, the causative agent of gout, can specifically induce COX-2 overexpression in human monocytes 
[48]. In addition, COX-2 overexpression and prostaglandin production can also be detected in arthritis and inflammatory bowel 
disease [49]. In our study, the increase in PTGS2 expression in gout patients showed a trend similar to that described above, indicating 
that PTGS2 plays an important role in gout-related inflammation and pain and has the potential to become a diagnostic marker of gout. 
Phosphotyrosine-specific antibodies directed against COX2 phosphorylation sites can currently be produced, thus becoming a diag
nostic tool capable of detecting COX-2 activity [49]. 

To further investigate the connection between SOCS3 and PTGS2 expression and pain in gout patients, we analyzed the expression 
of these genes in the dorsal root nerve and spinal cord using data from a gout mouse model. PTGS2 expression was significantly 
increased in a monosodium urate (MSU)-induced gout mouse model. SOCS3 expression exhibited a significant upwards trend, but this 
trend was not significant because of the small sample size. Previous studies have demonstrated that IL-1β hypersecretion caused by the 
NLPR3 inflammasome, PGE2, substance P and bradykinin plays important roles in gouty pain [50]. The synergistic effect of TRPV1 and 
TRPA1 has also been shown to be involved in pain processes, and MSU increases the expression of both receptors [50][51][52]. Our 
study confirmed that PTGS2 is closely related to the occurrence of pain in gout patients, and the SOCS3 gene still needs to be further 
studied to validate the findings. 

The limitation of this study is the small sample size due to the limitations of race and geography. To address this limitation, we 
incorporated data from a gout mouse model for cross-analysis. Although the datasets come from different species with differences in 
gene transcription and physiology, it is important to note that more than 90 % of mouse and human genomes have conserved ho
mologous regions. Approximately 80 % of mouse genes have a single identifiable orthologue in the human genome, and the expression 
profiles of these human and mouse orthologues are generally similar [53,54]. Previous studies have successfully used joint human‒ 
mouse cross-species analysis to identify pathogenic genes at lipid GWAS sites and discover new modifiers for the risk of schizophrenia 
[55][56][57]. Moving forward, validating the analysis results through the use of animal models (NHPs) that are more closely related to 
humans will be beneficial. 

Currently, studies on the diagnostic markers SOCS3 and PTGS2 for gout are limited. We utilized bioinformatics and clinically 

Fig. 8. Verification of the expression of SOCS3 and PTCS2 genes. (A,B) ROC analysis shows the diagnostic value of SOCS3 and PTCS2. (C,D) Com
parison of ROCS2 and PTGS2 expression between hyperuricemia, acute gout, intermittent gout and normal samples. NC, normal control; HCG, hyperuricemia 
group; IGG, intermittent gout group; AGG, acute gout attack group. 
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verified our samples to identify new and significant clinical diagnostic markers and potential treatment targets for gouty arthritis. This 
research is valuable for advancing our understanding of the disease pathogenesis and has the potential to simplify gout diagnosis. 

5. Conclusion 

As supported by comprehensive cross-species analysis and experimental verification, SOCS3 and PTGS2 could be used as new 
biomarkers for diagnosing gout and predicting disease progression, providing a new solution to the difficulties in the clinical diagnosis 
of gout. In the future, it is necessary to further explore the molecular mechanism of SOCS3 and PTGS2 to further confirm their role in 
the pathogenesis of gout. 
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