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Introduction: Both rheumatoid arthritis (RA) and rosacea represent common chronic systemic autoimmune conditions. Recent 
research indicates a heightened RA risk among individuals with rosacea. However, the molecular mechanisms linking these diseases 
remain largely unknown. This study aims to uncover shared molecular regulatory networks and immune cell infiltration patterns in 
both rosacea and RA.
Methods: The gene expression profiles of RA (GSE12021, GSE55457), and the rosacea gene expression profile (GSE6591), were 
downloaded from Gene Expression Omnibus (GEO) databases, and obtained to screen differentially expressed genes (DEGs) by using 
“limma” package in R software. Various analyses including GO, KEGG, protein–protein interaction (PPI) network, and weighted gene 
co-expression network analyses (WGCNA) were conducted to explore potential biological functions and signaling pathways. 
CIBERSORT was used to assess the abundance of immune cells. Pearson coefficients were used to calculate the correlations between 
overlapped genes and the leukocyte gene signature matrix. Flow cytometry (FCM) analysis confirmed the most abundant immune cells 
detected in rheumatoid arthritis and rosacea. Receiver operator characteristic (ROC) analysis, enzyme-linked immunosorbent assay 
(ELISA), and qRT-PCR were used to confirm biomarkers and functions.
Results: Two hundred seventy-seven co-expressed DEGs were identified from these datasets. Functional enrichment analysis 
indicated that these DEGs were associated with immune processes and chemokine-mediated signaling pathways. Fourteen and 17 
hub genes overlapped between cytoHubba and WGCNA were identified in RA and rosacea, respectively. Macrophages and dendritic 
cells were RA and rosacea’s most abundant immune cells, respectively. The ROC curves demonstrated potential diagnostic values of 
CXCL10 and CCL27, showing higher levels in the serum of patients with RA or rosacea, and suggesting possible regulation in the 
densities and functions of macrophages and dendritic cells from RA and rosacea, which were validated by FCM and qRT-PCR.
Conclusion: Importantly, our findings may contribute to the scientific basis for biomarkers and therapeutic targets for patients with 
RA and rosacea in the future.
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Introduction
One of the most common chronic systemic autoimmune diseases is called rheumatoid arthritis (RA), primarily affecting 
the joints,1–3 with an incidence ranging from 0.5% to 2%.1 RA predominantly affects middle-aged women aged 40–60 
years.1,4 Chronic synovitis of affected joint is the main clinical manifestation of RA, which characterized as pannus 
formation, persistent synovitis, and synovial hyperplasia.5 Human leukocyte antigen (HLA) system is known to have 
a significant influence on the pathogenesis of RA.1 Additionally, cytokines and chemokines also play an essential role by 
activating endothelial cells and recruiting immune cells to accumulate within the synovial compartment, leading to bony 
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erosions.6,7 Immune cells have a substantial impact on the onset and progression of RA, highlighting the need for further 
research to comprehend the immune mechanisms of RA in the synovium.1 Therefore, identifying key genes and 
evaluating the influence of immune cells is essential.

Another chronic systemic inflammatory condition known as rosacea, categorized as a type of dermatological 
disorder,8 affects both genders equally.9 The incidence of it is 1 to 22 per 100 people.10 Clinical features include 
persistent facial redness, small solid elevations, pus-filled lesions, widened blood vessels, and repeated sudden 
reddening.11–13 The etiology involves dysregulation of the body’s immune responses, vascular and neuronal abnormal
ities, genetic factors, and microorganisms like demodex folliculorum.11 Genetic studies have indicated common risk loci 
between rosacea and autoimmune conditions like type 1 diabetes mellitus (T1DM), and RA.14,15 Moreover, more and 
more studies have shown an increased risk of RA in individuals with rosacea.16,17 Given the significant involvement of 
immune cells in the pathogenesis of these diseases, understanding the profile of inflammatory cell infiltration between 
RA and rosacea could provide insights into their immunopathogenesis and identify new therapeutic targets.

Active transcriptomic and microarray analyses are extensively utilized in various autoimmune diseases to 
discover new biomarkers and enhance the diagnosis and treatment.18 The integration of microarray and bioinfor
matics analyses facilitates the investigation of potential pivotal genes and pathway networks that closely relate to 
disease progression.

In this study, we utilized bioinformatics analysis to uncover essential biological functions, regulatory networks of 
transcriptional factor (TF), key targets, and infiltration of immune cell in pathological processes of RA and rosacea. This 
research aims to enhance our comprehension of inflammatory occurrences that culminate in RA and rosacea, as well as 
potential therapeutic strategies directed at immune cells.

Materials and Methods
Differentially Expressed Genes in RA and Rosacea
As shown in Figure 1, two independent RA gene expression profiles (GSE12021, and GSE55457) were downloaded from 
Gene Expression Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/): 21 synovial membrane samples from 9 
normal controls, and 12 RA patients in GSE12021 (GPL96 platform), and 23 synovial membrane samples from 10 
normal controls, and 13 RA patients in GSE55457 (GPL96 platform). The 38 rosacea tissues and 20 control tissues in 
GSE65914 (GPL570 platform) were also downloaded from GEO. In oder to remove batch effect, we used the “sva” 
R package (version 4.2.3; https://www.r-project.org/), which identified and built surrogate variables for high-dimensional 
data sets. What was used for background correction and quantile normalization of all the raw data files is the “limma” 
package19 in R software (version 4.2.3; https://www.r-project.org/). And then, we got the expression values. The averages 
of the probe set of values were calculated as the expression values for the same gene with multiple probe sets.20 The 
“limma” package was utilized to identify the differentially expressed genes (DEGs) between control and disease 
samples.19 Furthermore, a volcano plot was created to evaluate the DEGs. Genes with |log2 fold change (FC) |≥ 1 and 
an adjusted P value of < 0.05 were considered as differentially expressed between disease and control tissues.

Identification of Co-Expressed Genes
After retrieving RA and rosacea DEGs separately, the DEGs were utilized to obtain the intersection of RA DEGs and 
rosacea DEGs using R software, as mentioned in previous studies.21 These concurrently dysregulated DEGs in both RA 
and rosacea could play a key role in connecting the two conditions, and we refer to them as co-expressed genes.

Functional Enrichment of DEGs
The Gene Ontology (GO) analysis, and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis of co- 
expressed genes were carried out by using R software and the “clusterProfiler” package.22 In this analysis, symbol codes 
were first converted to Entrez ID using Human genome annotation package “org.Hs.eg.db”, and the “ggplot2”,23 

“pathview”24 and “gplots” packages of R software25 were used to visualize the plots.
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Protein–Protein Interaction (PPI) Network Analysis
The STRING database (available online: http://string-db. org) was performed for PPI network prediction. Cytoscape (v. 
3.8.1) was used for visual representation and further PPI network experimental studies. “cytoHubba” is a plug-in unit for 
calculating the weight of each gene and exploring the hub genes of the PPI network, and “MCODE” is a plug-in unit for 
identifying the representative modules using Cytoscape software.26,27

Weighted Gene Co-Expression Network Analysis (WGCNA) and Module Gene 
Selection
The system biology approach of Weighted Gene Co-expression Network Analysis (WGCNA) was utilized to investigate 
the gene correlations. The “WGCNA” package28 in R version 4.2.3 was employed for the analysis. Firstly, the median 

Figure 1 Study flowchart. 
Abbreviations: GSE, gene expression omnibus series; WGCNA, weighted gene co-expression network analysis; DEGs, differentially expressed genes; GO, gene ontology; 
KEGG, Kyoto encyclopedia of genes and genomes; FCM, flow cytometry analysis; ELISA, enzyme-linked immunosorbent assay; and qRT-PCR, quantitative real-time 
polymerase chain reaction.
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absolute deviation (MAD) of each gene was calculated, and 50% of genes with the smallest MAD were removed. 
Secondly, the differential gene expression matrix was filtered using the goodSamplesGenes function to eliminate 
unqualified genes and samples, and a scale-free co-expression network was constructed. Thirdly, the adjacency was 
computed using the “soft” thresholding power (β) derived from co-expression similarity, which was then transformed 
into a topological overlap matrix (TOM), thereby determining gene ratio and dissimilarity. Fourthly, modules were 
detected through hierarchical clustering and a dynamic tree cut function. Genes with identical expression profiles were 
classified into modules using average linkage hierarchical clustering, with a TOM-based dissimilarity metric and 
a minimum gene group size of 30 for the gene dendrogram. Fifthly, the dissimilarity of module eigengenes was 
computed, a cut line was selected for the module dendrogram, and several modules were combined for further 
investigation. The eigengene network was then visualized. WGCNA analysis was applied to identify essential modules 
in rheumatoid arthritis (RA) and rosacea.

Identification of Overlapped Hub Genes
After identifying hub genes by using Cytoscape software or WGCNA of RA and rosacea separately, they were imported 
into R software to obtain the intersection of them. These jointly dysregulated genes may be the keys to the links between 
the two, and we call them overlapped hub genes.

Immune Infiltration Analysis
The normalized gene expression profiles of RA, and rosacea were used for identifying different immune cell types of 
tissues, which was analyzed by CIBERSORT.29 Which contains 547 genes for distinguishing 22 human hematopoietic cell 
phenotypes, is called LM22, a kind of leukocyte gene signature matrix. CIBERSORT results matched ground truth 
phenotypes in 93% of external datasets of variably purified leukocyte subsets.29 Based on the analysis of LM22, 
a matrix of 22 kinds of immune cells was obtained. CIBERSORT P < 0.05 was used to filter the samples, and the 
percentage of each immune cell type in the samples was calculated and displayed in a bar plot. The “box” package was used 
to compare the levels of 22 kinds of immune cells between the two groups. The “ggplot2” package23 was adopted to 
visualize the plots.

Correlation of Overlapped Genes with 22 Kinds of Immune Cells
We investigated the role of overlapped genes in regulating the connection between RA and rosacea by obtaining the 
expression profiles of overlapped genes and 22 types of leukocyte gene signature matrix, and analyzing correlations using 
Pearson coefficients. The Hmisc package (version 4.4.1) was utilized to calculate Pearson correlation coefficient (r) 
values and screen genes with moderate and strong correlation (P-values < 0.05 and | r | > 0.4).30 Additionally, a heatmap 
of the correlation between overlapped genes and 22 types of leukocyte gene signature matrix was generated using the 
corrplot package (version 0.84).

ROC Analysis
The receiver operator characteristic (ROC) curves were plotted and area under curve (AUC) was calculated separately to 
evaluate the performance of each model using the R packages “pROC”. And AUC > 0.7 indicated that the model had 
a good fitting effect.

Patients’ Recruitment for the Cohort of Validation
The protocol for this study was approved by the Human Research Ethics Committees of Shanghai Ninth People’s 
Hospital Affiliated Shanghai JiaoTong University School of Medicine, and written informed consent was obtained from 
all participants. Whole blood was collected from patients attending the dermatology department and rheumatology 
department and diagnosed as rosacea and RA. Rosacea is characterized by recurrent episodes of flushing, persistent 
erythema, inflammatory papules/pustules, and telangiectasia.31 The diagnostic criteria of rosacea are based on the 
guidelines published by the National Rosacea Society Expert Committee.12 The diagnosis of RA is based on the 2010 
American College of Rheumatology (ACR)/European League Against Rheumatism (EULAR) classification criteria.32 
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Application of these criteria provides a score of 0–10, with a score of ≥6 being satisfactory for the diagnosis of definite 
RA. Blood samples of patients with rosacea or RA were used to test the concentration of CXCL10/CCL27 by enzyme- 
linked immunosorbent assay (ELISA). The blood samples from healthy control were used to isolate PBMCs by Ficoll- 
Hypaque (Sigma-Aldrich, 26,873–85-8) density gradient centrifugation at 800 g for 30 min and prepared for the 
following research. PBMCs were collected to isolate macrophages or DC cells by MASC (Miltenyi Biotec,130–050- 
201, or 130–100-777) for in vitro experiments.

Elisa
According to the method provided by the manufacturer (Invitrogen, KAC2361; Invitrogen, KAC2361), CXCL10/CCL27 
concentration in the serum of patients with rheumatoid arthritis and rosacea is measured using monoclonal antibodies 
against CXCL10/CCL27 that are coated onto a plate. The serum sample is incubated for a period of time, followed by the 
addition of biotinylated secondary antibodies. The absorbance is determined at a wavelength of 450nm, and CXCL10/ 
CCL27 concentration in the sample is calculated.

Cells
Macrophages were treated with recombinant human (rHs) CXCL10 (MedChemExpress, HY-P700533) (0 ng/mL, 2 ng/ 
mL) for 24 h. DC cells were treated with recombinant human (rHs) CCL27 (MedChemExpress, HY-P7767) (0 ng/mL, 2 
ng/mL) for 24 h. Both of macrophages and DC cells were collected and used to isolated RNA to detect relative genes 
expressions by using quantitative real-time polymerase chain reaction (qRT-PCR).

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
The RNA extraction was carried out using TRIzol reagent (Invitrogen, Carlsbad, CA, USA), as previously described.21 

Subsequently, the concentration and purity of the RNA were quantified using a NanoDrop spectrophotometer (NanoDrop 
Technologies; Thermo Fisher Scientific, MA, USA). The PrimeScript RT Reagent Kit (TaKaRa Biotechnology, Co., Ltd., 
Dalian, China) was employed to perform reverse transcription of the total RNA to cDNA. Next, qRT-qPCR was 
conducted with SYBR Green PCR Master Mix (TaKaRa Biotechnology). The qRT-PCR primers can be found in 
Table 1. The target mRNA expressions were normalized to ACTB expression. All reactions were processed using the 
Applied Biosystems 7500 Real-Time PCR System (Thermo Fisher Scientific, MA, USA). The test results were analyzed 
using the 2−ΔΔCt method.

Flow Cytometry Analysis (FCM)
Flow cytometry analysis (FCM) was used to validate the main changes in immunocytes. All antibodies were from 
Biolegend (San Diego, CA, USA). The antibodies to detect dendritic cells (DC) and macrophages included: APC/ 
Cyanine 7 (APC/Cy7)-conjugated anti-human CD45, fluorescein isothiocyanate (FITC)-conjugated anti-human CD86, 
brilliant violent (BV) 605-conjugated anti-human CD206, PE-Cy7-conjugated anti-human CD14, PE-conjugated 

Table 1 Primer Sequences of Each Gene Detected in RT-PCR

Gene Sequence

ACTB Forward 5′-GCCGACAGGATGCAGAAGGAGATCA-3′
Reverse 5′-AAGCATTTGCGGTGGACGATGGA-3′

IL-1β Forward ATGATGGCTTATTACAGTGGCAA

Reverse GTCGGAGATTCGTAGCTGGA

IL-6 Forward ACTCACCTCTTCAGAACGAATTG
Reverse CCATCTTTGGAAGGTTCAGGTTG

IFN-α Forward TCGGTAACTGACTTGAATGTCCA

Reverse TCGCTTCCCTGTTTTAGCTGC
TNF-α Forward GAGGCCAAGCCCTGGTATG

Reverse CGGGCCGATTGATCTCAGC
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anti-human CXCL10, BV 510-conjugated anti-human HLA-DR, FITC-conjugated anti-human CD1a, and Biotin con
jugated anti-human CCL27. Flow cytometry protocol for Anti-CCL27 antibody was the manufacturer’s protocols 
(ab186421, Abcam, UK). After being treated with the aforementioned antibodies, the cells underwent two washes and 
were then suspended in PBS for FCM analysis. The samples were examined using a CytoFLEX flow cytometer 
(Beckman Coulter, Inc)., and the data were analyzed utilizing FlowJo (version 10.07, FlowJo LLC)., as detailed in 
a previous study.21

Statistical Analysis
Statistical analysis utilized SPSS (version 23.0, Chicago, IL) or R software. Mean ± standard deviation (SD) was 
employed to represent continuous variables, and differences between the two groups were assessed using Student’s t-test 
for normally distributed variables. The comparison of continuous variables with a non-normal distribution was conducted 
using a Kruskal–Wallis H-test with Dunn’s multiple-comparisons test, and the results were conveyed as the median and 
interquartile range. Statistically significant differences were identified when P < 0.05.

Results
Identification and Enrichment Analysis of DEGs
There was a total of 4304 DEGs identified in the RA combined dataset by using the “limma” method, of which 1961 were 
upregulated and 2343 were downregulated. Figure 2A and B display the heatmap and volcano plot of RA DEGs. For the 
rosacea dataset, 1024 DEGs were identified (636 upregulated and 388 downregulated), as shown in Figure 2C and D).

The Co-Expressed DEGs and Enriched Pathways in Both RA and Rosacea
A total of 277 common differentially expressed genes (DEGs) have been identified in both rheumatoid arthritis (RA) and 
rosacea (Figure 3A). These genes play a role in immune processes and chemokine-mediated signaling pathways, as 
revealed by GO enrichment analysis (Figure 3B). Additionally, KEGG enrichment analysis has shown their connection to 
chemokine pathways and antigen binding (Figure 3C). Consistent with these findings, data from the Metascape database 
have indicated enrichment of inflammation, chemokine, and cytokine-related pathways (Figure 3D). Furthermore, 
enrichment analysis by DisGeNET, a comprehensive discovery platform for genes and variants associated with human 
diseases,33 has underscored their relevance to skin, autoimmunity, inflammation, and infection-related diseases 
(Figure 3E). The analysis of transcription factor–target interactions in the TRRUST database suggested that many of 
these common DEGs are regulated by transcription factors, indicating a potential key role of the transcription factor 
regulatory network in the progression of RA and rosacea (Figure 3F).

PPI Network, and Identification of Hub Genes
The important modules were identified following the performance of the PPI enrichment analysis (Figure 4A). The three 
MCODE components isolated were predominantly linked to the cytokine signaling pathway, interferon signaling, and 
TCR signaling (Figure 4B). To further assess the significance of the genes in the PPI network of DEGs, the top 10 hub 
genes were obtained from the PPI network by using cytoHubba in 5 patterns and illustrated in Figure 4C. The occurrence 
of these hub genes was computed and presented in Figure 4D, suggesting that CXCL10, CCR7, SAA1, CCR5 may play 
crucial roles.

WGCNA and Key Module Identification
In this research, we employed WGCNA to pinpoint the most correlated module in RA and rosacea. A total of 30 modules 
were identified in the RA databases, and 8 modules in the rosacea dataset, with each color representing a different 
module. A heatmap was then generated to depict module-trait relationships based on the Spearman correlation coefficient 
to assess the association between each module and the respective disease (Figure 5A–F). The turquoise module, which 
comprised 605 genes, exhibited the highest correlation with RA (correlation coefficient = 0.79, p = 7.9 * 10⁻⁹) and was 
considered the pivotal module for subsequent analysis. Furthermore, the correlations between module membership and 
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gene significance in the turquoise module for RA were calculated, revealing a significant positive correlation (r = 0.79) as 
depicted in Figure 5C. Similarly, in the case of rosacea, the pink module, holding 541 genes, demonstrated the highest 
correlation with rosacea (correlation coefficient = 0.80, p = 2.54 * 10⁻¹²) and was considered the pivotal module for 

Figure 2 Heatmap and volcano plot for the DEGs identified from the RA and rosacea datasets. (A) DEGs were showed in rows, and the samples of RA cases or controls 
were showed in columns. The Orange and blue represent DEGs with upregulated and downregulated gene expression, respectively. (B) Red, blue and gray plot dots 
represent DEGs in RA cases or control with upregulated, downregulated gene and not-significant expression, respectively. (C) DEGs were showed in rows, and the samples 
of rosacea cases or controls were showed in columns. The red and blue represent DEGs with upregulated and downregulated gene expression, respectively. (D) Red, blue 
and gray plot dots represent DEGs in rosacea cases or control with upregulated, downregulated gene and not-significant expression, respectively. NC, normal controls.
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Figure 3 The Co-Expressed DEGs and Enriched Pathways in Both RA and Rosacea.(A) The Venn graph of co-expressed DEGs in both RA and rosacea. (B) GO enrichment 
analysis of co-expressed DEGs. (C) The KEGG analysis of co-expressed DEGs. (D) The pathway enrichment analysis of co-expressed DEGs using Metascape (http:// 
metascape.org/gp/index). (E) The disease enrichment analysis of co-expressed DEGs in DisGeNET using Metascape (http://metascape.org/gp/index.). (F) The transcription 
factor (TF) enrichment analysis of co-expressed DEGs in TRRUST using Metascape (http://metascape.org/gp/index.).

https://doi.org/10.2147/JIR.S467760                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2024:17 5184

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

http://metascape.org/gp/index
http://metascape.org/gp/index
http://metascape.org/gp/index
http://metascape.org/gp/index
https://www.dovepress.com
https://www.dovepress.com


Figure 4 PPI network, and Identification of Hub Genes. (A) PPI network constructed with the co-expressed DEGs in both RA and rosacea. (B) MCODE was used to 
identify the significant module from the PPI network with a score of ≥ 5.0. Different nodes’ color present different functions. (C) The top 10 hub genes of 5 patterns were 
discovered by Cytoscape software (version 3.7.2, cytoHubba plug-ins). (D) The frequency of hub genes.
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Figure 5 Identification of key module genes via WGCNA in RA and rosacea. (A) Gene co-expression modules represented by different colors under the gene tree in RA. 
(B) Module–trait relationships in RA. Each cell contains the corresponding correlation and p-value. (C) The correlation between RA and key module genes. (D) Gene co- 
expression modules represented by different colors under the gene tree in rosacea. (E) Module–trait relationships in rosacea. Each cell contains the corresponding 
correlation and p-value. (F) The correlation between rosacea and key module genes. (G) The Venn graph of overlapped DEGs in both hub gene got from Figure 4C and key 
module genes got from WGCNA in RA. (H) The Venn graph of overlapped DEGs in both hub gene got from Figure 4C and key module genes got from WGCNA in rosacea. 
*, p < 0.05; ***, p < 0.001. (I) The pathway enrichment analysis of overlapped hub DEGs in RA using Metascape (http://metascape.org/gp/index.). (J) The pathway enrichment 
analysis of overlapped hub DEGs in rosacea using Metascape (http://metascape.org/gp/index.). NC, normal controls.
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subsequent analysis. The correlations between module membership and gene significance in the pink module for rosacea 
were also calculated, showing a significant positive correlation (r = 0.80) as shown in Figure 5F. To further investigate 
the essential genes in RA and rosacea, hub genes obtained from cytoHubba (Figure 4C) and WGCNA were used, leading 
to the identification of 14 and 17 overlapping hub genes in RA and rosacea, respectively (Figure 5G and H). Furthermore, 
we examined the enrichment of various pathways was analyzed in overlapping hub genes, such as chemokine signaling, 
lymphocyte/DC chemotaxis, and immune infiltration, in both RA and rosacea (Figure 5I and J).

The Patterns of Immune Cell Infiltration in RA and Rosacea
What was particularly significant was the functional enrichment analysis of DEGs exhibited a significant enrichment of 
immune response in both RA and rosacea. Furthermore, we conducted the CIBERSORT algorithm to compare the 
abundance of 22 types of immune cells in RA and rosacea databases (Figure 6). The percentage of each immune cell type 
in every sample from RA databases is depicted in the bar plot (Figure 6A), showing that M2 macrophages predominated 
in RA tissues (Figure 6B). The boxplot illustrating the levels of immune cell infiltration was ordered based on their 
median proportion in the RA group, suggesting that M2 macrophages were the most abundant immune cells, with their 
proportion reduced in RA patients (Figure 6C). The bar plot as shown in Figure 6D is the proportions of each immune 
cell type in every sample from rosacea databases. DC cells were more prevalent in rosacea patients (Figure 6E). In 
rosacea patients, the boxplot illustrating the levels of immune cell infiltration was ordered based on their median 
proportion suggesting that the number of DC cells was lower compared to the normal control (NC) group (Figure 6F).

The Correlation Between Infiltrated Immune Cells and Overlapped Hub Genes
In order to explore the correlation between infiltrated immune cells and overlapped hub genes, correlations were analyzed 
by calculating Pearson coefficients. As the data shown in Figure 7A and B, M1 macrophages, the data from RA databases 
showed that CD8+T cells, T cells gamma delta, and other three kinds of cells were positively associated with overlapped 
hub genes. M2 macrophages, T cells CD4 memory resting, and another 10 types of cells were negatively correlated with 
overlapped hub genes. As the data shown in Figure 7C and D, the data from rosacea databases showed that M0 
macrophages, T cells CD4 memory active, T cells gamma delta, and other three kinds of cells were positively associated 
with overlapped hub genes. DC cells, mast cells resting, and another 7 types of cells were negatively correlated with 
overlapped hub genes. The RA gene expression profiles result showed that the expression level of CXCL10 was 
increased in patients with RA, which was positively correlated with M1 macrophages (R = 0.87, p = 2.49 * 10−12) 
(Figure 7E and F). The rosacea gene expression profiles result showed that the expression level of CCL27 was decreased 
in patients with rosacea, which was positively correlated with DC resting (R = 0.54, p = 1.07 * 10−5) (Figure 7G and H). 
These findings indicate that CXCL10 and CCL27 could impact the stimulation and activity of immune cells in patients 
with RA and rosacea.

The Validation of Infiltrated Immune Cells and Diagnostic Biomarkers
The results of the ROC analysis suggested that CXCL10 and CCL27 might serve as potential diagnostic biomarkers for 
rheumatoid arthritis and rosacea, respectively (Figure 8A and B). Furthermore, ELISA results showed that the serum 
CXCL10 concentration significantly increases in patients of RA, and the serum CCL27 concentration from patients with 
rosacea was higher than that in normal controls (Figure 8A and B). The proportion of macrophages was elevated in RA 
group, along with the abnormal M1 and M2 macrophages ratio, measured by FCM analysis (Figure 8C and D). The 
number of DC cells was found to be declined in rosacea patients (Figure 8E and F). Additionally, the in vitro CXCL10- 
induced macrophage stimulation can elevate the transcription of the inflammatory cytokines in macrophages (Figure 8G). 
Furthermore, CCL27 can promote the expression of a higher number of inflammatory genes in DC cells (Figure 8H). 
These results suggest that CXCL10 and CCL27 play a crucial role in the homing of immune cells in RA and rosacea. 
However, further experimentation is necessary to validate these findings. These molecules hold promise as significant 
biomarkers for future clinical detection of RA or rosacea.
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Figure 6 The infiltration pattern of immune cells among different groups. (A) The relative percentage of 22 types of immune cells in RA datasets, and each column refers to 
one of the samples of RA cases or controls. (B) The relative percentage of 22 types of immune cells in all samples of RA databases. (C) The difference of immune infiltration 
between RA and controls. The control group was marked as blue color and RA group was marked as red color. (D) The relative percentage of 22 types of immune cells in 
RA datasets, and each column refers to one of the samples of rosacea cases or controls. (E) The relative percentage of 22 types of immune cells in all samples of rosacea 
databases. (F) The difference of immune infiltration between rosacea and controls. The control group was marked as blue color and rosacea group was marked as red color. 
*, p < 0.05; **, p < 0.01; ***, p < 0.001, ****, p < 0.0001. NC, normal controls.
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Figure 7 The correlation between infiltrated immune cells and overlapped hub genes. (A) The heatmap showed the correlation between infiltrated immune cells and 
overlapped hub genes in RA. The darker the color, the stronger the correlation. Blue graph represents negative correlation, whereas red graph represents positive 
correlation between infiltrated immune cells and overlapped hub genes. (B) The babble plot showed correlation coefficients (R) among each kind of infiltrated immune cells 
and every single overlapped hub gene in RA. (C) The heatmap showed the correlation between infiltrated immune cells and overlapped hub genes in rosacea. The darker the 
color, the stronger the correlation. Blue graph represents negative correlation, whereas red graph represents positive correlation between infiltrated immune cells and 
overlapped hub genes. (D) The babble plot showed correlation coefficients (R) among each kind of infiltrated immune cells and every single overlapped hub gene in rosacea. 
(E) The correlation between CXCL10 and M1 macrophages in RA. (F) The expression level of CXCL10 in RA and control. (G) The correlation between CCL27 and 
dendritic cells resting in rosacea. (H) The expression level of CCL27 in rosacea and control. Data are presented as the mean ± standard error of the mean. Statistical 
significance (Student’s t-test): *, p < 0.05; **, p < 0.01; ***, p < 0.001. NC, normal controls.
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Figure 8 The validation of infiltrated immune cells and diagnostic biomarkers. (A) The diagnostic effectiveness of CXCL10 for RA by ROC analysis (left), and the serum 
CXCL10 concentration in patients of RA (right). (B) The diagnostic effectiveness of CCL27 for RA by ROC analysis (left), and the serum CCL27 concentration in patients of 
rosacea (right). (C) The gating strategy for identifying M1 macrophages and M2 macrophages from CD45+ cells. (D) The quantitative analysis of the proportions of M1 and 
M2 macrophages in control and patients with RA (n=6). (E) The gating strategy for identifying DC cells from CD45+ cells. (F) The quantitative analysis of the proportions of 
DC cells in control and patients (n=6) with rosacea. (G) The mRNA expression levels of TNF-α, IL-6, IL-1β, and IFN-α in macrophages separated from patients with RA or 
normal control (NC) after CXCL10 treatment for 24h. (H) The mRNA expression levels of TNF-α, IL-6, IL-1β, and IFN-α in DC cells separated from patients with rosacea 
or normal control (NC) after CCL27 treatment for 24h. Data are presented as the mean ± standard error of the mean. Statistical significance (Student’s t-test): **p < 0.01, 
***p < 0.001. NC, normal controls.
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Discussion
Similar to RA, rosacea is a common type of chronic inflammatory diseases. Innate and adaptive immune responses play 
a crucial role in the development of both RA and rosacea.34,35 However, the precise relationship between RA and rosacea 
is still not fully understood. This research identified common genes with differentially expressed between RA and 
rosacea, created an immune cell atlas, and discovered diagnostic biomarkers of RA and rosacea.

An increasing body of research indicates that the crucial factor in the development of synovitis and persistent joint 
damage involves the intricate interaction and activation of infiltrating immune cells.1,36 Indeed, the dysregulation of 
vasculature and immunology is crucial to the pathogenesis of rosacea.37 This study identified 277 co-expressed DEGs, 
which were significantly enriched in immune-, and chemokine-related pathways. Furthermore, the enrichment analysis 
revealed that these co-expressed DEGs were linked to diseases such as infection-, immunosuppression-, skin lesion-, and 
juvenile rheumatoid arthritis (JRA) according to DisGeNET. These findings suggest that inflammatory- and chemokine- 
related pathways play a vital role in the pathogenesis of RA and rosacea.

The infiltration of 22 different types of immune cells was examined in RA and rosacea using the CIBERSORT 
method. This method analyzes 22 subsets of immune cells in complex tissues based on normalized bulk transcriptome 
profiles.29 In RA synovial tissues, compared to the normal control, there was a significant increase in plasma cells, M1 
macrophages, CD8+T cells, γδT cells, helper T cells, and memory B cells, positively correlated with common hub genes. 
While M2 macrophages, resting mast cells, and monocytes showed a significant decrease, consistent with other studies, 
and showed a negative correlation with common hub genes.36 The study observed an abnormal polarization of 
macrophages into M1/M2 phenotypes in RA, which was supported by previous research.38,39 Macrophages secrete 
a variety of pro-inflammatory cytokines, chemokines, angiogenic factors, and degrading enzymes, contributing signifi
cantly to tissue damage.40 Macrophages in RA patients’ serum showed decreased levels of TNF-α, IL-6, IL-1β, and IL- 
23, various CXCL and CCL chemokines, which play a role in recruiting and activating polymorphonuclear cells (PMNs), 
T cells, B cells, and monocytes thereby promoting and sustaining inflammation.41 Furthermore, macrophages contribute 
to the increased vascularity in RA by producing angiogenic factors, such as vascular endothelial growth factor (VEGF), 
transforming growth factor (TGF) α/β or TNFα.42 Additionally, macrophages regulate the expressions of Receptor 
Activator of Nuclear Factor Kappa-Β Ligand (RANKL) and matrix metalloproteinases (MMPs), which are implicated in 
articular surface erosions.40 The elevated immune cell levels in RA patients are positively correlated with overlapped hub 
genes. Previous studies have highlighted the involvement of CXCL10 and its receptor CXCR3 in the pathogenesis of 
various autoimmune diseases.42 In our current research, we observed an up-regulation of CXCL10 expression in RA 
patients, which was positively associated with M1 macrophages. High levels of CXCL10 serve as a marker for the host 
immune response, particularly in RA synovium, where it is primarily produced by infiltrating macrophage-like cells and 
fibroblast-like synoviocytes.43

In rosacea patients, higher proportions of M1 macrophages, γδT cells, M0 macrophages, plasma cells, memory 
activated CD4+T cells were observed, positively correlated with common hub genes. Conversely, lower proportions of 
resting DC cells, resting mast cells, CD8+T cells, and regulatory T cells (Treg) showed a negative correlation with 
common hub genes. According to the data, the infiltration M1 macrophages in rosacea tissues increased, and can be 
activated through pattern recognition receptors (PPRs) or TLRs 2 and 4 on Langerhans cells (LC).44 This activation leads 
to an increase in the induction of inflammatory cytokines, especially IL-10 and TNF-α.45 The resting DC cells in skin 
tissue known as Langerhans cells (LC), were significantly lower in rosacea samples compared to normal controls, which 
is in line with previous study.45 Heat-shock proteins (HPSs) binding to the TLRs expressed on LC may trigger the 
apoptotic pathway or induce their migration to regional lymph nodes, resulting in a reduction in the epidermal LC 
density.45,46 TNF-α, IL-6, IL-1β, and IFN-α were observed to decrease in serum of patients with rosacea in this study. 
This decrease was linked to induced reactive oxygen species (ROS) production and an active MAPK-NF-κB signal in 
keratinocyte cells, promoting inflammatory responses, and angiogenesis in rosacea.47 Additionally, a positive correlation 
was found between the density of resting DC cells and CCL27, which was down-regulated in rosacea. CCL27, also 
known as T-cell attracting chemokine (CTACK), has been implicated in various tumor-related pathological processes, 
such as tumor progression, metastasis and immune escape.46 The interaction between CCL27 and its receptor CCR10 
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plays a role in recruiting Tregs.48,49 In rosacea lesions, reduced CCL27 expression causes a decrease in Treg cells. Our 
study demonstrated that with CCL27 treatment resulted in DC cells expressing higher level of proinflammatory factors. 
This outcome underscores the intricate interplay between immune cells influencing rosacea pathogenesis, pointing 
towards the need for further investigations to validate this potential mechanism.

Base on the co-expressed DEGs, we uncovered the TF regulatory network in RA/rosacea, with NF-κB, and RelA 
identified as the top 2 TFs influencing the pathogenesis of RA and rosacea. In various human disease processes, 
especially inflammatory conditions and cancer, NF-κB signaling plays a crucial role.37 In RA, NF-κB and RANKL 
contribute to inflammatory response and bone erosion.50 CXCL10 has been recognized as a key cytokine that leads to 
increased RANKL expression in RA synovial tissue,51 which is also elevated in the serum of patients with RA.51 In 
rosacea, stimulation of Toll-like receptors (TLRs) results in an accumulation of active NF-κB, and LL-37, an anti
microbial protein cathelicidin.52 These factors promote angiogenesis, stimulate leukocyte chemotaxis, and are involved in 
the production of proinflammatory cytokines.36 Additionally, post-translational modification of RelA, particularly 
phosphorylation, are responsible for the abnormal activation of NF-κB.53

After identifying the overlapped hub genes through the analysis of Protein-Protein Interaction (PPI) network and 
Weighted Gene Co-expression Network Analysis (WGCNA), it was observed that a majority of these genes were 
chemokines, including CXCL10, CCR7, CCR5, CCL27. The core genes were found to be associated with functions 
related to chemokine signaling, lymphocyte/DC cells chemotaxis, T cell polarization, among others. The interaction 
between chemokine receptors and cytokines leads to the recruitment of immune cells to abnormal clusters in the synovial 
membrane or skin surface, consequently advancing the disease progression, through the secretion of abundant cytokines, 
chemokines, and degrading enzymes.54,55 The physiological roles of chemokines in tumor, including activities like 
proliferation, drug resistance, migration, invasion, and organ-specific metastasis of tumor cells, as well as the effects on 
angiogenesis and lymphangiogenesis, have been extensively investigated.56 Several monoclonal antibodies targeting 
chemokines have been utilized in cancer treatment therapy. Moreover, CCL27 has been identified as a reliable marker for 
predicting the response to Bacillus Calmette-Guerin (BCG) therapy in non-muscle-invasive bladder cancer (NMIBC).57 

CXCL10 has been recognized as a crucial target in patients with metastatic non-small cell lung cancer (mNSCLC) 
undergoing pemetrexed and cisplatin (PEM/CDDP) chemotherapy.58 Notably, in the context of RA and rosacea 
pathogenesis, CXCL10 and CCL27 have emerged as pivotal elements. These findings indicated that CXCL10 and 
CCL27 could potentially serve as biomarkers of RA and rosacea, respectively.

This study encountered specific limitations. First and foremost, rheumatoid arthritis (RA) and rosacea, as inflamma
tory conditions, not only demonstrate abnormal immune cell infiltration in the affected area, but also present an 
imbalanced immune cell microenvironment in the peripheral blood. Therefore, a comprehensive analysis of gene 
expression profiles of peripheral blood mononuclear cells for these two conditions is essential to pinpoint additional 
crucial co-pathogenic genes. Secondly, our analysis solely focused on the variations in the two primary groups of 
immune cells in RA and rosacea, indicating a necessity for further investigation to ascertain if other cell subtypes also 
contribute to the onset and progression of the diseases. Lastly, additional experiments are imperative to validate that 
CXCL10 and CCL27 serve as biomarkers for the clinical diagnosis of RA and rosacea, respectively.

Conclusion
Our research indicates that RA and rosacea have common genetic markers, providing potential for innovative molecular 
marker screening in clinical practice. Moreover, both conditions display comparable immune cell infiltration conditions 
display comparable immune cell M1 macrophages. Our results suggest that CXCL10 and CCL27 could serve as 
biomarkers for RA and rosacea, presenting a promising therapeutic avenue for future treatments of patients with these 
conditions.
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