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Objective: This study aimed to identify hub genes and common pathways shared between psoriasis and cardiovascular disease
(CVD) using bioinformatics analysis and predict the transcription factors (TFs) of hub genes.

Methods: GSE133555 data from the Gene Expression Omnibus (GEO) database were used to identify differentially expressed genes
(DEGs) between involved and uninvolved skin lesions in psoriasis, employing the limma package in R. Additionally, CVD-related
genes were obtained from the GeneCards database. The intersection of DEGs and CVD-related genes yielded CVD-DEGs. Gene
Ontology and signaling pathway analyses were performed using the clusterProfiler package in R. Hub genes were identified by
intersecting six algorithms in the CytoHubba plugin of Cytoscape. To identify potential biomarkers, the GSE14905 dataset was
subjected to receiver operating characteristic analysis, resulting in the identification of eight central hub genes. Finally, the
NetworkAnalyst web tool was used to identify the TFs of the eight hub genes.

Results: We identified 92 significant DEGs out of 1825 CVD-related genes in psoriasis obtained from the GSE13355 and GeneCard
data. Functional enrichment analysis revealed the involvement of these genes in various signaling pathways, including the interleukin-
17 signaling, tumor necrosis factor signaling, lipid and atherosclerosis, chemokine signaling, and cytokine signaling pathways in the
immune system. The eight hub genes identified included interleukin-1 beta, C-X-C motif chemokine ligand 8, signal transducer and
activator of transcription 3, C-C motif chemokine ligand 2, arginase 1, C-X-C motif chemokine receptor 4, cyclin D1, and matrix
metallopeptidase 9, with forkhead box C1 also identified as an associated TF of these genes. These hub genes and TF may act as key
regulators in the context of CVD.

Conclusion: This study identified several hub genes and signaling pathways associated with both CVD and psoriasis. These findings
lay the groundwork for potential therapeutic interventions for patients with psoriasis affected by CVD.
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Introduction
Psoriasis is a chronic inflammatory immune-mediated disease with a 3% worldwide prevalence. It is associated with various
comorbidities, including cardiometabolic diseases, gastrointestinal tract issues, kidney disease, malignant tumors, infections, and
mood disorders." Owing to its high prevalence, recurrence, tendency to cause disfigurement, and numerous comorbidities,
psoriasis poses substantial challenges to clinicians, with the World Health Organization recognizing it as a major global health
issue.” The visible skin manifestations and recurrent episodes of psoriasis can also lead to depression and suicidal tendencies,
imposing marked physiological, psychological, and economic burdens on patients.

Cardiovascular disease (CVD), also known as circulatory system disease, primarily affects the heart and blood vessels,
encompassing conditions such as coronary heart disease, stroke, heart failure, myocardial infarction, and arrhythmia. CVD shares
common risk factors with psoriasis, including smoking, excessive alcohol consumption, metabolic syndrome, hypertension,
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dyslipidemia, abdominal obesity, and insulin resistance.®> © For instance, psoriasis combined with hyperlipidemia may result in
increased tumor necrosis factor (TNF)-a levels, leading to elevated proatherogenic oxidized low-density lipoprotein and
decreased high-density lipoprotein concentrations.’ Psoriatic individuals face approximately a 50% higher risk of cardiovascular
events compared with the general population,® with greater risks observed in younger patients, severe cases, and those with longer
disease duration.” " A meta-analysis including 66,509 patients with psoriasis and 1,790,757 patients without psoriasis confirmed
that psoriasis, especially severe cases, can exacerbate adverse cardiovascular outcomes, indicating that psoriasis itself is an
independent risk factor for such outcomes.'

Despite numerous studies confirming the association between psoriasis and CVD, their shared etiology and patho-
genesis remain unclear. Therefore, there is an urgent need to elucidate the common molecular networks involved in both
psoriasis and CVD to enable physicians to develop targeted interventions.

Methods

Microarray Data
The gene expression profiles of GSE13355 and GSE14905 were obtained from the Gene Expression Omnibus (GEO)
database (http://www.ncbi.nlm.nih.gov/geo/). This study included fifty-eight psoriasis lesional skin (LS) samples and

fifty-eight nonlesional skin (NL) samples from GSE13355. For receiver operating characteristic (ROC) analysis, thirty-
three LS and twenty-eight NL samples from GSE14905 were used.

Screening of Differentially Expressed Genes and CVD-Related Differentially Expressed

Genes

Differentially expressed genes (DEGs) between psoriasis lesional and normal skin were identified using the limma package in R,
with criteria set as follows: adjusted P <0.05 and [Log2fold change (Log FC)| > 1. Volcano and principal component analysis maps
of DEGs were generated using the ggplot package in R. Subsequently, CVD-related genes were obtained from the GeneCards
database (http://www.genecards.org) using the retrieval strategy “cardiovascular diseases” OR “Cardiovascular Disease” OR

“Disease, Cardiovascular” OR “Diseases, Cardiovascular”. The categories of genes encoding proteins and genes with a relevance
score >1 were selected for further analysis. The intersection of these genes with the genes from GSE13355 was considered to
represent CVD-related genes in psoriasis, where the DEGs were considered CVD-DEGs.

Gene Set Enrichment Analysis

To gain insights into the biological mechanisms associated with psoriasis and CVD, gene set enrichment analysis (GSEA) was
performed using the clusterProfiler package in R. A false discovery rate of <0.25 and an adjusted P value of <0.05 were used as the
cutoff criteria to identify candidate molecular pathways of CVD-related genes in psoriasis.

Gene Ontology and Kyoto Encyclopedia of Genes and Genomes Analyses

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGQ) functional enrichment analysis of CVD-
DEGs was conducted using the clusterProfiler package in R, and the results were visualized using the ggplot2 package in
R. The significance cutoff value for enrichment analysis was set as adjusted P < 0.05.

Construction of a Protein—Protein Interaction Network
The online STRING database (http://string-db.org) was used to construct a protein—protein interaction (PPI) network, and

interactions with a combined score > 0.4 were considered statistically significant. Cytoscape (version 3.9.1) was used to
visualize the PPI network, and the most closely connected modules were selected using the Molecular Complex
Detection (MCODE) plugin with the following parameters: degree cutoff = 2; node score = 0.2; k-core = 2; and
maximum depth = 100. Subsequently, KEGG enrichment analysis was conducted on modules with a score > 3. The
CytoHubba plugin in Cytoscape was used to identify the top 20 node genes in 6 different ways, and the intersection of
these genes was selected as the hub genes.
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ROC Curve Analysis

To assess the specificity and sensitivity of hub genes for diagnosing psoriasis, ROC curve analysis was performed using

the pROC package in R. The results were visualized using the ggplot2 package in R.

Transcription Factor—Gene Interactions
To gain further insights into the regulation of hub genes, we identified the transcription factors (TFs) of these genes and
constructed a network map using NetworkAnalyst (https://www.networkanalyst.ca) with the JASPAR database.

Results

Screening of Candidate Genes

From the analysis of GSE13355, 21,655 genes were identified, including 542 DEGs. Furthermore, 1944 genes related to
CVD were screened from the GeneCards database, with 1825 genes matching the GSE13355 expression profile and 92
genes overlapping with the DEGs. The principal component analysis map and volcano map of GSE13355 are presented
in Figure 1A and B. Additionally, the Venn diagram and heat map of the top 20 upregulated and downregulated CVD-
DEGs are shown in Figure 1C and D.

GSEA

Among the 1825 CVD genes in psoriasis, the results indicated that a majority were significantly enriched in pathways such as
signaling by interleukins (ILs), cytokine signaling in the immune system, and the chemokine signaling pathway (Figure 2A).

GO and KEGG Analyses

GO functional enrichment analysis of CVD-DEGs revealed the top five biological processes in patients with both
psoriasis and CVD: cytokine-mediated signaling pathway, leukocyte migration, response to lipopolysaccharide, response
to molecule of bacterial origin, and cell chemotaxis. The top five GO molecular function terms were cytokine activity,
receptor ligand activity, cytokine receptor binding, signaling receptor activator activity, and IL-1 receptor binding. The
top five GO cell component terms were external side of the plasma membrane, secretory granule lumen, cytoplasmic
vesicle lumen, vesicle lumen, and collagen-containing extracellular matrix (Figure 2B).

KEGG pathway analysis revealed the top 5 enriched pathways to be the IL-17 signaling pathway, lipid and
atherosclerosis, viral protein interaction with cytokine and cytokine receptor, AGE-RAGE signaling pathway in diabetic
complications, and cytokine—cytokine receptor interaction (Figure 2C).

PPl Network Analysis

The constructed PPI network consisted of 92 CVD-DEGs, with 84 nodes and 462 edges (Figure 3). Using the MCODE
plugin, two critical modules with scores > 5 were identified from the PPI network. According to KEGG analysis, the first
module was primarily enriched in pathways such as coronavirus disease-COVID-19, lipid and atherosclerosis, 1L-17
signaling pathway, TNF signaling pathway, and prolactin signaling pathway. The second module was enriched in
pathways such as chemokine signaling pathway, cytokine—cytokine receptor interaction, viral protein interaction with
cytokine and cytokine receptor, and Toll-like receptor signaling pathway (Figure 4A-D).

The top 20 hub genes were determined using six algorithms via CytoHubba. By taking the intersection, nine common
hub genes were identified: IL-1 beta (/L1B), C-X-C motif chemokine ligand 8 (CXCLS), signal transducer and activator
of transcription 3 (STAT3), C-C motif chemokine ligand 2 (CCL2), matrix metallopeptidase 9 (MMPY), arginase 1
(ARG1), C-X-C motif chemokine receptor 4 (CXCR4), cyclin D1 (CCND1), and leptin (LEP) (Table 1).

Assessment of Hub Gene Diagnostic Accuracy

ROC curve analyses were conducted to assess the diagnostic accuracy of the nine hub genes. The area under the curve
(AUC) values for the ROC curves of ILIB, CXCLS, STAT3, CCL2, MMP9, ARGI, CXCR4, CCNDI, and LEP were
0.989, 0.969, 0.925, 0.947, 0.782, 0.957, 0.949, 0.989, and 0.921 for GSE13355, respectively, and 0.973, 0.962, 0.891,
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Figure | (A) PCA between the LS and NL. (B) Volcano plot of DEGs. where red and blue represent upregulated and downregulated genes, respectively. (C) Venn diagram
of the DEGs and CVD-genes. (D) Heat map of the expression level of TOP20 CVD-DEGs between LS and NL.
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0.960, 0.496, 0.862, 0.871, 0.846, and 0.816 for GSE14905, respectively (Figure SA and B). Except for LEP, the AUC
values of these genes were >0.7, indicating that eight hub genes have diagnostic significance.

TF-Gene Pairs
One TF, forkhead box C1 (FOXC1), exhibited a degree >5, and a TF—gene network diagram was constructed (Figure 6).
FOXCI had a degree of 5 and a betweenness of 232.85.

Discussion

Psoriasis is a systemic inflammatory disease involving both the adaptive and innate immune systems in its pathogenesis.
Patients with psoriasis are at an increased risk of developing CVD. The presence of cardiovascular risk factors and
metabolic abnormalities can further exacerbate the cardiovascular burden in patients with psoriasis, potentially con-
tributing to cardiovascular events. Moreover, psoriasis and CVD share not only common risk factors but also key
pathways and systemic inflammation.'>”"> For instance, atherosclerosis, a CVD recognized as a chronic immune-
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Figure 2 (A) GSEA of 1825 CVD-genes in psoriasis. (B) GO enrichment map of CVD-DEGs. (C) TOPI5 KEGG pathway enrichment map of CVD-DEGs.

mediated inflammatory disease characterized by endothelial dysfunction, lipid deposition in arterial walls, and infiltration
of monocyte-derived macrophages,'® shares similar immune-inflammatory mechanisms with psoriasis, both involving
type 17 activation and decreased T-regulatory cell function.'”'® In recent years, the therapeutic efficacy of various
biological agents for psoriasis and CVD have shown promising results. Biological agents have demonstrated superior
efficacy in resolving psoriatic lesions and improving Psoriasis Area and Severity Index (PASI) scores compared with
traditional therapies. Furthermore, some studies have indicated that biological therapies can improve cardiovascular
function by affecting, for example, flow-mediated dilation (an endothelial function marker)'® and the carotid plaque

burden.”*?' However, despite these advancements, psoriasis remains incurable, and biological agents may be cost-
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Figure 3 PPl network diagram of CVD-DEGs. The darker the red color, the higher the degree of nodes.

prohibitive for some patients as well as carrying a risk of infection. Therefore, there is a pressing need for development of
highly effective and specific treatments for psoriasis and CVD.

In the present study, we identified 1825 overlapping genes associated with both psoriasis and CVD, including 92 CVD-DEGs.
We conducted bioinformatics analyses on these genes, with GO analysis results revealing that they mostly function on the external
side of the plasma membrane and within secretory granule lumens. The associated proteins were mainly involved in cytokine-
mediated signaling pathways and cell chemotaxis. Importantly, aberrant cytokine expression plays a crucial role in the develop-
ment of psoriasis.”> KEGG analysis and GSEA revealed that the genes were primarily enriched in pathways such as the IL-17
signaling, TNF signaling, lipid and atherosclerosis, chemokine signaling, and cytokine signaling pathways in the immune system.
In psoriatic lesions, activated plasmacytoid dendritic cells contribute to the production of IL-12, TNF-a, and IL-23, along with the
maturation of myeloid dendritic cells. This leads to the activation of Thl and Th17 cells, which subsequently secrete various
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cytokines, including IL-17, IL-21, IL-22, and TNF-0.®> These cytokines then activate keratinocytes to produce peptides,
cytokines, and chemokines, further promoting inflammation. The chemokine signaling pathway and cytokine—cytokine receptor
interaction pathway, including the IL-23-IL-17 immune axis, as well as the TNF pathway, play pivotal roles in the pathogenesis of
psoriasis.”* Immune mediators involved in IL-23 and IL-17 signaling trigger hyperproliferation and abnormal differentiation of
epidermal keratinocytes, leading to psoriatic skin lesions.” Targeted interventions against these cytokines have shown excellent
efficacy during psoriasis treatment. IL-17 may induce vascular inflammation and stiffness by triggering oxidative stress, as well
cardiac and renal fibrosis, potentially leading to hypertension.”**” TNF-o can degrade endothelial nitric oxide synthase mRNA,
alter vascular function, and induce oxidative stress, resulting in an imbalance between microvascular dilation and contraction,?®3°
thereby increasing the risk of hypertension and coronary heart disease.>’ Additionally psoriasis is associated with type 2
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Table | The Top 20 Hub Genes Rank in CytoHubba

MCC MNC Degree EPC Stress Betweenness
ILIB ILIB ILIB ILIB ILIB ILIB
CXCL8 CXCL8 CXCL8 CXCL8 LEP MMP9
STAT3 CCL2 CCL2 CCL2 MMP9 CCL2
CCL2 MMP9 MMP9 STAT3 CXCL8 CXCL8
MMP9 STAT3 STAT3 MMP9 CCL2 LEP
CXCLI0 LEP LEP STATI STAT3 LPL
CD274 CXCLI0 CXCLIO CXCLI0 CCNDI IL36RN
ARG STATI STATI CD274 ADIPOQ STAT3
CXCL9 CXCL9 CXCR4 LEP LPL SERPINAI
FCGR3B ILIRN CXCL9 CXCL9 SERPINAI ABCAI2
SELL CXCR4 ILIRN SOCS3 IL36RN CCNDI
STATI ADIPOQ ADIPOQ ILIRN ARG ARG
CXCR4 FCGR3B FCGR3B CXCR4 TYMS ADIPOQ
CCR7 CD274 CD274 FCGR3B MKI67 MKl67
CXCR2 SOCS3 SOCS3 ARG CXCR4 TYMS
SOCS3 CCNDI CCNDI LCN2 SELE CXCR4
CCNDI ARG ARG SELL ABCAI2 SELE
FOS LCN2 SELL CCNDI NAMPT ABCGI
LEP SELL LCN2 FOS STATI NOD2
TNFSFI0 MMPI MMPI CCR7 NOD2 ACTCI

diabetes,*® and TNF-q, IL-23/IL-17, and adipokines can influence the signaling pathway between insulin receptors, cytokines, and
adipokines, affecting insulin sensitivity regulation.**~**

Based on our PPI network analysis, we identified nine common genes by taking the intersection of six algorithms.
ROC verification in both GSE13355 and GSE14905 datasets demonstrated that the AUC for all genes, except LEP, was
>0.7. As a result, we identified eight hub genes: CXCLS, MMP9, IL-1B, ARG1, CCNDI1, STAT3, CXCR4, and CCL2.

Activated keratinocytes in psoriatic patients can recruit neutrophils to the inflamed epidermis by producing CXCLS8.>
Additionally, activated keratinocytes produce CCL2, which is crucial for keratinocyte proliferation, a hallmark of
psoriasis.*® CXCL8 and CCL2 concentrations are increased in cardiovascular patients,®’ suggesting their involvement
in CVD. CXCLS also plays an important role in hypertension and atherosclerosis by increasing endothelial cell
proliferation, reducing apoptosis,®® and stimulating leukocyte migration to subendothelial vessels.* Elevated CCL2

40,41

expression and synthesis are observed in various cardiovascular conditions, exacerbating disease progression through
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Figure 5 (A) ROC curve analysis of 9 common hub genes in GSEI3355. (B) ROC curve analysis of 9 common hub genes in GSE14905.
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leukocyte migration to sites of inflammation.** Matrix metalloproteinases (MMPs) are associated with loss of cell-to-cell
interactions and increased capillary permeability, both essential features in psoriasis development.**** MMP9, in
particular, serves as a marker of psoriasis, even in patients without active skin lesions.*> Although MMPs generally

play a vital role in CVD,*® MMP9 is closely related to vascular lesions,*’*®

including acute myocardial infarction,
atherosclerosis, heart failure, and aortic aneurysm.49’50 Elevated serum MMP9 levels are an independent risk factor for
increased CVD risk.”' JL-1B, abundant in the tissue fluid of patients with psoriasis, plays a dual role in the disease’s
development,™ impacting insulin resistance and contributing to keratinocyte proliferation. /L-1B is also associated with
CVD,> with its levels being elevated in coronary atherosclerotic disease, influencing disease severity and outcome.>*
IL-1B inhibitors can significantly reduce the risk of recurrent cardiovascular events, confirming its crucial role in
atherosclerotic disease.’® 4RGI is involved in the regulation of Th17 cell proliferation and the pathogenesis of

>7:5% and its overexpression contributes to the hyperproliferation of psoriatic keratinocytes.”” 4RGI also plays

psoriasis,
a key role in vascular pathology and ischemic heart disease,’” and ARGI-expressing macrophages are associated with the
of repair of cardiovascular tissue damage.®’ Dysregulation of apoptosis contributes to the pathogenesis of psoriasis, and
CCND1, an apoptosis inhibitor, regulates mitochondrial apoptosis by arresting the cell cycle in response to intracellular
DNA damage. CCND! is an independent risk factor for the development of metabolic syndrome in patients with
psoriasis.®? Stroke is a leading cause of death associated with CVD, and ischemic stress can increase CCNDI levels
in mature neurons, with the gene CAMTAI known to regulate CCND1 expression levels and affect ischemic reperfusion
injury during stroke.®> STAT3 is involved in cell survival, differentiation, proliferation, angiogenesis, and immune
activation, playing a vital role in the pathogenesis and development of psoriasis.®*®> STAT3 activation is high in
keratinocytes of human psoriasis lesions and aggravates psoriasis by promoting the proliferation, differentiation, and
cytokine production of T cells. In patients with cardiovascular events, STAT3 activation contributes to vasculopathy.®®
CXCRA4, a receptor of the angiogenic chemokine stromal cell-derived factor-1, is involved in skin inflammation and

inflammatory angiogenesis in psoriasis,®’ playing a role in thrombopoiesis in CVD.®®
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Our TF—gene network revealed that FOXC]I plays a vital role in psoriasis and CVD. FOXCI levels are known to be
negatively correlated with KRT6B and KRT16, markers of hyperproliferation of abnormal keratinocytes.®®’° Moreover,
inhibition of FOXC1 expression and activity contributes to the development of psoriasis.”' FOXCI is also important in
promoting angiogenesis, as shown during mouse embryonic development, and its deficiency leads to cardiovascular
defects in mouse embryos.”*"

This study has some limitations. For example, information on smoking, drinking, and other patient factors was not
extracted from the GEO database, preventing analysis of their potential influence on gene and protein expression.

Additionally, rigorous experimental validation is required to confirm our preliminary findings.

Conclusion

In this study, we successfully identified common genes shared between psoriasis and CVD, namely /L-1B, CXCLS,
STAT3, CCL2, ARGI, CXCR4, CCNDI, and MMP9. These genes hold potential as therapeutic targets for treating
psoriasis with CVD. The pathogenesis of psoriasis with CVD was found to be closely associated with several pathways,
including the IL-17 signaling, TNF signaling, lipid and atherosclerosis, chemokine signaling, and cytokine signaling
pathways in the immune system. By providing insights into the mechanisms underlying the emergence of psoriasis with
CVD, our study identifies probable target genes for the treatment of this complex condition.
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GEO, Gene expression omnibus; DEGs, differentially expressed genes; CVD, cardiovascular disease; GSEA, Gene Set
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