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Purpose: Psoriasis is a systemic inflammatory disease, and the mechanism that links psoriasis to depression is still elusive. Hence, 
this study aimed to elucidate the potential pathogenesis of psoriasis and depression comorbidity.
Methods: The gene expression profiles of psoriasis (GSE34248, GSE78097 and GSE161683) and depression (GSE39653) were 
downloaded from the Gene Expression Omnibus (GEO) DataSets. Functional annotation, protein-protein interaction (PPI) network and 
module construction, and hub gene identification and co-expression analysis were performed, following identification of the common 
differentially expressed genes (DEGs) of psoriasis and depression.
Results: A total of 115 common DEGs (55 up-regulated and 60 down-regulated) were identified between psoriasis and depression. 
Functional analysis indicated that T cell activation and differentiation were predominantly implicated in the potential pathogenesis of 
these two diseases. In addition, Th17 cell differentiation and cytokines is closely related to both. Finally, 17 hub genes were screened, 
including CTLA4, LCK, ITK, IL7R, CD3D, SOCS1, IL4R, PRKCQ, SOCS3, IL23A, PDGFB, PAG1, TGFA, FGFR1, RELN, ITGB5 
and TNXB, which re-emphasized the importance of the immune system in psoriasis and depression.
Conclusion: Our study reveals the common pathogenesis of psoriasis and depression. These common pathways and hub genes may 
apply to a molecular screening tool for depression in psoriasis patients, which could help dermatologists optimize patient management 
in routine care.
Keywords: psoriasis, depression, bioinformatics, differentially expressed genes, hub genes

Introduction
Psoriasis is a common, chronic and systemic inflammatory skin disease with multiple comorbidities, leading to 
a substantial burden for individuals and society.1,2 It is a consequence of genetic susceptibility, particularly in the 
presence of the HLA-C*06:02 risk allele,3 and of environmental triggers such as stress, streptococcal infection, smoking, 
obesity, and alcohol consumption.4,5 Due to the appearance of skin manifestations of psoriatic patients, the common 
stigmatizing attitude of society contributes to the high psychosocial burden of psoriasis. More and more evidence showed 
that psoriasis is frequently associated with psychological comorbidities such as depression, which can interact negatively 
with psoriasis to produce a dangerous vicious circle.6–8 Screenings of patients with psoriasis in dermatological clinics 
found prevalence rates for clinical depression of approximately 12–13% using International Classification of Diseases 
(ICD) codes.9,10 However, depending on the screening methodology, estimated comorbidities of depressive symptoms 
are described as present in up to 28–55% of patients with psoriasis.11,12 Given the high numbers of depressive symptoms 
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that is a major source of suicidal ideation in psoriatic patients,13 comprehensive management of patients with psoriasis in 
dermatological practice is critical. To this end, the establishment of an easy-to-use screening tool for affected patients 
would be an important complement to routine clinical practice.

Emerging evidence shows that psoriasis and depression have many overlapping biological mechanisms, which are, to 
a substantial degree, responsible for the pathophysiological link between the two diseases. In depression, proinflammatory 
cytokines mediated communication between the immune system and the brain by crossing the blood-brain barrier (BBB) 
plays a central role in the pathogenesis of depression.14,15 Stress triggers the production of various proinflammatory 
cytokines, including tumor necrosis factor alpha (TNF-α), interleukins (IL)-1β, IL-2, IL-6, IL-8, IL-17, IL-21 and 
C-reactive protein (CRP).16 These cytokines can impair the BBB,17 damage neurons,18 decrease neurogenesis,19 and 
cause IL-6 trans-signalling in the CNS.20 Additionally, some proinflammatory cytokines activate plastic Th17 cells, 
which can disrupt BBB permeability,21 promote neuroinflammation,22 and cause neuronal toxicity.23 The IL-17A produced 
by Th17 cells can further worsen neuroinflammation and synaptic dysfunction, along with the kynurenine pathway in 
microglia and astrocytes, which is directly related to the aetiology of depression.24 In psoriasis, a complex interplay between 
genetic and environmental factors activates plasmacytoid DCs (pDCs) and promotes myeloid dendritic cells (mDC) 
phenotypic maturation.25 The activated DCs then produce IFN-α, IFN-β, IL-12, IL-23, IL-6, and TNF-α, which activate 
and polarize auto-aggressive Th cells toward Th1, Th17, and Th22 cell subsets, as well as γδ T cells toward the γδ T17 (IL- 
17A–producing γδ T cells) subset.26 Th1 cells produce TNF-α and IFN-β to stimulate keratinocyte activation and 
proliferation, and expression of intercellular adhesion molecule 1. Th17 and γδ T17 cells produce IL17 or IL22 to enhance 
keratinocyte proliferation and angiogenesis in the lesion.27 Overall, inflammatory cytokines and immune cells released in 
psoriasis are also released in depression, which suggests that there is a possible common pathogenesis of the two diseases.

Since transcriptome analysis is an effective tool for exploring the pathogenesis of complex human diseases, the 
common transcriptional characteristic might provide new perspectives on the common pathophysiology of psoriasis and 
depression. The goal of this research is to identify the common DEGs, hub genes and TFs involved in the pathogenesis of 
psoriasis and depression. We downloaded and analyzed gene expression data sets from the GEO database. The common 
DEGs and their functions in psoriasis and depression were determined by using comprehensive bioinformatics and 
enrichment analysis. In addition, using the STRING database and the Cytoscape software, a PPI network was built to 
analyze gene modules and identify hub genes. Finally, we identified 17 important hub genes, which were investigated 
their transcription factors and verified their expression. The hub genes determined here are expected to shed light on the 
biological mechanisms of psoriasis complicated with depression.

Materials and Methods
Data Source
GEO (http://www.ncbi.nlm.nih.gov/geo) is a microarray and high-throughput sequencing database. The inclusion criteria 
were set as follows: (1) independent expression profiles of psoriasis or depression; (2) datasets containing patients and 
healthy controls and including the largest possible sample size; (3) the test specimens in datasets derived from human 
tissues. Based on the inclusion criteria, 6 gene datasets were chosen from GEO. GSE34248 (14 psoriasis patients and 14 
controls), GSE78097 (13 psoriasis patients and 6 controls), GSE161683 (9 psoriasis patients and 9 controls) and 
GSE137218 (14 psoriasis patients and 14 controls) were screened as psoriasis datasets,28–30 in which the tissue type is 
skin lesion from psoriasis patients. Meanwhile, GSE39653 (24 depression patients and 21 controls) and GSE98793 (64 
depression patients and 64 controls) were screened as depression datasets,31,32 in which the tissue type is peripheral blood 
mononuclear cells (PBMC) from patients with depression. GSE34248, GSE78097, GSE161683 and GSE39653 were 
used to screen DEGs, while GSE137218 and GSE98793 were used for hub gene expression validation.

Identification of DEGs
GEO2R (www.ncbi.nlm.nih.gov/geo/ge2r) is an interactive web tool developed based on GEOquery and Limma package. 
DEGs of psoriasis and depression group were respectively identified using GEO2R with adjusted P-value < 0.05 and |logFC 
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(fold change)| ≥ 1. Genes with multiple probe sets were averaged, and probe sets without a corresponding gene symbol were 
eliminated. Their common DEGs were detected and visualized by constructing VENN diagrams.

Enrichment Analyses of DEGs
Gene Ontology (GO) enrichment and Kyoto Encyclopedia of Genes and Genomes (KEGG) Pathway analysis were 
subsequently implemented to explore the biological functions of the overlap DEGs. As described in previous study,33 the 
enrichment analysis results of GO and KEGG Pathway were obtained from the KEGG Orthology Based Annotation 
System (KOBAS) (http://kobas.cbi.pku.edu.cn), a Web server for gene/protein functional annotation and functional 
enrichment developed by Peking University, which collects 4325 species functional annotation information. Adjusted 
P-value < 0.05 was considered significant.

PPI Network Construction and Module Analysis
Search Tool for the Retrieval of Interacting Genes (STRING; http://string-db.org) (version 11.0)34 is an online database 
used for predicting direct and indirect protein-protein functional interactions through correlation analyses. Upon the 
condition of interaction combined score > 0.4, the PPI network of common DEGs was constructed based on the STRING 
database. Cytoscape (http://www.cytoscape.org) (version 3.7.2)35 was used to visualize this PPI network. Molecular 
complex detection technology (MCODE), a plugin in Cytoscape, was used to investigate the key functional modules in 
the PPI network. Set the selection criteria as: K-core = 2, degree cutoff = 2, max depth = 100, and node score cutoff = 
0.2. Then the GO and KEGG analysis of the involved modular genes were performed with KOBAS 3.0.

Selection and Analysis of Hub Genes
CytoHubba is a Cytoscape plugin that could calculate the hub genes of the PPI network. In this case, seven algorithms 
(MCC, DMNC, MNC, Degree, Closeness, EPC, Radiality) were used in CytoHubba to evaluate and select hub genes. 
Then, GeneMANIA (http://www.genemania.org/),36 a dependable online tool for exploring internal associations in gene 
sets, was implemented in construction of a co-expression network of these hub genes.

Validation of Hub Genes Expression in Other Data Sets
The expression of hub genes was verified in GSE13721830 and GSE98793.32 The GSE137218 dataset contains 14 paired 
psoriasis patients with skin lesions and adjacent normal tissues. GSE98793 dataset contains 64 paired PBMC samples 
from depression patients and healthy control. The comparison between the two sets of data was conducted with the T-test. 
A P-value < 0.05 was considered significant.

Prediction and Verification of Transcription Factors (TFs)
Transcriptional Regulatory Relationships Unraveled by Sentence-based Text mining (TRRUST), containing the target genes 
corresponding to TFs and the regulatory relationships between TFs, is a database for the prediction of transcriptional 
regulatory networks.37 Here, we adopted it to predict TFs that regulate the hub genes, with adjusted P-value < 0.05. 
Subsequently, we verified the expression levels of these TFs in GSE34248 and GSE39653 with the T-test.

Results
Identification of DEGs
A detailed flowchart of the research is shown in Figure 1. After standardizing the microarray results, DEGs of psoriasis 
and depression were screened respectively. In the psoriasis group, we obtained 2784 DEGs (1515 up-regulated and 1269 
down-regulated) after taking the intersection of the DEGs in GSE34248, GSE78097 and GSE161683 (Figure 2A–E). In 
depression group, there were a total of 1833 DEGs (915 up-regulated and 896 down-regulated) (Figure 2F–H). After 
taking the intersection of the Venn diagram, we obtained 115 common DEGs (50 upregulated and 65 downregulated) 
between psoriasis and depression (Figure 2G and H).
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Functional and Pathway Enrichment Analysis of Common DEGs
GO and KEGG Pathway enrichment analysis were performed to examine the biological characteristic and pathways 
connected to the 115 common DEGs. The GO result was classified into three functional categories: biological processes 
(BP), cell component (CC), and molecular function (MF) (Figure 3A–C). In the BP category, changes included 
significant enrichment of T cell activation, T cell differentiation, positive regulation of cell-cell adhesion, regulation of 
adaptive immune response and immune response-activating signal transduction (Figure 3A). Within the CC category, 
these DEGs were mainly enriched in cornified envelope, protein complex involved in cell adhesion, immunological 
synapse, clathrin-coated vesicle membrane and peroxisomal matrix (Figure 3B). Regarding the MF category, these DEGs 
were significantly involved in sterol transporter activity, transcription coactivator binding, chemoattractant activity, 
ligand-activated transcription factor activity and cell adhesion mediator activity (Figure 3C). In terms of KEGG 
Pathway, PI3K-Akt signaling pathway, T cell receptor signaling pathway and Th17 cell differentiation occupied the 
top significant enrichment pathways (Figure 3D), which are also the most prominent signaling pathways implicated in 
human inflammatory diseases. These DEGs were also enriched in other pathways, including the calcium signaling 
pathway, FoxO signaling pathway and NF-kappa B signaling pathway (Figure 3D). These findings overwhelmingly 
supported that T cell activation and differentiation could contribute substantially to the onset and progression of both 
psoriasis and depression.

Figure 1 Research design flow chart.
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PPI Network Construction and Module Analysis
The PPI network of common DEGs was constructed using Cytoscape on the ground of the STRING database. We found 
34 nodes and 132 edges in the network (Figure 4A) under the condition of combined scores of >0.4 points. The top two 

Figure 2 Volcano diagram and Venn diagram. (A–C) The volcano map of GSE34248 (A), GSE78097 (B) and GSE161683 (C). Up-regulated genes are marked in red; down- 
regulated genes are marked in blue. (D and E) Venn diagram of the 1515 common up-regulated DEGs (D) and the 1269 common down-regulated DEGs (E) in psoriasis (PS). 
(F) The volcano map of GSE39653. Up-regulated genes are marked in red; down-regulated genes are marked in blue. (G and H) Venn diagram of the 55 common up- 
regulated (G) and 60 common down-regulated (H) DEGs between PS and MDD.
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significant modules were extracted through MCODE plug-in of Cytoscape, of which, module 1 contained 7 nodes and 28 
edges (Figure 4B) and module 2 contained 3 nodes and 6 edges (Figure 4C). GO analysis showed that these genes were 
related to T cell-mediated inflammation and immune response (Figure 4D). KEGG Pathway analysis showed that they 
were mainly involved in PI3K-Akt signaling pathway, T cell receptor signaling pathway and Th17 cell differentiation 
(Figure 4E). Both PPI network and significant modules indicated that psoriasis and depression share some common 
potential molecular mechanisms.

Hub Gene Identification and Analysis
The top 20 hub genes were screened out based on the seven algorithms of plug-in CytoHubba (Supplementary Table 1). After 
taking the intersection of the Venn diagrams, we found 17 hub genes (Figure 5A), including CTLA4, LCK, ITK, IL7R, CD3D, 
SOCS1, IL4R, PRKCQ, SOCS3, IL23A, PDGFB, PAG1, TGFA, FGFR1, RELN, ITGB5 and TNXB (Figure 5B). Among 
them, CTLA4, LCK, ITK, IL7R, CD3D, SOCS1, IL4R, PRKCQ, SOCS3, IL23A and TGFA were up-regulated genes, while 

Figure 3 The enrichment analysis of common DEGs between PS and MDD. A-C. The GO enrichment analyses of common DEGs with P-value based on the KOBAS 3.0 
database. Top 15 BP terms (A), Top 15 CC terms (B) and Top 15 MF terms (C) were shown. (D) The KEGG pathway enrichment analysis of communal DEGs on the ground 
of KOBAS 3.0 database. The size of the circle represents the number of genes involved, and the abscissa represents the frequency of the genes involved in the term total 
genes. P-value < 0.05 was considered significant.
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PDGFB, PAG1, FGFR1, RELN, ITGB5 and TNXB were down-regulated genes. Subsequently, the network of the hub genes 
and their co-expression genes were generated on the ground of the GeneMANIA platform (Figure 5C). These genes showed 
the complex PPI network with the co-expression of 65.06%, physical interactions of 13.85%, pathway of 10.22%, predicted of 
3.06% and co-localization of 2.14% (Figure 5C). As expected, the biological function and roles of the hub genes re-emphasized 
the importance of the Th17 cells, cytokines and mononuclear cells in psoriasis and depression. To explore the biological 
functions and pathways related to these hub genes, GO and KEGG analyses were performed. GO analysis showed that these 
genes were significantly enriched in T cell activation, T cell differentiation, cell chemotaxis, regulation of T-helper 17 type 
immune response and regulation of cytokine-mediated signaling pathway (Figure 5D). Besides, KEGG analysis showed that 
they are mainly involved in PI3K-Akt signaling pathway, T cell receptor signaling pathway, Cytokine-cytokine receptor 
interaction, Ras signaling pathway and NF-kappa B signaling pathway (Figure 5E). Interestingly, five genes (LCK, CD3D, 
IL4R, PRKCQ and IL23A) were also involved in Th17 cell differentiation. Consistent with the analysis outcome of common 
DEGs, the gene annotation analysis revealed that hub genes were associated with the process of the immune system reacting.

Figure 4 The results of PPI network and significant modules. (A) PPI network of common DEGs on the ground of STRING database. (B and C) Two significant gene 
clustering modules. Significant module 1 (B) and significant module 2 (C) were shown. (D and E) GO and KEGG enrichment analysis of the modular genes. The size of the 
circle represents the number of genes involved, and the abscissa represents the frequency of the genes involved in the term total genes. P-value < 0.05 was considered 
significant.
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Verification of Hub Genes Expression
In order to verify the reliability and accuracy of bioinformatics analysis results, two other data sets were adopted to verify 
the expression levels of hub genes in psoriasis (GSE137218) and depression (GSE98793) samples by independence 
testing analysis respectively. Encouragingly, the results showed that CD3D, CTLA4, IL4R, IL7R, IL23A, LCK, PRKCQ, 
SOCS1, SOCS3 and TGFA were significantly up-regulated, while FGFR1, ITGB5, PDGFB and TNXB were significantly 
down-regulated in psoriasis patients from GSE137218 (Figure 6), which is consistent with aforementioned results from 

Figure 5 Co-expression network and enrichment analysis of hub genes. (A) 17 hub genes were determined by taking the intersection of the top 20 genes in the seven 
algorithms of cytoHubba plugin (MCC, DMNC, MNC, Degree, EPC, Closeness and Radiality). (B) PPI network of 17 hub genes. (C) The network of hub genes and their co- 
expression genes were constructed and analyzed by GeneMANIA. (D and E) GO (D) and KEGG (E) enrichment analysis of the hub genes. The outermost circle is term on 
the right and the inner circle on the left represents the significant P-value of the corresponding pathway of the gene.
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GSE34248, GSE78097 and GSE161683. Interestingly, these hub genes significantly conversely expressed in psoriatic 
patients during anti-IL-17A (secukinumab) treatment (Figure 6). In addition, the expression of three hub genes (ITK, 
PAG1 and RELN) was no significant difference in GSE137218 (Figure 6). Similarly, the expression of CTLA4, IL7R, 
IL23A, LCK, SOCS1, SOCS3 and TGFA in depression samples was higher, whereas the expression of FGFR1 and 
PDGFB was lower, than in normal samples from GSE98793 (Figure 7). Although the expression of eight hub genes 
(CD3D, IL4R, ITGB5, ITK, PAG1, PRKCQ, RELN, and TNXB) was no significant difference in GSE98793, these 
results increased our confidence in the findings.

Prediction and Validation of TFs
On the ground of the TRRUST database predicting TFs, we obtained 5 TFs that may regulate the expression of these hub 
genes, as shown in the regulatory network of TF-hub genes constructed using Cytoscape software (Figure 8A). 
Supplementary Table 2 shows their full names and related functions. Further verification, we found that 4 TFs (E2F1, 
NFKB1, RELA and STAT3) are highly expressed in psoriasis (Figure 8B) and depression (Figure 8C). Only one TF 
(SP1) was not differentially expressed both in psoriasis (Figure 8B) and depression (Figure 8C). Taken together, they 
coordinately participated in the regulation of 6 hub genes (IL23A, SOCS1, SOCS3, TGFA, FGFR1 and PDGFB).

Figure 6 The expression level of hub gene in GSE137218. The comparison between the two sets of data uses the mean T-test. P-value < 0.05 was considered statistically 
significant. *p < 0.05; **p < 0.01; ***p < 0.001. 
Abbreviations: HC, healthy controls; PS, psoriasis patients; PS-Treat, psoriasis patients with secukinumab treatment.
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Discussion
Psoriasis is a chronic, inflammatory skin disease with a range of comorbidities. The common comorbidities are mental 
disorders, especially depression, which can interact negatively with psoriasis to produce a dangerous vicious circle.38 

Pruritus and sleep disorders are also common comorbidities of psoriasis, which is known to be a risk factor for 
depression in psoriasis patients.39,40 It is believed that the chronicity and severity of pruritus may contribute to the 
development of depression through alterations in the brain, whereas sleep dysfunction and psoriasis are thought to be 
linked by pruritus and depression.41 However, a recent theory connecting depression and psoriasis through chronic 
inflammation offers new insights into our comprehension of these conditions.7 Increased proinflammatory mediators, 
such as C-reactive protein or interleukin-6, are present in both psoriasis and depression.42 Biologics that target 
inflammatory cytokines treat the clinical manifestations of psoriasis, but also resulted in significantly improved the 
associated depressive symptoms.43 Recently, the inflammatory overlap between psoriasis and depression were high-
lighted by examining the pathophysiology of depression,7 indicating a common pathogenic mechanism between psoriasis 
and depression.

Previous studies have separately explored the hub genes associated with psoriasis and depression. However, few 
investigations have described the common molecular mechanism between them by advanced bioinformatics techniques. 

Figure 7 The expression level of hub gene in GSE98793. The comparison between the two sets of data uses the mean T-test. P-value < 0.05 was considered statistically 
significant. **p < 0.01; ***p < 0.001. 
Abbreviations: HC, healthy controls; MDD, major depression disorder.
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In this study, we identified 115 common DEGs in both, of which 17 were hub genes, including CTLA4, LCK, ITK, IL7R, 
CD3D, SOCS1, IL4R, PRKCQ, SOCS3, IL23A, PDGFB, PAG1, TGFA, FGFR1, RELN, ITGB5 and TNXB. According 
to the outcomes of GO and KEGG Pathway enrichment analysis, the hub genes were strongly enriched in immune and 
inflammatory processes. Cytokines, chemokines and adhesion molecules are jointly implicated in the pathogenesis of 
these two diseases, such as serum TNF-α, IL-1β, IL-2, IL-6, IL17A, prostaglandin E2, C-reactive protein and MCP-1.44 

Interestingly, the hub genes were also enriched in regulation of cytokine-mediated signaling pathway, cytokine-cytokine 
receptor interaction, cell chemotaxis and regulation of cell-cell adhesion. In addition, most of these functional molecules 
are regulated by NF-κB signaling pathway, in which the hub genes were also enriched. By validating the hug genes in 
other datasets, we further screened out 9 hub genes with higher confidence, including CTLA4, FGFR1, IL7R, IL23A, 
LCK, PDGFB, SOCS1, SOCS3 and TGFA. However, 8 hub genes (CD3D, IL4R, ITGB5, ITK, PAG1, PRKCQ, RELN, 
and TNXB), most of them from depression group, was not successfully authenticated, which may be due to the high 
heterogeneity of depression.45 Moreover, we found that 5 TFs may regulate the expression of the hub genes. By further 
verification, we found that four TFs are highly expressed in psoriasis and depression, including E2F1, STAT3, NFKB1 
and RELA. They coordinately participated in the regulation of six hub genes (IL23A, TGFA, FGFR1, PDGFB, SOCS1 
and SOCS3). Interestingly, in psoriasis and depression, FGFR1 and PDGFB are found to be downregulated, despite their 
transcription factors being upregulated. This could be due to post-transcriptional modification or negative feedback 
mechanisms, or the competitive occupancy of transcription sites by SP1.

IL-23A belongs to the IL-12 pro-inflammatory cytokine family, which is necessary for early local inflammatory 
response by connecting innate and adaptive immune system. It is considered as a key cytokine for the proper functioning 
of IL-17 producing Th17 cells by strongly enhancing the expansion of Th17 cells, indicating importance of IL-23A for 
many inflammatory autoimmune diseases.46 Psoriasis is a disease in which IL-23A/IL-17 axis plays an important role, 
hence the significance of IL-23 in the pathogenesis of this disease is not surprising. Studies have confirmed IL-17A 

Figure 8 TFs regulatory network and its expression in GSE34248 and GSE39653. (A) TFs regulatory network. TFs were marked as square, and the hub genes were marked 
as circle. (B and C) The expression level of TFs in GSE34248 and GSE39653. The comparison between the two sets of data uses the mean T-test. P-value < 0.05 was 
considered statistically significant. **p < 0.01; ***p < 0.001. 
Abbreviations: HC, healthy controls; PS, psoriasis patients; MDD, major depression disorder.
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produced by Th17 cells provokes the deterioration of neuroinflammation and synaptic dysfunction, and the kynurenine 
pathway in microglia and astrocytes, which is directly related to the aetiology of depression.24 Interestingly, we observed 
a statistically significant increase of IL-23A expression in peripheral blood from patients with depression. Ustekinumab 
is a monoclonal antibody targeting the common subunit p40 of IL-12 and IL-23, which can prevent later signaling, 
differentiation and production of the cytokines that are crucial for psoriasis. Strikingly, patients taking ustekinumab for 
psoriasis showed a significant improvement in depressive symptoms.47 These observations indicated that elevated 
expression of IL-23A in patients with psoriasis could contribute to the increased risk for depressive symptoms. TGFA 
is believed to play an important part in cell proliferation and differentiation through the epithelial growth factor receptor 
(EGFR). It is reported that TGFA production by keratinocytes is increased in psoriatic skin lesions.48 Although TGFA did 
not induce psoriasis-related gene expression, it could significantly enhance the IL-17A-mediated induction of various 
psoriasis signature genes, including antimicrobial peptides, cytokines, and chemokines.49 Thus, TGFA production in 
psoriatic lesions may amplify the inflammation in the lesions. In depression, data regarding role of TGFA is lacking, 
however, it could be advantageous in supporting the neuroprotective effect in the CNS. Specifically, TGFA has been 
reported to contribute to enhancing the repair after nervous system post-stroke and post-traumatic injury.50 Therefore, it 
might play a beneficial role in maintaining brain plasticity in MDD. FGFR1, a member of the receptor tyrosine kinase 
family, was found in dermatitis by a global transcriptome analysis.51 Although combined stimulation via FGFR1 and the 
TCR synergistically enhances the T-cell activation,52 decreased expression of FGFR1 was associated with psoriasis. Loss 
of FGFR1 in keratinocytes caused psoriasis-like inflammation by activation of keratinocytes and epidermal γδ T cells, 
which produce interleukin-1 family member 8 and S100A8/A9 proteins.53 On the other hand, FGFR1 is widely 
distributed throughout the nervous system and is negatively related to depression status.54,55 FGF2, a ligand of 
FGFR1, was down-regulated in the hippocampus and the serum with high consistency in patients with MDD.56 

Notably, we also discovered FGFR1 was significantly decreased in peripheral blood in patients with MDD, which 
suggests that low FGFR1 and FGF2 expression in peripheral blood is involved in the pathogenesis of depression. Thus, 
considering the difficulty of obtaining brain tissue samples, FGFR1 and FGF2 has the potential to be a good serum 
biomarker for the detection of depression. PDGFB is considered as a mitogenic hormone, which attracts monocytes, 
promotes neovascularization, and stimulates connective tissue cells to proliferate, migrate, and synthesize extracellular 
matrix components. PDGF ligands and their corresponding receptors are associated with skin repair.57 However, little is 
known about the regulatory role of PDGFB in psoriasis. Given that keratinocytes and macrophages residing in skin 
contribute to PDGF production in the injured skin, which plays the chemotaxis role for monocytes.57 Thus, PDGFB 
might amplify the inflammation in the psoriatic lesions. Peripheral inflammation can cause BBB disruption/dysfunction, 
thereby increasing PDGF levels, which were inversely associated with integrity of myelin sheaths in depressed patients.58 

Hence, elevated levels of PDGF in periphery may reflect neuroinflammation. SOCS1 and SOCS3 are members of the 
SOCS family, which has a vital role in the regulation of the immune system and resolution of inflammatory cascades. 
Since SOCS1 is a classical regulator of IFN-γ and IL-6 signaling, SOCS1 can skew T cells responses away from Th1 and 
Th17 cells.59 In addition, SOCS1 and SOCS3 suppress TLR7-mediated type I IFN production of pDCs, another vital 
element in psoriasis pathogenesis.60 In depression, study has demonstrated that blood SOCS1 and SOCS3 mRNA were 
significantly decreased in the MDD group compared to the NC group.61 Of particular interest, a significant finding was 
a decrease in SOCS3 mRNA after remission from MDD, implying that SOCS3 is a trait marker indicating a tendency for 
inflammatory cytokine in depressive symptoms.61 Prior study explored the inflammatory genes related to depression in 
skin and serum from patients with psoriasis. It found an increase in skin and serum gene expression for TNF-α, IL1β, IL- 
6 and IL-17 in psoriasis versus healthy controls. Our study found that new genes like CTLA4, FGFR1, IL7R, IL23A, 
LCK, PDGFB, SOCS1, SOCS3 and TGFA associated with inflammation present abnormal expression both in psoriasis 
and depression.

Screening for depressive symptoms led to increased utilization of mental health care and improvement of psoriasis, 
depressive symptoms, and quality of life.62 As a result, it is recommended that dermatologists screen for depression in 
order to ensure the caution in medication and patient management. The Whooley questions, a convenient two-question 
case-finding instrument, might be easy to use as a screening tool for depression in psoriasis patients.63 However, there are 
currently no molecular biomarker-based screening techniques available to identify depression in psoriasis patients. In this 
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study, we used advanced bioinformatics methods to identify the common DEGs, hub genes and TFs implicated in the 
pathogenesis of psoriasis and depression for the first time, which helps to further elucidate the molecular mechanism of 
the two diseases. In addition, the potential molecular biomarkers we explored might be incorporated into existing 
diagnostic procedures to diagnose psoriasis patients with depression. Nevertheless, it is important to acknowledge the 
limitations of our research. Firstly, as a retrospective study, our findings require external validation to ensure their 
reliability and generalizability. Additionally, it is crucial to ensure that the verification databases selected are appropriate 
for studying the comorbidity of psoriasis and depression. Finally, while our study identified hub genes associated with 
psoriasis and depression, further experimental verification is needed to confirm their functional significance. Therefore, 
future research will focus on conducting experiments to validate the roles of these hub genes in the pathogenesis of 
psoriasis and depression.

Conclusions
In summary, our study successfully identified 115 common DEGs associated with both psoriasis and depression. 
Additionally, psoriasis and depression share common pathogenic mechanisms, such as T cell activation and Th17 cell 
differentiation, which are mediated by 17 specific hub genes. These findings contribute to a deeper understanding of the 
molecular mechanisms underlying the comorbidity of psoriasis and depression, and provide important insights for further 
research in this area. Overall, our study represents an important step towards the development of new therapies and 
treatments for individuals affected by psoriasis complicated with depression.
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