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Abstract: 

Psoriasis is a chronic immune-mediated inflammatory skin disorder characterized by dysregulated 

keratinocyte proliferation, immune cell infiltration, and complex genetic susceptibility. Increasing 

evidence suggests that cytokine signaling pathways and immune regulatory genes play a pivotal role in 

disease pathogenesis. The present study employed an integrative bioinformatics approach to investigate 

functional interactions and molecular pathways associated with psoriasis-related genes. A curated set of 

thirty psoriasis-associated genes, including IL17A, TNF, IL23A, IL12B, STAT3, TYK2, and TRAF3IP2, was 

analyzed using multiple computational platforms. Protein–protein interaction (PPI) networks were 

constructed using STRING and GeneMania to identify functional gene interactions and regulatory hubs. 

Functional enrichment and pathway analyses were performed using Enrichr, DAVID, Reactome, and 

Metascape to determine significantly enriched biological processes, molecular functions, and signaling 

pathways.The analysis revealed a highly interconnected gene network predominantly enriched in immune 

response regulation, cytokine-mediated signaling, leukocyte activation, and inflammatory pathways. Hub 

gene identification highlighted key regulatory molecules, including IL17A, TNF, IL23A, IL6, and STAT3, 

which demonstrated strong interaction connectivity and central roles in inflammatory signaling cascades. 

Pathway enrichment consistently identified IL-17 signaling, TNF signaling, JAK–STAT signaling, and NF-

κB signaling pathways as major contributors to psoriasis pathogenesis. The findings provide 

comprehensive insights into the molecular mechanisms underlying psoriasis and highlight potential 

therapeutic targets.  
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Introduction 

Psoriasis is a chronic, immune-mediated inflammatory skin disorder characterized by abnormal keratinocyte 

proliferation, epidermal hyperplasia, and infiltration of immune cells, particularly T lymphocytes and dendritic 

cells. The disease affects approximately 2–3% of the global population and is considered a multifactorial disorder 

influenced by genetic susceptibility, environmental triggers, and immune dysregulation. Clinically, psoriasis 

presents as erythematous, scaly plaques that commonly affect the scalp, elbows, knees, and lower back, 

significantly impacting patient quality of life and increasing the risk of associated comorbidities such as psoriatic 

arthritis, metabolic syndrome, and cardiovascular disease (3). 

The pathogenesis of psoriasis is primarily driven by dysregulated interactions between innate and adaptive 

immune responses. Among the various immunological pathways involved, the interleukin-23/interleukin-17 (IL-

23/IL-17) axis has been recognized as a central mechanism in disease development. Activation of dendritic cells 

stimulates the production of IL-23, which promotes differentiation and expansion of T helper 17 (Th17) cells. 

These Th17 cells subsequently produce pro-inflammatory cytokines such as IL-17A, IL-17F, and IL-22, which 

stimulate keratinocyte proliferation and amplify inflammatory signaling cascades. Additionally, tumor necrosis 

factor-alpha (TNF-α) and interleukin-6 (IL-6) further contribute to immune activation and inflammatory 

amplification, highlighting the complex cytokine network involved in psoriasis progression (4). 

Genetic studies have identified multiple susceptibility loci associated with psoriasis, demonstrating a strong 

hereditary component in disease development. Genome-wide association studies (GWAS) have revealed several 

genes involved in immune signaling, cytokine regulation, and epidermal differentiation, including IL17A, IL23A, 

IL12B, TYK2, CARD14, STAT3, and TRAF3IP2. These genes regulate critical signaling pathways such as JAK–STAT 

signaling, NF-κB activation, and cytokine-mediated immune responses, which collectively influence inflammatory 

gene expression and immune cell activation (8). The identification of these susceptibility genes has significantly 

improved understanding of psoriasis molecular mechanisms and has facilitated the development of targeted 

biologic therapies. 

Methodology 

A bioinformatics-based analytical approach was adopted to identify disease-associated genes and molecular 

pathways involved in psoriasis. The methodology involved identification of psoriasis-related genes, interaction 

network construction, functional enrichment analysis, and pathway mapping using various web-based databases 

and bioinformatics tools. This integrated workflow helps in understanding immune dysregulation, inflammatory 

signaling, and keratinocyte proliferation associated with psoriasis pathogenesis. 

The bioinformatics tools used in this study are summarized in Table 1. 

Table 1: Bioinformatics Tools and Databases used 

Sr. No. Tool Name Description Purpose in Study Website 

1. DisGeNET A comprehensive platform integrating 

information on gene–disease associations 

from curated databases and literature 

Identification of 

psoriasis-associated 

genes 

https://www

.disgenet.org 

2. STRING A database providing known and predicted 

protein–protein interactions 

Construction of 

protein–protein 

interaction networks 

https://strin

g-db.org 

https://www.disgenet.org/
https://www.disgenet.org/
https://string-db.org/
https://string-db.org/
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3. GeneMANI

A 

A gene interaction prediction tool based on 

co-expression, pathways, and genetic 

interactions 

Exploration of gene 

interactions and co-

expression patterns 

 

https://gene

mania.org 

4. Enrichr An interactive enrichment analysis tool 

integrating multiple gene libraries 

 

Functional 

enrichment analysis 

and hub gene 

identification 

https://maay

anlab.cloud/

Enrichr 

5. Reactome A curated database of biological pathways 

and reactions 

Identification of 

biological pathways 

involved in psoriasis 

 

https://react

ome.org 

6. DAVID Database for Annotation, Visualization and 

Integrated Discovery 

Functional 

annotation and 

enrichment of GO 

terms and KEGG 

pathways 

 

https://david

bioinformati

cs.nih.gov/ 

 

7. Metascape An integrated platform for gene list 

annotation and analysis 

Express analysis, PPI 

network 

construction, GO and 

KEGG enrichment 

 

https://meta

scape.org 

Results 

1. DisgeneNet 

A total of 30 genes associated with psoriasis were selected based on literature evidence and public databases, 

including IL17A, TNF, IL23A, IL12B, TYK2, CARD14, STAT3, IL13, NOS2, IL6, VEGFA, IL4, APOE, CRP, IL10, 

TNFAIP3, ERAP1, TRAF3IP2, MKI67, TNIP1, ICAM1, NFKBIA, CAT, CYP1A1, LTA, IL1B, TGFA, IFIH1, and IFNLR1. 

 

Figure 1: Gene list from the tool DisGeNET 

https://genemania.org/
https://genemania.org/
https://maayanlab.cloud/Enrichr
https://maayanlab.cloud/Enrichr
https://maayanlab.cloud/Enrichr
https://reactome.org/
https://reactome.org/
https://davidbioinformatics.nih.gov/
https://davidbioinformatics.nih.gov/
https://davidbioinformatics.nih.gov/
https://metascape.org/
https://metascape.org/
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Figure 2: Gene list from tool DisGeNET 

DisGeNET provided a list of psoriasis-associated genes, which was used as the input gene set for subsequent 

bioinformatics analyses. 

2. STRING analysis 

STRING was used to construct a protein–protein interaction network for psoriasis-associated genes. 

 

Figure 3: Protein-protein interaction network of 30 psoriasis-associated genes using STRING 

The network consisted of 30 interacting genes, indicating strong functional connectivity related to psoriasis.The 

generated interaction network demonstrated strong connectivity among the proteins, suggesting coordinated 

molecular activity. Several genes showed multiple interactions, indicating their potential role as key regulatory or 

hub genes involved in psoriasis. 

Gene ontology analysis was performed to identify enriched biological processes associated with the gene set. 
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Figure 4: Gene ontology biological processes lists 

Table 2: GO Biological Process and Molecular Function Enrichment results from STRING 
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The enriched biological processes were mainly related to immune response and inflammatory regulation.The 

enriched biological processes were primarily related to immune response, inflammatory regulation, and cellular 

signaling, highlighting their importance in psoriasis pathogenesis. 

3. GeneMania network analysis 

GeneMANIA analysis was used to explore gene interactions and co-expression patterns. 

 

Figure 5: GeneMANIA functional association network highlighting query genes and predicted 

related genes. 

 

Figure6: GeneMANIA network displaying different interaction types such as  co-expression, physical 

interactions, and predicted associations 

The interaction network revealed functional associations and co-expression among psoriasis-related genes. The 

interaction network revealed functional associations and co-expression among genes, indicating coordinated 

regulation of immune-related and inflammatory pathways. 

4. Enrichr functional enrichment 

Enrichr was used to identify functional enrichment across multiple gene libraries. 

The Enrichr analysis provided an overview of functional enrichment across multiple gene set 
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Table 3: Presence of psoriasis-associated genes in Enrichr libraries 

 

 

Based on their repeated presence across enriched libraries, suggesting their central role in disease-associated 

molecular mechanisms. Based on the enrichment results across multiple gene libraries, Hub genes were identified 

by selecting genes that appeared repeatedly in significantly enriched libraries. These genes showed consistent 

involvement in immune response, inflammatory regulation, and signaling pathways relevant to psoriasis. 

5. Reactome pathway analysis 

The results highlighted immune-related and inflammatory pathways involved in psoriasis pathogenesis. The 

analysis highlighted immune-related and inflammatory signaling pathways, emphasizing their contribution to the 

molecular pathogenesis of psoriasis. 
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Figure 7: Reactome pathways highlighting the involvement of selected psoriasis related genes 

6. DAVID functional annotation 

 

Figure 8: DAVID functional annotation summary. 

The enriched gene ontology terms show these genes play key roles in immune system functions. KEGG pathways 

reveal their involvement in inflammation and immune signaling. 

7. Metascape analysis 

 

Figure 9: Protein-protein interaction network generated using Metascape. 

The analysis generated protein–protein interaction networks along with GO and KEGG enrichment results, 

identifying functional clusters related to immune response and inflammatory signaling in psoriasis. 

Conclusion 

This study used bioinformatics to analyze psoriasis-associated genes, revealing key genes, interaction networks, 

and immune-related pathways. Functional enrichment highlighted inflammatory and immune regulatory 
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mechanisms in disease pathogenesis. These findings improve understanding of psoriasis molecular mechanisms 

and may guide biomarker discovery and therapeutic development. 

References 

1. Swindell, W. R., Johnston, A., Voorhees, J. J., Elder, J. T., & Gudjonsson, J. E. (2013). Dissecting the psoriasis 

transcriptome: Inflammatory- and cytokine-driven gene expression in lesions from 163 patients. BMC 

Genomics, 14, 527. https://doi.org/10.1186/1471-2164-14-527  

2. Grabarek, B., Krzaczyński, J., Strzałka-Mrozik, B., Wcisło-Dziadecka, D., & Gola, J. (2019). The influence of 

ustekinumab on expression of STAT1, STAT3, STAT4, SOCS2, and IL-17 in patients with psoriasis and in a 

control. Dermatology and Therapy, 32(5), e13029. https://pubmed.ncbi.nlm.nih.gov/31330078/  

3. Lowes, M. A., Suárez-Fariñas, M., & Krueger, J. G. (2014). Immunology of psoriasis. Annual Review of 

Immunology, 32, 227–255. https://doi.org/10.1146/annurev-immunol-032713-120225  

4. Boehncke, W. H., & Schön, M. P. (2015). Psoriasis. The Lancet, 386(9997), 983–994.  

https://doi.org/10.1016/S0140-6736(14)61909-7  

5. Nestle, F. O., Kaplan, D. H., & Barker, J. (2009). Psoriasis. New England Journal of Medicine, 361(5), 496–509. 

https://doi.org/10.1056/NEJMra0804595  

6. Griffiths, C. E. M., & Barker, J. N. W. N. (2007). Pathogenesis and clinical features of psoriasis. The Lancet, 

370(9583), 263–271. https://doi.org/10.1016/S0140-6736(07)61128-3  

7. Armstrong, A. W., Harskamp, C. T., & Armstrong, E. J. (2013). Psoriasis and metabolic syndrome: A 

systematic review and meta-analysis of observational studies. Journal of the American Academy of 

Dermatology, 68(4), 654–662. https://doi.org/10.1016/j.jaad.2012.08.015  

8. Tsoi, L. C., Spain, S. L., Knight, J., Ellinghaus, E., Stuart, P. E., Capon, F., … Elder, J. T. (2012). Identification of 

15 new psoriasis susceptibility loci highlights the role of innate immunity. Nature Genetics, 44(12), 1341–

1348. https://doi.org/10.1038/ng.2467  

9. Nair, R. P., Duffin, K. C., Helms, C., Ding, J., Stuart, P. E., Goldgar, D., … Elder, J. T. (2009). Genome-wide scan 

reveals association of psoriasis with IL-23 and NF-κB pathways. Nature Genetics, 41(2), 199–204.  

10. Harden, J. L., Krueger, J. G., & Bowcock, A. M. (2015). The immunogenetics of psoriasis: A comprehensive 

review. Journal of Autoimmunity, 64, 66–73. https://doi.org/10.1016/j.jaut.2015.07.008  

11. Perera, G. K., Di Meglio, P., & Nestle, F. O. (2012). Psoriasis. Annual Review of Pathology, 7, 385–422.  

12. Rendon, A., & Schäkel, K. (2019). Psoriasis pathogenesis and treatment. International Journal of Molecular 

Sciences, 20(6), 1475. https://doi.org/10.3390/ijms20061475  

13. Blauvelt, A. (2018). IL-23/IL-17 axis in psoriasis. Journal of Investigative Dermatology, 138(6), 1201–1204.  

14. Schön, M. P., & Boehncke, W. H. (2005). Psoriasis. New England Journal of Medicine, 352(18), 1899–1912.  

15. Guttman-Yassky, E., Krueger, J. G., & Lebwohl, M. G. (2018). Systemic immune mechanisms in atopic 

dermatitis and psoriasis with implications for treatment. Experimental Dermatology, 27(4), 409–417.  

16. Takeshita, J., Grewal, S., Langan, S. M., Mehta, N. N., Ogdie, A., Van Voorhees, A. S., & Gelfand, J. M. (2017). 

Psoriasis and comorbid diseases: Epidemiology. Journal of the American Academy of Dermatology, 76(3), 

377–390. https://doi.org/10.1016/j.jaad.2016.07.064  

17. Armstrong, A. W., & Read, C. (2020). Pathophysiology, clinical presentation, and treatment of psoriasis: A 

review. JAMA, 323(19), 1945–1960. https://doi.org/10.1001/jama.2020.4006 

https://doi.org/10.1186/1471-2164-14-527
https://pubmed.ncbi.nlm.nih.gov/31330078/
https://doi.org/10.1146/annurev-immunol-032713-120225
https://doi.org/10.1016/S0140-6736(14)61909-7
https://doi.org/10.1056/NEJMra0804595
https://doi.org/10.1016/S0140-6736(07)61128-3
https://doi.org/10.1016/j.jaad.2012.08.015
https://doi.org/10.1038/ng.2467
https://doi.org/10.1016/j.jaut.2015.07.008
https://doi.org/10.3390/ijms20061475
https://doi.org/10.1016/j.jaad.2016.07.064
https://doi.org/10.1001/jama.2020.4006

