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A genome-wide association study identifying key 
susceptibility loci for psoriasis: A genetic perspective
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Abstract

Aim: To identify and functionally characterise key genetic susceptibility loci for psoriasis using GWAS data integrated with pathway, network, and  
regulatory analyses.

Methodology: GWAS datasets were systematically analysed to 
identify genes and genetic variants associated with psoriasis. 
Functional enrichment analyses were performed to delineate key 
biological pathways, regulatory elements, and functional 
annotations. Furthermore, transcription factor and microRNA 
interactions with psoriasis-related genes were evaluated to provide 
mechanistic insights.

Results: Multiple genetic loci were identified, reaffirming the  
contribution of immune dysregulation and impaired skin barrier 
function in psoriasis. Functional enrichment highlighted significant 
pathways including cytokine signalling, NF-κB activation, and 
keratinocyte proliferation. Several transcription factors and miRNAs 
regulating psoriasis-associated genes were also identified, offering 
additional layers of gene expression control.

Interpretation: Integration of GWAS findings with pathway and  
regulatory network analyses enhances the understanding of 
psoriasis genetics. Novel susceptibility genes, transcriptional 
regulators, and potential biomarkers have been identified, which 
may serve as therapeutic targets. Future research should focus on 
experimental validation and clinical translation to advance precision 
medicine approaches in psoriasis management.
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Mapped genes were retained for downstream analyses. 
Functional classification of the curated gene set was performed 
using Gene Ontology (GO) analysis to categorize genes into 
biological processes, molecular functions, and cellular 
components (Kuleshov et al., 2016). Pathway enrichment was 
further investigated through the Kyoto Encyclopedia of Genes 
and Genomes (KEGG) (Kanehisa et al., 2017) and Reactome 
databases (Croft et al., 2011). To explore post-transcriptional and 
epigenetic regulation, microRNA (miRNA) enrichment analysis 
was performed using miRTarBase (Cui et al., 2024) and 
TargetScan (Min and Yoon, 2010), thereafter, Protein–protein 
interaction (PPI) network analysis was conducted to uncover 
functional relationships among the psoriasis-associated genes. 
Network construction identified hub genes and closely interacting 
proteins that may act as key contributors to disease 
mechanisms.Finally, metabolomic relevance was evaluated with 
MetaboAnalyst to examine whether the mapped genes intersect 
with metabolic pathways implicated in psoriasis.

Results and Discussion

Genome-wide analysis identified multiple psoriasis-
associated genomic regions and chromosomal loci (Table 1). 
Strong susceptibility loci include HLA-C (6p21.33), validating its 
role in immune-mediated inflammation, along with TNFAIP3, 
STAT2, IL23R and IL12B, all implicated in inflammatory and 
immunomodulatory pathways. The identification of HLA-C at 
6p21.33 is consistent with earlier reports linking this locus to 
antigen presentation and immune cell recognition, both of which 
are central to the autoimmune cascade in psoriasis (Al Naqbi et 
al., 2021). The co-identification of IL23R and IL12B in this 
analysis further validates the IL-23/IL-12 axis as a primary genetic 
driver, since these cytokine receptor and ligand genes together 
orchestrate the differentiation of Th17 cells, which are widely 
regarded as the principal effectors of psoriatic inflammation (Guo 
et al., 2023). The presence of TNFAIP3 and STAT2 alongside 
these classical loci suggests that NF-κB regulation and interferon 
signalling also contribute independently to genetic susceptibility, 
pointing to a multi-pathway model of disease initiation rather than 
a single dominant mechanism (Jiang et al., 2020).

MicroRNA enrichment (Table 2) revealed significant 
correlations between specific miRNAs and psoriasis-related 
genes in the GWAS Catalog. Notably, hsa-miR-451a is linked to 
TSC1, and hsa-miR-517a-3p shows the strongest association 
with TNIP1. Other key regulators include hsa-miR-23a-3p, hsa-
miR-125a-5p and hsa-let-7i-5p, which target TNFAIP3, STAT2 
and IL13. The targeting of TNIP1 by hsa-miR-517a-3p is 
particularly relevant because TNIP1 is a negative regulator of Toll-
like receptor and NF-κB signalling, and its suppression by this 
miRNA would be expected to amplify inflammatory signalling in 
keratinocytes (Li et al., 2023). Similarly, the regulation of TNFAIP3 
and STAT2 by hsa-miR-23a-3p and hsa-miR-125a-5p, 
respectively, suggests that post-transcriptional mechanisms may 
fine-tune the activity of key immune regulators in psoriatic skin, 
providing a layer of control beyond genetic variation at DNA level. 

Introduction

Psoriasis is a chronic, immune-mediated inflammatory 
disorder of the skin characterized by erythematous, scaly 
plaques, in which dysregulated keratinocyte differentiation and 
inflammation each contribute to disease pathology (Orzan et al., 
2025). The condition arises from an inappropriate immune 
response to unidentified autoantigens or microbial triggers, and is 
sustained by the recruitment and activation of leukocytes at the 
sites of developing lesions (Zhang et al., 2024). Inflammatory 
cytokines, T cells, and dendritic cells are key drivers of this 
process (Zhang et al., 2023). A strong genetic component has 
long been recognized: twin studies in Northern European 
populations show concordance rates of roughly 72 % in 
monozygotic twins compared with 15 – 23 % in dizygotic twins, 
with heritability estimates ranging from 60 – 90 %, underscoring a 
substantial genetic contribution to susceptibility (Dand et al., 
2025). Associations with major histocompatibility complex (MHC) 
haplotypes—especially HLA-Cw6—and single nucleotide 
polymorphisms (SNPs) near IL12B and IL23R further highlight 
genetic risk factors. Variants in these loci have also been 
implicated in other immune-mediated diseases such as Crohn’s 
disease and ulcerative colitis (Ogawa and Okada, 2020).

Genome-wide association studies (GWAS) over the past 
decade have sought to uncover additional genetic determinants 
of psoriasis (Dand et al., 2025). While these large-scale studies 
have produced incremental insights, they have successfully 
identified SNPs significantly linked to psoriasis risk, albeit often 
without a clear understanding of their functional roles (Dand et al., 
2020). Early GWAS efforts, including the landmark study by Nair 
et al. (2009), revealed psoriasis-associated loci within the NF-κB 
and IL-23 pathways, providing critical leads for subsequent 
research. Building on this foundation, the present study leverages 
mapped gene data from the GWAS Catalogue to investigate the 
biological significance of these genetic variants (Nair et al., 2009). 
By integrating functional enrichment approaches—such as Gene 
Ontology (GO) classification, KEGG and Reactome pathway 
analyses, protein–protein interaction (PPI) network construction, 
microRNA (miRNA) enrichment using resources like TargetScan 
or miRTarBase, and metabolomic associations via Metabo 
Analyst—this work aimed to move beyond statistical correlation. 
The overarching goal was to clarify how GWAS-identified genes 
contribute to psoriasis pathogenesis, uncover regulatory 
mechanisms, and identify potential biomarkers for early 
diagnosis and disease prediction.

Materials and Methods

A comprehensive multi-step bioinformatics strategy was 
applied to elucidate the genetic and molecular pathways 
underlying psoriasis. Genome-wide association study (GWAS) 
data were first retrieved from the GWAS Catalogue to identify 
genes significantly associated with psoriasis (Sollis et al., 2023). 
Variants meeting stringent statistical cutoffs and quality-control 
criteria, and with established clinical relevance, were selected. 
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TSC1, IL23R, STAT2, Il13 and IL12B. The JAK-STAT pathway 
emerged as the most significantly enriched KEGG pathway, 
which is clinically meaningful given that JAK inhibitors are now 
approved treatments for psoriasis (Wang et al., 2025). The 
enrichment of inflammatory bowel disease pathways alongside 
psoriasis-associated genes reflects the well-documented 
comorbidity between these conditions and suggests shared 
genetic architecture at the level of innate immune regulation 
(Grech et al., 2025). The appearance of viral infection pathways in 
this analysis, driven partly by STAT2, points to the involvement of 
antiviral interferon responses in psoriasis, which aligns with the 
known triggering of psoriatic flares by viral infections and with the 
role of type I interferon signalling in sustaining chronic skin 
inflammation (Orzan et al., 2025).

Protein-protein interaction (PPI) analysis (Table 4) 
highlighted JAK1 and JAK2 (P < 0.005, OR = 22.96–26.94) as 
central to JAK-STAT signaling. UBC links to TNIP1, TNFAIP3 and 
TSC1 (P = 0.0046, OR = 10.86), while IKBKB and IKBKG (P < 
0.02, OR = 10.83–21.57) regulate NF-κB signaling. YWHA family 
proteins (YWHAE, YWHAG, YWHAZ, YWHAH) and ACTB (P = 
0.019, OR = 10.60) indicate roles in signaling and cytoskeletal 
integrity. The centrality of JAK1 and JAK2 in the PPI network, 
interacting with both IL23R and STAT2, reflects their role as 
primary kinases that transduce cytokine receptor signals into 
transcriptional changes in immune cells (Vázquez-Jiménez et al., 
2025). Pharmacological inhibition of these kinases with small 
molecules has already demonstrated clinical efficacy in psoriasis, 
and their identification here as network hubs from an unbiased 
GWAS-based analysis independently validates this therapeutic 
rationale. The hub role of UBC, which interacts with TNIP1, 
TNFAIP3 and TSC1, underlines the importance of ubiquitin-

The association of hsa-miR-451a with TSC1 connects miRNA 
regulation to mTOR pathway, which governs keratinocyte 
proliferation and is increasingly recognised as a therapeutic 
target in psoriasis (Joo et al., 2024).

Reactome pathway analysis (Table 3) showed highest 
enrichment in Interleukin-12 family and Interleukin-23 signaling 
(P = 1.40E-05, OR = 518.96). Cytokine and interleukin pathways 
(IL-4, IL-13, IL-18, IFN) plus deubiquitination routes (TNIP1, 
TNFAIP3) highlight immune modulation. The strong enrichment 
of IL-23 signalling with an odds ratio of 518.96 is biologically 
consistent with the well-established centrality of the IL-23/Th17 
axis in psoriasis pathogenesis (Bugaut and Aractingi, 2021). IL-
23 drives the expansion and maintenance of Th17 cells, which in 
turn produce IL-17A, a cytokine that directly stimulates 
keratinocyte hyperproliferation and the recruitment of neutrophils 
to the skin. The enrichment of IL-4 and IL-13 signalling alongside 
IL-23 indicates that psoriasis involves a broader cytokine network 
than the Th17 axis alone, with Th2-related pathways also 
contributing, particularly in atopic comorbidities (Bridgewood et 
al., 2021). The identification of ovarian tumour domain proteases 
through TNIP1 and TNFAIP3 is noteworthy, as these 
deubiquitinase enzymes regulate inflammatory signalling by 
removing ubiquitin chains from key immune regulators, and their 
dysregulation can sustain chronic NF-κB activation in psoriatic 
lesions (He et al., 2025).

KEGG analysis identified the JAK-STAT pathway as most 
enriched (P = 2.80E-06, OR = 55.78) with links to chronic 
inflammatory disease (inflammatory bowel disease, P = 9.15E-
06, OR = 96.41), IL-17 signaling, Th1/Th2 differentiation, viral 
infection, and cancer pathways. Key genes include TNFAIP3, 
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Table 1: GWAS findings of psoriasis

REGION CHR_ID CHR_POS REPORTED GENE(S) MAPPED_GENE

6p21.33 6 31,285,148   HLA-C RPL3P2 - WASF5P
5q33.1 5 151,000,000   TNIP1 TNIP1 - ANXA6
1p31.3 1 67,228,519   IL23R C1orf141, IL23R
5q31.1 5 133,000,000   IL13 TH2LCRR, IL13
5q33.3 5 159,000,000   IL12B UBLCP1 - IL12B
12q13.3 12 56,344,189   STAT2, IL23A STAT2
9q34.13 9 133,000,000   TSC1 TSC1
6q23.3 6 138,000,000 TNFAIP3 TNFAIP3

Table 2: miRTarBase 2017

Term P-value Adjusted P-value Odds Ratio Combined Score Genes

hsa-miR-517a-3p p<0.05 0.227687 138.7153 662.6705253 TNIP1
hsa-miR-23a-3p p<0.05 0.227687 14.53073 65.53122988 TNFAIP3;TSC1
hsa-miR-125a-5p p<0.05 0.227687 13.47984 58.89925146 STAT2;TNFAIP3
hsa-let-7i-5p p<0.05 0.227687 10.76396 42.54480225 STAT2;IL13
hsa-miR-451a p<0.05 0.227687 55.43611 216.9520847 TSC1
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mediated protein degradation in controlling the magnitude of 
inflammatory responses, with dysregulation of this system 
contributing to sustained NF-κB activation characteristic of 
psoriatic plaques (Prema and Shanmugamprema, 2025).

Key molecular processes included viral defense (IL23R, 
TNFAIP3, IL12B, P = 1.65E-06, OR = 176.05), IL-10 synthesis 
regulation (IL23R, IL13, IL12B, P = 3.20E-06, OR = 139.14), 
NK/T-cell activation (P < 1.1E-05, OR = 605.48–1211.15), and 
cytokine signaling via JAK-STAT (P < 5.84E-06, OR = 908.31). 
The enrichment of viral defence processes driven by IL23R, 
TNFAIP3 and IL12B highlights an overlap between antiviral 
immunity and psoriasis-associated immune activation, 
suggesting that the genetic variants identified in GWAS may 
predispose individuals to heightened innate immune responses 
that, when triggered by microbial or environmental stimuli, tip into 
chronic inflammatory disease (Hamid, 2025). The strong 
enrichment of cytokine signalling via JAK-STAT with an odds ratio 
exceeding 900 reinforces the dominance of this pathway in 
psoriasis and is consistent with the broad therapeutic success of 
JAK inhibitors and biologics targeting the IL-23/IL-17 axis in 
clinical practice (Ożóg et al., 2025).

Cellular localization showed IL12B and ANXA6 in 
endosome lumen/late endosome (P<0.016, OR = 69.31–237.85), 
TSC1 with actin filaments (P = 0.045, OR = 23.71) and lipid 
droplets (P = 0.052, OR = 20.47) and IL12B in the ER lumen (P = 
0.169, OR = 5.80). The localisation of IL12B and ANXA6 to 
endosomal compartments is relevant to immune signalling, as 
endosomes serve as platforms for Toll-like receptor activation and 
cytokine receptor processing, and disruption of endosomal 
trafficking can alter the duration and intensity of inflammatory 
signalling. The association of TSC1 with actin filaments connect 
this gene to cytoskeletal regulation, which plays a role in immune 

cell migration and formation of immunological synapses, 
processes that are relevant to infiltration of T cells and dendritic 
cells into psoriatic skin lesions.

Molecular functions included cytokine receptor binding 
(IL23R, IL12B, P < 0.002, OR = 36.89–48.92), growth factor 
receptor binding (P = 0.0017, OR = 38.48), telomerase RNA 
binding by TNIP1 (P = 0.013, OR = 83.19), ubiquitination by 
TNFAIP3 (P = 0.0084, OR = 138.71), and ANXA6 ion-gated 
channel activity (P = 0.025, OR = 42.62). Cytokine receptor 
binding by IL23R and IL12B is directly mechanistic in psoriasis, as 
these interactions initiate the signalling cascades that drive Th17 
cell differentiation and sustain the inflammatory loop between 
keratinocytes and immune cells (Li et al., 2025). The 
ubiquitination activity attributed to TNFAIP3 is also relevant here, 
since TNFAIP3 (A20) functions as a ubiquitin-editing enzyme that 
limits NF-κB activation by removing activating ubiquitin chains 
from signalling intermediates, and loss of this regulatory function 
is expected to amplify inflammatory responses in susceptible 
individuals (Orozco et al., 2025).

+Immune cell interactions revealed the roles in CD4  T-cell 
activation (P < 0.02, OR = 55.43–165), macrophage polarization 
(IL12B, IL13, P = 0.0038–0.0148), effector T cells (P = 0.0051, OR 
= 2378.5), MAIT cells (P = 0.0058, OR = 208.11), and 
Th2/eosinophil responses (IL13, P = 0.0077, OR = 151.33). The 
enrichment of CD4+ T-cell activation and effector T-cell 
categories is consistent with the established central role of 
adaptive immunity in psoriasis, where pathogenic T cells 
recognise self-antigens and sustain keratinocyte activation 
through cytokine release (Yao et al., 2025). The identification of 
macrophage polarisation driven by IL12B and IL13 indicates that 
innate immune cells also contribute to disease heterogeneity, with 
IL-12 promoting pro-inflammatory M1 macrophage states and IL-
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Table 3: Reactome Pathways 2024

Term P-value Adjusted P-value Odds Ratio Combined Score Genes

Interleukin-23 Signaling p<0.05 7.70E-04 518.961 5800.000521 IL23R;IL12B
Interleukin-4 and Interleukin-13 Signaling p<0.05 0.001291 54.71009 545.2835135 IL23R;IL13;IL12B
Signaling by Interleukins p<0.05 0.00287 19.38393 169.8474918 IL23R;STAT2;
     IL13;IL12B
Ovarian Tumor Domain Proteases p<0.05 0.00392 98.0344 800.2223504 TNIP1;TNFAIP3
Interleukin-12 Family Signaling p<0.05 0.006477 67.11448 499.1544963 IL23R;IL12B

Table 4: PPI Hub Proteins

Term Overlap P-value Adjusted P-value Odds Ratio Combined Score Genes

JAK1 2/136 p<0.05 0.052417 26.93758 153.0437737 IL23R;STAT2
UBC 3/540 p<0.05 0.052417 10.86592 58.53914927 TNIP1;TNFAIP3;TSC1
JAK2 2/159 p<0.05 0.052417 22.96468 123.4644305 IL23R;STAT2
IKBKB 2/169 p<0.05 0.052417 21.57866 113.451394 TNFAIP3;TSC1
YWHAH 2/177 p<0.05 0.052417 20.5839 106.37205 TNFAIP3;TSC1
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Phosphate homeostasis is similarly linked to energy metabolism 
through ATP synthesis, and immune cells undergoing rapid 
proliferation and cytokine secretion have substantially elevated 
metabolic demands that would be sensitive to perturbations in 
these essential ions. RNA-seq data showed downregulation of 
TNIP1, TNFAIP3, ANXA6, STAT2, IL12B, Il13 and IL23R across 
multiple datasets implicating impaired NF-κB and interferon 
signaling. Conversely, these genes are consistently upregulated 
in other datasets, indicating activation of inflammatory and 
antiviral pathways. The bidirectional expression patterns of these 
genes across datasets likely reflect the heterogeneity of 
psoriasis, where disease stage, tissue site, and treatment history 

13 associated with Th2-skewed responses that may characterise 
certain psoriasis subtypes or comorbid atopic phenotypes 
(Prados-Carmona et al., 2025).

Metabolite analysis linked UBLCP1 to phosphate (P = 
0.193, OR = 5.01) and magnesium (P = 0.262, OR = 3.52), 
suggesting roles in energy metabolism and immune regulation. 
Although the associations of phosphate and magnesium with 
UBLCP1 did not reach formal statistical significance, they are 
biologically plausible given that magnesium is required as a 
cofactor for numerous kinases and phosphatases that regulate 
immune cell activation and cytokine production (Wu et al., 2025). 
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Enrichment Overview (top 25)
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Fig. 1: Important pathways linked to lipid metabolism, amino acid metabolism, and energy production by ranking the top 25 enriched metabolic pathways 
by enrichment ratio. The color intensity indicates statistical significance (p-value).
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can substantially alter the transcriptional state of lesional skin. 
The downregulation of TNIP1 and TNFAIP3 in some datasets is 
consistent with impaired negative regulation of NF-κB signalling, 
which would remove a brake on inflammatory gene expression 
and contribute to the sustained cytokine production seen in active 
psoriatic plaques (Li et al., 2025). Conversely, their upregulation 
in other datasets may reflect compensatory induction of these 
regulatory genes in response to elevated inflammatory activity.

Metabolic pathway enrichment (Fig. 1) highlighted De 
Novo Triacylglycerol Biosynthesis as most significant, with 
additional enrichment in spermidine/spermine biosynthesis, 
phosphatidylinositol phosphate metabolism, glycolysis, citric acid 
cycle, gluconeogenesis, and vitamin B6/riboflavin metabolism, 
reflecting links to immune function, lipid homeostasis, and 
disease progression. The enrichment of de novo triacylglycerol 
biosynthesis as a top metabolic pathway is consistent with the 
lipid abnormalities that have been described in psoriatic skin, 
where altered lipid metabolism in keratinocytes contributes to 
impaired barrier function and facilitates immune cell infiltration 
(Tu et al., 2025). The enrichment of glycolysis and citric acid cycle 
reflects high metabolic activity of proliferating keratinocytes and 
activated immune cells in psoriatic lesions, since rapidly dividing 
cells switch to aerobic glycolysis to meet their biosynthetic 
demands. Polyamine metabolism through spermidine and 
spermine biosynthesis has also been linked to keratinocyte 
proliferation, and its enrichment here suggests a metabolic 
contribution to the hyperproliferative epidermal phenotype that is 
characteristic of psoriatic plaques.

This study integrates GWAS, GO, pathway, miRNA 
enrichment, PPI network and metabolomics analyses to explain 
the genetic and molecular basis of psoriasis, providing insights 
consistent with prior research. Psoriasis showed strong 
associations with immune-regulatory genes TNFAIP3, STAT2, 
IL23R, IL12B and HLA-C, highlighting antigen presentation and 
immune response in disease etiology (Bojko et al., 2018; Guo et 
al., 2023). IL23R and IL12B, key to the IL-23/IL-12 pathway, 
support their role in Th17-driven inflammation (Girolomoni et al., 
2017). The addition of TNFAIP3 and STAT2 suggests NF-κB and 
interferon signaling involvement (Kim et al., 2020).

The consistent identification of HLA-C, IL23R, IL12B, 
TNFAIP3 and STAT2 across multiple analytical platformed in this 
study strengthens their candidacy as core genetic determinants 
of psoriasis susceptibility, and the convergence of pathway, 
network, miRNA, and the metabolomic evidence around the IL-
23/JAK-STAT/NF-κB regulatory axis provides a coherent 
mechanistic framework for how these loci translate genetic risk 
into disease. These findings collectively reinforce the multi-
pathway nature of psoriasis and highlight potential targets for 
biologic and small-molecule therapeutic intervention (Shi et al., 
2025). Gene Ontology analysis revealed immune activation, 
cytokine signaling, and inflammatory modulation, with 
enrichment in JAK-STAT activation and IL-10 regulation 
(Cheemalavagu et al., 2024). Molecular functions included 

cytokine receptor binding and ubiquitination (TNFAIP3, TNIP1) 
(Shamilov and Aneskievich, 2018). Cellular components such as 
endosomes and cytoskeleton further link immune regulation 
(Kaminska et al., 2024). KEGG and Reactome enrichment 
confirmed IL-23/IL-12 and JAK-STAT pathways and highlighted 
viral infection and inflammatory bowel disease pathways. 
Deubiquitination and ovarian tumor domain proteases indicate 
post-translational immune regulation (Schlüter et al., 2022). 
miRNA analysis identified hsa-miR-517a-3p targeting TNIP1; 
hsa-miR-23a-3p and hsa-miR-125a-5p targeting TNFAIP3 and 
STAT2; hsa-let-7i-5p regulating STAT2 and IL13; and hsa-miR-
451a linked to TSC1, implicating keratinocyte proliferation (Peng 
et al., 2022). These findings reveal therapeutic miRNA-mediated 
regulation. PPI analysis identified JAK1, JAK2, and UBC as hubs, 
with NF-κB regulators IKBKB, IKBKG and TNFAIP3 central to 
immune activation (10). ACTB and YWHA proteins suggest 
broader roles in apoptosis and structure.

Metabolomic analysis implicated phosphate and 
magnesium in ATP synthesis, signal transduction, and immune 
enzyme activity, suggesting metabolic contributions despite 
modest significance (Fiorentini et al., 2021). Overall, enrichment 
analyses link genetic variants to immunological and inflammatory 
pathways, closing the gap between GWAS findings and disease 
mechanisms. One of the limitations of the study is that metadata 
was not taken into consideration, which could have provided more 
valuable insights and a deeper understanding of the results.The 
enrichment analysis results should be interpreted as trends and 
approached with caution when drawing conclusions. This 
systems biology perspective suggests potential regulatory factors 
and therapeutic targets for precision medicine in psoriasis, 
though these findings require further validation.
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