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Background: Psoriasis (PSO), atopic dermatitis (AD), and urticaria (URT) are chronic inflammatory skin diseases marked by severe 
pruritus. These conditions are frequently comorbid with psychiatric disorders, especially major depressive disorder (MDD). Despite 
this clinical overlap, the underlying shared genetic mechanisms driving these comorbidities remain largely unclear.
Methods: We integrated large-scale European-ancestry genome-wide association study (GWAS) summary statistics for PSO, AD, 
URT, and MDD. Genetic overlap was assessed using linkage disequilibrium score regression (LDSC), high-definition likelihood 
(HDL), MAGMA-based gene and pathway analyses, PLACO cross-trait pleiotropy analysis, Bayesian colocalization, and summary- 
data-based Mendelian randomization (SMR). Tissue-specific enrichment and gene expression analyses were performed using GTEx 
transcriptomic resources.
Results: All three skin diseases showed significant positive genetic correlations with MDD. We identified 70 genome-wide significant 
pleiotropic SNPs and 13 shared genomic risk loci across the pairwise IAD-MDD analyses, with 11q13.1 and 11q12.2 prominent 
in AD-MDD. Prioritized genes, including FADS1, SLC22A4, SLC22A5, and FOXP3, showed enrichment in immune-related tissues 
and brain regions. Functional analyses implicated transcriptional regulation, synaptic signaling, and IgE isotype switching, supporting 
shared immunological and neurobiological pathways.
Conclusion: This study provides genetic evidence consistent with shared susceptibility between pruritic inflammatory skin diseases 
and MDD. The findings generate hypotheses about immune-neural pathways underlying skin-psychiatric comorbidity, but they should 
be interpreted in light of key limitations, including European-only summary statistics, summary-level inference, possible sample 
overlap, and the absence of an independent replication cohort.
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Introduction
Itch-associated dermatological diseases (IADs), including psoriasis (PSO), atopic dermatitis (AD), and urticaria (URT), 
are chronic inflammatory skin disorders characterized by intense pruritus. These conditions affect hundreds of millions of 
individuals worldwide and significantly impair both physical and mental health.1–3 PSO and AD typically have an early 
onset in adolescence or early adulthood and are characterized by chronic, recurrent courses and poor treatment adherence. 
URT, on the other hand, often presents with sudden and intense itching, and can also persist chronically, thereby severely 
compromising quality of life.1–3The FinnGen URT phenotype used in this study captures urticaria as a clinically 
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heterogeneous diagnosis rather than itch severity itself; therefore, we use the IAD framing to denote pruritus-associated 
inflammatory skin diseases rather than a uniform clinical syndrome.

Extensive clinical observations have shown that patients with IADs frequently experience psychiatric symptoms such 
as mood disturbances and sleep disorders, particularly major depressive disorder (MDD), with comorbidity rates 
significantly higher than in the general population.4,5 Traditionally, such comorbidities have been interpreted through 
the “psychological consequence model”, which posits that chronic inflammation, skin lesions, and social stigma lead to 
secondary psychological distress. However, recent studies have increasingly supported a “shared etiology model”, 
suggesting that skin disorders and psychiatric conditions may share overlapping immune, neurological, and metabolic 
pathways, potentially rooted in common genetic susceptibility.6,7

For instance, pro-inflammatory cytokines such as IL-17 and TNF-α have been shown to activate the NF-κB signaling pathway 
in both PSO and MDD, contributing to inflammation and neuroregulatory disturbances.8,9 Moreover, emerging evidence from 
genetic studies has indicated crosstalk between the immune system and the central nervous system in the context of psychiatric 
disorders. A Mendelian randomization study published in 2022 demonstrated a significant causal effect of AD on MDD.10

These findings point to a potentially shared genetic basis between IADs and MDD. However, a systematic investiga
tion of the genetic architecture underlying this comorbidity is still lacking. In this study, we integrated large-scale 
genome-wide association study (GWAS) summary statistics from European populations for PSO, AD, URT, and MDD. 
We employed a comprehensive suite of genetic methods, including linkage disequilibrium score regression (LDSC),11 

high-definition likelihood (HDL),12 multi-marker gene-set analysis via MAGMA,13 and cross-trait pleiotropy analysis 
using the PLACO method.14 Additionally, we incorporated tissue-specific expression data from the GTEx database to 
explore the biological relevance of shared genes across systemic tissues.15 This study aims to elucidate the genetic 
mechanisms linking IADs and MDD and to identify potential targets for integrated treatment strategies.

Methods
GWAS Datasets
GWAS summary statistics for PSO, AD, URT, and MDD were obtained from large-scale meta-analyses and publicly 
available datasets. Data for MDD were derived from the study by Howard et al,16 which included 170,756 cases and 
329,443 controls of European ancestry. GWAS summary statistics for the three IADs were retrieved from the FinnGen 
project. For PSO, data included 12,760 cases and 482,181 controls (GWAS ID: finngen_R12_L12_PSORIASIS); for AD, 
26,905 cases and 394,476 controls (GWAS ID: finngen_R11_L12_ATOPIC); and for URT, 12,576 cases and 438,050 
controls (GWAS ID: finngen_R11_L12_URTICARIA). All studies adhered to uniform quality control procedures and 
employed logistic regression models to assess the associations between diseases and SNP genotypes, with principal 
components included as covariates. All four discovery datasets were restricted to participants of European ancestry. 
Public download sources and accession identifiers are provided in the Data availability statement.

Quality Control
To ensure the accuracy, directional consistency, and cross-dataset comparability of the GWAS summary statistics, we 
applied a unified quality-control and harmonization workflow to all datasets. First, we retained only autosomal biallelic 
SNPs and removed variants with duplicated rsIDs or missing key fields, including chromosome, base-pair position, 
effect/non-effect allele, beta or log(OR), standard error, P value, and effect allele frequency or minor allele frequency. 
Second, low-frequency variants with MAF < 0.01 and strand-ambiguous palindromic SNPs (A/T or C/G with allele 
frequencies close to 0.5) were excluded. Effect alleles were harmonized across FinnGen R11/R12 and the MDD dataset 
using the effect allele as the reference. When allele directions were reversed, beta coefficients or log(OR) values were 
strand-flipped to ensure consistent effect directions. Given the high polymorphism, complex linkage disequilibrium 
structure, and dense immune-related gene content of the MHC region on chromosome 6 (25–35 Mb), which may cause 
local signal inflation and false-positive associations, SNPs within this region were excluded from the primary analyses. 
For each trait pair, only the intersecting SNPs that passed quality control, allele harmonization, and reference-panel 
matching were retained for downstream analyses.
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Genome-Wide Genetic Correlation Analysis
To investigate the shared genetic architecture between IADs and MDD, we applied linkage disequilibrium score regression 
(LDSC).11 In the LDSC analysis, LD scores were constructed using the 1000 Genomes Project Phase 3 European reference 
panel (GRCh37, baseline-LD version 2.2), and the analysis was restricted to common HapMap3 SNPs.17 Standard errors (SE) 
were estimated using the block jackknife approach, and LDSC intercepts were used to evaluate potential sample overlap. No 
substantial overlap was detected among the trait pairs, supporting the robustness of our findings.

To validate the LDSC results, we also employed the high-definition likelihood (HDL) method, which provides more 
precise estimates of genetic correlation by efficiently leveraging GWAS summary data. HDL reduces variance by 
approximately 60% compared to LDSC, enhancing accuracy and robustness.12

Gene-Level Exploration
To investigate the shared mechanisms underlying the identified loci, we performed gene-based and gene-set analyses 
using MAGMA v1.10, and conducted SNP annotation, gene mapping, and risk locus definition through the SNP2GENE 
module of the FUMA online platform. In the MAGMA gene-based analysis, linkage disequilibrium among genetic 
markers was accounted for using the 1000 Genomes Project Phase 3 European reference panel. The Bonferroni-corrected 
significance threshold for gene-based analysis was set at P < 2.73 × 10−6 (0.05/18,345).13 Functional enrichment analysis 
included gene sets from the c2.all, c5.bp, c5.cc, and c5.mf collections of the MSigDB database.18 Given that a total of 
510,003 gene sets were included, the Bonferroni-corrected threshold (P < 0.05/510,003 ≈ 1 × 10−7) was relatively 
conservative. Therefore, the main text primarily reports pathway results with FDR q < 0.05, while Bonferroni-corrected 
results were used as a more stringent supplementary criterion.

Pathway enrichment analysis was further performed using the Metascape web tool (metascape.org) to characterize the 
biological functions of the mapped genes based on MSigDB annotations.19 Tissue-specific enrichment analysis was 
conducted using gene expression data from 54 tissues in GTEx Analysis Release v8, and tissue expression enrichment 
results were obtained through FUMA/MAGMA gene-property analysis. In this analysis, the tissue-enrichment t statistic 
was calculated as the regression coefficient of the tissue expression covariate divided by its standard error (β/SE) in the 
MAGMA regression model, and the sign of the t value was used to indicate the direction of expression enrichment.

SNP-Level Pleiotropy and Risk Locus Confirmation
We applied the PLACO to systematically identify SNP-level genetic associations shared between multiple IADs and 
MDD. This method is designed to detect genetic pleiotropy and identify shared genetic variants across phenotypes.20 The 
genome-wide significance threshold was set at P_PLACO < 5 × 10−8.

Subsequently, PLACO-significant SNPs were functionally annotated and used for risk locus definition through the 
FUMA platform. Independent significant SNPs were selected using a threshold of P < 5 × 10−8, followed by LD 
clumping based on the 1000 Genomes Project Phase 3 European reference panel. In FUMA, independent significant 
SNPs were defined using r2 < 0.6, lead SNPs were defined using r2 < 0.1, and adjacent genomic risk loci were merged if 
they were located within 250 kb of each other.

Bayesian colocalization analysis was performed using the coloc R package (v5.2.3). For each lead SNP, a ±500 kb 
genomic window was used as the analysis region. The default prior probabilities were set as p1 = 1 × 10−4, p2 = 1 × 10−4, 
and p12 = 1 × 10−5. A posterior probability for hypothesis 4 greater than 0.7 (PP.H4 > 0.7) was considered evidence 
supporting colocalization, indicating that the two traits may share the same causal variant.21

Potential Drug Target Identification in European Populations
We performed summary-data-based Mendelian randomization (SMR) analysis using the 1000 Genomes Project Phase 3 
reference panel to integrate GWAS summary statistics with expression quantitative trait locus (eQTL) data.22 We used 
GTEx v8 eQTL data as the primary reference and selected significant cis-eQTLs as instrumental variables for SMR 
analysis. The HEIDI test was used to evaluate whether the gene expression and GWAS signals were more consistent with 
a shared causal variant rather than LD confounding. A P_HEIDI > 0.05 was interpreted as no evidence of significant 
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heterogeneity, although this does not fully exclude the effects of complex LD or multiple causal variants. Because 
P_SMR < 0.01 represents an exploratory screening threshold, these results are referred to as “eQTL-mediated candidate 
genes” or “candidate genes for further functional validation”, rather than confirmed causal genes or established 
therapeutic targets.23,24 Genes passing both SMR and HEIDI tests were considered putative mediators of genetic effects 
in IAD–MDD comorbidity (Figure 1).

Sample Overlap, MHC Exclusion, and Validation Limitations
The Howard MDD dataset was derived from a meta-analysis of European-ancestry GWAS datasets, including the 
Psychiatric Genomics Consortium and UK Biobank, whereas the PSO, AD, and URT datasets were obtained from the 
FinnGen project. Therefore, limited sample overlap between different data sources may theoretically exist and cannot be 
completely excluded. Because this study was based exclusively on publicly available summary-level data, individual- 
level cohort identifiers were not accessible, and the exact degree of participant overlap among FinnGen, UK Biobank, 
and other European GWAS datasets could not be directly quantified.

To indirectly assess potential sample overlap and cross-trait systematic confounding, we used the cross-trait LDSC 
intercepts and reported the corresponding intercept values in the Results section. The major histocompatibility complex 
(MHC) region was excluded from the main analyses because of its highly complex linkage disequilibrium structure. In 
addition, because the publicly available datasets were predominantly derived from individuals of European ancestry and 
individual-level data were unavailable for leave-one-cohort-out analyses, multi-ancestry validation and leave-one-cohort 
validation could not be performed. These issues are further acknowledged as study limitations in the Discussion section.

Figure 1 Research Flowchart.
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Results
Shared Genetic Architecture Between IADs and MDD
We first evaluated the genetic correlations between PSO, AD, URT, and MDD using LDSC and HDL. The results from 
both methods were highly consistent (Table 1). Specifically, LDSC revealed significant positive genetic correlations 
between MDD and each IAD phenotype, including PSO–MDD (r_g = 0.1609, P = 1.55 × 10−5), AD–MDD (r_g = 
0.1363, P = 4.94 × 10−5), and URT–MDD (r_g = 0.2434, P = 8.57 × 10−8). Similar positive associations were observed 
using HDL, with genetic correlations of 0.2289 for PSO–MDD (P = 2.24 × 10−7), 0.1602 for AD–MDD (P = 1.16 × 
10−5), and 0.3485 for URT–MDD (P = 2.17 × 10−6). In addition, the cross-trait LDSC intercepts were close to zero for all 
trait pairs, including PSO–MDD (intercept = 0.0004, SE = 0.0059), AD–MDD (intercept = −0.0037, SE = 0.0057), and 
URT–MDD (intercept = 0.0006, SE = 0.0049), providing no evidence of substantial sample overlap or cross-trait 
systematic confounding. These findings suggest a shared genetic architecture between IADs and MDD.

Gene-Level Enrichment Analysis via MAGMA
Using the FUMA platform with MAGMA for gene-based analysis, we identified 3727 nominally significant genes (P < 0.05). 
To avoid overinterpretation of exploratory findings, we focused on the 137 genes that passed the FDR threshold of q < 0.05 as 
the core gene set for the main interpretation and subsequent functional enrichment analyses (Figure 2 and Table S1–S2 in 
Supplementary Material).

Further functional annotation revealed that these genes were involved in several key biological pathways, including 
transcription regulator activity, GOCC: neuron-to-neuron synapse, and GOBP: regulation of isotype switching to IgE 
isotypes (Figure 3 and Table S3 in Supplementary Material).

Tissue-specific enrichment analysis demonstrated that the genetic signals shared between MDD and the three IADs 
were predominantly enriched in central nervous system tissues, such as the cerebral cortex, cerebellar hemisphere, and 
prefrontal cortex. Notably, genetic signals shared between MDD and AD also showed enrichment in peripheral immune 
organs, including whole blood and spleen.

SNP-Level Pleiotropy and Risk Locus Analysis
Given the significant shared genetic correlations between IADs and MDD identified through LDSC and HDL, we employed 
PLACO, a cross-trait pleiotropy detection method, to identify potential pleiotropic loci. A total of 70 novel SNPs (P < 5 × 10−8) 
exhibiting pleiotropic associations across PSO, AD, and MDD were identified (Table S4 in Supplementary Material).

Based on the PLACO results, we further mapped 13 pleiotropic genomic risk loci using the FUMA platform (Figure 4 
and Table S5 in Supplementary Material).

Bayesian colocalization analysis identified only three loci, represented by rs12130046, rs2488389, and rs9825208, 
with PP.H4 > 0.7. These results provide supportive evidence that the corresponding trait pairs may share causal variants 
at these loci (Figure 5 and Table S6 in Supplementary Material). Specifically: 10q21.2 was identified as the only shared 
locus between MDD and URT, 1p33 and 1p31.3 were shared between MDD and PSO, The largest number of shared loci 
was observed between AD and MDD, including 11q13.1 and 11q12.2 (Table S7 in Supplementary Material).

Table 1 Genetic Correlation Results for Trait Pairs Based on LDSC and HDL

Trait 
Pairs

LDSC HDL

Genetic 
Correlation

P LDSC 
Intercept (SE)

Genetic 
Correlation

P

PSO&MDD 0.1609 1.5492e-05 0.0004 (0.0059) 0.2289 2.24e-07

AD&MDD 0.1363 4.9437e-05 −0.0037 (0.0057) 0.1602 1.16e-05

URT&MDD 0.2434 8.5707e-08 0.0006 (0.0049) 0.3485 2.17e-06
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Figure 2 Results of Gene Enrichment.
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Figure 3 MAGMA gene set and tissue specificity of genome-wide pleiotropy results; Shared genes between pruritic skin diseases and MDD are involved in key immune and 
neural pathways (left) and are highly expressed in both immune tissues and brain regions (right).

Figure 4 Shared Polytropic Regions Between Different Combinations.
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Potential Drug Targets in European Populations
Using the summary-data-based Mendelian randomization (SMR) approach, we identified 1411 putative candidate drug 
targets under complex genetic regulation (pSMR < 0.01, pHEIDI > 0.05) (Table S8 in Supplementary Material).

By integrating PLACO-identified pleiotropic signals with the results from FUMA, MAGMA, and SMR analyses, we 
further prioritized a subset of functionally relevant genes with multi-tissue specificity (Table S9 in Supplementary 
Material). Notably, several shared genes between AD and MDD—such as FADS1, SLC22A4, and SLC22A5—exhibited 
significant genetic signals across multiple tissues, highlighting their potential as cross-disease therapeutic targets (Figure 6).

Figure 5 Colocalization Analysis Results.

Figure 6 Candidate drug targets in the European population; The heatmap shows which genes have significant colocalization signals (1 = significant, 0 = not significant) 
across different methods. Genes like FADS1, NEGR1, and SLC22A4 are significant in blood-related datasets, suggesting they may be involved in both depression and skin 
disease.
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Discussion
Clinically, patients with IADs frequently present with varying degrees of emotional disturbances, depression, and sleep 
disorders, which not only complicate disease control but also substantially diminish quality of life and social functioning. 
Traditionally, these psychiatric manifestations have been viewed as secondary psychological responses to chronic 
pruritus, persistent inflammation, or disfigurement. However, the genetic evidence presented in this study suggests that 
psychiatric symptoms in IADs may not be purely reactive, but instead reflect a systemic pathological phenotype 
underpinned by a shared genetic basis.

At the genome-wide level, we observed significant genetic correlations between PSO, AD, URT, and MDD using both 
LDSC and HDL methods. The strongest correlation was observed between URT and MDD (HDL rg = 0.3485, P = 2.17×10−6), 
suggesting a strong genetic coupling between chronic pruritus and mood regulatory pathways. These findings align with 
previous epidemiological observations of high depression comorbidity and poor sleep quality among patients with dermato
logical disorders and underscore the need for a genetic investigation into the IAD–MDD comorbidity.

Tissue-specific enrichment analysis revealed that the shared genetic signals between IADs and MDD are primarily 
enriched in peripheral immune-related tissues (eg, whole blood, spleen) and central nervous system regions (eg, prefrontal 
cortex, cerebellum, hippocampus), suggesting potential crosstalk via the “peripheral–central immune–brain axis”. These 
findings support clinical observations of IAD–MDD comorbidity and provide empirical tissue-level evidence.

In the context of AD–MDD comorbidity, the enrichment in spleen and whole blood was particularly notable, 
indicating a central mediating role of the peripheral immune system. Numerous studies have confirmed elevated levels 
of classical proinflammatory cytokines in the peripheral blood of AD patients, including TNF-α, IL-6, and IL-1β, which 
not only sustain cutaneous inflammation but also affect central nervous system function through multiple pathways.25,26 

These cytokines can cross the blood–brain barrier (BBB), activate microglia, and trigger neuroinflammatory cascades, 
thereby disrupting neurotransmitter metabolism, axon development, synaptic plasticity, and neural network stability— 
mechanisms strongly implicated in depression and sleep disturbances.27,28 These processes are well aligned with 
established MDD pathophysiology, particularly in the context of chronic inflammation. The spleen, as a core organ of 
the peripheral immune system, has recently been recognized as a key regulator of immune–nervous system interactions. 
In addition to cytokine synthesis and immune cell maturation and trafficking, it is anatomically and functionally 
connected to the central nervous system via the splenic nerve.29 Evidence from animal stress models supports the 
biological plausibility of a spleen-brain axis,30,31 but these models should be viewed as mechanistic context rather than 
direct genetic validation of the human GWAS findings.

Further gene set enrichment analyses revealed widespread and significant pathway-level commonalities between IADs and 
MDD. Notably, pathways such as transcription regulator activity (GOMF_TRANSCRIPTION_REGULATOR_ACTIVITY), 
neuron-to-neuron synaptic structure (GOCC_NEURON_TO_NEURON_SYNAPSE), and IgE isotype class switching 
(GOBP_REGULATION_OF_ISOTYPE_SWITCHING_TO_IGE_ISOTYPES) were highly enriched. The transcription regu
lator pathway was significantly enriched in both MDD and AD/PSO, implicating shared transcription factors such as FOXP3, 
STAT6, and CREB1. The gene set MARSON_BOUND_BY_FOXP3_UNSTIMULATED also showed enrichment in both 
MDD and PSO.

FOXP3, the master transcription factor of regulatory T cells (Tregs), has been causally implicated in anxiety- and 
depression-like behaviors. In DEREG mice lacking FOXP3+ Tregs, anxiety- and depression-like behaviors are accompanied 
by NLRP3 inflammasome activation in the brain, while restoration of FOXP3+ cells reverses these phenotypes and reduces 
hippocampal IL-1β expression.32 Human studies also support a link between FOXP3+ Tregs and MDD. One study reported 
significantly increased CD25+FOXP3+ Treg subpopulations and elevated chemokine receptor expression (eg, CCR6, CCR2) 
in MDD patients, suggesting abnormal migration and activity.33 Another study found peripheral expansion of FOXP3+ Tregs 
in patients with severe AD, with levels positively correlating with disease severity.34 Therefore, our interpretation is not that 
FOXP3 changes occur in one uniform direction across disorders, but that dysregulated immune tolerance and Treg-related 
transcriptional programs may contribute to shared vulnerability.

The enrichment of the GOCC_NEURON_TO_NEURON_SYNAPSE pathway reflects the potential involvement of 
central synaptic structure and signal transmission in the comorbidity mechanism. Itch perception is not confined to the 
periphery but involves ascending synaptic pathways projecting to emotion-related brain regions. GRPR+ spinal neurons 
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transmit glutamatergic signals to the paraventricular nucleus–amygdala circuit; optogenetic inhibition of this pathway 
reduces itch perception but increases pain sensitivity.35 Sun & Chen et al previously identified GRPR+ dorsal horn 
neurons as itch-specific without affecting pain transmission, confirming the existence of a distinct itch pathway.36 

Moreover, descending dopaminergic pathways enhance spinal GRPR signaling via DRD1 activation and glutamate/ 
GRP release. Interrupting this pathway has been proposed as a therapeutic approach for chronic itch.37

Enrichment of IgE isotype switching pathways suggests that allergic immunity may contribute to shared biology 
between cutaneous inflammation and psychiatric symptoms. Clinical studies of anti-IgE therapy in chronic spontaneous 
urticaria have reported improvements in skin symptoms and psychological scores.38,39 These treatment observations are 
clinically relevant, but they do not prove that the pleiotropic genetic signals identified here act through the same 
therapeutic pathway.

Pleiotropy analysis using PLACO identified 70 genome-wide significant loci (P_PLACO < 5 x 10^-8) across pairwise 
analyses of PSO, AD and MDD. Notably, 10q21.2 (PCLO) was the locus highlighted in the MDD-URT analysis. PCLO 
encodes the presynaptic active zone protein Piccolo and has been implicated in synaptic plasticity and stress-related 
phenotypes.40 SNP rs2522833 in PCLO has been associated with reduced gray matter volume in the left temporal pole of 
first-episode, drug-naïve MDD patients carrying the C allele.41

In the MDD–AD shared loci, 11q13.1 and 11q12.2 were particularly notable for their enrichment in immune-related 
genes (eg, FADS1, IL4) and association with skin barrier function and inflammatory response, suggesting a central 
regulatory hub connecting skin inflammation and mood regulation. Through integrative filtering via FUMA, MAGMA, 
and SMR, we identified several candidate genes for downstream functional validation. Among these, FADS1, SLC22A4, 
and SLC22A5 showed significant cross-tissue genetic signals.

FADS1 encodes delta-5 fatty acid desaturase and participates in omega-3 and omega-6 polyunsaturated fatty acid 
metabolism. Altered fatty acid metabolism may influence epidermal lipid composition, inflammatory mediator production, 
and neural membrane biology. However, prior work has reported no consistent association between FADS1–FADS2 cluster 
SNPs and major depression or suicidal behavior. Accordingly, FADS1 should be viewed as a biologically plausible and 
genetically prioritized candidate in the present cross-trait framework, rather than a confirmed depression-risk gene.42–44

SLC22A4 (OCTN1) and SLC22A5 (OCTN2), as organic cation transporters for carnitine and choline, are important 
regulators of immune cell metabolism, cellular energy supply, and antioxidant responses. Their expression in AD 
keratinocytes correlates with IL-4 and TNF-α levels, implicating them in local immune regulation and skin 
inflammation.45 These genes are also expressed in brain tissues and have been associated with glial activity and 
emotional disorders, suggesting they may serve as mechanistic links in the AD–MDD comorbidity.

Study Strengths and Limitations
In this study, we applied five complementary genetic methods (LDSC, HDL, MAGMA, PLACO, SMR) to systematically 
assess the pleiotropic genetic mechanisms underlying PSO, AD, URT, and MDD at genome-wide, SNP, and tissue levels. 
We identified multiple biologically relevant shared loci and demonstrated significant enrichment in central nervous and 
peripheral immune tissues, supporting systemic mechanisms underlying skin–mental comorbidity.

Nevertheless, this study has several limitations. First, the GWAS datasets were restricted to European-ancestry 
participants, limiting generalizability to other populations. Second, the PSO dataset came from FinnGen R12 
whereas AD and URT came from FinnGen R11, which may introduce release-specific differences despite 
harmonization. Third, summary-level analyses cannot fully exclude linkage disequilibrium confounding, sample 
overlap, or residual heterogeneity across contributing cohorts. Fourth, the exploratory SMR threshold requires 
caution because candidate genes may not remain significant under stricter genome-wide correction. Finally, these 
findings overlap conceptually with prior work on AD-MDD and related immune-psychiatric genetics, and 
independent replication plus experimental validation will be needed before causal mechanisms or treatment 
implications can be established.
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Conclusion
In conclusion, this study used multiple genetic analysis methods to show that pruritic skin diseases—such as PSO, AD, 
and URT—have significant genetic links with MDD. We identified shared risk genes like FADS1, SLC22A4, SLC22A5, 
and FOXP3, and found that these genetic signals are mainly active in the immune and nervous systems. This suggests 
that the immune–neural pathway may play an important role in connecting skin inflammation with depression. These 
findings offer new genetic evidence for the comorbidity of skin diseases and mental disorders, and may help guide future 
treatment strategies.
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