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Background: Emerging evidence indicates a robust association between inflammatory dermatoses and mental disorders, likely driven
by their combined impact on health and shared pathogenic mechanisms.

Purpose: Establishing the causal relationships between these two types of diseases and investigating their comorbid mechanisms.
Methods: We performed two-sample Mendelian randomization (TSMR) analyses using genome-wide association study (GWAS)
summary statistics, examining causal links between six mental disorders and seven inflammatory dermatoses. To elucidate the
underlying molecular basis, we implemented an integrative multi-omics framework comprising summary data-based Mendelian
randomization (SMR), three-step SMR, TSMR, Bayesian colocalization, gene enrichment analysis and RNA sequencing data analysis.
Results: Meta-analysis and multiple testing correction revealed that genetic predisposition to depression increases the risk of psoriasis,
while atopic dermatitis is causally associated with a higher risk of depression. Furthermore, we identified 14 genes potentially mediating the
comorbidity between inflammatory dermatoses and mental disorders. Functional enrichment analyses and immune cell colocalization
suggested the involvement of immunological pathways. Differential expression of several candidate genes was validated in transcriptomic
datasets derived from affected tissues. Mediation analyses identified specific mediators and established their causal relationships with the
identified genes. Finally, using genetic evidence and druggability assessments, we prioritized the therapeutic potential of these genes.
Conclusion: Causal relationships exist between various inflammatory dermatoses and mental disorders, with the most significant
associations observed between depression and psoriasis, as well as between atopic dermatitis and depression. Fourteen genes are
implicated in their comorbid mechanisms, with FADS1 and TMEM258 exhibiting the greatest potential as therapeutic targets.

Plain Language Summary: Psychodermatological disorders refer to skin diseases that are triggered or exacerbated by the interaction
between skin conditions and psychological factors. These disorders include skin symptoms caused by psychological factors and psycho-
logical issues triggered by skin diseases. Both aspects intertwine, creating a vicious cycle. To date, no research has comprehensively
explained the causal relationships and potential mechanisms behind the comorbidity of inflammatory skin diseases and mental disorders.
Our study aims to further investigate these disorders. We examined six common mental disorders—anxiety, depression, bipolar
disorder, schizophrenia, post-traumatic stress disorder, and obsessive-compulsive disorder—and seven high-prevalence inflammatory
skin diseases, including acne, rosacea, hidradenitis suppurativa, atopic dermatitis, contact dermatitis, eczema, and psoriasis. Through a
comprehensive analysis of 26 Genome-Wide Association Study datasets from European populations, we confirmed that depression
increases the risk of psoriasis, and that there is a causal relationship between atopic dermatitis and the high risk of depression. We then
used Summary-based Mendelian Randomization analysis to identify 14 genes associated with these two comorbidities. The functions
of these genes were validated through a series of data at the cellular, DNA, and RNA transcription levels. Finally, we evaluated the
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druggability of these genes using multiple drug databases. We identified Fatty Acid Desaturase 1 (FADS1) and Transmembrane Protein
258 (TMEMZ258) as the most promising therapeutic targets.

In summary, our findings provide new insights into the comorbid mechanisms between inflammatory skin diseases and mental
disorders, paving the way for the development of targeted treatment strategies.

Keywords: inflammatory dermatoses, mental disorders, summary data-based Mendelian randomization, atopic dermatitis, psoriasis,
depression
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Background
Inflammatory dermatoses are immune-mediated skin conditions without an infectious etiology, including disorders like
acne vulgaris, eczema, psoriasis, rosacea, etc.' These conditions can be triggered by various factors, such as infections,
drug-induced hypersensitivity, autoimmune reactions, and environmental perturbations.”> Many patients with these
diseases suffer from comorbidities, with mental disorders being increasingly recognized in recent studies.® For instance,
a meta-analysis encompassing 106 studies found that patients with atopic dermatitis (AD) are more likely to experience
depression and suicidality, with approximately one in six patients with AD affected by clinical depression.* Yi et al found
altered brain activity in psoriasis patients similar to that in individuals with bipolar disorder (BD)® Additionally, a meta-
analysis by Chang et al confirmed that rosacea patients are more susceptible to anxiety and depression.®

As highlighted in the 2023 European White Paper on Psychodermatology, psychological factors significantly
influence the progression and severity of various dermatological disorders.” However, the mechanisms behind the
comorbidity of inflammatory dermatoses and mental disorders remain poorly understood. While hypotheses suggest
shared pathways like systemic inflammation and the brain-skin axis, there is limited genetic evidence supporting these
theories.®” Recent Mendelian randomization studies have provided insights into this comorbidity.'®'* Despite these
advances, the molecular mechanisms driving this comorbidity need further investigation.

This study explores the comorbidity of six mental disorders—namely, anxiety disorder, depression, BD, schizophre-
nia, post-traumatic stress disorder (PTSD), and obsessive-compulsive disorder (OCD)—with seven inflammatory
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dermatoses, including acne vulgaris, rosacea, hidradenitis suppurativa (HS), AD, contact dermatitis (CD), eczema, and
psoriasis. Using two sets of consolidated genome-wide association study (GWAS) datasets, we conducted a two-sample
Mendelian randomization (TSMR) study, meta-analysis and LD score regression (LDSC), confirming causal relation-
ships between depression and both psoriasis and AD. We then integrated multi-omics data, including expression
quantitative trait loci (eQTL), methylation quantitative trait loci (mQTL), and GWAS data. By employing a systematic
approach, we combined TSMR, summary-data-based Mendelian randomization (SMR), colocalization methods and
several other studies to delineate the genetic pathways connecting depression with these skin conditions.

By combining these approaches, we provided a more comprehensive understanding of the molecular mechanisms
underlying the comorbidity between inflammatory dermatoses and mental disorders, paving the way for targeted
therapeutic strategies.

Study Design

The research framework is depicted in Figure 1. We initially employed bidirectional TSMR to investigate the causal
relationships between mental disorders and inflammatory dermatoses, utilizing GWAS data from the FinnGen study,
large-scale European datasets, and the Psychiatric Genomics Consortium (PGC). GWAS datasets were selected according
to phenotype relevance, sample size, ancestry information, and the availability of complete variant-level information.
Before downstream analyses, summary statistics from different sources were standardized and harmonized by aligning
variant identifiers, genomic coordinates, effect alleles, and effect directions where applicable. A meta-analysis was
subsequently conducted to synthesize these findings, confirming the causal relationships between depression and
psoriasis, as well as between AD and depression. LDSC analysis was further performed to assess cross-trait genetic
correlation and provide complementary evidence for shared genetic architecture.

Following this, eQTL instrumental variables derived from whole blood, skin, and brain, in conjunction with GWAS data for
depression, psoriasis, and AD, were utilized to perform SMR and heterogeneity in dependent instruments (HEIDI) tests to
identify genes significantly associated with the two related diseases. The tissue-specific eQTL datasets were selected based on
their biological relevance to inflammatory dermatoses, mental disorders, and the brain-skin axis. To explore the epigenetic
dimension, a three-step SMR analysis was applied, incorporating mQTLs associated with the GWAS of the three diseases, as
well as mQTLs in relation to eQTLs, to identify methylation-regulated genes potentially involved in gene-expression regulation
and disease susceptibility. Bayesian colocalization and TSMR were then employed to further validate the identified genes and
reduce the likelihood that the observed associations were driven by linkage disequilibrium or inconsistent causal directions.

A total of 14 genes were selected for comprehensive functional analysis, including Gene Ontology (GO), Kyoto
Encyclopedia of Genes and Genomes (KEGG) analysis, and immune cell-specific eQTL analysis. We also identified the
mediating factors underlying the causal effects of depression on psoriasis and AD on depression, and applied TSMR to
confirm the causal relationships between the target genes and mediating factors. Furthermore, publicly available GEO
transcriptomic datasets for depression, psoriasis, and AD were analyzed to assess the differential expression of target genes
across disease contexts. Finally, a multi-omics evidence-based scoring system was used to prioritize potential therapeutic
targets by integrating evidence from MR, SMR, colocalization, methylation regulation, pathway enrichment, immune cell
specificity, transcriptomic validation, and mediation analyses.

Detailed information on data sources, preprocessing procedures, software tools, parameter settings, and statistical
thresholds is provided in the Supplementary Methods.

Results
TSMR and Meta-Analysis Identify Causal Relationships Between Inflammatory

Dermatoses and Mental Disorders
A summary of the GWAS findings on inflammatory dermatoses and mental disorders is provided in Table 1. This study
utilized genetic instruments, with each SNP showing an F-statistic exceeding the threshold of 10. Our findings on the

causal relationships between inflammatory dermatoses and mental disorders are illustrated in Figure 2a and b.
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Figure | Overview of the study design. Created with BioRender.com.
Abbreviations: eQTL, expression quantitative trait loci; GWAS, genome-wide association study; GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes;
mQTL, methylation quantitative trait loci; RNA-seq, RNA sequencing; SMR, summary-data-based Mendelian randomization; TSMR, two-sample Mendelian randomization.
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Table | Brief Description of Each GWAS Summary Statistics

Exposure/Outcome Ancestry Sample Size | Cases | Controls | Year of Publication | PubMed ID
Inflammatory dermatoses

Acne Only Europeans 481021 4617 476404 2024

Rosacea Only Europeans 476603 199 476404 2024

Hidradenitis suppurativa Only Europeans 477768 1364 476404 2024

Psoriasis Only Europeans 494941 12760 482181 2024

Atopic dermatitis Only Europeans 464119 31245 432874 2024

Eczema Only Europeans 500348 67474 432874 2024

Contact dermatitis Only Europeans 438800 5926 432874 2024

Acne Only Europeans 399413 34422 364991 2023 36922633
Rosacea Only Europeans 456348 144 456204 2021 34737426
Hidradenitis suppurativa >80% Europeans 758033 1640 756393 2023 37494057
Psoriasis Only Europeans 456348 338 456010 2021 34737426
Atopic dermatitis Only Europeans 864982 60653 804329 2023 37794016
Eczema Only Europeans 400459 20016 380443 2021 34785669
Contact dermatitis >70% Europeans 640790 3938 636852 2021 34594039
Mental disorders

Anxiety Only Europeans 480289 35875 444414 2024

Bipolar disorder Only Europeans 443777 8946 434831 2024

Depression Only Europeans 494164 59333 434831 2024

OCD Only Europeans 447227 2813 444414 2024

PTSD Only Europeans 447858 3444 444414 2024

Schizophrenia Only Europeans 492010 7234 484776 2024

Anxiety Only Europeans 17310 5580 11730 2016 26754954
Bipolar disorder Only Europeans 51710 20352 31358 2019 31043756
Major Depressive Disorder | Only Europeans 173005 59851 113154 2018 29700475
OCD Only Europeans 9725 2688 7037 2018 28761083
PTSD Only Europeans 174659 23212 151447 2019 31594949
Schizophrenia Only Europeans 130644 53386 77258 2022 35396580

We identified five significant causal associations (P < 0.05) between psychiatric disorders and skin diseases
(Figures S1 and S2). Genetically predicted depression was found to significantly increase the risk of psoriasis
(OR =1.199, P < 0.001, FDR < 0.001). Depression and CD, BD and acne vulgaris and eczema, and anxiety disorder
and psoriasis showed potential causal links. No significant associations were found between inflammatory skin diseases
and OCD, PTSD, or schizophrenia (P > 0.05).

On the flip side, we also assessed the causal influence of skin diseases on psychiatric conditions. Six significant causal
relationships (P < 0.05) were identified (Figures S3 and S4). Genetically predicted AD was shown to significantly increase
depression risk (OR = 1.032, P = 0.001, FDR = 0.006), and eczema was associated with an increased risk of depression
(OR=1.113,P<0.001, FDR <0.001). A suggestive causal link was observed between AD and anxiety disorders, hidradenitis
suppurativa and anxiety disorders, and eczema with both BD and depression. No correlations were found between acne
vulgaris, rosacea, or CD and psychiatric disorders (P > 0.05). Detailed results are provided in Tables S1 and S2.

Our sensitivity analysis confirmed consistency with the primary findings, with robust results supported by random and
fixed effects models. We identified depression as a risk factor for psoriasis and AD as a risk factor for depression. Further
exploration of these comorbid relationships follows.

LDSC Analysis of TSMR Findings

We conducted LDSC analysis on the TSMR results to assess the genetic correlation between depression and both
psoriasis and AD. The LDSC findings revealed a significant genetic correlation between depression and psoriasis (h* =
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Figure 2 Bidirectional TSMR results between inflammatory dermatoses and mental disorders. (a) The TSMR results of mental disorders on inflammatory dermatoses. (b)
The TSMR results of inflammatory dermatoses on mental disorders. “*” indicates FDR < 0.1, and “**” indicates FDR < 0.05. Square size reflects the strength of statistical
evidence, with larger squares indicating smaller P values.

Abbreviations: AD, atopic dermatitis; BD, bipolar disorder; CD, contact dermatitis; HS, hidradenitis suppurativa; OCD, obsessive-compulsive disorder; PTSD, post-
traumatic stress disorder; TSMR, two-sample Mendelian randomization.

0.019, ry = 0.202, P < 0.001), as well as between AD and depression (h* = 0.039, rg = 0.202, P < 0.001), with detailed
results provided in Table S3.

SMR and Three-Step SMR Identify Key Genes Underlying the Comorbid Pathways

Between Inflammatory Dermatoses and Mental Disorders

To minimize bias from linkage disequilibrium, both multi-SNP and single-SNP SMR analyses were performed, with a
focus on the latter."> Significant associations (FDR < 0.1) were found for 167, 60, and 97 genes related to psoriasis, AD,
and depression, respectively. The HEIDI test (P HEIDI > 0.05) indicated that these associations were not due to
horizontal pleiotropy.

We identified FADS1 and TMEM258 as key loci with significant cross-trait associations with both depression and
AD. TMEM258 consistently showed positive associations across tissues, while FADS1 exhibited tissue-specific effects—
positive in blood, negative in brain and fibroblasts. These findings highlight the tissue-dependent role of fatty acid
metabolism. No genes were associated with depression and psoriasis simultaneously. The SMR results are detailed in
Tables S4-S6.

Epigenetic regulation plays a critical role in the development of both inflammatory dermatoses and mental disorders.'®"®
Using a three-step SMR framework, we integrated DNA methylation, gene expression, and disease-associated variants to
uncover shared regulatory pathways. This identified KAT8, MLH3, TDRKH, and TRIM56 for psoriasis, and C110rf49, CPEB2,
DBF4B, INOS8OE, and ZNF408 for depression. Several CpG sites showed joint associations with eQTLs and both diseases,
supporting a methylation-dependent regulatory axis. These findings are visualized in Figure 3b and detailed in Tables S7-S10.

Functionally, TMEM258 and SLFNI12L were linked to AD risk, while KAT8 and TDRKH were associated with
psoriasis. For depression, NPLOC4, INOSOE, and ZNF408 increased risk, while others were protective. The tissue-
specific expression suggests that the local microenvironment shapes the functional relevance of these genes in comorbid
disease mechanisms. The eQTL and mQTL data utilized in the study are presented in Table 2. And the SMR results of
the selected genes are shown in Figure 3a.
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Figure 3 Identification of comorbidity-associated genes between inflammatory dermatoses and mental disorders through three-step SMR. (a) SMR significant results linking
tissue eQTLs with psoriasis, atopic dermatitis, and depression. Red shading indicates increased risk, while blue shading denotes reduced risk, with darker shades reflecting
stronger effects. Genes with significant SMR results, validated by the HEIDI test, are outlined in blue. Genes with significant FDR results and validated by the HEIDI test are
outlined in red. (b) Associations between genes, CpGs, and diseases established through three-step SMR. The thickness of each line reflects the strength of the SMR
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Abbreviations: CpG, Cytosine-phosphate-Guanine; eQTL, expression quantitative trait loci; FDR, false discovery rate; HEIDI, heterogeneity in dependent instrument;
SMR, summary-data-based Mendelian randomization.

Bayesian Colocalization Analysis of SMR-ldentified Associations

Bayesian colocalization analysis was performed to assess shared genetic variants in SMR-identified associations. As
illustrated in Figure 4a—c and detailed in Tables S11-S13, FADS1 and TMEM258 showed strong colocalization
(posterior probability of hypothesis 4, PP.H4 > 75%) with AD (blood) and depression (brain), while KAT8, MLH3,
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Table 2 Brief Information on eQTL and mQTL Data

Study Tissue Ancestry Sample Size | PubMed ID
eQTL Association

eQTLGen Consortium Whole blood and peripheral blood mononuclear cell | Only Europeans 31684 34475573
GTEx Consortium Whole blood Only Europeans 755 32913098
BrainMeta Brain cortex Only Europeans 2865 35982161
GTEx Consortium Suprapubic skin Only Europeans 604 32913098
GTEx Consortium Crural skin Only Europeans 701 32913098
GTEx Consortium Cultured fibroblasts Only Europeans 504 32913098
mQTL Association

McRae et al mQTL summary data Whole blood Only Europeans 1980 30514905
Qi et al mQTL summary data Brain Only Europeans 1160 29891976

TDRKH, and TRIMS56 colocalized with psoriasis in target tissues. SLFN12L colocalized with AD in blood, and
Cllorf49, CPEB2, INOSOE, NPLOC4, and ZNF408 colocalized with depression. Beyond shared-variant associations,
we also observed associations driven by distinct causal variants (PP.H3 > 75%).

TSMR Confirms the Causal Roles of Candidate Genes in Disease Risk

TSMR validated the causal associations identified by SMR, confirming that genes linked to psoriasis significantly influenced
disease risk, with consistent effect directions. TMEM258, SLFN12L, YPEL3, and FADSI were causally linked to AD.
FADSI1 showed tissue-specific effects. KATS8, MLH3, and TRIM56 did not affect depression, but other genes showed
significant associations with depression. The detailed results are presented in Figure 4d—f and Tables S14-S16.

Functional Pathways of Candidate Genes

KEGG and GO analyses revealed the biological functions of candidate genes. Genes linked to depression and psoriasis
were involved in type I interferon signaling, meiotic processes, transcription regulation, and mismatch repair, meiosis.
Genes associated with depression and AD were involved in fatty acid metabolism, immune signaling, and endoplasmic
reticulum (ER) function. Key findings from the over-representation analysis are presented in Figure 5a and b, and the full
dataset is available in Tables S17-S20.

Immune Cell-Specific Colocalization of Candidate Genes

To explore the immunogenetic context, we assessed colocalization between candidate gene eQTLs and 15 immune cell
types. FADS|1 colocalized with monocytes and TFH cells, TMEM258 with non-classical monocytes and naive CD4" T
cells, and TDRKH with 13 immune cell types, showing the strongest colocalization. These results are illustrated in
Figure 5c and comprehensively detailed in Table S21.

Transcriptomic Profiling of Candidate Genes in Inflammatory Dermatoses and

Depression

RNA sequencing analysis revealed significant differential expression (p.adjust < 0.05) of Cllorf49, MLH3, and ZNF408 in
psoriasis lesions, FADS1, NPLOC4, SLEN12L, and TMEM258 in AD skin. YPEL3 and DBF4B exhibited differential expression
in MDD. The differential expression of these genes is visualized in Figure 5d—f and comprehensively reported in Tables S22—-S24.

Mediation Analysis of Causal Relationships Between Inflammatory Dermatoses and
Mental Disorders
TSMR identified insomnia and the omega-6/omega-3 fatty acid ratio as mediators in the pathways from depression to

psoriasis and AD to depression. The mediation effect of insomnia was 0.023 (11.8% of the total effect), and for the
omega-6/omega-3 ratio, it was 0.0015 (5.2% of the total effect). Further TSMR analysis revealed Cl1lorf49, CPEB2,
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Figure 4 The colocalization and TSMR results for significant SMR genes. (a—c) Colocalization results of tissue-specific eQTLs with psoriasis (a), atopic dermatitis (b), and
depression (c). Red indicates colocalization (PPH4 > 0.5), while blue represents non-colocalized genetic associations (PPH3 > 0.5). Darker shades indicate stronger
associations. “***” denotes strong colocalization (PPH4 = 0.75). (d—f) TSMR forest plots show the association results between tissue-specific e€QTLs and psoriasis (d), atopic
dermatitis (e), and depression (f), including gene names, tissue types, OR, Cl, and P values.

Abbreviations: Cl, confidence interval; eQTL, expression quantitative trait loci; OR, Odds Ratio; PPH3, posterior probability of hypothesis 3; PPH4, posterior probability
of hypothesis 4; SMR, summary-data-based Mendelian randomization; TSMR, two-sample Mendelian randomization.
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Figure 5 Multi-omics analysis of selected genes. (a and b) GO and KEGG functional classification of comorbidity-associated genes for depression—psoriasis (a) and atopic dermatitis—
depression (b). GO analysis was performed across three functional categories: BP, CC, and MF. Orange indicates BP, red indicates CC, green indicates MF, and cyan indicates KEGG
pathways. (c) Colocalization analysis of selected genes with immune cell specificity. Red indicates colocalization (PPH4 > 0.5), while blue indicates non-colocalized genetic associations
(PPH3 > 0.5), with darker shades representing stronger associations. “***”” denotes strong colocalization (PPH4 2 0.75). The different colors along the bottom axis represent different
immune cell types, providing a detailed view of cell-specific associations. (d—f) RNA-seq volcano plots showing differentially expressed genes in psoriasis lesional skin (d), atopic dermatitis
lesional skin (e), and MDD brain tissue (f) compared with healthy controls. Gray represents insignificant genes, blue indicates significantly downregulated genes, and orange represents

significantly upregulated genes.

Abbreviations: BP, biological process; CC, cellular component; GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; MDD, major depressive disorder;
MF, molecular function; PPH3, posterior probability of hypothesis 3; PPH4, posterior probability of hypothesis 4; RNA-seq, RNA sequencing.
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DBF4B, INO8SOE, TDRKH, and TRIM56 as genes linked to insomnia, with INOSOE and TRIMS56 promoting it. DBF4B,
FADSI, SLFN12L, TMEM258, and YPEL3 were associated with the omega-6/omega-3 ratio. Notably, FADSI displayed
tissue-specific heterogeneity consistent with findings from the SMR analysis. These results are presented in Figure S5
and summarized in Tables S25-S27.

Prioritization of Therapeutic Targets for Comorbid Inflammatory Dermatoses and

Mental Disorders

To identify promising therapeutic targets for the treatment of comorbid inflammatory dermatoses and mental disorders,
we developed a prioritization framework based on five criteria: (i) SMR analysis validity, (ii) the number of relevant
tissues, (iii) sensitivity analysis, (iv) multi-omics validation and (v) druggability.

Fourteen candidate genes were evaluated and systematically scored according to these criteria. Based on total scores,
genes were grouped into three tiers. FADS1 and TMEM258 emerged as top-priority targets (score > 6.0), reflecting their
strong therapeutic potential. Five genes were assigned intermediate priority (score between 4.5 and 6.0), and the
remaining genes were classified as lower-priority candidates. Notably, FADS1 achieved the highest overall score
(7.85), with robust support across all evaluation domains. TMEM258 also ranked highly (score = 7.35), supported by
multiple independent lines of evidence. Based on these findings, we propose FADS1 and TMEM258 as high-priority
target genes for the treatment of comorbid inflammatory dermatoses and mental disorders. Final prioritization results are
presented in Figure 6.

Discussion

Psychodermatology, a growing field at the intersection of dermatology and psychiatry, has gained significant attention in the
European Academy of Dermatology and Venereology. Several studies highlight the profound psychological impact of skin
diseases, particularly AD and psoriasis, which are linked to psychological stressors like anxiety and depression.'® ' Current
research recognizes that the pathogenesis of numerous skin disorders is influenced by both biological mechanisms and
psychological factors. While cross-sectional studies have established a correlation between psychological stress and both the
emergence and intensification of symptoms in various skin conditions, the molecular mechanisms underlying the comorbidity
remain poorly understood.”**> Through comprehensive causal inference and multi-omics analyses, we identified 14 genes
implicated in shared pathogenic pathways. After assessing drug target potential, FADS1 and TMEM258 emerged as
promising therapeutic targets, providing critical insights into the molecular basis of this comorbidity.

Comorbidity Between Depression and Psoriasis

Depression is common among individuals with psoriasis, with studies showing a significant association between psoriasis
severity, mood disorders, and impaired quality of life.?* A meta-analysis found psoriasis patients have a higher incidence
of depressive symptoms (SMD = 1.16; OR 1.57) compared to the general population.>> Over 10% of psoriasis patients
experience clinical depression. Shared inflammatory mechanisms, such as the activation of IL-23 and IL-17 in psoriasis,
contribute to the pathogenesis.”® Depression also increases inflammatory cytokines, which are linked to worse depression
symptoms.?’ Inflammatory cytokines in psoriasis may disrupt the HPA axis, reducing serotonin and promoting
depression.’ This inflammatory overlap may be modulated by the gut-brain-skin axis.

In contrast to earlier studies, which often focused on surface-level associations, our investigation offers an in-depth
examination of the molecular underpinnings linking depression and psoriasis. We identified a set of four genes—CPEB2,
DBF4B, INOSOE, and ZNF408—that appear to orchestrate key aspects of this comorbidity. Functionally, these genes
converge on fundamental cellular processes such as cell cycle regulation, DNA replication, and transcription, and
colocalize with pro-inflammatory immune subsets including Th17 cells. Among them, CPEB?2 is particularly important
in the nervous system, where it regulates both presynaptic and postsynaptic translation, thereby influencing synaptic
plasticity and memory formation.”® Moreover, CPEB2 has been implicated in epithelial-mesenchymal transition (EMT)
and metastasis in hepatocellular carcinoma through the HIF-1a/miR-210-3p/CPEB2 signaling axis.”’ INOSOE, on the
other hand, has been associated with schizophrenia and alcohol use disorder in previous studies.>°

Clinical, Cosmetic and Investigational Dermatology 2026:19 https: 11


https://www.dovepress.com/article/supplementary_file/607365/607365%20Supplementary%20Material.pdf
https://www.dovepress.com/article/supplementary_file/607365/607365%20Supplementary%20Material.pdf
https://www.dovepress.com/article/supplementary_file/607365/607365%20Supplementary%20Material.pdf

Feng et al

Total score: 10 Comprehensive ranking —— Classified into 3 tiers
. Available drugs existing Potential drugs existing Included in drug databases i o A *kk
1 point _ . Score 1 - Score 0.5 - Score 0.2 lieri1: evidence S
FADS1 and TMEM258
Differentially expressed . . . Total score = 6
" KEGG/GO Score 0.5 - in one disease m Assouatgd Wma rgedlators
. Score 0.25 core 0
2 points Colocalized with Colocalized with Colocalized with " "
0 210 immune cell types == 5-9 immune cell types === 1-4 immune cell types Tier 2: evidence strength **
Score 0.5 Score 0.3 Score 0.2 INO8OE, DBF4B, TDRKH,
CPEB2, SLFN12L
Total score 24.5& <6
Colocalized with one disease  Associated with one disease  TSMR analysis established
3 points (PP.H4 =2 0.75) ] (PP.H3 2 0.75) ] for one disease
Score 1 Score 0.5 Score 0.5 Tier 3: evidence strength *
C110rf49, KATS, YPELS3,
ZNF408, TRIM56, MLH3,
NPLOC4
Total score < 4.5
2 pOintS | _ B o inscz-:)efere(;-e‘ram o
2 points | _ SMR analysis est;:(l)ii\eid for one disease
8
6
o
[}
O
»n 4 I

FADS1 TMEM258 INOSOE DBF4B TDRKH CPEB2  SLFN12L  C11orf49 KAT8 YPEL3 ZNF408 TRIM56 MLH3 NPLOC4

Tier 1 Tier 2 Tier 3

Figure 6 Evaluation of candidate drug targets for comorbid inflammatory dermatoses and mental disorders based on the results of this study. The prioritization of drug
targets is based on five evidence components, with a total score of 10. Dark green (total score 2): evidence from SMR analysis of genes. Light green (total score 2): number
of tissues showing statistical significance. Blue (total score 3): sensitivity analysis, including colocalization and TSMR. Orange (total score 2): evidence from KEGG/GO
pathways, immune cell signaling, RNA-seq data, and mediation analysis. Purple: evidence from druggability across multiple databases. Gene targets are categorized into three
tiers based on their total scores. Tier I: total score 26, including FADS| and TMEM258. Tier 2: total score 24.5 and <6, including INO80E, DBF4B, TDRKH, CPEB2, and
SLFNI2L. Tier 3: total score <4.5, including C| |orf49, KAT8, YPEL3, ZNF408, TRIM56, MLH3, and NPLOCHA. In the tier labels, “***”, “**” and “*” indicate decreasing levels
of evidence strength from Tier | to Tier 3.

Abbreviations: GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; RNA-seq, RNA sequencing; SMR, summary-data-based Mendelian randomiza-
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In addition, we identified insomnia as a mediating factor in the causal pathway between depression and psoriasis. This
phenotype exhibited causal relationships with several of the aforementioned genes. Epigenetic studies have revealed that
individuals with short sleep duration or chronic insomnia exhibit distinct DNA methylation patterns, which may
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influence biological processes related to neuroplasticity and neurodegeneration.>'? DNA methylation represents a
shared molecular thread across both disorders: in psoriasis, methylation changes in lesional skin are strongly associated
with disease severity and pathological gene expression; in depression, altered methylation at the BDNF locus has been
proposed as a state marker.** These findings collectively point to an epigenetic mechanism through which sleep
disruption may amplify immune dysregulation and facilitate comorbidity between depression and psoriasis. Furthermore,
reduced melatonin secretion in depressed individuals might influence the levels of TNF-a, IL-6, and IL-8, as well as
other components of the inflammatory cascade, potentially triggering psoriasis.>’

Finally, we identified KAT8, MLH3, TDRKH, and TRIMS56 as potential therapeutic targets for psoriasis. KATS, in
particular, enhances pro-inflammatory chemokine secretion through H4K16 acetylation, exacerbating psoriatic
inflammation.*® However, no direct link to depression has been established.

Biologics targeting inflammatory markers effectively reduce depressive symptoms in psoriasis patients. Ustekinumab
reduced depression risk by 55% (HADS), and brodalumab improved HADS scores in Phase III trials.>’® In contrast,
psychotropic drugs’ effects on psoriasis are less studied, with maprotiline showing improvements in lesions and
psychiatric symptoms.*® Gabapentin and pregabalin also improved psoriasis.*’ Regular psychological assessments and

monitoring of skin manifestations, especially in patients with risk factors like obesity and smoking, are crucial.?®

Comorbidity Between Depression and AD

Our study also suggests that AD (OR = 1.032, P = 0.001, FDR = 0.006) and eczema (OR = 1.113, P < 0.001, FDR < 0.001)
increase the risk of depression. National Health and Nutrition Examination Survey (NHANES) (2005-2006) found that 31%
of AD patients reported depressive symptoms.*' Factors such as severe itching, sleep disturbances, and social isolation
contribute to higher depression rates in AD.* Th2-type immune activation and elevated inflammatory cytokines in AD may
increase depression risk, similar to psoriasis.**

Our study identified FADS1 as a key gene mediating the comorbidity between AD and depression. FADS1 (fatty acid
desaturase 1) encodes a rate-limiting enzyme involved in the biosynthesis of ®-3 and -6 polyunsaturated fatty acids
(PUFAs).** Genetic variants associated with reduced FADS1 expression have been linked to lower circulating levels of
eicosapentaenoic acid (EPA), which aligns with our transcriptomic findings from the GEO database.*’ Notably, we found
that the imbalance between -6 and ®-3 fatty acids acts as a mediating factor between AD and depression. -3 PUFAs
possess anti-inflammatory properties, contribute to the regulation of epidermal lipid composition, and reinforce skin
barrier function by reducing transepidermal water loss.*® Mechanistically, ©-3 PUFAs suppress Th2 cytokine expression
by inhibiting GATA transcription factors, thereby alleviating the symptoms of AD.*” In the central nervous system, ®-3
PUFAs have been shown to promote synaptogenesis and stress adaptation by upregulating the expression of BDNF.*
Multiple clinical studies have reported an inverse correlation between w-3 fatty acid levels and the risk of depression.*’
Taken together, these findings suggest that PUFA imbalance due to dysregulated FADS1 expression may serve as a
common pathological link between AD and depression. Moreover, ®-3 supplementation emerges as a potential pre-
ventive strategy for comorbid AD and depression. Clinical trials have demonstrated notable improvements in pediatric
AD following ®-3 supplementation, although its therapeutic efficacy in depression remains inconclusive.>

In addition, two endoplasmic reticulum (ER) stress-related genes, TMEM258 and NPLOC4, have been implicated in
both depression and AD. Dysregulation of the unfolded protein response (UPR) and excessive ER stress have been
associated with a broad range of skin disorders, including rosacea and vitiligo.’'>* Experimental studies have shown that
activation of IRE1 and PERK signaling pathways within the UPR can exacerbate inflammation in murine models of
contact hypersensitivity.”® In the central nervous system, ER stress amplifies neuroinflammatory responses by affecting
neurons, microglia, and astrocytes, ultimately impairing synaptic plasticity—a mechanism thought to contribute to the
pathophysiology of depression.”* TMEM258 and NPLOC4 are key regulators of ER stress. TMEM258 is an essential
component of the oligosaccharyltransferase complex, which modulates protein glycosylation and governs ER stress
responses; it plays a critical role in intestinal inflammation.”> While NPLOC4 is involved in ubiquitin-dependent
pathways, particularly ER-associated degradation (ERAD), which clears misfolded proteins from the ER.’® Given their
functional involvement in ER stress pathways, TMEM258 and NPLOC4 may serve as molecular bridges contributing to
the shared pathogenesis of depression and AD through ER stress-mediated immune and neuroinflammatory mechanisms.
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Biologics for AD, such as dupilumab and abrocitinib, may reduce depression incidence.”’* Phase III trials showed

dupilumab improved depressive symptoms, and abrocitinib reduced depression scale scores compared to placebo. >0

Conclusions

Our study integrated epigenetic data and multi-omics resources to comprehensively investigate the bidirectional causal
relationships and shared comorbid mechanisms between six mental disorders and seven inflammatory dermatoses. Despite
limitations related to cohort ancestry information and the use of summary-level data, our findings provided evidence
supporting causal links between depression and psoriasis, as well as between AD and depression. We identified 14 genes
associated with these comorbid mechanisms, primarily implicating neuroinflammation, dysregulated lipid metabolism, and
endoplasmic reticulum stress, with FADS1 and TMEM258 emerging as the most promising therapeutic targets. In addition,
our results suggest the clinical relevance of monitoring sleep status and serum fatty acid levels in patients with psoriasis and
AD. Collectively, this study provides new insights into the clinical management of patients with inflammatory dermatoses and
lays a foundation for the development of targeted therapeutic strategies for psychodermatological comorbidities.

Abbreviations
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