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Background: Psoriasis is a chronic inflammatory skin disorder with complex molecular mechanisms. While previous studies have
demonstrated altered levels of arachidonic acid and its metabolites in psoriatic lesions, the specific roles of arachidonic acid
metabolism (AAM) genes in the molecular pathogenesis and immune dysregulation of psoriasis remain poorly understood. This
study aimed to investigate the role of AAM genes in the pathogenesis and immune dysregulation of psoriasis using an integrative
bioinformatics approach.

Methods: Gene expression data from psoriasis patients and healthy controls were obtained from the Gene Expression Omnibus
database and analyzed. Differentially expressed genes were identified, and functional enrichment analyses were performed. Weighted
gene co-expression network analysis (WGCNA) and machine learning techniques were employed to identify psoriasis associated
AAM genes. Single-sample gene set enrichment analysis (ssGSEA) and immune cell composition analysis were conducted to explore
functional implications. Transcription factor prediction analysis was performed to identify potential regulators of key AAM genes.
Results: Differential expression analysis revealed 469 dysregulated genes in psoriasis, with functional enrichment highlighting the
involvement of epidermis development, immune response, and inflammation. WGCNA and machine learning approaches identified
ABCCI, PLA2G3, CYP2J2, and GPX2 as key AAM genes. ssGSEA showed elevated inflammation and immune response in psoriasis,
with key AAM genes correlating with specific pathways. Immune cell composition analysis revealed increased infiltration of
inflammatory cells in psoriatic skin. Transcription factor prediction analysis identified shared transcription factors for the key AAM
genes, suggesting coordinated regulation of their expression in psoriasis.

Conclusion: This integrative analysis identified key AAM genes associated with psoriasis pathogenesis and immune dysregulation,
providing novel insights into the molecular basis of psoriasis. The findings highlight potential therapeutic targets and biomarkers,
which could lead to improved diagnosis and treatment strategies for this chronic inflammatory skin disorder.
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Introduction

Psoriasis is a common, chronic inflammatory skin disorder affecting approximately 0.14—1.99% of the world population,
with variations across different regions.' Psoriasis manifests in various clinical symptoms, including plaque, guttate,
erythrodermic, and pustular forms, each with distinct morphological features and distribution patterns.> Psoriasis
significantly impacts the quality of life of suffering patients, often leading to depression, anxiety, and increased risk of
suicidality.* The severity of psoriasis ranges from mild to severe, and the condition is frequently associated with multiple
comorbidities, such as psoriatic arthritis, metabolic syndrome, and cardiovascular disease, further contributing to the
overall disease burden.” Current treatment strategies encompass topical therapies, phototherapy, conventional systemic
agents, and biologic drugs targeting key inflammatory pathways, such as TNF-a, IL-23, and IL-17.%> Although the exact
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etiology of psoriasis remains elusive, growing evidence suggests that dysregulation of immune pathways and metabolic
processes play crucial roles in its pathogenesis.”

Arachidonic acid, a polyunsaturated omega-6 fatty acid, is a crucial component of cell membranes and serves as
a precursor for various bioactive lipid mediators.® Arachidonic acid is metabolized through three main enzymatic
pathways: the cyclooxygenase, lipoxygenase, and cytochrome P450 pathways, which produce eicosanoids such as
prostaglandins, leukotrienes, and epoxyeicosatrienoic acids (EETs), respectively.” Dysregulation of arachidonic acid
metabolism (AAM) has been implicated in the pathogenesis of several immune and inflammatory diseases, including
inflammatory bowel disease, kidney inflammation, and asthma.”® While previous studies have demonstrated altered
levels of arachidonic acid and its metabolites in psoriatic lesions, suggesting AAM in the pathogenesis of psoriasis, ™'
the specific roles of AAM genes in the molecular pathogenesis and immune dysregulation of psoriasis remain poorly
understood.

In this study, we employed an integrative bioinformatics approach to investigate the dysregulation of AAM in
psoriasis. We performed differential expression analysis to identify differentially expressed genes (DEGs) and elucidate
the biological processes and pathways involved in psoriasis pathogenesis. Weighted gene co-expression network analysis
(WGCNA) was conducted to identify psoriasis-associated co-expression modules, which were then integrated with
known AAM genes. Machine learning techniques were employed to identify key AAM genes. Furthermore, we
investigated the functional implications of these genes using pathway enrichment and immune cell infiltration analyses.
Finally, transcription factor prediction analysis was performed to uncover potential regulators of key AAM genes. Our
findings aim to provide a comprehensive understanding of the role of AAM in psoriasis pathogenesis and immune
dysregulation, potentially facilitating the development of novel diagnostic and therapeutic strategies for this chronic
inflammatory skin disorder.

Methods

Data Acquisition and Preprocessing

Gene expression matrices for the GSE13355,'* GSE78097,"° and GSE14905'¢ datasets were obtained from the Gene
Expression Omnibus (GEO) database. These datasets were selected based on the following inclusion criteria: (1)
inclusion of both psoriasis and healthy control samples, (2) derivation from skin tissue, and (3) availability of raw
gene expression data. The GSE13355 dataset (annotation file GPL570) included expression profiles of 64 patients, with
58 controls used for analysis. The GSE78097 (annotation file GPL13534) and GSE14905 (annotation file GPL570)
datasets were used for expression validation, comprising 27 patients and 6 controls, and 33 patients and 21 controls,
respectively. Each dataset was analyzed independently to avoid potential confounding factors between different experi-
mental platforms. The raw gene expression data were preprocessed by log2 transforming if necessary, and removing
batch effects using the normalizeBetweenArrays function from the limma package.'” A total of 101 genes related to
AAM were obtained from the Gene Ontology term “ARACHIDONIC_ACID METABOLIC PROCESS”, the Reactome
pathway “REACTOME_ARACHIDONIC ACID METABOLISM”, and the KEGG pathway
“ARACHIDONIC _ACID METABOLISM”.

|dentification of Differentially Expressed Genes

Differential expression analysis of the GSE13355 dataset was conducted using the limma package'’ to compare the
psoriasis group to the control group. Genes with an absolute log2 fold change greater than 1 and an adjusted p-value less
than 0.05 were considered significantly differentially expressed. Heatmap and volcano plot visualizations were generated
using the pheatmap'® and gglot2'® packages, respectively.

Functional Enrichment Analysis

To identify significantly enriched Gene Ontology (GO) terms and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathways associated with the DEGs, enrichment analyses were performed using the clusterProfiler package.”® The top 8
enriched GO terms and the top 20 KEGG pathways were visualized using bar plots.
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Gene Set Enrichment Analysis (GSEA)

GSEA was conducted using the clusterProfiler package®® to identify significantly enriched pathways in the psoriasis
group compared to the control group. The pre-ranked gene list, based on their log2 fold change values, was used as input
along with the gene set information obtained from the MSigDB Hallmark gene sets and KEGG pathway database.

WGCNA

WGCNA was performed using the WGCNA package?’ to identify gene modules associated with psoriasis. Genes with
high variability (top 25% most variable genes based on standard deviation) were selected for further analysis. Sample
clustering was performed to detect outliers (cutHeight=20000). A soft-thresholding power value of 10 was used for
constructing the weighted gene co-expression network. The minimum module size was set to 100, and modules were
identified using dynamic tree cutting with a deepSplit value of 2. Module-trait relationships were assessed through
correlation analysis with disease status (Control vs Psoriasis). Among the identified modules, we focused on the module
showing the strongest positive correlation with disease status, and examined its intersection with genes involved
in AAM.

Machine Learning Analysis

Lasso regression was performed using the glmnet package,?” with binomial family specification for the logistic model.
The analysis included 10-fold cross-validation to determine the optimal lambda value that minimized deviance. Genes
with non-zero coefficients at the minimum lambda value were extracted as the Lasso signature genes, excluding the
intercept term. Support Vector Machine Recursive Feature Elimination (SVM-RFE) was conducted using the €1071
package,”® with 10-fold cross-validation applied to the combined gene expression and sample group data. The algorithm
performed recursive feature elimination by halving features above 50. Feature genes were selected based on the
minimum validation error, which was determined through an iterative feature sweep of the top 25 ranked features.
The optimal number of feature genes was determined by the position of minimum error in the validation curve, and these
genes were extracted as the final SVM-RFE signature. Random forest analysis was carried out using the randomForest
package,”® with an initial model trained using 500 trees. The optimal number of trees was determined by identifying the
point with the minimum error rate, and a second random forest model was then trained using this optimal number of
trees. The top 10 genes were selected based on their importance scores as measured by the Mean Decrease Gini index.
Genes with the top 10 importance scores were selected as key features. The Venn diagram was generated to identify
overlapping genes among the three machine learning methods.

Single-Sample Gene Set Enrichment Analysis (ssGSEA)

ssGSEA was conducted using the GSVA package® to assess the enrichment of the Hallmark gene sets in each sample of
the psoriasis group. The gene expression matrix was preprocessed and normalized, and the ssGSEA scores were
calculated using the gsva function. Differential enrichment of gene sets between the control and psoriasis groups was
visualized using boxplots. Correlation analysis was performed between the ssGSEA scores and the expression levels of
key AAM genes in the psoriasis group using Spearman correlation test.

Immune Cell Composition Analysis

Immune cell composition analysis was performed using the CIBERSORT method with the LM22 signature matrix.*®
Differences in immune cell fractions between the control and psoriasis groups were visualized with boxplots using the
ggplot2 package.'® Correlation analysis between gene expression and immune cell composition in the psoriasis group
was conducted using Spearman correlation test and visualized with a heatmap.

Transcription Factor Prediction Analysis
To predict potential transcription factors regulating the expression of key AAM genes, we performed transcription factor
target gene enrichment analysis for key AAM genes using the NetworkAnalyst online tool (https://www.networkanalyst.
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ca/NetworkAnalyst/). This tool integrates the JASPAR transcription factor binding site profile database to infer tran-

scription factor-gene interactions.

Statistical Analysis

Statistical analyses were performed using R (version 4.3.1). For comparisons between psoriasis and control groups, the
Wilcoxon rank-sum test was used for continuous variables. Correlation analyses were conducted using Spearman’s rank
correlation test. p-values < 0.05 were considered statistically significant.

Results
Identification of DEGs

To identify genes that are significantly dysregulated in psoriasis, we performed differential expression analysis compar-
ing psoriatic lesional skin samples to normal skin samples using the GSE13355 dataset. The volcano plot (Figure 1A)
displays the distribution of DEGs, where we identified 469 DEGs (|]log2 fold change| > 1, adjusted p-value < 0.05), with
284 genes being upregulated and 185 genes being downregulated in psoriasis. To better visualize the expression patterns
of the most significantly dysregulated genes, we generated a heatmap (Figure 1B) displaying the relative expression
levels of the top 30 upregulated and top 30 downregulated genes. The expression values were normalized using z-score
row scaling, and genes were hierarchically clustered based on their expression similarity.

Functional Enrichment Analysis
To elucidate the biological processes and pathways involved in psoriasis, we conducted functional enrichment analysis
on the DEGs. GO analysis revealed significant enrichment of terms related to epidermis development, keratinocyte
differentiation, and response to lipopolysaccharide (biological process), secretory granule lumen and collagen-containing
extracellular matrix (cellular component), and serine-type endopeptidase activity and cytokine receptor binding (mole-
cular function) (Figure 2A). KEGG pathway analysis highlighted the involvement of immune response and inflammation
pathways, such as cytokine-cytokine receptor interaction, IL-17 signaling, viral infections, and chemokine signaling, as
well as the AAM pathway (Figure 2B).

To further investigate the dysregulated pathways in psoriasis, we performed GSEA on the GSE13355 dataset. The
results revealed several upregulated pathways, including E2F targets, the G2M checkpoint, and interferon alpha and
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Figure | Differentially expressed genes (DEGs) analysis. (A) Volcano plot depicting DEGs between psoriasis and control samples from the GSEI3355 dataset. The x-axis
shows the log2 fold change (FC), and the y-axis represents the -log|0 of the adjusted p-value. (B) Heatmap visualization of the top 30 upregulated and top 30 downregulated
genes in psoriatic lesions compared to normal skin samples from the GSEI3355 dataset.
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Figure 2 Functional enrichment analysis in psoriasis. (A) The bar plot displays the top 8 significantly enriched Gene Ontology (GO) terms in each category (biological
process, cellular component, and molecular function). (B) The bar plot shows the top 20 significantly enriched Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathways. (C) Gene Set Enrichment Analysis (GSEA) plot illustrating the top 5 positively enriched hallmark pathways in psoriasis samples compared to control samples. (D)
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gamma responses (Figure 2C), while several pathways that were significantly downregulated in psoriasis included
adipogenesis, bile acid metabolism, and epithelial-mesenchymal transition (Figure 2D). To further validate the involve-
ment of the AAM pathway in psoriasis, we performed GSEA on the GSE13355 dataset and two additional independent
datasets (GSE78097 and GSE14905). Consistently, we found significant upregulation of the AAM pathway in psoriatic
samples across all three datasets (Figure 2E). These findings suggest the involvement of skin-specific processes, immune
response, extracellular matrix remodeling, and metabolic alterations in psoriasis pathogenesis.

Identification of Psoriasis-Associated Co-Expressed Gene Modules

To identify co-expressed gene modules associated with psoriasis, we first selected the top 25% most variant genes based
on their standard deviation across samples. These genes were then used as input for the WGCNA analysis on the
GSE13355 dataset. The optimal soft-thresholding power of 10 was selected to ensure a scale-free network topology
(Figure 3A). Four modules were obtained using the dynamic tree method (Figure 3B and C), with the turquoise module
exhibiting a strong positive correlation with psoriasis (Figure 3D).
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Identification and Functional Analysis of Psoriasis-Associated AAM Genes

Given the consistent upregulation of the AAM pathway in psoriasis, we sought to identify specific AAM genes
associated with the disecase. We integrated the 101 AAM genes obtained from relevant databases (see Methods) with
the co-expression modules identified by WGCNA, revealing 25 overlapping genes as psoriasis-associated AAM genes
(Figure 4A). To validate the expression patterns of these identified genes, we analyzed three independent datasets
(GSE13355, GSE14905, and GSE78097). Notably, several AAM genes, including ABCCI, PLA2G3, and GPX2,
exhibited consistent upregulation in psoriatic samples compared to controls across all three datasets. In contrast, genes
such as CYP2J2 were found to be significantly downregulated in psoriatic lesions (Figure 4B-D). Pathway enrichment
analysis of psoriasis-associated AAM genes revealed significant enrichment not only in AAM but also in chemical
carcinogenesis - DNA adducts, linoleic acid metabolism, metabolism of xenobiotics by cytochrome P450, and seroto-
nergic synapse pathways (Figure 4E).

Identification of Key AAM Genes in Psoriasis

To identify a key set of AAM genes associated with psoriasis, we employed various machine learning techniques. Lasso
regression analysis was used to determine the optimal lambda value for feature selection, resulting in 13 key genes
(Figure 5A and B). SVM analysis with 10-fold cross-validation demonstrated the highest accuracy and lowest error when
using the 4 selected features (Figure 5C and D). Random forest analysis further validated the top 10 most important
AAM genes (Figure 5E). Notably, the Venn diagram analysis revealed that four genes—ABCCI, PLA2G3, CYP2J2, and
GPX2—were consistently identified as important across all three machine learning models (Figure 5F).

Functional Implications of Key AAM Genes in Psoriasis

ssGSEA was performed to explore the functional implications of the key AAM genes in psoriasis. The analysis revealed
that psoriasis samples exhibited elevated activity in pathways related to inflammation and immune response, while
pathways associated with cholesterol homeostasis, androgen response, epithelial-mesenchymal transition, fatty acid
metabolism, and UV response (down) were significantly less active compared to controls (Figure 6A).

Correlation analysis unveiled significant associations between the expression of key AAM genes and hallmark
pathway activities in psoriasis samples (Figure 6B). PLA2G3 expression showed positive correlations with mTORC1
signaling, MYC targets, p53 pathway, and PI3K/AKT/mTOR signaling. GPX2 expression was positively correlated with
cholesterol homeostasis and interferon alpha and gamma responses, as well as KRAS signaling (down). CYP2J2
expression exhibited positive correlations with KRAS signaling (down) and negative correlations with angiogenesis,
coagulation, complement, epithelial-mesenchymal transition, and KRAS signaling (up). Lastly, ABCCI expression was
positively correlated with estrogen response, glycolysis, hypoxia, MYC targets, and p53 pathway.

Immune Cell Composition Analysis

Analysis of immune cell infiltration in control and psoriasis skin samples revealed significant differences in the fractions
of several immune cell types. Psoriasis samples exhibited a markedly higher fraction of CD8" T cells, activated CD4
memory T cells, follicular helper T cells, M1 macrophages, activated dendritic cells, activated mast cells, and neutrophils
compared to control samples, but lower fractions of regulatory T cells and resting mast cells (Figure 7A). PLA2G3
expression showed a positive correlation with activated mast cells, MO macrophages, and activated dendritic cells, and
a negative correlation with M2 macrophages and monocytes (Figure 7B). GPX2 expression negatively correlated with
resting mast cells and dendritic cells (Figure 7B). Similarly, CYP2J2 expression negatively correlated with resting mast
cells and M2 macrophages (Figure 7B). Lastly, ABCCI expression was positively correlated with activated mast cells,
neutrophils, and activated dendritic cells, but negatively correlated with memory B cells, resting mast cells, and gamma
delta T cells (Figure 7B).
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Random Forest (RF) model, highlighting the top 10 important genes based on the Mean Decrease Gini index. (F) Venn diagram illustrating the overlap of important features
identified by SYM-RFE, RF, and Lasso models.
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Figure 6 Single-sample gene set enrichment analysis (ssGSEA) of key AAM genes. (A) ssGSEA scores of hallmark pathways in control and psoriasis samples from the
GSE13355 dataset. Statistical significance was assessed using the Wilcoxon rank-sum test (*p < 0.05, **p < 0.01, ***p < 0.001). (B) Correlation heatmap depicting the
Spearman’s rank correlation coefficients between the expression levels of key AAM genes and the ssGSEA scores of hallmark pathways in psoriasis samples from the

GSE13355 dataset. Asterisks denote the statistical significance of the correlations (*p < 0.05, *p < 0.0, ***p < 0.001).

Transcription Factor Prediction Analysis of Key AAM Genes

To further investigate the potential transcription factors regulating the expression of key AAM genes, we performed
transcription factor prediction analysis for ABCCI, PLA2G3, CYP2J2, and GPX2 (Figure 8). The results revealed that
ABCCI and GPX2 share several common regulatory transcription factors, including HNF4A, HOXAS, NFIC, FOXCI1,
and JUN. This suggests that these transcription factors may play important roles in the pathogenesis of psoriasis by
coordinately regulating the expression of ABCCI and GPX2. Interestingly, PLA2G3, CYP2J2, and GPX2 were predicted
to be commonly enriched for the transcription factor GATA2, indicating that GATA2 may be a key transcription factor

regulating the expression of multiple AAM genes. These findings provide new clues and directions for further

investigating the role of AAM genes in the development of psoriasis.

Discussion

In this study, we investigated the role of AAM genes in the pathogenesis and immune dysregulation of psoriasis by

analyzing transcriptomic data from psoriasis patients and healthy controls. We identified key differentially expressed
AAM genes, including ABCCI, PLA2G3, CYP2J2, and GPX2, and demonstrated their association with specific cellular
processes, signaling pathways, and immune cell types in psoriatic lesions. Transcription factor analysis revealed shared

regulatory factors for these key genes, suggesting coordinated regulation of their expression in psoriasis. Our findings

provide novel insights into the complex molecular mechanisms underlying psoriasis, highlighting potential therapeutic

targets, biomarkers, and regulatory mechanisms. This study lays the foundation for developing improved diagnostic and

treatment strategies for this chronic inflammatory skin disorder.
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Figure 7 Immune cell infiltration analysis in psoriasis. (A) Fractions of various immune cell types in control and psoriasis groups from the GSE|13355 dataset, estimated using
the CIBERSORT algorithm with the LM22 signature matrix. Statistical significance was assessed using the Wilcoxon rank-sum test (*p < 0.05, **p < 0.01, ***p < 0.001). (B)
Correlation heatmap illustrating the Spearman’s rank correlation coefficients between the expression levels of key AAM genes and the fractions of immune cell types in
psoriasis samples from the GSEI3355 dataset. Asterisks denote the statistical significance of the correlations (*p < 0.05, **p < 0.01, ***p < 0.001).
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Figure 8 Transcription factor prediction analysis of key AAM genes. The transcription factor prediction analysis for ABCCI, PLA2G3, CYP2J2, and GPX2 revealed shared
regulatory transcription factors.

Functional enrichment analyses revealed the significant involvement of epidermis development, immune response,
and inflammation in psoriasis, which is consistent with the histological changes observed in psoriatic lesions, such as
epidermal hyperplasia and inflammatory cell infiltration.>” The upregulation of interferon response pathways aligns with

previous reports of Thl and Th17 cell activation in psoriatic lesions.”® Conversely, the downregulation of adipogenesis

and bile acid metabolism pathways may be associated with the metabolic comorbidities frequently observed in psoriasis
patients.>*°

Immune cell composition analysis demonstrated significantly increased infiltration of inflammatory cells, such as
activated CD4" T cells (including Th1 and Th17), activated dendritic cells, and M1 macrophages, which is consistent
with previous studies reporting the crucial role of immune cell infiltration in the pathogenesis of psoriasis.*’ The complex
interplay between these infiltrating immune cells and keratinocytes creates a persistent inflammatory loop, perpetuating
the aberrant differentiation and proliferation of keratinocytes, ultimately leading to the development and exacerbation of
psoriasis plaques.®'~?

The identification of key AAM genes and their associations with specific cellular processes, signaling pathways, and
immune cell types in psoriasis provides novel insights into the molecular basis of the disease. PLA2G3, a member of the
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phospholipase A2 family, catalyzes the release of arachidonic acid from membrane phospholipids, subsequently initiating
the production of various inflammatory mediators.>* Our study revealed that PLA2G3 expression is upregulated in psoriatic
lesions and positively correlates with epithelial-mesenchymal transition, mTORC] signaling, MYC target genes, the p53
pathway, and PI3K/AKT/mTOR signaling, suggesting its potential role in promoting cell proliferation. Moreover, PLA2G3
is positively associated with activated mast cells, consistent with previous studies demonstrating that mast cells can secrete
PLA2G3, thereby promoting their maturation and contributing to the development of an anaphylaxis-sensitive phenotype.>*
ABCCI, the gene encoding multidrug resistance-associated protein 1, has been implicated in the efflux of inflammatory
mediators and the regulation of immune cell function.*® Our study found that ABCCI expression positively correlates with
several cellular processes and signaling pathways, such as estrogen response, glycolysis, hypoxia, MYC target genes, and
the p53 pathway. These correlations suggest that ABCCI may influence keratinocyte proliferation, differentiation, energy
metabolism, and cell cycle progression in psoriatic lesions.>**® CYP2J2, a member of the cytochrome P450 superfamily, is
involved in the metabolism of arachidonic acid to EETs, which possess anti-inflammatory properties.>® In psoriatic lesions,
CYP2J2 expression is reduced, potentially leading to decreased EET synthesis and aggravated inflammatory responses.*’
GPX2, encoding glutathione peroxidase 2, plays a crucial role in the defense against oxidative stress and the maintenance of
cellular redox homeostasis.*’ Our research revealed that GPX2 expression positively correlates with interferon o and y
responses, suggesting its critical role in the resolution of inflammation and the cellular response to interferons.**

While our integrative bioinformatics approach has revealed novel insights into the role of AAM genes in psoriasis
pathogenesis and immune dysregulation, certain limitations should be acknowledged. First, the findings are based on the
analysis of publicly available transcriptomic datasets, and further experimental validation using targeted gene expression
assays and functional studies is necessary to confirm the role of the identified key AAM genes in psoriasis. Second, the
bioinformatics approach relies on statistical associations and correlations, and the directionality and mechanistic details
of these relationships remain to be elucidated through functional studies. Despite these limitations, our study provides
a strong foundation for future research on the role of AAM in psoriasis and highlights potential therapeutic targets and
biomarkers. To further elucidate the role of AAM in psoriasis, future studies should focus on validating the key findings
using multi-omics approaches, functional experiments, and clinical samples, paving the way for novel diagnostic and
therapeutic strategies.

Conclusion

Our integrative bioinformatics analysis identified key AAM genes, including ABCC1, PLA2G3, CYP2J2, and GPX2, that
are differentially expressed in psoriatic lesions and associated with specific cellular processes, signaling pathways, and
immune cell types. These findings provide novel insights into the complex molecular mechanisms underlying psoriasis
pathogenesis and immune dysregulation, and highlight potential therapeutic targets and biomarkers for the disease.
Further research on the role of AAM in psoriasis is warranted to validate these findings and translate them into clinical
applications for improved diagnosis and treatment of this chronic inflammatory skin disorder.
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