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Background: Numerous studies both domestically and internationally have indicated a potential close association between psoriasis and 
non-alcoholic fatty liver disease (NAFLD), yet the precise mechanism underlying this association remains incompletely elucidated.
Methods: Microarray datasets were retrieved from the GEO database, and differentially expressed genes (DEGs) were identified 
using the GEO2R tool. Functional system analysis was conducted utilizing clusterProfiler, STRING, Cytoscape, and cytoHubba.
Results: This study identified a total of 49 commonly differentially expressed genes, including 10 upregulated genes and 39 
downregulated genes. Protein-protein interaction(PPI) network analysis identified 15 hub genes, and GeneMANIA analysis showed 
that they were mainly enriched in co-expression (75.18%).
Conclusion: The study reveals the comorbid molecular mechanism of psoriasis and NAFLD from the perspectives of gene expression, 
functional pathways, and transcriptional regulation, providing a new direction for the development of cross-disease therapeutic targets.
Keywords: non-alcoholic fatty liver disease, psoriasis, DEGs, bioinformatics

Introduction
Nonalcoholic fatty liver disease (NAFLD) and psoriasis are two common chronic diseases, characterized by liver lipid 
metabolism disorder and skin immune inflammation disorder, respectively.1,2 The incidence of both diseases is showing 
a rising trend globally. NAFLD encompasses a pathological process ranging from simple hepatic steatosis to non- 
alcoholic steatohepatitis (NASH),3 liver fibrosis, and even cirrhosis, and is closely associated with obesity, insulin 
resistance, and metabolic syndrome.4 Psoriasis is an immune-mediated skin disease mediated by Th1/Th17 cells,5 

characterized by epidermal hyperplasia, abnormal keratinization, and inflammatory cell infiltration in the dermis. Its 
pathogenesis is closely related to genetic susceptibility, innate immune activation, and cytokine network dysregulation.6 

Clinical observations and epidemiological studies have shown that the prevalence of NAFLD in patients with psoriasis is 
significantly higher than that in the general population,7 and the severity of NAFLD is positively correlated with the 
activity of psoriatic lesions, suggesting that the two may share potential molecular pathological mechanisms, such as 
chronic inflammation, oxidative stress, lipid metabolism abnormalities, and signaling pathway dysregulation.8

Despite significant phenotypic differences between NAFLD and psoriasis, their pathological processes involve 
abnormal activation of inflammatory pathways such as nuclear factor κB (NF-κB), mitogen-activated protein kinase 
(MAPK), and Janus kinase-signal transducer and activator of transcription (JAK-STAT),9,10 as well as dysfunction of 
metabolism-related transcription factors such as peroxisome proliferator-activated receptor (PPAR) and sterol regulatory 
element-binding protein (SREBP).11,12 For instance, pro-inflammatory cytokines such as tumor necrosis factor-α (TNF-α) 
and interleukin-17 (IL-17) drive excessive proliferation of keratinocytes in psoriatic lesions, while inducing lipid
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accumulation in hepatocytes and intrahepatic inflammation;13,14 whereas abnormal secretion of hepatogenic inflamma
tory factors (such as IL-6 and C-reactive protein) in NAFLD may exacerbate skin lesions through systemic 
inflammation.15 However, despite the discovery of various molecular targets and related pathways in diseases such as 
psoriasis and NAFLD, systematic research on common molecular targets for these diseases remains inadequate, 
especially the cross-disease differential gene screening and core regulatory network analysis based on gene expression 
profiles have not been fully explored.

Based on this, this study aims to utilize bioinformatics methods to integrate gene expression microarray data from 
non-alcoholic fatty liver disease (NAFLD) and psoriasis, screen for common differentially expressed genes (DEGs), 
construct a protein-protein interaction (PPI) network, identify key hub genes, and reveal the core biological processes and 
signaling pathways involved in these genes through in-depth functional enrichment analysis. The study further predicts 
the transcription factors (TFs) that regulate the hub genes and validates the expression patterns of core genes using 
independent datasets, with the aim of providing new molecular targets for elucidating the comorbid mechanism of 
NAFLD and psoriasis and laying the foundation for the development of cross-disease treatment strategies.

Materials and Methods
GEO Data Download and Compilation
The microarray datasets were sourced from the Gene Expression Omnibus (GEO) database (http://www.ncbi.nlm.nih. 
gov/geo/), a repository rich in high-throughput sequencing and expression microarray data. Using keywords such as 
“psoriasis” and “Nonalcoholic fatty liver disease”, relevant gene expression datasets were searched, with non-human 
specimens excluded from consideration. Ultimately, datasets bearing the accession numbers GSE30999, GSE14905, 
GSE89632, and GSE164760 were downloaded from the GEO database. Specifically, GSE30999 and GSE14905 pertain 
to psoriasis, whereas GSE89632 and GSE164760 relate to non-alcoholic fatty liver disease. (Table 1).

Recognition of DEGs
The online analysis tool GEO2R was utilized to extract differentially expressed genes (DEGs) for the analysis of psoriasis and 
non-alcoholic fatty liver disease (NAFLD) from the dataset available at (https://www.ncbi.nlm.nih.gov/geo/geo2r/).16 The 
screening criteria for DEGs were set as follows: an adjusted p-value of less than 0.05 and a log2 fold change (FC) greater 
than 1. Gene differential expression was calculated using the “limma” package in R (version 4.4.3). We adopted the “ggplot2” 
package to create gene heatmaps and volcano plots, with log2FC serving as the horizontal axis and -log10(P.adj) as the vertical 
axis. Furthermore, an online Venn diagram tool (http://bioinformatics.psb.ugent.be/webtools/Venn/) was employed to visualize 
the overlapping DEGs between psoriasis and NAFLD (Supplementary Tables 1 and 2).

Functional Enrichment Analysis of DEGs
The enrichment analysis of gene sets offers valuable insights into the unique biological attributes of genes, encompassing 
biological processes, cellular components, and molecular functions. The Kyoto Encyclopedia of Genes and Genomes(KEGG)17 

pathway enrichment analysis delves into the crucial pathways implicated in the onset and progression of diseases. In the realm of 
bioinformatics analysis, the R package clusterProfiler was employed to conduct KEGG and Gene Ontology(GO) enrichment 
analyses on differentially expressed genes associated with the progression of non-alcoholic fatty liver disease (NAFLD). Notably,

Table 1 Characteristics of the GEO Datasets Included in This Study

ID GSE number Platform Samples Disease

1 GSE30999 GPL570 85 patients and 85 controls PsO

2 GSE14905 GPL570 61 patients and 21 controls PsO

3 GSE89632 GPL14951 24 patients and 19 controls NAFLD
4 GSE164760 GPL13667 74 patients and 6 controls NAFLD

Abbreviations: PsO, Psoriasis; NAFLD, Nonalcoholic fatty liver.
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the screened differentially expressed genes exhibited a significant positive correlation with fibrosis grading and activity scores, 
with a statistically significant p-value threshold of less than 0.05.

PPI Network Analysis and Hub Gene Identification
PPI network analysis was performed utilizing the online database STRING (http://string-db.org).18,19 Interactions with 
a composite score exceeding 0.4 were deemed statistically significant. The Cytoscape software (http://www.cytoscape.org)20 

was employed to visualize the PPI network. Cluster analysis was conducted using Cytoscape’s Molecular Complex Detection 
(MCODE) plugin, with default parameters set as follows: K-core = 2, degree cutoff = 2, max depth = 100, and node score 
cutoff = 0.2. The CytoHubba plugin within Cytoscape was leveraged to identify hub genes, utilizing seven commonly adopted 
algorithms (MCC, MNC, Degree, EPC, Closeness, Radiality, Stress) to evaluate and select central genes. Ultimately, 
GeneMANIA (http://www.genemania.org/)21 was utilized to construct a co-expression network for these hub genes.

Validate the Expression of Hub Genes
Using Other Datasets The GSE16476022 and GSE3099923 datasets were employed to validate the mRNA expression of the 
identified hub genes. Specifically, the GSE164760 dataset comprised 6 normal liver tissue samples and 74 NASH liver tissue 
samples. Meanwhile, the GSE30999 dataset consisted of 85 non-lesional skin samples and 85 psoriasis tissue samples. A t-test 
was conducted to compare the datasets, with statistical significance indicated by a p-value of less than 0.05.

Prediction and Verification of TF
The Transcriptional Regulatory Relationships Unraveled by Sentence-based Text mining (TRRUST) is a meticulously 
curated database of transcriptional regulatory networks, which includes target genes corresponding to transcription 
factors and the regulatory interactions between them.24 The TRRUST database, being a manually annotated repository 
of transcriptional regulatory networks, comprises 8972 established regulatory interactions, accounting for 59.8% of the 
overall regulatory landscape. Utilizing the TRRUST database, we identified transcription factors that regulate hub genes 
and subsequently validated the expression levels of these transcription factors for hub genes in GSE30999 and 
GSE164760 using a t-test, with statistical significance determined by an adjusted p-value of less than 0.05.

Results
Differential Gene Identification
The research flowchart is depicted in Figure 1. Following standard processing of the datasets, the “limma” package within 
R software was utilized to visualize volcano plots (Figure 2A and B) and heatmaps (Figure 2C and D) for the differentially 
expressed genes across the two datasets. A total of 580 differentially expressed genes were identified in GSE14905, 
whereas 411 were identified in GSE89632. Through intersection analysis using a Venn diagram, 49 common differentially 
expressed genes were obtained. After excluding genes with discordant expression trends between GSE30999 and 
GSE89632, 39 down-regulated and 10 up-regulated differentially expressed genes were pinpointed (Figure 2E and F).

Functional Analysis of DEGs
The selected Differentially Expressed Genes (DEGs) were analyzed more accurately using the “clusterProfiler” package 
in R to perform enrichment analysis on GO and KEGG pathways. A filtering condition of adjusted P < 0.05 was 
implemented, and the top 10 most significant GO (Figure 3B) and KEGG (Figure 3C) enrichments were chosen. Through 
Gene Ontology (GO) and KEGG enrichment analysis, it was revealed that the DEGs were significantly enriched in 
various biological processes, including responses to glucocorticoids and corticosteroids, integrated stress response 
signaling, steroid hormone response, positive regulation of miRNA transcription and metabolism, kidney development, 
miRNA transcription regulation, and renal system development. In terms of cellular components, the DEGs were 
predominantly associated with RNA polymerase II transcription regulatory complexes, paraspeckles, Golgi apparatus 
lumen, RNA polymerase II transcription repressor complexes, and CCR4−NOT complexes. Furthermore, the enrichment 
analysis uncovered that the DEGs were notably enriched in multiple functional categories pertaining to transcriptional
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regulation, such as DNA-binding transcription activator activity, RNA polymerase II specificity, DNA-binding transcrip
tion factor binding, nuclear glucocorticoid receptor binding, and RNA polymerase II-specific DNA-binding transcription 
factor binding. Notably, the important KEGG pathways enriched in the DEGs encompassed human T-cell leukemia virus 
type 1 infection, TNF signaling pathway, breast cancer, colorectal cancer, IL-17 signaling pathway, Kaposi’s sarcoma- 
associated herpesvirus infection, osteoclast differentiation, thyroid cancer, small cell lung cancer, and Toll-like receptor 
signaling pathway.

Figure 1 Research design flow chart.
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PPI Network Analysis and Module Analysis
Using Cytoscape, we constructed a PPI network comprising co-expressed genes with a composite score exceeding 0.4. 
This network encompassed 183 interaction pairs and 42 nodes (Figure 3A). The MCODE plugin within Cytoscape 
identified two tightly interconnected subnetwork gene modules (Figure 4A and B). GO analysis demonstrated 
(Figure 4C) that the hub genes were predominantly associated with a range of biological processes, such as positive 
regulation of miRNA transcription, positive regulation of miRNA metabolic processes, response to steroid hormones, 
regulation of miRNA transcription, miRNA transcription itself, regulation of miRNA metabolic processes, miRNA 
metabolic processes, response to glucocorticoids, response to corticosteroids, and response to lipopolysaccharides.

In terms of cellular components, hub genes are enriched in the RNA polymerase II transcription regulator complex, 
RNA polymerase II transcription repressor complex, CCR4−NOT complex, nuclear membrane, endoplasmic reticulum 
lumen, nuclear outer membrane, nuclear inner membrane, nuclear envelope, euchromatin, and transcription repressor 
complex. Molecular Function (MF) analysis has shown that hub genes are predominantly enriched in activities such as 
DNA-binding transcription activator activity specific to RNA polymerase II, DNA-binding transcription activator

Figure 2 Continued.
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activity, R-SMAD binding, DNA-binding transcription factor binding, core promoter sequence-specific DNA binding, 
promoter-specific chromatin binding, SMAD binding, RNA polymerase II-specific DNA-binding transcription factor 
binding, transcription coregulator binding, and nuclear glucocorticoid receptor binding. Additionally, the results of the 
KEGG pathway analysis (Figure 4D) demonstrate that hub genes exhibit significant enrichment in the KEGG pathway 
enrichment analysis, primarily involving pathways such as TNF signaling, Kaposi’s sarcoma-associated herpesvirus 
infection, IL-17 signaling, human T-cell leukemia virus 1 infection, osteoclast differentiation, colorectal cancer, MAPK 
signaling, breast cancer, non-alcoholic fatty liver disease, and hepatitis B.

Hub Gene Identification
We employed the CytoHubba software to identify the top 15 hub genes using seven algorithms: MCC, MNC, Degree, Closeness, 
Radiality, Stress, and EPC. Following intersection analysis, we confirmed 12 common hub genes (Figure 5A and Table 2). 
Additionally, we utilized the GeneMANIA online database to analyze the co-expression network and associated functions of 
these hub genes. The results demonstrated that these 15 differentially expressed genes (DEGs) formed an intricate protein-protein 
interaction (PPI) network, comprising 75.18% co-expressed genes, 13.84% physical interactions, 5.95% predicted interactions, 
2.96% co-localization, 1.07% pathways, and 1.01% shared protein domains (Figure 5B). Gene Ontology (GO) analysis revealed 
that these genes are primarily involved in the positive regulation of miRNA transcription, positive regulation of miRNA 
metabolic processes, and steroid hormone responses, among others (Figure 5C). Furthermore, Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway analysis indicated that these genes are mainly associated with the TNF signaling pathway, 
herpesvirus infection associated with Kaposi’s sarcoma, the IL-17 signaling pathway, and others (Figure 5D).

To validate the reliability of the expression levels of these hub genes, we utilized two additional datasets pertaining to 
non-alcoholic fatty liver disease (NAFLD) and psoriasis to assess the mRNA expression of the identified core genes. The 
results indicated that, when compared to normal tissues, all hub genes, with the exception of EGR1, were notably 
upregulated in psoriatic skin lesions. Likewise, in NAFLD, all core genes, excluding IL6, MYC, and PTGS2, demon
strated expression levels that surpassed those in normal tissues.

Figure 2 Dataset for psoriasis and non-alcoholic fatty liver disease. Volcano and Venn diagrams of differentially expressed genes (DEGs). (A) GSE14905 DEGs volcano map. 
(B) GSE89632 DEGs volcano map; Upregulated genes are marked with light red; The down-regulated gene is marked light green. (C) Heatmap showing GSE14905. (D) 
Heatmap showing GSE89632 and (E) Venn diagram showing GSE14905 and GSE89632 datasets downregulated by DEGs. (F) Venn plots of GSE14905 and GSE89632 
datasets show upregulation of DEGs expression.
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Figure 3 Protein–protein interaction network and enrichment analysis of common DEGs. (A) PPI network diagram. Red indicates up-regulated genes, and green indicates 
down-regulated genes. (B and C) The enrichment analysis results of GO and KEGG Pathway. Adjusted P-value < 0.05 was considered significant.
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Figure 4 Presents the results of GO and KEGG pathway enrichment analysis for differentially expressed genes in psoriasis and nonalcoholic fatty liver disease, as outlined in 
the study. Panels (A and B) depict three closely related sub-network gene clustering modules. Panels (C and D) exhibit the enrichment analysis of modular genes in terms of 
GO and KEGG. The size of the circles in the figure signifies the number of genes, while the horizontal axis displays the frequency of occurrence of the participating genes 
among the total genes. Statistical significance is denoted by the p-value, with p<0.05 indicating significant enrichment.
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Predict TF and Validate
According to the TRRUST database, a total of 49 TFs are predicted to regulate the expression of these genes. Further 
verification revealed that 14 TFs (JUND, SMAD3, SMAD4, TCF4, AHR, AR, ARNT, ATF2, BRCA1, CTNNB1, ESR1, 
ETS2, FOXO1, HDAC3) exhibit high-level expression in non-alcoholic fatty liver disease and psoriasis, and it was found 
that these TFs jointly regulate hub genes PTGS2, MYC, JUN, FOSB, EGR1, JUNB, FOS, ZFP36, and IL6 
(Figure 6A–C).

Discussion
Although NAFLD and psoriasis manifest as liver fat deposition and cutaneous immune inflammation, respectively,25 

their pathogenesis is intricately linked to chronic inflammation, encompassing endothelial dysfunction, oxidative stress, 
and a cytokine network imbalance.26 NAFLD is influenced by genetics, metabolism, and gut microbiota, leading to 
severe disruptions in hepatic lipid metabolism. This, in turn, causes hepatocyte damage and the release of pro- 
inflammatory factors such as TNF-α and IL-6, which activate systemic immune responses. Conversely, psoriasis arises 
from the excessive activation of T helper (Th) 1 / Th17 cells, producing cytokines like IL-17 and TNF-α, which drive 
abnormal keratinocyte proliferation and epidermal inflammation.27 The shared pro-inflammatory cytokines in these two 
diseases activate crucial signaling pathways, such as JAK-STAT and NF-κB, establishing a bidirectional inflammation 
axis between the liver and skin. Hepatic inflammation in NAFLD can exacerbate cutaneous immune responses, while 
cutaneous inflammatory factors in psoriasis can reciprocate on the liver, promoting fat accumulation and liver damage.28 

Metabolic abnormalities also play a pivotal role in the interplay between these diseases. The lipid metabolism disorder in 
NAFLD and the abnormal synthesis of epidermal barrier lipids in psoriasis interact, with studies showing a positive 
correlation between serum lipid levels and the severity of psoriatic inflammation,29 suggesting a role for lipid- 
inflammatory interactions in the progression of comorbidity.

Despite NAFLD and psoriasis belonging to the categories of metabolic liver disease and immune-mediated skin disease, 
respectively, their pathogenesis is closely tied to chronic inflammation, immune regulation, and metabolic abnormalities. This 
study aims to screen for common differentially expressed genes (DEGs) between the two diseases, uncover potential 
therapeutic targets, and delve into the mechanisms underlying their comorbidity. By utilizing gene microarray data from 
the GEO database for psoriasis (GSE30999, GSE14905) and NAFLD (GSE89632, GSE164760), we identified a total of 49 
common DEGs through differential expression analysis and cross-validation, with 10 upregulated and 39 downregulated

Figure 5 Continued.
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Figure 5 Analysis of core hub genes in psoriasis and NAFLD. (A) UpSet plot showing the intersection of top 15 genes from seven algorithms (MCC, MNC, Degree, EPC, 
Closeness, Radiality, Stress) for screening 12 core hub genes. (B) GeneMANIA analysis of core hub genes and their co-expressed gene interaction networks. (C) GO 
enrichment analysis of core hub genes. (D) KEGG enrichment analysis of core hub genes (enriched in PPAR/IL-17 signaling pathways); the outer circle is enrichment terms, 
inner circle is adjusted p-values.
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Table 2 Independent Scoring and Ranking of Candidate Genes by Seven Algorithms

Node name MCC DMNC MNC Degree EPC BottleNeck EcCentricity Closeness Radiality Betweenness Stress ClusteringCoefficient

MYC 1229926 0.4748 21 23 8.35 12 0.31746 30.83333 4.49328 421.16438 1438 0.33597

FOS 1290203 0.53371 25 26 9.3 4 0.31746 32.33333 4.56654 260.96218 828 0.39077

IL6 1277322 0.55393 21 21 8.854 6 0.31746 29.83333 4.44444 148.44973 642 0.46667
PTGS2 137553 0.57477 17 18 8.314 2 0.31746 28.33333 4.37118 153.89847 608 0.46405

JUN 1289504 0.55855 24 24 8.914 3 0.31746 31.16667 4.49328 135.28299 568 0.44928

EGR1 1269482 0.63868 20 20 8.734 2 0.31746 29.16667 4.3956 73.64412 384 0.54737
SOCS3 826568 0.70945 14 14 7.517 2 0.31746 26.33333 4.2735 50.90588 290 0.69231

NR4A1 868584 0.72049 17 17 8.64 1 0.31746 27.66667 4.32234 30.34103 242 0.65441

ZFP36 1216922 0.70896 16 16 7.799 4 0.31746 27.16667 4.29792 43.74916 242 0.65833
GADD45B 1135824 0.68811 17 17 8.125 2 0.31746 27.5 4.29792 28.70382 218 0.625

JUNB 1150680 0.71239 17 17 8.173 1 0.31746 27.5 4.29792 25.82112 192 0.64706

FOSB 461040 0.75111 15 15 7.832 4 0.31746 26.66667 4.2735 22.01402 182 0.71429
TYMS 4 0.30898 3 3 1.917 1 0.2381 18.41667 3.63858 37 180 0.66667

PTTG1 4 0.30898 3 3 1.724 2 0.2381 18.41667 3.63858 37 180 0.66667

CXCL9 10 0.32413 5 5 3.356 1 0.2381 19.58333 3.71184 38.03077 166 0.5
IFIT3 6 0.2842 4 4 2.905 2 0.2381 19.91667 3.80952 40.23828 146 0.5

NR4A2 51480 0.68975 13 13 7.019 1 0.2381 24.75 4.07814 13.12707 104 0.69231

CEBPD 413328 0.79029 12 12 7.199 1 0.31746 25.16667 4.20024 6.73488 62 0.81818
BCL6 20208 0.7582 10 10 6.611 1 0.31746 24.16667 4.1514 4.90581 46 0.84444

PFKFB3 8 0.37893 4 4 3.563 2 0.31746 21 3.98046 9.35173 44 0.66667

PPP1R15A 6480 0.73986 9 9 6.472 1 0.2381 22.91667 4.00488 2.09145 22 0.86111
WNT5A 30 0.51861 5 5 4.2 1 0.31746 21.33333 3.98046 4.02821 22 0.8

MAFF 5880 0.71599 9 9 5.578 1 0.2381 22.25 3.9072 1.99512 14 0.83333

NFIL3 312 0.6123 8 8 5.322 1 0.2381 21.58333 3.85836 1.94683 14 0.75
IER3 1440 0.73175 7 7 5.535 1 0.2381 21.91667 3.95604 0.30769 4 0.95238

RGS1 240 0.66569 6 6 4.224 1 0.2381 20.75 3.83394 0.30526 4 0.93333

ETS2 120 0.64826 5 5 4.326 1 0.31746 21.16667 3.95604 0 0 1
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Table 2 (Continued). 

Node name MCC DMNC MNC Degree EPC BottleNeck EcCentricity Closeness Radiality Betweenness Stress ClusteringCoefficient

GADD45G 720 0.71324 6 6 5.165 1 0.2381 21.08333 3.88278 0 0 1

SOX17 6 0.46346 3 3 3.127 1 0.2381 19.58333 3.80952 0 0 1

SIK1 720 0.71324 6 6 4.533 1 0.2381 20.41667 3.7851 0 0 1
SDC4 2 0.30779 2 2 2.543 1 0.2381 18.75 3.73626 0 0 1

FOXC1 2 0.30779 2 2 2.396 1 0.2381 18.58333 3.71184 0 0 1

TIPARP 2 0.30779 2 2 2.283 1 0.2381 18.25 3.663 0 0 1
PIM3 2 0.30779 2 2 2.394 1 0.31746 18 3.63858 0 0 1

RASD1 1 0 1 1 1.691 1 0.2381 17.75 3.63858 0 0 0

ADAMTS1 2 0.30779 2 2 2.57 1 0.2381 17.75 3.58974 0 0 1
SLC2A3 2 0.30779 2 2 2.216 1 0.2381 17.75 3.58974 0 0 1

STC1 1 0 1 1 1.739 1 0.2381 16.41667 3.44322 0 0 0

RTP4 2 0.30779 2 2 1.571 1 0.19048 14.36667 3.00366 0 0 1
UBE2T 2 0.30779 2 2 1.269 1 0.19048 13.2 2.73504 0 0 1

GPRC5A 1 0 1 1 1.073 1 0.04762 1 0.14286 0 0 0

APOLD1 1 0 1 1 1.073 1 0.04762 1 0.14286 0 0 0

https://doi.org/10.2147/C
C

ID
.S587398                                                                                                                                                                                                                                                                                                                                                                                                                     

C
linical, C

osm
etic and Investigational D

erm
atology 2026:19 

12 Tan et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Figure 6 Continued.
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genes. Through protein-protein interaction (PPI) network and hub gene analysis, we ultimately pinpointed 12 core genes: 
FOS, EGR1, SOCS3, PTGS2, JUN, IL6, NR4A1, ZFP36, MYC, FOSB, JUNB, and GADD45B.

Among these core hub genes, IL6 and EGR1 serve as pivotal bridge nodes mediating the pathological crosstalk 
between psoriasis and NAFLD. Previous studies have extensively documented their roles in single diseases: IL6 is well- 
recognized in psoriasis for driving keratinocyte proliferation via the STAT3 axis and in NAFLD for promoting insulin 
resistance and hepatic stellate cell activation.15 However, our study advances this understanding by identifying IL6 not 
just as a local effector, but as a systemic connector regulated by a shared transcriptional network. In the comorbid state, 
circulating IL6 derived from psoriatic skin lesions may exacerbate hepatic inflammatory and metabolic disorders, while 
hepatocyte-secreted IL6 further activates the skin immune microenvironment, forming a positive feedback loop of “skin 
inflammation-hepatic lipid metabolism disorder”.

Regarding EGR1, it functions as a transcriptional regulator of lipid metabolism genes (eg, SREBP1, PPARα) in the 
liver and cell cycle progression in skin.30 Notably, our validation results showed that unlike other hub genes, EGR1 was 
not significantly upregulated in psoriatic lesions. This discrepancy can be biologically explained by the nature of EGR1 
as an “immediate-early gene” with rapid but transient expression kinetics. In chronic psoriatic plaques (typical of 
validation datasets), the acute transcriptional surge of EGR1 may have subsided or been dampened by negative feedback 
loops, whereas its downstream effects on metabolic reprogramming persist. Furthermore, potential prior treatment with 
topical corticosteroids in clinical samples effectively inhibits EGR1 expression, which may mask its initial upregulation. 
Despite this, its identification as a hub gene in the discovery phase suggests it acts as a “trigger” in the early initiation of 
the comorbidity, disrupting the homeostasis of hepatic lipid metabolism and cutaneous immunity simultaneously.30

GO enrichment analysis revealed that the common DEGs in NAFLD and psoriasis were significantly enriched in 
biological processes such as “response to glucocorticoid”, “positive regulation of miRNA transcription”, and “integrated

Figure 6 TFs regulate networks and their expression in GSE14905 and GSE89632. (A) Retrotransposon regulation, with green representing retrotransposon and yellow 
representing pivot genes. Expression levels of retrotransposons in (B and C) GSE14905 and GSE89632. The ere compared using the mean t-test. A P-value < 0.05 indicates 
statistical significance. *p < 0.05; **p < 0.01; p < 0.001.
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stress response signaling”, highlighting the crucial roles of steroid hormone metabolism and non-coding RNA-mediated 
transcriptional regulation in both diseases.31 KEGG pathway analysis indicated that DEGs were primarily enriched in 
pathways associated with “IL-17 signaling”, “non-alcoholic fatty liver disease”, and “human T-cell leukemia virus 1 
infection”, underscoring the importance of immune regulation, lipid metabolism, and inflammation signaling networks 
linked to viral infections in comorbidities.32 These findings suggest that the identified DEGs are primarily implicated in 
the “transcription regulation-inflammation-metabolism” interconnected network, with transcription factors and cytokines 
playing pivotal roles.32 For instance, the hub genes MYC and PTGS2 were enriched in “positive regulation of miRNA 
transcription” in GO analysis, potentially impacting keratinocyte proliferation and hepatocyte lipid metabolism by 
regulating miRNA biosynthesis. IL6, as a key cytokine, was associated with the “response to glucocorticoid” pathway, 
hinting at its significant role in amplifying inflammation in both diseases.33 In psoriasis, the activation of the IL-17 
signaling pathway promotes abnormal keratinocyte differentiation, whereas in NAFLD, genes related to the “non- 
alcoholic fatty liver disease” pathway regulate hepatocyte fatty acid β-oxidation, confirming the bidirectional relationship 
between metabolism and immunity. Notably, unlike previous studies that only focused on the independent roles of pro- 
inflammatory cytokines such as IL6 and TNF-α in psoriasis or NAFLD alone, this study innovatively integrates gene 
expression profiles of the two diseases, screens for shared DEGs and core hub genes, and clarifies the bidirectional 
regulatory molecular network of key genes represented by IL6 and EGR1 in the comorbidity of psoriasis and NAFLD.34 

For the first time, we reveal the cross-disease regulatory characteristics of the “transcription factor-hub gene” axis (eg, 
JUND regulating IL6, SMAD4 targeting MYC) in mediating skin-liver pathological crosstalk, and construct a multi- 
dimensional regulatory model of psoriasis-NAFLD comorbidity from the perspectives of gene co-expression, functional 
pathway enrichment and transcriptional regulation.35 This study breaks the limitation of single-disease research on the 
two diseases, and provides a novel cross-disease molecular target screening strategy for the exploration of comorbidity 
mechanisms, which is different from the existing research that only focuses on a single inflammatory factor or signaling 
pathway.36

Furthermore, the regulatory network analysis reveals a hierarchical multi-layer topology driving the comorbidity, 
rather than a flat list of interactions. At the upstream apex, transcription factors JUND and SMAD3/4 function as “master 
regulators”. They do not merely bind to isolated targets but orchestrate a dense core regulatory module centered on the 
AP-1 complex (JUN, FOS, JUNB). This structure suggests a “feed-forward” mechanism: upstream JUND activates the 
expression of AP-1 components, which then physically interact (heterodimerize) to cooperatively bind the promoters of 
downstream effector genes such as IL6 and PTGS2.

This topological arrangement creates a signal amplification cascade. In psoriasis, the JUND-driven AP-1 accumula
tion ensures sustained high-level transcription of inflammatory cytokines (IL6), establishing a robust inflammatory state 
that resists minor fluctuations. Simultaneously, in the liver, the crosstalk between the SMAD3 (a key node in TGF-β 
signaling) and the MYC-related metabolic axis acts as a bridge between fibrosis and lipid synthesis. Specifically, JUN 
activates the MYC-mediated fatty acid synthesis pathway through synergistic action with SMAD3, inducing SREBP1 
downstream genes to promote hepatic triglyceride accumulation.37

Within this network, ZFP36 acts as a crucial post-transcriptional regulatory node providing a counter-balance. As an 
RNA-binding protein,38 ZFP36 targets the mRNA 3’UTR regions of upstream drivers (like JUN) and downstream 
effectors (like IL6/MYC) to promote their degradation. This topology indicates a failed negative feedback loop in the 
disease state: while ZFP36 attempts to dampen the signal, the overwhelming activation of the JUND/SMAD axis likely 
bypasses this checkpoint, locking the system into a chronic cycle of inflammation and metabolic dysregulation.

Under the synergistic regulation of transcription factors (TFs) such as SMAD3, the promoter region of IL6 is enriched 
with binding sites for JUND. This, in turn, activates the differentiation process of Th17 cells via the JAK-STAT pathway 
in psoriasis, further prompting keratinocytes to secrete IL-17A and antimicrobial peptides, thereby exacerbating the 
inflammatory response in the epidermis. In NAFLD, IL6 induces insulin resistance in hepatocytes, inhibits PPARγ- 
mediated fatty acid oxidation, and promotes the activation and fibrosis of hepatic stellate cells.10 PTGS2, as a key 
enzyme in prostaglandin synthesis, catalyzes the conversion of arachidonic acid into PGE2 after being regulated by 
JUND. Its high expression is closely linked to the activation of TNF and IL-17 signaling pathways, participating in 
inflammation amplification in both diseases.
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MYC, as a direct target gene of SMAD4, accelerates the cell cycle progression of keratinocytes by regulating Cyclin 
D1 in psoriasis. In NAFLD, it promotes de novo fatty acid synthesis by activating SREBP1. The abnormal expression of 
MYC aligns with the enrichment results of the “Non-alcoholic fatty liver disease” KEGG pathway. ZFP36, an RNA- 
binding protein,38 is regulated by TFs and binds to the mRNA 3’UTR regions of MYC and IL6, inhibiting their 
degradation and maintaining the continuous expression of pro-inflammatory and pro-metabolic genes, thereby forming 
a dual regulatory mechanism of “transcription-post-transcription”.

This study also has certain limitations that need to be acknowledged. First, the research conclusions are mainly based 
on bioinformatics analysis of public microarray datasets, and the regulatory relationship between transcription factors and 
hub genes is only predicted by bioinformatics databases without further verification by in vitro and in vivo wet 
experiments such as dual-luciferase reporter assay and ChIP-qPCR. Second, due to the lack of clinical sample data, 
the correlation between the expression levels of core hub genes and the clinical severity of psoriasis-NAFLD comorbidity 
has not been further analyzed. Third, the current study only focuses on the mRNA expression level, and the post- 
transcriptional and post-translational modification regulation of core genes in the two diseases has not been explored in 
depth. In subsequent studies, we propose to conduct specific intervention experiments targeting the identified core 
transcription factors, particularly JUND and SMAD3. By utilizing specific small-molecule inhibitors or gene-silencing 
techniques (eg, siRNA or CRISPR/Cas9) in dual-disease animal models (co-induced psoriasis and NAFLD), we aim to 
verify their regulatory effects on the comorbidity. Specifically, we will assess whether blocking these upstream TFs can 
simultaneously alleviate psoriatic skin lesions and hepatic steatosis, thereby confirming the “transcription factor-hub 
gene” axis as a viable therapeutic target for interrupting the cross-disease pathological network.39
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