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Background: : Psoriasis is an immune-mediated, hereditary condition that presents itself in the skin or joints, or even both. Increasing
evidence indicates that psoriasis is connected to an elevated risk of abdominal aortic aneurysm (AAA), owing to their shared
inflammatory pathogenesis. Nevertheless, the interplay between psoriasis and AAA lacks sufficient documentation.

Methods: Through WGCNA and DEGs, psoriasis and AAA phenotype-related genes were identified. Identifying risk genes involved
in both psoriasis and AAA involved generating candidate genes by finding the common intersection of hub genes, followed by using
LASSO regression. Following this, a nomogram was created to forecast the development of psoriasis alongside AAA, and was then
assessed through a ROC curve, DCA, calibration curve, and PR curve. Five algorithms, namely CIBERSORT, ssGSEA, ESTIMATE,
MCPcounter, and QuanTIseq, were utilized to assess immune infiltration differences between high and low-risk groups.
Simultaneously, we verified the differential gene expression in different tissues.

Results: A total of 1073 psoriasis hub genes and 128 AAA hub genes were generated. A Venn diagram revealed 20 candidate genes
that were common to both hub genes of psoriasis and AAA. Of these, six genes (CCR7, CD3D, GBPS5, HCLS1, IL7R, and ITGAL)
were identified as risk genes. The gene signature generated by these genes demonstrated high accuracy in predicting psoriasis and
AAA. Using five algorithms for immune infiltration analysis, an abundance of inflammatory cells was observed in high-risk subgroups.
The above six genes were found to be highly expressed in both psoriasis tissue and abdominal aortic aneurysm tissue.
Conclusions: : The study resulted in the identification of a novel gene signature, including six high-risk genes, that has enhanced our
knowledge of the common causes and control mechanisms of psoriasis and AAA. These findings are anticipated to pave the way for
promising therapeutic targets in mitigating the comorbidities of cardiovascular disease.
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Introduction

Psoriasis, recognized as a systemic inflammatory condition, is linked to cardiometabolic comorbidities.' Individuals with
psoriasis exhibit a heightened prevalence of cardiovascular ailments, encompassing ischemic heart disease, heart failure,
peripheral vascular disease, and stroke.” * The elevated susceptibility to cardiovascular events is thought to be connected
to the systemic inflammatory pathophysiological mechanism of psoriasis.

Aortic vascular inflammation is crucial in the advancement and growth of aortic aneurysm (AA). Chronic inflamma-
tion in the aorta is believed to harm the aortic wall and disrupt the function of vascular smooth muscle cells in blood
vessels, caused by the secretion of different enzymes like matrix metalloproteinases and cysteine proteases, along with
free radicals from oxidation, cytokines, and other related substances.” The aberrant inflammation observed in psoriasis
could contribute to aortic injury, thereby predisposing individuals to developing an aortic aneurysm.® An increase in
aortic inflammation has been observed in patients with psoriasis when analyzed through 18FDG-PET/CT.” Currently,
only three nationwide cohort studies have revealed the impact of psoriasis on the incidence of AAA. Both Chiu et al and
Khalid et al. Indicate that individuals with psoriasis have a higher likelihood of AAA compared to those without the
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condition, especially in cases of severe psoriasis, resulting in increased morbidity rates.® Conversely, DJ et al suggest
that psoriasis may not be a standalone risk factor for AAA thorough meta-analysis found that individuals with psoriasis
have a higher susceptibility to AAA compared to the general population, and this risk does not escalate with the
seriousness of psoriasis.'® A comprehensive meta-analysis has revealed that patients with psoriasis are more vulnerable
to AAAs in comparison to the general population, and the risk does not increase with the severity of psoriasis."’
Nevertheless, the conclusions of these studies are inconsistent, and whether psoriasis contributes to an increased risk of
AAA remains unclear.

The overactivation of the adaptive immune system is central to the pathogenesis of psoriasis.'? During the initial
phases, a variety of cells that cause inflammation, such as plasmacytoid dendritic cells, natural killer T cells, and
macrophages, secrete cytokines that stimulate the growth of keratinocytes, boost the production of substances that
promote blood vessel formation, and lead to the infiltration of immune cells into the skin that is affected. Similarly,
chronic inflammation induced by the infiltration and activation of various immune cells is a critical driver in the
development of AAA.'*' It is evident that psoriasis and AAA share overlapping pathogenic pathways.'
Nevertheless, the precise mechanisms explaining the coexistence of these two conditions remain elusive.

In this present investigation, we have developed a gene signature that demonstrates remarkable accuracy in predicting
the occurrence of psoriasis with AAA. Additionally, the expression level of this gene signature corresponds to the
presence of inflammatory cells within the immune microenvironment of psoriasis. This suggests that the candidate genes
could be involved in the extended inflammatory processes linked to both psoriasis and AAA. Simultaneously, we
confirmed through basic experiments that the candidate genes are highly expressed in both psoriasis and abdominal
aortic aneurysm. Consequently, these findings provide compelling evidence for the exploration of potential therapeutic
targets in the treatment of psoriasis and AAA.

Materials and Methods

Data Downloaded and Processing

Obtained gene expression profiles from the Gene Expression Omnibus. A total of ten datasets were included in the
analysis: GSE226244, GSE182640, GSE181318, GSE166388, GSE153007, GSE68923 (which also includes
GSE68937), GSE78097, GSE79704, GSE63741, and GSE13355, which contained samples from patients with psoriasis.
For training purposes, we employed the GSE226244 dataset, while the remaining nine datasets were used for testing.
Furthermore, we acquired the GSES57691 dataset, containing 10 normal control samples and 49 AAA samples, for
analysis of the training set. Dataset GSE47472, which consists of 8 normal control samples and 14 AAA samples, was
ultimately added for analysis of the testing set. Principal component analysis (PCA) was used to assess the distinction
between each sample.

Detection of Genes With Altered Expression Levels

RNA probes were re-annotated using the R package ‘AnnoProbe’. A comparison of gene expression matrices from
psoriasis and AAA samples was conducted using the ‘limma’ R package. Differential expression analysis was conducted
based on the criteria of |log2FC| > 1 and adjusted P-value < 0.05. A volcano plot and Venn diagram were created in
OmicStudio (https://www.omicstudio.cn/tool) to display the overlapping DEGs in these datasets.

Weighted Gene Co-Expression Network Analysis for Psoriasis and Abdominal Aortic

Aneurysm

The system biology approach known as WGCNA was devised to uncover overarching patterns in gene expression and
explore the relationships between genes.'® The Pearson algorithm was used to analyze all gene pairs in order to create
a weighted adjacency matrix. Afterward, an appropriate soft-thresholding exponent was chosen by considering the
distribution of the scale-free criteria, leading to improved co-expression similarity and aiding in the construction of
a scale-free network approximation. The identification of similar modules involved the use of the topological overlap
measurement, and the dynamic tree-cutting method was employed to reveal overlapping modules. Finally, the association
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between modules and traits was investigated using Pearson correlation analysis. Modules with P values below 0.05 and
a correlation exceeding 0.5 were considered noteworthy and utilized for further analysis.

Functional Enrichment Analysis

The Gene Ontology (GO) framework provides a structured format of machine-readable information that details the
functions undertaken by genes and their products.'” Within the GO enrichment analysis, the DEGs acquired from the
GSE226244 dataset were selected and processed using the ‘clusterProfiler’ R package.18 Scatter plots were used to
display the top 30 enhanced results for biological processes, molecular functions, and cellular components, all with a ¢
value less than 0.05, individually.

Gene Set Enrichment Analysis

GSEA is a popular computational tool that evaluates biological processes and pathways by analyzing whether a known
set of genes shows significant differences between two different biological conditions.'” To differentiate the KEGG
pathway patterns between the normal and psoriasis skin samples, an enrichment analysis was performed on the
GSE226244 dataset using the R package ‘clusterProfiler’. In this analysis, a corrected P value with a threshold of <
0.05 was considered indicative of significant statistical differences.Identification of Risk Genes of Abdominal Aortic
Aneurysm in Psoriasis.

A Venn diagram was employed to identify shared genes between the DEGs and hub module genes associated with
psoriasis and AAA. The overlapping genes were then visualized using a Venn diagram. Afterwards, the online database
STRING was used to create the Protein-Protein Interaction (PPI) network for these common genes. In constructing this
gene interaction network, each gene was evaluated using network topology parameters. From a pool of intersecting
genes, core genes were consequently selected and highlighted using the Xiantao website (https://www.xiantaozi.com/).

LASSO regression was additionally utilized to improve the predictive efficiency and comprehensibility of the statistical
model through variable selection and regularization methods.”® Genes linked to risk were identified using LASSO
regression.

Evaluation of the Risk Gene Signature in Psoriasis and Abdominal Aortic Aneurysm
To further evaluate the predictive value of these six genes in diagnosing psoriasis and AAA, a gene signature was
constructed. The performance of the gene signature in diagnosis was assessed by plotting a receiver operating
characteristic (ROC) curve using the ‘pROC’ R package. The area under the curve (AUC) and its corresponding 95%
confidence interval (CI) were calculated, with an AUC greater than 0.7 considered as the threshold for an ideal diagnostic
value. A nomogram was created using the ‘rms’ R package, which incorporated the risk genes.?' Candidate genes were
scored as ‘Points’, with the sum of these scores referred to as ‘Total Points’. Furthermore, a nomoscore was calculated by
combining coefficients from logistic regression with the expression levels of hub genes. To comprehensively evaluate the
prediction accuracy of the gene signature for AAA diagnosis, various analyses such as precision-recall curve, calibration
curve, and decision curve analysis were conducted using the R packages ‘pROC’, ‘rms’, and ‘rmda’.

Immune Infiltration Analysis of Psoriasis Subgroup

Patients diagnosed with psoriasis were categorized into two separate groups using the nomoscore, enabling differentia-
tion. Five algorithms (CIBERSORT,22 ssGSEA,” Estimate,”* MCPcounter,”” and QuanTIseq26) were used to analyze the
immune cell composition in psoriasis, aiming to enhance comprehension of the immune microenvironment in high and
low-risk groups. To illustrate the results, bar plots, and box plots were utilized to visualize and compare the proportions
of each immune cell type between the two groups.

Human Abdominal Aorta and Psoriasis Tissue Specimens

Specimens of human abdominal aortic aneurysm and psoriasis tissue were obtained from patients receiving treatment at
the Affiliated Hospital of Chengdu University. Normal abdominal aorta and normal skin tissue were obtained from organ
donors. All patients had no tumors, severe infections, or connective tissue diseases. The inclusion of tissue specimens in
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this study was approved by the patients themselves or their relatives, and consent forms were signed. The study adhered
to the ethical standards outlined in the 1975 Declaration of Helsinki. The study protocol was approved by the institutional
review committee of the Affiliated Hospital of Chengdu University (approval No: PJ2023-002-01) and complied with the
ethical guidelines of the Office of Research Compliance and Human Research Protection Program.

Western Blotting

Tissues from various experimental groups were harvested and lysed in radioimmunoprecipitation assay buffer supple-
mented with phosphatase and protease inhibitors (MCE). After quantification of the protein concentrations, the cell lysate
or protein samples (20 ug/lane) were separated using Future-PAGE™ on 8% to 12% gels (ACE Biotechnology, Jiangsu,
China) and transferred to polyvinylidene difluoride membranes (Millipore, Bedford, MA, USA). The membranes were
blocked with protein-free rapid blocking solution (Servicebio Biotechnology, G2052, Wuhan, China) at room tempera-
ture for 30 minutes and incubated with primary antibodies overnight at 4°C. The following primary antibodies were used:
mouse anti-GAPDH (Proteintech,60004-1-1g, Wuhan, China), rabbit anti-IL7R (Proteintech,17626-1-lg, Wuhan, China);
mouse anti-ITGAL (Proteintech,66256-1-1g, Wuhan, China); rabbit anti-HCLS1 (Proteintech,25003-1-1g, Wuhan,
China); rabbit anti-GBP5 (Cell Signaling Technologies, 67798, Beverly, MA, USA); rabbit anti-CCR7
(Proteintech,25898-1-1g, Wuhan, China); rabbit anti-CD3D (Proteintech,16669-1-1g, Wuhan, China).

Real-Time Polymerase Chain Reaction

After the collected tissue samples are broken down, subsequent experiments will be conducted Total RNA was extracted
from Tissues by using Trizol reagent (Invitrogen, Carlsbad, CA, USA). Each RNA sample was reverse transcribed into
cDNA by using the Evo M-MLV RT Kit with gDNA Clean for PCR and applying the SYBR Green Premix Pro Tap HS
qPCR Kit (Accurate Biology, Hunan, China). The testing instrument was the Roche Light Cycler 480 Real-Time PCR
System (Rocher, Basel, Swiss Confederation). The primer sequences are provided in Supplementary Table 1.

Immunohistochemical (IHC)

We performed immunohistochemical (IHC) analysis to assess the differential expressions of CCR7 (1:100 dilution,
Proteintech,55425-1-AP, Wuhan, China); CD3D (1:200 dilution, Proteintech,16669-1-lg, Wuhan, China); GBPS5 (1:200 dilution,
Proteintech,13220-1-AP, Wuhan, China); HCLS1 (1:200 dilution Proteintech,25003-1-lg, Wuhan, China); IL7R (1:100 dilution,
Abcam, ab259806, Cambridge, UK), and ITGAL (1:100 dilution, Proteintech,15574-1-AP, Wuhan, China) in different groups.
After antigen retrieval and blocking, the following primary antibodies were diluted in a suitable antibody diluent and applied to
the sections, which were then incubated overnight at 4°C. Next, a suitable secondary antibody conjugated with a detection system
was applied to the slices. Finally, 3.3'-diaminobenzidine was applied for color development, and the nuclei were counterstained
with hematoxylin. The sections were imaged using an optical microscope at 10x—20x magnification.

Statistical Analysis

We performed statistical analysis in our research utilizing the R software (version 4.1.0). Group differences were assessed
using either the Wilcoxon test or Student’s #-test. GraphPad v9.0 software (San Diego, CA, USA) was used to analyze and
make some graphs, Two-sided P values were calculated for all tests, with statistical significance defined as P < 0.05.

Results

|dentification and Functional Annotation of Differentially Expressed Genes in Psoriasis
Prior to identifying DEGs, we performed PCA analysis to visualize the distribution of principal components for each group. The
PCA plot demonstrated clear differentiation between normal skin and psoriasis samples, as shown in Supplementary Figure 1. By
applying a threshold of [log2FC| > 1 and adjusted P < 0.05, we found 575 differentially expressed genes (DEGs) in GSE13355,
1528 DEGs in GSE153007, 313 DEGs in GSE166388, 1718 DEGs in GSE181318, 3075 DEGs in GSE182740, 1680 DEGs in
GSE226244, 152 DEGs in GSE63741, 1211 DEGs in GSE6823, 2416 DEGs in GSE78097, and 277 DEGs in GSE79704
(Figure 1A). DEGs that were consistently overlapped in at least two datasets were defined as calibrated differential genes
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(Figure 1B). The top 30 enrichment results in terms of biological processes primarily showed cytokine production, immune
response, epidermis development, and response to molecules of bacterial origin (Figure 2A). Concerning molecular function,
these DEGs were mainly associated with cytokines, cytokine receptors, peptidase inhibitors, enzyme inhibitors, and steroid
binding and activity (Figure 2B). In terms of cellular components, the intersecting DEGs were predominantly located in the
plasma membrane, granule lumen, and vesicle lumen (Figure 2C). Significant KEGG pathways identified by the GSEA
algorithm, where DEGs were mainly enriched, included ligand-receptor interaction such as toll-like receptor signaling pathway,
cytokine-cytokine receptor interaction, nod-like receptor signaling pathway, jak stat signaling pathway, t cell receptor signaling
pathway, chemokine signaling pathway, and rig I like receptor signaling pathway (Figure 2D).

Psoriasis-Related Modules and Genes Identification

To identify highly associated genes with psoriasis, we first performed sample clustering using the GSE226244 dataset.
Next, the process involved creating a gene network using the R software package called “WGCNA’. The sample
clustering indicated the absence of outliers (Supplementary Figure 2A). To achieve a scale-free structure and an average

connection of zero, we adjusted the soft power to 10 (Supplementary Figure 2B). Ten gene co-expression modules were

created and displayed in a cluster dendrogram (Figure 3A). Five modules were deemed crucial and chosen for additional
examination due to their correlations and significance values: yellow (r = 0.64, P = 5e-6), pink (r = 0.82, P = 4e-11),
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turquoise (r = 0.71, P = 2e-7), blue (r = —0.73, P = 6¢-8), and green (r = —0.69, P = 5¢-7) (Figure 3B). Additionally, we
identified the central genes in each group by considering gene importance (GS) greater than 0.2 and module association
(MM) greater than 0.8 (Figure 3C). After comparing the differentially expressed genes (DEGs) and hub module genes,
we found a total of 1073 shared genes (Figure 3D).

Definition of Core Genes Associated With Abdominal Aortic Aneurysm and Psoriasis
To identify hub genes associated with AAA, we conducted further analysis using the GSE57691 dataset, consisting of 49
AAA and 10 normal aortic artery samples. The samples were distinctly segregated in the two-dimensional principal
component distribution (Figure 4A). A total of 1015 DEGs were identified, with 466 showing significant up-regulation
and 549 displaying remarkable down-regulation (Figure 4B). By establishing a scale-free topology network with f = 6
(Supplementary Figure 3A), we divided the expression matrix into 20 gene modules (Figure 4C). Among these modules,

we identified the tan, black, purple, blue, green, and midnight blue modules as particularly significant (Figure 4D).
Subsequently, we identified 176 hub module genes significantly associated with AAA, and then intersected them with the
1015 DEGs of AAA and the 1073 hub genes in psoriasis. Only 20 genes were retained and proceeded to the next step,
which involved constructing a risk gene signature (Figure 4E).

Gene Expression Signature Construction

A heatmap was utilized to display the expression patterns of the 20 genes, revealing notably higher expression levels in both
psoriasis and AAA (Figure 5A and B). Following this, a network diagram was created by utilizing the STRING database to build
a protein-protein interaction (PPI) network (Figure 5C). Friends analysis within the PPI network identified IL7R as a crucial
player among these 20 genes (Figure 5D). To identify potential diagnostic indicators for predicting psoriasis patients with AAA,
a LASSO regression algorithm identified 6 genes (IL7R, HCLS1, CD3D, ITGAL, CCR7 and GBP5) with minimal logh =-5.199
(Figure 5E and F). ROC curve analysis showed that the gene signature and most individual genes were highly accurate in
diagnosing and predicting psoriasis, as seen in Figure 5G and H. Furthermore, an individualized nomogram for predicting disease
risk was successfully constructed, with the relative expression of each gene represented as a score (Figure 5I).

Validation of the Gene Signature and Immune Infiltration of Subgroups
ROC curves were created in three separate testing datasets (GSE79704, GSE13355, and GSE63741) to assess the gene signature’s
diagnostic precision in psoriasis. The gene signature consistently demonstrated satisfactory accuracy in diagnosing psoriasis
across all three validation datasets (0.917 for GSE79704, 0.988 for GSE13355, and 0.798 for GSE63741) (Figure 6A—C). To delve
deeper into the accuracy of the gene signature for AAA diagnosis, we conducted thorough evaluations such as ROC curves,
decision curve analysis, calibration curve, and precision-recall curve. The results of both GSES7691 and GSE47472 demonstrated
that this gene signature exhibited great suitability in assessing the risk of AAA in psoriasis patients (Figure 6D-K).

To explore differences in immune characteristics between subgroups, we utilized five algorithms: CIBERSORT, Estimate,
ssGSEA, MCPcounter, and QuanTIseq. The CIBERSORT algorithm indicated that T cells CD4 memory activated and
neutrophils were relatively higher in the high-risk subgroup (Figure 6L, Supplementary Figure 3A). Based on the Estimate

algorithm, the high-risk subgroup showed elevated Immune Score and ESTIMATE Score (Supplementary Figure 3B).

Furthermore, the ssGSEA analysis indicated that aDCs, cytotoxic lymphocytes, iDCs, T lymphocytes, and Th1 lymphocytes
were prevalent in the high-risk category (Supplementary Figure 3C). In addition, the MCPcounter analysis revealed an

increase in monocytic lineage and myeloid dendritic cells in the high-risk subgroup, whereas the QuanTIseq algorithm showed
elevated levels of macrophage M1 and M2 in this subgroup (Supplementary Figure 3D and E). The findings indicate that

individuals in the high-risk category showed a heightened immune environment.

Psoriasis and Abdominal Aortic Aneurysm Exhibit Co-Expressed Relevant Genes

After extracting protein and tissue RNA from normal skin tissue, psoriatic tissue, normal abdominal aorta, and abdominal
aortic aneurysm tissue, we conducted Western blotting and RT-qPCR experiments. We found that IL7R, HCLS1, CD3D,
ITGAL, CCR7, and GBP5 were all significantly upregulated in the disease groups compared to the normal groups. This
suggests that these six genes are pathogenic risk genes in both psoriasis and abdominal aortic aneurysm (Figure 7A—C).

Clinical, Cosmetic and Investigational Dermatology 2025:18 https: 967


https://www.dovepress.com/article/supplementary_file/495890/27_Mar_2025_Supplementary_files-NEW.docx
https://www.dovepress.com/article/supplementary_file/495890/27_Mar_2025_Supplementary_files-NEW.docx
https://www.dovepress.com/article/supplementary_file/495890/27_Mar_2025_Supplementary_files-NEW.docx
https://www.dovepress.com/article/supplementary_file/495890/27_Mar_2025_Supplementary_files-NEW.docx
https://www.dovepress.com/article/supplementary_file/495890/27_Mar_2025_Supplementary_files-NEW.docx
https://www.dovepress.com/article/supplementary_file/495890/27_Mar_2025_Supplementary_files-NEW.docx

Lyu et al

Module membership ve. gene signficance

A c srpsi

Cluster Dendrogram

. 3 2
g ° //
] s ’ ///
3
Moo Mortrens  etow mode
£
2
2
g .
E
o g .
3
H
Vodule coors
[ —
B cor=0.65, pe8.80-174.
g I
Module-trait relationships E
H o
o el
MEblack o o s B
//
n‘z n‘n n‘l n‘a
MEyellow
Mo mambasic v grasgiicance
proiiptoet
MEpink i v
- H /
I 3k
MEturquoise /
q H . ,
0 b
oS
MEmagenta os o5 o "::w_ o8 o9
© e
g !
33
MEbrown § B}
MEblue 3 /

04 05 08 o7 08 09

D Modulo Mambarchip n pok mode

Modlue_Hub_Genes count
MEgreen
1600
1400
>
Q\@ 1200
oy
1000

Figure 3 Identification of hub genes in psoriasis. (A) The cluster dendrogram of gene modules in psoriasis samples. (B) The correlation heatmap indicates module-trait
relationships. The first-row number in each block indicates the correlation coefficient, which is scaled by color. The number in parentheses represents the P value. (C)
Scatter diagram of yellow, pink, turquoise, blue, and green modules. The x-axis represents module membership in each module, and the y-axis represents gene significance
for psoriasis. (D) Venn diagram indicates the intersecting gene between DEGs and module hub genes in psoriasis. Gene count is scaled by color. Gene percentages are
displayed below the gene count.

968 https: Clinical, Cosmetic and Investigational Dermatology 2025:18



Lyu et al

A B

Total IDs: 24974

Individuals - PCA
| |
s : i
15 i 1
! :
' :
: :
! :
! ,
o *) 1
“ ¢« o i
& oo [ Significant
g - : o Sig_Up (466)

] . e FC_Up_Only (34)

.

pVal_Only (3939)
© NoDiff (19971)
@ FC_Down_Only (15)
® Sig_Down (549)

-log10(adj.P.Val)

Dim1 (19.3%)

-25 0.0 25

log2(FC)

Cluster Dendrogram

Module-trait relationships

MEtan

MEblack

Height

MEyellow

MEpurple

MEmagenta o2

014 o1
©3) ©3)

MEsalmon
Modue coors MEblue

MElightyellow

003 0083
on ©n

05

MEgreenyellow

E MElightgreen

MEred

033 033
(0o1) ooy
0050 0050
©n on
o0ut

©8

MEbrown

MEturquoise

count MEgreen

MElightcyan
MEgrey60

750
MEmidnightblue

MEcyan

IH I e Il .
H N
I
-0.5 0

500
MEpink

MEgrey

250

AAA_Modlue_Hub_Genes Psoriasis_Hub_Genes

Figure 4 Identification of hub genes between psoriasis and AAA. (A) PCA diagram visualizes the two-dimensional distribution of the principal component of AAA and
control samples. (B) The volcano plot of GSE57693 indicates the distribution of DEGs. AAA, abdominal aortic aneurysm. Control, normal aortic arteries. Genes in red
represent significantly up-regulated, blue represents significantly down-regulated, brown represents P value < 0.05, gray represents no significance, light red represents
log2FC 2 1, and light blue represents log2FC < |. (C) The cluster dendrogram of gene modules in AAA samples. (D) The correlation heatmap indicates module-trait
relationships. The first-row number in each block indicates the correlation coefficient, which is scaled by color. The number in parentheses represents the P value. (E) Venn
diagram indicates the intersecting gene among DEGs in AAA, module hub genes in AAA, and hub genes in psoriasis. Gene count is scaled by color.

Clinical, Cosmetic and Investigational Dermatology 2025:18 https: 969



Lyu et al

Gene

X0

i I"‘ |
]

N,
o

LogLambda_lse=-2.315

LogLambda_min=-5.199

1.254

0.75 4

cvMm

0.50 4

0.25 4

T
=75

=5
LogLambda

757

Coefficients

Figure 5 Establishment of gene signature by LASSO regression. (A and B) Heatmap of 20 hub genes in GSE226244 (A) and GSE57691 (B). Gene expression is scaled by the
Z-score. The bar plot beside the heatmap reveals the log2FC of genes. (C) The PPl network constructed by STRING reveals the interaction between these 20 genes. (D)
Friend analysis discovers the rank of 20 genes. The x-axis indicates the gene similarity. The y-axis represents genes. (E) The log (lambda) sequence was used to construct
a coefficient profile diagram. (F) LASSO coefficient profiles of the 20 genes in psoriasis. (G and H) ROC curve of CCR7, CD3D, GBP5, HCLSI, IL7R, ITGAL, and the gene

T

Ina 1 amhda

signature. (I) The visible nomogram for diagnosing psoriasis.
Abbreviations: LASSO, least absolute shrinkage, and selection operator. AUC: area under the curve. Cl: 95% confidence interval.

I Control
B Psoriasis

Z-score

l 2
1
0

' =1

=2
-3

Sensitivity (TPR)

B

Gene

L
TRA(;%:MPF% 1 ] ”| ” = = Control
-
g | il A
cD3D || |
ITGAL ]I ==
ARHGAP9 || | I =
HCLS1 U m=
GBP5 | | | == Z-score
P2RY8 | ” == B:
MAP4K1 == i
CCR7 | (] 0
TRBCA1 I | = -1
ITK == -
LTB ol ==
PIM2 J —
FNDC1 | =
cxcL2 |1 l | | ==
CXCL1 | | =
ZC3H12A 'H ==
PNP LIARE [==]
0.0 25 5.0
log2FC
IL7R o B . A
ITK - —s 0
HCLS1 A 3
LTB Bl o )
cxcL1
CD3D -
ITGAL - 2 23
PIM2 - "W o
MAP4K1 e & 9
eBPs{ @ TR
CCR7 - B . BA M)
ARHGAP9 - B i
TRBC1 - B o an e
excLz 4 ———
GIMK{ ¢ s e 08 oo
PNPH B )
ZC3H12A - oo
P2RYS { s e ——
T T T T
0.2 0.4 0.6 0.8

1.0 1.0
. .
. .
0.8 R 0.8 1
. — .
. z .
. T 7
064 S E 06 I8
. > .
L z L
0.4 A © 04+ s
/= CCR7(AUC=1000) | ® L
.’ — cD3D(AUC=0939) | @ r;
il 7 — GBP5(AUC = 0.996) | 2
02 +© = HeLs1 (AUC = 0.955) 02 -1 i
< IL7R (AUC = 0.830) A% AUC: 0.962

‘ — ITGAL (AUC = 0.992 . Cl: 0.908-1.000

0.0 T T .( T ) 0.0 T T T T
00 02 04 06 08 10 00 02 04 06 08 10
1-Specificity (FPR) 1-Specificity (FPR)

| 0 20 40 60 80 100

Points T TN L R 1 PR BT T
CD3D L o e s 3
55 6.5 75 85 95105115
HCLS1 r T T T T T T 1
8 9 10 1"
Total Points r T T T T T T 1
0 40 80 120 160
Linear Predictor T T T T T T T T T
-5 -3 14 3 5 b4 9
Risk T
0.20.0.60.8

https:

970

Clinical, Cosmetic and Investigational Dermatology 2025:18



Lyu et al

GSE79704 GSE13355 GSE63741

1.0 1.0 1.0
, , ’
. . ,
, ’ ’
% ’ ,
0.8 4 T 0.8 4 i 0.8 4 -1
—~ Y P . — ,
o 4 ['d ’ o ’
o 4 o ’ o ,
= 06 v = 06 -1- = 0.6 —f-
2 Z > ’ > 7
] 7 ] T > .
= . = , =2 ,
2 0.4+ , ® 04 ’ 044 ’
5} ’ o < o} #
] ¢ » 7 A e
, ’ ,
024 1 Model 02 =1 Model 0.2 =1 Model
A= AUC: 0.917 A~ AUC: 0.988 AL AUC: 0.798
Z Cl: 0.817-1.000 ud Cl: 0.974-1.000 N Cl: 0.683-0.913
0.0 T T T T 0.0 T T T T 0.0 T T T T
0.0 0.2 04 0.6 0.8 1.0 0.0 02 04 0.6 08 1.0 0.0 0.2 04 0.6 08 1.0
1-Specificity (FPR) 1-Specificity (FPR) 1-Specificity (FPR)

D E F G

10 10 1.0
z 08 — model
g — Al
|54 None i
-~ _ 08 I o 08 08
© Ees 5 H S 06
6 ., £ 06 6
~ 2 1 ] 8 2
] . o 044 I e I'TTTTT T T TTT1
WO Fosd —~ 2 E“‘ & 04
3
11 ) St <
n 2 02
024 -1 Model 02 024
.72 AUC: 0976 =
(D . CI: 0.930-1.000 004 = nucied — model
0.0 T T T T T T T T T 00 — Ideal line 0.0 T T T T
00 02 04 06 08 10 00 02 04 06 08 10 P e 00 02 04 06 08 10
1-Specificity (FPR) Risk Threshold Predicted Probabilty Recall (TPR)
10 —_— 10 ; 1.0
7 — model
- 06 —
N 08 et 054 = None 08 08
- .
N F i = 04l z
<t £ 06 v gos 5 06
N~ z Nt 5 S - N I G N O ! S
5 . 0 0.3+ [ 8
< 2 041 S 3 T o4 T 04
w 3 L 02+ 3
[%2] b ,’l Model 0.1 02 y 0.2
(D A AUC: 0.920 .
4 CI: 0.799-1.000 LY T [ —— . — Blas comected — model
00 T T T T 00 Ideal line 0.0 T T T T
00 02 04 06 08 10 00 02 04 06 08 10 P e 00 02 04 06 08 10
1-Specificity (FPR) Risk Threshold . y ) : Recall (TPR)

Predicted Probability

High Risk Subgroup Low Risk Subgroup

Estiamted Proportion

025.

W scossmomory [ Macopnages w0 [l Movocyes [ T cohs D4 memory sctvated [ T cssgarmma dea
[ Boetsnaive [ macrophages M1 [ Newrophis [l T cells D4 memory resting [ T celsreguiatoy (Tregs)
cetLtypo [l ] m B et Cotmave

I oo ot rotng [l Mt ot acvted [l WKl resiog [ T ool 0B
I Hostcotsreing [ Psmacots [l T cots lctrbtor

Figure 6 Diagnostic value evaluation of gene signature. (A—C) The ROC curves of testing sets (GSE79704, GSE 13355, and GSE63741) demonstrate satisfactory accuracy of
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(L) Histogram indicates the differential immune infiltration of GSE226244 between high-risk and low-risk subgroups. The y-axis represents the percentage of immune cells.
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Figure 7 Investigation of candidate gene expression across diverse tissue types. (A) Protein extraction from normal abdominal aorta (n=3) and abdominal aortic aneurysm
specimens (n=5), followed by Western blot analysis. (B) Protein extraction from normal skin tissue (n=3) and psoriatic plaque specimens, followed by Western blot analysis
(n=5). (C) Utilizing RT-qPCR experiments to analyze RNA extracted from normal abdominal aorta (n=3), abdominal aortic aneurysm (n=5); normal skin (n=3), and psoriatic
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Note: Data are presented as mean + SEM (*p < 0.05, **p < 0.01, ***p < 0.001).
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Figure 8 Analysis of gene expression in different tissues. (A) Perform immunohistochemical staining on normal abdominal aorta, abdominal aortic aneurysm, normal skin,
and psoriatic plaque tissues to observe the expression differences of six candidate genes (scale bars: IHC, 250um; n = 3 per group).

By conducting immunohistochemical staining on tissues from normal and diseased groups, we observed higher expres-
sion of the six genes in psoriatic tissue compared to normal skin tissue, and a similar trend was noted in abdominal aortic
aneurysm tissue compared to normal aortic tissue (Figure 8A).

Discussion
Emerging research highlights that psoriasis is not merely a skin condition but a systemic disease linked with various
comorbidities, such as cardiovascular diseases.?’>° Prioritizing early interventions and treatments that address both the
disease and its associated conditions is essential. Recent insights reveal that psoriasis operates under the influence of
intricate interactions between cytokines outside the cell and signal molecules within.>' These cytokines deliver signals to
receptors on the cell membrane, initiating a series of intracellular events that precipitate inflammatory cascades.*>** Such
cascades not only exacerbate psoriasis but also lead to several comorbidities, including AAA.® Research identifies AAA
as a notable comorbidity, stemming from shared genetic factors, enhanced oxidative stress, and similar inflammatory
processes seen in psoriasis.>*>® Specifically, the TNF-IL-23-IL-17 axis, crucial in psoriasis pathogenesis, has also been
implicated in AAA development. Increased levels of IL-17 and IL-23 have been documented in the aortic tissues of AAA
patients relative to controls. The role of IL-17, produced by CD4" T cells, encompasses the modulation of inflammation,
apoptosis in aortic SMCs, and vascular remodeling.>” Additionally, TNF-o, predominantly expressed in psoriatic lesions,
contributes to AAA through the activation of MMP-2 and MMP-9. These enzymes are involved in the degradation of
elastic fibers, facilitating aneurysm growth.*® Identifying these molecular targets is crucial for assessing AAA risks in
psoriasis patients and enhancing the efficacy of treatments for AAA in the context of psoriasis.

In this study, we identified six pivotal genes implicated in the progression of both psoriasis and AAA. These genes
serve as effective predictors for assessing the risk of AAA development in patients with psoriasis. Chemokines regulate
immune cell migration during inflammation and play a key role in chronic inflammatory diseases.** CCR7 facilitates
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interactions among dendritic cells and various T cell subsets, affecting immune responses in states like inflammation,
tolerance, and autoimmunity.*® Studies have shown that psoriasis patients have higher levels of CCR7" T lymphocytes
compared to healthy controls, contributing to persistent inflammatory states.*' Additionally, CCR7 and its ligands
promote the formation of tertiary lymphoid organs (TLOs), which are implicated in chronic inflammation in psoriasis
and can exacerbate disease progression.** In the vascular context, CCR7 may enhance interactions between stromal cells
and immune cells, fostering the formation of tertiary lymphoid organs (TLOs). This activity not only influences
inflammatory processes in the aneurysm wall but also contributes to the development and progression of AAA.** Our
findings suggest that CCR7 serves as a significant predictor for AAA risk in psoriasis patients, indicating its dual role in
these diseases and its potential as a target for therapeutic intervention.

IL-7 and its receptor, IL-7R, are crucial for T and B cell development in mice, facilitating naive T cell differentiation
and memory T cell maintenance.** They also play a central role in developing and sustaining innate lymphoid cells
(ILCs), which are vital for lymphoid architecture and protective barriers.*> Studies highlight IL-7R’s significant role in
the interconnected pathogenesis of psoriasis and depression, particularly through its regulation of T-cell activities.*®
Additionally, IL-7R is instrumental in sustaining type 2 innate lymphoid cell (ILC2) functionality, indirectly influencing
AAA progression via IL-5 and eosinophils.*” Our research links elevated IL-7R expression in psoriasis patients to
a heightened risk of AAA, underscoring IL-7R’s critical role in both conditions. Further experiments are needed to
elucidate IL-7R’s specific mechanisms in these both diseases.

HCLSI, also known as HS1, critically regulates actin dynamics at the T-cell immunological synapse and impacts
various natural killer (NK) cell functions such as chemotaxis, cell adhesion, and actin assembly during cell lysis.*®
Furthermore, HCLS1’s involvement in leukemic B cell migration, trafficking, and homing underscores its significant
influence on leukemia progression.*” Within the context of peripheral vascular atherosclerosis (PVA), HCLSI has been
identified as a key gene associated significantly with the condition. Preliminary analyses suggest HCLS1’s potential role
in modulating immune responses and vascular functions, which are vital in PVA’s pathogenesis.”® While the specific
contributions of HCLS1 to psoriasis and AAA remain underexplored, our analysis suggests that HCLS1 could act as
a predictive marker for AAA risk among psoriasis patients, potentially via mechanisms related to T cell activity. This
hypothesis is supported by significant differences in certain T cell types between high and low-risk groups based on
immune infiltration scores. Further research is necessary to elucidate these associations.

CD3D, a component of the T-cell receptor/CD3 complex crucial for T-cell activation, is downregulated in psoriasis
patients responding favorably to alefacept therapy.’'->* This suggests that modulation of CD3D expression could serve as
a potential marker to distinguish responders from non-responders to alefacept treatment, highlighting its role in
regulating T-cell activity and its potential as a therapeutic target in inflammatory diseases.”> However, research on
CD3D in vascular diseases is lacking. Given the known involvement of T cells in the pathogenesis of AAA,>* our
findings of significant differences in certain T-cell types between high and low-risk groups underscore the potential of
CD3D as a critical target for predicting and potentially treating AAA in psoriasis patients.

Leukocytes are key in psoriasis and AAA diseases.”>>® ITGAL, or CD11A, encodes the alpha L chain of integrins,
heterodimeric proteins with alpha and beta chains. This alpha integrin forms LFA-1 with the beta 2 chain (ITGB2),
crucial for leukocyte adhesion and costimulatory signaling through its ligands, ICAMs.1—-3 °” LFA-1 is essential in
immune responses, mediating interactions between leukocytes and endothelial cells. Efalizumab, a recombinant huma-
nized monoclonal antibody targeting CD11A, the alpha subunit of LFA-1, is approved for treating adults with chronic
moderate-to-severe plaque psoriasis.”® Additionally, CD11A facilitates the penetration of neutrophils through the
vascular endothelium, crucial for maintaining endothelial integrity and function, and is linked to inflammatory infiltration
and extracellular matrix degradation in AAA pathogenesis.’® Exploring the potential roles of ITGAL in psoriasis and
AAA may provide insights into the mechanisms underlying these diseases and offer theoretical foundations for new
therapeutic approaches.

Recently, interferons have been recognized as key mediators in the pathogenesis of psoriasis. Type I interferons,
crucial cytokines associated with chronic viral infections, often trigger psoriasis and psoriatic arthritis when used
therapeutically.®® GBP5, a member of the TRAFAC class dynamin-like GTPase superfamily, plays a role in antiviral
mechanisms through IFN-stimulated gene pathways and cytokine signaling in the immune system.®' Furthermore, GBP5-
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encoded proteins act as activators in the assembly of the NLRP3 inflammasome, impacting innate immunity and
inflammation.®* Studies suggest that inhibiting the NLRP3 inflammasome through lysosome-dependent pathways can
reduce inflammation and slow the progression of AAA.®* Our immune infiltration analysis indicates significant altera-
tions in macrophages in psoriasis patients. Changes in these NLRP3-related macrophages may underlie the potential
mechanism linking psoriasis to the development of AAA.

In further basic experiments, we found high expression of the six genes in both psoriatic tissue and abdominal aortic
aneurysm tissue, further confirming the conclusions drawn from bioinformatic analysis. This suggests a potential
association between psoriasis patients and the risk of developing abdominal aortic aneurysm. However, although we
identified risk genes in this experiment, we did not further validate them at the mechanistic level, which is a limitation of
this study. This will be addressed in subsequent experiments.

Conclusion

In summary, this study utilized public datasets on psoriasis and AAA to uncover a gene signature comprising six risk
genes, innovatively structured to reveal shared pathogenetic links and regulatory mechanisms between these conditions.
Furthermore, it detailed the immune infiltration landscape that predicts a higher risk of AAA in patients with psoriasis.
These insights provide crucial theoretical targets for the diagnosis and treatment of AAA development in psoriasis
patients.
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