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Abstract

Background: There was evidence that significant bidirectional associations between

psoriasis and inflammatorybowel diseases (IBDs),which influencesmanagement strat-

egyof thepatients, so the investigationon themechanismsbywhich these twodiseases

co-occur is important.

Methods: The Gene Expression Omnibus (GEO) database was used to download gene

expression profiles of psoriasis and IBD. The differentially expressed genes (DEGs)

between disease and health control groups for each data set were calculated, and

Venn diagram was used to obtain for intersection. We performed Gene ontology (GO)

and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis on the

intersection, followed by developing a protein–protein interaction network and mod-

ule construction, and identified hub genes by cytoHubba. Thereafter, least absolute

shrinkage and selection operator algorithms was used to identify the co-biomarkers

of psoriasis and IBD from the top 50 hub genes. The biomarkers were used to con-

struct a screeningmodel, the discriminatory capacity of which was verified by receiver

operating characteristic (ROC) curves. CIBERSORT algorithmwas utilized to estimate

the compositional patterns of immune cell infiltration in biomarkers of psoriasis and

IBD. Spearman rank correlation analysis was used to further evaluate the correlation

between the identified biomarkers and immune cells.

Results: A total of 271 shared DEGs were screened. The GO and KEGG enrich-

ment analysis indicated that the shared DEGs were mainly enriched in response to

lipopolysaccharide, secretory granule lumen, cytokine activity, and interleukin (IL)-17

signaling pathway. Fifty genes such as IL1B, IL6, were identified as hub genes, based

on which, FOS, IFI44, MMP9, MNDA, PTGS2, S100A9, and STAT1 were identified

as biomarkers of psoriasis. CCL20, CD274, CTGF, CXCL1, CXCL10, CXCL2, CXCL9,

FCGR3B, FOS,GBP1,GZMB, IFI27, IFI6, IL1RN, ISG15, ISG20, LCN2, LILRB2,MMP12,

MMP7, S100A8, TLR8, and TNFSF13B were identified as biomarkers of IBD. FOS was

the common biomarker of psoriasis and IBD. Screening models were validated in the

validation data set (Psoriasis: area under the curve (AUC)= 1.000, IBD: AUC= 0.870).
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Immunocyte infiltration analysis showed themacrophages cells, mast cells resting, and

T cells CD4memory activated have the common characteristics in psoriasis and IBD.

Conclusions: FOS may play a key role in the occurrence and development of psoria-

sis complicated with IBD and macrophages cells may be an entrance for treating this

comorbidity.
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1 INTRODUCTION

Psoriasis is a chronic autoimmune disorder with a complicated

genetic background,1,2 as the concordance rates in monozygotic and

dizygotic twins were approximately 70% and 20%, respectively.3

At the time when plasma cell like dendritic cells are activated

by genetic and/or environmental factors, it will produce a large

number of pro-inflammatory cytokines, including tumor necrosis

factor (TNF)-α, interferon-γ, interleukin (IL)-17/22/23/1β, psoriasis
occurs.4

Compared with ordinary people, psoriatic patients have an

increased risk of complications, including inflammatory bowel disease

(IBD),4 an immune-mediated inflammatory polygenic disease.5,6

Scholars have found that psoriatic patients were prone to IBD.5,7–10

Although the mechanism of the co-occurrence of these two dis-

eases has not yet been fully elucidated, some scholars considered

that few shared genetic susceptibility loci and pathogenetic

mechanisms between the two disease may be the source for this

connection.11–15

Although previous studies have separately explored biomarkers

or key genes associated with psoriasis16,17 or IBD,18 or used meta-

analyses on genome-wide association studies to explore their genetic

correlation.12 However, the genetic mechanism of psoriasis compli-

cated with IBD were not clear, so we conduct this study to dig out the

common immune mechanisms of psoriasis complicated with IBD, and

further construct a screening model based on biomarkers, which may

improve earlier diagnosis of patients with comorbidities and provide

evidence for prognosis.

2 MATERIALS AND METHODS

2.1 Data sets

We used “psoriasis”, “ulcerative colitis”, and “Crohn’s disease” as the

searching words in the Gene Expression Omnibus (GEO) database

(https://www.ncbi.nlm.nih.gov/geo/), and selected eligible datasets

according to the following criteria1: The species source of these

datasets is human (Homo sapiens),2 Samples for sequencing are tis-

sues.

The gene IDs were converted to gene symbols based on the cor-

responding annotation matrix information, and missing values were

deleted. The gene expression values were averaged when multiple

probes corresponded to one gene. Because of the different study types

and experimental conditions of these datasets. The package “limma”

and “sva” of R software (version 4.2.3) was utilized to preprocess and

perform batch effect correction when merging the datasets, and Prin-

cipalComponentsAnalysis (PCA)plotswas constructed toevaluate the

effect on correction.19

2.2 Differentially expressed genes identification

The R package “limma”20 was utilized to identify the differentially

expressed genes (DEGs) between psoriasis and healthy control, IBD

and healthy control, a difference threshold of |logFC| ≥ 0.5, and

adjusted p value< 0.05. The “ggplot2”21 and “pheatmap” packages in R

was utilized to generate volcano plots and heat maps of DEGs respec-

tively. Genes with logFC ≥ 5.5 and p ≤ 0.0001 of psoriasis and logFC ≥

2 and p≤ 0.0001 of IBDwere labeled in the volcano plots.

Venn diagram (http://www.ehbio.com/test/venn/#/) was used to

obtain for intersection of the DEGs of two diseases to further analyze.

2.3 Functional annotation

R software “clusterProfiler”22 packagewas conducted to executeGene

Ontology (GO)23 and Kyoto Encyclopedia of Genes and Genomes

(KEGG)24 enrichment. The threshold that conformed to both p-

value < 0.05 and q-value < 0.05 were supposed to be remarkably

significant enrichment. The “ggplot2”21 in R was utilized to visualize

enrichment analyses results.

2.4 Protein–protein interaction analysis

The STRING25 (https://string-db.org/), an online protein network

database, was utilized to establish the interactions of the co-DEGs.

Cytoscape software (http://cytoscape.org/; version 3.8.1) was utilized

to visualize the results of Protein–protein interaction (PPI) network.

https://www.ncbi.nlm.nih.gov/geo/
http://www.ehbio.com/test/venn/#/
https://string-db.org/
http://cytoscape.org/;
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TABLE 1 Characteristics of Gene ExpressionOmnibus datasets used in this study.

Data set Platform Related diseases Normal samples Lesion samples Total Group

GSE166388 GPL570 Psoriasis 4 4 8 Test set

GSE14905 GPL570 Psoriasis 21 33 54 Test set

GSE78097 GPL570 Psoriasis 6 13 19 Test set

GSE109248 GPL10558 Psoriasis 14 17 31 Validation set

GSE13355 GPL570 Psoriasis 64 58 122 Validation set

GSE112366 GPL13158 IBD 26 141 167 Test set

GSEL186582 GPL570 IBD 13 196 209 Test set

GSE47908 GPL570 IBD 15 45 60 Test set

GSE13367 GPL570 IBD 10 17 27 Test set

GSE95095 GPL14951 IBD 12 24 36 Validation set

GSE186582 GPL570 IBD 12 147 159 Validation set

GSE38713 GPL570 IBD 13 30 43 Validation set

GSE95452 GPL570 IBD 5 21 26 Validation set

Abbreviation: IBD, inflammatory bowel disease.

Then, maximal clique centrality (MCC) algorithm of cytoHubba in

Cytoscape software were used to identify the hub genes.

2.5 Screening of biomarkers

Least absolute shrinkage and selection operator (LASSO) algorithm

was performed with “glmnet” package in R, was utilized to further

screen for biomarkers in psoriasis and IBD in the top 50 hub genes

sifted by cytoHubba to enhance forecast precision. Then the biomark-

ers in the validation set was substituted into themodel. Receiver oper-

ating characteristic (ROC)26 curves and the areaunder the curve (AUC)

were utilized to prove the predictive significance of the screening

model.

2.6 Immune infiltration analysis and the
association between biomarkers and immune cells

The CIBERSORT algorithm in R software was used to carry out

immunocyte infiltration analysis, based on LM22 gene set. Spearman

analysis was applied to calculate the association between the iden-

tified biomarkers and immune cells. What’s more, the proportion of

various immune cells in patients and control groups was evaluated.

The “reshape2”, “corrplot”, and “ggcorrplot” packages were utilized to

visualize the results (p-value< 0.05 as the significance threshold).

3 RESULTS

3.1 Batch effect correction of the data and
identification of DEGs

Five psoriasis and 8 IBD gene expression profiling data sets were

included in this research (Table 1).

After batch effect correction and integration of the data sets, PCA

plots were utilized to evaluate data quality before and after the action

from both group and dataset aspects. PCA plots showed that more

evenly distributed expressions of genes were obtained after batch

effect correction (Figure S1).

A total of 3514 DEGs (1664 upregulated and 1850 downregulated)

of psoriasis and 626 DEGs (398 upregulated and 228 downregulated)

of IBD were screened out. The differential expression results were

visualized in Volcano plots and heatmaps (Figures 1A and B). The

heatmaps showed that the two groups are significantly separated,

indicating that the outcomes were reliable. Two hundred seventy-one

co-DEGs (Table S1) between psoriasis and IBD were shown in Venn

diagram (Figure 1C).

3.2 Functional enrichment analysis of co-DEGs

The GO analysis of 271 co-DEGs yielded 910 results, including 817

biological processes (BP), 30 cellular components (CC), and 63 molec-

ular functions (MF). The GO analysis indicated that co-DEGs were

related to BP in response to lipopolysaccharide (p = 2.03E-19) and

molecule of bacterial origin (p = 1.28E-18), CC in secretory granule

lumen (p = 2.03E-07) and tertiary granule (p = 2.07E-07), and MF in

cytokine activity (p= 2.20E-07) and chemokine activity (p= 3.42E-07)

(Figure 2A). The KEGG analysis revealed that co-DEGswere related to

IL-17 signaling pathway (p = 1.42E-08), leishmaniasis (p = 1.29E-06),

and TNF signaling pathway (p= 7.36E-06) (Figure 2B).

3.3 Construction of PPI network and
identification of hub genes

STRING database was utilized to establish a PPI network with moder-

ate evidence interaction scores (>0.4) of co-DEGs, and isolated node
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F IGURE 1 (A) Heatmap and volcano plot of psoriasis. (B) Heatmap and volcano plot of IBD. (C) Venn diagram of psoriasis and IBD. IBD,
inflammatory bowel disease.

geneswere removed (Figure 3A). Cytoscape softwarewas used to visu-

alize the PPI network (Figure 3B). Top 50 hub genes identified byMCC

were shown in Table 2.

3.4 Identification of biomarkers using LASSO
logistic regression

Biomarkers of psoriasis and IBD were screened using LASSO anal-

ysis from the top 50 hub genes, which selected 7 psoriasis-related

features, 23 IBD-related features, and corresponding coefficients

(Figures. 4A–D). FOS, IFI44, MMP9, MNDA, PTGS2, S100A9, and

STAT1 were recognized as potential biomarkers of psoriasis, and a

screening model of IBD containing 23 genes (CCL20, CD274, CTGF,

CXCL1, CXCL10, CXCL2, CXCL9, FCGR3B, FOS, GBP1, GZMB, IFI27,

IFI6, IL1RN, ISG15, ISG20, LCN2, LILRB2, MMP12, MMP7, S100A8,

TLR8, and TNFSF13B) was developed. FOS is the shared biomarkers

between psoriasis and IBD.

The above results indicate that FOS may be a key biomarker of the

comorbidity of psoriasis and IBD.
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F IGURE 2 (A) The results of shared GO enrichment analysis, including BPs, CCs, andMFs. (B) The results of KEGG enrichment analysis. GO,
Gene ontology. BP, biological process; CC, cellular component; Kyoto Encyclopedia of Genes and Genomes;MF, molecular function.

F IGURE 3 (A) PPI network diagram of co-DEGs. (B) The processed PPI network diagram of co-DEGs. Larger shape and darker colors of the
node indicated weightier “evidence” of the gene. DEGs, differentially expressed genes; PPI, protein-protein interaction.

The AUC scores in the validation sets of psoriasis (Figure 4E) and

IBD (Figure 4F) were 1.000 and 0.870, respectively.

3.5 Immune infiltration analysis and association
between identified biomarkers and immune cells

The histogram (Figures 5A and B) shows the proportion of 22 types of

immune cells in each specimen. Immunocyte infiltration analysis indi-

cated that the proportions of macrophages M2, mast cells resting, NK

cells activated, and plasma cells in psoriasis tissue were remarkably

lower than those in control tissue (Figure 6A), and the proportions of

B cells naive, macrophages M0, macrophages M1, NK cells resting, T

cells CD4 memory activated, T cells CD4 memory resting, and T cells

follicular helper in psoriasis tissue were remarkably higher than those

in control tissue (Figure 6B). Immunocyte infiltration analysis showed

that the proportions of macrophages M2, mast cells resting, B cells

memory, dendritic cells resting, and T cells CD8 in IBD tissue were

remarkably lower than those in tissue (Figure 7A), and the proportions

of macrophages M0, macrophages M1, T cells CD4 memory activated,

mast cells activated, neutrophils, plasma cells, and eosinophils in IBD

tissue were remarkably higher than those in normal tissue (Figure 7B).
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TABLE 2 Top 50 hub genes in network ranked bymaximal clique
centrality method.

Name Score Name Score

IL1B 5.75E+09 IDO1 8.90E+07

IL6 5.74E+09 TNFSF13B 4.79E+07

TLR2 5.74E+09 MMP1 2.26E+07

CXCL10 5.73E+09 ITGB2 1.00E+07

CCL4 5.71E+09 CCL18 8387524

STAT1 4.98E+09 LCN2 7708097

CASP1 4.77E+09 GBP5 4370598

CD274 4.34E+09 S100A12 3246055

CXCL1 4.33E+09 S100A9 2283318

CCL20 3.24E+09 S100A8 2278128

MMP9 3.19E+09 LILRB2 1614148

CXCL2 3.03E+09 MNDA 1532670

SELL 2.82E+09 FOS 1262538

PTGS2 2.34E+09 NCF2 1260384

TLR8 2.17E+09 ISG15 999481

FCGR3B 2.12E+09 GBP1 914448

GZMB 1.46E+09 MMP7 813846

IRF1 1.42E+09 MMP12 771240

CXCL9 1.41E+09 CTGF 758434

NOS2 1.01E+09 PLAU 740880

CXCR2 6.01E+08 AQP9 733368

CXCL11 3.69E+08 ISG20 312480

PECAM1 2.88E+08 IFI44 211680

IL1RN 1.96E+08 IFI6 171360

SELE 1.75E+08 IFI27 136080

Compared with the normal group, the macrophages, mast cells

resting, and T cells CD4 memory activated have the common charac-

teristics in psoriasis and IBD, andamong the subgroupsof lymphocytes,

the macrophages M0 and M1, and T cells CD4 memory activated are

highly expressed in tissues of psoriasis and IBD.

In order to identify the biomarkers related to the immune cells,

the research investigated it by Spearman rank correlation analy-

sis. The heatmaps (Figures 8A and B) showed macrophages M0 and

macrophages M1 had a significant positively correlation with the

biomarkers of psoriasis and IBD, respectively, andneutrophils has a sig-

nificant positively correlationwith IBD, but notwith psoriasis. FOS, the

commonbiomarker of psoriasis and IBD,was positively correlatedwith

Mast cells resting andNK cells activated in psoriasis.

4 DISCUSSION

This study indicated FOS was the shared biomarkers between psoria-

sis and IBD, and further constructed a screening model with excellent

diagnostic capabilities based on individual biomarkers. The discovery

of the shared susceptibility genes, biomarkers, immune mechanisms,

and the constructionof the screeningmodelmay1 provide a foundation

for further exploration on the shared pathogenesis of psoriasis and IBD

and the development of precise drug targetswith dual effects.2 prompt

the occurrence of comorbidities for populations with the screening

gene models, predict the direction of disease development, and pro-

vide a basis for personalized diagnosis and treatment plans for specific

populations.3 change the current system-based disease classification

methods and shift to defining diseases based on their occurrence and

development patterns.

FOS was found as a shared biomarker of psoriasis and IBD. FOS

has been proven to be the main regulatory factor for autoimmunity

and inflammation in the central nervous system.27 C-Fos, a member of

the Fos family, showed a correlationwith Th1 and Th17 cell-associated

chemokines.28 However, Th1, Th17 cells and secretionof cytokines can

drive underlying pathology of psoriasis, and the imbalance of Th17pro-

motes IBD.29,30 Recently, the effects of Fra-1(Fos-related antigen1),

one of the clans of the FOS family in activator protein, are gradually

revealed in psoriasis.31 A significant increase in the proportion of Fos

related antigen‑1‑positive intestinal mucosa epithelial cells in active

IBD.32 The above evidence indicates that we need to pay attention to

FOS in the population with psoriasis complicatedwith IBD.

IL1B had the highest score in hub genes ranked by MCC method in

both psoriasis and IBD in this research, which is consonant with the

conclusions expressed byWu et al.33 IL1Bwas also the hub gene of CD

in the research constructed by daCosta et al.34 An increased IL1B gene

expression was detected in affected-skin psoriasis, when compared to

control skin and non-affected skin psoriasis (p< 0.001).34

GO and KEGG enrichment analysis indicated that the co-DEGs of

psoriasis and IBDweremainly associatedwith response to lipopolysac-

charide, secretory granule lumen, cytokine activity, and IL-17 signaling

pathway. This result support the viewpoint that psoriasis and IBDwere

widely recognized as IL-17-driven diseases.35

Compared with the control group, the macrophages, mast cells

resting, and T cells CD4 memory activated have the common char-

acteristics in psoriasis and IBD, and among the above subgroups of

lymphocytes, the macrophages M0 and M1, and T cells CD4 memory

activated are highly expressed in tissues of psoriasis and IBD.

Macrophages are generally divided into two different subgroups

named inflammatoryM1 and anti-inflammatoryM2macrophages, and

the polarization of macrophages is extremely crucial to lymphocyte

activation and proliferation, facilitating the inflammatory process in

psoriasis.36,37 Studies reported that multiple molecules and drugs,

such as PSORI-CM02, Shikonin combined with methotrexate have

therapeutic effects on psoriasis by modulating the polarization of

macrophages.38,39 Results revealed by Gong et al40 and Su et al41 indi-

cated that macrophages M0/M1 and T cells CD4 memory activated

were significantly increased in psoriatic skin, while mast cells resting

was significantly decreased. Similar conclusions existed in IBD, such

as the proportions of macrophages M0 in IBD tissues were signifi-

cantly higher, while mast cells resting were significantly lower com-

pared to the normal tissues.42 Our results showed that macrophages

M0/M1 were significantly increased and macrophages M2 were
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F IGURE 4 Construction of screeningmodels and screening of biomarkers of the psoriasis and IBD by LASSO regression analysis, and then
executes verification. (A)–(B) Tuning feature selection and profiles of themodel coefficients of psoriasis. (C)–(D) Tuning feature selection and
profiles of themodel coefficients of IBD. (E)–(F) ROC curves for assessing the psoriasis and IBDmodel’s screening performance. IBD, inflammatory
bowel disease; LASSO, least absolute shrinkage and selection operator.

F IGURE 5 (A) Evaluation and visualization of immune cell infiltration in psoriasis and normal groups. Size of blocks represents different
proportions, and its total is equal to 100%. (B) Evaluation and visualization of immune cell infiltration in IBD and normal groups. IBD, inflammatory
bowel disease.
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F IGURE 6 (A) The proportions of immune cells with significantly low expression in psoriasis tissue. (B) The proportions of immune cells with
significantly high expression in psoriasis tissue.

F IGURE 7 (A) The proportions of immune cells with significantly low expression in IBD tissue. (B) The proportions of immune cells with
significantly high expression in IBD tissue. IBD, inflammatory bowel disease.
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F IGURE 8 (A) Heatmap of the identified biomarkers of psoriasis and immune cells (*p value< 0.05; **p-value< 0.01; ***p-value< 0.001). (B)
Heatmap of the identified biomarkers of IBD and immune cells. IBD, inflammatory bowel disease.

visible decreased in both psoriasis and IBD, the results are con-

sistent with above previous researches, and further illustrated that

macrophages cells were instrumental in these two immune-mediated

inflammatory disorders.

Biologic drugs have prominently altered the therapy of chronic

systemic immune-mediated inflammatory diseases, including psoriasis

and IBD, by repressing highly selected cytokine signaling pathways.5

However, using biologic drugs as the treatment for one disease could

lead to the exacerbation of some other diseases. For example, psoriatic

patients treated with ixekizumab, an IL-17A antagonist, might lead to

exacerbations of IBD, and there is also a significantworsening of IBD in

psoriasis patients treatedwith IL-17 inhibitor brodalumab.5 It is essen-

tial to dig out therapy targets for psoriasis complicated with IBD, as

FOS detected in this study. In future, FOS and its conjugates may be

the future pharmaceutical analysis targets.

This study has the following limitations: (1) This is a bioinformatic

study, also itwasperformedwith verificationof datasets, thehubgenes

togetherwith biomarker did not have external verification in vitro or in

vivomodel, whichwas themain limitation of this research. (2) The sam-

pleof this studywasonly taken fromhuman tissue; itmaynot represent

the blood situation of the two diseases.

In conclusion, we recognize a similarity of the genetic and immune

mechanism between psoriasis and IBD. FOS may contribute to the

generation and development of psoriasis complicated with IBD and

macrophages cells may provide a new target cell type for treating

co-existed diseases.
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