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Background: Psoriasis is a recurrent, chronic, inflammation- and immune-mediated skin disease with multiple causative factors.
However, the genetic markers associated with recurrence have not yet been fully elucidated. Accordingly, in this study, we aimed to
identify markers associated with the recurrence of psoriasis.

Methods: We analyzed differentially expressed genes to determine which targets were associated with the recurrence of psoriasis and
used these data to construct a protein-protein interaction network using Cytoscape software. The results were then validated by
analysis of core targets using Gene Expression Omnibus (GEO) datasets and clinical samples. Functional enrichment analysis was
used to explore the potential mechanisms mediating the recurrence of psoriasis.

Results: We screened out six core targets that played important roles in recurrence of psoriasis, and validation of GEO datasets and clinical
samples showed that the expression levels of five core targets were higher in patients with psoriasis than in healthy individuals. Functional
enrichment analysis revealed that the cell cycle and oocyte meiosis signaling pathways were involved in the recurrence of psoriasis.
Conclusion: Our findings provided insights into the mechanisms mediating the onset and recurrence of psoriasis.
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Introduction

Psoriasis is a chronic, recurrent, inflammation- and immune-mediated skin disease that usually presents with varying
degrees of skin itching and sharply demarcated erythematous plaques with whitish scales.'** In this complex immune-
mediated skin disease, T lymphocytes, keratinocytes, dendritic cells, and cytokines (eg, interleukin [IL]-23, IL-17, and
tumor necrosis factor) play central roles in the pathophysiological mechanism of psoriasis.”>* Moreover, the skin flora has
been shown to differ between patients with psoriasis and healthy individuals.* Psoriasis can occur in both adults and
children; however, the prevalence varies among populations, regions, and ages. A global systematic review showed that
the incidence of psoriasis in adults ranged from 0.51% to 11.43%, whereas that in children ranged from 0% to 1.37%; the
highest incidence rates of psoriasis were between 30 to 39 years old and between 50 to 69 years old.>® Studies by Icen’
and Tollefson® showed that the incidence of psoriasis in children and adults is generally increasing.

The occurrence, development, and recurrence of psoriasis are caused by multiple factors, including mechanical stress,
drugs, infection, lifestyle, obesity, diabetes mellitus, dyslipidemia, hypertension, and mental stress.” Importantly, Cheng
and colleagues showed that patients with psoriasis had a higher hospital readmission rate due to psoriasis and that
readmission rates were increasing, resulting in a heavy economic burden.'® In recent years, biological agents have become
important treatments for patients with moderate to severe psoriasis.'' Several clinical studies have shown that biological
agents (eg, ustekinumab, secukinumab, ixekizumab, brodalumab, guselkumab, and tildrakizumab) can effectively alleviate
the clinical symptoms of patients with moderate to severe psoriasis, reducing both the psoriasis area and severity index
(PASI) score and incidence of side effects in patients with psoriasis.'*'* However, Johnson-Huang and colleagues15
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showed that many patients with moderate to severe psoriasis exhibit relapse after stopping treatment with biological agents.
While multiple studies by Giovanni Damiani have demonstrated that bioinhibitor combination therapy may improve the
relapse of psoriasis, there are specific issues of drug resistance and loss of response.”>>> Thus, there is an urgent need to
understand the biomarkers and mechanism of psoriasis recurrence, which will help us to better understand the pathogenesis
of psoriasis.

Accordingly, in this study, we aimed to identify novel biomarkers and mechanism of recurrence in patients with
psoriasis using bioinformatics analysis, which enables screening of targets of psoriasis recurrence and exploration of the
mechanisms of psoriasis recurrence.'®

Methods

Psoriasis Recurrence GEO Dataset Processing
From the Gene Expression Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/), we chose one dataset related

to psoriasis recurrence for analysis and selected three datasets related to psoriasis for validation. Among these datasets,
GSE30768,'> which is based on the GPL571 platform, included skin samples from four samples with recurrence of
psoriasis and four post-treatment psoriasis samples. This dataset was used to screen for differentially expressed genes via
the “limma” package in R studio software 1.2 (https://www.rstudio.com/; Boston, United States), |logFC|>1 and adjusted

P value < 0.05 were set as filter values.

Psoriasis Validation GEO Dataset Processing

In addition, GSE41664 (based on GPL570)"” included skin tissues from 53 patients with psoriasis and 53 healthy individuals,
GSE53552 (based on GPL570)'® included skin tissues from 25 patients with psoriasis and 24 healthy individuals, and
GSE6710 (based on GPL96)" included skin tissues from 13 patients with psoriasis and 13 healthy individuals, GSE13355
(based on GPL570)* included skin tissues from 58 patients with psoriasis and 64 healthy individuals, GSE14905 (based on
GPL570)** included skin tissues from 33 patients with psoriasis and 21 healthy individuals, GSE30999 (based on GPL570)*’
included skin tissues from 85 patients with psoriasis and 85 healthy individuals, GSE34248 (based on GPL570)'” included
skin tissues from 14 patients with psoriasis and 14 healthy individuals, GSE42632 (based on GPL13497)* included skin
tissues from 6 patients with psoriasis and 6 healthy individuals, GSE50790 (based on GPL570)* included skin tissues from 4
patients with psoriasis and 4 healthy individuals, GSE61281 (based on GPL6480)* included skin tissues from 20 patients with
psoriasis and 12 healthy individuals, GSE75343 (based on GPL571)*" included skin tissues from 22 patients with psoriasis
and 10 healthy individuals; these datasets were used to verify the differential expression of recurrence-related targets in
patients with psoriasis. The above datasets were normalized before formal analysis.

Construction of a Protein-Protein Interaction (PPl) Network and Screening of Core

Targets
In the STRING database (https://www.string-db.org/), we constructed a PPI network based on the differentially expressed genes
and downloaded PPI data with the organism set as Homo sapiens. In Cytoscape 3.7.2 software (http:/www.cytoscape.org/;

Bethesda, United States), we analyzed PPI data to rank differentially expressed genes via the “Cytohubba” package, with the
calculation method set to MCC.

Validation Using GEO Datasets

To remove batch effects between the different platforms, we merged and normalized eleven GEO datasets (GSE6710,
GSE13355, GSE14905, GSE30999, GSE34248, GSE41664, GSE42632, GSE50790, GSES53552, GSE61281 and
GSE75343) using the “limma” and “sva” packages in R studio software and extracted and compared the expression
levels of core targets in patients with psoriasis and healthy individuals (A total of 306 healthy volunteers and 333
psoriasis patients were included). We then performed correlation analysis based on the expression of core targets in order
to elucidate the correlations between core targets.

1448 "= Clinical, Cosmetic and Investigational Dermatology 2022:15

Dove!


https://www.ncbi.nlm.nih.gov/geo/
https://www.rstudio.com/
https://www.string-db.org/
http://www.cytoscape.org/
https://www.dovepress.com
https://www.dovepress.com

Dove Li et al

Validation Using Clinical Samples

Validation of clinical samples was performed at the Qingdao Huangdao District Central Hospital. Twenty patients with
psoriasis with a course of more than 5 years (seven men and 13 women) and five healthy controls (two men and three
women) were recruited from the Qingdao Huangdao District Central Hospital. Two professional dermatologists scored
the PASI and dermatology life quality index (DLQI) of patients with psoriasis (Table 1). Following centrifugation of the
blood samples of healthy controls and psoriasis patients at 1500 g for 15 min, serum was collected and kept at —80°C
until use. Serum samples were diluted, and the contents of core targets in the serum of patients and healthy individuals
were detected using an enzyme-linked immunosorbent assay (ELISA) kit (Meimain, Nanjing, Jiangsu, China) according
to the manufacturer’s instructions. The study protocol was approved by the ethics committees of Qingdao Huangdao
District Central Hospital, and written informed consent was obtained from all participants or relatives before blood
sampling.

Functional Enrichment Analysis

To further explore the potential mechanisms of the recurrence and onset of psoriasis, we performed Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis of differentially expressed genes using the
“clusterProfiler” package and “org.Hs.eg.db” package in R studio software. The “ggplot2” package in R studio software
was used to visualize the enrichment analysis results (P<0.05).

Artificial Neural Network (ANN) Model

In this section, we constructed a binary ANN model based on the GEO datasets and clinically validated core target
expressions, to understand whether machine learning can effectively distinguish the psoriasis group and the control group
through the expression of core targets. The psoriasis patients and control persons were completely randomly allocated,;
70% of the total sample were selected as the training sample and 30% as the testing sample. The StandardScaler class
from the sklearn function was used for data standardization. The sigmoid function was used as the activation function of
the input and hidden layers, and the softmax function was used as the activation function of the output layer. The
RMSProp was the optimizer for this model construction and the loss function was set as categorical cross entropy. The
learning rate was 0.1, the rho was 0.9, the epsilon was 0, the decay was 0, the training period was 200, and the model
training was completed when the training period reached 200.

Statistical Analysis
Statistical analyses were performed using GraphPad Prism 9.0 software (https://www.graphpad.com/; San Diego, United

States). All data are presented as means + standard deviations. The clinical samples data and the GEO datasets data were
analyzed by student’s ¢ test or Mann—Whitney U-test. P values less than 0.05 were considered statistically significant.

Results

Markers of Psoriasis Recurrence
First, we analyzed differentially expressed genes using the GSE30768 dataset and obtained 35 targets related to psoriasis
recurrence, including 6 downregulated genes and 29 upregulated genes (Figure 1A, Table 2).

Table | Details of Psoriasis Patients and Healthy Individuals

Control (n =5) Psoriasis (n = 20)
Sex (M:F) 2:3 7:13
Age at death (years) 324 + 6.47 (23-43) 41.05 = 15.12 (22-74)
Body mass index (kg/m?) 22.97 + 1.93 (20.3-25.15) 24.06 £ 3.44 (20.06-33.2)
PASI - 9.14 £ 9.9 (1.340.7)
DLQI - 5.33 £ 224 (1-9)
Clinical, Cosmetic and Investigational Dermatology 2022:15 htps: 1449
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Figure | Identification of core targets. (A) Heatmap of differential gene expression between patients with recurrent psoriasis and patients with psoriasis without
recurrence (GSE30768). Red rectangles represent high expression, and blue rectangles represent low expression. (B), A PPl network was constructed using the STRING
database based on psoriasis recurrence-related targets. Connecting lines represent existing interactions between two proteins. (C) Green points represent targets with
major roles in the PPl network, and pink points represent other interacting targets in the PPl network.

PPl Network and Core Targets

We constructed PPI network based on the STRING database (Figure 1B), this PPI network contained 35 nodes and 85
edges, with an average node degree of 4.86, average local clustering coefficient of 0.588, expected number of edges of 12
and PPI enrichment p-value< 1.0e-16. And we screened out the six core targets (CDC20, CCNBI, CCNB2, MAD2LI,
ZWINT, and SPC25) that may play important roles in the onset and recurrence of psoriasis (Figure 1C, Table 3).

Validation of Data from the GEO Database

After normalization and merging of the eleven GEO datasets, we extracted and compared the expression of core targets
(Figure 2A and B). We found that the expression levels of CDC20, CCNB1, CCNB2, MAD2L1, ZWINT, and SPC25 were
significantly higher in patients with psoriasis than in healthy individuals (Figure 2D). Correlation analysis showed that
the expression levels of the six core targets were positively correlated (Figure 2C).
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Table 2 Detailed Information of Genes Related to Psoriasis Recurrence in Differential Gene Expression

Analysis
ID logFC AveExpr t P.Value adj.P.val B
RRM2 2.992406 7.89134 14.66131 3.60E-06 0.023215 5.276253
SFXNI 1.984133 6.962221 13.07458 7.35E-06 0.023215 4.594853
TRIPI3 2.744555 481883 13.02735 7.52E-06 0.023215 4.573004
EIDI —1.09091 9.224376 —11.1314 1.98E-05 0.026246 3.608603
MELK 1.962104 6.304228 10.60614 2.67E-05 0.026246 3.307664
CCNBI 3.273894 6.909419 10.57296 2.72E-05 0.026246 3.288106
FLVCR2 1.499536 5.713465 9.476162 5.29E-05 0.037332 2.601324
IL4R 1.856035 8.620846 9.08756 6.80E-05 0.037332 2.337786
SPC25 2.147209 3.876183 9.046892 6.99E-05 0.037332 2.309545
IL19 6.033294 6.862624 8.938071 7.51E-05 0.037332 2.233342
TICAMI 1.233748 3.695644 8916158 7.62E-05 0.037332 2217884
DLGAPS5 3.190387 4.788859 8.894274 7.74E-05 0.037332 2.202409
PRCI 1.933336 7.231658 8.643137 9.18E-05 0.039725 2.022055
BCL2AI 2.45549 5.071803 8511934 0.00010054 0.039725 1.925765
CCNB2 1.978436 6.777275 8.325315 0.0001 1469 0.039725 1.786281
EPHA2 2717367 7.263322 8.315625 0.00011549 0.039725 1.778956
TMPRSS4 2.920711 5.225022 8.26912 0.00011939 0.039725 1.743688
CARHSPI 2.479643 9.325156 8.230182 0.00012278 0.039725 1.71401
ITPKC 1.188918 7.314854 8.206917 0.00012485 0.039725 1.696214
STEAP4 4.050744 5.229865 8.195983 0.00012584 0.039725 1.687834
TNIP3 3.884245 4.138851 8.186071 0.00012674 0.039725 1.680228
ZWINT 1.750259 7.814048 8.153147 0.0001298 0.039725 1.6549
AKAPI13 —1.00856 6.799461 —7.94751 0.00015091 0.044038 1.494477
NDUFAF4 1.433366 7.488246 7.906893 0.00015553 0.044355 1.462328
ANGPTL4 2.563976 6.877673 7.864617 0.00016051 0.044758 1.428702
GPNMB —1.06711 12.37854 —7.77656 0.00017149 0.044934 1.35812
GNAIS 1.63781 1 9.00473 7.77071 0.00017224 0.044934 1.353404
FANCI 1.552565 6.214723 7.682303 0.00018419 0.044934 1.281744
LYN 1.728737 7.209053 7.635876 0.00019084 0.044934 1.243806
CDC20 2.793366 6.287777 7.619629 0.00019323 0.044934 1.230481
UBE2C 1.980802 7.380543 7.61869 0.00019337 0.044934 1.22971
SSPN —2.04867 5.314287 —7.51997 0.00020868 0.046941 1.148168
MAD2LI 1.627263 7.336743 7.402082 0.00022879 0.049827 1.049515
CENPT —1.12182 5.698159 —7.357 0.00023706 0.049827 1.011411
RHOB —1.61864 9.734499 —7.35067 0.00023825 0.049827 1.006047
Table 3 Details of Core Genes in PPl Network
ID Degree | BottleNeck | EcCentricity | Closeness | Radiality | Betweenness | Stress | Clustering Coefficient
CCNB2 13 2 0.24242 13.83333 3.00606 3 18 0.91026
CDC20 13 | 0.24242 13.83333 3.00606 3 18 0.91026
MAD2LI 13 | 0.24242 13.83333 3.00606 3 18 0.91026
ZWINT 13 | 0.24242 13.83333 3.00606 3 18 0.91026
SPC25 13 | 0.24242 13.83333 3.00606 3 18 0.91026
CCNBI 13 | 0.24242 13.83333 3.00606 3 18 0.91026

Validation of Data from Clinical Samples
Next, we used ELISA to detect the expression levels of the six core targets. The results of ELISA confirmed that the
expression levels of CDC20, CCNB2, MAD2L1, ZWINT, and SPC25 were significantly higher in patients with psoriasis
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Figure 2 GEO database validation. (A) Eleven GEO datasets before merging and normalization. (B) Eleven GEO datasets after merging and normalization. (C) Correlation
analysis among CDC20, CCNBI, CCNB2, MAD2LI, ZWINT, and SPC25. (D), Expression of CCNBI, CCNB2, CDC20, MAD2LI, SPC25 and ZWINT in patients with psoriasis
compared with that in health individuals. The expression of CDC20, CCNBI, CCNB2, MAD2LI, ZWINT, and SPC25 in patients with psoriasis was significantly higher than
that in healthy patients (****P<0.0001, all P values <0.0001).

than in healthy individuals; however, the expression of CCNBI was not significantly altered (Figure 3). Therefore, we
hypothesized that the high expression of CCNB2, SPC25, CDC20, ZWINT, and MAD2LI may be involved in the onset

and recurrence of psoriasis.

Functional Enrichment Analyses

We then performed enrichment analyses of the six core targets using R studio software. Biological process analysis
suggested that these six core targets were associated with mitotic nuclear division, chromosome segregation, nuclear
division, and organelle fission (Figure 4A). Moreover, cellular component analysis suggested that the six core targets
were also involved in condensed chromosome kinetochore, condensed chromosome, centromeric region, kinetochore,
chromosome, centromeric region, condensed chromosome, and chromosomal region, whereas molecular function
analysis revealed that the six core targets were enriched in cyclin-dependent protein serine/threonine kinase regulator
activity, protein kinase regulator activity, protein C-terminus binding, and kinase regulator activity (Figure 4A). KEGG
analysis revealed that the six core targets were enriched in cell cycle, oocyte meiosis, progesterone-mediated oocyte
maturation, and human T-cell leukemia virus | infection (Figure 4B). As shown in Figure 4C and D, CNBI, MAD2LI,
CDC20, and CCNB2 may participate in the onset and recurrence of psoriasis through pathways related to the cell cycle
and oocyte meiosis.

ANN Model

We constructed a binary ANN model through the expression of core targets, and found that machine learning can
effectively distinguish psoriasis patients and control persons based on the expression of core targets (loss=0.2348 and
accuracy=0.9248) (Figure 4E and F).
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Figure 3 ELISA results. (A) CCNBI expression in patients with psoriasis was not significantly higher than that in healthy individuals (P=0.5749). (B) CCNB2 expression in
patients with psoriasis was significantly higher than that in healthy individuals (P=0.0105). (C) CDC20 expression in patients with psoriasis was significantly higher than that
in healthy individuals (P=0.0004). (D) MAD2LI| expression in patients with psoriasis was significantly higher than that in healthy individuals (P=0.0115). (E) SPC25 expression
in patients with psoriasis was significantly higher than that in healthy individuals (P=0.0001). (F) ZWINT expression in patients with psoriasis was significantly higher than that

in healthy individuals (P=0.0003) (ns, P>0.05; *, P < 0.05; *** P < 0.001).

Discussion
Psoriasis is a chronic, recurrent, inflammation- and immune-mediated skin disease that is pathophysiologically char-

acterized by keratinocyte hyperproliferation and shortened cell cycle.*® Psychological stress, genetic factors, smoking,
obesity, hypertension, diabetes, and other factors can promote the onset and recurrence of psoriasis.’’>* Long-term
recurrent psoriasis also promotes the occurrence and exacerbation of cardiovascular disease.’® Additionally, symptoms of
the disease can be alleviated by regulation of the cell cycle and meiosis in keratinocytes,** and induction of cell cycle
arrest in keratinocytes and inhibition of keratinocyte hyperproliferation can alleviate skin lesions in mouse models of
psoriasis.>”* Therefore, treatment of psoriasis should also be continuous for recurrence prevention, even if symptoms
seem to be completely relieved.”> Although efalizumab biologics are no longer used in the treatment of psoriasis, the new
therapies cannot change the situation of psoriasis recurrence after the treatment is stopped. Therefore, this study focuses
on the recurrence mechanism of psoriasis and provides new theories and support for the study of psoriasis recurrence.
In this study, we first screened for potential recurrence-related targets in psoriasis through analysis of differentially
expressed genes based on clinical data from the GEO database, yielding 35 potential targets. To further identified the core
targets, we constructed a PPI network of recurrence-related targets and found that CDC20, CCNBI, CCNB2, MAD2L],
ZWINT, and SPC25 were the core targets in the PPI network. Validation of GEO datasets confirmed our conclusions, and
we found that the expression levels of the six core targets were positively correlated based on the data from the GEO
datasets. Furthermore, using clinical samples, five of the six core targets (CDC20, CCNB2, MAD2L1, ZWINT, and
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Figure 4 Functional enrichment analysis based on the core targets between patients with recurrent psoriasis and healthy individuals. (A) Bar graph of GO enrichment
(longer bars indicate that more genes were enriched, and the increasing depth of red indicates that the differences were more obvious; g-value: the adjusted p value). (B)
Bubble graph for KEGG pathways (larger bubbles indicate that more genes were enriched, and the increasing depth of red indicates that the differences were more obvious).
(C) Cell cycle signaling pathway. Red points are core targets. (D) Oocyte meiosis signaling pathway. Red points are core targets. (E and F) ANN model construction based
on the expression of core targets between psoriasis patients and control persons. The AUC value of the training group is 0.96, and the AUC value of the test group is 0.98,
which proves that machine learning can effectively distinguish psoriasis patients from control persons through the protein of the core target.

SPC25) were confirmed to show significantly different expression in psoriasis, and functional enrichment analysis
identified two main signaling pathways, ie, cell cycle and oocyte meiosis signaling pathways, participating in recurrence
of psoriasis. Importantly, in a previous study, Pasquali and colleagues used transcriptomics analysis and showed that
dysregulated genes were mainly enriched in pathways related to immune response, cell cycle, and keratinization.’” While
another work of Weighted Gene Co-expression Network Analysis (WGCNA) held by Sundarrajan S. identified crucial
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cascades of psoriasis which include immune response, keratinisation and cytoskeleton remodeling, that made up the
shortcoming of the current work.>® Additionally, the core targets identified in this study have been shown to be involved
in cell cycle progression and meiosis in psoriasis recurrence.*’ As showed in Figure 4D, We found that core genes are
actively involved in meiosis I and II in the oocyte meiosis signaling pathways. The high expression of CCNB1, CCNB2
and CDC20 may inhibit the prevention of DNA replication, bipolar spindle formation and meiosis I progression to
participate the progression of psoriasis. The high expression of CDC20, MAD2L1, CCNB1 and CCNB2 may inhibit the
meiosis II arrest and promote meiosis II exit to promote the development of psoriasis. Therefore, we initially believe that
this may be one of the reasons for the genetic predisposition of psoriasis. This comprehension of bioinformatic and
patients sample analyze provides new insights on the molecular pathogenesis of recurrent psoriasis and the identification
of potential therapeutic targets.

Few studies exist which have integrated such gene expression microarray data of recurrent lesional and non-lesional
samples. The results shown in Figure 3 from our Elisa test samples illustrated the expression levels of SPC25, ZWINT,
MAD2L1, CCNBI1 and CDC20 in psoriasis patients were higher than healthy individuals. Kinetochore protein Spc25
(SPC25) is one of the components of the NDCS80 kinetochore complex. SPC25 and NDC&0 have been shown to exhibit
significantly different expression in patients with psoriasis,”® and NDC80 has important roles in regulating the cell cycle
in keratinocytes.?> ZW10 interactor (ZWINT), like the other core targets, has been shown to regulate the cell cycle, and
high ZWINT expression can promote cell proliferation.’® Both mitotic arrest deficient 2 like 1 (MAD2L1) and cell
division cycle 20 (CDC20) are components of the mitotic checkpoint complex.*® CDC20 plays important regulatory roles
in promoting the cell cycle, cell differentiation, and cell proliferation in keratinocytes and other related cells.>'
Moreover, MAD2LI1 has also been shown to promote cell proliferation, and decreased MAD2L1 expression inhibits the
proliferation, migration, and invasion of cancer cells.*** Cyclin B2 (CCNB2) is a member of the cyclin family, and its
specific roles in psoriasis have not yet been clarified. Wei et al showed that decreased CCNB2 expression inhibits the
proliferation of keratinocytes and alleviates symptoms of psoriasis in a mouse model.® Additionally, Li and colleagues
demonstrated that CCNB2 expression was decreased in patients with psoriasis who showed alleviation of symptoms.?’
These findings are similar to our results in the recurrence of psoriasis. In contrast to the results of our reports, the
expression of most hub genes associated with the cell cycle and proliferation in scalp psoriatic samples, revealed no
significant differences from that of paired control samples.’!

Taken together, this comprehensive bioinformatic and patients samples analysis provides new insights into the
molecular pathogenesis and recurrence of psoriasis. We propose that CDC20, CCNB2, MAD2L1, ZWINT, and SPC25
regulated the cell cycle and meiosis to participate in the pathogenesis of psoriasis, which is different from the Johnson-
Huang LM study. The latter data set found there were CD11c+CDlc-, inflammatory myeloid DCs identified by
TNFSF10/TRAIL, TNF, and iNOS. CDI11c+ cells in relapsed lesions co-expressed CD14 and CD16 in situ. During a
relapse, the majority of these genes reversed back to a lesional state.'> Besides, previous microarray analysis focuses on
the comparison between the normal and diseased states, but the results of the current study obtained from a bioinfor-
matics analysis and validation were focused on the recurrent cohort microarray data. The ANN part involved in this study
also partially proves that artificial intelligence can screen patients with special conditions through gene expression, such
as screening patients who do not respond to medication.

Conclusion

In summary, we not only demonstrated for the first time that CDC20, CCNB2, MAD2L1, ZWINT and SPC25 are key
genes and some important pathways involved in psoriasis recurrence, but also demonstrated that this may be a new
perspective on the pathogenesis of psoriasis. Among the screened out six psoriasis recurrence-related targets (CDC20,
CCNBI1, CCNB2, MAD2L1, ZWINT, and SPC25), further validation results showed that progression of recurrence and
pathogenesis in psoriasis with mechanism of regulating the cell cycle and meiosis. Since these signature genes may serve
as potential candidates for biomarker discovery leading to new therapeutic targets. Further experiments are required to
strengthen our findings and fully elucidate the related mechanisms mediating psoriasis, as well as to provide alternative
paths to mine out key drivers of psoriasis, which is one of the priorities of our future research.’’
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Data Sharing Statement

Data availability for GEO data (GSE6710, GSE13355, GSE14905, GSE30999, GSE34248, GSE41664, GSE42632, GSE50790,
GSE53552, GSE61281 and GSE75343) downloading, readers can visit the website https://www.ncbi.nlm.nih.gov/geo/and
choose “GEO datasets” in the drop-down list. For gene enrichment analysis, for inferring the protein-protein interaction, we

used web based tool named STRING (https://www.string-db.org/) according to the instruction, and the species is set to Homo

sapiens. For drawing the network, Cytoscape software was used. All patients were enrolled from April 2021 to June 2021.
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