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Background: Ulcerative colitis (UC) is a nonspecific inflammatory disease confined to the intestinal mucosa and submucosa, and its
prevalence significantly increases each year. Disulfidptosis is a recently discovered new form of cell death that has been suggested to
be involved in multiple diseases. The aim of this study was to explore the relevance of disulfidptosis in UC.

Methods: First, the UC datasets were downloaded from the Gene Expression Omnibus (GEO) database, and UC samples were typed
based on upregulated disulfidptosis-related genes (DRGs). Then, weighted gene co-expression network analysis (WGCNA) was
performed on the datasets and molecular subtypes of UC, respectively, to obtain candidate signature genes. After validation of the
validation set and qRT-PCR, we constructed a nomogram model by signature genes to predict the risk of UC. Finally, single-cell
sequencing analysis was used to study the heterogeneity of UC and to demonstrate the expression of DRGs and signature genes at the
single-cell level.

Results: A total of 7 DRGs were significantly upregulated in the expression profiles of UC, and 180 UC samples were divided into
two subtypes based on these DRGs. Five candidate signature genes were obtained by intersecting two key gene modules selected by
WGCNA. After evaluation, four signature genes with diagnostic relevance (COL4A1, PRRX1, NNMT, and PECAM]I) were eventually
identified. The nomogram model showed excellent prediction ability. Finally, in the single-cell analysis, there were eight cell types
(including B cells, T cells, monocyte, smooth muscle cells, epithelial cells, neutrophil, endothelial cells and NK cells) were identified.
The signature genes were significantly expressed mainly in endothelial cells and smooth muscle cells.

Conclusion: In this study, subtypes related to disulfidptosis were identified, and single-cell analysis was performed to understand the
pathogenesis of UC from a new perspective. Four signature genes were screened and a prediction model with high accuracy was
established. This provides novel insights for early diagnosis and therapeutic targets in UC.
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Introduction

Ulcerative colitis (UC) is a chronic idiopathic inflammatory disease involving the colorectal segment in which lesions are
mainly confined to the colonic mucosa and submucosa in a continuous diffuse distribution.! Recently, the prevalence of
UC has risen dramatically worldwide, greatly affecting the quality of life. Recurrent diarrhea, abdominal pain, fever,
weight loss, and hematochezia are the main symptoms of UC.* In addition, the risk of colorectal cancer is significantly
higher in some patients with UC who have recurring symptoms and a long course of disease.* Currently, the pathogenesis
of UC is not fully understood but is primarily related to the environment, genetic susceptibility and intestinal microbial
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interactions leading to intestinal immune imbalance.’® Therefore, we need to further shed light on the molecular
mechanisms in UC to pave the way for the prevention, diagnosis, and treatment of UC.

Disulfidptosis is a newly defined cell death mechanism. In contrast to previous apoptosis, necroptosis, and ferroptosis,
disulfidptosis is primarily associated with disulfide bonds in cells. The primary mechanism of disulfidptosis is that the
supply of nicotinamide adenine dinucleotide phosphate (NADPH) is insufficient for the cell to reduce cystine to cysteine
thereby causing disulfide stress, causing the collapse of abnormal disulfide bonds in the actin cytoskeleton, and
eventually inducing cell death.” The study further demonstrated that the glucose transport (GLUT) inhibitor triggered
disulfidptosis in cancer cells, which could effectively inhibit tumor growth without significant damage to normal tissues.®
These studies suggested an important role for disulfidptosis in cancer. Similarly, the actin cytoskeleton is key patholo-
gical mechanisms in colitis. Therefore, we discuss here whether disulfidptosis also occurs in UC. Figure 1 demonstrates
the pathway we constructed for disulfidptosis leading to the development of UC based on previously published literature.

In this article, we emphasized the significance of disulfidptosis in the pathogenesis of UC through bioinformatics
analysis. First, we collected gene expression profiles in patients with UC and healthy patients via the Gene Expression
Omnibus (GEO) database and divided 180 patients with UC into two clusters based on the expression level of 7
significantly upregulated disulfidptosis-related genes (DRGs). Subsequently, the key gene modules for disecase and
clusters were obtained by the weighted gene co-expression network analysis (WGCNA), and these two modules were
overlapped to obtain candidate signature genes. A nomogram model was then constructed to predicts the risk of UC from
validated signature genes. In addition, we attempted to investigate the correlation between signature genes and immune
cells by ssGSEA (single sample gene set enrichment analysis). Finally, we examined the expression and distribution of
DRGs and signature genes in single cells. Overall, our results are expected to further understand the biological
mechanisms of disulfidptosis in UC and to provide personalized solutions for the management of UC.

Materials and Methods

Sources and Processing of Datasets
The UC datasets for this study were downloaded from the GEO public database (https://www.ncbi.nih.gov/geo/). In the
database, patients with active UC were used as screening criteria to ensure the accuracy of the results of this study. In

addition, datasets containing a high number of patients were merged and used as initial data. The GSE75214° dataset
(UC, tissue type: intestinal mucosal from patients, N = 74; Controls, N = 22) was used for the GPL6244 platform. The
GSE87473'% dataset (UC, tissue type: intestinal mucosal from patients, N = 106; Controls, N = 21) was used for the
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Figure | The increased NADP*/NADPH ratio in SLC7AI | highly expressed cells resulted in the inability of the cells to reduce cystine to cysteine, which in turn resulted in
the contraction of the disulfide bonds of the actin cytoskeleton associated proteins, ultimately inducing disufidptosis. In addition, the collapse of the actin cytoskeleton led to
the disruption of intestinal epithelial cells function, which in turn contributed to the development of ulcerative colitis.
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Figure 2 Flowchart of this study.

GPL13158 platform. The GSE36807'' dataset (UC, tissue type: intestinal mucosal from patients, N = 21; Controls,
N = 7) was used for the GPL570 platform. Figure 2 demonstrates the flowchart of this study. Subsequently, the
GSE75214 and the GSE87473 datasets were merged and the batch effect in the gene expression profiles was eliminated
by the comBat function of the “sva” R package. In a recent literature, the authors mentioned 15 genes that are
overexpressed in cells undergoing disulfidptosis.” Table 1 shows the 15 DRGs and their functions. Boxplots were used
to demonstrate the expression levels of all DRGs in UC and control samples.

Immune Cell Infiltration Analysis

Since immune imbalance is an essential element in the pathogenesis of UC, we further evaluated the abundance of
different immune cell infiltration in UC and control groups using CIBERSORT immune cell infiltration analysis.'* In
order to explore the role of immune cells in disulfidptosis affecting UC, the correlation of the significantly expressed
DRGs with immune cells was then investigated.

Identification and Exploration of Disulfidptosis-Related Subtypes in UC

Based on the significantly upregulated DRGs, we performed unsupervised hierarchical clustering analysis for 180 UC
samples by the “ConsensuClusterPlus” R package,'® and principal component analysis (PCA) using the “limma” and
“ggplot2” R packages'® to verify the clustering results. Next, significantly enriched molecular pathways were identified
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Table | DRGs and the Functions of
These Genes

Gene Gene Function

FLNA Cytoskeletal protein binding
FLNB Repair vascular injuries
MYH9 Cell adhesion molecule
TLNI Cytoskeletal protein binding
ACTB Cytoskeletal protein binding
MYLé6 Actin binding

MYHIO Actin binding

CAPZB Actin binding

DSTN Cytoskeletal protein binding
IQGAPI Cell adhesion molecule
ACTN4 Actin binding

PDLIMI Cytoskeletal protein binding
CD2AP Actin binding

INF2 Cytoskeletal protein binding
SLC7AIll | Transport protein

Abbreviation: DRGs, disulfidptosis-related genes.

by gene set variation analysis (GSVA) scores between different subtypes. Finally, the differences in immune cell
infiltration between the different subtypes were compared.

Gene Co-Expression Network Construction

WGCNA was applied to select trait modules that are highly correlated with disease, which in turn identifies potential
diagnostic biomarkers or targets for intervention.'” First, hierarchical clustering was constructed on normal and UC
samples to remove outlier samples according to the cutoff value of 0.8. Second, the adjacency matrix was built by the
function pickSoft Threshold to select the optimal soft threshold of power. Afterward, the adjacency matrix was
transformed into a topological overlap matrix (TOM), and then different gene modules were divided by dynamic tree
cut. Subsequently, candidate modules associated with the characterized traits were identified by calculating module
membership (MM) and gene significance (GS) for each module, and genes in candidate modules were screened based on
MM > 0.8 and GS > 0.5. We used the same method for finding the gene modules of the subtype that were most associated
with a specific trait. Finally, the hub genes from these two key modules were overlapped to obtain candidate signature
genes by the “VennDiagram” R package.

Validation of Signature Genes

The expression levels of signature genes were evaluated with the test set (GSE75214 and GSE87473) and validation set
(GSE36807) (P < 0.05). The diagnostic value of the signature genes in the dataset was assessed using the area under the
curve (AUC) of the receiver operating characteristic (ROC) curve by the “pROC” R package.'®

Construction of the Nomogram Model
Using the “rms” and “rmda” R packages, we constructed a nomogram model to predict the risk of UC from signature
genes, and plotted calibration curves and DCA curves to assess the predictive accuracy of this model.

Single-Gene GSEA and ssGSEA

To further understand the molecular pathways with the signature genes in UC, GSEA was performed for the high and low
expression groups based on the median expression of signature genes.'” The top five positively regulated pathways were
selected for presentation. Furthermore, the correlation between signature genes and 28 immune cells was assessed using
Spearman’s rank correlation coefficient (P < 0.05).
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Single-Cell Analysis

To further explore the single-cell level of signature genes and DRGs in UC, we downloaded the GSE214695'® dataset
from the GEO database for single-cell sequencing analysis, which consists of six healthy control samples and six active
UC samples. Expression profiles by high throughput sequencing were processed using the “Seurat” R package.
Subsequently, PCA was used for dimensional reduction and cell clustering of highly variable genes. Then, the t-SNE
algorithm was used to perform nonlinear dimensional reduction on the high-dimensional data. The “harmony” R package
was used to reduce the batch effect among disease group and control group. The “SingleR” R package was used for cell
annotation. The FindALLMarkers function filtered the marker genes for each cell subtype. Finally, we calculated the
distribution and expression disparity of signature genes and DRGs in each cell cluster.

Sample Collection

We recruited 5 patients diagnosed with UC patients and 5 healthy control (HC) patients from the Gastroenterology Centre
of Changzhou Second People’s Hospital and performed intestinal mucosal biopsies from them during endoscopy. These
recruited patients were informed about this study and signed an informed consent form before anesthesia. This study was
approved by the Medical Ethics Committee of Changzhou Second People’s Hospital and was conducted in accordance
with the principles of the Declaration of Helsinki.

RNA Transcription and Real-Time PCR

We extracted total RNA from tissue samples of UC using an RNAiso plus kit (TaKaRa). Next, mRNA was reverse
transcribed into complementary DNA (cDNA) by ¢cDNA synthesis agent (Vazyme R222-01). This was followed by RT-
qPCR using SYBR Green Master Mix reagent (Vazyme Q131). The relative data were determined using the 27
method, and B-actin was used as an internal control. The primer sequences for signature genes are presented in Table 2.

Result

Screening of Disulfidptosis-Related Genes in UC

The GSE75214 and GSE87473 datasets were merged and their batch effects were eliminated, followed by the extraction
of DRGs using the “limma” R package. Boxplots (Figure 3A) show the expression differences and distribution of the 15
DRGs in UC and control groups. In the gene expression profiles, FLNA, MYH9, TLNI1, MYH10, CAPZB, IQGAPI and
SLC7A11 were significantly upregulated and PDLIMI, CD2AP and INF?2 were significantly downregulated. In addition,
Figure 3B shows the correlation between the 10 DRGs.

Evaluation of Immune Cells Infiltration

To investigate the reasons for immune imbalance in UC and the function of DRGs in it, we calculated the proportions of
different immune cells between UC and control groups using the CIBERSORT algorithm. Figure 3C suggests significant
enrichment of plasma cells, T cells CD4 memory activate, NK cells resting, macrophages M0, macrophages M1 and
neutrophils in UC. Correlation analysis of the 10 DRGs with immune cells revealed that 7LNI, MYHI0, FLNA and

Table 2 The Primer Sequences for PCR

Genes Sequences (5’-3’)
COL4Al | Forward TGTTGACGGCTTACCTGGAGAC
Reverse GGTAGACCAACTCCAGGCTCTC
PRRXI Forward CTGATGCTTTTGTGCGAGAA
Reverse ACTTGGCTCTTCGGTTCTGA
NNMT Forward ATTACAAGTTTGGTTCTAGGCACT
Reverse GGCCAGAGCCGATGTCAAT
PECAMI | Forward GCATATCCAAGGTCAGCAGC
Reverse TCTGGATGGTGAAGTTGGCT
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Figure 3 Identification of DRGs and Immune cell infiltration analysis in UC. (A) Boxplots showed the expression of 15 CRGs between UC and controls. (B) The correlation
coefficients were marked with the area of the pie chart. (C) Boxplots shows the differences in immune cell infiltration between UC samples and control samples. (D)
Correlation analysis between |0 differentially expressed DRGs and immune cells. *P < 0.05, **P < 0.01, ***P < 0.001, ns: no significant.

Abbreviations: UC, ulcerative colitis; Con, control.

SLC7A11 were positively correlated with T cells CD4 memory activated and neutrophils, and PDLIM1, CD2AP and INF2
were negatively correlated with neutrophils (Figure 3D). These results imply that DRGs may influence the expression
level of DRGs in UC through positively or negatively regulating relevant immune cells, which in turn affects develop-
ment of UC.

Subtype Analysis with DRGs

According to the expression of seven upregulated DRGs, we clustered the 180 UC samples with consensus cluster
analysis. Next, k = 2 was considered the optimal number of clusters based on the consensus matrix graph (Figure 4A), the
CDF (cumulative distribution function) curve (Supplement Figure 1A), and the relative change in the area under the CDF
curve (Supplement Figure 1B). Thus, we got two disulfidptosis related subtypes of UC, named cluster 1 (n = 81) and
cluster 2 (n = 99). Then, PCA (Figure 4B) showed the clear differences between these two clusters. In addition, the
boxplots and heatmaps (Figure 4C and D) suggest that the expression levels of FLNA, MYHY, TLNI, MYHI0, and
CAPZB were significantly higher in C2 than in Cl. Immune infiltration analysis was performed for C1 and C2 by the
CIBERSORT algorithm. Figure 4E shows that the levels of Plasma cells, T cells CD4 memory activated and Neutrophils
infiltration remained significantly distinct between the two clusters. Finally, GSVA analysis (Figure 4F) mainly revealed

that cluster 2 was enriched in galactose metabolism, lysine degradation, autoimmune thyroid disease, arginine and proline
metabolism and asthma when compared to clusterl.

WGCNA of UC Samples and Subtypes

To find genes strongly associated with clinical traits, first, the top 25% of genes with the greatest fluctuations between
UC samples and normal samples were selected for WGCNA analysis. After removing the abnormal samples, a power
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Figure 4 Identification of disulfidptosis-related subtypes in UC, and immune cell infiltration and GSVA analysis among two subtypes. (A) Consensus heatmaps when k =2.
(B) PCA of two subtypes. (C) Differential expression of 7 DRGs between subtypes is presented in the heatmap. (D) Boxplots shows the expression of 7 DRGs between
two subtypes. (E) Boxplots shows the differences in immune cell infiltration between two subtypes. (F) GSVA analysis between cluster | and cluster 2. *P < 0.05, **P < 0.01,

*kP < 0.001.

Abbreviations: Cl, Cluster |; C2, Cluster 2.

of B = 18 was chosen as the soft threshold based on the cutoff point equal to 0.8 to ensure the rationality of the scale-
free network (Supplement Figure 2A). Subsequently, the dynamic cutting method identified seven modules of different

colors. By analyzing the correlation between these module and clinical features (Figure 5A), the blue module
(including 248 genes) was eventually identified as the most important gene module (Supplement Figure 2B).
Similarly, we performed WGCNA on the two subtypes after clustering. A power of B = 18 was chosen as the soft
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and Red colors indicate negative and positive correlation, respectively. (B) Heatmap of the correlation between module characteristic genes and subtypes. (C) Overlap of
genes between disease feature module and subtype feature module.

Abbreviations: Con, control; Cl, Cluster |; C2, Cluster 2.

threshold to identify modules with 7 different colors (Supplement Figure 2C). Based on the correlation between each

module and the characteristics of the samples (Figure 5B), we found that the green module presented the highest
correlation with cluster 2 and screened 159 genes in it (Supplement Figure 2D). After intersecting the genes in the blue
module and green module, we identified 5 candidate signature genes (COL4AI, EPB41L4B, PRRXI, NNMT, and
PECAM]I) for subsequent analysis (Figure 5C).

Verification of Signature Genes and Construction of a Nomogram Model

In independent test sets, COL441, PRRXI, NNMT and PECAMI were found to be significantly upregulated in UC
samples (Figure 6A—E) and the AUC values of four signature genes were all greater than 0.9 (Figure 6F—I). In validation
set, the boxplots (Figure 7A—E) highlight the same results, and the AUC (Figure 7F-I) of signature genes also
demonstrates high diagnostic efficacy. In this regard, we plotted a column line plots to predict the risk of UC based
on signature genes (Figure 8A). In this model, the scores corresponding to each signature gene are summed to obtain
a total score, which corresponds to the risk value of UC. Subsequently, the calibration curve (Figure 8B) and DCA curve
(Figure 8C) suggested that the model presented a high prediction accuracy.
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GSEA and ssGSEA

We performed GSEA analysis to explore the potential mechanisms of signature genes in UC, respectively. Notably, all
signature genes were closely associated with allograft rejection, graft versus host disease and malaria (Figure 9A-D).
From the results of the enrichment analysis, we found that signature genes may be related to the immune responses.
Therefore, we continued to describe the correlation between the signature genes and association of these genes with 28
immune cells. Figure 9E demonstrates strong correlation between the hub genes. Figure 9F suggests that these genes are
highly positively correlated with multiple immune cells. These results indicated that signature genes may be involved in
the pathogenesis of UC by regulating a variety of immune cells and that there may be synergistic effects between the
genes.
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Expression of Genes in Single Cells and Validation by qRT-PCR

We performed single-cell analysis of five UC tissue samples from the GSE214695 single-cell dataset using the “Seurat”
R package. After clustering and dimensionality reduction of the screened cells by PCA and t-SNE algorithms,
Figure 10A shows an overview of the single cell sequencing for the UC samples and the control samples. Figure 10B
shows the expression level of the disulfidptosis gene set in UC samples and control samples. Afterwards, there were eight
cell types were annotated, including B cells, T cells, monocyte, smooth muscle cells, epithelial cells, neutrophil,
endothelial cells and NK cells (Figure 10C). Figure 10D shows the distribution of disulfidptosis-related genes in the 8
cell types. The violin plot for the expression disparity of disulfidptosis is shown in Figure 10E. The same algorithm was
also used to investigate the expression of signature genes at the single-cell level. Figure 10F presents that signature genes
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are mainly expressed in endothelial cells and smooth muscle cells. The violin plot for the expression disparity of
signature genes is shown in Figure 10G. As shown in Figure 11A-D, consistent with the results of previous analysis, the
signature genes are significantly expressed in UC samples. Therefore, these four genes can be considered as potential
biomarkers for UC diagnosis.

Discussion

The incidence of UC has been increasing worldwide in recent years. Although mild and moderate UC patients account
for the majority, the majority of patients have recurrent attacks, and the risk of cancer is significantly increased in some
patients with a long course of disease, which undoubtedly places an enormous burden on the quality of life and economy
of UC patients.'” At present, the diagnosis of UC is mainly based on the patient’s clinical features, endoscopy, and
histopathology.?’ However, for some UC patients with atypical endoscopic changes and histopathological alterations,
follow-up is needed for several months before making a diagnosis. Therefore, we need to explore new tools for the
accurate diagnosis and prediction of UC development. This also provides new targets and therapeutic strategies for the
future therapy of UC.

Disulfidptosis, as a unique cell death mode, provides important ideas for the treatment of multiple cancers. Studies
have shown that during glucose starvation, abnormal accumulation of disulfide occurs in cells with high SLC7411
expression, which induces disulfide stress and rapid cell death.” In addition, GLUT inhibitors selectively induce cells
with high SLC7A411 expression to trigger disulfidptosis to inhibit tumor growth.® However, the role of disulfidptosis in
UC is unknown. Therefore, for the first time, we attempted to analyze the potential association of disulfidptosis with UC
from a bioinformatics perspective. In this study, we used unsupervised clustering and WGCNA to try to investigate the
clinical application value of disulfidptosis in UC.

It is well known that intestinal immune imbalance is an important mechanism in the occurrence and development of
UC that can lead to persistent inflammation of the intestinal mucosa and damage to barrier function.® Based on the results
of immune cell infiltration, we found a significant difference in the proportion of immune cells between healthy and UC
patients. Patients with UC had higher infiltration levels of CD4 T cells, NK cells, macrophages, and neutrophils
compared to the normal group, which is also consistent with previous studies. Furthermore, a total of 10 DRGs were
found to be abnormally different between the UC and control groups in this study. Subsequently, through evaluating the
correlation of these 10 DRGs with immune cells, we identified four highly expressed DRGs (7LN1, MYHI10, FLNA, and
SLC7A11) that could promote the occurrence of UC by positively regulating CD4 T cells and neutrophils. As reported in
the literature, these upregulated DRGs were mainly enriched in biological processes or pathways related to the actin
cytoskeleton and cell adhesion.” Based on previous research, we found that these genes promote the growth, migration,
and invasion of tumor cells. Notably, the actin cytoskeleton and cell adhesion are also strongly associated with colitis. In
studies of colitis, integrin a4/B7 acts as a cell adhesion molecule, and its interaction with MAdCAM-1 (mucosal address
hormone cell adhesion molecule-1) caused T cells and B cells to enter the bowel, causing colitis to worsen.?' In addition,
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Figure 10 Overview of single cells from UC samples and control samples. (A) t-SNE of the UC samples and the control samples. (B) Expression level of disulfidptosis gene
set in UC samples and control samples. (C) Cellular subtypes identified. (D) Feature plots showing disulfidptosis-related gene expressions in the 8 cell types. (E) Violin plot
showing the expression disparity of disulfidptosis between UC and control groups. (F) Feature plots showing the signature gene expressions in the 8 cell types. (G) Violin
plot showing the expression disparity of signature genes between UC and control groups. *P< 0.05, **P < 0.01, **P < 0.001, ns: no significant.

Abbreviations: UC, ulcerative colitis; Con, control.

the actin cytoskeleton maintains the integrity of the intestinal mucosal barrier, when the expression level of ROCK]I is
abnormally upregulated, it leads to damage to the intestinal mucosal barrier by disrupting the formation of actin, thus
promoting the occurrence of inflammatory bowel disease (IBD).?*> Therefore, we speculate that disulfidptosis-related
genes may contribute to the worsening of colitis through similar pathological mechanisms. This preliminary evidence
will be essential in understanding the association of disulfidptosis with UC.

In order to get insight into the heterogeneity of UC at the molecular level, we used an unsupervised clustering method
based on 7 upregulated DRGs to categorize UC samples into two subtypes, the low-disufidptosis group (C1) and the
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high-disulphidptosis group (C2). According to the results of the immune infiltration analysis, this study found that the
immune cellular and molecular pathways that influence the development of UC differ between subgroups. For example,
the levels of infiltration of NK cells, monocytes, and macrophages M2 were higher in C1; B cells, plasma cells, and
neutrophils were higher in C2. In addition, in GSVA analysis, C2 was mainly enriched in galactose metabolism, lysine
degradation and autoimmune thyroid disease pathways; C1 was mainly enriched in glycosphingolipid biosynthesis lacto
and neolacto series, sphingolipid metabolism and small cell lung cancer pathways. Therefore, in subsequent studies, we
can help researchers to target different subgroups for precise treatment in terms of pathophysiology through the results of
immune cell infiltration and pathway enrichment. After clustering the samples, there were still five upregulated DRGs
that demonstrated higher expression levels in C2. Subsequently, we performed WGCNA on UC samples and subtypes,
intersecting two key modules to obtain signature genes. After validation, COL4A41, PRRX1, NNMT, and PECAM1 were
identified as the most important signature genes for diagnosing UC. The nomogram model constructed from these four
genes had a high potential to predict the risk of UC. Based on single-gene GSEA, we found that these genes mainly
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influence disease development through immune-related pathways and correlation analysis suggested a high positive
correlation between the four hub genes. Moreover, the results of ssGSEA analysis further demonstrated that hub genes
are positively associated with multiple immune cells. Therefore, the present study suggested that the signature genes may
contribute to the progression of UC by positively regulating immune cells that a mutually promoting effect may exist
between these genes.

COL4A1 (type IV collagen al) is the most abundant component of basement membrane,” and COL441 mutations
lead to the emergence of diverse disorders in clinical practice, including myopathy, glaucoma, and hemorrhagic stroke.?*

5 ¢ and

Moreover, COL4A] was dramatically upregulated in the development of cardiac fibrosis,”> renal fibrosis,”
pulmonary fibrosis.?” In a study of transcriptome analysis, the extracellular matrix (ECM) related gene COL4A1 was
significantly expressed in patients with Crohn’s disease (CD). We consider that this may be associated with CD
promoting intestinal fibrosis.”® The transcription factor PRRX! (paired related homeobox 1) regulates gene expression
in various physiological and pathological processes, including embryonic and skeletal development, cancer progression,
and inflammation.”* ' In studies of colitis, PRRX1 activated MMP13 and then promoted DSS-induced (dextran sulfate
sodium) cellular inflammation and gut barrier dysfunction.’® Nicotinamide N-methyltransferase (NNMT) is a newly
discovered viable therapeutic target for the treatment of cancers.®> According to a previous report, NNMT could be
overexpressed in a variety of cancer diseases, promoting the migration, invasion, and proliferation of cancer cells.>*
Furthermore, high expression of NNMT also contributes to metabolic diseases,>® neurodegenerative disorders,*® and
functional disorders of the endothelium.’” The study demonstrated that NNMT could maintain high levels of NAD-
dependent (nicotinamide adenine dinucleotide) proinflammatory signaling through the removal of excess inhibitory Nam
(nicotinamide) thereby exacerbating the progression of colitis in mice.’® Therefore, NNMT was considered by them as an
alternative drug therapeutic target for IBD, which is also similar to the findings of this study. Platelet endothelial cell
adhesion molecule-1 (PECAMI/CD31) was a member of the immunoglobulin superfamily (IgSF). PECAMI was
involved with the proinflammatory process by promoting leukocyte migration to the site of inflammation to cause tissue
damage®® and the expression of PECAM1I was upregulated in monocytes, neutrophils, T-cell subsets, and B cells.***! In
the study of infliximab for IBD, PECAMI was identified as a novel target for anti-adhesion therapy.** In summary, the
four signature genes identified in this study are strongly associated with the pathogenesis of UC, and all of them can be
used as target genes for early diagnosis and early treatment of UC.

In closing, we performed single-cell sequencing analysis of 6 UC and 6 control tissues to illustrate the underlying
mechanisms of heterogeneity in UC and further explore the expression of DRGs and signature genes in disease. In this
work, a total of eight cell types (B cells, T cells, monocyte, smooth muscle cells, epithelial cells, neutrophil, endothelial
cells and NK cells) were annotated after clustering. We found that DRGs were predominantly expressed at higher levels
in UC samples and that the majority of DRGs were expressed in endothelial cells. These findings will improve the
understanding of disulfidptosis in UC and provide a foundation for subsequent fundamental research. The signature genes
(COL4A41, PRRX1, NNMT and PECAM]1), they were differentially expressed mainly in smooth muscle cells (SMCs) and
endothelial cells (ECs). It was found that inflammation induces SMCs proliferation leading to changes in their
phenotype.* Understanding the mechanisms underlying the phenotypic shift of intestinal SMCs could help to minimize
the adverse effects of intestinal inflammation. A study demonstrated that NR4A4/ inhibits inflammation related intestinal
fibrous strictures by mediating the intestinal SMCs phenotype.** In addition, the function of ECs (regulation of immune
cells and angiogenesis) was considered a key element in the pathological mechanism of IBD, which mediates and
exacerbates inflammation in intestine.*>**® Thus, several studies have proposed new strategies to treat IBD by targeting
multiple integrins and adhesion molecules expressed on ECs.*”** The above evidence indicated that not only immune
cells play a crucial role in UC, but also SMCs and ECs are key factors in regulating intestinal inflammation, which
provides reliable evidence for the pathogenesis of UC in the future.

In addition, this study also has several limitations. First, the results of this study were dependent on bioinformatics
analysis and qRT-PCR validation. Therefore, we need more cell biology experiments and animal experiments are needed
for verification in future. Second, our study collected relatively few UC samples, so we need to conduct multi-sample
studies to verify the reliability of the results. Finally, the studies on the above seven upregulated DRGs in UC are
relatively few, and further functional experiments are needed to validate their mechanisms and clinical value in UC.
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Conclusion

In

conclusion, this study identified seven disulfidptosis-related genes with upregulated expression in patients with UC

and revealed their correlation with immune cells. In addition, we identified 4 signature genes (COL4A1, PRRX1, NNMT
and PECAM1) based on subtypes and WGCNA and constructed a nomogram model that accurately predicted the risk of

UC. In single-cell RNA sequencing, we found that signature genes were differentially expressed mainly in endothelial

cells and smooth muscle cells. Our study reveals for the first time the value of disulfidptosis in UC to effectively address

the underlying mechanisms and therapeutic strategies of UC.
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