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Background: Ulcerative colitis (UC) is a chronic inflammatory disease of the colon and rectum that has no exact cause and is 
characterized by relapsing and remitting episodes. We aimed to find biomarkers of UC and its causes.
Methods: We got GSE73661 from the GEO database and used WGCNA to find DEGs that were expressed in the same way in both 
normal and UC samples. To identify the co-expression modules, we used Weighted Gene Co-Expression Network Analysis. Next, we 
selected genes that were both DEGs and parts of main modules. Later, three datasets were used to find the hub genes, and qRT-PCR 
was utilized to confirm the in-silico findings. Additionally, we analyzed the connection between the hub genes and the filtration of 
immune cells in UC. Using the databases, we made predictions about the miRNAs and lncRNAs that regulate the hub genes and 
predicted possible therapeutic drugs.
Results: We found 822 DEGs and three main modules related to immunity, endoplasmic reticulum, and metabolism. Using another 
three datasets and human samples to confirm the mRNA expression of these genes in UC patients, XBP1 and PLPP1 were selected as 
hub genes, and had excellent diagnostic potential. According to the findings of the immune infiltration, patients with UC exhibited 
a larger proportion of immune cells. And hub genes, particularly XBP1, were closely linked to a number of immune cell infiltrations. 
Based on the databases and hub genes, a lncRNA-miRNA-mRNA network, including two miRNAs (miR-214-3p and miR-93-5p), two 
hub genes, and 124 lncRNAs, and potential therapeutic medicine were identified.
Conclusion: We found two new genes, XBP1 and PLPP1, that are involved in UC and can help diagnose and measure the disease. 
XBP1 also relates to clinical scores and immune cells. We suggested a gene network and possible drugs based on them.
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Introduction
Chronic, recurring, and etiologically mysterious, ulcerative colitis (UC) is an inflammatory bowel disease (IBD) affecting 
the colon and rectum.1 Mucosal inflammation in UC patients often starts in the rectum and spreads to the proximal 
colon.2 Studies have found that, in the twenty-first century, the incidence of UC has stabilized in developed countries; 
however, it has increased rapidly in many newly industrialized countries.3,4 UC is likely caused by a mix of unknown 
genetic, environmental, microbial, or immune responses, but the precise reason why the sickness occurs is not yet 
understood.5 The process of diagnosing UC uses clinical, laboratory, imaging, endoscopic, and histology criteria.6 

Unfortunately, even clinical experts sometimes fail to make a definite diagnosis. The conventional treatment consists 
of 5-aminosalicylate, corticosteroids, and immunomodulators.7 Since the beginning of the twenty-first century, in 
moderate-to-severe UC patients, various biological treatments and small compounds have shown effectiveness.8 

Despite breakthroughs in therapy, by the end of the year, only around 40% of patients achieve clinical remission, and 
20–30% of individuals still need surgery over the course of the illness.9–11

The capacity to utilize markers to identify the kind of UC, its severity, prognosis, and drug response has been a long- 
held objective of clinical researchers.12 Erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and fecal 
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calprotectin (FC) are the inflammatory markers that have been looked into the most. While established serological 
biomarkers like CRP and ESR are affordable and simple to use UC biomarkers, their poor connection with endoscopic 
state and histological activity limits their usage.13 Despite its sensitivity, FC is not a diagnostically reliable measure of 
gastrointestinal inflammation. FC concentrations may also differ between stool samples collected on the same day and 
across days.14 So far, research on many new serum indicators, such as leucine-rich A-2 glycoprotein, trefoil factor 3, high 
mobility group box 1 protein, soluble ST2, neutrophil gelatinase-associated lipocalin, matrix metalloproteinases, and 
others, has not led to any clear conclusions.15 Tissue markers seem to be reliable and useful at the moment, and they may 
help doctors figure out the severity and prognosis of a disease and start treatment early. Biomarkers, on the other hand, 
may help doctors figure out how well a therapy is working and predict UC recurrence after surgery. Understanding what 
causes UC is important for coming up with cures, and a high degree of sensitivity and specificity, as well as reliable, 
repeatable, standardized, easily accessible, and well-understood tissue markers, are needed.

The fast development of gene microarray technology and bioinformatic analysis has made it possible for scientists to 
look at the expression of thousands of genes. This has helped them learn more about how genes affect the pathophysiol-
ogy of disease. High-throughput sequencing tools have recently offered unparalleled insight into disease processes and 
biomarker discovery.16 We acquire microarray datasets from GEO to investigate differentially expressed genes (DEGs) 
between healthy and UC intestinal mucosal tissues. The molecular process that results in UC was then determined by 
doing an enrichment analysis of Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways and Gene Ontology 
(GO) keywords. The hub genes were then confirmed in databases and on our own human samples. A regulatory network 
for competitive endogenous RNA (ceRNA) was developed with the use of hub genes and Cytoscape. And we made 
predictions about possible therapeutic agents for treating UC via the DSigDB database. To sum up, PLPP1 and XBP1 
were identified as two hub genes that might serve as biomarkers for UC. Both were very informative for diagnosis and 
linked to illness severity in clinical settings.

Materials and Methods
Data Source
The GEO database (https://www.ncbi.nlm.nih.gov/geo/) was used to find out the messenger RNA (mRNA) expression 
level in the colon tissue of UC patients.17 Finally, our research contained datasets on intestinal mucosal expression from 
UC patients, including GSE73661, GSE48958, GSE16879, GSE75214, GSE11223 and GSE92415.18–23 Table 1 sum-
marizes the data for the six datasets.

Weighted Gene Co-Expression Network Analysis (WGCNA)
WGCNA may reveal disease-related gene networks and co-expressed gene modules with important biological implications.24 

The top 25% of the most variable genes were selected for the WGCNA analysis since the remainder of the more than 20,000 
sequenced genes in the GEO dataset did not alter in expression across samples. During the process of transforming the 
weighted adjacency matrix into the topological overlap matrix, the nodes of the matrix were organized into a cluster tree using 
a hierarchical clustering approach (Figure S1).25 Millions of genes are put into modules based on how they are expressed, and 
each module has genes that have a common expression pattern.

Table 1 A Summary of Microarray Information

GEO Number Platform Disease Samples Control Samples

GSE73661 GPL6244 166 12
GSE48958 GPL6244 11 10

GSE16879 GPL570 48 6

GSE75214 GPL6244 97 11
GSE11223 GPL1708 129 73

GSE92415 GPL13158 162 21
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Differential Expressed Genes Associated with UC
Differential gene analysis was carried out by us using the “limma” package,26 with an adjusted P value < 0.05 and a |log2 
fold change| > 1 as the criteria for detecting DEGs in the dataset comparing diseased and control samples. Finally, we 
used “VennDiagram” to look for overlap between core module genes and DEGs.27

Functional Enrichment Analysis
After finding genes that are common, we carried out the functional enrichment analysis with the help of the 
“clusterProfiler”.28 The KEGG enrichment study identifies likely biological pathways and functions related to the target, 
whereas the GO research focuses on the target’s biological process, cellular composition, and molecular function. 
Furthermore, using a q-value < 0.05, highly enriched words and pathways were found. The possible role of the diagnostic 
genes was determined using the gene set enrichment analysis (GSEA) and reference gene sets were retrieved using the 
Molecular Signature Database.29 If the P value was less than 0.05, we regarded it as significant.

Specimen Collection
Between December 2020 and May 2022, eight people with active ulcerative colitis were collected from Zhongnan 
Hospital, Wuhan University (Wuhan, China). Histopathological detection was used to diagnose patients. Furthermore, no 
patients were given immunosuppressants, steroids, or biologic medicines. For the sake of comparison, eight healthy 
volunteers of similar age and gender were recruited. In order to preserve the acquired tissue samples, liquid nitrogen was 
employed. The Ethics Review Committee of Zhongnan Hospital and the Institutional Review Board of the Clinical 
Research Center all gave their blessing to the gathering of patient samples.

Figure 1 Study flow chart for this work.
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RNA Extraction and Quantitative Reverse Transcription PCR (qRT-PCR)
We did a univariate regression analysis in R to find the most important genes in the DEGs. Then, we chose the top 5 DEGs, 
including MT1M, BACE2, ASPHD2, PLPP1, and XBP1, to verify in human samples. Tissue total RNA was isolated from 
tissues using Trizol (Invitrogen, USA) and reverse transcribed with a TOYOBO ReverTra Ace kit (TOYOBO, Japan). The 
expression of GAPDH, a housekeeping gene, was determined by real-time PCR (qRT-PCR) using a Biorad CFX96 Real-Time 
PCR System (Biorad, USA). TSINGKE Biological Technology was responsible for developing the primers (Wuhan, China).
The following is a list of the primer sequences:
GAPDH-F 5′GTCTCCTCTGACTTCAACAGCG3′
GAPDH-R 5′ACCACCCTGTTGCTGTAGCCAA3′
MT1M-F 5′GAGATCTCCAGCCTTACCGC3′
MT1M-R 5′AGGAGCAGCAGCTCTTCTTG3′
BACE2-F 5′GACGAGAACTCCAGCAGGTCAT3′
BACE2-R 5′ACCGATCACCAGCGCATTTGTG3′
ASPHD2-F 5′GAGCACTATGGACCCACCAACA3′
ASPHD2-R 5′GAGTCATCAAAGAGAAGGCAGCG3′
PLPP1-F 5′TGGAGCGATGTGTTGACTGGAC3′
PLPP1-R 5′GCAGAGTTGTATGAGAGTCCTCC3′
XBP1-F 5′CTGCCAGAGATCGAAAGAAGGC3′
XBP1-R 5′CTCCTGGTTCTCAACTACAAGGC3′

Analysis of ROC Curves for Hub Genes
Boxplots made with the “ggplot2” R software showed how much hub genes were being expressed in both UC and control 
samples.30 Each candidate hub gene was tested using a receiver operating characteristic (ROC) curve to guarantee its 
precision. For ROC curve analysis, the “pROC” software was utilized.31 It was shown that genes with an area under the 
curve larger than 0.70 might provide diagnostic benefit for illness.

Immune Infiltration Analysis
The immunological microenvironment is made up of many different components, such as mesenchymal tissues, inflam-
matory cells, immune cells, fibroblasts, and a wide variety of cytokines and chemokines. The investigation of immune cell 
infiltration is essential for understanding disease progression and treatment response in UC. To determine the percentages of 
22 different kinds of immune cells in the GSE73661 samples, we utilized the CIBERSORT methodology.32 Spearman 
correlation testing was performed on invading immune cells and hub genes using the “corrplot” program.

GeneMANIA Analysis and Potential Therapeutic Drug Prediction for Hub Genes
GeneMANIA, a database for the creation of protein-protein interaction networks, is accessible at http://www.genemania.org. 
This database illustrates the functional network between genes and promotes investigation into their functions.33 The website 
offers a variety of bioinformatics research approaches, including physical interaction, gene enrichment analysis, gene co- 
location, gene co-expression, and website prediction, and allows users to choose the data sources of gene nodes. GeneMANIA 
was used to generate the core gene network for the mechanism analysis. Potential future therapeutic medicines for UC were 
predicted using the DSigDB database (http://tanlab.ucdenver.edu/DSigDB),34 with a false discovery rate of 0.05 and a composite 
score of more than 3000 being selected as criteria.

Prediction of miRNAs and lncRNAs Associated with Hub Genes
MicroRNAs (miRNAs) control protein translation by binding the target mRNA’s 3’ untranslated region.35 In the ceRNA 
network, we used miRNAs to link target mRNAs to their respective long non-coding RNAs (lncRNAs). Starbase (https:// 
starbase.sysu.edu.cn/starbase2/index.php), miRTarBase (https://mirtarbase.cuhk.edu.cn/), and TargetScan (http://www. 
targetscan.org/vert_72/) databases predicted hub gene miRNAs, which were intersected.36–38 Additional usage of 
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Starbase for stringent prediction of miRNA-lncRNA interactions.36 The collected miRNAs, lncRNAs, and target genes 
were used to construct a Cytoscape regulatory network.39

Statistical Analysis
Our research data was analyzed statistically using Prism (GraphPad Software, La Jolla, CA). T-test and Kruskal–Wallis were 
used to check for statistical significance. ns, no significance; * means P < 0.05; ** means P < 0.01; *** means P < 0.001; **** 
means P < 0.0001.

Results
WGCNA Analysis and DEGs Identification in UC
Figure 1 depicts the study flow. In the dataset GSE73661, the WGCNA identified a total of 10 modules in which genes 
had similar co-expression characteristics. Using the Spearman correlation coefficient between modules and character-
istics to figure out important module (Figures 2A and B). Due to their high level of association with UC, the blue, 
turquoise, and brown colors were selected as crucially important modules. The “limma” software was used for the next 
step, which was to detect 822 DEGs (Figure 2C). A Venn diagram was utilized to compare the genes implicated in order 

Figure 2 Weighted gene co-expression network analysis (WGCNA) and identification of differential expressed genes (DEGs). (A) Hierarchical clustering of UC genes that 
are expressed similarly. (B) Module–trait relationships in UC. The relevant P value and correlation coefficient are listed in each cell. (C) DEGs between the control and UC 
groups are shown on a volcano plot. (D) Venn diagram shows genes identified from the intersection of DEGs and significant module genes in WGCNA.
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to better examine the overlap in target modules. In addition, 372, 315, and 92 DEGs were identified as the blue DEGs, 
turquoise DEGs, and brown DEGs, respectively (Figure 2D).

Functional Enrichment Analysis of Common Genes
To determine the most probable role of the DEGs in the three target modules, we carried out a GO and KEGG enrichment 
analysis via the “clusterProfiler” program. According to the GO analysis findings, blue DEGs were abundant in fatty acid 
metabolic process, lipid catabolic process, and organic acid transmembrane (Figure 3A). And the KEGG analysis showed 
that these genes were highly associated with the bile acid degradation pathway, the nitric oxide metabolism pathway, and 
the PPAR signaling pathway (Figure 3B). In addition, the GO keywords were found to be considerably enriched in 
turquoise DEGs, including leukocyte migration, wound healing, endoplasmic reticulum lumen, and cytokine activity 
(Figure 3C). TNF signaling pathway, cytokine-cytokine receptor interaction, and PI3K-Akt signaling pathway were the 
KEGG pathways enriched by shared genes (Figure 3D). Interferon-gamma protein-lipid complex response, humoral 
immune response, and peptidoglycan binding were shown to be significant GO terms for brown DEGs (Figure 3E). And 
the brown DEGs’ KEGG pathway was shown to be abundant in NOD-like receptor signaling, the HIF-1 signaling 
pathway, and the chemokine signaling pathway (Figure 3F). Functional enrichment analysis revealed that these DEGs 
were associated with immunology, endoplasmic reticulum (ER), and metabolism.

Identification of Hub Genes and the Clinical Significance
Subsequently, the univariate regression analysis was conducted to find out the most important genes in these significant 
modules related DEGs and selected the top 5 DEGs, including MT1M, BACE2, ASPHD2, PLPP1, and XBP1, for further 
analysis (Table 2). We next used qRT-PCR to check their mRNA expression in UC patients and three other datasets retrieved 
from GEO to confirm their differential expression (Figures 4A-E and S2). Finally, PLPP1 and XBP1 were defined as the two 
hub genes. In GSE73661, the area under the curve for PLPP1, XBP1, and the combination were 0.986, 0.991, and 0.994 
showing that the hub genes can function as UC biomarkers (Figure 5A). Analysis of ROC curves for the external validation 
sets GSE48958, GSE16879, and GSE75214 also showed that hub genes had perfect diagnostic values (Figures 5B–D).

To further determine whether hub genes are related to clinical severity, we obtained datasets from the GEO database 
that recorded patient-related disease activity. We observed that in the GSE73661 dataset, XBP1 was significantly lower in 
the mild group (Mayo scores 0 and 1) than in the moderate-severe group (Mayo scores 2 and 3) among different 
endoscopic Mayo score groups (Figure 6A). And in the GSE11223 and GSE92415 datasets, according to the ulcerative 
colitis endoscopic activity index and Mayo index, we found that XBP1 also had a good ability to distinguish between 
mild and moderate-to-severe UC (Figures 6C and E). However, PLPP1 does not show the ability. So, we next performed 
the Spearman analysis on the XBP1 and related clinical scores, and the results suggested that XBP1 was positively 
correlated with UC-related clinical activity scores (Figures 6B, D and F). In summary, both XBP1 and PLPP1 have 
strong diagnostic power, and XBP1 also has a good ability to distinguish disease activity levels.

Immune Cell Infiltration in UC
Because immune-related genes might play a role in the cause of UC, we looked into how the immune system works by 
measuring immune cell infiltration. As a result, we employed the CIBERSORT technique to calculate the percentage of 
immune cells present in the UC healthy subjects. When compared to normal samples, UC patients showed a higher 
proportion of resting T cells CD4 memory, macrophages M0, activated dendritic cells (DCs), T cells follicular helper, 
resting natural killer (NK) cells, neutrophils, macrophages M1, activated mast cells, and activated T cells CD4 memory. 
While T cells regulatory (Tregs), T cells CD8, resting mast cells, activated NK cells, and macrophages M2 infiltrated less 
compared with control samples (Figure 7A). This shows how important immunology is in the development of UC.

Using Spearman analysis, we investigated whether or not hub genes were linked to immune cell infiltration. 
According to correlation analysis, XBP1 has a very positive relationship with Macrophages M0, resting NK cells, 
resting memory T cells, Macrophages M1, activated memory T cells CD4, and neutrophils, and a significantly negative 
relationship with Monocytes, activated NK cells, T cells CD8, Tregs, and resting Mast cells. In contrast, T cells follicular 
helper, activated DCs, activated T cells CD4 memory, resting NK cells, Neutrophils, and activated Mast cells were 
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Figure 3 Enriched GO terms in (A) blue module-DEGs, (C) turquoise module-DEGs and (E) brown module-DEGs. Enriched KEGG terms in (B) blue DEGs, (D) 
turquoise DEGs and (F) brown DEGs. GO, Gene Ontology; BP, biological process; CC, cellular component; MF, molecular function; KEGG, Kyoto Encyclopedia of Genes 
and Genomes.
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negatively correlated with PLPP1, and only the resting Mast cells and activated positive NK cells were posively corrlated 
(Figure 7B).

GeneMANIA, GSEA, and Potential Therapeutic Drugs for 2 Hub Genes
Figure 8A displays the PPI network and related activities for the two key genes, PLPP1 and XBP1. GeneMANIA 
research demonstrates that these mechanisms are tightly linked to the endoplasmic reticulum unfolded protein response 
(UPR). Then, the hub genes were next investigated using GSEA, and the findings revealed that both were substantially 

Table 2 The Top 5 DEGs in Univariate Analysis

Symbol logFC P value Adj. P value

MT1M −3.06676 2.55E-21 1.11E-18
BACE2 1.318085 6.13E-18 9.29E-16

ASPHD2 1.224033 5.34E-17 6.56E-15

PLPP1 −1.09934 5.45E-16 5.31E-14
XBP1 1.208347 3.50E-15 2.74E-13

Abbreviations: FC, fold change; Adj, adjusted.

Figure 4 The identification of hub genes. The expressions of PLPP1 and XBP1 in (A) GSE73661, (B) GSE48958, (C) GSE16879, and (D) GSE75214. (E) qRT-PCR validation 
of the PLPP1 and XBP1. *** means P < 0.001; **** means P < 0.0001.
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enriched in the metabolism of xenobiotics by cytochrome P450, the cytokine-cytokine receptor interaction, the NOD-like 
receptor signaling pathway, and the JAK-STAT signaling pathway in the high-expression gene group (Figures 8B and C). 
The above results showed that hub genes are related to endoplasmic reticulum stress, immunity, and metabolism. This is 
consistent with the current mainstream mechanism of UC pathogenesis, which further suggests their possible role in UC 
pathogenesis. Finally, using hub genes, the Enrichr platform is utilized to find candidate compounds for UC. Table 3 
displays the top 10 compounds from the DSigDB database that could influence the expression of 2 hub genes.

Integrated ceRNA Network Construction
Gene expression is regulated in various ways by miRNAs and lncRNAs. The ceRNA is a new regulatory mechanism by 
which lncRNA may reduce gene silence by separating miRNAs from mRNAs by competitive combination with miRNA 
via miRNA response regions.40,41 The miRNAs of the 2 hub genes were predicted via the TargetScan, miRTarBase, and 
Starbase, and the following investigation used the overlapping miRNAs, miR-93-5p and miR-214-3p (Figure S3). The 
lncRNA-miRNA-2 hub 2040709gene interaction network was established, involving two hub genes PLPP1and XBP1, 2 

Figure 5 The receiver operating characteristic curve analysis of hub genes in (A) GSE73661, (B) GSE48958, (C) GSE16879, and (D) GSE75214.
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Figure 6 The expression levels of hub genes in different disease degrees were different in (A) GSE73661, (C) GSE11223, and (E) GSE92415. The correlation between 
XBP1 expression level and clinical scores in (A) GSE73661, (C) GSE11223, and (E) GSE92415. ns, no significance; * means P < 0.05;** means P < 0.01;**** means P < 
0.0001.
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Figure 7 Immune cell infiltration analysis. (A) 22 distinct immune cell subtype compositions in both UC and normal tissue samples. (B) Correlation between XBP1 and 
PLPP1 with immune infiltrating cells. ns, no significance; * means P < 0.05, ** means P < 0.01; *** means P < 0.001; **** means P < 0.0001.
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miRNAs (miR-93-5p and miR-214-3p), and 124 lncRNAs (Figure 9A). The hub gene XBP1 and some lncRNAs, 
including NEAT1, VASH1-AS1, AC068338.2, AC093227.1, XIST, EPB41L4A-AS1, AC092171.5, PVT1, and 
OLMALINC, interacted with two miRNAs (Figure 9B). However, these findings need further validation.

Discussion
Research in bioinformatics has helped us get a better understanding of complex diseases and has led to the identification 
of a number of genes that have a key role in the pathogenesis of UC. This analysis uncovered a total of 822 DEGs and 
three significant modules. The overlapping genes between the significant modules and DEGs were associated with the 

Figure 8 (A) The protein-protein interaction network of XBP1 and PLPfP1.The gene set enrichment analysis for (B) PLPP1 and (C) XBP1.
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fatty acid metabolic process, cytokine activity, lipid catabolic process, and humoral immune response, according to the 
GO analysis. These genes were shown to be enriched in the cytokine-cytokine receptor interaction, the PPAR signaling 
pathway, the TNF signaling pathway, and the PI3K-Akt signaling pathway via the KEGG pathway analysis. Our findings 
are comparable with those of several other studies comparing treatment-naive UC patients to those in deep remission and 
healthy individuals,42 and lipid metabolic dysfunction are also found in the animal model of IBD.43,44 In UC, many 
immune processes are messed up, including those that deal with cellular and humoral immune responses.45 Through the 
PPAR-signaling pathway, matrine may reduce dextran sodium sulfate (DSS)-induced colitis.46 Previous research has also 
shed light on the complex roles PI3K-Akt signaling plays in the development of UC.47–49 Anti-TNF medication has been 
licensed for UC and has changed the therapeutic landscape by enabling better patient response and remission rates.50 

Using the datasets and qRT-PCR, we finally obtained two hub genes, PLPP1 and XBP1, both of which had a high 
diagnostic value, and XBP1 was related to clinic severity.

PLPP1, localized on the plasma membrane, belongs to the PLPP family, which can hydrolyze various sphingosine 
1-phosphate (S1P) and lipid phosphates covering lysophosphatidate (LPA) in the Mg2+-independent and 
N-ethylmaleimide-insensitive pathway.51 PLPP1 mediates the extracellular hydrolysis and cellular uptake of lipid 
mediators, participating in the regulation of signal transduction in different cellular processes, Zhao et al52,53 discovered 
that PLPP1 hydrolyzed exogenous S1P and facilitated the conversion of extracellular S1P to intracellular S1P, and 
overexpression of PLPP1 reduced LPA-induced nuclear translocation of NF-κB and phosphorylation of IκB while nearly 
completely inhibiting IL-8 release. S1P-mediated emergence and development of IBD is a relatively mature field of 
research, which can promote inflammation by inducing lymphocyte migration and activating the NF-κB pathway.54,55 

Nonetheless, the impact of LPA on IBD has not been agreed upon. In DSS-induced chronic colitis mice, Dong et al 
reported that blocking the autotaxin-LPA axis reduced inflammation by suppressing the development of Th17 cells.56 But 
Kaya et al57 discovered L-Phenylalanine to be an endogenous ligand of G protein-coupled receptor 35, which they 
confirmed to play a critical role in intestinal homeostasis and reducing inflammation in DSS-induced acute colitis. 
However, it remains to be shown if PLPP1 can influence inflammation in UC by degrading extracellular LPA and S1P. In 
our investigation, we discovered that PLPP1 expression was significantly lower in UC patients than in healthy 
individuals, which indicated its positive association with inflammation. However, its exact mechanism in UC needs to 
be further explored.

XBP1 is a basic-region leucine zipper transcription factor that is required for MHC class II gene expression, 
plasma cell generation, and liver growth. In addition, XBP1 is a substrate for inositol requiring enzyme 1 (IRE1) and 
is essential for the response to endoplasmic reticulum stress (ERS).58 Properly folded and post-translationally 
modified proteins perform the correct function, and ERS is caused by too many unfolded and wrongly folded 
proteins because the ER cannot fold them as well as it used to.59 Evolutionarily, the most conservative is IRE1, 
which is activated by ERS and leads to the removal of an intron from XBP1. The spliced XBP1 protein acts as 
a potent trans-activator to control UPR gene expression by translocating into nucleus and binding to target 

Table 3 Potential Top Drug Compounds for UC

Term Adj P value Combined Score

Rimonabant hydrochloride CTD 00003133 0.029955 7964.758454
Bupropion CTD 00007131 0.029955 7964.758454

Nilotinib CTD 00004428 0.029955 7428.715784

5-Nitroso-8-quinolinol CTD 00004584 0.029955 6955.671007
Lasalocid PC3 UP 0.029955 4986.91018

Aristolochic acid CTD 00000005 0.029955 4543.760956

CGP 60474 TTD 00002787 0.029955 4000.606286
Patulin CTD 00006474 0.029955 3700.590774

Cacodylic acid CTD 00005554 0.029955 3565.583684
Sodium fluoride CTD 00006755 0.029955 3565.583684

Abbreviation: Adj, adjusted.
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sequences.60,61 Through excessive triggering autophagy dysregulation and activating pro-inflammatory signaling 
pathways like JNK signaling and NF-κB signaling, ERS is a major contribution to the pathophysiology of IBD.62,63 

A. Kaser et al64 found a connection between XBP1, ERS, and IBD. They found that intestinal epithelium-specific 
deletion of XBP1 induced spontaneous small intestinal inflammation and resulted in increased susceptibility to 
experimental colitis and may be associated with the susceptibility and severity of IBD. Therefore, UPR can regulate 
intestinal repair in physiological processes, but when ERS exceeds the range of UPR regulation, it will lead to the 
occurrence and development of UC, accompanied by the overexpression of XBP1. And XBP1 demonstrated an 
amazing capacity to diagnose and differentiate the severity of UC, providing further evidence that ERS is a highly 
promising therapeutic point.

Figure 9 (A) The integrated lncRNA-miRNA-hub genes network and (B) the center of the network. Red circle: hub gene. Yellow circle: lncRNA. Blue circle: miRNA.
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Additionally, we found a notable immune cell composition difference between UC and control samples. M1 macrophages 
were shown to be considerably greater in the UC patients compared to volunteers, but M2 macrophages were the reverse. This 
fits with the fact that pro-inflammatory M1 macrophages are involved in UC, not anti-inflammatory M2 macrophages.65 Th1 
and Th17 immune responses are driven by M1 macrophage-produced inflammatory cytokines such as IL-1, IL-12, and IL-23, 
which exacerbate epithelial injury.66 Furthermore, we found lower levels of intestinal CD8+ T cell infiltration in UC patients. 
Since 1998, researchers have theorized that CD8+ T lymphocytes are involved in the progression of IBD.67 However, the 
significance of CD8+ in IBD has remained ambiguous till now, with some studies revealing anti-inflammatory 
capabilities,68,69 while others showed inflammation promotion.70,71 There are two possible explanations for the disparity: 
one is the diverse origin of CD8+ T cells (such as lamina propria, intestinal mucosa, and peripheral blood mononuclear cells), 
and the other is fundamental variations in CD8+ T cell subgroups.72 The correlation analysis revealed that PLPP1 and XBP1 
are associated with a wide range of immune cells. Surprisingly, XBP1 was shown to have a considerable positive relationship 
with the infiltration of macrophages M0 and M1, as well as a significant negative connection with CD8+ T cells. However, 
very little study has been done on the impact that these genes have on the immune cells of people with UC. The results of our 
study provide new information on the possible functions of the two hub genes in immunological regulation. Therefore, further 
research is necessary to investigate the function that immune cells play in the progression of UC.

CeRNA has just recently been identified as a crucial factor in the formation of IBD.73,74 We hypothesized a putative 
ceRNA network with hub genes using the dataset. MiR-93-5p was identified as a putative essential miRNA in UC in a recent 
bioinformation study.75 In vitro experiments have shown that miR-214-3p downregulation may contribute to the progression 
of UC by affecting STAT6.76 Importantly, we discovered that 9 lncRNAs facilitated crosstalk between the two miRNAs. In 
addition, the lncRNAs XIST and NEAT1 have been linked to the process of inflammation in UC.77–79 The predicted lncRNA 
XIST, together with two essential miRNAs, may all play important roles in UC progression. Nonetheless, the ceRNA 
mechanisms underlying UC remained mostly unclear, demanding more study.

Our research, however, had certain drawbacks. For starters, we only looked at a few key modules and the genes 
connected with them, which may have left out possible UC genes. Second, the datasets utilized in this study include 
samples that have been treated with biological agents. It is still uncertain if these medicines have any effect on gene 
expression. Furthermore, we did not investigate the exact processes by which hub genes, lncRNAs, and miRNAs affect 
UC. Finally, the number of human samples is limited. Consequently, more clinical samples and further experiments will 
be required in the near future to validate our results.

Conclusion
In conclusion, our findings identified new targets, including XBP1 and PLPP1, that may be implicated in the develop-
ment of UC and might be used as effective diagnostic biomarkers of UC. And XBP1 was highly correlated with clinical 
scores and a variety of immune cells. We hypothesized a ceRNA network and predicted potential therapeutic drugs based 
on them. However, more study is necessary to identify their biofunction in UC.
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