
O R I G I N A L  R E S E A R C H

Single-Cell RNA-Sequencing Analysis of Colonic 
Lamina Propria Immune Cells Reveals the Key 
Immune Cell-Related Genes of Ulcerative Colitis
Run Hua1,*, Gangjie Qiao2,*, Guoshan Chen1,*, Zhaonan Sun3, Haowen Jia3, Peiyuan Li1, 
Baotong Zhang1, Feng Qi 1

1Department of General Surgery, Tianjin Medical University General Hospital, Tianjin, People’s Republic of China; 2Department of Colorectal Surgery, 
Shanxi Provincial People’s Hospital, Shanxi, People’s Republic of China; 3General Surgery Department, Tianjin Medical University General Hospital 
Airport Hospital, Tianjin, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Feng Qi, Email qifengtmu2017@163.com 

Background: Ulcerative colitis (UC) is a severe threat to humans worldwide. Single-cell RNA sequencing (scRNA-seq) can be used 
to screen gene expression patterns of each cell in the intestine, provide new insights into the potential mechanism of UC, and analyze 
the development of immune cell changes. These findings can provide new ideas for the diagnosis and treatment of intestinal diseases. 
In this study, bioinformatics analysis combined with experiments applied in dextran sulfate sodium (DSS)-induced colitis mice was 
used to explore new diagnostic genes for UC and their potential relationship with immune cells.
Methods: We downloaded microarray datasets (GSE75214, GSE87473, GSE92415) from the Gene Expression Omnibus and used 
these datasets to screen differentially expressed genes (DEGs) and conduct Weighted Gene Co-expression Network Analysis 
(WGCNA) after quality control. The hub genes were screened, and ROC curves were drawn to verify the reliability of the results 
in both training set (GSE75214, GSE87473, GSE92415) and validation cohort (GSE87466). Also, we explored the relation of 
diagnostic genes and immune cells by CIBERSORT algorithm and single-cell analysis. Finally, the expression of hub genes and 
their relation with immune cells were verified in DSS-induced colitis mice.
Results: Diagnostic genes (ANXA5, MMP7, NR1H4, CYP3A4, ABCG2) were identified. In addition, we found these five genes 
firmly related to immune infiltration. The DSS-induced colitis mice confirm that the expression of ANXA5 mainly increased in the 
intestinal macrophages and had a strong negative correlation with M2 macrophages, which indicated its possible influence on the 
polarization of macrophages in UC patients.
Conclusion: We identified ANXA5, MMP7, NR1H4, CYP3A4, and ABCG2 as diagnostic genes of UC that are closely related to 
immune infiltration and ANXA5 maintains a negative correlation with M2 macrophages which indicated its possible influence on the 
polarization of macrophage in UC patients.
Keywords: ulcerative colitis, ANXA5, diagnostic genes, single-cell analysis, macrophages

Introduction
Ulcerative colitis (UC) is one kind of inflammatory bowel disease (IBD), which is characterized by chronic progressive 
inflammation of the gastrointestinal tract extending from the rectum to the proximal colon.1 UC affects a large number of 
people regardless of age, gender, region, or ethnic background.2 As we all know, IBD has emerged and prevailed in the 
Western world in the past decades; however, this condition has changed by the sharp rise of incidence in Asia and other 
developing countries.3 According to a previous study, the incidence of UC had increased approximately 20-fold 
throughout the past 30 years in some Asian countries such as Korea.4

Most patients suffer from annoying and atypical symptoms, for example, diarrhea, abdominal pain, and bloody stools 
which impair the quality of their life.5 Sometimes, it is hard to distinguish UC from infectious colitis and hemorrhoids 
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based on these symptoms. Clinical symptoms, typical endoscopy findings plus biopsy may contribute to the diagnosis of 
UC; however, we also need to exclude other non-specific mucosal inflammation before making a final diagnosis;6 

Moreover, the invasiveness and inconvenience of colonoscopy are not easy to accept for some patients and potential 
disease populations. Therefore, it is necessary to find new UC marker genes to optimize the diagnosis and monitoring 
of UC.

UC is a complex disease because of its multiple interplay of genetic susceptibility and stimulation from environ-
mental triggers leading to immune system dysregulation.7,8 Previous studies have cleared that some kind of immune cells 
participate in the process of UC,9,10 but it is still hard to summarize the exact role that immune cells play. Therefore, a 
better understanding of immune regulatory mechanisms and gene expression features will help us to find out the etiology 
of UC and create a new perspective on UC treatment.

The development of bioinformatic analysis makes it easier for us to analyze information on interested diseases, 
especially the single-cell RNA analysis. Single-cell sequencing separately extracts RNA from each cell in the tissue, so it 
obtains information on gene expression in each cell. It can make up for the limitations of traditional sequencing, and 
reveal the gene expression of a single cell. In other words, we can get specific gene expression of particular cells.

This research identifies hub genes of UC by Weighted Gene Co-Expression Network Analysis (WGCNA) combined 
gene expression matrix downloading from the GEO database and then analyzes the relationship between hub genes and 
immune cell by CIBERSORT and single-cell RNA analysis. Finally, we find out that one of the diagnostic genes is 
closely related to macrophages, which may help us understand the potential mechanism of the etiology and progression 
of UC.

System and Methods
Data Sources
Gene expression matrix of normal human intestine and UC patient”s intestinal mucosal samples were retrieved from the 
Gene Expression Omnibus (GEO) database (Home – GEO DataSets – NCBI (nih.gov)). Using the keyword “ulcerative 
colitis” to get expression files of UC and normal samples as well as removal of the dataset that contains less than 80 
samples. Besides these standards, the dataset should also meet the criteria, such as (1) Homo sapiens array expression 
profile; (2) All samples were collected from intestinal mucosa; (3) Drugs were not involved in all patients or normal 
control; (4) Only non-pediatric samples were included in our study. Finally, we get four gene expression matrices which 
were GSE75214, GSE87473, GSE92415, and GSE87466.11–13 Furthermore, adding “single-cell”, “immune cell”, and 
“ulcerative colitis” to the search bar of GEO to get the single-cell RNA sequence of UC. GSE162335 contains expression 
information of pouch lamina propria CD45+ hematopoietic cells from intestinal tissues of ulcerative colitis patients.14 

Information on all the datasets in this study is described in Table 1.

Differential Expression Analysis
For raw data, probe expression matrix was extracted and normalized by “normalizeBetweenArrays” based on R package 
“limma”. Platform annotation file was used to convert the probe expression matrix into a gene expression matrix. After 
three gene matrixes were merged by Perl script, R package “sva” was applied to eliminate batch effect. Finally, we 

Table 1 Base Information for Selected Datasets

GEO ID Data Type Participants Attribute

GSE75214 Microarrays 74 active UC and 22 controls Training set

GSE87473 Microarrays 106 active UC and 21 controls Training set
GSE92415 Microarrays 78 active UC and 21 controls Training set

GSE87466 Microarrays 87 active UC and 21 controls Validation set

GSE162335 scRNA-seq 4680 cell samples from UC Immune infiltration analysis

Notes: GEO ID is the number of each dataset used in this research. Datatype means the type of dataset. 
Participants show the samples of each dataset. Attribute explained the role that dataset play in this research.
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obtained one merging normalized gene expression matrix. The merging normalized gene expression matrix that contains 
258 UC patients and 64 healthy individuals was conducted to identify the differentially expressed genes (DEGs) between 
the UC and normal controls. The DEGs were screened with a threshold of p-value <0.05 and |log2FC| >1 by using the 
“limma” package. DEGs were visualized using the R packages “ggplot2” and “heatmap”.

Weighted Gene Correlation Network Analysis
WGCNA clusters genes into different modules, and the gene in each module presents the same expression pattern and 
then analyzes the correlation between modules and specific traits to figure out the relationship between genes and traits. 
Therefore, it is widely used to study the association between disease and genes.15 To find out the key genes of UC, the 
merging normalized gene expression matrix was used as the input matrix for WGCNA analysis. Firstly, to ensure the 
accuracy of the analysis, the shear line 90 was set as the threshold to exclude outliers. Then, to select the appropriate soft 
threshold, the “pickSoftThreshold” function in the WGCNA software package was used. The optimal soft threshold was 
determined to be 14. Based on the soft threshold, the related modules are classified. Each module had no less than 50 
genes, and similar gene modules were merged. In addition, after calculating the correlation between genes and UC in the 
module, it turns out that the turquoise module maintains the highest correlation with the incidence of UC (r = 0.8).

Construction of Protein–Protein Interaction Network
We import the intersection gene of the turquoise module and DEGs into the String database,16 choose the Homo sapiens 
and obtain the protein–protein interaction network. Full STRING network including the edges that indicate both 
functional and physical protein associations and PPI network interactions file with medium confidence scores ≥0.4 
was downloaded. Finally, we used Cytoscape to visualize the PPI network.17

Enrichment Analysis
Several kinds of enrichment analyses were performed using the “clusterProfiler” package in R software.18 GO and 
KEGG enrichment analyses were utilized to annotate the function of DEGs. With p-value <0.05 and q-value <0.05 as the 
enrichment criteria, the top-ranked enrichment results were visualized. Gene Set Enrichment Analysis (GSEA) is a 
computational method that determines whether a priori defined set of genes is shown to be statistically significant, and we 
apply it to evaluate a functionally important set of genes with slight expression changes between different groups.

LASSO Analysis and Exploring Diagnostic Biomarkers
The Least Absolute Shrinkage and Selection Operator (LASSO) was used to screen the diagnostic biomarkers of UC.19 

Finally, we identified five biomarkers as our candidate genes. We performed ROC analysis on these five genes one by one 
in the screening set and turned out that all genes showed excellent predictive performance.

Immune Cell Infiltration Estimation
Using the CIBERSORT algorithm20–22 to calculate the proportion of different immune cell types between UC and health 
control based on the expression levels of immune cell–related genes. The correlation of core genes with the 22 immune 
cell types was also calculated to see if there are potential roles that genes may play in immune infiltration.

Single-Cell Analysis
The single-cell sequencing data of dataset GSE162335 was collected from the colonic lamina propria of UC patients14 

and it only analyzed the CD45 positive cell to find out the change of immune cells in UC patients. After quality control, 
cells and genes with low expression levels were removed to ensure that the percentage of mitochondria per cell was 
below 5% and the features of genes were above 500 and no more than 6000. The “Seurat” package23 was utilized to 
process single-cell data, and all cells were divided into different clusters. The online website Human Cell Landscape24 

and CellMarker25 were used to annotate the cell cluster, and the expression of the hub gene in each cluster was 
visualized, so that the expression changes of the hub gene in each immune cell can be intuitively clarified.
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Animal Experiment
Male BALB/C mice weighing 22–25g were used in this study. All of the animal experimental operations were approved 
by the Animal Care and Use Committee of TIANJIN Medical University and meet the guidance of the Medical and 
Ethics Committee of TIANJIN Medical University (Tianjin) (IRB2023-DW-106). Twelve mice were evenly divided into 
two groups, and the study group received 3% dextran sulfate sodium (DSS, YEASEN, China) for 7 days and then drank 
tap water for 3 days to induce acute colitis. At the sacrificed day, the mice were placed into a clean box connected to a 
CO2 tank and exposed to CO2 with a flow rate that was 40% displacement volume/minute until the mice lost their 
spontaneous respiration ability and died. The colons of mice were collected for further analysis.

RNA Extraction and Gene Expression Analysis
Total RNA isolated from the colon was analyzed by real-time quantitative polymerase chain reaction (RT-qPCR). The 
primers of a gene was referred to the previous study.26 TRIzol (Invitrogen, CA, USA) was used to extract RNA from the 
colon. The gene expression level was normalized, and the relative quantification of gene expression was determined 
using the 2^(− ΔΔCt) method.

Isolation of Murine Lamina Propria Mononuclear Cells
Concerning the protocol of other research, the isolation of mononuclear cells from colonic tissue was performed as 
guidance.27,28 In brief, after removing the intestines of dead mice from two groups and clearing the feces in the intestine 
with 1×PBS, the opened intestine was cut into 1cm pieces and washed in cold 1×PBS. Then, dithiothreitol (DTT, 
Solarbio, D8220, China) and ethylene diamine tetraacetic acid (EDTA, Solarbio, E8040, China) were used to remove 
epithelial cells from cut colon in several steps as well as collagenase IV (400U/mL, Solarbio, C8160, China) and 
deoxyribonuclease I (0.15 mg/mL, Solarbio, D8071, China) were applied in the process of digestion. Further, Resuspend 
the cell with 40% Percoll and carefully overlay the cell suspension on top of 2.5mL of the 80% fraction of the Percoll 
solution. After Centrifuge for 20 min at 1000g, the lamina propria mononuclear cells (LPMCs) should be visible between 
two different Percoll solutions.

Flow Cytometry Analysis
The intestinal macrophages and M2 macrophages were identified by flow cytometry. The major flow cytometry 
monoclonal antibodies and substances utilized in flow cytometry were purchased from eBioscience and BioLegend 
company. Firstly, to block nonspecific staining, the LPMCs were incubated with Fc receptor (FcR) blocking antibodies 
(anti-CD16/CD32, eBioscience, USA). After distinguishing the Live /Dead cells with the help of zombie dye, anti-mouse 
F4/80 and CD206 were applied to detect the intestinal macrophages and M2 macrophages. Finally, an anti-ANXA5 mAb 
was added and incubated for ANXA5 staining. All the samples were detected using a flow cytometer (BD FACSCalibur, 
USA) and analyzed by FlowJo software.

Results
Summarize of Research Design
The flowchart shows the total process of this research (Figure 1). Firstly, DEGs were screened between UC patients and 
normal control based on the data from GEO. Then, WGCNA was utilized to discover the hub module that was mostly 
related to UC. Further, the intercourse of the DEGs and genes in the hub module shows us the genes that may play an 
important part in the pathogenesis and development of UC. According to the outcome of the PPI network, 10 genes were 
determined to be essential in the interaction and LASSO regression further screened out 5 hub genes. What deserves 
stress is that the diagnosis capability of these five hub genes was confirmed by ROC analysis both in the training set and 
validation cohort. Next, the correlation between hub genes and the immune cell was explored by the CIBERSORT 
algorithm and single-cell analysis. Finally, UC model mice were established to verify the expression level of hub genes 
and their potential relation with immune cells.
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Screen of DEGs and Functional Annotation and Pathway Enrichment of DEGs
The expression matrix of three datasets (GSE75214, GSE87473, GSE92415) was regarded as the training set. We 
identified 732 DEGs including 459 upregulated genes and 273 downregulated genes and visualized the result with 
heatmap (Figure 2A) and volcano plot (Figure 2B). To better understand the function of DEGs, we performed GO and 
KEGG enrichment analyses. Interestingly, the outcome of enrichment analysis suggests that the immune system is 
possibly involved in the progression of UC. GO analysis described that DEGs are mainly enriched in cytokine-mediated 
signaling pathways, leukocyte migration, and receptor ligand activity (Figure 2C). KEGG analysis illustrated the possible 
pathways that may contribute to the development of UC such as viral protein interaction with cytokine and cytokine 
receptor, IL-17 signaling pathway, and cytokine–cytokine receptor interaction (Figure 2D).

WGCNA Identifies the Hub Module That Mostly Related to the UC
The Weighted gene co-expression network was constructed to identify the most relevant modules for UC. The samples 
clustered well, and the outlier sample was excluded using a shear line of 90 as the threshold. Subsequently, the optimal 
soft threshold was determined to be 14 when a soft threshold of 1–20 was used for topological calculations (Figure 3A). 
After hierarchical clustering and module merging (Figure 3B), we finally got 4 modules with no less than 50 genes in 
each module (Figure 3C). Among all these modules, the turquoise module included the highest correlation with the 
occurrence of UC (r=0.8, p=6e-74) according to the calculation of the correlation between genes within modules and UC. 
Thus, we consider that 277 genes in the turquoise module were the most important genes depending on the relationship 
between Gene significance for UC and Module Membership (Figure 3D) (r=0.62, p=8.2e-31).

The Construction of the PPI Network and Performance of GSEA
In accordance with the work we have done, we reckon that the DEGs and genes in the turquoise module may be very 
important in the development of UC and the intersection of these two parts included 249 genes (Figure 4A). Then, we 
input the 249 genes into the online website String database to obtain the PPI network which is composed of 244 nodes 
and 379 edges. In the process of the PPI network, the CytoNCA in the software was used to calculate the Betweenness 

Figure 1 The flowchart shows the total process of this research. 
Abbreviations: GEO, Gene Expression Omnibus; WGCNA, Weighted gene co-expression network analysis; DEGs, Differentially Expressed Genes; PPI, Protein–Protein 
Interaction; GSEA, Gene Set Enrichment Analysis; BC, Betweenness Centrality; UC, Ulcerative Colitis; ROC, Receiver Operating characteristic Curve.
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Centrality (BC). The higher the BC is, the more important the gene is. Finally, we searched out 10 essential genes in the 
PPI network (Figure 4B) and these 10 genes mostly functionally enrich in the immune related pathway through GSEA 
such as cytosolic DNA sensing pathway, cytokine–cytokine receptor interaction, intestinal immune network for IgA 
production and so on (Figure 4C).

LASSO Analysis and Exploring Diagnostic Biomarkers
After LASSO analysis, we screened out five diagnostic genes for UC which were ANXA5, MMP7, NR1H4, CYP3A4, 
and ABCG2 (Figure 5A) and they maintained different expression patterns between UC patients and normal control. We 
performed ROC analysis on each of these five genes in the training set, and the results showed that all genes had 
excellent diagnostic performance in the training set: ANXA5 (AUC = 0.963), NR1H4 (AUC = 0.888), CYP3A4 (AUC = 
0.821), ABCG2 (AUC = 0.982), MMP7 (AUC = 0.938) (Figure 5B). To verify the accuracy of these five hub genes, we 

Figure 2 Screening of DEGs and enrichment analysis. (A) The heatmap of the top 50 DEGs; (B) the volcano plot of DEGs; (C) the bubble plot shows the top enriched 
results of DEGs from GO analysis; (D) The barplot shows the most enriched KEGG pathways of DEGs. 
Abbreviations: DEGs, Differentially Expressed Genes; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; UC, Ulcerative Colitis; IL-17, Interleukin- 
17; TNF, Tumor Necrosis Factor.
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chose dataset GSE87466 as the validation cohort. It turns out that these five hub genes were also differently expressed 
between UC patients and normal control, and ROC also demonstrated excellent diagnostic performance (ANXA5, AUC 
= 0.933; NR1H4, AUC = 0.911; CYP3A4, AUC = 0.844; ABCG2, AUC = 0.990; MMP7, AUC = 0.946) (Figure 5C).

Immune Cell Infiltration Evaluation
Considering the important role of the immune pathway in UC that the GSEA gene enrichment analysis showed, we used 
the CIBERSORT algorithm to analyze the infiltration of immune cells in UC patients, and normal control and samples 
with p > 0.05 were excluded (Figure 6A). As shown in the figure that among the 22 immune cells, activated memory 
CD4 +T cells, follicular helper T cells, M0 Macrophages, M1 Macrophages, Activated Dendritic cells, Activated Mast 
cells, Eosinophils, and Neutrophils were increased in UC patients, while CD8 +T cells, resting memory CD4 +T cells, 
Tregs cell, M2 Macrophages, and Resting Mast cells were higher in normal control. Also, we can get the approximate 
proportion of all kinds of immune cells from the bar chart (Figure 6B). In addition, we explored the correlation of hub 
genes and 22 immune cells (Figure 6C), and it revealed that these five genes correlated with most immune cells. As 
ANXA5 gained the highest BC, we demonstrated eight immune cells that are mainly correlated with the gene 
(Figure 6D). Certainly, Neutrophils and M2 Macrophages were most closely related to ANXA5.

Figure 3 WGCNA of expression matrix. (A) The optimal soft threshold was determined to be 14; (B) similar modules were merged; (C) heatmap of the correlation 
between modules and UC; (D) the correlation between Module membership in turquoise module and Gene significance for UC. 
Abbreviations: WGCNA, Weighted gene co-expression network analysis; UC, Ulcerative Colitis.
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Single-Cell RNA Analysis of Colonic Lamina Propria Immune Cells from UC Patients
The GSE162335 dataset collected sequencing data of all CD45 + cells in the UC patient’s colon sample. After quality 
control, data from 4680 cells remained and there were 1519 cells in GSM4949927, 1591 cells in GSM4949928, and 1570 
cells in GSM4949929 (Figure 7A). Through the t-distributed stochastic neighbor embedding method (t-SNE), all immune 
cells were divided into 14 clusters (Figure 7B). Eventually, with the help of the online website Human Cell Landscape 
and CellMarker,24,25 cell clusters were annotated as six kinds of immune cells (Figure 7C and D). As we have proved 
before, ANXA5 was the most significant gene based on its BC and closely related to some immune cells. We analyzed its 
relationship with each kind of immune cell by single-cell analysis. The result suggested that ANXA5 showed a strong 
correlation with immune cells, especially macrophages (Figure 7E).

Animal Experiments to Verify the Expression of ANXA5
After drinking 3% DSS for 7 days, the majority of mice in the study group manifested weight-losing and bloody stools 
compared with normal control (Figure 8A). At the same time, histopathological changes confirmed that the model of UC 
was established. Hematoxylin/eosin staining of colonic sections demonstrated that the colon tissue from the study group 
showed the partial disappearance of intestinal mucosa, inflammatory cell infiltration in the mucosal layer, and structural 
disruption of the crypt (Figure 8B). Importantly, compared to normal control, the mRNA expression levels of ANXA5 in 
the colon of UC mice were significantly higher, p<0.05 (Figure 8C). Lastly, as shown in the picture, the ANXA5 
expression was increased in the intestinal macrophages (Figure 8D). However, we can see the descending tendency of 
ANXA5 in M2 macrophages (Figure 8E). To summarize, there is no denying that all the outcomes of experiments firmly 
prove the accuracy of what we gain through bioinformatic analysis.

Figure 4 The construction of the PPI network and performance of GSEA. (A) The intersection of DEGS and genes in turquoise; (B) top 10 genes ranked by BC in PPI; (C) 
GSEA of 10 genes. 
Abbreviations: DEGs, Differentially Expressed Genes; PPI, Protein–Protein Interaction; GSEA, Gene Set Enrichment Analysis; BC, Betweenness Centrality.
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Figure 5 LASSO analysis and exploring diagnostic Biomarkers. (A) LASSO analysis to screen diagnostic genes; (B) the expression of diagnostic genes and ROC plot in the 
training set; (C) the expression of diagnostic genes and ROC plot in the validation cohort. ****p<0.0001. 
Abbreviations: ROC, Receiver Operating Characteristic Curve; AUC, Area Under Curve.
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Figure 6 Continued.
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Figure 6 Analysis of differences in the immune microenvironment. (A) The content of immune cells in different groups. (B) A view of the distribution of immune cells 
between different groups. (C) The heatmap shows the correlation between diagnostic genes and immune cells. (D) The relation between ANXA5 and eight immune cells. 
*p<0.05, **p <0.01, ***p <0.001, and ****p<0.0001.
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Figure 7 Single-cell RNA analysis of Immune cells. (A) Cell samples of GSE162335 after quality control; (B) the cells were divided into 14 clusters using the tSNE algorithm; 
(C) annotated the cluster by Marker genes; (D) the clusters were annotated as 6 kinds of immune cells; (E) the expression of ANXA5 were mostly concentrated in the 
intestinal macrophage.
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Figure 8 The results of the animal experiment. (A) The study group shows bloody stool after DSS induction; (B) hematoxylin/eosin staining of colonic sections in each 
group(100×); (C) the expression of ANXA5 in two groups; (D) the ANXA5 expression in the intestinal macrophages was determined by Flow cytometry analysis; (E) the 
Flow cytometry analysis present the level of ANXA5 in M2 macrophage. *p<0.05, ***p <0.001. 
Abbreviation: UC, ulcerative colitis.
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Discussion
UC is a chronic, idiopathic inflammatory disease affecting the colon, most commonly diagnosed in adults aged 30–40 
years old, and may seriously affect the patient’s working ability and quality of life.29,30 Diagnosis and disease manage-
ment are extremely important in the long run. The main manifestations of UC are bloody diarrhea with or without 
mucus.31 Most patients may experience tenesmus and other atypical symptoms, which make it more difficult to diagnose 
UC. To date, the diagnosis of UC still depends on colonoscopy. Finding out new potential biomarkers contributes to 
deepening the research on the etiology of UC, to optimize the diagnosis and treatment methods.32 In recent years, with 
the rapid development of bioinformatics analysis, gene expression microarray has been widely used in the exploration of 
potential biomarkers for complex diseases, such as UC.33 In this study, we screened out DEGs and its intersection of 
genes in the hub module selected by WGCNA. Moreover, we eventually figured out five reliable diagnostic genes 
(ANXA5, MMP7, NR1H4, CYP3A4, ABCG2) that maintained excellent AUC values both in the training set and 
validation cohort after multiple processes. Also, the enrichment analysis of hub genes revealed the significance of the 
immune pathway in the progress of UC. We carried out research on the immune infiltration of UC compared with normal 
control and cleared the relation between diagnostic genes and immune cells, especially that ANXA5 showed a positive 
correlation with Neutrophils and a negative correlation with M2 macrophages. Additionally, the single-cell analysis 
indicated that ANXA5 mainly enriches in the intestinal macrophages which further confirms our finding. Above all, the 
animal experiment verified the increase of ANXA5 in the UC mice model and showed that the expression of ANXA5 
was enhanced in intestinal macrophages but decreased in M2 macrophages with the comparison of macrophages 
extracted from normal colon.

MMP7 (Matrix metalloproteinase 7) belongs to a kind of calcium and zinc-dependent proteolytic enzyme produced 
by multiple cells and tissues.34,35 It is the smallest MMP and lacks a hemopexin domain at the C-terminus.36 MMP-7 
secreted from glandular and mucosal epithelial cells in the lung and the gut participates in innate immunity through 
activating a-defensins (response to bacterial products such as LPS). Although the specific role of MMP7 in UC is not 
clear now, studies showed the increased expression of MMP7 in UC patients.37 As a promising diagnostic gene, MMP7 
may provide a potential direction for the study of UC.

NR1H4 (nuclear receptor subfamily 1 group H member 4) is also called Farnesoid X receptor which is highly 
expressed in the gastrointestinal tract.38,39 Some research suggests that the interaction between bile acid and NR1H4 may 
be involved in the pathogenesis of a variety of diseases, such as cholestatic liver disease, hepatocellular carcinoma, and 
inflammatory bowel disease.40 Moreover, NR1H4 alleviates inflammation, maintains the integrity of the intestinal 
epithelial barrier, and prevents bacterial translocation in the intestinal tract.41 Vavassori42 found that the expression of 
pro-inflammatory factors in NR1H4 knockout mice was significantly higher than that in wild-type mice. Our study 
concluded that NR1H4 was decreased in UC patients which proved that the decrease of NR1H4 may play an essential 
part in promoting the development of UC.

CYP3A4C is a member of the cytochrome P450 enzyme system, which is famous for its function in metabolizing 
drugs.43 However, CYP3A4C would reduce in the presence of inflammation,44 and its activity may be related to various 
pro-inflammatory cytokines, especially interleukin 6, CXCL8, interleukin 1 receptor antagonists, and so on.45 As one of 
the inflammatory bowel diseases, UC is characterized by chronic and progressive inflammation of the intestine. The 
decrease of CYP3A4 in UC patients may be caused by the inordinate cytokines in UC, which could serve as potential 
mechanisms of CYP3A4 as an excellent diagnostic marker for UC.

In recent years, considerable progress has been made in the study of the regulated role of ABCG2 in infection, 
inflammation, tissue damage, hypoxia, and endoplasmic reticulum stress.46,47 Although no research clearly elucidated the 
inhibitive role of ABCG2, some studies have shown that the expression of ABCG2 in UC patients was decreased, and its 
reduction is negatively correlated with the functional microRNA in UC.48

ANXA5 (Annexin A5) is a member of the annexin protein family and mostly exists in mammalian cells.49 Annexins 
are a family of proteins that could bind to negatively charged phospholipids in the presence of calcium. It was first 
discovered in 1978.50 The Annexin protein family has diverse biological activities, such as participating in the formation 
of the cell membranes, playing a part in the coagulation process by binding actin protein,51,52 involving in cell signal 
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transduction regulation,53 and so on. ANXA5 is one of the most famous annexins owing to its role as an exogenous 
protein binding to extracellularly exposed phosphatidylserine, which is a marker of apoptosis.54 The anti-apoptotic effect 
of ANXA5 depends on phosphatidylserine (PS) that is exposed on the surface of apoptotic and necrotic cells. ANXA5 
binds to PS with high affinity and inhibits macrophage’s uptake of apoptotic and necrotic cells, thereby increasing the 
immunogenicity of necrotic cells.55 Frey et al knocked out the ANXA5 gene of mice and it allowed them to investigate 
the role of endogenous ANXA5 in the modulation of immune response towards allogeneic cells for the first time.56 

Apparently, the data they gathered demonstrated that the peritoneal macrophages of ANXA5 KO mice uptake more 
necrotic cells and obtain an increased secretion of the anti-inflammatory cytokine IL-10 after co-culture with necrotic 
cells. As we all know, macrophages are the first-line cells in the innate immune system that defend against foreign 
pathogens and maintain the barrier function in the intestine.57 Macrophages display remarkable plasticity that allows 
them to change their phenotype and their physiology by both innate and adaptive immune responses.58 Normally, 
macrophage populations can be divided into pro-inflammatory M1 macrophages or anti-inflammatory M2 macrophages. 
During homeostasis, macrophages exhibit a M2-like phenotype, with high expression of CD206, and present typical 
functions of anti-inflammatory macrophages such as secretion of anti-inflammatory cytokines IL-10 and TGF-β. In the 
context of IBD, the differentiation process towards mature M2 macrophages is disrupted, and monocytes are more likely 
to differentiate proinflammatory M1 macrophages.59 Nowadays, more and more studies focus on the underlying 
mechanism of macrophage polarization in ulcerative colitis.33 In this study, we not only find out that ANXA5 was a 
diagnostic gene for UC but also testify its correlation with immune cells. Most importantly, the expression of ANXA5 
maintained a positive correlation with intestinal macrophages while obtained a negative correlation with M2 macro-
phages which were confirmed by bioinformatic analysis and animal experiments. All results showed a possibility of 
ANXA5 in the regulation of macrophage polarization. In other words, ANXA5 acts as an inflammatory factor in specific 
conditions. Similarly, previous work concluded that silencing of ANXA5 attenuates the lipopolysaccharide-induced 
inflammatory response of rat alveolar macrophages.60 With the combination of previous research, we presume that 
ANXA5 plays an important part in the progression of UC and the underlying mechanism may rely on its regulation role 
of macrophage polarization. Despite our findings, our conclusions need to be verified by more clinical trials before they 
can be applied to clinical use.

In summary, we screened out five diagnostic genes for UC (ANXA5, MMP7, NR1H4, CYP3A4, ABCG2) and 
analyzed their relation with immune cells. Besides, the ultimate analysis of ANXA5 and immune cell correlation 
suggests that ANXA5 may influence the polarization of macrophages. This may provide a new direction for us to 
study the mechanism of UC progression.

Conclusion
We identified ANXA5, MMP7, NR1H4, CYP3A4, and ABCG2 as diagnostic genes of UC that are closely related to 
immune infiltration and ANXA5 maintains a negative correlation with M2 macrophages, which indicated its possible 
influence on the polarization of macrophage in UC patients.
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