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Background: Infliximab (IFX) has been widely used in ulcerative colitis (UC) patients. However, the subsequent effective treatment
of IFX non-response in UC patients remains a challenge. This study aims to predict potential therapeutic targets for non-responders by
performing a bioinformatic analysis of the data in the Gene Expression Omnibus (GEO) database and validation by biopsies.
Methods: Colonic mucosal biopsies expression profiles of IFX-treated UC patients (GSE73661, GSE16879) were utilized to predict
potential therapeutic targets. Bioinformatics analyses were used to explore potential biological mechanisms. CytoHubba was
performed to screen hub genes. We used a validation dataset and colonic mucosal biopsies of UC patients to validate hub genes.
Results: A total of 147 DEGs were identified (119 upregulated genes and 28 downregulated genes). GSEA showed that DEGs in
GSE73661 were enriched in the pathways of the cytokine-cytokine receptor, the chemokine, and the adhesion molecules system. Based
on the PPI network analysis, we identified four hub genes (and the transcription factor NF-kB). Then, we validate the expression of
hub genes by reverse transcription-polymerase chain reaction (RT-PCR). We found higher expression of IL-6, IL1B, CXCLS, and
CCL2 in non-responders compared to responders.

Conclusion: In summary, four potential targets (IL-6, ILIB, CXCL8, and CCL2) were finally identified by performing
a bioinformatics analysis of the datasets in the GEO database. Their expression was confirmed in colonic mucosal biopsies of patients
with UC. These results can help to further explore the mechanism of non-responders to IFX in UC and to provide potential targets for
their subsequent treatment.
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Introduction
Ulcerative colitis (UC) is an inflammatory bowel disease (IBD) characterized by continuous and diffuse inflammation of
the colonic mucosa, which extends from the proximal rectum. As of now, the pathogenesis of UC is unclear, but risk
factors include genetic susceptibility, environmental factors, autoimmunity, and gut microbiota.'> The high incidence of
UC in developed countries and the substantial rise in the incidence in developing countries have made UC a global health
issue.>> A first-line drug for mild to moderate UC is 5-amino-salicylic acid (5-ASA).® Systemic corticosteroids are
usually prescribed for moderate to severe UC. Corticosteroids should not be used for a prolonged period and only be used
to induce remission. Several types of treatments are available to maintain remission, including azathioprine, anti-TNF,
anti-integrins, and Janus kinase inhibitors.”®

As the first anti-tumor necrosis factor (anti-TNF) drug developed for IBD, infliximab (IFX) can effectively relieve
symptoms of the disease.” Combining IFX with azathioprine can reduce the rate of hospitalization and surgery in patients
with UC.'® However, 10-30% of patients with IBD experience primary non-response (PNR) to treatment, and 23-46%
will lose response over time (secondary loss of response).'"'? Currently, there are few clinical guidelines on how to
manage patients with loss response to therapy.'> Among the clinical methods are switching to another anti-TNF
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preparation, replacing non-anti-TNF preparations, and surgical treatment, among others.'*'> According to the AGC
guidelines, UC patients with IFX failure can be switched to tofacitinib or ustekinumab. However, based on available
clinical studies, it was found that none of the switched biologics were as effective as IFX.'®!” Therefore, the screening of
novel therapeutic targets is warranted.

In recent years, microarray technology has been extensively used in bioinformatics research. This technology
provides valuable information on mRNAs, which can be used to predict disease occurrence and explore the key factors
that lead to it.'"®° A bioinformatics-based screening method was used in the current study, and then hub genes were
validated using patient datasets and clinical biopsy samples.

Materials and Methods
Datasets Selection and ldentification of DEGs

The analysis process of this study is described in Figure 1. Two datasets of mucosal array profiles in [FX-treated UC
patients were employed in this study. The raw data of the dataset we used (GSE73661, GSE16879) (Table 1) were
downloaded from the Gene expression omnibus (GEO) website (https:/www.ncbi.nlm.nih.gov/geo/). GSE73661 is the

training dataset, and GSE16879 is the validation dataset.?’*® The raw data were processed and standardized using the
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Figure | Flow chart of the study.
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Table | The Information of Datasets

GEO ID Before or After IFX Treatment ucC Responders Non-Responders
GSE73661 Before IFX treatment 23 8 15
GSE73661 After IFX treatment 23 8 15
GSE6879 After IFX treatment 24 8 16

R software (version 4.1.0). Responders to IFX and non-responders to IFX were analyzed using the limma package, and
statistically significant altered and DEGs were identified. The significant DEGs were identified with the threshold: adjust
P value <0.05 and |log2 (Fold Change) [>1.5.

Biological Function and Pathway Enrichment Analyses

The Gene Set Enrichment Analysis (GSEA) tool was used for exploring different pathways between responders and non-
responders.”* Significance criteria were nominal P-value <0.05 and false positive rate (FDR) <0.25. Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses of the DEGs were performed
using the Cluster Profile package in the R software.”* The GO enrichment analysis can be divided into three parts:
biological process (BP), cell component (CC), and molecular function (MF).>> The criterion for the DEGs enrichment
analysis was P <0.05.

PPl Network Analysis
STRING database (https:/string-db.org/) was used to integrate and build the Protein-Protein Interaction (PPI) network.
Removing isolated nodes and filtering out low-confidence nodes, resulting in 98 genes remaining. The plugin CytoHubba

in Cytoscape (version 3.9.1) was used to discover key nodes in the PPI network.?’-*® The other plugin molecular complex
detection (MCODE) in Cytoscape was used to identify the important functional modules.?’ Hub genes were identified by
CytoHubba and sorted by degree scores.

Patients

Patients with moderate to severe active UC were selected using the Mayo score, which was defined as a Mayo
score of 6-12 and an endoscopic score of at least 2 points. Response to IFX was defined as a minimum of 3 points
decrease in the total Mayo score and a 30% decrease in the baseline score, with the rectal bleeding score
decreased by 1 point or the absolute score of rectal bleeding was 0 or 1 point, and the Mayo endoscopic subscore
decreased by at least 1 point.*® 12 post-IFX treatment colonic mucosal biopsies from 11 UC patients were
obtained (Two colonic mucosal biopsies were obtained during different periods of colonoscopy in the same
patient after the fourth infliximab treatment), who received a loading dose of IFX (5 or 10 mg/kg) for refractory
UC (Table 2).

RNA Extraction and RT-PCR

To validate target genes and determine gene expression in biopsy samples, RT-PCR was performed for IL1B, IL-6,
CXCLS, CCL2, MMP9, and GAPDH, which was used as the endogenous reference gene. Total RNA was extracted from
mucosal biopsies using the Trizol reagent (Invitrogen) and cDNA was synthesized by reverse transcription kit
(TAKARA). Primer sequences for target genes were designed by Sangon Biotech (https://www.sangon.com/) and
constructed by Sigma-Aldrich (Table 3). RT-PCR was carried out using the ABI STEPONE PLUS system and the
PowerUp SYBR Green Master Mix (Thermo Fisher Scientific). The relative expression level of the target genes was

calculated as the expression level of GAPDH. Relative expression was determined using the 2-AACt method. The final
results were visualized by GraphPad Prism 9.2.0.
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Table 2 Baseline Clinical Characteristics of Ulcerative Colitis Patients

Group Responders (n=6) Non-Responders (n=6) P value P value*
Age, (years) 36 (25.2-40.8) 53.5 (53.0-63.0) 0.007 0.024
Sex (M/F) 6/0 4/2 0.121 0.455
Duration of disease, (years) | 3.2 (2.1-7.0) 4.0 (3.0-5.0) 0.865 0.809
Pre. T&W 0.505 1.000
Mild 0 (0%) 0 (0%)

Moderate 1 (16.7%) 2 (33.3%)

Severe 5 (83.3%) 4 (66.7%)

Post. T&W 0.009 0.006
Mild 6 (100%) 0 (0%)

Moderate 0 (0%) I (16.7%)

Severe 0 (0%) 5 (83.3%)

Pre.CRP 12.4 (4.0-32.0) 8.3 (2.545.1) 0.630 0.873
Post.CRP 0.5 (0.2-0.8) 23.1 (7.9-39.9) 0.029 0.004
Pre.ESR 21.5 (11.2-41.5) 34.0 (17.2-57.5) 0.384 0.688
Post.ESR 2.0 (2.0-2.8) 45.5 (38.0-47.8) <0.001 0.003
Pre.Mayo Score 11.0 (11.0-11.8) 9.0 (8.2-10.5) 0.188 0.133
Post.Mayo Score 4.0 (4.04.0) 9.5 (9.0-10.0) <0.001 0.003

Notes: (Post-treatment of IFX at least 14 weeks) Continuous variables were described as Median (IQR). Categorical variables
were described as N (%). p value*: If it is a continuous variable, the Kruskal Wallis rank sum test should be performed. If the count
variable has a theoretical number <10, Fisher’s exact probability test must be applied to calculate it. IQR, interquartile range.
T&W, Truelove, and Witts’ severity index.

Table 3 Primers for RT-PCR

Gene Primer Sequence (5’->3’)

IL-6 Forward ACTCACCTCTTCAGAACGAATTG
Reverse CCATCTTTGGAAGGTTCAGGTTG

ILIB Forward ATGATGGCTTATTACAGTGGCAA
Reverse GTCGGAGATTCGTAGCTGGA

CXCL8 Forward CTCTCTTGGCAGCCTTCCTGATTTC
Reverse GGGGTGGAAAGGTTTGGAGTATGTC

CCL2 Forward CCTTCTGTGCCTGCTGCTCATAG
Reverse GGGACACTTGCTGCTGGTGATTC

MMP9 Forward ACTCGGTTTGGAAACGCAGATGG
Reverse TTGCCGTCCTGGGTGTAGAGTC

CXCRI Forward GATCATCGCCTATGCCCTAGTGTTC
Reverse CAGGTTCAGCAGGTAGACATCAGTG

CXCR2 Forward GGACATGGGCAACAATACAGCAAAC
Reverse AGAGCAGGAAGATGAGGACGACAG

SELE Forward AGAGTGGAGCCTGGTCTTACA
Reverse CCTTTGCTGACAATAAGCACTGG

Drug-Gene Interaction
To explore drug-gene interaction, we used the DrugBank>' (https:/go.drugbank.com/drugs) database to identify existing

or/and potentially relevant drug substances. Moreover, the Cytoscape software was utilized for data visualization.

Statistical Analyses
Data were analyzed using the R software. Differences between the two groups were analyzed using Student’s #-test, and
Mann—Whitney U-test. Statistical significance was judged when the p-value< 0.05 (two-sided). GraphPad Prism 9.2.0

was used for statistical analysis and image construction.
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Results

Identification of DEGs

Based on dataset GSE73661, we identified 155 DEGs, of which 29 of them were downregulated and 126 upregulated in
non-responders. We observed that most DEGs were upregulated in non-responders. These differentially expressed genes
were visualized by a volcano plot (Figure 2A). We also performed a differential analysis between patients with
responders and non-responders before using IFX, and a total of 470 genes were statistically different (Figure 2B).

As is shown in Figure 2C, to exclude differences between groups due to individual differences, we removed genes
that differed both before and after using IFX. A total of 147 DEGs were identified (119 upregulated genes and 28
downregulated genes). Differential genes before the use of IFX can be used to predict whether IFX will respond or not,
and differential genes after the use of IFX can be used to find therapeutic targets.

Functional Enrichment Analysis

GO and KEGG pathway analyses were then performed based on these DEGs. In the GO functional enrichment, the top
eight pathways were selected. In the BP category, the DEGs were mainly enriched in leukocyte and granulocyte
chemotaxis and migration. DEGs were markedly enriched in the external side of the plasma membrane, the apical part
of the cell, and the secretory granule lumen in the CC category. Enrichment of the MF category included cytokine
activity, cytokine receptor binding, and immune receptor activity (Figure 3A). The KEGG pathway enrichment analysis
indicated that the DEGs were mainly enriched in the cytokine-cytokine receptor interaction pathway, IL-17 signaling
pathway, TNF signaling pathway, and chemokine signaling pathway (Figure 3B). Meanwhile, we also performed the
enrichment analysis of the original matrix of the dataset by GSEA and found that the inflammatory and immune-related
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Figure 2 Identification of DEGs. (A) The volcano plots of all DEGs after IFX therapy in GSE73661. (B) The volcano plots of genes with statistical differences before IFX
therapy. (C) Venn diagram of the overlapping genes. The significant DEGs were identified with the threshold: adjust P value <0.05 and |log2 (Fold Change) |>1.5. Genes with
statistical differences were defined as adjusted P value <0.05. Blue and red spots represent downregulated and upregulated genes in non-responders compared to
responders.
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Figure 3 Functional enrichment analysis of the DEGs. (A) Gene Ontology (GO) analysis of DEGs. (B) Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analysis for DEGs.
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pathways were significantly activated in the non-responders, which coincides with the analysis results of GO and KEGG
(Figure 4).

PPl Network Construction

PPI network analysis was performed using the STRING database, where 147 DEGs removed the isolated nodes and
filtered out low-confidence nodes, finally remaining with 98 genes (Figure 5A). The PPI network consists of 98 nodes
with 566 edges. Visualization was performed using the Cytoscape software. The MCODE plugin was used to identify
important functional modules. Three cluster modules were identified based on the screening criteria (Figures SB-D).
Cluster 1 has a high score (score: 12,111, 19 nodes and 109 edges), followed by cluster 2 (score: 7714, 22 nodes and 81
edges), and cluster 3 (score: 4500, 5 nodes and 9 edges). Hub genes were filtered according to the Degree values using
the Cytohubba plugin. We found that the top five genes with Degree values greater than 35 (IL-6, IL1B, CXCL8, CCL2,
and MMP9) were also within the first module (Figure SE and F). Transcription factors bind to non-transcribed regions of
genes to regulate gene expression. The TF binding motifs of five hub genes associated with non-responders were tested
using the iRegulon plugin. We found that four genes except CXCLS received NF-kB1 regulation (Figure 5G).

Verification of Hub Genes
We performed a differential expression analysis of five hub genes in the validation dataset. In agreement with our predictions, five
hub genes specifically expressed in non-responders were significantly upregulated in their mRNA expression levels compared to
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Figure 4 Gene set enriched in chemokine signaling pathway (FDR < 0.001, NES = 2.42, adj. p-value < 0.001), gene set enriched in cell adhesion molecules cams (FDR <
0.001, NES =2.29, adj. p-value < 0.001), gene set enriched in cytokine-cytokine receptor interaction (FDR < 0.001, NES = 2.51, adj. p-value < 0.001), gene set enriched in
TOLL like receptor signaling pathway (FDR < 0.001, NES = 2.42, adj. p-value < 0.001), gene set enriched in NOD-like receptor signaling pathway (FDR < 0.001, NES = 2.40,
adj. p-value < 0.001), gene set enriched in JAK-STAT signaling pathway (FDR < 0.001, NES = 2.18, adj. p-value < 0.001). Screening criteria for significant gene sets included
ad]. p-value < 0.05 and FDR < 0.25.

Abbreviations: FDR, false discovery rate; NES, normalized enrichment score.
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responders (Figure 6A). Finally, the expression of these five hub genes was validated in colonic mucosal biopsies of UC patients
using IFX. A total of 12 colonic mucosal biopsies with moderate to severe UC were selected to determine the mRNA expression
levels of hub genes by RT-PCR. We found that IL-6, IL1B, CXCLS8, and CCL2 were significantly upregulated in non-responders
(Figures 6B-E). However, there was no significant difference in the expression of MMP9 in the biopsies of the 12 patients
(Figure 6F).
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Figure 6 The expression of hub genes was examined by RT-PCR, and GAPDH served as an internal reference. (A) Differential gene expression analysis in the GSE|6879
validation dataset. (B—F) RT-PCR analysis. ¥*P<0.05, **P<0.01, ***P<0.001, and ns, no significance.
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Figure 7 Drug-gene interaction network of target genes. Drugs are in blue, and target genes are in Orange.

Drug-Gene Interaction

The development of therapeutic agents targeting the hub genes in non-responders is a novel therapeutic strategy. The
drug-gene interaction network for target genes is shown in Figure 7. Thirty potential therapeutic agents for four target
genes have been identified (Five of these drugs can target both IL-6 and IL1B), including 11 for market approval
(Table 4). Among them, antagonists and inhibitors can be used in non-responders.

Discussion

UC is an idiopathic chronic inflammatory disease characterized by repeated periods of activity and remission. A subset of
patients with UC experienced a primary non-response or secondary loss of response to IFX therapy despite its
effectiveness.'” AGA guidelines recommend switching to tofacitinib or ustekinumab in patients with UC unresponsive
to IFX. With its excellent safety profile, vedolizumab may be a viable option for patients with mild disease.'* However,
there are few reports in the literature on the effectiveness of biologics after switching. In the published study, the authors
used machine learning techniques to predict the effect of PNR on IFX in UC patients.'® Some authors have also identified
predictors of IFX non-response in IBD patients by a cell-centered meta-analysis.>* Follow-up studies after IFX failure are
scarce. Based on the lack of response to IFX in UC patients, we searched microarray data from the GEO database for
potential new therapeutic targets.
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Table 4 The Drugs Approved to Interact with Target Genes

DrugBank ID Targets Name Pharmacological Action Actions
DBOIO0I7 ILIB Minocycline Unknown Modulator
DBI11967 ILIB Binimetinib Unknown /

DB06168 ILIB Canakinumab Yes Binder
DB05260 ILIB Gallium nitrate Yes Antagonist
DB06372 ILIB Rilonacept Unknown Binder
DB10772 ILIB Foreskin keratinocyte (neonatal) Yes Agonist
DB00843 ILIB Donepezil Unknown Inhibitor Inducer
DBI11967 IL-6 Binimetinib Unknown /

DB09036 IL-6 Siltuximab Yes Antagonist Antibody
DB10770 IL-6 Foreskin fibroblast (neonatal) Unknown Agonist
DB10772 IL-6 Foreskin keratinocyte (neonatal) Yes Agonist
DB01406 CCL2 Danazol Unknown Inhibitor
DB0930I CCL2 Chondroitin sulfate Unknown /

This study compared the colonic mucosal expression profiles of UC patients who responded to IFX therapy with those
who did not. 147 DEGs were identified for gene function analysis. GO and KEGG showed that DEGs are mainly
involved in the chemotaxis and migration of leukocytes as well as the inflammatory response. The PPI network analysis
of DEGs eliminated the isolated and low-confidence nodes. Hub gene screening and modular analysis revealed five hub
genes, IL-6, IL1B, CXCL8, CCL2, and MMP9 (all upregulated in non-response patients). We validated these five hub
genes in another dataset, consistent with the conclusions we obtained. The expression of five hub genes was then
validated in clinical biopsy samples, demonstrating that I1L-6, IL1B, CXCLS8, and CCL2 were upregulated in non-
responders. They are common inflammatory cytokines and chemokines but have not been previously reported to
associate with IFX non-response.

Interleukin 6 (IL-6) belongs to a family of pro-inflammatory cytokines. IL-6, transmembrane IL-6 receptor (mIL-6R)
or soluble IL-6 receptor (sIL-6R), binds to gp130 signaling subunit molecules to mediate IL-6 Signal Transduction.***
The classical IL-6 signaling pathway is initiated by the IL-6/IL-6R complex and two molecules of the signal transducer
gp130.%° Prolonged activation of this pathway leads to protein cleavage of the mIL-6R, causing the release of sIL-6R.
Additionally, sIL-6R can form complexes with IL-6, resulting in IL-6 trans-signaling,® which is mainly responsible for
chronic inflammation. Many drugs that target the IL-6 signaling pathway lack specificity and inhibit both classical and
trans-signaling pathways. IL-6 and IL-6R inhibitors are effective in treating rheumatoid arthritis, and their applications
also extend to other acute and chronic inflammation.*”-*® IL-6 is a pleiotropic cytokine in IBD patients. On the one hand,
IL-6 may be involved in the regulation of intestinal epithelial barrier integrity. On the other hand, IL-6 induces chronic
colitis by inhibiting T-cell apoptosis.>*** Therefore, the use of IL-6 inhibitors may also be accompanied by other side
effects. PF-04236921, a human anti-IL-6 antibody, is in Phase I clinical trials in Crohn’s Disease (CD) patients who had
had an inadequate response to anti-TNF therapy. The study concluded that treatment with PF-04236921 50 mg produced
clinical and symptomatic remission in patients with moderately to severely refractory CD who had failed TNF therapy.
Side effects such as gastrointestinal abscesses and perforation can also occur.*' Sgp130Fc (olamkicept) is an IL-6 trans-
signaling inhibitor that has been tested in clinical trials for patients with UC. In a double-blind placebo-controlled phase
IIb clinical study, it was administered to treat moderate-to-severe UC patients who did not respond adequately to
conventional therapy. It is noteworthy that the majority of patients (94.5%) had not been treated with biologics before.
After 12 weeks of treatment, clinical remission was observed in 0% (placebo), 6.7% (olamkicept 300 mg/injection), and
20.7% (olamkicept 600 mg/injection) of patients. It is important to note that the incidence of adverse events (AEs), such
as upper respiratory tract infections, elevated AST levels, and elevated urinary bilirubin levels, were similar in all groups.
These AEs were mostly mild to moderate and transient. No deaths or serious adverse events were associated with pan-IL
-6 inhibitors.*? It may be more reasonable to selectively block the IL-6 trans-signaling pathway rather than fully blocking
IL-6 with neutralizing antibodies.
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Interleukin 1 beta (IL1B) is a potent pro-inflammatory cytokine that plays a role in both innate and adaptive immune
responses. IL1B is involved in the development of intestinal inflammation in the absence of IL10R.* Blocking IL1B
inhibited DSS-induced colitis in mice.** Canakinumab, a human anti-IL-1 monoclonal antibody, has been FDA-
approved for treating Periodic Fever Syndromes and Still’s disease. It effectively controls patient progression, with the
most commonly reported AE being infection but most events being mild to moderate. Injection site reactions are mild or
moderate.*’ Anakinra, a recombinant human IL-1 receptor antagonist (IL-1RA), has shown efficacy in treating various
diseases including rheumatoid arthritis (RA), gout, and idiopathic pericarditis, to rare hereditary diseases. The safety
profile of anakinra has been well-established since its introduction in the United States in 2001. The most common
adverse drug reactions associated with anakinra treatment are injection site reactions, which are typically mild to
moderate in severity.*® One of the known reasons for IFX failure in IBD is the formation of anti-drug antibodies
(ADA).*" Previous studies have shown that the formation of IFX-TNF complexes is positively correlated with the
formation of ADA and that IFX-TNF complexes induce innate immune activation, leading to increased expression of
ILIB.** Therefore, ILIB levels may be elevated in non-responders. In our study, IL1B expression levels were
significantly increased in the colonic mucosa of non-responders compared with responders. Reduction of intestinal
IL1B expression by IL1B inhibitors reduces intestinal inflammation in non-responders.

CXCLS (Interleukin-8, IL8) is one of the earliest identified chemokines, and its main function is to guide the transport
of leukocytes to the sites of inflammation.*” The expression of CXCLS8 was increased in the colonic mucosa of patients
with active UC.>® By binding to its receptor, CXC chemokine receptor type 1 (CXCR1) and CXC chemokine receptor
type 2 (CXCR2), CXCLS recruits neutrophils to sites of inflammation. CXCR1/2 is widely co-expressed in immune cells,
and inhibition of CXCR1/2 reduces neutrophil recruitment in vivo.”" In animal trials, the CXCR2 antagonist (SB225002)
has significantly alleviated the DSS-induced colon inflammation in mice.’* Several studies have also demonstrated that
the CXCR2 gene deficiency is protective against DSS-induced colitis in mice.’® While the role of CXCR2 antagonists in
UC has not been extensively studied in clinical trials, early lung trials have shown promising results. Specifically,
a clinical trial involving the CXCR2 antagonist (SCH527123) reported that it was safe, well tolerated, and effective in
reducing sputum neutrophil counts in patients with severe asthma.’* In our study, non-responders had significantly
increased CXCR1/2 expression in the colonic mucosa compared with responders (Supplementary Figure 1A and B).
Therefore, IFX failure in UC patients could be treated by inhibiting the CXCL8-CXCRI1/2 axis.

CC chemokine ligand-2 (CCL2) is one of the chemokines secreted by immune system cells and plays an important

role in the migration of monocytes.’>>® CCL2 can participate in the inflammatory response. When tissues are infected
and damaged, large amounts of CCL2 are secreted to recruit CCR2-expressing cells to the site of injury.”’ Studies have
shown that CCL2 expression is increased in IBD patients.’® Tenascin C (TNC) and CCL2 expression were reduced in
IFX responders with UC. TNC may be a regulator of CCL2 expression, suggesting downregulation of CCL2.%’
Therefore, the use of CCL2 inhibitors may prevent monocytes from entering the site of inflammation, thereby reducing
inflammation.

GSEA enrichment results showed that, in addition to the activation of the cytokine-cytokine receptor and chemokine
pathways, cell adhesion molecule pathways were also significantly activated in non-responders. Ranked by logFC value,
E-selectin (SELE) was the largest gene in the cell adhesion molecule pathway. In the GSE16879 validation dataset, SELE
was upregulated in non-responders. Gene expression levels measured by RT-PCR in intestinal mucosal biopsies indicated
upregulation of SELE in non-responders (Supplementary Figure 1C). Selectins include L-, P-, and E-selectins. Selectins

and their receptors mediate the initial contact between neutrophils and endothelial cells and are involved in rolling
neutrophils along endothelial cells.* SELE expression is absent on the surface of resting endothelial cells but is
upregulated when endothelial cells are exposed to pro-inflammatory cytokines such as TNF-a and interleukins. SELE
regulates intestinal inflammation by participating in leukocyte trafficking, and by preventing leukocyte homing with
selectin inhibitors, it helps reduce the exaggerated immune response in colitis.®’ SELE regulates intestinal inflammation
by participating in leukocyte trafficking, and by preventing leukocyte homing with selectin inhibitors, it helps reduce the
exaggerated immune response in colitis.

The current study has several limitations. First, the number of patients in the database is relatively small. Furthermore,
this study lacked follow-up functional testing and mechanistic exploration. However, we think this study is meaningful.
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Bioinformatics analysis screened out the hub genes between responders and non-responders, providing evidence for
subsequent clinical treatment and switching to biological agents.

Biological agents clinically used in patients with UC can be divided into two categories: (1) agents that antagonize
pro-inflammatory cytokines and (2) agents that block lymphocyte homing. Integrins, selectins, and chemokines jointly
regulate leukocyte trafficking.®? Due to the high potency of anti-TNF biologics, anti-TNF drugs are usually the biologics
of choice for patients with moderate to severe UC. In the case of ineffective anti-TNF drugs, which drug to choose as an
alternative treatment has become the focus of clinicians’ research. We found that the expression of IL-6, IL1B, CXCL3,
CCL2, and SELE was significantly increased in IFX non-responders of UC patients. The use of antagonists of these hub
genes can reduce intestinal inflammation in IFX non-responders of UC patients, providing a basis for the selection of
subsequent biologics.

Conclusions

In summary, four potential targets (IL-6, IL1B, CXCL8, and CCL2) were finally identified by performing
a bioinformatics analysis of the datasets in the GEO database. Their expression was confirmed in colonic mucosal
biopsies of patients with UC. Some biologics for these targets have been used in clinical trials, and olamkicept has been
used in the treatment of patients with moderate-to-severe UC. These results can help to further explore the mechanism of
non-responders to IFX in UC and to provide potential targets for their subsequent treatment.
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