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Background: Anti-TNF medications are the first-line treatment for Crohn’s Disease (CD), despite the fact that a significant portion of 
the population continues to be ineffectively treated. This research aims to discover accurate intervention targets for the follow-up of 
anti-TNF non-responders using bioinformatics technology.
Methods: GSE16879, GSE111761, and GSE52746 retrieved from the GEO database. Unbiased differentially expressed genes (DEGs) 
were discovered utilizing the limma and RobustRankAggreg (RRA) tools. Then, we used weighted gene co-expression network 
analysis (WGCNA) to identify the module most strongly associated with non responders and subjected this module to Kyoto 
Encyclopedia of Genes and Genomes (KEGG) and Gene Ontology (GO) enrichment analysis with overlapping genes of the DEGs. 
GSEA analysis applied to check the results of GO and KEGG. Using the Cytoscape program, the protein-protein interaction (PPI) 
network was constructed. The software’s MCODE addon and CytoHubba addon was used to find the most important modules and the 
hub genes. Subsequently, we employed reverse transcription-polymerase chain reaction (RT-PCR) to confirm hub gene expression 
from mucosal biopsy specimens.
Results: There were a total of 142 genes co-upregulated and 65 genes co-downregulated. According to the WGCNA analysis, 42 
genes were duplicated inside the light cyan module. GO and KEGG enrichment analyses of overlapped genes in nonresponders 
demonstrated an increase in the expression of genes associated with inflammation and immune response, consistent with GSEA 
results. The PPI network was constructed using 41 protein nodes and 177 edges. After validation, 8 of the top 10 genes were verified to 
be differentially expressed.
Conclusion: Our investigation is the first to integrate three CD databases after the anti-TNF medication treatment. We identified 
IL1B, CCL4, CXCL1, CXCL10, CCL3, CSF3, TREM1, and IL1RN as potential therapeutic targets for patients whose anti-TNF 
treatment failed.
Keywords: Crohn’s disease, weighted gene co-expression network analysis, robust rank aggreg, therapeutic targets

Introduction
Crohn’s Disease (CD) is a typical group of inflammatory bowel disease, a chronic intestinal disease with an unclear cause 
that fluctuates between clinical remission and relapse. The disease may affect the entirety of the gastrointestinal tract, 
frequently manifesting as segmental, asymmetric, and transmural lesions. 21–47% of patients present with extraintestinal 
manifestations, which profoundly influence patients in terms of hospitalization risk, complications and quality of life.1 In 
2022, in addition to conventional medications such as corticosteroids, and thiopurines, monoclonal antibodies targeting 
inflammatory cells and cytokines (Infliximab, Adalimumab, Vedolizumab, ustekinumab) have emerged to provide 
effective symptom relief and promote healing of endoscopic ulcers.2
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Infliximab, the first anti-TNF monoclonal antibody administered intravenously, is currently the first-line treatment for 
Crohn’s disease, reducing hospitalization, surgery, and intestinal damage in moderate to severe patients. Adalimumab is 
another anti-TNF monoclonal antibody authorized for the treatment of Crohn’s disease.3 Nonetheless, only two-thirds of 
patients have an induced anti-TNF response, and half of these patients may lose the response over the course of many 
years.4 In addition, the long-term efficacy of switching to a second anti-TNF therapy after failing to establish remission 
with the first anti-TNF therapy is poor and considerably worse in patients with primary non-response.5,6 Other widely 
utilized biologics include vedolizumab, a humanized immunoglobulin G1 monoclonal antibody targeting the α4β7 
integrin on the surface of lymphocytes, and ustekinumab, a recently approved monoclonal antibody against the p40 
component shared by interleukins (IL)12 and IL23. Several studies have demonstrated that the efficacy of vedolizumab 
and ustekinumab in anti-TNF-exposed individuals is inferior to that of biologics naïve patients.6–8 The appropriate target 
and best technique for the aftercare of patients with Crohn’s disease who have failed first-line medication remain 
controversial.9 The study’s overarching objective is to determine which therapy targets are most useful for monitoring 
anti-TNF non-responders, with the hope of helping these patients achieve clinical and endoscopic remission as rapidly as 
possible and slowing the course of their disease.

The Gene Expression Omnibus (GEO) is the largest and most comprehensive online repository of gene expression data 
currently accessible to the public. We retrieved the microarray expression matrix of CD patients who had received anti-TNF 
therapy as part of our survey from this database. Unbiased differentially expressed genes for the several microarrays on the 
platform were determined using the RobustRankAggreg (RRA) method. Weighted gene co-expression network analysis 
(WGCNA) was utilized to identify the differential genes most strongly related to the trait of nonresponders. The STRING and 
Cytoscape plug-ins were then examined to figure out the most efficient probable targets.

Based on a comprehensive examination of changes in expression patterns between anti-TNF medication responders 
and nonresponders, our study identified numerous targets that may be beneficial to CD patients with refractory disease.

Methods
Figure 1 presents the flow of the disease dataset analyzed in this study.

Data Collection and Preprocessing
We searched the GEO website (https://www.ncbi.nlm.nih.gov/geo) with the keywords (Crohn’s disease) AND 
(“Infliximab” OR “anti-TNF”) AND (“intestine” OR “mucosa”), and among the results obtained, we included datasets 
that 1, contained adult patients who responded to the anti-TNF agent and those who failed to respond 2, were microarray 
sequenced, resulting in three datasets: GSE16879, GSE52746, and GSE111761. The series expression matrices and their 
accompanying files were downloaded from the GEO website. Since the GSE16879 dataset covers the expression spectra 
of 133 intestinal biopsies, we selected the expression profiles of ileal samples from 8 responding and 10 nonresponding 
patients who had received infliximab as GSE16879CDi; and colonic expression patterns from 11 responding and 7 
nonresponding patients as GSE16879CDc. In the GSE52746 microarray dataset, 7 patients responded to anti-TNF 
medication, while 5 did not. The GSE111761 dataset contains a total of six individuals: three responders and three 
nonresponders. Then we converted the probe ID into a gene symbol using GEOquery packages10 from R software (R 
4.2.0). In instances where multiple probe IDs were found to match a gene, the expression level for that gene was 
determined by calculating the mean value of all of those probe IDs. In addition, we rejected rows and columns that are 
missing more than half of their values.

Identification of Differentially Expressed Genes (DEGs)
We used the limma11 package to implement background correction and normalization while tallying the genes with 
p <0.05, |log2FC|>1. These genes were then subjected to the RobustRankAggreg (RRA)12 algorithm to acquire the 
differentially expressed genes (DEGs). The DEGs were defined as genes that satisfied p<0.05,|log2FC|>1 in all four 
databases.
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Construction of Co-Expression Network
Weighted gene co-expression network analysis (WGCNA)13 is a method that is used in systems biology to characterize patterns 
of gene association between different samples. It is also a method that can be used to identify highly synergistic sets of gene 
variation for data patterns that consist of multiple, and typically requires more than 15 samples. We merged GSE16879CDi and 
GSE16879CDc for the WGCNA analysis in order to achieve more reliable and refined results while taking into account the 
small sample size. To determine the similarity of expression, we first computed the correlation between the expression levels of 
the two genes across a matrix of numerous samples. To establish a co-expression network, WGCNA must convert the similarity 
matrix to the topological overlap matrix (TOM) by performing a morphological distribution adjustment. The key to this step is 
choosing an appropriate index parameter β so that the weight distribution of the adjacency matrix result is consistent with the 
morphological distribution to the greatest extent possible. Using the pickSoftThreshold function, we determined the optimal 
value for the exponential parameter β: 6 (Figure 2). Then the gene co-expression network was turned into a matrix of 
dissimilarities, and the genes were partitioned into various modules by dynamic shearing based on the hierarchical clustering of 
the tree diagram. Further, the correlation between gene expression within the module and module eigengene was evaluated.

Functional Enrichment Analysis
The clusterProfiler program was used to maintain the overlapping genes from DEGs and the most robust positive 
nonresponders correlation module for Gene Ontology(GO)14 and Kyoto Encyclopedia of Genes and Genomes(KEGG)15 

Figure 1 Flow chart of this study.
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pathway enrichment.16 GO analysis involves the biological process(BP), cellular component(CC), and molecular 
function(MF). The criterion was determined to be a false discovery rate (FDR) of less than 0.05. We used the combat 
package to fuse the four database expression profiles and the resulting meta-expression profiles were analyzed by GSEA.

Construction of Protein-Protein Interaction (PPI) Network and Selection of Hub 
Gene
Proteins and functional interactions of overlapping DEGs were predicted using the online database STRING (https://string-db. 
org/).17 Download the PPI network Interaction file, Medium Confidence > = 0.4. And the results were visualized using 
Cytoscape18 software. Furthermore, we identified hub genes employing the cytoHubba plug-in.19

Patient Cohort
The demographics and clinical characteristics of the patients are summarized in Table 1. Participants satisfied the 
necessary requirements: 1. patients with CD aged >18 years; 2. no previous exposure to anti-TNF agents; 3. patients 
were treated with adequate dosages of anti-TNF agent load (5/10 mg/kg) and got anti-TNF treatment at least 4 times 
between the time the patient was started on the medication and the time they were included in the study regularly; 4. no 
combination with other drugs during treatment; 5. no long-term antibiotic use during treatment and for 3 years prior to 
treatment.20 In the end, 16 patients with current inpatient intestinal biopsies were enrolled in this trial, with eight patients 
in each of the responder and nonresponder groups. As these 16 patients were all inpatients, infliximab was the only anti- 
TNF medication administered. Using a week’s worth of observational scoring, the Crohn’s Disease Activity Index 
(CDAI) is an essential indicator for calculating how active a patient’s condition is. We defined responder as a patient with 
a CDAI <150 along with a Simple Endoscopic Score for Crohn’s Disease (SES-CD) <5 assessed at least 14 weeks after 
the initial administration of infliximab; conversely, we rated it as a failure to respond if the patient did not meet the 
aforementioned criteria or suffered a dose increase that was not due to weight gain. All of the sections were graded 
according to their histological characteristics with the help of a pathologist.

Figure 2 Selection of the optimal soft threshold β.
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Biopsies were obtained at the ulcer’s edge during the active phase of intestinal inflammation, in the event of 
endoscopic healing, at the location where the ulcer developed prior to treatment administration. Prior to RNA extraction, 
all tissues were immediately frozen in RNAlater at −80 degrees Celsius (Eppendorf) for long-term storage.

Reverse Transcription-Polymerase Chain Reaction (RT-PCR)
Total RNA was extracted from intestinal tissue using the TRIzol (Invitrogen) reagent and then converted into cDNA 
using the PrimeScriptTM1strand cDNA synthesis kit (Takara). RT-PCR reaction was carried out with 
PowerUPTMSYBRTM Green Mix (Thermo Fisher Scientific), and ABI STEPONE PLUS ran fluorescence detection 
program. The relative expression of the measured genes was normalized to GAPDH and then calculated according to the 
2−ΔΔCt method. The specific primer sequences of hub genes are shown in Table 2.

Statistical Analysis
We employed GraphPad Prism 8.0.1 software to analyze the differences between the two groups and the RT-PCR results. 
Continuous variables in the patient information were examined first for normality and chi-squareness. If both were 
satisfied, we used the Student’s t-test to obtain p-values, and vice versa; where one condition was not satisfied, we used 
the Mann–Whitney U-test for analysis. The Mann–Whitney U-test estimated comparing hub genes in the intestine tissues 
of responding and nonresponding patients. A statistically significant difference was considered if p<0.05.

Table 1 Baseline Demographics and Clinical Characteristics. Continuous Variables 
Were Described Using the Median (IQR). IQR, Interquartile Range

Group(n) Responder(n=8) Nonresponder(n=8) P value

Male/female 8/0 6/2 –

Age 42(23–57) 26.5(21–34) 0.28

Disease duration(years) 10(1.08–21) 4.5(2–7) 0.37
CDAI score 38.22(18.66–71.33) 197.16(162.96–264.16) <0.001

SES-CD score 1.5(0–3) 6(3–7) 0.01

ESR 5.5(2–8) 23.5(13–65) 0.002
CRP 2.17(1.62–5.81) 14.77(3.21–33.79) 0.1

Location
Ileum (%) 0(0%) 2(25%) -

Colon (%) 3(37.5%) 1(12.5%) -

Ileocolon(%) 5(62.5%) 5(62.5%) –

Table 2 qPCR Primers

Gene Forward Primer (5’-3’) Reverse Primer (5’-3’)

GAPDH ACCCACTCCTCCACCTTTGACG TCTCTTCCTCTTGTGCTCTTG
IL1B ATGATGGCTTATTACAGTGGCAA GTCGGAGATTCGTAGCTGGA

CCL4 TCTGCGTGACTGTCCTGTCTCTC TCTACCACAAAGTTGCGAGGAAGC
IL6 ACTCACCTCTTCAGAACGAATTG CCATCTTTGGAAGGTTCAGGTTG

CXCL1 GCTCTTCCGCTCCTCTCA ACGGACGCTCCTGCT

CXCL10 GTGGCATTCAAGGAGTACCTC TGATGGCCTTCGATTCTGGATT
CCL3 CATGGCTCTCTGCAACCAGTTCTC CTGGCTGCTCGTCTCAAAGTAGTC

CSF3 CAGCAGATGGAAGAACTGGGAATGG ACGACACCTCCAGGAAGCTCTG

FCGR2A GTGCTGGGATGACTATGGAGA GTCTGCAGAAGCCAGCAGC
TREM1 CTTGGCAGATAATAAGGGACGG CGGACGCGCAGTAAACCAT

IL1RN GTGCCTGTCCTGTGTCAAGTCTG GCCACTGTCTGAGCGGATGAAG

Journal of Inflammation Research 2023:16                                                                                          https://doi.org/10.2147/JIR.S422881                                                                                                                                                                                                                       

DovePress                                                                                                                       
4621

Dovepress                                                                                                                                                              Yao et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Results
Identification of DEGs
Limma was utilized to normalize and process the expression of anti-TNF-treated samples on four microarray matrices. 
Genes meeting the criteria of p<0.05 and |log2FC|>1 were selected for subsequent analysis, and the expression levels of 
these genes in each database were visually represented using volcano plots (Figure 3A–D). A RRA analysis was 
conducted to evaluate the statistical expression of genes across the various data sets. If we set the criterion that 
p<0.05, 142 upregulated DEGs and 65 downregulated DEGs were discovered in nonresponders. Figure 3E depicts the 
top 10 previously upregulated and downregulated genes.

Construction of Co-Expression Modules
We utilized the R package WGCNA to construct gene co-expression networks, access modules of co-expressed genes, 
and investigate the link between each module and nonresponders. Twelve modules were discovered in the GSE16879 
database after hierarchical clustering, dynamic sectioning, and merging of comparable modules (Figure 4A). Intriguingly, 
the light cyan module (r=0.57, p=3e-04) was most positively related with a lack of response to anti-TNF therapy and 
comprised 1000 genes that would be incorporated into the upcoming research (Figure 4B).

Gene Functional Enrichment Analysis
42 genes spanning between DEGs and the light can module were upregulated (Figure 5A). We conducted GO and KEGG 
enrichment analysis to further investigate the potential roles of intersection genes. The most apparent enrichment of BP 
in the GO analysis was in response to molecules of bacterial origin and leukocyte movement. The CC category involved 
predominantly tertiary granules. Within the context of the MF category, there was an increase in cytokine activity, 
receptor-ligand activity, and activator activity of signaling receptors (Figure 5B).

KEGG analysis prior to 20 enriched for immune-related pathways, including those associated with cytokine activation 
such as cytokine−cytokine receptor interaction, IL−17 signaling pathway, TNF signaling pathway; immunologically 
related disease pathways, such as lipid and atherosclerosis, rheumatoid arthritis, amoebiasis; and primary immune-related 
pathways, containing Toll-like receptor signaling pathway, cytosolic DNA−sensing pathway, B-cell receptor signaling 
pathway (Figure 5C). This showed that inflammation and immunological response were the primary functions of the 
overlapped genes.

By utilizing the expression matrix encompassing all genes within the dataset, Gene Set Enrichment Analysis (GSEA) 
was conducted to ensure the identification of pathways that are crucial in patients who exhibit a lack of response. 
Following our expectations, GSEA analysis of merged expression profiles from four databases delivered outcomes 
comparable to GO and KEGG, predominantly enriching immune and inflammation-related pathways. Figure 5D dis-
played the top 5 pathways ranked by Normalized Enrichment Score (NES), among them was the differential gene- 
enriched cytokine-cytokine receptor interaction pathway.

PPI Network Construction and Hub Gene Detection
The 42 DEGs were imported into the STRING database to map the protein interaction network consisting of 41 protein 
nodes and 177 edges, which was then displayed using Cytoscape software (3.9.1) (Figure 6A). Each node in the PPI 
represented a protein, and the letter that corresponded to each node was the gene symbol for the corresponding gene. 
Each edge represented interactions between proteins. The degree was the number of connections a protein had with the 
other proteins. Using Cytoscape software, we computed the degree value for each protein in the PPI, which we then 
mapped to color; the greater the degree value of the protein, the darker and redder the color. The MCODE plug-in 
indicated that the network featured a crucial module (Figure 6B). Central genes in the network were identified as the top 
10 sequenced genes according to the MCC algorithm of cytoHubba (Figure 6C): IL6, IL1B, triggering receptor expressed 
on myeloid cells-1 (TREM1), IL1RN, CCL3, CCL4, CXCL1, CXCL10, FCGR2A, and colony-stimulating factors 3 
(CSF3). To confirm the validity of the hub gene screen, we acquired 10 disease targets from the Genecards database 
using the term “Crohn’s disease” and scored highly on all 10 of these targets (Supplementary Table 1).
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Figure 3 Identification of DEGs. (A–D) The volcano plots depicted the gene expression patterns across four databases. Genes exhibiting p<0.05 and log2FC>1 were 
classified as up-regulated genes and represented by red dots. Conversely, genes with a p<0.05 and log2FC<-1 were classified as down-regulated genes and represented by 
blue dots; (E) Heatmap of the top 10 up- and down-regulated DEGs from the RRA algorithm.
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Validation of Hub Genes Using RT-PCR
We completed RT-PCR on intestinal mucosa from 16 patients to further validate these ten hub genes. IL1B, CCL4, 
CXCL1, CXCL10, CCL3, CSF3, TREM1, and IL1RN (Figure 7A–H) were significantly elevated in the non-responsive 
group relative to the treatment responding group. Regrettably, IL6 and FCGR2A mRNA levels did not differ significantly 
between responders and nonresponders (Figure 7I and J), although nonresponders tended to have higher levels. It should 
be noted that we have eliminated outliers from the CCL4, IL6 relative expression values in order to acquire more 
accurate results.

Discussion
A considerable number of moderate-to-severe CD patients treated with anti-TNF have unfavorable clinical outcomes. 
Despite their urgent need for quick remission, viable treatment targets for subsequent therapy remain elusive for these 
refractory patients. We downloaded expression matrices from intestinal biopsies of CD patients after anti-TNF antibody 
treatment from public datasets and then analyzed the expression patterns of nonresponders using information from 
multiple databases in an effort to identify novel therapeutic targets for the benefit of CD patients with refractory disease.

We initially evaluated the variations in gene expression at the transcriptome level between anti-TNF medication 
responders and non-responders in the intestinal mucosa. In this stage, the limma software and the RRA method were 
coupled to identify co-differentially expressed genes across several databases. In the interim, we did WGCNA analysis to 
identify the gene module most highly linked with the clinical trait of nonresponders, the light cyan module, and genes 
from this module were selected for future investigation. We hypothesized that genes associated with the lack of response 
to treatment following anti-TNF antibody injection and that were significantly differentially expressed in multiple 
databases could be targets for future alternative treatments. Accordingly, we selected 42 genes located at the intersection 
of DEGs and midnight blue modules for functional analysis and the construction of PPI networks. Consistent with our 
expectations, GO and KEGG results indicated that inflammation remained hyperactive in the intestines of nonresponders, 
with high enrichment of inflammatory cells, inflammatory cell-associated chemokines, and cytokine-related pathways. 
Then, ten genes were screened and validated, resulting in the identification of eight markedly different expressed genes 
between groups.

Figure 4 Weighted gene co-expression network analysis (WGCNA). (A) The cluster dendrogram of co-expression genes in GSE16879; (B) Module-trait correlation 
heatmap.
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Due to the gender imbalance in the validation sample available to us, we used the responder samples from GSE52746 
for comparison of 10 hub genes to prevent gender bias from causing differential results. There was no significant 
difference in gene expression between males and females for the eight genes in GSE52746 (FCGR2A and CCL3 were 
not included in this dataset) (Supplementary Figure 1). To validate our conclusions in a larger sample, we compared male 
and female patients in inflammatory and non-inflammatory intestinal specimens from the dataset GSE100833. The results 
indicated that our ten chosen hub genes were also not expressed differently in males and females (Supplementary 
Figures 2 and 3); in other words, the DEGs we validated were caused by response and non-response.

Chemokines CCL3, CCL4, CXCL1, and CXCL10 were significantly up-regulated among the ten hub genes that we 
examined in patients who did not respond to treatment. Chemokines are a class of 8–14 kDa small molecule structure- 
associated proteins that can stimulate leukocyte migration and irritative cell activation.21 IBD ulcerative lesions are 
accompanied by a significant infiltration of inflammatory cells, including T lymphocytes, macrophages, neutrophils, and 
plasma cells. CCL3 (also known as macrophage inflammatory protein-1, MIP-1) and CCL4 (also known as macrophage 
inflammatory protein-1, MIP-1) belong to the group of β-chemokines, which are believed to primarily attract monocytes 
and T-lymphocytes. Th1 cells, which have been found to dominate the pathogenic inflammatory response in CD patients 
and constitute the majority of activated CD8+ T cells, often express the CCR5 coreceptors CCL3 and CCL4. Intriguingly, 

Figure 5 Functional enrichment analysis of overlapped DEGs. (A) Venn diagram of DEGs with Midnight blue module; (B) The top 8 significant GO terms; (C) The top 20 
significant KEGG signaling pathways; (D) The five GSEA enrichment pathways with the highest Normalized Enrichment Score (NES) in the meta-expression profile.
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monocyte conjugation with the intercellular adhesion molecule (ICAM)-1 augments CCL3 release, which may be an 
effective strategy to boost cell recruitment in the setting of proinflammatory reactions.22 However, it has been well 
documented that CCL3 and CCL4 are also powerful neutrophil chemotactic agents.23 Neutrophils at the region of 
inflammation release protein hydrolases as well as oxygen and nitrogen radicals that are capable of causing tissue 
damage. All chemokines were much more abundant in severely inflamed intestinal mucosa than in healthy participants or 
at resting disease stage. The expression of CCL3 and CCL4 was significantly elevated in intestinal epithelial cells, 
inflammatory cells, and stromal cells, and in CD patients more so than in UC patients, regardless of disease activity.24 

Consequently, blocking CCL3 or CCL4 is anticipated to markedly limit the migration of inflammatory cells to the colon 
and induce clinical remission. In comparison, the chemokine CXCL1 is likewise an extremely potent neutrophil 
attractant. According to reports, CXCL1 is crucial for Th17 development, as well as reactive oxygen species generation 
and neutrophil extracellular trap creation. Boro M. established for the first time in recent investigations that CXCL1 also 
activates macrophage NLRP3 inflammatory vesicles, which are necessary for immunological activity.25–27 CXCL1 
expression is elevated in the interepithelial compartment and inflammatory cells of patients with inflammatory bowel 
disease (IBD).28 CXCL10, the final chemokine, induces a Th1 response at the site of induction by increasing the release 
of pro-inflammatory cytokines from monocytes in a nonredundant manner and by attracting cells expressing its CXCR3 
receptor in a manner similar to the other three chemokines.29 CXCL10 expression was significantly raised in colonic IBD 
and entirely normalized in infliximab responders, suggesting its potential utility in patients with inferior outcomes.28 

Despite the failure of the CXCL10 eldelumab antibody to meet primary and secondary endpoints in Phase II clinical 
trials in patients with CD, both clinical and endoscopic evaluations demonstrated efficacy trends, which were more 
pronounced in the cohort of patients with SES-CD baseline of greater over 2.30 In addition, the anti-TNF - naive group 
and the anti-TNF-defective group attained comparable levels of endoscopic improvement. We believe that in the future, 

Figure 6 Analysis of protein interactions. (A) PPI network of 42 genes. (B) The only important module. (C) Ten Hub genes identified by MCC.
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Figure 7 Validation results of the target. (A), IL1RN (B), CXCL10 (C), CCL4 (D), TREM1 (E), CSF3 (F), CXCL1 (G), IL1B (H) CCL3 (I), IL6 (J) FCGR2A. *p value<0.05, 
**p value<0.01, ***p value<0.001, ns means p<0.05.
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directing chemokines to specific cell subsets to restrict the trafficking of inflammatory cells to the patient’s gut while 
modifying the immune response may be a potent therapeutic, but one that requires additional development and 
refinement.

In addition to the four chemokines discussed previously, the cytokine-encoding mRNA levels of IL1B, IL1RN, and 
CSF3 were considerably greater in patients with TNF antibody resistance than in responsive patients. Over the past 
several decades, dysregulation of the cytokine network in intestinal inflammation has been discovered as a key 
pathogenic cause of disease and has been successfully used in clinical practice. Cytokine-targeted medicines have 
revolutionized the treatment of IBD, and further cytokine-targeted alternatives are currently being explored.31 IL1B 
encourages the formation of Th17 cells and the generation of IFN, both of which have proinflammatory effects. A few 
studies have also demonstrated that IL1B is related with a lack of response to anti-TNF therapy and may be a potential 
target for nonresponders.32,33 The application of single-cell sequencing technology has revealed a variety of cell 
subpopulations with high IL1B expression that are associated with therapy resistance, bolstering IL1B’s potential as 
a future target.34,35 However, the field of application of anti-IL1B antibodies in patients with IBD is yet undeveloped and 
requires confirmation through substantial clinical trials. IL1RA, encoded by IL1RN, binds IL1R competitively and is 
a natural IL1 antagonist. It has been demonstrated that IL1RA induces remission of symptoms in rats with DSS-induced 
colitis and in people with IBD.36 Studies of single nucleotide polymorphism in Danish populations suggest that 
a genetically determined reduction in IL1RA is associated with a lack of therapeutic response.32,33 In the current 
experiment, however, greater IL1RN mRNA rates were measured in the non-responder treatment cohort, possibly 
because high IL1RA levels were unable to counteract the similarly significant increase in IL1B. Providing patients 
with enough IL1RA to neutralize unbalanced IL1B may alleviate their clinical symptoms. CSF3, unlike the first two 
cytokines, is crucial for maintaining intestinal homeostasis. It is an intermediary between innate and adaptive immunity, 
encouraging the generation, survival, and activity of neutrophils, promoting the proliferation of Treg cells, inhibiting Th1 
immune response but activating Th2 immunological response, etc. Inflammatory stimuli induce CSF3 synthesis, which is 
at least 116-fold more in inflamed IBD tissue than in non-inflamed tissue.37 CSF3, on the other hand, is implicated in 
multiple epithelial repair pathways in intestinal epithelial injury, and insufficient levels may even aggravate DSS-induced 
colitis;38 hence, the pharmacological intensity of targeting CSF3 must be tightly controlled.

A notable differentially represented gene, TREM1, encodes a receptor that is predominantly expressed on innate 
immune cells like mononuclear phagocytes (MNPs) and neutrophils. High ileal TREM-1 expression in Crohn’s disease is 
attributable to an increased frequency of immature, pro-inflammatory macrophages and CD11b+ granulocytes with high 
intestine TREM-1 expression; CD14+ monocytes may be responsible for the inferior treatment response in some cases.39 

Intriguingly, Charles Caër et al40 found that blockade of both monocytes of the TNF pathway and TREM1 within the 
intestinal mucosa of CD patients resulted in a greater decrease in IL6 than anti-TNF alone. IL6 exerts a potent pro- 
inflammatory effect, which we shall discuss later. Anti-TREM1 may be a promising complement to TNF antagonist 
therapy for the management of patients in partial remission.

Furthermore, there was no statistically significant difference in IL6 and FCGR2A levels between the two groups, but 
there was a trend toward an increase in the group of non-responders relative to the group of responders. Considering its 
multiple proinflammatory effects, IL6 is a viable choice for the treatment of CD. PF-04236921, an IL6-complete human 
immunoglobulin G2 monoclonal antibody, caused remission in moderate-to-severe CD patients who had not responded to 
earlier anti-TNF therapy, according to the findings of a phase II clinical trial.41 It is essential to mention that gastro-
intestinal perforation and abscesses were frequent side effects in this experiment. In line with this finding, Raquel Franco 
Leal et al42 deduced through whole transcriptome analysis of the colonic mucosa of CD patients that IL6 was up- 
regulated by anti-TNF treatment in both responders, and additional experimental evidence is required to determine if 
anti-IL6 therapy may provide any additional benefit to non-responders. A second target, FCGR2A, is expressed on 
several immune cells and is closely connected to acute inflammatory pathways and pathogen-associated recognition 
receptors.43 Studies on UC have shown that FCGR2A promotes the release of inflammatory cytokines through multiple 
mechanisms;44 thus, targeting FCGR2A may have advantages over other single cytokine blockades. The exact utility in 
treatment-resistant patients, by analogy with IL6, still needs to be investigated.
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Also, there are limitations to our study. First, as a result of the CD intestinal mucosal microarray’s limitations and the small 
number of patients included, our screening capacity was significantly lowered. There were differences between the three 
included databases in their definitions of non-response and the period over which samples were collected, which may have 
given some degree of bias to our results. Moving forward, we missed some Adalimumab patients because we were recruiting 
inpatient patients and will need to include these patients in the future and expand the sample size to determine the efficacy of the 
screening goal. To the best of our knowledge, however, this is the first study to incorporate multiple post-usage anti-TNFα drug 
datasets for analysis and validation in clinical patients. Our findings will be informative in selecting the most appropriate 
subsequent regimen for patients with non-responsive CD to anti-TNFα.

Conclusions
Our investigation is the first to integrate three CD databases after the anti-TNF medication treatment. Following various 
algorithms such as RRA, WGCNA, and PPI, we used intestinal biopsy specimens from CD patients for validation and identified 
IL1B, CCL4, CXCL1, CXCL10, CCL3, CSF3, TREM1, and IL1RN as potential therapeutic targets for patients whose anti- 
TNF treatment failed. This will provide guidance for future drug development and selection for refractory CD patients.
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CD, Crohn’s Disease; DEGs, differentially expressed genes; RRA, RobustRankAggreg; WGCNA, weighted gene co- 
expression network analysis; KEGG, Kyoto Encyclopedia of Genes and Genomes; GO, Gene Ontology; PPI, protein-protein 
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