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Constructing models for Crohn's
disease diagnosis and prediction
of infliximab non-response
based on angiogenesis-
related genes
Chenwei Zheng1,2†, Xiangbo Chen1,2*†, Yujing Ke1,2, Xiaolin Xu1,2,
Chao Wu1,2 and Lingling Jiang1,2

1School of Clinical Medicine, Fujian Medical University, Fuzhou, Fujian, China, 2Department of
Gastroscopy, Fujian Medical University Affiliated First Quanzhou Hospital, Quanzhou, Fujian, China
Background: Angiogenesis response plays a crucial role in the occurrence and

development of Crohn’s disease (CD) andmay involve themechanism of infliximab

non-response. However, the role of angiogenesis-related genes in Crohn’s disease

has not been comprehensively studied. This study aimed to explore the expression

profiles of angiogenesis-related genes in CD patients and construct models for

disease diagnosis and prediction of infliximab non-response.

Methods: CD-related microarray datasets were collected from the GEO

database. Unsupervised consensus clustering analysis was performed based on

differentially expressed angiogenesis-related genes to divide CD samples into

two distinct clusters. Weighted gene co-expression network analysis (WGCNA)

was conducted on the clusters to identify angiogenesis-related module. Based

on the differentially expressed genes in the module, machine learning algorithms

were employed to further identify hub genes and construct a disease diagnostic

model. Subsequently, treatment outcome-related genes were extracted from

these hub genes, and a predictive model for infliximab non-response in CD

patients was ultimately built.

Results: Basedon angiogenesis-related genes,we identified twodistinct CDclusters (C1

and C2). Compared to C1, the metabolic pathways in C2 were significantly upregulated,

and there was a higher abundance of cell clusters such as M1 macrophages and plasma

cells. Additionally, C2 showed a poorer response to infliximab. Furthermore, a predictive

model for infliximab non-response in CD patients was constructed based on the hub

genes, and it was successfully validated using an external dataset.
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Conclusion: Comprehensive analysis of angiogenesis-related genes revealed

different clusters of CD, which exhibited differential response rates to infliximab.

The construction of models provides a reference for disease diagnosis and drug

selection, aiding in clinical decision-making.
KEYWORDS

Crohn’s disease, bioinformatics analysis, machine learning, infliximab, angiogenesis,
prediction model
1 Introduction

Crohn’s disease (CD) is a subtype of inflammatory bowel disease

(IBD) that has a chronic and relapsing-remitting course, which is

influenced by genetic, environmental, and microbial factors (1, 2). The

incidence of CD is increasing in emerging industrialized countries in

Africa, Asia, and South America (3). Although anti-TNF drugs like

infliximab are effective in treating themajority of Crohn’s disease patients

(2, 4), up to 30% of patients experience primary non-response to

infliximab therapy (5). This increases the risk of adverse drug reactions

and imposes a significant economic burden on the patients. However, the

reasons behind treatment failure have yet to be fully understood.

Angiogenesis is a characteristic feature of chronic inflammation

(6), and microvascular angiogenesis is profoundly influenced by

inflammation in IBD (7, 8). This process is closely associated with

the pathogenesis of IBD and disease severity (9–11). Furthermore,

vascular endothelial growth factor (VEGF), a protein related to

angiogenesis, has been reported as a predictive marker for the

response to infliximab therapy. Patients with higher baseline levels

of VEGF in their blood exhibit a poorer response to infliximab

treatment (12). Despite this, there is still a limited understanding of

angiogenesis-related genes in the intestinal mucosa of CD patients.

In this study, we aimed to comprehensively investigate the

relationship between angiogenesis-related genes and Crohn’s disease

(CD). Based on differentially expressed angiogenesis-related genes, we

divided CD samples into two clusters (C1 and C2) and analyzed their

distinct biological characteristics and response to infliximab treatment.

Using machine learning methods, we identified hub genes involved in

disease occurrence, development, and angiogenesis. We then

constructed predictive scoring systems for disease diagnosis and

infliximab treatment response based on these hub genes. We hope

that our research will contribute to the advancement of personalized

treatment strategies for Crohn’s disease.

2 Methods

2.1 Data collection

Figure 1 illustrates the workflow of our study, which involved

collecting relevant datasets of intestinal mucosal biopsies from
02
Crohn’s disease (CD) patients from the GEO database (13). The

datasets included GSE112366 (362 CD samples; 26 control samples)

(14), GSE186582 (138 CD patients without anti-TNF treatment; 25

controls) (15), GSE16879 (20 CD patients with response to

infliximab; 17 CD patients with no response to infliximab) (16),

and GSE111761 (3 CD patients with response to infliximab; 3 CD

patients with no response to infliximab) (17). The datasets were

normalized and log2-transformed using the R package “limma”

(18). The hallmark gene sets are provided by the Molecular

Signatures Database (MSigDB). They consist of carefully curated

50 gene sets, representing a wide range of biological processes or

pathways. So we downloaded the angiogenesis-related hallmark

gene set (HALLMARK_ANGIOGENESIS) from the MSigDB,

which includes 36 genes (19).
2.2 Identification of differentially expressed
genes related to angiogenesis and gene
expression correlation analysis

The R package “limma” was used to screen a set of angiogenesis-

related genes (HALLMARK_ANGIOGENESIS) consisting of 36

genes. We set a significance threshold with a p-value < 0.05 to

identify differentially expressed angiogenesis-related genes between

362 CD samples and 26 control samples in the GSE112366 dataset

(18). Subsequently, we calculated the Pearson correlation

coefficients among the identified genes using the “cor” function

and visualized the results using the R package “corplot.”
2.3 Unsupervised consensus
clustering analysis

Unsupervised consensus clustering analysis was performed based

on the 15 differentially expressed angiogenesis-related genes. The

reason we performed this process was to distinguish CD

angiogenesis-related clusters. The R package “ConsensusClusterPlus”

was used to assign consensus scores to 362 CD samples in GSE112366

and perform clustering based on the optimal number of clusters (20).

The quality of clustering was confirmed using principal component
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analysis (PCA), and the expression level of the screened angiogenesis-

related genes in different clusters were visualized using the R

package “pheatmap”.
2.4 Enrichment analysis and immune
infiltration analysis

To better understand themolecular biological characteristics of two

different CD clusters, we conducted enrichment analysis on clusters

based on the hallmark gene sets (h.all.v2023.1.Hs.symbols.gmt)

downloaded from the MSigDB. Single-sample gene set enrichment

analysis was conducted using the R package “GSVA” to obtain

enrichment scores (21). Enriched terms with a p-value < 0.05 were

considered statistically significant. The enriched pathways were

visualized using bar plots. The CIBERSORT algorithm was used to

analyze the immune cell infiltration in different clusters (22).
2.5 Identification of Crohn’s disease hub
genes and construction of
diagnostic model

To further explore valuable genes associated with angiogenic

responses in CD, we utilized the R package “WGCNA” to perform

weighted gene co-expression network analysis (23). Based on this

analysis, modules related to CD clusters were identified. Since the two
Frontiers in Immunology 03
CD clusters were identified based on angiogenesis-related genes, the

module with the highest correlation and smallest p-value was defined

as the angiogenesis-related module (ARM). The differentially

expressed genes between CD patients and healthy controls were

identified using the online analysis tool GEO2R from the GEO

database (13). The differentially expressed genes and the genes in

the angiogenesis-related module were intersected to obtain the

differentially expressed angiogenesis-related module genes. These

genes are not only associated with the pathogenesis of CD but also

linked to angiogenesis, hence holding value for further research.

Based on the identified genes, we compared the areas under the

receiver operating characteristic (ROC) curve (AUC) of three

machine learning algorithms: generalized linear model (GLM),

random forest (RF), and support vector machine (SVM), to

identify the algorithm with better classification performance (24,

25). The ROC curve is a graphical representation used to illustrate

the trade-off between sensitivity and specificity of a binary

classification model at different thresholds, while AUC is a

numerical measure that quantifies the entire ROC curve. It is a

commonly used metric for evaluating the performance of binary

classification models. The training set comprised 70% of the sample

size, while the validation set comprised 30%. Upon comparison, the

RF algorithm exhibited superior performance. Therefore, in this

study, we utilized the R software package ‘randomForest’ to identify

the top 5 most meaningful genes as hub genes related to the

occurrence and development of CD and associated with

angiogenesis. Based on these 5 genes, we split the dataset into a
FIGURE 1

Overall flowchart for the study.
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training set (70%) and a validation set (30%). Subsequently, a

disease diagnostic model was constructed. Finally, we evaluated

the model’s performance in the GSE186582 dataset, and the

confidence interval (CI) of AUC was calculated using the

Bootstrap method.
2.6 Immune cell correlation analysis and
clinical correlation analysis

For gaining a deeper insight into the influence of hub genes,

spearman correlation analysis was performed to assess the

correlation between the identified hub genes and the infiltration

of immune cells in CD patients, as well as the Crohn’s disease

simplified endoscopic score (SES-CD). The SES-CD is a scoring

system developed for assessing the severity of CD under endoscopy,

which has good clinical applicability (26). A p-value < 0.05 was

considered statistically significant. The results were visualized using

the R packages “ggplot2”, “ggpubr”, and “ggExtra”.
2.7 Constructing a predictive model for
infliximab non-response

In order to investigate the response to infliximab therapy in

different CD clusters, the CD patients from the dataset GSE16879

were also divided into two clusters (C1 and C2) based on the

differentially expressed angiogenesis-related genes. The difference

in the response to infliximab between the two clusters were

compared using Fisher’s exact test. If the p-value was < 0.05, it

was considered statistically significant. Based on the previously

identified hub genes, Lasso regression analysis was performed to

further identify the characteristic genes associated with different

responses to infliximab and construct a predictive model for

infliximab non-response. This process was implemented using the

R package “glmnet” (27). The nomogram was constructed using the

R package “rms.” The predictive performance of the model was
Frontiers in Immunology 04
demonstrated using AUC, and the stability of the model was further

validated in the dataset GSE111761.

3 Results

3.1 Identification of differentially expressed
genes related to angiogenesis and gene
expression correlation analysis

We compared the differential expression of 36 angiogenesis-

related genes between the CD intestinal mucosal tissues and normal

controls. Among them, the expression differences of 15 genes

(COL3A1, CXCL6, FGFR1, JAG1, NRP1, PF4, POSTN, PTK2,

SLCO2A1, SPP1, STC1, TIMP1, TNFRSF21, VAV2, VCAN) were

statistically significant (Figure 2A). We defined them as

differentially expressed angiogenesis-related genes (DEARGs) and

used them for subsequent analysis. Co-expression analysis of genes

revealed regulatory relationships among DEARGs, with most of the

genes showing positive regulation (Figure 2B).
3.2 Clustering of Crohn’s disease patients
based on DEARGs

Based on the identified DEARGs, we divided CD samples into

two clusters. As shown in Figures 3A, B, this clustering method

effectively distinguished different clusters of Crohn’s disease (C1

and C2). Subsequently, we compared the expression of DEARGs

between the two clusters and found that PTK2 and VAV2 were

downregulated in the C2 cluster, while the rest of the genes involved

in positive regulation of angiogenesis were upregulated (Figure 3C).
3.3 GSVA enrichment analysis and immune
infiltration analysis of CD clusters

GSVA enrichment analysis of different CD clusters revealed

that the metabolism and oxidative reactions were more active in C2

cluster, with the upregulation of bile acid metabolism being the
A B

FIGURE 2

Expression and co-expression analysis of angiogenesis-related genes. (A) Differential expression of angiogenesis-related genes in CD samples and
control samples, *p < 0.05, **p < 0.01 and ***p < 0.001). (B) Co-expression analysis of differentially expressed angiogenesis-related genes.
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most significant. Meanwhile, C1 cluster was associated with

pathways involving cell proliferation, apoptosis, and type I

interferon response (Figure 3E). The study also analyzed

immunocyte infiltration and discovered differences in the

expression of most immune cells between the two clusters.

Neutrophils, activating mast cells, M1 macrophages, plasma cells,

and monocytes were more abundant in C2 cluster, while CD8+ T

cells, regulatory T cells, M2 macrophages, and resting mast cells

showed higher abundance in C1 cluster (Figure 3D).
3.4 Identification of hub genes and
construction of diagnostic model

In the study of CD samples, a Weighted Gene Co-expression

Network Analysis (WGCNA) was conducted which revealed that the

yellow module “MEyellow” (Figure 4A) had the highest correlation

with the C2 cluster (R=0.77) and the smallest p-value (3e-71). This

indicated that the yellow module was the characteristic module of the

C2 cluster. In other words, the genes included in this module were the

most distinguishing factors between the C1 and C2 clusters. Since C1

and C2 clusters were differentiated based on differences in

angiogenesis-related genes, this suggested a correlation between the

genes in the yellow module and angiogenesis response. Therefore, we

defined this yellow module as the angiogenesis-related module

(ARM). By intersecting the genes in the module with the

differentially expressed genes between CD samples and control

samples (Figure 4B), we obtained 102 differentially expressed

angiogenesis-related module genes (Figure 4C). These genes were
Frontiers in Immunology 05
not only involved in the development of the disease but also

correlated with angiogenesis. Based on these genes, we compared

the diagnostic performance of three machine learning algorithms:

random forest (RF), support vector machine (SVM), and generalized

linear model (GLM). Our findings suggested that the RF algorithm

was more effective in identifying CD patients (Figure 4D).

Additionally, we identified the top 5 significant genes (CEACAM3,

OSM, CXCL5, ISG20, DUOXA1) as hub genes using the RF

algorithm. These genes were found to be upregulated in CD

patients in both GSE112366 and GSE186582 datasets (Figures 5B,

C). We constructed a diagnostic nomogram (Figure 5E) based on

these hub genes, and we demonstrated the excellent performance of

the model in the external dataset GSE186582 (AUC=0.897, 95%

CI:0.796-0.976) (Figure 5A).
3.5 Analysis of immune cell correlation and
clinical relevance

As shown in Figure 5D, the 5 identified hub genes were

positively correlated with neutrophil and activating mast cell

abundance and negatively correlated with CD8+ T cell, M2

macrophage, and resting mast cell abundance. Among them,

CXCL5 showed the strongest positive correlation with neutrophils

and the strongest negative correlation with CD8+ T cells. Clinical

relevance analysis indicated that the expression levels of these 5 hub

genes were positively correlated with endoscopic SES-CD scores.

This suggested that higher expression levels of hub genes were

associated with increased disease severity (Figures 6A–E).
A B

D E

C

FIGURE 3

Identifying different clusters of Crohn’s disease. (A) Consensus matrix of Crohn’s disease samples in GSE112366. (B) PCA showing the degree of
distinction between different Crohn’s disease clusters (C1 and C2). (C) Heatmap displaying the expression of differentially expressed angiogenesis-
related genes in Crohn’s disease clusters (C1 and C2). (D) Immune cell infiltration abundance in C1 and C2 clusters (*p < 0.05, **p < 0.01 and ***p <
0.001). (E) GSVA enrichment analysis of C1 and C2 clusters.
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A B

D E

C

FIGURE 5

Identification of hub genes and construction of diagnostic models. (A) Validation of the diagnostic performance of hub genes in GSE186582. (B, C)
Differential expression of hub genes between Crohn’s disease patients and controls in GSE112366 (B) and GSE186582 (C) (*p < 0.05, **p < 0.01 and ***p <
0.001). (D) Correlation between hub genes and immune cell infiltration abundance (***p < 0.001). (E) Nomogram for the diagnosis of Crohn’s disease.
A B

DC

FIGURE 4

Identifying genes involved in the development of Crohn’s disease and angiogenesis. (A) WGCNA module trait for C1 and C2 clusters. (B) Volcano plot
showing gene expression differences between Crohn’s disease samples and controls. (C) Intersection of differentially expressed genes between CD
samples (Disease) and controls with characteristic module genes of CD clusters (Module). (D) ROC curves illustrating the diagnostic performance of
three machine learning algorithms for the disease.
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3.6 Construction of infliximab non-
response prediction model

To understand whether there are differences in the response to

infliximab among different CD clusters, we also divided the patients

in the GSE16879 dataset into C1 and C2 clusters. We then compared

the response to infliximab between different clusters and found that

in the C1 cluster, 16 patients responded to infliximab, while 5 patients

did not respond. In the C2 cluster, 4 patients responded, and 12

patients did not respond (Figure 6F). Using Fisher’s exact test, we
Frontiers in Immunology 07
obtained a p-value <0.05, indicating that the difference in response to

infliximab between the two clusters was statistically significant. Our

findings suggested that there was a higher probability of infliximab

non-response in the C2 cluster. As a subset of cluster characteristic

module genes, hub genes may be associated with infliximab non-

response. Therefore, based on the identified hub genes, we further

used Lasso regression analysis to identify the feature genes that could

predict infliximab response (Figure 7A). Among the 5 hub genes,

CXCL5 and OSM were identified as being associated with infliximab

non-response, and both had good predictive performance (CXCL5,
A B

D E F

C

FIGURE 7

Construction of predictive model for infliximab non-response. (A) Cross-validation for tuning parameter selection using LASSO regression. (B, C) ROC curves
demonstrating the ability of OSM, CXCL5, and the nomogram to predict infliximab non-response. (D) Nomogram for predicting infliximab non-response in
CD patients. (E, F) Differential expression of CXCL5 and OSM among controls, C1 cluster, and C2 cluster in GSE112366 (**p < 0.01 and ***p < 0.001).
A B

D E F

C

FIGURE 6

Correlation between hub Genes and SES-CD, and efficacy differences of infliximab in Crohn’s disease patients. (A–E) Correlation of 5 hub genes
with clinical SES-CD. (F) Response of Crohn’s disease patients to infliximab.
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AUC=0.818; OSM, AUC=0.829) (Figure 7B). We compared the

differences in OSM and CXCL5 between non-responders and

responders before and after treatment. We found that OSM did not

exhibit statistically significant differences before and after treatment.

In contrast, CXCL5 showed a certain degree of decrease after

treatment. However, even after treatment, the levels of CXCL5 in

non-responders remained higher than those in responders

(Supplementary Material). Based on CXCL5 and OSM, we

constructed a prediction model for infliximab non-response

(AUC=0.876) and presented it as a nomogram (Figure 7D). The

model was validated in the external dataset GSE111761 (Figure 7C).

Expression differences of CXCL5 and OSM genes in the controls, C1

cluster, and C2 cluster of the gene set GSE112366 were visually

demonstrated in Figures 7E, F.
4 Discussion

Crohn’s disease is a chronic heterogeneous disease with diverse

manifestations and progressions, making its diagnosis inherently

challenging (28). Moreover, patients often exhibit varied responses

to therapeutic drugs, with around 30% of patients showing primary

non-response to infliximab treatment (5). This subgroup of patients

faces increased economic burden and risks of medication side

effects. Therefore, selecting the most effective medications is of

paramount importance for these patients.

In this study, we focused on angiogenesis as a starting point to

explore the heterogeneity of CD patients and developed models for

CD diagnosis and infliximab non-response based on hub genes. The

findings of this study may contribute to a better understanding of

Crohn’s disease among researchers and provide valuable insights

for clinical treatment.

Based on the expression of angiogenesis-related genes, we

successfully identified different clusters of Crohn’s disease (C1

and C2). Compared to the C1 cluster, the C2 cluster showed

upregulation of multiple metabolic pathways, and poorer

response to infliximab. Similar to our findings, Matthew Weiser

et al. also identified two subtypes of Crohn’s disease (colonic and

ileal), with the ileal cluster showing significantly upregulated

metabolic pathways, including lipid metabolism (29). Studies have

shown that endothelial cells (ECs) can metabolize fatty acids to

acetyl-CoA to maintain the tricarboxylic acid (TCA) cycle and

promote deoxynucleotide triphosphate (dNTP) synthesis, together

with non-nucleotide substrates, to facilitate EC proliferation (30).

This suggests that the Crohn’s disease cluster with active lipid

metabolism may exhibit a higher degree of angiogenesis.

Further investigation revealed that the C2 cluster with active

angiogenesis showed a higher rate of non-response to infliximab. This

suggests that angiogenic responses may play a role in themechanisms of

infliximab non-response. A study by Alicia Algaba et al. found that

elevated baseline levels of vascular endothelial growth factor (VEGF) are

associated with poor response to anti-TNF treatment and VEGF can

serve as a useful biomarker for anti-TNF treatment response (AUC=0.8)

(12). This also suggests a potential connection between angiogenesis and

anti-TNF treatment. In our exploration of the expression of

angiogenesis-related genes in Crohn’s disease patients, we found
Frontiers in Immunology 08
upregulation of OSM, CXCL5, CEACAM3, ISG20, and DUOXA1

genes in Crohn’s disease patients. Among them, two genes, OSM and

CXCL5, serve as good predictive markers for infliximab non-response

(OSM, AUC=0.829; CXCL5, AUC=0.818). The finding was also

validated in an external dataset, further supporting the relationship

between angiogenesis and anti-TNF treatment response.

According to studies, Oncostatin M (OSM) belongs to the

interleukin-6 (IL-6) family and has the same receptor subunit,

gp130, as IL-6 and leukemia inhibitory factor (LIF) (31, 32). OSM

has been found to induce angiogenesis both in vivo and in vitro, and

its effect on angiogenesis is stronger than that of IL-6 and LIF. OSM

can stimulate vascular smooth muscle cells to produce VEGF

through various pathways such as PI3K, p38 MAPK, Erk1/2,

STAT1, and STAT3, whereas other gp130 ligands have not been

reported to regulate VEGF mRNA. However, it is important to note

that promoting VEGF secretion is not the sole mechanism by which

OSM promotes angiogenesis, as VEGF-neutralizing antibodies only

inhibit 21% of OSM angiogenesis effects (33, 34).

The expression of the OSM gene is closely related to IBD.

Nathaniel R. West et al. discovered thatOSM is overexpressed in the

tissues of active IBD patients and is strongly associated with the

severity of tissue pathology (35), which is consistent with our

findings. Furthermore, some studies also found a close correlation

between baseline OSM expression and poor response to infliximab

(36–38). Compared to responders to anti-TNF therapy, OSM is one

of the top 20 genes most strongly expressed in non-responders to

anti-TNF therapy. In addition, neutralizing OSM was found to

significantly alleviate colitis in mice. Therefore, OSM has the

potential to serve as both a biomarker and therapeutic target for

IBD (35), which further bolsters our own research findings.

Similar to OSM, CXC motif chemokine ligand 5 (CXCL5) also

plays a role in promoting angiogenesis (39). CXCL5, also known as

epithelial neutrophil-activating peptide 78 (ENA-78), is a member of

the ELR (+) CXC chemokine family and can mediate angiogenesis in

the absence of inflammation. CXCR2 is the receptor for CXCL5 and

mediates the angiogenic effects of ELR (+) CXC chemokines (40).

Research has demonstrated that CXCL5 is involved in the angiogenic

effects of multiple diseases. It orchestrates the modulation of FOXD1

expression through the activation of the AKT/NF-kB pathway,

thereby fostering angiogenesis in colorectal cancer (41). It is also a

crucial angiogenic factor in idiopathic pulmonary fibrosis (42). In

gastric cancer, it can significantly impact the vascular distribution of

tumors (43). In renal cell carcinoma, androgen receptor mediated

CXCL5 signaling activates the AKT/NF-kB pathway to facilitate

angiogenesis (43, 44). Blocking CXCL5 can effectively reduce

tumors blood supply (45).

K Z’Graggen et al. found that CXCL5/ENA-78 is preferentially

expressed in intestinal epithelial cells in IBD. Although CXCL5/ENA-

78 protein is also present in some normal controls, CXCL5/ENA-78

mRNA is completely negative (46). In addition, the study also pointed

out that CXCL5 may be involved in the early stages of IBD and may

contribute to the continuous recruitment and activation of neutrophils

(46). John H Kwon’s experiments showed that pretreatment with

antisense oligonucleotides against lipopolysaccharide-induced CXC

chemokine (LIX) reduced DSS-induced colitis in mice. LIX was

identified as a murine homolog of CXCL5/ENA-78. This suggests
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that CXCL5may be a potential therapeutic target for IBD (47). In our

study,CXCL5 can also serve as a good predictive marker for infliximab

non-response. This indirectly suggests a potential connection between

OSM and CXCL5. Indeed, previous research on pneumonia has

shown that OSM plays a significant role in inducing CXCL5 and

can directly initiate the mRNA synthesis of CXCL5 (48). However,

whether there is a connection between the two in CD patients still

requires further experimental validation. In our study, the predictive

model constructed by combining CXCL5 and OSM (AUC=0.876)

outperforms the predictive capabilities of CXCL5 and OSM

individually. Additionally, the predictive performance of this model

is also superior to serum VEGF (AUC=0.8).

Furthermore, research has shown that CEACAM3 is

significantly upregulated in pediatric Crohn’s disease patients’

intestinal biopsies. The study also found that various IBD triggers

can regulate CEACAM3. This suggests that trigger-induced

CEACAM3 may play a role in the pathogenesis of IBD (49).

Although there is a lack of research on DUOXA1 in CD,

literature search revealed that one of the splice variants of

DUOXA1 can be functionally associated with DUOX2 (50), and

in active ulcerative colitis, DUOX2 is significantly upregulated (51).

Since Crohn’s disease and ulcerative colitis both belong to

inflammatory bowel diseases, DUOXA1 has potential research

value. ISG20 has been reported to be a major effector of innate

immune responses against various pathogens, including viruses,

bacteria, and parasites, and ISG20 is also involved in angiogenesis in

liver cancer (52, 53). However, whether ISG20 is involved in the

pathogenesis of Crohn’s disease requires further research.

The analysis of immune infiltration reveals that the C2 cluster

has a higher abundance of M1 macrophages and plasma cells.

According to the study by Renaud Gaujoux (54), the abundance of

inflammatory macrophages and plasma cells is significantly higher

in non-responders to anti-TNFa treatment compared to

responders, and this difference persists after treatment. Previous

studies have indicated that during intestinal inflammation, an

increase in the abundance of inflammatory macrophages can lead

to elevated secretion of TNFa at the site of inflammation (55), and

elevated levels of TNFa can support the survival of plasma cells

(56). Therefore, if both cell subtypes increase simultaneously, it may

indicate that pathological tissue has a higher concentration of

TNFa. Hence, the elevated levels of TNFa could be one of the

reasons for the lower response rate in the C2 cluster.

In terms of clinical applications, a nomogram is a practical and

intuitive tool widely employed in predictive models in the field of

medicine (57). When prediction is required, one simply needs to

locate the value of the corresponding gene on the nomogram, then

use connecting lines to find the corresponding scale above, obtaining

the individual gene’s points. By summing the individual gene points,

the total points are obtained. Locating the corresponding scale for the

total points provides the probability of the outcome occurrence. Our

study includes two nomograms. For diagnosis, measuring the

expression levels of the OSM, CXCL5, CEACAM3, ISG20, and

DUOXA1 genes and using the first nomogram allow us to

determine the probability of disease occurrence. This contributes to

early disease diagnosis and provides opportunities for early

intervention, thereby improving treatment outcomes. Meanwhile,
Frontiers in Immunology 09
the expression levels of OSM and CXCL5 can be further used in

the second nomogram to predict the probability of non-response to

infliximab. Based on the predictive results, doctors can adjust the

treatment plan, such as adjusting dosage, incorporating other

therapeutic medications, or changing biologics (58). This aids in

avoiding ineffective treatment plans for patients, enhancing the

individualized level of treatment, and reducing unnecessary drug

exposure and potential side effects. Therefore, our research results are

beneficial for both disease diagnosis and decision-making regarding

subsequent treatment strategies. Furthermore, predictive models help

increase patients’ understanding of their own diseases and treatment

plans. Patients can actively participate in medical decision-making

and gain a more comprehensive understanding of the risks and

benefits of treatment plans.

In summary, our comprehensive analysis of angiogenesis-related

genes in CD patients identified two distinct clusters. Further analysis

revealed hub genes involved in the pathogenesis of CD, with OSM and

CXCL5 being associated with non-response to infliximab.

Simultaneously, we constructed disease diagnostic and infliximab non-

response predictive models, validating their good performance. This may

contribute to the diagnosis and personalized treatment of CD patients.
5 Limitations

Although we have examined our research results using multiple

datasets and achieved relatively satisfactory validation performance,

our study still possesses certain limitations. Firstly, the sample size for

investigating the response to infliximab treatment is limited, and the

clinical information associated with the samples is inadequate,

potentially impacting the precision of our study. Secondly, our

study only included microarray data, which may impact the

generalizability of the model. Thirdly, our research predominantly

relies on database samples and bioinformatics analysis, necessitating

further prospective experiments to enhance the robustness of our

research findings. Lastly, we observed a correlation between

angiogenesis-related genes and the non-response to infliximab in

CD patients. However, whether there is a causal relationship between

angiogenesis response and the therapeutic effectiveness of infliximab

still requires further experimental confirmation.
Data availability statement

The datasets presented in this study can be found in online

repositories. The names of the repository/repositories and accession

number(s) can be found in the article/Supplementary Material.
Author contributions

CZ proposed the research topic and designed the study

protocol. XC were responsible for the paper writing. YK collected

and analyzed the data. XX contributed to the data visualization. CW

and LJ reviewed and revised the manuscript. All authors

contributed to the article and approved the submitted version.
frontiersin.org

https://doi.org/10.3389/fimmu.2024.1239496
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Zheng et al. 10.3389/fimmu.2024.1239496
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Acknowledgments

We appreciate all the researchers who created public databases

or generously shared large amounts of research data.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Frontiers in Immunology 10
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online at:

https://www.frontiersin.org/articles/10.3389/fimmu.2024.1239496/

full#supplementary-material
References
1. Lichtenstein GR, Loftus EV, Isaacs KL, Regueiro MD, Gerson LB, Sands BE. ACG
clinical guideline: management of crohn's disease in adults. Am J Gastroenterol (2018)
113:481–517. doi: 10.1038/ajg.2018.27

2. Cushing K, Higgins PDR. Management of crohn disease: A review. JAMA (2021)
325:69–80. doi: 10.1001/jama.2020.18936

3. Ng SC, Shi HY, Hamidi N, Underwood FE, Tang W, Benchimol EI, et al.
Worldwide incidence and prevalence of inflammatory bowel disease in the 21st
century: a systematic review of population-based studies. Lancet (2017) 390:2769–78.
doi: 10.1016/S0140-6736(17)32448-0

4. Peyrin-Biroulet L, Fiorino G, Buisson A, Danese S. First-line therapy in adult
Crohn's disease: who should receive anti-TNF agents? Nat Rev Gastroenterol Hepatol
(2013) 10:345–51. doi: 10.1038/nrgastro.2013.31

5. Papamichael K, Lin S, Moore M, Papaioannou G, Sattler L, Cheifetz AS.
Infliximab in inflammatory bowel disease. Ther Adv Chronic Dis (2019)
10:2040622319838443. doi: 10.1177/2040622319838443

6. Costa C, Incio J, Soares R. Angiogenesis and chronic inflammation: cause or
consequence? Angiogenesis (2007) 10:149–66. doi: 10.1007/s10456-007-9074-0

7. Papa A, Scaldaferri F, Danese S, Guglielmo S, Roberto I, Bonizzi M, et al. Vascular
involvement in inflammatory bowel disease: pathogenesis and clinical aspects. Digestive
Dis (2008) 26:149–55. doi: 10.1159/000116773

8. Binion DG, Rafiee P. Is inflammatory bowel disease a vascular disease? Targeting
angiogenesis improves chronic inflammation in inflammatory bowel disease.
Gastroenterology (2009) 136:400–3. doi: 10.1053/j.gastro.2008.12.029

9. Britzen-Laurent N, Weidinger C, Sturzl M. Contribution of blood vessel
activation, remodeling and barrier function to inflammatory bowel diseases. Int J
Mol Sci (2023) 24:5517. doi: 10.3390/ijms24065517

10. Danese S, Sans M, de la Motte C, Graziani C, West G, Phillips MH, et al.
Angiogenesis as a novel component of inflammatory bowel disease pathogenesis.
Gastroenterology (2006) 130:2060–73. doi: 10.1053/j.gastro.2006.03.054

11. Scaldaferri F, Vetrano S, Sans M, Arena V, Straface G, Stigliano E, et al. VEGF-A
links angiogenesis and inflammation in inflammatory bowel disease pathogenesis.
Gastroenterology (2009) 136:585–59. doi: 10.1053/j.gastro.2008.09.064

12. Algaba A, Linares PM, Encarnacion Fernandez-Contreras M, Figuerola A, Calvet
X, Guerra I, et al. The effects of infliximab or adalimumab on vascular endothelial
growth factor and angiopoietin 1 angiogenic factor levels in inflammatory bowel
disease: serial observations in 37 patients. Inflammation Bowel Dis (2014) 20:695–702.
doi: 10.1097/MIB.0000000000000004

13. Barrett T, Wilhite SE, Ledoux P, Evangelista C, Kim IF, Tomashevsky M, et al.
NCBI GEO: archive for functional genomics data sets–update. Nucleic Acids Res (2013)
41:D991–5. doi: 10.1093/nar/gks1193

14. VanDussen KL, Stojmirovic A, Li K, Liu TC, Kimes PK, Muegge BD, et al.
Abnormal small intestinal epithelial microvilli in patients with crohn's disease.
Gastroenterology (2018) 155:815–28. doi: 10.1053/j.gastro.2018.05.028

15. Ngollo M, Perez K, Hammoudi N, Gorelik Y, Delord M, Auzolle C, et al.
Identification of gene expression profiles associated with an increased risk of post-
operative recurrence in crohn's disease. J Crohns Colitis (2022) 16:1269–80. doi: 10.1093/
ecco-jcc/jjac021
16. Arijs I, De Hertogh G, Lemaire K, Quintens R, Van Lommel L, Van Steen K, et al.
Mucosal gene expression of antimicrobial peptides in inflammatory bowel disease
before and after first infliximab treatment. PloS One (2009) 4:e7984. doi: 10.1371/
journal.pone.0007984

17. Schmitt H, Billmeier U, DieterichW, Rath T, Sonnewald S, Reid S, et al. Expansion
of IL-23 receptor bearing TNFR2+ T cells is associated with molecular resistance to anti-
TNF therapy in Crohn's disease. Gut (2019) 68:814–28. doi: 10.1136/gutjnl-2017-315671

18. Ritchie ME, Phipson B, Wu D, Hu Y, Law CW, Shi W, et al. limma powers
differential expression analyses for RNA-sequencing and microarray studies. Nucleic
Acids Res (2015) 43:e47. doi: 10.1093/nar/gkv007

19. Liberzon A, Birger C, Thorvaldsdottir H, Ghandi M, Mesirov JP, Tamayo P. The
Molecular Signatures Database (MSigDB) hallmark gene set collection. Cell Syst (2015)
1:417–25. doi: 10.1016/j.cels.2015.12.004

20. Wilkerson MD, Hayes DN. ConsensusClusterPlus: a class discovery tool with
confidence assessments and item tracking. Bioinformatics (2010) 26:1572–3.
doi: 10.1093/bioinformatics/btq170

21. Hänzelmann S, Castelo R, Guinney J. GSVA: gene set variation analysis for
microarray and RNA-seq data. BMC Bioinf (2013) 14:7. doi: 10.1186/1471-2105-14-7

22. Newman AM, Liu CL, Green MR, Gentles AJ, Feng W, Xu Y, et al. Robust
enumeration of cell subsets from tissue expression profiles. Nat Methods (2015)
12:453–7. doi: 10.1038/nmeth.3337

23. Langfelder P, Horvath S. WGCNA: an R package for weighted correlation
network analysis. BMC Bioinf (2008) 9:559. doi: 10.1186/1471-2105-9-559

24. Svetnik V, Liaw A, Tong C, Culberson JC, Sheridan RP, Feuston BP. Random
forest: a classification and regression tool for compound classification and QSAR
modeling. J Chem Inf Comput Sci (2003) 43:1947–58. doi: 10.1021/ci034160g

25. Noble WS. What is a support vector machine? Nat Biotechnol (2006) 24:1565–7.
doi: 10.1038/nbt1206-1565

26. Daperno M, D'Haens G, Van Assche G, Baert F, Bulois P, Maunoury V, et al.
Development and validation of a new, simplified endoscopic activity score for Crohn's
disease: the SES-CD. Gastrointest Endosc (2004) 60:505–12. doi: 10.1016/s0016-5107
(04)01878-4

27. Friedman J, Hastie T, Tibshirani R. Regularization paths for generalized linear
models via coordinate descent. J Stat Softw (2010) 33(1):1–22.

28. Shanahan F. Crohn's disease. Lancet (London England) (2002) 359:62–9.
doi: 10.1016/S0140-6736(02)07284-7

29. Weiser M, Simon JM, Kochar B, Tovar A, Israel JW, Robinson A, et al. Molecular
classification of Crohn's disease reveals two clinically relevant subtypes. Gut (2018)
67:36–42. doi: 10.1136/gutjnl-2016-312518

30. Schoors S, Bruning U, Missiaen R, Queiroz KC, Borgers G, Elia I, et al. Fatty acid
carbon is essential for dNTP synthesis in endothelial cells. Nature (2015) 520:192–7.
doi: 10.1038/nature14362

31. Rose TM, Bruce AG. Oncostatin M is a member of a cytokine family that
includes leukemia-inhibitory factor, granulocyte colony-stimulating factor, and
interleukin 6. Proc Natl Acad Sci USA (1991) 88:8641–5. doi: 10.1073/
pnas.88.19.8641
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2024.1239496/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1239496/full#supplementary-material
https://doi.org/10.1038/ajg.2018.27
https://doi.org/10.1001/jama.2020.18936
https://doi.org/10.1016/S0140-6736(17)32448-0
https://doi.org/10.1038/nrgastro.2013.31
https://doi.org/10.1177/2040622319838443
https://doi.org/10.1007/s10456-007-9074-0
https://doi.org/10.1159/000116773
https://doi.org/10.1053/j.gastro.2008.12.029
https://doi.org/10.3390/ijms24065517
https://doi.org/10.1053/j.gastro.2006.03.054
https://doi.org/10.1053/j.gastro.2008.09.064
https://doi.org/10.1097/MIB.0000000000000004
https://doi.org/10.1093/nar/gks1193
https://doi.org/10.1053/j.gastro.2018.05.028
https://doi.org/10.1093/ecco-jcc/jjac021
https://doi.org/10.1093/ecco-jcc/jjac021
https://doi.org/10.1371/journal.pone.0007984
https://doi.org/10.1371/journal.pone.0007984
https://doi.org/10.1136/gutjnl-2017-315671
https://doi.org/10.1093/nar/gkv007
https://doi.org/10.1016/j.cels.2015.12.004
https://doi.org/10.1093/bioinformatics/btq170
https://doi.org/10.1186/1471-2105-14-7
https://doi.org/10.1038/nmeth.3337
https://doi.org/10.1186/1471-2105-9-559
https://doi.org/10.1021/ci034160g
https://doi.org/10.1038/nbt1206-1565
https://doi.org/10.1016/s0016-5107(04)01878-4
https://doi.org/10.1016/s0016-5107(04)01878-4
https://doi.org/10.1016/S0140-6736(02)07284-7
https://doi.org/10.1136/gutjnl-2016-312518
https://doi.org/10.1038/nature14362
https://doi.org/10.1073/pnas.88.19.8641
https://doi.org/10.1073/pnas.88.19.8641
https://doi.org/10.3389/fimmu.2024.1239496
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Zheng et al. 10.3389/fimmu.2024.1239496
32. Gearing DP, Comeau MR, Friend DJ, Gimpel SD, Thut CJ, McGourty J, et al.
The IL-6 signal transducer, gp130: an oncostatin M receptor and affinity converter for
the LIF receptor. Sci (1992) 255:1434–7. doi: 10.1126/science.1542794

33. Vasse M, Pourtau J, Trochon V, Muraine M, Vannier JP, Lu H, et al. Oncostatin
M induces angiogenesis in vitro and in vivo. Arterioscler Thromb Vasc Biol (1999)
19:1835–42. doi: 10.1161/01.atv.19.8.1835

34. Demyanets S, Kaun C, Rychli K, Pfaffenberger S, Kastl SP, Hohensinner PJ, et al.
Oncostatin M-enhanced vascular endothelial growth factor expression in human
vascular smooth muscle cells involves PI3K-, p38 MAPK-, Erk1/2- and STAT1/
STAT3-dependent pathways and is attenuated by interferon-g. Basic Res Cardiol
(2011) 106:217–31. doi: 10.1007/s00395-010-0141-0

35. West NR, Hegazy AN, Owens BMJ, Bullers SJ, Linggi B, Buonocore S, et al.
Oncostatin M drives intestinal inflammation and predicts response to tumor necrosis
factor–neutralizing therapy in patients with inflammatory bowel disease. Nat Med
(2017) 23:579–89. doi: 10.1038/nm.4307

36. Verstockt S, Verstockt B, Machiels K, Vancamelbeke M, Ferrante M, Cleynen I,
et al. Oncostatin M is a biomarker of diagnosis, worse disease prognosis, and
therapeutic nonresponse in inflammatory bowel disease. Inflammatory Bowel Dis
(2021) 27:1564–75. doi: 10.1093/ibd/izab032

37. Bertani L, Fornai M, Fornili M, Antonioli L, Benvenuti L, Tapete G, et al. Serum
oncostatin M at baseline predicts mucosal healing in Crohn's disease patients treated
with infliximab. Aliment Pharmacol Ther (2020) 52:284–91. doi: 10.1111/apt.15870

38. Verstockt S, Verstockt B, Vermeire S. Oncostatin M as a new diagnostic,
prognostic and therapeutic target in inflammatory bowel disease (IBD). Expert Opin
Ther Targets (2019) 23:943–54. doi: 10.1080/14728222.2019.1677608

39. Strieter RM, Polverini PJ, Kunkel SL, Arenberg DA, Burdick MD, Kasper J, et al.
The functional role of the ELR motif in CXC chemokine-mediated angiogenesis. J Biol
Chem (1995) 270:27348–57. doi: 10.1074/jbc.270.45.27348

40. Addison CL, Daniel TO, Burdick MD, Liu H, Ehlert JE, Xue YY, et al. The CXC
chemokine receptor 2, CXCR2, is the putative receptor for ELR+ CXC chemokine-induced
angiogenic activity. J Immunol (2000) 165:5269–77. doi: 10.4049/jimmunol.165.9.5269

41. Chen C, Xu Z-Q, Zong Y-P, Ou B-C, Shen X-H, Feng H, et al. CXCL5 induces
tumor angiogenesis via enhancing the expression of FOXD1 mediated by the AKT/NF-
kB pathway in colorectal cancer. Cell Death Dis (2019) 10:178. doi: 10.1038/s41419-
019-1431-6

42. Zlotnik A, Yoshie O. The chemokine superfamily revisited. Immunity (2012)
36:705–16. doi: 10.1016/j.immuni.2012.05.008

43. Park JY, Park KH, Bang S, Kim MH, Lee J-E, Gang J, et al. CXCL5
overexpression is associated with late stage gastric cancer. J Cancer Res Clin Oncol
(2007) 133:835–40. doi: 10.1007/s00432-007-0225-x

44. Guan Z, Li C, Fan J, He D, Li L. Androgen receptor (AR) signaling promotes
RCC progression via increased endothelial cell proliferation and recruitment by
modulating AKT → NF-kB → CXCL5 signaling. Sci Rep (2016) 6:37085.
doi: 10.1038/srep37085

45. Zhang W, Wang H, Sun M, Deng X, Wu X, Ma Y, et al. CXCL5/CXCR2 axis in
tumor microenvironment as potential diagnostic biomarker and therapeutic target.
Cancer Commun (2020) 40:69–80. doi: 10.1002/cac2.12010
Frontiers in Immunology 11
46. Z'Graggen K, Walz A, Mazzucchelli L, Strieter RM, Mueller C. The C-X-C
chemokine ENA-78 is preferentially expressed in intestinal epithelium in inflammatory
bowel disease. Gastroenterology (1997) 113:808–16. doi: 10.1016/s0016-5085(97)
70175-6

47. Kwon JH, Keates AC, Anton PM, Botero M, Goldsmith JD, Kelly CP. Topical
antisense oligonucleotide therapy against LIX, an enterocyte-expressed CXC
chemokine, reduces murine colitis. Am J Physiology-Gastrointestinal Liver Physiol
(2005) 289:G1075–G83. doi: 10.1152/ajpgi.00073.2005

48. Traber KE, Hilliard KL, Allen E, Wasserman GA, Yamamoto K, Jones MR, et al.
Induction of STAT3-dependent CXCL5 expression and neutrophil recruitment by
oncostatin-M during pneumonia. Am J Respir Cell Mol Biol (2015) 53:479–88.
doi: 10.1165/rcmb.2014-0342OC

49. Saiz-Gonzalo G, Hanrahan N, Rossini V, Singh R, Ahern M, Kelleher M,
et al. Regulation of CEACAM family members by IBD-associated triggers
in intestinal epithelial cells, their correlation to inflammation and relevance to
IBD pathogenesis. Front Immunol (2021) 12:655960. doi: 10.3389/fimmu.2021.
655960

50. Luxen S, Noack D, Frausto M, Davanture S, Torbett BE, Knaus UG.
Heterodimerization controls localization of Duox-DuoxA NADPH oxidases in
airway cells. J Cell Sci (2009) 122:1238–47. doi: 10.1242/jcs.044123

51. MacFie TS, Poulsom R, Parker A, Warnes G, Boitsova T, Nijhuis A, et al.
DUOX2 and DUOXA2 form the predominant enzyme system capable of producing the
reactive oxygen species H2O2 in active ulcerative colitis and are modulated by 5-
aminosalicylic acid. Inflammatory Bowel Dis (2014) 20:514–24. doi: 10.1097/
01.MIB.0000442012.45038.0e

52. Degols G, Eldin P, Mechti N. ISG20, an actor of the innate immune response.
Biochimie (2007) 89:831–5. doi: 10.1016/j.biochi.2007.03.006

53. Lin S-L, Wu S-M, Chung IH, Lin Y-H, Chen C-Y, Chi H-C, et al. Stimulation of
interferon-stimulated gene 20 by thyroid hormone enhances angiogenesis in liver
cancer. Neoplasia (2018) 20:57–68. doi: 10.1016/j.neo.2017.10.007

54. Gaujoux R, Starosvetsky E, Maimon N, Vallania F, Bar-Yoseph H, Pressman S,
et al. Cell-centred meta-analysis reveals baseline predictors of anti-TNFa non-response
in biopsy and blood of patients with IBD. Gut (2019) 68:604–14. doi: 10.1136/gutjnl-
2017-315494

55. Lissner D, Schumann M, Batra A, Kredel L-I, Kühl AA, Erben U, et al. Monocyte
and M1 macrophage-induced barrier defect contributes to chronic intestinal
inflammation in IBD. Inflammatory Bowel Dis (2015) 21:1297–305. doi: 10.1097/
MIB.0000000000000384

56. Cassese G, Arce S, Hauser AE, Lehnert K, Moewes B, Mostarac M, et al.
Plasma cell survival is mediated by synergistic effects of cytokines and adhesion-
dependen t s igna l s . J Immuno l (2003) 171 :1684–90 . do i : 10 .4049 /
jimmunol.171.4.1684

57. Eastham JA, Kattan MW, Scardino PT. Nomograms as predictive models. Semin
Urol Oncol (2002) 20:108–15. doi: 10.1053/suro.2002.32936

58. Sandborn WJ, Rutgeerts P, Enns R, Hanauer SB, Colombel J-F, Panaccione R,
et al. Adalimumab induction therapy for Crohn disease previously treated with
infliximab: a randomized trial. Ann Intern Med (2007) 146:829–38. doi: 10.7326/
0003-4819-146-12-200706190-00159
frontiersin.org

https://doi.org/10.1126/science.1542794
https://doi.org/10.1161/01.atv.19.8.1835
https://doi.org/10.1007/s00395-010-0141-0
https://doi.org/10.1038/nm.4307
https://doi.org/10.1093/ibd/izab032
https://doi.org/10.1111/apt.15870
https://doi.org/10.1080/14728222.2019.1677608
https://doi.org/10.1074/jbc.270.45.27348
https://doi.org/10.4049/jimmunol.165.9.5269
https://doi.org/10.1038/s41419-019-1431-6
https://doi.org/10.1038/s41419-019-1431-6
https://doi.org/10.1016/j.immuni.2012.05.008
https://doi.org/10.1007/s00432-007-0225-x
https://doi.org/10.1038/srep37085
https://doi.org/10.1002/cac2.12010
https://doi.org/10.1016/s0016-5085(97)70175-6
https://doi.org/10.1016/s0016-5085(97)70175-6
https://doi.org/10.1152/ajpgi.00073.2005
https://doi.org/10.1165/rcmb.2014-0342OC
https://doi.org/10.3389/fimmu.2021.655960
https://doi.org/10.3389/fimmu.2021.655960
https://doi.org/10.1242/jcs.044123
https://doi.org/10.1097/01.MIB.0000442012.45038.0e
https://doi.org/10.1097/01.MIB.0000442012.45038.0e
https://doi.org/10.1016/j.biochi.2007.03.006
https://doi.org/10.1016/j.neo.2017.10.007
https://doi.org/10.1136/gutjnl-2017-315494
https://doi.org/10.1136/gutjnl-2017-315494
https://doi.org/10.1097/MIB.0000000000000384
https://doi.org/10.1097/MIB.0000000000000384
https://doi.org/10.4049/jimmunol.171.4.1684
https://doi.org/10.4049/jimmunol.171.4.1684
https://doi.org/10.1053/suro.2002.32936
https://doi.org/10.7326/0003-4819-146-12-200706190-00159
https://doi.org/10.7326/0003-4819-146-12-200706190-00159
https://doi.org/10.3389/fimmu.2024.1239496
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Constructing models for Crohn's disease diagnosis and prediction of infliximab non-response based on angiogenesis-related genes
	1 Introduction
	2 Methods
	2.1 Data collection
	2.2 Identification of differentially expressed genes related to angiogenesis and gene expression correlation analysis
	2.3 Unsupervised consensus clustering analysis
	2.4 Enrichment analysis and immune infiltration analysis
	2.5 Identification of Crohn’s disease hub genes and construction of diagnostic model
	2.6 Immune cell correlation analysis and clinical correlation analysis
	2.7 Constructing a predictive model for infliximab non-response

	3 Results
	3.1 Identification of differentially expressed genes related to angiogenesis and gene expression correlation analysis
	3.2 Clustering of Crohn’s disease patients based on DEARGs
	3.3 GSVA enrichment analysis and immune infiltration analysis of CD clusters
	3.4 Identification of hub genes and construction of diagnostic model
	3.5 Analysis of immune cell correlation and clinical relevance
	3.6 Construction of infliximab non-response prediction model

	4 Discussion
	5 Limitations
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


