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Abstract

Objective
Diagnosis of Crohn's disease (CD) is often challenging and remains an urgent need for new diagnose
options. This study aimed to identify new serological biomarkers and explored the role of these markers
in the diagnosis of CD .

Method
Gene expression pro�les in CD and normal for tissue and peripheral blood were downloaded from the
Gene Expression Omnibus (GEO) database, and differentially expressed genes (DEGs) were identi�ed by
R software. Gene set enrichment analysis (GSEA), gene ontology(GO) enrichment and kyoto encyclopedia
of genes and genomes(KEGG) analysis were performed to inspect the functional annotation of these
DEGs. The overlapping DEGs that were up-/down-regulated both in the tissue and blood sample were
used to develop diagnose model. ROC curve analysis was used to evaluate the model's performance.

Result
A total of 224 DEGs were identi�ed between CD and normal tissue samples from the datasets
GSE126124, GSE95095 and GSE16879. Enrichment analysis indicated that DEGs are mostly enriched in
humoral immune response, regulation of in�ammatory response, granulocyte migration, cell chemotaxis,
cytokine-cytokine receptor interaction, chemokine signaling pathway, IL-17 signaling pathway, NOD-like
receptor signaling pathway, TNF signaling pathway, complement coagulation cascades. Six
haematologic/tissular-speci�c expressed genes(PDZK1IP1, STAT1, PI3, VAV1, PTGDS and LAIR2) were
identi�ed from the GSE119600 datasets. A proposed model with STAT1, PI3 ,VAV1 and PTGDS achieved
86.3% accuracy, 91.0% sensitivity and 77.1% speci�city in the training set. The model also displayed
good discriminative power with 96.4% sensitivity and 83.3% speci�city in the validation set.

Conclusion
This work identi�ed four genes as potential hematologic biomarkers of CD. The proposed model showed
good performance which would be helpful for the early diagnosis of CD.

Introduction
Crohn's disease(CD) is a chronic relapsing in�ammatory disease of the entire digestive tract frequently
accompanied by cumulative tissue damage and complications such as stenosis, �stula, or abscess[1].
The life-long, incurable, disabling disease may occur in every group of ages, races, gender and
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socioeconomic[2]. It should not be underestimated the heavy economic burden and psychological stress
on the patients, their family, and the society with the rapidly increasing in the worldwide[3, 4].

The diagnosis of CD relies on a combination of symptoms, endoscopical, radiological, histological and
biological features[5]. However, the initial symptoms, such as recurrent abdominal pain or diarrhea, are
often mistaken for irritable bowel syndrome[6]. Due to unspeci�c symptoms and limited test accuracies,
the span of delayed diagnosis can range from 5 to 24months or longer[7–9]. Accumulating evidence
suggests that diagnostic delay is associated with lower quality of life, poor responses to drug therapy,
more complications and consequent bowel resection[10, 11].

A timely and accurate diagnosis of CD is the prerequisite for effective treatment[12]. So, it is a
considerable challenge to improve the early recognition of CD. Therefore,the aim of this study was to
explore serum markers as potential and supplementary means for CD diagnosis.

Methods

Data acquisition and identi�cation of DEGs
Four gene expression pro�les (GSE126124, GSE95095, GSE16879 and GSE119600 ) were downloaded
from the Gene expression omnibus (GEO) database using the “GEOquery” package[13]. The probe would
be removed when there was more than one gene corresponding to the same probe. The largest
expression value for the probe was retained when there was more than one probe corresponding to the
same gene. The “limma” package[14]was used to conduct gene analysis on the normalized data to
identify the DEGs between the CD and control samples with the threshold set as |log2FC| > 1.0 and
adjusted P < 0.05. The differences in gene expression between the control and CD subjects were assessed
using volcano plot and principal component analysis (PCA).

Enrichment analysis of of the overlapping DEGs
We identify the overlapping DEGs that were up- and down-regulated genes in the GSE126124, GSE95095
and GSE16879 datasets. Then we assessed the distribution trend of the overlapping DEGs to determine
their contribution to the phenoty pe using c5.bp.v7.2.symbols.gmt [Gene ontology] gene sets for GSEA
enrichment analyses. The signi�cant enriched functions was selected with p.adjust < 0.05 and false
discovery rate (FDR) < 0.25. We used the clusterPro�ler package[15] to perform Gene Ontology (GO)
enrichment and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis on DEGs.

Screening and veri�cation of diagnostic markers in blood
We also identify the overlapping DEGs that were up-/down-regulated in the tissue and blood sample.
Form the GSE119600 datasets, we acquired the gene expression pro�les in whole blood samples from 95
CD and 47 health controls. The data were randomly split into a training set (75%) for developing a
diagnostic model and a testing set (25%) for validation. Their areas under the receiver operating
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characteristic curves (AUC) were determined to evaluate the predicted value of the key genes and model
using the IBM SPSS Statistics 25.

Results

Identi�cation of DEGs
The characteristics of the available pro�les are presented in Table 1. After data preprocessing, we used R
software to extract a total of 458 DEGs from the gene expression matrix, as shown in the volcano map
The two-dimensional PCA cluster diagrams after normalization (Fig. 1B, D, F) showed that the clustering
of two groups between CD and control samples in three datasets were obvious indicating that the sample
source was reliable. After screening with the threshold of an adjusted Pvalue < 0.05 and |logFC|>1, 1802
DEGs (1195 upregulated and 607 downregulated) were identi�ed in the GSE16879 dataset, 823 DEGs
(227 upregulated and 596 downregulated) were identi�ed in GSE95095, and 135 DEGs (99 upregulated
and 36 downregulated) were identi�ed in GSE126124, as shown in the volcano maps(Fig. 1). Among
these DEGs, 22 up-/down-regulated DEGs(CFB, SLC16A9, CFI, TGM2, C2, REG1A, REG1B, CXCL1, CHI3L1,
ENTPD5, AQP8, CYR61, REG3A, HMGCS2, TNFAIP6, S100A9, IL1RN, SLC17A4, SLC26A2, TNC,
MMP1,DEFA5) were consistently changed in the three datasets (Fig. 2).

Table 1
Characteristics of datasets in this study

Record Molecule Sample Type Normal Control Crohn's Disease Platfrom

GSE16879 Total RNA Mucosal biopsies 19 6 GPL570

GSE95095 Total RNA Surgery biopsies 12 48 GPL14951

GSE126124 Total RNA Colon biopsies 19 37 GPL6244

GSE119600 Total RNA Whole blood 47 95 GPL10558

Enrichment analysis
In total, 224 DEGs were shared at least two datasets as identi�ed through Venn diagram analyses(Fig. 2).
We analyzed the correlation between these DEGs levels and the involving biological processes by GSEA.
The screening criterion for signi�cant gene sets was p.adjust < 0.05 and FDR < 0.25. We observed that
most of the enriched gene sets were related to the antimicrobial humoral response, defense response,
antimicrobial humoral immune response mediated by antimicrobial peptide, response to biotic stimulus,
humoral immune response, in�ammatory response, granulocyte chemotaxis, neutrophil chemotaxis,
response to molecule of bacterial origin, granulocyte migration(Fig. 3). To further investigate the
biological functions of these 224 DEGs, functional enrichment analyses were performed and results were
shown in Fig. 4. GO analysis results showed that DEGs were mainly related to humoral immune response,
response to lipopolysaccharide, response to molecule of bacterial origin, regulation of in�ammatory
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response, cellular response to lipopolysaccharide, cellular response to molecule of bacterial origin,
cellular response to biotic stimulus, antimicrobial humoral response, cell chemotaxis and leukocyte
migration. These DEGs were also enriched in KEGG pathways including the cytokine-cytokine receptor
interaction, chemokine signaling pathway, IL-17 signaling pathway, viral protein interaction with cytokine
and cytokine receptor, NOD-like receptor signaling pathway, pertussis, staphylococcus aureus infection,
TNF signaling pathway, complement and coagulation cascades, rheumatoid arthritis.

Screening and veri�cation of diagnostic markers in blood
Using Venn diagram analysis(Fig. 5), 6 candidate genes in the intersection of the above three datasets
and GSE119600 were selected for further analysis, including PDZK1IP1, STAT1, PI3, VAV1, PTGDS and
LAIR2. Then we split the dataframe into a training sample (n = 102) and validation sample (n = 40). After
backward stepwise selection, STAT1 (AUC = 0.728, 95%CI: 0.626–0.829), PI3 (AUC = 0.655, 95%CI:0.541–
0.768), VAV1 (AUC = 0.866, 95%CI: 0.795–0.937) and PTGDS (AUC = 0.766, 95%CI: 0.660–0.872) were
included in the �nal model for predicting CD from normal control. As is shown in Fig. 6, the AUC,
sensitivity and speci�city of proposed model was 0.942 (95% CI: 0.899, 0.984), 91.0%, 77.1% on the
training set, respectively. In the validation set, the model also displayed good discriminative power of
predicting the CD (AUC 0.973, 95% CI: 0.929-1.000) with a sensitivity of 96.4% and speci�city of 83.3%.

were identi�ed in mucosal biopsies from CD and N samples of the GSE16879, GSE95095 and
GSE126124 datasets. 177 DEGs in blood between CD and N samples were identi�ed from the
GSE119600 datasets. DEGs, differentially expressed genes. CD, Crohn's Disease. N, control samples.

Discussion
CD is a typical immune-mediated in�ammatory diseases, which leads to the damage of gastrointestinal
tract but also the rest of the body. Early diagnosis and treatment of CD will effectively avoid
complications from progression of the disease and improve quality of life by limiting complications.
However, making an accurate diagnosis of CD at early stage is extremely di�cult due to the lack of
typical clinical symptoms and effective single diagnostic test. So, identifying reliable hematologic
biomarkers are crucial for assisting the early detection of CD.

In our study, we identi�ed 224 DEGs by comparing genes expressed in CD and normal tissue samples.
The DEGs were enriched in biological processes such as hnumoral immune response, in�ammatory
response, neutrophil chemotaxis, granulocyte migration, and were enriched in biological functions such
as regulation of in�ammatory response, cellular response to biotic stimulus,cell chemotaxis and
leukocyte migration. KEGG pathway enrichment analysis revealed that these DEGs mainly affected
cytokine-cytokine receptor interaction, chemokine signaling pathway, IL-17 signaling pathway, viral
protein interaction with cytokine and cytokine receptor, NOD-like receptor signaling pathway, TNF
signaling pathway, complement coagulation cascades.
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We identi�ed six haematologic and tissular speci�c expressed genes using four GEO datasets. ROC curve
analysis suggests that combined with four genes have favourable diagnostic value for CD both in
training and validation set. Therefore, we hypothesize that STAT1, PI3 ,VAV1 and PTGDS may be
biomarkers for diagnosis of CD.

STAT proteins are dormant cytoplasmic transcription factors involved in signal transduction of several
cytokines and growth factors. Expression and activation of STAT1 play an important role in chronic
in�ammatory diseases, including asthma and rheumatoid arthritis[16, 17]. The increased expression and
activation of STAT1 was also found in the intestinal lamina propria of IBD patients, which was correlate
with the endoscopic and histological activity of the disease. A study by Gunther et al. reported that IFNL-
induced death of Paneth cells at the crypt bottom in in�amed ileum samples via the activation of
STAT1[18]. Therefore, STAT1 may play an important role in the disease progression of CD.

VAV1, a member of the Vav family, is expressed only in the immune system and plays a critical role in the
development and activation of T-cells[19]. The epistasis between Themis1(a new actor of TCR signaling)
and Vav1 controls the occurrence of Treg suppressive function and predisposes to in�ammatory bowel
disease development[20]. In addition, there are no reports about PI3, PTGDS and IBD. So, we considered
these three markers may be novel and effective biomarkers for the diagnosis of CD.

Conclusion
Our work identi�ed for haematologic speci�c expressed genes as potential biomarkers of CD. A
diagnostic model including STAT1, PI3 ,VAV1 and PTGDS showed good performance which would be
helpful for the early diagnosis of CD. Still, the biomarkers need to be re�ned in large sample sizes, and
diagnostic model need to be further con�rmed.
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Figure 1

Differentially expressed genes. Volcano plot of DEGs between the CD and N samples of
the GSE16879(A), GSE95095(C) and GSE126124(E) datasets. PCA plot of DEGs between the CD and N
samples of the GSE16879(B), GSE95095(D) and GSE126124(F) datasets. DEGs, differentially expressed
genes. CD, Crohn's Disease. N, control samples. PCA, principal component analysis.

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE55457
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE55457
https://so.csdn.net/so/search?q=Component&spm=1001.2101.3001.7020
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Figure 2

Co-expression of the differentially expressed genes of the  GSE16879,
GSE95095 and GSE126124 expression groups.

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE55457
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Figure 3

Partial display of the GSEA analysis results. NES, normalized enrichment score. p.adjust, adjust p value.
FDR, false discovery rate. CD, Crohn's Disease. N, control samples.
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Figure 4

GO and KEGG pathway analyses of DEGs. (A) The chord plot showing the top 10 enriched biological
processes of DEGs. GO:0006959, humoral immune response. GO:0032496, response to
lipopolysaccharide. GO:0002237, response to molecule of bacterial origin. GO:0050727,regulation of
in�ammatory response. GO:0071222, cellular response to lipopolysaccharide. GO:0071219,cellular
response to molecule of bacterial origin. GO:0071216, cellular response to biotic stimulus. GO:0019730,
antimicrobial humoral response. GO:0060326, cell chemotaxis. GO:0050900, leukocyte migration. (B) The
loop graph showing the top 10 enriched KEGG pathways of DEGs. hsa04060, Cytokine-cytokine receptor
interaction. hsa04062, Chemokine signaling pathway. hsa04657, IL-17 signaling pathway. hsa04061,
Viral protein interaction with cytokine and cytokine receptor. hsa04621, NOD-like receptor signaling
pathway. hsa05133, Pertussis. hsa05150, Staphylococcus aureus infection. hsa04668, TNF signaling
pathway. hsa04610, Complement and coagulation cascades. hsa05323, Rheumatoid arthritis.
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Figure 5

Co-expression of the differentially expressed genes of tissue and blood groups. DEGs

were identi�ed in mucosal biopsies from CD and N samples of the GSE16879,
GSE95095 and GSE126124 datasets. 177 DEGs in blood between CD and N samples were identi�ed from
the GSE119600 datasets. DEGs, differentially expressed genes. CD, Crohn's Disease. N, control samples.

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE55457


Page 14/14

Figure 6

ROC curve of the 6 speci�cally expressed hub genes and model for detection CD. (A) ROC curve in
training set. (B) ROC curve in validation set.


