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Background: The etiology of type 1 diabetes mellitus (T1DM) in pediatric populations remains poorly 
understood. The key to precise prevention and treatment of T1DM in identifying crucial pathogenic genes. 
These key pathogenic genes can serve as biological markers for early diagnosis and classification, as well as 
therapeutic targets. However, there is currently a lack of relevant research on screening key pathogenic genes 
based on sequencing data and efficient algorithms.
Methods: The transcriptome sequencing results of peripheral blood mononuclear cells (PBMCs) of 
children with T1DM (GSE156035) were downloaded from the Gene Expression Omnibus (GEO) database. 
The data set contained 20 T1DM samples and 20 control samples. Differentially expressed genes (DEGs) in 
children with T1DM were selected based on fold change (FC) >1.5 times and adjusted P value <0.05. The 
weighted gene co-expression network was constructed. Hub genes were screened as modular membership 
(MM) >0.8 and gene significance (GS) >0.5. Intersection genes of DEGs and hub genes were defined as key 
pathogenic genes. The diagnostic efficacy of key pathogenic genes was evaluated using receiver operator 
characteristic (ROC) curves.
Results: A total of 293 DEGs were selected. Compared with the control group, 94 genes were down-
regulated and 199 genes were up-regulated in the treatment group. Black modules (Cor =0.52, P=2e−12) 
were positively correlated with diabetic traits, whereas brown modules (Cor =−0.51, P=5e−12) and pink 
modules (Cor =−0.53, P=5e−13) were negatively correlated with diabetic traits. The black module contained 
15 hub genes, the pink gene module contained 9 hub genes, and the brown module contained 52 hub genes. 
The intersection of hub genes and DEGs contained 2 genes, CCL25 and EGFR. The expression of CCL25 
and EGFR was low in control samples and high in the test group (P<0.001). The areas under ROC curves 
(AUCs) of CCL25 and EGFR were 0.852 and 0.867, respectively (P<0.05).
Conclusions: Weighted correlation network analysis (WGCNA) was used to identify the key pathogenic 
genes of T1DM in children, including CCL25 and EGFR, which have good diagnostic efficacy for T1DM in 
children.
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Introduction

Diabetes is a heterogeneous group of diseases that pose a 
significant threat to human health regardless of etiology, 
pathogenesis, or clinical phenotype (1,2). Type 1 diabetes 
mellitus (T1DM) constitutes 1–15% of all forms of diabetes. 
T1DM in children is an autoimmune disease characterized 
by progressive destruction of islets of Langerhans-derived 
β cells (3,4). Thus, patients need to rely on insulin therapy 
due to a significant reduction or complete lack of insulin 
secretion (5). The international community recognizes the 
importance of strengthening the prevention and control 
of T1DM in children (6,7). Precision medicine provides a 
promising approach to achieve this goal, with recent studies 
demonstrating the potential of vitamin D supplementation 
during pregnancy and the neonatal period to reduce T1DM 
risk (8,9). A study reported that CD3 monoclonal antibody 
injection could delay the onset of T1DM in children (10). 
Accurate prevention and treatment of T1DM requires the 
identification of key pathogenic genes (11), which can serve 
as biological markers for early diagnosis and typing, as well 
as therapeutic targets.

The specific pathological mechanism of T1DM in 
pediatric populations remains elusive. Currently, there is 
a lack of relevant research on screening key pathogenic 
genes based on sequencing data and efficient algorithms. 
However, recent advancements in sequencing technology, 
bioinformatics, and machine learning algorithms have 
enabled the identification of potential disease-causing 
genes and further exploration of disease pathogenesis. For 
example, through the analysis of sequencing data, common 

pathogenic genes for diabetes and kidney cancer have been 
identified (12). Given the difficulty in obtaining pancreatic 
tissue samples, it is believed that peripheral blood-based 
immunological markers could be utilized for the diagnosis 
of T1DM in children. This study utilizes the sequencing 
data from peripheral blood mononuclear cell (PBMC) 
samples of children with T1DM from a public database 
and employs weighted gene correlation network analysis 
(WGCNA) to screen for key pathogenic genes. The 
diagnostic efficacy of these key pathogenic genes in children 
with T1DM is evaluated and the results of this study 
provide valuable insights into the pathogenesis of T1DM 
in children. We present the following article in accordance 
with the STREGA reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-23-201/rc).

Methods

Data download

The full transcriptome sequencing results of PBMCs 
from children with T1DM were obtained from the Gene 
Expression Omnibus (GEO) database (GSE156035), 
comprising 20 T1DM samples and 20 normal samples. The 
corresponding platform file is GPL20844. In this study, the 
T1DM samples were designated as the treatment group 
and the normal samples as the control group. According to 
the platform file information, convert probe names to gene 
names. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Differential analysis

R software (version 3.5.1; The R Foundation for Statistical 
Computing, Vienna, Austria) and the relevant R packages 
were utilized to identify differentially expressed genes 
(DEGs) between the T1DM and normal samples. The fold 
change (FC) is the ratio of the average gene expression level 
in the experimental group to the average gene expression 
level in the control group. The DEGs screening criteria for 
DEGs were established as a FC greater than 1.5 times and 
an adjusted P value less than 0.05.

Enrichment analysis

The DEGs identified through the R software and R package 
were further analyzed for functional enrichment using the 
Kyoto Encyclopedia of Genes and Genomes (KEGG) and 
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Gene Ontology (GO) databases. The screening criterion is 
a q-value <0.05.

Key gene screening

To identify key genes in this study, the weighted gene 
co-expression network analysis (WGCNA) package in 
R software was used to construct a gene co-expression 
network. First, the Pearson correlation matrix of all gene 
pairs was calculated to construct the correlation matrix. 
Then, the correlation matrix was transformed into an 
adjacency matrix using a power function, and a scale-
free topology was achieved using a soft threshold β. The 
adjacency matrix was transformed into a topological 
overlap matrix (TOM), and the gene-to-gene dissimilarity 
matrix (dissTOM =1 − TOM) was calculated. Hierarchical 
clustering was performed on the dissTOM to obtain a 
systematic clustering tree, grouping genes with similar 
expression into the same cluster. The Dynamic Tree Cut 
dynamic pruning algorithm was used to distinguish co-
expression modules, with the minimum value of genes in the 
module set to 30, and the calculation of module eigengene 
(ME) values was performed to merge modules with highly 
similar clustering. This study employed 2 methods to 
identify modules related to clinical phenotypes. The first 
method involves calculating the correlation coefficient and 
P value of the module characteristic genes with disease 
phenotypes to determine key modules. The second method 
involves calculating the gene significance (GS) and module 
significance (MS) to determine key modules. GS refers 
to the correlation coefficient between the expression of a 
gene and a clinical information, whereas MS refers to the 
average of the GS of all genes in the module. Generally, the 
greater the absolute value of MS and GS for all modules, 
the stronger the correlation with the disease. Modular 
membership (MM) is used to measure the importance of a 
gene in a module. The standard for screening hub genes is 
MM >0.8 and GS >0.5.

Statistical analysis

R software (V3.5.1) and relevant R packages were used 
for statistical analysis. Comparisons between groups 
were performed using the rank-sum test. The diagnostic 
efficiency of the key genes for childhood T1DM was 
evaluated using a receiver operating characteristic (ROC) 
curve. The larger the area under the curve (AUC), the 
better the gene diagnostic efficiency. A two-sided P value of 

less than 0.05 is considered statistically significant.

Results

Screening of DEGs

In this study, 293 DEGs were screened using the criteria 
of |log2FC| ≥0.585 and false discovery rate (FDR) <0.05. 
Compared to the control group samples, 94 genes were 
down-regulated and 199 genes were up-regulated in the 
study group samples (Figure 1).

GO enrichment analysis based on DEGs

GO enrichment analysis  showed that DEGs were 
significantly enriched in biological process (BP) such 
as cartilage development, digestion, connective tissue 
development, response to xenobiotic stimulus, and tissue 
homeostasis. DEGs were also significantly enriched in 
cellular component (CC) such as collagen-containing 
extracellular matrix (ECM), collagen trimer, endoplasmic 
reticulum lumen, complex of collagen trimers, and apical 
part of cell. Additionally, DEGs were significantly enriched 
in molecular function (MF) such as ECM structural 
constituent, glycosaminoglycan binding, ECM structural 
constituent conferring tensile strength, peptidase regulator 
activity, and carbonate dehydratase activity (Figure 2).

KEGG enrichment analysis based on DEGs

KEGG enrichment analysis showed that DEGs were 
significantly enriched in pathways such as gastric acid 
secretion, ECM-receptor interaction, protein digestion and 
absorption, retinol metabolism, drug metabolism-cytochrome 
P450, focal adhesion, collecting duct acid secretion, glycolysis/
gluconeogenesis, tyrosine metabolism, and metabolism of 
xenobiotics by cytochrome P450 (Figure 3).

Screening hub gene based on WGCNA

The study used WGCNA to analyze gene expression data 
and identified 9 gene modules. The soft threshold was set 
at β=5 when the R2 of the scale-free topology model first 
reached 0.9, and the average connectivity was high and 
contained sufficient information (Figure 4). Based on this, 
a hierarchical clustering tree and co-expression module 
(Figure 5) of WGCNA network were constructed, and 9 
gene modules were finally obtained. The study selected 
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Figure 1 A heatmap of the DEGs. Red represents up-regulation and blue represents down-regulation. Con represents normal blood samples 
and Treat represents diabetic blood samples. The x-axis represents the samples and the y-axis represents the DEGs. DEGs, differentially 
expressed genes.

modules based on the criteria of a correlation coefficient 
of |Cor| >0.5 and P<0.05. The black module (Cor =0.52, 
P=2e−12) was positively correlated with diabetic traits, 
whereas the brown (Cor =−0.51, P=5e−12) and pink (Cor 
=−0.53, P=5e−13) modules were negatively correlated 
(Figure 6). The black module contained 15 hub genes 
selected by the criteria of MM >0.8 and GS >0.5 (Figure 7),  
the brown module contained 52 hub genes (Figure 8), and 
the pink module contained 9 hub genes (Figure 9). The 
intersection of the hub genes and DEGs included 2 genes, 
CCL25 and EGFR.

CCL25 and EFGR diagnostic effectiveness prediction

CCL25 and EGFR were lowly expressed in the control 
group and highly expressed in the test group (P<0.001, 
Figure 10A,10B). The AUC of CCL25 and EGFR was 0.852 
and 0.867 respectively (P<0.05, Figure10C,10D).

Discussion

More than 75% of patients with T1DM exhibit onset in 
childhood, which is preceded by a long evolution process 
(13,14). Early prediction of the disease is crucial for 
screening high-risk individuals and timely immunological 
intervention. Therefore, early diagnostic markers for 
T1DM are of utmost importance. T1DM is a genetic and 
environmental interaction disease caused by multiple gene 
interactions, including abnormal T cell and B cell apoptosis, 
leading to pancreatic β cell damage.

A previous study explored key genes involved in the 
development of T1DM. One study used polymerase chain 
reaction (PCR) and Western blot techniques to examine 
the caspases-3 messenger RNA (mRNA) and protein levels 
in PBMCs of T1DM patients (15), and found that the 
caspases-3 levels were reduced both in mRNA and protein 
expressions (15). The deficit of caspases-3 expression and 



Translational Pediatrics, Vol 12, No 4 April 2023 713

© Translational Pediatrics. All rights reserved.   Transl Pediatr 2023;12(4):709-718 | https://dx.doi.org/10.21037/tp-23-201

B
P

C
C

M
F

0 5 10 15 20

tissue homeostasis

response to xenobiotic
stimulus

connective tissue development

digestion

cartilage development

apical part of cell

complex of collagen trimers

endoplasmic reticulum lumen

collagen trimer

collagen−containing
extracellular matrix

carbonate dehydratase activity

peptidase regulator activity

extracellular matrix
structural constituent

conferring tensile strength

glycosaminoglycan binding

extracellular matrix
structural constituent

Count

0.001 

0.005

0.010

qvalue

Cartilage development

Digestion

Connective tissue development

Response to xenobiotic stimulus

Tissue homeostasis

Collagen-containing extracellular matrix

Collagen trimer

Endoplasmic reticulum lumen

Complex of collagen trimers

Apical part of cell

Extracellular matrix structural constituent

Glycosaminoglycan binding extracellular matrix

Structural constituent conferring tensile strength

Peptidase regulator activity

Carbonate dehydratase activity

Metabolism of xenobiotics by
cytochrome P450

Tyrosine metabolism

Glycolysis / Gluconeogenesis

Collecting duct acid secretion

Focal adhesion

Drug metabolism − cytochrome
P450

Retinol metabolism

Protein digestion and
absorption

ECM−receptor interaction

Gastric acid secretion

0 2 4 6 8
Count

0.025

0.020

0.015

0.010

0.005

qvalue

Gastric acid secretion

ECM-receptor interaction

Protein digestion and absorption

Retinol metabolism

Drug metabolism-cytochrome P450

Focal adhesion

Collecting duct acid secretion

Glycolysis/Gluconeogenesis

Tyrosine metabolism

Metabolism of xenobiotics by cytochrome P450

Figure 2 GO enrichment analysis based on DEGs. The x-axis represents the number of enriched genes and the y-axis represents the GO 
categories with different colors representing the q-value. BP, biological process; CC, cellular component; DEGs, differentially expressed 
genes; GO, Gene Ontology; MF, molecular function.

Figure 3 KEGG enrichment analysis based on DEGs. The x-axis represents the number of enriched genes and the y-axis represents the 
KEGG pathways with different colors representing the q-value. DEGs, differentially expressed genes; ECM, extracellular matrix; KEGG, 
Kyoto Encyclopedia of Genes and Genomes.
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function was related to T1DM development. Vendrame  
et al. (16) investigated the Fas resistance mechanism in 
T1DM patients and showed that the activity of caspase-8 
and caspase-9 decreased in T1DM patients, and the level 
of Fas resistance was directly related to the early or late 
invasion of self-immunity, meaning that the higher the Fas 
resistance, the earlier the onset of T1DM. In recent years, 
the development of high-throughput sequencing technology 
and machine learning algorithms has provided new insights 
into identifying key genes involved in T1DM pathogenesis.

This study identified the key pathogenic genes of T1DM 
in children through WGCNA, including CCL25 and EGFR. 
We believe that CCL25 and EGFR are involved in the 
occurrence and progress of T1DM in children.

CCL25 is a classic chemoattractant factor that can drive 
immune cell accumulation in specific regions (17). Its 

ligand is CCR9 (17). CCL25-CCR9 participates in T cell 
development and migration, thus promoting inflammatory 
responses (18,19). The interaction between CCL25 and 
CCR9 can also activate Akt/protein kinase B to inhibit 
cell apoptosis and support T cell survival during thymic 
maturation (20). The mechanism of T1DM described 
in previous studies is consistent with our results. The 
immunopathogenesis of T1DM begins with the decline of 
self-tolerance, the presence of self-antibodies against β cell 
antigens leading to β cell destruction mediated by T cells. 
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Figure 5 Dynamic tree cutting and gene module.
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This peripheral self-tolerance breach is mainly manifested 
in the activation, proliferation, and differentiation of 
autoreactive T cells into highly pathogenic effector T cells 
and memory T cells in the circulation of β cells. CCL25 is 
a key regulatory point in this process. However, there has 
been no direct evidence to prove CCL25 can promote the 

recruitment of self-reactive T cells to the pancreatic site. 
This still requires further experimental validation.

EGFR, one of the members of the epidermal growth 
factor receptor family (21-23), specifically binds to ligands 
such as epidermal growth factor, transforming growth 
factor, bidirectional regulating protein, B cell factor, liver-
binding EGF-like growth factor, and epidermal regulation 
factor (24,25). EGFR is involved in the regulation of 
mechanisms for various inflammatory reactions (26-28). 
EGFR can induce the expression of metalloproteinase 
through the Toll-like receptor family signaling pathway (29). 
Upon binding to a ligand, EGFR forms a dimer and activates 
downstream MAPK and PI3K signaling pathways by 
phosphorylation, which regulates transcription of cytokines 
(30-33). EGFR can regulate a series of inflammatory factors, 
including interleukin-1, -6, -8, and tumor necrosis factor. 
There is no literature describing the correlation between 
EGFR and childhood T1DM. Further research is still 
needed to explore the pathogenic mechanisms of EGFR in 
childhood T1DM.

There is still a lack of relevant research elucidating the 
MFs of CCL25 and EGFR in childhood T1DM and other 
types of diabetes. This study only confirms their diagnostic 
efficacy. CCL25 and EGFR are key factors in promoting 
inflammatory responses, and blocking the MFs of CCL25 
and EGFR may help suppress inflammatory reactions, 
assisting in the treatment of childhood T1DM. CCL25 
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Figure 10 Evaluation of diagnostic efficacy of CCL25 and EFGR. (A,B) Comparison of the expression of CCL25 and EGFR in the control 
group and the study group. (C,D) Working characteristic curve of CCL25 and EGFR cases. “Con” represents normal blood samples and 
“Treat” represents diabetic blood sample. ***, P<0.001. AUC, area under the curve; CI, confidence interval.

and EGFR are potential therapeutic targets. It should 
also be noted that due to different screening criteria, the 
DEGs in this study are not entirely consistent with those 
in the study by Santos et al. (34). That study (34) suggests 
that inflammatory responses play an important role in the 
pathogenesis of childhood T1DM, which is consistent with 
our research findings.

This study has some limitations. Firstly, the sample 
size of this study is relatively small, and more data could 
not be obtained from public databases due to the limited 
attention paid to childhood T1DM. Secondly, the lack of 
external data validation calls for further establishment of 
an external cohort to validate the diagnostic efficiency of 
the key genes and conduct experiments with large sample 
sizes. Furthermore, this study lacks prognostic information 

of the samples, preventing an in-depth investigation of the 
impact of key genes on patient prognosis. Finally, we have 
not been able to clarify the pathogenic mechanisms of the 
key genes, and further basic experiments are still needed to 
explore the MFs and related mechanism pathways of the 
key genes CCL25 and EGFR in the onset and progression of 
the disease. 

Conclusions

In conclusion, this study identified key pathogenic genes 
for pediatric T1DM using WGCNA, including CCL25 
and EGFR. Both of them are upregulated in blood samples 
of childhood T1DM and have good diagnostic efficacy for 
childhood T1DM, serving as potential biological markers. 
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