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Background: Type 1 diabetes is an autoimmune disease strongly related to genetic factors. Although 
studies on T1D susceptibility genes have achieved great progress, the molecular mechanism of T1D remains 
to be explained. 
Methods: To explore the underlying mechanisms of T1D, bioinformatic analysis based on a microarray 
database was used to determine the key biomarkers of T1D as well as their biofunctions and interactions. 
The microarray database GSE55100 was downloaded from the Gene Expression Omnibus (GEO). 
Differentially expressed genes (DEGs) were processed by packages in R Software. The database for 
Annotation, Visualization, and Integrated Discovery (DAVID, version 6.8) was used to conduct gene 
ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses. The protein-protein 
interaction network was analyzed with the Search Tool for the Retrieval of Interacting Genes (STRING), 
and the module analysis was performed using Cytoscape.
Results: Seventy-eight DEGs and 13 hub genes were identified. The biofunctions and pathways of these 
DEGs were enriched in immune response, extracellular exosome, cytokine activity and antigen processing 
and presentation. Thirteen DEGs with MCODE score ≥2 were selected as hub genes including MMP9, 
ARG1, CAMP, CHI3L1, CRISP3, SLPI, LCN2, PGLYRP1, LTF, RETN, CEACAM1, CEACAM8 and MS4A3.
Conclusions: The identification and analyses of the DEGs and hub genes from database GSE55100 
provide novel prospectives of the pathogenesis of T1D.
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Introduction

Diabetes has assumed a prevailing trend with 463 million 
adult being affected worldwide (1). A further 1.1 million 
children and adolescents were diagnosed with type 1 
diabetes (T1D), exerting a heavy burden on the affected 
families and the society (2). Genetic factors play a crucial 

role in T1D, which is an autoimmune disease resulting from 
T cell-mediated destruction of islet β cells (3). The human 
leukocyte antigen (HLA) genes, as well as other non-HLA 
genes have been found to be strongly associated with the 
pathogenesis of T1D (2). By far, HLA class I and II clusters 
serve a pivotal role in T1DM susceptibility, with more than 
90% of early-onset T1D patients carrying at least one copy 
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of the DRB*301-DQB*201. Besides, approximately 20% 
of the T1D patients have a copy of DRB*401-DQA*301-
DQB*302 (4). Insulin (INS) is the gene encoding the 
preproinsulin peptide, and intriguingly, the function of 
this gene varies. The short (class I) insulin-linked variable 
number of tandem repeats (INS-VNTR) alleles confer 
susceptibility to T1D, but the long (class III) alleles are 
T1D-protective (5). PTPN22 encodes the lymphocyte 
specialized tyrosine phosphatase (6). LYP negatively 
regulates T cell kinase signaling and participates in host 
defense and immune tolerance; its expression is upregulated 
in the context of T1D (6). CTLA4 is a gene encoding both 
a T cell-specific transmembrane co-receptor and a T cell 
activation negative regulator (7). IL2RA is upregulated in 
stimulated effector T cells and forkhead box P3 (FOXP3)+-
regulated CD4+ cells. Moreover, reduced interleukin-2  
(IL-2) expression was found to diminish the regulatory T 
cells in NOD mice (8).

Most of the studies on T1D genetic predisposition were 
performed in Caucasian people, whose genetic background 
is distinct from that of Chinese individuals (9). According 
to a genome-wide association study (GWAS) in the Chinese 
Han population which recruited 2,596 autoantibody-
positive T1D cases and 5,082 control subjects, the effect 
sizes of some risk loci were stronger for Chinese T1D 
patients, such as 6p22.2, 10p14, and 12q13.2, while some 
were weaker such as INS at 11p15.5 than the Caucasians (9). 
Furthermore, 13 of the 61 reported loci in the Caucasian 
T1D patients had little effect in the Chinese population, 
and other 32 T1D risk loci from Caucasian GWASs were 
not replicable in Chinese patients (9). Notably, risk loci 
specific to Chinese Han patients with T1D were identified. 
The novel loci rs4320356 near BTN3A1, rs3802604 in 
GATA3 and HLA-C position 275 as well as two reported 
loci, rs1770 in MHC and rs705699 in SUOX, were proven 
to be relevant to Chinese T1D patients (9). Although the 
study extended the knowledge on genetic contribution to 
Chinese patients with T1D, there are still unexplored risk 
loci for the disease.

To our knowledge, pancreatic islets are the best choice 
for exploring the pathogenesis of T1D. Several studies 
have focused on the target tissue and analyzed the gene 
expression in T1D patients, however, none of them were in 
the Chinese population. Peripheral blood mononuclear cells 
(PBMCs) can be an optimal alternative to pancreatic islets 
for studying diabetes (10). The GSE55100 dataset, accessed 
from the Gene Expression Omnibus (GEO) database, is 
the only database recording the messenger RNA (mRNA) 

expression of PBMCs in Chinese patients with newly-
diagnosed T1D and may help us determine the potentially 
relevant genes and mechanisms of T1D onset. We analyzed 
differentially expressed genes (DEGs) and biofunctions 
related to T1D via bioinformatic analysis. Furthermore, 
enrichment analysis and functional annotation were 
conducted to demonstrate the potential processes of T1D 
progression.

Methods

Data resources

The mRNA expression file of GSE55100 was downloaded 
from GEO database (http://www.ncbi.nlm.nih.gov/geo), 
a public data source recoding genetic information (11). 
Transcriptome data were obtained from the GPL570 
platform, Affymetrix Human Genome U133 Plus 2.0 
Array. The annotation file in the platform matches the 
probes with the corresponding genes. GSE55100 contains 
the mRNA information of PBMCs from 12 patients with 
newly diagnosed T1D and 10 normal controls. All of the 
participants were Chinese, and the newly-diagnosed T1D 
was defined as T1D diagnosis less than 12 weeks with 
insulin medication (12). The data were provided by Ruijin 
hospital, Shanghai Jiao Tong University (Shanghai, China).

DEG identification

The DEGs between the T1D patients and controls were 
analyzed with procedures including data preparation (data 
normalization and summarization) and DEG analysis (DEG 
selection and annotation). The affy package in R Software 
was used for data normalization, and limma package was 
applied for the remaining processes. The progression of 
DEG selection included model design, linear model fitness, 
contrast matrix generation, Bayesian model building and 
gene filtering, all of which were conducted by the functions 
in the limma package. Genes with the P<0.05 and |log Fc| 
(fold change) >1 were considered as DEGs.

Enrichment analysis for DEGs

The Kyoto Encyclopedia of Genes and Genomes (KEGG) 
(http://www.kegg.jp/ or http://www.genome.jp/kegg/) 
is a data resource for genes and genomes with assigned 
corresponding functional significances (13). Gene ontology 
(GO) is a tool for annotating genes from various ontologies 

http://www.ncbi.nlm.nih.gov/geo
http://www.kegg.jp/ or http://www.genome.jp/kegg/


Annals of Translational Medicine, Vol 8, No 6 March 2020 Page 3 of 10

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(6):295 | http://dx.doi.org/10.21037/atm.2020.02.171

(14). The Database for Annotation, Visualization, and 
Integrated Discovery (DAVID, version 6.8, http://david.
ncifcrf.gov) is a resource for interpreting genes originating 
from genomic studies with bioinformatic information 
(8). The GO and KEGG analyses of these genes were 
performed by the DAVID online database with P<0.05 
set as statistically significant. The PPI network was 
constructed and projected with the Search Tool for the 
Retrieval of Interacting Genes (STRING, version 10.5) (14)  
online database, and the interaction was considered 
statistically significant when a combined score >0.4. The 
interaction network was visualized with Cytoscape (version 
3.6.0), which comprehensively combines biomolecular 
interaction networks with high-throughput expression 
data and other molecular states (15). The genes and their 
connections could be regulated in the software, and we 
represented the genes with ellipses and the connections 
with gray full lines. The upregulated genes were selected 
by setting the default filter with a logFc from 0 to 1.833 
(the maximum logFc value) and were colored with a yellow 
background. Molecular Complex Detection (MCODE, 
version 1.5.1), a plug-in from Cytoscape, was utilized to 
find the densely connected regions of PPIs for DEGs (16). 
Significant gene modules were built by setting the selection 
criteria as follow: (I) MCODE score greater than or equal to 
2; (II) degree cut-off equal to 2; (III) node score cut-off equal 
to 0.2; (VI) max depth equal to 10; (V) k-score equal to 2.

Hub genes

Genes included in the modules built by MCODE were 
selected as hub genes. Then, their coexpression network 
was constructed with Coexpedia (http://www.coexpedia.
org), a coexpression database annotating co-functional  
co-expression information (17). The biological process 
network of these genes was investigated and envisioned 
with the Biological Networks Gene Ontology tool (BiNGO, 
version 3.0.3), a plug-in in Cytoscape (18).

Results

DEGs in T1D

Af te r  the  expre s s ion  da t a ,  phenotype  da t a  and 
annotation file were processed with the affy and limma 
packages in R Software. After excluding 11 invalid 
genes, 78 DEGs, including 42 upregulated genes and  
42 downregulated genes, were identified between the newly 

diagnosed Chinese T1D patients and controls (Table S1). 
The results were displayed in a volcano plot with red dots 
representing the upregulated genes (n=42), green dots 
representing the downregulated genes (n=36) and gray 
dots representing the non-differentially expressed genes 
(n=54,586) (Figure 1).

Enrichment analyses

The enrichment analysis of DEGs performed using DAVID 
showed that the main DEG biological process changes were 
collected in immune response, innate immune response, cell 
adhesion, inflammation response and positive regulation 
of cell proliferation (Table 1, Figure 2A). Cell component 
changes were predominantly in the extracellular exosome, 
extracellular space, extracellular region and integral 
component of the plasma membrane (Table 1, Figure 2B). 
The molecular function (MF) changes were largely in 
cytokine activity, iron ion binding, carbohydrate binding, 
transmembrane signaling receptor activity and serine-type 
endopeptidase activity (Table 1, Figure 2C). The KEGG 
pathway analysis results revealed the potent relationships 
among DEGs in antigen processing and presentation, 
influenza A and herpes simplex infection (Table 1, Figure 2D).

PPI network formation

The DEG PPI network constructed by STRING is 
shown in Figure 3A, reflecting the outline of the DEG 
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Figure 1 Genes expression data was presented by volcano plots 
(n=54,664). Red points represented for the up-regulated genes 
(n=42), green points for the downregulated genes (n=36) and gray 
points for non-differentially expressed genes (n=54,586).
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network. Then, the network was analyzed by Cytoscape 
and was presented in Figure 3B with 36 nodes colored 
yellow representing the upregulated genes. Two significant 
modules constructed by MCODE in Cytoscape are 
presented in Figure 3C and D, including 10 genes (MMP9, 
ARG1, CAMP, CHI3L1, CRISP3, SLPI, LCN2, PGLYRP1, 
LTF and RETN) and 3 genes (CEACAM1, CEACAM8 and 
MS4A3) respectively. The modules were densely connected 
parts of the PPI network, which might be closely related to 
the pathogenesis of T1D.

Hub gene selection

Thirteen DEGs with MCODE score ≥2 were selected as 
hub genes. Genes from the module in Figure 3C had the 
highest score of 9, whereas those in the other module had 
a score of 2. Detailed information on hub genes, including 
gene symbols, full names and gene implications, is shown in 
Table 2. The coexpression network analyzed by Coexpedia is 
shown in Figure 4A, presenting the coexpression relationships 
between hub genes. The biological process network of hub 

genes explored via BiNGO is shown in Figure 4B, with 
31 nodes representing various biological processes and 52 
edges representing the connections. In the network, deeper 
colors represented higher frequencies and 5 nodes with 
deep yellow backgrounds, i.e., citrulline metabolic process, 
argininosuccinate metabolic process, arginine biosynthetic 
process, arginine metabolic process and glutamine family 
amino acid biosynthesis were with the highest frequencies.

Discussion

Diabetes has become one of the most important chronic 
disease with a rapidly increasing prevalence during the past 
decade (19). In contrast to type 2 diabetes (T2D), T1D is 
an autoimmune-mediated disease resulting from a complex 
crosstalk between genetic factors and environmental 
determinants (20,21). MHC genes as well as non-MHC 
genes have been proven to be involved in the pathogenesis 
of T1D (22). Understanding the contributory genes is 
crucial for revealing the underlying mechanisms of T1D and 
establishing risk prediction models. Researches on etiology-

Table 1 Results of GO and KEGG pathway enrichment analysis of DEGs

Term Description Count in gene set P value

GO:0006955 Immune response 11 4.61E-06

GO:0045087 Innate immune response 10 3.91E-05

GO:0007155 Cell adhesion 9 3.78E-04

GO:0006954 Inflammatory response 8 6.38E-04

GO:0008284 Positive regulation of cell proliferation 7 0.009180343

GO:0070062 Extracellular exosome 28 7.73E-07

GO:0005615 Extracellular space 22 7.20E-09

GO:0005576 Extracellular region 14 0.005261967

GO:0005887 Integral component of plasma membrane 12 0.013566932

GO:0005125 Cytokine activity 5 0.004714656

GO:0005506 Iron ion binding 4 0.021178215

GO:0030246 Carbohydrate binding 4 0.039835718

GO:0004888 Transmembrane signaling receptor activity 4 0.049477271

GO:0004252 Serine-type endopeptidase activity 4 0.075232402

hsa04612 Antigen processing and presentation 5 3.45E-04

hsa05164 Influenza A 5 0.007298983

hsa05168 Herpes simplex infection 5 0.008696934

GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; DEG, differentially expressed genes.
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related genes have achieved significant progress; however, 
obtaining insight into the gene interactions and molecular 
mechanisms of the disease still has a long way to go.

In this study, we analyzed a microarray dataset based on 
PBMCs from T1D patients and normal controls, and 89 
DEGs were identified. Then, we analyzed the DEGs using 
GO and KEGG enrichment analyses. The DEGs appeared 
to be mainly related to the immune response, extracellular 
exosome, cytokine activity and antigen processing and 
presentation. T1D is a T lymphocyte-mediated, B 
lymphocytes-assisted autoimmune disease (2,3); therefore, 
it is not surprising to find that the DEGs were enriched in 
immune processes. The results revealed that extracellular 
exosomes possibly played a role in the etiology of T1D. 
T1D is an organ-specific autoimmune disease with the 
target autoantigens on the intracellular membrane; however, 
the mechanisms of how they initially encounter the immune 
system is inadequately understood. Cianciaruso et al. (23) 
found that those intracellular β-cell autoantigens were 
released in small vesicles, termed exosomes, by pancreatic 
islets in rats and humans with T1D. When these exosomes 
anchored GAD65 to exosome-mimetic liposomes, they 

were taken up and processed by activated dendritic cells (23).  
Therefore, it could be proposed that stress-induced 
intracellular autoantigen exosomal and immunostimulatory 
chaperon release might be related to the autoimmune 
response initiation in T1D.

Among the DEGs, 13 hub genes were clustered in DEG 
networks, which may be pivotal to the pathogenesis of 
T1D. Among these genes, six genes, including CHI3L1, 
ARG1, MMP9, CAMP, LCN2 and RETN, have been found 
to be associated with T1D.

CHI3L1, also called YKL-40, encodes the inflammatory 
biomarker YKL-40 and participates in endothelial 
dysfunction and atherosclerosis (24). Decreased methylation 
but increased expression of CHI3L1 have been found in 
T1D patients with proliferative diabetic retinopathy (25).  
Furthermore,  ARG1 is  a  gene related to diabetic 
complications (26), and its expression was upregulated in 
the muscle homogenates of type 1 diabetic mice (27). Kalani 
et al. (28) found more severe stroke in the T1D mice than 
in control mice, which might be related to the intensively 
activation of MMP9. Moreover, CAMP is a multifunctional 
antimicrobial molecule, and immunomodulatory peptide 

Figure 2 The results of GO analysis [(A) for biological process, (B) for cellular components, (C) for molecular function] and KEGG 
pathway (D) were visualized by bubble diagrams. GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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colocalize with CD163+ M2 macrophages. Diabetes-prone 
BioBreeding (BBdp) rats fed a low-antigen hydrolyzed 
casein (HC) diet had a lower prevalence of T1D than that 
of the control cereal-fed group. And CAMP expression 
was upregulated in the jejunum of the experimental group, 
suggesting that CAMP may be a potentially protective 
factor for T1D (29). Notably, LCN2, also known as 
neutrophil gelatinase-associated lipocalin (NGAL), is 
secreted by multiple types of cells and is regarded as a 
marker of inflammation as well as ischemic renal injury (30).  
The serum concentration of LCN2 was found to be 

positively related to systolic arterial pressure but negatively 
to eGRF, and the molecule could be considered an early 
biomarker for kidney dysfunction in T1D individuals 
without albuminuria (31). Resistin, an adipocyte-secreted 
hormone expressed by RETN, might be involved in glucose 
homeostasis in mice and human (32-34). The elevated 
resistin concentration in T1D subjects could be reversed 
after islet transplantation, implying that resistin could 
possibly participate in the pathogenesis of T1D (34).

Relationships between T1D and the hub genes LTF, 
SLPI, PGLYRP1, CRISP3, CEACAM1, CEACAM8 and 

Figure 3 The PPI network of DEGs was constructed by STRING (A) and Cytoscape (B). The yellow nodes  in Figure 3B represented 
upregulated genes. The most significant modules were visualized by MCODE in Cytoscape (C and D). DEG, differentially expressed gene.
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MS4A3 have not been reported, however, most of them 
were found to be involved in the immune reaction and 
metabolic regulation, thus may be potentially related with 
diabetic pathogenesis. 

LTF is an inherent immune glycoprotein with anti-
inflammatory properties (35). Circulating LTF levels have 
been demonstrated to be negatively linked with factors 
including fasting triglycerides, glucose concentration, 
body mass index and waist-to-hip ratio but to be 
positively associated with HDL cholesterol level (36). 
Moreover, LTF has been demonstrated to promote 
the insulin-signaling reaction in mature adipocytes by 
increasing AKT phosphorylation (37). However, the 
relationship between LTF and diabetes, particular T1D, 
has not been fully understood. SLPI, an antiprotease 
released by neutrophils and mucous membranes, is 
a powerful inhibitor of the inflammatory cascade in 
metabolic diseases. López-Bermejo et al. (38) figured 
out that the concentrations of SLPI were increased in 
men with metabolic syndrome as well as T2D, but the 
underlying mechanisms remain to be clarified. Additionally,  
AMP-activated protein kinase (AMPK) activation was effective 

for T2D treatment and also led to the downregulation 
o f  P G LY R P 1 ,  s u g g e s t i n g  t h a t  P G LY R P 1  m i g h t 
participate in the glucose metabolism dysregulation (39).  
CEACAM1 is a transmembrane glycoprotein that is involved 
in the maintenance of epithelial cell polarity, insulin 
sensitivity regulation, liver tolerance and mucosal immunity. 
Furthermore, CEACAM1-L was found to participate 
in the regulation of T-cell receptor (TCR)- and IL-12-
related signaling pathway. Given that T cells and IL-12  
are implicated in T1D pathogenesis, CEACAM1 might 
be related to T1D onset (40). CEACAM8 (or CD66b) is a 
surface adhesion molecule of neutrophils. Interestingly, the 
levels of the CEACAM8 were higher in T2D patients than 
in normal controls, which has not been duplicated in T1D 
patients (41). MS4A3 demonstrated decreased methylation 
in adipose tissues of patients with T2D (42), and it has been 
reported that gestational diabetes and maternal obesity are 
related to decreased MS4A3 methylation in children (43).  
Notwithstanding, the interactions between MS4A3 and 
T1D remain unrevealed. Moreover, there has been no 
evidence on the relationships between CRISP3 and diabetes.

The key strength of our study is that we identified 

Table 2 Information of 13 hub genes in T1D

Gene symbol Full name Implications

MMP9 Matrix metallopeptidase 9 The activation of MMP9 is related with the severity of stroke in T1D 

ARG1 Arginase 1 ARG1 expression increases in T1D patients with complications

CAMP Cathelicidin antimicrobial peptide CAMP was upregulated in the jejunum in low-antigen hydrolyzed casein diet T1D rats

CHI3L1 Chitinase 3 like 1 The serum level of CHI3L1 was elevated in subjects with diabetic retinopathy

CRISP3 Cysteine-rich secretory protein 3 The association between CRISP3 and T1D has not been reported

SLPI Secretory leukocyte peptidase inhibitor The association between SLPI and T1D has not been reported

LCN2 Lipocalin 2 The serum concentration of LCN2 correlated positively with systolic arterial 
pressure but negatively with eGRF in T1D patients

PGLYRP1 Peptidoglycan recognition protein 1 The association between PGLYRP1 and T1D has not been reported

LTF Lactotransferrin The association between LTF and T1D has not been reported

RETN Resistin The resistin levels were elevated in T1DM patients and normalized by islet 
transplantation

CEACAM1 Carcinoembryonic antigen-related cell 
adhesion molecule 1 (biliary glycoprotein)

The association between CEACAM1 and T1D has not been reported

CEACAM8 Carcinoembryonic antigen-related cell 
adhesion molecule 8

The association between CEACAM8 and T1D has not been reported

MS4A3 Membrane-spanning 4-domains, subfamily 
A, member 3 (hematopoietic cell-specific)

The association between MS4A3 and T1D has not been reported

T1D, type 1 diabetes.



Yang et al. Key genes associated with type 1 diabetes

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(6):295 | http://dx.doi.org/10.21037/atm.2020.02.171

Page 8 of 10

Figure 4 Co-expression network and biological process analysis of hub genes.  (A) The co-expression network of hub genes was analyzed using Coexpedia 
online platform; (B) the biological process analysis of hub genes was conducted by BiNGO, a plugin of Cytoscape. The adjusted P value of ontology was 
represented by color depth of the nodes, and the numbers of genes involved in the ontology were referred by the size of nodes. P<0.01 was considered as 
statistically significant. 
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peptidoglycan metabolic process

polysaccharide catabolic process

glycosaminoglycan metabolic process

aminoglycan catabolic process

aminoglycan metabolic process

chitin metabolic process

chitin catabolic process

glycosaminoglycan catabolic process

catabolic process
carbohydrate catabolic process

macromolecule catabolic process

cellular ion homeostasis macromolecule metabolic process

nitrogen compound metabolic process

small molecule catabolic process

carbohydrate metabolic process

primary metabolic process

polysaccharide metabolic process

iron ion transport
transition metal ion transport

ion transport

killing by host of symbiont cells

cation transport

metal ion transport

di-, tri-valent inorganic cation transport

cellular amino acid catabolic process

amine catabolic process

cellular iron ion homeostasis

iron assimilation

iron ion homeostasis

amide biosynthetic process
cellular amino acid metabolic process

iron assimilation by chelation and 
transport

siderophore-iron transport

glutamine family amino acid catabolic 
process

iron chelate transport

arginine catabolic process

arginine metabolic process

glutamine family amino acid metabolic 
process

cellular amino acid and derivative 
metabolic process 

transport

carboxylic acid metabolic process

organic acid catabolic process

cellular ketone metabolic processcellular biosynthetic process

siderophore transportcarboxylic acid catabolic process

oxoacid metabolic process

organic acid metabolic process

biosynthetic process

cellular catabolic process

cellular metabolic process

small molecule metabolic process

metabolic process

establishment of localization

killing of cells in other organism involved 
in symbiotic interaction 

localization

cation homeostasis
cellular cation homeostasis

cellular di-, tri-valent inorganic cation 
homeostasis

amine metabolic process

urea metabolic process

di-, tri-valent inorganic cation 
homeostasis

urea cycle

cellular amide metabolic process

cellular nitrogen compound biosynthetic 
process

cellular amine metabolic process

cellular nitrogen compound metabolic 
process

chemical homeostasis
cellular process

cellular homeostasis

cellular chemical homeostasis
disruption of cells of other organism 

involved in symbiotic interaction 

modification by host of symbiont 
morphology or physiology 

homeostatic process cell killing

disruption by host of symbiont cells

cellular response to stimulus

response to stress

multi-organism process

killing of cells of another organism

defense response

interspecies interaction between 
organisms

detection of biotic stimulus

cellular response to biotic stimulus

cellular response to chemical stimulus

defense response to bacterium

response to chemical stimulus

response to bacterium

detection of bacterium

cellular response to molecule of 
bacterial origin 

cellular response to tumor necrosis 
factor

cellular response to interleukin-6

response to interleukin-1

ellularesponse to cytokine stimulus

cellular response to cytokine stimulus
response to interleukin-6

cellular response to interleukin-1 response to tumor necrosis factor

detection of stimulus

interaction with symbiont

behavior

response to stimulus

response to external stimulus

rhythmic behavior

immune response
response to other organism

innate immune response

detection of external stimulus

response to biotic stimulus

defense response to Gram-positive 
bacterium

response to organic substance

cellular response to peptidoglycan

cellular response to organic substance

response to molecule of bacterial origin

defense response to Gram-negative 
bacterium

response to lipopolysaccharide

cellular response to lipopolysaccharide

response to peptidoglycan

CRISP3
MS4A3

CAMP

LTF

CEACAM8

LCN2

MMP9

CHI3L1

PGL YRP1
SLPI

RETN

CEACAM1

ARG1
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potential genes associated with T1D pathogenesis. Given 
the complexity of T1D pathogenesis, these genes provide 
novel perspectives for the extensive comprehension of the 
disease. These genes are relevant to diverse aspects of T1D, 
including disease onset, development, complications and 
treatments. Further exploration of these genes might help 
to figure out the underlying mechanisms of T1D.

Our study had limitations. First, we compared the 
DEGs with the reported T1D risk genes from the GWASs 
performed both in Chinese and Caucasian individuals (9),  
but no overlaps were identified, possibly owning to the 
limited number of samples in our study. Second, the 
expression of the identified molecules and related processes 
in patients with T1D were not validated at the protein 
levels. Thereby, further experimental and clinical studies are 
warranted to confirm the results. Finally, the mRNAs we 
studied were from PBMCs rather than the pancreatic islets, 
the disease tissue of interest, which may cause inaccuracy. 
However, given the integrality of the immune system, 
the information from PBMCs could provide clues to the 
changes in the pancreatic islets. 

Conclusions

In conclusion, we identified 78 DEGs and 13 hub genes 
potentially associated with T1D via bioinformatic analysis, 
which might serve as candidate diagnostic molecular and 
therapeutic recommendation for T1D. However, further 
studies are required to verify their functions in T1D.
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Table S1 Information of  DEGs 

Gene logFC t P value Adjust P value

CD160 −1.48574 −5.87657 5.31E-06 0.060104

KLRD1 −1.24897 −5.66677 8.83E-06 0.060104

HOPX −1.00014 −5.63276 9.60E-06 0.060104

KLRD1 −1.20024 −5.60461 1.03E-05 0.060104

Septin-7 −1.20534 −5.48726 1.37E-05 0.060104

CCL4 −1.26615 −5.39269 1.73E-05 0.060104

GNLY −1.23371 −5.15216 3.13E-05 0.061944

PRSS23 −1.26879 −5.08246 3.73E-05 0.061944

GZMH −1.17887 −5.00284 4.54E-05 0.061944

PRSS23 −1.45038 −4.97548 4.86E-05 0.061944

PDGFD −1.16846 −4.95664 5.10E-05 0.061944

GNLY −1.05533 −4.95563 5.11E-05 0.061944

CLIC3 −1.17979 −4.8244 7.09E-05 0.064636

C1orf21 −1.00219 −4.77203 8.08E-05 0.065358

PPP2R2B −1.05023 −4.73313 8.90E-05 0.066658

KLRF1 −1.00072 −4.60273 0.000123 0.079118

ENPP5 −1.06322 −4.57213 0.000133 0.081777

GPR56 −1.18393 −4.50645 0.000157 0.089521

HLA-DQB1 −3.91782 −4.46298 0.000175 0.093769

S1PR5 −1.24574 −4.42217 0.000194 0.096435

FGFBP2 −1.16267 −4.40449 0.000203 0.098858

KLRC3 −1.26787 −4.2969 0.000265 0.106293

FEZ1 −1.13104 −4.29626 0.000265 0.106293

NLRP2 −1.17047 −4.08993 0.000445 0.1222

NCAM1 −1.03961 −4.04308 0.0005 0.12563

SH2D1B −1.06525 −3.60307 0.001486 0.189072

DUSP2 −1.28958 −3.5038 0.001896 0.200669

CCR3 1.214329 3.382545 0.002547 0.225305

STEAP4 1.154382 3.306017 0.003065 0.239849

KCNJ15 1.049082 3.213005 0.003834 0.252589

ZNF595 −1.03594 −3.19066 0.004044 0.255913

SLC25A37 1.097652 3.171365 0.004235 0.262078

IFNG −1.06042 −3.12441 0.004737 0.270925

FFAR2 1.626123 3.098692 0.005036 0.276603

MS4A3 1.200096 3.051003 0.005638 0.284367

CHI3L1 1.847574 3.009057 0.006224 0.29232

CMTM2 1.43082 2.995673 0.006424 0.293883

KCNJ15 1.461569 2.987404 0.00655 0.295707

KCNJ2 1.077869 2.985318 0.006582 0.29667

MS4A3 1.244473 2.886155 0.008298 0.317149

CHI3L1 1.703595 2.870205 0.008612 0.318441

CYP4F3 1.833173 2.867752 0.008661 0.318441

AREG −1.62344 -2.77464 0.010737 0.329078

CEACAM1 1.279505 2.761715 0.011059 0.330554

RPL14 −1.05354 −2.75999 0.011103 0.330554

EEF1D −1.15699 −2.69389 0.01291 0.339655

S100P 1.634647 2.693797 0.012913 0.339655

TNFAIP6 1.550818 2.658593 0.013985 0.344898

KRT23 1.51572 2.649954 0.014261 0.346373

CD24 1.231112 2.649878 0.014263 0.346373

MME 1.280503 2.634778 0.014757 0.348387

EIF2S1 −1.37587 −2.58633 0.016453 0.358547

ZFY 1.181994 2.520074 0.01907 0.371347

NAMPT 1.129036 2.513484 0.01935 0.372748

CRISP3 1.101332 2.47562 0.021037 0.381234

SLPI 1.387085 2.445267 0.022486 0.387347

CEACAM8 1.822227 2.3631 0.026887 0.399899

LTF 1.407461 2.311072 0.030069 0.412889

RETN 1.050561 2.294594 0.031147 0.416266

MMP9 1.185383 2.293207 0.031239 0.416466

PGLYRP1 1.002344 2.272603 0.03264 0.420001

RNASE3 1.308579 2.248072 0.034383 0.426482

ANXA3 1.429288 2.242395 0.034798 0.427692

HLA-DQA1 1.639605 2.238703 0.03507 0.427886

XIST −2.89066 −2.21767 0.036659 0.430344

TCF3 −1.02218 −2.19925 0.038105 0.435367

TNFAIP6 1.177285 2.193537 0.038563 0.436245

LCN2 1.276888 2.184613 0.03929 0.437901

CD24 1.002394 2.171657 0.040366 0.443623

TNFRSF10C 1.151944 2.167088 0.040752 0.444044

HBD 1.481558 2.159022 0.041442 0.445825

IGLL5 1.010487 2.154377 0.041844 0.446139

CAMP 1.103418 2.149284 0.042288 0.447563

DDX3Y 2.749235 2.122403 0.044706 0.452067

PROK2 1.003711 2.120548 0.044878 0.452148

ARG1 1.346137 2.107702 0.046081 0.454669

XIST −2.50783 −2.10644 0.0462 0.454725

EIF1AY 1.514436 2.088601 0.047923 0.458076

Note: Seventy-eight DEGs are demonstrated in the table after excluding 11 invalid genes. DEGs, differentially expressed genes.
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