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Abstract
Transmissible Gastroenteritis Virus (TGEV) infection is one of the leading causes of diarrhea in piglets. Intestinal immune system plays an important
role in maintaining the intestinal mucosa’s integrity and resisting infection by pathogens. However, the relationship between the immune
response induced by TGEV infection and disease progression is unclear. Using the microarray data set GSE41756 from the Gene Expression
Omnibus database, we analyzed porcine small intestinal epithelial cells at 6 and 12 h of TGEV infection. Differentially expressed genes (DEGs)
were detected using the ‘limma’ R package. Gene Ontology, Kyoto Encyclopedia of Genes and Genomes pathway enrichment, and the proteinprotein interaction network analyses were performed with the detected DEGs. We found 56 DEGs (47 up-regulated and 9 down-regulated)
after the intersection. Pathway enrichment analysis revealed that the DEGs were mainly associated with immune response, extracellular space,
cytokine activity, and positive regulation of nuclear factor-κB import into the nucleus. This revealed the strong relationships among DEGs in the
tumor necrosis factor signaling pathway, inflammatory bowel disease, and influenza A. Interleukin 6 (IL6), IL8, IL18, tumor necrosis factor, and tolllike receptor hub genes may play important roles during TGEV infection.
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Bulaşıcı Gastroenterit Virüsü İle Enfekte Domuz Bağırsak Epitel
Hücrelerinde Diferansiyel Gen Ekspresyonlarının Biyoinformatik Analizi
Öz
Bulaşıcı Gastroenterit Virüs (TGEV) enfeksiyonu, domuz yavrularında ishalin önde gelen nedenlerinden birisidir. Bağırsaklardaki bağışıklık sistemi,
mukozal bütünlüğün korunması ve patojenlerin neden olduğu enfeksiyonlara karşı koymada önemli bir rol oynar. Ancak, TGEV enfeksiyonunun
neden olduğu bağışıklık yanıt ile hastalığın ilerlemesi arasındaki ilişki açık değildir. Gene Expression Omnibus veri tabanından GSE41756
mikroarray veri setini kullanarak, 6 ve 12 saatlik TGEV enfeksiyonunda domuz ince bağırsak epitel hücrelerini analiz ettik. Diferansiyel gen
ekspresyonları (DEGs), ‘limma’ R paketi kullanılarak tespit edildi. Tespit edilen DEG’lerin, Gen Ontology, Kyoto Genler ve Genomlar Ansiklopedisi
yolak zenginleştirme ve protein-protein etkileşim ağı ile analizleri gerçekleştirildi. Kesişim noktasından sonra 56 DEG (ekspresyonu artmış 47
gen ve ekspresyonu azalmış 9 gen) saptadık. Yolak zenginleştirme analizi, DEG’lerin esasen immun yanıt, ekstraselüler boşluk, sitokin aktivitesi
ve çekirdeğe nükleer faktör-κB girişinin pozitif yönde düzenlenmesi ile ilişkili olduğunu ortaya koydu. Bu, tümör nekrozis faktör sinyal yolu,
inflamatuar bağırsak hastalığı ve influenza A’daki DEG’ler arasındaki güçlü ilişkileri ortaya çıkardı. İnterlökin 6 (IL6), IL8, IL18, tümör nekrozis faktör
ve toll-like reseptör asıl genleri, TGEV enfeksiyonu sırasında önemli roller oynayabilir.

Anahtar sözcükler: DEGs, İmmün yanıt, TGEV, TNF, TLR2e

Introduction
Transmissible Gastroenteritis Virus (TGEV) is a contagious
porcine enteropathogenic virus belonging to the alphacoronavirus family. TGEV infects intestinal epithelial cells,

resulting in severe and frequently fatal diarrhea with
mortality rates reaching 100% in piglets less than 2 weeks
old [1]. However, piglets that live for more than six to eight
days after infection may recover, although they may have
stunted growth [2] and can spread TGEV to uninfected swine
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for several weeks. The intestinal tract is a site of digestion
and nutrient absorption and acts as a barrier for harmful
pathogens and toxins [3]. TGEV infection damages the small
intestines and promotes secondary infection by other
pathogens; thus, damaging immune function and increasing the pathogenic bacterial load. The intestinal immune
system plays an essential role in maintaining intestinal
mucosal homeostasis and protecting against pathogen
invasion. Chronic inflammation is the cause of many
diseases [4].
Genome-wide molecular profiling reveals molecular changes
in the adsorption and invasion of viral infection and is
an efficient approach for identifying essential genes. We
performed a genome-wide molecular profiling analysis
to identify essential genes and pathways associated with
TGEV infection by integrating a bioinformatic analysis
based on the gene expression omnibus (GEO) datasets.
The data obtained indicate that some genes may continue
to participate in TGEV infection.

Material and Methods
Data Sources
The GSE41756 gene expression data [5] were obtained from
the Gene Expression Omnibus database (GEO; http://
www.ncbi.nlm.nih.gov/geo). Expression profiling arrays
were generated using the GPL3533 platform. In addition, 9
porcine cells in the database, including 3 uninfected cells,
3 cells at 6 h of infection, and 3 cells at 12 h of infection
were collected for further analysis.
DEG Identification
The transcripts per million approach was used for background correction and normalization. DEGs between
infected and uninfected cells were processed using packages
in R Software. The screening criteria for DEGs were adjusted
P-value <0.05 and log2 fold change (log2FC).
GO and KEGG Pathway Enrichment Analysis of DEGs
Gene Ontology (GO) was used to annotate genes from
various ontologies. The Kyoto Encyclopedia of Genes and
Genomes (KEGG) (http://www.kegg.jp/ or http://www.genome.
jp/kegg/) data resource was used for genes and genomes
with assigned corresponding functional significances.
The database for annotation visualization and integrated
discovery (DAVID) (https://david.ncifcrf.gov) was applied
for GO annotation and KEGG pathway analysis with a
statistically significant P-value <0.05.
PPI Network Analyses
The protein-protein interaction (PPI) network identified
functional links between proteins, using a search tool to
retrieve interacting genes/proteins software (version 11.0,
http://www.string-db.org). A composite score of >0.4 was

Research Article

considered a statistically significant interaction.
Module Analysis and Selection of Hub Genes
The PPI network analysis results were loaded into Cytoscape (version 3.6.1) [6] software for visual adjustment. The
hub genes were identified using the CytoHubba plugin of the Cytoscape software. CytoHubba ranks nodes
based on their qualities in the network. In this study, the
top five genes ranked by the MCC (Mathew correlation
coefficient) method were defined as hub genes.

Results
Identification of DEGs
We analyzed DEGs at 6 and 12 h after TGEV infection. The
results showed 52 up-regulated and 12 down-regulated
genes at 6 h (adj P<0.05, | log (FC) | >1) (Fig. 1) and 75 upregulated and 0 down-regulated genes at 12 h (adj P<0.05,
| log (FC) | >1) (Fig. 2). We found 47 up-regulated and 9
down-regulated genes (adj P<0.05, | log (FC) | >1) (Table
1, Fig. 3) by taking the intersections. The cluster heat-map
plot and volcano plot of the DEGs are shown in Fig. 1 and
Fig. 2, respectively.
GO and KEGG Pathway Enrichment Analysis of DEGs
GO analysis consists of biological processes (BP), cellular
components (CC), and molecular function (MF) terms. The
main DEG biological process changes were collected in the
immune response, extracellular space, cytokine activity,
and positive regulation of nuclear factor-κB (NF-κB) were
imported into the nucleus. Cell component changes were
predominantly observed in the plasma membrane’s extracellular region and external side (P<0.05, Table 2). The KEGG
pathway analysis results revealed the potent relationships
among DEGs in the tumor necrosis factor (TNF) signaling
pathway with inflammatory bowel disease (IBD) and
influenza A (P<0.05, Table 3).
PPI Network Formation
The PPI network analysis aimed to provide an understanding
of the biological properties of DEG. The network comprises
49 nodes and 221 edges (Fig. 4). Next, Cytoscape was used
to identify the densely connected regions of PPIs for DEGs
and the most significant modules selected, including the
interleukin 6 (IL6), interleukin 8 (IL8), interleukin 18 (IL18),
TNF, and toll-like receptors (TLR2) as shown in Fig. 5.

Discussion
This study performed gene expression profiles integration
analysis from cells with or without TGEV infection to identify
the DEGs, related key signaling pathways, and hub genes.
Data obtained at 6 and 12 h of infection were included
in the analysis. Furthermore, 56 DEGs, comprising 47 upregulated and 9 down-regulated genes, were identified
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Fig 1. A. Gene expression data are presented using volcano plots. Cells were infected with TGEV for 6 h. Red
points represent the up-regulated genes (n=52); green points, the down-regulated genes (n=12); and gray
points, non-differentially expressed genes, B. Heat-map results of DEGs at 6 h

Fig 2. A. Gene expression data are presented using volcano plots. Cells were infected with TGEV for 12 h. Red
points represent the up-regulated genes (n=75); green points, the down-regulated genes (n=70); and gray
points, non-differentially expressed genes, B. Heat-map results of DEGs at 12 h
Table 1. Screening upregulated and downregulated DEGs.expressed genes
DEGs

Gene Symbol

Upregulated (47)

RHIV-1|PMAIP1|NFKBIA|TEC|EDN1| |YP3A46|MT-2B|IFRD1|RND3
LOC414396|MCL1|VCAM1|TNFRSF5|PLANH1|PLET|SLC5A |MMP7
IL6|OAS1|ARG1|TLR2|MCP-1|TNF|PLAT|AMCF-I|CXCL2|RANTES
CEBPB|LOC396677|PIAP|IL1A|IRF1|MYC|MIP-1BETA|IL18|ACSL1
AMCF-II|IL1RN|C-JUN|PGAR|FBN1|LIF|IRG6|PLK |IL15|LOC448984|ICAM-1

Downregulated (9)

PTHR |CNN1|SLC5A1|LOC396603|UCHL1|EGF|LOC396850|UF|CYP2C33

from the GSE95368 database. The GO enrichment analysis
showed that these DEGs associated with TGEV infection
were mainly enriched in the immune response, extracellular
space, cytokine activity, and positive regulation of NF-κB
import into the nucleus. The KEGG pathway enrichment

analysis found that the DEGs were mainly concentrated in
the TNF signaling pathway and cytokine-cytokine receptor
interaction. The IL6, IL18, IL8, TLR2, and TNF genes were
considered hub genes for TGEV infection by the construction
and module analysis of the PPI network.
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Fig 3. Differentially expressed genes

Table 2. Go enrichment analysis of differentially expressed genes
Term

Description

Count

P Value

GO:0006955
GO:0005615

Immune response

8

1.95E-06

Extracellular space

12

6.19E-06

GO:0005125

Cytokine activity

6

2.77E-05

GO:0042346

Positive regulation of NF-kappaB import into nucleus

3

4.98E-04

GO:0031663

Lipopolysaccharide-mediated signaling pathway

3

0.00136604

GO:0032755

Positive regulation of interleukin-6 production

3

0.001864123

GO:0006006

Glucose metabolic process

3

0.002857244

GO:0042127

Regulation of cell proliferation

4

0.00573518

GO:0045944

Positive regulation of transcription from RNA polymerase II promoter

6

0.010185653

GO:0008284

Positive regulation of cell proliferation

4

0.019487934

GO:0006954

Inflammatory response

4

0.019487934

GO:0032496

Response to lipopolysaccharide

3

0.02110949

GO:0005576

Extracellular region

5

0.028858636

GO:0009897

External side of plasma membrane

3

0.046693492

Table 3. KEGG pathway analysis of DEGs
Pathway

ID

Count

P Value

Genes

TNF signaling pathway

ssc04668

10

5.37E-10

LIF|VCAM1|IL6|TNF|CEBPB|EDN1|
CXCL2|NFKBIA|IL15

Rheumatoid arthritis

ssc05323

7

1.66E-06

AMCF-II|IL6|TNF|IL18|TLR2|IL15| IL1A

Legionellosis

ssc05134

6

6.58E-06

IL6|TNF|IL18|CXCL2|TLR2|NFKBIA

Malaria

ssc05144

5

7.34E-05

VCAM1|IL6|TNF|IL18|TLR2

Tuberculosis

ssc05152

7

9.50E-05

IL6|TNF|CEBPB|IL18|TLR2|IL1A

Inflammatory bowel disease (IBD)

ssc05321

5

1.38E-04

IL6|TNF|IL18|TLR2|IL1A

Pertussis

ssc05133

5

2.77E-04

AMCF-II|IL6|TNF|IRF1|IL1A

African trypanosomiasis

ssc05143

4

4.29E-04

VCAM1|IL6|TNF|IL18

Influenza A

ssc05164

6

7.48E-04

IL6|TNF|IL18|NFKBIA|OAS1|IL1A

Herpes simplex infection

ssc05168

6

0.001102297

IL6|TNF|TLR2|NFKBIA|OAS1|IL15

NOD-like receptor signaling pathway

ssc04621

4

0.001261979

IL6|TNF|IL18|NFKBIA

Cytokine-cytokine receptor interaction

ssc04060

6

0.001715922

LIF|IL6|TNF|IL18|IL15|IL1A

Hepatitis C

ssc05160

5

0.002223641

TNF|IRF1| NFKBIA|OAS1|EGF

Leishmaniasis

ssc05140

4

0.002491745

TNF|TLR2|NFKBIA|IL1A

Measles

ssc05162

5

0.002559994

IL6|TLR2|NFKBIA|OAS1|IL1A
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Fig 4. Results of PPI network analysis of DEGs

Fig 5. PPI network of the module

The invasion of viruses causes an inflammatory response, a
key mediator of host responses to microbial pathogens [7].
In addition, the inflammatory factors produced promote
a strong immune response. TGEV infection enhances
the expression levels of IL18, IL6, IL8, and TNF-α, which
are essential factors in chronic inflammation. Severe
gastroenteritis is an important clinical sign of TGEV
infection, and NF-κB is a key regulator of inflammation

because it induces the transcription of proinflammatory
genes such as TNF-α, IL1β, IL6, and IL8 [8]. IL8 is a prototypic
human chemokine factor that plays an essential role
in promoting cell survival and antagonizes interferon’s
antiviral activities [9]. Studies have shown that TGEV
nucleocapsid protein up-regulates IL8 expression in host
cells by inducing endoplasmic reticulum stress and NF-κB
expression [10].
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Although excessive inflammation can lead to tissue
damage, proinflammatory cytokines are essential for
pathogen clearance. They are essential factors in chronic
inflammatory responses that promote epithelial-mesenchymal transition (EMT), suggesting that persistent TGEV
infection may promote EMT in vivo [11]. EMT is a process in
which epithelial cells lose polarity and are transformed
into mesenchymal cells with migration ability after cytoskeletal remodeling [12]. Inflammatory conditions induced
by pathogen infections promote EMT due to the sustained
activation of the NF-κB and mitogen-activated protein
kinase (MAPK) modules, controlling the expression of
mesenchymal markers [13]. After EMT, porcine intestinal
epithelial cells were more prone to adhere to other bacteria
such as enterotoxigenic Escherichia coli (ETEC) K88. ETEC is
a common cause of enteric colibacillosis in neonatal and
early-weaned pigs.

Availability of Data and Materials

TNF-α can synergize with TGF-β and other inflammatory
factors to induce EMT and control the expression of
multiple other cytokines [14]. For example, TGF-β, IFN-α, and
TNF-α together can induce EMT‐like changes in human
cancer cell lines in vitro [15]. In addition, in human colorectal
cancer cell lines, TNF‐α and TGF‐β induce EMT‐like changes
in a NOD‐like receptor family pyrin domain containing
3, Snail1 axis‐dependent manner, or via an increase in
expression of claudin‐1 [16]. In the latter case, claudin‐1 is
delocalized from the membrane and activates the steroid
receptor co-activator and ERK1/2 MAP kinase pathways.
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The TLR family transfers extracellular antigen recognition
information to intracellular antigens by recognizing
their respective pathogen-related molecular patterns to
initiate immune responses and induces the expression
of intracellular immune-related factors [17]. TLR2 plays a
role in acute and chronic infections caused by a variety of
microorganisms. Studies have shown that TLR2 and TLR4
are less expressed in intestinal epithelial cells in healthy
intestines [18]. However, as inflammation progresses, the
expression of TLR2 and TLR4 increases, worsening the
inflammation. The small intestine of pigs expresses different
TLRs such as TLR1, TLR2, TLR3, TLR4, TLR6, TLR8, TLR9, and
TLR10 [19]. TLR2 and TLR4 recognize viral proteins. Various
TLRs exhibit different expression patterns. TLR2 is expressed
abundantly in peripheral blood leukocytes and mediates
host immune responses to Gram-positive bacteria and
yeast via NF-κB stimulation [20]. TLR2 is expressed mainly
in the lamina propria mononuclear cells and intestinal
epithelial cells at low levels in normal intestines.
This study identified essential genes and related pathways
by analyzing TGEV-infected porcine small intestine epithelial
cells. However, the conclusions drawn in this study need
to be verified in clinical trials. In addition, there is a need
to research new methods on the underlying mechanism
of TGEV infection from the perspective of inflammatory
changes. Provide research direction and basis for further
research on diarrhea caused by TGEV infection.

The datasets during and/or analyzed during the current
study available from the corresponding author on reasonable request.
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