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Background: Intestinal ischemia/reperfusion (I/R) injury is a serious clinical complication. This study aimed to explore the
hub genes and pathways of intestinal I/R injury.

Material/Methods: GSE96733 from the GEO website was extracted to analyze the differentially expressed genes (DEGs) of intes-
tinal I/R injured and sham-operated mice at 3 h and 6 h after surgery. The DAVID and STRING databases were
used to construct functional enrichment analyses of DEGs and the protein—protein interaction (PPI) network.
In Cytoscape software, cytoHubba was used to identify hub genes, and MCODE was used for module analysis.
Testing by qRT-PCR detected the expression of hub genes in intestinal I/R injury. Western blot analysis detect-
ed the key proteins involved with the important pathways of intestinal I/R injury.

Results: IL-6, IL-10, CXCL1, CXCL2, and IL-1 were identified as critical upregulated genes, while IRF7, IFIT3, IFIT1, Hercé,
and Oasl2 were identified as hub genes among the downregulated genes. The gRT-PCR testing showed the ex-
pression of critical upregulated genes was significantly increased in intestinal I/R injury (P<0.05), while the ex-
pression of hub downregulated genes was notably reduced (P<0.05). The proteins of CXCL1 and CXCR2 were
upregulated following intestinal I/R injury (P<0.05) and the CXCL1/CXCR2 axis was involved with intestinal I/R
injury.

Conclusions: The results of the present study identified IL-6, IL-10, CXCL1, CXCL2, IL-1B, IRF7, IFIT3, IFIT1, Herc6, and Oasl2
as hub genes in intestinal I/R injury and identified the involvement of the CXCL1/CXCR2 axis in intestinal I/R
injury.
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Background

Intestinal ischemia/reperfusion (I/R) injury is a serious com-
plication associated with increased mortality and morbidity
in clinical settings including abdominal and thoracic vascular
surgery, small intestine transplantation, trauma hemorrhag-
ic shock, cardiopulmonary bypass, and strangulated ileus [1].
In I/R injury, basic tissue impairment is induced during isch-
emic irritation. Subsequent reperfusion creates added impair-
ment via assorted mechanisms, which may be greater in de-
gree than the impairment from the initial insult [2]. I/R injury
of the intestine involves early systemic and local inflamma-
tory responses, interruption of the absorptive function of the
intestinal mucosa, bacterial translocation, and multiple organ
failure [3]. Several lines of evidence support that the patho-
physiology of intestinal I/R injury is sophisticated and includes
various signaling pathways [4,5].

Because of the various factors involved in intestinal I/R inju-
ry [6,7], its mechanism has not been completely elucidated.
Recently, microarray technologies and bioinformatic analyses
have developed as dynamic tools for identifying the poten-
tial molecular mechanisms of various diseases [8,9]. To date,
a systematic and thorough bioinformatics analysis of intesti-
nal I/R injury is still lacking.

In the present study, we used microarray data under the gene
expression omnibus (GEO) accession No. GSE96733 deposit-
ed by Karhausen et al. [10] to disclose molecular mechanisms
that may be associated with intestinal I/R injury.

Material and Methods

Microarray data

The raw data of GSE96733 [species: Mus musculus; Platforms:
GPL23038 (Clariom_S_Mouse) Affymetrix Clariom S Assay,
Mouse (Includes Pico Assay)] was collected from the GEO
website (http://www.ncbi.nlm.nih.gov/geo/). Four sham-oper-
ated samples and 8 intestinal I/R samples at 3 h (n=4) and 6
h (n=4) post I/R injury were included in GSE96733. The intes-
tinal I/R injury was performed as previously described [11].

Data preprocessing

Using the robust multiarray average algorithm in oligo [12],
background correction and data normalization was performed
on the raw data. Following the removal of the internal stan-
dard probe, a box plot was drawn for the expression values
of every chip before and after normalization.
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Differentially expressed gene analysis

Using the linear models for microarray analysis (limma, http://
www.bioconductor.org/packages/release/bioc/html/limma.html)
package in R [13,14], the differentially expressed genes (DEGs)
between the sham-operated samples and intestinal I/R injury
samples were analyzed. DEGs were those genes with a |log,FC|
>1 and P<0.05. To analyze the diversification of DEG expres-
sion at the 2 timepoints (3 h and 6 h), the heatmaps of the
DEGs were drawn using the heatmap function.

Enrichment analysis for the DEGs

The Gene Ontology (GO) functional and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway analyses were performed
on the database for annotation, visualization and integrat-
ed discovery (DAVID). P<0.05 was set as the value threshold.

Protein-protein interaction network generation and
module analysis

A protein—protein interaction (PPI) network of intestinal I/R inju-
ry was conducted by the search tool for the retrieval of interact-
ing proteins (STRING) database (http://stringdb.org/) [15]. An in-
teraction score with median confidence of 0.7 was the standard
cutoff criteria. Subsequently, the network was visualized using
the Cytoscape software platform (http://www.cytoscape.org/)
based on functional analysis information. In Cytoscape, cyto-
Hubba was used to identify hub genes, and MCODE was used
for module analysis. A module was defined as an MCODE score
>4 and number of nodes >5.

Experimental animals and intestinal I/R injury model
construction

C57BL/6 mice were obtained and then maintained for 1 week
prior to the surgical procedures in this study. The animal ex-
periments were approved by the Ethics Committee of China
Medical University. Aneurysm clips on the peripheral branches
of the superior mesenteric artery and across the intestine itself
to block the flow through collaterals were used to create the
animal model as previously reported [10]. Pentobarbital sodi-
um (40 mg/kg bodyweight) was used to anesthetize the mice
before midline laparotomy was performed. Cross-clamping
through the superior mesenteric artery was maintained for 45
min to create the I/R injury mouse model. The same procedure
without any block was performed on sham-operated mice.

Quantitative reverse transcription-polymerase chain
reaction

Trizol reagent (Takara, Otsu, Japan) was used to extract total
RNA from frozen intestinal tissue and a Prime-Script RT reagent

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€927476-2




Chen F.etal.:
Molecular mechanisms underlying intestinal ischemia/reperfusion injury...
© Med Sci Monit, 2020; 26: €927476

Table 1. The primers used in this study.

Gene Forward primer
IL-6 CTTCTTGGGACTGATGCTGGTGAC
T TCCCTGGGTGAGAAGCTGAAGAC
 oxen ATGGCTGGGATTCACCTCAAGAAC
"""""" cXc2  CACTGGTCCTGCTGETGCTG
o ow TCGCAGCAGCACATCAACAAGAG
w7 TGCTGTTTGGAGACTGGCTATTGG
-~ mm TGCGATCCACAGTGAACAACAGTC
M AGGCATCACCTTCCTCTGGCTAC
© Her6 GCCAGAGGAGAGACCAGAGTACC
 oasl2 AGCGAGGGATGTTCAGGTGAGAG
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Reverse primer

AGGTCTGTTGGGAGTGGTATCCTC

TCTGATGGGGCTGTAGGGGTTTG

kit with gDNA Eraser (Takara) was used to reverse-transcribe
RNA into cDNA [16]. The mRNA expression levels of hub genes
were detected using the SYBR Premix Ex Taqll kit (Takara), with
GAPDH as an internal control on the Applied Biosystems 7500
Real Time PCR system (Takara). Table 1 shows the primer se-
quences used. We applied the 224t method to calculate data.

Western blot analysis

The protein expression levels of CXCL1 and CXCR2 in intesti-
nal tissue were detected by western blot analysis as previous-
ly described [10,16]. Total proteins were extracted using pro-
tein lysis buffer. Rabbit polyclonal anti-CXCL1 (Abcam), rabbit
polyclonal anti-CXCR2 (Abcam), and horseradish peroxidase-
conjugated secondary antibodies (Beyotime, China) were used.

Statistical analysis
SPSS software version 15.0 (IBM, USA) was used for statisti-
cal analysis. Results were expressed as meantstandard de-

viation. The t test was used to calculate the differences be-
tween groups. P<0.05 was considered statistically significant.

Results

Data preprocessing and DEG screening

Box plots display the sham-operated and intestinal I/R injury
data at the 2 timepoints (3 h and 6 h) following data normal-
ization in Figure 1. Volcano plots for the 2 timepoints are dis-
played in Figure 2. The results indicated that the expression
values of the samples were similar within the groups follow-
ing normalization. Following data preprocessing, the DEGs be-
tween the sham-operated and intestinal I/R injury groups at
the 2 timepoints (3 h and 6 h) were analyzed.

Atotal of 1171 DEGs (643 upregulated and 528 downregulated)
were attained with a |log,FC| >1 and P<0.05 in group A (sham
at 3 h) (Supplementary Table 1). The volcano plot is present-
ed in Figure 2A. A cluster heatmap is displayed in Figure 3A,
showing that Egrl and slc34a2 separated the samples into 2
groups. The DEG expression levels of the intestinal I/R injury
samples at 3 h were significantly different from those of the
sham-operated samples at 3 h.

A total of 1886 DEGs (953 upregulated and 933 downregulated)
were attained with a |log,FC| >1 and P<0.05 in group B (sham
at 6 h) (Supplementary Table 2). The volcano plot is present-
ed in Figure 2B. It was extracted from the results of clustering
analysis that [11r2 and Hoxb6 divided the intestinal I/R injury
(6 h) samples from the sham-operated samples (Figure 3B).

GO Enrichment and KEGG pathway analyses

The top 10 enriched GO terms (biological process) of up-
regulated and downregulated DEGs at both timepoints (3 h
and 6 h) are shown in Figure 4 (Supplementary Tables 3-6).
Upregulated DEGs were mostly enriched in ‘inflammatory re-
sponse’ at both 3 h and 6 h after intestinal I/R injury. In ad-
dition, upregulated DEGs at 3 h and 6 h after I/R injury were
also enriched in ‘response to lipopolysaccharide’, ‘chemotax-
is’, ‘immune response’, ‘positive regulation of cell migration’,
and ‘neutrophil chemotaxis’. Moreover, upregulated DEGs at
6 h were enriched in ‘immune system process’ and ‘cytokine-
mediated signaling pathway’. By comparison, downregulated
DEGs were primarily enriched in ‘regulation of transcription,
DNA-templated’ at 3 h and ‘cholesterol biosynthetic process’
at 6 h. We also noted that downregulated DEGs at 3 h were
enriched in ‘lipoprotein metabolic process’ and downregulated
DEGs at 6 h were enriched in ‘cholesterol metabolic process’,
‘steroid biosynthetic process’, ‘lipid transport’, ‘sterol biosyn-
thetic process’, ‘steroid biosynthetic process’, ‘lipid metabolic
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Figure 1. Data normalization. Box plots of gene expression in the post intestinal ischemia/reperfusion injury and sham groups at 3 h

or 6 h (A) before and (B) after normalization.
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Figure 2. The volcano plot of differentially expressed genes (DEGs). (A) The volcano plot of 1171 DEGs at 3 h post intestinal I/R.
(B) The volcano plot of 1885 DEGs at 6 h post intestinal I/R injury. The red dots represent upregulated DEGs and the green

dots indicate downregulated DEGs.

process’, and ‘steroid metabolic process’. Upregulated DEGs
were involved in inflammatory, immune, neutrophil chemotax-
is, and chemotaxis function, while downregulated DEGs were
predominantly associated with lipid homeostasis.

The top 10 enrichment scores of significantly enriched KEGG
pathways of upregulated and downregulated DEGs at 3 h and
6 h are presented in Figure 5 (Supplementary Tables 7-10). At
3 hand 6 h after intestinal I/R injury, upregulated DEGs enriched
in KEGG pathways were involved mostly in inflammation- and

immune-associated pathways. ‘Cytokine-cytokine receptor in-
teraction’, ‘JAK-STAT signaling pathway’, and ‘TNF signaling
pathway’, were enriched at 3 h and 6 h. In addition, upregu-
lated DEGs at 3 h were enriched in the ‘MAPK signaling path-
way’, and upregulated DEGs at 6 h were enriched in pathways
including the ‘NF-kappa B signaling pathway’ and ‘toll-like re-
ceptor signaling pathway’. Remarkably, downregulated DEGs
at 3 h were mostly enriched in the ‘B-cell receptor signaling
pathway’. Downregulated DEGs at 6 h were enriched in path-
ways including ‘metabolic pathways’, ‘peroxisome’, ‘steroid
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Figure 3. Hierarchical clustering analysis included DEGs between the sham control and intestinal ischemia/reperfusion (I/R) injury
groups. Relative levels of gene expression are represented using a color scale: blue represents downregulated gene levels
and red represents upregulated gene levels. (A) 3 h post intestinal I/R injury vs. sham. GSM2539097/2539098/2539099/253
9100 refers to the intestine samples from the sham control group, and GSM2539106/2539105/2539108/2539107 refers to
the intestine samples from the intestinal I/R group. (B) 6 h post intestinal I/R vs. sham. GSM2539097/2539098/2539099/25
39100 refers to the intestine samples from the sham control group, and GSM2539116/2539113/2539115/2539114 refers to

the intestine samples from the intestinal I/R group.

biosynthesis’, ‘PI3K-Akt signaling pathway’, and ‘phosphati-
dylinositol signaling system’.

PPI network construction and cytoHubba analysis

Venn diagram analysis of DEGs at 3 h and 6 h after intesti-
nal I/R injury is presented in Figure 6. A total of 454 overlap-
ping upregulated and 276 common downregulated DEGs at
the 2 timepoints were acquired (Supplementary Tables 11, 12).
Conclusively, 448 protein nodes and 991 protein edges were
constructed in the upregulated DEG network and 269 protein
nodes and 85 protein edges were constructed in the down-
regulated DEG network (Figures 7, 8). Using the degree meth-
od in cytoHubba, the 5 genes with the highest degrees were
summarized as hub genes for upregulated and downregulat-
ed DEGs. Upregulated DEGs were annotated as interleukin-6
(IL-6), IL-10, chemokine (C-X-C motif) ligand 1 (CXCL1), CXCL2,
and IL-1B. Downregulated DEGs were annotated as interferon

regulatory factor 7 (IRF7), IFN-induced proteins with tetratri-
copeptide repeats 3 (IFIT3), IFIT1, HECT domain and RCC1-like
domain containing protein 6 (Herc6), and oligoadenylate syn-
thetase-like 2 (Oasl2).

gRT-PCR was applied to detect the expression of the hub genes
in the intestinal I/R injury mice and the sham-operated mice.
The expression of IL-6, IL-10, CXCL1, CXCL2, and IL-1p were sig-
nificantly increased in the I/R injury group (P<0.05), while the
expression of IRF7, IFIT3, IFIT1, Herc6, and Oasl2 was mark-
edly reduced in this group (P<0.05). The results confirmed the
bioinformatics analysis (Figure 9A, 9B).

Module analysis
In total, 4 modules obtained from the upregulated DEG PPI net-

work and 1 module obtained from the upregulated DEG PPI
network were statistically significant. The visualized genes of
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Figure 4. The Gene Ontology (GO) annotations for biological process of the 10 most significant GO enrichment terms. The vertical axis
represents enriched GO categories and the horizontal axis represents the ratio of enriched genes in the selected category to
all genes analyzed in the GO enrichment analyses. (A) Dot plot shows the upregulated differentially expressed genes (DEGSs)
at 3 h post intestinal ischemia/reperfusion (I/R) injury; (B) Dot plot shows the downregulated DEGs at 3h post intestinal I/R;
(C) Dot plot shows the upregulated DEGs at 6 h post intestinal I/R; (D) Dot plot shows the downregulated DEGs at 6 h post

intestinal I/R.

the modules in the upregulated and downregulated DEG PPI
networks are shown in Figure 10A-10E.

The GO and KEGG pathways were analyzed (Table 2). Enrichment
analyses for the 4 modules obtained from the upregulated DEG
PPI network mainly included ‘cytokine-cytokine receptor in-
teraction’, ‘TNF signaling pathway’, and ‘JAK-STAT signaling
pathway’, which agreed with the KEGG pathway analyses
of the upregulated DEGs. GO enrichment analyses revealed
that module nodes were mainly enriched in ‘inflammatory re-
sponse’. Enrichment analyses for 1 module obtained from the
downregulated DEG PPI network included innate immune re-
sponse, interferon related functions, and NOD-like receptor
signaling pathway.

CXCL1 and CXCR2 protein expressions in intestinal I/R
injury

We found the ‘cytokine-cytokine receptor interaction’ path-
way was the top enriched pathway of upregulated DEGs at
3 h and 6 h. Bioinformatics analysis results showed that the

‘cytokine-cytokine receptor interaction’ pathway had an im-
portant role during the pathophysiological process of intesti-
nal I/R injury and represented a potential therapeutic target.
Also, we found that 2 genes, CXCL1 and CXCR2, which were
involved in the ‘cytokine-cytokine receptor interaction’ path-
way (Figure 11), were upregulated DEGs at 3 h and 6 h. The
protein expression of CXCL1 and CXCR2 was upregulated at
3 h and 6 h following intestinal I/R injury (Figure 12). The re-
sults were in accordance with the bioinformatics analysis and
suggested that the CXCL1/CXCR2 axis might play important
roles in intestinal I/R injury.

Discussion

In the present study, 4 sham-operated samples and 8 intesti-
nal I/R injury samples at 3 h (n=4) and 6 h (n=4) after I/R in-
jury were obtained from GSE96733. DEGs were determined
first, and then KEGG pathway and GO enrichment analyses of
the DEGs were conducted. Additionally, PPl network and mod-
ule analyses were performed to analyze hub genes and key
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Figure 5. The Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis of the 10 most significant KEGG enrichment
terms. The vertical axis represents enriched KEGG categories, whereas the horizontal axis represents the ratio of enriched
genes in the selected category to all genes analyzed in the KEGG enrichment analyses. (A) Dot plot shows the upregulated
differentially expressed genes (DEGs) at 3 h post intestinal ischemia/reperfusion (I/R) injury; (B) Dot plot shows the
downregulated DEGs at 3 h post intestinal I/R; (C) Dot plot shows the upregulated DEGs at 6 h post intestinal I/R; (D) Dot
plot shows the downregulated DEGs at 6 h post intestinal I/R.

pathways underlying intestinal I/R injury. The results of the
present study may be beneficial for understanding the mech-
anisms of intestinal I/R injury.

In our study, GO enrichment analysis showed that upregulat-
ed DEGs were mainly involved in inflammatory immune func-
tion. KEGG pathway enrichment of upregulated DEGs were
also primarily involved in inflammation- and immune-associ-
ated pathways, which included the ‘cytokine-cytokine receptor
interaction’, JAK-STAT signaling pathway’, and ‘TNF signaling
pathway’. GO enrichment analysis regarding downregulated
DEGs was predominantly associated with lipid homeostasis
after intestinal I/R injury. Also, the KEGG pathway enrichment
of upregulated DEGs at 6 h after intestinal I/R injury were en-
riched in the ‘steroid biosynthesis’ process.

Studies have revealed that inflammation and immune reac-
tion play important roles in the mechanism of intestinal I/R in-
jury [17,18]. For example, the inhibition of the TNF-a-related
pathway might be the protective mechanism of curcumin

for intestinal I/R injury [19]. The JAK-STAT signaling pathway
could regulate the immune arms of intestinal mucosal immu-
nity and epithelial repair and regeneration [20]. Several stud-
ies have explored the involvement of lipids in intestinal I/R
injury [18,21-23]. Oxidized low-density lipoproteins (LDLs)
accumulate in the lung, liver, and terminal ileum tissues after
intestinal I/R injury, while high-density lipoproteins (HDLs) re-
duce the inflammation caused by intestinal I/R injury [24,25].
Free fatty acids increased after intestinal ischemia or isch-
emia followed by 5 min of reperfusion compared to control,
which implicated the involvement of free fatty acids in intes-
tinal I/R injury [26]. Together, these findings show that DEGs
have regulatory effects in these biological processes and path-
ways in intestinal I/R injury, and are confirmed by functional
enrichment analysis.

In the present study, PPl networks of overlapping upregulat-
ed and common downregulated DEGs at 2 timepoints after
intestinal I/R injury were constructed in Cytoscape, and hub
genes were identified for intestinal I/R injury using cytoHubba
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Figure 6. Venn diagrams of differentially expressed genes (DEGs) at 3 h and 6 h post intestinal ischemia/reperfusion (I/R) injury,
including (A) upregulated DEGs following intestinal I/R. (B) Downregulated DEGs following intestinal I/R injury.

R ‘w. R
A

Figure 7. Protein—protein interaction network of upregulated differentially expressed genes. Higher degree nodes had larger size.
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Figure 8. Protein—protein interaction network of downregulated differentially expressed genes. Higher degree nodes had larger size.
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Figure 9. Validation of the mRNA expression levels of hub genes in the mice model of intestinal ischemia/reperfusion (I/R) injury
and sham-operated samples. (A) The hub genes identified for common upregulated differentially expressed genes (DEGs)
at 3 h and 6 h post intestinal I/R injury. (B) The hub genes identified for common downregulated DEGs at 3 h and 6 h post
intestinal I/R injury. * P<0.05.
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Figure 10. The modules a (A), b (B), c (C), d (D), and e (E) obtained from the protein—protein interaction (PPI) network. (A-D) The
visualized genes of modules in the upregulated differentially expressed genes (DEGs) PPI network. (E) The visualized genes

of modules in the downregulated DEGs PPl network.

in Cytoscape software. For overlapping upregulated DEGs, 5
hub genes were identified: IL-6, IL-10, CXCL1, CXCL2, and IL-1.
For common downregulated DEGs, 5 hub genes were identi-
fied: IRF7, IFIT3, IFIT1, Herc6, and Oasl2. Several selected hub
genes might be important regulated genes associated with in-
testinal I/R injury and could be involved with inflammation-,
immune- and lipid homeostasis-associated pathways [27-31].
In the present study, we found that the mRNA expression lev-
els of IL-6, IL-10, CXCL1, CXCL2, and IL-1B were significantly
increased in intestinal I/R injury, while the mRNA expression
levels of IRF7, IFIT3, IFIT1, Herc6, and Oasl2 were significantly
decreased. The gRT-PCR results confirmed the bioinformatics
analysis. Further studies are needed to explore the involve-
ment of selected hub upregulated genes in the development
of intestinal I/R injury.

Recently, CXCL1 has been widely studied in organ ischemia and
injury. Patients with stroke had markedly higher CXCL1 lev-
els in their cerebrospinal fluid than did healthy patients [32].
TLR2 agonist Pam3CSK4 reduced CXCL1-dependent leukocyte
recruitment in myocardial I/R injury [33]. Also, miR-429 dem-
onstrated protective effects against brain microvascular en-
dothelial cell OGD/R-induced injury via regulating the nuclear
factor kinase B pathway and CXCL1 [34]. It was found that an
increase in serum concentrations of CXCL1 is involved in in-
testinal I/R injury [35]. A large increase of CXCL1 in small in-
testine tissues after I/R was also observed [36]. The results of
these studies are consistent with our qRT-PCR results.

CXCL1 and its receptor CXCR2 have been proven to play im-
portant roles in various diseases including cancer, acute
kidney injury, neuropathic pain, and perinatal brain inju-
ry [37-40]. Inhibition of the CXCL1/CXCR2 axis ameliorates

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€927476-10




Chen F.etal.:

Molecular mechanisms underlying intestinal ischemia/reperfusion injury... DATA BAS E A N A LYS I S

© Med Sci Monit, 2020; 26: €927476

Table 2. Modules analysis of the protein—protein interaction network.

Category Module Score Nodes Enrichment and pathway description Gene
Upregulated a 20 20 GO: 0007186: G protein-coupled Ackr3, Anxal, Bdkrb1, Bdkrb2, C5arl, Ccrl,
DEGs receptor signaling pathway Cer5, Cxcll, Cxcl2, Cxcl3, Cxcl5, Cxcr2, Fprl,
Gal, Gpr31b, Hcar2, Pf4, S1prl, S1pr3
GO: 0006954: Inflammatory Anxal, Bdkrb1, Bdkrb2, C5ar1, Ccr1, Ccr5,
response Cxcll, Cxcl2, Cxcl3, Cxcl5, Cxcr2, Fprl, Gal, Pf4,
Slpr3
mmu04062: Chemokine signaling Cerl, Cer5, Cxcl1, Cxcl16, Cxcl2, Cxcl3, Cxcl5,
pathway Cxcr2, Pf4
mmu04060: Cytokine—cytokine Ackr3, Ccrl, Ccr5, Cxcl1, Cxcl16, Cxcl2, Cxcl5,
receptor interaction Cxcr2, Pf4
b 9 9 GO: 0002764: Immune response- Cd14, Fcgr2b, Fcgr3, Ptafr

regulating signaling pathway

GO: 0050778: Positive regulation Cd14, Cd44, Fcgr2b, Fcgr3, Ptafr
of immune response

mmu04145: Phagosome Cd14, Fcgr3
c 7.259 28 GO: 0006954: Inflammatory Adams, Ccl2, Ccl3, Ccl7, Fcerlg, Hmox1, Hp,
response Icam1l, 1110, Il6, Ptgs2, Serpina3n, Slcl1al,
Thbs1, Timp1, Tnfrsflb
GO: 0034097: Response to Ccl2, Ccl3, Ccl7, Fcerlg, Icam1, 116, Ptgs2,
cytokine Serpina3c, Serpina3f, Serpina3m, Serpina3n,

Serpinel, Slc11al, Timp1, Tnfrsflb

mmu04668: TNF signaling Ccl2, Icam1, 116, Ptgs2, Tnfrsflb
pathway

mmu04060: Cytokine—cytokine Ccl2, Ccl3, Ccl7, 1110, 116, Tnfrsflb
receptor interaction

d 5.143 8 GO: 0006469: Negative Cblb, Il1b, Socs1, Socs3
regulation of protein kinase
activity

GO: 0016567: Protein Cblb, Socs1, Socs3, Spsb1, Znrfl
ubiquitination

mmu04120: Ubiquitin mediated Cblb, Socs1, Socs3

proteolysis

mmu04630: JAK-STAT signaling Csf3, Socs1, Socs3

pathway
Down- e 8 9 GO: 0045087: Innate immune Herc6, Ifitl, Ifit3, Irf7, Oasl|2, Stat2, Zbp1
regulated response

DEGs e o PO
GO: 0060340: Positive regulation Irf7, Zbp1

of type | interferon-mediated
signaling pathway

GO: 0035457: Cellular response Ifit1, Ifit3
to interferon-alpha

GO: 0035458: Cellular response Ifit1, Ifit3, Stat2
to interferon-beta

mmu04621: NOD-like receptor Irf7, Stat2
signaling pathway
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Figure 11. CXCR2 and CXCL1 in the Cytokine-cytokine receptor interaction pathway. (A) Map of the Cytokine-cytokine receptor
interaction pathway. (B) CXCR2 and CXCL1 are indicated by a red rectangle in the Cytokine-cytokine receptor interaction
pathway.
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Figure 12. Protein expression levels of CXCR2 and CXCL1 in the mice model of intestinal ischemia/reperfusion (I/R) injury. (A) Western
blot analysis showed that I/R increased CXCR2 protein expression at 3 h and 6 h post intestinal I/R injury. (B) Western
blot analysis showed high protein expression of CXCL1 induced by I/R at 3 h and 6 h post intestinal I/R injury. * P<0.05

compared to sham-operated group.

cisplatin-induced acute kidney injury by mediating the in-
flammatory response [38]. The CXCL1/CXCR?2 axis is correlat-
ed with neutrophil infiltration in hepatocellular carcinoma [37].
CXCL1 can also regulate NLRP3 inflammasome activation via
CXCR2 [41]. In the present study, the KEGG and module anal-
yses showed that the ‘cytokine-cytokine receptor interaction’
pathway had an important role in intestinal I/R injury. In ad-
dition, 2 genes, CXCL1 and its receptor CXCR2, were involved
in the ‘cytokine-cytokine receptor interaction’ pathway and
both upregulated DEGs at 3 h and 6 h. Western blotting re-
sults also revealed that CXCL1 and CXCR2 proteins were up-
regulated following intestinal I/R injury. Bioinformatics analy-
sis and western blotting results illustrated that CXCL1/CXCR2
signaling was involved with intestinal I/R injury.

Conclusions

The present study revealed that inflammation-, immune-, and
lipid-related pathways and functions served important roles
in the progression of intestinal I/R injury. Furthermore, IL-6,
IL-10, CXCL1, CXCL2, IL-1B, IRF7, IFIT3, IFIT1, Herc6, and Oasl2
were critical genes that mediated intestinal I/R injury. Also,
the CXCL1/CXCR2 axis was involved with intestinal I/R injury.
This study identified molecular mechanisms and hub genes
that may be associated with intestine I/R injury.
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