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Background: Helicobacter pylori is a chronic pathogenic bacteria that causes gastric mucosal damage through
various host-related and pathogen-related factors. Thus, a single gene research cannot fully explain its
pathogenicity. Purpose of the study: It is necessary to establish a Helicobacter pylori pathogenic gene
transcription factor regulatory network (TFRN) and study its central nodes.

Results: The expression data of Helicobacter pylori pathogenic genes were obtained through GEO Datasets of NCBI.
The genes were screened using linear model-empirical Bayesian statistics in R language Limma package
combined with the conventional t-test; the results identified 1231 differentially expressed genes. The
functional analysis (gene ontology-analysis) and signal pathway analysis (pathway-analysis) of differentially
expressed genes were performed using the DAVID and KEGG databases, respectively. The pathogenic gene
regulatory network was constructed by integrating transcriptional regulatory element database (TRED); the
disease-related analysis of the pathogenic genes was conducted using the DAVID annotation tool. Five
pathogenic genes (Nos2, II5, Collal, Tnf, and Nfkb1) and their transcription factors (Jun, Cebpa, Egrl, Ppara, and
116) were found to suppress the host immune function and enhance the pathogenicity of Helicobacter pylori by
regulating the host immune system.

Conclusions: This effect was largely mediated via three signaling pathways: Tnf pathway, PI3K Akt pathway, and
Jak-STAT pathway. The pathogenicity of Helicobacter pylori is closely related to the body's immune and
inflammatory system. A better understanding of the correlation of the pathogenic factors with the host
immune and inflammatory factors may help to determine the precise pathogenic mechanism of H. pylori
infection.
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1. Introduction

genes) [3,4,5]. Thus, a single gene research model cannot explain the
pathogenicity of H. pylori and may not be suitable for research on H.

Helicobacter pylori is a chronic pathogenic bacterium with a high rate
of infection throughout the world. The organism has been implicated in
the causation of chronic gastritis, peptic ulcer, gastric mucosa-
associated lymphoid tissue (GALT) lymphoma, and gastric cancer
[1,2]. Following infection, further damage to the gastric mucosa may
be caused through various host-related (inflammation, impaired
immunity, gastric acid secretion, and oxidative stress) and pathogen-
related factors (virulence factor, cytokines, and free radical virulence
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pylori infection-related diseases. Therefore, revealing the pathogenic
genes along with their mutual network of regulation is a key imperative.

Transcription factor regulation network (TFRN) refers to the
network formed by the interaction between mRNA and transcription
factors in the cells [6]. This network fully reflects the interaction
between all kinds of metabolites (genes, RNA, and protein) and the
biochemical pathways involved in the pathogenesis of H. pylori
infection [7]. Transcription factors perform different biological roles
such as the regulation of gene expression via multiple regulatory
pathways at multiple sites and network central sites, where the
coupled genes may serve as potential therapeutic targets [8,9]. Thus,
building a H. pylori pathogenic gene TFRN may facilitate a
comprehensive understanding of its pathogenic mechanisms and help
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Table 1

Helicobacter pylori chip data.
Dataset ID Sample ID Sample number Control Sample number Disease Sample number Platfroms Submission date Manufacturer
GSE13873 GSM349127-GSM349142 16 2 14 GPL1261 Dec 08, 2008 Affymetrix
GSE16440 GSM411428- GSM411439 18 12 6 GPL1261 Jun 04, 2009 Affymetrix

GSM411458- GSM411463

GSE10262 GSM259177- GSM259194 18 6 12 GPL1261 Jan 24,2008 Affymetrix
GSE21833 GSM543406- GSM543411 6 3 3 GPL1261 May 14, 2010 Affymetrix

to identify potential therapeutic targets. This approach may lay a
foundation for further research on the early clinical diagnosis of
related diseases such as gastric cancer and gastritis, and the
development of novel targeted therapies.

In the present study, we identified the differentially expressed
pathogenic genes of H. pylori by screening GEO Datasets of NCBI
database, the DAVID database (Database for Annotation, Visualization
and Integrated Discovery), and the KEGG database (Kyoto Encyclopedia
of Genes and Genomes). These genes were applied to the gene ontology
(GO) and pathway-analysis. Further, the TRED (transcriptional
regulatory elements database) was integrated and the pathogenic gene
regulatory network of this bacterium was built based on the differential
gene expression set. Analysis of the correlation of differentially
expressed genes with the associated diseases was conducted online
using the DAVID annotation tool, which revealed the related signaling
pathways. Finally, the role of pathogenic factors in the regulation of
immune system was investigated by analyzing the central nodes of
TFRNs and the inter-relationship among the central nodes.

2. Methods
2.1. Gene chip array data

The gene chip array data were retrieved from GEO Datasets of the
National Center for Biotechnology Information (NCBI, USA) database
using keywords “H. pylori”. Data from Affymetrix gene chips from
mouse infected with H. pylori and with the original CEL documents
available were selected.

We chose gene expression profile of GSE13873 from GEO database,
which is a publically available open-access database; GSE16440, which
was based on Affymetrix GPL1261 and GPL6402 platform. The
GSE10262 dataset included 18 samples (12 H. pylori samples and 6
healthy samples). We also downloaded the Series Matrix File of
GSE21833 from the GEO database (Table 1).

2.2. Chip data processing

The Affymetrix Expression Console software tool was used for the
background correction of the collected chip data and the conversion of
probe fluorescence values into gene expression values. The Affymetrix
Transcriptome Analysis Console was used for the logarithmic
calculation and standardization of the chip data. The difference in
mRNA expression between the chips in healthy people and those
infected with H. pylori was compared by SAM, and the genes that
exhibited a fold change of >2.0 or <-2.0 and p-value <0.05 were
selected as significantly differentially expressed genes. These genes
were further screened by Venn diagram (by considering the
differences between the chip platforms); genes that overlapped with
>3 three platforms were selected.

2.3. Construction of Transcription Factor (TF) mRNA gene network

Following the microarray data analysis and a search conducted on
the Transcriptional Regulatory Element Database (TRED), we obtained
some TFs and their target genes [10]. The TFs type we chose were
experimentally validated. The networks were constructed using the

Cytoscape software. The yellow triangles in the TF-gene network
represent transcription factors and the green circles represent target
genes. The TFs and their target genes are joined by dotted lines with
arrows indicating the direction from the source to the target.

2.4. Gene function annotation analysis

We used DAVID [11] and KEGG [12] to conduct the function analysis
of the selected differential genes and pathway classification,
respectively.

The DAVID database (http://david.abcc.ncifcrf.gov/) was opened,
and 1213 genes were presented as the gene set of further analysis. At
the same time, the corresponding gene identifier (the gene identifier
corresponding to the gene name was OFFICIAL_GENE_SYMBOL) was
selected; the whole genome of mice was ticked as the background
gene, and “functional annotation tool” was then selected as the
analytical tool, through which the results of GO and biological
pathway enrichment analysis of differentially expressed genes could
be obtained.

The KEGG pathway database (http://ftp.genome.jp/pub/kegg/)
contains a collection of manually curated pathway maps representing
the molecular interaction, reaction, and relation networks for genomes,
biological pathways, diseases, drugs, and chemical substances. Based on
KEGG databases, pathway analysis was conducted to reveal significant
pathways from the differential expression of genes. Fisher's exact test
was used to choose the significant pathways, and P < 0.05 was
considered as the significance threshold.

2.5. Network node statistics

The degree of network of each gene was calculated through the
STRING [13] website, while the degree of relationship between TFs

GSE13873

GSE16440

958
(12. 2%)

GSE10262 GSE21833
Fig. 1. Screening of differentially expressed genes of Helicobacter pylori in the four

platforms. The blue, yellow, green, and pink colors represent the GSE10262, GSE13873,
GSE16440, and GSE21833 platforms, respectively.
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Table 2
Eighteen transcription factors of Helicobacter pylori pathogenic genes and their
corresponding target genes.

TF Target Gene  Description

gene ID
No.
Jun 120 16476 jun proto-oncogene
Cebpa 46 12606 CCAAT/enhancer binding protein (C/EBP), alpha
Egrl 31 13653 early growth response 1
Ppara 31 19013 peroxisome proliferator activated receptor alpha
116 29 16193 interleukin 6
F3 25 14066 coagulation factor III
Stat1 21 20846 signal transducer and activator of transcription 1
Bcl6 12 12053 B cell leukemia/lymphoma 6
Junb 10 16477 jun B proto-oncogene
Egr2 8 13654 early growth response 2
Dbp 6 13170 D site albumin promoter binding protein
Adh7 5 11529 alcohol dehydrogenase 7 (class IV), mu or sigma
polypeptide
Cebpg 4 12611 CCAAT/enhancer binding protein (C/EBP), gamma
F5 3 14067 coagulation factor V
Bcl3 3 12051 B cell leukemia/lymphoma 3
Ltf 3 17002 lactotransferrin
Arc 3 11838 activity regulated cytoskeletal-associated protein
Tst 2 22117 thiosulfate sulfurtransferase, mitochondrial

and target genes was assessed using the cytoscape software. The gene
signal transduction network was constructed based on the data of
differentially expressed genes to show the core genes that played an
important role in this network. The degree of each gene was added to

obtain the number of network nodes. A higher degree indicated that
the genes have a strong correlation with other genes, implying a more
important role in the signaling network. We used the limma R
package (version:3.36.5) and then obtained many differentially
expressed genes (DEGs). We screened out key genes in the huge
DEGs. The screening methods are diverse. The visualization of
network was built by software Cytoscape.

3. Results
3.1. Chip data

The chip data were obtained from GEO DataSets NCBI Database. The
Affymetrix chips with H. pylori and CEL original documents were
selected, and ultimately four gene chip platforms (GSE13873,
GSE16440, GSE10262, and GSE21833) were used for further analysis
(Table 1). The data of each chip were divided into two groups: the
normal and the pathogenic group.

3.2. Chip data processing

Transcriptome Analysis Console from Affymetrix Company was
applied for the logarithmic calculation and standardization of the
obtained data from the four chips. The differentially expressed mRNA
between normal mice and those infected with H. pylori were
compared using the SAM method; we obtained 241 differentially
expressed genes in all the four platforms, 1213 in >3 platforms, and
3352 in 22 platforms (Fig. 1).

Fig. 2. Transcription factor regulatory network of Helicobacter pylori pathogenic genes. The yellow represents the transcription factors and the green represents the target gene

corresponding to the transcription factors.
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As the differentially expressed genes found in >3 platforms should
have more significant difference, 1213 differential genes were cross-
screened and were used for further analysis.

3.3. H. pylori transcription factor regulatory network

The TRED was used for the predictive analysis of the transcription
factors of 1213 differentially expressed genes. It revealed 18
transcription factors and their corresponding 232 target genes (Table
2). In addition, the TFRN of the pathogenic genes with 18 transcription
factors and their corresponding 232 target genes was drawn using
Cytoscape software (Fig. 2).

Twenty-three target genes regulated by more than two transcription
factors were found in this network (Table 3), of which the 3 target genes
(namely Nos2, II5, and Collal) were regulated by more number of
transcription factors (3 transcription factors).

The TFRN contained 22 genes at more than 50 network nodes.
Among these, the genes with the greater number of network nodes
were Jun (216 nodes), Il6 (131 nodes), and Tnf (96 nodes).

3.4. GO functional annotation analysis

GO functional annotation analysis of 1213 differentially expressed
genes was conducted, in which 10 pathways with the most significant
P values were selected (Table 5); these were closely associated with
immune diseases. Among these four pathways, inflammatory bowel
diseases (IBD), TNF signaling, PI3K-Akt signaling, and rheumatoid
arthritis pathways were the most significant.

4. Discussion

H. pylori is recognized as the primary causative agent of several
diseases of the digestive system, such as chronic active gastritis,
gastroduodenal ulcer, GALT lymphoma, and gastric cancer. Hence, the
eradication of H. pylori is an important step for the prevention and
treatment of these diseases. In this study, NCBI GEO DataSets
containing the expression arrays of normal mice and those infected
with H. pylori were selected. Further, the Transcriptome Analysis
Console of the Affymetrix Company was used for the logarithmic
calculation and standardization of data obtained from these
expression arrays; the results revealed 1213 differentially expressed
pathogenic genes. Subsequently, the predictive analysis on the 1213
genes was conducted through the TRDE database and 18 transcription
factors and 232 corresponding target genes were found. Thus, we
could establish a transcription factor regulatory network of H. pylori
pathogenic genes (Fig. 2). A series of analysis on the obtained TFRN
revealed that several key factors among these were closely related to
the mice immune system.

The TFRN (Fig. 2) contained 5 transcription factors (Table 2),
namely: Jun (120 target genes), Cebpa (46 target genes), Egrl (31
target genes), Ppara (31 target genes), and 116 (29 target genes). The
Jun gene is closely related to systemic lupus erythematosus (SLE),
which is a typical autoimmune disease involving multiple organs and
systems. Doniz-Padilla et al found that the expression level of Jun in
the peripheral blood mononuclear cells (PBMC) of SLE patients was
significantly higher than that in healthy controls [14], which suggests
that Jun may be involved in the pathogenesis of SLE. The Cebpa gene is
closely related to acute myeloid leukemia and is currently one of the
diagnostic markers of acute myeloid leukemia [15]. Egr1 is remotely
expressed or its expression is very low in normal somatic cells [16].
Stimulation of cells by a variety of extracellular signals can activate the
transcription of Egrl through one or more signal transduction
pathways. The binding of activated Egr1 to the specific binding sites
on the promoter of target gene may regulate the function of cells to
exert various biological effects [17]. Egr1 plays an important role in
the regulation of cell growth, differentiation, and proliferation, and in

Table 3

Target genes regulated by more than two transcription factors.
Target Number of Transcription Network
genes transcription factors nodes

factors

Nos2 3 Stat1 Jun 116
115 3 Bcl6 Jun Junb
Collal 3 116 Jun Adh7
Ptgs2 2 116 Jun 68
Ptgs1 2 Jun1l6
Tnfrsf8 2 Jun Stat1
Nfkb1 2 Bcl6 Bcl3 74
1110 2 Cebpg 116 75
Tnf 2 Bcl3 Jun 96
Pparg 2 Stat1 116
114 2 Junb Jun 74
112b 2 Jun Junb
Nrfl 2 Jun Junb
Alb1l 2 Tst F3
Mmp13 2 116 Jun
p53 2 116 Jun
Col5a1 2 Jun Adh7
Tgm1 2 Jun Junb
Met 2 116 Jun
Nfe2l1 2 Jun Junb
Spp1 2 Jun F3
Hmgb2 2 F3 Tst
Cxcl9 2 Stat1 F3

the initiation and amplification of inflammatory reaction [18]. The
Ppara gene was shown to be involved in the pathogenesis of
peripheral neuropathy in type 2 diabetes mellitus [19].
Overexpression of RAGE in the endoneurial and epineurial
microvasculature and its binding to the sedimentary carboxymethyl
cellulose was shown to activate NF-KB and increase the release of
inflammatory cytokines such as interleukin 6 [20]. The resultant
inflammatory reaction may interfere with the normal function of
blood vessels and lead to vasculitic neuropathy. Interleukin 6 can act
on multiple cells, such as B cells, liver cells, hybridoma cells and
plasma cells, and strengthen the body's defense through its pro-
inflammatory activity and influence other cytokines [21,22,23]. To
sum up, these five transcription factors that can regulate their target
genes were all related to immune inflammation. In addition, 116, Egr1,
and Jun are directly involved in immune inflammation.

Table 4
Network node statistics table.
Gene Network Number of Number of
node transcription corresponding
factors target genes
Jun 216 120
116 131 29
Tnf 96 2
Trp53 81
Stat1 80 21
Fos 78
1110 75 2
Nfkb1 74 2
114 74 2
112 70
Csf2 68
Ptgs2 68 2
Ccl2 66
Mmp9 66
Vegfa 59
Fgf2 57
Tir4 57
Networkk1 56
Kit 56
Pik3r1 51
Hgf 51
F3 50 25
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Table 5

GO functional annotation table of Helicobacter pylori pathogenic genes.
Pathway Gene NO.  P-value  Benjamini
Cytokine-cytokine receptor interaction 26 48E-15 8.9E-13
Leishmaniasis 15 5.2E-13  4.8E-11
Inflammatory bowel disease (IBD) 14 8.2E-12  5.1E-10
TNF signaling pathway 17 1.0E-11  4.7E-10
PI3K-Akt signaling pathway 26 34E-11 1.3E-9
Malaria 12 3.9E-10  1.2E-8
Jak-STAT signaling pathway 17 5.5E-10  1.5E-8
Chagas disease (American trypanosomiasis) 15 1.2E-9 2.8E-8
Pertussis 13 1.3E-9 2.8E-8
Hematopoietic cell lineage 13 4.0E-9 7.4E-8
Rheumatoid arthritis 13 9.3E-9 1.6E-7

Further, we found that the target genes regulated by the TFRN were
Nos2, 115, and Collal (Table 3), and these were regulated by more than
three transcription factors. Nos2 and II5 have been shown to be
closely related to the immune system. Nitric oxide synthase (NOS) is
an isozyme with three subtypes: Nos1, Nos2, and Nos3, corresponding
to nNos, iNos, and eNos, respectively [24,25]. Nitric oxide synthase 2
(NOS2) plays a role after stimulation and activation of cells, resulting
in the production of a large amount of NO. Studies have shown that
NOS2 plays an important role in chronic neurodegenerative diseases,
inflammation, obstructive lesions, tumors, transplantation/
implantation, injury, and parasitic infection [25]. IL-5 [also referred to

as the T cell replacement factor (TRF)] has been found to have no
significant role in the stimulation of B cells [26]. Its main function is to
stimulate the proliferation, differentiation, and activation of
eosinophils [27]. IL-5 not only increases the number of eosinophils but
also enhances their function. The increase in eosinophils during worm
infestation and allergic diseases is mainly caused by IL-5. Human IL-5
can also promote the release of inflammatory mediators such as
histamine and leukotriene by basophils, which improves the activity
of basophils [28]. To date, Col1al has only been found to be associated
with bone injury-related diseases, and there is no direct experimental
evidence to show its correlation with immune inflammation. Hence it
could be speculated that the Collal gene may be a potential
inflammation factor, which needs to be further studied [29].

Although Nfkb1 is regulated by only two transcription factors, it has
74 network nodes, which suggests that it could be a very important
regulatory factor. Nfkb1 gene is a member of Nf-kB family. The Nf-«<B
family is a widespread transcription factor and can specifically bind to
the KB sites on the gene promoters or enhancers such as several
cytokines and cell adhesion factors required for the regulation of
immune response, inflammation, cell growth, differentiation, cell
adhesion, and apoptosis. Being a transcription factor, it initiates and
regulates the transcription of these genes, which play an important
role in the immune response and inflammation as well as in cell
growth and development [30].

We counted the network nodes in the TFRN and found 3 genes at
more than 90 nodes, namely Jun, il6, and Tnf (Table 4). As discussed

Fig. 3. Regulatory network of the 10 important pathogenic genes. The large circles represent 10 important pathogenic genes and small circles represent other genes related to these

pathogenic genes.
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earlier, both Jun and I16 are transcription factors. Inflammation factor
(Tnf), the most important inflammatory mediator that first appears in
the process of inflammation, can activate neutrophils and
lymphocytes, increase the permeability of vascular endothelial cells,
regulate the metabolic activity of other tissues, and stimulate the
synthesis and release of other cytokines [31].

We obtained significant results in the form of five transcription
factors, namely Jun, Cebpa, Egrl, Ppara, and 116 (which regulated most
of the target genes); three target genes, namely Nos2, II5, and Colla1
(which were regulated by most of the transcription factors); three
genes, namely Jun, 116, and Tnf (found at most of the network nodes);
and the Nfkb1 gene. Thus, we used a total of 10 genes for the
establishment and analysis of the network. The results showed that
these genes were closely related to Csf2, Csf3, and Egr2 and that these
could regulate each other. Four genes (Tnf, Jun, Il6, and Egrl) were in
the central position of regulation (Fig. 3). In addition, these genes
were also found to be involved in the regulation of immune system
and centered in some signaling pathways, such as the Jak-STAT
signaling pathway.

In this study, the screened 1213 genes were analyzed using GO
functional annotation. The results showed that there were 10
related pathways that mainly included three signaling pathways
(TNF signaling pathway, PI3K Akt signaling pathway, and Jak-STAT
signaling pathway). The TNF signaling pathway may indirectly
regulate inflammatory reaction and promote apoptosis through
interaction with other cytokines or effector cells; in addition, both
Tnf and 116 genes are associated wth this pathway. PI3K signaling
plays a key role in regulating the growth of cells by regulating the
downstream molecular mTOR. Significant mutations of key
regulatory factors in the PI3K signaling pathway have been
identified in a majority of human tumors. Multiple genes are
closely related to the PI3K signaling pathway; for example, the
Pik3r1 gene is also an important network node (Table 4). The Jak-
STAT signaling pathway, a signal transduction pathway stimulated
by cytokines, is involved in many important biological processes
such as the proliferation, differentiation and apoptosis of cells and
immune regulation. Our study showed that Stat1 was part of this
pathway, and Stat1 was not only a transcription factor (Table 3)
but also corresponded to 80 network nodes (Table 4); this suggests
that it may play an important role in the regulation of the complete
network [32].

5. Conclusion

In the present study, we identified 1213 differentially expressed
genes and constructed the transcriptional factor regulatory
network. Statistical analysis of transcription factors and nodes of
the regulatory network indicated that the genes Nos2, 115, Collal,
Tnf, and Nfkb1 and the transcription factors Jun, Cebpa, Egrl, Ppara,
and 116 collectively regulate the body's immune function through
three main signaling pathways: Tnf pathway, PI3K Akt pathway,
and Jak-STAT pathway. The Csf2, Csf3, and Egr2 genes were also
involved in the coordinated regulation. Overall, our study revealed
that the pathogenicity of H. pylori is closely related to the body's
immune and inflammatory system.
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