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ABSTRACT

Background: Previous studies have shown that Helicobacter
pylori infection (HPI) is related to a reduced risk of esophageal
adenocarcinoma (EAC) by unknown biological mechanisms. It is
hypothesized that EAC and HPI have strong genetic associations.

Methods: An integrated analysis, using large-scale ResNet relation
data and gene expression data for HPl and EAC, to identify potential
EAC risk genes from a HPI-gene group was conducted. Disease-
gene relation data were acquired from the Pathway Studio ResNet
Mammalian database. Gene expression data were acquired from
samples of 92 subjects including 64 EAC cases and 28 normal
controls.

Results: Genes linked to HPI and EAC present significant overlap
(79 genes, p-value = 2.5E-75) and play roles within multiple common
genetic pathways (enrichment p-value < 5.05E-17 for the top 10
pathways) that are implicated with both diseases. A genetic network
of 32 genes was identified through which HPI may exert influence on
EAC. There were 6 HPI genes that presented significant differences
(p-value < 1e-10) between EAC cases and controls, including: MUC13,
AQP3, TFF3, SFTPD, NOD2, and PIGR. Network analysis showed that
these genes demonstrated strong functional associations with EAC
and may be potential EAC risk genes.

Conclusion: Results from this study support the hypothesis that
complex genetic associations exist between HPI and EAC, and
that HPI-related genes may also play roles in EAC pathogenic
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development. This provides new insights into EAC
candidate gene identification.
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Pathway enrichment analysis; Network connectivity
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1 INTRODUCTION

Esophageal adenocarcinoma (EAC) is a rapidly
increasing incidence, high-mortality cancer in
developed countries "', Studies suggest that at
least 95 % of EAC cases arise from a metaplastic
condition known as Barrett's esophagus . Genetic
studies using genome-wide association study
(GWAS) and GED have been conducted to explore
the genetic risks associated with EAC ™ “. Hundreds
of EAS-linked genes have been reported. The basic
carcinogenesis mechanisms underlying EAC clinical
outcomes remain unclear. Genetic associations
between Helicobacter pylori infection (HPI) and EAC
were studied here in order to better understand the
genetic bases of EAC, and identify novel potential
genes for it.

Helicobacter pylorus is a gram-negative bacillus
usually found in human gastric mucosal epithelium.
Affecting over half of the world's population, HPI is a
cause of gastroesophageal reflux disease (GERD)
and a risk factor for GC . HPI seems to associate
with a reduced EAC risk. People with HPI have a
greater than 40 % lower incidence of EAC than those
without. ® 7. Biological explanations for this HPI
protective effect in the case of EAC remains unclear.
It is believed that the reduced risk may be linked to
lower gastric acid levels in HPI patients ™ ?.

In recent years, the Pathway Studio ResNet
database has been widely used to study modeled-
relationships between proteins, genes, complexes,
cells, tissues, and disease . This study integrated
large-scale ResNet relation data and gene
expression data to test the hypothesis that HPI and
EAC share a genetic base, and that HPI-related
genes may also associate with EAC. The results
support the HPI-EAC correlation hypothesis and may
identify potential novel risk genes for EAC.

2 MATERIALS AND METHODS

Large scale HPI-gene and EAC-gene ResNet
relation data were studied to identify shared genes
and genetic pathways. Integrated EAC expression
data was examined to identify novel genes from the
HPI-gene group. Lastly, a functional network analysis
was performed to study any potential pathogenic
significance of these EAC-candidate genes.

2.1 HPI-Gene and EAC-Gene data
acquisition

Disease-gene relation data for HPl and EAC were
acquired from the Pathway Studio ResNet relation
database. It has been widely used to study modeled
relationships between proteins, genes, complexes,
cells, tissues, and diseases (http://pathwaystudio.
gousinfo.com/Mendeley.html). It is updated weekly
and is the field’s largest database '”. In addition
to the complete gene lists of genes, supporting
references for each disease-gene relation appear
in Supplementary Tables S1 and S2, and include
reference titles and the related sentences where
these relations were identified. This information
could be used to located detailed descriptions of how
a candidate genes relate to HPI and/or EAC.

2.2 Identification of risk genes

A gene expression data set (GSE13898) of 92
subjects was used to test genes related to HPI which
have not been reported to associate with EAC. This
was to identify potential EAC risk genes.

The gene expression profiles acquired from 64
primary esophageal adenocarcinoma, 15 Barrett's
esophagus, and 28 surrounding normal fresh frozen
tissues were used for the microarray. All tissues were
obtained after curative resection following pathologic
confirmation at the University of Texas MD Anderson
Cancer Center (MDACC). Microarray experiment
and data analysis were done in the Department of
Systems Biology at MDACC. Raw and processed
data were deposited in NCBI GEO Datasets, which
are available online at https://www.ncbi.nlm.nih.gov/
geo/query/acc.cgi?acc=GSE13898.

2.3 Network analysis of EAC risk genes

A network analysis between 6 target genes and EAC
was performed to identify any entities that could act
as a bridge connecting the gene and EAC. This was
done to validate potential candidate EAC risk genes.
Target entity analysis included proteins/genes, small
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molecular/drugs, and functional classes. The relation
data between these target entities and the 6 target
genes and EAC were acquired from Pathway Studio
ResNet database for analysis.

3 RESULTS

3.1 Shared genetic bases between HPI
and EAC

A systematic analysis of the HPI-Gene and the

EAC-Gene ResNet relation data to identify genes
associated with HPI and EAC was conducted.
Results showed that 276 genes associated with
HPI. This is supported by 720 scientific references
between 1992 and June 2016 (Supplementary
Tables S1a and S1b). For EAC, 293 genes,
supported by 700 references between 1993 and
June 2016 (Supplementary Tables S2a and S2b)
were identified. A significant overlap of 79 genes
between HPI-genes and the EAC-genes (Right tail
Fisher’'s Exact test, p-value = 2.5E-75), as shown in
Fig. 1 (see Supplementary Tables S3a and S3b for
the gene list and references) exists.
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Fig. 1 Genetic association between HPI and EAC. (a) Venn diagram for HPIl-genes and EAC-genes; (b) The 79
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A Pathway Enrichment Analysis (PEA) using
Pathway Studio was conducted to test the functional
profile of the 79 genes associated with both HPI and
EAC.

The 10 most significantly-enriched pathways

(p-value < 5.05E-17) appear in Table 1. A total of 637
pathways/gene sets were enriched with p-value <
1e-3 including 77 of the 79 genes (Supplementary
Table S4).
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Table 1. Genetic pathways enriched with 79 genes linked to both HPl and EAC

. i p-value
Name GOID # of Entities Overlap p-value (FDR) (before FDR)
response to drug 0017035 509 32 2.62E-29 7.86E-32
response to organic cyclic 0014070 253 22 2.47E-22 9.89E-25
compound
positive regulation of cell 0008284 568 27 4.25E-21 2.13E-23
proliferation
aging 0016280 254 21 6.41E-21 3.84E-23
response to lipopolysaccharide 0032496 252 20 1.55E-19 1.09E-21
response to hypoxia 0001666 259 20 2.36E-19 1.89E-21
cellular response to organic cyclic 0071407 04 15 4 61E-19 4 15E-21
compound
Leptin/STAT Expression Targets NONE 96 31 1.66E-17 1.66E-19
negative regulation of apoptotic 546916 650 25 1.93E-17 2.13E-19
process
wound healing 0042060 129 15 5.05E-17 6.06E-19

Note: The p-value for each pathway/Go term was calculated using the Fisher-Exact test against the hypothesis that a
randomly selected gene group of the same size (79) can generate the same, or greater, overlap with the corresponding
pathway/Go term. All the pathways/Go terms passed the FDR correction (q = 0.001).

PEA results showed: 37 pathways/gene sets (57
unique genes) related to cell growth and proliferation;
34 (49 unique genes) to cell apoptosis; 10 (29
unique genes) to protein kinase; 9 (26 unique genes)
to protein phosphorylation; 9 (38 unique genes) to
transcription factors; 6 (30 unique genes) to immune

multiple genetic pathways. It is through these
shared pathways that a large number of genes play
roles affecting the pathogenic development of both
diseases.

system; and, 2 (21 unique genes) to single-organism
developmental process.

Many of these pathways have been implicated
in both HPI and EAC. These include: the response
to lipopolysaccharide (GO ID: 0032496) " ': ageing
(GO ID: 0016280) "> "I response to hypoxia (GO
ID: 0001666) "> ®: and, positive regulation of cell
proliferation (GO ID: 0008284)"" '®. The data for
these significantly enriched pathways appears in
Supplementary Table S4.

The results suggest that HPl and EAC share

3.2 Possible co-regulations between HPI
and EAC

Further functional network analysis, using PS,
showed that, 32 of 79 genes are downstream targets
of HPI (influenced by HPI), while also being an EAC
upstream regulator (Fig. 2). HPI may influence EAC
pathogenic development through the regulation of
these 32 genes. For each relation (shown by an
arrow) in Fig. 2, there is support from one, or more,
references (Supplementary Table S3b), which could
be used for a detailed description of each relation.

pathwaystudio.gousinfo.com/ResNetDatabase.html

L

Fig. 2 A HPI-Gene—EAC pathway contain 32 genes. Networks were generated using the ‘network building’
module of Pathway Studio. The definition of the entity types and relation types in the figure can be found at http://

“Helicobacter pylori infectio
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The results suggest that any gene linked to
HPI may be worthy of study for its potential relation
to EAC. These genes affect the HPI pathogenic
development, which in turn may influence the
disease status of EAC.

3.3 Expression analysis HPIl-genes
The ResNet relation data analysis showed that more

HPI genes were not linked to EAC than these were
(197 vs. 79; see Fig. 1). A gene expression analysis
was conducted to study expression differences
between EAC cases and controls for these 197
genes in order to identify those linked to HPI which
were also potential EAC risk genes. Fig. 3 provides
the ‘~log10’ transferred p-values (g = 0.001 for FDR)
of each gene.

Bubble plot of the FDR correct p-values
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Fig. 3 The p-values for the 197 HPI genes for EAC case/control expression comparison. The p-values have
been through FDR correction with g=0.001 and logic transformation using ‘~log10’. The six genes demonstrating
significant differences (p-value < 1e-10) appear at their corresponding positions.

In the gene expression analysis, 62 of 197 HPI
genes passed the FDR correction (q = 0.001. See
Supplementary Table 5). Six genes presented a
significant difference (p-value < 1e-10) between EAC
cases and controls. These were: MUC13, AQP3,
TFF3, SFTPD, NOD2, and PIGR. According to the
PS ResNet database, these 6 genes presented
no direct relation with EAC in that there was no

reference reporting an association between these
genes and EAC. However, they demonstrate strong
indirect linkage to EAC, bridged by 29 genes/
proteins, 10 small molecular, and 7 functional
classes (see Fig. 4). The 46 entities and the 141
relations with 1,385 supporting references in Fig.
4 appear in Supplementary Table S5a and S5b,
respectively.
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4 DISCUSSION

Previous studies showed that HPI is strongly linked
to reduced EAC incidence via an unclear mechanism
.79 This study used large-scale ResNet relation
data and gene expression data to study shared
genes and genetic pathways between HPI and EAC.
The approach identified potential novel EAC risk
genes.

The results showed that genes linked to HPI
and EAC present significant overlap (79 genes,
p-value = 2.5E-75). All but 2 (77 of 79) genes were
significantly enriched within 637 pathways (p-value
< 1e-3, FDR corrected: q = 0.005). Many of these
pathways have been linked to both HPI and EAC.
They include: response to lipopolysaccharide (GO
ID: 0032496); ageing (GO ID: 0016280); response to
hypoxia (GO ID: 0001666); and, positive regulation
of cell proliferation (GO ID: 0008284) """ These
results suggest that HPl and EAC share multiple
genetic pathways. A large number of genes regulate
both diseases pathogenic development through
these pathways.

A 32-gene network was discovered through
which HPI may affect the disease status of EAC
(Fig. 2). These findings provide further support for

the hypothesis that HPI genes may regulate EAC
pathogenic development.

A closer study of the 197 HPI only genes (Fig.
1 (a)) using EAC gene expression data showed
that a large portion (62/197 = 31.47 %, q = 0.001
for FDR) of these HPI genes also demonstrated
differences between EAC cases and controls (FDR
corrected p-value < 0.001) (Fig. 3). Six genes were
identified as potential EAC markers (FDR corrected
p-value < 1e-10), including: MUC13; AQP3; TFF3;
SFTPD; NODZ2; and, PIGR. Further validation using
a ResNet network analysis showed that these six
genes presented strong indirect correlation with
EAC forming a functional genetic network supported
by 1,385 supporting references (Fig. 4). Through
this network, multiple pathways could be identified
through which a gene may affect EAC disease
status. One example, NOD2, has been reported to
be involved in the production of microbicidal reactive
oxygen species (ROS)®, which play an important
role in EAC development ?"!. This finding supports a
NOD2 — ROS — EAC pathway. Another possible
MUC13 — EAC pathway was identified. MUC13
has been shown to regulate chemokine secretion
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22 Chemokine receptors are Class A GPCRs
coupled with Gai heterotrimeric G proteins and play
a pivotal role in EAC tumorigenesis and metastasis
®1 By regulating chemokine secretion, MUC13 may
regulate EAC pathogenesis through a chemokine
pathway which would build a MUC13 — chemokine
pathway — EAC regulation mechanism.

In conclusion, the results from this study support
the hypothesis that HPl and EAC present significant
genetic level associations, which may explain their
clinical correlations. Moreover, novel potential EAC
genes can be identified by integrating ResNet
relation data and gene expression data. This is the
first study that we know of that integrates large-scale
ResNet relation data and gene expression data to
study molecular associations between HPI and EAC.
The findings of this study may provide new insights
into the current field of HPI-EAC correlation study
and warrants further study using more data sets to
identify novel potential EAC risk genes.

ACKNOWLEGEMENTS

We would like to thank Dr. Sana Khan for her
suggestions and writing help in the development
of this manuscript. Dr. Khan is with Department of
Genomics Research, R&D Solutions, Elsevier Inc.

CONFLICT OF INTEREST

The author HC is with Elsevier Inc.

REFERENCES

1. Brown LM, Devesa SS, Chow WH. Incidence
of adenocarcinoma of the esophagus among
white Americans by sex, stage, and age. J Natl
Cancer Inst. 2008; 100: 1184-1187.

2. Wild CP, Hardie LJ. Reflux, Barrett's oesophagus
and adenocarcinoma: burning questions. Nat
Rev Cancer. 2003; 3: 676-684.

3. Kim SM, Park YY, Park ES, Cho JY, lzzo
JG, Zhang D, Kim SB, Lee JH, Bhutani
MS, Swisher SG, Wu X, Coombes KR, Maru
D, Wang KK, Buttar NS, Ajani JA, Lee JS.
Prognostic biomarkers for esophageal
adenocarcinoma identified by analysis of tumor

10.

11.

12.

13.

14.

transcriptome. PLoS One. 2010; 5(11): e15074.

Contino G, Eldridge MD, Secrier M, Bower L,
Fels Elliott R, Weaver J, Lynch AG, Edwards
PA, Fitzgerald RC. Whole-genome sequencing
of nine esophageal adenocarcinoma cell lines.
F1000Res. 2016; 5: 1336.

Amieva M, Peek RM Jr. Pathobiology
of Helicobacter pylori-Induced Gastric Cancer.
Gastroenterology. 2016; 150(1): 64-78.

Nie S, Chen T, Yang X, Huai P, Lu M. Association
of Helicobacter pylori infection with esophageal
adenocarcinoma and squamous cell carcinoma:
a meta-analysis. Dis Esophagus. 2014; 27(7):
645-653.

Xie FJ, Zhang YP, Zheng QQ, Jin HC, Wang
FL, Chen M, Shao L, Zou DH, Yu XM, Mao WM.
Helicobacter pylori infection and esophageal
cancer risk: an updated meta-analysis. World J
Gastroenterol. 2013; 19(36): 6098-6107.

Falk GW. Risk factors for esophageal cancer
development. Surg Oncol Clin N Am. 2009;
18(3): 469-485.

Nikitin A, Egorov S, Daraselia N, Mazo |I.
Pathway studio--the analysis and navigation
of molecular networks. Bioinformatics. 2003;
19(16): 2155-2157.

Lorenzi PL, Claerhout S, Mills GB, Weinstein
JN. A curated census of autophagy-modulating
proteins and small molecules: candidate targets
for cancer therapy. Autophagy. 2014; 10(7):
1316-1326.

Rousseau MC, Hsu RY, Spicer JD, McDonald
B, Chan CH, Perera RM, Giannias
B, Chow SC, Rousseau S, Law S, Ferri LE.
Lipopolysaccharide-induced toll-like receptor
4 signaling enhances the migratory ability of
human esophageal cancer cells in a selectin-
dependent manner. Surgery. 2013; 154(1): 69-
77.

Lepper PM, Triantafilou M, Schumann
C, Schneider EM, Triantafilou K.
Lipopolysaccharides from Helicobacter pylori
can act as antagonists for Toll-like receptor 4.
Cell Microbiol. 2005; 7(4): 519-528.

Gutschow CA, Leers JM, Schroder W, Prenzel
KL, Fuchs H, Bollschweiler E, Bludau
M, Holscher AH. Effect of aging on esophageal
motility in patients with and without GERD. Ger
Med Sci. 2011; 9: Doc 22.

Safe AF, Warren B, Corfield A, McNulty CA,
Watson B, Mountford RA, Read A. Helicobacter

MED ONE 2016,1:¢160022 | Email:mo@gingres.com

October 25, 2016



Peng Zhou et al

Esophageal Adenocarcinoma

15.

16.

17.

18.

19.

pylori infection in elderly people: correlation
between histology and serology. Age
Ageing. 1993; 22(3): 215-220.

Koukourakis MI, Giatromanolaki A, Skarlatos
J, Corti L, Blandamura S, Piazza M, Gatter
KC, Harris AL. Hypoxia inducible factor (HIF-
1a and HIF-2a) expression in early esophageal
cancer and response to photodynamic therapy
and radiotherapy. Cancer Res. 2001; 61(5):
1830-1832.

Kang MJ, Song EJ, Kim BY, Kim DJ, Park JH.
Helicobacter pylori induces vascular endothelial
growth factor production in gastric epithelial cells
through hypoxia-inducible factor-1a-dependent
pathway. Helicobacter. 2014; 19(6): 476-483.

Moon HS, Mantzoros CS. Regulation of cell
proliferation and malignant potential by irisin
in endometrial, colon, thyroid and esophageal
cancer cell lines. Metabolism. 2014; 63(2): 188-
193.

Gao H, Wang JY, Shen XZ, Liu JJ. Effect
of Helicobacter pylori infection on gastric
epithelial cell proliferation. World J
Gastroenterol. 2000; 6(3): 442-444.

Chen Y, Blaser MJ. Helicobacter pylori

20.

21.

22.

23.

colonization is inversely associated with
childhood asthma. J Infect Dis. 2008; 198:
553e60.

Kersse K, Bertrand MJ, Lamkanfi M,
Vandenabeele P. NOD-like receptors and the
innate immune system: coping with danger,
damage and death. Cytokine Growth Factor
Rev. 2011; 22(5-6): 257-276.

Fu X, Beer DG, Behar J, Wands J, Lambeth
D, Cao W. cAMP-response element-binding
protein mediates acid-induced NADPH oxidase
NOX5-S expression in Barrett esophageal
adenocarcinoma cells. J Biol Chem. 2006;
281(29): 20368-20382.

Li RW, Wu S, Li CJ, Li W, Schroeder SG. Splice
variants and regulatory networks associated with
host resistance to the intestinal worm Cooperia
oncophora in cattle. Vet Parasitol. 2015; 211(3-
4): 241-250.

Shrivastava MS, Hussain Z, Giricz O,
Shenoy N, Polineni R, Maitra A, Verma A.
Targeting chemokine pathways in esophageal
adenocarcinoma. Cell Cycle. 2014; 13(21):
3320-3327.

MED ONE 2016,1:€160022 | Email:mo@gqingres.com

October 25, 2016



