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Background: Helicobacter pylori (H. pylori) infection is closely associated with the tumorigenesis of gastric
cancer. The aim of the present study was to identify the key regulator in H. pylori-related gastric cancer and
to study the expression level and clinical value of the indicated key regulator in gastric cancer.

Methods: The GSE6143 dataset was used to identify differentially expressed genes (DEGs) with limma
R package, and enrichment analysis was done using the Metascape web-based portal. The protein-protein
interaction analysis was done using Search Tool for the Retrieval of Interacting Genes/Proteins. Gastric
adenocarcinoma AGS and BGC-823 cells were treated with H. pylori strain 26695 to construct the in vitro
H. pylori infection model, and quantitative reverse transcription polymerase chain reaction was used to
analyze the mRNA levels of indicated genes. The correlation analysis between two genes in gastric cancer
was done by GEPIA. Furthermore, the PTPRC expression by pathological features analysis was conducted
in UALCAN, an easy to use, interactive web-portal (http://ualcan.path.uab.edu). The survival analysis for
gastric cancer, based on PTPRC expression levels, was done using the Kaplan—Meier plotter.

Results: DEGs in gastric mucosa with or without H. pylori infection were identified and enriched in
immune-related pathways and cancer pathways. The protein-protein interaction analysis confirmed the
enrichment analysis of gene ontology. H. pylori strain 26695 exposure also confirmed the alteration of gene
expression levels in AGS and BGC-823 cells. PTPRC was co-expressed with CSF2RB and TNFRSF7,
indicating a significant positive correlation in gastric cancer. PTPRC was overexpressed in gastric cancer, and
the overexpression of PTPRC was positively correlated with the progression of gastric cancer. Furthermore,
the high expression of PTPRC could act as a poor prognostic factor for gastric cancer patients, especially for
those at advanced stage.

Conclusions: H. pylori-induced PTPRC is overexpressed in gastric cancer, and the overexpression of
PTPRC is positively associated with the development of gastric cancer. The high expression of PTPRC
could serve as poor prognostic biomarker for gastric cancer patients, especially for those at advanced stage. H.

pylori-induced PTPRC is a prognostic biomarker for gastric cancer.
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Introduction

Helicobacter pylori (H. pylori) has been reported to have
a close association with some digestive system diseases,
such as chronic gastritis, stomach ulcer, gastric cancer,
and pathological gastric mucosa-related lymphoid tissue
lymphoma (1-3). As a Gram-negative bacteria, H. pylori
could stably grow in a strong acid environment, and
some toxins could be induced by H. pylori, including
cyclooxygenase-2, cytotoxin-associated gene A (CagA),
urease, and inducible nitric oxide synthase (4-7). These
toxins subsequently contribute to the gastric mucosa
damage. The long-term colonization of H. pylori in the
stomach could also disrupt immune imbalance and induce
inflammatory responses (8,9). Some pro-inflammatory
factors can destroy the gastric mucosal barrier and promote
the occurrence and development of gastrointestinal
diseases (10,11).

Previous studies have shown the close correlation
between H. pylori-induced immune response and the
occurrence of gastric cancer, especially for CagA-positive
and vacuolating toxin A (VacA)-positive H. pylori infection
(12,13). However, the in-depth molecular mechanism
underlying the transition from inflammation to gastric
cancer is still unclear. The aim of the present study was
to identify the key regulator in H. pylori-related gastric
cancer and to study the expression level and clinical
value of the indicated key regulator in gastric cancer. In
brief, we first identified key regulators in the occurrence
of H. pylori infection, and the bioinformatics analysis
identified the protein tyrosine phosphatase receptor type C
(PTPRC), a member of the protein tyrosine phosphatase
family, which regulates a number of biological activities,
including proliferation, differentiation, and mitosis (14).
Previously published literature has also shown that
PTPRC, as a kind of protein tyrosine phosphatase (PTP)
family, could regulate the T- and B-cell antigen receptor
signaling (15,16). As a hub gene, PTPRC is involved in
the biological regulation of H. pylori infection and has a
close association with gastric cancer. In the present study,
we demonstrated that the PTPRC expression level could
be induced by H. pylori infection in gastric mucosa tissues.
The overexpression of PTPRC in gastric cancer was also
validated. We also evaluated the potential application
of PTPRC as a prognostic biomarker for gastric cancer.
We present the following article in accordance with the
REMARK reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-305).
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Methods
Reagents

H. pylori strain 26695 and Gastric adenocarcinoma AGS
cells and BGC-823 cells were obtained from the American
Type Culture Collection (ATCC, Manassas, VA, USA).
Dulbecco’s modified Eagle’s medium, fetal bovine serum,
and penicillin-streptomycin were purchased from Thermo
Scientific (Waltham, MA, USA). The total RNNA isolation
kit, first-strand cDNA synthesis kit, and SYBR quantitative
reverse transcription polymerase chain reaction (QRT-PCR)
kit were obtained from Yeasen Biotechnology (Shanghai,
China). The primers were synthesized by Invitrogen
(Carlsbad, CA, USA). The storage of materials was
performed according to the manufacturers’ instructions.

Gene Expression Omnibus (GEO) analysis

Microarray data were obtained from the GEO database.
The GSE6143 dataset containing RNA sequence data of
gastric mucosa tissues with or without H. pylori infection
was used to identify differentially expressed genes (DEGs)
in gastric mucosa tissues (17). The statistical threshold
was set at P<0.05 and >2 fold change. The volcano plot
displayed the top 10 DEGs. The GSE13911 dataset was
used to evaluate the PTPRC expression level in gastric
mucosa tissues and gastric tumor tissues (18).

Gene expression using the Oncomine database

The mRNA levels of the indicated genes in Pan-Cancer
was conducted using Oncomine, according to previous
reports (19,20). P<0.05 and >2 fold change were used as the
threshold of statistical difference. The gene rank was higher
than the top levels of 10%. “DErrico gastric” referred to
the significant expression difference in gastric cancer, and
the reporter probe was 1569830_at, which was also included
in the GSE13911 dataset (18).

Enrichment analysis using bioinformatics

Enrichment analysis of DEGs was done through the
Metascape web-based portal using the Kyoto Encyclopedia
of Genes and Genomes pathway (KEGG), Gene Ontology
(GO) biological processes, Reactome gene sets, and
canonical pathways (21). The protein-protein interaction
was analyzed using Metascape and Search Tool for the
Retrieval of Interacting Genes/Proteins (STRING; https://
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string-db.org/) (22). The co-expression network was made.

The Cancer Genome Atlas (I CGA) analysis

The transcriptome data of TCGA with gastric cancer
was conducted using the UALCAN portal (http://ualcan.
path.uab.edu/) and Gene Expression Profiling Interactive
Analysis (GEPIA) tool (http://gepia2.cancer-pku.cn/)
(23,24). A total of 408 cases of gastric tumor tissues were
included to test the PTPRC expression compared with
normal gastric tissues, including the adjacent gastric tissues
and Gene Tissue Expression (GTEx) gastric tissues (25).
The PTPRC expression at different disease stages was
achieved by GEPIA, and other pathological features, such
as H. pylori infection, tumor grade, lymph node metastasis,
and histological types, were also included to analyze the
expression levels of PTPRC. The study was approved by
ethics board of Cancer Hospital Affiliated to Guangzhou
Medical University. All procedures performed in this study
involving human participants were in accordance with the
Declaration of Helsinki (as revised in 2013). Individual
consent for this retrospective analysis was waived.

qRT-PCR assay

The mRNA levels of AGS and BGC-823 cells were tested
by qRT-PCR assay. The cells were treated with H. pylori
strain 26695 for 4 h, and the cells were collected and lysed
with total RNA isolation kit according to the manufacturer’
guidelines. The total RNA was washed with 75% ethanol
and dissolved in H,O without RNase. The cDNA was
synthesized by the first-strand ¢cDNA synthesis kit. qRT-
PCR was conducted using the SYBR Green kit (supplied
with high Rox). The 2*“" method was used to analyze the
relative gene expression levels. All in vitro experiments were
performed in triplicate by the first author.

The detailed sequence of primers was as follows: Tumor
necrosis factor receptor superfamily member 7 (TNFRSE7)
(left primer: 5'-CAGAGAGGCACTACTGGGCT-3",
right primer: 5'-CGGTATGCAAGGATCACACT-3"),
lactotransferrin (LTF) (left primer: 5'-CCCAGGAACCGT
ACTTCAGC-3', right primer: 5'-GTGCCACAACGGCA
TGAGA-3"), GM-CSF receptor (CSF2RB) (left primer:
5'-CTCCTTTGGCCTATTCTACAAGC-3', right primer:
5'-"TGAACAGAGACGATGTATTGGC-3"), PTPRC
(left primer: 5'-TTGAGCGACAGGAGGATGAG-3',
right primer: 5'-GACGCCTCTCCACATTGCT-3"),
and Epithelial membrane protein 3 (EMP3; left primer:
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5'-GGAGGTCTCTTCTATGCCACC-3', right primer:
5'-AGGATCTCCTCGGCGTGAAT-3").

Survival analysis using the Kaplan-Meier plotter

The Kaplan-Meier plotter (http://kmplot.com/analysis/)
was used for the survival analysis (26). Gastric cancer
patients were divided into the high expression group and
low expression group by the best cut-off. The log-rank
statistical method was used to determine the statistical
difference. Cox proportional hazard analysis was also
expressed with hazard ratio (HR).

Statistical analysis

All data were expressed as mean = standard deviation.
The difference between two groups was calculated using
unpaired Student’s #-test. The correlation analysis between
two factors was achieved by the Pearson method, and R>0.5
was considered the significant positive correlation. Statistical
differences between multiple groups were determined using
F-test with Pr analysis; Pr is the P value associated with the
F statistic of a given effect and test statistic. The survival
analysis was performed by the Kaplan-Meier method with
log-rank test, and the HR was adjusted to the survival
analysis. P<0.05 was considered as a statistically significant
difference. Data processing was conducted with GraphPad
Prism 8.0 (La Jolla, CA, USA).

Results

Identification of significant genes associated with H. pylori
infection in gastric mucosa

A total of 24 cases of gastric mucosa tissues were analyzed
to determine the effect of H. pylori infection, including 8
cases of H. pylori-negative and 16 cases of H. pylori-positive
gastric mucosa tissues. The significant DEGs are shown in
Figure 1A. To determine significant DEGs associated with
H. pylori infection, a volcano plot was created (Figure 1B),
and the top 5 increased or decreased genes were as follows:
TNFRSF7, LTF, CSF2RB, PTPRC, EMP3, MAPK?,
insulin-like growth factor binding protein 2 (IGFBP2),
angiopoietin (ANG), platelet-derived growth factor subunit
A (PDGFA), and DTR. To fully understand the expression
pattern of that these DEGs, the PaGenBase database was
used for the enrichment analysis. The results showed these
DEGs were mainly expressed in the spleen, blood, bone
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Figure 1 Identification of DEGs between H. pylori-negative and H. pylori-positive gastric mucosa tissues. (A) Significant DEGs in H. pylori
negative vs. positive tissues are shown in the heatmap; P<0.05 and >2-fold changes were subjected to DEG analysis. (B) Top 5 upregulated
and downregulated genes are shown in the volcano plot. (C) DEGs underwent enrichment analysis using the PaGenBase database. DEGs,

differentially expressed genes; H. pylori, Helicobacter pylori.
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Figure 2 Gene annotation across DEGs in H. pylori-negative and H. pylori-positive gastric mucosa tissues. DEGs underwent enrichment

analysis using the Kyoto Encyclopedia of Genes and Genomes pathway, Gene Ontology biological processes, Reactome gene sets, and

canonical pathways. DEGs, differentially expressed genes; H. pylori, Helicobacter pylori.

marrow, thymus, placenta, colorectal adenocarcinoma,
smooth muscle, and lung tissues. Cell-specific analysis
showed that these DEGs were also highly expressed in
lymphoma Burkitt’s Raji, Roswell Park Memorial Institute
(RPMI) 8226, bronchial epithelial cells, adipocyte, breast
cell, human umbilical vein endothelial cells (HUVECQC),
CD56-positive natural killer cells and human acute
lymphoblastic leukaemia Cells MOLT4 (Figure 1C). As the
most important organism tissues regulating the biological
process of immune response, the spleen, blood, bone
marrow, and thymus were also enriched in the H. pylori-
infected gastric mucosa, indicating potential cross-talk
between microflora and immune response in the regulation
homeostasis of the gastrointestinal tract.

Immune-related pathway enrichment in gastric mucosa
with H. pylori infection

As shown in Figure 1, DEGs were identified in gastric
mucosa tissues with H. pylori-negative and -positive
infection, and the expression pattern enrichment analysis
showed that these DEGs have potential regulation in
the process of immune response. To further understand
the enrichment network of these DEGs in the process
of H. pylori infection, the DEGs underwent process
enrichment analysis using KEGG pathway, GO biological
processes, Reactome gene sets, and canonical pathways,
and the top 10 enrichment networks showed that these

© Journal of Gastrointestinal Oncology. All rights reserved.

H. pylori-induced DEGs were significantly associated
with cytokine-cytokine receptor interaction, signaling by
interleukins, leukocyte cell-cell adhesion, peptidyl-tyrosine
phosphorylation, leukocyte migration, apoptotic signaling
pathway, phosphoinositide 3-kinase (PI3K)-Akt signaling
pathway, Nuclear factor kB (NF-kB) signaling pathway,
and cancer and leishmaniasis pathways. These findings
indicated that exposure of H. pylori could induce immune
stress response. These significant DEGs were also enriched
in the network of cancer pathways, PI3K-Akt signaling
pathway, NF-xB signaling pathway, positive regulation of
cell migration, cell adhesion molecules, and angiogenesis,
which are considered common pro-oncogenic biological
mechanisms (Figure 2). These findings indicated that H.
pylori infection is an important mediator in gastric cancer
tumorigenesis. Considering the enriched immune-related
pathways and pro-tumorigenesis probability by H. pylori,
the potential underlying mechanism between inflammation
and cancer transition was also analyzed. The protein-
protein interaction analysis was done to identify the core
molecular components in the enrichment network of DEGs
induced by H. pylori. The results indicated 9 enrichment
components, including the toll-like receptor (TLR)
signaling pathway, RAF/MAP kinase cascade, positive
regulation of leukocyte cell-cell adhesion, signaling by
receptor tyrosine kinases, response to tumor necrosis factor,
focal adhesion, PS1 pathway, T-cell receptor signaling
pathway, and cellular responses to stress, which were
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generally consistent with the GO analysis (Figure 3).

Identification of significant DEGs in gastric mucosa with
H. pylori infection

As mentioned earlier, infection is an essential factor that
disrupts gastrointestinal homeostasis, and the significant
DEGs were identified in Figure 1. We directly display
the transcriptional expression level of core genes during
the H. pylori infection. The top 5 increased genes are
shown in Figure 44,B,C,D,E and are as follows: TNFRSF7,
LTF, CSF2RB, PTPRC, and EMP3. The most significant
downregulated genes were MAPK7, IGFBP2, ANG, PDGFA,
and DTR (Figure 4F,G,H,1, 7). The mRNA expression of
these genes in gastric mucosa tissues was significantly
decreased with H. pylori infection. As shown in previously
published studies (27), TNFRSF7, LTE, CSF2RB, PTPRC,
and DTR are closely involved in the regulation of immune
function. Moreover, EMP3, IGFBP2, ANG, and PDGFA
are common regulators in cell-cell interaction, including
cell proliferation, migration, and adhesion. All of these
results were consistent with the enrichment analysis results.

Validation of DEGs in the H. pylori strain-induced cell
model

As shown in Figures 1 and 4, TNFRSF7, LTF, CSF2RB,
PTPRC, and EMP3 expression in gastric mucosa tissues
was significantly increased when infected with H. pylori. The
significant upregulated genes might play an essential role
in H. pylori cellular response. Therefore, the upregulated
regulators were included in the present study, and to further
confirm the results of RNA sequence results, AGS and
BGC-823 cells were treated with H. pylori strain 26695. The
results revealed that after the exposure of H. pylori infection
for 4 h in AGS and BGC-823 cell lines, TNFRSF7, LTFE,
CSF2RB, PTPRC and EMP3 mRNA levels were notably
increased compared with the negative control, which were
consistent with the results of RNA sequence with H. pylori
infection in normal gastric mucosa tissues (Figure 5).

Overexpression of PTPRC in gastric cancer

The former RNA sequence results and H. pylori-infected
AGS and BGC-823 in vitro cell model both demonstrated
that TNFRSF7, LTF, CSF2RB, PTPRC, and EMP3
expression could be increased significantly by H. pylori
infection. To further identify the core regulators in these
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5 genes, the protein-protein interaction was confirmed in
STRING database, and the results indicated that PTPRC
was co-expressed with CSF2RB and TNFRSF7, suggesting
that PTPRC was the core regulator in these 5 genes during
H. pylori infection (Figure 64). Considering the importance
of H. pylori infection in tumorigenesis, especially in the
gastric cancer, and to fully understand the role of PTPRC
in the development of cancer, the PTPRC analysis in Pan-
Cancer was conducted in the Oncomine database. As shown
in Figure 6B, PTPRC was overexpressed in brain and central
nervous system cancer, breast cancer, gastric cancer, kidney
cancer, and other tumor types. As demonstrated earlier,
PTPRC is a H. pylori-related mediator and an important
risk factor for gastric cancer; therefore, the expression and
clinical significance of PTPRC in gastric cancer has also
been included in our subsequent study. To directly confirm
the difference of PTPRC expression in gastric cancer, the
GSE13911 dataset was included, and the data revealed
that PTPRC expression increased significantly in gastric
cancer tissues compared with normal gastric mucosa tissues
(P<0.01) (Figure 6C). Based on these results, H. pylori-
induced PTPRC is highly expressed in gastric cancer and
might be an important mediator in the regulation of H.
pylori-related gastric cancer.

PTPRC expression is positively correlated with CSF2RB
and TNFRSF7 in gastric cancer

The data showed that PTPRC expression was significantly
increased in H. pylori-infected gastric mucosa, and the
protein—protein interaction network analysis showed
PTPRC and CSF2RB or TNFRSF7 were co-expressed,
suggesting the core role of PTPRC in the process of H.
pylori infection. Furthermore, PTPRC was overexpressed
in gastric cancer. Consequently, the correlation analysis
between PTPRC and other significant DEGs was
conducted in gastric cancer to interpret the core role of
PTPRC in gastric cancer. As the results showed, PTPRC
expression was significantly positively correlated with
CSF2RB (R=0.57, P<0.001) (Figure 74) and TNFRSF7
(R=0.70, P<0.001) (Figure 7B). PTPRC had a correlation
with EMP3 (R=0.31, P<0.01) (Figure 7C). However, there
was no significant correlation between PTPRC and LTF
(R=0.048, P=0.23) (Figure 7D). These data were consistent
with the results of the bioinformatic analysis using
STRING, and PTPRC was further confirmed as a core
gene in H. pylori infection and the oncogenesis of gastric
cancer.
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Figure 3 PPI analysis of DEGs in H. pylori-negative vs. H. pylori-positive gastric mucosa tissues. (A) PPI network was constructed using the
Metascape portal. (B) Molecular components detection (MCODE) was identified from the DEGs in the MCODE algorithm, and densely
connected network components were identified. PPI, protein-protein interaction; DEGs, differentially expressed genes; H. pylori, Helicobacter pylori.

Overexpression of PTPRC is closely associated with the
development of gastric cancer

PTPRC was identified as a H. pylori-induced mediator,
which was preliminarily studied in the GSE13911 gastric
cancer dataset. To validate the result about overexpression
of PTPRC in gastric cancer, the much more samples about
TCGA gastric cancer database was included in Figure 84,
PTPRC was identified to be overexpressed in gastric

© Journal of Gastrointestinal Oncology. All rights reserved.

cancer tissues than normal tissues, including adjacent
normal gastric tissues and normal gastric mucosa tissues
from GTEx database. Therefore, our hypothesis was that
the overexpression of PTPRC in gastric cancer might be
closely associated with the development of gastric cancer.
To demonstrate the potential role of PTPRC in the
development of gastric cancer, the expression of PTPRC in
gastric tumor tissues at different disease stages was analyzed
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pylori, Helicobacter pylori; PTPRC, protein tyrosine phosphatase receptor type C.

(Figure 8B). The data indicated that PTPRC expression
was closely associated with disease stage and PTPRC
expression increased with the disease stage in gastric cancer,
indicating that PTPRC might be an important factor in the
development of gastric cancer.

PTPRC is closely associated with the pathological factors of

gastric cancer

To fully understand the role of PTPRC in gastric cancer,

© Journal of Gastrointestinal Oncology. All rights reserved.

the association between PTPRC expression with some
pathological factors was analyzed. The data indicated that H.
pylori infection could induce PTPRC expression in gastric
mucosa tissues, and the overexpression of PTPRC in gastric
cancer was also confirmed. Considering the important role
of H. pylori in the oncogenesis and development of gastric
cancer, the PTPRC expression in gastric tumor tissues with
or without H. pylori infection was confirmed, and the data
revealed that PTPRC expression was slightly higher in H.

pylori-positive gastric tumor tissues than in H. pylori-negative
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receptor type C; EMP3, epithelial membrane protein 3; MAPK?7, Mitogen-activated protein kinase 7; IGFBP2, insulin-like growth factor
binding protein 2; ANG, angiotensin; PDGFA, platelet-derived growth factor subunit A; DTR, diphtheria toxin receptor.

tumor tissues (Figure 9A4). The association between tumor
grade and PTPRC levels is shown in Figure 9B, where
PTPRC was overexpressed in high-grade gastric tumor
tissues than low-grade tissues (P<0.001) (Figure 9B). Lymph
node metastasis was included in the subsequent study, in
which PTPRC expression was found to increase in gastric
tumor tissues with lymph node metastasis compared with

© Journal of Gastrointestinal Oncology. All rights reserved.

those tumor tissue without lymph node metastasis (P<0.001)
(Figure 9C). Histological type was also an important
factor that was found to contribute to the different
prognosis performance of gastric cancer patients (28).
As shown in Figure 9D, PTPRC level was higher in diffuse-
type gastric tumor tissues than those tissues with not
otherwise specified histological types (P<0.001). These
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pylori-positive gastric mucosa tissues were subjected to protein-protein analysis using the Search Tool for the Retrieval of Interacting Genes/

Proteins portal. (B) Pan-Cancer analysis of PTPRC was done using the Oncomine web portal, and P<0.05 and >2 fold change were set as

the threshold. (C) GSE13911 dataset was used to compare PTPRC expression in gastric cancer tissues compared with normal gastric mucosa

tissues. "P<0.01 was considered a significant difference compared with normal gastric mucosa tissues. PTPRC, protein tyrosine phosphatase

receptor type C; H. pylori, Helicobacter pylori; CNS, central nervous system.

findings indicated that PTPRC expression was closely
associated with the progression of gastric cancer, especially
for those patients with diffuse histological type.

High expression of PTPRC is a poor prognostic factor for
gastric cancer

The overexpression of PTPRC in gastric cancer showed
a close association with the progression of gastric cancer,
such as H. pylori infection, disease stage, tumor grade,
lymph node metastasis, and histological type. Therefore, we
hypothesized that PTPRC might act as a poor prognostic
biomarker for gastric cancer. To confirm this hypothesis,
TCGA gastric cancer database was used for the survival
analysis. First, the total number of patients with gastric
cancer as divided into the high PTPRC expression group
and low PTPRC expression group according to PTPRC
expression level, and the best cut-off value was used as

the threshold for the subgroup (Figure 10A4). The overall

© Journal of Gastrointestinal Oncology. All rights reserved.

survival analysis is shown in Figure 10B. Gastric cancer
patients with high PTPRC expression had a lower survival
rate (log-rank P=0.00026), and the Cox proportional
hazard analysis showed that higher PTPRC expression
was a risk factor for gastric cancer patients (HR =1.49,
95% confidence interval: 1.2-1.85). Considering the close
association between PTPRC levels and gastric cancer
progression, an overall analysis of gastric cancer patients
with or without lymph node metastasis was conducted. The
results demonstrated that PTPRC was a poor prognostic
factor for gastric cancer patients with lymph node metastasis
(Figure 10C). However, in those gastric cancer patients
with no lymph node metastasis, there was no significant
difference in the overall survival rate of high or low PTPRC
(Figure 10D). These results suggest that the overexpression
of PTPRC could act as a poor prognostic biomarker for
gastric cancer patients. However, the prognostic evaluation
of patients at advanced stage is still difficult; therefore, the
post-progression survival (PPS) and first progression (FP)
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analysis, R>0.5 was considered a significant correlation, P<0.05 was considered a significant statistical difference. PTPRC, protein tyrosine

phosphatase receptor type C; TNFRSF7, tumor necrosis factor receptor superfamily member 7; EMP3, epithelial membrane protein 3;

LTF, lactotransferrin; TPM, transcript per million.

survival analyses were conducted. As shown in Figure 11, the
survival rate of gastric cancer patients with high PTPRC
expression was significantly lower than that of patients with
lower PTPRC expression in both the PPS and FP survival
analyses. Therefore, the PTPRC-based prognostic analysis
could be a reminder during the treatment of gastric cancer.
It is favorable for the improvement of life, especially for
gastric cancer patients at advanced stage.

Discussion

H. pylori infection is a lifelong disease that contributes to
the chronic gastritis, gastric ulcer, and even gastric cancer.
Current studies show the mechanism of the persistence of H.
pylori infection that chronic H. pylori infection could induce

© Journal of Gastrointestinal Oncology. All rights reserved.

a Thl-based immune response in gastric mucosa, and then
the function of T helper (Th) 2 could be inhibited, thus
the local B cells in the gastric mucosa cannot secrete the
enough immunoglobulin A to clear the H. pylori. However,
the detailed mechanism of H. pylori infection in the cross-
talk between gastritis and gastric cancer is still unclear.
Therefore, to identify the potential key mediators in the
regulation from inflammation to tumorigenesis is important
to understand the pathogenic mechanism of H. pylori.

In the present study, we identified DEGs in gastric
mucosa with and without H. pylori infection (Figure 1). The
bioinformatics analysis showed these DEGs were enriched
in immune-related pathways and some cancer pathways
(Figures 2,3). As significant DEGs might contribute to
the progression of gastric cancer, the most significantly
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increased genes were also identified and used in an in vivo
cell experiment model with AGS and BGC-823 cell lines
(Figures 4,5). The results confirmed that TNFRSF7, LTE,
CSF2RB, PTPRC, and EMP3 could be induced by H.
pylori infection. As shown in previous studies, TNFRSF7,
a member of tumor necrosis factor-receptor superfamily, is
involved in the regulation of T-cell immunity (27). LTF is
an important component of non-specific immune system
with antimicrobial activity (28). CSF2RB is a paralog of
interleukin 2 receptor subunit beta (IL2RB) and could act
as receptor of interleukin (IL)-3, IL-5, and granulocyte-
macrophage colony-stimulating factor (29). PTPRC is
a member of the protein tyrosine phosphatase family
and regulates a number of biological activities, including
proliferation, differentiation, and mitosis (14). Some
previously published studies have found that PTPRC, as
a kind of PTP family, could regulate the T- and B-cell
antigen receptor signaling (15,16). EMP3 regulates cell
growth and cell-cell interaction, and might function as a
tumor suppressor in some cancers (30,31). MAPK7 as an
important member of the MAPK family, and could act as
a mediator for some downstream signaling pathways that
are involved in a number of cellular activities, including
proliferation, differentiation, transcription regulation, and
development (32). Diphtheria toxin receptor (DTR) plays

a pivotal role in the function of dendritic cells (DCs) (33).
IGFBP2 as a secreted protein is often overexpressed in
tumors and could act as a biomarker for prognosis (34). ANG
and PDGFA are common mediators in the regulation of the
extracellular matrix, acting as pro-oncogenic factors in the
development of some cancers (35). Therefore, TNFRSF7,
LTF, CSF2RB, PTPRC, and DTR are closely associated
with the regulation of immune function. Moreover, EMP3,
IGFBP2, ANG, and PDGFA are common regulators
in the cell-cell interaction, including cell proliferation,
migration, and adhesion. These results were consistent with
the enrichment analysis results (Figures 2,3). The protein—
protein interaction analysis showed that PTPRC was co-
expressed with CSF2RB and TNFRSF?7, and a significant
positive correlation in gastric cancer was found, suggesting
that PTPRC is a key mediator in the H. pylori infection-
related gastric cancer. Therefore, PTPRC was used in the
subsequent study, and the clinical value of PTPRC was
evaluated. PTPRC was overexpressed in gastric cancer
(Figure 6B,C and Figure 84). The overexpression of PTPRC
was positively correlated with the progression of gastric
cancer (Figure 8B and Figure 9B,C). The correlation analysis
also revealed that PTPRC further increased in gastric tumor
tissues with H. pylori infection (Figure 94). This result also
confirmed the effect of H. pylori on PTPRC expression,

© Journal of Gastrointestinal Oncology. All rights reserved. 7 Gastrointest Oncol 2021;12(3):1058-1073 | https://dx.doi.org/10.21037/jgo-21-305



1070

A 1257

100

754

50

PTPRC Expression-TPM

25

0 PR —

Liu et al. Hp-induced gastric cancer

1257]

1007

757

PTPRC Expression-TPM

Hp positive Hp negative
(n=20) (n=157)

C 1007

80—

60

40

PTPRC Expression-TPM

20—

LNM negative LNM positive
(n=123) (n=112)

Low grade High grade

(n=148) (n=246)
D 125+
a

100 T
= i
a i
i = |
= 1 1
2 75 | E
n 1 1
g ! i
3 - ! i
w i i i
O 50 i i i
[0 i i i

o i
B i =
25—
. -l
Normal NOS Diffuse
(n=34)  (n=155) (n=69)

Figure 9 PTPRC was closely associated with pathological factors of gastric cancer. (A) PTPRC expression in gastric cancer tissues with (n=20)

or without (n=157) Hp was analyzed using the UALCAN portal. (B) High-grade gastric cancer tissues (n=246) were compared low-grade

(n=148) tissues to analyze PTPRC expression. (C) PTPRC expression in gastric cancer patients with (n=112) or without (n=123) lymph node

metastasis (LNM) was evaluated. (D) PTPRC expression in different gastric cancer tissue types, including diffuse (n=69) or not otherwise

specified (NOS; n=155) adenocarcinoma. "P<0.001 was considered significant difference. TPM, transcript per million; PTPRC, protein

tyrosine phosphatase receptor type C; Hp, Helicobacter pylori.

indicating that PTPRC is an important gene in the process
from H. pylori-related gastritis to gastric cancer. To further
validate the clinical value of PTPRC on the prognosis of
gastric cancer patients, a survival curve analysis of gastric
cancer patients was conducted, and the data showed that the
high expression of PTPRC could act as a poor prognostic
factor for gastric cancer patients, especially for those at
advanced stage (Figures 10,11). PTPRC is an important
gene that is involved in the process of H. pylori infection,
and might contribute to tumorigenesis and the development
of gastric cancer.

The present study had some limitations. The sample size

© Journal of Gastrointestinal Oncology. All rights reserved.

included in the study was small. It is necessary to increase
the sample size to improve the findings of the present study.
Verification of significant DEGs between H. pylori-positive
or -negative gastric cancer cell lines was performed using
qRT-PCR assay. Further studies, including iz vivo and
in vitro experiments, are needed to validate the findings of
our study.

Conclusions

H. pylori-induced PTPRC is overexpressed in gastric cancer,
and the overexpression of PTPRC is positively associated
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with the development of gastric cancer. The high expression
of PTPRC could serve as a poor prognostic biomarker for
gastric cancer patients, especially for those at advanced stage.
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