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Abstract

Background: Previous studies have reported the role of the Herpes Virus Entry Mediator (HVEM) in various
cancer including gastric cancer. However, the expression level and clinical significance of CD/60 and Tumor Necrosis
Factor Ligand Superfamily Member 14 (TNFSF14) pathways in gastric cancer and gastric dyspepsia patients have
remained unexplored. Methods: The study involved the collection of gastric tissue biopsies from 42 patients with non-
ulcerative dyspepsia (NUD) as the control group, 43 gastric cancer (GC) patients, and 48 patients with peptic-ulcerative
dyspepsia (PUD). All the patients were endoscopically examined at Imam Khomeini Hospital in Sari, Mazandaran,
Iran. The expression levels of TNFSF14 and CD160 mRNA were assessed using quantitative real-time PCR (qPCR)
with the SYBR Green method. Statistical analysis was performed to investigate the potential association between the
clinical and experimental data. Results: Among the 133 gastric endoscopic biopsies examined, LIGHT exhibited a
significant overexpression in GC patients (p-value < 0.01). Moreover, the expression of TNFSF14 was higher in GC
patients with stages I and II (p-value<0.05). Furthermore, GC patients with TNM stages 11I+IV were accompanied
by high expression levels of LIGHT (p-value < 0.01) as well as CD160 (p-value<0.05). The expression of CD160
was also higher in younger adults with PUD (p-value<0.05). Whereas TNFSF'14 exhibited higher expression in older
adults with GC (p-value<0.05). Furthermore, this research provided insights into the potential biological pathways
and significant gene enrichment of TNFSF14 and CD160, suggesting the potential role of CD/60 and TNFSF14 in the
regulation of immune system in GC and PUD. Conclusion: These findings suggest the possible role of LIGHT and
CD160 expression in gastric cancer patients in immune dysregulation toward gastric cancer. Targeted immunotherapy
that harnessing co-stimulatory molecules like LIGHT and CD160 could be a promising approach in the treatment of
GC as well as potential GC tumor markers.
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Introduction

Gastric cancer (GC) is one of the five most common
cancers and the third leading cause of cancer-related
deaths worldwide. GC and peptic ulcerative dyspepsia
(PUD) are two common gastrointestinal diseases with
high morbidity and mortality rates worldwide. On
the other hand, PUD affects approximately 4% of the
global population and is a major cause of hospitalization
and healthcare costs [1-4]. The complex etiology and
pathogenesis of GC and PUD involve a combination of
genetic, environmental, and immunological factors [5].

Immune dysregulation is known to play a critical role
in the development and progression of gastric cancer.
The immune system interacts with cancer cells through
various pathways, including immune checkpoints [6-8].
CD160 and TNFSF14 (also known as LIGHT) are two
molecules in immune checkpoint pathways that may play
arole in gastric cancer [9, 7, 10, 11]. CD160 is a glycosyl
phosphatidyl inositol (GPI)-anchored protein which is
expressed in various immune cells, including natural killer
(NK) cells, CD8+ T cells, and some subsets of CD4+ T
cells. CD160 is also involved in the regulation of the
activation and function of NK cells and has been shown to
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promote their cytotoxicity against cancer cells [12-15]. On
the other hand, TNFSF14/LIGHT is a member of the tumor
necrosis factor (TNF) superfamily which is expressed
in various immune cells, including T cells, B cells, and
dendritic cells. TNFSF14/LIGHT is also involved in the
proliferation and survival of cancer cells and the regulation
of tumor-associated immune responses [16-18]. Studies
have shown the involvement of CD/60 and TNFSF14/
LIGHT in the development and progression of various
types of cancer, including GC [19-23]. However, the
precise mechanisms of the contribution of these molecules
to gastric cancer have remained poorly understood.

This study evaluated the expression levels of
CD160 and TNFSFI14/LIGHT genes in gastric cancer
patients as well as the assessment of clinical histological
characteristics. It was hypothesized that CD160 and
TNFSF14/LIGHT expression levels may serve as potential
biological pathways in the progression and development
of gastric cancer.

Materials and Methods

Study Population

Patients underwent endoscopy to evaluate their gastric
discomfort at Imam Hospital or Tooba Outpatient Clinic
during 2017-2019. Gastric tissue biopsies were sampled
from the antrum and body of the stomach of all patients.
According to histopathological examinations, patients
were divided into three groups: non-ulcer dyspepsia
(NUD, n=42) with normal histology which served as
the control group, peptic-ulcerative dyspepsia patients
(PUD n=48,) and gastric cancer (GC, n=43) patients.
The study was approved by Ethics Committee of
Mazandaran University of Medical Science (Sari, Iran).
All participants signed informed consent. Biopsy samples
of patients with gastric cancer, non-ulcer dyspepsia, and
peptic ulcer disease were stained for Helicobacter pylori
detection followed by pathologist evaluation. Patients
with autoimmune and immunodeficiency diseases, as well
as those receiving chemotherapy, chemo-radiotherapy,
or immunotherapy, were excluded from the study. The
staging system of gastric cancer was determined according
to the UICC/AJCC manual by a pathologist.

Quantification of CD160 and LIGHT using Real-Time
PCR

Total RNA was extracted using Trizol reagent
(Invitrogen, Carlsbad, CA, USA) following the
manufacturer’s instructions. The concentration and
optical density of extracted samples were determined by
a Nanodrop spectrophotometer (WPA, England), while
their integrity was assessed by visualization on a 1%
agarose gel. The RNA samples were stored at -70 °C
for further experiments. The RNA samples were reverse
transcribed and cDNA was synthesized using 2.5 pg of
total RNA, random primers, and a cDNA Synthesis Kit
(Yekta Tajhiz, Teh, IR) following the manufacturer’s
protocols. The integrity of each cDNA preparation was
assessed by the qPCR assay of the HPRT gene expression
as an internal control gene with appropriate primers/
probes and subsequent visualization on the agarose gel.
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The relative expression levels of LIGHT (CD258) and
CD160 mRNA were evaluated by quantitative real-time
PCR (qPCR) using the SYBR Green. Real-time PCR
was carried out using the 2X Thermo Scientific Maxima
SYBR Green/ROX qPCR Master Mix (Thermo Scientific,
USA) reagent in a T100 Thermal Cycler Real-Time PCR
system (Bio-Rad, USA) with the following primers:
LIGHT, forward: CTGATACAAGAGCGAAGGT,
reverse: GCTGAGTCTCCCATAACA; CDI160,
forward: TCCATTCTATTCACAGAGACAG,
reverse: ACTGAGAGTGCCTTCATTATG; B-actin,
forward: CCTTCC TGGGCATGGAGTCCT, reverse:
TGGGTGCCAGGGCAGTGAT. The PCR reactions were
amplified at 95°C for initial denaturation followed by
40 cycles at 94°C for 30 seconds, 58°C (LIGHT), 60°C
(CD160), and 57°C (B-actin) for 30 seconds, and 72°C for
30 seconds. The PCR amplicon sizes were 106 bp, 93 bp,
and 174 bp for LIGHT, CD160, and B-actin, respectively.
The relative expression levels of other mRNAs were
determined by the 2-ACt method [24]. The -actin house-
keeping gene was amplified in all studied samples to
ensure the reliability and consistency of the Real-Time
PCR data. The mRNA quantification results were then
reported as the ratio of target genes to B-actin, which is a
robust and valid approach to validate the reproducibility
of the Real-Time PCR data.

Statistical analysis

Depending on the data distribution and the type of
variables, both parametric and non-parametric statistical
tests were utilized to analyze the data. Specifically, one-
way ANOVA and the Kruskal-Wallis tests (followed by
Dunn’s test) were used to compare differences among
the study groups. The t-tests (or Mann-Whitney tests, as
appropriate) were also employed to evaluate differences
between the two groups. The significance level was set
at P<0.05. The data were presented as means =+ standard
error of the mean (SEM).

Results

Clinical and Para clinical Parameters of the study
population

The study population included 42 patients with non-
ulcer dyspepsia (NUD) as the control group, 48 patients
with peptic-ulcerative dyspepsia (PUD), and 43 patients
with gastric cancer (GC). The mean age was significantly
higher in the GC group (71.23 £ 10.74 years) compared to
the NUD (47.52 + 15.91 years) and PUD (56.21 + 15.00
years) groups. The gender distribution varied across the
groups, with the GC group having more male participants
(47 males) compared to the NUD (11 males) and PUD
(21 males) groups.

Helicobacter pylori infection status was available for
115 out of the 133 total participants. Positivity rates were
57.5% (24 out of 42) in the NUD group, 75% (36 out of
48) in the PUD group, and 48.8% (21 out 0 43) in the GC
group. Regarding tumor grade in the GC group, 4 patients
had grade I, 16 had grade II, and 30 had grade III tumors.
The mean tumor size in the GC group was 5.5 £2.79 cm,
with a range of 2-13cm (Tablel).
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Table 1. The Table Presents the Major Clinical and Para Clinical Findings of the Study Populations. Note: *, Out of
133 participants, information on H. pylori infection was available for 115 individuals; **, Tumor Grade and Tumor

size are specific to gastric cancer patients.

Variables Scale Non-Ulcer Dyspepsia Peptic Ulcer Disease Gastric Cancer
Study samples (N) Male 11 21 47
Female 31 27 25
Age (year) Mean + SD 47.52 £15.91 56.21 +15 71.23£10.74
Range 19-77 27-87 50-90
H. pylori infection*® Positive 24 36 21
Negative 13 11 10
Tumor Grade** I _ _ 4
I _ B 16
111 _ -~ 23
Tumor size, cm** Mean + SD _ _ 55+£2.79
Range _ _ 2-13
Samples (N) 24

TNFSF 14 is significantly overexpressed in gastric cancer
patients

The expression levels of target mRNAs, including
CD160 and LIGHT were quantified in biopsy-derived
gastric tissues of patients diagnosed with gastric cancer,
peptic ulcer dyspepsia (PUD), and non-ulcer dyspepsia
(NUD) using the quantitative Real-Time PCR assay.
Analysis of 133 gastric specimens revealed significantly
higher expression levels of LIGHT in the GC group
compared to the controls (P-value <0.01). No significant
difference was observed in the expression of CDI60
relative to the control group in the study groups (Figure 1).
Results also indicated no significant difference in the
expression of CD/60 and LIGHT in terms of sex, H.
pylori infection, and the presence of blood vessel invasion,
lymphatic invasion, or perineural invasion.

Histo-Pathological examination

N

=2

Quantitative Real Time PCR

CDNA
Synthesis

TNF-Super Family
Member 14(LIGHT)

Graphical Abstract

Differential expression of CD160 and TNFSF14 in
advanced stages of gastric cancer

To investigate the expression profile of CD160 and
TNFSF14 across different stages of gastric cancer, the
expression levels of these genes were compared in patients
with TNM stages [+1I (early-stage) and ITI+1V (advanced-
stage) and the non-ulcer dyspepsia (NUD), and the control
group. The results showed significantly higher levels of
CD160 and TNFSF14 gene expression in the GC patients
at advanced stages (TNM stages III+IV) compared to
the NUD group. In contrast, patients with early-stage
gastric cancer (TNM stages [+11) exhibited higher levels
of TNFSF14 expression, while their CD160 expression
was similar to that of the control group. Moreover, no
statistically significant differences in gene expression
levels between stages I & II and stages I1I & IV, for both
TNFSF14 and CD160 (Figure 2).
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Table 2. Highly Correlated Genes Co-Express With TNSF14 Identified with ARCHS4 RNA-seq Gene-Gene
Co-Expression Matrix Table displaying the names, p-values, and g-values, and overlap genes of significant terms
in the Ontology (GO Biological Process 2021) library. The g-value is an adjusted p-value calculated using the
Benjamini-Hochberg method for correction of multiple hypotheses testing. Only the top 10 significant relevant
biological processes and their associated genes are displayed in this table. (the full table CSV file containing all
significant results is provided in supplementary)

Index Name P.value Adjusted  Oddsratio  Overlap genes
p.value

1 negative Regulation of T cell mediated cytotoxicity 0.000006669  0.0001848 123.06 PCPRC
(GO:0001915)

2 T-helper cell lineage commitment (GO:0002295) 0.000006669  0.0001848 123.06 SLAMF6
Regulation of lymphocyte activation (GO:0051249) 8.15E-09 5.75E-07 104.68 CD84

4 Regulation of T-helper 17 cell lineage commitment 0.0003664 0.00482 101.51 CD&84
(G0:2000328)

5 Positive regulation of natural killer cell mediated 0.0003664 0.00482 101.51 LILRA2

cytotoxicity directed against tumor cell target
(G0O:0002860)

6 Positive regulation of natural killer cell mediated immune 0.0003664 0.00482 101.51 LILRBI
response to tumor cell (GO:0002857)

7 T-helper 17 cell lineage commitment (GO:0072540) 0.0003664 0.00482 101.51 CCLS, CCL4

8 Positive regulation of natural killer cell mediated 4.92E-10 7.63E-08 90.67 ITGAX
cytotoxicity (GO:0045954)

9 Negative regulation of NLRP3 inflammasome complex 0.0005113 0.006105 81.2 CD&84
assembly (GO:1900226)

10 Regulation of natural killer cell chemotaxis (GO:2000501) 0.0005113 0.006105 81.2 CD84

Differential expression of CD160 and TNFSF14 genesin ~ (NUD), peptic ulcerative dyspepsia (PUD), and gastric
relation to age and tumor size cancer (GC) across different age groups. A significant

The expression levels of CD160 and TNFSF14 genes  difference was found in CD160 gene expression of PUD
were compared in patients with non-ulcerative dyspepsia  patients over and under or equal to the median age of

A B
*> ok
. 154 1
T A= T [
= 5 10-
5 3+ <
2 2
= a2 =
2 T o 5
= o
= 15 =
[
ﬁ- M 1'?. u_
f & .f:’( & & &
< R R
b ot g* & & &
@ 4 &!p- o o<
3 A dﬁ' G}*‘
S &S
& 3¢ &
& ¢
Experimental groups Experimental groups

Figure 1. Expression profiles of CD160 and TNFSF14 (LIGHT). Quantitative PCR was used to measure the relative
expression of CD160 in gastric cancer (GC), peptic ulcer dyspepsia (PUD), and non-ulcer dyspepsia (NUD) groups.
Figure 1A shows the relative expression of CD160 in the experimental groups compared to the NUD group as a
control. B. The relative expression of TNFSF14 (LIGHT) is presented among the three study groups, illustrated
TNFSF14 (LIGHT) overexpression in tissue samples from GC patients compared to NUD. The graphs show the data
with Mean + SEM values, and statistical significance was considered at P. values <0.05.\
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Table 3. Genes co-expressed with CD160 Identified with ARCHS4 RNA-seq Gene-Gene Co-Expression Matrix Table
displaying the names, p-values, and g-values, and overlap genes of significant terms in the Ontology (GO Biological
Process 2021) library. The g-value is an adjusted p-value calculated using the Benjamini-Hochberg method for
correction of multiple hypotheses testing. Only the top 10 significant relevant biological processes and their associated
are displayed in this table. (the full table CSV file containing all significant results is provided in supplementary)

Index

Name P.value

Adjusted p.value

Odds ratio

Overlap genes

1

10

Regulation of natural killer cell mediated 1.57E "2

cytotoxicity (GO:0042269)

Regulation of lymphocyte activation 8.15E%

(GO:0051249

Positive regulation of natural killer cell mediated 4.92E1°

cytotoxicity (GO:0045954)

Positive regulation of natural killer cell mediated 1.27E%

immunity (G0O:0002717)

Negative regulation of T cell mediated
cytotoxicity (GO:0001915)

T-helper cell lineage commitment (GO:0002295)

Regulation of immune response (GO:0050776) 3.24E2

T-cell activation (GO:0042110) 3.23E™

Immune response-activating cell surface receptor 1.11E"

signaling pathway (GO:0002429)

Positive regulation of leukocyte mediated 1.76E®

cytotoxicity (G0:0001912)

0.000006669

0.000006669

3.04E-10

5.75E-07

7.63E-08

1.64E-07

0.0001848

0.0001848

2.52E-17

1.25E-11

0.0000054

1.95E-07

78.57

104.68

90.67

74.65

123.06

123.06

28.94

33.78

55.07

41.53

NCRI
NCR3
KLRK]1
SLAMF6
CRTAM
CD226
KLRDI
KLRCI

FCRL3
CCL5
IK2F3
LAT
CRTAM

NCR3
KLRKI1
CRTAM

CD226
KLRDI

SLAMF6

NCR3
KLRKI, CRTAM
KLRDI, CD226

SLAMF6

PTPRC
KLRDI
KLRC1

SPN
LY9
SLAMF6

CDY96, KLRB1
SH2014, CRTAM
CD3G, SLA2
PTPN22, SPN
NCRI, NCR3
KLRKI, CASPS
CD40LG, KLRF1
CD226, SLAMF6
KLRDI, KLRCI
CLEC20

ITK, CASPS§
PTPRC,
TNFSF14

CD28, CRTAM
RHOH, CD28
CD3G, PTPN22
LAT, NLRC3
SLA2

NCR3
CSAR2
LILRA?

SLA2

LAX]

NCR3
KLRK1
SLAMF6
CD226
KLRDI
IL12RBI
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Figure 2. Expression Levels of TNFSF14/LIGHT and CD160 in Gastric Cancer Patients with Different TNM Stages
Compared to the NUD Control Group. (A) Expression levels of TNFSF14/LIGHT in gastric cancer patients with
TNM stages [+1I (early-stage), TNM stages III+1V (advanced-stage), and NUD control group. The Kruskal-Wallis test
showed a significant difference in TNFSF14/LIGHT expression levels among the three groups (p < 0.01). Pairwise
comparisons revealed significantly higher expression of TNFSF14/LIGHT in gastric cancer patients with TNM stages
I+II compared to the NUD control group (p < 0.05) and in gastric cancer patients with TNM stages III+IV compared
to the NUD control group (p < 0.01). (B) Expression levels of CD160 in gastric cancer patients with TNM stages
II+IV (advanced-stage) and NUD control group. The Kruskal-Wallis test showed a significant difference in CD160
expression levels between the two groups (p < 0.05). Data are presented as mean + standard deviation. Pairwise
comparisons were performed using Dunn's test. **p<0.01, *p<0.05. NUD, non-ulcer dyspepsia.
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Figure 3. Comparison of CD160 and TNFSF14 Differential Gene Expression Levels Across Age among Patients with
Peptic Ulcerative Dyspepsia (PUD), and Gastric Cancer (GC). A. Box plots show the median gene expression levels
with significant differences with a p-value < 0.05%*. Significant differences in CD160 gene expression were found
between PUD patients over and under or equal to the median age of 55 years (p-value < 0.05), with higher expression
in the younger PUD group. B. Significant differences in TNFSF14 gene expression were found between GC patients
over and under or equal to the median age of 71 years (p-value < 0.05*), with higher expression in the older GC group.
No significant differences were found in other comparisons (data not shown).
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55 years (p-value < 0.05), with higher expression in the
younger adults. A significant difference was also observed
in TNFSF14 gene expression of GC patients over and
under or equal to the median age of 71 years (p-value <
0.05), with higher expression in the older GC subjects
(Figure 3). No significant difference was detected in the
expression of TNFSF14 and CD160 genes in GC patients
with tumor size over and under or equal to the median of
5.5 cm (data are not presented).

Enrichment Analysis Reveals Potential Biological
Processes Associated with TNFSF14 and CD160
Expression

Enrichment analysis was performed using Enrichr®
(https://maayanlab.cloud/Enrichr/) with the GO Biological
Process 2021 ontology to gain insights into the potential
biological pathways associated with TNFSFI14 and
CD160. Concerning TNFSF 14, a significant enrichment
of genes was found to be involved in various biological
processes, including negative regulation of T cell-
mediated cytotoxicity (GO:0001915), T-helper cell
lineage commitment (GO:0002295), negative regulation
of leukocyte degranulation (GO:0043301), and positive
regulation of gamma-delta T cell activation (GO:0046645).
Furthermore, positive regulation of natural killer cell
chemotaxis (G0O:2000503) and positive regulation of
myelination (GO:0031643) were significantly enriched
(Table 2).

In the case of CD160, a significant enrichment of genes
was involved in various biological processes, including
regulation of natural killer cell-mediated cytotoxicity
(G0O:0042269), regulation of lymphocyte activation
(G0O:0051249), positive regulation of natural killer
cell-mediated cytotoxicity (GO:0045954), and positive
regulation of natural killer cell-mediated immunity
(GO:0002717). Additionally, negative regulation of T
cell-mediated cytotoxicity (GO:0001915), T-helper cell
lineage commitment (GO:0002295), and T cell activation
(GO:0042110) were significantly enriched (Table 3).

These findings suggest that both TNFSF14 and CD160
may be involved in the regulation of immune responses,
particularly those mediated by T cells, natural killer cells,
and myeloid cells.

Discussion

The present study aimed to investigate the expression
profile of CD160 and TNFSF14 genes in the tumor
microenvironment of gastric cancer patients. The results
showed the significant overexpression of 7TNFSF14 in both
advanced and early stages of gastric cancer, suggesting
the possible involvement of TNFSF 14 in the development
and progression of gastric cancer which is consistent
with previous studies reporting TNFSF'14 implication in
various cancer types [7, 25, 13]. Although the origin of
these changes was not explored in the current study, other
researchers have suggested the possible involvement of
TNFSF14 in cancer through multiple mechanisms such as
affecting tumor-infiltrating T lymphocytes, activating the
non-canonical NF-kB pathway, vascular normalization,
and generation of tertiary lymphoid structure [26-29].

Regarding CD160, the study found no significant
difference in its expression levels between control and
gastric cancer groups, indicating that CD/60 may not
be a major contributor to the pathogenesis of gastric
cancer. Advanced-stage gastric cancer patients, however,
exhibited significantly higher levels of both CD160 and
TNFSF14 compared to the control group. This finding is
consistent with the results of previous studies that found
elevated mRNA levels of multiple immune checkpoints
in CRC tumor tissues, suggesting immune evasion as a
potential mechanism of tumor growth and progression in
advanced gastric cancer [30].

Additionally, this research did not uncover any
noteworthy correlation between the expression of
CDI160 or TNFSF14 and various clinical and para-
clinical parameters, except for a significant connection
in TNFSF14 expression levels in gastric cancer patients
across different age ranges, as well as in CD160 expression
levels in peptic-ulcerative dyspepsia patients across
different age ranges.

The results of this research are in line with previous
human and animal studies reporting age-related alterations
in the expression of TNFSF'14 across various tissues [13,
31, 32]. Likewise, other researchers represented chronic
inflammation related to aging (inflammaging) as a key
player in several molecular and cellular aspects involved
in gastric cancer as well as other age-related diseases
[33-36]. Moreover, TNFSF 14 was significantly associated
with various biological processes using Enrichr® [37,
38, 4], including negative regulation of T cell-mediated
cytotoxicity, T-helper cell lineage commitment, negative
regulation of leukocyte degranulation, positive regulation
of gamma-delta T cell activation, and positive regulation
of natural killer cell chemotaxis. These findings suggest
that TNF'SF'14 may be involved in modulating the immune
response in gastric cancer.

On the other hand, CD 160 was significantly associated
with regulation of natural killer cell-mediated cytotoxicity,
regulation of lymphocyte activation, positive regulation
of natural killer cell-mediated cytotoxicity, and positive
regulation of natural killer cell-mediated immunity.
Additionally, negative regulation of T cell-mediated
cytotoxicity, T-helper cell lineage commitment, and T
cell activation were significantly enriched. These findings
indicate the probable role of CD/60 in regulating the
function of natural killer cells and T cells in the context
of gastric cancer. Overall, our gene enrichment analysis
provides insights into the potential biological pathways
associated with TNFSF14 and CD160 in gastric cancer,
which should be further explored in future studies.

The observations of this research are consistent with
prior investigations which introduced the HVEM pathway
and its corresponding ligands as potent mediators in various
cancer types [39-42]. It is essential to emphasize that in
addition to the valuable insights provided by this study,
further investigations are required to comprehensively
elucidate the role of CD/60 and TNFSFI14 in the
advancement of gastric cancer. Subsequent research can
delve into exploring the mechanisms of action of these
genes in gastric cancer and assessing their potential as
therapeutic targets.
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In conclusion, this study offers novel insights into the
expression profile of CD160 and TNFSF14 in the tumor
microenvironment of gastric tissues and suggests that
TNFSF14 could be as a GC tumor marker and potentially
consider for diagnostic or therapeutic purpose. However,
further studies are needed to confirm our findings and
elucidate the underlying mechanisms.

Author Contribution Statement

Abolghasem Ajami, Hossein Asgarian-Omran, Reza
valadan, Saeed Taghiloo and Mohsen Tehrani designed
the study, Mohsen Keykhosravi, Ahmad Najafi and Seyed
Mohammad Javadzadeh collected the data, and conducted
the experiments. Mohsen Keykhosravi, Islam Majd and
Qasem Fatehi analyzed the data and wrote the manuscript.

Acknowledgements

The authors would like to acknowledge Mahdieh
Naghavi-Alhosseini, Maryam Azar-Afza and Hadi
Hossein-Nataj for their valuable input and assistance
during the data analysis and manuscript preparation.

Data Availability

The data generated and analyzed during the current
study are available from the corresponding author upon
request.

Funding and Institutional Support

This study was financially supported by the Molecular
and Cell Biology Research Center (MCBRC), Mazandaran
University of Medical Sciences, Sari, Iran (grant number
A-10-1258-2). The authors would like to acknowledge
the support provided by the Mazandaran University of
Medical Sciences for conducting this research.

Ethical Approval and Considerations

This research was approved by the Ethics Committee
of Mazandaran University of Medical Sciences, Sari, Iran.
All participants provided written informed consent prior
to enrollment.

Conflict of Interest
The authors declare that they have no conflicts of
interest.

References

1. Assefa B, Tadesse A, Abay Z, Abebe A, Tesfaye T, Tadesse
M, et al. Peptic ulcer disease among dyspeptic patients at
endoscopy unit, university of gondar hospital, northwest
ethiopia. BMC Gastroenterol. 2022;22(1):164. https://doi.
org/10.1186/s12876-022-02245-6.

2. Lanas A, Chan FKL. Peptic ulcer disease. Lancet.
2017;390(10094):613-24. https://doi.org/10.1016/s0140-
6736(16)32404-7.

3. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram
I, Jemal A, et al. Global cancer statistics 2020: Globocan
estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. 2021;71(3):209-
49. https://doi.org/10.3322/caac.21660.

2676 Asian Pacific Journal of Cancer Prevention, Vol 25

4.Xie X, Ren K, Zhou Z, Dang C, Zhang H. The global, regional
and national burden of peptic ulcer disease from 1990
to 2019: A population-based study. BMC Gastroenterol.
2022;22(1):58. https://doi.org/10.1186/s12876-022-02130-
2.

5. Huhta H, Helminen O, Lehenkari PP, Saarnio J, Karttunen
TJ, Kauppila JH. Toll-like receptors 1, 2, 4 and 6 in
esophageal epithelium, barrett’s esophagus, dysplasia and
adenocarcinoma. Oncotarget. 2016;7(17):23658-67. https://
doi.org/10.18632/oncotarget.8151.

6. Arora S, Velichinskii R, Lesh RW, Ali U, Kubiak M, Bansal
P, et al. Existing and emerging biomarkers for immune
checkpoint immunotherapy in solid tumors. Adv Ther.
2019;36(10):2638-78. https://doi.org/10.1007/s12325-
019-01051-z.

7. He X, Xu C. Immune checkpoint signaling and cancer
immunotherapy. Cell Res. 2020;30(8):660-9. https://doi.
org/10.1038/s41422-020-0343-4.

8. Robert C. A decade of immune-checkpoint inhibitors in
cancer therapy. Nat Commun. 2020;11(1):3801. https://doi.
org/10.1038/s41467-020-17670-y.

9. Sedy JR, Ramezani-Rad P. Hvem network signaling in cancer.
Adv Cancer Res. Elsevier. 2019;142:145-86. https://doi.
org/10.1016/bs.acr.2019.01.004

10. Postow MA, Callahan MK, Wolchok JD. Immune checkpoint
blockade in cancer therapy. J Clin Oncol. 2015;33(17):1974-
82. https://doi.org/10.1200/jc0.2014.59.4358.

11. Torphy RJ, Schulick RD, Zhu Y. Newly emerging immune
checkpoints: Promises for future cancer therapy. Int J Mol
Sci. 2017;18(12). https://doi.org/10.3390/ijms18122642.

12. Anumanthan A, Bensussan A, Boumsell L, Christ AD,
Blumberg RS, Voss SD, et al. Cloning of by55, a novel ig
superfamily member expressed on nk cells, ctl, and intestinal
intraepithelial lymphocytes. J Immunol. 1998;161(6):2780-
90.

13. Long S, Li M, Liu J, Yang Y, Li G. Identification of
immunologic subtype and prognosis of gbm based on
tnfsf14 and immune checkpoint gene expression profiling.
Aging (Albany NY). 2020;12(8):7112-28. https://doi.
org/10.18632/aging.103065.

14. Rodriguez-Barbosa JI, Schneider P, Weigert A, Lee KM, Kim
TJ, Perez-Simon JA, et al. Hvem, a cosignaling molecular
switch, and its interactions with btla, cd160 and light. Cell
Mol Immunol. 2019;16(7):679-82. https://doi.org/10.1038/
s41423-019-0241-1.

15. Sun Z, Li Y, Zhang Z, Fu Y, Han X, Hu Q, et al. Cd160
promotes nk cell functions by upregulating glucose
metabolism and negatively correlates with hiv disease
progression. Front Immunol 2022;13:854432. https://doi.
org/10.3389/fimmu.2022.854432.

16. Shou Y, Koroleva E, Spencer CM, Shein SA, Korchagina
AA, Yusoof KA, et al. Redefining the role of lymphotoxin
beta receptor in the maintenance of lymphoid organs
and immune cell homeostasis in adulthood. Front
Immunol. 2021;12:712632. https://doi.org/10.3389/
fimmu.2021.712632.

17. Croft M, Duan W, Choi H, Eun SY, Madireddi S, Mehta A.
Tnf superfamily in inflammatory disease: Translating basic
insights. Trends Immunol. 2012;33(3):144-52. https://doi.
org/10.1016/.it.2011.10.004.

18. Kim YS, Nedospasov SA, Liu Zg. Traf2 plays a key,
nonredundant role in light-lymphotoxin f receptor signaling.
Mol Cell Biol 2005;25(6):2130-7. https://doi.org/10.1128/
MCB.25.6.2130-2137.2005.

19. Shin DS, Ribas A. The evolution of checkpoint blockade
as a cancer therapy: What’s here, what’s next? Curr
Opin Immunol. 2015;33:23-35. https://doi.org/10.1016/;.



DOI:10.31557/APJCP.2024.25.8.2669

TNFSF14/LIGHT and CD160 in Gastric Cancer and Peptic Ulcer Dyspepsia

€01.2015.01.006.

20. Sun H, Xu J, Huang Q, Huang M, Li K, Qu K, et al. Reduced

cd160 expression contributes to impaired nk-cell function
and poor clinical outcomes in patients with hce. Cancer Res.
2018;78(23):6581-93. https://doi.org/10.1158/0008-5472.
CAN-18-1049.

21.Liu S, Zhang W, Liu K, Wang Y. Cd160 expression on cd8(+)

22.

t cells is associated with active effector responses but limited
activation potential in pancreatic cancer. Cancer Immunol
Immunother. 2020;69(5):789-97. https://doi.org/10.1007/
$00262-020-02500-3.

Li H, Yu B, Li J, Su L, Yan M, Zhang J, et al.
Characterization of differentially expressed genes involved
in pathways associated with gastric cancer. PLoS One.
2015;10(4):e0125013. https://doi.org/10.1371/journal.
pone.0125013.

23.Zhang H, LiM, Kaboli PJ, JiH, DuF, Wu X, et al. Identification

24.

25.

26.

217.

28.

of cluster of differentiation molecule-associated micrornas
as potential therapeutic targets for gastrointestinal cancer
immunotherapy. Int J Biol Markers. 2021;36(2):22-32.
https://doi.org/10.1177/17246008211005473.

Livak KJ, Schmittgen TD. Analysis of relative gene
expression data using real-time quantitative pcr and the
2(-delta delta c(t)) method. Methods. 2001;25(4):402-8.
https://doi.org/10.1006/meth.2001.1262.

Boylan KLM, Geschwind K, Koopmeiners JS, Geller
MA, Starr TK, Skubitz APN. A multiplex platform for the
identification of ovarian cancer biomarkers. Clin Proteomics.
2017;14:34. https://doi.org/10.1186/s12014-017-9169-6.
Qin JZ, Upadhyay V, Prabhakar B, Maker AV. Shedding
light (tnfsf14) on the tumor microenvironment of colorectal
cancer liver metastases. J Transl Med. 2013;11:70. https://
doi.org/10.1186/1479-5876-11-70.

Yu P, Fu Y-X. Targeting tumors with light to generate
metastasis-clearing immunity. Cytokine Growth Factor
Rev. 2008;19(3-4):285-94. https://doi.org/10.1016/j.
cytogfr.2008.04.004.

D’Ignazio L, Batie M, Rocha S. Tnfsf14/light, a non-
canonical nf-kb stimulus, induces the hif pathway. Cells.
2018;7(8). https://doi.org/10.3390/cells7080102.

29. Skeate JG, Otsmaa ME, Prins R, Fernandez DJ, Da Silva DM,

30.

31.

32.

Kast WM. Tnfsf14: Lighting the way for effective cancer
immunotherapy. Front Immunol. 2020;11:922. https://doi.
org/10.3389/fimmu.2020.00922.

Saleh R, Taha RZ, Toor SM, Sasidharan Nair V, Murshed
K, Khawar M, et al. Expression of immune checkpoints
and t cell exhaustion markers in early and advanced
stages of colorectal cancer. Cancer Immunol Immunother.
2020;69(10):1989-99. https://doi.org/10.1007/s00262-020-
02593-w.

Li Y, Tang M, Han B, Wu S, Li SJ, He QH, et al. Tumor
necrosis factor superfamily 14 is critical for the development
of renal fibrosis. Aging (Albany NY). 2020;12(24):25469-
86. https://doi.org/10.18632/aging.104151.
Kasperska-Zajac A, Damasiewicz-Bodzek A, Grzanka R,
Skrzypulec-Frankel A, Bieniek K, Sikora-Zydek, et al.
Circulating soluble light/tnfsf14 is increased and associated
with il-8 concentration in chronic spontaneous urticaria. Int
J Immunopathol Pharmacol. 2018;32:2058738418784431.
https://doi.org/10.1177/2058738418784431.

33. Biragyn A, Ferrucci L. Gut dysbiosis: A potential link between

increased cancer risk in ageing and inflammaging. Lancet
Oncol. 2018;19(6):¢295-e304. https://doi.org/10.1016/
$1470-2045(18)30095-0.

34. Walker KA, Basisty N, Wilson DM, Ferrucci, L. Connecting

aging biology and inflammation in the omics era. J Clin
Invest. 2022;132(14). https://doi.org/10.1172/jci158448.

35

36.

37.

38.

39.

40.

41.

42.

. Pioli PD, Casero D, Montecino-Rodriguez E, Morrison
SL, Dorshkind K. Plasma cells are obligate effectors
of enhanced myelopoiesis in aging bone marrow.
Immunity. 2019;51(2):351-66.e6. https://doi.org/10.1016/].
immuni.2019.06.006.

Gubernatorova EO, Polinova Al, Petropavlovskiy MM,
Namakanova OA, Medvedovskaya AD, Zvartsev RV, et al.
Dual role of tnf and Ita in carcinogenesis as implicated by
studies in mice. Cancers (Basel). 2021;13(8). https://doi.
org/10.3390/cancers13081775.

Chen EY, Tan CM, Kou Y, Duan Q, Wang Z, Meirelles
GV, et al. Enrichr: Interactive and collaborative html5
gene list enrichment analysis tool. BMC Bioinformatics.
2013;14(1):1-14. https://doi.org/10.1186/1471-2105-14-128.
Kuleshov MV, Jones MR, Rouillard AD, Fernandez NF,
Duan Q, Wang Z, et al. Enrichr: A comprehensive gene set
enrichment analysis web server 2016 update. Nucleic Acids
Res. 2016;44(W1):W90-W7. https://doi.org/10.1093/nar/
gkw377.

Javadzadeh SM, Tehrani M, Keykhosravi M, Mohammadian-
Amiri R, Amjadi O, Hafezi N, et al. Can we consider
soluble herpes virus entry mediator (shvem) as a tumor
marker? Caspian J Intern Med. 2022;13(4):693-8. https://
doi.org/10.22088/cjim.13.4.693.

Inoue T, Sho M, Yasuda S, Nishiwada S, Nakamura S, Ueda
T, et al. Hvem expression contributes to tumor progression
and prognosis in human colorectal cancer. Anticancer Res.
2015;35(3):1361-7.

Migita K, Sho M, Shimada K, Yasuda S, Yamato I, Takayama
T, et al. Significant involvement of herpesvirus entry
mediator in human esophageal squamous cell carcinoma.
Cancer. 2014;120(6):808-17. https://doi.org/10.1002/
cncr.28491.

Malissen N, Macagno N, Granjeaud S, Granier C, Moutardier
V, Gaudy-Marqueste C, et al. Hvem has a broader expression
than pd-11 and constitutes a negative prognostic marker and
potential treatment target for melanoma. Oncoimmunology.
2019;8(12):e1665976. https://doi.org/10.1080/216240
2x.2019.1665976.

Golel

This work is licensed under a Creative Commons Attribution-

N

on Commercial 4.0 International License.

Asian Pacific Journal of Cancer Prevention, Vol 25 2677



