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Gastric cancer is the fifth most common malignancy all over the world, and the factors that can affect progress and prognosis of
the gastric cancer patients are various, such as TNM stages, invasive depth, and lymph node metastasis ratio. T cell immunity is
important component of human immunity system and immunity responding to tumor and dysfunction or imbalance of T cell
immunity will lead to serious outcomes for body. T cell immunity includes many different types of cells, CD4+ T cell, CD8+ T cell,
memory cell, and so on, and each of them has special function on antitumor response or tumor immune escape which is revealed
in lung cancer, colorectal cancer, breast cancer, ovarian cancer, and so on. But its correlation with gastric cancer is not clear. Our
review was preformed to explore the relationship between the progress and prognosis of gastric cancer (GC) and T cell immunity.
According to recent researches, T cell immunity may have an important role in the progress and prognosis of GCs, but its function
is affected by location, category, related molecule, and interaction between the cells, and some effects still are controversial. More

researches are needed to clarify this correlation.

1. Introduction

Gastric cancer is the fifth most common malignancy all over
the world after lung, breast, colorectal cancers, and prostate.
More than 70% of gastric cancer (677,000 cases) happened at
developing countries (456,000 in men, 221,000 in women),
and half the total located in Eastern Asia, especially in China
[1]. Although the lifestyle and smoking play an important
factor, the main risk factor for advanced gastric cancer
is infection with the bacterium Helicobacter pylori [2]; T
cell immunity is a hot topic in recent studies. During the
development of cancer, T cells progressively dysfunction
and exhaust; however the T cell responses are necessary to
control tumors [3]. And they play important roles in several
types of cancers like lung cancer [4], colorectal cancer [5],
breast cancer [6], and ovarian cancer [7], but the relationship
between the T cell immunity and progression and prognosis
of GCs is not clear. And there are many subsets of T cells
which play different roles in gastric cancer, CD4+ T cell,
including regulatory T cells, CD8+ T cell, and CD45RO+
memory T cells [8]. The recent researches are more focused
on regulatory T cells.

2. Subsets of T Cell and Molecules Related to
Prognosis of Gastric Cancer

T cell immunity is important in tumor response, and there are
many subsets of T cells which played different roles in gastric
cancer, CD4+ T cell, including regulatory T cells, CD8+ T
cell, CD45RO+ memory T cells, and other molecules related
to T cell immunity.

2.1. CD4+ T and CD8+ T Lymphocytes. CD4+ T and CD8+
T are two important types of cells in T cell immunity.

CD4+ regulatory T cell is a major cell in self-tolerance
and suppresses antitumor immunity [9]. CD4 T cells have
effector functions by secreting multiple cytokines or activat-
ing other immune cells acting on immunity of tumor [3].
Among CD4+ T cell, Follicular helper T cells (Tth cells) are
special one which are necessary for producing high affinity
antibodies. Meanwhile Tth cells can secrete IL21 and IL4
and show high expression of CXCRS5, ICOS, PDCD1 (PD-
1), and chemokine CXCLI13, which also affect gastric cancer
prognosis [10]. Cytotoxic CD8 T lymphocytes are present in
tumors and their functions in recognizing tumor epitopes
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are nevertheless generally important in antitumor reaction
[11]. And CD8 T cells are an important factor on the initial
development of tumors, especially in existing tumor, and the
presence of CD8 T cells indicates poor prognosis [12].

2.2. Regulatory T Cell. Regulatory T cells (Tregs) are a
kind of T lymphocytes with an immunoregulatory capacity,
which can inhibit the proliferation and cytokine secretion of
effector T lymphocytes. Giving this function, inappropriate
production or dysfunction of Tregs could result in severe
damage of the host immune system [13]. In recent years,
regulatory T cells (Tregs) within tumors, also known as tumor
infiltrating Treg cells, have been considered to play a key
role in immune evasion [13]. And Tregs are correlated with
progression and poor outcomes in gastric cancer ([2]; [14]),
but the relation between tumor infiltrating T cells and gastric
cancer is unclear.

2.3. Others. In addition, many other related cells and
molecules also play a role in prognosis of gastric can-
cer. Dendritic cells (DC) play the central role in cancer
immunosurveillance as the antigen-presenting cells (APC)
are involved in the antitumor immune responses [15]. T cell
immunoglobulin and mucin domain-3 (Tim-3) is negative
regulatory molecules and plays a major role in the tumor
immunological tolerance [16]. And B7-Hl1 (also known as
PDL1) is a member of the B7 superfamily [17]. PD-L1
expression has been detected in cancers of the skin [18],
lung [19], breast [20], kidney [21], bladder [22], esophagus
[23], stomach [24], head, and neck [25], among others. B7-
H4 is a coinhibitory molecule which negatively regulates T
cell immunity and is rarely expressed in resting antigen-
presenting cells (APCs) [26] but is upregulated in a variety
of cancer tissues including ovary, kidney, stomach, lung, and
pancreas [27-29].

3. The Correlation between T Cells
and Gastric Cancer

The factors that can affect progress and prognosis of the
gastric cancer patients are various, such as TNM stages [30],
invasive depth, lymph node metastasis ratio [31], and tumor
immunity. And there are three molecular carcinogenesis
mechanisms which may be correlated with GC: chromosomal
instability [32], microsatellite instability (MSI) [33], and
CpG island methylator phenotype [34]. T cell immunity
also plays a role in these mechanisms, and some researches
have already suggested that beta-catenin/T cell factor- (TCEF-
) mediated transcription (canonical Wnt signaling) could
result in chromosomal instability (CIN) [35], and MSI gastric
cancers possibly express more PD-L1 and have increasing
CD8+ T cells before tumor invasive [36].

Nowadays, since the function of T cell immunity in
cancer is researched more and more clearly, we found that
it can also influence the progress and prognosis of GCs
directly or indirectly participating in antitumor responses.
For example, DC as the antigen-presenting cells (APC) is
involved in the antitumor immune responses, while CD8+
T cell may dissolve and kill tumor cells, and CD4+ cell
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(including Foxp3+ Tregs) impose restrictions on tumor
response.

Except these cells, many molecule such as Thl7 [37],
CD133 [38], gastrokine 1 [39], angiogenic factor [40], and
LKBI (Sun J et al.,, 2016) also have possible impact on diag-
nosis, progress, treatment, and prognosis of gastric cancer.

4. The Correlation and Mechanism
between T Cells Immunity and Prognosis
of Gastric Cancer

T cell immunity is important in antitumor response and stud-
ied in many other cancers. Some studies also show there could
be correlation between gastric cancer prognosis and T cells.
Haas et al. introduced a phenomenon in their experiment
that an increasing stromal FoxP3+ TIL infiltration in tumor
issues had a negative correlation with UICC- stage (Pearson’s

correlation coefficient, » = -0.40; p = 0.001), number
of lymph node metastases (r = —0.36; p = 0.009), and
N category in general (r = —0.36; p = 0.023). But this

relationship could not be seen in other cell types [41]. Cheng
et al. showed that Tim-3 was expressed in CD4+ T cells and
CD8+ T cells higher in gastric issues and had a meaningful
relation with tumor invasion and TNM stage, which could
lead to poorer prognosis [16]. And Qing et al. had confirmed
that PD-LI could express more in highly differentiated gastric
cancers, and it had an obvious relationship with the depth of
invasion (odds ratio [OR] = 3.37; p = 0.005), lymph node
metastasis (OR = 2.68; p = 0.020), tumor differentiation
(OR = 3.19; p = 0.008), pathological type (y* = 8.676;
p = 0.013), and survival time (OR = 3.39; p = 0.003)
[42]. And they proposed that targeting the PD-LI and APE1
signaling pathways may be a new treatment for gastric cancer,
especially deep invasion and lymph node metastasis [42].
Cho et al. indicated that PD-L1 expression was frequently
correlated with a lower risk of lymph node metastasis (p =
0.027) and lower tumor stages in intestinal type cancer by
the Lauren classification [43]. But the mechanism between
gastric cancer prognosis and T cells immunity is not very
sure.

4.1. CD4+ T Cell and CD8+ T Cell. There are some researches
focusing on the relationship between the subsets of CD4+ T
cell and the progress and prognosis of gastric cancer. Shen et
al. found that CD4+CD25+CD127low/— Tregs are correlated
with more advanced stage of gastric cancer through sup-
pressed effector T cell proliferation and express Foxp3 [44].
In another research, Kindlund et al. suggested that CD4+
regulatory T cells can promote tumor growth by inhibiting T
cell mediated tumor cell killing, depending on IL-10 and/or
TGF-p, but they also showed that CD4+CD25™¢" expresses
higher IL-10 [2]. As we all know, Helicobacter pylori infection
is related to prognosis of GCs. Zhang et al. investigated the
potential functions of Follicular helper T cells in the GCs with
Helicobacter pylori infection. His group found that Thl and
Th17 are the most common subsets of Follicular helper T cells
and can be negatively correlated with the disease-free survival
of tumor resection [45].
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And CD8+ T cells have also been studied. Lu et al
indicated that GC patients with high-density CD8+ had
higher overall survival rates than low-density ones by Kaplan-
Meier test in MSI-high GCs [11]. But Thompson et al.
demonstrated that tumors with high CD8+ T cell density
either in intratumor or in stromal had worse progression-free
survival (PFS) and OS compared with the lower ones [17].
Tuncel et al. introduced patients with lower numbers of CD8+
T lymphocytes in the tumor, which has a negative correlation
with HLA-G and had a poorer prognosis [46].

4.2. Foxp3+ Treg Cell. Although the functions of some immu-
nity cells have been recognized by studies, some controversies
are still present.

Foxp3+ Tregs are the most concerned cell and their
function is still controversial. Hou et al. showed the level of
FoxP3+ Tregs in gastric cancer tissues related to an advanced
clinicopathological stage and lymph node metastasis, which
indicted poor prognosis [13]. Yuan et al. found that the level of
FoxP3 is higher in Tregs and it can inhibit the proliferation of
autologous CD4+CD25-T cells in a COX-2-dependent man-
ner to lead to poor prognosis which can be reversed by COX
inhibitors [14]. In another article, Tuncel et al. got the similar
conclusion that the high numbers of Tregs in the primary
tumor, positive regulated by HLA-G, are associated with poor
prognosis [46]. But there are some researches having opposite
conclusions. Kim et al. showed that GCs with high-density
FoxP3+ TILs had significantly higher overall survival rates
and low density is closely related to a higher TNM stage,
invasion depth, and lymphatic and vascular invasion and
proved FoxP3+ T cell density in the intraepithelial cells was
an independent predictor for overall survival. But the result
of Kim et al. is confined to microsatellite-unstable gastric
cancers [47]. Haas et al. suggested that high level of Treg is
associated with improved outcome probably via inhibiting
local inflammatory process [41]. And Feichtenbeiner et al.
found an interesting conclusion that prognostic effect of TILs
cells in gastric cancer depends on the distance within cells,
and FoxP3+ TILs must be located within 30 and 110 ym far
from CD8+ T cells to play its positive impact on prognosis
[48]. In addition, Ma et al. investigated the expression of
FoxP3 protein in tumor cells and they showed that the high
level predicts a good prognosis, whereas high-density Treg is
opposite [49].

5. Other Cells and Molecule Related T Cell
Immunity in GCs

Except mainly cells in T cell immunity, there are some other
cells and molecule also could have their functions in GCs.
Kashimura et al. suggested that the density of CD83+ DCs
in negative lymph nodes was an independent prognostic fac-
tor by multivariate analysis for patients with metastatic lymph
nodes [9]. Gao et al. descripted that the overexpression of B7-
HI in carcinomas has been shown to induce apoptosis in the
effector T cells to repress T cell activation and proliferation,
which led to lower 5-year OS and DEFS [50]. Geng et al. con-
firmed that lymph node metastasis and B7-H1 overexpression
were independent prognostic factors which are negative with

gastric cancer through Cox regression multivariate analysis
[51]. Shi et al. proposed that soluble B7-H4 (sB7-H4) in cir-
culation is a valuable molecule for predicting the progression
and prognosis of GCs and a positive correlation between the
two things [52]. And Chen et al. suggested that the expression
of T-bet, a key marker for type 1 immune responses, can serve
as a prognostic indicator which has negative effect [53]. In
a recent study, Kim et al. revealed that decreasing NOVALI
expression in tumor tissue was related to tumor progression
and poor prognosis via immune dysfunction of T cells and
macrophages [54]. And Th12 [55], Thl7 [37, 56], Thl [57],
CX3C chemokines [58], diversity index of mucosal resident
T lymphocyte [59], myeloid derived suppressing cells [60],
immune activating receptor NKG2D [61], CCR7 [62], and IL-
10 [63] are also involved in the progression and prognosis of
GCs.

Another interesting thing is the prognosis and progress of
the same immunity cells can vary under different locations.
Tim-3 is a negative regulatory molecule, only when it over-
expresses CD8+ T cell or Tregs can lead to poor prognosis.
Another protein is Foxp3+, its higher expression in tumor
cells predicts good outcome but in Tregs the function is
inverse. It has different prognosis when acting on different
cells. Cheng et al. found that CD4+ and CD8+ T cell can be
upregulation in GCs by Tim-3, but CD4+ T cell has poorer
prognosis. Tim was also an independent factor for GCs, and
the lower is the better [16]. Shen et al. revealed that the
level of Tim-3 is up in both H. pylori-infected asymptomatic
and gastric cancer patients, which is on Tregs and CD8+ T
cells associated with worse prognosis [64]. And Milasiené
et al. observed that higher levels of the absolute number
of lymphocyte had a positive effect on overall survival of
gastrium in stage III, but there is no effect in stage II
[65].

6. Forecast

The subsets of immunity cells have their own special role
in response to gastric cancer and lead to different out-
comes of patients. But the function is affected by location,
category, related molecule, interaction between the cells,
and so on. Definite function is still unclear and needs
more studies. More studies are needed to investigate the
relationship between the T immunity cell and gastric cancer,
especially forcing on Foxp3+ Tregs and the influence of
location and mutual relations between cells. At the same
time, I think that the role of memory T cell is ignored in
the progress and prognosis of GCs, and more research is
essential.

Because of the T cells exhibiting a possible relationship in
the progress and prognosis of GCs, it may provide new theory
and way on diagnosis and treatment of gastric cancer. More
studies are needed.

Conflicts of Interest

The authors declare that they have no conflicts of interest.



Acknowledgments

This work was supported by grants from National Natural
Science Foundation of China (no. 81602432) and Program
for Jiangsu Provincial Natural Science Foundation of China
(BK20140652).

References

[1] J. Ferlay, I. Soerjomataram, R. Dikshit et al., “Cancer incidence
and mortality worldwide: sources, methods and major patterns
in GLOBOCAN 2012, International Journal of Cancer, vol. 136,
no. 5, pp. E359-E386, 2015.

[2] B. Kindlund, A. Sjoling, C. Yakkala et al., “CD4+ regulatory T
cells in gastric cancer mucosa are proliferating and express high
levels of IL-10 but little TGF- 3, Gastric Cancer, vol. 20, no. 1, pp.
116-125, 2017.

[3] A. O. Kamphorst and R. Ahmed, “CD4 T-cell immunotherapy
for chronic viral infections and cancer,” Immunotherapy, vol. 5,
no. 9, pp. 975-987, 2013.

[4] M.-C. Dieu-Nosjean, M. Antoine, C. Danel et al., “Long-term
survival for patients with non-small-cell lung cancer with
intratumoral lymphoid structures,” Journal of Clinical Oncology,
vol. 26, no. 27, pp. 4410-4417, 2008.

[5] J. A. D. Simpson, A. Al-Attar, N. E. S. Watson, J. H. Scholefield,
M. Ilyas, and L. G. Durrant, “Intratumoral T cell infiltration,
MHC class I and STAT1 as biomarkers of good prognosis in
colorectal cancer;” Gut, vol. 59, no. 7, pp. 926-933, 2010.

[6] Z.1. Hu, A. Y. Ho, and H. L. McArthur, “Combined radiation
therapy and immune checkpoint blockade therapy for breast
cancer, International Journal of Radiation Oncology, Biology,
Physics, vol. 99, no. 1, pp. 153-164, 2017.

[7] L. Zhang, J. R. Conejo-Garcia, D. Katsaros et al., “Intratumoral
T cells, recurrence, and survival in epithelial ovarian cancer,”
The New England Journal of Medicine, vol. 348, no. 3, pp. 203-
213, 2003.

[8] K. Wakatsuki, M. Sho, I. Yamato et al., “Clinical impact of
tumor-infiltrating CD45RO+ memory T cells on human gastric
cancer,” Oncology Reports, vol. 29, no. 5, pp. 1756-1762, 2013.

[9] S. Kashimura, Z. Saze, M. Terashima et al., “CD83+ dendritic

cells and Foxp3+ regulatory T cells in primary lesions and

regional lymph nodes are inversely correlated with prognosis of

gastric cancer,” Gastric Cancer, vol. 15, no. 2, pp. 144-153, 2012.

M. J. Ahearne, R. L. Allchin, C. P. Fox, and S. D. Wagner,

“Follicular helper T-cells: expanding roles in T-cell lymphoma

and targets for treatment,” British Journal of Haematology, vol.

166, no. 3, pp. 326-335, 2014.

X. Lu, L. Yang, D. Yao et al., “Tumor antigen-specific CD8+

T cells are negatively regulated by PD-1 and Tim-3 in human

gastric cancer,” Cellular Immunology, vol. 313, pp. 43-51, 2017.

[12] J. D. Peske, A. B. Woods, and V. H. Engelhard, “Control
of CD8 T-cell infiltration into tumors by vasculature and
microenvironment,” Advances in Cancer Research, vol. 128, pp.
263-307, 2015.

(13] J. Hou, Z. Yu, R. Xiang et al., “Correlation between infiltration
of FOXP3+ regulatory T cells and expression of B7-HI in the
tumor tissues of gastric cancer,;” Experimental and Molecular
Pathology, vol. 96, no. 3, pp. 284-291, 2014.

[14] X.-L. Yuan, L. Chen, M.-X. Li et al, “Elevated expression
of Foxp3 in tumor-infiltrating Treg cells suppresses T-cell
proliferation and contributes to gastric cancer progression in a

(10]

(11]

(16]

(17]

=
)

(20]

(21]

(22]

(25]

[27]

BioMed Research International

COX-2-dependent manner;” Clinical Immunology, vol. 134, no.
3, pp. 277-288, 2010.

E Li, J. Huang, S. Li et al., “The subsets of dendritic cells and
memory T cells correspond to indoleamine 2,3-dioxygenase in
stomach tumor microenvironment,” Tumor Biology, vol. 35, no.
9, pp. 8691-8698, 2014.

G. Cheng, M. Li, J. Wu et al., “Expression of Tim-3 in gastric
cancer tissue and its relationship with prognosis,” International
Journal of Clinical and Experimental Pathology, vol. 8, no. 8, pp.
9452-9457, 2015.

E. D. Thompson, M. Zahurak, A. Murphy et al, “Patterns
of PD-L1 expression and CD8 T cell infiltration in gastric
adenocarcinomas and associated immune stroma,” Gut, vol. 66,
pp. 794-801, 2017.

D. Massi, D. Brusa, B. Merelli et al., “The status of PD-L1
and tumor-infiltrating immune cells predict resistance and
poor prognosis in BRAFi-treated melanoma patients harboring
mutant BRAF*? Annals of Oncology, vol. 26, no. 9, Article ID
mdv255, pp. 1980-1987, 2015.

J. McLaughlin, G. Han, K. A. Schalper et al., “Quantitative
assessment of the heterogeneity of PD-L1 expression in non-
small-cell lung cancer;” JAMA Oncology, vol. 2, no. 1, pp. 46-54,
2016.

H. R. Ali, S.-E. Glont, E M. Blows et al., “PD-L1 protein
expression in breast cancer is rare, enriched in basal-like
tumours and associated with infiltrating lymphocytes,” Annals
of Oncology, vol. 26, no. 7, pp. 1488-1493, 2015.

T. K. Choueiri, A. P. Fay, K. P. Gray et al., “PD-L1 expression in
nonclear-cell renal cell carcinoma,” Annals of Oncology, vol. 25,
no. 11, pp. 2178-2184, 2014.

C. Massard, M. S. Gordon, S. Sharma et al, “Safety and
efficacy of durvalumab (MEDI4736), an anti-programmed
cell death ligand-1 immune checkpoint inhibitor, in patients
with advanced urothelial bladder cancer,” Journal of Clinical
Oncology, vol. 34, no. 26, pp. 3119-3125, 2016.

Y. Ohigashi, M. Sho, Y. Yamada et al., “Clinical significance of
programmed death-1 ligand-1and programmed death-1ligand-
2 expression in human esophageal cancer; Clinical Cancer
Research, vol. 11, no. 8, pp. 2947-2953, 2005.

E. D. Thompson, M. Zahurak, A. Murphy et al., “Patterns
of PD-L1 expression and CD8 T cell infiltration in gastric
adenocarcinomas and associated immune stroma,” Gut, vol. 66,
pp. 794-801, 2016.

S. Lyford-Pike, S. Peng, G. D. Young et al., “Evidence for a
role of the PD-1:PD-L1 pathway in immune resistance of HPV-
associated head and neck squamous cell carcinoma,” Cancer
Research, vol. 73, no. 6, pp. 1733-1741, 2013.

Y. K. Jeon, S. G. Park, I. W. Choi, S. W. Lee, S. M. Lee, and 1.
Choi, “Cancer cell-associated cytoplasmic B7-H4 is induced by
hypoxia through hypoxia-inducible factor-lalpha and promotes
cancer cell proliferation,” Biochemical and Biophysical Research
Communications, vol. 459, no. 2, pp. 277-283, 2015.

Y. Chen, H. Zhao, D. Zhu et al., “The coexpression and clinical
significance of costimulatory molecules B7-H1, B7-H3, and B7-
H4 in human pancreatic cancer,” OncoTargets and Therapy, vol.
7, pp. 1465-1472, 2014.

S. Salceda, T. Tang, M. Kmet et al., “The immunomodulatory
protein B7-H4 is overexpressed in breast and ovarian cancers
and promotes epithelial cell transformation,” Experimental Cell
Research, vol. 306, no. 1, pp. 128-141, 2005.

Z.-Y. Li, X.-H. Zhang, Y. Chen et al., “Clinical significance of
B7-H4 expression in matched non-small cell lung cancer brain



BioMed Research International

[30]

(31]

(34]

(37]

(38]

(39]

[40]

[41]

[42]

[44]

metastases and primary tumors,” OncoTargets and Therapy, vol.
6, pp. 869-875, 2013.

Z. Shen, Y. Ye, Q. Xie, B. Liang, K. Jiang, and S. Wang, “Effect of
the number of lymph nodes harvested on the long-term survival
of gastric cancer patients according to tumor stage and location:
a12-year study of 1, 637 cases,” The American Journal of Surgery,
vol. 210, no. 3, pp- 431-440, 2015.

X.-J. Wu, R.-L. Miao, Z.-Y. Li et al, “Prognostic value of
metastatic lymph node ratio as an additional tool to the TNM
stage system in gastric cancer, European Journal of Surgical
Oncology, vol. 41, no. 7, pp. 927-933, 2015.

Q. Huang, “Single disease entity for both chromosomal instable
subtype gastric adenocarcinoma and esophageal adenocarci-
noma,” Journal of Digestive Diseases, vol. 18, no. 6, pp. 319-322,
2017.

S. Velho, M. S. Fernandes, M. Leite, C. Figueiredo, and R.
Seruca, “Causes and consequences of microsatellite instability
in gastric carcinogenesis,” World Journal of Gastroenterology,
vol. 20, no. 44, pp. 16433-16442, 2014.

K. Shigeyasu, T. Nagasaka, Y. Mori et al., “Clinical significance
of MLHI methylation and CpG island methylator phenotype as
prognostic markers in patients with gastric cancer;” PLoS ONE,
vol. 10, no. 6, Article ID e0130409, 2015.

K. Aoki, M. Aoki, M. Sugai et al., “Chromosomal instability by
B-catenin/TCF transcription in APC or f3-catenin mutant cells,”
Oncogene, vol. 26, no. 24, pp. 3511-3520, 2006.

C. Ma, K. Patel, A. D. Singhi et al., “Programmed death-ligand 1
expression is common in gastric cancer associated with Epstein-
Barr virus or microsatellite instability,” The American Journal of
Surgical Pathology, vol. 40, no. 11, pp. 1496-1506, 2016.

Y. Yamada, H. Saito, and M. Ikeguchi, “Prevalence and clinical
relevance of Th17 cells in patients with gastric cancer,” Journal
of Surgical Research, vol. 178, no. 2, pp. 685-691, 2012.

K. Hashimoto, K. Aoyagi, T. Isobe, K. Kouhuji, and K. Shirouzu,
“Expression of CD133 in the cytoplasm is associated with cancer
progression and poor prognosis in gastric cancer, Gastric
Cancer, vol. 17, no. 1, pp. 97-106, 2014.

J. H. Yoon, W. S. Choi, O. Kim et al., “inhibits gastric cancer cell
migration and invasion by downregulating RhoA expression,”
Gastric Cancer, vol. 20, no. 2, pp. 274-285, 2017.

H.-H. Yao, B.-]. Wang, Y. Wu, and Q. Huang, “High Expression
of Angiogenic Factor with G-Patch and FHA Domainl (AGGF1)
Predicts Poor Prognosis in Gastric Cancer;” Medical Science
Monitor, vol. 23, Article ID 903248, pp. 1286-1294, 2017.

M. Haas, A. Dimmler, W. Hohenberger, G. G. Grabenbauer,
G. Niedobitek, and L. V. Distel, “Stromal regulatory T-cells are
associated with a favourable prognosis in gastric cancer of the
cardia,” BMC Gastroenterology, vol. 9, 65, pp. 10-1186, 2009.

Y. Qing, Q. Li, T. Ren et al., “Upregulation of PD-L1 and APEIl
is associated with tumorigenesis and poor prognosis of gastric
cancer,” Drug Design, Development and Therapy, vol. 9, pp. 901-
909, 2015.

J. Cho, J. Lee, H. Bang et al., “Programmed cell death-ligand 1
expression predicts survival in patients with gastric carcinoma
with microsatellite instability,” Oncotarget , vol. 8, no. 8, pp.
13320-13328, 2017.

L.-S. Shen, J. Wang, D.-E. Shen et al., “CD4*CD25*CD127"%/~
regulatory T cells express Foxp3 and suppress effector T cell
proliferation and contribute to gastric cancers progression,”
Clinical Immunology, vol. 131, no. 1, pp. 109-118, 2009.

[45]

(48]

(54]

(58]

H. Zhang, R. Yue, P. Zhao et al,, “Proinflammatory follicular
helper T cells promote immunoglobulin G secretion, suppress
regulatory B cell development, and correlate with worse clinical
outcomes in gastric cancer,” Tumor Biology, vol. 39, no. 6, Article
ID 101042831770574, 2017.

T. Tuncel, B. Karagoz, A. Haholu et al,, “Immunoregulatory

function of HLA-G in gastric cancer;,” Asian Pacific Journal of
Cancer Prevention, vol. 14, no. 12, pp. 7681-7684, 2013.

K. J. Kim, K. S. Lee, H. J. Cho et al., “Prognostic implications
of tumor-infiltrating FoxP3+ regulatory T cells and CD8+
cytotoxic T cells in microsatellite-unstable gastric cancers,”
Human Pathology, vol. 45, no. 2, pp. 285-293, 2014.

A. Feichtenbeiner, M. Haas, M. Buttner, G. G. Grabenbauer,
R. Fietkau, and L. V. Distel, “Critical role of spatial interaction
between CD8(+) and Foxp3(+) cells in human gastric cancer:
the distance matters,” Cancer Immunollmmunother, vol. 63, no.
2, pp. 111119, 2014.

G.-E Ma, Q. Miao, Y.-M. Liu et al., “High FoxP3 expression in
tumour cells predicts better survival in gastric cancer and its
role in tumour microenvironment,” British Journal of Cancer,
vol. 110, no. 6, pp. 1552-1560, 2014.

Y. Gao, S. Li, D. Xu et al,, “Prognostic value of programmed
death-1, programmed death-ligand 1, programmed death-
ligand 2 expression, and CD8(+) T cell density in primary
tumors and metastatic lymph nodes from patients with stage
T1-4N+MO gastric adenocarcinoma,” Chinese Journal of Cancer,
vol. 36, no. 1, 2017.

Y. Geng, H. Wang, C. Lu et al., “Expression of costimulatory
molecules B7-H1, B7-H4 and Foxp3+ Tregs in gastric cancer
and its clinical significance;” International Journal of Clinical
Oncology, vol. 20, no. 2, pp. 273-281, 2015.

H. Shi, M. Ji, J. Wu et al., “Serum B7-H4 expression is a
significant prognostic indicator for patients with gastric cancer,”
World Journal of Surgical Oncology, vol. 12, no. 1, article 188,
2014.

L.-J. Chen, X. Zheng, Y.-P. Shen et al., “Higher numbers of T-
bet+ intratumoral lymphoid cells correlate with better survival
in gastric cancer;” Cancer Immunology, Immunotherapy, vol. 62,
no. 3, pp. 553-561, 2013.

E. K. Kim, S. O. Yoon, W. Y. Jung et al., “Implications of NOVA1
suppression within the microenvironment of gastric cancer:
association with immune cell dysregulation,” Gastric Cancer,
vol. 20, no. 3, pp. 438-447, 2017.

T. Liu, L. Peng, P. Yu et al,, “Increased circulating Th22 and Th17
cells are associated with tumor progression and patient survival
in human gastric cancer;” Journal of Clinical Immunology, vol.
32, no. 6, pp. 1332-1339, 2012.

Q. Li, Q Li, J. Chen et al., “Prevalence of Thl7 and Treg
cells in gastric cancer patients and its correlation with clinical
parameters,” Oncology Reports, vol. 30, no. 3, pp. 1215-1222,
2013.

H. Ubukata, G. Motohashi, T. Tabuchi, H. Nagata, S. Konishi,
and T. Tabuchi, “Evaluations of interferon-gamma/interleukin-
4 ratio and neutrophil/lymphocyte ratio as prognostic indica-
tors in gastric cancer patients,” Journal of Surgical Oncology, vol.
102, no. 7, pp. 742-747, 2010.

M. Hyakudomi, T. Matsubara, R. Hyakudomi et al., “Increased
expression of Fractalkine is correlated with a better prognosis
and an increased number of both CD8+ T cells and natural
killer cells in gastric adenocarcinoma,” Annals of Surgical
Oncology, vol. 15, no. 6, pp. 1775-1782, 2008.



[59] Q. Jia, J. Zhou, G. Chen et al., “Diversity index of mucosal
resident T lymphocyte repertoire predicts clinical prognosis
in gastric cancer;; Oncolmmunology, vol. 4, no. 4, Article ID
€1001230, 2015.

[60] H. S. Choi, S. Y. Ha, H.-M. Kim et al., “The prognostic effects
of tumor infiltrating regulatory T cells and myeloid derived
suppressor cells assessed by multicolor flow cytometry in gastric
cancer patients,” Oncotarget , vol. 7, no. 7, pp. 7940-7951, 2016.

[61] E Lin, C. Dai, X. Ge et al., “Prognostic significance and
functional implication of immune activating receptor NKG2D
in gastric cancer;” Biochemical and Biophysical Research Com-
munications, vol. 487, no. 3, pp. 619-624, 2017.

[62] S.Zhou, S.Xu, H. Tao etal., “CCR7 expression and intratumoral
FOXP3" regulatory T cells are correlated with overall survival
and lymph node metastasis in gastric cancer;” PLoS ONE, vol. 8,
no. 9, Article ID e74430, 2013.

[63] J. Xi, M. Xu, Z. Song et al., “Stimulatory role of interleukin 10 in
CD8,” Tumor Biology, vol. 39, no. 5, Article ID 101042831770620,
2017.

[64] P. Shen, R. Yue, J. Tang et al., “Preferential Tim-3 expression
on treg and CD8+ T cells, supported by tumor-associated
macrophages, is associated with worse prognosis in gastric
cancer,” American Journal of Translational Research, vol. 8, no.
8, pp. 3419-3428, 2016.

[65] V. Milasiené, E. Stratilatovas, and V. Norkiené, “The importance
of T-lymphocyte subsets on overall survival of colorectal and
gastric cancer patients;,” Medicina (Kaunas), vol. 43, no. 7, pp.
548-554, 2007.

BioMed Research International



