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Abstract

Objective: To analyze the relationship between TIGIT and clinical features of
Esophageal Squamous Cell Carcinoma, we use transcriptomic data from the
TCGA database, and to investigate the relationship between TIGIT and the
immune microenvironment of Esophageal Squamous Cell Carcinoma, to
provide a basis for improving the treatment strategy and prognosis of patients
with Esophageal Squamous Cell Carcinoma. Methods: RNA sequencing data
and clinical data corresponding to cancer tissues were obtained from the TCGA
database for Esophageal carcinoma, Esophageal Squamous Cell Carcinoma
tissues, and paraneoplastic tissues; then we analyzed the differences in TIGIT
expression in Esophageal carcinoma, Esophageal Squamous Cell Carcinoma,
and normal esophageal tissues; then we analyzed the relationship between
TIGIT expression levels and overall survival in Esophageal Squamous Cell
Carcinoma; finally, we explored the relationship between TIGIT expression
levels and overall survival in Esophageal Squamous Cell Carcinoma. We in-
vestigated the relationship between TIGIT and the tumor immune microen-
vironment of Esophageal Squamous Cell Carcinoma by tumor immune infil-
tration and functional enrichment analysis. Results: Our study revealed that
TIGIT was highly expressed in Esophageal Squamous Cell Carcinoma, and
patients with high TIGIT expression had worse overall survival. We also found
a close relationship between TIGIT expression levels and the immune mi-
croenvironment of Esophageal Squamous Cell Carcinoma, with high TIGIT
expression positively correlated with multiple immune cells. Conclusion: Our
study demonstrates that TIGIT is associated with Esophageal Squamous Cell
Carcinoma malignancy and is closely linked to the immune microenviron-
ment. Furthermore, high expression of TIGIT often predicts poorer clinical
features.
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1. Introduction

According to the latest global cancer statistics released in 2020, Esophageal car-
cinoma (ESCA) ranks 7th among global malignancies and 6th in mortality [1].
In China, the number of patients with ESCA is the first in the world. Esophageal
Squamous Cell Carcinoma (ESCC) predominates, accounting for more than 90%
of the total number of deaths due to ESCA each year [2] [3], and is usually at an
advanced stage when first diagnosed [4] [5]. Epidemiological studies have shown
that China has a high incidence of ESCA, with the highest rates found in the
southern part of the Taihang Mountains, particularly in Linzhou [6]; this is proba-
bly due to dietary habits such as a preference for salty foods, eating too fast or
too much, and inadequate intake of trace elements in food and water [7]. De-
spite the development of multidisciplinary treatments such as surgery, chemo-
therapy, radiotherapy, and radiotherapy [8], the prognosis for patients with ESCA
remains poor, with a five-year survival rate of approximately 15% - 40% [9]. The
tiny improvement in ESCC treatment outcomes with conventional therapies has
prompted the search for revolutionary ESCC treatment strategies, particularly
immune-targeted therapy [10].

In recent years, immunotherapy has been recognized as an exciting therapeu-
tic strategy for treating various types of cancer [11]. It uses the patient’s immune
system to fight tumor cells by inhibiting the immune checkpoint pathway [12].
In particular, the development of monoclonal antibodies that inhibit programmed
death 1 (PD-1) or programmed death ligand 1 (PD-L1) has produced compelling
responses and clinical benefits in a variety of malignancies, including ESCC [13]
[14]. The effects of immune checkpoint inhibitors are increasingly being corre-
lated with tumor cell-intrinsic factors, such as PD-L1 expression, tumor muta-
tional load, and high microsatellite instability state, as evidenced by recent stu-
dies [15]. Furthermore, cancer resistance to immunotherapy can be induced by
external factors, including tumor-infiltrating lymphocytes (TIL), tumor-associated
macrophages (TAM), and myeloid-derived suppressor cells (MDSC) [16] [17]
[18] [19]. Therefore, it is increasingly important to understand better the tumor
immune microenvironment (TIME), such as tumor PD-L1 expression, TILs, TAMs,
and MDSCs.

The T cell immunoreceptor with Ig and ITIM domains (TIGIT) is a T cell and
NK cell co-suppressor receptor known as WUCAM, Vstm3, or VSIG9 [20]. It
was first identified by bioinformatics in 2009 by Yu et al [21], and its ligands in-
clude CD112, CD113, and the polio virus receptor (PVR), which is a high-affinity
homologous receptor for TIGIT, also known as CD155, Necl-5, and Tage4 [22].
TIGIT is mainly expressed in various immune cells, including CD8+ CTL, CD4+
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follicular helper T (Th) cells, FOXP3+ regulatory T (Treg) cells, and NK cells
[23]. According to studies, TIGIT plays a crucial role in limiting adaptive and
innate immunity by inhibiting the anti-tumor response of T and NK cells through
binding to the ligand CD155, leading to immune escape of tumor cells. This
suggests that TIGIT’s role in tumor immunosurveillance is similar to that of the
PD-1/PD-L1 axis in tumor immunosuppression [21] [24] [25] [26].

The study of TIME in EC is now well established [27], but screening ESCC-
related immune checkpoint genes and their relationship with TIME still holds
great promise. We selected the TIGIT gene in this study, as previous studies have
shown its immunological role in cancer and the potential for immunotherapy
(28] [29] [30] [31]. Still, few studies have explored the relationship between
TIGIT and ESCC. The significance of this study is to systematically demonstrate
that the immune checkpoint gene TIGIT has the potential to develop into a new
effective molecular marker for the clinical diagnosis and early warning of ESCC
and to provide a corresponding theoretical basis for the immunotherapeutic as-
pects of ESCC.

2. Materials & Methods

2.1. Data Collection and Collation

We downloaded whole transcriptome sequencing data (11 standard samples, 184
tumor samples for ESCA RNA sequencing data, and 82 tumor samples for ESCC
RNA sequencing data) and clinical data related to ESCC from the TCGA data-

base (https://portal.gdc.cancer.gov/) in this study. Tumour samples containing

complete survival data and gene expression data (82 ESCC cases) were used for

survival analysis.

2.2. Statistical Analysis Methods for Results

We performed the Wilcoxon rank sum test to detect differences in TIGIT ex-
pression between ESCA, ESCC, and normal tissues. We utilized the “survival
ROC” package to perform a receiver operating characteristic (ROC) curve analy-
sis to evaluate prognostic accuracy and plotted Kaplan-Meier curves to investi-
gate the relationship between TIGIT expression levels and the overall survival
(OS) of patients. Gene expression datasets were obtained from the online data-
base GEO to analyse the differential co-expression of TIGIT in the ESCC and its
functional enrichment analysis. The R package “Limma” was used to study the
differential expression of TIGIT with an “Adjusted P < 0.05 and| log2 fold
change|> 1.5 threshold to screen for TIGIT differentially co-expressed genes.
The R package “clusterProfiler” was used to perform the Gene Ontology GO,
Kyoto Encyclopedia of Genes and Genomes, and to analyze the differential ex-
pression of TIGIT genes and their functional enrichment. Encyclopedia of Genes
and Genomes KEGG) for enrichment analysis. We divided TIGIT expression
into high and low groups using the median and used the best cut-off value of the
ROC curve for survival analysis. All statistical studies and plots were conducted

using the R language.
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3. Results
3.1. Expression of TIGIT in Different Tumor Types

Analysis of TIGIT expression in different cancer types using the TIMER 2.0 da-
tabase revealed that TIGIT expression was upregulated in breast, oesophageal,
head and neck squamous cell (HNSC), gastric, Kidney renal clear cell carcinoma
(KIRC), Skin Cutaneous Melanoma (SKCM)and Stomach adenocarcinoma (STAD),
while downregulated in Colon adenocarcinoma (COAD), Pancreatic adenocar-
cinoma (PAAD) and Rectum adenocarcinoma (READ), predicting that TIGIT
may be associated with a variety of cancers (Figure 1).

3.2. Transcript Expression Levels of TIGIT in ESCA and ESCC

To further investigate the role of TIGIT in ESCC, we analyzed the expression le-
vels of TIGIT using ESCA, ESCC and normal esophagus data obtained from the
TCGA database, and the expression profiles were analyzed using the Wilcoxon
rank sum test statistical method. As shown in Figure 2, TIGIT expression was
upregulated in ESCA and ESCC (P < 0.01; P < 0.001).
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Figure 1. Expression of TIGIT in different cancer types.
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Figure 2. Transcript expression levels of TIGIT in ESCA and ESCC: (a) ESCA, (b) ESCC.
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3.3. TIGIT Survival Analysis in the ESCC

To gain insight into the relationship between TIGIT expression and prognosis in
ESCC patients and to explore possible prognostic indicators, we performed re-
ceiver operating characteristic (ROC) curve analysis using the survival ROC pack-
age. The area under the ROC curve represents the predictive accuracy. The 1-year
area under the curve (AUC) for ESCC was 0.561, indicating that the risk predic-
tion model was a good predictor (Figure 3(a)). Kaplan-Meier curves and log-rank
tests were performed to investigate further the relationship between TIGIT ex-
pression levels and overall patient survival. The results showed that TIGIT ex-
pression affected the overall survival of ESCC patients, and the overall survival
of the high TIGIT expression group was lower than that of the low TIGIT ex-
pression group, indicating a correlation between high TIGIT expression and the

prognosis of ESCC patients (Figure 3(b)).

3.4. Correlation between TIGIT Expression and the Level of
Immune Cell Infiltration in ESCC

To investigate the relationship between TIGIT and the tumor immune microen-
vironment of ESCC, we analyzed the ratio of ESCC data to the content of 22
immune cells in the TCGA database (Figure 4(a)). Also, we divided TIGIT into
two groups of high and low expression by the median word of TIGIT in ESCC.
The difference in immune infiltration was higher in the increased expression
group compared to the low expression group, with higher scores for tumour strom-
al cells and infiltrating immune cells (Figure 4(b)); As immune infiltration is as-
sociated with altered immune cells in the tumour immune microenvironment
and immune cells infiltrating the TME are usually considered to be tumour cells,
we further performed the StromalScore, ImmuneScore and ESTIMATESScore as
shown in Figure 4(c), All scores in the TIGIT high expression group were high-
er than those in the low expression group, and the difference between the Im-
mune score and the Estimated score was more pronounced, and since the Esti-
mated score was the sum of the Stromal score and the Immune score, we con-
cluded that TIGIT was significantly correlated with immune cell infiltration; In
addition, we further assessed the difference in immune infiltration between the
high and low TIGIT expression groups, as shown in Figure 4(d), TIGIT expres-
sion significantly affected CD8+ T cells, activated CD4+ T cells and M1 macro-
phages, and we also assessed the possible correlation between TIGIT expression
and 22 immune cells, and Figure 4(e) shows the relationship between the 22

immune cell abundances.

3.5. TIGIT Expression Correlates with Immune Genes

More than one immune gene may be involved in the development of a tumor.
To determine the correlation between TIGIT expression and other immune
genes, we analyzed the expression of TIGIT with the expression of 14 common
immune genes, as shown in Figure 5. TIGIT expression was significantly corre-
lated and positively correlated with PDCD1, CD274, IDO1, LAG3, TNSFS14,
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HAVCR2, and CTLAA4, suggesting that TIGIT may act in conjunction with these
genes to promote ESCC development.
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Figure 3. TIGIT survival analysis in ESCC.

100%,
80%;
20%
%' T
§

TumorPurity Tu NOTPU"W
" ESTIMATEScore
ImmuneScore
[ StromalScore
Subtype

B cells naive

B cells memory

Plasma cells

T cells CD8

T cells CD4 naive

T cells CD4 memory resting
T cells CD4 memory activated
T cells follicular helper

T cells regulatory (Tregs)
T cells gamma delta

NK cells resting

NK cells activated
Monocytes
Macrophages MO
Macrophages M1
Macrophages M2
Dendritic cells resting
Dendritic cells activated
Mast cells resting

Mast cells activated
Eosinophils

Neutrophils

o
S
ES

Relative Percent
3
xR

Q

iDCs
[ Mast_cells = ESTlMATEScore
Type_ll_IFN_Reponse 3000
| Macrophages
—E | APC_co_inhibition -1

. |l DCs 2000
aDCs
Th2_cells ImmuneScore
Neutrophils 1 500
B_cells
Tfh
APC_Co_stimulation 1000
Treg
T_cell_co-inhibition StromalScore
TIL _ l 1000
Check-point
T_cell_co-stimulation
' CCR
Thi_cells -1500
Cytolytic_activity
CD8+ T _cells S”hﬁg; ,
Inflammation-promoting I ow
pDCs TIGIT high
HLA
T_helper_cells
NK_cells

MHC_class_|
Parainflammation
Type_|_IFN_Reponse

DOI: 10.4236/jbm.2023.114025 355 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.114025

L. Shiet al.

Subtype BS TIGITIow B8 TIGIT high

0.6
. Subtype [E] TiGIT low [E] TIGIT high
5% . *. 4000
[ o l
2000
0.2 o . o |

P
|-
-
lb_ .
ke
[
!_‘
B
f

to-

L AL LO > QR O LR LR L OO =
FLSLSFFT A S Ee ST L P P & &S
FFACIOT ST TF T e TTSFT T o &0 &
I C e FSEPIL P ST LIS
k3 G EFLES o T CEEEELE S @ @ @
I K’ & < LFE 3 o o0
© ¥ & > & &
o PN E & ® & &
,\:?} g A ° \@6‘ «\\S?.
& &
(o) (d)
8
2s
@ g »
85 8 o 8
5852 £2 3
25525 ,8 28588825
g ‘“2“5’59‘“5‘“ cr)mu)ww":"2 @
o ® . 38 E§ 2 20 8=c 88 25
,Zgﬁgagagagmowmmmgghm_c_21,88
© 3 = g = ©®© o & & @ L B EE pHp A
:Emooooéﬁmgggﬁﬁﬁg;%@?gnaﬁw
DL O ELOOLLL LYY YOO OEES 22 €S
P T BBV OB CC 250022 BBG 3o B
Sggoooooooxxommmwmmmgwb
NOMA+F+FFFFRFRFZZS22200=2=2w02z®E .
Beellsnaive @ (D D a @ (0]
B cells memory @
Plasma cells @ 0 0.8
Tcells CD8 @ N ) Q
T cells CD4 naive @ (0 Q 06
T cells CD4 memory resting @ (@)
T cells CD4 memory activated @) N Q
T cells follicular helper @) d - 04
T cells regulatory (Tregs) @ a n DJd Q
T cells gamma delta @ O 0 L 0.2
NK cells resting @@ og
NK cells activated
® Lo
Monocytes @
Macrophages M0 @2 4 a
Macrophages M1 @ D[ o2
Macrophages M2 @ D D
Dendritic cells resting . Q 04
Dendritic cells activated @) 0a
Mast cells resting @ @) Q
Mast cells activated @) a 06
Eosinophils @)
Neutrophils @) 08
StromalScore @) (]
ImmuneScore
OHN .
(e)

Figure 4. Correlation of TIGIT expression with the level of immune cell infiltration in ESCC (e: The value indicates the
correlation value. Red represents positive correlations, blue represents negative correlations.).

3.6. KEGG and GO Analysis

To gain a deeper understanding of the biological functions of TIGIT in ESCC
and the possible pathways involved, we performed GO, and KEGG enrichment
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analyses, which showed that TIGIT was significantly involved in T cell receptor

signaling pathways, cytokine-cytokine interactions, and GO functional analysis
showed that TIGIT was involved in T cell activation, natural killer cell-mediated
immunity (Figure 6(a), Figure 6(b)) HALLMARK enrichment analysis showed
that TIGIT is closely associated with interferon-gamma effector genes (Figure
6(c)). GSEA showed that TIGIT is highly enriched in the signature genome and
also indicated that TIGIT is substantially involved in the GO gene set, includ-
ing mediation of immunity, cytokine binding and T cell activation. Finally, the
KEGG genome showed that TIGIT is associated with T cell receptor signaling

pathways.
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Figure 6. GSEA analysis of the role of TIGIT expression and the immune microenviron-

ment of ESCC tumors.

4. Discussion

In recent years, research into the mechanisms of malignant tumours and thera-

peutic strategies has also evolved with the continuous development of malignant

tumors. Traditional therapeutic means are no longer sufficient to treat malig-

nant tumors. The emergence of immune checkpoint gene inhibitors marks a

new era in tumor therapy, achieving unprecedented therapeutic effects in several

malignant tumors [32]. 2002 Schreiber et al first proposed the theory of im-

mune editing, which was first proposed by Schreiber ef al in 2002, divided it in-
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to three stages: immune clearance, homeostasis, and escape [33]. In contrast,
tumor cells can alter the immune microenvironment of the tumor by recruiting
immunosuppressive cells and molecules, thereby evading the body’s immune
recognition and attack. This makes immunosuppressive cells and molecules par-
ticularly important [34]. TIGIT, one of the emerging immune checkpoint genes,
inhibits the anti-tumor response of T cells and NK cells by binding to the ligand
CD155, leading to immune escape of tumor cells and thus promoting tumor
progression.

In this paper, we used a bioinformatics approach to analyze the relationship
between TIGIT and the clinical features of ESCC. We used the TCGA database
to analyze that TIGIT was highly expressed in a variety of tumors; we further ve-
rified that TIGIT expression was significantly upregulated in oesophageal cancer
by analyzing the EC data in the TCGA database; we then performed ROC curve
analysis and plotted Kaplan We then performed ROC curve analysis and plotted
Kaplan-Meier curves to use survival analysis further and found that ESCC can-
cer patients with high TIGIT expression had significantly worse OS. These re-
sults suggest that TIGIT is a relevant biomarker for survival prognosis in ESCC.

The tumor immune microenvironment plays a vital role in the development
of tumourigenesis [35]. In this study, we examined the differences in immune
infiltration between the high and low TIGIT expression groups by analyzing the
ESCC data in the TCGA database. Compared with the low expression group, the
high expression group had higher TIGIT immune cell expression and higher
scores than the low expression group. The differences in immune scores and es-
timated scores were more pronounced, indicating that there was a significant
correlation between TIGIT and immune cell infiltration. The TIGIT expression
levels were significantly and positively correlated with the immune infiltration
levels of CD8+ T cells, CD4+ T cells, and M1 macrophages, indicating that
TIGIT is likely to be involved in the immune infiltration process of ESCC cells.
We also performed GSEA to analyze the relationship between TIGIT and TME.
GSEA showed that TIGIT was highly enriched in the signature genome and that
TIGIT was mainly involved in mediating immunity, cytokine binding, and T cell
activation, while TIGIT was also associated with the T cell receptor signaling

pathway, suggesting that TIGIT is intimately involved in the alteration of TIME.

5. Conclusion

In conclusion, this study showed that TIGIT was highly expressed in ESCC by
bioinformatics, and its high expression was closely associated with poor patient
prognosis. TIGIT may influence the progression of ESCC by participating in the
immune infiltration of TIME and thus in the remodeling of TIME. These find-
ings provide potential prognostic indicators and therapeutic targets for diagnos-
ing and managing ESCC. Although this study illustrates the relationship be-
tween TIGIT and clinical features of ESCC and the relationship between TIMEs,
this study has certain limitations. Firstly, the sample size needs to be further ex-

panded to cope with the wide heterogeneity of tumours, and also the lack of sys-
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tematic in vitro cellular and corresponding molecular mechanism studies and in

vivo animal studies.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Sung, H., Ferlay, J., Siegel, R.L., Laversanne, M., Soerjomataram, I., Jemal, A. and
Bray, F. (2021) Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence
and Mortality Worldwide for 36 Cancers in 185 Countries. CA: A Cancer Journal
for Clinicians, 71, 209-249. https://doi.org/10.3322/caac.21660

[2] Liang, H., Fan, J.H., and Qiao, Y.L. (2017) Epidemiology, Etiology, and Prevention
of Esophageal Squamous Cell Carcinoma in China. Cancer Biology & Medicine, 14,
33-41. https://doi.org/10.20892/j.issn.2095-3941.2016.0093

[3] Chen, W., Zheng, R, Baade, P.D., et al (2016) Cancer Statistics in CHINA, 2015.
CA: A Cancer Journal for Clinicians, 66, 115-132.
https://doi.org/10.3322/caac.21338

[4] Rustgi, A.K. and El-Serag, H.B. (2014) Esophageal Carcinoma. The New England
Journal of Medicine, 371, 2499-509. https://doi.org/10.1056/NE]Mral314530

[5] Watanabe, M., Otake, R., Kozuki, R., Toihata, T., Takahashi, K., Okamura, A. and
Imamura, Y. (2020) Recent Progress in Multidisciplinary Treatment for Patients with

Esophageal Cancer. Surgery Today, 50, 12-20.
https://doi.org/10.1007/s00595-019-01878-7

[6] Wu, M., Zhao, J.K., Zhang, Z.F., et al (2011) Smoking and Alcohol Drinking In-
creased the Risk of Esophageal Cancer among Chinese Men But Not Women in a
High-Risk Population. Cancer Causes and Control, 22, 649-657.
https://doi.org/10.1007/s10552-011-9737-4

[7] Song, G.H., Ma, Q., Ma, S.R., Chen, C. and Wei, W.W. (2017) Analysis of the Inci-
dence and Age Characteristics of Upper Gastrointestinal Cancer among 2003-2012

in the High Incidence Area of Esophageal Cancer, Cixian County, in Hebei Prov-
ince Chinese Journal of Preventive Medicine, 51, 398-402.

[8] Watanabe, M., Otake, R., Kozuki, R., Toihata, T., Takahashi, K., Okamura, A. and
Imamura, Y. (2020) Recent Progress in Multidisciplinary Treatment for Patients with
Esophageal Cancer. Surgery Today, 50, 12-20.
https://doi.org/10.1007/s00595-019-01878-7

[9] Huang, F.L. and Yu, S.J. (2018) Esophageal Cancer: Risk Factors, Genetic Associa-
tion, and Treatment. Asian Journal of Surgery, 41, 210-215.
https://doi.org/10.1016/j.asjsur.2016.10.005

[10] Kakeji, Y., Oshikiri, T., Takiguchi, G., Kanaji, S., Matsuda, T., Nakamura, T. and
Suzuki, S. (2021) Multimodality Approaches to Control Esophageal Cancer: Devel-
opment of Chemoradiotherapy, Chemotherapy, and Immunotherapy. Esophagus,
18, 25-32. https://doi.org/10.1007/s10388-020-00782-1

[11] Ribas, A. and Wolchok, J.D. (2018) Cancer Immunotherapy Using Checkpoint Block-
ade. Science, 359, 1350-1355. https://doi.org/10.1126/science.aar4060

[12] Joyce, J.A. and Fearon, D.T. (2015) T Cell Exclusion, Immune Privilege, and the
Tumor Microenvironment. Science, 348, 74-80.
https://doi.org/10.1126/science.aaa6204

DOI: 10.4236/jbm.2023.114025 360 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.114025
https://doi.org/10.3322/caac.21660
https://doi.org/10.20892/j.issn.2095-3941.2016.0093
https://doi.org/10.3322/caac.21338
https://doi.org/10.1056/NEJMra1314530
https://doi.org/10.1007/s00595-019-01878-7
https://doi.org/10.1007/s10552-011-9737-4
https://doi.org/10.1007/s00595-019-01878-7
https://doi.org/10.1016/j.asjsur.2016.10.005
https://doi.org/10.1007/s10388-020-00782-1
https://doi.org/10.1126/science.aar4060
https://doi.org/10.1126/science.aaa6204

L. Shi et al.

[13]

(14]

(15]

(16]

(17]

(18]

[19]

(20]

(21]

[22]

(23]

(24]

(25]

(26]

Janjigian, Y.Y., Bendell, J., Calvo, E., Kim, J.W., Ascierto, P.A., Sharma, P., et al
(2018) CheckMate-032 Study: Efficacy and Safety of Nivolumab and Nivolumab
Plus Ipilimumab in Patients With Metastatic Esophagogastric Cancer. Journal of
Clinical Oncology, 36, 2836-2844. https://doi.org/10.1200/]C0O.2017.76.6212

Kudo, T., Hamamoto, Y., Kato, K., Ura, T., Kojima, T., Tsushima, T., et al (2017)
Nivolumab Treatment for Oesophageal Squamous-Cell Carcinoma: An Open-Label,
Multicentre, Phase 2 Trial. The Lancet Oncology, 18, 631-639.
https://doi.org/10.1016/S1470-2045(17)30181-X

Manson, G., Norwood, J., Marabelle, A., Kohrt, H. and Houot, R. (2016) Biomark-
ers Associated with Checkpoint Inhibitors. Annals of Oncology, 27, 1199-1206.
https://doi.org/10.1093/annonc/mdw181

Gibney, G.T., Weiner, L.M. and Atkins, M.B. (2016) Predictive Biomarkers for
Checkpoint Inhibitor-Based Immunotherapy. The Lancet Oncology, 17, e542-e551.
https://doi.org/10.1016/S1470-2045(16)30406-5

Mantovani, A., Marchesi, F., Malesci, A., Laghi, L. and Allavena, P. (2017) Tu-
mour-Associated Macrophages as Treatment Targets in Oncology. Nature Reviews
Clinical Oncology, 14, 399-416. https://doi.org/10.1038/nrclinonc.2016.217

Porta, C., Sica, A. and Riboldi, E. (2018) Tumor-Associated Myeloid Cells: New
Understandings on Their Metabolic Regulation and Their Influence in Cancer Im-
munotherapy. The FEBS Journal, 285, 717-733. https://doi.org/10.1111/febs.14288
Savas, P., Salgado, R., Denkert, C., Sotiriou, C., Darcy, P.K., Smyth, M.J. and Loi, S.
(2016) Clinical Relevance of Host Immunity in Breast Cancer: From TILs to the
Clinic. Nature Reviews Clinical Oncology, 13, 228-241.
https://doi.org/10.1038/nrclinonc.2015.215

Chan, C.J., Andrews, D.M. and Smyth, M.]. (2012) Receptors that Interact with
Nectin and Nectin-Like Proteins in the Immunosurveillance and Immunotherapy of
Cancer. Current Opinion in Immunology, 24, 246-251.
https://doi.org/10.1016/j.c0i.2012.01.009

Yu, X., Harden, K., Gonzalez, L.C., Francesco, M., Chiang, E., Irving, B., et a/. (2009)
The Surface Protein TIGIT Suppresses T Cell Activation by Promoting the Genera-
tion of Mature Immunoregulatory Dendritic Cells. Nature Immunology, 10, 48-57.
https://doi.org/10.1038/ni.1674

Manieri, N.A., Chiang, E.Y. and Grogan, J.L. (2017) TIGIT: A Key Inhibitor of the
Cancer Immunity Cycle. Trends in Immunology, 38, 20-28.
https://doi.org/10.1016/}.it.2016.10.002

Blessin, N.C., Simon, R., Kluth, M., Fischer, K., Hube-Magg, C., Li, W., et al (2019)
Patterns of TIGIT Expression in Lymphatic Tissue, Inflammation, and Cancer.
Disease Markers, 2019, Article ID: 5160565. https://doi.org/10.1155/2019/5160565

Boles, K.S., Vermi, W., Facchetti, F., Fuchs, A., Wilson, T.J., Diacovo, T.G., Cella,
M. and Colonna, M. (2009) A Novel Molecular Interaction for the Adhesion of Fol-
licular CD4 T Cells to Follicular DC. European Journal of Immunology, 39, 695-703.
https://doi.org/10.1002/€ji.200839116

Stanietsky, N., Simic, H., Arapovic, J., Toporik, A., Levy, O., Novik, A., et al (2009)
The Interaction of TIGIT with PVR and PVRL2 Inhibits Human NK Cell Cytotox-
icity. Proceedings of the National Academy of Sciences of the United States of Ameri-
ca, 106, 17858-17863. https://doi.org/10.1073/pnas.0903474106

Levin, S.D., Taft, D.W., Brandt, C.S., Bucher, C., Howard, E.D., Chadwick, E.M., et
al (2011) Vstm3 Is a Member of the CD28 Family and an Important Modulator of
T-Cell Function. European Journal of Immunology; 41, 902-915.

DOI: 10.4236/jbm.2023.114025

361 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.114025
https://doi.org/10.1200/JCO.2017.76.6212
https://doi.org/10.1016/S1470-2045(17)30181-X
https://doi.org/10.1093/annonc/mdw181
https://doi.org/10.1016/S1470-2045(16)30406-5
https://doi.org/10.1038/nrclinonc.2016.217
https://doi.org/10.1111/febs.14288
https://doi.org/10.1038/nrclinonc.2015.215
https://doi.org/10.1016/j.coi.2012.01.009
https://doi.org/10.1038/ni.1674
https://doi.org/10.1016/j.it.2016.10.002
https://doi.org/10.1155/2019/5160565
https://doi.org/10.1002/eji.200839116
https://doi.org/10.1073/pnas.0903474106

L. Shiet al.

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

https://doi.org/10.1002/€ji.201041136

Wang, L., Han, H., Wang, Z., Shi, L., Yang, M. and Qin, Y. (2021) Targeting the
Microenvironment in Esophageal Cancer. Frontiers in Cell and Developmental Bi-
ology, 9, Article 684966. https://doi.org/10.3389/fcell.2021.684966

Harjunpid, H. and Guillerey, C. (2020) TIGIT as an Emerging Immune Checkpoint.
Clinical and Experimental Immunology; 200, 108-119.
https://doi.org/10.1111/cei.13407

Chauvin, J.M. and Zarour, H.M. (2020) TIGIT in Cancer Immunotherapy. The
Journal for ImmunoTherapy of Cancer, 8, e€000957.
https://doi.org/10.1136/jitc-2020-000957

Liu, L., You, X,, Han, S., Sun, Y., Zhang, J. and Zhang, Y. (2021) CD155/TIGIT, a Novel
Immune Checkpoint in Human Cancers (Review). Oncology Reports, 45, 835-845.
https://doi.org/10.3892/0r.2021.7943

Yeo, J., Ko, M., Lee, D.H., Park, Y. and Jin, H.S. (2021) TIGIT/CD226 Axis Regu-
lates Anti-Tumor Immunity. Pharmaceuticals (Basel), 14, Article 200.
https://doi.org/10.3390/ph14030200

Darvin, P., Toor, S.M., Nair, V.S. and Elkord, E. (2018) Immune Checkpoint Inhi-
bitors: Recent Progress and Potential Biomarkers. Experimental and Molecular
Medicine, 50, 1-11. https://doi.org/10.1038/s12276-018-0191-1

Schreiber, R.D., Old, L.J. and Smyth, M.]. (2011) Cancer Immunoediting: Integrat-
ing Immunity’s Roles in Cancer Suppression and Promotion. Science, 331, 1565-1570.
https://doi.org/10.1126/science.1203486

Kim, K., Marquez-Palencia, M. and Malladi, S. (2019) Metastatic Latency, a Veiled
Threat. Frontiers in Immunology, 10, Article 1836.
https://doi.org/10.3389/fimmu.2019.01836

Hinshaw, D.C. and Shevde, L.A. (2019) The Tumor Microenvironment Innately
Modulates Cancer Progression. Cancer Research, 79, 4557-4566.
https://doi.org/10.1158/0008-5472.CAN-18-3962

DOI: 10.4236/jbm.2023.114025

362 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.114025
https://doi.org/10.1002/eji.201041136
https://doi.org/10.3389/fcell.2021.684966
https://doi.org/10.1111/cei.13407
https://doi.org/10.1136/jitc-2020-000957
https://doi.org/10.3892/or.2021.7943
https://doi.org/10.3390/ph14030200
https://doi.org/10.1038/s12276-018-0191-1
https://doi.org/10.1126/science.1203486
https://doi.org/10.3389/fimmu.2019.01836
https://doi.org/10.1158/0008-5472.CAN-18-3962

	Preliminary Exploration of the Clinical Features and Immunological Correlation between TIGIT and Esophageal Squamous Cell Carcinoma
	Abstract
	Keywords
	1. Introduction
	2. Materials & Methods
	2.1. Data Collection and Collation
	2.2. Statistical Analysis Methods for Results

	3. Results
	3.1. Expression of TIGIT in Different Tumor Types
	3.2. Transcript Expression Levels of TIGIT in ESCA and ESCC
	3.3. TIGIT Survival Analysis in the ESCC
	3.4. Correlation between TIGIT Expression and the Level of Immune Cell Infiltration in ESCC
	3.5. TIGIT Expression Correlates with Immune Genes
	3.6. KEGG and GO Analysis

	4. Discussion
	5. Conclusion
	Conflicts of Interest
	References

