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Introduction: Tumor endothelial marker 7 (TEM7) is included in the endothelial cells of 
tumors as a greatly expressed protein. In previous studies, it has been confirmed that TEM7 
is highly expressed in gastric cancer (GC) cells and related to tumor invasion and migration. 
However, the relationship between TEM7 gene expressions, prognostic and tumor-infiltrating 
lymphocyte in GC is still unclear.
Methods: We obtained the expression of TEM7 in GC tissues using Oncomine and TIMER 
databases and validated it using qRT-PCR. The effect of TEM7 on survival in patients with GC 
was explored through the Kaplan–Meier Plotter database. Univariate and multifactorial analyses 
of the TCGA (The Cancer Genome Atlas) database were performed to explore the association of 
TEM7 expression with clinical traits. TIMER and GEPIA databases were used to analyze the 
relationship between TEM7 expression and immune infiltration. GSEA pathway enrichment in 
Kyoto Encyclopedia of Genes and Genomes (KEGG) exposed possible ways.
Results: An expression level of TEM7 was significantly increased in gastric cancer tissues 
and related with unfavorable survival in GC. Univariate analysis of TCGA (The Cancer 
Genome Atlas) database indicated that excessive level of TEM7 expression was linked with 
age, tumor grade and TMN classification, and multivariate analysis indicated that age and 
level of TEM7 expression were independent prognostic factors for a poor prognosis. The 
level of expression of TEM7 was positively related to tumor-infiltrating CD4+ and CD8+ 
T cells, neutrophils, macrophages, and dendritic cells other than B cells in GC. In the end, 
GSEA pathway enrichment exposed possible ways related to immunity.
Discussion: Our study indicates that TEM7 is a prognostic biomarker that makes the 
decision that the progression of GC and is connected with tumor immune infiltrates in GC.
Keywords: TEM7, gastric cancer, biomarker, prognosis, immune infiltration

Introduction
In statistics of 2020 of Global Cancer, gastric cancer is one of the main cancers of 
the digestive tract, and it is considered as the 5th most common cancer diagnosed, 
and is considered 4rd of the leading reasons for cancer death worldwide.1 The 
majority of gastric cancer patients cannot be treated early because it begins as 
asymptomatic. When gastric cancer patients begin showing symptoms of stomach 
ache, hemoptysis or weight loss, often it is at an advanced stage, with a poor 
overall survival (OS) rate.2 Although the level of medical treatment has devel-
oped rapidly, it remains a huge challenge to cure gastric cancer via surgery, radio 
therapies and chemotherapies.3 A path that is promising for treatment of 
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gastrointestinal (GI) cancers is said to be immunotherapy 
techniques.4 Programmed death-1 (PD-1), programmed 
death ligand-1 (PD-L1) inhibitors, and cytotoxic 
T lymphocyte-associated antigen 4 (CTLA4), are 
Immunotherapy that is considered as a benefit to non- 
small cell lung carcinoma (NSCLC). Most of the gastric 
cancer patients who received this immunotherapy had 
great outcomes.5,6 Most patients with gastric cancer 
who receive this immunotherapy have excellent results. 
Unfortunately, only a few agents have been found to be 
successful in GC, but those GC patients treated with 
these agents still have minimal survival rates.7 

Moreover, it has been found by scientists that Tumor- 
Associated Macrophages (TAMs), Tumor-Infiltrating 
Lymphocytes (TILs), and Tumor-Infiltrating Neutrophils 
(TINs) affect prognosis and immunotherapy.8,9 The 
immunophenotyping of tumor-immune interactions and 
determination of immune-related therapeutic targets in 
gastric cancer must therefore be elucidated as soon as 
possible.

In recent years, tumor endothelial cells (TECs), a set of 
proteins of cell surface strongly described in endothelial 
cells of different cancers, have received a huge amount of 
importance.10 Abnormality among normal endothelial 
cells and tumor cells gives a chance to determine certain 
markers, ie, Tumor Endothelial Markers (TEMs) along 
with tumor angiogenesis.11 TEM7, also called Plexin 
Domain-Containing 1 (PLXDC1), is one of the TEMS 
families and it has the most numerous gene isoform 
among the TEMs.12 TEM7 in the vascular endothelium 
of various malignant tumors was well known for being an 
exceedingly expressed gene in cell surface protein.10,13 In 
contrast, TEM7 expressions were indirectly related with 
micro vascular density and survival of the patients.14 

TEM7, which has been reported, can be a biomarker and 
has an ability to forecast the prognosis of patients with 
Colorectal Cancer, osteogenic sarcoma and advanced high- 
grade serous ovarian cancer.11,15 Therefore, we speculated 
that gastric cancer is similar to other solid tumors in that 
there is a large amount of neovascularization in gastric 
cancer tissues, which affects the development of gastric 
cancer. We decided to further investigate the role of TEM7 
in gastric cancer because we knew that the expression of 
TEM7 in gastric cancer tissues was higher than that in 
normal gastric tissues and only a few papers had reported 
the role of TEM7 in gastric cancer through reading related 
literature and screening relevant databases.

In this study, we used Oncomine, Gene Expression 
Profiling Interactive Analysis (GEPIA), the Kaplan–Meier 
plotter and TCGA databases to explore the relationship 
between TEM7 gene expression and patients’ clinicopatho-
logical characteristics with GC, and provided the potential 
relationship and mechanism between TEM7 and tumor- 
immune interaction, so that additional proof for its potential 
function as a prognostic marker of gastric cancer and its 
relationship with tumor-immune interaction can be given.

Materials and Methods
Data Acquisition
We extracted the Gastric Cancer patient databases from the 
TCGA databases, including 32 normal and 375 tumor 
tissues, including gene expression profiles and clinical 
information. Afterwards, we used the Perl programming 
language to link the gene expression information with 
clinical information and remove unknown or incomplete 
clinical information and the R software’s survival package 
was used to inspect the status of survival and gene 
expression.

The Expression Level of TEM7
(https://www.oncomine.org/resource/login.html) The 
Oncomine database has been used to establish the level 
of expression in many cancers of the TEM7 gene.16 The 
threshold parameters were calculated as follows: 0.05 
P-value, 1.5 fold shift, and all gene rankings.

Cell Lines and Clinical Specimens
Gastric cancer cell lines MGC-803, BGC-823, NCI-N87, 
AGS, SGC-7901 and normal gastric epithelial cells (GES-1) 
were provided by the Cell Bank of the Chinese Academy of 
Sciences (Shanghai, China). Gastric cancer tissue samples 
from 30 patients with GC admitted to Changzhou No. 2 
People’s Hospital (Changzhou, China) from 2018 to 2019 
were used in this study. Paracancerous tumors and tissues 
were collected during the operation and immediately stored 
at −80°C.

qRT-PCR
Cell lines and tissues were pretreated in order to extract 
total RNA. Synthesis of cDNA using Prime Script RT Kit 
(Takara, Dalian, China). Quantitative PCR was carried out 
with a 7500 real-time PCR system (ABI, Waltham, MA, 
USA). PCR primers were synthesized and purchased by 
SangonBiotech Company (Shanghai, China). TEM7: 
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forward: 5ʹ-ACACGCTGCCAGATAACAGG-3ʹ, reverse: 
5ʹ-TCGGCCACATCTACCCACA-3ʹ, GAPDH served as 
an internal control, and fold change had been calculated 
using the 2−ΔΔCT technique.

Kaplan–Meier Plotter Database Analysis
In 21 common cancer types, including 6234 breasts, 2190 
ovaries, 3452 lungs, and 1440 gastric cancers worldwide, 
the Kaplan Meier plotter includes a change of 54,675 
numbers of genes on survival. (http://kmplot.com/analy 
sis/) In order to identify the correlation between a level 
of TEM7 expression and level of survival in ovarian, 
breast, gastric, and lung cancers, a Kaplan–Meier plotter 
was used, and Hazard Ratio (HR) was determined, 95% of 
CI, and the log-rank P value of the web page.

TIMER Database Analysis
(https://cistrome.shinyapps.io/timer/) The web server, ie, 
TIMER is a comprehensive platform for systematic study 
of several cancer forms of immune infiltrates.17 TIMER 
algorithms (B cells, CD8+ T cells, CD4+ T cells, 
Macrophages, Neutrophils, and Dendritic cells) assess the 
concentration of six immune infiltrates.

We extracted an expression of TEM7 in different forms of 
cancer via gene marker and the relation between the expres-
sion of TEM7 and an abundance of immune infiltration, 
including B cells, CD4+ T cells, macrophages CD8+ T cells, 
dendritic cells and neutrophils. On the basis of previous 
research reports, B cells, TAMs, T cells, Natural Killer (NK) 
cells, monocytes, M1 macrophages, M2 macrophages, neutro-
phils, Dendritic Cells (DCs), T-Helper (TH) cells, T-Helper 17 
(Th17) cells, T (Tfh) Follicular Helper cells, exhausted T cells 
and Tregs were the gene markers that are useful for assessing 
of association between TEM7 and immune infiltration.18,19

GEPIA Analysis
(http://gepia.cancer-pku.cn/) Mainly concentrating on 
9736 tumors and 8587 standard TCGA and GTEx database 
samples, GEPIA is an interactive web application for gene 
expression analysis using the performance of a typical 
RNA sequencing a data processing pipeline. The findings 
of the study include more than 20,000 coding and 25,000 
noncoding genes, as well as over 14,000 segments of 
pseudo genes and 400 T cell receptors.20

The GEPIA database is used for generating the correla-
tion between survival rate and gene expression level in 
different tumors in order to verify the results formed by 
TIMER.

Gene Set Enrichment Analysis
Gene Set Enrichment Analysis is a technique that computes 
the statistical importance of the prior defined set of genes and 
the existence of differences between two states of biology.21 

GSEA initially illustrates the list of classification of these 
genes according to the association between these genes and 
the expression level of TEM7. One of the major differences 
noticed by us in the high and low survival of TEM7 groups is 
discussed in this method of measurement. TEM7 level of 
speech was the phenotype mark we put forward. Moreover, 
in order to develop the enriched pathways in each phenotype, 
we used nominal p-value and Normalized Enrichment Score 
(NES).22 It was considered that sets of a gene with 
a discovery rate (FDR) <0.05 were particularly enriched. 
The R (plyr, ggplot2, grid, grid Extra package) program 
visualized the outcomes.

Statistical Analysis
From the results provided by Oncomine, p-values, ranks and 
fold modifications were analyzed. Plots by Kaplan Meier 
formed curves of survival. In databases like TIMER and 
GEPIA, an expression of gene correlation is evaluated by 
using Spearman’s analysis of correlation and the statistical 
importance threshold is P < 0.05. Datasets collected from 
TCGA have been combined and carried out by R-4.0.2. The 
associations between clinical features and TEM7 level of 
expression were evaluated using logistic regression. 
Multivariate analysis is used to measure the effect of TEM7 
expression level and clinical characteristics of survival and 
the threshold of statistical significance was P < 0.05.

Results
In gastric cancer, there is a substantially higher level of 
expression of TEM7 as compared to normal tissues. High 
level of TEM7 expression in gastric cancer is associated 
with Overall Survival (OS), Post-Progression Survival 
(PPS), and Progression-Free Survival (PFS). Moreover, 
univariate logistic regression analysis indicates that age, 
tumor grade and TMN classification were significantly 
interlinked with the increased level of TEM7 expression. 
Multivariate research has also indicated that an unconven-
tional factor for a bad prognosis is the degree of TEM7 
expression. Tumor-infiltrating CD4+ and CD8+ T cells, 
macrophages, neutrophils, and dendritic cells other than 
B cells have been positively linked with TEM7 expression 
levels in GC. In addition, TEM7 showed more associations 
with CD8+ T cell, T cell (general), Monocytes, TAM, M2 
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Macrophage, Dendritic cell, Treg, T cell fatigue immune 
markers. In addition, in the Kyoto Encyclopedia of Genes 
and Genomes (KEGG), GSEA recognized cell adhesion 
molecules (CAMs), cytokine receptor interaction, ECM 
receptor interaction, MAPK signaling pathway, leukocyte 
transendothelial migration, toll-like receptor signaling 
pathway as differentially enhanced immunity-based 
pathway.

The mRNA Expression Levels of TEM7 in 
Different Types of Tumors
We also studied the mRNA levels of expression of TEM7 
in numerous types of tumors and also the corresponding 
normal tissues of numerous types of cancer via the 
Oncomine database to examine the variations in TEM7 
expression in different tumor tissues. This study found that 
level of TEM7 expression was particularly higher in 
tumors of the stomach, head, neck, kidney and pancreas 
and was particularly lower in tumors of the breast, leuke-
mia, ovary and other cancers compared to the tissues that 
are normal (Figure 1A and Supplementary Table 1).

In order to obtain further outcomes, a database used to 
evaluate the expression of TEM7 in different tumors was 
a TIMER database, based on the TCGA RNA-seq data, 
and the outcome indicated that TEM7 mRNA expression 
was particularly higher in Cholangiocarcinoma (CHOL), 
Colon Adenocarcinoma (COAD), Head and Neck 
Squamous cell Carcinoma (HNSC), Esophageal 
Carcinoma (ESCA), Liver Hepatocellular Carcinoma 
(LIHC), Kidney Renal clear cell Carcinoma (KIRC), 
Lung Adenocarcinoma (LUAD), Stomach 
Adenocarcinoma (STAD), Thyroid Carcinoma (THCA) 
and significantly lower in Breast Invasive Carcinoma 
(BRCA), Kidney Renal Papillary cell Carcinoma (KIRP) 
and Uterine Corpus Endometrial Carcinoma (UCEC) as 
compared to corresponding normal tissues (Figure 1B).

To further confirm that the expression level of TEM7 
in gastric cancer tissues was higher than that in paracan-
cerous tissues, we detected this in five gastric cancer cell 
lines and gastric epithelial cells (GSE-1) (Figure 1C). The 
expression levels of TEM7 in SGC-7901 (P < 0.01), AGS 
(P < 0.01) and MGC-803 (P < 0.05) were higher than that 
in gastric epithelial cells. In addition, using qRT-PCR 
technology to identify the expression of TEM7 at the 
transcriptional level, it was found that the interpretation 
level of TEM7 mRNA expression in GC tissues was 

fundamentally higher than that in neighboring non-tumor 
tissues. (p = 0.0053) (Figure 1D).

The Potential of TEM7 to Be a Prognostic 
Biomarker in Human Cancers
We used the Kaplan–Meier plotter database to analyze the 
correlation between the expression level of TEM7 and 
survival rate in different human tumors. The outcome 
indicates a high expression level of TEM7 corresponds 
to a poor prognosis in gastric cancer (OS: HR = 1.71, 
95% CI = 1.44–2.03, P-value = 7.9e-10; FP: HR =1.83, 
95% CI = 1.49–2.24, P-value = 6.5e-09; PPS: HR = 2.32, 
95% CI = 1.84–2.92, P-value = 1.9e-13; Figure 2A–C), 
ovarian cancer (OS: HR = 1.26, 95% CI = 1.11–1.43, 
P-value = 0.00041; PFS: HR = 1.27, 95% CI = 1.12– 
1.44, P-value = 0.00021; PS: HR = 1.53, 95% CI = 
1.29–1.81, P-value = 7e-07; Figure 2D–F), lung cancer 
(OS: HR = 0.77, 95% CI = 0.68–0.87, P-value = 4e-05; 
FPS: HR = 0.75, 95% CI = 0.58–0.97, P-value = 0.027; 
FP: HR = 0.94, 95% CI = 0.78–1.14, P-value = 0.55; 
Figure 2G–I). However, in breast cancer, OS: HR = 0.89, 
95% CI = 0.72–1.1, P-value = 0.28; PPS: HR = 1.16, 95% 
CI = 0.91–1.48, P-value = 0.22; DMFS, HR = 1.09, 95% 
CI = 0.9–1.32, P-value = 0.39: RFS: HR = 0.77, 95% CI = 
0.69–0.86, P-value = 3.1e-06; Figure 2J–M. Univariate 
correlation analysis of the use of Cox regression found, 
as shown in Table 1, that age, stage and TMN classifica-
tions are particularly linked with overall survival. In ana-
lysis of multivariate, age and the degree of TEM7 
expression (Figure 3) are independent prognostic factors.

The Correlation Between Clinical 
Features and TEM7 Expression Level in 
Gastric Cancer
To identify an association between clinical features and 
expression level of TEM7 in gastric cancer, a Kaplan– 
Meier Plotter database is used in order to analyze and 
the results are as follows (Table 2), high expression 
level of TEM7 corresponding to Overall Survival (OS) 
and Progression-Free Survival (PFS) in Female (OS: HR 
= 1.9, P-value = 0.0003; PFS: HR = 1.92, P-value = 
0.0008), male (OS: HR = 1.9, P-value= 6.90E-09; PFS: 
HR = 1.78, P-value = 2.70E-06), intestinal of Lauren 
classification (OS: HR = 2.2, P-value = 1.50E-06; PFS: 
HR = 1.46, P-value = 0.036), Diffuse of Lauren classi-
fication (OS: HR = 1.8, P-value = 0.0008; PFS: HR = 
1.75, P-value = 0.0016), surgery alone (OS: HR = 1.82, 
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P-value = 6.00E-05; PFS: HR = 1.65, P-value= 0.0005), 
other adjuvant (OS: HR = 3.45, P-value = 0.01; PFS: 
HR = 2.94, P-value= 0.0114), HER2 negative (OS: HR 
= 1.73, P-value = 2.20E-06; PFS: HR = 1.73, P-value= 
4.40E-05) and HER2 positive (OS: HR = 1.79, P-value 

= 1.1E-05; FPS: HR = 2.05, P-value= 1.20E-05). Above 
all, high expression level corresponding to poor OS and 
PFS belong to stage 3 (OS: HR = 1.54, P-value= 
0.0032; PFS: HR = 1.8, P-value= 0.0022), stage 4 
(OS: HR =1.56, P-value = 0.0237; PFS: HR = 1.49, 

Figure 1 TEM7 expression level in different types of human cancers. (A) High or low expression of TEM7 in different human cancer tissues compared with normal tissues 
using the Oncomine database. (B) The level of TEM7 expression in different tumor types from the TCGA database in TIMER. (C) The expression level of TEM7 was higher 
than that of GES-1 in three kinds of GC cells (AGS, SGC-7901 and N87). (D) qRT-PCR analysis of TEM7 mRNA expression in 30 pairs of GC tissues and adjacent nontumor 
tissues. 
Notes: *P < 0.05, **P < 0.01, ***P < 0.001.
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P-value = 0.0431). N category that refers to lymph node 
involvement include N1, N2, N3 were linked with 
TEM7 level of expression may affect a prognosis in 
patients of gastric cancer. In conclusion, the level of 
expression of TEM7 can change the prognosis in gastric 
cancer patients with different clinical characteristics, 
especially in advanced cancer patients.

The TEM7 Expression Level Correlates 
with the Infiltration Levels of Immune 
Cells in Gastric Cancer
Tumor-infiltrating lymphocyte situations associated 
with the time of survival in several human 
tumors.23,24 The database of TIMER was used to ana-
lyze the correlation in order to explain the relationship 

Figure 2 Kaplan–Meier survival curve analysis of the prognostic significance of high and low expression of TEM7 in different types of human cancers using the Kaplan–Meier 
plotter database (A–M). (A–C) High TEM7 expression was correlated with worse OS, PF and PPS in GC cohorts (n = 437, n = 320, n = 249). (D–F) Survival curves of OS, 
PFS and PS in the Ovarian cancer cohort (n = 825, n = 716, n = 391). (G–I) OS, FPS and FP survival curves of Lung cancer. High TEM7 expression was correlated with poor 
OS and FPS (n = 962, n = 172, n = 489). (J–M) OS, PPS, DMFS, RFS in the Breast cancer cohort (n = 701, n = 207, n = 901, n = 1972).
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between the TEM7 level of expression and the infiltrat-
ing level of immune cells in 39 types of cancer. 
Following are the findings: the level of expression of 

TEM7 is particularly linked with purity of tumor in 29 
types of cancer, TEM7 expression was closely related 
with the level of infiltration of B cells in 17 types of 
cancer, CD8+T cells in 20 types of cancer, CD4+T 
cells in 28 types of cancer, macrophages in 29 types 
of cancer, neutrophils in 25 types of cancer, and den-
dritic cells in 28 types of cancer (Figure 4 and 
Supplementary Figure 1).

Higher expression of TEM7 in gastric cancer was 
linked with poor outcomes and positively correlated with 
infiltration levels of CD8+ T cells (cor = 0.241, P-value= 
2.66e-06), CD4+ T cells (cor = 0.363, P-value= 7.19e-13), 
macrophages (cor = 0.591, P-value= 3.17e-36), neutro-
phils (cor = 0.326, P-value= 1.32e-10) and dendritic cells 
(cor = 0.432, P-value= 2.87e-18).

Table 1 A. Association with Overall Survival and 
Clinicopathologic Characteristic in TCGA Patients Using Cox 
Regression. B. Multivariate Survival Using Cox Regression

Clinical Characteristics HR (95% CI) p-value

A.

Age 1.027 (1.008–1.046) 0.006

Stage 1.535 (1.221–1.931) 0.000

T 1.298 (1.023–1.645) 0.032

M 2.048 (1.096–3.827) 0.025

N 1.267 (1.069–1.502) 0.006

B.

Age 1.042 (1.021–1.063) 9.13E-05

TEM7 1.178 (1.037–1.339) 0.012

Figure 3 Multivariate Cox analysis of TEM7 expression and other clinical pathological factors. (As age and TEM7 expression level are independent prognostic factors). 
Notes: *P < 0.05, ***P < 0.001.
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Analysis of a Correlation Between TEM7 
and Immune Marker Sets
For further analysis, TIMER database and GEPIA data-
base were used for investigating the association among 
TEM7 expression and tumor-infiltrating immune cell 
status depending on immune marker sets of different 
immune cells for gastric cancer. The tumor-infiltrating 
immune cells include T cells (general), CD8+ T cells, 
monocytes, TAMs, neutrophils, NK cells, M1 and M2 
macrophages and DCs. In addition, various subsets of 
T cells in gastric cancer tissues are also studied by us, 

including T helper 1 (Th1), Th2, and Th17, regulatory 
T (Tregs), depleted T cells and follicular helper T (Tfh). 
Cholangiocarcinoma was used as control. The correla-
tion was adjusted by tumor purity. An essential factor 
that affects the immune infiltration analysis in samples 
of tumor is known as tumor purity (Table 3).

The analysis indicates that the degree of expression of 
TEM7 was closely linked to the expression of most 
immune marker systems in different immune cells and 
T cell sets, whereas the connection was not relevant in 
Cholangiocarcinoma (Figure 5 and Table 4).

Table 2 Correlation of TEM7 mRNA Expression and Prognosis in Gastric Cancer with Different Clinicopathological Factors by 
Kaplan–Meier Plotter

Clinicopathological 
Factors

Overall Survival Progression-Free Survival

N Hazard Ratio P-value N Hazard Ratio P-value

SEX

Female 244 1.9 (1.33–2.71) 0.0003 244 1.92 (1.3–2.82) 0.0008

Male 566 1.9 (1.52–2.36) 6.90E-09 566 1.78 (1.4–2.27) 2.70E-06

Stage

1 69 1.93 (0.66–5.65) 0.2215 69 1.2 (0.39–3.81) 0.736

2 145 1.88 (1–3.52) 0.0447 145 1.59 (0.85–2.98) 0.147

3 319 1.54 (1.15–2.06) 0.0032 319 1.8 (1.23–2.64) 0.0022

4 152 1.56 (1.06–2.3) 0.0237 152 1.49 (1.01–2.2) 0.0431

T

1 14 - - 14 - -

2 253 2.09 (1.34–3.25) 0.0009 253 1.93 (1.26–2.98) 0.0023

3 208 1.47 (1.04–2.08) 0.029 208 1.3 (0.93–1.82) 0.1228

4 39 2.46 (0.99–6.11) 0.044 39 1.9 (0.86–4.17) 0.1045

N

0 76 2.21 (0.9–5.46) 0.0771 76 2.42 (0.99–5.93) 0.0462

1 232 2.09 (1.36–3.22) 0.0006 232 1.83 (1.22–2.74) 0.0032

2 129 1.62 (1.02–2.55) 0.0373 129 1.67 (1.08–2.57) 0.0203

3 76 2.5 (1.43–4.380 0.0009 76 2.1 (1.21–3.63) 0.0069

M

0 459 2.16 (1.62–2.89) 1.10E-07 459 1.98 (1.5–2.61) 7.90E-07

1 58 1.36 (0.76–2.43) 0.2936 58 1.11 (0.62–1.99) 0.7282

Lauren classification

Intestinal 336 2.2 (1.58–3.16) 1.50E-06 336 1.46 (1.02–2.09) 0.036

Diffuse 248 1.8 (1.27–2.56) 0.0008 248 1.75 (1.23–2.48 0.0016

Mixed 33 2.05 (0.7–6.01) 0.184 33 1.62 (0.56–4.72) 0.3679

Differentiation

Poorly differentiated 166 1.22 (0.82–1.83) 0.3225 166 1.22 (0.77–1.94) 0.39

Moderately differentiated 67 1.12 (0.58–2.41) 0.7338 67 1.44 (0.77–2.7) 0.2474

Moderately differentiated 32 1.84 (0.77–4.38) 0.16 - - -

Treatment

Surgery alone 293 1.82 (1.35–2.45) 6.00E-05 393 1.65 (1.24–2.2) 0.0005

5 FU based adjuvant 157 1.2 (0.85–1.69) 0.307 157 1.13 (0.8–1.59) 0.4868

Other adjuvant 80 3.45 (1.25–9.51) 0.0108 80 2.94 (1.22–7.05) 0.0114

HER2

HER2 negative 641 1.73 (1.38–2.18) 2.20E-06 641 1.73 (1.32–2.25) 4.40E-05

HER2 positive 464 1.79 (1.38–2.33) 1.10E-05 464 2.05 (1.48–2.85) 1.20E-05

Note: Bold values indicate P < 0.05.
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We found that levels of expression of maximum CD8+ 
T cell, T cell (general), Monocytes, TAM, Dendritic cell, 
M2 Macrophage, Treg, T cell fatigue marker sets have 
good associations in gastric cancer with TEM7 expression. 
Specifically, we showed CD2 of T cell (general), CD86 
and CD115 of Monocytes, CCL2, CD68 and IL10 of 
TAM, CD163, VSIG4 and MS4A4A of M2 Macrophage, 
HLA-DPB1, HLA-DRA, HLA-DPA1, BDCA-1, BDCA-4 
and CD11c of Dendritic cell, FOXP3, CCR8, STAT5B and 
TGFβ of Treg, TIM-3 of T cell exhaustion represented 
a relation with TEM7 expression in gastric cancer 
(P < 0.001; correlation value >0.30).

Gene Sets Enriched in TEM7 Expression 
Phenotype
In order to differentiate the ways involved in gastric can-
cer, between high and low LncRNA data sets of TEM7 
expression, GSEA-based TEM7-related signaling path-
ways were being used and indicated considerable differ-
ences in KEGG Collection enrichment (FDR <0.05, NOM 
P-value <0.05). Due to the limited space, only six high 
routes and immunity-related expressions are described 
here (Table 5).

Six Immunity-related KEGG items including cytokine 
receptor interaction, cell adhesion molecule cams, ECM 
receptor interaction, MAPK indicating pathway, transen-
dothelial leukocyte migration and toll-like receptor signal-
ing pathway were shown to significantly differential 
enrichment in the high-expression TEM7 phenotype and 
there are no low-expression immunity-related signal routes 
in the TEM7 phenotype (Figure 6).

All of these indicate the potential role of TEM7 in GC 
growth.

Discussion
Plexin domain-containing 1 (PLXDC1), initially recog-
nized as a strongly expressed protein in the vascular 

endothelium of human tumors, is classified as Tumor 
Endothelial Marker 7 (TEM7).10 It is a molecular target 
candidate for antiangiogenic therapy. In previous studies, 
elevated expression of TEM7 in tumor endothelial cells 
and its function in tumor angiogenesis have been well 
demonstrated.13,25 A number of cancer tissues, including 
colorectal cancer, osteosarcoma, and glioblastoma epithe-
lium, also express TEM7. According to our knowledge, 
limited literature is available on the possible prognostic 
and immune-related effect of TEM7 on gastric cancer. It 
has been reported that TEM7 is highly expressed in gastric 
cancer. According to previous reports of TEM7, the high 
expression of TEM7 in gastric cancer can promote the 
migration and invasion of gastric cancer cells,26 and 
TEM7 is related to angiogenesis under normal and patho-
logical conditions.12,27 In our study, we verified the above 
findings through TCGA database and made further statis-
tical analysis of the data. Using univariate and multivariate 
COX analysis, we obtained more important results. TEM7 
can be used as an independent prognostic factor to judge 
the prognosis of patients with gastric cancer. Combined 
with the results of our current study, the high expression of 
TEM7 is related to the late stage of gastric cancer. We 
speculate that the reason for the high expression of TEM7 
in patients with gastric cancer, especially in patients with 
advanced gastric cancer, is that gastric cancer cells in 
advanced patients have stronger ability of migration and 
invasion, which leads to distant metastasis of gastric can-
cer cells, and the vascular network of advanced gastric 
cancer is more abundant. It provides more nutrition for the 
progression of gastric cancer, but the specific regulation 
mechanism of high expression of TEM7 in patients with 
gastric cancer is still unclear. Here, the results show that 
expression levels of TEM7 link with several human cancer 
prognosis, high expression levels relate to a poor prog-
nosis in several cancers, such as gastric, ovarian, and lung 
cancer. Interestingly, TEM7 expression level correlated 
with relatively late stage (stage 3+4) and lymph node 

Figure 4 Correlation analysis of TEM7 expression and infiltration levels of immune cells in GC tissues using the TIMER database. TEM7 expression in GC tissues negatively 
correlates with tumor purity and infiltration levels of B cells, CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells (n = 415).
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Table 3 Correlation Analysis Between TEM7 and Relate Genes and Markers of Immune Cells in TIMER

Description Gene Markers STAD CHOL

None Purity None Purity

Cor P Cor P Cor P Cor P

CD8+T cell CD8A 0.243 *** 0.230 *** 0.042 0.81 0.03 0.85

CD8B 0.126 0.01 0.121 0.02 −0.304 0.07 −0.334 0.05

T cell (general) CD3D 0.129 *** 0.205 *** 0.147 0.39 0.156 0.37
CD3E 0.248 *** 0.237 *** 0.044 0.8 0.034 0.85

CD2 0.300 *** 0.299 *** 0.024 0.89 0.011 0.95

B cell CD19 0.222 *** 0.207 *** 0.093 0.56 0.092 0.60
CD79A 0.239 *** 0.211 *** 0.176 0.3 0.186 0.29

Monocyte CD86 0.441 *** 0.444 *** 0.029 0.87 0.017 0.92

CD115 (CSF1R) 0.555 *** 0.551 *** 0.088 0.61 0.084 0.63
TAM CCL2 0.425 *** 0.421 *** 0.204 0.23 0.203 0.24

CD68 0.316 *** 0.310 *** 0.002 0.99 −0.006 0.97

IL10 0.466 *** 0.462 *** 0.149 0.39 0.177 0.31
M1 Macrophage INOS (NOS2) 0.014 0.78 0.020 0.69 0.571 ** 0.571 **

IRF5 0.341 *** 0.333 *** 0.273 0.11 0.274 0.11

COX2 (PTGS2) 0.237 *** 0.229 *** 0.055 0.75 0.046 0.78
M2 Macrophage CD163 0.481 *** 0.476 *** 0.233 0.17 0.252 0.14

VSIG4 0.437 *** 0.447 *** 0.024 0.89 0.013 0.94

MS4A4A 0.494 *** 0.494 *** 0.237 0.16 0.281 0.10
Neutrophils CD66b (CEACAM8) 0.073 0.13 0.106 0.03 0.265 0.12 0.265 0.13

CD11b (ITGAM) 0.473 *** 0.470 *** 0.287 0.90 0.29 0.09

CCR7 0.370 *** 0.361 *** 0.065 0.70 0.061 0.73
Natural killer cell KIR2DL1 0.172 ** 0.180 *** 0.039 0.82 0.035 0.84

KIR2DL3 0.139 * 0.131 0.01 0.057 0.74 0.054 0.76

KIR2DL4 −0.038 0.45 −0.055 0.29 −0.272 0.11 −0.286 0.10
KIR3DL1 −0.124 0.01 0.118 0.02 −0.036 0.83 −0.041 0.82

KIR3DL2 0.166 ** 0.171 ** −0.257 0.13 −0.258 0.13

KIR3DL3 −0.062 0.21 −0.043 0.4 −0.096 0.58 −0.1 0.57
KIR2DS4 0.099 0.04 0.083 0.11 0.16 0.35 0.157 0.37

Dendritic cell HLA-DPB1 0.312 *** 0.304 *** −0.08 0.64 −0.104 0.55

HLA-DRA 0.251 *** 0.247 *** −0.107 0.53 −0.138 0.43
HLA-DPA1 0.276 *** 0.269 *** −0.112 0.51 −0.143 0.41

BDCA-1 (CD1C) 0.371 *** 0.361 *** 0.005 0.98 −0.008 0.96

BDCA-4 (NRP1) 0.699 *** 0.693 *** 0.193 0.26 0.195 0.26
CD11c (ITGAX) 0.516 *** 0.516 *** 0.138 0.42 0.144 0.41

Th1 T-bet (TBX21) 0.254 *** 0.259 *** 0.084 0.62 0.084 0.63

STAT4 0.369 *** 0.367 *** 0.17 0.32 0.17 0.33
STAT1 0.130 * 0.130 0.01 0.219 0.20 0.22 0.21

IFN-γ (IFNG) 0.036 0.47 0.042 0.41 −0.073 0.67 −0.097 0.58

TNF-α (TNF) 0.177 ** 0.162 * 0.221 0.19 0.22 0.21
Th2 GATA3 0.281 *** 0.277 *** 0.03 0.86 0.017 0.92

STAT6 0.196 *** 0.195 ** 0.592 ** 0.593 **
STAT5A 0.378 *** 0.372 *** 0.244 0.15 0.243 0.16

IL13 0.126 * 0.141 * −0.092 0.59 −0.102 0.56

Tfh BCL6 0.415 *** 0.389 *** 0.232 0.17 0.231 0.18
IL21 0.136 * 0.143 * −0.023 0.89 −0.032 0.86

Th17 STAT3 0.434 *** 0.425 *** 0.269 0.11 0.269 0.12

IL17A −0.062 0.21 −0.064 0.21 0.18 0.29 0.179 0.30

(Continued)
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metastasis. Therefore, TEM7 can be a predictor of tumor 
stage and metastasis. Besides, in analysis of multivariate, 
TEM7 expression level is an unconventional prognostic 
factor. Therefore, TEM7 can be a tumor stage and metas-
tasis indicator. Moreover, our outcomes showed that 
TEM7 expression level strongly correlated with immune 
infiltration and sets of immune markers of different 
immune cells. In conclusion, it is revealed in our study 
that it is the potential of TEM7 to be a prognostic biomar-
ker and strong correlation with tumor immunology.

In our analysis, Oncomine, GEPIA and Kaplan- 
Meier Plotter databases are used to investigate the 
level of TEM7 expression and the relationship between 
TEM7 rate of expression and the rate of survival in 
different human tumors. TEM7 expression was up- 
regulated in cancer of the brain, CNS, breast, esopha-
geal, gastric, kidney, liver, pancreatic and sarcoma. 
Although some data sets showed that in leukemia, lym-
phoma, ovarian cancer and prostate cancer, TEM7 
expression was down-regulated. However, the results 
from a GEPIA database show that TEM7 expression is 
up-regulated in Cholangiocarcinoma, Colon adenocarci-
noma, Esophageal carcinoma, Kidney renal clear cell 
carcinoma, Head and Neck squamous cell carcinoma, 
Liver Hepatocellular carcinoma, Lung adenocarcinoma, 
Stomach adenocarcinoma and Thyroid carcinoma, 
whereas some data sets showed that TEM7 expression 
was down regulated in Kidney renal papillary cell, 

Breast invasive carcinoma, and Uterine corpus endome-
trial carcinoma. The reason for the inconsistent results 
may be due to the methods of data collection and 
fundamental causative mechanisms. The expression of 
TEM7 in gastric cancer, however, was consistent in both 
databases. In addition, Kaplan-Meier Plotter findings 
show that high TEM7 expression levels are associated 
with low survival rates for gastric, ovarian, and lung 
cancer. In addition, a high level of TEM7 expression 
associated with worse patient prognosis at a relatively 
late step (stage 3+4). The above findings recommend 
that TEM7 is a possible biomarker indicator for gastric 
cancer.

Outcomes from the databases of TIMER and GEPIA 
indicate that degree of expression of TEM7 is linked with 
immune cell infiltration status in gastric cancer. The TEM7 
expression is positively connected with infiltration of 
immune cells including CD8+ and CD4+ T cells, neutro-
phils, macrophages, and DCs. It suggests the level of 
expression of TEM7 is related to tumor immune; there-
fore, it can affect the survival rates of patients of gastric 
cancer. In addition, the degree of expression of TEM7 
shows a clear correlation with immune cell markers like 
T cell CD2 (general), Monocytes CD86 and CD115, TAM 
CCL2, CD68 and IL10, M2 Macrophage CD163, VSIG4 
and MS4A4A, HLA-DPB1, HLA-DRA, HLA-DPA1, 
BDCA-1, BDCA-4 and Dendritic cell CD11c, FOXP3, 
CCR8, STAT5B and TGFβ of Treg, T cell exhaustion 

Table 3 (Continued). 

Description Gene Markers STAD CHOL

None Purity None Purity

Cor P Cor P Cor P Cor P

Treg FOXP3 0.385 *** 0.378 *** 0.098 0.57 0.099 0.57

CCR8 0.460 *** 0.463 *** 0.043 0.81 0.034 0.84
STAT5B 0.493 *** 0.479 *** 0.407 0.01 0.407 0.02

TGFβ (TGFB1) 0.545 *** 0.531 *** 0.389 0.02 0.398 0.02

T cell exhaustion PD-1 (PDCD1) 0.175 ** 0.173 ** 0.313 0.06 0.318 0.06
CTLA4 0.225 *** 0.224 *** 0.024 0.90 0.016 0.93

LAG3 0.133 * 0.133 * −0.041 0.81 −0.055 0.75

TIM-3 (HAVCR2) 0.444 *** 0.447 *** 0.14 0.41 0.143 0.41
GZMB 0.100 0.04 0.082 0.11 −0.046 0.79 −0.065 0.71

Notes: Purity, correlation adjusted by purity. *P < 0.05, **P < 0.01, ***P < 0.001. 
Abbreviations: STAD, gastric cancer; CHOL, cholangiocarcinoma; TAM, tumor-associated macrophage; Th, T helper cell; Tfh, Follicular helper T cell; Treg, regulatory 
T cell; Cor, R value of Spearman’s correlation; None, correlation without adjustment.
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TIM-3. Upregulated and ectopic tumor FOXP3, partly 
through the TGF-βpathway, can promote gastric cancer 
proliferation, migration, and invasion.28 The expression 
of TIM3 has been observed in dysfunctional CTLs in 
both solid tumors and hematological cancers.29,30 In con-
clusion, TEM7 plays a vital role in modulating tumor 
immunity in gastric cancer.

According to the relevant literature we reviewed, there 
are few articles about TEM7 and immunity, so the 
mechanism between TEM7 and immune infiltration is 
not clear. We used GSEA to identify signaling pathways 
involved in TEM7 expression. The possible key pathways 
related to immunity in gastric cancer that is regulated by 
TEM7 include cell adhesion molecules (CAMs), MAPK 
signaling pathway, ECM receptor interaction, leukocyte 
transendothelial migration, cytokine receptor interaction, 
and toll like receptor signaling pathway. Syndecan-1, 

E-cadherin and integrin β3 together make cell adhesion 
molecules (CAMs) and also takes part in the bond between 
cell and extracellular matrix.31 The development of synde-
can-1 has been up-regulated in stomach and other tissues 
during epithelial regeneration and rearrangement.32,33 

E-cadherin is presented in normal cells and highly related 
to annexation of cancer cells.32 Survival, movement, pro-
liferation and inflammatory reaction of cells are regulated 
by Integrin.34 By controlling the interaction of cytokines, 
cytokine-cytokine receptor interactions can control the 
occurrence and progression of cancer.35 The malignant 
behavior and development of cancer can be affected by 
cell–cell interactions, soluble factor signaling and the 
highly complex nature of ECM.36–39 An integral part of 
the inflammatory response is recruitment of leukocytes 
from circulation to the sites of inflammation, and transen-
dothelial migration of leukocytes is a crucial step in such 

Figure 5 Continue.
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recruitment.36–39 We hypothesized that TEM7 may affect 
immune infiltration in gastric cancer through these 
pathways.

There are multiple drawbacks to our analysis. Firstly, 
we used several databases to investigate the function of 
TEM7; the results may be distorted by various methods in 
data collection and analysis. Secondly, in the database, the 
sample size of individual tumors is small; the findings may 
not be representative. Thirdly, to validate our conclusion, 
we did not perform in vitro or animal studies.

In conclusion, our findings indicate that TEM7 is 
a possible biomarker indicator of gastric cancer and can 
be used to determine immune cell infiltration levels in 
tumor tissues.

Conclusion
The conclusion of our study is that it is a prognostic 
biomarker. Determination of the progression of cancer 
is done through TEM7 and it is correlated with the 
Tumor Immune Infiltrates in gastric cancer as well.

Figure 5 Correlation analysis of TEM7 expression and the expression of marker genes of infiltrating immune cells in GC (A–I) and CHOL (J–Q) using the TIMER database. 
(A–G) The scatter plots show correlation between TEM7 expression and the gene markers of (A) CD8+T cell (CD8A and CD8B); (B) T cell (general) (CD3D, CD3E, 
CD2); (C) Monocyte (CD86 and CD115); (D) TAM (CCL2, CD68 and IL10); (E) M2 Macrophage (CD163, VSIG4, MS4A4A); (F) Dendritic cell (HLA-DPB1, HLA-DRA, 
HLA-DPA1, BDCA-1, BDCA-4 and CD11c); (G) Treg (FOXP3, CCR8, STAT5B and TGFβ); (H) T cell exhaustion (PD-1, CTLA4, LAG3, TIM-3 and GZMB) in GC samples (n 
= 415). (J–Q) The scatter plots show correlations between TEM7 expression and the gene markers of (J) CD8+T cell (CD8A and CD8B); (K) T cell (general) (CD3D, 
CD3E, CD2); (L) Monocyte (CD86 and CD115); (M) TAM (CCL2, CD68 and IL10); (N) M2 Macrophage (CD163, VSIG4, MS4A4A); (O) Dendritic cell (HLA-DPB1, HLA- 
DRA, HLA-DPA1, BDCA-1, BDCA-4 and CD11c); (P) Treg (FOXP3, CCR8, STAT5B and TGFβ); (Q) T cell exhaustion (PD-1, CTLA4, LAG3, TIM-3 and GZMB) in CHOL 
(n = 36).
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Table 4 Correlation Analysis Between TEM7 and Marker Genes of Immune Cells in GEPIA

Description Gene Markers STAD CHOL

Tumor Normal Tumor Normal

R P R P R P R P

CD8+T cell CD8A 0.26 0.00000018 −0.1 0.55 0.035 0.84 0.5 0.18

CD8B 0.13 0.0073 0.13 0.007 −0.23 0.17 0.55 0.13

T cell (general) CD3D 0.18 0.00018 −0.36 0.033 0.16 0.34 0.53 0.15
CD3E 0.24 0.00000079 −0.25 0.14 0.16 0.34 0.53 0.15

CD2 0.31 2.20E-10 −0.22 0.19 0.059 0.73 0.55 0.13

Monocyte CD86 0.46 5.30E-23 0.021 0.9 0.054 0.76 0.63 0.076
CD115 (CSF1R) 0.61 2.20E-43 0.4 0.015 0.12 0.49 0.45 0.23

TAM CCL2 0.44 3.80E-21 0.52 0.0014 0.24 0.16 0.37 0.34

CD68 0.38 2.00E-15 −0.41 0.014 0.024 0.89 0.43 0.25
IL10 0.54 3.90E-32 0.28 0.1 0.33 0.053 −0.47 0.2

M2 Macrophage CD163 0.44 5.40E-21 0.78 3.40E-07 0.17 0.33 0.28 0.46

VSIG4 0.49 1.60E-25 0.63 6.00E-05 0.073 0.67 −0.017 0.98
MS4A4A 0.55 3.30E-33 0.72 8.40E-07 0.23 0.17 0.067 0.88

Dendritic cell HLA-DPB1 0.33 7.50E-12 −0.043 0.8 −0.044 0.8 0.62 0.086

HLA-DRA 27 0.000000029 −0.1 0.56 −0.05 0.77 0.58 0.11
HLA-DPA1 0.31 9.70E-11 −0.042 0.81 −0.064 0.71 0.55 0.13

BDCA-1 (CD1C) 0.36 2.70E-14 −0.078 0.65 0.00051 1 0.8 0.014
BDCA-4 (NRP1) 0.73 7.00E-68 0.87 3.30E-12 0.28 0.099 0.05 0.91
CD11c (ITGAX) 0.55 2.00E-33 0.33 0.051 0.17 0.31 0.83 0.0083

Treg FOXP3 0.38 9.60E-16 −0.33 0.048 0.079 0.65 −0.35 0.36

CCR8 0.49 1.80E-26 −0.23 0.17 0.11 0.53 0.6 0.089
STAT5B 0.55 2.80E-34 0.83 5.50E-10 0.53 0.0012 0.75 0.25

TGFβ (TGFB1) 0.57 4.60E-36 0.28 0.1 0.35 0.036 0.62 0.086

T cell exhaustion PD-1 (PDCD1) 0.19 0.0001 −0.16 0.35 0.34 0.046 0.71 0.034
CTLA4 0.26 0.00000011 −0.28 0.096 0.11 0.51 0.65 0.057

LAG3 0.12 0.017 0.12 0.47 −0.023 0.9 0.45 0.23

TIM-3 (HAVCR2) 0.5 1.00E-27 0.27 0.11 0.14 0.42 0.65 0.067
GZMB 0.071 0.15 −0.25 0.14 −0.061 0.72 0.12 0.78

Note: Bold values indicate P < 0.05.

Table 5 Gene Sets Enriched in Phenotype

Gene Set Name NES NOM p-val FDR q-val

High expression

KEGG_CELL_ADHESION_MOLECULES_CAMS 1.97 0.006 0.011

KEGG_CYTOKINE_CYTOKINE_RECEPTOR_INTERACTION 2.18 0.000 0.002
KEGG_ECM_RECEPTOR_INTERACTION 2.28 0.000 0.000

LEUKOCYTE_TRANSENDOTHELIAL_MIGRATION 1.9 0.006 0.017

KEGG_MAPK_SIGNALING_PATHWAY 1.79 0.006 0.035
KEGG_TOLL_LIKE_RECEPTOR_SIGNALING_PATHWAY 1.78 0.016 0.035

Note: Gene sets with NOM p-value <0.05 and FDR q-value <0.05 are considered. 
Abbreviations: NES, normalized enrichment score; NOM, nominal; FDR, false discovery rate.
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Highlight
1. Advanced patients with GC can be guided through the 

expression level of TEM7.
2. TEM7 is an independent risk factor for predicting the 

prognosis of patients with GC.
3. Tumor-infiltrating cells have been positively linked 

with TEM7 expression level in GC.
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