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Abstract 

Background: Recently, various evidence has confirmed that Tyrosine Kinase with Immunoglobulin-like and 
EGF-like domains 1 (TIE1) promotes tumor growth in many cancers. However, the precise mechanism 
underlying TIE1's involvement in Gastric Cancer (GC) remains elusive. This research aimed to investigate the 
biological function of TIE1 in regulating GC progression. 
Methods: The Cancer Genome Atlas (TCGA), Gene Expression Omnibus (GEO), GEPIA2.0, Sangerbox3.0 
and TIMER databases were used to analyze the TIE1 expression. Immunohistochemistry (IHC) was used to 
demonstrate the expression of TIE1. TCGA, GEPIA2.0 and Kaplan-Meier were utilized for survival analysis and 
to explore the association of TIE1 with clinicopathological features. Protein-Protein Interaction (PPI) networks 
were constructed using Cytoscape. The potential molecular mechanism of TIE1 was investigated by Gene 
Ontology (GO), Kyoto Encyclopedia of Gene Genomes (KEGG), and Gene Set Enrichment Analysis (GSEA). 
We studied the relationships between TIE1 and mutations, immune checkpoints (ICs), tumor mutational 
burden (TMB), as well as microsatellite instability (MSI) to explore the underlying mechanism of immunity in 
GC. 
Results: Compared with normal tissue, TIE1 was significantly overexpressed in GC tissues (p = 0.0072) and 
was associated with poor survival (P < 0.05). According to GO and KEGG enrichment analyses, TIE1 was 
enriched in signal pathways related to the occurrence, invasion, and migration of malignant tumors (i.e., 
PI3K-Akt signaling pathway, Calcium signaling pathway, etc.). Immune infiltration analysis suggested that TIE1 is 
positively correlated with macrophages M2 and negatively correlated with Mast cells, naive B cells and Follicular 
helper T cells (TFH), which may be a contributing factor to tumor progression. Furthermore, the research on 
the tumor microenvironment (TME) and tumor purity also proved that TIE1 may be an oncogene. Mutation 
analysis showed that the high expression group of TIE1 had a higher frequency of mutations in TP53 and ARID1, 
while the TMB score was lower. 
Conclusion: TIE1 might be an oncogene via regulating dysregulated immune infiltration to cause 
immunosuppression in GC and could be identified as a biomarker for prognosis and a therapeutic target for 
GC. 

Keywords: Tyrosine Kinase with Immunoglobulin-like and EGF-like domains 1; Gastric Cancer; Bioinformatics analysis; 
Immunotherapy; Potential Biomarker. 

Introduction 
Gastric cancer (GC) is a malignant disease with a 

high incidence and fatality rate worldwide [1, 2]. 
Currently, GC ranks as the fifth most prevalent cancer 

and has escalated to become the third leading cause of 
cancer-related deaths globally [3, 4]. The highest 
incidence rates are observed in Asia and Eastern 
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Europe [5]. GC often carries a poor prognosis and 
overall survival due to its common diagnosis at an 
advanced stage. In 2022, there were approximately 
4,820,000 and 2,370,000 new cancer cases, and 
3,210,000 and 640,000 cancer deaths in China and the 
USA, respectively [6]. Recent advancements in the 
field of GC treatment have encompassed various 
modalities such as surgery, chemotherapy, radio-
therapy, and immunotherapy. However, the scarcity 
of early and accurate diagnostic biomarkers for GC 
has resulted in a majority of patients facing an adverse 
prognosis. Consequently, it becomes imperative to 
identify appropriate prognostic indicators and 
therapeutic targets that can effectively augment the 
survival rate of GC patients. 

TIE1 (tyrosine kinase with immunoglobulin-like 
and EGF-like domains 1) is a tyrosine kinase receptor, 
originally found in an erythroleukemia cell line [7, 8]. 
Previous research has shown that TIE1 is primarily 
expressed in endothelial cells and plays a crucial role 
in the formation of blood and lymphatic vessels [9]. 
The mouse tumor model lacking TIE1 reduces tumor 
angiogenesis and normalizes blood vessels, resulting 
in increased tumor necrosis and ultimately postponed 
tumor development [10]. TIE1 has been implicated in 
various cancers including gastric cancer [11], breast 
cancer [12], cutaneous angiosarcoma [13], colon 
cancer, etc. [14]. Additionally, TIE1 significantly 
influences the resistance of ovarian cancer cells to 
platinum therapy [15]. However, the exact role of 
TIE1 in GC and its potential regulatory mechanisms 
remain uncertain. 

In recent years, immunotherapy has emerged as 
a promising approach, and scientific advancements 
have expanded our understanding of the immune 
system's response to malignant cells. Numerous 
successful immunotherapy methods have been 
developed, including immune checkpoint inhibitors 
(ICIs), monoclonal antibodies, cytokines, cellular 
immunotherapy, and vaccines [16, 17]. Additionally, 
the tumor microenvironment (TME) exerts a 
profound influence on tumor initiation, progression, 
invasion, metastasis, and treatment response [18]. 
Recent studies have demonstrated that specific key 
genes can impact the immune microenvironment of 
tumors, thereby affecting tumor immunotherapy. For 
example, UHRF1 in hepatocellular carcinoma (HCC) 
[19], CXCL11 in colorectal cancer (CRC) [20], AFF3 in 
GC [21], and so on. In the current study, we observed 
a significant upregulation of TIE1 in GC which is 
associated with a poor prognosis for patients. These 
findings suggest that TIE1 may play a crucial role in 
the tumorigenesis of GC. Furthermore, tumor- 
immune infiltrating cells (TIICs) can serve as a 
valuable prognostic indicator for patients [22]. The 

significant correlation between TIE1 and TIICs 
indicates its potential as a promising diagnostic 
biomarker and therapeutic target for GC 
immunotherapy (See the Graphical Abstract). 

Materials and Methods 
TIE1 gene expression 

The mRNA expression level of TIE1 in 
pan-cancer was determined by using the TIMER 
database (https://cistrome.shinyapps.io/timer/) and 
Sangerbox3.0 (http://www.sangerbox.com/home 
.html). TIMER contains 32 cancer types and employs 
box plots to visualize the distribution of TIE1 
expression levels, and the statistical significance was 
calculated using the Wilcoxon test. Similarly, there are 
10,535 tumor samples from 26 different forms of 
cancer stored in the Sangerbox3.0 database, which is a 
component of the integrated and standardized 
pan-cancer from the Cancer Genome Atlas (TCGA) 
and Genotype-Tissue Expression databases (GTEx). 
The TIE1 levels among pan-cancer samples were 
compared using signed rank and unpaired Wilcoxon 
rank sum tests. Additionally, four datasets (GSE13911, 
GSE26899, GSE29272 and GSE54129) acquired from 
the Gene Expression Omnibus (GEO) database 
(https://www.ncbi.nlm.nih.gov/geo/) were also 
used to illustrate TIE1 expression. 

Clinicopathological Characteristics Analysis 
and Survival Analysis 

The transcriptome sequencing and clinical 
information of GC were acquired from TCGA 
(https://portal.gdc.cancer.gov). The correlation 
between clinicopathological characteristics and TIE1 
expression was investigated using the “limma” and 
“survival” packages. Patient clinicopathological 
features (such as TMN stage and tumor grade) were 
assessed by conducting a comparative analysis of the 
high and low expression groups of TIE1. To 
investigate the potential association between TIE1 
expression and GC, we retrieved survival information 
of GC from TCGA database, and employed 
Kaplan-Meier curve (https://kmplot.com/analysis/) 
and GEPIA2.0 database (http://gepia2.cancer- 
pku.cn/#index) to investigate the impact of TIE1 on 
GC prognosis, including first-progression survival 
(FPS), post-progression survival (PPS), receiver 
operating characteristic (ROC) analysis, and overall 
survival (OS). 

Correlation analysis and drawing of 
Protein-Protein Interaction (PPI) network 

The Pearson correlation identifies genes 
exhibiting expression correlation with the TIE1 gene. 
Based on the screening of highly expressed genes, 



 Journal of Cancer 2024, Vol. 15 

 
https://www.jcancer.org 

2996 

gene interactions were analyzed using the STRING 
database (https://cn.string-db.org), and the 
Cytoscape software was used to construct a PPI 
network. 

Differentially expressed gene (DEG) functional 
enrichment analysis 

The “limma” package was utilized to stratify 
TIE1 into high- and low- expression categories based 
on the gene expression level. The R packages 
“enrichplot”, “org. Hs.eg.db” and “ggplot2” were 
employed for conducting functional enrichment 
analysis of Gene Ontology (GO) and Kyoto 
Encyclopedia of Gene Genomes (KEGG). GO 
enrichment analysis was divided into analyses of 
Cellular Component (CC), Biological Process (BP) and 
Molecular Function (MF). In addition, we also used 
“clusterProfiler” and “enrichplot” packages for Gene 
Set Enrichment Analysis (GSEA). The identification of 
activities and pathways closely linked to TIE1 was 
accomplished through functional enrichment 
analysis. 

The relationship of TIE1 with immune cell 
tumor infiltration and immune checkpoints 

We employed the “limma”, “BiocManager”, 
“preprocessCore” R packages, along with others, to 
perform TIE1-related immune cell infiltration 
analysis. The ESTIMATE algorithm was used to 
generate the stromal, immune, and estimate scores, 
which assess the presence of stromal cells and the 
infiltration of immune cells. This allows researchers to 
evaluate the correlation between the stromal/ 
immune/estimate score and the expression of TIE1. 
We utilized data from the TIMER and TISIDB 
databases (http://cis.hku.hk/TISIDB/index.php) to 
predict the association between TIE1 expression and 
tumor immune cells. We investigated the correlation 
between TIE1 and microsatellite instability (MSI), 
immune checkpoints (ICs) genes and tumor 
mutational burden (TMB). Additionally, we also 
calculated the Immunophenoscore (IPS) to elucidate 
the impact of TIE1 on immunotherapy. 

Mutation analysis of TIE1 
Gene mutation detection is a method of 

detecting DNA sequence mutations, enabling the 
prediction of individual disease risk, genetic disease 
diagnosis, and the development of personalized 
treatment plans. We obtained somatic mutation data 
of stomach adenocarcinoma from TCGA and 
performed a comparative analysis on the somatic 
mutations between TIE1 high and low expression 
groups using “maftools” package. 

Immunohistochemical (IHC) analysis of TIE1 
expression in GC 

We obtained 10 pairs of excised GC tissues and 
paired normal tissues from clinical practice for IHC 
staining analysis. The patients were all from the 
Department of Gastrointestinal Surgery, The First 
Affiliated Hospital of Shantou University Medical 
College. The primary antibody was Rabbit Anti-TIE1 
antibody (Bioss, bs-1334R), the second antibody was 
Goat Anti-Rabbit IgG H&L/HRP antibody (Bioss, 
bs-0295G-HRP), and the DAB kit (AAPR119-A) was 
from the Pythonbio. We diluted the TIE1 antibody to 
1:100 according to the instructions provided in the 
product manual. The stained paraffin sections were 
imaged with the microscope (200× magnified), and 
the cytoplasm stained in brownish yellow color was 
considered positive. ImageJ software was used to 
analyze the IHC staining results and calculate the OD 
value of the positive area. Statistical analysis was 
performed using t-test, and finally, a bar chart 
depicting these results was created using GraphPad 
Prism software. 

Statistical analysis 
R program was used for statistical analysis 

(version 4.3.1). Cytoscape software (version 3.10.0) 
and GraphPad Prism (version 9.5.1) were used for 
drawing. The Wilcoxon test was used to compare the 
levels of TIE1 expression across groups of tissues. 
T-test was used to analyze IHC results. Kaplan-Meier 
curves demonstrated how TIE1's differential expres-
sion impacts GC survival. We Obtained correlation 
genes using Pearson correlation analysis (Cor > 0.6, 
P-value < 0.05). Differential expression analysis was 
performed based on high expression and low 
expression groups of the TIE1 gene, and FDR (false 
discovery rate) < 0.05 and |log2FoldChange| > 1 
were selected as the threshold for screening for DEGs. 
P < 0.05 was considered meaningful and significant. 

Results 
Expression level of TIE1 

The expression profile of TIE1 exhibits 
considerable heterogeneity across various tumor 
types. In this study, we investigated the expression of 
TIE1 in pan-cancer using the TIMER database. Our 
analysis revealed that TIE1 is downregulated 
compared to normal tissues in bladder carcinoma 
(BLCA), breast cancer (BRCA), kidney chromophobe 
(KICH), kidney renal papillary cell carcinoma (KIRP), 
lung adenocarcinoma (LUAD), lung squamous cell 
carcinoma (LUSC) and uterine corpus endometrial 
carcinoma (UCEC). Conversely, higher levels of TIE1 
were observed in cholangiocarcinoma (CHOL), head 
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and neck squamous cell carcinoma (HNSC), kidney 
renal clear cell carcinoma (KIRC), liver hepatocellular 
carcinoma (LIHC) and stomach adenocarcinoma 
(STAD) compared to normal tissues (Figure 1A). 
These findings are further supported by data from the 
Sangerbox3.0 database (Figure 1B). 

In TIMER and Sangerbox3.0 databases, in 
contrast to normal tissues, a significant upregulation 
of TIE1 expression in GC was observed compared to 
normal tissues (P < 0.05). To further validate this 
finding, we analyzed RNA-seq data from TCGA, 
which included 412 GC tumor tissues and 36 normal 
tissues. Consistently, our analysis confirmed the 
above reported elevated expression of TIE1 in GC 
(Figure 1C). Additionally, paired difference analysis 
yielded the same result (Figure 1D). Next, we 
obtained GSE13911, GSE26899, GSE29272 and 
GSE54129 datasets from the GEO database for 
validation, and these datasets also demonstrated high 
expression levels of TIE1 in GC (Figures 1E-H). 
Collectively, these findings strongly support the 
notion that TIE1 serves as a critical regulatory factor 
in various cancers including GC, and it is highly 
expressed in GC. 

Next, we evaluated the expression of TIE1 at the 
organizational level by measuring its expression level 
in 10 GC patients for IHC analysis. Randomly, we 
selected 5 fields of view for each sample to calculate 
the OD value of the positive area and compared them 
(Table S1). We found that TIE1 expression was higher 
in GC than in paired adjacent normal tissues (Figures 
1I, 1J). The results are consistent with the results 
analyzed from the database. 

TIE1 expression is correlated with clinical 
parameters in GC 

To investigate the role of TIE1 in GC, we 
examined its association with clinical characteristics. 
Utilizing RNA-seq data obtained from TCGA, GC 
patients were categorized based on age, sex, grade, 
stage, tumor size, lymph node metastasis, and distant 
metastasis (Table S2). Our analysis revealed a 
significant correlation between TIE1 expression and 
GC grading as well as T staging. However, no 
substantial associations were observed about age, 
gender, or M/N stages (Figure 2A). The study 
demonstrated a statistically significant difference in 
TIE1 expression between grade III and grade II 
groups, indicating an exceptionally high 
concentration of TIE1 within the grade III group 
(Figure 2B). In terms of tumor stage, while no 
significant difference was observed in the expression 
of TIE1 among stage II, III, and IV groups, the 
expression of TIE1 in the stage I group was 
significantly lower than that in stage II, III and IV 

groups (Figure 2C). Similarly, we observed a 
significant downregulation of TIE1 expression in the 
T1 group compared to the T2, T3, and T4 groups 
(Figure 2D). According to these findings, there is a 
strong association between elevated levels of TIE1 
expression and unfavorable clinical characteristics in 
GC. 

TIE1 expression is related to prognosis in GC 
Based on the median expression of TIE1, we 

stratified the patients into a high-expression group 
and a low-expression group. Subsequently, we used 
clinical data obtained from the TCGA database to 
evaluate the predictive value of TIE1. Firstly, we 
investigated the relationship between TIE1 expression 
and OS by utilizing the Sangerbox3.0 database. Our 
analysis revealed that in STAD, elevated levels of 
TIE1 expression are associated with a significantly 
reduced survival rate (p = 4.0e-3) (Figures 3A, B). 
GEPIA2.0 and the outcomes of R analysis showed the 
same results (Figures 3C, D). Then, we utilized the 
Kaplan-Meier tool to construct the correlation curves 
for OS, FPS and PPS (Figures 3E, F, G). In addition, we 
further generated the ROC curve and calculated the 
corresponding area under the curve (AUC) in the first, 
third and fifth years, yielding values of 0.570, 0.574, 
and 0.675 respectively (Figure 3H). The current 
findings suggest that the expression of TIE1 holds 
promise as a prognostic indicator for GC. 

Genetic correlation analysis and drawing of 
Protein-Protein Interaction (PPI) network 

To comprehensively investigate the PPI in 
biological systems, we conducted a systematic 
analysis of all genes to determine their correlation 
with the TIE1 gene using the Pearson correlation 
method. Remarkably, our findings revealed a 
significantly positive correlation (cor > 0.6, p-value < 
0.05) between the TIE1 gene and 340 other genes. 
Subsequently, we imported 340 related genes along 
with TIE1 into the STRING database to elucidate their 
interaction relationships and construct a PPI network 
using Cytoscape, which includes 288 nodes and 1953 
edges (Figures 4A). Notably, darker colors in the 
figure indicate stronger correlations among proteins. 
Consequently, our analyses identified significant 
correlations between TIE1 and CDH5, KDR, MMP2 
among others, moreover, these genes were found to 
be highly expressed in GC and associated with 
unfavorable prognosis [23-25]. 

Functional and Pathway Enrichment Analysis 
of TIE1 

In order to assess the biological role of TIE1 in 
GC, we identified 1988 DEGs from the TCGA dataset. 



 Journal of Cancer 2024, Vol. 15 

 
https://www.jcancer.org 

2998 

Among these DEGs, 1725 genes were upregulated 
while 263 genes were downregulated, and we visually 

represented these findings through a volcano plot 
(Figure 5A).  

 

 
Figure 1. Expression level of TIE1. (A) TIE1 expression in pan-cancer in TIMER database. (B) TIE1 expression in pan-cancer in Sangerbox3.0 database. (C) TIE1 expression 
between 412 tumor tissues and 36 normal tissues in GC by using TCGA RNA-seq data. (D) Paired difference analysis of TIE1 expression. (E-H) TIE1 expression in (E) GSE13911, 
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(F) GSE26899, (G) GSE29272 and (H) GSE54129 datasets from the GEO database. (I, J) IHC analysis of TIE1 expression in GC. TIE1 expression is upregulated in GC tissues 
compared to adjacent normal tissues. (I) The protein expression level of TIE1 was detected in 10 pairs of GC and adjacent normal tissues via IHC staining (200×). (J) The column 
result of IHC staining. (*P < 0.05, **P < 0.01, ***P < 0.001.) 

 
Figure 2. TIE1 expression is correlated with clinical parameters in GC. (A) Heatmap of correlation between TIE1 expression and clinical factors. (B-D) The 
relationship between TIE1 with (B) grade, (C) stage and (D) T staging of GC. 

 
Furthermore, we separately filtered the top 50 

upregulated and downregulated genes to construct a 
heatmap for better visualization (Figure 5B). 
Additionally, functional enrichment analyses using 
GO and KEGG databases revealed that the DEGs were 
primarily associated with processes related to muscle 
system process, collagen−containing extracellular 
matrix and extracellular matrix structural constituent 
(Figure 5C). Pathway analysis based on KEGG 
database demonstrated that these DEGs 
predominantly regulate pathways such as Calcium 
signaling pathway, PI3K-Akt signal pathway, Focal 
adhesion and cAMP signaling pathway (Figure 5D). 

GSEA analysis was performed to compare the 
high-expression group of TIE1 gene with the 
low-expression group, revealing significant 
pathways. Among them, the high-expression group 
exhibited a significant enrichment of 52 KEGG 
pathways, with the top 5 being prominently displayed 

(Figure 5E). Conversely, the low-expression group 
demonstrated a significant enrichment of 7 KEGG 
pathways and also displayed the top 5 (Figure 5F). All 
these results indicate a potential mechanistic pathway 
through which TIE1 may promote tumor progression. 

TIE1 expression is related to the infiltration of 
immune cells 

To gain further insights into the potential 
mechanism of TIE1 in GC, we analyzed the 
relationship between TIE1 and immune cell 
infiltration. Utilizing CIBERSOFT to process data 
from the TCGA database, our findings revealed that 
high expression of TIE1 was associated with increased 
levels of macrophages M2 cells and decreased levels 
of activated mast cells (Figure 6A). Specifically, we 
observed a positive correlation between TIE1 and 
various cell types, including B cells naive (R = 0.14, p 
= 0.01), Macrophages M2 (R = 0.16, p = 0.0046), Mast 
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cells resting (R = 0.27, p = 1.6e-06). However, there 
was a negative correlation between TIE1 and Mast 
cells activated (R = -0.15, p = 0.0081) as well as T cells 
follicular helper (R = -0.13 p = 0.023) (Figures 6B-G). 

These results mean that overexpression of TIE1 may 
cause infiltration of immunosuppressive cells and 
contribute to cancer cell metastasis in GC. 

 

 
Figure 3. TIE1 expression is related to prognosis in GC. (A, B) The relationship between the expression of TIE1 and OS in (A) pan-cancer and (B) STAD from 
Sangerbox3.0 database. (C, D) OS between high level and low level of TIE1 by (C) GEPIA2.0 and (D) R analysis. (E-G) The Kaplan-Meier curves for (E) OS, (F) FPS and (G) PPS 
of TIE1. (H) ROC curve to display the 1, 3, and 5-year AUC of TIE1. 
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Figure 4. Genetic correlation analysis and drawing of Protein-Protein Interaction (PPI) network. (A) PPI network of TIE1. (The order of interaction intensity: 
Crimson >Orange >Deep yellow >Medium yellow >Light yellow.) 

 
TIICs play a role in anti-tumor immune response 

in the host, thereby influencing tumor occurrence and 
spread. TIICs encompass various cell types such as 
CD4+T cells, CD8+T cells, B cells, Macrophages, etc., 
which play different roles. In order to better 
understand the correlation between TIE1 expression 
levels and TIIC abundance, we conducted an 
investigation utilizing the TIMER database. Our 
analysis revealed a robust negative association 
between tumor purity and TIE1 (r = -0.164 p = 
1.33e-03) (Figure 6H), which was consistent with 

findings from TISIDB (Figure 6I). These results further 
validated that the abundance of TIICs in TME may be 
significantly influenced by the level of TIE1. 

In addition, TME is regulated by both adaptive 
and innate immune cell infiltration. Therefore, we 
employed ESTIMATE analysis to evaluate the 
relationship between TIE1 expression and TME score 
to assess the impact of TIE1 on TME and its influence 
on tumor prognosis. The results indicated that the 
Stromal/Immune/Estimation Scores were signifi-
cantly higher in the high-expression groups of TIE1 
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compared to those with low-expression (Figure 6J). 
This means that there may be more immune cell 
infiltration in the high expression group of TIE1, but 

most of the infiltrating immune cells are 
immunosuppressive cells, which is unfavorable for 
the survival prognosis of GC patients. 

 

 
Figure 5. Functional and Pathway Enrichment Analysis of TIE1. (A) Volcano plot representing the differentially expressed between the up and the down groups. (B) A 
heatmap of the top 50 genes that were upregulated and downregulated separately. (C, D) Bubble chart of (C) GO analysis and (D) KEGG analysis. (E, F) GSEA analysis of (E) the 
high expression group and (F) the low expression group of TIE1. 
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Figure 6. TIE1 expression is related to the infiltration of immune cells. (A) Box plot of immune cell infiltration of TIE1. (B) Lollipop diagram of the relationship between 
immune cells and TIE1 expression. (C-G) The relationship between the expression level of TIE1 with (C) B cells naive, (D) Macrophages M2, (E) Mast cells resting, (F) Mast cells 
activated and (G) T cells follicular helper. (H, I) The relationship between the expression level of TIE1 and the abundance of TIICs by (H) TIMER and (I) TISIDB. (J) Violin of the 
relationship between the ESTIMATE score and the expression of TIE1.  
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Relationship between the TIE1 expression 
with the immune checkpoints and the Effect of 
immunotherapy 

Pearson correlation analysis was performed to 
examine the relationship between the TIE1 gene and 5 
MMR genes, 15 HLA family genes, as well as 45 ICs 
genes, subsequently, 3 radar charts were plotted 
(Figures 7A-C). We found there is a significant 
association between TIE1 expression and the 
expression of select MMR genes, HLA genes, and ICs 
genes. Then, to evaluate the value of TIE1 in GC 
immunotherapy, we investigated the relationship 
between TIE1 expression levels and ICs in GC and 
discovered a positive association between TIE1 
expression levels and 17 ICs, thereby highlighting 
their potential relevance in the context of GC 
immunotherapy. Furthermore, we generated a 
comparable heatmap and conducted a quantitative 
analysis to explore the relationship between ICs and 
TIE1 expression level (Figures 7D, 7E). Notably, 
significant positive correlations were observed for key 
ICs including PDCD1, PDCD1LG2, TGFBR1, IL-10, 
and ADORA2A (adenosine A2a receptor). 
Additionally, we calculated the IPS and further 
analyzed the association between TIE1 expression and 
immunotherapy. Interestingly, we found a negative 
correlation between TIE1 expression and 
CTLA4+/PD1- as well as CTLA4-/PD1- (Figures 7F, 
7G). Collectively, these findings imply that TIE1 may 
influence the response to immunotherapy. 

Mutation Analysis 
Based on the GC cell mutation data from TCGA, 

we compared the differences in the top 20 gene 
mutations between the groups with high and low 
expression levels of TIE1. We could see that in the 
high expression group, Missense Mutation was the 
main type of mutation, and TP53, ARID1A, SYNE1, 
FAT4, and FLG were among the first few mutated 
genes (Figure 8A). Additionally, we plotted a 
waterfall graph of the top 20 mutated genes according 
to their mutation types and conducted correlation 
analysis (Figures 8B, 8C). Similarly, in the low 
expression group, Missense Mutation was also the 
main type of mutation, and the first few mutated 
genes were MUC16, LRP1B, CSMD3, ARID1A, and 
FAT3 (Figure 8D). Next, a waterfall chart was also 
drawn and a correlation analysis was conducted 
(Figures 8E, 8F). TP53 is the most important tumor 
suppressor gene in the human body. Mutations in 
TP53 can lose their tumor suppressor activity, which 
may lead to the development of tumors. This could be 
one possible explanation for why TIE1 promotes the 
progression of GC. 

 
We also conducted a comparative analysis of 

TMB between the high and low expression groups 
(Figure 8G). According to the findings, there was a 
strong correlation between TMB and TIE1 expression, 
particularly exhibiting a negative association with 
STAD (R = -0.4, p < 2.2e-16) (Figure 8H). Additionally, 
increased TIE1 expression is associated with lower 
TMB, potentially leading to weaker immune 
responses. 

Discussion 

Due to its high incidence rate and rapid 
development, GC poses a significant challenge in 
achieving early diagnosis using current examination 
methods, resulting in a substantial mortality rate. The 
clinical efficacy of conventional therapy remains 
limited, along with the availability of effective 
early-diagnostic methods [17]. Most cases of GC are 
diagnosed at an advanced stage after the tumor cells 
have spread to distant organs, and the median overall 
survival time (mOS) of advanced GC is only about 8 
months [26]. Currently, there exists some markers for 
the prediction of GC, however, the number of 
immune-related targets and markers remains limited, 
and the immune mechanism is still unclear. Therefore, 
identifying appropriate prognostic markers and 
prolonging patient survival through immunotherapy 
poses a great challenge. TIE1 is a tyrosine kinase 
receptor in endothelial cells, where it regulates 
Angiopoietin/TIE2 signaling [27]. TIE1 potentially 
influences cardiac development, restricts the 
formation of blood vessels during venous system 
development, and actively engages in lymph angio-
genesis among other processes [27-29]. More and 
more literature has demonstrated aberrant expression 
of TIE1 in diverse tumor types, with several studies 
indicating its potential role in promoting 
carcinogenesis and tumor progression. For example, 
breast cancer, colorectal cancer, nasopharyngeal 
carcinoma, to name a few [8, 12, 30].  

In this study, evidence from multiple databases 
revealed that TIE1 exhibited significant overexpres-
sion in various cancer types, including GC. And in GC 
tissue, we also confirmed an increase in the expres-
sion of TIE1. Moreover, elevated TIE1 expression in 
GC was consistently associated with unfavorable 
clinicopathological features. Kaplan-Meier survival 
analysis demonstrated that patients with higher levels 
of TIE1 expression in GC experienced shorter overall 
survival time and poorer quality. Mechanistically, it is 
plausible that TIE1 may mediate PI3K-Akt signal 
pathway to promote the progression of GC. These 
findings point to a possible tumor-promoting role for 
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TIE1 and highlight the strong correlation between 
TIE1 expression levels and the prognosis of GC 

patients, positioning this gene as a promising 
candidate for utilization as a GC biomarker. 

 
 

 
Figure 7. Relationship between the TIE1 expression with the immune checkpoints and the Effect of immunotherapy. (A-C) Radar chart of the correlation 
between TIE1 gene and (A) MMR genes, (B) HLA family genes and (C) ICs genes. (D) The relationship between 17 immune checkpoints with TIE1 expression levels. (E) 
Quantitative analysis of the correlation between TIE1 expression level and immune checkpoint. (F, G) The expression of TIE1 and immunotherapy. 
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Figure 8. Mutation Analysis. Overview of mutation analysis of (A) TIE1 high expression group and (D) TIE1 low expression group. A waterfall graph of the top 20 mutated 
genes of (B) TIE1 high expression group and (E) TIE1 low expression group. The correlation analysis of the top 20 mutated genes of (C) TIE1 high expression group and (F) TIE1 
low expression group. (G) The relationship between TIE1 expression and TMB. (H) TMB differences between high and low expression groups of TIE1. 
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Immunotherapy represents a widely employed 
therapeutic approach at present. The efficacy of 
immunotherapy usually depends on the interaction of 
immune regulation in TME [31]. The TME (including 
various types of lymphocytes and tumor related 
macrophages, TAMs), comprising diverse cell types 
such as stromal cells, endothelial cells, fibroblasts, and 
immunological cells, plays a crucial role in the 
generation and survival of tumor cells [32]. Tumor 
purity refers to the proportion of tumor cells in the 
tumor to all cells, a higher abundance of stromal and 
immune cells indicates lower tumor purity, and vice 
versa. The TME exerts a profound impact on the 
efficacy of cancer immunotherapy. It has been 
suggested that the inclusion of immune cells and 
stromal cells, which are crucial non-tumor 
constituents within the TME, may offer valuable 
insights for both diagnostic purposes and prognostic 
evaluation in patients with tumors. The ESTIMATE 
algorithm-based immune score and stromal score 
facilitate tumor quantification by effectively 
distinguishing between immune and stromal 
components [33]. This method accurately predicts the 
infiltration of non-tumor cells by using unique gene 
expression features specific to immune and stromal 
cells. The use of ESTIMATE analysis to reflect the 
abundance of immune cells and stromal cells in tumor 
samples can be used to evaluate immune cell 
infiltration and immune response levels. Conseq-
uently, an elevated immune/stromal/estimate score 
coupled with reduced tumor purity independently 
serves as a risk factor for a poor overall survival rate 
in GC. In our study, we observed a favorable 
association between high immune/stromal/estimate 
score and low tumor purity with TIE1 overexpression, 
indicating that immune cell infiltration was more 
frequent in the TIE1 high expression group. Based on 
further analysis of immune cell infiltration, we found 
that the infiltrating cells were mostly immuno-
suppressive cells, which may be the reason for the 
poor prognosis of GC patients in the TIE1 high 
expression group. 

To investigate the potential correlation between 
TIE1 expression and the immune microenvironment 
of GC, we obtained the relevant data from the TCGA 
database. Our analysis revealed that the expression of 
TIE1 is related to different levels of immune cell 
infiltration in GC. The CIBERSORT analysis showed a 
positive correlation between the high expression of 
TIE1 and the infiltration levels of Macrophages M2, 
Mast cells resting and B cells naive. Conversely, TIE1 
was negatively correlated with Mast cells activated 
and T cells follicular helper. Moreover, we conducted 
comprehensive analyses utilizing the TIMER database 
to elucidate the potential association between 

elevated TIE1 expression and immunosuppressive 
cell infiltration levels. Previous studies have shown 
that infiltration of naive B cells in GC is associated 
with an unfavorable prognosis [34]. It is widely 
acknowledged that excessive activation of M2 
macrophages can contribute to fibrosis during tissue 
healing and possibly encourage tumor development 
via immunosuppression [35]. In this research, we 
investigated the positive correlation between the 
expression of naive B cells and TIE1, and we further 
observed higher levels of M2 macrophages and lower 
levels of M1 macrophages in GC patients with 
elevated TIE1 expression. In addition, our findings 
have revealed that elevated TIE1 expression in GC 
patients is associated with reduced levels of Follicular 
helper T (TFH) cells. It is noteworthy that TFH cells 
can promote the formation of tertiary lymphatic 
structures, enhance tumor immune infiltration, and 
inhibit tumor growth. So, this observation has 
garnered significant attention in recent years [36]. To 
sum up, our results suggest that the high expression 
of TIE1 may encourage the infiltration of dysregulated 
immune cells, which sheds light on the underlying 
link between TIE1 expression and GC prognosis.  

In the immune system, immune checkpoint 
molecules [37] are recognized as pivotal regulators of 
T lymphocyte activation, playing a crucial function in 
maintaining immunological balance and preventing 
excessive immune response. These molecules function 
as essential negative modulators that effectively 
control the stimulation of T cells [38], thereby 
safeguarding immune homeostasis and averting 
hyperactivation of the immune system. Programmed 
cell death 1 (PD1) and Cytotoxic T lymphocyte 
antigen 4 (CTLA4) are the most concerned and 
effective T-cell immune checkpoint molecules [39]. 
While ICIs therapy has shown benefits for certain 
individuals with metastatic malignancies, there 
remains a need for prognostic biomarkers. TMB may 
potentially serve as a predictive biomarker for clinical 
response to ICI treatment. As is well known, high 
TMB levels are generally associated with improved 
tumor prognosis [40, 41]. Furthermore, studies have 
indicated that mutations in TP53 and ARID1 in GC 
are averse to patient prognosis [42, 43]. In this paper, 
we found that TIE1 expression was negatively 
correlated with TMB and positively correlated with 
the mutation of TP53 and ARID1, which means that 
TIE1 may hold promise as a novel biomarker for 
immunotherapy. 

Biomarkers of GC can be used for early detection 
of tumors, tumor screening, diagnosis, tumor staging, 
monitoring the efficacy of surgery, chemotherapy, 
and radiotherapy for tumor patients, and prognostic 
assessment of tumors. Therefore, the main priority is 
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identifying a novel biomarker to guide the diagnosis 
and treatment of GC. In this study, we detected the 
expression of TIE1 is significantly increased in GC 
patients compared to that of normal controls, ROC 
curve analysis demonstrated that the detection of 
TIE1 exhibited good sensitivity and specificity as a 
marker for GC. However, this study can only explain 
the detection of TIE1 playing a role in the diagnosis of 
GC, more large-scale studies and multi-center trials 
are still needed to confirm its advantages. Finally, it is 
expected that TIE1 can become a new biomarker for 
diagnosis of GC, assessment of progress, treatment 
effect, prognosis, and chemotherapy-acquired drug 
resistance soon. 

Conclusion 
In summary, our findings indicate that TIE1 is 

significantly upregulated in GC, and its high 
expression means a worse prognosis. This study 
provides evidence that TIE1 may influence 
dysregulated immune cell infiltration within the TME. 
Specifically, we observed that TIE1 promotes tumor 
progression by upregulating immunosuppressive 
cells such as M2 while downregulating mast cell 
expression. Additionally, our results demonstrate a 
correlation between TIE1 expression and both ICIs 
and TMB, thereby highlighting the potential use of 
TIE1 as a guiding biomarker for immunotherapy in 
GC. 

Supplementary Material 
Supplementary figure and tables.  
https://www.jcancer.org/v15p2994s1.zip 

Acknowledgments  
We are grateful to all the patients who 

participated in this study.  

Funding 
This work was supported by grants from 

Guangdong Basic and Applied Basic Research 
Foundation (Grant number: 2021A1515220075), 
“Dengfeng Project” for the construction of high-level 
hospitals in Guangdong Province–the First Affiliated 
Hospital of Shantou University Medical College 
Supporting Funding (Grant number: 202003–17), 
Guangdong province Medical ReseFundGrant (Grant 
number: A2022419), and Youth talent support 
program-The First Affiliated Hospital of Shantou 
University Medical College 1963 Supporting Funding 
(Grant number: YCTJ-2022-06). 

Ethical approval 
The present study was authorized by the 

Research Ethics Review Board of The First Affiliated 

Hospital of Shantou University Medical College (No. 
2020-102).  

Author contributions 
Data curation, Zhenqi Gong; Formal analysis, 

Qing Zheng and Baizhi Li; Funding acquisition, 
Huaiming Wang; Project administration, Hongwu 
Chen; Resources, Shaoxiong Lin; Writing – original 
draft, Zhenqi Gong; Writing – review & editing, 
Huaiming Wang. 

Availability of data and materials 
Our raw figures or other information related to 

this study could be requested from the corresponding 
author upon reasonable request. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Huang XY, Liu JJ, Liu X, Wang YH, Xiang W. Bioinformatics analysis of the 

prognosis and biological significance of VCAN in gastric cancer. Immun 
Inflamm Dis. 2021; 9: 547-59. 

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. 
Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and 
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin. 2021; 
71: 209-49. 

3. Fagundes MA, Peres SV, Assumpção PP, Curado MP. Physical activity and 
gastric cancer risk: a case-control study in the Amazon region of Brazil. Eur J 
Cancer Prev. 2021; 30: 437-41. 

4. Ajani JA, D'Amico TA, Bentrem DJ, Chao J, Cooke D, Corvera C, et al. Gastric 
Cancer, Version 2.2022, NCCN Clinical Practice Guidelines in Oncology. J Natl 
Compr Canc Netw. 2022; 20: 167-92. 

5. Xia JY, Aadam AA. Advances in screening and detection of gastric cancer. J 
Surg Oncol. 2022; 125: 1104-9. 

6. Xia C, Dong X, Li H, Cao M, Sun D, He S, et al. Cancer statistics in China and 
United States, 2022: profiles, trends, and determinants. Chin Med J (Engl). 
2022; 135: 584-90. 

7. Partanen J, Armstrong E, Mäkelä TP, Korhonen J, Sandberg M, Renkonen R, et 
al. A novel endothelial cell surface receptor tyrosine kinase with extracellular 
epidermal growth factor homology domains. Mol Cell Biol. 1992; 12: 1698-707. 

8. Chen E, Huang J, Chen M, Wu J, Ouyang P, Wang X, et al. FLI1 regulates 
radiotherapy resistance in nasopharyngeal carcinoma through TIE1-mediated 
PI3K/AKT signaling pathway. J Transl Med. 2023; 21: 134. 

9. Eklund L, Kangas J, Saharinen P. Angiopoietin-Tie signalling in the 
cardiovascular and lymphatic systems. Clin Sci (Lond). 2017; 131: 87-103. 

10. La Porta S, Roth L, Singhal M, Mogler C, Spegg C, Schieb B, et al. Endothelial 
Tie1-mediated angiogenesis and vascular abnormalization promote tumor 
progression and metastasis. J Clin Invest. 2018; 128: 834-45. 

11. Lin WC, Li AF, Chi CW, Chung WW, Huang CL, Lui WY, et al. tie-1 protein 
tyrosine kinase: a novel independent prognostic marker for gastric cancer. 
Clin Cancer Res. 1999; 5: 1745-51. 

12. Tiainen L, Korhonen EA, Leppänen VM, Luukkaala T, Hämäläinen M, Tanner 
M, et al. High baseline Tie1 level predicts poor survival in metastatic breast 
cancer. BMC Cancer. 2019; 19: 732. 

13. Brown LF, Dezube BJ, Tognazzi K, Dvorak HF, Yancopoulos GD. Expression 
of Tie1, Tie2, and angiopoietins 1, 2, and 4 in Kaposi's sarcoma and cutaneous 
angiosarcoma. Am J Pathol. 2000; 156: 2179-83. 

14. Nakayama T, Hatachi G, Wen CY, Yoshizaki A, Yamazumi K, Niino D, et al. 
Expression and significance of Tie-1 and Tie-2 receptors, and angiopoietins-1, 
2 and 4 in colorectal adenocarcinoma: Immunohistochemical analysis and 
correlation with clinicopathological factors. World J Gastroenterol. 2005; 11: 
964-9. 

15. Misawa T, Toyoshima M, Kitatani K, Ishibashi M, Hasegawa-Minato J, Shigeta 
S, et al. Involvement of small extracellular vesicle-derived TIE-1 in the 
chemoresistance of ovarian cancer cells. Cancer Treat Res Commun. 2021; 27: 
100364. 

16. Baxevanis CN, Perez SA, Papamichail M. Cancer immunotherapy. Crit Rev 
Clin Lab Sci. 2009; 46: 167-89. 

17. Li K, Zhang A, Li X, Zhang H, Zhao L. Advances in clinical immunotherapy 
for gastric cancer. Biochim Biophys Acta Rev Cancer. 2021; 1876: 188615. 

18. Bilotta MT, Antignani A, Fitzgerald DJ. Managing the TME to improve the 
efficacy of cancer therapy. Front Immunol. 2022; 13: 954992. 



 Journal of Cancer 2024, Vol. 15 

 
https://www.jcancer.org 

3009 

19. Li D, Chen B, Zeng Y, Wang H. UHRF1 Could Be a Prognostic Biomarker and 
Correlated with Immune Cell Infiltration in Hepatocellular Carcinoma. Int J 
Gen Med. 2021; 14: 6769-76. 

20. Cao Y, Jiao N, Sun T, Ma Y, Zhang X, Chen H, et al. CXCL11 Correlates With 
Antitumor Immunity and an Improved Prognosis in Colon Cancer. Front Cell 
Dev Biol. 2021; 9: 646252. 

21. Zeng Y, Zhang X, Li F, Wang Y, Wei M. AFF3 is a novel prognostic biomarker 
and a potential target for immunotherapy in gastric cancer. J Clin Lab Anal. 
2022; 36: e24437. 

22. Zhang AZ, Yuan X, Liang WH, Zhang HJ, Li Y, Xie YF, et al. Immune 
Infiltration in Gastric Cancer Microenvironment and Its Clinical Significance. 
Front Cell Dev Biol. 2021; 9: 762029. 

23. Higuchi K, Inokuchi M, Takagi Y, Ishikawa T, Otsuki S, Uetake H, et al. 
Cadherin 5 expression correlates with poor survival in human gastric cancer. J 
Clin Pathol. 2017; 70: 217-21. 

24. Takahashi Y, Cleary KR, Mai M, Kitadai Y, Bucana CD, Ellis LM. Significance 
of vessel count and vascular endothelial growth factor and its receptor (KDR) 
in intestinal-type gastric cancer. Clin Cancer Res. 1996; 2: 1679-84. 

25. Dong Z, Guo S, Wang Y, Zhang J, Luo H, Zheng G, et al. USP19 Enhances 
MMP2/MMP9-Mediated Tumorigenesis in Gastric Cancer. Onco Targets 
Ther. 2020; 13: 8495-510. 

26. Hultman B, Gunnarsson U, Nygren P, Sundbom M, Glimelius B, Mahteme H. 
Prognostic factors in patients with loco-regionally advanced gastric cancer. 
World J Surg Oncol. 2017; 15: 172. 

27. Carlantoni C, Allanki S, Kontarakis Z, Rossi A, Piesker J, Günther S, et al. Tie1 
regulates zebrafish cardiac morphogenesis through Tolloid-like 1 expression. 
Dev Biol. 2021; 469: 54-67. 

28. Cao X, Li T, Xu B, Ding K, Li W, Shen B, et al. Endothelial TIE1 Restricts 
Angiogenic Sprouting to Coordinate Vein Assembly in Synergy With Its 
Homologue TIE2. Arterioscler Thromb Vasc Biol. 2023; 43: e323-e38. 

29. D'Amico G, Korhonen EA, Waltari M, Saharinen P, Laakkonen P, Alitalo K. 
Loss of endothelial Tie1 receptor impairs lymphatic vessel development-brief 
report. Arterioscler Thromb Vasc Biol. 2010; 30: 207-9. 

30. Torigata M, Yamakawa D, Takakura N. Elevated expression of Tie1 is 
accompanied by acquisition of cancer stemness properties in colorectal cancer. 
Cancer Med. 2017; 6: 1378-88. 

31. Xiang S, Li J, Shen J, Zhao Y, Wu X, Li M, et al. Identification of Prognostic 
Genes in the Tumor Microenvironment of Hepatocellular Carcinoma. Front 
Immunol. 2021; 12: 653836. 

32. Frisbie L, Buckanovich RJ, Coffman L. Carcinoma-Associated Mesenchymal 
Stem/Stromal Cells: Architects of the Pro-tumorigenic Tumor 
Microenvironment. Stem Cells. 2022; 40: 705-15. 

33. Xu M, Li Y, Li W, Zhao Q, Zhang Q, Le K, et al. Immune and Stroma Related 
Genes in Breast Cancer: A Comprehensive Analysis of Tumor 
Microenvironment Based on the Cancer Genome Atlas (TCGA) Database. 
Front Med (Lausanne). 2020; 7: 64. 

34. Zhang L, Hu D, Huangfu S, Zhou J, Wang W, Liu S, et al. DNA Repair and 
Replication-Related Gene Signature Based on Tumor Mutation Burden 
Reveals Prognostic and Immunotherapy Response in Gastric Cancer. J Oncol. 
2022; 2022: 6469523. 

35. Li J, Sun J, Zeng Z, Liu Z, Ma M, Zheng Z, et al. Tumour-associated 
macrophages in gastric cancer: From function and mechanism to application. 
Clin Transl Med. 2023; 13: e1386. 

36. Yu D, Walker LSK, Liu Z, Linterman MA, Li Z. Targeting T(FH) cells in human 
diseases and vaccination: rationale and practice. Nat Immunol. 2022; 23: 
1157-68. 

37. Díaz-Montero CM, Rini BI, Finke JH. The immunology of renal cell carcinoma. 
Nat Rev Nephrol. 2020; 16: 721-35. 

38. Dermani FK, Samadi P, Rahmani G, Kohlan AK, Najafi R. PD-1/PD-L1 
immune checkpoint: Potential target for cancer therapy. J Cell Physiol. 2019; 
234: 1313-25. 

39. Zhao Y, Yang W, Huang Y, Cui R, Li X, Li B. Evolving Roles for Targeting 
CTLA-4 in Cancer Immunotherapy. Cell Physiol Biochem. 2018; 47: 721-34. 

40. Samstein RM, Lee CH, Shoushtari AN, Hellmann MD, Shen R, Janjigian YY, et 
al. Tumor mutational load predicts survival after immunotherapy across 
multiple cancer types. Nat Genet. 2019; 51: 202-6. 

41. Greally M, Chou JF, Chatila WK, Margolis M, Capanu M, Hechtman JF, et al. 
Clinical and Molecular Predictors of Response to Immune Checkpoint 
Inhibitors in Patients with Advanced Esophagogastric Cancer. Clin Cancer 
Res. 2019; 25: 6160-9. 

42. Nie K, Zheng Z, Wen Y, Shi L, Xu S, Wang X, et al. Construction and 
validation of a TP53-associated immune prognostic model for gastric cancer. 
Genomics. 2020; 112: 4788-95. 

43. Kim YS, Jeong H, Choi JW, Oh HE, Lee JH. Unique characteristics of ARID1A 
mutation and protein level in gastric and colorectal cancer: A meta-analysis. 
Saudi J Gastroenterol. 2017; 23: 268-74. 


