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Purpose: Angiotensinogen (AGT), as a component of the renin–angiotensin system (RAS), is associated with multiple risk factors for
gastric cancer (GC). However, the relationship between AGT and tumor-infiltrating lymphocytes in GC remains elusive.
Methods: AGT expression was analyzed based on the Cancer Genome Atlas (TCGA) dataset. Kaplan–Meier curve was employed to
assess the role of AGT expression in gastric patients’ prognosis. The association between AGT expression and tumor immune
infiltration was further evaluated via exploring Tumour Immune Estimation Resource (TIMER) and The Gene Expression Profiling
Interactive Analysis (GEPIA). We also used multiple public databases to analyse the aberrant methylation of AGT, construct protein–
protein interaction (PPI) and gene ontology (GO) analyses.
Results: AGT was overexpressed in GC tissues compared with normal gastric tissues (P<0.05). High AGT expression related with
poorer overall survival of patients with GC, especially in advanced GC patients. Immune infiltration analysis revealed that AGT was
associated with several immune cells (including B cells, CD4+ T cells, macrophages), and AGT expression was also associated with
the markers of NK cells, TAMs, Tregs, and so on (all P<0.05). Methylation analysis indicated that hypomethylation may lead to
abnormal upregulation of the AGT. GO analysis showed that AGT and its related genes were enriched in systemic arterial blood
pressure by hormone, regulation of blood volume by renin-angiotensin, NIK/NF-kappaB signaling, ficolin-1-rich granule and so on.
Conclusion: AGT could act as a promising biomarker for prognosis and immune infiltration in GC.
Keywords: angiotensinogen, prognosis, tumor-infiltrating, methylation, stomach adenocarcinoma

Introduction
GC ranks the fifth most frequently occurring cancer and the fourth leading cause of cancer-related death,1 in 2020.
Common risk factors for GC include high salt intake, infection with Helicobacter pylori bacteria, smoking and age.2

Currently, the diagnosis of gastric cancer relies on the use of upper gastrointestinal endoscopic biopsy and standard serum
biomarkers, comprising α-fetoprotein (AFP), carcinoembryonic antigen (CEA), pepsinogen, and carbohydrate antigens
(CA): CA19-9.3–5 However, these diagnostic methods have many shortcomings, for example, endoscopy is a discomfort
to the patient and costly invasive technique, and standard serum biomarkers have poor sensitivity and specificity.6–8

Therefore, GC is characterized by late diagnosis and poor prognosis. It is necessary for us to find reliable biomarkers for
diagnosing early GC and predicting the prognosis of advanced GC.

Tumor microenvironment (TME), consisting of a vast variety of innate and adaptive immune cells and non-immune
stromal cells such as endothelial cells and mesenchymal cells, profoundly influences cancer progression and therapeutic
responses.9–11 Currently, immunotherapy has made revolutionary breakthroughs in the treatment of cancer. However,
immunotherapy faces many problems, for example, limited number of patients achieve survival benefits from it in clinic,
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and treatment resistance.12,13 Further investigations of the relationship between TME, particularly tumor immune
microenvironment, and GC may help to address these limitations. Thus, this requires us to look for more potential
immune infiltration-related markers.

AGT, produced mainly by the liver, is an essential component of the RAS.14 AGT is cleaved by renin enzyme to
produce angiotensin 1 (Ang I) when blood pressure is reduced, and AGT-converting enzyme (ACE) splits Ang I to
generate angiotensin 2 (Ang II).15,16 RAS plays an important role in maintaining fluid and electrolyte homeostasis,17 and
RAS irregulated expression leads to kidney disease, heart failure, hypertension, and diabetes.18,19 Interestingly, RAS is
also involved in the regulation of TME, such as resistance to apoptosis, promoting tumor angiogenesis, and involvement
in inflammation, migration, invasion and metastasis.17,20 However, previous studies have concentrated on the association
between AGT gene polymorphism and GC risk factors,21 such as high-salt diet, and Helicobacter pylori infection. As an
important member of the RAS, the role of AGT in the TME of GC is still unknown.

In this study, hub genes in GC were filtered based on the TCGA dataset, and AGT was selected for further analysis.
We used several public databases to evaluate the prognostic and diagnostic values of AGT expression in GC. We also
investigated the correlation between AGT expression and immune infiltration levels of GC. In addition, these results will
help us to understand the connection between AGT expression and TME in GC.

Materials and Methods
Gene Expression Data Extraction
The primitive data of stomach adenocarcinoma (STAD) were acquired from TCGA (https://portal.gdc.cancer.gov/)
database. We further investigated differentially expressed mRNAs through “Limma” package (version: 3.40.2) of
R software. Adjusted P values were used to rectify false-positive outcomes in TCGA, and we also considered the
thresholds for filtering hubs genes as follows: Adjusted P<0.05 and |log2 (fold change)|≥2. We divided the GC patients
into two subgroups, and the cut-off value was the median AGT expression level.

Immune Infiltration Analysis
TIMER (https://cistrome.shinyapps.io/timer/) database was utilized to explore the potential crosstalk among AGT expression
levels and the abundance of infiltrating immune cells (such as CD8+ T cells, dendritic cells, CD4+ T cells, macrophages,
B cells, and neutrophils) through tumor purity-corrected partial Spearman correlation method. We further examined the
prognostic value of these immune cells in GC using Kaplan–Meier curve. In addition, we estimated the correlation of immune
cell infiltration level with AGT copy numbers. Moreover, we studied the connection among AGT expression level and the
biomarkers of tumor-infiltrating immune cells (including biomarkers of TAM, B cell, T-helper 17 (Th17) cell, T-helper 1
(Th1) cell, T-helper 2 (Th2) cell, CD8+ T cell, CD4+ T cell, Treg, exhausted T cell, follicular helper T (Tfh) cell, M1
macrophage, M2 macrophage, dendritic cell, neutrophil, natural killer (NK) cell, and monocyte) by Spearman correlation.

GEPIA Database Analysis
GEPIA database (http://gepia.cancer-pku.cn/), based on TCGA dataset, was applied to analyze the expression distribution
of AGT among GC tissues and normal gastric tissues. Then, GEPIA was also applied to assess the prognostic value of
AGT in GC, and indicators to assess prognosis including overall survival (OS) and recurrence-free survival/disease-free
survival (RFS/DFS). Furthermore, GEPIA was employed to verify the correlated gene biomarkers (including biomarkers
of dendritic cells, B cells, Tregs, Th2 cells, CD4+ T cells, and TAMs) in the TIMER analysis through Spearman
correlation method (X-axis: AGT expression levels, Y-axis: biomarkers of tumor-infiltrating immune cells expression
levels, P<0.05 was considered statistically significant).

Methylation Analysis of AGT
In order to estimate the possible values of AGT in GC from an epigenetic perspective, linear regression analysis was
employed to estimate the correlation of the AGT mRNA expression with the AGT DNA methylation level. Furthermore,
DiseaseMeth version 2.0 (http://bio-bigdata.hrbmu.edu.cn/diseasemeth/) database was used to analyze methylation levels
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of AGT among the GC tissues and normal tissues. Then, we used MethSurv (https://biit.cs.ut.ee/methsurv/) to explore the
connection among hub gene’s expression and their DNA methylation status of CpG island and to evaluate the potential
role of between each CpG site and prognosis of GC.

PPI and GO Analysis
In order to elucidate potential interactions with AGT, The Search Tool for the Retrieval of Interacting Genes (STRING,
https://string-db.org/) was applied to build PPI network. In addition, GeneMANIA database (http://genemania.org/) was
also used to predict the relationship between AGT and its functionally similar genes. AGT and AGT-related genes, which
were identified by STRING and GeneMANIA PPI networks, were included in the GO function analyses by using
Metascape database (https://metascape.org/gp/index.html).

Statistical Analyses
OS and RFS/DFS were used to evaluate the GC patients’ prognosis between the low/high AGT expression groups based
on the Kaplan-Meier method, via the “survival” R package. The hazard ratio (HR), 95% confidence intervals (CI) and
logrank P value were evaluated. Kaplan–Meier plotter (http://kmplot.com/analysis/) was employed to study the link
between AGT expression and GC patients’ prognosis. Receiver operating characteristic (ROC) curve was employed to
estimate the ability of AGT to diagnose GC by the “ROCR” R package.

Results
AGT Was Overexpression in GC Tissues
A total of 405 samples (including 373 GC samples and 32 normal control samples) were included in our study. There
were 1877 differentially expressed genes (DEGs) filtered from the TCGA data set, including 898 upregulated and 979
downregulated genes. Among these DEGs, we chose AGT for further analysis. And we found that the expression of AGT
was revealed to be higher in GC samples than in normal samples in TCGA dataset (logFC=2.13) (Figure 1A). To certify
the result in TCGA, GEPIA was applied to investigate the expression of AGT among GC tissues and normal tissues; we
found that the AGT was upregulated in GC tissues (Figure 1B). Moreover, we constructed an ROC to confirm the
diagnostic value of AGT upregulation for GC, and the area under the receiver operating characteristic curve (AUC) was
0.717 (P<0.0001) (Figure 1C).

AGT Overexpression Correlated with Poor Prognosis in GC
The potential prognosis value between AGT and GC was firstly investigated through Kaplan–Meier plotter method based
on the TCGA database. The results showed that AGT upregulation was significantly correlated with poor OS (logrank
P=0.006) (Figure 1D), while it has no significant correlations with RFS/DFS (logrank P=0.231) (Figure 1E).
Furthermore, the prognostic value of AGT expression was verified using GEPIA and Kaplan–Meier plotter, results
showed that upregulated AGT expression was significantly correlated with poor OS (GEPIA, logrank P=0.020,
Figure 1F; Kaplan–Meier plotter, logrank P=0.003, Figure 1G). Similarly, it has no significant association with RFS/
DFS (GEPIA, logrank P=0.07, Figure 1H; Kaplan–Meier plotter, logrank P=0.11, Figure 1I).

Based on the TNM stage, we divided all patients into the TCGA database into two sets: TNM stage I/II, TNM stage
III/IV. There was no correlation between AGT expression and OS in TNM stage I/II group (logrank P=0.217) (Figure
S1A). Interestingly, AGT overexpression was an independent risk factor for OS in TNM stage III/IV group (logrank
P=0.012) (Figure S1B). In addition, GEPIA was utilized to validate the results. Consistent with these results, we found
that there was no correlation between AGT expression and OS in early stages (stage I: logrank P=0.058, Figure S1C;
stage II: logrank P=0.210, Figure S1D). Nevertheless, upregulated AGT was significantly related to poorer prognosis of
OS in TNM stage III/IV group (stage III: logrank P=0.041, Figure S1E; stage IV: logrank P=0.013, Figure S1F).
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Figure 1 AGTexpression in GC tissues and normal tissues based on TCGA database (A) and GEPIA database (B). The diagnostic value of AGT in GC using ROC curve (C).
Correlation between AGT expression level and OS (D) and RFS/DFS (E) in GC based on TCGA dataset. Correlation between AGT expression and OS in GC based on
GEPIA database (F), Kaplan-Meier Plotter (G); Correlation between AGT expression and RFS/DFS based on GEPIA database (H), Kaplan-Meier Plotter (I).
Notes: P-value Significant Codes: *Stands for P<0.05.
Abbreviations: P.adj, adjusted P; NT, normal tissue; GC, gastric cancer; STAD, stomach adenocarcinoma; AUC, the area under the receiver operating characteristic curve;
HR, hazard ratio.
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Correlation Between AGT Expression and Immune Infiltration
To investigate the relationship between AGT expression levels and immune infiltration levels in GC, TIMER
database was used to perform the following analysis. Our results showed that there was a significant association
between AGT gene copy number alterations and immune cell infiltration levels, such as macrophages, CD8+
T cells, neutrophil, dendritic cells, B cells, and CD4+ T cells in GC (Figure 2A). Moreover, Kaplan-Meier plots
were used to explore the impact of AGT expression and immune infiltration on the OS of GC patients. We found
that AGT expression (P=0.003) and macrophage infiltration (P=0.004) were significantly correlated with prognosis
(Figure 2B). We further investigated whether the expression of AGT was connected with the infiltration of
immune cells. Our results demonstrated that AGT expression was positively correlated with infiltration of
B cells (r = 0.124, P=1.70e-02), CD4+ T cells (r = 0.314, P=8.08e-10), and macrophages (r = 0.27, P=1.30e-
07) (Figure 2C). Our results suggested that AGT expression was significantly correlated with immune infiltration
in GC.

Relationship Between AGT and Immune Cell Biomarkers
We further illustrated the relation between AGT and biomarkers of immunocytes in GC using TIMER and
GEPIA. The correlation of AGT with markers of immunocytes was first analyzed by TIMER, and adjusted for
tumor purity. The results demonstrated that AGT was significantly correlated with diversity immune cells
biomarkers, including biomarkers of B cell (CD19, CD79A), CD8+ T cell (CD8B), CD4+ T cell (CD4),
neutrophil cell (ITGAM, CCR7), dendritic cell (CD1C, CD1C), monocyte cell (CSF1R), TAM (CCL2, CD68,
IL10), M1 macrophage (NOS2), M2 macrophage (MS4A4A), Th1 cell (STAT4), Th2 cell (STAT6, STAT5A), Tfh
cell (BCL6), Th17 cell (STAT3), Treg (FOXP3, CCR8, STAT5B, TGFB1), and NK cell (KIR2DL4, KIR2DS4)
(Table 1, Figure 3A–I). Meanwhile, GEPIA was surveyed to analyzed the correlation between AGT expression
and the markers of B cell, CD4+ T cell, dendritic cell, TAM, M2 macrophage, Th2 cell, Treg, NK cell.
Consistently with the results of TIMER data analysis, we found that there was significantly positive of AGT
with those immune cell biomarkers in GC, while it was negatively correlated with NK cell’s biomarkers
(Table 2).

Correlation Between Methylation and Expression of AGT
To elucidate the potential mechanisms of aberrant AGT expression in GC, we firstly analyzed the relationship
between AGT expression and its DNA methylation status based on TCGA database. And our results showed that
AGT upregulation was significantly negatively connected with its total DNA methylation levels (cor=−0.41,
P=2.2e-16) (Figure 4A). Additionally, we used DiseaseMeth version 2.0 database to explore methylation levels
among GC samples and paracancerous samples. The results illustrated that the methylation levels of AGT were
higher in adjacent normal samples compared with GC samples; however, there was no statistical significance
between the two groups (P=3.786e-01) (Figure 4B). And our results illustrated that expression level of AGT was
associated with six CpG sites (such as cg07502417, cg24474852, cg22647018, cg26882410, cg14523948, and
cg27401395) in the AGT DNA sequences (Figure 4C). Kaplan–Meier plots showed that four CpG sites
(cg07502417, cg22647018, cg14523948, and cg27401395) were correlated with favorable prognosis
(Figure 4D–I).

PPI and AGT-Related Signaling Pathways
Based on the STRING database, we constructed a PPI network for AGT to explore the potential interactions
among it. There were 11 nodes and 43 edges in this PPI network. We also found that AGT was co-expressed with
ACE, CMA1, REN, AGTR1, AGTR2, ATP6AP2, ACE2, ENPEP, EDN1, and PRG2 (Figure 5A). Furthermore,
GeneMANIA database was employed to create a PPI network for AGT and to explore its coregulated hub genes.
The results illustrated that AGT was co-expressed with REN, AGTR2, AGTR1, ENPEP, ACE2, CMA1, JUND,
MAS1, SERPIND1, ACE, PRG2, ANPEP, PTP4A3, SERPINA3, SERPINA7, ATP6AP2, CPA3, SERPINA1,
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APOH, TUB (Figure 5B). GO enrichment analysis was performed to evaluate the biological functions of AGT and
its related genes, and it was found that these genes were mainly enriched in regulation of systemic arterial blood
pressure by hormone and regulation of blood volume by renin–angiotensin (Figure 5C).

Figure 2 (A) The relationship between AGT gene copy number alterations and immune cell infiltration levels. (B) Prognostic value of immune cells and AGT in GC. (C)
Correlation of AGT expression with immune infiltration level in GC.
Notes: P-value Significant Codes: *Stands for P<0.05, **Stands for P<0.01, ***Stands for P<0.001.
Abbreviation: STAD, stomach adenocarcinoma.
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Table 1 Correlation Analysis Between AGT and Related Genes and Markers of Immune Cells in TIMER

Description Gene Markers None Purity

R P value P Star R P value P Star

B cell CD19 0.24 7.5E-07 *** 0.237 2.9E-06 ***

CD79A 0.208 2.1E-05 *** 0.205 6.0E-05 ***
CD8+ T cell CD8A 0.056 2.6E-01 - 0.063 2.2E-01 -

CD8B 0.113 2.1E-02 * 0.124 1.6E-02 *

CD4+ T cell CD4 0.182 1.9E-04 *** 0.183 3.3E-04 ***
M1 macrophage NOS2 0.116 1.8E-02 * 0.102 4.7E-02 *

IRF5 0.090 6.6E-02 - 0.091 7.7E-02 -

PTGS2 0.086 7.9E-02 - 0.078 1.3E-01 -
M2 macrophage CD163 0.010 4.2E-02 * 0.087 9.0E-02 -

VSIG4 0.094 5.5E-02 - 0.087 9.1E-02 -

MS4A4A 0.132 7.0E-03 ** 0.125 1.5E-02 *
Neutrophil CEACAM8 0.080 1.0E-01 - 0.085 9.8E-02 -

ITGAM 0.123 1.2E-02 * 0.115 2.6E-02 *

CCR7 0.283 5.1E-09 *** 0.294 5.6E-09 ***
Dendritic cell HLA-DPB1 0.016 7.5E-01 - 0.009 8.6E-01 -

HLA-DQB1 −0.053 2.8E-01 - −0.072 1.6E-01 -

HLA-DRA −0.067 1.8E-01 - −0.070 1.7E-01 -
HLA-DPA1 −0.015 7.5E-01 - −0.022 6.8E-01 -

CD1C 0.365 1.5E-14 *** 0.371 7.6E-14 ***

NRP1 0.268 3.2E-08 *** 0.249 9.4E-07 ***
ITGAX 0.110 2.5E-02 * 0.085 9.8E-02 -

Monocyte CD86 0.083 9.2E-02 - 0.066 2.0E-01 -

CD115(CSF1R) 0.261 7.5E-08 *** 0.243 1.7E-06 ***
TAM CCL2 0.203 3.2E-05 *** 0.177 5.4E-04 ***

CD68 0.159 1.2E-03 ** 0.136 8.0E-03 **
IL10 0.145 3.1E-03 ** 0.120 1.9E-02 *

Th1 cell T-bet (TBX21) 0.025 6.1E-01 - 0.023 6.6E-01 -

STAT4 0.201 3.7E-05 *** 0.201 7.9E-05 ***
STAT1 −0.070 1.5E-01 - −0.075 1.4E-01 -

TNF-α (TNF) −0.030 5.4E-01 - −0.043 4.0E-01 -

Th2 cell STAT6 0.193 7.3E-05 *** 0.190 2.0E-04 ***
STAT5A 0.136 5.6E-03 ** 0.144 5.1E-03 **

IL13 0.018 7.2E-01 - 0.009 8.6E-01 -

Tfh cell BCL6 0.117 1.7E-02 * 0.109 3.4E-02 *
IL21 −0.035 4.7E-01 - −0.042 4.1E-01 -

Th17 cell STAT3 0.179 2.5E-04 *** 0.174 6.4E-04 ***

IL17A 0.069 1.6E-01 - 0.068 1.9E-01 -
Treg FOXP3 0.175 3.5E-04 *** 0.176 5.7E-04 ***

CCR8 0.179 2.5E-04 *** 0.170 8.9E-04 ***

STAT5B 0.354 1.4E-13 *** 0.342 7.2E-12 ***
TGFβ (TGFB1) 0.232 1.8E-06 *** 0.206 5.2E-05 ***

T cell exhaustion PD-1 (PDCD1) −0.006 9.0E-01 - 0.001 9.9E-01 -
CTLA4 −0.041 4.1E-01 - −0.043 4.1E-01 -
LAG3 −0.059 2.3E-01 - −0.054 2.9E-01 -

TIM-3 (HAVCR2) 0.036 4.6E-01 - 0.023 6.5E-01 -

(Continued)
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Discussion
GC is one of the most common and deadly neoplasms affecting individuals globally.1 Improvements in surgery,
radiotherapy, chemotherapy, targeted therapy and immunotherapy have significantly decreased the mortality of GC
patients.22 However, there are still patients undergoing relapse and progress with similar treatment. Thus, there
was a clear need to identify novel potential predictive and prognostic markers in patients with GC. Previous
studies have shown that AGT is upregulated in GC and indicated poor prognosis in GC.16,23,24 Liu et al showed
that AGT expression in exosomes positively correlates with serum level in GC.23 Li et al reported that AGT
overexpression is associated with poor prognosis in diffuse-type GC.16 Our conclusions were consistent with the
previous studies that upregulation of AGT is associated with poorer OS in GC patients. Zhang et al observed that
there is no association between AGT expression and TNM stage.24 Interestingly, we found that TNM stage
influenced the correlation between AGT expression and OS of GC patients. For example, AGT could serve as
a prognostic biomarker in TNM stage III/IV GC patients. However, no correlation was observed between AGT
expression and prognosis in TNM stage I/II GC patients. Moreover, we explored the association between AGT
expression and RFS/DFS in GC. Unfortunately, no association was found between them. Collectively, our results
emphasized that AGT might be a valid biomarker for OS in advanced GC.

Increasing evidence has shown that tumor-infiltrating immune cells induce an immune microenvironment and
significantly influence both the growth and evolution of neoplasms and therapeutic response.25–27 Immune
microenvironment also acts as a key regulator of progression in GC. Thus, we evaluated the correlation between
the expression of AGT and tumor-infiltrating immune cells. Results revealed that AGT expression was positively
associated with diverse tumor-infiltrating immune cells in GC, including macrophages, CD4+ T cells, and B cells.
To better understand why AGT connects with high immune cell infiltration and predicts poor OS in gastric cancer,
we investigated the relationship between AGT expression levels and immune cell biomarkers. We found that AGT
was negatively correlated with NK cell’s biomarkers (KIR2DL4, KIR2DS4). NK cells dysfunction associates with
advanced disease progression in solid tumor.28 Li et al showed that high tumor-infiltrating NK cells density
indicates poor prognosis in GC.29 Besides, AGT was positively correlated with biomarkers of TAMs (especially
M2 macrophages), Tregs. TAMs promote tumor initiation, progression, metastasis,30 and immune suppression.31

M2 macrophages act as immunosuppressive innate immune cells,32 and relate to worse prognosis in malignant
tumors.33 Moreover, M2 macrophages are found to be able to promote tumor growth, progression, invasion and
epithelial mesenchymal transition (EMT) through secreting anti-inflammatory cytokines.34,35 Tregs are able to
inhibit immune responses and promote immune escape, tumor growth and invasion.36 To summarize, our results
suggest that the crosstalk between AGT overexpression and immune cells (including NK cells, TAMs, Tregs)
could promote cancer progression and lead to poorer prognosis in GC.

Epigenetic modifications, particularly DNA methylation, occupy an important role in the induction and
progression of human disease,37 including GC.38 DNA methylation could lead to dysregulation of tumor

Table 1 (Continued).

Description Gene Markers None Purity

R P value P Star R P value P Star

NK cell KIR2DL1 −0.053 2.9E-01 - −0.06 2.5E-01 -
KIR2DL3 −0.007 1.5E-01 - −0.009 6.7E-01 -

KIR2DL4 −0.207 2.1E-05 *** −0.210 3.9E-05 ***

KIR3DL1 −0.070 1.5E-01 - −0.081 1.1E-01 -
KIR3DL2 −0.063 2.0E-01 - −0.078 1.3E-01 -

KIR3DL3 −0.091 6.4E-02 - −0.018 2.2E-02 -

KIR2DS4 −0.105 3.2E-02 * −0.108 3.6E-02 *

Notes: P-value Significant Codes: - P≥0.05, * P<0.05, ** P<0.01, *** P<0.001.
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suppressor genes and oncogenes.39 Zhang et al demonstrated that AGT is aberrantly methylated and overexpressed
in GC.24 In our research, we further studied the regulatory mechanism of AGT expression in gastric cancer.
Consistent with previous research, we found that AGT was inversely related to DNA methylation levels in GC.
Nevertheless, there was no difference in the methylation level of AGT between GC and normal samples; this
might be caused by the small size of the normal samples. DNA methylation analysis illustrated that all CpGs with
both higher and lower methylation levels were found in Open_Sea. Consequently, high levels of methylation of
CpG sites (cg07502417, cg22647018, cg14523948, and cg27401395) were positively significantly associated with
better prognosis. In summary, AGT was negatively modulated by AGT methylation, and its methylation status
might act as a promising biomarker for prognosis prediction of GC.

In the GO analysis, we found that AGT and AGT-related genes were enriched in multiple pathways, including not
only the RAS-related pathways (systemic arterial blood pressure by hormone, regulation of blood volume by renin-
angiotensin) but also NIK/NF-kappaB signaling, ficolin-1-rich granule, etc. NIK/NF-kappaB signaling pathway may lead
to oncogenesis, and progression through regulating EMT in GC.40 Our results also demonstrated that upregulated of AGTwas
positively connected with biomarkers of M2 macrophages. M2 macrophages infiltration in GC is related to metastasis via

Figure 3 Immune cell markers associated with AGT (P<0.01), including (A) Dendritic cell; (B) Th17 cell; (C) NK cell; (D) CD4+ T cell; (E) Th2 cell; (F) B cell; (G)
Neutrophil; (H) TAM; (I) Monocyte; (J) M2 macrophage; (K) Treg; (L) Th1 cell.
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EMT.41,42 Therefore, we presume that AGT may promote GC development by mediating EMT, while alterations in the
immune microenvironment are also involved in this process, particularly in M2 macrophages. Extracellular matrix (ECM) is
commonly composed of abundant type I fibrillar collagen, and ECM alterations in the tumor microenvironment are cross-
linking for GC progression.43 Evidence confirms that ECM can enhance matrix stiffness, through enzyme- or non-enzyme-
mediated pathways, and stiff ECM can lead to a negative effect on the malignancy of GC.44 Combined with the results of the
GO analysis (collagen-containing extracellular matrix), we infer that AGTmay promote GC progression by influencing ECM
alterations.

This study does have some limitations. First, we obtained data from public databases, and our results may be
influenced by the quality of data. For the purpose of decreasing the impact of data quality on the outcomes, multiple
databases were used to evaluate the prognostic value of AGT expression in GC. Second, this study lacks in vivo and
in vitro experiments, and the in-depth mechanism of AGT in GC needs to be further investigated. For instance, there is an
effect of AGT overexpression on GC cell phenotypes, or regulatory mechanisms of aberrant AGT methylation in GC.

Table 2 Correlation Analysis Between AGT and Related Genes and Markers of Immune Cells in GEPIA

Description Gene Markers Tumour Normal

R P value P Star R P value P Star

B cell CD19 0.21 2.9E-05 *** 0.68 5.1E-06 ***

CD79A 0.17 4.7E-04 *** 0.61 1.0E-04 ***
CD4+ T cell CD4 0.16 8.2E-04 *** 0.54 7.2E-04 ***

Dendritic cell CD1C 0.36 1.3E-13 *** −0.08 6.6E-01 -

NRP1 0.27 4.0E-08 *** 0.01 9.5E-01 -
ITGAX 0.10 4.4E-02 * 0.31 6.9E-02 -

HLA-DPB1 0.01 8.7E-01 - 0.47 4.0E-03 **

HLA-DQB1 −0.07 1.4E-01 - 0.6 1.7E-04 ***
HLA-DRA −0.08 9.9E-02 - 0.59 2.2E-04 ***

HLA-DPA1 −0.02 6.8E-01 - 0.49 2.5E-03 **

Th2 cell STAT6 0.14 5.1E-03 ** −0.35 3.6E-02 *
STAT5A 0.14 4.6E-03 ** −0.16 3.5E-01 -

IL13 0.06 2.0E-01 - −0.33 4.6E-02 *

Treg FOXP3 0.14 4.8E-03 ** 0.46 5.0E-03 **
CCR8 0.16 1.6E-03 ** 0.28 1.0E-01 -

STAT5B 0.32 5.5E-11 *** −0.31 6.3E-02 -

TGFβ(TGFB1) 0.20 3.3E-05 *** −0.55 5.6E-04 ***
TAM CCL2 0.21 2.1E-05 *** −0.17 3.2E-01 -

CD68 0.13 9.5E-03 ** 0.41 1.4E-02 *

IL10 0.14 5.7E-03 ** 0.38 2.2E-02 *
M2 macrophage CD163 0.01 9.1E-01 - −0.13 4.3E-01 -

VSIG4 0.07 1.5E-01 - 0.15 3.8E-01 -

MS4A4A 0.12 1.5E-02 * 0.07 6.9E-01 -
NK cell KIR2DL1 −0.06 2.7E-05 - 0.25 1.5E-01 -

KIR2DL3 −0.08 1.2E-01 - 0.30 7.3E-02 -
KIR2DL4 −0.21 1.2E-05 *** 0.42 1.0E-02 *

KIR3DL1 −0.08 9.1E-02 - 0.21 2.1E-01 -

KIR3DL2 −0.06 2.0E-01 - 0.60 1.2E-04 ***
KIR3DL3 −0.12 1.3E-02 * 0.14 4.1E-01 -

KIR2DS4 −0.11 2.6E-02 * 0.30 8.0E-02 -

Notes: P-value Significant Codes: - P≥0.05, * P<0.05, ** P<0.01, *** P<0.001.
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Conclusion
In conclusion, we found that abnormal upregulation of the AGT indicated poorer OS in GC especially in advanced GC.
Increased AGT expression enhanced immune infiltration levels of macrophages, CD4+ T cells, and B cells in GC, and

Figure 4 Methylation analysis of AGT. (A) Correlation between AGT mRNA expression and AGT DNA methylation. (B) AGT methylation between GC tissues and normal
tissues. (C) Different methylated sites associated with AGT. The relationship between CpG sites and GC prognosis, including (D) cg07502417; (E) cg24474852; (F)
cg22647018; (G) cg26882410; (H) cg14523948; (I) cg27401395.
Abbreviation: HR, hazard ratio.
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AGT overexpression was associated with biomarkers of NK cells, TAMs, and Tregs, which could be a possible
mechanism for AGT to influence GC patient outcomes.
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AGT, angiotensinogen; RAS, renin–angiotensin system; GC, gastric cancer; TCGA, The Cancer Genome Atlas; TIMER,
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9; TME, tumor microenvironment; Ang I, angiotensin 1; Ang II, angiotensin 2; STAD, stomach adenocarcinoma; Th17,
T-helper 17; Th1, T-helper 1; Th2, T-helper 2; Tfh, follicular helper T; NK, natural killer; OS, overall survival; RFS/DFS,
recurrence-free survival/disease-free survival; STRING, The Search Tool for the Retrieval of Interacting Genes; AUC,
the area under the receiver operating characteristic curve; ROC, receiver operating characteristic; DEGs, differentially
expressed genes; HR, hazard ratio.
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