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Background: Stomach adenocarcinoma (STAD) ranks as the third leading cause of cancer death worldwide. TGF-p receptor 1
(TGFBR1), serving important roles in the TGF-f family, the mechanisms whereby TGFBR1 governs tumor progression, immune cell
infiltration in STAD remains unintelligible.

Methods: We used the TCGA, GEPIA, and HPA databases to explore TGFBR1 expression in STAD, the correlation between
TGFBRI1 expression and the clinical features. A receiver operating characteristic (ROC) curve and nomogram were constructed, and
LASSO (the Least Absolute Shrinkage and Selection Operator)-selected features were used to build the TGFBR1 prognostic signature.
GSEA is used to find the potential mechanism of TGFBR1 to promote the malignant process of STAD. We explored the influence of
the TGFBR1 on the immune microenvironment of STAD through the TIMER2.0 and GEPIA database.

Results: In our study, TGFBRI1 expression was significantly elevated in STAD and positively co-expression with pathologic stage,
lymph node metastases (LNM) stage and histopathological grade. Nine factors with non-zero coefficients were identified by LASSO-
selected features. Survival analysis revealed that patients with high TGFBR1 had shorter OS, FP, and PPS. Multivariate Cox analysis
revealed that TGFBR1 was an independent prognostic factor for OS in STAD. The ROC analysis suggested that high diagnostic value
with the AUC of TGFBRI1 was 0.739. GSEA revealed that high TGFBR1 expression was correlated with pathway in cancer, MAPK
signaling pathway, NOTCH signaling pathway, and VEGF-C production. ssGSEA showed that TGFBR1 is correlated with NK cells,
Tem and Th17 cells. Furthermore, elevated TGFBR1 expression was found to be significantly correlated with several immune
checkpoint and immune markers associated with immune cell subsets.

Conclusion: In summary, TGFBR1 could be a prognostic biomarker and an important regulator of immune cell infiltration in STAD.
The present study revealed the probable underlying molecular mechanisms of TGFBR1 in STAD and provided a potential target for
improving the prognosis.
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Introduction

Stomach adenocarcinoma (STAD) is a common cancer and ranks as the third leading cause of cancer death worldwide.'*
Despite improvements in STAD treatment, prognosis of patients with advanced STAD remains poor.> Importantly, there
are neither effective prognostic biomarkers nor validated predictive for this lethal tumor.* Tumorigenesis is a complicated
process involving multiple factor sand stages,” among which the linked gene and immune cells play an essential
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regulatory role.®’” Thus, it is urgent to investigate the targeted molecular mechanism and explore relative signaling
pathways for cancer treatment. Mechanisms and markers of immunity are also involved in the progression of STAD,” and
immune-related therapy provides a hopeful option for STAD.%” Besides, the developments of the novel molecular and
high effective markers are in its infancy. Thus, it’s necessary to identify novel immune-related markers to realize early
diagnosis and treatment in STAD.

TGF-B receptor 1 (TGFBR1), serving significant roles in the TGF-f family, and have vital influence on many
biological processes, including cell growth, reproductive capacity, and immunological reactions.®’ TGF-B signaling
plays an important role in both the growth and differentiation of tumor cells and the functional regulation of
interstitial.'"®'" TGF-p binds to TGFBR2, forming a complex with TGFBR1, which then phosphorylates R-SMADs,
enabling the formation of a complex with SMAD4 that could enter the nucleus to regulate gene expression.®'*!3 It
has been reported that TGFBR1 is an irreplaceable downstream molecule of TGFB1 that participates in cell cycle,
such as differentiation, fission, and death.'*'> It’s observed that TGFBR1 expression taking part in the Linc00462/
miR-665/TGFBR 1-TGFBR2/SMAD2/3 pathway influences pancreatic cancer invasiveness.'® In lung cancer, TGFBR1
take part in TGFBRI- EGFR-CTNNBI-CDHI axis in regulating the migration and invasion.'” Cells that lack
TGFBRI1 do not respond to TGF-B1, which further affects the TGF-B signaling pathway.'®'® It’s reported that some
inhibitors of TGFBR1 had been join in Phase 1 clinical trials in patients with advanced tumor, such as
galunisertib.?%?!

Lots of evidence demonstrated that the tumor microenvironment (TME) provide supports for tumor growth and
regulates immune response.”’*> TGFBRI is a potential regulator of the TME, playing a significant role in tumor immune
evasion, resulting in progression and metastasis of cancer.”'** TGF-p signaling pathway operates as a major suppressor
of the adaptive and innate immune responses during tumor progression.®'* Mutations in TGFBRI is frequently observed,
the loss of function mutations provide evidence for the tumor suppressor role of the TGF-B signaling pathway in tumor.®
TGFBR1 mediated phosphorylation of ILK and its subsequent binding to CD103, thus initiating inside-out signaling
leading to activation of the integrin and strengthening of CD103-E-cadherin adhesion.** The existing body of research
have shown a vital role for TGF-B signals in regulation of NK cells,'®?* T-Lymphocyte Accumulation and Antitumor
Activity®* and safeguarding specific Treg cell functions.”® However, the mechanisms whereby TGFBR1 regulates tumor
progression, immune infiltration, and the prognosis of TGFBR1 expression and its correlation with TME in STAD
remains unintelligible.

Here we investigated the TGFBR1 expression and its diagnostic and prognostic value in STAD. Then, gene set
enrichment analysis (GSEA) of the STAD data set from TCGA was applied to evaluate the underlying mechanisms of
TGFBRI1, then LASSO-selected features were used to build the TGFBR1 prognostic signature and the correlation
between TGFBR1 expression and tumor infiltrating immune cells (TIILs), immune checkpoint in the TME were
assessed. In summary, TGFBR1 could be a prognostic biomarker and an important regulator of immune cell infiltration
in STAD. The present study revealed the probable underlying mechanisms of TGFBR1 in STAD and provided a potential

target for improving the prognosis.

Methods
Sample Data Sets

All raw data of STAD, with transcriptome RNA-seq data and the corresponding clinical information, were downloaded
from TCGA database (https:/portal.gdc.cancer.gov/repository).?” Performing the differential expression analysis in
TCGA-STAD samples according to TGFBR1 expression, we determined the DEmRNAs with thresholds of [logFC]
>1.5 and adj p <0.05. Next, we used the “Similar Gene Detection” module of GEPIA2 to obtain the top 100 TGFBR1-
correlated targeting genes based on the datasets of all STAD-TCGA tumor tissues. Then, we conduct an intersection

analysis to compare the TGFBR1-binding and interacted genes through a website (http://bioinformatics.psb.ugent.be/

webtools/Venn/).
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GEPIA Database Analysis
GEPIA is an online database which facilitates the standardized analysis of RNA-seq data in the TCGA and GTEx data
sets (http://gepia.cancer-pku.cn/index.html).*®?* We therefore employed this database to assess the link between

TGFBRI1 expression and patient prognosis in STAD, and we further assessed the link between TGFBR1 expression
and the expression of markers associated with immune cell infiltration of tumors.

Kaplan—Meier Plotter Analysis

The Kaplan—Meier plotter offers a means of readily exploring the impact of a wide array of genes on patient survival in
21 different types of cancer.’® We explore the association between TGFBR1 expression and outcome therefore through
this database in STAD (http://kmplot.com/analysis/).

TIMER Database Analysis

TIMER2.0 (http://timer.comp-genomics.org/) is a database designed for analyzing immune cell infiltrates in multiple

cancers. This database employs pathological examination-validated statistical methodology in order to estimate tumor
immune infiltration by monocyte, neutrophils, M1/M2 macrophages, TMA, dendritic cells, B cells and CD4/CD8 T cells
so on.*'*? We initially employed this database to assess differences in TGFBR1 expression levels in particular tumor
types using the TIMER2.0 database, and we then explored the relationship between this TGFBRI1 expression and the
degree of infiltration by immune cell subsets. We further conducted Kaplan—Meier curve analyses to explore the
differences of survival as a function of gene expression or immune cell infiltration. Finally, we assessed how
TGFBRI1 expression correlated with the expression of immune infiltrating cell subset markers.

Constructing and Validating the Risk-Score System
We conduct an intersection analysis to compare the TGFBR1-binding and interacted genes through a website (http://
bioinformatics.psb.ugent.be/webtools/Venn/), and 20 genes were achieved. Least Absolute Shrinkage and Selection

Operator (LASSO)-regression model was performed using the “glmnet” package.”** Subsequently, the identified
genes were integrated into a risk signature, and a risk-score system was established according to the following formula,
based on the normalized gene expression values and their coefficients. The normalized gene expression levels were
calculated by TMM algorithm by “edgeR” package.’® The risk score was calculated for each patient with STAD in this
study, and the distribution and receiver operating characteristic (ROC) curve were plotted using “timeROC” package.***>
According to the median risk score in the training set, patients were divided into high-or low-risk groups. In addition, the
relationships between risk scores and OS rates in different groups and subgroups were evaluated by Kaplan—Meier

survival analysis and Log rank testing.

Gene Set Enrichment Analysis (GSEA)

GSEA was conducted to identify potential biological processes and pathways in high-risk groups in the “cluster Profiler”
R package.’®” The c2.cp.v7.2.symbols.gmt (KEGG) and c5.all.v7.2.symbols.gmt (Gene ontology) were downloaded
from the Molecular Signatures Database (MSigDB). Gene sets with [NES|>1, NOM p<0.05 and FDR<0.05 were
considered as statistical significance.

Immune Cells Infiltration of ssGSEA

Immune infiltration analysis of STAD was performed by single-sample gene set enrichment analysis (ssGSEA) in the
“GSVA” R package,’® and the infiltration levels of 24 immune cell types®® were quantified from gene expression profiles.
In addition, a Spearman correlation was performed to analyze the relationship of immune cells infiltration with TGFBR1
expression and Wilcoxon rank sum test was conducted to analyze the correlation between infiltration level of immune
cells and TGFBRI.
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Statistical Analysis

The least absolute shrinkage and selection operator (LASSO) regression algorithm for feature selection, using 10-fold
cross-validation, the above analysis uses the R software package glmnet.*****! For Kaplan-Meier curves, p-values, and
hazard ratio (HR) with 95% confidence interval (CI) were generated by Log rank tests and univariate Cox proportional
hazards regression. All analytical methods above and R packages were performed using R software version 4.0.3 (The
R Foundation for Statistical Computing, 2020). p <0.05 was considered as statistically significant.

All figure construction in this study was conducted by using R package software (version 4.1.1). Univariate and
multivariate Cox regression model were performed by using “survival”,“survminer” packages. Wilcox test was used to
determine statistical differences of categorical variables. Genes included in the multivariate analysis were selected
through stepwise Cox regression analysis with both directions. Bootstrap method was used to perform internal validation
in the TCGA dataset.

Results
TGFBRI Levels are Increased in STAD

We used Timer database to analyze the TGFBR1 expression in tumor tissues, and our results showed that the expression
level of TGFBR1 was increased in a variety of tumors, including STAD compared with those corresponding NT tissues
(Figure 1A). At the same time, we investigated the expression of TGFBR1 in TCGA database by GEPIA. The results
suggested that TGFBR1 was elevated in STAD compared with the corresponding normal tissues (Figure 1B and C).
Furthermore, IHC results of normal tissues and tumor tissues were obtained from the HPA database (Figure 1D). The
results suggested that the level of TGFBR1 protein increased in STAD compared with the corresponding normal stomach
tissue. Collectively, these results revealed that TGFBR1 is consistently upregulated in STAD tissue compared with
corresponding normal cells and tissue.

High TGFBRI Expression is Correlated with Clinicopathologic Features in Patients
with STAD

To clarify the correlation between the overexpression of TGFBR1 and the clinical, pathological, and molecular character-
istics. Using the GEPIA2 dataset, we compared the mRNA expression of TGFBRI1 between STAD with different
pathologic stage (Figure 2A). The results indicated that increased expression of TGFBR1 associated significantly with
different pathologic stage (P < 0.05). The characteristics of 375 STAD patients including clinical and gene expression data
were achieved from TCGA database (Table S1). Based on the mean value of TGFBR1 expression, the patients were divided
into high- and low-TGFBRI1 expression groups, then we conducted Wilcoxon signed-rank test and logistic regression to
analyze the correlation between TGFBR1 expression and clinical characteristics. As shown in Table S1, Figure S1B-D, the

expression level of TGFBR1 was correlated with the pathologic stage, T stage, N stage, LNN, and degree of Histologic
grade in STAD. Therefore, we further explore that a high level of TGFBR1 may be associated with a poor prognosis of
STAD patients.

|dentification of theTGFBR| Related Prognostic Signature

Performing the differential expression analysis in TCGA-STAD samples according to TGFBR1 expression, we deter-
mined the 470 DEGs with thresholds of |logFC| >1.5 and adj p <0.05. Volcano plots visually displaying the distribution
of DEmRNAs were generated (Figure 2A). Next, we obtain the top 100 TGFBR1-correlated targeting genes based on the
GEPIA2 datasets (Table S2). Then, we conduct an intersection analysis to compare the TGFBR1-binding and interacted
genes through a website (http://bioinformatics.psb.ugent.be/webtools/Venn/) (Figure 2B, Table S3). To stratify the

clinical outcomes of patients with the TGFBR1 readily and efficiently, we applied the LASSO Cox regression algorithm
to the 20 factors and TGFBRI1 in the TCGA dataset. A total of 9 factors with non-zero coefficients were identified. These
LASSO-selected features were used to build the TGFBR1 prognostic signature (Figures 2 and S2). The corresponding
risk scores were computed, according to the following formula:
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Figure | TGFBRI levels are increased in STAD. (A) TGFBRI expression levels in different types of cancers from TCGA datasets in TIMER. (B) Expression of TGFBR| based

on GEPIA2 database in STAD. (C) Differential expression of TGFBRI in different disease state (Tumor or Normal). (D) IHC of normal stomach tissue and STAD tissue

obtained from the HPA database. * <0.05, **P <0.01, ***P < 0.001.
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We divided

patients in TCGA datasets into high-risk and low-risk groups using their respective median risk score as the cutoff.

Kaplan—Meier survival analysis determined that patients with high-risk scores had poorer OS than those with low-risk

scores (p < 0.001, HR = 1.579, 95% CI: 1.134, 2.198; Figure 2C and D). The area under curve (AUC) for 1-year, 3-year

and 5-year time-dependent ROC were 0.645 and 0.639, 0.669 respectively (Figure 2E).
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High Expression of the TGFBRI Related Prognostic Signature

The survival analysis of the TCGA-STAD dataset demonstrated that high TGFBR1 expression was correlated with poor
OS (P = 0.039) (Figure 3A). Next, we conduct Kaplan—-Meier survival analysis by KM Plotter. The result of survival
analysis represented that high TGFBRI1 expression was associated with poor OS (206943 at, P = 5.7e-07) and
(224793 s at, P=7.3e-07) (Figure 3B and C), poor FP (206943 at, P = 4e-04) and (224793 s at, P=5.5¢-12)
(Figure 3D and E), and poor PPS (206943 at, P = 6e-09) and (224793 s _at, P=0.00011) (Figure 3F and G). Patients
with TGFBR1 overexpression have a shorter overall survival time, and the results are consistent with the TCGA
databases. Then, the receiver operating characteristic (ROC) curve was carried out to analyze the effectiveness of
TGFBRI expression in normal samples of GTEx combined adjacent STAD tissues and STAD samples. AUC of TGFBRI1
was 0.739, CI (0.629, 0.848), which suggested high diagnostic value (Figure 4A). Then, the nomogram used age, T, N,
M classification, pathologic stage, primary therapy outcome, histologic grade and TGFBRI1 to predict the 1, 3, 5-year OS
in the TCGA-STAD (Figure 4B). Univariate and multivariate analyses were performed to explore whether TGFBR1 is an
independent prognostic factor affecting the prognosis of STAD. Univariate Cox analysis showed that high TGFBR1
expression was significantly correlated with poor OS (hazard ratio [HR] = 1.645, 95% CI = 1.179-2.295, P=0.003
(Table S4 and Figure 5A). Moreover, multivariate regression analysis further verified that TGFBR1 expression was an
independent prognostic factor for OS in patients with STAD (HR = 1.733, 95% CI =1.165-2.578, P=0.007) (Table S4
and Figure 5B). The univariate and multivariate analyses results revealed that the upregulation of TGFBR1 could be used
as a prognostic factor for STAD. Hence, the results suggested that TGFBR1, as a prognostic factor, its upregulation can
significantly affect the prognosis of patients with STAD.
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Figure 4 (A) ROC curve for TGFBRI in normal samples of GTEx combined adjacent STAD tissues and STAD samples. (B) A nomogram for predicting probability of
patients with |-, 3- and 5-year OS.

TGFBRI-Related Signaling Pathways Based on GSEA

From the above results, we can know that TGFBR1 plays an important role in the tumorigenesis of STAD, but the specific
molecular mechanism that leads to the poor prognosis of STAD is still unclear. To reveal the mechanism of TGFBRI,
GSEA be used to evaluate the potential signaling pathway of TGFBR1 in STAD. We found some signaling pathways and
biological processes that may be related to the effect of TGFBR1 on STAD progression, including pathway in cancer,
MAPK signaling pathway, NOTCH signaling pathway, focal adhesion, and VEGF-C production (Figure 6A—F). The result
further illustrates the complexity of the mechanism of TGFBRI1 in STAD and it also clarifies the potential biological
pathway regulation mechanism that TGFBR1 may participate in the regulation of STAD.

Relationship Between TGFBRI Expression and Tumor-Infiltrating Immune Cells

Tumor immune infiltration is an important factor in neoplasm progress and significantly influences the survival
probability of tumor patients. Using the TIMER database, we analyze the relationship between expression of TGFBR1
and immune cell infiltration (Figure 7A). The results showed that the expression level of TGFBR1 was positively
correlated with the infiltration levels of CD4+ T cells, CD8+ T cells, Macrophages, Neutrophils and Myeloid dendritic
cells. This suggests that TGFBR1 may be a potential factor affecting the immune microenvironment of STAD. We also
analyze the OS between expression of TGFBR1 and immune cell infiltration level through Timer database (Figure 7B).
The results showed that the patient with higher TGFBR1 expression and lower CD8+ T cells infiltration level could be
had poor prognosis (p<0.05). In high TGFBR1 expression group, the patient with higher Macrophage infiltration level
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Figure 5 (A) Forest plot of the univariate Cox regression analysis in TCGA-STAD. (B) Forest plot of the multivariate Cox regression analysis in TCGA-STAD. The bold
p value (<0.05) in figures has statistical significance.

could be have poor prognosis (p<0.05). We further explored the relationship between TGFBR1 expression and infiltration
level of 24 immune cells quantified by ssGSEA in STAD through Spearman correlation (Figures 8A and S3). The results
showed that high TGFBRI1 expression was significantly positively correlated with infiltration levels of natural killer (NK)
cells and Tem cells and negatively correlated with infiltration levels of Th17 cells (Figure 8B-D). Collectively, the above
results demonstrated that the expression level of TGFBRI1 is positively correlated with the level of tumor immune cell
infiltration.

Assessment of the Correlation Between TGFBRI and Immune Marker Expression

We next further explored the link between TGFBRI1 expression and levels of immune cell infiltration based on sets of
immunological markers in STAD using the TIMER and GEPIA database. Especially, we assessed the correlation
between TGFBR1 expression and levels of parkers for cell subsets including CD8+ T cells, total T cells, B cells,
monocytes, TAMs, M1 and M2 macrophages, neutrophils, NK cells, DCs, Thl cells, Th2 cells, Tth cells, Th17 cells,
Tregs and exhausted T cells. We adjusted these results based on tumor purity, revealing a significant correlation
between TGFBRI1 expression and CD8+T cell markers (CDS8A, CD8B), B cell marker (CD19), T cell (general)
markers (CD2, CD3E), monocyte markers (CD86, CSF1R), TAM markers (CCL2, IL10, CD68), M1 macrophage
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Figure 6 The GSEA analysis results of TCGA RNA-seq data. (A—C) TGFBRI-related signaling pathways in c2.cp.v7.2.symbols.gmt. (D-F) TGFBRI-related signaling
pathways in c5.all.v7.2.symbols.gmt (Gene ontology).

markers (PTGS2), M2 macrophage markers (CD163, VSIG4, MS4A4A), neutrophils markers (CCR7, ITGAM), NK
cell markers (KIR2DL1, KIR2DS4, KIR3DL1, KIR3DL2), Dendritic cell markers (CD1C, ITGAX, NRP1), Thl
markers (STAT1, STAT4, TBX21), Th2 markers (STATSA, STAT6), Tth markers (BCL6), Th17 markers (IL17A,
STAT3), T cell exhaustion markers (HAVCR2, PDCD1) and Treg markers (CCR8, FOXP3, STAT5B, TGFBI) in
STAD (Table S5). TGFBR1 expression was related to that of the majority of monocyte, TAM, M1 and M2
macrophage markers in STAD (Table 1). It was significantly correlated with monocyte markers (CD86, CSF1R),
TAM markers (CCL2, IL10), M1 macrophage markers (PTGS2) and M2 macrophage markers (CD163, VSIG4,
MS4A4A) in STAD (P<0.05; Figure 9A-D). Thus, we further evaluate the relationship between TGFBR1 expression
and these markers in STAD through the GEPIA2 database revealing similar correlations in TIMER2 (Table 1). The
result suggests that TGFBR1 may be capable of regulating the polarization of macrophages in STAD. Elevated
TGFBRI1 expression is also associated with increased NK cell infiltration in STAD, and consistent with this, the NK
cell markers KIR2DL1, KIR2DS4, KIR3DL1 and KIR3DL2 were correlated with the expression of TGFBRI
expression. We further observed that there was a significant correlation between TGFBR1 and markers of Tregs
and exhausted T cells including CCR8, FOXP3, STAT5B, TGFB, HAVCR2, PDCDI1 (Table 1), indicating that
TGFBR1 may play a role in immune escape in STAD, although further work will be necessary to confirm the
underlying mechanisms. In addition, we also explored the relationship between TGFBRI1 and the 15 Immune
checkpoint (10 proteins from B7 family and 5 proteins from CD28 family) through GEPIA2. As shown in
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Figure 7 (A) TGFBRI expression is correlated with the level of immune infiltration based on TIMER2 database in STAD. (B) Kaplan—Meier plots of immune infiltration and
TGFBRI expression levels based on TIMER2 database in STAD.

Figures 10A-F and S4, the TGFBRI expression level is positively correlated with the expression levels of CD86,
CD276, PDCD1LG2, C10o0rf54, CTLA4 and NCR3LG1 in STAD. Collectively, the above results demonstrated that
the expression level of TGFBRI1 is positively correlated with the level of tumor immune cell infiltration, indicating
that TGFBR1 may play a vital role in immune escape in STAD, while further work will be needed to confirm the
mechanisms.

Discussion

STAD is common cancer and remains the leading cause of cancer-related deaths in the worldwide.? In recent years, the
OS of STAD patients has been improved to a certain extent with development of therapy and medicine, but there is still
space for improvement. As well known, it is of great sense for improving the prognosis and well understanding the
mechanism of the occurrence and metastasis of cancer. Immunological mechanisms governs the development of STAD,
and many different effectively immunotherapies methods have been proposed.” TGFBRI act as an important member of

the TGF-B family, and it’s of great sense for cell growth and immunological reactions.'®
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Abbreviations: Tcm, T central memory; Tem, T effector memory; Tgd, T gamma delta; Tfh, T follicular helper; NK, natural killer; pDC, plasmacytoid dendritic cells.
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Table | Correlation Analysis Between TGFBRI and Relate Genes and Markers of Monocyte, TAM, and Macrophages

in GEPIA
Description Gene Markers TCGA-STAD
Tumor Normal
R P R P
Monocyte CD86 0.12 * -0.3 0.077
CSFIR 0.29 ok 0.043 0.8
TAM CCL2 0.15 o 0.74 sk
CDé8 0.052 0.29 —0.44 ok
ILIO 0.13 * —0.18 0.3
MIMacrophage NOS2 —0.075 0.13 —0.19 0.26
IRF5 0.033 0.5 —0.37 *
PTGS2 0.19 ok 0.83 ek
M2Macrophage CDl63 0.16 9e-04 0.29 0.082
VSIG4 0.17 o 0.11 0.51
MS4A4A 0.18 ok 0.23 0.18

Notes: Cor, R value of Spearman’s correlation; None, correlation without adjustment. Purity, correlation adjusted by purity. *P < 0.05; **P <0.005; ***P
< 0.0005.

In this paper, we assessed the relationship of TGFBR1 expression and the prognosis of 33 different types of tumors
through the TIMER2.0 databases, revealing obvious differences between tumor and normal tissue expression of TGFBR1
in many cancers. TCGA data set analysis indicated that there was elevated TGFBRI1 expression in CHOL, COAD, GBM,
HNSC, LIHC, PCPG, STAD and THCA, whereas expression was decreased in BLCA, BRCA, KIRP, KIRC, LUAD,
LUSC, PRAD and UCEC relative to adjacent controls. Changes of TGFBRI1 expression in a range may relate to
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Figure 9 Correlation analysis between TGFBRI expression and immunological marker set in STAD. (A) Scatterplots of correlations between TGFBR| expression and gene
markers of M| macrophages in STAD. (B) Scatterplots of correlations between TGFBRI| expression and gene markers of M2 macrophages in STAD. (C) Scatterplots of

correlations between TGFBRI| expression and gene markers of TAMs in STAD. (D) Scatterplots of correlations between TGFBRI expression and gene markers of
monocytes in STAD.
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Figure 10 (A-F) Correlation analysis between TGFBR| expression and immune checkpoint based on GEPIA2 in STAD.

differences in the underlying biological mechanisms. Particularly, elevated expression of TGFBRI1 also was observed in
STAD through GEPIA. LASSO-selected features were used to build the TGFBR1 prognostic signature. 9 factors
(STON1-GTF2A1L, DIXDC1, FERMT2, BHMT2, ABCC9, MSRB3, SYNC, SORBS1, TGFBR1) with non-zero
coefficients were identified. The functions of the genes identified by LASSO related to some signaling pathway and
biological process. Some of them be related to TGFB signaling pathway. Such as, FERMT2 (FERM domain containing
kindlin 2), have TGFBRI1 binding activity,** Involved in cell surface receptor signaling pathway.** DIXDC1 (DIX
domain containing 1), is a positive regulator of the Wnt signaling pathway.*> ABCC9 (ATP binding cassette subfamily
C member 9), is a member of the MRP subfamily which is involved in multi-drug resistance.** We confirmed the
prognostic value of a signature built with 20 TGFBR1-related genes (Figure 3 and Table S3). The risk score of the
TGFBR1-related signature was a stable, independent prognosis factor in TCGA datasets. Increasing TGFBR1 correlated
with poorer prognosis, as well as, stage, T stage, N stage, and differentiation. The higher TGFBR1 expression in STAD
correlated with a elevated stage, N stage, T stage, and poor differentiation. The higher TGFBRI1 expression was also
a valuable predictor of lymph node metastasis (LNM) in STAD, demonstrating that TGFBR1 may be a precious
prognostic indicator of LNM progression in STAD. These results together suggest that TGFBR1 could be prognostic
biomarker and associated with progression of STAD.

In our study, we found that the level of TGFBRI expression with a strong correlation between high TGFBR1
expression and poor prognosis in STAD. Increasing TGFBR1 levels were correlated with a poorer outcome in STAD
through TCGA database. Elevated TGFBRI1 correlate with poor GC outcome also be found using the Kaplan—Meier
plotter database. What’s more important, ROC analysis also confirmed the diagnostic value. In recent years, there was
no predictive nomogram for STAD combining the TGFBR1 expression reported. Therefore, a prognostic nomogram
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involving T, M, N classification, age, pathologic stage, primary therapy outcome, histologic grade and TGFBR1 was
constructed, which can be used by the physician to improve the accuracy of identifying high risk STAD patients.
Multivariate Cox analysis further confirmed that high TGFBR1 expression was an independent risk factor for OS in
STAD patient. Moreover, high TGFBR1 expression was correlated with clinicopathologic features in STAD, includ-
ing primary therapy outcome, histologic grade, and age. The result showed that high TGFBRI1 expression was
correlated with advanced gastric cancer, which indicated that it may be a marker to identify early STAD and
advanced STAD. We conclude that the poor survival in STAD has a probable prognostic molecular marker known
as the TGFBRI1 expression. Also, possible key pathways in STAD that is regulated by TGFBR1 are the focal
adhesion, pathway in cancer, NOTCH signaling pathway, MAPK signaling pathway, chemokine binding, and positive
regulation of VEGF-C production. Finally, the results further suggest that for improved clinical outcomes among
STAD patients, we could use an independent prognostic factor known as the high TGFBR1 mRNA expression. We
recommend further research on the subject matter to progressively improve the evidence on the biological impact of
TGFBRI.

A key finding in this study is that the TGFBR1expression correlated with the degree of immune infiltration level in
STAD. We found that TGFBR1 expression was positively correlated with the degree of CD4+ T cells, CD8+ T cells,
Macrophages, Neutrophils and Myeloid dendritic cells infiltration in STAD. The results showed that the patient with
higher TGFBR1 expression and lower CD8+ T cells infiltration level could be had poor prognosis. We further observed
that macrophage infiltration to be significantly associated with prognosis in STAD (Figure 7B). In high TGFBR1
expression group, the patient with higher Macrophage infiltration level could be have poor prognosis. We observed
a correlation between TGFBR1 and M1/M2 macrophage markers including PTGS2, CD163, VSIG4 and MS4A4A
(Table 1). This suggests that TGFBRI1 play an important role in regulating TAM polarization. Also, we found TGFBR1
levels in STAD was related to markers of Treg cells and T cell exhaustion (CCR8, FOXP3, STAT5B, TGFB, HAVCR2,
PDCDI1 (Table 1). This suggests that TGFBR1 could participated in regulating Treg responses to suppress T cell-
mediated immunity. Besides, we observed a correlation between TGFBR1 and NK cell markers including KIR2DL1,
KIR2DS4, KIR3DL1, KIR3DL2 (Table 1). NK cells respond rapidly to tumor cells and virus-infected cells through the
unique capacity to recognize stressed cells in the absence of an adaptive response, allowing a rapid immune reaction.’
The result may reveal that TGFBR1may participate in regulating NK cell-mediated rapid immune reaction or innate
immunity. What’s more, we observed that TGFBR1 expression correlated with multiple T cell markers (Thl, Th2, Tth
and Th17). This may correspond to the ability of TGFBRI1 to regulate T cell responses in STAD. Together, the correlation
observed between TGFBR1 and certain immunological marker genes demonstrated that TGFBR1 could regulate immune
cell infiltration and interactions within the tumor microenvironment in STAD.

In addition, the TGFBR1 expression level is positively correlated with the expression levels of CD86, CD276,
PDCDILG2, C10orf54, CTLA4, CD28 and NCR3LG1 in STAD. The correlation observed between TGFBR1 and the
expression of 15 Immune checkpoint (B7 and CD28 family) suggests that TGFBR1 participated in regulating immune
cell infiltration and interactions within the tumor microenvironment in STAD tumors. Together, these results highlight
the ability of TGFBR1 to take part in potentially regulating immune cell recruitment and activation in STAD. The
TGFBRI1 expression correlated with the expression of several immune checkpoint, highlighting a possible role for
TGFBRI1 in the immunological interaction in STAD, making it a valuable biomarker worthy of further research in this
type of cancer.

Conclusion

In summary, TGFBRI1 could be a prognostic biomarker and an important regulator of immune cell infiltration in STAD.
However, some limitations still exist in our study. There are some biases caused by confounding factors because of data
from public databases. In addition, cell function assay and validation in vivo which are solid evidence were lacking.
Some mechanisms of TGFBR1 in STAD also require further investigation.
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