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Identification and validation 
of a T cell marker gene‑based 
signature to predict prognosis 
and immunotherapy response 
in gastric cancer
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Although the role of T cells in tumor immunity and modulation of the tumor microenvironment 
(TME) has been extensively studied, their precise involvement in gastric adenocarcinoma remains 
inadequately explored. In this work, we analyzed the single‑cell RNA sequencing data set in 
GSE183904 and identified 322 T cell marker genes using the “FindAllMarkers” method of the R 
package “Seurat”. STAD patients in the TCGA database were divided into high‑risk and low‑risk 
categories based on risk scores. The five‑gene prediction signature based on T cell marker genes can 
predict the prognosis of gastric cancer patients with high accuracy. In the training cohort, the areas 
under the receiver operating characteristic (ROC) curve were 0.667, 0.73, and 0.818 at 1, 3, and 
5 years. External validation of the predictive signature was also performed using multiple clinical 
subgroups and GEO cohorts. To help with practical application, a diagnostic model was created 
that shows values of 0.732, 0.752, and 0.816 for the relevant areas under the ROC curve at 1, 3, and 
5 years. The T cell marker genes identified in this study may serve as potential therapeutic targets, and 
the developed predictive signatures and nomograms may aid in the clinical management of gastric 
cancer.

Being the 3rd greatest cause of worldwide cancer mortality and the 5th most prevalent cancer, gastric cancer is 
an urgent issue for the  public1. The most frequently diagnosed histological subtype of gastric cancer is stomach 
adenocarcinoma (STAD). Currently, a variety of therapeutic options including endoscopic therapy, surgical 
therapy, radiotherapy, and chemotherapy are used to manage this  disease2. Several biomarkers associated with 
gastric cancer, such as HER2, MSI, PD-L1, VEGF, and VEGFR-23,4 have been identified for screening, diagnosis, 
typing, targeted therapy, and monitoring of the disease. However, no single biomarker can comprehensively 
address all aspects of gastric cancer. As a result, there is a strong need to find more reliable biomarkers and 
develop sensible combination therapies for the best management of stomach cancer.

During tumor development, tumor cells interact with a variety of cells and tissues in their surroundings, 
including blood vessels, fibroblasts, and lymphocytes. The tumor microenvironment refers to this network 
of cells as well as the tumor as a whole. Among these cell types, immune cells make up the tumor immune 
 microenvironment5,6. Through a variety of processes, the TME contributes significantly to the growth of tumors, 
and changes in TME can act as biomarkers for immunotherapy. Understanding the TME’s function is crucial for 
creating new cancer immunotherapies. The primary focus of immunotherapy for gastric cancer is to activate T 
cells and achieve therapeutic effects by targeting the PD-1  molecule7. Known also as T cells, T lymphocytes are 
essential elements of the body’s defensive system against malignancies, the tumor microenvironment’s immu-
nosuppressive and costimulatory signals regulate how they work.

The characterization of heterogeneous and phenotypically varied cell groups within malignancies has been 
made feasible by single-cell RNA sequencing (scRNA-seq)8. The complexity of the TME and the relationships 
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between cells are shown by scRNA-seq, which differs from traditional “bulk” RNA-sequencing and may present 
new prospects for discovering new cancer treatment targets. Using scRNA-seq data from GC samples, this study 
clarified the flag genes of tumor-infiltrating T lymphocytes and their molecular features. Then, we developed a T 
cell marker gene signature (TCMGS) and evaluated its prognostic potential for STAD using bulk RNA-seq data. 
We looked into the relationship between the TCMGS’s prediction power and the immune therapy response in 
3 separate cohorts from the GEO collection.

Materials and methods
Data source
The GEO database was used to collect 26 Primary Gastric Tumor Samples from the scRNA-seq data for 
GSE183904. 410 patients with cancer and 36 healthy people are included in the TCGA database, which was 
examined for bulk RNA-sequencing data and clinical statistics for GC patients. After tumor patients without 
any information on survival were disregarded, 383 patients were included in the analysis. GSE62254 (n = 300), 
GSE84437 (n = 434), and GSE84433 (n = 373) were also chosen to test the model’s predictive aptitude using the 
GEO dataset.

Method
Analysis of scRNA‑seq data
scRNA-seq data was processed using the R packages “Seurat” and “SingleR”9,10. The scRNA-seq data quality 
control method started by excluding clusters with less than three cell counts, cells with less than 200 genes that 
have been mapped, and cells with more than 10% mitochondrial genes. The data was normalized using the 
“NormalizeData” function. Top 15 principal components (PCs) from the top 2,000 highly variable genes were 
found using principal component analysis (PCA). Batch effects were solved by utilizing the “Harmony” pack-
age. Unsupervised cell placement using T-distributed stochastic neighbor embedding (t-SNE) allowed for the 
objective depiction of cell subpopulations on a two-dimensional  map11. Using the “FindAllMarkers” method, 
we investigated how the gene expression of a cluster varied from that of every other cluster. We utilized the 
criteria |log (fold change)|> 1 & an adjusted P-value < 0.01 to identify marker genes for each cluster. Finally, 
utilizing reference information from the Human Primary Cell Atlas, the “SingleR” tool was utilized to annotate 
cell subpopulations of various  clusters12.

Construction and verification of a prognostic model
To assess T-cell marker genes’ predictive significance for overall survival in TCGA-STAD patients, we con-
ducted a single-variable Cox regression analysis and identified prognostic genes with a P-value < 0.05. To reduce 
overfitting and choose the best prognostic genes, we used the LASSO approach with Cox proportional hazards 
regression. This approach is widely used for regression analysis with high-dimensional variables. We employed 
tenfold cross-validation with the “cv.glmnet” function to determine the optimal model, with the tuning parameter 
determined by the standard error (1-SE). The predictive gene signatures were identified via a list of non-zero beta 
coefficients. We conducted a stepwise multivariate Cox regression analysis, integrating prognostic genes’ relative 
risk coefficients and mRNA expression to develop a risk model, to further ascertain the prognostic significance 
of these gene signatures. The risk score model was generated as follows:

Based on the median cut-off value, patients were separated into low and high-risk categories. We confirmed 
the prognostic efficacy of the T-cell marker gene signature using the AUC computed by the “survivalROC” 
program. In the Kaplan–Meier survival analysis, the log-rank test from the “survminer” R package was used 
to examine the statistical significance of differences. Finally, we used survival analysis and AUC to confirm the 
signature’s ability to predict outcomes in three different GEO datasets.

GSVA, ssGSEA, and hallmark pathway enrichment analysis
To identify significant enriched pathways and biological and molecular operating processes of the prioritized 
gene list, we performed hallmark pathway enrichment analysis with a P-value of 0.05 using clusterProfiler. Fur-
thermore, we conducted gene set enrichment analyses utilizing the GSVA (Gene Set Variation Analysis) program 
with the H dataset sourced from MsigDB, thereby generating scores to assess pathway activity levels in each cell.

The development and validation of a nomogram scoring system
We used “rms” software to create prediction nomograms based on independent prognostic evaluations of the full 
cohort and merged validation set using clinical characteristics and immune-related risk scores. The total score 
for a particular sample was calculated by adding the scores assigned to each variable in the nomogram scoring 
 technique13. Nomogram calibration curves were used to describe how estimated 1,3,5 year survival events related 
to actual observations.

Identification of immune characteristics for the TCMG‑score and assessment of immunotherapy
We performed ssGSEA (single sample gene set enrichment analysis) on the TCGA-STAD cohort to calculate 
immune infiltration scores for 28 immune cell types to determine the relative abundance of immune cell infil-
trates in the TME using enrichment scores. Subsequently, we used the Wilcoxon test to assess the statistical 
significance of the variance in risk scores and immune infiltrates among the five specific genes. The CIBER-
SORT method was used to assess the proportion of immune cell infiltration in high- and low-risk groups by 

TCMG−score =
∑

i Coefficient(mRNAi)× Expression(mRNAi)
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examining the gene expression patterns of 22 immune cell  types14. Immune and stromal scores for each group 
were computed using the ESTIMATE  method15. The expression levels of immune checkpoint molecules, such 
as CD247, play a crucial role in predicting patient response to immunotherapy. In light of this, we conducted a 
meticulous examination of the expression levels of classical immune checkpoint molecules within the high- and 
low-risk groups. Immune evasion and treatment were evaluated by delivering tumor immune dysfunction and 
exclusion (TIDE) to low and high-risk  groups7. TIDE was used to derive TIDE scores, dysfunction scores, and 
immunological exclusion scores.

Mutation analysis
In order to examine the mutation status in low and high-risk groups, we first measured the number of muta-
tions present in each gene within our sample set using somatic mutation data from The Cancer Genome Atlas 
(TCGA). The “maftools” package was used to create waterfall graphs, and Tumor Mutational Burden (TMB) 
data were presented.

Statistical analysis
Wilcoxon t-test was used to compare categorical variables among various risk categories. To examine the predic-
tive significance of TCMGS and other clinical and pathological traits, both a single-variable and multiple-variable 
Cox regression analysis were performed. The cutoff for significance was chosen at P = 0.05. The “p.adjust” function 
in R was used to change the P-value for multiple testing using the Benjamini–Hochberg method. Data analysis 
and figure development were done using R software 4.2.2.

Ethics approval and consent to participate
Statement that the raw data used in this study does not require any administrative privileges and all data has been 
anonymized before acquisition (no information about any human is involved). This study statement confirms 
that all methods were carried out in accordance with relevant guidelines and regulations in the declaration.

Result
scRNA‑seq data set quality control
We identified the gene expression patterns of 119,878 cells from 26 GC samples using scRNA-seq data from 
GSE183904. Figure 1A displays the range of observed gene counts, sequencing depth, and the percentage of 
mitochondrial content for each sample. According to Fig. 1B, there is a −0.11 association between sequencing 
depth and mitochondrial gene sequences. The strong positive connection (r = 0.83) between the total number 
of intracellular sequences and the depth of sequencing suggests that the current RNAs are nuclear transcripts. 
Figure 1C displays the top 10 genes for expression.

Profiles of T‑cell marker gene expression are identified
Following rigorous quality control screening to remove cells of poor quality, 98,203 cells were used in the ensuing 
studies (Fig. 2A). The legend in Fig. 2A corresponds to the GSM ID of each sample. PCA was utilized to reduce 
dimensionality and identify 23 cell clusters using the top 2,000 variable genes (Fig. 2B). Cells in clusters 0, 10, 
and 12 were identified as T cells using an annotation process that used the Human Primary Cell Atlas refer-
ence dataset (Fig. 2C). A heatmap (Fig. 2D) displays the varying levels of marker gene expression within each 
cluster. Finally, based on |logFC|> 1 & a fatal adjusted P-value of 0.05, we identified 322 T-cell marker genes for 
GC (Table S1).

Constructing and evaluating a prognostic model
The TCGA-STAD cohort served as the training set for the univariate Cox regression analysis. We harnessed these 
322 T cell marker genes to construct a predictive signature, and within this set, 61 genes exhibited a compelling 
correlation with overall survival (Fig. S1). On the basis of the ideal lambda value and associated coefficients, 
LASSO analysis then revealed 15 genes (Fig. 3A). The predictive model known as “TCMG-score” was built using 
five genes (MMP2, SERPINE1, CXCR4, CTLA4, and CXCL3) as a result of multivariate Cox regression analysis 
(Fig. 3B). This is how the TCMG-score was determined: Risk score is equal to (−0.217 MMP2 expression) + (0.343 
SERPINE1 expression) + (0.325 CXCR4 expression) + (−0.584 CTLA4 expression) + (−0.112 CXCL3 expression). 
According to the risk score ranking from low to high based on the median risk score of 0.749, patients were 
divided into low-risk (n = 192) and high-risk (n = 191) groups (Fig. 3C). The distribution of survival status is 
shown in Fig. 3D. High-risk patients had considerably worse overall survival than low-risk patients, according 
to a Kaplan–Meier survival study (Fig. 3E). Using time-dependent ROC curves, we evaluated how well the sig-
nature predicts OS at 1, 3, 5 years. The corresponding AUC values for these intervals were 0.667, 0.73, and 0.818 
(Fig. 3F). The risk model heatmap and clinical features are shown in Fig. 3G.

Validation of the TCMG‑score’s predictive value in several cohorts
We evaluated the TCMG-score’s performance in three separate GEO cohorts to confirm its prognostic predictive 
potential. The risk score for each patient in the three cohorts was determined using the same methodology. Based 
on the median risk score, the patients were separated into low and high-risk subgroups. High-risk patients in 
both cohorts had a considerably worse prognosis than low-risk ones (Fig. 4A–C). The risk score’s ROC curves 
in the three validation cohorts likewise shown strong performance (Fig. 4D–F).
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Differential expression analysis of TCMG‑score subgroups
The 5 core prognostic genes’ expression levels are displayed in Fig. 5A. The molecular signature database 
(MSigDB)’s hallmark was utilized to determine the top 10 key signaling pathways linked to those core genes in 
GC using GSEA. This allowed us to better understand the functional variations within TCMG-score subgroups 
and reveal potentially unique protein signatures. When comparing with the low-risk group, E2F is the top hall-
mark pathway that has increased, whereas epithelial-mesenchymal-transition (EMT) is the top hallmark pathway 
that has decreased (Fig. 5B, C). As a result, the TCMG has a high association with cancer and may contribute 
to the genesis and growth of GC.

TCMGS is related to immune cell infiltration in the TME
In the TCGA-STAD cohort, we examined the infiltration status of 26 immune cell types using ssGSEA. Our 
results showed that the high-risk subgroup had significantly higher proportions of Naive B cells, resting memory 
CD4 T cells, monocytes, and resting mast cells, whereas the low-risk subgroup had higher frequencies of plasma 
cells, activated memory CD4 T cells, CD8 T cells and follicular helper T cells (Fig. 6A).

Based on the importance of T cells in the immune response against tumors, we investigated the correlation 
between TCMG score and immune cell infiltration in gastric cancer patients. Our results showed that patients 
in the high-risk subgroup had significantly higher immune scores and stromal scores than those in the low-risk 
subgroup, as determined by the ESTIMATE method (Fig. 6B). This suggests a weak association between the risk 
score and the level of immune cell infiltration.

The risk score and the five potential genes had a close association with immune cells, as seen in Fig. 6C. We 
evaluated the expression levels of eight frequently expressed immune checkpoint-related genes in high-risk 
and low-risk groups in light of the function immune checkpoint inhibitors (ICIs) play in immunotherapy. The 

Figure 1.  Examination of the GSE183904 data set for flaws: (A) displays how the 26 groups of the original 
GC samples’ scRNA-seq data were distributed; relationships between sequencing depth and the mitochondrial 
genome and total intracellular sequences are shown in (B); and the top 10 genes are emphasized in (C).
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low-risk group had strongly expressed levels of PD-L1, PDCD-1, IDO1, LAG-3, ICOS, and TIGIT, according to 
the findings (Fig. 6D). This study’s goal was to assess the potential effectiveness of immunotherapy in various risk 
groupings in a clinical setting. Given that immune evasion was more likely the higher the TIDE prediction score, 
patients with high scores were probably not going to benefit from immunotherapy. Low-risk patients were more 
likely to benefit from ICIs therapy than high-risk patients because they had lower TIDE scores than the high-
risk category (Fig. 6E). We also identified differences in T-cell dysfunction, exclusion scores, and microsatellite 
instability (MSI) scores between the two risk groups.

Gene mutation analysis
Figure 7A displays the whole profile of STAD mutations. The interaction of genetic mutations is shown in Fig. 7B, 
where the majority of genes show co-occurrence of mutations. TTN, TP53, and MUC16 were found to be the 
genes that were changed the most often in both subgroups of low-risk and high-risk patients when we additionally 
looked at genetic mutations (Fig. 7C). In the TCGA cohort, we investigated the connection between the tumor 
mutational burden (TMB) and TCMG-score. According to the findings, patients at high-risk had considerably 
lower TMB than patients at low-risk (Fig. 7D). There was no discernible difference in prognosis between the 
high-TMB and low-TMB groups according to the Kaplan–Meier analysis based on the median of the TMB val-
ues (P = 0.094) (Fig. 7E). However, the high TMB group exhibited a trend towards a better prognosis, and there 
are several plausible explanations for this observation. Firstly, elevated TMB levels may serve as an indicator of 
increased genetic mutation burden within tumor cells, which in turn could elicit stronger immune responses 
and enhanced anti-tumor effects. This heightened immune response may contribute to the suppression of tumor 
growth and metastasis, thereby improving patient outcomes. Secondly, the high TMB group might demonstrate 
a greater likelihood of responding to specific treatment modalities, such as immune checkpoint inhibitors. Con-
sequently, the high TMB group may receive more efficacious therapies, resulting in a more favorable prognosis. 
he model’s validity was demonstrated and the ideal prognostic groupings for clinical usage were found in the 

Figure 2.  Analysis of the cell types identified by the marker genes using single-cell RNA-sequencing; (A) 
119,878 cells from 26 GC samples are shown in an t-SNE plot; (B) Different cell clusters; (C) Cell types 
identified by marker genes; (D) The top five marker genes in each cell cluster are displayed as a heatmap.
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low-TMB and low-risk group (Fig. 7F). Patients were categorized into four groups, and a composite score that 
took the risk score and TMB into account was used to determine the patients’ chances of survival.

Construction of a nomogram for foreseeing survival
To forecast the likelihood that GC patients will survive 1, 3, and 5 years from diagnosis, we combined clinical 
variables and TCMG-score (Fig. 8A). A 70-year-old male patient in stage I with a Risk score of 0.2, for instance, 
would have 204 points overall, which would indicate survival probability of 0.902, 0.711, and 0.619 at 1, 3, and 
5 years, respectively. High concordance between actual and expected values was shown in calibration plots 
(Fig. 8B). Good accuracy for OS was found by AUC studies on the nomogram model for the TCGA cohorts, 
indicating that the TCMG-based nomogram may be an effective tool for predicting patient prognosis in clinical 
practice (Fig. 8C).

Discussion
The prevalence of gastric cancer is rising in many nations, making it a frequent malignancy globally. Despite 
recent advances in GC management, its heterogeneous and aggressive characteristics hinder prognostic assess-
ment. Finding novel biomarkers through screening is therefore essential and urgent in order to develop patient-
specific medications and improve prognosis. Because it focuses on the levels of gene expression in specific cells 
rather than the average expression levels in bulk RNA-seq, the method of single-cell RNA sequencing has become 
effective for transcriptional stratification. In a range of cancers, including GC, it can identify cell subpopula-
tions, specific biomarkers, and cell type heterogeneity. In this study, we thoroughly analyzed bulk RNA-seq 
and scream-seq data to develop a risk model for the efficacy of GC immunotherapy with good prognostic and 
predictive capabilities.

By examining various cell subpopulations, scRNA-seq technology has lately come to be acknowledged as 
a promising tool for examining tumor heterogeneity and discovering possible treatment targets. In the study, 

Figure 3.  Building and testing prognostic models includes. (A) LASSO regression of OS-related genes; (B) 
Forest plot illustrating the outcomes of the multivariate Cox regression; (C, D) The distribution of risk score and 
survival status; (E) The cohort’s Kaplan–Meier curves from the TCGA; (F) TCGA-STAD cohort’s prognostic 
models’ AUC at 1, 3, and 5 years; (G) Distribution of clinicopathological features between high-risk and low-risk 
shown in heatmap. ***P < 0.001, **P < 0.01, *P < 0.05.
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we used scRNA-seq analysis to investigate the T cell marker genes in GC and a training cohort to develop a 
prediction signature. Using different cohorts from the GEO dataset, we further verified the prediction capacity 
of this signature.

Immunotherapy is a powerful therapeutic approach for the management of cancer. The success of immune 
checkpoint inhibitors (ICIs) has raised interest in immunotherapy for gastric cancer. But it’s still challenging to 
identify stomach cancer patients who might benefit from immunotherapy.

The study show that the high-risk group had a higher immunological score, estimated score, immune cell 
infiltration and somatic mutations compared to the low-risk group. In addition, the high-risk group had more 
immune-related pathways. Significantly, in the low-risk group, patients responded better to immunotherapy 
than patients in the high-risk group. These findings suggest that immune checkpoint blockade therapy might be 
more effective in treating low-risk patients.

The majority of the five T cell marker genes in the predictive signature in this study—MMP2, SERPINE1, 
CXCR4, CTLA4, and CXCL3—have been discovered to play a role in GC development and immune response. 
A zinc-dependent metalloproteinase called MMP2 has been connected to angiogenesis and  cancer16. Higher 
levels of the protein MMP2 were shown to be associated with better survival in Li’s cohort of patients with gastric 
 cancer17. MMP2, also referred to as type IV collagenase, is released in the form of an inactive proenzyme that, 
when activated by hydrolysis, may break down gelatin and other proteins in the extracellular matrix, which is 
crucial for tumor invasion and  metastasis18. Endothelial cells, monocytes, leukocytes, chondrocytes, platelets, 
osteoblasts, dermal fibroblasts, and keratinocytes are the main sources of MMP2  release19. As the main inhibi-
tor of plasminogen activator, SERPINE1, also known as plasminogen activator inhibitor 1 (PAI-1), is essen-
tial for  carcinogenesis20. SERPINE1 loss reduces tumor invasion and angiogenesis in animal  models21. Higher 
levels of SERPINE1 in gastric cancer tissue relative to normal gastric tissue levels have been linked to a worse 
 prognosis22–25. Both an invasive gastric cancer cell culture and gastric cancer tissues displayed significant levels 
of CXCR4 expression. In GC patients, higher levels of CXCR4 were linked to more advanced tumor stages and 
lower survival  rates26. The immunosuppressive protein CTLA4 is expressed on the surface of T  cells27. B7 is the 
CTLA4 ligand, and when it binds to the CTLA4 pathway, it inhibits and depletes T  cells28. A reduction in immune 
function may occur from the CTLA4 pathway being  overactivated29, followed by tumor cells evading the immune 
system. Anti-CTLA4 drugs can therefore stimulate T lymphocytes and kill tumor  cells30. Vascular invasion and 
the development of tumor capsules are linked to CXCL3, also known as CINC-2  alpha31. It is strongly expressed 
during hepatic injury and inflammation, as well as in a number of tumor forms, includes hepatocellular carci-
noma, severe breast cancer, colorectal cancer, prostate cancer, and  melanoma32–34.

Figure 4.  Prognostic model creation and validation. (A–C) Every cohort’s Kaplan–Meier curves. (D–F) The 
prognostic models’ AUC at 1, 3, and 5 years for each cohort.
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Five T cell marker genes were used to create the prognostic signature, which was verified in the TCGA-STAD 
and GEO cohorts. Consistent results were obtained in both populations, demonstrating the prognostic signature’s 
resilience and reproducibility. Additionally, we created a nomogram that depicts and intuitively forecasts patients’ 
chances of surviving for one, three, and five years. The nomogram’s calibration plot showed greater prediction 
accuracy. As a result, this nomogram can make it easier to create customized examination plans for GC patients 
and to allocate medical resources as efficiently as possible.

We investigated the link between TCMG risk and TME in light of TME’s crucial role in modulating anti-
tumor responses and its significant influence on patient prognosis. In the high-risk group, our research showed a 
substantial decline in immunological scores and a concurrent increase in matrix scores. The high-risk group had 
elevated proportions of different immune cells, such as naive B cells, resting memory CD4 + T cells, monocytes, 
and resting mast cells, according to a further analysis of 22 immune cell infiltration levels. This finding suggests 
that these patients have a relatively active state of anti-tumor immunity. Additionally, immune checkpoint inhibi-
tors have shown promise as lung cancer treatment targets. Our results demonstrated that TIDE expression was 
downregulated in low-risk individuals whereas PD-L1, PDCD-1, IDO1, LAG-3, ICOS, and TIGIT expression 
were elevated, demonstrating that those at low-risk may benefit more from immunotherapy. Collectively, our 
results show elevated immune responses and enhanced immune cell infiltration in high-risk individuals, high-
lighting their potential to benefit more from immunotherapy.

Limitations
This study offers insightful information on the creation of fresh treatment plans for stomach cancer. However, 
several limitations should be acknowledged. Firstly, the analysis relied on retrospective cohort studies, and further 
validation in prospective cohorts is necessary to confirm the findings. Secondly, the investigation was limited to T 
cell marker genes, which may restrict the prognostic value of the signature due to the high spatial heterogeneity of 
the tumor immune microenvironment. Thirdly, the lack of functional data and immune-blocking therapy-treated 
GC datasets may introduce bias and preclude a comprehensive analysis of clinical and pathological parameters. 
To overcome these limitations, future studies should conduct prospective, double-blind, multi-center investiga-
tions on a broad scale to further corroborate the results.

Conclusion
We have identified and validated a five-gene profile based on T cell markers that accurately predicts the prognosis 
and response to immunotherapy in GC patients. This signature can help identify suitable individuals who might 
benefit from immunotherapy and act as a predictive biomarker for individualized prediction in therapeutic 

Figure 5.  Investigation of the TCMG gene set enrichment. The expression levels of TCMG are depicted in (A) 
using an t-SNE plot. (B) Top 5 upregulation pathways for genes enriched in risk scores. (C) The top 5 pathways 
for gene enrichment associated with risk scores that are downregulated.
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decision-making. Our signature offers clinicians a robust tool to stratify patients based on their propensity 
to respond to immune therapy, which has the potential to improve patient outcomes and lessen unnecessary 
treatment-related harm.

Figure 6.  Immune Infiltration in two subgroups of the CAFS score (TCGA). The TCGA cohort’s high-risk 
and low-risk groups’ differences in 22 immune cell infiltration are displayed in (A)’s boxplot. (B) Variations 
in immunological and stromal scores between high- and low-risk groups. (C) Correlation analysis between 
immune cells and the TCMG-score and 5 potential genes. Immune checkpoint variations across groups at high- 
and low-risk (D). (E) Variations in TIDE scores between groups at high- and low-risk.



10

Vol:.(1234567890)

Scientific Reports |        (2023) 13:21357  | https://doi.org/10.1038/s41598-023-48930-8

www.nature.com/scientificreports/

Figure 7.  Somatic mutation characteristics, TMB survival analysis, and risk score. (A) General description of 
the mutation landscape in TCGA-STAD patients. (B) Genes with mutation effects that vary between low-risk 
and high-risk patient populations. (C) Top 10 genes’ mutation landscapes in high- and low-risk populations. (D) 
TMB expression varies across populations at low and high-risk. (E) TMB group Kaplan–Meier curves for high- 
and low levels. (F) The four groups’ Kaplan–Meier curves, broken down by risk score and TMB.
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Data availability
The entire set of findings presented here is based on information from TCGA, available at https:// www. can-
cer. gov/ tcga, and the GEO database, accessible at https:// www. ncbi. nlm. nih. gov/ geo/, with accession numbers 
GSE183904, GSE62254, GSE84437, and GSE84433.

Received: 9 May 2023; Accepted: 1 December 2023

References
 1. Smyth, E. C. et al. Gastric cancer. Lancet 396, 635–648 (2020).
 2. Sexton, R. E. et al. Gastric cancer: a comprehensive review of current and future treatment strategies. Cancer Metastasis Rev. 39, 

1179–1203 (2020).
 3. Bang, Y.-J. et al. Trastuzumab in combination with chemotherapy versus chemotherapy alone for treatment of HER2-positive 

advanced gastric or gastro-oesophageal junction cancer (ToGA): a phase 3, open-label, randomised controlled trial. Lancet 376, 
687–697 (2010).

 4. Fuchs, C. S. et al. Ramucirumab monotherapy for previously treated advanced gastric or gastro-oesophageal junction adenocar-
cinoma (REGARD): an international, randomised, multicentre, placebo-controlled, phase 3 trial. Lancet 383, 31–39 (2014).

 5. Hinshaw, D. C. & Shevde, L. A. The tumor microenvironment innately modulates cancer progression. Cancer Res. 79, 4557–4566 
(2019).

 6. Quail, D. F. & Joyce, J. A. Microenvironmental regulation of tumor progression and metastasis. Nat. Med. 19, 1423–1437 (2013).
 7. Jiang, P. et al. Signatures of T cell dysfunction and exclusion predict cancer immunotherapy response. Nat. Med. 24, 1550–1558 

(2018).
 8. Cuomo, A. S. E. et al. Optimizing expression quantitative trait locus mapping workflows for single-cell studies. Genome Biol. 22, 

188 (2021).
 9. Stuart, T. et al. Comprehensive integration of single-cell data. Cell 177, 1888-1902.e21 (2019).
 10. Aran, D. et al. Reference-based analysis of lung single-cell sequencing reveals a transitional profibrotic macrophage. Nat. Immunol. 

20, 163–172 (2019).
 11. Do, V. H. & Canzar, S. A generalization of t-SNE and UMAP to single-cell multimodal omics. Genome Biol. 22, 130 (2021).
 12. Mabbott, N. A. et al. An expression atlas of human primary cells: inference of gene function from coexpression networks. BMC 

Genomics 14, 632 (2013).
 13. Iasonos, A. et al. How to build and interpret a nomogram for cancer prognosis. J. Clin. Oncol. 26, 1364–1370 (2008).
 14. Newman, A. M. et al. Determining cell type abundance and expression from bulk tissues with digital cytometry. Nat. Biotechnol. 

37, 773–782 (2019).
 15. Yoshihara, K. et al. Inferring tumour purity and stromal and immune cell admixture from expression data. Nat. Commun. 4, 2612 

(2013).
 16. Sanyal, S. et al. Ligand-based design of anticancer MMP2 inhibitors: a review. Future Med. Chem. 13, 1987–2013 (2021).
 17. Li, T. et al. Phosphorylated ATF1 at Thr184 promotes metastasis and regulates MMP2 expression in gastric cancer. J. Transl. Med. 

20, 169 (2022).

Figure 8.  A nomogram’s creation and validation. (A) Nomogram for predicting GC patients’ 1, 3, and 5-year 
OS in the TCGA cohort. (B) The nomogram’s calibration curves for forecasting 1, 3, and 5-year OS in the TCGA 
cohort. (C) ROC curves for projecting the TCGA cohorts’ 1, 3, and 5-year ROC curves. ***P < 0.001.

https://www.cancer.gov/tcga
https://www.cancer.gov/tcga
https://www.ncbi.nlm.nih.gov/geo/


12

Vol:.(1234567890)

Scientific Reports |        (2023) 13:21357  | https://doi.org/10.1038/s41598-023-48930-8

www.nature.com/scientificreports/

 18. Rydlova, M. et al. Biological activity and clinical implications of the matrix metalloproteinases. Anticancer Res. 28, 1389–1397 
(2008).

 19. Das, S., Amin, S. A. & Jha, T. Inhibitors of gelatinases (MMP-2 and MMP-9) for the management of hematological malignancies. 
Eur. J. Med. Chem. 223, 113623 (2021).

 20. Laskowski, M. & Kato, I. Protein inhibitors of proteinases. Annu. Rev. Biochem. 49, 593–626 (1980).
 21. Bajou, K. et al. Absence of host plasminogen activator inhibitor 1 prevents cancer invasion and vascularization. Nat. Med. 4, 

923–928 (1998).
 22. Allgayer, H. et al. c-erbB-2 is of independent prognostic relevance in gastric cancer and is associated with the expression of tumor-

associated protease systems. J. Clin. Oncol. 18, 2201–2209 (2000).
 23. Heiss, M. M. et al. Clinical value of extended biologic staging by bone marrow micrometastases and tumor-associated proteases 

in gastric cancer. Ann. Surg. 226, 736–744 (1997) (discussion 744–745).
 24. Cho, J. Y. et al. High level of urokinase-type plasminogen activator is a new prognostic marker in patients with gastric carcinoma. 

Cancer 79, 878–883 (1997).
 25. Kaneko, T. et al. Urokinase-type plasminogen activator expression correlates with tumor angiogenesis and poor outcome in gastric 

cancer. Cancer Sci. 94, 43–49 (2003).
 26. Xiang, Z. et al. A positive crosstalk between CXCR4 and CXCR2 promotes gastric cancer metastasis. Oncogene 36, 5122–5133 

(2017).
 27. Brunet, J. F. et al. A new member of the immunoglobulin superfamily–CTLA-4. Nature 328, 267–270 (1987).
 28. Gardner, D., Jeffery, L. E. & Sansom, D. M. Understanding the CD28/CTLA-4 (CD152) pathway and its implications for costimula-

tory blockade. Am. J. Transplant 14, 1985–1991 (2014).
 29. Rowshanravan, B., Halliday, N. & Sansom, D. M. CTLA-4: a moving target in immunotherapy. Blood 131, 58–67 (2018).
 30. Cai, H. et al. Advances in molecular biomarkers research and clinical application progress for gastric cancer immunotherapy. 

Biomark. Res. 10, 67 (2022).
 31. Zhang, L. CXCL3 contributes to CD133+ CSCs maintenance and forms a positive feedback regulation loop with CD133 in HCC 

via Erk1/2 phosphorylation. Sci. Rep.
 32. Luan, J. et al. Mechanism and biological significance of constitutive expression of MGSA/GRO chemokines in malignant melanoma 

tumor progression. J. Leukocyte Biol. 62, 588–597 (1997).
 33. Bièche, I. et al. CXC chemokines located in the 4q21 region are up-regulated in breast cancer. Endocr. Relat. Cancer 14, 1039–1052 

(2007).
 34. Han, K.-Q. et al. Inflammatory microenvironment and expression of chemokines in hepatocellular carcinoma. World J. Gastroen‑

terol. 21, 4864–4874 (2015).

Author contributions
J.Z. was responsible for research design, data collection and processing, statistical analysis, drawing results and 
drafting manuscripts. R.P. was responsible for the design and data statistics of the research. M.G., Y.M., X.P., G.L. 
and Z.C. were responsible for checking and sorting out the research references. Z.H. and J.D. were responsible 
for revising, reviewing and proofreading the manuscript. All authors read and approved the final manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 023- 48930-8.

Correspondence and requests for materials should be addressed to Z.H.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

https://doi.org/10.1038/s41598-023-48930-8
https://doi.org/10.1038/s41598-023-48930-8
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Identification and validation of a T cell marker gene-based signature to predict prognosis and immunotherapy response in gastric cancer
	Materials and methods
	Data source
	Method
	Analysis of scRNA-seq data
	Construction and verification of a prognostic model
	GSVA, ssGSEA, and hallmark pathway enrichment analysis
	The development and validation of a nomogram scoring system
	Identification of immune characteristics for the TCMG-score and assessment of immunotherapy
	Mutation analysis
	Statistical analysis
	Ethics approval and consent to participate


	Result
	scRNA-seq data set quality control
	Profiles of T-cell marker gene expression are identified
	Constructing and evaluating a prognostic model
	Validation of the TCMG-score’s predictive value in several cohorts
	Differential expression analysis of TCMG-score subgroups
	TCMGS is related to immune cell infiltration in the TME
	Gene mutation analysis
	Construction of a nomogram for foreseeing survival

	Discussion
	Limitations

	Conclusion
	References


