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The transcriptional repressor cAMP response element modulator (CREM) has an important role in T-cell development. In this study, we used the integrated Bioinformatics Methods to explore the role of CREM in gastric adenocarcinoma (GAC). Our results showed that high CREM expression was closely related with poorer overall survival in GAC. By GSEA cluster analysis, we found that the high expression of CREM was associated with the cancer-associated pathway in GAC. Moreover, single-cell sequencing data showed that CREM is mainly localized in exhausted CD8+ T cells. Its prognostic value and the potential function lead to T-cell exhaustion in the tumor microenvironment (TME). Similar results were also obtained in glioma and lung cancer. High expression of CREM, correlated with clinical relevance of GAC, was associated with T-cell exhaustion and M2 polarization in GAC. These findings suggest that CREM can be used as a prognostic biomarker in GAC, which might provide a novel direction to explore the pathogenesis of GAC.
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INTRODUCTION
Gastric adenocarcinoma (GAC), which arises from glandular epithelia of the gastric mucosa, is the most common type of gastric cancer, which is the fourth most common cancer, and the second most common cause of cancer death in the world (Bray et al., 2018). At present, the first-line treatment of advanced GAC is still chemotherapy (Song et al., 2017). Monoclonal antibodies targeting human epidermal growth factor (HER2; trastuzumab) (Zaanan et al., 2018) have been approved by the FDA for first-line treatment of patients with HER2-positive GAC. In addition, Ramucirumab, a vascular endothelial growth factor (VEGF) targeted drug (Yazici et al., 2016), for whom first-line treatment has failed, has also been approved for patients with advanced GAC. Although there are many treatments for GAC, the overall survival rate is only 5–20% in the world.
Immunotherapy is a revolutionary anti-cancer therapy in the past decade. Immune checkpoint inhibitors, which are closely related to the elimination of T-cell exhaustion, have achieved certain results in the treatment of various tumors. The most widely used checkpoint inhibitors are antibodies of cytotoxic T lymphocyte antigen 4 (CTLA-4), programmed cell death protein 1 (PD-1), and its ligand programmed death-ligand 1 (PD-L1) (Fuchs et al., 2014). However, current immunotherapies, such as anti-CTLA4 (Fuchs et al., 2014; Li et al., 2019), showed poor clinical efficacy in GAC; in addition, anti-PD-1 and anti-PD-L1 showed a partial response in GC. With the dramatic development of next-generation sequencing (NGS) and single-cell sequencing, more and more exhaustion T-cell-related molecules have been identified, such as TIM3, LAG3, TIGIT (Anderson et al., 2016), PD1 (Xing et al., 2018), and LAYN (Zheng et al., 2017). The identification of these molecules is of great significance in predicting the prognosis of cancer prognosis. Because the existing marker is still unable to effectively identify exhaustion T cells, this field requires new biomarkers as prognostic indicators to effectively enhance prognosis and individualized immunotherapy.
The transcriptional repressor cAMP response element modulator (CREM) is inducible by activation of the cAMP signaling pathway with the kinetics of an early response gene (Lamas et al., 1996). The CREM gene encodes both activators and repressors of cAMP-dependent transcription. Previous studies have shown that cyclic AMP-dependent signals are associated with T-cell exhaustion (Maine et al., 2016; Schmetterer et al., 2019). Moreover, CREM contributes to various cellular and molecular abnormalities in T cells, including increased IL-17 and decreased IL-2 expression (Verjans et al., 2013). Previous studies have shown that CREM has important roles in normal T-cell physiology and contributes to aberrant T-cell function in patients with systemic lupus erythematosus (SLE) (Rauen et al., 2011). RNAi targeting of ICER/CREM in responder CD25– CD4+ T cells antagonizes Treg-mediated suppression (Bodor et al., 2007). These findings suggest that CREM has multifaceted functional roles in immune microenvironment. However, the underlying functions of CREM in TME is still unclear.
This study aims to delineate the role of CREM, through TCGA GAC public data and TISCH single-cell database. We analyzed the expression of CREM and the correlation with prognosis of GAC patients in the TCGA database. Through KOBAS database and GSEA analysis, we found that the high expression of CREM is closely related to cancer-associated pathways. To investigate the underlying causes, we investigated the correlation of CREM with tumor-infiltrating immune cells in the tumor microenvironment (TME) via CIBERSORT. Our report depicted the important role of CREM in GAC, and revealed the relationship between CREM and tumor-infiltrating lymphocytes in GAC. These results suggest that CREM may be a potential clinical prognostic indicator in GAC. In addition, we briefly explored the role of CREM in lung cancer and glioma.
METHODS
Data Download and Processing
The mRNA profiling information is from the TCGA (The Cancer Genome Atlas, https://cancergenome.nih.gov/) database. The download mRNA expression data were alternate with log2, so we restored them to raw FPKM (Fragments Per kilobase per Million) and count value. Besides, we changed FPKM gene expression value to TPM (Transcripts Per Million) expression value. There were 375 GAC patients in mRNA expression data and were listed in descending order by CREM TPM expression value. Finally, we selected the top 98 patients as CREM high expression group (CREM TPM expression value >9) and the last 44 patients as CREM low expression group (CREM TPM expression value <4).
CREM Gene Expression Analysis in Bulk and Single-Cell RNA Sequence Datasets
The CREM expression level was analyzed by the GEPIA2 and TISCH web-based tools. GEPIA2 contained TCGA and GTEx datasets (Tang et al., 2019). TISCH (Tumor Immune Single-cell Hub) provided detailed cell-type annotation and gene expression profile at the single-cell level (Sun et al., 2021). We invested CREM single-cell gene expression level in the GSE134520 (Zhang et al., 2019) GAC dataset and the GSE131928 (Neftel et al., 2019) glioma dataset. T-cell single-cell dataset of non-small cell lung cancer was analyzed in web database (http://lung.cancer-pku.cn) (Guo et al., 2018).
Differentially Expressed Genes About CREM
In this study, we explored differential expression genes between high CREM expression and low CREM expression group in gastric cancer based on the TCGA GAC dataset. We used R package DESeq2 and filtered genes with base Mean >200, |log2FoldChange| > 1.5, p-value < 0.05. Finally, there were 723 up genes and 6,714 down genes.
Functional Enrichment Analysis
In order to analyze the molecular mechanism of CREM in gastric cancer, we used these up genes in CREM high expression group to enrich in the KOBAS database (Xie et al., 2011) with the KEGG signaling pathway. We filtered these KEGG items with corrected p-value < 0.05. Besides, we also analyzed the TCGA GAC dataset with GSEA (gene set enrichment analysis) software (Subramanian et al., 2005) in KEGG pathways.
Immune Cell Infiltration Analysis
We investigated every patient tumor-infiltrating immune cell abundance via the web-based tool Tumor Immune Estimation Resource (TIMER) version 2 (Li et al., 2020). We uploaded TCGA GAC TPM mRNA expression matrix in estimation web page and finally downloaded the estimated result. We analyzed the abundance of tumor-infiltrating immune cells with CIBERSORT (Chen et al., 2018). CIBERSORT was a mathematics method for characterizing cell composition of complex tissues including solid tumors via their gene expression profiles.
Relationship Between CREM and T-Cell Exhaustion Analysis
In order to analyze the role of CREM in T cell’s function, we compared mRNA expression correlation between CREM and T cell’s exhausted marker genes in TCGA GAC datasets, such as HAVCR2, LAYN, TIGIT, PD1, and LAG3. Scatterplots were taken in GEPIA2 database with Spearman correlation coefficient. In addition, we defined T-cell exhausted score as CD8+ T-cell estimated infiltration abundance multiplied by the TPM expression value of T cell’s exhausted marker gene in every patient. Compared distribution of exhausted score between high CREM and low CREM groups. p < 0.05 was considered statistically significant (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, ****p ≤ 0.0001).
Survival Analysis
Overall survival curves were taken by Kaplan–Meier plot of CREM high expression group and CREM low expression group with log rank test, and p < 0.05 was considered statistically significant (*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, ****p ≤ 0.0001). Individual patients who did not have survival information were not considered in survival analysis. Besides, we explored overall survival of glioma and LUAD (lung adenocarcinoma) in the GEPIA2 web database. We chose GBM (glioblastoma) and LGG (brain lower grade glioma) as the glioma dataset; group was cut off by median.
RESULTS
High CREM Expression in GAC Predicts Unfavorable Overall Survival
To reveal the role of CREM in GAC, we investigated whether CREM expression was correlated with prognosis in GAC patients. By exploring CREM mRNA expression level and clinical characteristics of GAC in GEPIA2, the expression of CREM in GAC was higher than that in normal tissues (Figure 1A). CREM is highly expressed in tumor tissues and may play an important role in GAC. To better understand the potential function of CREM in GAC, we analyzed the relationship between the CREM expression and clinical characteristics of GC patients in the TCGA database. GAC patients with higher CREM expression had shorter overall survival (p = 0.013) (Figure 1B). These results indicated that CREM was frequently expressed in GAC and could serve as a prognostic biomarker in GAC. Notably, CREM expression significantly impacts prognosis in gliomas and LUAD. LUAD patients and glioma patients with higher CREM expression had shorter overall survival (Figure 1C). These results indicated that CREM expression is an independent risk factor and leads to a poor prognosis in GAC patients.
[image: Figure 1]FIGURE 1 | Expression level analysis of CREM in GAC tissues. Kaplan–Meier survival curves comparing the high and low expression of CREM in different types of cancer in GEPIA2. (A) CREM expression level between tumor samples and normal samples in GAC. (B) Kaplan–Meier survival curves comparing high and low CREM expression groups in the GAC dataset. (C) Kaplan–Meier survival curves comparing high and low CREM expression groups in the glioma, LUAD dataset.
CREM Was Involved in Many Cancer-Associated Signaling Pathways
In order to further verify the role of CREM in GAC, by analyzing TCGA database, we cluster the genes with high and low expression of CREM (Figure 2A, Supplementary Table S1). These genes with high expression of CREM were clustered into the KEGG pathway by the KOBAS database (Figure 2B). We found that CREM is associated with a variety of cancer-associated pathways, such as focal adhesion, PI3K-Akt signaling pathway, cGMP-PKG signaling, cell adhesion molecules, MAPK signaling pathway, Rap1 signaling pathway, TGF-beta signaling pathway, and Ras signaling pathway. Notably, we also analyzed KEGG pathway in GSEA software. In the CREM overexpression group, MAPK signaling pathway and JAK-STAT signaling pathway were enriched (Figure 2C). MAPK signaling pathway plays a crucial role in the survival and development of tumor cells. The JAK-STAT signaling pathway also plays the external role of tumor and supports tumor survival by regulation of paracrine cytokine signaling. The identity of these tumor-related pathways in CREM high expression group proved that the high expression of CREM in tumor and TME did change the characteristics of tumor, and the high expression of CREM in tumor tissues led to the activation of cancer-associated signaling pathways and poor prognosis.
[image: Figure 2]FIGURE 2 | Enrichment analyses of CREM in TCGA GAC (stomach adenocarcinoma). (A) Volcano map of different expression genes between high expression CREM group and low expression CREM group. Red represents upregulation of gene expression, purple represents downregulation of gene expression, and gray represents no difference in gene expression. (B) Enrichment analysis of CREM different expression up genes in KOBAS database with KEGG pathways. Plot sizes show gene counts enriched in the enrichment of pathway. Color indicates the p-value from low (red) to high level (cyan). (C) Enrichment plot from gene set enrichment analysis including enrichment score. The significantly enriched signaling pathways were MAPK and JAK-STAT signaling pathway.
CREM is Positively Correlated With Exhausted T-Cell Marker Genes in GAC
In order to further explore the potential reasons for the positive correlation between CREM and tumorigenesis and development, we further investigated the correlation between CREM expression with tumor immune microenvironment. T-cell exhaustion is a state of T-cell dysfunction that arises during cancer and chronic inflammation in immune microenvironment. It is defined by poor function and sustained expression of inhibitory receptors. T-cell exhaustion prevents optimal control of infection and tumor progression. Previous studies have confirmed that CREM can affect T-cell function. In our study, we questioned whether the effect of CREM on poor prognosis in cancer was associated with immune-suppressive microenvironment. To investigate the cause of poor prognosis in GAC with high expression of CREM, we further explored CREM mRNA expression profile in the TISCH single-cell database in GC. We found that CREM can be expressed in a variety of cells, such as CD8+ T cells, DC cells, mast cells, myofibroblasts, malignant cells, and fibroblasts. Notably, CREM is highly expressed in CD8+ T cells in TME (Figures 3A,B). Furthermore, we speculate that CREM may affect T-cell function in TME. To evaluate whether the high expression of CREM affects the function of T cells in GAC, we compared the gene expression levels of CREM and exhausted T-cell marker genes (TIM3, TIGIT, LAG3, PD1, and LAYN). Our results indicated that CREM was significantly correlated with exhausted T-cell marker genes (Figure 3D). In addition, in the high CREM group, the number of estimated exhausted T cells increased significantly (Figure 4A). Overall, these results indicated that CREM is associated with CD8+ T-cell exhaustion in GAC. Notably, we analyzed the role of CREM in lung cancer and glioma. CD4+ CTLA4 and CD8+ LAYN are considered to be part of the T-cell exhaustion population. Single-cell sequencing data showed that CREM is highly expressed in the CD4+ CTLA4 and CD8+ LAYN population in non-small cell lung cancer (Supplementary Figure S1C), and CREM is highly expressed in the CD8+ T-cell exhaustion population in glioma (Supplementary Figure S1B). These findings suggest that CREM plays a specific role in T-cell exhaustion in GAC and may affect the exhaustion of T cell in lung cancer and glioma.
[image: Figure 3]FIGURE 3 | The CREM expression analysis of tumor-infiltrating lymphocytes in GAC. (A) UMAP of GAC tumor tissue single-cell dataset, UMAP of GAC single cell dataset showed that high expression of CREM in CD8+ T cells. The depth of blue represents the amount of gene expression. (B) Violin plots showing the expression of CREM in various cell types. (C) Relationship between CREM expression level and T-cell exhausted marker genes expression level in the TCGA database (gene expression value is log2 TPM).
[image: Figure 4]FIGURE 4 | Correlation between CREM expression and immune-suppressive microenvironment. (A) CD8+ T-cell exhausted score profile between the high CREM group and low CREM group. (B) The immune infiltration estimated abundance in CIBERSORT; the estimated abundance is absolute type in CIBERSORT method.
The Role of CREM Expression on the Abundance of Immune Cell Infiltration
Tumor-infiltrating lymphocytes are an independent predictor of survival in cancer (Stanton and Disis, 2016; Badalamenti et al., 2019). To assess if high CREM expression was correlated with immune infiltration levels in GC, CIBERSORT was used to analyze the infiltration abundance of several immune cells between the high CREM group and low CREM group. Our results showed that the infiltration rates of M1 macrophages and M2 macrophages were significantly higher in the CREM high expression group. Treg cells (regulatory T cells) and plasma B cells had no significant changes. Interestingly, there was more infiltration of M1 and M2 macrophages in the CREM overexpression group, while the infiltration of M2 macrophages was more obvious than that of M1 macrophages or other immune cells (Figure 4B). These results indicated that CREM was positively correlated with the M2 polarization of macrophage in GAC. In general, these findings indicated that CREM-mediated immunosuppression may attribute to M2 polarization of TAMs.
DISCUSSION
Most malignant tumors are immunologically silent. In order to grow in an immune-competent host, acquired tumor cells undergo changes that result in immune-resistant phenotypes (Jiang et al., 2020). The high expression of CREM in tumor and TME may be a way for tumors to fight immune cells. CREM is part of the cAMP responsive element modulator family responsible for regulation of gene expression. Our study depicts the relationship between CREM and cancer-associated signaling pathway, and the immune features associated with CREM in the TME of GAC.
Higher CREM expression predicted poor outcome in patients with GAC, glioma, and LUAD. We found different expression genes between high CREM expression and low in the GAC TCGA dataset. The GSEA analysis revealed that the CREM expression level was strongly positively correlated with the KEGG MAPK signaling pathway and the JAK-STAT pathway. These results indicated that the high expression of CREM in tumor tissue led to the activation of the cancer-associated pathway in tumor cells and tumor progression.
Of note, our results revealed that CREM expression is associated with the exhausted T cells and infiltration of immune-suppressive macrophages in GAC, indicating a critical role of CREM in modulating the immune-suppressive microenvironment. The previous study provided evidence that CREM prevents production of IL-2 during chronic viral infection, thereby contributing to T-cell exhaustion (Maine et al., 2016). T-cell exhaustion refers to the loss of effector function of T cells, such as decreased production of IL-2 and IFN-γ, and expression of PD-1, Tim-3, CTLA-4, LAG-3, and other inhibitory receptors. We compared the expression levels of CREM and T-cell inhibitory receptors in GAC and found that CREM expression was positively correlated with the expression of T-cell suppressor molecules. On the other hand, M1 macrophages are associated with anti-tumor properties that efficiently eliminate cancer cells through phagocytosis and cytotoxicity while M2 macrophages promote tissue repair and tumor growth. The increased presence of M1 macrophages denotes lower tumor malignancy, while a higher M2 presence causes increased tumor growth and decreased survival (Ruffell et al., 2012; Xia et al., 2020). We analyzed and compared the proportion of tumor-infiltrating lymphocytes in GAC between the high CREM group and the low CREM group. Significantly, the results showed that CREM high expression was significantly correlated with M2 polarization of microphage. These results support the notion that the high expression of CREM in tumor-infiltrating T cells leads to the development of immune-suppressive microenvironment, activation of tumor-related pathways, and proliferation and development of tumor cells. These results reveal the potential regulating role of CREM in polarization of tumor-associated macrophages. The above indicated that CREM could serve as an important prognostic risk factor for GAC, and this study may provide a new biomarker for immunotherapy of GAC.
Experimental studies are needed to validate the findings of this study. The experimental validation of the predicted results by different methods should be further confirmed. Lastly, it is not clear whether the immune-suppressive microenvironment would induce CREM expression or vice versa, and further research is needed. This study provides preliminary results that CREM is correlated with T-cell exhaustion and M2 polarization of macrophages in GAC.
DATA AVAILABILITY STATEMENT
Publicly available datasets were analyzed in this study. This data can be found here: https://gdc-hub.s3.us-east-1.amazonaws.com/download/TCGA-STAD.htseq_counts.tsv.gz http://lung.cancer-pku.cn.
AUTHOR CONTRIBUTIONS
KY and AL conceived the project and wrote the manuscript. LK, TF, CKZ, YZ, CZ, and QZ participated in data analysis. ZZ participated in discussion and language editing and reviewed the manuscript.
FUNDING
This work was supported by the Natural Science Foundation of China (32100729, 32071223, 81760381, 81760539 and 82160037), the Scientific research and training program for young talents of the First Affiliated Hospital of Nanchang University (YFYPY202017), the special fund project for postgraduate innovation of Jiangxi province in 2021 (YC2021-B057) and the project for postgraduate research interest team of Nanchang University in 2021.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors, and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcell.2021.697748/full#supplementary-material
Supplementary Figure S1 | The CREM expression analysis of tumor infiltrating lymphocytes in glioma and non-small cell lung cancer in single cell dataset. (A) Cluster profile of glioma single cell dataset in glioma GSE131928. (B) CREM expression levels of different cell types in glioma single cell dataset. (C) CREM expression levels of different T cell populations in the single cell data set of non-small cell lung cancer. (D) Cluster profile of T cells in non-small cell lung cancer dataset in web database (http://lung.cancer-pku.cn).
Supplementary Table S1 | Table of differential expression genes.
REFERENCES
 Anderson, A. C., Joller, N., and Kuchroo, V. K. (2016). Lag-3, Tim-3, and TIGIT: Co-Inhibitory Receptors with Specialized Functions in Immune Regulation. Immunity 44 (5), 989–1004. doi:10.1016/j.immuni.2016.05.001
 Badalamenti, G., Fanale, D., Incorvaia, L., Barraco, N., Listì, A., Maragliano, R., et al. (2019). Role of Tumor-Infiltrating Lymphocytes in Patients with Solid Tumors: Can a Drop Dig a Stone?Cell Immunol. 343, 103753. doi:10.1016/j.cellimm.2018.01.013
 Bodor, J., Fehervari, Z., Diamond, B., and Sakaguchi, S. (2007). ICER/CREM-mediated Transcriptional Attenuation of IL-2 and its Role in Suppression by Regulatory T Cells. Eur. J. Immunol. 37 (4), 884–895. doi:10.1002/eji.200636510
 Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A., and Jemal, A. (2018). Global Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA: A Cancer J. Clin. 68 (6), 394–424. doi:10.3322/caac.21492
 Chen, B., Khodadoust, M. S., Liu, C. L., Newman, A. M., and Alizadeh, A. A. (2018). Profiling Tumor Infiltrating Immune Cells with CIBERSORT. Methods Mol. Biol. 1711, 243–259. doi:10.1007/978-1-4939-7493-1_12
 Fuchs, C. S., Tomasek, J., Yong, C. J., Dumitru, F., Passalacqua, R., Goswami, C., et al. (2014). Ramucirumab Monotherapy for Previously Treated Advanced Gastric or Gastro-Oesophageal junction Adenocarcinoma (REGARD): an International, Randomised, Multicentre, Placebo-Controlled, Phase 3 Trial. Lancet 383 (9911), 31–39. doi:10.1016/s0140-6736(13)61719-5
 Guo, X., Zhang, Y., Zheng, L., Zheng, C., Song, J., Zhang, Q., et al. (2018). Global Characterization of T Cells in Non-Small-Cell Lung Cancer by Single-Cell Sequencing. Nat. Med. 24 (7), 978–985. doi:10.1038/s41591-018-0045-3
 Jiang, L., Wang, Y.-J., Zhao, J., Uehara, M., Hou, Q., Kasinath, V., et al. (2020). Direct Tumor Killing and Immunotherapy through Anti-SerpinB9 Therapy. Cell 183 (5), 1219–1233. doi:10.1016/j.cell.2020.10.045
 Lamas, M., Monaco, L., Zazopoulos, E., Lalli, E., Tamai, K., Penna, L., et al. (1996). CREM: a Master-Switch in the Transcriptional Response to cAMP. Philos. Trans. R. Soc. Lond. B Biol. Sci. 351 (1339), 561–567. doi:10.1098/rstb.1996.0055
 Li, B., Chan, H. L., and Chen, P. (2019). Immune Checkpoint Inhibitors: Basics and Challenges. Curr. Med. Chem. 26 (17), 3009–3025. doi:10.2174/0929867324666170804143706
 Li, T., Fu, J., Zeng, Z., Cohen, D., Li, J., Chen, Q., et al. (2020). TIMER2.0 for Analysis of Tumor-Infiltrating Immune Cells. Nucleic Acids Res. 48 (W1), W509–W514. doi:10.1093/nar/gkaa407
 Maine, C. J., Teijaro, J. R., Marquardt, K., and Sherman, L. A. (2016). PTPN22 Contributes to Exhaustion of T Lymphocytes during Chronic Viral Infection. Proc. Natl. Acad. Sci. USA 113 (46), E7231–E7239. doi:10.1073/pnas.1603738113
 Neftel, C., Laffy, J., Filbin, M. G., Hara, T., Shore, M. E., Rahme, G. J., et al. (2019). An Integrative Model of Cellular States, Plasticity, and Genetics for Glioblastoma. Cell 178 (4), 835–849. doi:10.1016/j.cell.2019.06.024
 Rauen, T., Benedyk, K., Juang, Y.-T., Kerkhoff, C., Kyttaris, V. C., Roth, J., et al. (2011). A Novel Intronic cAMP Response Element Modulator (CREM) Promoter Is Regulated by Activator Protein-1 (AP-1) and Accounts for Altered Activation-Induced CREM Expression in T Cells from Patients with Systemic Lupus Erythematosus. J. Biol. Chem. 286 (37), 32366–32372. doi:10.1074/jbc.m111.245811
 Ruffell, B., Affara, N. I., and Coussens, L. M. (2012). Differential Macrophage Programming in the Tumor Microenvironment. Trends Immunol. 33 (3), 119–126. doi:10.1016/j.it.2011.12.001
 Schmetterer, K. G., Goldhahn, K., Ziegler, L. S., Gerner, M. C., Schmidt, R. L. J., Themanns, M., et al. (2019). Overexpression of PDE4A Acts as Checkpoint Inhibitor against cAMP-Mediated Immunosuppression In Vitro. Front. Immunol. 10, 1790. doi:10.3389/fimmu.2019.01790
 Song, Z., Wu, Y., Yang, J., Yang, D., and Fang, X. (2017). Progress in the Treatment of Advanced Gastric Cancer. Tumour Biol. 39 (7), 1010428317714626. doi:10.1177/1010428317714626
 Stanton, S. E., and Disis, M. L. (2016). Clinical Significance of Tumor-Infiltrating Lymphocytes in Breast Cancer. J. Immunother. Cancer 4, 59. doi:10.1186/s40425-016-0165-6
 Subramanian, A., Tamayo, P., Mootha, V. K., Mukherjee, S., Ebert, B. L., Gillette, M. A., et al. (2005). Gene Set Enrichment Analysis: a Knowledge-Based Approach for Interpreting Genome-wide Expression Profiles. Proc. Natl. Acad. Sci. 102 (43), 15545–15550. doi:10.1073/pnas.0506580102
 Sun, D., Wang, J., Han, Y., Dong, X., Ge, J., Zheng, R., et al. (2021). TISCH: a Comprehensive Web Resource Enabling Interactive Single-Cell Transcriptome Visualization of Tumor Microenvironment. Nucleic Acids Res. 49 (D1), D1420–D1430. doi:10.1093/nar/gkaa1020
 Tang, Z., Kang, B., Li, C., Chen, T., and Zhang, Z. (2019). GEPIA2: an Enhanced Web Server for Large-Scale Expression Profiling and Interactive Analysis. Nucleic Acids Res. 47 (W1), W556–W560. doi:10.1093/nar/gkz430
 Verjans, E., Ohl, K., Yu, Y., Lippe, R., Schippers, A., Wiener, A., et al. (2013). Overexpression of CREMα in T Cells Aggravates Lipopolysaccharide-Induced Acute Lung Injury. J. Immunol. 191 (3), 1316–1323. doi:10.4049/jimmunol.1203147
 Xia, Y., Rao, L., Yao, H., Wang, Z., Ning, P., and Chen, X. (2020). Engineering Macrophages for Cancer Immunotherapy and Drug Delivery. Adv. Mater. 32 (40), e2002054. doi:10.1002/adma.202002054
 Xie, C., Mao, X., Huang, J., Ding, Y., Wu, J., Dong, S., et al. (2011). KOBAS 2.0: a Web Server for Annotation and Identification of Enriched Pathways and Diseases. Nucleic Acids Res. 39 (Web Server issue), W316–W322. doi:10.1093/nar/gkr483
 Xing, X., Guo, J., Ding, G., Li, B., Dong, B., Feng, Q., et al. (2018). Analysis of PD1, PDL1, PDL2 Expression and T Cells Infiltration in 1014 Gastric Cancer Patients. Oncoimmunology 7 (3), e1356144. doi:10.1080/2162402x.2017.1356144
 Yazici, O., Sendur, M. A., Ozdemir, N., and Aksoy, S. (2016). Targeted Therapies in Gastric Cancer and Future Perspectives. Wjg 22 (2), 471–489. doi:10.3748/wjg.v22.i2.471
 Zaanan, A., Bouché, O., Benhaim, L., Buecher, B., Chapelle, N., Dubreuil, O., et al. (2018). Gastric Cancer: French Intergroup Clinical Practice Guidelines for Diagnosis, Treatments and Follow-Up (SNFGE, FFCD, GERCOR, UNICANCER, SFCD, SFED, SFRO). Dig. Liver Dis. 50 (8), 768–779. doi:10.1016/j.dld.2018.04.025
 Zhang, P., Yang, M., Zhang, Y., Xiao, S., Lai, X., Tan, A., et al. (2019). Dissecting the Single-Cell Transcriptome Network Underlying Gastric Premalignant Lesions and Early Gastric Cancer. Cel Rep. 27 (6), 1934–1947. doi:10.1016/j.celrep.2019.04.052
 Zheng, C., Zheng, L., Yoo, J.-K., Guo, H., Zhang, Y., Guo, X., et al. (2017). Landscape of Infiltrating T Cells in Liver Cancer Revealed by Single-Cell Sequencing. Cell 169 (7), 1342–1356.e16. doi:10.1016/j.cell.2017.05.035
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2021 Yu, Kuang, Fu, Zhang, Zhou, Zhu, Zhang, Zhang and Le. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fcell-09-697748-g003.gif





OPS/images/fcell-09-697748-g004.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		CREM Is Correlated With Immune-Suppressive Microenvironment and Predicts Poor Prognosis in Gastric Adenocarcinoma		Introduction

		Methods		Data Download and Processing

		CREM Gene Expression Analysis in Bulk and Single-Cell RNA Sequence Datasets

		Differentially Expressed Genes About CREM

		Functional Enrichment Analysis

		Immune Cell Infiltration Analysis

		Relationship Between CREM and T-Cell Exhaustion Analysis

		Survival Analysis





		Results		High CREM Expression in GAC Predicts Unfavorable Overall Survival

		CREM Was Involved in Many Cancer-Associated Signaling Pathways

		CREM is Positively Correlated With Exhausted T-Cell Marker Genes in GAC

		The Role of CREM Expression on the Abundance of Immune Cell Infiltration





		Discussion

		Data Availability Statement

		Author Contributions

		Funding

		Publisher’s Note

		Supplementary Material

		References









OPS/images/cover.jpg
frontiers
in Cell and Developmental Biology

CREM Is Correlated With
Immune-Suppressive
Microenvironment and Predicts
Poor Prognosis in Gastric
Adenocarcinoma





OPS/images/fcell-09-697748-g001.gif





OPS/images/fcell-09-697748-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
’ frontiers
in Cell and Developmental Biology





