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Background: G Protein Subunit Gamma 7 (GNG7) is an important gene that regulates cell proliferation and induces apoptosis. However, the correlation between GNG7 expression and immune infiltration as well as patient prognosis of colorectal cancer (CRC) remains unclear.
Methods: The GNG7 expression differences between tumor tissues and normal tissues were explored via the Oncomine database, Tumor Immune Estimation Resource (TIMER) site and UALCAN database. Then, the influence of GNG7 on clinical prognosis were evaluated, using the PrognoScan database. In addition, the relationship between GNG7 and tumor-related immune infiltration as well as gene marker sets of immune infiltration was investigated via TIMER, TISIDB and GEPIA.
Results: We found that GNG7 expression was down-regulated in multiple malignant tumors including colorectal cancer (CRC) and the GNG7 expression was associated with tumor stage, histology subtype, lymph node metastasis and poor prognosis in colorectal cancer (CRC). In addition, the expression of GNG7 was significantly associated with infiltration level of multiple immune cells, immunomodulatory factors as well as part of the immune cell markers.
Conclusion: GNG7 displays validated prognostic value in CRC and was associated with its immune cell infiltration and immunoregulation. These results suggest that GNG7 is a potential prognostic marker and is associated with tumor immune infiltration, thus providing a new perspective for the immunotherapy of CRC.
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INTRODUCTION
In 2020, there were approximately more than 1.9 million new cases of colorectal cancer (CRC) and 935,000 deaths from colorectal cancer globally. Overall, colorectal cancer accounting for the third most common cancer in the world, but ranks second in terms of mortality (Sung et al., 2021). At present, surgery is still the cornerstone of the treatment of CRC, but its shortcomings are also obvious. For example, the choice of surgical methods and the effectiveness of surgical treatment are largely affected by the depth of tumor invasion and anatomical location (Brenner et al., 2014). Although significant progress has been made in the screening, diagnosis, surgery and chemotherapy for patients with colorectal cancer in recent decades, the patients’ clinical benefits acquired from traditional treatment approaches are limited and the patients’ prognosis still needs to be improved. It is reported that about 25% of patients with CRC have metastases at the time of diagnosis, and approximately 50% of them will eventually metastasize in their lifetime (Vatandoust et al., 2015).
Multiple immune cells are vital components of the tumor microenvironment (TME) and deeply influence tumor occurrence and development (Hinshaw and Shevde 2019). Nowadays, immunotherapy has achieved satisfactory effects in dealing with some malignant tumors such as small cell lung cancer, renal cancer and breast cancer (Motzer et al., 2015; Gandhi et al., 2018; Schmid et al., 2018). However, there are still many unknown areas worth exploring in the field of immunotherapy for colorectal cancer. For example, the application of ICIS (immune checkpoint inhibitors) in CRC has epoch-making significance for the immunotherapy of CRC. Nevertheless, less than 15% of colorectal cancer patients exhibit this predictive biomarker, so the vast majority of the remaining CRC patients currently have no opportunity to extend survival with immunotherapy (Lichtenstern et al., 2020). Therefore, to determine immunotherapy targets by studying the influencing factors of tumor-related immune infiltration will enrich the immunotherapy approaches of colorectal cancer and help improve the clinical outcome of cancer patients.
GNG7 belongs to the large guanine nucleotide binding protein γ family and is located on chromosome 19 (Shibata et al., 1998). Related genes of the G protein family are involved in a variety of transmembrane signaling transduction pathways. In addition, studies have shown that GNG7 gene may also be associated with transmembrane signaling pathways and is involved in cell contact-induced growth arrest, thereby inhibiting uncontrolled cell proliferation in multicellular organisms (Hartmann et al., 2012). GNG7 is ubiquitously expressed in multiple tissues but is down-regulated in various cancers (Liu et al., 2016). Several studies have shown that its expression is decreased in pancreatic cancer (Liu et al., 2019), esophagus cancer, gastrointestinal tract cancer (Shibata et al., 1999), and clear cell renal cell carcinoma (ccRCC) (Xu et al., 2019). Combined with the research conclusions listed above, it can therefore be regarded as a potential suppressor of malignant tumor.
The expression profiles and prognostic value of GNG7 in CRC are still unclear. In addition, the association between GNG7 and immune infiltration in CRC still remains largely unexplored. Elucidating these issues will pave the way for the development of new treatments for CRC.
In this study, we analyzed the expression of GNG7 in various cancers through Oncomine, UALCAN, and TIMER databases. Furthermore, the prognostic significance of GNG7 in different tumors was investigated by the PrognoScan web servers. Moreover, we investigated the correlation between GNG7 expression and immune infiltration as well as immunoregulation level in colorectal cancer via TIMER, TISIDB, and GEPIA databases. Our findings revealed the prognostic value of GNG7 in CRC, and provide new insights into the correlation and potential mechanism between GNG7 expression and CRC immune infiltration.
MATERIALS AND METHODS
Tissue Samples
We collected 20 samples of colorectal cancer and para-cancerous tissues as well as related clinical information from the First Affiliated Hospital of Anhui Medical University (Supplementary Table S2). None of the subjects received radiotherapy or chemotherapy before surgery. All patients’ data were obtained with informed consent, and this study was approved by the Clinical Research Ethics Committees. (Tissue specimen collection time is from 10 June 2021 to 20 July 2021).
Quantitative Real-Time PCR
TRIzol reagent (Invitrogen, Carlsbad, CA, United States) was used for total RNA extraction from tissues. The assay was conducted in triplicate and performed using 2× TB Green Premix Ex Taq (Takara) in a Bio-Rad detection system. All reactions were repeated. Relative gene expression was calculated by the 2–ΔΔCt method. GAPDH served as the internal reference. The primer sequences were as follows (“F” represents “forward”; “R”represents“reverse”). GAPDH: 5′-AGAAGGCTGGGGCTCATTTG-3′(F), 5′AGGGGCCATCCACAGTCTTC-3′(R); GNG7:5′-CCCGAGCGCAGGGAGT-3′(F), 5′-CGC​TCA​ATC​CCG​GCT​TCT​AT-3′(R).
Oncomine Database Analysis
The oncomine database (http://www.oncomine.org/) was designed for the mining and analysis of tumor-related data (Rhodes et al., 2007). We employed it to analyze the expression differences of GNG7 in tumor tissues and adjacent normal tissues on it. The threshold was defined as a p-value < 0.01, a fold change>2, and a gene ranking of 10%.
PrognoScan Database Analysis
PrognoScan (http://www.prognoscan.org/) database can be used to analyze the relationship between gene expression and different prognostic outcomes (including OS, DFS, etc.) of patients (Mizuno et al., 2009). We analyzed the correlation between GNG7 expression and survival outcomes in different types of cancers and generated corresponding survival curves.
UALCAN Database Analysis
UALCAN (http://ualcan.path.uab.edu/index.html) is a practical online analysis database with multiple function modules, which is widely used in TCGA data analysis (Chandrashekar et al., 2017). We used UALCAN to analyze the mRNA and protein expression levels of GNG7 in tumor and adjacent normal tissues, as well as its relationship with clinicopathological features.
Tumor Immune Estimation Resource Database Analysis
Tumor Immune Estimation Resource (https://cistrome.shinyapps.io/timer/) (TIMER) platform is a comprehensive resource database which can be used to analyze differential expression of genes and the relationship between specific gene expression and the abundance of immune cell infiltration in various cancers, and the abundance of tumor-infiltrating immune cell (TIIC) is calculated use specific algorithms (Li et al., 2017). We used TIMER to explore the GNG7 expression in different types of cancers and the correlation between GNG7 expression and the infiltration abundance of six kinds of immune cells (TIICs, including B cells, CD4 + T cells, CD8 + T cells, neutrophils, macrophages, and dendritic cells (DCs)). In addition, the relationship between GNG7 expression and immune cell marker genes was further analyzed, and the results were presented in the form of a scatter plot with the Spearman correlation coefficient and p-value. Gene expression levels were shown as log2 TPM.
Gene Expression Profiling Interactive Analysis Database Analysis
The Gene Expression Profiling Interactive Analysis (http://gepia.cancer-pku.cn/index.html) (GEPIA) database integrates wide bioinformatics data, which can be used for a variety of bioinformatics research including genetic difference analysis, prognosis analysis and gene correlation analysis (Tang et al., 2017). The correlation between GNG7 expression and specific immune cell marker genes identified in TIMER database previously was further proved in GEPIA.
TISIDB Database Analysis
TISIDB database (https://cis.hku.hk/TISIDB) is a web portal for conducting tumor and immune system interactions analysis that integrates multiple heterogeneous data types (Ru et al., 2019). We used this database to help investigate the correlation between GNG7 expression and tumor-infiltrating lymphocytes as well as immunomodulators.
Schematic Diagram and Flow Chart
Well-designed diagrams help readers better understand the researcher’s research content (Behzadi and Gajdács 2021). For this reason, we present the schematic diagram (Figure 1) and technical flow chart (Figure 2) of the entire research process in the article for easy reference.
[image: Figure 1]FIGURE 1 | Illustration of the main principle of this study.
[image: Figure 2]FIGURE 2 | The basic analysis process of this study.
Statistical Analysis
Survival curves were generated from the PrognoScan and the results displayed with HR and P or Cox p-value from a log-rank test. The results generated from Oncomine were displayed with p-value, fold changes and ranks. The correlation of gene expression with the lymphocytes, immunomodulators and gene markers of tumor-infiltrating immune cells was evaluated by Spearman’s correlation coefficient and statistical significance. p-value <0.05 is considered statistically significant.
RESULTS
The mRNA Expression Levels of GNG7 in Different Types of Human Cancers
The differences of GNG7 expression between tumor and normal tissues were analyzed in Oncomine database. It was observed that the GNG7 expression was up-regulated in kidney cancer, leukemia and lung cancer compared with the normal tissues, while it was down-regulated significantly in some datasets of bladder cancer, brain and CNS cancer, breast cancer, colorectal cancer, gastric cancer, head and neck cancer, leukemia, lymphoma, ovarian cancer and pancreatic cancer (Figure 3A, Supplementary Table S1).
[image: Figure 3]FIGURE 3 | GNG7 mRNA expression in a variety of human cancers. (A) GNG7 expression was downregulated or upregulated in diverse cancers in the Oncomine database. (B) Human GNG7 expression in multiple types of cancer was determined using the TIMER database (*p < 0.05, **p < 0.01, ***p < 0.001).
To further verify the outcome from Oncomine database, we examined the GNG7 expression levels in multiple malignancies from TCGA database in TIMER. The differential expression between the tumor and adjacent normal tissues of GNG7 was shown in Figure 3B, and as we can see, GNG7 was down-regulated in various cancers, especially in colon cancer and rectal cancer, which was consistent with the results in Oncomine. In addition, we found that GNG7 expression was not only down-regulated in COAD and READ, but it was also associated with tumor histology, stage, lymph node metastasis according to the result in UALCAN (Figure 4).
[image: Figure 4]FIGURE 4 | The relationship between GNG7 expression and individual clinical parameters of COAD and READ in UALCAN database. (A) Differential expression of GNG7 in COAD tissues. Association of GNG7 mRNA expression with different COAD patients’ individual cancer histologic subtypes (B), tumor stages (C), nodal metastasis (D). (E) Differential expression of GNG7 in READ tissues. Association of GNG7 mRNA expression with different READ patients’ individual cancer histologic subtypes (F), tumor stages (G), nodal metastasis (H).
We used qRT-PCR to identify the expression of GNG7 in CRC tissues and para-cancerous tissues. The results are displayed in the form of a histogram. It is confirmed that the GNG7 mRNA level was decreased in CRC tissues than para-cancerous tissues (Figure 5, In addition, experimental related pictures are shown in Supplementary File S1). These results suggests that GNG7 was obviously lowly expressed in various cancers, especially in CRC.
[image: Figure 5]FIGURE 5 | The results of RT-qPCR experiments are consistent with the analysis results of Oncomine and TIMER databases. The expression level of GNG7 mRNA in colorectal cancer tumor tissues is significantly down-regulated compared with normal para-cancerous tissues. ***p < 0.0001.
Prognostic Potential of GNG7 Across Different Cancers
In order to investigate the prognostic value of GNG7 expression in different types of cancers, we further analyzed the relationship between GNG7 expression and prognosis of cancer patients via PrognoScan database. The analysis uncovered that GNG7 expression was significantly related to the prognosis of eight types of tumors including lung cancer, breast cancer and colorectal cancer (Figure 6). For example, it can be observed that in the GSE6532-GPL570 cohort which included 87 breast cancer samples, the discrepancies of DMFS (Distant Metastasis Free Survival) and RFS (Relapse Free Survival) between two groups were significant. In the GSE31210 cohort which included 204 lung cancer samples, high GNG7 expression was associated with better OS (Overall Survival, p = 0.0005, HR = 0.29,95%CI 0.14–0.58) and RFS (p = 0.0002, HR = 0.25,95%CI 0.13–0.49). Notably, In the GSE17536 and GSE17537 cohorts, which included 177 and 55 colorectal cancer samples respectively, high GNG7 expression was associated with better OS (p = 0.034, HR = 0.08,95%CI 0.01–0.83) and DSS (Disease Specific Survival, p = 0.031, HR = 0.28,95%CI 0.09–0.89). Hence, these findings indicated that GNG7 can be regarded as a potential indicator for predicting the prognosis of certain types of cancer including CRC.
[image: Figure 6]FIGURE 6 | Association of GNG7 mRNA expression with prognosis in different human cancers in the PrognoScan. (A–B) Survival curves of DMFS and RFS in a breast cancer cohort (GSE6532-GPL570, n = 87). (C–D) Survival curves of OS and RFS in a lung cancer cohort (GSE31210, n = 204). (E–F) Survival curves of DSS and OS in two colorectal cancer cohorts [GSE17536 (n = 177) and GSE17537 (n = 55)].
GNG7 Expression is Correlated With Immune infiltration Level in Colorectal Cancer
The infiltration of tumor-related immune cells was regarded as an independent factor affecting the prognosis of patients with colorectal cancer (Ohtani 2007). Therefore, we explored the relationship between GNG7 expression and the abundance of immune infiltration in different types of tumors via TIMER database. Tumor purity is an important reference factor in analyzing the degree of tumor immune infiltration (Yoshihara et al., 2013). The results showed that the expression of GNG7 was significantly correlated with tumor purity in 21 types of cancer, including COAD and READ. In addition, the expression of GNG7 had significant correlations with the infiltration level of B cells in 18 tumors, CD8+ T cells in 17 tumors, CD4+ T cells in 27 tumors, macrophages in 22 tumors, neutrophils in 14 tumors, and dendritic cells in 21 tumors, respectively. Notably, we found that the GNG7 expression level was correlated with poor prognosis and high immune infiltration in COAD and READ. GNG7 expression level had significant positive correlations with infiltrating levels of B cells (r = 0.282, p = 8.32e-09), CD4+ T cells (r = 0.504, p = 2.47e-27), macrophages (r = 0.320, p = 4.35e-11), neutrophils (r = 0.215, p = 1.36e-05) and DCs (r = 0.337, p = 4.13e-12) in COAD (Figure 7A). Moreover, GNG7 expression levels were also positively associated with infiltration levels of B cells (r = 0.305, p = 2.56e-04), CD4+ T cells (r = 0.435, p = 8.67e-08), macrophages (r = 0.307, p = 2.37e-04) and DCs (r = 0.380, p = 3.96e-06) in READ (Figure 7B). In contrast, GNG7 expression had no significant correlation with tumor purity and infiltrating levels of B cells, CD8+ T cells, macrophages, neutrophils, or dendritic cells in LIHC (Figure 7C).
[image: Figure 7]FIGURE 7 | Correlation of GNG7 expression with immune infiltration level in COAD (colon adenocarcinoma), READ (rectum adenocarcinoma), and LIHC (liver hepatocellular carcinoma). (A) GNG7 expression is significantly negatively related to tumor purity and has significant positive correlations with infiltrating levels of B cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells in COAD, other than CD8+ T cells. (B) GNG7 expression is significantly negatively related to tumor purity and has significant positive correlations with infiltrating levels of B cells, CD4+ T cells, macrophages, and dendritic cells in READ but no significant correlation with infiltrating level of CD8+ T cells and neutrophils. (C) GNG7 expression has no significant correlations with tumor purity and infiltrating levels of B cells, CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells in LIHC.
The Function of GNG7 in Regulating Immune Molecules
Then, in order to study the regulation mechanism of GNG7 on immune molecules in CRC, we further conducted an integrated analysis on the correlation between GNG7 expression and 28 tumor immune infiltrating cell subtypes as well as three subtypes of immunomodulators in TISIDB database. The result showed that GNG7 was associated with twenty-four immune cell subtypes in COAD and READ (Table 1). Notably, Activated B cell (rho = 0.63, p < 2.2e-16), Immature B cell (rho = 0.536, p < 2.2e-16) and Eosinophil (rho = 0.445, p < 2.2e-16) occupied the top three TILs in terms of the strength of the correlation with GNG7 expression in COAD (Figures 8A–C), while the top three TILs with the strongest correlation with GNG7 expression in READ were Activated B cell (rho = 0.544, p < 2.2e-16), Immature B cell (rho = 0.482, p = 5.23e-11) and Macrophage (rho = 0.473, p < 1.5e-10) (Figure 8D–F). Immunoinhibitors, immunostimulators and major histocompatibility complex (MHC) molecules comprised all immunomodulators (Gou et al., 2019). The correlation heat maps of GNG7 expression with immunoinhibitors, immunostimulators and major histocompatibility complex (MHC) molecules in different cancers were displayed respectively in (Figures 8B–D). In addition, the correlation scatter plots of the three immunomodulators which had the strongest correlation with GNG7 expression in COAD and READ were displayed near the related heat maps. The specific coefficients and p value were also shown in Supplementary Table S3. These findings provided compelling evidence for demonstrating that GNG7 plays a specific role in immune infiltration in colorectal cancer.
TABLE 1 | The correlation between GNG7 expression and tumor lymphocyte infiltration in COAD, READ and LIHC(TISIDB).
[image: Table 1][image: Figure 8]FIGURE 8 | Spearman’s correlation of GNG7 with lymphocytes and immunomodulators in TISIDB database. (A) Relationship between the abundance of TILs and GNG7 expression in different human cancers. Top 3 TILs displaying the greatest correlation with GNG7 expression in COAD (A–C) and READ (D–F). (B) Relationship between the abundance of immunoinhibitors and GNG7 expression in different human cancers. Top 3 immunoinhibitors displaying the greatest correlation with GNG7 expression in COAD (A–C) and READ (D–F). (C) Relationship between the abundance of immunostimulators and GNG7 expression in different human cancers. Top 3 immunostimulators displaying the greatest correlation with GNG7 expression in COAD (A–C) and READ (D–F). (D) Relationship between the abundance of MHC molecules and GNG7 expression in different human cancers. Top 3 MHC molecules displaying the greatest correlation with GNG7 expression in COAD (A–C) and READ (D–F).
Correlation Analysis Between GNG7 Expression and Immune Markers
To further investigate the relationships between GNG7 and immune infiltrating cells, we used TIMER and GEPIA database to analyze the correlations between GNG7 expression and immune cell markers of diverse immune cells in COAD and READ. These immune cell markers were used to characterize immune cells, including B cells, CD8+ T cells, T cells (general), M1/M2 macrophages, tumor-associated macrophages (TAMs), monocytes, NK cells, neutrophils and DCs. We also analyzed different functional T cells, such as Th1 cells, Th2 cells, Tfh cells, Th17 cells, and Tregs, as well as exhausted T cells. The results revealed that GNG7 was significantly correlated with most immune marker sets of multiple immune cells and different T cells in COAD and READ (Table 2). In contrast, only 13 immune cell gene markers in LIHC were significantly correlated with the GNG7 expression.
TABLE 2 | Correlation analysis between GNG7 and relate genes and markers of immune infiltration cells in TIMER.
[image: Table 2]Interestingly, we found that compared with COAD, the expression of GNG7 in READ is associated with more immune infiltrating cell markers and the correlation coefficient is higher. As shown in Table 2, among these TILs, B cells, TAM, M2 macrophages, dendritic cells and Treg cells displayed stronger correlation with GNG7 expression than others. Therefore, we further explored the correlation between GNG7 expression in COAD, READ and these gene markers by using GEPIA database. The analysis results showed that the degree of correlation is basically the same as the results we obtained in TIMER Table 3.
TABLE 3 | Correlation analysis between GNG7 and relate genes and markers of immune infiltration cells in GEPIA.
[image: Table 3]Consequently, we have reason to believe that GNG7 is closely correlated to immune cell infiltration in CRC, which guides us to speculate that GNG7 plays an important role in the tumor microenvironment and immune response of CRC.
DISCUSSION
Colorectal cancer is a kind of cancer with a high level of morbidity and mortality worldwide and its clinical diagnosis and treatment progress has always been focused on (Arnold et al., 2017). Moreover, due to the lack of effective early detection methods, combined with its low penetration, many patients have already reached advanced stage at the time they received clinical diagnosis (Dekker et al., 2019). Therefore, the discovery of new, relatively convenient, and non-invasive detection markers will help improve the early screening rate of CRC, thereby increasing the chance of patients being treated and improving the prognosis of patients.
In recent years, with the progress of tumor molecular biology research, more and more new and effective markers have been discovered, for example, Ritwik Patra’s research found that COL11A1 gene mutation profoundly affects the occurrence and development of colorectal cancer, and confirmed the qualification of COL11A1 gene as a potential biomarker for colorectal cancer prognosis (Patra et al., 2021). In addition, it is reported that the use of combined detection of SDC2 and TFPI2 methylation as a new biomarker for a non-invasive tool of CRC will help improve the current dilemma of low early screening rates for CRC (Zhang et al., 2021). Meanwhile, as a cell cycle-related protein, SEPT9 has been confirmed to be involved in tumorigenesis and development in a variety of malignant tumors, and the methylation detection of SERT9 gene in peripheral blood has high sensitivity and specificity for the diagnosis of CRC, and can be used in early CRC screening, it may be a useful biomarker for the prognosis of CRC (Mostowy and Cossart 2012; Sun et al., 2019; Yang et al., 2019).
Immune cells are an important part of tumor stroma. Accumulating evidences suggests that innate immune cells (including macrophages, neutrophils, dendritic cells, NK cells, innate lymphocytes and myeloid-derived suppressor cells) as well as adaptive immune cells (T cells and B cells) participate in the formation of the tumor microenvironment (TME). The crosstalk between cancer cells and proximal immune cells will eventually create an environment that fosters tumor growth and metastasis (Gajewski et al., 2013; Hinshaw and Shevde 2019). Moreover, the high level of tumor immune infiltration may be related to poor prognosis in CRC (Guo et al., 2020).
At present, with the in-depth understanding of the mechanism of tumor immune infiltration, the tumor immunotherapy has also been rapidly developed. In particular, tumor immunotherapy has yielded significant effects in a variety of cancer types (Rosenberg et al., 2019; Brewer et al., 2020; Farid and Liu 2020).
However, the progress of immunotherapy for colorectal cancer is still relatively limited. The most important reason is that most CRCs are microsatellite stable, but it is disappointing that currently immunotherapy only produces a good response in a small subset of CRCs that exhibit microsatellite instability (MSI), and the difference in the sensitivity of the two types of CRC to immunotherapy is mainly related to the immune microenvironment at the primary site of the tumor (Mlecnik et al., 2016). Therefore, discovering new immune-related markers and therapeutic targets become the main content of research on CRC immunotherapy.
This study aims to predict the role of GNG7 in CRC by studying the relationship between the expression level of GNG7 and the infiltration level of different immune cells in colorectal cancer and the prognosis of patients with CRC through multi-channel bioinformatics data mining and analysis.
GNG7 is located on chromosome 19 and is a member of the guanine nucleotide-binding proteins (G proteins) family which is involved as a modulator or transducer in various transmembrane signaling systems (Shibata et al., 1998; Hartmann et al., 2012). Previous studies have reported that the loss of GNG7 is related to the tumor volume of esophageal cancer and affects tumor invasiveness, which may attributed to loss of heterozygosity (LOH) (Ohta et al., 2008). Zheng H et al.'s study on LUAD found that GNG7 can exert a tumor suppressor effect in LUAD cells by inhibiting E2F1, moreover, low GNG7 expression is significantly associated with a poorer LUAD prognosis and a higher tumor grade (Zheng et al., 2021). However, the role of GNG7 in colorectal cancer remains to be elucidated. In order to acquire more detailed information about the potential role and biological mechanism of GNG7 expression in CRC, we conducted a stepwise bioinformatics analysis. First, we performed analyses in Oncomine database and TIMER database and found that compared to normal tissues, GNG7 expression in CRC was significantly down-regulated. In addition, the findings from UALCAN indicated that GNG7 expression is associated with tumor histology, stage, lymph node metastasis in colorectal cancer which means that GNG7 may play an important role in the occurrence and progression of colorectal cancer. In addition, we further carried out the qRT-PCR experiment of clinical colorectal tissue samples, and the results are consistent with the results in the database as well. Meanwhile, it is worth noting that analysis of the Oncomine and TIMER databases revealed that the expression levels of GNG7 in various cancers were different relative to normal tissues, however, GNG7 was down-regulated in some cancers and up-regulated in others. Unfortunately, The specific mechanism causing this result has not yet been fully elucidated. We speculate that this may be related to differences in cancer cell tissue types, or that the changes in signaling pathways vary in different cancers, which may also lead to increased or decline expression of downstream proteins. which needs to be determined by further basic experimental research in the future.
Cancer cells are distinguished from normal cells by two major characteristics: immortal proliferation and decreased apoptosis (Hanahan and Weinberg 2011). It is reported that GNG7 has the ability to induce apoptosis and arrest the cell cycle, which may be related to the reduction of actin polymers in cells. In addition, GNG7 induces autophagy by inhibiting the MTOR pathway, thereby limiting the number of cells, reducing the proliferation ability to a certain extent, and playing the role of tumor suppressor genes (Liu et al., 2016; Lai and Ding 2019).
Our survival analysis results in the database showed that GNG7 expression is correlated to the prognosis of different cancers, including CRC. Low GNG7 level means poor colorectal cancer DSS and OS. Therefore, we speculated that GNG7 exhibits significance as a prognostic marker in CRC.
Another important part of this study is to explore the correlation between the expression of GNG7 and the level of infiltration of different immune cells as well as immunoregulators in cancer, especially in colorectal cancer. Our analysis showed that the relationship between GNG7 expression and the level of CD4+ T cell infiltration in CRC is moderate to strong. Simultaneously, there is a positive correlation between GNG7 expression and the infiltration level of B cells, macrophages, neutrophils and dendritic cells. In addition, the GNG7 expression has a significant correlation with numerous immunoregulators as well as some immune cell marker genes in COAD and READ, which implies that GNG7 may be involved in the tumor immune process of COAD and READ, and may play a significant role in tumor-related immune activation or suppression. Hence, we hypothesized that GNG7 is a potential marker for predicting tumor immune microenvironment homeostasis.
Macrophages belong to a differentiated subtype of immune cells, which can be divided into M1 macrophages and M2 macrophages (Jayasingam et al., 2020). They play an important role in the development, homeostasis and immune response of organism (Wynn et al., 2013). Increased macrophage infiltration in colorectal cancer tissues was significantly associated with increased chemoresistance and poor prognosis (Yin et al., 2017).
It has now been fully confirmed that a large number of Treg cell infiltrations in tumor tissues of various cancers are ubiquitous, and their abundant presence often indicates a poor clinical prognosis. Among the various mechanisms of immunological self-tolerance, endogenous Treg cell-mediated immunosuppression is essential (Tanaka and Sakaguchi 2017). Dendritic cell is a quintessential APC of the immune system, responsible for combining innate immunity and adaptive immunity, including activation of anti-tumor T cells (Broz et al., 2014; Gardner et al., 2020). And dendritic cell immunotherapy has received good feedback in animal experiments, so it is regarded as a new cancer therapy which is worth looking forward to (Cranmer et al., 2004). Additionally, DC can assist tumor metastasis by increasing Treg cells and reducing the toxicity of CD8+ T cells (Sawant et al., 2012). These underlying mechanisms may be the basis for GNG7 to recruit and regulate immune cells. This provides a perspective for us to understand how the low expression of GNG7 affects the prognosis of CRC by regulating immune infiltration.
Therefore, we can conclude that GNG7 may be a potential biomarker and is related to the immune infiltration of colorectal cancer, which means that GNG7 can be used as a potential target for regulating anti-tumor immunotherapy. This study provided insights for further research on immunotherapy of CRC. Nevertheless, this study existed limitations, the data of this study is mainly based on data obtained in open access databases, lacking multi-center and large sample data support. In addition, the relevant mechanism of GNG7 in recruiting and regulating immune cells as well as immunoregulators needs to be further explored at the cellular and molecular level and in animal experiments in the future.
CONCLUSION
Our study confirmed that GNG7 expression is down-regulated in colorectal cancer, and GNG7 expression is related to the prognosis of colorectal cancer. moreover, the correlation between GNG7 gene and multiple immune cell infiltration levels, immunomodulatory molecules, and immune cell related genes in colorectal cancer revealed that GNG7 has a potential role in regulating immune cell function in colorectal cancer, which may provide a new insight to individualized treatment for CRC. In addition, further research should aim to elucidate the molecular mechanisms that may help determine the immune target of CRC.
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ccRCC clear cell renal cell carcinoma
CNS central nervous system
COAD colon adenocarcinoma
CRC colorectal cancer
dcs dendritic cells
DMFS distant metastasis free survival
DSS disease specific survival
GNG7 G protein subunit gamma 7
HR hazard ratio
ICIS immune checkpoint inhibitors
LIHC liver hepatocellular carcinoma
MHC molecule major histocompatibility complex molecule
NK cells natural killer cells
NK T cells natural killer T cells
OS overall survival
READ rectum adenocarcinoma
RFS relapse-free survival
tams tumor-associated macrophages
TCGA the cancer genome atlas
tems Tie2-expressing monocytes
tfh T follicular helper cell
th 1 cells type I helper T cells
th 2 cells type II helper T cells
Th17 cells type 17 T helper cells
TIIC tumor infiltrating immune cell
tils tumor infiltrating lymphocytes
TIMER tumor immune estimation resource
TME tumor microenvironment
treg regulatory T cells
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