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Angiotensin-converting enzyme 2 (ACE2) plays a pivotal role in the renin–angiotensin system and is closely related to coronavirus disease of 2019. However, the role of ACE2 in cancers remains unclear. We explored the pan-cancer expression patterns and prognostic value of ACE2 across multiple databases, including Oncomine, PrognoScan, Gene Expression Profiling Interactive Analysis, and Kaplan–Meier Plotter. Then, we investigated the correlations between ACE2 expression and immune infiltration in cancers. We found that tumor tissues had higher expression levels of ACE2 compared with normal tissue in the kidney and the liver and lower expression levels in the lung. High expression levels of ACE2 were beneficial to survival in ovarian serous cystadenocarcinoma, liver hepatocellular carcinoma, kidney renal papillary cell carcinoma, and kidney renal clear cell carcinoma, although this was not the case in lung squamous cell carcinoma. For those with a better prognosis, there were significant positive correlations between ACE2 expression and immune infiltrates, including B cells, CD8 + T cells, CD4 + T cells, neutrophils, macrophages, and dendritic cells. In conclusion, ACE2 could serve as a pan-cancer prognostic biomarker and is correlated with immune infiltrates.
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INTRODUCTION

Cancer is a major cause of morbidity and mortality worldwide, creating huge health and economic burden on society (Siegel et al., 2019). Unfortunately, this burden is expected to further increase owing to the growth in numbers of newly diagnosed cases. By 2030, 22 million new cancer cases and 13 million cancer-related deaths are expected each year (Ferlay et al., 2015). Despite many treatment options, including surgery, chemotherapy, radiation therapy, targeted therapy, and immunotherapy, cancer-related mortality remains unsatisfactory. Therefore, it is particularly important to seek other therapeutic targets for cancer diagnosis and treatment actively.

Angiotensin-converting enzyme 2 is a homolog of carboxypeptidase ACE and forms an important component of the renin–angiotensin system (RAS) (Burrell et al., 2004). This secreted protein catalyzes the cleavage of angiotensin I into angiotensins 1–9 and angiotensin II into the vasodilator angiotensins 1–7 (Vickers et al., 2002). In addition to RAS, ACE2 can hydrolyze peptides from other systems, including neurotensins 1–13, apelin 13, dynorphins 1–13, and some kinin metabolites (Vickers et al., 2002). ACE2 was initially described as ACEH (or ACEH2) in a human lymphoma complementary DNA library (Tipnis et al., 2000) and as ACE2 in a human HF ventricular complementary DNA library. Expression of the ACE2 gene has been found in the heart, kidney, testis, upper airways, lungs, gut, and liver (Donoghue et al., 2003). Abnormalities of ACE2 are associated with cardiovascular disease, cerebrovascular disease, kidney diseases, and diabetes (Sluimer et al., 2008; Tikellis et al., 2012; Anguiano et al., 2017). Also, ACE2 is a functional receptor for a variety of coronaviruses, including severe acute respiratory syndrome -associated coronavirus (SARS-CoV), human coronavirus NL63, and SARS-CoV-2 (Li et al., 2003; Hofmann et al., 2005; Zhou et al., 2020). This suggests that genes related to these viruses could be associated with tumors, as many viruses cause cancer. It has been reported that overexpression of ACE2 may inhibit invasion and angiogenesis in non-small-cell lung cancer (Feng et al., 2011). However, some studies have shown that ACE2 promotes epithelial–mesenchymal transition in renal tubular cells (Burns et al., 2010). Therefore, the mechanisms underlying these contradictory effects of ACE2 on cancer need further study.

The tumor microenvironment (TME) is a complex structure composed of tumor cells, blood vessels, extracellular matrix, and other non-malignant cells (Hui and Chen, 2015). Among these non-malignant cells, immune cells have an important role in the TME. Increasing evidence indicates that interactions between tumor cells and the host’s immune system promote the immune escape of the tumor, eventually leading to its spread, recurrence, and metastasis. For example, tumor cells can upregulate programmed cell death 1 ligand expression and cause programmed cell death receptor 1-positive T cells to undergo apoptosis, disable, and deplete (Zou et al., 2016). Hepatocellular carcinoma cells can reduce the cytotoxicity of T cells and natural killer cells by secreting exosomes and increasing immunosuppressive cells such as M2 macrophages, N2 neutrophils, and regulatory B cells (Han et al., 2019). However, immunotherapies have not yet achieved breakthrough results in cancer treatment. Therefore, finding new targets is key to improving immunotherapies.

In this study, we analyzed the expression of ACE2 in various tumors using Oncomine and the Tumor Immunity Estimate Resource (TIMER). Then, the expression of ACE2 and its correlation with cancer prognosis were analyzed using PrognoScan, Gene Expression Profiling Interactive Analysis (GEPIA), and Kaplan–Meier Plotter. Moreover, we explored the relationship between ACE2 expression and immune cells and cytokines using the TIMER and GEPIA databases. The findings of this study suggest that ACE2 may affect the prognosis of cancer patients via interactions with infiltrating immune cells.



MATERIALS AND METHODS


Oncomine Database Analysis

Oncomine1, a database that collects all published cancer microarray data and performs standard analysis, was used to analyze the expression levels of the ACE2 gene in various tumors (Rhodes et al., 2007). The following threshold values were used: P-value 0.001 and fold change 1.5.



Survival Analysis in PrognoScan, Kaplan–Meier Plotter, and Gene Expression Profiling Interactive Analysis

For more rigorous results, we analyzed the correlations of ACE2 expression with survival in various cancer types using PrognoScan2, Kaplan–Meier Plotter3, and GEPIA4 (Mizuno et al., 2009; Tang et al., 2017; Nagy et al., 2018). PrognoScan searches the relations between gene expression and aspects of patient prognosis, including OS and DFS, across a large collection of publicly available cancer microarray datasets. The threshold was adjusted to Cox P-value < 0.05, and the “forestplot” package in the R software (version 3.6.25) was used to summarize and visualize the survival analysis from PrognoScan. Kaplan–Meier Plotter, which includes gene chip and RNA sequencing datasets from the Gene Expression Omnibus, European Genome-phenome Archive, and The Cancer Genome Atlas, was used to assess the effects of 54,000 genes on survival in 21 cancer types. Kaplan–Meier Plotter analyzed the relationship of ACE2 expression with OS and RFS in various cancer types, and hazard ratio (HR) values with 95% confidence intervals and log-rank P-values were calculated. GEPIA, a web-based tool containing 9,736 tumor samples and 8,587 normal samples based on TCGA and Genotype Tissue Expression data, provides differential expression analysis, correlation analysis, and patient survival analysis. In the present study, GEPIA was used to analyze the effects of ACE2 expression on OS and DFS.



Correlation Analysis Between Angiotensin-Converting Enzyme 2 and Immune Infiltrates by Tumor Immunity Estimate Resource and Gene Expression Profiling Interactive Analysis

TIMER6 provides a user-friendly web interface for dynamic analysis of immune infiltrates across diverse cancer types (Li et al., 2016, 2017). TIMER calculates levels of six infiltrating tumor immune subgroups from 10,897 tumors of 32 cancer types. We analyzed the expression of ACE2 in different cancer types and determined the correlations between ACE2 expression and a large number of immune infiltrates, including B cells, CD4 + T cells, CD8 + T cells, neutrophils, macrophages, and dendritic cells. Relationships between gene expression and tumor purity were also examined. Tumor purity is the proportion of tumor cells in tumor tissue. Its value depends largely on the method used to obtain the tumor tissue; the purity of standard tumor surgery samples is usually less than 70%. Variation in tumor purity can lead to systematic bias in tumor research results based on genomic analysis, and assessment of tumor purity can reduce analysis bias (Rhee et al., 2018). We also analyzed the correlations between ACE2 expression and different subtypes of immune cell markers, including gene markers of B cells, CD8 + T cells, follicular helper T cells, T-helper 1 (Th1) cells, Th2 cells, Th9 cells, Th17 cells, Th22 cells, regulatory T cells, regulatory B cells, exhausted T cells, M1 macrophages, M2 macrophages, tumor-associated macrophages, monocytes, natural killer cells, neutrophils, and dendritic cells. The gene markers of tumor-infiltrating immune cells were selected from Cell Signaling Technology7 and R&D Systems8 websites. The gene expression level was displayed as log2 RSEM. The x-axis represents ACE2, and the y-axis represents related marker genes. To further verify the significantly correlated markers identified using TIMER, gene expression correlation analysis was performed again in GEPIA. The Spearman method was used to determine the correlation coefficients. ACE2 was displayed on the x-axis, whereas other genes of interest were displayed on the y-axis.



Statistical Analysis

ACE2 expression levels were determined using Oncomine and GEPIA. The results from Oncomine are displayed with P-values, fold changes, and ranks. The results from GEPIA use asterisks to represent P-values. PrognoScan, Kaplan–Meier Plotter, and GEPIA were used to obtain survival curves; the results are displayed with HR and P-values or Cox P-values from log-rank tests. The correlation of gene expression was evaluated using Spearman’s correlation. A P-value of less than 0.05 was considered to indicate a significant difference.



RESULTS


Pan-Cancer Messenger RNA Expression Levels of Angiotensin-Converting Enzyme 2

First, we used the Oncomine database to analyze the messenger RNA expression levels of ACE2 in various cancers. According to the results, compared with normal tissues, the expression of ACE2 was reduced in breast cancer, colorectal cancer, and breast cancer (Figure 1A).
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FIGURE 1. ACE2 expression levels in cancers. (A) Increased or decreased expression of ACE2 in different cancer tissues, compared with normal tissues in Oncomine. Number in each cell is the amounts of datasets. (B) Human ACE2 expression levels in different cancer types from TCGA data in TIMER (<0.1, *P < 0.05, **P < 0.01, ***P < 0.001).


To further examine the pan-cancer expression of ACE2, we explored RNA sequencing data from TCGA in TIMER. Figure 1B shows the differential expression of ACE2 between tumors and adjacent tissues. ACE2 expression levels in BRCA, KICH, LIHC, PRAD, STAD, and thyroid carcinoma were significantly lower than those in adjacent normal tissues. By contrast, ACE2 expression was higher in KIRP, LUAD, and UCEC than in normal tissues.



Pan-Cancer Prognostic Value of Angiotensin-Converting Enzyme 2

Next, we analyzed the pan-cancer prognostic value of ACE2 using different databases. In PrognoScan, we explored the relationship between the expression of ACE2 and the prognosis of various cancers; the results are shown in Supplementary Figure 1. Notably, ACE2 expression was significantly related to the prognosis of six tumor types (Figure 2): brain, breast, eye, lung, and ovarian cancers and renal cell carcinoma. ACE2 had a protective effect in five types of cancer: brain (OS: total number = 74, HR = 0.44, Cox P = 0.003507), eye (distant metastasis-free survival: total number = 63, HR = 0.00, Cox P = 0.033962), lung (OS: total number = 129, HR = 0.70, Cox P = 0.009280), ovarian (OS: total number = 278, HR = 0.63, Cox P = 0.048512), and renal (OS: total number = 59, HR = 0.17, Cox P = 0.021041). ACE2 only had a detrimental role in breast cancer (RFS: total number = 87, HR = 3.36, Cox P = 0.019817; distant metastasis-free survival: total number = 125, HR = 1.55, Cox P = 0.038243; OS: total number = 198, HR = 1.23, Cox P = 0.002524).
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FIGURE 2. Kaplan–Meier survival curves comparing high and low expression of ACE2 in different cancer types in PrognoScan. OS, overall survival; DMFS, distant metastasis-free survival; RFS, relapse-free survival. (A) OS of Brain Cancer. (B–D) DMFS, OS and RFS of Breast Cancer. (E) DMFS of Eye Cancer. (F) OS of Lung Cancer. (G) OS of Ovarian Cancer. (H) OS of Renal Cancer.


Next, we explored the prognostic survival of ACE2-related cancers in Kaplan–Meier Plotter, which uses mainly TCGA data (in contrast to PrognoScan, whose data mainly comes from the Gene Expression Omnibus database). We showed for the first time that ACE2 is related to poor prognosis in esophageal carcinoma (OS: HR = 3.19, log-rank P = 0.009; RFS: HR = 2.63, log-rank P = 0.04) (Figures 3A,B). The results for kidney cancer and lung cancer were partially different from those obtained in PrognoScan: ACE2 had a positive impact on OS (HR = 0.44, log-rank P = 0.0063) but not on RFS (HR = 1.79, log-rank P = 0.13) in KIRP (Figures 3C,D); ACE2 was protective in LUAD (OS: HR = 0.6, log-rank P = 0.0011; RFS: HR = 0.62, log-rank P = 0.023) (Figures 3G,H) but detrimental in LUSC (OS: HR = 1.62, log-rank P = 0.00099; RFS: HR = 1.62, log-rank P = 0.065) (Figures 3I,J). In ovarian cancer, ACE2 was a protective prognostic factor (OS: HR = 0.68, log-rank P = 0.0042; RFS: HR = 0.64, log-rank P = 0.026) (Figures 3K,L). In LIHC, ACE2 was beneficial to OS (HR = 0.55, log-rank P = 0.0017) but had no effect on RFS (HR = 1.34, log-rank P = 0.093) (Figures 3M,N), whereas the opposite was true in testicular germ cell tumor (TGCT) (OS: HR = 5.83, log-rank P = 0.1; RFS: HR = 9.79, log-rank P = 0.006) (Figures 3O,P).
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FIGURE 3. Kaplan–Meier survival curves comparing the high and low expression of ACE2 in different types of cancer in Kaplan–Meier Plotter. OS and RFS of (A,B) esophageal carcinoma (ESCA), (C,D) kidney renal papillary cell carcinoma (KIRP), (E,F) BRCA, (G,H) LUAD, (I,J) LUSC, (K,L) OV, (M,N) LIHC, and (O,P) TGCTs. Red curve represents patients with high expression of ACE2. OS, overall survival; RFS, relapse-free survival.


In addition to PrognoScan and Kaplan–Meier Plotter, we used GEPIA to investigate the role of ACE2 in each cancer and its overall impact on cancer. In general, ACE2 was a protective index for cancer prognosis (OS: total number = 9,478, HR = 1.1, log-rank P = 0.14; DFS: total number = 9,478, HR = 0.82, log-rank P = 2.2e-07). We found that ACE2 had a protective role in LIHC. The results for kidney cancer were slightly different from those obtained with PrognoScan and Kaplan–Meier Plotter; high expression levels of ACE2 were beneficial in kidney renal clear cell carcinoma (KIRC) but did not affect KICH or KIRP. In ovarian cancer, ACE2 not only had a protective role for OS but was also beneficial to DFS. In LUSC, ACE2 has a protective effect on DFS but no significant effect on OS. We found similar effects in UCS. In LGG, ACE2 had a deleterious effect on OS, contrary to the conclusions obtained using PrognoScan. We did not find any effects of ACE2 on BRCA, head–neck squamous cell carcinoma, PRAD, STAD, or rectum adenocarcinoma (Supplementary Figure 2).



Angiotensin-Converting Enzyme 2 Expression in a Stratified Population

To better understand the impact of ACE2 on the survival of cancer patients, we investigated the relationship between ACE2 expression and clinical characteristics of LIHC patients using the Kaplan–Meier Plotter database (Table 1). ACE2 was associated with improved OS in many patients with liver cancer, except for those with stage 2 (HR = 0.65, P = 0.2872), grade 3 (HR = 0.59, P = 0.0839), or American Joint Committee on Cancer stage T2 (HR = 0.71, P = 0.3515) disease, or microvascular invasion (HR = 0.5, P = 0.1322). In terms of progression-free survival, ACE2 had no benefit in stage 2 (HR = 1.48, P = 0.2686) or American Joint Committee on Cancer stage T2 (HR = 1.58, P = 0.1717) patients, those with microvascular invasion (HR = 0.78, P = 0.4074), female patients (HR = 0.69, P = 0.1531), or those undergoing sorafenib treatment (HR = 0.73, P = 0.4354). In addition, compared with vascular invasion, the HR values for OS and progression-free survival in patients without vascular invasion showed statistically significant differences. These results indicate that high expression levels of ACE2 may improve survival in patients with no vascular invasion.


TABLE 1. Correlation of ACE2 messenger RNA expression with OS (n = 364) and PFS (n = 366) in LIHC with different clinicopathological features.
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Contradictory Results for Correlation of Angiotensin-Converting Enzyme 2 Expression With Immune Infiltration

The discussed results support a pan-cancer prognostic role of ACE2 and indicate that immune cells in the TME can positively influence the survival of patients. Therefore, we explored the association between immune infiltration and ACE2 expression. We calculated the coefficients for the correlation between ACE2 expression and immune infiltration levels in 39 cancer types via the TIMER database. The results showed that ACE2 expression was significantly correlated with tumor purity in 11 cancer types. Also, expression levels of ACE2 were significantly correlated with infiltration levels of B cells, CD8 + T cells, CD4 + T cells, macrophages, neutrophils, and dendritic cells in 13, 11, 5, 10, 16, and 15 cancer types (Figure 4 and Supplementary Figure 3).
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FIGURE 4. Correlation of ACE2 expression with immune infiltration level. (A) ACE2 expression has no relation with tumor purity and significant positive correlation with infiltrating levels of B cell, CD8 + T cell, neutrophil, and dendritic cell in OV. (B) ACE2 expression has no relation with tumor purity and significant positive correlation with infiltrating levels of macrophage in KIRP. (C) ACE2 expression has significant positive correlation with tumor purity, significant negative correlation with infiltrating levels of CD4 + T cell and dendritic cell in LUSC. (D) ACE2 expression has no relation with tumor purity and significant negative correlation with infiltrating levels of B cell, CD8 + T cell, and dendritic cell in TGCT. P < 0.05 is considered as significant.


According to the findings from Kaplan–Meier Plotter, GEPIA, and PrognoScan, we observed that it is consistent with the immune infiltration level in TIMER. Among the cancer types in which ACE2 has a protective role, expression levels of ACE2 were significantly positively correlated with infiltration levels of B cells (R = 0.177, P = 9.81E-05), CD8 + T cells (R = 0.127, P = 5.31E-03), neutrophils (R = 0.208, P = 4.43E-06), and dendritic cells (R = 0.145, P = 1.45E-03) in OV (Figure 4A); macrophages (R = 0.322, P = 2.11E-07) in KIRP (Figure 4B); B cells (R = 0.194, P = 2.97E-05) and CD8 + T cells (R = 0.097, P = 4.31E-02) in KIRC (Supplementary Figure 3A); and B cells (R = 0.166, P = 4.55E-03), CD4 + T cells (R = 0.154, P = 8.56E-03), neutrophils (R = 0.223, P = 1.18E-04), and dendritic cells (R = 0.145, P = 2.60E-06) in UCEC (Supplementary Figure 3B). In cancer types where ACE2 was a deleterious prognostic factor, the infiltration level of various immune cells was negatively correlated with the expression level of ACE2: CD4 + T cells (R = −0.153, P = 8.17E-04) and dendritic cells (R = −0.179, P = 8.81E-05) in LUSC (Figure 4C); B cells (R = −0.31, P = 1.30E-04), CD8 + T cells (R = −0.332, P = 3.98E-05), and dendritic cells (R = −0.169, P = 4.09E-02) in TGCT (Figure 4D); B cells (R = −0.117, P = 1.08E-02) and dendritic cells (R = −0.097, P = 3.49E-02) in LGG (Supplementary Figure 3C); and B cells (R = −0.238, P = 1.07E-02), CD4 + T cells (R = −0.258, P = 6.35E-03), macrophages (R = −0.348, P = 1.46E-04), and neutrophils (R = −0.329, P = 3.55E-04) in thymomaTHYM (Supplementary Figure 3D). In addition, the expression of ACE2 in PRAD (Supplementary Figure 3E) was positively correlated with the infiltration level of each immune cell type, but we did not find a significant correlation between ACE2 and survival. The discussed results suggest that ACE2 could affect the prognosis and survival of patients via immune infiltration.



Relationships Between Angiotensin-Converting Enzyme 2 Expression and Immune Markers

To further explore the correlation between ACE2 and immune cell infiltration, we investigated the relationships between ACE2 and immune cell markers in the TIMER database, including B cells, CD8 + T cells, M1/M2 macrophages, tumor-associated macrophages, monocytes, NK cells, neutrophils, and dendritic cells. We also analyzed various subtypes of T cells, including follicular helper T, Th1, Th2, Th9, Th17, Th22, regulatory T cells, and exhausted T cells. After correction of tumor purity, expression levels of ACE2 were significantly correlated with 21, 22, 34, 25, 23, and 30 immune cell markers in KIRP, KIRC, LIHC, LUSC, OV, and TGCT, respectively (Tables 2, 3 and Supplementary Table 1). These results are consistent with those described earlier, concerning the relationships between various types of cancer and the infiltration of immune cells. Therefore, these results confirm our conjecture that the prognosis of ACE2-related tumors is significantly correlated with immune cell infiltration, which helps explain the discrepancies in patient survival.


TABLE 2. Correlations between ACE2 and gene markers of immune cells in LIHC and KIPR.
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TABLE 3. Correlations between ACE2 and gene markers of immune cells in OV and TGCT.
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DISCUSSION

ACE2 has been implicated in cardiac dysfunction, hypertension (Crackower et al., 2002), heart failure and ventricular remodeling (Donoghue et al., 2003; Zisman et al., 2003), diabetes (Tikellis et al., 2003), Ang 1–7 regulation during pregnancy (Brosnihan et al., 2003), and as a functional receptor for coronaviruses, including SARS-CoV and SARS-CoV-2 (Li et al., 2003; Zhou et al., 2020). Recently, researchers have found that members of the RAS participate in various biological processes in tumors. AngII has been reported to facilitate tumor migration, proliferation, angiogenesis, and metastasis by activating the AngII type 1 receptor, whereas activation of the AngII type 2 receptor promotes tumor proliferation and angiogenesis in lung cancer (Kanehira et al., 2005; Pickel et al., 2010). ACE2, as well as Ang 1–7, has been reported to inhibit the growth of lung cancer (Menon et al., 2007; Ni et al., 2012; Qian et al., 2013) and metastasis of prostate cancer (Krishnan et al., 2013b), and it is associated with better prognosis in hepatocellular carcinoma (Ye et al., 2015).

Although the relationship between the expression of ACE2 and the proliferation and progression of certain tumors has been confirmed at the molecular level and in animal models, in-depth research has not been conducted for clinical diagnosis and treatment. As previous studies and the current results indicate, ACE2 may have different roles in different situations; thus, it is necessary to explore the correlations between ACE2 and cancer from a clinical perspective. In this study, we found that the prognosis of ACE2 and cancer may differ owing to characteristics such as sex, race, and tumor stage. More comprehensive and precise research will be required in the future to find a reasonable explanation for these differences. Understanding the TME, including the infiltration of immune cells, can help reveal the important mechanisms underlying tumor development. Here, we found a significant correlation between tumor ACE2 expression and immune cell infiltration. Several studies have revealed that ACE2 intervenes in the progression and metastasis of tumors via inhibiting tumor cell proliferation, invasion, migration, and angiogenesis through the ACE2/Ang 1–7/MasR axis (Xu et al., 2017; de Paula et al., 2020); this has been demonstrated in hepatocellular carcinoma (Liu et al., 2015; Mao et al., 2018), prostate cancer (Krishnan et al., 2013a, b; Dominska et al., 2018), nasopharyngeal cancer (Pei et al., 2016; Lin et al., 2018), and head and neck cancer (Hinsley et al., 2017). However, the mechanism by which ACE2 affects tumors via the regulation of the immune microenvironment is not yet clear; this is a potential direction for our future research.

This study explored the expression levels of ACE2 and visualized the prognostic landscape on a pan-cancer basis using independent datasets in Oncomine and PrognoScan, and TCGA data in GEPIA and TIMER. Based on the analysis of these four databases, we concluded that ACE2 was beneficial in KIRP, LUAD, OV, and LIHC but had a detrimental effect on prognosis in esophageal carcinoma, LUSC, TGCT, and LGG. Compared with normal tissues, expression levels of ACE2 in BRCA, KICH, LIHC, and PRAD were significantly reduced, and those of KIRP, LUAD, and UCEC were significantly increased. However, the expression of ACE2 was not related to tumor purity in cancers with good prognosis, such as KIRC, KIRP, LIHC, OV, and LUAD. These findings suggest that ACE2 is equally expressed in tumor cells and the TME.

We also found relationships among ACE2 expression, tumor prognosis, and immune cell infiltration. ACE2 expression levels in tumors with a good prognosis, such as KIRP, LIHC, and OV, were significantly positively correlated with infiltration of immune cells, including B cells, CD8 + T cells, CD4 + T cells, neutrophils, macrophages, and dendritic cells, whereas they were significantly negatively correlated with infiltration in tumors with poor prognoses, such as LUSC and TGCT. This suggests that ACE2 may affect tumor prognosis through cancer immunity. We further observed that ACE2 was most strongly related to the expression of B cells, T cells, and dendritic cells. Together with a previous study confirming that ACE2 is involved in the immune process (Cui et al., 2017), these results indicate that ACE2 may play an important part in tumor antigen presentation and tumor killing.

Although we integrated information from multiple databases, this study had some limitations. Given that a large proportion of gene chip and sequencing data were collected by analysis of tumor tissue information, systematic bias may have been introduced into the cell-level analysis of immune cell markers. To solve this problem, higher-resolution methods should be used in the future, such as single-cell RNA sequencing (Giladi and Amit, 2018; Papalexi and Satija, 2018). Moreover, as there was only one LIHC dataset containing complete clinicopathological characteristics, the results obtained were not comprehensive. More clinical data will need to be investigated in the future to clarify the relationship between ACE2 and clinical characteristics of cancer patients and, possibly, between coronavirus disease of 2019 and cancer. Owing to contradictions between different databases, we could not clearly define ACE2 as either beneficial or detrimental to tumors. Furthermore, this study only involved bioinformatics analysis of ACE2 expression and patient survival; no in vivo or in vitro experiments were performed. Such experiments will be needed to clarify the specific mechanism of the action of ACE2. It is also worth noting that we have explored the correlation between the expression of ACE2 and the infiltration of tumor immune cells. Although the expression of ACE2 is certainly related to its enzymatic activity, expression of an enzyme does not necessarily reflect activity. We will conduct relevant functional experiments in our next study to verify the correlation between the ACE2 enzyme and tumor immune cell infiltration. Finally, although studies have found that ACE2 expression is related to tumor immune cell infiltration and patient survival, we could not directly show whether ACE2 affects patient survival via immune cell infiltration. Future prospective studies on ACE2 expression and immune cell infiltration in cancer populations will help to provide a clear answer to this question. In summary, ACE2 can affect pan-cancer prognosis and is related to immune infiltration and could be used as a pan-cancer prognostic biomarker. These findings may inform immune-based antitumor strategies for clinical treatments, including immune cell infiltration of tumor cells or the TME.
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3 83 0.38 (0.2-0.72) 0.002 83 0.42 (0.23-0.75) 0.0029
3+4 87 0.42 (0.23-0.77) 0.0039 88 0.44 (0.25-0.79) 0.0045
4 4 - - 5 - -
Grade
1 55 0.27 (0.1-0.7) 0.0042 55 0.4 (0.18-0.87) 0.0173
2 174 0.56 (0.34-0.93) 0.0228 175 0.54 (0.35-0.84) 0.0056
3 118 0.59 (0.32-1.08) 0.0839 119 0.6 (0.36-0.99) 0.0429
4 12 - - 12 - -
AJCC_ T
1 180 0.31 (0.15-0.63) 0.0006 180 0.37 (0.22-0.6) 3.10E—-05
2 90 0.71 (0.34-1.47) 0.3515 92 1.58 (0.82-3.04) 01717
3 78 0.34 (0.17-0.66) 0.0009 78 0.31 (0.16-0.6) 0.0002
4 13 - - 13 - -
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Macro 16 s = 16 - -
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Male 246 0.51 (0.31-0.81) 0.004 246 0.5 (0.35-0.71) 0.0001
Female 118 0.43 (0.24-0.75) 0.0021 120 0.69 (0.41-1.15) 0.15631
Race
White 181 0.54 (0.34-0.86) 0.0091 183 0.69 (0.45-1.05) 0.0788
Black of African American 17 = - 17 - -
Asian 155 0.26 (0.1-0.68) 0.003 155 0.35 (0.22-0.56) 6.70E—06
Sorafenib treatment
Treated 29 0.27 (0.09-0.86) 0.0174 30 0.73 (0.33-1.61) 0.4354
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Yes 115 0.42 (0.21-0.82) 0.0095 115 0.4 (0.23-0.67) 0.0004
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OS, overall survival; PFS, progression-free survival.
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