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Abstract
The coronavirus disease 2019 (COVID-19) pandemic caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has resulted in more than two million deaths. Underlying diseases, including cancer, are high-risk factors for severe COVID-19 outcomes. Angiotensin-converting enzyme 2 (ACE2), as a SARS-CoV-2 host cell receptor, plays a crucial role in SARS-CoV-2 invading human cells. ACE2 also has significant associations with cancer. Recent studies showed that ACE2 was inversely correlated with the activities of multiple oncogenic pathways and tumor progression phenotypes, and was positively correlated with antitumor immune response and survival prognosis in diverse cancers, suggesting a potential protective role of ACE2 in cancer progression. Positive expression of ACE2 is also correlated with programmed death-ligand 1 (PD-L1) in cancer. The positive associations of ACE2 expression with antitumor immune signatures and PD-L1 expression indicate that ACE2 expression is a positive predictor for the response to immune checkpoint inhibitors (ICIs). This was evidenced in multiple cancer cohorts treated with ICIs. Thus, ACE2 may build potential connections between COVID-19 and cancer and cancer immunotherapy. The potential connections suggest that ACE2 inhibitors may not be a good option for treating COVID-19 patients with cancer, particularly in cancer patients who are receiving immunotherapy. Furthermore, the relationships between ACE2, COVID-19, and cancer are worth confirming by more experimental and clinical data, considering that many cancer patients are at high risk for COVID-19. 
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Core Tip: Angiotensin-converting enzyme 2 (ACE2) is a severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) host cell receptor and plays a crucial role in SARS-CoV-2 invading human cells to cause coronavirus disease 2019 (COVID-19). ACE2 also plays a role in preventing tumor progression and promoting cancer immunotherapy response. Thus, the use of ACE2 inhibitors to prevent and treat COVID-19 should be carried out cautiously in cancer patients. 


INTRODUCTION
Infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has caused more than 113 million cases of coronavirus disease 2019 (COVID-19) and 2.5 million deaths as of February 25, 2021[1]. More seriously, a second wave of the COVID-19 pandemic has emerged and is expected to be more infectious and more deadly. Abundant evidence[2] has shown that many underlying diseases, including cancer, are risk factors for severe COVID-19 outcomes. Thus, specific measures to protect people with underlying diseases from SARS-CoV-2 infection or the development of severe COVID-19 are crucial for reducing COVID-19 deaths. Similar to cancer, COVID-19 may affect various human organs or tissues, including the lungs, kidneys, liver, brain, colon, stomach, and skin, in light of the fact that the SARS-CoV-2 host cell receptor angiotensin-converting enzyme 2 (ACE2) is expressed in a wide range of human tissues[3]. In fact, the essential role of ACE2 in SARS-CoV-2 invasion into human tissues is well recognized[4]. 

ASSOCIATION BETWEEN ACE2 AND CANCER
ACE2 also plays an important role in cancer. For example, Dai et al[5] showed that increased ACE2 expression was associated with a better survival prognosis in liver cancer. ACE2 exerts antitumor effects by inhibiting tumor angiogenesis[6]. Several recent studies explored the associations of ACE2 with antitumor immunity and immunotherapy response[7-9]. Yang et al[7] showed that the elevated expression of ACE2 was correlated with increased antitumor immune response in uterine corpus endometrial and renal papillary cell cancers. Bao et al[8] revealed strong associations between ACE2 expression and immune gene signatures in cancer. Our recent study[9] systematically explored the associations of ACE2 expression with antitumor immune signatures, tumor progression phenotypes, oncogenic signatures, and clinical features in 13 cancer cohorts. We found that the expression levels of ACE2 were inversely correlated with the levels of tumor proliferation, stemness, and epithelial-mesenchymal transition in diverse cancers. Moreover, ACE2 expression levels were inversely correlated with the activities of multiple oncogenic pathways in cancer, including the cell cycle, vascular endothelial growth factor, transforming growth factor-β, Wnt, and Notch signaling. In contrast, the expression levels of ACE2 correlated positively with diverse antitumor immune signatures in cancer, including antigen processing and presentation, T cell and B cell receptor signaling, nucleotide-binding and oligomerization domain-like receptor signaling, chemokine signaling, cytokine-cytokine receptor interaction, natural killer cell-mediated cytotoxicity, and Jak-STAT signaling. As a result, increased ACE2 expression was associated with a favorable survival prognosis in multiple cancer cohorts, including renal clear cell carcinoma, renal papillary cell carcinoma, lung adenocarcinoma, and ovarian carcinoma[9]. Interestingly, the expression levels of ACE2 were significantly lower in advanced than in non-advanced tumors in renal clear cell carcinoma. Overall, these data suggest a potential protective role of ACE2 in cancer development. Interestingly, positive expression of ACE2 was significantly correlated with the gene encoding programmed death-ligand 1 (PD-L1) in cancer. As both the inflamed immune microenvironment and high PD-L1 expression are positively associated with the response to immune checkpoint inhibitors (ICIs), ACE2 upregulation may indicate an increased immunotherapy response in cancer. Indeed, in four cancer cohorts involving three cancer types (melanoma, renal clear cell carcinoma, and bladder cancer), the cancers with higher ACE2 expression levels (> median) showed a higher rate of response to ICIs than the cancers with lower ACE2 expression levels (< median).

CONCLUSION
Emerging evidence suggests potential associations between COVID-19 and cancer and cancer immunotherapy through ACE2 (Figure 1). In light of the important roles of ACE2 in preventing tumor progression and promoting cancer immunotherapy response, ACE2 inhibitors may not be a good option for treating COVID-19 patients with cancer, particularly in cancer patients who are receiving immunotherapy. The protective role of ACE2 in cancer progression and the function of ACE2 in promoting cancer immunotherapy response need to be further confirmed by more experimental and clinical data.
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Figure 1 An illustration of the relationships between angiotensin-converting enzyme 2, coronavirus disease 2019, and cancer. ACE2: Angiotensin-converting enzyme 2; COVID-19: Coronavirus disease 2019; EMT: Epithelial-mesenchymal transition; PD-L1: Programmed death-ligand 1; TGF-β: Transforming growth factor-β; VEGF: Vascular endothelial growth factor.
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