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A novel severe acute respiratory syndrome-like coronavirus (SARS-
CoV-2) recently emerged and is rapidly spreading in humans, causing 
coronavirus disease 2019 (COVID-19). The pandemic of COVID-19 
threatens the life of people and medical care systems around the world1). 
The author, as an emergency physician and a researcher of psychophar-
macology, can realize that COVID-19 has seriously influenced on emer-
gency patient care in Japan. Current evidence for COVID-19 is limited 
because of a rapidly emerging disease. 

In order to overcome the pandemic of COVID19, it is crucial to 
understand the receptor recognition mechanism of this virus, which reg-
ulates its infectivity, pathogenesis and host range. Angiotensin-
converting enzyme 2 (ACE2) is a main functional receptor for SARS-
CoV-2 to enter host target cells2). The interaction of SARS-CoV-2 and 
ACE2 could be similar to that of antipsychotic and its receptor. 
Interaction of the ligand and its receptor is recognized as noncovalent 
bonds between both active sites3). Antipsychotic agents are much larger 
in molecular size than neurotransmitters and their crystal conformations 
are not uniform. Similarly, spike protein of SARS-CoV-2 is large of 
about 180kDa and its crystal conformation is variable. Recently, Shang 
et al. determined one of the crystal structures that contains the recep-
tor-binding domain (RBD) of the spike protein of SARS-CoV-2 in com-
plex with ACE24). The structural features of SARS-CoV-2 RBD increase 
human ACE2-binding affinity, since an ACE2-binding ridge in SARS-
CoV-2 RBD has a more compact conformation in comparison with the 
SARS-CoV RBD. Thus, SARS-CoV-2 spreads from human to human 
more easily.

ACE2-expressing cells may act as target cells and are susceptible to 
COVID-19 infection, as ACE2 plays an important role in cellular entry. 
High ACE2 expression was identified in type II alveolar cells of lung, 
absorptive enterocytes from ileum and colon, cholangiocytes, myocardi-
al cells, kidney proximal tubule cells, and bladder urothelial cells. Those 
organs with high ACE2-expressing cells should be considered as poten-
tial high risk for SARS-CoV-2 infection. Moreover, this receptor was 
highly enriched in epithelial cells of tongue, that may cause dysgeusia5). 
Clinically, severe COVID-19 is more common in adults than in children 
and in men than in women6). This fact may be associated with differenc-
es in ACE2 expression and age-related alterations in the renin-angioten-
sin system7).

If ACE2 is the window where SARS-CoV-2 invades the body, infec-
tion does not occur just by closing all ACE2 windows. However, ACE2 
is the enzyme protein which is essential for circulatory and metabolic 
homeostasis. In fact, the absence of ACE2 resulted in exaggerated glu-
cose intolerance with insulin resistance in the ACE2 knock out mice 
because ACE2 exhibits tissue-protective effects8). Even if it is not realis-
tic to shut the ACE2 window tight, some molecule similar to ACE2 is a 
candidate of therapeutic drugs for COVID-19. For example, B38-CAP, a 
carboxypeptidase derived from Paenibacillus sp., is an ACE2-like 
enzyme9), and may have the effect of neutralizing SARS-CoV-2.

For SARS-CoV-2 entry into a host cell, viral spike (S) proteins need 
to be cleaved by cellular proteases at 2 sites, termed S protein priming10). 
SARS-CoV-2 uses the transmembrane protease serine 2 (TMPRSS2) for 
S protein priming. Namely, cell entry of SARS-CoV-2 depends on bind-
ing of S proteins to ACE2 and on S protein priming by host cell proteas-
es. Some drugs used to treat acute pancreatitis have the effect of inhibi-
tion on TMPRSS2, so they can prevent the fusion of the envelope of 

SARS-CoV-2 with host cell surface membranes. TMPRSS2 inhibitors 
might constitute a treatment option.

In addition, inflammatory cytokines such as interleukin-6 (IL6) are 
produced when SARS-CoV-2 spreads with lung cells, resulting in alveo-
lar edema. The IL-6 can bind to transmembrane IL-6 receptors and solu-
ble IL-6 receptors, and the resulting complex can combine with signal 
transducing component gp130 to activate the inflammatory response. 
Tocilizumab can bind specifically to IL-6 receptor and block this signal 
transduction. Therefore, tocilizumab may be a therapeutic option for 
cytokine storm in COVID-1911). Immunomodulatory therapy such as 
IL-6 blockers may provide insights into the treatment of COVID-19 
because of down-regulation of cytokine storm, although clinical experi-
ence is very limited.

The clinical spectrum of COVID-19 varies from asymptomatic to 
clinical conditions characterized by respiratory failure with multiple 
organ dysfunction that necessitates mechanical ventilation. That might 
have been relevant to ACE2 expressions. Dr. Singh, an editor of 
International Medical Journal, mentioned that our best hope lies in dis-
covering a vaccine and medication for treatment which can eliminate 
this ruthless global nightmare1). The author completely agrees with Dr. 
Singh's comment about how important it is to develop vaccines and 
medications. In order to put it into practice, interdisciplinary researches 
on ACE2 are needed. 
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