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The renin-angiotensin-aldosterone system (RAAS) has 
been the focus of research for decades because of its criti-
cal role in the physiology of the circulation and the patho-
physiology of cardiovascular disease. However, it plays an 
important role in regulating multiple organs and functions 
in other tissues including the lung, kidney and heart, 
together with involvement in the inflammatory response.

Early research identified angiotensin-converting enzyme 
(ACE), a protease which cleaves angiotensin (Ang) I to pro-
duce Ang II, the key effector peptide of the RAAS. However, 
in 2000, a second ACE, ACE2, was discovered which pri-
marily metabolises Ang II into Ang-(1–9). Ang-(1–9) is sub-
sequently converted by neutral endopeptidase and ACE to 
Ang-(1–7), a vasodilatory peptide. Extensive investigations 
of ACE2 have revealed that it is widely distributed primarily 
on lung alveolar epithelial cells, small intestinal enterocytes 
and vascular endothelial cells in many organs including liver, 
kidney and brain,1 with multiple additional actions including 
antiproliferative and antifibrotic effects and, more recently, a 
role of viral receptor and amino acid transporter.2

Studies with coronaviruses such as severe acute respira-
tory syndrome coronavirus (SARS-CoV) and Middle East 
respiratory syndrome coronavirus showed that these 
viruses relied on a viral spike protein to bind host cell sur-
face receptors for entry into cells. SARS-CoV and SARS-
CoV-2 both encode similar large-spike proteins with 76% 
sequence identity. Molecular modelling has shown struc-
tural similarity between the receptor binding domains of 
SARS-CoV and SARS-CoV-2 despite amino acid muta-
tions of the SARS-CoV-2 receptor binding domain.3 It has 
now been demonstrated that the receptor binding domain 
in the spike protein interacts with high affinity with 
ACE2.4–6 By analogy with the SARS virus, SARS-CoV-2 
will downregulate cellular expression of ACE2, resulting 
from endocytosis of the ACE2-SARS-CoV-2 complex, 
which is essential for infection, activation of ADAM met-
allopeptidase domain 17, a coregulator of ACE2, and shed-
ding of ACE2 from the cell membrane (Figure 1).

Novel antibodies and therapeutic peptides are being 
developed to interact with the SARS-CoV-2 receptor bind-
ing domain and block its interaction with ACE2. An alter-
native approach is the use of peptides derived from 
SARS-CoV-2 and ACE2. Interestingly, a peptide composed 
of two ACE2 motifs (aa22-44 and 351-357) linked by gly-
cine exhibited potent anti-SARS activity.7 Other targets to 
control viral replication include proteases (3CLpro and 
PLpro) that process the polypeptide translation product 
from the genomic RNA into the structural and nonstructural 
protein components vital for replication of new viruses.3

On theoretical grounds, blockade of ACE2 could confer 
anti-infective properties against SARS-CoV-2 by prevent-
ing entry of the virus into lung pneumocytes.

Several small-molecule ACE2 inhibitors have been 
synthesised,8 of which MLN-4760 has been investigated in 
animal models.9 Studies with inhibitors confirm predic-
tions from gene-deletion studies that ACE2 is a critical 
regulator of cardiovascular function,10 counterbalancing 
the effects of Ang II, and protects against adverse struc-
tural changes after tissue injury, mediated by matrix metal-
loproteinases, free radical production and upregulation of 
proinflammatory cytokines. ACE2 in the kidney protects 
against glomerular injury in animal models of renal dis-
ease including diabetic nephropathy, and pharmacological 
inhibition of ACE2 exacerbates kidney damage.2 ACE2 
also appears to attenuate the inflammatory response and 
oxidative stress in models of acute lung injury.2 Thus, any 
theoretical benefits of ACE2 inhibitors in coronavirus 
infection would likely be offset by multiple adverse effects 
on a number of organs and tissues.

The Renin-Angiotensin system  
and SARS-CoV-2 infection: A role  
for the ACE2 receptor?

Peter Sever and Sebastian L Johnston

Keywords
Angiotensin-converting enzyme 2, renin-angiotensin system, SARS-CoV-2

Date received: 9 April 2020; accepted: 9 April 2020

National Heart and Lung Institute, Imperial College London, UK

Corresponding author:
Peter Sever, National Heart & Lung Institute, Imperial College London, 
ICTEM Building, Du Cane Rd, NHLI, 3rd Fl, London, W12 0NN, UK. 
Email: p.sever@imperial.ac.uk

926911 JRA0010.1177/1470320320926911Journal of the Renin-Angiotensin-Aldosterone SystemSever and Johnston
article-commentary20202020

COVID-19 and the Renin-Angiotensin-Aldosterone System - Commentary

https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/jra
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
mailto:p.sever@imperial.ac.uk


2	 Journal of the Renin-Angiotensin-Aldosterone System ﻿

Targeting SARS-CoV-2 directly or the SARS-CoV-2 
spike receptor binding domain-ACE2 interaction, by 
antibodies and/or therapeutic small molecules, is today’s 
challenge. There is evidence that remdesivir and hydrox-
ychloroquine have potent antiviral activity against 
SARS-CoV-211 and are being used empirically by many 
clinicians treating affected patients. Realistically, in view 
of the time taken to get any promising new drug into the 
clinic, containment of the present outbreak by public 
health measures seems the only realistic course of action 
for the immediate future.
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Figure 1.  ACE2 acts as the host cell receptor for SARS-CoV, 
by binding to the spike protein on the viral capsid. Binding 
to ACE2 stimulates clathrin-dependent endocytosis of both 
ACE2 and the SARS-CoV, which is essential for viral infection. 
Binding of the spike protein to ACE2 induces ADAM17 
activity, thereby reducing the amount of ACE2 expressed on 
the cell surface. Treatment with soluble ACE2 or anti-ACE2 
antibodies disrupts the interaction between virus and receptor. 
ACE2: angiotensin-converting enzyme 2; ADAM17: ADAM 
metallopeptidase domain 17; CoV: coronavirus; SARS: severe 
acute respiratory syndrome. Reproduced with permission from 
Clarke and Turner.2.




