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Abstract

In March 2019 began the global pandemic COVID-19 caused by the new Coronavirus SARS-CoV-2. The first cases of
SARS-CoV-2 infection occurred in November-19 in Wuhan, China. The preventive measures taken did not prevent the rapid
spread of the virus to all countries around the world. To date, there are about 2.54 million deaths, effective vaccines are in
clinical trials. SARS-CoV-2 uses the ACE-2 protein as an intracellular gateway. ACE-2 is a key component of the Renin
Angiotensin (RAS) system, a key regulator of cardiovascular function. Considering the key role of ACE-2 in COVID-19
infection, both as an entry receptor and as a protective role, especially for the respiratory tract, and considering the variations
of ACE-2 and ACE during the stages of viral infection, it is clear the important role that the pharmacological regulation of
RAS and ACE-2 can assume. This biological knowledge suggests different pharmacological approaches to treat COVID-19

by modulating RAS, ACE-2 and the ACE/ACE?2 balance that we describe in this article.
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Introduction

The new coronavirus, SARS-CoV-2 is responsible for coro-
navirus disease (COVID-19), the cause of the current global
pandemic. To date COVID-19 has caused 2,54 Mln deaths
and 114 MIn million people infected. [1] The COVID-19
pandemic represents a health, social and economic chal-
lenge for all countries. Some vaccines are showing encour-
aging results of about 95% efficacy in late clinical trials. At
present, drug treatments for the viral infection are mostly
experimental, some antivirals such as remdesivir have shown
good efficacy in reducing mortality and healing time. [2,
3] COVID-19 infection is in most cases asymptomatic or
slightly symptomatic, however in a small percentage of
cases, especially in older people and those with pre-existing
conditions, the infection can be severe and in some cases
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fatal. [4, 5] Although respiratory symptoms are predomi-
nant, [6] in the more severe stages of infection, multi-organ
dysfunction may occur due to an abnormal and generalized
inflammatory response that causes injury to vital organs
such as lungs, heart, liver. [7, 8] People with diseases such
as diabetes, hypertension, heart disease, are at increased
risk of serious complications from COVID-19, suggesting
that therapeutic treatment of underlying diseases should not
be interrupted during COVID-19 infection. [9, 10] SARS-
CoV-2 has a high structural homology with SARS-CoV,
and also share the same cell entry receptor, the angiotensin
conversion enzyme 2 (ACE-2) [11]. ACE-2 is a protein with
a key role in the angiotensin renin (RAS) system. RAS is
a key regulator of the cardiovascular system. In the more
severe stages of COVID-19 infection there is a dysregulation
of the RAS system and the ACE/ACE-2 balance, suggest-
ing an important role of RAS and ACE-2 throughout the
entire COVID-19 infection phase. Important role of RAS
and ACE-2 during the entire phase of COVID-19 infection.
A few months ago the first vaccines against COVID-19 have
been authorized, starting a massive vaccination campaign,
however the research continues to find therapeutic solutions
aimed at avoiding the most serious complications caused by
COVID-19 [12-15].
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Renin Angiotensin System (RAS)

The renin-angiotensin system (RAS) is a physiological
mechanism with a key regulatory role in various functions
of the cardiovascular system. RAS is an enzymatic cascade
consisting of a “classical way” and a “non-classical way”.
(Fig. 1) In the main (classical) enzymatic pathway, renin
converts angiotensinogen to angiotensin I (Ang I). Ang I
is then converted to angiotensin II (Ang II) by the angi-
otensin conversion enzyme (ACE). In the non-classical
enzyme pathway ACE-2 converts Ang II to angiotensin
1-7 (Ang 1-7) and Ang I to angiotensin 1-9 (Ang 1-9).
ACE-2 is expressed in renal, cardiovascular, pulmonary
and gastrointestinal tissues. The biological effects of Ang-
IT on AT-1r receptors are vasoconstriction and stimulant
of aldosterone release; myocardial hypertrophy, interstitial
fibrosis, endothelial dysfunction, increased inflammatory
state, increased oxidative stress and increased coagula-
tion. Ang II can also cause increased inflammation through
the production of IL-6, TNF (Tumor Necrosis Factor) and
other inflammatory cytokines. [16, 17] Ang 1-7 and Ang
1-9 have opposite biological effects to Ang II through
stimulation of the Mas receptor (MASr) and Angioten-
sin type II receptors (AT-2r). MASr are expressed on the

surface of the bronchial muscle and alveolar epithelium of
the lungs. [18, 19] Ang 1-7 and Ang1-9 have anti-inflam-
matory, antifibrosis, vasodilation effects. Evidence shows
that the RAS system varies in conditions of pathologies
such as BPCO or viral infections, suggesting a possible
involvement in homeostasis and function of the respira-
tory system and other ongoing systems of certain diseases.
Some data demonstrate the variation of RAS and ACE-2
during COVID-19 infection, in particular an increase of
ACE-2 in the early stages of infection and a rapid decrease
in the more severe stages. It may be possible that ACE-2
has a protective effect and when it decreases there is a
worsening of the inflammatory pulmonary state. [20, 21]

SARS-CoV-2 and RAS

The expression of ACE2 varies in a time-dependent man-
ner after SARS-CoV 2 infection. The role of ACE-2 in the
pathophysiology of SARS-Cov-2 infection is not yet fully
understood, because ACE-2 is not only the virus entry recep-
tor, the modulation and variation of RAS and ACE-2 dur-
ing the various stages of infection have been demonstrated,
and the role of ACE-2 in infected lung tissue is unclear,
especially during the more severe stages of infection, where
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Fig. 1 Schematic representation of the renin-angiotensin system
(RAS). Activation of AT2-r and MasR receptors induce vasodilatory,
anti-inflammatory, and antifibrotic effects with potential clinical ben-

>
N
m
N
>
>
¥ e
AT2R u Ang-(1-5) X
~
=
l B
QU
X,
Vasodilation <
anti-inflammatory
antifibrotic
neurodegenerative
li .
Drug Discovery Today

efit in the most severe stages of SARS-CoV-2 infection, in contrast,
vasoconstrictor, proinflammatory, and profibrotic effects mediated by
AT 1-r activation could increase lung and tissue damage
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it appears to have a protective role. Evidence shows that
SARS-CoV-2 infection early stages produces decreased
expression and activity of ACE-2 in lungs tissue [22]. In
addition, during COVID-19 infection there is an increase in
circulating Ang II concentrations [23]. This evidence sug-
gests the important role played by RAS during COVID-19
viral infection. In particular, the ACE/ACE-2 imbalance cre-
ates a greater activation of the ACE/Ang II/AT1-r axis with
increased AT1r stimulation by Ang II with known harmful
biological effects, increased inflammation, vasoconstric-
tion, profibrotic activity. The imbalance of RAS and ACE/
ACE-2 ratio suggests potential pharmacological approaches
that rebalance the system.

ACE-2

SARS-CoV-2 affects different tissues of the host organism,
this can be explained by the expression of ACE2. In fact, the
presence of ACE2 has been detected in the respiratory tract,
[24-26] in the myocardium, in the arteries, in the esophagus,
in the brain,, in the urinary tract. [27-30]. Depending on the
tissue expression of ACE2, it has been hypothesized that
organs with higher expression of ACE2 might be at higher
risk of damage by COVID-19, also supporting this thesis, it
has been found that young people have a lower concentra-
tion of ACE?2 in the respiratory tract, explaining, at least in
part, why they are less likely to have lung injury caused by
COVID-19 than older people. Evidence shows that ACE2
expression may vary in dependence of preexisting disease.
In idiopathic pulmonary fibrosis, in COPD, ACE2 is upregu-
lated in the lungs probably as a counterregulatory response
[31-33] This may partly explain the increased susceptibility
of severe COVID-19 infection in patients with pre-existing
respiratory tract comorbidity. In addition, ACE2 expression
may also partially explain the cardiac, hepatic, and neuro-
logical injuries caused [34-37] by COVID-19 induced by
endocellular penetration of SARS-CoV-2 and the hyperac-
tive inflammatory state induced in the more severe stages
of infection.

ACE/ACE-2 Balance and COVID-19 Infection

Several evidence shows beneficial effects of ACE-I and
ARB (Angiotensin II receptor antagonists) in lung lesions
including acute respiratory distress syndrome ARDS and
pulmonary fibrosis. [38, 39] In view of these aspects, and the
mechanism of action of ACE-i and ARB in decreasing Ang
IT activity, it may be thought that Ang II plays an important
role in lung damage. Some evidence shows that the use of
ARB reduces pro-inflammatory cytokine secretion and lung
injury [40]. Data from retrospective human studies show
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that ACE-I can prevent or reduce the severity of pneumo-
nia [41]. In addition, treatment with AT-1(ARB) receptor
antagonists in COPD reduces inflammation, comorbidities
and complications of the disease [42]. In addition, in vitro
studies show that Ang II induces apoptosis in a human
epithelial cell line and in rat type II pneumocytes, effects
that are blocked by treatment with ACE-I or AT receptor
antagonists [43, 44], other studies demonstrate the correla-
tion between over-stimulated AT 1r and the promotion of
apoptosis in lung epithelial cells [45]. Therefore this evi-
dence shows that Ang II and At-1r stimulation may play a
key role in lung lesions. On the other hand, a large amount of
evidence associates the stimulation of MASr by Ang (1-7)
and Ang (1-9) protective effects in mitigating lung lesions
by acting in opposition to the effects of Ang II. Some in vivo
evidence indicates that ACE2/Ang axis (1-7) can mitigate
pulmonary fibrosis, in fact the treatment with recombinant
ACE-2 reduces the release of pro-fibrotic cytokines and the
infiltration of inflammatory cells, reducing lung damage
[46]. Some studies associate the anti-inflammatory and anti-
fibrotic effects of Ang (1-7) with the inhibition of signaling
cascades involving MAP Kinase and NF-kB [47]. In view
of these biological mechanisms, it is clear that the objective
of pharmacological strategies is to restore the ACE1/ACE2
balance in favor of the ACE2/Ang axis(1-7) (Fig. 2).

Pharmacological Strategies

ACE-i are drugs commonly used for the treatment of vari-
ous cardiovascular diseases, such as essential hypertension,
ischemic heart disease. In view of the above, ACE/Ang II
axis inhibition would probably be of therapeutic benefit in
reducing COVID-19 lung damage, although to date there
is no evidence in the literature. However, ACE inhibition
leads to an increase in bradykinin, which can cause cough-
ing and inflammation of the airways, and this is a disad-
vantage. The use of ARB antagonizes the effects of Ang

Phase of infection Initial stages V Severity stages
hrsACE2 ' ACE2(+)
DRis ACE2(-)
ACEis ACE2(+)
ARBs ACE2(+)

Fig.2 SARS-CoV-2 uses ACE-2 as a cellular input receptor, decreas-
ing its expression and activity (Zhang et al. 2020), this may favor
the ACE/Ang II/AT-1r axis. Therapeutic strategies can rebalance
the ACE/ACE-2 balance in favor of the ACE-2/Ang(1-7)MASTr axis
with antifibrotic and antifibrotic effects in reducing COVID-19 lung
lesions
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Table 1 Several clinical trials

Study title
are underway to test the efficacy

Status

of RAS modifying agents in
COVID-19 positive patients

ACE2

Combination of recombinant bacterial ACE2 receptors like enzyme of B38-CAP and

Recombinant bacterial ACE2 receptors -like enzyme of B38-CAP could be promising
COVID-19 infection- and lung injury preventing drug better than recombinant human

Not yet recruiting

Not yet recruiting

isotretinoin coul be promising Covid 19 infection and lung injury preventing drug
better than recombinant human ACE

Impact of Angiotensin II Receptor Blockers treatment in patients with COVID-19
Switch of Renin-Angiotensin system inhibitors in patients with Covid-19

Renin angiootensin aldosterone system inhibitors,hypertension and Covid-19
Telmisartan for treatment of Covid-19 patients

Treatment of angiotensin peptide (1-7) for Covid-19

Telmisartan in respiratory failure due to COVID-19

ACE Inhibitors, Angiotensin II Type-I receptor blockers and severity of COVID-19

Recruiting
Recruiting
Not yet recruiting
Completed
Recruiting
Recruiting

Completed

IT on AT-1 receptors. Some evidence shows a decrease in
mortality and morbidity in COVID-19 patients treated with
ARB prior to admission. [48] Blocking of AT-1 receptors
not only decreases the biological effects mediated by AT-1
but may induce a counter-regulation response in the RAS
system by increasing the ACE-2/Ang pathway (1-7). An
advantage over ACE-i is that the use of ARB does not cause
an increase in bradykinin and risk of dry cough. Another
therapeutic strategy is the use of direct renin inhibitor (DRI),
with an inhibition downstream of the RAS cascade. How-
ever, this pharmacological strategy would also block all the
beneficial effects of the ACE-2/Ang axis (1-7). An interest-
ing pharmacological approach is the use of soluble ACE-
2, used as “bait” to bind the SARS-CoV-2 virus and save
the cellular ACE2. A recombinant human ACE-2 has been
tested and well tolerated in Phase 1 and a Phase 2 study
with ARDS patients [49] demonstrating a reduction in cir-
culating levels of Ang II and IL-6. Since the beginning of
the COVID-19 pandemic there has been a heated debate
in the scientific world whether the use of ACE-i or ARB
can increase the risk of COVID-19 infection. To date the
evidence does not demonstrate this, and it is recommended
not to suspend the current therapeutic treatment. [50, 51]
Among the various agents under investigation is soluble
recombinant human ACE2 (hrsACE2) with a dual mecha-
nism of action anti COVID-19, 2 binds the viral spike pro-
tein neutralizing SARS-CoV-2, 3 and minimize damage to
multiple organs, including the lungs, kidneys, and heart, by
reducing ang II concentrations and increasing conversion to
ang (1-7). In addition, in vitro evidence demonstrates that
hrsACE2 can reduce the burden of SARS-CoV-2 by a factor
of 1000-5000 by acting as a decoy to effectively neutralize
SARS-CoV-2. [52-56] Another novel approach in this direc-
tion is the use of ACE2-like enzyme. An example of such
agents is B38-CAP. B38-CAP shares structural similarity
with ACE2. In vitro evidence shows that the recombinant
B38-CAP protein catalyzes the conversion of angiotensin

IT to angiotensin 1-7, as do other known ACE2-targeting
peptides. [57] Finally, another approach in this direction is
the administration of ang (1-7) derived plasma in COVID-
19 positive patients. Several clinical studies are ongoing to
confirm these hypotheses. (Table 1).

Conclusion

Evidence shows a strong correlation between RAS and
COVID-19 infection, in particular Ang II stimulating the
AT-1r receptor could amplify lung damage. Several thera-
peutic strategies exist to direct ACE/ACE-2 balance toward
the ACE-2/Ang axis (1-7) with antifibrotic and vasodila-
tory effects mediated by stimulation of MASTr and reduction
of inflammatory and profibrotic effects of Ang II. Clinical
studies are needed to generate epidemiological evidence in
this direction.
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