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Abstract
Angiotensin Converting Enzyme-2 (ACE2), an important enzyme in the 
Renin Angiotensin Aldosterone System, degrades Angiotensin II (Ang II) into 
Angiotensin-(1-7) (Ang-(1-7)), whose actions are opposite to that of Ang II. 
Interestingly, SARS CoV-2 virus entry into human cells is mediated by ACE2. 
ACE2 receptors that are widely expressed in lungs and various other organs. 
Ang-(1-7) seems to have favorable effects on lungs, by preventing fibrosis in lung 
inflammation models, and exerts a similar action in cardiac and renal pathologies 
as well. Thus, modulation of Ang-(1-7) can be of potential benefit in chronic as 
well as acute inflammatory diseases affecting lungs and other organs. Upregulation 
of ACE2 by statins in different organs, and its consequent beneficial effects, have 
been demonstrated in many experimental studies, and also in a few clinical ones. 
This review aims at probing the role of ACE2 and its therapeutic modulation in 
pulmonary and extra pulmonary diseases, including COVID-19.
Keywords: Angiotensin II, COVID 19, HMG CoA reductase inhibitor, Renin 
-Angiotensin system  

Introduction 
The Renin Angiotensin 

Aldosterone System plays a vital role in 
the regulation of blood pressure, fluid 
and electrolyte balance, cardiac and renal 
function. Angiotensin Converting Enzyme 
(ACE), a zinc metallo-endopeptidase, is 
one of the key enzymes in this system. 
Angiotensin-Converting Enzyme 2 
(ACE 2), a carboxypeptidase and a type 
I transmembrane glycoprotein, is the first 
known human homologue of ACE [1]. 
The catalytic domains of ACE and ACE2 
are 42% identical in amino acid sequence 
[2], but they act on different substrates. 
ACE converts Angiotensin I (Ang I) to 
Angiotensin II (Ang II), which acts on 
Ang II type 1 receptor (AT1R); while ACE 
2 degrades Ang II into Angiotensin-(1-7) 
(Ang-(1-7)), which produces actions 
opposite to that of Ang II, as shown in 
figure 1. 

Ang-(1-7) acts by binding to its 
functional receptor mas, a G-protein 
coupled receptor, first described as mas 

oncogene (the name has been derived from 
the surname of the patient whose tumor 
cells were used to identify the gene) [4]. 
ACE2 / Ang-(1-7)-mas receptor axis is 
primarily involved in vasodilation and 
anti-proliferative activity, while ACE /
Ang-II-AT1 receptor is responsible for 
vasoconstriction, cardiac hypertrophy, and 
cellular proliferation. The actions of ACE2 
counterbalance those of ACE by negatively 
regulating the level of Ang II [5]. This 
review explores the function of ACE2 in 
pulmonary and extra-pulmonary diseases 
and in COVID; also, it looks at the possible 
therapeutic role of ACE modulators in 
disease.

A PubMed search was performed 
and relevant articles related to role in ACE2 
in pulmonary, extra-pulmonary disease and 
in COVID were included in this review.  

ACE2 in pulmonary diseases
ACE2 receptors are widely 

expressed in lungs, heart, kidney, gut, 
vessels, testis and brain. Increased 
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expression of ACE in lung capillaries generates a large 
amount of Ang II in the lungs [6]. Ang II in turn produces 
pulmonary vasoconstriction mediated by AT1R, thereby 
increasing the vascular tone and causing pulmonary 
edema [7]. On the other hand, Ang-(1-7) appears to have 
beneficial effects on the lungs, preventing fibrosis in lung 
inflammation models by inhibiting central mediators like 
ERK1/2, p38, JNK [8]. Interestingly, this inhibition has been 
observed in lung cancer cells as well [9]. Anti-inflammatory 
action of Ang-(1-7) is also mediated by decreasing TGF-β/
NFκB signaling pathway [10] and other pro-inflammatory 
molecules. This anti-inflammatory action of Ang-(1-7) has 
been demonstrated in other lung pathologies, like bronchial 
asthma [10]. In alveolar epithelial cell (AEC) lines, ACE2 
regulates AEC survival by balancing the pro-apoptotic Ang 
II and anti-apoptotic Ang-(1-7), with the latter acting through 
Ang-(1-7) mas [11]. 

In chronic ovalbumin challenged mice, treatment 
with Ang-(1-7), by acting through mas receptors, prevented 
pulmonary remodeling, bronchial hyper-responsiveness 
and release of pro-inflammatory cytokines. Prevention 
of remodeling was associated with suppression of 
phosphorylation of ERK1/2 and JNK dependent pathways 
by Ang-(1-7) [12]. Thus, therapeutic modulation of Ang-(1-
7) in lungs can be potentially useful in chronic inflammatory 
disease of lungs [12]. Lung specimens from patients with 
idiopathic pulmonary fibrosis revealed that ACE2 mRNA 
and ACE2 activity in these specimens was reduced by 92% 
[13]. Similar results were also seen in experimental models 
of lung fibrosis induced by bleomycin in rats where the 
ACE2 was downregulated. On the other hand, systemic 
administration of ACE2 reduced bleomycin-mediated 
collagen deposition to levels comparable to normal rats 
in the control group. Authors suggested that high ACE 2 
expression limits the local production of Ang II in lungs, 
thereby having a protective role in pulmonary fibrosis [13]. 
The protective role of ACE2 has also been demonstrated 

in pulmonary arterial hypertension and is hypothesized 
to be brought about by attenuating pulmonary oxidative 
stress and preventing vascular impairment, and cardiac 
remodeling [14]. Researchers have developed a system to 
generate ACE2 within chloroplasts using tansplastomic 
technology, which on oral administration reduces pulmonary 
hypertension in rats [15]. In lung pathologies associated with 
pulmonary hypertension, it has been found that XNT offsets 
the development of pulmonary hypertension by shifting the 
balance from vasoconstrictive to vasoprotective axis in renin 
angiotensin axis [16]..

Three experimental models of acute lung injury, i.e. 
acid aspiration lung injury, endotoxin-induced ARDS and 
peritoneal sepsis-induced ARDS, were used to investigate the 
protective role of ACE2 in the gene knockout mice. The ace2 
gene knockout mice showed deterioration in lung biology 
manifested as neutrophil accumulation and lung edema, 
while ace mutant mice had better lung state. In wild-type 
mice, acid aspiration downregulated ACE2 expression while 
the levels of ACE remained constant, with increased Ang II 
levels in lungs and plasma. Administration of recombinant 
ACE2 protein decreased Ang II levels in the lungs of these 
acid-treated mice, thus reducing lung injury. In another 
experimental model of ARDS with reduction of ACE2 and 
a simultaneous fall in Ang-(1-7) activity, administration of 
protease‐resistant cyclic form of Ang‐(1–7) [cAng‐(1–7)] 
halted the progression of ARDS, by inhibiting the production 
of inflammatory mediators. This reduced the lung injury 
scores and improved oxygenation [17]. These findings 
elucidate the protective role of ACE2 in ARDS [13] and in 
other types of lung injury. On the other hand, ACE, Ang II, 
and AT1R axis promote lung injury [18]. 

In addition, ACE2 modifies other bioactive peptides, 
such as kinins. These are autacoids involved in cardiovascular 
function, inflammation and pain. Their effects are mediated 
by B1 and B2 receptors. The active metabolite of bradykinin, 
des-Arg9 bradykinin (DABK), is a substrate for ACE2 

Figure 1. Renin-Angiotensin-mas receptor cascade [3].
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in airway epithelia. ACE2 removes a single amino acid 
from DABK and inhibits DABK/ Bradykinin B1 receptor 
(BKB1R) activation. Deficiency of ACE2 in lungs induced 
by endotoxins leads to impaired inactivation of DABK and 
increased activity of DABK/BKB1R axis which promotes 
infiltration of neutrophils into the lungs, leading to acute 
lung inflammation [19]. This pro inflammatory action is 
mediated by the production and release of chemokines like 
CXCL5 from airway epithelial cells [19].

The beneficial effects of ACE2 in chronic lung 
illnesses and ARDS can be exploited for therapeutic 
purposes. Thus, drugs that augment ACE2 activity 
(stimulating the expression of ACE2 or administration of 
recombinant ACE2) may have a potential therapeutic role 
in the management of various lung pathologies [3,20]. 

ACE2 in extra-pulmonary diseases 
ACE2 receptors are also present in endothelial cells, 

smooth muscle cells and cardiac myocytes [21].  Ang-
(1-7) by acting on mas receptors produces actions like 
vasodilation, inhibition of cell growth, anti-thrombosis, etc 
[22]. On platelets, Ang-(1-7) produces an antithrombotic 
effect by increasing NO (nitric oxide) and prostacyclins [23]. 
Antithrombotic effect of Ang-(1-7) involves the release of 
NO from platelets and endothelial cells mediated by mas 
receptors. Investigators have suggested that Ang-(1-7)- mas 
axis can be a potential target for management of thrombotic 
diseases [24]. Pretreatment with orally active formulation of 
Ang-(1-7) produced antithrombotic effect in spontaneously 
hypertensive rats [25].  Also, earlier studies have shown 
that antithrombotic effects of ACE inhibitors and ARBs 
are mediated by Ang-(1-7) in renal hypertensive rats [26]. 
Among the different cardiac cell types, predominant ACE2 
expression is in pericytes [27].

Chronic administration of Ang-(1-7) reduces cardiac 
hypertrophy and fibrosis, and preserves left ventricular 
function without change in Ang-II levels in experimental 
models of suprarenal abdominal aortic coarctation [28]. 
Downregulation of ACE2 / Ang-(1-7)- mas receptor axis, 
reported in cusps of the aortic valve in humans, produces 
fibrosis and inflammation seen in patients with aortic 
stenosis [29]. The beneficial effects of Ang-(1-7) in heart 
involves reducing fibrosis, decreasing the infarction area and 
protecting cardiac remodeling.

In renal injury as well, ACE2 appears to have a 
protective influence [30]. ACE2 expression is decreased in 
hypertensive rats in comparison to normotensive controls 
[31]. The reno-protective effect of ACE2 is supposed to 
be mediated by Ang–II degradation; thus the deficiency or 
inhibition of ACE2 can lead to kidney injury and dysfunction 
[32]. Again, in another experimental model, it was found 
that in rats with chronic kidney disease induced by subtotal 
nephrectomy, renal ACE2 deficiency contributed to the renal 
tissue injury [33]. Upregulation or replenishing of ACE2 can 
be useful in such conditions, and this was confirmed by a 

study which found that ACE activator caused reduction in 
blood pressure and reversal of cardiac and renal fibrosis 
in spontaneously hypertensive rat model of hypertension 
[34]. The role of ACE2 activators as anti-hypertensives 
and in reversing cardiac and renal fibrosis has also been 
suggested [34]. High levels of ACE2 are also found in the 
gastrointestinal tract: ileum, duodenum, jejunum, caecum 
and colon [35].

In view of the above evidence, drugs that potentiate 
the action of ACE2/ Ang-(1-7)-mas axis may be useful in 
chronic diseases with inflammatory, fibrotic and proliferative 
components [36].

Various studies investigating the role of ACE2 
in pulmonary and extrapulmonary diseases have been 
summarized in table I.   

ACE2 in COVID-19
Coronaviruses, SARS-CoV-1 and SARS-CoV-2, 

require host ACE2 as a co-receptor in order to have 
intracellular  penetration into lungs [37]. This fact has 
generated a lot of interest in pulmonary ACE2 expression 
amidst raging COVID-19 pandemic [38]. The viral envelope 
of coronaviruses has structural proteins, membrane proteins 
and envelope proteins involved in the viral assembly, and it 
is the SPIKE protein S which mediates the entry of the virus 
into the host cell [39]. 

The SPIKE protein S is cleaved into S1 and S2 
subunits by host protease, TMPRSS2 (transmembrane 
protease serine 2). Viral attachment to target cells in the 
pulmonary epithelium is facilitated by the S1 subunit, 
while S2 subunit is responsible for membrane fusion and 
internalization of the virus along with ACE2 [37]. An inhibitor 
of TMPRSS2, camostat mesylate, blocks the entry of SARS-
CoV-2 and SARS-CoV-1 into the cells [37]. The expression 
of ACE2 on the cell surface is significantly reduced secondary 
to internalization and shedding (cleavage of extracellular 
juxta region of ACE2) [40]. With ACE2 internalization, the 
expression of ACE2 at cell surface is lost, thereby slowing 
down the conversion of Ang II to the protective Ang-(1-7).
Increase in the ratio of Ang II to Ang-(1-7) worsens the 
pulmonary damage provoked by SARS-CoV-2 [41]. Ang 
II mediates tissue inflammation via macrophages, dendritic 
cells, T-cells, mesangial cells and vascular smooth muscle 
cells [42]. Increased vascular permeability, a hallmark in 
pathogenesis of ARDS, is accentuated in mice with ACE2 
deficiency [43]. Elderly persons and those with comorbidities 
such as hypertension and diabetes mellitus are at increased 
risk of severe COVID-19 disease, and also higher mortality 
[44,45]. It has been observed that in individuals with these 
clinical conditions, there is a deficiency of ACE2. Moreover, 
in COVID-19 the binding of virus to ACE2 receptors, 
membrane fusion, viral entry into the cell and the subsequent 
downregulation of these receptors favor progression of 
inflammation and thrombosis [46], to the detriment of the 
population at risk. 



Review

MEDICINE AND PHARMACY REPORTS Vol. 96 / No. 2 / 2023: 146 - 153   149

Table I. Summary of animal and human studies exploring the role of ACE2 in disease.
Study Year Methodology Conclusion
Animal Studies
Role of ACE2 in pulmonary diseases                                           

Santos et al. 
[60] 2018

The effect of atorvastatin alone or in combination with ischemic 
post conditioning in the prevention of reperfusion injury in 
the lungs of  Wistar Norvegic rats subjected to ischemia and 
reperfusion by aortic clamping was studied.

Atorvastatin alone and in combination with ischemic 
postconditioning minimized reperfusion injury.

Yu et al. 
[61] 2017 In two groups of C57BL/6 mice either lipopolysaccharides (LPS) 

alone or lipopolysaccharide with simvastatin was administered. 

Protective effects of simvastatin was observed on LPS-
induced lung injury and this action  was mediated by 
stabilizing cytoskeleton and  intercellular adherent 
junctions.

Mathew et 
al. [64] 2011 The effect of simvastatin was assessed in murine model of 

radiation induced lung injury (RILI).
Simvastatin reduced RILI indices like vascular leakage, 
leucocyte infiltration and oxidative stress.

Wösten‐van 
Asperen et 
al. [17]

2011 Intratracheal LPS-induced rat model of ARDS was administered 
either saline as placebo, losartan or cyclic form of Ang-(1-7).

Administration of Ang 1-7 countered the development of 
ARDS. 

Ferreira et 
al. [16] 2011 In rat model of pulmonary hypertension the mechanism 

underlying the protective effects of an ACE activator was studied.
ACE activator stimulates cardiac ACE2 and thereby 
inhibits cardiac fibrosis.

Li et al. [13] 2008 ACE-2 siRNA was administered in bleomycin-treated rats and 
57-BL6 mice. 

ACE-2 siRNA administration increased the ANG II level 
of lung tissue. 

Role of ACE2 in extra-pulmonary diseases                                           

Shin et al. 
[59] 2017

Male wistar rats were studied as control group, diabetes group, 
diabetes plus insulin group and diabetes plus insulin plus 
fluvastatin  group.

In diabetic rats, fluvastatin produced a beneficial effect on 
myocardial fibrosis and ACE2 expression.

Li et al. [56] 2013 Wistar rats models of intimal thickening after balloon injury were 
divided into three groups: control, surgery and rosuvastatin.

Rosuvatatin had an inhibitory effect on thickening 
by upregulating ACE2, increasing Ang 1-7 and 
downregulating AT1.

Fraga-Silva 
et al. [25] 2011

Thrombus formation was induced in spontaneously hypertensive 
rats and the antithrombotic effect of  cyclodextrin [Ang-(1-7)- 
CyD] was tested.

Oral administration of cyclodextrin [Ang-(1-7)- CyD] 
produced Mas dependent antithrombotic effect.

Fraga-Silva 
et al. [24] 2008 In rat and mouse platelets Western blot was done to test the 

presence of Mas proteins.

Western-blotting revealed a single band corresponding to 
the Mas protein  in protein extracts prepared from isolated 
rat platelets. It was proposed that the antithrombotic effect 
of Ang 1-7 was mediated by Mas mediated NO release. 

Kang et al. 
[58] 2008

Spontaneous hypertensive models of rats were divided into two 
groups one group was treated with atorvastatin and other with 
distilled water for 10 weeks.

Atorvastain upregulated the expression of p27 mRNA and 
facilitated cardiomyocytes apoptosis and thus regulated 
ventricular hypertrophy.

Soler et al. 
[32] 2007

In Streptozotocin-induced diabetic mice, a specific ACE 2 
inhibitor MLN-4760 was given, and the effect was compared 
with normal mice.

Administration of ACE 2 inhibitor to diabetic mice 
chronically worsened glomerular injury.

Wang et al. 
[28] 2005

In rats with experimentally-induced suprarenal abdominal aortic 
coarctation, the effect of chronic administration of Ang- (1-7) was 
evaluated.

Ang 1-7 reduced cardiac hypertrophy and fibrosis. 

Clinical studies

Li et al. [65] 2021
ACE2 and TMPRSS2 expression levels in lung tissues of control 
non-Idiopathic pulmonary fibrosis and Idiopathic pulmonary 
fibrosis patients were measured.

There was upregulation of ACE2 and TMPRSS2 in 
pulmonary fibrosis

Peymani et 
al. [63] 2021

In a retrospective study of Iranian patients (n=150) with 
COVID-19, an association between statin use and mortality was 
evaluated.

Statin use was associated with a significant reduction in 
mortality in patients with COVID-19.

Chen et al. 
[27] 2020 Study was done on human heart tissues obtained from donors in a 

transplantation centre.

In adult human heart, ACE2 is highly expressed in 
pericytes and  patients with heart failure have increased 
expression of ACE2 and this provides an modality to  treat 
cardiac injury  

Hemnes et 
al. [68] 2018

A phase IIa, open-label pilot study was done to determine the 
effects of  single infusion of rhACE2  in patients with pulmonary 
hypertension.

rhACE2 increased cardiac output significantly,  also a 
decreased ratio of AngII/ Ang-(1-7) suggested an increase 
in ACE2 activity. 

Khan et al. 
[67] 2017

In  a phase II RCT in North America, 10 patients with diagnosis 
of ARDS were administered recombinant form of human ACE2 
(rhACE2).

Ang II levels decreased following infusion of recombinant 
ACE2 (rhACE2) and Ang-(1-7) remained increased for 
48 hours.

Mizuiri et 
al. [66] 2008

Kidney tissues were taken from 20 patients with type 2 
diabetes and overt nephropathy and 20 healthy kidney donors, 
and renal expression of ACE and ACE2 was assessed using 
immunohistochemistry and insitu hybridization.

Significant decrease in ACE2 and an increase in ACE was 
observed in diabetics with overt nephropathy.  

Li et al. [13] 2008 ACE2 assay was done in lung biopsy specimens from patients 
with idiopathic pulmonary fibrosis 

ACE-2 by preventing  increase of  profibrotic peptide 
ANG II prevents the lung fibrogenesis 
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In the central nervous system, high ACE2 
expression has been found in areas like substantia nigra 
and ventricles in human and mice brain. This can provide 
a potential pathway for SARS CoV 2 virus to enter CSF or 
spread around brain [47].

COVID-19 increases the risk of cardiovascular 
diseases and more so in patients with genetically 
elevated cholesterol levels [48]. As ACE2 is involved in 
homeostatic processes, prevention of thrombus formation 
and attachment of platelets to vessel wall, ACE2 activator 
1-[(2-dimethylamino) ethylamino]-4-(hydroxymethyl)-
7-[(4-methylphenyl) sulfonyl oxy]-9H-xanthene-9-
one (XNT) can be a lead compound in the treatment of 
thrombogenesis [49], and may find a use in COVID-19 
patients as well [46]. Therapeutic approaches that 
upregulate ACE 2 can perhaps be one of the possible ways 
to halt COVID progression.

Various clinical studies including systematic 
reviews, meta-analyses, and observational studies have 
found that ARB or ACEI did not adversely impact disease 
severity or mortality in patients with COVID-19. These 
studies seem to support the consensus view that these 
drugs need not be stopped in patients who have been on 
these prior to contracting COVID-19 infection. [50,51,52]. 
However, certain individual patient factors like ACE2 
polymorphisms, having a potential to increase the risk of 
unfavorable outcomes, need to be probed further [53]. 

Interestingly, a study of veterans with hypertension 
revealed that ACEI was significantly associated with 
reduced odds of testing positive for COVID-19. In this 
study too, ARB nor ACEI use was not associated with any 
adverse clinical outcomes in COVID-19-positive subjects. 
There was, however, an association of ACEI with a small 
increase in the odds of mechanical ventilation need, though 
not clinically significant [54]. 

 
Potential role of statins in ACE2 modulation
The pleiotropic effects of statins provide endothelial 

stability, antioxidant activity, anti-inflammatory properties 
and stabilization of atherosclerotic plaques. These actions 
are mediated by inhibiting isoprenylation of small GTPases, 
which in turn inhibits the downstream signaling molecules 
Rho Rac [55].

In experimental models, statins have been shown 
to modulate various processes like inflammation and 
fibrinogenesis. Using the model of balloon catheter aortic 
endothelial denudation in wistar rats, it was found that 
the decreased expression of ACE2 caused a consequent 
increase in levels of Ang II, leading to proliferation and 
migration of vascular smooth muscle cells and intimal 
hyperplasia [51]. On administering rosuvastatin in these 
models, there was reduced intimal proliferation—which 
could be  attributed to increased level of Ang (1-7)— and 
also downregulation of AT1, upregulation of ACE2 and 

activation of P-ERK pathway [56]. 
Experimental and clinical studies have demonstrated 

the protective effect of statins on the lungs. ACE-2/ Ang-(1-
7)/mas signaling axis prevents ARDS in acute lung injury. In 
rabbit model of atherosclerosis, atorvastatin administration 
for three weeks increased ACE2 expression in the heart by 
histone modification [57]. In left ventricular hypertrophy 
model in rat, atorvastatin reduced hypertrophy which has 
been partly attributed to reduced ACE2 mRNA and ACE2 
protein expression [6]. Atorvastatin by upregulating the 
expression of mRNA and protein levels of p27 controls 
ventricular hypertrophy in spontaneously hypertensive 
rat models [58]. In Streptozotocin-induced diabetic rat 
models, fluvastatin and insulin combination was more 
effective than insulin alone in attenuating cardiac fibrosis. 
Also the investigators found that ACE2 expression was 
restored in the combination group [59]. ACE2 activation 
affords protection against diabetes-induced cardiac 
dysfunction and hypertensive myocardial fibrosis.  Thus, it 
has been proposed that the role of ACE2 activator should 
be investigated in the treatment of cardiac fibrosis [16]. In 
the lungs of rats subjected to ischemia and reperfusion by 
aortic clamping, atorvastatin prevented reperfusion injury. 
The authors suggested that statins, by inhibiting HMGCoA 
reductase, suppress the synthesis of isoprenoids, which 
are ligands for posttranslational modification of proteins 
like Rho, Ras, Rac, and thereby prevent lung injury [60]. 
Simvastatin in liposaccharide-induced acute lung injury 
murine model, produced a protective effect by stabilizing 
cytoskeleton and adherens junction proteins, which are 
important components of intercellular junction [61]. 
Statins by modulating immune response and controlling 
cytokine expression can prevent ARDS [62]. Activation of 
autophagy-associated signaling in lung epithelial cells is 
considered to be the molecular mechanism by which statins 
produce their protective effect in viral infections [63]. In 
radiation-induced lung injury (RILI) in mice, simvastatin 
reduced RILI inflammatory markers like lung permeability, 
leukocyte infiltration, and pro-inflammatory cytokine 
secretion. Hence, such drugs have a potential role in 
permitting escalation of therapeutic radiation dose, thereby 
improving patient outcomes in thoracic malignancies [64]. 
In addition to activating ACE2, statins have been found to 
act through other non-lipid lowering mechanisms by which 
they have a protective role in various conditions. 

Strengths
This review points towards an emerging body of 

evidence which can open up a new frontier, for exploration 
into disease mitigation via ACE 2 modulation.

Limitations
Paucity of well-designed clinical studies which 

demonstrate a clear cut improvement in clinical outcomes 
puts a limit on the use of ACE2 modulation in clinical 
practice.
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Conclusion
ACE2 plays an important role in the pathogenesis of 

many pulmonary and extra pulmonary diseases, including 
COVID-19. Downregulation of ACE2 produces an adverse 
inflammatory and immune response in such conditions, 
and these can potentially be offset by restoring the balance 
between ACE and ACE2 levels. Thus, therapeutic strategies 
that upregulate ACE2 can slow the progression of many 
pathologies, as has been demonstrated by use of statins and 
ACE2 activators. The anti-inflammatory, antithrombotic 
and immunomodulatory actions of statins have been found 
to be of potential benefit in COVID-19, as well.  
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