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Introduction
In late 2019, in the Chinese city of Wuhan, a new coronavirus 

was identified as the cause of a set of atypical pneumonia cases.1 
A few days later, an epidemic was declared when similar cases 
spread rapidly across China and other countries, leading to the 
globalization of the pandemic.2 Three months later, the World Health 
Organization designated the disease as Human Coronavirus Disease 
2019 (COVID-19) and the virus as coronavirus for the severe acute 
respiratory syndrome (SARS-CoV-2). 2,3

Despite there is still no complete information on the natural history 
or neither complete measures of unquestionable effectiveness for 
the clinical management of cases of human SARS-CoV-2 infection, 
with many details to be determined.4,5 There has been observed that 
the spectrum of the clinical presentation of COVID-19 varies from 
mild to critical, with most infections not being serious; however, 
serious and critical cases represent about 5 to 10% of cases. These 
cases are manifested by respiratory failure with increased production 
of pro-inflammatory cytokines, leading to an exacerbated systemic 
inflammatory response, multiple organ dysfunction, and a very 
serious condition: the systemic inflammatory response syndrome 
(SIRS), hypercoagulability/stasis and shock. 5,6

In addition, an increased risk of cerebrovascular events has been 
reported with SARS-CoV-2 infection and COVID-19, including 
hemorrhagic and ischemic strokes related to an increased risk of 
stasis and thrombocytic state of vessels.7 Case report series have 
reported an association between major occlusions of the arterial circle 
of Willis vessels and COVID-19, particularly in younger patients 
with catastrophic and malignant evolution as illustrated in Figure 1. 
Also given the complex thrombocytic pathogenesis of COVID-19-
related abnormalities, this also refers to the lack of evidence-based 

standardization of treatments including stroke and other vascular 
lesions ensuring that treatments are not overshadowed by the 
pandemic.8,9 In the same time, there is a need for rethinking protocols 
of treatment as much endovascular treatment related to use of stents 
and other devices that are directly related to clot formation and change 
of blood rheology.

Interestingly, in the midst of this emerging epidemy, strain studies 
have shown that coronaviruses exhibit a tendency to bind cells to 
specific receptors, particularly ACE2.10 This enzyme regulates the 
renin-angiotensin-aldosterone system (RAAS), controlling and 
modulating endothelial cells in blood vessels and various organs. 
Therefore, it is not surprising that initial reports have suggested that 
diseases related to SIRS, such as hypertension, diabetes, cardiovascular 
diseases, and even stroke, are the most frequent comorbidities in 
COVID-19 disease. 10,11

It is also important to note that this may allow a better understanding 
of the basis of some serious complications, such as extrapulmonary, 
including brain vascular insults/stroke events. The fact that ACE2 
is an important enzyme component of most human organs and at 
the same time acts at the main point of the virus domain. It is still 
possible that the polymorphism of the ACE2 gene, the expression 
of the human ACE2 mRNA, the polymorphism of the human ACE2 
protein influence the susceptibility to SARS-CoV-2 and the result of 
the disease by COVID-19.

ACE2 expression
The structure of the ACE2 contains a zinc-metallopeptidase 

enzyme and shows two main domains: the N-terminalpeptidase M2 
domain and a C-terminal colectrin renal amino acid transporter.11,12 
The extracellular domain of ACE2 is cleaved from the transmembrane 
domain by another enzyme known as sheddase, and the resulting 
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Abstract

A specific metallopeptidase called angiotensin-converting enzyme 2 (ACE2) has been 
identified as the modulating receptor on the surface of the endothelium and other human 
cells infected by the new coronavirus causing Severe Acute Respiratory Syndrome 
(SARS-CoV-2) and Human Coronavirus Disease 2019 (COVID -19). This modulation 
of the expression of ACE2 in human cells may be responsible for the production of pro-
inflammatory response with the development of the state of the systemic response of the 
inflammatory system, hypercoagulability/stasis also an increased risk of both ischemic 
and hemorrhagic strokes. Therefore, like ACE2, despite being present in almost all human 
organs, its expression is variable and probably dependent on epigenetic polymorphism, then 
this is still to be better understood. However, this highlights the importance to understand 
its pathogenesis and open the doors for the development of future treatment strategies 
aimed at various diseases related to ACE2, mainly cerebral vascular diseases, and perhaps 
COVID-19 itself.
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soluble protein is released into the bloodstream and finally excreted 
in the urine. It is responsible for the conversion of angiotensin II 
to angiotensin 1-7. ACE2 is an important enzyme component of 
RAAR that is present in most human organs ACE2 is linked to the 
cell membrane mainly of the alveolar epithelial cells of the lung, 
enterocytes of the small intestine, arterial and venous endothelial 
cells, and arterial smooth muscle cells in most organs as represented 
in Figure 2. 11

The ACE2 converts angiotensin II to angiotensin (1–7) and 
therefore can protect against the effects of angiotensin II. The apelin 
receptors (particularly Apelin-12/13) that are widely distributed in the 
cardiovascular system, and are closely involved in the pathogenesis 
of hypertension, heart disease, and atherosclerosis, and consequently 
cerebrovascular diseases.13 The ACE2 and Apelin genes are located 
on the X chromosome. Apelin peptides, as important pharmacological 
targets, mediate crucial physiological effects on the vasculature of the 
heart and vessels, while blocking Ang II signaling improves cardiac 
function and reduces hypertension and related cardiovascular events 
in patients. On the other hand, the peptide pyr1-apelin-13 negatively 
regulates cardiac remodeling mediated by Ang II, fibrosis injury. 
The improvement in cardiac dysfunction and injury and hypotensive 
effects of pyr1-Apelin-13 in ApoE KO mice are probably driven 
by increased levels of ACE2 and activation of protective signaling 
transduction pathways, including phosphorylation of Akt / ERK1 / 2 
and eNOS.14,15

ACE2 deficiency leads to hypertension and impaired heart 
function, while recombinant ACE2 is protective against heart and 
vascular disease. The serum activity of ACE2 is greater in patients 
with hypertension or heart failure compared to healthy individuals, 
while plasma levels of apelin are suppressed in patients with heart 
disease. The apelin and ACE2 pathways represent candidate 
therapeutic targets for the treatment of hypertension, atherosclerosis, 
and heart failure in preclinical and in vitro models.15

COVID-19 and ACE2 polymorphism 
expression in human tissues

Researchers have discovered, through complete genome 
sequencing and phylogenetic analysis, that the cause of COVID-19 
is a beta-coronavirus in the same subgenus as the SIRS (in addition 
to several bat coronaviruses), but in a zoonotic type different. In a 
phylogenetic analysis of 103 strains of SARS-CoV-2 from China, two 
different types of SARS-CoV-2 were identified, designated type L 
(70% of strains) and type S (representing 30%). Type L predominated 
in the early days of the epidemic in China, but it represented a lower 
proportion of strains outside Wuhan than in Hubei province. 16,17

To date, there are reports from various groups on mutations 
observed in strains from different countries. When phylogenetically 
analyzing the 2019 coronavirus network. Researches from Cambridge, 
UK found that when analyzing 160 complete genomes of SARS-
CoV-2 and found that there are three central variants, differentiated 
by protein changes, which he called A, B, and C. Type A looks like 
to be ancestor of the external group of bats. Types A and C are found 
in significant proportions outside East Asia, that is, in Europeans and 
Americans. On the other hand, type B is the most common type in 
East Asia, and its ancestral genome does not appear to have spread 
outside East Asia without first becoming B-derived types, pointing 
to founding effects or immunological or environmental resistance 
against it like outside Asia.18,19

The fact that ACE 2 serves as the main point of entry into cells 
for most coronaviruses, including SARS-CoV-2 (the virus that causes 
COVID-19). More specifically, the binding of the SARS-CoV2 sp1 
S1 protein to the enzymatic domain of ACE2 on the cell surface 
results in endocytosis and translocation of the virus and enzyme into 
endosomes located in the cells. This entry process also requires the 
initiation of protein S by the host serine protease TMPRSS2, whose 
inhibition is currently under investigation as a therapeutic potential 
for COVID-19.20

Physiologically, ACE2 reduces blood pressure by catalyzing the 
cleavage of angiotensin II (vasoconstrictor peptide) into angiotensin 
(1–7) (vasodilator). ACE2 as a transmembrane enzyme also serves as 
an entry point into the cells of some coronaviruses, including HCoV-
NL63, SARS-CoV (the virus that causes SARS) and SARS-CoV-2. 
The human version of the enzyme is often referred to as hACE2. It 
emerged as potent regulators of blood pressure and cardiovascular 
function, along with the pathways we described above. The increased 
expression of ACE-2 was also more expressed in some enzymes 
capable of modifying the functioning of proteins known as histones, 
which are in the nucleus of cells - linked to DNA - and help to 
regulate gene expression. This biochemical phenomenon is known 
as epigenetic modification (when there is a change in the expression 
pattern of the gene without any change in the DNA).16

In view of the knowledge of the involvement of ACE2 in the 
pathophysiology of coronavirus infection, it is speculated that the 
modulation of this pathway may be an alternative to be explored 
in the management of these patients. This has led some to assume 
that decreasing ACE2 levels in cells can help fight infection. On the 
other hand, ACE2 has been shown to have a protective effect against 
virus-induced lung injury, increasing the production of the vasodilator 
angiotensin 1–7. Furthermore, according to studies carried out in 
mice, the interaction of the human coronavirus spike protein with 
ACE2 induces a drop in ACE2 levels in cells through internalization 
and degradation of the protein and, therefore, may contribute to lung 
damage. Ciaglia et. al suggested that genetic variants in the ACE2 
gene may have a potential to affect the level of ACE2 in the human 
body and speculated that among different polymorphisms they may 
exhibit primary effects on ACE2 levels.21,22

In the past, recombinant human ACE2 (rhACE2) has been 
presumed as a new therapy for acute lung injury and appeared 
to improve pulmonary hemodynamics and oxygen saturation in 
piglets with a lipopolysaccharide-induced acute respiratory distress 
syndrome. The half-life of rhACE2 in humans is about 10 hours 
and the onset of action is 30 minutes, in addition to the effect course 
(duration) of 24 hours. Several findings suggest that rhACE2 may be a 
promising drug for those with intolerance to classic RAAR inhibitors 
or in diseases in which circulating angiotensin II is elevated. Infused 
rhACE2 has been evaluated in clinical trials for the treatment of 
acute respiratory distress syndrome.23–26 Studies involving the use 
of ACE inhibitors have been associated with a significant reduction 
in the risk of pneumonia compared to controls (34%). In addition, 
the risk of pneumonia was also reduced in patients treated with ACE 
inhibitors who were at increased risk of pneumonia, particularly in 
those with stroke and heart failure. The use of ACE inhibitors has 
also been associated with a reduction in pneumonia-related mortality, 
although the results have been less robust than in the overall risk of 
pneumonia.22,23
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ACE2 activity and brain vascular diseases
Cerebral vascular diseases include a variety of medical conditions 

that affect blood vessels in the brain and hemostasis of the circulation. 
These disorders usually damage or deform the arteries that supply 
oxygen and nutrients for brain damage. Ischemic insult, or sometimes 
a hemorrhagic stroke usually caused by a temporary or permanent 
reduction in cerebral blood flow clinically manifested by occlusions 

(Figure 1), is a major cause of mortality and disability in the world. 
Various pathophysiological conditions, such as hypertension, 
atherosclerosis and prothrombotic states have been found to increase 
the risk of ischemic stroke. In addition, high levels of oxidative stress 
and inflammatory response in the brain in the early stages of ischemic 
stroke also contribute to irreversible brain damage after the ischemic 
insult.27–29

Figure 1 Left middle cerebral territory appearances in COVID -19 scenario. A, B occlusion of left MCA on the MRA (see red circles areas) C,D,E,F DWI shine 
and ADC abnormalities in the territory portions affected pointed by red and blue arrows.

Figure 2 Scheme of action of ACE2 (tablet) in the Renin-Angiotensin-Aldosterone system (RAAS).
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In the brain, the RAAR system acts as a crucial regulator for 
physiological homeostasis and diseases of the cerebrovascular 
system, probably related to flow regulation. According to several 
recent studies, the deleterious effects of the angiotensin-converting 
enzyme (ACE) receptor axis - angiotensin II (Ang II) angiotensin II 
(AT1R) of the brain and new components of RRAS, such as ACE2 
and angiotensin- (1-7) [Ang - (1–7)], have been identified in the brain 
and attenuate the development of hypertension, and the pathological 
progress of atherosclerosis and ischemic stroke. The genetic and 
pharmacological inhibition of ACE2 increases the plasma levels 
of pir1-apelin-13 and apelin-17 and increases its vasodepressor 
action. The angiotensin II produces oxidative stress and endothelial 
dysfunction in the cerebral arteries, and type I angiotensin II receptors 
can play a role in longevity and vascular aging.30,31

It was even raised the hypothesis that ACE2 deficiency increases 
oxidative stress and endothelial dysfunction in the cerebral arteries 
and examined the role of ACE2 in age-related cerebrovascular 
dysfunction. ACE2 deficiency impaired endothelial function in the 
cerebral arteries in adult mice and increased endothelial dysfunction 
during aging. Neuroprotection of the ACE2-Mas axis after insulting 
ischemia was verified in two different models of cerebral ischemia 
in rats. In rats with endothelin, -1 transient occlusion of the middle 
cerebral artery induced by -1, an ACE2 activator could significantly 
attenuate the size of cerebral infarction and neurological deficits 
after transient ischemia. While the same study found that central 
administration of Ang- (1-7) minimized the size of cerebral infarction 
and improved neurological functions in a mouse model with 
permanent middle cerebral artery occlusion. 32

In the recent past, the discovery of beneficial neuroprotective 
effects of the angiotensin-converting enzyme 2-angiotensin- (1-7) 
-But axis [ACE2-Ang- (1-7) ] in ischemic and hemorrhagic stroke 
has aroused interest in further characterization full of its mechanisms 
of action. The latter incorporates evidence describing the actions 
of Ang-(1-7) to combat the deleterious effects of angiotensin II 
through its type 1 receptor, including anti-inflammatory, antioxidant, 
vasodilator and angiogenic effects, and the role of altered signaling 
kinase phosphatase. Mas interactions with other receptors, including 
bradykinin receptors and angiotensin 2 receptors, should also be 
considered.32,33 The hypothesis has been raised that ACE2 deficiency 
increases oxidative stress and endothelial dysfunction in the cerebral 
arteries and examined the role of ACE2 in age-related cerebrovascular 
dysfunction. ACE2 deficiency impaired endothelial function in the 
cerebral arteries of adult mice and increased endothelial dysfunction 
during aging. Oxidative stress plays a critical role in cerebrovascular 
dysfunction induced by ACE2 deficiency and aging. 32,33

A recent analysis of single-cell RNA sequencing (RNA-seq) 
indicated that Asian men may have a higher expression of ACE2 
tissue. In another case-control study carried out in the Han population 
of northeastern China, ACE2 serum activity correlated negatively 
with body mass index, pulse pressure, and estrogen levels in female 
patients with essential hypertension. These observations point to 
a cardiovascular protective effect of circulating ACE2 levels and 
simultaneously prove that estrogens participate in the positive 
regulation of ACE2 expression and activity levels. This may 
explain the relative protection of women versus men in COVID-19 
infection. Taken together, this evidence seems to indicate that the 
sexual predisposition to COVID-19, with men being little more 
susceptible, may reflect a peculiar plasma profile of ACE. Recent 

research has suggested that genetic variants in the ACE2 gene may 
have the potential to affect the level of ACE2 in the human body and 
speculated that between different polymorphisms they may exhibit 
primary effects on ACE2 levels.34,35

Final remarks
Recently ACE2 has been identified as a factor for the main 

entry point for SARS-CoV-2 that causes COVID-19. As part of the 
renin-angiotensin system in the brain, it acts as a crucial regulator 
of physiological homeostasis through flow regulation and endothelial 
modulation probably related to diseases of the cerebrovascular 
system, and other risk factors involved in the pathophysiology of 
stasis and vascular thrombocity. A more complete understanding of 
the mechanisms of epigenetic modulation involving the pathogenesis 
of cerebrovascular diseases and the mechanisms that trigger vascular 
thrombosis and neuroprotection. All of these involved will serve as an 
essential step in the search for better potential therapies aimed at the 
clinical scenario of cerebrovascular diseases. In the near future, the 
development of drugs to treat infections by SARS-CoV-2 and other 
diseases related to ACE ligands may help to unveil important aspects 
of the pathophysiology of vascular brain diseases and to develop new 
strategies for more targeted treatment.
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