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ARTICLE INFO ABSTRACT

Received: E2 August 22, 2020 Cardiovascular Diseases (CVDs) are the leading causes of deaths worldwide. The
causes of CVDs are attributed to several factors including genetics, epigenetics, immu-
nology, and lifestyle. CVDs are found to be a major comorbidity for patients inflicted with
the ongoing novel coronavirus disease (COVID- 19) caused by the SARS-CoV-2 virus.
However, the underlying mechanisms leading to increased risk of mortality of COVID-19
patients with CVDs is unknown. Recent studies indicate that the mechanisms could part-
ly be explained by the cardiac-related roles of ACE2, which is the host cell’s receptor for
SARS-CoV-2. In this mini-review, current findings on the links between COVID-19 and

CVDs are discussed, with a focus on ACE2.
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Mini Review

0, i ~ 0,
The Double-Menace of COVID-19 and CVDs 81%), a notable percentage of patients have severe (~ 14%) and
even critical manifestations (~ 5%), including respiratory failure,
For many years, CVDs remain the most common types of non- septic shock and/ or multiple organ failure [3]. Cardiac injury is

communicable diseases and also the leading causes of deaths ... .voqin a quarter of the patients with COVID-19 [4], with a

globally [1,2]. However, the current COVID-19 pandemic, which range of cardiovascular complications including myocardial injury,
began in December 2019, has significantly changed the dynamics of 0., o ditis, cardiac arrhythmia, ischemic heart disease, cardiac
the causes of global mortality due to CVDs. According to the World
Health Organization, the Case Fatality Rate (CFR) of the disease
varies between countries and can be as low as 0.1 % to as high as
over 25% (WHO-2019-nCoV-Sci_Brief-Mortality-2020.1). However,

as with other infectious diseases and an ongoing pandemic, the

arrest, cardiomyopathy, heart failure, cardiogenic and mixed shock
[5,6]. Interestingly, although about 25% of the infected patients
have co-morbidities, 60- 90% of the infected patients requiring
hospitalization have pre-existing co-morbidities including CVDs
(21- 28 %) [3]. These patients tend to be older and have worse

actual magnitude of the CFR and its cause- effect relationship on composite outcomes compared to younger patients, including

global mortality is yet to be fully comprehended.

Although predominantly a respiratory virus, SARS- Cov-2
is different from its counterparts in its ability to affect multiple
organs and cause a wide range of clinical manifestations [3].
While the majority patients present with mild symptoms (~

mechanical ventilation, ICU admission and death [6]. Therefore,
although sufficient data correlates existing co-morbidities including
CVDs to COVID- 19, the converse information of CDVs resulting
solely from COVID- 19 is often difficult to estimate [5]. However, the
molecular pathogenesis of COVID- 19 has the potential to shed light
on the cyclic relationship between COVID- 19 and CVDs.
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COVID-19 and ACE2

SARS-Cov-2 is transmitted between humans through various
means including droplets, aerosols and fomites [7]. Viral infection
is initiated by the binding of viral spike (S) proteins with the
transmembrane angiotensin-converting enzyme 2 (ACE2). ACE2 is
present on the surface of alveolar epithelial cells, macrophages and
other cell types including pericytes, vascular smooth muscle cells,
macrophages and cardiomyocytes in the cardiovascular system
[6,8,9]. ACE2 is a homologue of the angiotensin-converting enzyme
(ACE), a component of the renin- angiotensin system (RAS),
which is important in vital physiological functions not limited
to maintenance of blood volume, systemic vascular resistance,
and inflammatory response in vascular cells [10,11]. S protein
is subsequently cleaved by the transmembrane serine protease
TMPRSS2, enabling fusion of the viral membrane with that of the
host cell and consequently, entry of the virus into the cytoplasm.
As epithelial tissues in the respiratory tract express both ACE2
and TMPRSS2, this is considered the primary mode of COVID-19
infection in humans [8].

CVDs, COVID-19, and ACE2

Expression of ACE2 is upregulated in failing hearts [6].
Conversely, two classes of RAAS (Renin-angiotensin-aldosterone
system) inhibitory drugs, namely ACE inhibitors (ACEI) and
angiotensin receptor blockers (ARBs), commonly used to treat
CVDs, result in the increase of ACE2 [12]. Intriguingly, ACE2 levels
continue to vary during different stages of COVID-19 infection
and the prognosis of cardiac pathologies. Hence, a well-rounded

analysis of RAAS-associated factors during different stages of SARS-
CoV-2 infection, and correlation with medications, are needed
for developing RAAS-targeted anti-COVID-19 therapies [13]. A
recent study involving state-of-art cardiac single cell atlas of adult
humans demonstrated a link between COVID-19 and the elevated
expression of ACE2 in pericytes, which are cells of the basement
membrane that encompass the endothelial cells of capillaries and

venules [14].

The study proposes that SARS-CoV-2 likely targets pericytes
due to ACE2 overexpression on their surface, leading to the damage
of pericytes during viral infection, which snowballs into dysfunction
of capillary endothelial cells and microvasculature. Interestingly,
although elevated levels of ACE2 on the cell surface may facilitate
SARS-CoV-2 entry into the host cells, it has been observed that ACE2
levels are low in hearts of mice and autopsied humans, after SARS-
CoV-2 infection [15]. It is intriguing how SARS-CoV-2 utilizes ACE2
to enter the host cell, and then COVID-19 infection results in reduced
expression of ACE2, through some undiscovered mechanism.
Reduced ACE2 is detrimental for the heart because normal levels
of ACE2 prevent heart failure, myocardial hypertrophy, diastolic
dysfunction, and myocardial fibrosis [16], and it is expressed in
cardiac cells like cardiomyocytes, cardiac fibroblasts, and coronary
endothelial cells [17]. Hence, ACE2 plays counter-acting roles by
harming the host through its viral receptor activity and benefiting
the host’s cardiac physiology (Figure 1). As a result, therapeutic
interventions to manipulate ACE2 levels through RAS inhibition
continue to be debatable [18].
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Figure 1: COVID-19 exacerbates CVDs. ACE2 maintains normal cardiac function and health, and it is expressed on cardiac
cells like cardiomyocytes, cardiac fibroblasts, pericytes, and coronary endothelial cells. During SARS-CoV-2 infection, the
virus enters host cell through ACE2 receptor on the cell surface. Following infection, ACE2 levels reduce leading to diastolic
dysfunction, myocardial dysfunction and fibrosis, and heart failure.
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Conclusion

The above observations may contribute to the understanding
of why COVID-19 disproportionately infects specific populations,
like aged patients, under treatment of underlying comorbidities
including CVDs, thereby making them significantly more
susceptible to adverse composite outcomes and mortality [19].
Considering the opposite scenario, systemic inflammation and
metabolic deregulation are associated with most viral infections,
although the magnitude in COVID- 19 is several folds higher
[20]. Both phenomena are notable forerunners in cardiovascular
complications [21,22]. Additionally, COVID- 19 also results in
several other types of cardiovascular complications previously
listed [5,6]. The relationship between COVID- 19 and CVDs is thus
bidirectional and presents a challenge for patients and health care
professionals alike. Hence, a deeper understanding of the links
between the regulation of ACE2 in the context of COVID-19 and
CVDs will enable the development of targeted therapeutics against
both diseases.
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