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n January 2020, the World Health Organization (WHO) announced the COVID-19
outbreak, caused by SARS-CoV-2, a publichealth emergency [1]. Following the skyrocketing spread of SARS-CoV-2 into more
than 210 countries, diverse clinical strategies
have been urgently explored against the COVID-19 pandemic while a magic-bullet antiviral vaccine
or treatment is unavailable [2]. Although the clinical features of COVID-19 and the epidemiological characteristics of the pandemic have been described, COVID-19
has seemingly evolved, and its new symptoms and associations are being reported over time [3-7]. Nevertheless, SARS-CoV-2 is extremely contagious and new to
the human immune system; thus, everyone is vulnerable.

I

Though many affected by SARS-CoV-2 had shown
mostly mild symptoms and many have recovered, a considerable proportion of patients would likely suffer from
severe life-threatening symptoms and poor prognoses.
For example, individuals with cardiovascular diseases or
chronic pulmonary diseases constitute a high-risk group,
sadly showing a high mortality rate and poor prognoses.
Presently, no sophisticated clinical trial is underway to
test the potential side-effects of the presently prescribed
medications in the COVID-19 patients (for example,
administration of inhibitors of angiotensin-converting
enzyme 2 [ACE2] and angiotensin II receptor blockers)

[8-10]. Thus, such recommendations should be considered carefully because of the likely emergence of the
cardiovascular toxicity [11].
ACE2 is a dipeptidyl carboxypeptidase expressed on
the surface of endothelial cells, intestinal cells, renal
glomerular and tubular cells, and cardiac myocytes and
pericytes [12-16]. ACE2 is highly expressed in the pulmonary type-II alveolar cells [13] and functions as part
of the renin—angiotensin—aldosterone system. This
system begins with angiotensinogen, which is produced
in the liver and released into the bloodstream. First, renin secreted by the renal juxtaglomerular apparatus converts angiotensinogen to angiotensin I. Then, the latter is
converted into angiotensin II by angiotensin-converting
enzyme, ACE, which is mainly produced in the lungs.
Next, angiotensin II binds to the angiotensin II type 1
receptor on the surface of blood vessels (lung, and myocytes among others) to act as a vasoconstrictor and regulate inflammation and immune responses [17].
On the other hand, activation of angiotensin II type 2
receptor by angiotensin II causes vasodilation. Meanwhile, cell-surface ACE2 is cleaved and activated by
ADAM metallopeptidase domain 17. In parallel, active
ACE2 is released into the interstitial spaces where it converts angiotensin I to angiotensin 1-9 and angiotensin II
to angiotensin 1-7 which binds to MAS receptors and
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causes the counter-regulatory function, i.e., vasodilation.
Vasoconstriction causes hypertension, which may contribute to acute respiratory distress syndrome [17, 18].
Based on the understanding of this system, excess recombinant ACE2 has been proposed to lure the virus into
binding it instead of binding cell-surface ACE2. Luring
the virus is then thought to protect the endogenous ACE2
to counterbalance the function of ACE, ideally protecting against viral damage to the lung and heart [19].
Accordingly, on April 2, 2020, Apeiron Biologics
was awarded a regulatory authorization [19] to initiate
the phase II clinical trials for testing APN01 on 200 patients with severe COVID-19 symptoms. This rationale
is in contrast to using ACE2 inhibitors because APN01
is the recombinant human ACE2 that could potentially
lure SARS-CoV-2 away from entering into its target
cells and reduce lung injury when circulating in excess
in the bloodstream and interstitial spaces. This proposal
was tested in a cell-culture model with positive results
[20]. Besides vasoregulation, ACE2 binds to the neutral
amino acid transporter B0AT1 (SLC16A19) to facilitate
the cell-surface expression of this transporter on the luminal surface of intestinal epithelial cells. Based on this
interaction, ACE2 deficiency has been shown to critically impair tryptophan and nicotinamide homeostasis
in mice [21]. Also, it increases the susceptibility to intestinal inflammation and colitis, changes the composition
of the intestinal microbiome, and alters the expression
of some antimicrobial peptides [21]. Thus, any proposed
therapy using ACE2 inhibitors will potentially have gastrointestinal, renal, cardiac, pulmonary, and metabolic
implications [5, 8, 11, 12, 18, 20-23].
High rates of cardiac effects were reported by Chen et
al. when ≈75 out of 99 COVID-19 patients presented
with high levels of lactate dehydrogenase [24]. Collapsing glomerulopathy has recently been studied and reported in one case [7]. While the initial data were reported
of patients who were admitted to a hospital in Wuhan,
Hubei Province, China, collective data from other countries—especially from Iran, Italy, South Korea, and the
United States—now present an evolving picture of the
viral pathogenesis, recently presenting with rare symptoms similar to toxic shock and Kawasaki disease in
young children [5, 22].
Antiviral therapy, immunotherapy, anti-inflammatory
therapy, and application of prophylactic vaccines have
been recommended in the management of COVID-19,
but no definitive intervention has been validated to treat
the patients. How SARS-CoV-2 infection directly affects
the cardiovascular system is unknown while acute and
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chronic cardiac damage, ventricular dysfunction, heart
failure, arrhythmias, and acute coronary syndromes have
been reported [11, 23]. Furthermore, the other pathogenic mechanisms underlying this viral infection are largely
unclear. Thus, it is risky to administer any untested intervention to urgently treat the vulnerable COVID-19
patients with comorbid cardiovascular diseases, chronic
pulmonary diseases, or gastrointestinal conditions.
Using the ACE2 inhibitors in such patients has not been
validated, and further research is needed to achieve useful evidence-based facts for directing therapy. Despite the
fast pace of the pandemic, any recommended treatment
must first pass initial clinical and para-clinical testing.
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