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Letters to the Editor
Angiotensin-Converting Enzyme 2 as the
Molecular Bridge Between Epidemiologic
and Clinical Features of COVID-19
To the Editor:
Pre-existent cardiovascular disease is a recognized risk factor
for COVID-19 infection.1 COVID-19 spike protein uses the
angiotensin-converting enzyme 2 (ACE2) as the binding site
to enter the host cell in tongue, bronchi, and lungs. Any
condition enhancing the expression of ACE2 would increase
the vulnerability to infection. Heart failure, coronary artery
disease, hypertension, diabetes, ACE inhibitors (ACEi), or
angiotensin receptor blockers (ARBs) increase the expression
of ACE2, which can be considered nature’s endogenous ACEi
at the cellular level. The renin-angiotensin system has 2 arms
(Figure 1, upper panel): the pressor (conventional) arm,
composed of angiotensin II, ACE, angiotensin II-type 1
Figure 1. (Upper panel) The normal physiology of ACE (the worst of all enzym
cells in distal bronchioli and pneumocytes type 2 cells in alveoli) as a bind
prevalent cardiovascular diseases, theoretically augmenting the possibility o
efficacy, and ACE2 counter-effect against ACE is attenuated or lost despite
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receptor (AT1R), and the depressor (nonconventional) arm,
consisting of angiotensin 1-7, ACE2, MAS receptor (MAS R),
and angiotensin II, type 2 receptor (AT2R).2 The ACE2 (the
"good" guy, possibly "the best of enzymes") arm opposes the
conventional arm and has beneficial effects in heart failure and
acute respiratory distress syndrome (ARDS).3 COVID-19
spike protein is the "ugly" character in the play. It uses the
"good" ACE2 as the binding site. Whereas ACE is detectable
in the entire capillary network of the alveoli in the human
lung, ACE2 is primarily produced in club cells of distal
bronchioles and type 2 pneumocytes in alveolar epithelium.
Both cell types are involved in preventing ARDS. Club cells
secrete a solution similar to surfactant and proteins protective
against airway inflammation and oxidative stress. Type 2
pneumocytes are "the defender of the alveolus" and synthe-
size, secrete, and recycle all components of the surfactant that
regulates alveolar surface tension in the lungs. The binding of
es) and ACE2 (the best of all enzymes). COVID-19 uses ACE2 (in club
ing site. (Lower panel) The expression of ACE2 is increased in highly
f infection. After binding with spike receptors of COVID-19, ACE2 loses
greater expression of ACE2.
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COVID-19 spike protein to ACE2 downregulates the enzyme,
which, in turn, may contribute to ARDS for the unopposed,
detrimental action of ACE (the "bad" guy or "the worst of en-
zymes") on lung tissue, triggering vasoconstriction, inflamma-
tion, apoptosis, and fibrosis. (Figure 1, lower panel). The
Council on Hypertension of the European Society of Cardiol-
ogy4 highlighted the lack of any evidence supporting harmful
effect of ACEi and ARBs in the context of the pandemic
COVID-19 outbreak. This is important because a hypothesis
suggests that ACEi might be helpful in treating COVID-19
ARDS. Chongqing Medical University is currently con-
ducting a retrospective observational study that aims to evaluate
the clinical differences between adult hypertensive patients with
COVID-19 treated and those not treated with ACEi. This
study will be completed by April 30, 2020.

Tonino Bombardini, MD, PhD
tbombardini@yahoo.it
Eugenio Picano, MD, PhD
Consiglio Nazionale Ricerche - National Research Council

Institute of Clinical Physiology
Biomedicine Department

Pisa, Italy

References

1. The Novel Coronavirus Pneumonia Emergency Response Epidemiology
Team. The epidemiological characteristics of an outbreak of 2019 novel coro-
navirus diseases (COVID-19) China. China CDCWeekly 2020;2:113-22.

2. Zisman LS. ACE and ACE2: a tale of two enzymes. Eur Heart J 2005;26:
322-4.

3. Imai Y, Kuba K, Rao S, et al. Angiotensin-converting enzyme 2 protects
from severe acute lung failure. Nature 2005;436:112-6.

4. De Simone G. ESC Council on Hypertension on behalf of the Nucleus
Members. Position Statement of the ESC Council on Hypertension on
ACE-inhibitors and angiotensin receptor blockers. March 2020;13.

mailto:tbombardini@yahoo.it
http://refhub.elsevier.com/S0828-282X(20)30299-3/sref1
http://refhub.elsevier.com/S0828-282X(20)30299-3/sref1
http://refhub.elsevier.com/S0828-282X(20)30299-3/sref1
http://refhub.elsevier.com/S0828-282X(20)30299-3/sref2
http://refhub.elsevier.com/S0828-282X(20)30299-3/sref2
http://refhub.elsevier.com/S0828-282X(20)30299-3/sref3
http://refhub.elsevier.com/S0828-282X(20)30299-3/sref3
http://refhub.elsevier.com/S0828-282X(20)30299-3/sref4
http://refhub.elsevier.com/S0828-282X(20)30299-3/sref4
http://refhub.elsevier.com/S0828-282X(20)30299-3/sref4

