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ARTICLE INFO ABSTRACT

Keywords: COVID-19, caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has been a pandemic since
COVID-19 WHO made the statement on March 11, 2020. The infection is causing a high mortality in old people, especially
ACE2 those with obesity, type 2 diabetes (T2D) or cardiovascular diseases (CVD). Extra cautions are needed in the
i\ACCE?sz treatment of those patients. The CVD drugs ACEIs and ARBs, as well as the T2D drugs GLP-1R agonists, were
ARBs shown to activate angiotensin-converting enzyme 2 (ACE2) expression in experimental animals. Elevated ACE2

GLP-1 expression may accelerate virus entrance into the host cells during the infection for its replication. However,
GLP-1R expression of the soluble ACE2, may neutralize the virus to limit the infection and replication. Given that obese,
Retrospective studies diabetes and CVD patients often take those medicines in the treatment and prevention of blood pressure and
glucose elevation, it remains to be determined whether those medicines represent friend or foe in the treatment
of COVID-19. We suggest that retrospective studies should be conducted to determine the exact impact of those
medicines in obese, diabetic, or CVD patients who had COVID-19. Results obtained will provide guidance

whether those drugs can be utilized in COVID-19 patients with obesity, diabetic, or CVD.

1. Introduction

Coronavirus Disease 2019 (COVID-19), which is caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has been a
pandemic since the statement made by WHO on March 11, 2020. By
More than 61.5 million people have been infected to date and more than
1.4 million lives have been taken away. Although the pandemic may be
under the control with effective vaccines following the global efforts, the
high mortality in individuals with obesity, type 2 diabetes (T2D), and
cardiovascular diseases (CVD) is currently a challenge in the fight
against COVID-19 infection.

The analysis of clinical characteristics of COVID-19 in China and
elsewhere have clearly revealed that old people with chronic comor-
bidities have a higher risk for severe symptoms than younger individuals
in the infection (Guan et al., 2020; Mattioli et al., 2020). A recent study
indicates that the diabetes drug metformin is able to reduce the mor-
tality rate in the COVID-19 patients (Hariyanto and Kurniawan, 2020).
Intensive investigations have been conducted in exploring the rela-
tionship between obesity and the severity of COVID-19 (Belancic et al.,
2020; Belancic, 2020; AbdelMassih et al., 2020). Here we would like to
present a commentary on the use of the two categories of therapeutic

agents in COVID-19 patients with metabolic disorders including obesity,
T2D and CVD.

2. The hypertension medicines ACEIs and ARBs

Patients with hypertension are commonly treated with the renin
angiotensin system (RAS) antagonists, such as angiotensin converting
enzyme inhibitors (ACEIs) or angiotensin receptor blockers (ARBs) in
the control of blood pressure. However, these drugs have been reported
to increase the expression of angiotensin converting enzyme 2 (ACE2)
(Ferrario et al., 2005; Hoffmann et al., 2020), which is recognized as the
receptor of SARS-CoV-2 in the cell surface, especially the lung epithelial
cells (Hoffmann et al., 2020; Wan et al., 2020). Thus, there has been a
speculation that this class of antihypertension drugs might facilitate the
infection and replication of the virus (Fang et al., 2020; Diaz, 2020). On
the other hand, some researchers believed that the expression may be a
beneficial response in terms of limiting the lung injuries by the infection
(Cheng et al., 2020; Wu, 2020). Collectively, the exact impact of ACEIs
and ARBs in the infection is still under debate. Here we present two lines
of justifications supporting the hypothesis that those hypertension
medicines may reduce the mortality in COVID-19 patients.
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Fig. 1. Two pathways related to beneficial activity of ACE2 in severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. Angiotensin I (ANG I)
generated from angiotensinogen by renin, can subsequently be catalyzed by angiotensin-converting enzyme (ACE) and produce angiotensin II (ANG II). On the one
hand, ANG II binds to angiotensin type 1 receptor (AT;R) to cause tissue injury. On the other hand, ACE2 can convert ANG II to angiotensin 1-7 (ANG 1-7), which can
protect against tissue damage through Mas receptor (MasR). Angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers (ARBs) can
suppress the destructive function of Ang II. ACE2 is also the receptor of SARS-CoV-2. And ACE2 can meanwhile be cleaved by TNF-a converting enzyme (TACE) into
soluble forms, namely sSACE2, which will be released into extracellular compartments and neutralize SARS-CoV-2.

As presented in Fig. 1, RAS system consists of two reciprocally con-
strained arms: one is for generation of angiotensin II (Ang II) from
angiotensinogen by the enzymes renin and ACE; another is for degra-
dation of Ang II to angiotensin 1-7 by the enzyme ACE2. Therefore,
ACE2 plays a counter-regulatory role in the inhibition of RAS system by
removing Ang IL It has been reported that ACE2 protected against the
severe acute lung failure (Imai et al., 2005). ACE2 was shown to be
crucial in the prevention of the development of severe acute respiratory
syndrome in the SARS-CoV infection (Kuba et al., 2005). Moreover,
ACE2 generates angiotensin 1-7, which has activities including vasodi-
lation, anti-hypertrophy and anti-inflammation (Wosten-van Asperen
et al., 2011). Therefore, induction of ACE2 levels by the medicines,
ACEIs or ARBs, may generate a protective effect in the COVID-19 pa-
tients by reduction of the severe respiratory symptoms risk.

Conversely, Ang II has a negative feedback in the regulation of ACE2
activity by induction of TNF-a converting enzyme (TACE) leading to
ACE2 cleavage (Fig. 1) (Patel et al., 2014). TACE, also known as met-
alloprotease 17 (ADAM17), is a major protease for ACE2 ectodomain
shedding (Lambert et al., 2005). The cleavage happens between amino
acids 716 and 741 near the predicted transmembrane domain and res-
idue Lys548 in the ectodomain (Towler et al., 2004), which produces two
types of soluble ACE2 (sACE2) with molecular mass of 105 kDa and 95
kDa. It is possible that the shedding ectodomain still possesses the ca-
pacity to bind coronavirus but does not mediate the virus entry into the
host cell. It has been demonstrated that sACE2 efficiently blocked the
association of SARS virus with its cellular receptor (Li et al., 2003), and
averted the lung injuries (Kuba et al., 2005). COVID-19 virus replication
can be abolished by a recombinant SACE2 protein fused to the Fc portion
of immunoglobulin in vitro (Lei et al., 2020). Consistently, the recom-
binant sACE2 protein has been employed as a potential therapeutic
agent for COVID-19 (Zhang et al., 2020; Batlle et al., 2020).

In healthy human subjects, plasma sACE2 level is very low (Lew
et al., 2008). However, the level can be significantly induced in patients
who are taking ACEIs or ARBs (Epelman et al., 2008, 2009). When ACE2

was cardiac-specifically overexpressed in mice, serum sACE2 level can
be increased approximately 20-fold (Donoghue et al., 2003). These ob-
servations suggest that the level of extracellular SACE2 can be raised by
ACEIs or ARBs, serving as potent decoy receptor for virus neutralization.
ACEIs and ARBs may exhibit different activities in the induction of
SACE2. In contrast to ACEIs which reduce the level of Ang II and hence
deplete the substrate of ACE2, ARBs can promote Ang I accumulation in
extracellular compartments towards ACE2, thus inducing the cleavage
of ACE2 with increased production of sACE2.

Overall, we agree with others that ACE2 based drugs represent a
double-edged sword in coronavirus infection (Onweni et al., 2020;
Wang et al., 2020). Although it is an entry for coronavirus invasion, it
plays a vital role in protection of the patients against severe tissue
damage, especially in the lung. It is unclear whether these RAS antag-
onists are beneficial or detrimental in COVID-19. There is an urgent
demand for clinical studies to resolve this issue.

In addition to ACE2, COVID-19 infection is also dependent on other
cellular proteins, such as Furin. The spike protein of SARS-CoV-2 con-
tains a furin cleavage site, the unique RRAR motif; which was not found
in any other subtype B betacoronavirus (Wu et al., 2020). Male and elder
people, as well as obese and diabetic patients, have increased levels of
furin in their blood (AbdelMassih et al., 2020), making this enzyme a
potential therapeutic target of COVID-19 in those subjects (AbdelMassih
et al., 2020; Wu et al., 2020). It is worth to test whether furin inhibitors,
including the flavone Luteolin, isolated from Chinese herbal medicine
(Peng et al.,, 2017), can prevent the COVID-19 infection and virus
replication.

3. Diabetic medicine: glucagon-like peptide-1 (GLP-1)

GLP-1 is an incretin (Tian and Jin, 2016; Kieffer and Habener, 1999),
a hormone produced in the gut with the capability in the stimulation of
insulin secretion postprandially (Kieffer and Habener, 1999; Drucker,
2018). Studies on GLP-1 and another incretin glucose-dependent
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Fig. 2. A) Illustration of the process of GLP-1 and target organs of this incretin hormone. B) Structure of Exenatide and Liraglutide, the two GLP-1 based dia-

betes drugs.

insulinotropic polypeptide (GIP) have led to the development of novel
therapeutic agents for T2D, known as GLP-1R agonists including Lir-
aglutide; and DPP-4 inhibitors including Sitagliptin (Jin and Weng,
2016). Fig. 2 illustrates main functions of GLP-1 as well as the structure
of GLP-1 based diabetes drugs Exenatide (Byetta) and Liraglutide
(Victoza).

More and more T2D patients are now taking GLP-1R agonists
including Exenatide and Liraglutide for both glycemic control and body
weight management. Liraglutide, commercially known as Victoza, was
developed by Novo Nordisk, approved by the European Medicines
Agency (EMA) in 2009, and then by the Food and Drug Administration
(FDA) of US in 2010 (Jin and Weng, 2016). In addition to facilitating
postprandial insulin secretion, GLP-1 and Liraglutide exert beneficial
effects in the treatment of obesity and chronic inflammation (Zhou et al.,
2020; M Khroud et al., 2019; Jin and Liu, 2020). Unexpectedly, a pre-
vious investigation showed that in type 1 diabetes rats, GLP-1 receptor
(GLP-1R) activation by Liraglutide increased ACE2 expression, which
reversed the right ventricle hypertrophy in the heart, and improved the
production of surfactant proteins (SP-A and SP-B) in the lungs (Roma-
ni-Perez et al., 2015). A follow-up study showed that Liraglutide pre-
vented the alteration in lung function induced by in utero growth
retardation (IUGR) and promoted the positive effects of ACE2-Ang
(Guan et al., 2020; Mattioli et al., 2020; Hariyanto and Kurniawan,
2020; Belancic et al., 2020; Belancic, 2020; AbdelMassih et al., 2020;
Ferrario et al., 2005) system in restoring lung function (Fandino et al.,
2018).

Those observations turn the GLP-1 based medicines into a double-
edged sword as well in the treatment of obese or diabetic patients

with COVID-19 infection. Liraglutide treatment may facilitate the
infection and replication of SARS-CoV-2 via stimulating ACE2 expres-
sion. Alternatively, the treatment may lead to the generation of sACE2,
serving as “decoy receptor” in preventing or attenuating virus infection.
It is worth to mention that lung epithelia express a high level of GLP-1R
(Bullock et al., 1996). Given the metabolic beneficial effect of GLP-1
based drugs and their anti-inflammatory feature demonstrated in ani-
mal model (Zhou et al., 2020), the medicine may protect the lung from
inflammatory damage through its high level of GLP-1R. These possi-
bilities remain to be assessed in the clinical studies in COVID-19
patients.

4. Summary

We present here that both the hypertension drugs (ACEIs and ARBs)
and GLP-1 based T2D drugs may stimulate ACE2 expression, making
them double edged sword in the treatment of COVID-19 patients in the
population with obesity, diabetes, aging and other metabolic disorders
(Jin and Liu, 2020; Monda et al., 2020; Morin, 2020). It remains to be
determined whether their treatment also increases the expression of
SACE2 in human subjects. We highly suggest that studies should be
conducted in advanced animal models generated recently during the
combat with COVID-19 (Munoz-Fontela et al., 2020; Dinnon et al.,
2020), whether those therapeutic agents are friend or foe. Furthermore,
retrospective studies to compare the clinical process and outcomes be-
tween COVID-19 patients who have taken and have not taken GLP-1
based drugs, as well as ACEIs and ARBs, should be conducted. Infor-
mation gained will serve as asset for the improvement of the guideline in
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the treatment of COVID-19 patients with and without T2D, CVD and
other chronic disorders.
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