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ACE2: A Dilemma in Regulating  
SARS-CoV-2 Infection and its Metabolic 
Complications
Yan-Chuan Shi 1,2,*

“This commentary is written on the basis of 
a recent publication in Cell Metabolism by 
BIO Integration Editorial Board Member 
Dr. Sifan Chen and colleagues, entitled 
“Imatinib and methazolamide ameliorate 
COVID-19-induced metabolic complica-
tions via elevating ACE2 enzymatic activity 
and inhibiting viral entry.”

Obesity and diabetes are major risk fac-
tors for severe SARS-CoV-2 infection, 
ICU admission and COVID-19-associated 
death [1]. Increasing evidence also sug-
gests that SARS-CoV-2 infection disrupts 
glucose and lipid metabolism, promotes 
insulin resistance and endothelial dysfunc-
tion, and eventually may result in long-
term metabolic defects and cardiovascular 
complications [2, 3]. However, the specific 
mechanisms through which SARS-CoV-2 
infection drives these unfavorable met-
abolic events, and the optimal treatment 
strategies, remain elusive. After the SARS-
CoV-2 virus enters the lungs, the viral spike 
glycoprotein binds angiotensin converting  
enzyme 2 (ACE2) on the cell surface, thus 
allowing the virus to enter the host cells, 
and subsequently causing an array of dam-
age in the lungs and multiple other organs. 
Current mainstay COVID-19 treatments 
focus on decreasing ACE2 levels to limit 
viral entry via 1) human recombinant solu-
ble ACE2, which neutralizes the virus and 
limits damage from infection, and 2) ACE2 
inhibitors and antibodies, which bind 
ACE2 and prevent interaction between the 
virus and the receptor. In Issue 34(3) in 
Cell Metabolism 2022, Li et al. have iden-
tified that elevation of ACE2 enzymatic 
activity by imatinib and methazolamide 
ameliorates COVID-19-induced metabolic 
complications; moreover, the blockade of 
the virus-ACE2 interaction by these two 
drugs inhibits viral entry [4].

The renin-angiotensin system (RAS) is 
a crucial system regulating blood pressure 

and body fluid homeostasis, in which 
ACE2 plays a key role. Classically, angi-
otensinogen is converted to angiotensin I 
(AngI) by renin. ACE subsequently cata-
lyzes the conversion of AngI to angiotensin 
II (AngII), which in turn exerts effects on 
various tissues and organs, including the 
heart, brain and kidneys. ACE2, another 
central enzyme in the RAS pathway, hydro-
lyzes AngII into Ang(1–7), which acts on 
the receptor MasR and counterbalances 
the effects of AngII in the classical AngII-
AT1R axis. Both the ACE-AT1R-AngII and 
ACE2-Ang(1–7)-MasR axes are important 
for maintaining fluid balance via the RAS 
system [5]. However, substantial evidence 
has indicated that ACE2 is an essential cell 
entry receptor for SARS-CoV-2 invasion 
and that elevated ACE2 expression is asso-
ciated with poor COVID-19 outcomes. For 
example, Song et al. have demonstrated 
elevated neuro-invasion of SARS-CoV-2 
in mice expressing human ACE2 [6]. 
Neutralizing antibodies, such as COV2-
2196 and COV2-2130, have been found to 
decrease the risk of infection by blocking 
the ACE2 receptor-binding domain, and 
decreasing viral burden and inflamma-
tion in the lungs in mice transduced with 
human ACE2 [7]. These findings strongly 
indicate that ACE2 plays a major role in 
SARS-CoV-2 infection, and that decreas-
ing ACE2 levels is beneficial to diminish 
the risk of SARS-CoV-2 infection, as well 
as the severity of COVID-19-associated 
symptoms and complications [8].

Despite aforementioned benefits, how-
ever, decreased activity of the ACE2-
Ang(1–7)-MasR axis appears to be  
associated with an increased risk of met-
abolic disorders. Table 1 lists the roles of 
this axis in regulating the function of var-
ious cells and organs, including pancreatic 
β-cells [9], the kidneys [10], the liver [11], 
adipose tissue [12] and the heart [13]. In a 
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meta-analysis including three independent studies on 1471 
participants published in 2022, lower ACE2 expression 
in adipose tissue was associated with adverse cardio-met-
abolic health indices, such as type 2 diabetes and obesity, 
as evidenced by higher serum fasting insulin levels and 
lower serum high-density lipoprotein (HDL) levels [14]. 
Furthermore, some animal studies have shown that ACE2-
knockout mice are susceptible to high-fat-diet-induced pan-
creatic β-cell dysfunction [15], thus suggesting possible 
protective effects of ACE2 in metabolic diseases, including 
diabetes and obesity. Two recent studies further support this 
notion by showing that ACE2 deficiency impairs islet β-cell 
function in obese C57BL/6 mice, and accentuates vascular 
inflammation and atherosclerosis in ApoE-knockout mice 
[16, 17]. These findings are relevant because people with 
COVID-19 are at elevated risk of developing metabolic dis-
orders [18, 19]. However, the function of ACE2 remains to 
be determined in the contexts of COVID-19-induced meta-
bolic complications as well as the subsequent treatment of 
metabolic disorders [20].

In an exciting breakthrough, Chen’s team has provided 
key evidence of how ACE2 regulates metabolism, and dis-
covered a new strategy for the treatment of COVID-19 and 
COVID-19-related metabolic complications. In a previous 
study, the authors found that COVID-19 can cause new-onset 
insulin resistance, elevated blood glucose levels and dimin-
ished HDL-C levels, all of which persist after viral elimina-
tion [21]. The protein expression of ACE2 has been found 
to be downregulated in lung tissue in hamsters, and vascu-
lar endothelial cell function has been found to be impaired 
after 5 days of intratracheal administration of a pseudovirus 
expressing the SARS-CoV-2 S protein [22]. In agreement 
with this observation, Li and colleagues have observed 
diminished mRNA levels of ACE2 in the kidneys and liver in 
human ACE2 transgenic mice after a SARS-CoV-2 challenge 
for 7 days. More importantly, they have reported that overex-
pression of human ACE2 ameliorates disruptions in glucose 
and lipid metabolism in diabetic ob/ob mice, as evidenced 
by 1) improved glucose tolerance and increased insulin sen-
sitivity, as evaluated by the homeostatic model assessment of 
insulin resistance (HOMA-IR); 2) decreased hepatic steato-
sis; 3) improved renal function through a decrease in the lev-
els of kidney injury molecule-1 (KIM-1) and rescue of renal 
glomerular damage; and 4) normalized ventricular ejection 
fractions and fractional shortening in the heart. Activation 
of the ACE2-Ang(1–7)-MasR axis may be the most cru-
cial mechanism through which ACE2 activators ameliorate 

metabolic disorders. Therefore, the authors have proposed 
that enhancing the enzymatic activity of ACE2 may effec-
tively ameliorate COVID-19-associated metabolic disor-
ders. In search of compounds that potentially activate ACE2 
activity, the authors used structure-based high-throughput 
virtual screening via the Tianhe-2 supercomputer and a  
connectivity-map database to identify ACE2 enzymatic acti-
vators or ACE2 transcriptional activators. After conducting a 
series of experiments to validate their findings, they discov-
ered that two existing clinical medicines were novel ACE2 
enzymatic activators: imatinib and methazolamide. Imatinib 
is in a class of tyrosine kinase inhibitors used in the treat-
ment of chronic myeloid leukemia [23], and methazolamide 
is a carbonic anhydrase inhibitor used to treat glaucoma [24]. 
The proposed mechanisms of action of these two repurposed 
medications involve 1) activating ACE2 enzymatic activ-
ity, thus ameliorating the metabolic complications induced 
by COVID-19, and 2) altering the conformation of ACE2, 
thereby decreasing viral invasion and the risk of infection. 
In addition, because targeting ACE2, a negative regula-
tor of ACE, may have unique advantages in balancing the 
ACE-AngII-AT1R and ACE2-Ang(1–7)-MasR axes of the 
RAS system, drug-mediated activation of ACE2 may not 
only increase Ang(1–7) levels but also decrease AngII lev-
els (Figure 1). This aspect is particularly important, given 
that a recent study has suggested that decreased activity of 
the ACE-AngII axis may be metabolically beneficial. In 
this randomized double-blind study conducted in 96 centers 

Table 1  Effects of the ACE2-Ang (1–7)-MasR Axis in Various Tissues/Organs

Tissue/organ Effects of the ACE2-Ang (1–7)-MasR Axis Reference
Pancreas Ang(1–7) administration attenuates pancreatic β-cell dedifferentiation in mice fed a high-fat diet. [9]

Kidney Overexpression of human ACE2 in podocytes protects renal function and attenuates the development of 
diabetic nephropathy in mice.

[10]

Liver Ang(1–7) administration improves glucose and lipid metabolism and mitochondrial function, and 
decreases fat accumulation in mice fed a high-fat diet.

[11]

Adipose tissue Ang(1–7) treatment increases brown adipose tissue and elevates thermogenesis in subcutaneous white 
adipose tissue in mice fed a high-fat diet.

[12]

Heart ACE2 overexpression improves left ventricular remodeling and function in diabetic rats. [13]

Figure 1  The ACE-AngII-AT1R axis and ACE2-Ang(1–7)-MasR 
axis balance each other and maintain metabolic homeostasis.
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worldwide, irbesartan, an AngII receptor antagonist, has 
been found to prevent diabetic nephropathy in patients with 
type 2 diabetes and microalbuminuria independently of its 
blood-pressure lowering effect [25]. The work from Chen’s 
team provides evidence for ACE2 as a potential novel tar-
get in the treatment of metabolic diseases in which ACE2 
expressions is downregulated. More research is required to 
confirm the benefits of these medications in the context of 
COVID-19-associated metabolic disorders and to under-
stand the detailed mechanisms.

Of note, concerns exist regarding whether the use of 
ACE2 agonists (e.g., imatinib and methazolamide) might 
potentially increase the risk of viral infection or reinfection. 
Very limited direct evidence is currently available to address 
this question; however, some indirect evidence from clini-
cal studies indicates that ACE2 agonists might not increase 
this risk. In a retrospective study, published in 2022, on a 
national cohort of US veterans, ACEi/ARB medications, 

which are used to manage hypertension, increased ACE2 
expression, but this increase was not associated with ele-
vated COVID-19 severity and mortality [26]. Consequently, 
COVID-19 treatment guidelines in many countries suggest 
that patients with hypertension need not discontinue ACEi/
ARB medications after SARS-CoV-2 infection. Moreover, 
Ang(1–7), the downstream product of ACE2, is currently 
being used to treat COVID-19-induced hyper-inflammation 
in a clinical trial (NCT04375124), although the results have 
not been released. However, many key efficacy and safety 
questions must be addressed before these research findings 
can be leveraged in clinical applications, and the possibility 
of using ACE2 agonists to treat metabolic diseases in the 
general population can be explored. Nevertheless, this study 
provides a critical basis for further investigation. The identi-
fication of ACE2 as a novel therapeutic target holds promise 
for the prevention and treatment of metabolic diseases, par-
ticularly in the context of SARS-CoV-2 infection.
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