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Abstract: Objective: ACE2 is crucially involved in the infection sustained by SARS-CoV-2, as it allows the entry of the 
virus into target cells while counteracting local inflammation, oxidative stress, and fibrosis. In this narrative review, 
we aim to discuss the usefulness of ACE2-derived peptides in the infection sustained by SARS-CoV-2. Methods: 
A total of 49 papers pertinent to the purpose of the review were selected from the PubMed and Google Scholar 
databases. Clinical trials registered at ClinicalTrials.gov and dealing with the use of ACE2-derived medications in 
COVID-19 were also searched and discussed. Results: Preclinical and clinical evidence shows that drugs mimicking 
or potentiating the effects of ACE2 may reduce the viral load and dampen the inflammatory and fibrotic pathways 
leading to respiratory distress. ACE2-derived therapeutic peptides may have a better pharmacokinetic and pharma-
codynamic profile than other ACE2-based medications. They could be easily screened through peptide libraries and 
chemically modified in order to ameliorate the pharmacological properties. Furthermore, their local administration 
via an intranasal delivery or inhalation may reduce the risk of systemic side effects, thus conferring a good safety 
profile. Conclusion: ACE2-derived peptides may play a dual beneficial role in COVID-19, by either preventing virus 
spread or inhibiting the secretion of pro-inflammatory mediators in airways. Viral, host, and environmental factors 
may affect the effectiveness of this therapeutic approach to a various extent and represent therefore a matter of 
investigation for future studies. 
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Introduction 

The renin-angiotensin system (RAS) plays a cru-
cial role in the infection sustained by severe 
acute respiratory syndrome (SARS)-coronavirus 
(CoV)-2 and may dictate the following course of 
COronaVIrus Disease 2019 (COVID-19). This 
disease is, in fact, extremely variable in terms 
of severity and type of clinical manifestations, 
leading, in worst cases, to an acute respiratory 
distress syndrome (ARDS) and death [1]. SARS-
CoV-2 can be transmitted via either the aerial 
or the fecal-oral route [2]. Specifically, the viral 
spike (S) protein may bind the angiotensin-con-
verting enzyme 2 (ACE2), localized on the api-
cal membrane of epithelial and endothelial 
cells of lungs and small intestine [3, 4], and, in 
synergy with the host’s transmembrane serine 

protease 2 (TMPRSS2), allow the membrane 
fusion promoted by envelope viral proteins [5]. 
ACE2 is a membrane carboxypeptidase homo-
log to ACE (dipeptidyl carboxypeptidase), from 
which it differs in the target-binding domain [6]. 
ACE converts the decapeptide angiotensin I 
(Ang I) into the octapeptide angiotensin II (Ang 
II) [7, 8], and is mainly responsible for the con-
trol of blood pressure [9]. ACE2, instead, con-
verts Ang II into angiotensin-(1-7) (Ang-[1-7]) 
and counterbalances ACE activity [10]. Besides 
the endocrine cardiovascular effects, the RAS 
acts through a paracrine mechanism in almost 
all the human tissues [11]. In airways, Ang II 
may bind angiotensin receptor 1 (AT1) and lead 
to the production of reactive oxygen species 
(ROS) and collagen deposition by lung fibro-
blasts [12]. Conversely, Ang-(1-7) and ACE2 
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seem to have a protective effect and prevent 
the activity of ACE in a negative feedback loop 
[13]. By converting Ang II into Ang-(1-7), the 
enzyme ACE2 may, in fact, reverse vasocon-
striction and impart anti-oxidative and anti-
inflammatory signals to lung cells [14]. Ang II 
signaling via AT2 was shown to have similar 
effects by contrasting the pro-inflammatory 
cascade promoted by nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-
kB) [15]. Experiments conducted on animal 
models showed that lung ACE2 prevents hypo-
oxygenation, alveolar edema, inflammatory cell 
recruitment, and hyaline membrane formation 
following lung acid aspiration or H5N1 virus 
infection [16, 17]. Consequently, the balance 
between ACE and ACE2 in alveoli is likely to be 
critically important in the control of inflamma-
tion developing in response to an external 
agent. By binding ACE2 receptors in the lungs, 
SARS-CoV-2 may switch off this feedback me- 
chanism and drive the inflammatory process 
[18, 19]. 

The crucial role played by ACE2 in the develop-
ment of COVID-19 is also supported by epide-
miological and genetic data. Specifically, the 
hyperexpression of ACE2 in testis, heart, and 
adipose tissue [20-22] may explain some 
demographical and clinical differences report-
ed in SARS-CoV-2-infected patient cohorts,  
like the occurrence of the most severe forms  
of COVID-19 in male, obese and cardiopathic 
individuals [23-25].

Moreover, polymorphic variants of the ACE2 
gene have been associated with diabetes me- 
llitus, hypertension, coronaropathy, and left 
ventricular hypertrophy [26-28] that represent 
altogether risk factors for a severe prognosis of 
COVID-19 [1], and may be at the basis of differ-
ent rates of morbidity and mortality observed  
in Caucasian and Chinese populations [29]. 

Based on these data, it is quite probable that 
targeting the local RAS in airways would be a 
promising therapeutic strategy for COVID-19 
[9].

Specifically, drugs mimicking the biological ef- 
fects of ACE2 may impede SARS-CoV-2 infec-
tion while in the meantime rebalancing local 
inflammation. 

Thanks to their efficacy and safety profile, 
ACE2-derived peptides may particularly stand 

out in the category of RAS-targeting medica-
tions. Therapeutic peptides consist of short 
amino acid chains able to selectively interact 
with receptors or other molecules of interest 
[30]. Modifications in their molecular structure 
may ameliorate their pharmacological profile 
and even confer multiple ligand affinities [30], 
thus strengthening the pharmacological ef- 
fects. Finally, local administration into airways 
may result in less harmful side effects than  
systemic treatments. 

The aim of this review is to discuss preclinical 
and clinical evidence supporting the plausi- 
ble usefulness of ACE2-derived medications  
in COVID-19 patients, with a special focus on 
ACE2-derived peptides, compared to other 
drugs targeting the RAS. 

Methods

The PubMed and Google Scholar databases 
were searched using the combination of wor- 
ds “SARS-CoV-2”; “renin-angiotensin system”; 
“ACE2”; “ACE2-derived peptides”; “COVID-19”. 
A total of 49 papers published from 1997 to 
date, written in English and pertinent to the aim 
of the review, were selected and discussed. 
Additionally, clinical trials registered at Clini- 
calTrials.gov and dealing with the use of ACE2-
derived medications in COVID-19 were sear- 
ched and reviewed. Results are reported below. 

Results 

ACE-inhibitors

The effectiveness of ACE-inhibitors in treating 
or preventing COVID-19 is unclear [1, 31]. These 
drugs were reported to selectively prevent the 
action of ACE without affecting that of ACE2 
[32]. When administered to animal models 
together with AT1 antagonists, ACE-inhibitors 
could induce the over-expression of ACE2. In 
turn, the ACE2 increase may have both favor-
able (anti-inflammatory) and unfavorable (host 
cell infection) repercussions on the COVID-19 
course. However, recent data did not show evi-
dence of worse COVID-19 outcomes in in- 
fected individuals who took these medications 
[33-35]. 

Angiotensin-(1-7)

Ang II is cleaved by endopeptidases and mono-
carboxypeptidases, including ACE2, to gener-
ate the heptapeptide Ang-(1-7). By binding 
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G-coupled protein Mas receptors, Ang-(1-7) 
counteracts arterial hypertension, aging, infla- 
mmation, oxidative stress, and cell proliferation 
[14]. Most of these effects are due to the an- 
tagonistic role played by Ang-(1-7) on Ang II- 
related pathways. In airways, Ang-(1-7) protects 
alveolar cells from apoptosis, reduces inflam-
mation and fibrosis, and impedes the activa- 
tion of endothelial cells [36]. Based on this evi-
dence, two clinical trials (ClinicalTrials.gov ID 
NCT04375124 and NCT04332666) have been 
designed in order to investigate the beneficial 
role of this heptapeptide for the treatment of 
COVID-19 patients.

Recombinant human ACE2 and ACE2 homo-
logs

Another therapeutic approach would be the use 
of recombinant human (rh)ACE2 or ACE2 homo-
logs in SARS-CoV-2-infected individuals, whi- 
ch may prevent both viral dissemination and 
inflammation [37]. Given at an appropriate con-
centration in order to saturate ligand binding, 
these drugs might neutralize the S protein of 
SARS-CoV-2, which will eventually impede the 
entry of the virus into epithelial and endothelial 
cells, without affecting the physiologic ACE/
ACE2 balance.

The beneficial effect played by rhACE2 in reduc-
ing respiratory distress and inflammation and 
constraining viral load has been shown in pre-
clinical studies on ARDS, SARS, and H5N1 influ-
enza animal models [16, 17, 19]. On the basis 
of these encouraging data, rhACE2 was devel-
oped and tested in ARDS patients in a phase II 
randomized controlled trial [38]. Although no 
improvements in the clinical outcomes were 
reported, the parenteral administration of the 
drug induced a higher conversion of Ang II into 
Ang-(1-7) and Ang-(1-5) isoforms and a de- 
creased production of pro-inflammatory cyto-
kines, like interleukin-6 (IL-6). Notably, the 
treatment with agents antagonizing the IL-6 
receptor has shown encouraging results in 
some patients affected by COVID-19 [39]. An- 
other study in animal models reported that 
rhACE2 may constrain pulmonary arterial hy- 
pertension by increasing the expression of an- 
tioxidant enzymes like superoxide dismutase, 
with no effect on bleomycin-induced lung fibro-
sis [40]. Soluble rhACE2 has been recently te- 
sted in vitro in Vero-E6 cells, human vascular 

cells and kidney organoids exposed to SARS-
CoV-2: notably, the compound significantly 
reduced virus entry into target cells, appearing 
therefore to be useful during the early stages  
of COVID-19 [41]. Unfortunately, a small open-
label pilot study (ClinicalTrial.gov ID NCT042- 
87686), aiming to enroll at least 24 COVID-19 
patients to be assigned to an intravenous treat-
ment with rhACE2 (given at a dose of 0.4 mg/
kg twice a day for 7 days), was recently with-
drawn. Therefore, the clinical efficacy of rhACE2 
in COVID-19 remains unclear. 

Bacteria can represent a further source of nat-
urally synthesized ACE2-like enzymes. Paeni- 
bacillus sp. B38 produces a carboxypeptidase 
(B38-CAP) able to convert Ang II into Ang-(1-7). 
The administration of B38-CAP to animal mod-
els was shown to revert Ang II-related arterial 
hypertension, and to prevent cardiac hypertro-
phy and fibrosis with negligible immunogeni- 
city rates [42]. Accordingly, two phase I ran-
domized clinical trials are currently evaluating 
this therapeutic strategy in COVID-19 patients. 

Finally, immune cells can be engineered in 
order to express ACE2 on their surface while 
delivering potent antiviral cytokines: an ongo-
ing phase I/II randomized controlled clinical 
trial is evaluating the therapeutic effect of 
ACE2- and superagonist-IL-15-expressing na- 
tural killer (NK) cells in severe COVID-19 
pneumonia.

ACE2-derived peptides 

Besides rhACE2, ACE2-derived therapeutic pe- 
ptides, containing the crucial amino acids inter-
acting with the S1 subunit of the SARS-CoV-2 S 
protein, could represent an alternative strategy 
to target this pathway. ACE2-derived peptides 
could be easily screened through peptide librar-
ies and chemically modified in order to potenti-
ate their pharmacological properties [43]. 

Therapeutic peptides usually display a less 
harmful safety profile than other pharmaceuti-
cal compounds as they are rapidly biodegraded 
[30], and may be locally delivered to affected 
organs. In this regard, ACE2-derived peptides 
could be administered via an intranasal route 
or inhalation. This would allow them to directly 
exert their therapeutic effect in airway mucosa, 
without systemically affecting the RAS, Figure 
1 [44, 45]. Additionally, they could be oppor-
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tunely modified in order to mimic those ACE2 
variants which are less permissive to virus 
engagement [46]. 

Pharmacologic research is already moving in 
this direction. Specifically, computational anal-
ysis studies yielded a series of ACE2-derived 
peptides potentially binding and neutralizing 
the receptor-binding domain (RBD) of the SARS-
CoV-2 S protein. It was shown that crucial ami- 
no acid residues placed at the 21-57 and 351-
357 positions of the N-terminal helix of ACE2 
allow the interaction with SARS-CoV-2 RBD [45, 
47]. By using automated fast-flow peptide syn-
thesis, Zhang et al. synthesized a 23-mer fully 
human peptide derived from the α1 helix of 
ACE2 and binding the RBD with low nanomolar 
affinity [48]. Redesigned peptides may have 
better pharmacodynamic properties than na- 
tive peptides: by linking the 22-44 and 351-
357 amino acid residues with glycine and intro-

Although this pharmacologic scenario appears 
promising and rapidly evolving, several points 
should however be considered: 1) ACE2-derived 
peptides could be useful only in the first phase 
of the infection whilst the efficacy in estab-
lished disease is uncertain; 2) the influence of 
demographic and environmental factors (age, 
comorbidities, other respiratory infections, cig-
arette smoking, and air pollution) on the effec-
tiveness of this pharmacologic intervention in 
lungs should be delineated; 3) genomic instabil-
ity of SARS-CoV-2 may favor the occurrence of 
variants in the S protein gene, which may result 
in the generation of protein isoforms with differ-
ent affinity and avidity for ACE2-derived pep-
tides; 4) as SARS-CoV-2 infection may spread, 
in some cases, through the gastrointestinal 
tract, the formulation of orally administered 
peptidase-resistant drugs, like peptidomime- 
tic small molecules [49], should also be eva- 
luated. 

Figure 1. Plausible beneficial mechanism of human ACE2-derived peptides 
in preventing and treating SARS-CoV-2 infection. ACE2-derived peptides, 
containing the crucial amino acid residues that interact with the S protein 
of SARS-CoV-2, may be locally administered via an intranasal delivery or 
inhalation. These drugs may prevent virus entry into target cells and play 
an anti-inflammatory, anti-oxidative, anti-fibrotic, and anti-apoptotic role in 
epithelial and endothelial cells by antagonizing the effects of ACE. Abbrevia-
tions: ACE, angiotensin-converting enzyme; SARS-CoV-2, severe acute respi-
ratory syndrome coronavirus 2. 

ducing strategic amino acid 
substitutions, Huang et al. syn-
thesized a 31-mer peptide sc 
affold with enhanced binding 
affinity for SARS-CoV-2 RBD 
[43]. Lupala et al. designed 
nine ACE2-derived peptides 
(12-70 amino acids placed in 
the N-terminal helix), which we- 
re tested in molecular dynam-
ics simulations. The authors 
reported that the amino acid 
residues 24-26 and 39-42  
are crucial for RBD binding and 
that longer peptides have high-
er stability in water solution, 
which is maintained after tar-
get binding [47]. 

Clinical studies aiming to in- 
vestigate the therapeutic role  
of ACE2-mimicking agents in 
COVID-19 patients are resum- 
ed in Table 1. 

Conclusion

ACE2-derived peptides, direct-
ly delivered in airways, may 
play a dual beneficial role in 
preventing the entry of the 
virus into target cells and in 
inhibiting the local secretion of 
pro-inflammatory mediators.
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Table 1. Summary of the clinical trials investigating the efficacy and safety of ACE-2 mimicking drugs in COVID-19

Trial ID Experimental intervention Rationale for the use of this  
therapeutic strategy in COVID-19 Phase Design Primary Endpoint Estimated  

participants Status

NCT04375046 B38-CAP (bacteria-derived 
ACE2-like enzyme) 0.4 mg/
kg intravenously given twice 
a day for 7 days in addition to 
standard of care

Preclinical evidence
- antagonistic effect of B38-CAP on Ang II-induced 
arterial hypertension, cardiac hypertrophy and 
fibrosis in murine models 

I Randomized, open-label, 
parallel assignment, controlled 
clinical study vs. standard of 
care (no PBO)

1) Time course of body 
temperature (14 days) 
2) Viral load over time 
(14 days) 

24 Not yet recruiting

NCT04382950 B38-CAP (bacteria-derived 
ACE2-like enzyme) 0.4 mg/
kg intravenously given twice 
a day for 7 days plus inhaled 
aerosolized 13 cis-retinoic acid 
for 14 days

I Randomized, interventional, 
open-label, parallel assign-
ment, controlled clinical study 
vs. standard of care (no PBO)

1) Time course of body 
temperature in 14 days 

24 Not yet recruiting

NCT04324996 NK cells
IL15-NK cells
NKG2D CAR-NK cells
ACE2 CAR-NK cells
NKG2D-ACE2 CAR-NK cells (all 
the treatments intravenously 
given at a dose of 10E8 cells 
per kg of body weight once 
a week) 

Preclinical evidence
- potentiation of the antiviral response through the 
generation of engineered NK cells expressing ACE2

I/II Randomized, interventional, 
quadruple, parallel assignment, 
controlled study

1) Efficacy of NKG2D-
ACE2 CAR-NK cells 
in treating severe 
and critical COVID-19 
pneumonia 
2) Side effects in the 
treatment group (time 
frame: up to 28 days)

90 Recruiting

NCT04287686 0.4 mg/kg rhACE2 intrave-
nously administered twice a 
day for up to 7 days in addition 
to standard of care 

Preclinical evidence
- prevention of the development of pulmonary arte-
rial hypertension in mouse models and increased 
expression of SOD
-reduced entry of SARS-COV-2 in Vero-E6 cells, 
human vascular cells and kidney organoids preincu-
bated in vitro with rhACE2
- increased survival rate, decreased pulmonary viral 
load and serum levels of Ang II in H5N1 influenza 
mouse models treated with rhACE2 compared to 
untreated animals
- amelioration of lung acute injury (edema and 
elastance) following acid aspiration in Ace2 knock-
out mice intraperitoneally injected with rhACE2 
compared with controls
Clinical studies
- reduction of IL-6 serum levels and increase in sur-
factant protein D concentrations in ARDS patients 
parentally treated with rhACE2; no improvement in 
clinical outcomes

N.A. Open-label, randomized, 2-arm 
paralleled assignment, con-
trolled, pilot clinical study

1) Time course of body 
temperature (14 days)
2) Viral load over time 
(14 days) 

24 Withdrawn (not 
approved by the 
Chinese Center 
for Drug Evalu-
ation)

Abbreviations: ACE2, angiotensin-converting enzyme 2; Ang II, angiotensin II; PBO, placebo; B38-CAP, Paenibacillus sp. B38 carboxypeptidase; NK, natural killer; IL15, interleukin-15; CAR, chimeric antigen receptor; COVID-19, coronavirus 
disease 19; rh, recombinant human; SOD, superoxide dismutase; IL-6, interleukin-6; ARDS, acute respiratory distress syndrome.
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