
PERSPECTIVE

Ig-like ACE2 protein therapeutics: A revival in development during the COVID-19 
pandemic
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ABSTRACT
While the potential therapeutic utility of angiotensin-converting enzyme 2 (ACE2) is well established, the 
clinical development of ACE2 drugs has been limited, likely due in part to the short half-life of the protein. 
In contrast, Ig-like ACE2 fusion proteins have exhibited greatly extended plasma half-life in vivo, and they 
have been shown to have a potent neutralization effect against SARS-CoV-2. Clinical investigation of Ig- 
like ACE2 fusion proteins as COVID-19 interventions is thus warranted.
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The emergence of Coronavirus Disease 2019, which is 
caused by a previously unknown coronavirus and respon
sible for unexpected worldwide infections and deaths, 
highlights two scientific issues in emerging infectious dis
eases. First, it demonstrates that novel highly infectious 
and pathogenic coronaviruses have the capacity to repeat
edly evolve from the reservoir of severe acute respiratory 
syndrome (SARS)-related coronaviruses in nature (perhaps 
from bats or pangolins) and cause fatal diseases in human. 
Second, the development of broad-spectrum antiviral 
drugs that can combat future new SARS-like coronaviruses 
is urgently needed.

Angiotensin-converting enzyme 2 (ACE2), which was 
shown to be a functional receptor for SARS-CoV,1 is also 
suggested to be a functional receptor for SARS-CoV-2 in 
cell line models.2 Although angiotensin-converting enzyme 
(ACE) was discovered more than 60 y ago, ACE2 is an 
enzyme component of the renin-angiotensin system that 
was only discovered in 2000. Unlike ACE, ACE2 hydro
lysis of angiotensin II (AT II) into angiotensin1–7 (AT1–7) 
has a much higher efficiency (~400-fold) than that for 
angiotensin I (AT I) to angiotensin1–9 (AT1–9). Nearly all 
tissues express ACE2 mRNA, with the highest expression 
in the intestinal epithelium.3 In lung, ACE2 co-localizes 
with cholesterol and sphingolipid-rich lipid raft microdo
mains in the plasma membrane of pneumocytes, and its 
expression level is positively correlated to the state of 
airway epithelial differentiation.4

The life-threatening lung injury caused by coronaviruses does 
not result solely from the binding of the viral spike protein to 
ACE2. The NL63 coronavirus, which is a ubiquitous human 
pathogen and is not generally associated with diffuse alveolar 
damage (DAD), also binds to ACE2.5 DAD, the histological 
change associated with acute respiratory distress syndrome 
(ARDS), is a common reaction to pneumocyte damage and 
may particularly be initiated by the SARS-CoV-26 and SARS- 

CoV.7 Moreover, DAD has a high mortality rate and, other than 
supportive clinical care, there are few specific therapeutic 
options that have proven beneficial to patients.

The potential therapeutic utility of recombinant ACE2 
(rACE2) for acute lung injury resulting from viruses and other 
causes has been known for decades,8 as it is well established that 
ACE2 is not only a functional receptor, but it provides a protective 
effect by restricting activation of the local renin–angiotensin sys
tem during acute lung injury. It is now well established that during 
acute lung injury, ACE converts AT I to AT II, which binds to 
either angiotensin II receptor 1a (AT1aR), leading to tissue 
damage and lung edema, or to angiotensin II receptor 2 
(AT2 R), reducing tissue damage. ACE2 in turn converts the 
potent AT II to the less-damaging AT1–7 (Figure 1). SARS bind
ing, lipopolysaccharide, sepsis and acid treatment all result in 
ACE2 downregulation in lung.8 Interestingly, catalytically active 
but not mutant, catalytically inactive rACE2 protein alleviates the 
symptoms of acute lung injury in ARDS animal models induced 
by acid aspiration and sepsis, suggesting functional ACE2 protects 
the lung from acute injury.9 In an endotoxin infusion-induced 
ARDS model, active ACE2 protein, supplied through intravenous 
administration, significantly improved the outcome of respiratory 
failure by its ability to increase the oxygen levels of ARDS by 
almost 40% in pigs.10

Although the possibility that rACE2 might have ther
apeutic utility has been known for decades, the clinical 
development of such drugs has been limited, likely due in 
part to the short half-life of rACE2 in humans.11 Fusing 
recombinant receptor extracellular domains with the crys
tallizable fragment (Fc) of human immunoglobulin 
G (IgG) to increase their in vivo stability is a well- 
studied genetic method used for therapeutic proteins.12 

Previously, we connected the extracellular domain of 
T cell immunoreceptor with Ig and ITIM domains 
(TIGIT) to an IgG Fc region and characterized the result
ing molecule, TIGIT-Ig, in a murine lupus model.13 
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A pharmacokinetic study demonstrated TIGIT-Ig had very 
high stability both in vitro and in vitro, and its possible 
role of balancing immune tolerance at the feto-maternal 
interface is under investigation.14 Furthermore, we 
recently showed that Fc fusions of human ACE2 proteins 
also have good pharmacokinetic profiles in vivo,15 which 
was consistent with results from an earlier study showing 
that fusion proteins containing the extracellular domain of 
murine ACE2 fused to the Fc region of IgG had full 
peptidase activity and greatly extended plasma half-life in 
mice. We tested the coronavirus neutralization effect of 
ACE2-Ig in vitro. ACE2-Ig shows even more potent neu
tralization of SARS-CoV-2 than SARS-CoV, reflecting its 
higher S protein affinity.15

Very recently, other groups of investigators have also 
initiated the development of ACE2 protein-based thera
peutics (Table 1). Sorrento Therapeutics, Inc. announced 
the development of STI-4398,16 an ACE2 IgG-like fusion 
protein, and STI-4920,17 a bispecific fusion protein con
structed with a fully human anti-spike antibody and 
a truncated ACE2 protein that binds to a different epitope 

of the spike protein. Both drugs are now under in vitro 
cell studies for SARS-CoV-2 virus infection and neutrali
zation. Additionally, APN-1, a recombinant human ACE2, 
is under investigation in a Phase 2 trial in which patients 
are administered APN01 intravenously twice daily 
(NCT04335136).

Although ACE2 did not attract the attention of the phar
maceutical industry when it was first reported 15 y ago,8 the 
new outbreak of coronavirus has led us to refocus on the 
potential therapeutic utility of ACE2 fusion proteins. This is 
particularly relevant as we prepare to confront another 
potential SARS-like coronavirus pandemic beyond SARS- 
CoV-2 in the future, armed with only a limited number of 
therapeutic options.
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Figure 1. Schematic representation of the role of ACE2-Ig regulation of acute lung injury. ACE2 negatively regulates the function of ACE by converting AT I to AT1–9 and 
AT II to AT1–7. However, SARS-CoV-2 infects ACE2-expressing epithelial and endothelial cells in lung, down-regulating ACE2 expression. ACE2-Ig has potent neutralizing 
effects to the virus and rebalances the activity of the renin-angiotensin system.

Table 1. Recombinant and Fc-fused ACE2 therapeutics.

Therapeutic
Molecular 

Format

Most 
advanced 

phase
Published data for 

COVID-19

ACE2-Ig ACE2 and human IgG1 fusion Preclinical Potent in vitro 
neutralization

STI-4398 ACE2 and human IgG fusion Preclinical Under 
investigation

STI-4920 Anti-spike antibody/truncated 
ACE2 bispecific fusion

Preclinical Under 
investigation

APN-1 Recombinant ACE2 Phase II Under 
investigation
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