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To the editor:

The SARS-CoV-2 virus is responsible for causing the
current global COVID-19 pandemic, which has lasted for
over 2 years now. Since its first outbreak at the end of the
year 2019, the SARS-CoV-2 virus has undergone multiple
mutations, from the Alpha variant to the Omicron variant,
which is currently the most prevalent one in the world. With
each mutation, the virus tends to become further infectious,
raising health-related concerns. Each mutation leads to a
shorter infection time and increased occult. According to
the global statistics, the number of people that have been
infected with the SARS-CoV-2 virus to date is approxi-
mately 500 million, and the number continues to increase
sharply to several millions of infections as time passes [1].

Previous studies have confirmed that ACE2 is the “key”
factor involved in the process of entry of SARS-CoV-2 into
the host cells. In the initial step of viral infection, the virus
binds to the ACE2 receptor via the RBD domain in the viral
spike protein [2]. The specific binding of the RBD domain to
the cell surface receptor ACE2 induces the cleavage of the S
protein by the cell surface protease TMPRSS2 [3]. This step
separates the S1 fragment from ACE2, exposing the internal
fusion peptide of the S2 fragment, which then inserts into
the host cell membrane [4].

Lubin et al. reported that the RBD domain in the Omi-
cron variant is highly flexible and unstable [5] and forms
an RBD dimer with the adjacent RBD domain, rendering it
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easier for the S protein to maintain an open conformation.
This step significantly enhances the binding force between
RBD and the ACE2 receptor by approximately ten times
that observed in the original strain of this virus. Woo et al.
reported that the mutation of T478K, Q493K, and Q498R
led to an increase in the virulence of the Omicron variant [6].
According to most of the current studies, the RBD domain
of the Omicron variant exhibits a greater vital binding force
toward ACE2, which also increases the infectivity of this
variant to a certain extent. These mutations of the Omicron
variant led to several significant changes in its antigenicity,
enabling better immune escape and protection against most
of the current vaccinations against the virus [7].

Perhaps the only thing to be thankful for regarding these
mutations is that the clinical manifestations of the Omicron
variant are much less severe compared to the Delta variant.
According to a study conducted in the USA on the Omicron
infection in children under the age of 5 years, the emergence
of the Omicron variant decreased the number of emergency
visits by 29% compared to the Delta variant, while the num-
ber of hospitalizations decreased by 67% and the number of
hospitalizations involving admission into the ICU decreased
by 68% [8]. These statistics are consistent with the findings
of another study, which reported that the symptoms observed
in the patients infected with the Omicron variant were milder
compared to those observed in the patients with Delta vari-
ant infection [9]. This has greatly reduced the heavy bur-
den on the medical system. However, if the total number
of infections increases, the final number of hospitalizations
would be alarming once again. For instance, the number of
deaths due to infection with the Omicron variant during the
fifth wave in Hong Kong has exceeded the sum of the deaths
during the previous four waves of the virus [10].

The virus has been evading the resistance of the vaccine
through continuous mutation, thereby troubling scholars as
to how to prevent the virus from invading the human body.
The development of specific drugs against the COVID-19
virus continues to be one of the most urgent problems to be
resolved. Currently, Paxlovid, a small molecule drug devel-
oped by Pfizer, is exhibiting excellent therapeutic effect on
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COVID-19 patients. Paxlovid reduces the risk of hospitali-
zation or death related to COVID-19 disease by 89% [11].
Paxlovid inhibits the replication of the virus in the human
body by targeting the M protein of SARS-CoV-2, although
it does not eliminate the virus entirely. Therefore, this drug
is suitable for the early stages of COVID-19 infection. The
BRII-196/BRII-198 monoclonal antibody developed by
China Tengsheng Huachuang Pharmaceutical Technology
Company reportedly reduces the risk of hospitalization or
death related to COVID-19 disease by 80% [12]. The BRII-
196/BRII-198 monoclonal antibody effectively neutralizes
the virus and prevents it from invading the human body.
However, this antibody is highly specific in viral recogni-
tion, and, therefore, if the virus mutates further, the anti-
body would be rendered ineffective.

In a previous article reported by our research group,
the essential role of soluble ACE2 or ACE2-specific small
molecular peptides targeting ACE2 in preventing the virus
from entering the human body was summarized, thereby
suggesting ACE2 as the potential target for the development
of specific drugs against the COVID-19 virus [13]. Although
it is feared that both Alpha (the earlier variant) and Omicron
(the current variant) variants may mutate and become capa-
ble of escaping the immunity elicited by antibodies, the virus
would continue to have a binding affinity for ACE2, and the
binding force between the virus and ACE2 is expected to
become stronger with each mutation [14, 15]. ACE2 has
been consistently recognized as the first barrier for viruses
to invade when they enter the human body. Therefore, main-
taining this barrier to prevent viruses from entering the
human body should be the objective of the research works
aimed at developing novel and specific drugs against the
COVID-19 virus. Several previous studies have reported that
soluble ACE2 could serve as a candidate drug against the
COVID-19 disease [16], although further evidence would
better validate such findings. Moreover, the essential role of
ACE2 protein in the regulation of cardiovascular functioning
renders it further crucial to maintain caution when using this
protein as a drug target. The scholars are reluctant to elimi-
nate ACE2 as a drug target, though. This is because ACE2
would remain an essential channel for the COVID-19 virus
to enter the human body despite any number of mutations.
The hope of closing this channel and achieving effective
treatment of the COVID-19 disease, therefore, continues.

Author contribution Huilian Huang drafted the original version of
this letter. Yang Liu contributed to letter content. All authors critically
edited and revised the work.

Funding The work was supported by the Zhejiang Provincial Natural
Science Foundation of China under Grant No. LY 17H160004 and
No. GF20H150001.

@ Springer

Declarations

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. https://covid19.who.int/
Wrapp D, Wang N, Corbett KS et al (2020) Cryo-EM structure
of the 2019-nCoV spike in the prefusion conformation. Science
367:1260-1263. https://doi.org/10.1126/science.abb2507

3. Hoffmann M, Kleine-Weber H, Schroeder S et al (2020) SARS-
CoV-2 cell entry depends on ACE2 and TMPRSS2 and is
blocked by a clinically proven protease inhibitor. Cell. https://
doi.org/10.1016/j.cell.2020.02.052

4. Xia S, Zhu Y, Liu M et al (2020) Fusion mechanism of 2019-
nCoV and fusion inhibitors targeting HR1 domain in spike pro-
tein. Cell Mol Immunol 17:765-767. https://doi.org/10.1038/
s41423-020-0374-2

5. Lubin JH, Markosian C, Balamurugan D et al (2021) Structural
models of SARS-CoV-2 Omicron variant in complex with ACE2
receptor or antibodies suggest altered binding interfaces. bioRxiv.
https://doi.org/10.1101/2021.12.12.472313

6. Shah M, Woo HG (2021) Omicron: a heavily mutated SARS-
CoV-2 variant exhibits stronger binding to ACE2 and potently
escapes approved COVID-19 therapeutic antibodies. Front Immu-
nol 12:830527. https://doi.org/10.3389/fimmu.2021.830527

7. Hui KPY, Ho JCW, Cheung MC et al (2022) SARS-CoV-2 Omicron
variant replication in human bronchus and lung ex vivo. Nature
603:715-720. https://doi.org/10.1038/s41586-022-04479-6

8. Wang L, Berger NA, Kaelber DC et al (2022) COVID infection
severity in children under 5 years old before and after Omicron
emergence in the US. medRxiv. https://doi.org/10.1101/2022.01.
12.22269179

9. Davies M-A, Kassanjee R, Rosseau P et al (2022) Outcomes of
laboratory-confirmed SARS-CoV-2 infection in the Omicron-
driven fourth wave compared with previous waves in the West-
ern Cape Province, South Africa. medRxiv. https://doi.org/10.
1101/2022.01.12.22269148

10. https://www.covidvaccine.gov.hk/pdf/5th_wave_statistics.pdf

11. https://www.businesswire.com/news/home/20211105005260/en/

12. ACTIV-3/Therapeutics for Inpatients with COVID-19 (TICO)
Study Group(2022)Efficacy and safety of two neutralising
monoclonal antibody therapies,sotrovimab and BRII-196 plus
BRII-198, for adults hospitalised with COVID-19(TICO): a
randomised controlled trial. Lancet Infect Dis 22(5):622-635.
https://doi.org/10.1016/S1473-3099(21)00751-9

13. Liu Y, He H, Huang H (2021) The role and significance of
angiotensin-converting enzyme 2 peptides in the treatment of
coronavirus disease 2019. J Clin Lab Anal 35:e23789. https://
doi.org/10.1002/jcla.23789


http://creativecommons.org/licenses/by/4.0/
https://covid19.who.int/
https://doi.org/10.1126/science.abb2507
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1038/s41423-020-0374-2
https://doi.org/10.1038/s41423-020-0374-2
https://doi.org/10.1101/2021.12.12.472313
https://doi.org/10.3389/fimmu.2021.830527
https://doi.org/10.1038/s41586-022-04479-6
https://doi.org/10.1101/2022.01.12.22269179
https://doi.org/10.1101/2022.01.12.22269179
https://doi.org/10.1101/2022.01.12.22269148
https://doi.org/10.1101/2022.01.12.22269148
https://www.covidvaccine.gov.hk/pdf/5th_wave_statistics.pdf
https://www.businesswire.com/news/home/20211105005260/en/
https://doi.org/10.1016/S1473-3099(21)00751-9
https://doi.org/10.1002/jcla.23789
https://doi.org/10.1002/jcla.23789

Irish Journal of Medical Science (1971 -)

14. Planas D, Saunders N, Maes P et al (2022) Considerable escape

15.

of SARS-CoV-2 Omicron to antibody neutralization. Nature
602:671-675. https://doi.org/10.1038/s41586-021-04389-z
McCallum M, Czudnochowski N, Rosen LE et al (2022) Struc-
tural basis of SARS-CoV-2 Omicron immune evasion and recep-
tor engagement. Science 375:864—868. https://doi.org/10.1126/
science.abn8652

16. Monteil V, Kwon H, Prado P et al (2020) Inhibition of SARS-CoV-2
infections in engineered human tissues using clinical-grade soluble
human ACE2. Cell. https://doi.org/10.1016/j.cell.2020.04.004

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1038/s41586-021-04389-z
https://doi.org/10.1126/science.abn8652
https://doi.org/10.1126/science.abn8652
https://doi.org/10.1016/j.cell.2020.04.004

	ACE2, a drug target for COVID-19 treatment?
	References


