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Abstract
Recently, various studies have shown that angiotensin-converting enzyme 2 (ACE2) acts as the “doorknob” that can be bound by the
spike protein of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which conduces to its entrance to the host cells, and
plays an important role in corona virus disease 2019 (COVID-19). This paper aims to collect and sorts out the existing drugs, which
exert the ability to block the binding of S protein and ACE2 so as to provide directions for the later drug development. By reviewing
the existing literature, we expound the pathogenesis of SARS-CoV-2 from the perspective of S protein and ACE2 binding, and
summarize the drugs and compounds that can interfere with the interaction of spike protein and ACE2 receptor from different ways.
We summarized five kinds of substances, including peptide P6, griffithsin, hr2p analogs, EK1, vaccine, monoclonal antibody,
cholesterol-depleting agents, and extracts from traditional Chinese medicine. They can fight SARS-CoV-2 by specifically binding
to ACE2 receptor, S protein, or blocking membrane fusion between the host and virus. ACE2 is the key point for SARS-CoV-2 to
enter the cells, and it is also the focus of drug intervention. Our drug summary on this pathomechanism is expected to provide ideas for
the drug research on SARS-CoV-2 and help to develop anti-coronavirus drugs of broad spectrum for future epidemics.
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Introduction

A novel coronavirus currently termed COVID-19 occurred in
Wuhan city, Hubei province, China, on 31 December 2019. It
was declared as a public health emergency of international
concern on Jan 30, 2020, by WHO [1]. At present, more than
70,000 people have been diagnosed and thousands of people
died which remains to be a great threat to human life in China
and even the world. The initial symptoms of COVID-19 pa-
tients are mostly respiratory symptoms such as fever, cough,
wheezing, and dyspnea. In more severe cases, patients may

develop severe pneumonia, pulmonary edema, ARDS or mul-
tiple organ failure, or even death [2]. As the novel coronavirus
and severe acute respiratory syndrome coronavirus (SARS-
CoV) are genetically similar and belong to the same genus,
the International Committee on Taxonomy of Viruses (ICTV)
announced the official name of the new coronavirus: SARS-
CoV-2 on February 11, 2020. Unfortunately, since the SARS-
CoV-2 is an entirely new coronavirus in humans, there are no
drugs or vaccines for treatment. Since 2013, the FDA has
approved only 12 drugs to treat viral infections, 10 for hepa-
titis c virus (HCV) and HIV, one for cytomegalovirus (CMV),
and one for influenza virus (IFV) (www.fda.gov). However,
given the limitations of existing drugs in controlling other
viral infections and the resistance of antiviral drugs, it is
urgent to find effective drugs to control SARS-CoV-2 infec-
tions. Therefore, targeting host cell is important in the devel-
opment of broad-spectrum drugs to overcome viral mutation
and drug resistance. Several approaches to control or prevent
new SARS-CoV-2 infections are envisaged, including vac-
cines, monoclonal antibodies, oligonucleotide-based thera-
pies, peptides, interferon therapy, and small-molecule drugs
[3–8]. New interventions, however, may take months to years
to be developed. Considering the urgency of the SARS-CoV-
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2 outbreak, we should focus on the existing antiviral agents to
block the virus from infecting the human. Studies of the
SARS-CoV-2 genome sequence have shown that it is strongly
homologous with the more thoroughly studied SARS-CoV,
and some key drug targets including RdRp and 3CLpro show
striking homology with SARS-CoV (> 95%) [9]. This makes
the development of biologics and macrocyclic peptides feasi-
ble targets. Since S protein of SARS-CoV-2 shows a stronger
binding to ACE2, it is expected to be a promising direction of
drug development to find antibodies or compounds that can
adsorb ACE2 and prevent SARS-CoV-2 from invading host
cells. We propose potential drug candidates based on ACE2
so as to prevent and control the virus through summarizing
extensive previous researches, which contributes to the devel-
opment of broad-spectrum anti-coronavirus drugs for future
epidemics.

Basic biological characteristics of SARS-CoV-2

Four kinds of coronaviruses have been identified, includingα,
β, γ, and δ genera, according to its serological and genetic
characteristics [10]. Although the host ranges of different
coronaviruses are relatively specific, their genome structures
are very similar, with a single-stranded plus strand with a
capsule, which is the largest size among the known viral ge-
nome [11]. The coronavirus genome has a cap structure in the
5′ end and a poly(A) tail in the 3′ end. The 5′ end cap structure
is followed by the pilot sequence (60–80 bp) and the 200–300-
bp non-coding region, which may be related to coronavirus
packaging [12]. The coronaviruses encode at least four major
structural proteins, including spike glycoprotein, envelope
protein, membrane protein (222aa), and nucleocapsid protein
(419aa) [11]. Spike glycoprotein is an important structural
protein of coronavirus. It is a homologous trimer protein on
the surface of viral envelope involved in the process of recep-
tor binding and membrane fusion. It is not only a key factor in
determining host specificity but also an important target

molecule for neutralizing antibodies [13]. The extracellular
segment of the S protein can be cleaved by protease into the
S1 region at the N-terminal and the C-terminal S2 region near
to the viral envelope. The receptor-binding domain (RBD) in
the S1 region is responsible for binding to virus receptors on
host cells, and S2 is responsible for membrane fusion between
the virus and the host cell. The S1 region contains two rela-
tively independent domains: N-terminal domain (NTD) and
C-terminal domain (CTD). The fusion state of the fusion cen-
ter of coronavirus is a centrosymmetric six α helices. Among
them, three long HR1 helices form the helix beam skeleton in
the cooled coil mode and three short HR2 helices attach to the
hydrophobic groove of HR1 skeleton through hydrophobic
action (Fig. 1). Coronaviruses use S proteins to bind to spe-
cific receptors on the surface of target cells and then enter cells
to replicate which results in infection ultimately. Thus, S pro-
teins are very important in the process of coronaviruses infect-
ing cells [15].

SARS-CoV-2 shows common characteristics of the above
CoVs. Currently, the SARS-COV-2 genome has been found to
contain 14 open reading frames (ORFs), encoding 27 proteins.
The longest ORF located in 5’ terminus coding 15 nonstructural
protein, jointly participate in viral replication and immune es-
cape. 3’ terminus of the genome encoding protein structure and
accessories [16] (Fig. 2). Roujian Lu et al. [17] found that
SARS-CoV-2 is genetically closer to two bat-derived SARS-
like coronaviruses such as bat-SL-CoVZC45 and bat-SL-
CoVZXC21 (with about 88% genome sequence identity), than
to SARS-CoV-1 (about 79% identity) and MERS-CoV (about
50% identity). Homology modeling has revealed that SARS-
CoV-2 shows a similar receptor-binding domain structure to
that of SARS-CoV-1, which suggests that COVID-19 infection
might have a similar pathogenesis to SARS-CoV-1 infection.
Phylogenetic analysis showed that SARS-CoV-2 belongs to the
subgenus Sarbecovirus of the genus Betacoronavirus, with a
relatively long branch length to its closest relatives bat-SL-
CoVZC45 and bat-SL-CoVZXC21, which was genetically dif-
ferent from SARS-CoV. Homologous modeling shows that

Fig. 1 Schematic representation of HCoV S protein [14]
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SARS-CoV-2 and SARS-CoV have similar receptor-binding
domain structure. Studies show that the SARS-CoV-2 enters
by binding its spike protein to a receptor on the surface of the
host cell. It is clear that this receptor is ACE2 [18]. Currently,
treatments for spike and ACE2 may be used for the prevention
and treatment of SARS-CoV-2.

ACE2 is the doorknob that SARS-CoV-2 enters
the cell

ACE2 is a key regulator of blood pressure angiotensin-
converting enzyme (ACE) [19]. Fifty years after ACE was
identified, ACE2was presented in the human genome through
two separate genomic approaches [20]. ACE2 (GenBank No.
291820) has only one catalytic site domain (amino acid 147-
555), which shows a similar exon/intron structure to the cata-
lytic domain 2 in ACE1, indicating that they share a common
ancestral gene [21]. Although ACE2 and ACE1 have homol-
ogous catalytic domains, their biochemical and pharmacolog-
ical properties are completely different. ACE2 can convert the
Ang of decapeptide into the Ang1-9 of the nine peptides by
cutting off one amino acid residue from the C-end of the
substrate. Ang1-9 could produce heptapeptide Ang1-7 and
pentapeptide Ang1-5 after co-incubation with ACE1, but no
transformation of Ang1-9 into Ang1-8 (Ang II) was found.
ACE2 also acts on Ang II, which produces heptapeptide
Ang1-7 [22]. Therefore, ACE2 cannot convert angiotensin I
(Ang I) into Ang II and inactivate bradykinin with no
vasoconstricting properties. However, it can convert sub-
stances that contend the pressurized proliferation and pro-
fibrotic effects of Ang II and act through its own g protein–
coupled receptors [23], which suggests that ACE and ACE2
may play a balancing role in the renin–angiotensin system
(RAS) [24].

With the development of medical science and technology,
ACE2 is not only recognized as an angiotensin-related peptide
but also considered to be the receptor for SARS-CoV S pro-
tein by Michael Farzan’s team at Harvard University [25]. Li
et al. [26] used the purified SARS-CoV protein to immuno-
precipitate the susceptible cells as well as compared the target

protein, and they finally isolated and identified ACE2 protein
from Vero E 6 cells by mass spectrometry and protein data-
base. The proteins could be infected by SARS-CoVs, which
can efficiently bind to the S1 domain of SARS-CoV S protein.
Besides, the ability to mediate cell–cell fusion of S protein in
SARS-CoV is dependent on the presence of ACE2. And the
293T cells transfected with CD4 and CCR5 formed many
syncytes with cells expressing HIV-1 g p160, but not with
cells expressing the SARS-CoV S protein. In contrast, 293T
cells expressing ACE2 did not form syncytes with cells ex-
pressing g p160, but formed many large syncytes with cells
expressing S protein [27, 28]. Thus, ACE2’s facilitating effect
on virus-mediated cell fusion was verified. In addition, ACE2
mediated viral replication. Li et al. incubated ACE2 with a
control-transfected 293T cells in the presence or absence of
SARS-CoV for 2 days and then measured viral genomic RNA
in cell supernatant by RT-PCR. They found that viral replica-
tion increased by more than 100,000 times in the first 48 h in
the ACE2-transformed cells. In contrast, in the control-
transfected cells, the replication of viral genes increased only
10 fold over the same period [29]. Overall, these results sug-
gest that ACE2 is significant to substantially promote SARS-
CoV replication. ACE2 was also associated with adaptive
immune response [30]. Through GSEA analysis, He et al.
[31] found that the high expression of ACE2 was related to
innate immune response, acquired immune response, B cell
regulatory immunity, and cytokine secretion. It also enhanced
the inflammatory response induced by cytokines such as IL-1,
IL-10, IL-6, and IL-8, from which we can infer that the im-
mune system dysfunction involved in the high expression of
ACE2 was related to cytokine storm. The clinical study in
Wuhan found that the levels of IL-1B, IL-10, and IL-8 were
significantly increased in critical patients with new coronavi-
rus infection, suggesting that there was cytokine-mediated in-
flammatory response in patients with coronavirus infection
[32], which was consistent with the study of He.

Genome sequencing of the SARS-CoV-2 revealed strong
homology with its more closely studied cousin, SARS-CoV.
The results showed that the bat SARS–like coronavirus
(GenBank NO. MG772933) was the closest to the SARS-
CoV-2, with 88% nucleotide similarity [33]. Thus, we
conformed that an ideal vaccine and antiviral drug might be

Fig. 2 Genomic organization of SARS-CoV-2, indicating the coding regions for proteins that are potential drug targets [16]
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developed through blocking the binding of S protein to the
receptor ACE2. In the study of the SARS-CoV-2, researchers
from the US National Institutes of Health (NIH) and the
University of Texas determined a 3.5-Å resolution cryo-EM
structure of the SARS-CoV-2 S trimer in the perfusion confor-
mation. The predominant state of the trimer has one of the three
RBDs rotated up in a receptor-accessible conformation. They
also show biophysical and structural evidence that the SARS-
CoV-2 S binds ACE2 with higher affinity than SARS-CoV S
[34]. Qiang and his team [35] from China obtained a high-
quality and stable complex of ACE2 with the intestinal amino
acid transporter B0AT1 through co-expression, which was
highly likely to stabilize ACE2 and thus obtain the full-length
protein of ACE2 protein. Moreover, they successfully analyzed
its three-dimensional structure using the cryo-electron micro-
scope from Westlake University, with a resolution of 2.9 Å.
The resolution of the extracellular domain, which was critical
for virus recognition, was 2.7 Å. By analyzing the full-length
protein structure of ACE2, Qiang et al. found that ACE2 existed
as a dimer with open and closed conformation changes. The
two conformations contained a mutual recognition interface
with coronavirus. This discovery provided a strong basis for
further analyzing the three-dimensional structure of full-length
ACE2 and S protein complexes of neocoronavirus. It will be
helpful to understand the structure basis and function character-
istics of coronaviruses entering target cells and playing an im-
portant role in the optimization of inhibitors blocking the infec-
tion of coronaviruses with cells (Fig. 3).

Clinical evidence shows that the multi-organ infection
caused by SARS-CoV-2 is consistent with the tissue distribu-
tion of ACE2, which is mainly expressed in the vascular en-
dothelial cells of the human lungs, heart, stomach, intestines,
kidney, bone marrow, spleen, liver, brain, etc. These pieces of
evidence suggest that ACE2 may be a key target in the path-
ogenesis of SARS-CoV-2. Pharmacological researches need
to be studied to search for antibodies or compounds which can
adsorb ACE2 to prevent the infection of SARS-CoV-2 with
host cells.

Drugs that may act on SARS-CoV-2
through spike protein or ACE2

The important role of SARS-CoV-2 s protein makes it an
important therapeutic target. Many researches have explored
potential therapeutic methods. First of all, the drugs blocking
the binding of RBD-ACE2 can be used as a new therapy for
SARS-CoV-2 infection. Secondly, drugs binding to S protein
interfere with the division of S1 and S2. This step inhibited the
production of functional S1 and S2 subunits and the fusion of
virus envelope and host cell membrane. Thirdly, the anti-
SARS coronavirus peptide, which blocks the interaction of
HR1–HR2 by forming fusion active core, has virus fusion
inhibitory activity at the micro molar level [36–38].

Peptide P6

Dong P. Han et al. [39] identified the determinants of SARS-
CoV infection with ACE2 through alanine scanning mutagen-
esis analysis. They further tested the anti-SARS activity of six
chemically synthesized peptides derived from ACE2. The
most antiviral P6 peptide, which is composed of two noncon-
tinuous ACE2 peptides 22-44 and 351-357 linked by glycine,
exhibited a potent antiviral activity with IC50 of about 0.1 μM.
Peptide P6 had only 8 amino acids longer than P4. However,
its activity is 500 times higher. The effective antiviral activity
of the P6 peptide might be attributed to its structure which is
similar to that of ACE2 and can competitively bind to the viral
S protein. Studies show that the interaction of S glycoprotein
with ACE2 plays an important role in the pathogenesis of
SARS [40]. The binding of S protein to ACE2 results in
downregulation of the receptor, which leads to relaxation reg-
ulation of the renin–angiotensin system, and ultimately causes
lung damage. Therefore, P6 peptide may be a promising ther-
apeutic agent which can not only inhibit SARS-CoV infection
but also prevent severe lung failure.

It could be seen that we developed a new chemically syn-
thesized peptide similar to the P6 peptide based on the
crystal structure of ACE2 to find a therapeutic agent for
SARS-CoV-2.

Griffithsin

Griffithsin (GRFT) was originally isolated from the red alga
Griffithsia sp. The unique protein with molecular weight of
12.7 kda has been shown to specifically bind to N-linked
glycan end mannose residues on the surface of human immu-
nodeficiency virus type 1 (HIV-1), HIV-2, and other envelope
viruses (including hepatitis) and can be used for the treatment
of HCV, SARS-CoV, and Ebola virus. At present, GRFT
cannot promote the mitosis of human T cells and induce the
production of proinflammatory cytokines in human cell lines.
GRFT possessed three largely identical carbohydrate-bindingFig. 3 Structure diagram of ACE2-B0AT1 complex [35]
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domains orientated as an equatorial triangle, affording multi-
valent binding and thereby increasing potency.

SARS-CoV causes significant pathological changes in pul-
monary tissues in animal models. O’Keefe et al. [41] assessed
pulmonary histopathology at 2, 4, and 10 days post-infection in
untreated, sham-treated (no virus), and GRFT-treated animals.
Mice treated with GRFT and SARS-CoV exhibited robust
perivascular infiltrates at levels greater than those with SARS-
CoV alone, possibly due to the increasing immunogenicity of
GRFT-aggregated viral particles; the GRFT-treated mice had
reduced levels of pulmonary edema at both 2 and 4 days post-
infection and reduced severity of necrotizing bronchiolitis at 2
days post-infection. It proved that GRFT treatment decreased
pulmonary pathology during SARS-CoV infection.

To determine whether the activity of GRFT against SARS-
CoV was due to specific interactions with the spike glycopro-
tein, enzyme-linked immunosorbent assay (ELISA) studies
were performed using recombinant SARS-CoV spike glyco-
protein which showed that GRFT binds to this protein in a
concentration-dependent manner [41]. ELISA studies were
performed to determine whether the binding of GRFT to
SARS-CoV S glycoprotein was sufficient to inhibit the sub-
sequent binding of the host cell receptor human ACE2 to S.
These studies indicated that GRFT was unable to significantly
inhibit the binding of the SARS-CoV S glycoprotein to ACE2
(data not shown). They speculated that the interaction between
GRFT and S produced a complex that, although still able to
bind to ACE2, might prevent the virus from entering the re-
quired next steps.

HR2P analogs

Lu et al. [42] characterized the six-helix bundle fusion core
structure of MERS-CoV spike protein S2 subunit by X-ray
crystallography and biophysical analysis. They found that two
peptides, HR1P and HR2P, spanning residues 998–1039 in
HR1 and 1251–1286 in HR2 domains respectively, can form
a stable six-helix bundle fusion core structure, suggesting that
MERS-CoV enters into the host cell mainly through the mem-
brane fusion mechanism. They developed a MERS-CoV S
protein–mediated cell–cell fusion assay to explore the effect
of HR2P peptides onMERS-CoV S protein. At the same time,
they compared the inhibitory effects of peptides HR1P, HR2P,
T20 (anti-HIV-1 peptide) [43], and SC-1 (peptide derived
from the HR2 region of SARS-CoV S protein) [44] on the
cell fusion mediated by MERS-CoV S protein. The results
showed that HR1P, T20, and SC-1 showed no significant
inhibitory activity with the concentration of 40 mM, while
HR2P showed strong inhibitory effect with IC50 of ~ 0.8
mM. These results indicated that HR2P can inhibit membrane
fusion mediated by MERS-CoV S protein. In addition, they
found that the introduction of Glu, Lys, or Arg residues into
HR2P can improve its stability, solubility, and anti-MERS-

CoV activity. So, we can draw the conclusion that in the drug
development of SARS-CoV-2, we can make membrane fu-
sion inhibitors according to the different structural character-
istics of HR1P and HR2P.

A modified OC43-HR2P peptide-EK1

HCoV-OC43 (OC43) belongs to group β coronavirus. Xia
et al. [16] screened a peptide OC43-HR2P with broad-
spectrum fusion inhibitory activity. In addition, they have fur-
ther improved the sequence of OC43-HR2P by introducing
Glu or Lys at the appropriate site of the peptide to increase
its solubility, thereby increasing the antiviral activity of the
peptide. In addition, based on the structure of MERS-CoV S
6-HB, we also introduced mutations at some sites that are not
expected to participate in HR1 binding, such as 4Q, 14Y, 32D,
and 36L, to further enhance the fusion inhibitory activity of
the peptide. Among a series of optimized peptides, peptide
EK1 showed the most effective pan-CoV antiviral fusion ac-
tivity, with IC50 values between 0.19 and 0.62 μM. SL
coronaviruses, including WIV1, Rs3367, and SHC014
coronaviruses, all manifest potential for human infection
[12, 45, 46]. To further evaluate the intensity of EK1 inhibi-
tion of fusion, Xia et al. [16] performed a cell–cell fusion
assay mediated by the S protein of these SL-CoV. The results
showed that EK1 showed a higher inhibitory activity than
SARS-HR2P, and it had an inhibitory effect on the S
protein–mediated cell fusion of the three SL-CoVs tested,
while the EK1-disrupted peptide had no inhibitory effect.
For intercellular fusion activity, the results show that EK1
peptide can effectively inhibit the fusion of multiple CoV cells
and block various CoV infections.

In order to evaluate the potential prevention and treatment
of EK1 against MERS-CoV infection, Xia et al. [16] used
well-defined transgenic (Tg) mice globally expressing human
dipeptidyl peptidase IV (DPP4) viral receptor. The mice were
then treated with 200 μg of EK1 or with PBS 30min before or
after challenge with MERS-CoV at 104 TCID50. Compared
with the control group, the weight of EK1-treated Tg mice did
not decrease significantly. The survival rate improved and no
virus appeared in the lungs. The results indicated that the
peptide EK1 displayed extensive and powerful potential anti-
virus. They further used a crystal structure to prove that EK1
would preclude binding of HR2 onto their corresponding
3HR1 core, thereby blocking formation of the 3HR1–3HR2
6-HB, which is an indispensable step during host–viral mem-
brane fusion. Hence, administration of the EK1 peptide would
block cellular entry of those HCoVs.

Neutralizing antibodies that target the S protein

During disease outbreaks, approaches to isolate neutralizing
antibodies (nAbs) from recovered patients have proven
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successful. Up to now, many effective monoclonal antibodies
against SARS-CoV have been found [47, 48]. The 193 amino
acid length (n318-v510) RBD of spike protein(s) of SARS-
CoV and SL-CoVs is a key target for neutralizing antibody
[25]. Due to the relatively high identity (73%) of RBD in
COVID-19 and SARS-CoV, the SARS-CoV-neutralizing an-
tibodies are accordingly expected to effectively bind with
RBD in COVID-19. However, several representative SARS-
CoV-specific antibodies such as m396, CR3014, and CR3022
did not exhibit superior combining capacity with COVID-19
RBD, which may be attributed to the difference of C-terminus
residues of RBD between SARS-CoV and COVID-19 [49].
Surprisingly, Tian et al. [49] found that CR3022, a SARS-
CoV-specific antibody isolated from blood of a convalescent
SARS patient, was capable of binding with COVID-19 RBD
powerfully determined by ELISA and BLI. And they found
that CR3022 recognized different epitopes on RBD when
compared with other antibodies [50], which displayed that
CR3022 would be a hopeful therapy for COVID-19 infec-
tions, alone or in combination with other neutralizing
antibodies.

Besides, various attempts have been made to improve the
monovalent affinities of neutralizing antibodies toward the S1
protein of COVID-19. Miao et al. [51] designed a biparatopic
construct, in which the nAb (89C8) binding to the NTD of S1
was fused to recombinant ACE2 (89C8-ACE2). 89C8-ACE2
shows potent binding property to viral S1 protein. The high-
light of this design is to avoid binding loss to a great extent due
to the mutation of RBD, which ensures the neutralization abil-
ity of different coronavirus strains, thus providing a general
treatment design idea for the treatment of other infectious
diseases. To sum up, neutralizing antibody is a promising
treatment method in this epidemic and even in the future.

Cholesterol depletion with methyl-β-cyclodextrin

Cholesterol depletion is widely used to study the role of cho-
lesterol in cell processes. Cholesterol present in the plasma
membrane of target cells has been shown to be important for
the infection by SARS-CoV. Glende et al. [52] first compared
the infective SARS-CoV with the viral stomatitis virus–based
pseudotypes (VSV) containing SARS-CoV S protein; the re-
sults indicated that cholesterol was necessary for the virus S
protein to bind to ACE2 cells. Then, the author used the acute
cholesterol-depleting agent methyl-β-cyclodextrin (MBCD)
to deplete cholesterol. The results showed that cholesterol
depletion not only inhibited SARS-CoV infection but also
inhibited virus S protein–mediated VSV pseudotype infec-
tion. A direct explanation for the effect of cholesterol deple-
tion on S protein binding is that ACE2 is located in DRMS,
and the concentration of ACE2 receptor in the microdomain
increases the binding efficiency. The depletion of cholesterol
in the target cell expressing ACE2 may lead to the dispersion

of ACE2 molecules on the cell surface and the decrease of the
spatial concentration of ACE2 in the membranemicrodomain.
It has been reported that cholesterol consumption reduces the
expression of ACE2 on the cell surface to a certain extent [53].
Glende [52] believes that cholesterol consumption does not
reduce the amount of ACE2 protein on the surface of Vero
cells. He explained that cholesterol in the plasma mem-
brane affects the conformation of ACE2 and thus the
expression of epitopes.

Interestingly, MBCD, an acute cholesterol-depleting agent,
had a certain effect on lipid rafts of aging T lymphocytes. Larbi
et al. [54] found that MBCD did not affect the cholesterol con-
tent and fluidity of T cell membrane of young donors, but could
reduce the cholesterol content and increase the fluidity of T cell
membrane of old donors, so as to improve the activation of T
cells. Whether MBCD has therapeutic effect on SARS-CoV-2
by affecting T lymphocytes is still unknown, which needs fur-
ther exploration. In aword, cholesterol consumption can be used
as a treatment strategy for SARS-CoV-2 infection in the future

Traditional Chinese medicine and its ingredients

Traditional Chinese medicine (TCM) is the precious wealth ac-
cumulated by Chinese people in their long-term struggle against
diseases. TCM has played an active role in the treatment of pes-
tilence in the history and in the prevention and treatment of new
sudden infectious diseases such as SARS and H1N1 influenza
virus. Nowadays, the diagnosis and treatment plan (trial version
fifth) for the outbreak of COVID-19 were issued by the National
Health Commission and the office of the State Administration of
TCM. The plan details the relevant contents of the treatment
plans by TCM. In addition, researchers have interpreted the
mechanism of action of TCM against SARS-CoV or SARS-
CoV-2 from the micro level by means of pharmacology, bio-
chemistry, computer network, and other disciplines.

Ho et al. [55] established an ELISA to evaluate the inhib-
itory effect of TCM on the interaction between S protein and
ACE2. By screening 312 controlled Chinese medicinal herbs
supervised by Committee on ChineseMedicine and Pharmacy
at Taiwan, they found that emodin can inhibit the interaction
of SARS-CoV S protein and ACE2. S protein–pseudotyped
retrovirus infectivity was used to evaluate the inhibitory po-
tential of emodin. Vero E6 cells transfected with the plasmid
encoding ACE2 were infected with S protein–pseudotyped
retrovirus in the presence or absence of compounds. Emodin
inhibited the S protein–pseudotyped retrovirus infectivity in a
dose-dependent manner. The percent inhibition of emodin at
50 μM was 94.12 ± 5.90%. The results indicated that emodin
was a novel anti-SARS-CoV compound that was able to block
the SARS-CoV S protein binding to Vero E6 cells.

Considering that SARS-CoV-2 and the SARS virus share
great similarity in gene sequences, pathogenic mechanism,
and clinical manifestations, Ming et al. [56] took the
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prescription of TCM for SARS and SARS-CoV-2 as clues to
screen out effective drugs and core prescriptions against
SARS-CoV-2 based on molecular docking technology and
other virtual screening technologies. Finally, 46 active ingre-
dients of novel coronavirus S protein and ACE2 binding re-
gionwith high binding energywere found, which were mainly
attributable to 7 traditional Chinese medicines, such as mul-
berry leaves, atractylodes, and Fritillaria thunbergii. To sum
up, in addition to the clear competitive activity of ACE2 bind-
ing, TCM also shows the advantage of multi-target in antivi-
rus, which can be used in combination with modern drugs to
improve the effect of antiviral treatment. Last but not least,
TCM contains huge resources for the development of antiviral
drugs, which deserves our in-depth exploration to deal with
more infectious diseases in the future.

Conclusions

At present, at least 120 COVID-19 vaccines have been studied,
but it is still unclear whether safe and effective vaccines can be
developed. And so far, there is no vaccine against coronavirus of
any strain. Even if the development of an effective vaccine turns
out to be possible, it may still take years to produce and manage
the product. Moreover, studies have shown that patients tend to
be afflicted again after initial exposure to SARS-CoV. Therefore,
it is urgent to identify non-vaccine treatments, especially during
new outbreaks. This article reviews the virological characteristics
of SARS-CoV-2 and summarizes some therapy options from the
aspect of inhibiting the binding of S protein to ACE2 receptor.
Seven therapeutic substances were proposed, including peptide
P6, griffithsin, HR2P analogs, EK1, vaccine, monoclonal anti-
body, cholesterol-depleting agents, and extracts from TCM,
which are derived from the previous studies on SARS treatment.
These drugs are expected to treat SARS-CoV-2 in consideration
of extremely close homology between SARS-CoV-2 and
SARS-CoV-1 by means of specifically binding to S protein
and ACE2 receptor or blocking the membrane fusion between
the host and virus. However, some of the above drugs have not
been tested in animal or clinical trials at present, and their ther-
apeutic effects need to be further verified. As there is little liter-
ature on non-vaccine drug development targeting SARS-CoV-2
currently, our study is indeed up-to-date. This summary is ex-
pected to provide direction for drug research and development
and ideas for clinical drug selection. In addition, in-depth re-
search in this field also provides valuable experience for future
antiviral treatment, which deserves our attention.
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