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Abstract
Objectives: The development of effective targeted therapy and drug-design approaches against the SARS-CoV-2 is a 
universal health priority. Therefore, it is important to assess possible therapeutic strategies against SARS-CoV-2 via 
its most interaction targets. The present study aimed to perform a systematic review on clinical and experimental 
investigations regarding SARS-CoV-2 interaction targets for human cell entry. Methods: A systematic search using 
relevant MeSH terms and keywords was performed in PubMed, Scopus, Embase, and Web of Science (ISI) databases up 
to July 2021. Two reviewers independently assessed the eligibility of the studies, extracted the data, and evaluated the 
methodological quality of the included studies. Additionally, a narrative synthesis was done as a qualitative method for 
data gathering and synthesis of each outcome measure. Results: A total of 5610 studies were identified, and 128 articles 
were included in the systematic review. Based on the results, spike antigen was the only interaction protein from SARS-
CoV-2. However, the interaction proteins from humans varied including different spike receptors and several cleavage 
enzymes. The most common interactions of the spike protein of SARS-CoV-2 for cell entry were ACE2 (entry receptor) 
and TMPRSS2 (for spike priming). A lot of published studies have mainly focused on the ACE2 receptor followed by the 
TMPRSS family and furin. Based on the results, ACE2 polymorphisms as well as spike RBD mutations affected the SARS-
CoV-2 binding affinity. Conclusion: The included studies shed more light on SARS-CoV-2 cellular entry mechanisms and 
detailed interactions, which could enhance the understanding of SARS-CoV-2 pathogenesis and the development of new 
and comprehensive therapeutic approaches.

Keywords
SARS-CoV-2, COVID-19, Entry route, Spike interaction, Cellular mechanism

Date received: 18 November 2021; accepted: 1 April 2022

1 School of Advanced Medical Sciences and Technologies, Shiraz 
University of Medical Sciences, Shiraz, Iran

2 Center for Nanotechnology in Drug Delivery, Shiraz University of 
Medical Sciences, Shiraz, Iran

3 Department of Bacteriology and Virology, Shiraz University of Medical 
Sciences, Shiraz, Iran

4 Department of Microbiology, Golestan University of Medical Sciences, 
Gorgan, Iran

5 Autoimmune Diseases Research Center, Shiraz University of Medical 
Sciences, Shiraz, Iran

6 Noncommunicable Diseases Research Center, Fasa University of 
Medical Sciences, Fasa, Iran

7 Research Center for Food Hygiene and Safety, Shahid Sadoughi 
University of Medical Sciences, Yazd, Iran

Review

8 Department of Immunology, Shiraz University of Medical Sciences, 
Shiraz, Iran

9 Department of Biochemistry, School of Medicine, Shiraz University of 
Medical Sciences, Shiraz, Iran

10 Student Research Committee, Shiraz University of Medical Sciences, 
Shiraz, Iran

11 Basic Sciences in Infectious Diseases Research Center, Shiraz 
University of Medical Sciences, Shiraz, Iran

Corresponding author:
Gholamreza Hatam, School of Medicine, Shiraz University of Medical 
Sciences, Zand Street, Shiraz 7134745794, Iran. 
Email: hatamghr@sums.ac.ir

https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/eji
mailto:hatamghr@sums.ac.ir


2 European Journal of Inflammation

1095382 EJI000010.1177/1721727X22109538210.1177/1721727X221095382European Journal of InflammationFaraji et al.
review-article20222022

Introduction

The emerging highly pathogenic coronavirus, 
SARS-CoV-2, that quickly spread among adults 
and recently among children and adolescents has 
had a serious worldwide impact on human health. 
An accurate understanding of the global spread of 
viruses is critical for proper health management.1,2 
Even though the SARS-CoV-2 virus first emerged 
in Asia, it has caused high rates of morbidity and 
mortality in Europe.3 This led to attempts for dis-
covering the entry rout and interaction targets of 
the virus. Evidence has indicated that the transmis-
sion risk of the new Coronavirus is modulated by 
demographic and clinical factors.4 SARS-CoV-2 
can infect several human organs including the 
lungs, intestines, heart, liver, kidneys, brain, blood 
vessels, bile ducts, conjunctiva, macrophages, and 
T lymphocytes, and result in related manifesta-
tions, especially respiratory conditions, neurologi-
cal involvement, and gastrointestinal symptoms. A 
challenging question is how the virus spreads 
throughout the body while the SARS-CoV-2 is 
hardly detectable in the blood. Although many 
infected individuals have no or mild respiratory 
symptoms, others develop severe pneumonia or 
multiple organ infection.5–9

SARS-CoV-2 is encompassed by a lipid bilayer, 
from which spike (S) protein trimers with exten-
sive conformational flexibility protrude. The main 
structural protein of Coronavirus is the spike, 
which mediates the invasion of the virus and deter-
mines viral tissue or host tropism. Spike is cleaved 
into S1 and S2 components by host cell proteases 
such as proprotein convertase furin enzyme.10 The 
major function of S1 is binding to surface receptors 
and subsequently undergoing complete structural 
rearrangement, so that the S2 subunit mediates 
virus-cell membrane fusion and releases the virus 
genome into the host cell.11–13 The S1 subunit of 
the spike is primed by TMPRSS2 or TMPRSS4 for 
cell adhesion. The membrane fusion of SARS-
CoV-2 spike protein is mediated via the S2 subunit 
and the Angiotensin-Converting Enzyme 2 (ACE2) 
receptor.14 ACE2 is a type I transmembrane recep-
tor and is known to be extensively glycosylated in 
its respective N-terminal or C-terminal ectodo-
mains.15 Designing specific antiviral agents is an 
urgent need for SARS-CoV-2 infection. This anti-
viral development requires a clear understanding 

of SARS-CoV-2 interactions with human proteins 
and the mutational profile of both ACE2 receptor 
and spike.16,17

The present study aims to systematically search 
and report the recent findings regarding SARS-
CoV-2 entry mechanisms to find the possible inter-
actions and help researchers to design proper 
prophylactic or therapeutic strategies. All the inter-
actions of the SARS-CoV-2 spike with human host 
cell receptors as well as proteases have been 
discussed.

Methods

Data source and search strategy

Two researchers independently searched for poten-
tially eligible studies in PubMed, Scopus, Embase, 
and Web of Science (ISI) databases from inception 
to 30 July 2021 without language restriction. To 
identify the studies that had experimentally 
investigated the interaction of the SARS-CoV-2 
spike and human proteins, use was made of a 
combination of MeSH terms and keywords includ-
ing (SARS-CoV-2 OR Severe Acute Respiratory 
Syndrome Coronavirus 2) AND (Entry OR Route 
OR Mechanisms OR Receptor OR Interaction 
OR Attachment OR Binding) (Appendix). 
Discrepancies or disagreements between the two 
reviewers were resolved by a team meeting. The 
lists of references in the retrieved articles and pre-
vious pertinent reviews were also manually 
searched to minimize the likelihood of missing 
studies. EndNote software, version X7 was used 
for managing the records.

Study selection and data extraction

After removing the duplicates, three independent 
authors screened the search results based on title/
abstract and excluded the irrelevant records. The 
included studies were original ones that experi-
mentally investigated the interaction of the SARS-
CoV-2 spike and human proteins and/or molecules. 
The studies that experimentally explored the poly-
morphisms or mutations of both SARS-CoV-2 
spike and human targets of the spike including 
ACE2, TMPRSS2, furin, and other miscellaneous 
proteins were selected, as well. The human cell 
lines, tissue specimens, or any specimen from 
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humans were considered original and experimental 
studies. However, animal studies, duplicated litera-
ture, meeting abstracts without full texts, vaccine 
design, reports about diagnostic approaches or pro-
tocols, review studies, meta-analyses, letters, edi-
torials, and commentaries were excluded. The 
following data were independently extracted by 
the researchers and were entered into an Excel 
abstraction spreadsheet: first author’s name, study 
location, design of the study, specimens including 
tissues or cell lines, type of interaction, protein tar-
gets, molecular techniques, and the main results. 
The extracted data were rechecked by a third author 
for more accuracy. Disagreements on the study 
selection and data extraction were resolved by dis-
cussion among all researchers until a consensus 
was reached. After all, the extracted data were 
entered into an Excel file. The Quality Assessment 
of Diagnostic Accuracy Studies (QUADAS)-2 was 
applied to evaluate the methodology of the included 
articles as well as the risk of bias.

Statistical analysis

The frequency data of SARS-CoV-2 interaction tar-
gets for entry to human cells, applied molecular 
techniques for spike interaction, and used tissues 

and cells for the investigation of spike interaction 
with human targets were presented using bar graphs 
in the current systematic review. Pie graphs were 
also used to show the countries that experimentally 
investigated the interaction of SARS-CoV-2 spike 
with human targets. However, due to the lack of the 
required data, no meta-analysis could be done on 
the effect estimates from the included studies.

Results

The primary comprehensive database search identi-
fied 5610 citations. After eliminating the duplicates, 
3436 articles remained. Then, based on the initial 
title and abstract screening, 2789 articles were 
excluded due to the following reasons: irrelevant 
studies, review studies, book sections, vaccine or 
diagnostic approaches, and other reasons (letters, 
conference papers, and short surveys). Eventually, 
647 relevant articles were retrieved for full-text 
review. Among these articles, 519 were removed due 
to having the exclusion criteria. Finally, 128 articles 
were selected for this systematic review (Figure 1).

The included original studies mainly used 
COVID-19 patients’ sera, specimens, or tissues 
and different human tissue cell lines or animal cell 
lines as controls to investigate the mutations and 

Figure 1. PRISMA flow chart of the study.
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polymorphisms of spike-related protein targets. 
Most of the included studies investigated the inter-
action of the SARS-CoV-2 spike as the main virus 
entry protein in human cells.18 The human targets 
of spike were ACE2 followed by TMPRSS family, 
furin, and other miscellaneous targets. Furthermore, 
several experimental techniques and different 
human cell lines were applied to identify the spike 
and human proteins. The systematic search showed 
that the possible interaction targets of SARS-
CoV-2 investigated in these 128 studies were 49 
proteins or molecules. The most investigated 
human protein that interacted with the SARS-
CoV-2 was ACE2 followed by TMPRSS family, 
furin, Cathepsin (CTS), Cathepsin L (CTSL), 
C-type lectins, AGT, AGT receptors, and other less 

evaluated proteins including CD147, proteases, 
ADAM17, heparan sulfate, NRP1, DPP4, 78-kDa 
Glucose-Regulated Protein (GRP78), P selectin, P 
selectin ligand, LY6E, trypsin, and miscellaneous 
proteins (Figure 2). Both SARS-CoV-2 spike/RBD 
mutations and ACE2 polymorphisms were investi-
gated by deep mutational scanning and the results 
indicated constraints on folding and ACE2 bind-
ing. Besides, ACE2 engineering was shown to 
optimize binding to the spike protein, and the 
asparagine 90–glycosylation motif at buried sites 
in the interaction surface had a critical role.19,20 
The included studies have been categorized into 
different protein targets (Table 1) and the main 
characteristics of the studies with the details have 
been summarized in Table 2.

Figure 2. SARS-CoV-2 interaction targets for entry to human cells investigated in 128 studies.

Table 1. Numbers of the references working on the related proteins.

Protein Reference

ACE2 (19–95)
TMPRSS family (21–25, 29–33, 36–38, 41–43, 48, 54, 60, 61, 77, 83–86, 94, 96–102)
Miscellaneous proteins (26, 29, 33, 38, 42, 84, 87, 88, 103–114)
Furin (23, 25, 29, 34, 41, 74, 83, 96, 97, 102, 114–117)
Spike (46, 47, 49, 51, 98, 102, 117–132)
CTS and CTSL (26, 31, 45, 86, 102, 114, 133)
C-type Lectins (SIGN) (77, 134, 135)
Proteases (87, 102, 136–138)
CD147 (30, 31, 33, 139, 140)
AGT and AGTR (33, 38)
ADAM17 (22, 60)
Heparan sulfate (39, 141)
NRP1 (142–144)
DPP4 (22, 42)
GRP78 (31, 145)
P-selectin and PSGL (36, 146)
Trypsin (94, 96)
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The present study aimed to explore the molecu-
lar techniques performed for the investigation of 
SARS-CoV-2 spike interactions with human mole-
cules. The results were as follows: analyzing the 
expression of proteins by Immunoblot (IB) or 
Western Blot (WB) techniques in 13 studies, SARS-
CoV-2 or pseudovirus/VSV-SARS-CoV-2 GFP 
reporter chimeric infection assay in 13 studies, 
RNA extraction and PCR techniques including 
PCR, RT-PCR, and qRT-PCR in 10 studies, binding 
assay techniques including DSP assay, quantitative 
fusion assay, biochip interaction analysis, syncyt-
ium formation assay, FITC–annexin V binding 
assay, and SPR binding assay in 10 studies, electron 
microscopy, Transmission Electron Microscopy 
(TEM), and negative stain-electron microscopy in 
eight studies, sequencing including NGS sequenc-
ing, Illumina sequencing, RNA sequencing, and 
whole-exome sequencing in six studies, 
Immunohistochemistry (IHC) and Flow Cytometry 
(FACS and FACS Staining) each in five studies, 
microarray and other microscopy techniques 
(Bright-field, confocal, and immunofluorescence 
microscopy) each in four studies, ELISA and chro-
matography (affinity chromatography, Pull-Down 
Assay (PDA) and LC-MS) each in three studies, 
mutagenesis (deep mutational scanning/library 
mutagenesis) in two studies, and other miscellane-
ous techniques (Appendix and Figure 3).

These molecular techniques were performed 
on several human tissues as well as on human or 
animal cells as negative controls. Kidney tissues 

or cells from human or animal models were 
employed in almost all studies. Embryonic kid-
ney tissue or cells (HEK293FT or Expi293F cells) 
were used in 17 studies, African green monkey 
kidney (Vero E6, MA104 cell) were utilized in 
eight studies, and baby hamster kidney cells 
(BHK-21/WI-2 cells) were used in two studies. 
The next most common tissue or cell line was the 
respiratory tract organ. Lung or bronchial tissues 
or cells (Calu-3, Cal-27, Detroit-562, A549, 
BEAS-2B, NCI-H1299, MRC-5, and HBEC-
6KT) were used in 11 studies. Gastrointestinal 
tract or colorectal tissues or cell lines (LS174T, 
LIM1215, DiFi, DLD-1, Caco-2, and DKO-1) 
were applied in six studies and liver (Huh-7, 
Hep3B) was used in three studies. Other organs 
and tissue cells were as follows: Hematopoietic 
and Endothelial Cells (HSCs), eye (conjunctiva, 
limbus, and cornea), and CNS (myelin)/brain cell 
lines (SY5Y, HMC3, and U87) each in two stud-
ies and oral cavity tissues (tongue squamous epi-
thelium, gingival squamous epithelium, and 
submandibular glands), cervical cancer (Hela 
cells), Madin-Darby canine kidney (MDCKII), 
Very Small Embryonic-Like Stem Cells (VSELs), 
Mononuclear Cells (MNC), Umbilical Cord 
Blood (UCB), and melanoma (A375) each in one 
study (Figure 4). Moreover, 13 studies were con-
ducted in the USA, four studies in China and 
Germany, two studies in Japan, Spain, and Italy, 
and one study in the UK, Canada, Switzerland, 
and the Netherlands (Figure 5).

Figure 3. The molecular techniques applied for spike interaction with human targets. *, Virus/pseudovirus infection/
microneutralization assay/Pseudovirus neutralization assay; **, Bright-field/confocal and immunofluorescence microscopy.
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Figure 5. Names and percentages of the countries that experimentally investigated the interaction of SARS-CoV-2 spike with 
human targets.

Figure 4. Human or animal tissues and cells used for the investigation of spike interaction with human proteins.

Discussion

A key target of SARS-CoV-2-related therapeutic 
efforts is the metastable spike (S) protein with sev-
eral conformational structures such as postfusion 
state before and after attachment to target cells.147,148 
The wild-type S protein was shown to be heavily 
glycosylated, contained three hinges in the stalk 
domain for head orientational flexibility, and 
occurred mostly in the closed prefusion conforma-
tion.149 Shang et al. investigated the receptor bind-
ing of SARS-CoV-2 spike compared to SARS-CoV 
and found that SARS-CoV-2 RBD was more potent 
and less exposed, had higher hACE2 binding 

affinity compared to SARS-CoV RBD, and subse-
quently had efficient cell entry. SARS-CoV-2 cell 
entry was also less dependent on target cell pro-
teases and was directly preactivated by furin.25 The 
most important target proteins that interacted with 
spike protein were ACE2 and TMPRSS2.150 In this 
systematic search, several potential SARS-CoV-2 
interaction targets including receptors, proteases, 
and cofactors were suggested, as well. However, 
some of the reported targets were not investigated 
in human tissues. These alternative targets included 
furin,151,152 TMPRSS4,153–154 cathepsin L or 
CTSL155,156 as a key protease, CD147,157–159 
Neuropilin-1 or NRP1,160 angiotensin II receptor 
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type 2 or AGTR2,33 C-type lectins (L-SIGN and 
DC-SIGN)77 as receptors, and ADAM17.161 Some 
authors divided these targets into two groups of 
conventional (ACE2, TMPRSS2, ADAM17, and 
CTSL) and non-conventional (CD147 and GRP78) 
SARS-CoV-2 receptor genes. Lymphocyte antigen 
six complex, locus E (LY6E), was surprisingly 
reported to restrict the infection by SARS-
COV-2.112 CD147-spike protein was a novel 
route for SARS-CoV-2 infection to the host cells 
and NRP1 was a new potential SARS-CoV-2 
infection mediator implicated in COVID-19 
neurological features and central nervous system 
involvement.159, 160

Different expression patterns of ACE2 and other 
related proteins would change the cellular entry of 
SARS-CoV-2. The interaction of spike protein 
with human targets varied in different organs or tis-
sues. For instance, the new virus had a different 
way of infection to the cerebral nervous system.30, 162 
In addition, Descamps et al. revealed that ACE2 
expression, particularly in sinuses, vocal cords, 
salivary glands, and oral cavity epithelial cells, was 
enriched in COVID-19 specimens.163 While the 
oral cavity with abundant essential molecules for 
SARS-CoV-2 infection might be the entry route for 
SARS-CoV-2, other factors including protease 
inhibitors in the saliva that block viral entry should 
be considered.29 It has been reported that in the 
gastrointestinal tissue, ACE2 is highly expressed 
and processed by the activity of Tumor Necrosis 
Factor-Alpha Converting Enzyme (TACE) and 
TMPRSS2.22 SARS-CoV-2 may also infect the 
early embryo, because NRP1 has been reported to 
be rich in trophoblasts. Besides, the expressions of 
ACE2 and TMPRSS2 in these tissues raise the pos-
sibility of vertical transmission.164 In human pan-
creatic islets, ACE2, ADAM17, and TMPRSS2 
were expressed irrespective of diabetes status.60 
The use of eyes as an entry route and the presence 
of SARS-CoV-2 in tears and conjunctival secre-
tions have also become controversial. To address 
this issue, Zhou et al. investigated human post-
mortem eyes as well as surgical specimens to find 
whether ocular surface cells possess the key factors 
(ACE2, TMPRSS2) required for cellular suscepti-
bility to SARS-CoV-2 infection. They revealed 
that ACE2 and TMPRSS2 were expressed in sev-
eral eye tissues, suggesting that conjunctival cells 
of the ocular surface cells were susceptible to 
infection by SARS-CoV-2.21 Similarly, Leonardi  

et al. revealed the ocular surface as an entry point 
and concluded that the conjunctiva and the cornea 
could adopt antiviral countermeasures, which 
might explain the low prevalence of eye involve-
ment.33 However, Jianhua et al. came to almost dif-
ferent results.165 Zhang et al. also showed that the 
platelets in COVID-19 patients expressed ACE2, 
and TMPRSS2 and SARS-CoV-2 directly enhanced 
thrombosis formation.36 In the same line, Wang  
et al. disclosed the expression of the ACE2 in 
EOL-1 cells and found that the expression of ACE2 
protein in human lung and bronchial-related cells 
was higher than that in HEK293T cells.166

It has also been claimed that some individuals 
in different geographical regions had a genetic 
susceptibility to SARS-CoV-2 infection via 
polymorphism in human genes related to SARS-
CoV-2 entry, especially in the ACE2 and 
TMPRSS2 genes. TMPRSS2 is highly polymor-
phic.167 In the present study, the human genes and 
variants investigated regarding SRAS-CoV-2 
spike interaction included ACE2 (rs17264937, 
rs5980163, rs4646190, and rs4646156) and 
TMPRSS2 (rs150965978, rs28401567, 
rs457274, rs9975623, rs75603675, rs61735792, 
and rs61735794). Torre-Fuentes et al. explored 
the variants of these genes in 120 individuals 
with familial multiple sclerosis from Madrid 
through whole-exome sequencing and found that 
some variants, especially in TMPRSS2, might be 
associated with COVID-19 disease. The ACE2 
gene showed a low level of polymorphism, 
and none of the variants was significantly associ-
ated with SARS-CoV-2 infection. Moreover, 
the rs75603675 position of TMPRSS2 was 
reported to be associated with SARS-CoV-2 
infection. Nonetheless, the variants of TMPRSS2 
were shown not to coincide with those described 
in other studies. The synonymous variants 
rs61735792 and rs61735794 had a significant 
association with the infection.23 Furthermore, 
population genetic analysis indicated that G 
amino acid in the 614 position prevented loop dis-
order in spike trimer, which subsequently led to 
selective advantage and made a dominant form. 
This added interaction appeared to prevent the 
premature dissociation of the G614 trimer, 
effectively increasing the number of functional 
spikes, enhancing infectivity, and modulating 
structural rearrangements for membrane fusion. 
Besides, the G614 variant grew to a higher titer in 
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pseudotyped virions. In infected individuals, 
G614 was associated with higher upper respira-
tory tract viral loads, but not with increased dis-
ease severity. Additionally, recurrent deletions in 
the SARS-CoV-2 spike glycoprotein led to anti-
body escape.168–172 In addition to D614G, vari-
ants including A475V, L452R, V483A, and 
F490L became resistant to some neutralizing 
antibodies.173 Another researcher referred to gly-
can structures on a recombinant SARS-CoV-2 S 
immunogen. This analysis enabled the mapping 
of the glycan-processing states across the trim-
eric viral spike.174 The crystal structure at 2.9 Å 
resolution of the RBD bound with the peptidase 
domain of human ACE2 showed that the RBD 
presented a gently concave surface, which cra-
dled the N-terminal lobe of the peptidase. The 
atomic details at the interaction interface clarified 
the importance of residue changes that facilitated 
efficient human-to-human transmission.175

While infection by SARS-CoV-2 is spreading 
rapidly worldwide, no drug has been effective for 
treating COVID-19. Most of the proposed medi-
cations have been divided into the inhibitors of 
SARS-CoV-2 cell entry including ACE2 and 
TMPRSS2 and inhibitors of replication, mem-
brane fusion, and assembly of SARS-CoV-2.176 
Therefore, by evaluating spike interaction targets 
defined in the present study, a considerable thera-
peutic approach based on the virus entry mecha-
nisms may be developed for the treatment of 
COVID-19. Nafamostat mesylate that previously 
blocked MERS-CoV S protein-mediated cell 
fusion by targeting TMPRSS2 potently inhibited 
SARS-CoV-2 cell fusion, which made it a likely 
candidate drug to treat COVID-19.24 Recombinant 
human ACE2 protein and anti-spike Monoclonal 
Antibodies (mAb) also inhibited SARS-CoV-2 
spike protein-induced platelet activation.36 Other 
promising medications included chloroquine and 
hydroxychloroquine as ACE2 blockers,166 mAb 
against spike or RBD,40 furin inhibitor (MI-1851), 
and a combination of various TMPRSS2  
inhibitors with furin inhibitor (MI-1851) that pro-
duced more potent antiviral activity against 
SARS-CoV-2.97

The limitation of the current study was that a 
meta-analysis of the effect estimates from the 
included studies was not possible, because of the 
significant heterogeneity across the included 
studies.

Conclusion

Understanding the details of biological interactions 
and underlying SARS-CoV-2 entry mechanisms is of 
utmost importance while designing new therapeutic 
approaches. In the present study, several spike inter-
action proteins were identified via searching original 
human studies. The results clarified that the SARS-
CoV-2 virus entered the cells via ACE2 as the main 
receptor and TMPRSS2 as the main cleavage enzyme. 
The potential inhibitors of these pathways are cur-
rently available and have shown promising results. 
However, larger clinical studies are required to reveal 
the safety and efficacy of these medications.
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Appendix

Abbreviations

SARS-CoV-2
severe acute respiratory syndrome coronavirus 2
MeSH
medical subject headings
ACE2
angiotensin-converting enzyme 2
TMPRSS
transmembrane serine protease
S
spike
RBD
receptor-binding domains
AGT
angiotensinogen
AGTR
angiotensin receptor type 1
ADAM17
A disintegrin and metalloprotease 17
TACE
Tumor Necrosis Factor-Alpha Converting Enzyme
NRP1
Neuropilin 1
DPP4
dipeptidyl peptidase four
GRP78
78-kDa glucose-regulated protein
LY6E
lymphocyte antigen six complex, Locus E
siRNA
small inhibitory RNA
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sEVs
extracellular vesicles
IHC
immunohistochemistry
WB
Western blot
IB
immunoblot
IP
immunoprecipitation
WES
whole-exome sequencing
DSP assay
dual split-protein assay
FAVS
fluorescence-activated vesicle sorting staining
N-PAGE
native polyacrylamide gel electrophoresis
EM
electron microscopy
TEM
transmission electron microscopy
NS
negative stain-electron microscopy
PDA
photodiode-array detection
LC-MS
liquid chromatography-mass spectrometry
DSF
differential scanning fluorimetry
ISH
in situ hybridization
BLI
bio-layer interferometry
SPR
surface plasmon resonance
SGP
surface glycoprotein (spike)
GAGs
glycosaminoglycans
HP
heparin
CTSL

cathepsin L
CTS
cathepsin
CH25H
cholesterol-25-hydroxylase
25H
25-hydroxycholesterol
ACATacyl-CoA
acyl-CoAcholesterol acyltransferase
HR1
heptad repeat 1
N-El
neutrophil-elastase
scRNAseq
single-cell RNA sequencing
PheWAS
phenome-wide association scan
SNP
single nucleotide polymorphisms
HSCs
hematopoietic stem cells
EPCs
endothelial progenitor cells
VSELs
very small embryonic-like stem cells
MNC
mononuclear cells
UCB
umbilical cord blood
hNAbs
human neutralizing antibodies
hACE2
human angiotensin-converting enzyme 2
PSGL-1
P-selectin glycoprotein ligand-1
IFITM
IFN-induced transmembrane
CHI3L1
chitinase 3-like-1
ASGr1
hepatocyte asialoglycoprotein receptor 1
TPC2
two-pore segment channel 2


