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Abstract
The aim of this scoping review was to identify knowledge gaps and to describe the current state of the research on the 
association between TMPRSS2 and the essential beta coronaviruses (Beta-CoVs) infection and the molecular mechanisms 
for this association. We searched MEDLINE (OVID), EMBASE, and the Cochrane Central Register of Controlled Trials 
(CENTRAL). We included 13 studies. Evidence shows an essential role of TMPRSS2 in Spike protein activation, entry, 
and spread into host cells. Co-expression of TMPRSS2 with cell surface receptors (ACE2 or DPP4) increased virus entry. 
This serine protease is involved in the formation of large syncytia between infected cells. TMPRSS2 cleaved the Spike pro-
tein of SARS-CoV, SARS-CoV-2, and MERS-CoV, and increased virus propagation. Accumulating evidence suggests that 
TMPRSS2 is an essential protease for virus replication. We highlighted its critical molecular role in membrane fusion and 
the impact in viral mRNA replication, then promoting/driving pathogenesis and resistance.

Keywords  TMPRSS2 · Gene · Betacoronavirus · SARS-CoV-2 · SARS-CoV · MERS-CoV

Introduction

Emerging coronaviruses can constitute a severe threat to 
human health. The subfamily Coronavirinae within the 
family Coronaviridae comprises viruses that cause respira-
tory, neurological, and intestinal symptoms in mammals 
and birds (Wang et al. 2020a, b). The severe acute respira-
tory syndrome coronavirus (SARS-CoV) emerged in 2002 
in Southern China. The Middle East respiratory syndrome 
coronavirus (MERS-CoV), which emerged in Saudi Arabia, 
was the pathogen responsible for severe respiratory disease 
outbreaks in 2012 (Huang et al. 2020).

On 11 March 2020, WHO declared COVID-19 infec-
tion a pandemic, and the number of individuals infected 
and deaths quickly raised. Then, it is essential to monitor 

viral evolution, infectivity, transmissibility, and pathogenic-
ity (Wang et al. 2020a, b; Huang et al. 2020; WHO 2020). 
The disease affected patients with underlying chronic illness, 
but documented infections in health care workers indicated 
human-to-human transmission. Now, it is very established 
that SARS-CoV-2 is capable of widespread human-to-
human transmission (Wang et al. 2020a, b). Acute respira-
tory distress syndrome (ARDS) and shock associate with 
pulmonary inflammation and extensive lung damage in 
patients (Wang et al. 2020a, b; Huang et al. 2020). However, 
nowadays, we do not entirely understand the pathophysiol-
ogy of SARS-CoV-2 infection and SARS-CoV and MERS-
CoV (Zhu et al. 2020).

TMPRSS2 gene encodes a self-membrane protein of 492 
amino acids, which anchors to the plasma membrane. It 
converts to its form through autocatalytic cleavage between 
Arg255 and Ile256 (Shulla et al. 2011). After cleavage, the 
mature proteases are mostly membrane-bound, yet a notice-
able portion of them can liberate into the extracellular 
milieu. TMPRSS2 predominantly expresses in the prostate, 
lungs, colon, liver, kidneys, and pancreas. Also, it activates 
protease-activated receptor 2 (PAR-2), a G-protein-coupled 
receptor, that causes the upregulation of matrix metallopro-
teinase-2 (MMP-2) and MMP-9, which are critical proteases 
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in the metastasis of tumor cells. Some reports have shown 
how this TMPRSS2-mediated pathway allows the spread 
and pathogenesis of SARS-CoV, demonstrating that infec-
tion in the presence of this protease could induce higher con-
centrations of pro-inflammatory cytokines and cytopathic 
effects (Shulla et al. 2011; Wang et al. 2020a, b). Moreover, 
this enzyme may have an activating effect on the receptor 
to which some coronaviruses bind, such as human ACE2, 
which gives it a replication potential in human cells (Wang 
et al. 2020a, b; Huang et al. 2020).

This study aimed to identify knowledge gaps and to 
describe the current state of the research on the association 
between TMPRSS2 and the essential beta coronaviruses 
(Beta-CoVs) infection and the molecular mechanisms for 
this association. Also, to make specific recommendations 
for future research.

Methods

We performed this scoping review according to the rec-
ommendations of the Joanna Briggs Institute (Peters et al. 
2017).

Eligibility criteria

Participants

We included theoretical information, in vitro or in vivo 
studies, studies in animals, or in silico studies assessing the 
molecular mechanism to determine the association between 
TMPRSS2 and the betacoronavirus SARS-CoV-2, SARS-
CoV, and MERS-CoV infection.

Concept

We focused on the molecular mechanisms that explain the 
association between this serine protease and the infection 
of this virus.

Context

We did not limit for language or setting.

Exclusion criteria

Studies that did not include information about TMPRSS2 
and Spike protein of coronaviruses.

Information sources

We included studies (human, animal, reviews, system-
atic reviews, and primary studies) to respond to the two 

objectives. We searched the literature following medical 
subject headings (MeSh), Emtree language, Decs, and text 
words related. We searched MEDLINE (OVID), EMBASE, 
and the Cochrane Central Register of Controlled Trials 
(CENTRAL) from inception to nowadays. To ensure litera-
ture saturation, we scanned references from relevant articles 
identified through the search, conferences, thesis databases, 
Open Grey, Google scholar, and clinicaltrials.gov.

Data collection

Two researchers reviewed each reference by title and 
abstract. Then they scanned full-texts of relevant studies, 
applied pre-specified inclusion and exclusion criteria, and 
extracted the data. Disagreements were resolved by con-
sensus. Two trained reviewers using a standardized form 
independently extracted the following information from each 
article: author, publication year, study design, geographic 
location (origin), authors' names, title, objectives, methods, 
virus species, cleavage site, outcomes, funding source, and 
other key findings.

Synthesis of results

We descriptively showed the results, trying to respond to 
the two objectives. Results were also classified under main 
conceptual categories to facilitate comprehension.

Results

Study selection

We found 84 studies with the search strategies and three 
with other sources. After exclusions, we finally included 
13 studies (Matsuyama et al. 2010; Matsuyama et al. 2020; 
Glowacka et al. 2011; Shulla et al. 2011; Shirato et al. 2013; 
Heurich et al. 2014; Shen et al. 2017; Reinke et al. 2017; 
Kleine-weber et al. 2018; Iwata-Yoshikawa et al. 2019; Bil-
inska et al. 2020; Zang et al. 2020; Hoffmann et al. 2020) in 
the qualitative analysis (Fig. 1).

Characteristics of included studies

Five studies evaluated SARS-CoV (Glowacka et al. 2011; 
Shulla et al. 2011; Heurich et al. 2014; Reinke et al. 2017; 
Matsuyama et al. 2020), two evaluated MERS-CoV (Shirato 
et al. 2013; Kleine-weber et al. 2018), two studies evalu-
ated both (Shen et al. 2017; Iwata-Yoshikawa et al. 2019), 
and three others evaluated SARS-CoV-2 (Hoffmann et al. 
2020; Matsuyama et al. 2020). Multiple essays were report-
ing the expression of TMPRSS2 in different cell lines. The 
authors frequently used 293 T cells, Vero, Vero E6, Caco-2, 
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or Calu-3 cells. For infecting the cells, six studies used a len-
tiviral vector as plasmids. Also, they used plasmids encoding 
TMPRSS2, ACE2, or DPP4. For analysis of antigens expres-
sion, detection of proteins, quantification of messenger-RNA 
(mRNA), studies performed western blot and/or Real Time-
Polymerase Chain Reaction (RT-qPCR). The authors also 
used other techniques such as immunohistochemistry, elec-
tron microscopy, and next-generation sequence (Table 1).

Primary outcome: molecular mechanisms

We described the molecular mechanisms for the association 
between TMPRSS2 and beta-CoV infection in the following 

paragraphs. We described some additional information 
regarding this topic in Table 2.

Cleavage and activation of spike protein

The SARS-CoV spike protein (SARS-S) incorporates into 
the viral envelope and mediates viral entry into target cells. 
For this, the surface unit (S1) of SARS-S binds to the cel-
lular receptor angiotensin-converting enzyme 2 (ACE2) and 
the transmembrane unit (S2), then fuses the viral membrane 
with a host cell membrane (Reinke et al. 2017; Iwata-Yoshi-
kawa et al. 2019).

Fig. 1   Flowchart of selected 
studies
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Shulla 2011 slightly evidenced TMPRSS2-specific 
SARS-S cleavage. The resulting fragments are assumed 
to represent the activated S proteins operating in pseu-
dovirus entry. It can trigger the uptake of virions into host 
cell endosomes (Shulla et  al. 2011). Spike cleavage by 
TMPRSS2 takes place in the Golgi or plasma membrane, 
either during assembly or attachment and release (Shirato 
et al. 2013). Glowacka et al. demonstrated that TMPRSS2 
cleaved SARS S at multiple sites inducing incomplete 
SARS-S shedding in cells coexpressing TMPRSS2 and 
SARS-S.

They also found that TMPRSS2 facilitated trans-cleav-
age of SARS-S, indicating that it could activate SARS S for 
membrane fusion (Glowacka et al. 2011). According to Mat-
suyama 2010, as they found that TMPRSS2 affected SARS 
S attached to receptors at the cell surface but not newly syn-
thesized SARS S (Matsuyama et al. 2010). On the other 
hand, Reinke 2017 found that residue R667 was essential 
for SARS S cleavage by TMPRSS2 while the same residue 
was dispensable for S protein activation (Reinke et al. 2017).

Shirato 2013 found that cleavage fragments activity was 
required for viral spread into the host. Also, differential gly-
cosylation of the cleavage products might reflect differen-
tial cellular localization of the corresponding cleavage pro-
cesses. In contrast, TMPRSS2 might process SARS S early 
after import in the constitutive secretory pathway and before 
N-glycans are fully processed (Shirato et al. 2013).

Kleine-Weber et al. described different MERS-CoV spike 
protein (MERS-S) cleavage sites for each protease as fol-
lows: S2′ site (amino acids RSAR) for activating proteases 
(including TMPRSS2); S1/S2 site (amino acids RSVR) for 
furin; and AFNH motif for endosomal cysteine protease 
(Cathepsin B/L). When they evaluated the impact of muta-
tions introduced in these sites, they found that it required an 
intact S2′ site. In contrast, the cathepsin L site mutation had 
no impact on S protein-driven entry, and mutation of the S2′ 
site abrogated MERS S activation by TMPRSS2 (Kleine-
weber et al. 2018). Similarly, Shen 2017 described cleavage 
sites and found that after cleavage of SARS-S, S1 and S2 
domains remained noncovalently associated but not disulfide 
bonds (Shen et al. 2017).

Recently, Hoffmann et al. showed that priming of SARS-
CoV-2 spike protein (SARS-2-S) evidenced several arginine 
residues at the S1/S2 cleavage site of SARS-2-S but not 
SARS-S. However, the S2 cleavage site of both was similar 
(Hoffmann et al. 2020).

Cleavage of ACE2

As mentioned above, studies show that SARS-CoV and 
SARS-CoV-2 bind to cellular receptor ACE2. Matsuyama 
2010 studied the expression of ACE2 using specific antibod-
ies, and they weakly detected ACE2 antigens in uninfected Ta
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type II pneumocytes. However, the authors detected immu-
nostaining of TMPRSS2 and ACE2 antigens in severe 
lesions (Matsuyama et  al. 2010). Glowacka et  al. also 
detected intense positive staining of both proteins in type 
II pneumocytes and alveolar macrophages (Glowacka et al. 
2011). In Shulla et al. (2011), TMPRSS2 eliminated full-
length ACE2 in a dose-dependent manner, but ACE2 colo-
calized to TMPRSS2-containing regions when TMPRSS2 
scarce and showed that it required an enzymatic activity of 
TMPRSS2 for this association.

Interestingly, when these two proteins were expressed 
in separate cells, SARS-CoV entry into host cells was not 
higher than those expressing one of them. It indicates that 
the priming of ACE2 by TMPRSS2 was necessary for virus 
entry (Shulla et al. 2011). Heurich 2013 concluded that 
TMPRSS2 facilitates SARS-CoV infection through cleav-
age of ACE2, which might promote viral uptake (Heurich 
et al. 2014).

The catalytic domain of ACE2 binds to SARS-S with 
high affinity, and it triggers conformational rearrangements 
that could increase proteolysis sensitivity. In that sense, argi-
nine and lysine residues within ACE2 amino acids 697–716 
are essential for ACE2 cleavage by TMPRSS2.

Augmentation of SARS-S-driven entry requires the pro-
cessing of ACE2 but not for its activation (Heurich et al. 
2014). It is noteworthy that, according to Hoffmann 2020, 
most amino acid residues essential for ACE2 binding by 
SARS-S were conserved in SARS-2-S. In this study, authen-
tic SARS-CoV-2 infected cells expressing ACE2 with high 
efficiency but not cells without this receptor (p < 0.01) and 
antiserum against human ACE2 blocked SARS-S- and 
SARS-2-S-driven entry (p < 0.001) (Hoffmann et al. 2020).

Syncytia formation

Some studies show that syncytia formation is more frequent 
and pronounced between SARS-CoV infected cells (or 
even SARS-S expressing cells) expressing TMPRSS2 and 
between MERS-CoV infected cells expressing TMPRSS2 
(Matsuyama et al. 2010; Glowacka et al. 2011; Shulla et al. 
2011; Shirato et al. 2013). Interestingly, outcomes from 
Matsuyama et al. (2010) indicate that TMPRSS2 expression 
must oppose that of SARS S to induce membrane fusion. 
Syncytia formation was not induced in cells that did not 
express TMPRSS2, nor between TMPRSS2 and SARS-
S and cells without TMPRSS2. However, large syncytia 
formed when TMPRSS2 was expressed either in target cells 
or both in the target and producer cells (Matsuyama et al. 
2010). In that sense, SARS S can be activated for virus-cell 
and cell–cell fusion when TMPRSS2 is expressed on viral 
target cells (Glowacka et al. 2011; Shulla et al. 2011). Syn-
cytia formation is frequent in cells expressing TMPRSS2 
infected with SARS-CoV-2 (Matsuyama et al. 2020).Ta
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Virus replication and spread

In general, cells expressing TMPRSS2 were more suscep-
tible to virus entry and spread into host cells. Also, when 
compared to other serine proteases, TMPRSS2 was more 
effective in enhancing SARS-S-mediated entry (Glowacka 
et al. 2011; Shulla et al. 2011; Heurich et al. 2014; Reinke 
et al. 2017). TMPRSS2 expression was also associated with 
increased amounts of viral RNA. Shulla et al. found that 
SARS N RNA was ninefold more in TMPRSS2-express-
ing cells, and this RNA translated to generate significantly 
more N proteins (p < 0.0005) (Shulla et al. 2011). Viruses 
spread by the increased expression of virus antigens in cells 
expressing TMRPSS2. Iwata-Yoshikawa et al. observed only 
very weak SARS-S antigen positivity in TMPRSS2-Knock 
Out (KO) mice than wild-type mice at day one postinfec-
tion. Lungs of TMPRSS2-KO mice showed lower viral 
replication with no significant differences in the titers of 
neutralizing antibodies in serum samples from either group 
(Iwata-Yoshikawa et al. 2019). According to Shen et al., 
SARS-CoV entry increased in the presence of TMPRSS2, 
and levels of SARS-CoV RNA were higher in cells express-
ing active TMPRSS2 than in cells expressing enzymatically 
inactive TMPRSS2 (Shen et al. 2017).

We found similar results with MERS-S. Shirato et al. evi-
denced higher virus titer in the Vero-TMPRSS2 cell medium 
than in the parental Vero cell medium (Shirato et al. 2013). 
MERS-CoV replicated more slowly, and antigen positivity 
in TMPRSS2-KO mice was fewer or absent at the first and 
third postinfection days (Iwata-Yoshikawa et al. 2019).

For the recent SARS-CoV-2, Matsuyama et al. evidenced 
that viral RNA copies in specimens with cytopathic effects 
developed within two days were more significant than those 
in the other specimens. They used Vero E6/TMPRSS2 cells 
and found more than 100 times higher viral RNA copies than 
Vero E6, which also showed higher amounts compared to 
other cell types used (Matsuyama et al. 2020). In gut epi-
thelial cells, Zang et al. demonstrated that TMPRSS2 alone 
did not mediate viral infection. However, co-expression of 
TMPRSS2 with ACE2 resulted in enhanced infectivity, 
inducing S protein cleavage and exposing the fusion peptide 
for efficient viral entry (Zang et al. 2020).

Further analyses using protease inhibitors support these 
results. In the study performed by Kleine-Weber et al. (2018), 
preincubation of Caco-2 cells with protease inhibitors showed 
that entry driven by MERS S lacking an intact S1/S2 site 
was dependent on TMPRSS2, indicating a dominant role of 
TMPRSS2 in MERS-S-driven entry. Reinke et al., also used 
a serine protease inhibitor and found that it protected rodents 
from SARS-CoV-induced pathogenesis, while a cysteine pro-
tease inhibitor active against cathepsin B/L did not (Reinke 
et al. 2017). Finally, Hoffmann et al. used camostat mesylate 
treatment (a drug active against TMPRSS2) and found a 

significant reduction in SARS-S- and SARS-2-S-mediated 
entry into Calu-3 and human lung cells. It also reduced the 
infection by authentic SARS-CoV-2 into Calu-3 cells. On the 
other hand, treatment of other cell lines (Caco-2 and Vero-
TMPRSS2) partially blocked SARS-2-S-driven entry, but 
when they added an inhibitor of Cathepsin B/L, complete 
inhibition was attained (Hoffmann et al. 2020).

Bilinska et al. used a mouse model and determined whether 
cells in the olfactory epithelium (OE) express the obliga-
tory receptors for entry of the SARS-CoV-2 virus by using 
RNAseq, RT-PCR, in situ hybridization, Western blot, and 
immunocytochemistry. Their mouse model showed that, with 
older age, amounts of ACE2 protein increased in the OE, as 
did gene expression of TMPRSS2. Sustentacular cells were 
identified as the cell type that expressed both SARS-CoV-2 
host receptors required for cell entry. Results suggest that the 
SARS-CoV-2 virus accumulates in sustentacular cells first 
and, by interfering with their metabolism, affects the function 
of olfactory receptor neurons (Bilinska et al., 2020).

Cathepsin L‑independent entry and spread

As mentioned above, some studies have used Cathepsin 
B/L inhibitors to study Spike protein-mediated entry under 
these conditions or even evaluate cleavage by this cysteine 
protease. Spike protein cleavage and activation by pH-
dependent cathepsin B/L occurs in the endosome (Reinke 
et al. 2017). Studies have shown that inhibition of Cathep-
sin L decreased virus entry into cells with no expression 
of TMPRSS2 on the cell surface. Expression of TMPRSS2 
could even activate Spike protein and enhance SARS-S-
mediated entry (Matsuyama et al. 2010; Glowacka et al. 
2011; Shulla et al. 2011). Kleine-Weber et al. found simi-
lar results for MERS S in which they introduced mutations 
into different cleavage sites. They found that mutation of 
a single arginine within S1/S2 reduced entry into Caco-2 
cells by 4.5 to 29.4-fold (p < 0.001). Mutation of any single 
arginine at the S2′ site had only a minor, statistically signifi-
cant, effect on S protein-mediated transduction of Vero E6 
cells (p < 0.001), and mutation of S2′ abrogated MERS-S 
activation by TMPRSS2. However, entry mediated by the 
S protein mutants with inactivated S1/S2 site was rescued 
by TMPRSS2 in cells previously treated with Cathepsin 
L inhibitor (Kleine-weber et al. 2018). For SARS-CoV-2, 
Hoffmann et al. also evidenced that expression of TMPRSS2 
rescued SARS-2-S-driven entry from inhibition of cathepsin 
B/L. It is noteworthy that this study also reported a residual 
Spike protein priming by cathepsin B/L in a cell line when 
camostat mesylate was used. However, S protein priming 
by TMPRSS2 but not cathepsin B/L is still essential for 
viral entry into primary target cells and viral spread in the 
infected host (Hoffmann et al. 2020).



Archives of Microbiology (2022) 204:77	

1 3

Page 17 of 18  77

Discussion

Members of the betacoronavirus genus such as SARS-CoV 
and MERS-CoV have caused significant outbreaks of respir-
atory disease. It motivates the rapid understanding of virus 
interactions with human cells and immunopathology. With 
the novel coronavirus (SARS-CoV-2) outbreak, findings 
allowed to establish an essential similarity between this and 
previous Beta-CoVs. In that sense, SARS-S and SARS-2-S 
share approximately 76% amino acid identity, which makes 
it essential to know the similarities and differences between 
the mechanisms of virus entry and spread into host cells 
(Hoffmann et al. 2020).

SARS-CoV and SARS-CoV-2 bind to the cell surface 
receptor ACE2, while MERS-CoV binds to DPP4 (Hoff-
mann et al. 2020; Zhou et al. 2020). Studies described two 
critical mechanisms for host cell entry, depending on the 
availability of cellular proteases. When TMPRSS2 coex-
presses with the target cell’s surface receptors, Spike pro-
tein can be activated and then induce virus-cell membrane 
fusion. When cell surface proteases are not expressed, Spike 
protein binds to the cell surface's receptor, resulting in viri-
ons uptake into endosomes. In this case, Spike is cleaved and 
activated by pH-dependent cysteine protease Cathepsin B/L, 
initiating virus-endosome membrane fusion and later release 
of the viral genetic material into the cytosol (Heurich et al. 
2014; Shen et al. 2017).

Immunostaining for TMPRSS2 and ACE2 demonstrated 
intense positive staining of type II pneumocytes and alveolar 
macrophages. Similar results were found in severe lesions 
of lung tissue, and mRNA levels of TMPRSS2 have been 
detected in lung tissue (Matsuyama et  al. 2010, 2020; 
Glowacka et al. 2011; Kleine-weber et al. 2018). These 
results show that TMPRSS2 facilitates SARS-CoV infection 
by cleavage of ACE2, which might promote viral uptake, 
and cleavage of SARS-S, which activates the S protein for 
membrane fusion (Heurich et al. 2014).

On the other hand, the expression of receptors and pro-
teases requires a specific spatial orientation to allow S 
protein activation, S protein-mediated entry and spread 
into cells. If TMPRSS2 is coexpressed with SARS-S in the 
same cell, cleavage results in SARS-S shedding into the 
supernatants, where the S protein fragments could function 
as antibody decoys. If TMPRSS2 expresses on viral target 
cells, it can activate SARS-S for virus-cell and cell–cell 
fusion. Also, relevant targets correspond to cells in which 
both the ACE2 and TMPRSS2 entry factors are present 
in the same cells simultaneously (Glowacka et al. 2011; 
Shulla et al. 2011). The results of the study performed by 
Bilinska et al., in which older mice expressed increasing 
levels of ACE2 and TMPRSS2, may explain why animals 

(and humans) are more susceptible to COVID-19 infection 
when they reach old age (Bilinska et al. 2020).

Evidence shows that TMPRSS2 is essential for virus 
spread into host cells as more significant amounts of 
viral RNA and/or S protein have been detected in cells 
expressing this serine protease compared to TMPRSS2-
negative cells and large syncytia forms when TMPRSS2 
is present. This process indicates a significant cytopathic 
effect. Cell–cell mediated cytotoxicity and viral replica-
tion may cause the immune system to develop severe 
inflammation in response to viral infection (Shirato et al. 
2013). However, outcomes assessing immune response 
and the role of TMPRSS2 in immunopathology are 
unclear.

Iwata-Yoshikawa et al. evaluated the immune response 
in lung cells and the expression of TMPRSS2. TMPRSS2 
shows the proliferation of Th2 profile and contributed 
to inflammatory reactions after Toll-Like Receptor 3 
(TLR3) stimulation without the control of endogenous 
promoter transcription mRNA of chemokines. It also 
induced the expression of interleukins and interferons 
(Iwata-Yoshikawa et al. 2019). Its expression results in 
a focal inflammatory infiltration around the bronchi and 
the alveoli. In contrast, the expression TLR3 showed 
lower viral replication. The fragments produced by 
the TMPRSS2 do not demonstrate a relationship with 
long-term isotypes in the adaptative immune response. 
Also, chemokine, IFN-alpha4, IFN-beta, IL-12, IL-4, 
and IL-10 and viral mRNA, showed increasing levels 
daily postinfection with a significant association with 
the inflammatory pathogenesis (Glowacka et al. 2011; 
Iwata-Yoshikawa et al. 2019).

Finally, using drugs to inhibit TMPRSS2 or other pro-
teases such as Cathepsin B/L has allowed determining 
alternative mechanisms for S protein activation. In that 
sense, studies demonstrate that virus spread depends on 
TMPRSS2 activity, but there could be a residual effect 
of Cathepsin B/L in S protein priming when TMPRSS2 
inhibits. This reaction could be explained by using 
alternative sites for S protein activation by Cathep-
sin L but not by TMPRSS2 (Matsuyama et  al. 2010; 
Glowacka et al. 2011; Shulla et al. 2011; Reinke et al. 
2017; Kleine-weber et al. 2018; Iwata-Yoshikawa et al. 
2019; Hoffmann et al. 2020). Candidate drugs for post-
exposure prophylaxis of SARS-CoV-2 infection could be 
clinically proven drugs such as camostat mesilate, pre-
venting virus-host cell entry by inhibiting TMPRSS2. 
In addition, nafamostat mesilate may also inhibit cell 
entry of SARS-CoV-2 due to the amino acid sequence 
homology between Spike proteins of MERS-Cov and 
SARS-CoV-2. Cell culture experiments with simian Vero 
E6 cells infected with SARS-CoV-2, was shown to be 
inhibitive against SARS-CoV-2 infection, suggesting that 
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nafamostat mesilate could prevent SARS-CoV-2 infection 
(Wang et al. 2020a, b; Mckee et al. 2020).

Conclusions

Emerging coronaviruses can constitute a severe threat 
to human health. Accumulating evidence suggests that 
TMPRSS2 is an essential protease for virus replication. 
However, there is a need for further research and many 
knowledge gaps exist. The expression of TMPRSS2 and the 
human proteases on Spike protein plays a critical role in 
initiating and propagating the virus, the transmissibility, and 
viral tropism and pathogenesis in the lung.

This review highlighted its critical molecular role in mem-
brane fusion and the impact on viral mRNA replication, then 
promoting/driving pathogenesis and resistance. Many pro-
teases have been discovered, and maybe an intrinsic mecha-
nism leading to the rapid progress of ARDS in patients.

Identifying molecular mechanisms, advancements in 
virus genomics, and understanding their consequences will 
be crucial for developing novel therapeutic strategies to 
overcome the infection in a precision medicine era.
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