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Abstract

By the end of 2019, COVID-19 was reported in Wuhan city of China, and through human-human transmission, this virus
spread worldwide and became a pandemic. Initial symptoms of the disease include fever, cough, loss of smell, taste, and
shortness of breath, but a decrease in the oxygen levels in the body leads, and pneumonia may ultimately lead to the patient’s
death. However, the symptoms vary from patient to patient. To understand COVID-19 disease pathogenesis, researchers
have tried to understand the cellular pathways that could be targeted to suppress viral replication. Thus, this article reviews
the markers that could be targeted to inhibit viral replication by inhibiting the translational initiation complex/regulatory
kinases and upregulating host autophagic flux that may lead to a reduction in the viral load. The article also highlights that
mTOR inhibitors may act as potential inhibitors of viral replication. mMTOR inhibitors such as metformin may inhibit the
interaction of SARS-CoV-2 Nsp’s and ORFs with mTORC1, LARPI, and 4E-BP. They may also increase autophagic flux
by decreasing protein degradation via inhibition of Skp2, further promoting viral cell death. These events result in cell cycle
arrest at G1 by p27, ultimately causing cell death.
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Introduction

SARS-CoV-2 is caused by the virus belonging to the Coro-
naviridae family. The International Committee of Virus
Taxonomy (ICVT) [1] named the pandemic COVID-19 as
it came into existence in late 2019. By the end of May 2020,
a report confirms approx. 3.6 million COVID-19 cases and
2.5 thousand death reports, making COVID-19 disease a
pandemic [2]. The genomic structure of coronavirus is made
up of positive-sense RNA (Single-stranded), about 26-32
kilobases in size. Humans are the primary targets of corona-
virus who, when infected, experience symptoms such as cold
and fever to an extreme level of acute respiratory syndrome,
including pneumonia and bronchitis [3]. Recent research
shows that human coronavirus infection may spread from
the upper respiratory tract (URTIs) to the lower respiratory
tract (LRTIs) [4]. Recent studies indicate that SARS-CoV-2
has the capability of intrahuman transmission.
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Inter-connecting traits of SARS-CoV, MERS-CoV, &
SARS-CoV-2

Epidemics related to coronaviruses have constantly been
occurring over the last 20 years as “Middle East respira-
tory syndrome coronavirus (MERS-CoV) and severe
acute respiratory syndrome coronavirus (SARS-CoV or
SARS-CoV-1)”. However, only the outbreak of SARS-
CoV-2 turned into a pandemic [5]. Interestingly, the
SARS- CoV-2 share a cross-link of origin with the other
two strains of CoVs, and their infecting mechanisms are
still unknown. The primary animal host of SARS-CoV-2
coronavirus is bats, MERS-CoV is Dromedary camel, and
for SARS-CoV is Himalayan palm civet before moving to
the secondary host, i.e., humans [6].

The SARS epidemic emerged in early 2003 in Asia.
In 2012, the MERS-CoV epidemic originated in Saudi
Arabia, whose primary host was bats and dromedary
camels (Camelus dromedarius) as its intermediate host.
It had a fatality rate of approximately 34% and 10% [6].
All the previous CoV epidemics, including COVID-19,



Molecular Biology Reports (2023) 50:2701-2711

2703

share common zoonotic origins and are now confirmed
with person-to-person transmission [7]. All CoV epidemic
causes common symptoms like severe acute respiratory
illness, including cough, fever, and shortness of breath.
Researchers are now trying to decipher how the transmis-
sion of SARS-CoV-2 occurs from bats to humans [8].

The origin, structure & genomic composition
of SARS-CoV-2

CoVs have a unique structural composition of the outer
crown-like envelope of spike glycoprotein. Its genomic com-
position comprises positive sense, approximately 29.9 kb
long single-stranded, polycistronic RNA, which codes
for 9860 amino acids, and 29891 nucleotides. The CoVs
genomic mRNA includes 6-11 open reading frames (ORFs).
It encodes many non-structural proteins, such as ORFla
and ORF1b, which get transformed into 15 NSP proteins.
The CoV mRNA also encodes for four structural proteins,
namely, the surface protein (S, spike glycoprotein), a viral
envelope protein (E), matrix protein (M), and nucleocapsid
protein (N). It also consists of several accessory proteins
from ORF9 to ORF10 at 3’-end, expressed to function as
RNA polymerase, helicase, and various proteases [9]. All
these proteins provide structural stability to the virus particle
and interplay their regulatory role during viral replication.
The Coronaviridae family infects an extensive range of
vertebrates. The CoVs are divided into four major genera
such as a-CoVs (alpha-coronavirus), 3-CoVs (beta-corona-
virus), y- CoVs (gamma-coronavirus), 6-CoVs (delta-coro-
navirus). A study suggests that genomic isolates from several
patients suffering from human CoV and having symptoms
like severe pneumonia possess 89% genomic similarity
to bat-like SARS-CoVZXC21, whereas 82% similarity to
human SARS-CoV. A comparison study between SARS-
CoV-2 and the f-CoV RaTG133 bats (Rhinolophus affinis)
shows a high genomic identity of 96% between them [10].

SARS-CoV-2 pathogenic viral proteins and their
major functions

The spike glycoprotein (S) is vital in the pathogenesis of
SARS-CoV-2 as it mediates the viral entry into the host cell.
It provides subsequent attachment and cell-cell fusion with
the host cell surface receptors and S protein [11]. The virus
is said to spread directly between the host cells by subvert-
ing antibodies produced to neutralize the viruses resulting in
the giant formation of multinucleated cells or syncytia. The
nucleocapsid protein (N) is responsible for viral genomic
replication processes, regulation of cellular responses to
viral infections [12], and nucleocapsid formation [13].
Interestingly, in assembly and budding, localization of the N
protein inside the endoplasmic reticulum (ER)-Golgi region

also plays a significant role in viral replication inside the
host cell [14]. The expression of the N protein is linked to
an increase in the replication number of some coronaviruses
and virus-like particles (VLPs) [15]. The viral Membrane
protein (M) is a highly abundant structural protein respon-
sible for determining the shape of the viral envelope [16]. It
interacts with and assembles the larger structural subunits
of CoV [17]. The homotypic interactions between the M
and other accessory proteins aid in forming virion envelopes
[16]. The Envelope protein (E) is an important structural
protein involved in virus replication. The infected host cells
are rich in E protein due to their enhanced expression during
the replication cycle and are linked with the virion envelope
[18]. The E protein is also significant in the maturation of
viruses [19].

Interaction of M-S proteins

The interaction between M-S proteins is essential to stabi-
lize the S protein, the ER-Golgi intermediate compartment
(ERGIC), and its transformation into a new virion particle
[20].

Interaction of M-N proteins

The binding of M protein with nucleocapsid protein provides
additional stability to the N protein-RNA complex and the
center complexes of virions. The N protein aids in the forma-
tion of viral assembly [21].

Interaction of M-E proteins

M protein, in combination with E protein, helps form the
viral envelope and generate and release new virus-like par-
ticles [22].

The viral capsid protein: insights into SARS-CoV-2
disease etiology, structure, and composition of N
protein

An increase in virus replication causes severe cell inflam-
mation and injury to lung tissue. Thus, understanding the
mechanism behind its replication is essential to develop
effective therapeutic and preventive measures against this
SARS-CoV-2 [23]. A study reported the role of the N pro-
tein in viral growth, making it a target to suppress viral
growth. N protein is a 46 kDa protein comprising ~422
amino acids [24]. The N protein is encoded by the tran-
scription of sequences on the 9th ORF of SARS- CoVs
genomic transcript. It also codes for other accessory pro-
teins (ORF9b) whose function is still unknown. 5’ORF9 of
SARS-CoV-2 mRNA consists of moieties responsible for
mediating attachments with the mRNA assembly of the host
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cells. The C-terminus region starting from 370-390 amino
acids, is found to be highly rich in amino acid lysine; this
composition of the C terminus aids in nuclear localization
signaling. ORF9 comprises two structural domains: the 5'
end for putative RNA binding, and the second at the 3' end
is responsible for self-association [24].

Various studies interlink the interaction of the M-protein
with human cellular hnRNPA1 protein that is possible due
to the N-protein domain. Such interactions serve as a hot
spot for the phosphorylation of N protein [25]. Moreover,
this nucleocapsid protein divides into three distinct regions,
each having its role during various stages of the viral rep-
lication cycle.

N protein: the genome encapsulating protein/viral
capsid protein

The N protein aids in the formation of the protective viral
envelope by packing the transcribed genomic RNA of
viruses. The distinct characteristic properties of N protein
to achieve complete viral structure includes: (i) identifying
and associating with transcribed genomic RNA; (ii) being
able to self-associate as an oligomer to form capsid. N-pro-
tein possesses the following properties: (1) Identification
and interaction with the host genomic RNA and (2) Capsid
formation [24].

In addition to being the virus capsid protein, the N-protein
also serves as a regulatory protein as it modulates the host
cell machinery during its viral life cycle. The heterologous
expression of N-protein controls major cellular processes
[26], such as (1) Host cell cycle deregulation, (2) Suppres-
sion of Interferon production, (3) Increase in levels of COX2
production, (4) AP1 activity up-regulation, (5) Triggering
apoptosis, (6) Cross-regulation of the host cell proteins.

Inhibition of the SARS-CoV-2 replication
and propagation in the host cell

To understand the inhibition of SARS-CoV-2 replication,
this study further emphasizes the mechanisms as described
as, (1) Directly: Inhibiting mTOR, thereby downregulating
SARS-CoV-2 replication and growth and (2) Indirectly:
Enhancement of autophagic pathway by Skp2 inhibition and
Beclinl (BECN1) phosphorylation.

Shapira et al. identified how mTORC1 could control Skp2
regulation [27]. Rapamycin, an mTOR inhibitor, decreased
Skp2 levels by elevating the degradation of Skp2, whereas
the mTORCI also upregulates p27 levels in rapamycin-sen-
sitive cells [28]. The mTORCI interaction occurs directly
with Skp2 in a phosphatase-independent approach. Further,
Beclin 1 helps form the isolation membrane (double-mem-
brane structure) at the early autophagy stage, which engulfs
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cytoplasmic material to form the mature autophagosomes
[26].

Modulation of SARS-CoV-2 replication
and propagation through mTOR and autophagy

Viruses cannot propagate without the machinery and metab-
olism of a host cell. The virus confirms its attachment to
the cell membrane of the host cell during host infection and
injects its RNA or DNA into the host to initiate infection
[29]. However, the host cell engulfs any virus particle in a
pinocytotic vacuole. Suppose the virus can evade the phago-
cytic machinery of the host cell. In that case, the infect-
ing viral RNA forms messenger RNA (mRNA) for certain
RNA viruses in a host cell. The viruses take advantage of
the existing cellular structures of the host cell to replicate
[29]. The de novo synthesis of coronaviruses’ genetic mate-
rial and its transcribed proteins leads to the propagation of
new virions by utilizing infectious host cellular machinery
[30]. For effective adaptation into the host environment, the
new virions co-opt the biological processes of the host cell
to facilitate the generation of new infectious particles.

The mTORC1 and Autophagy

The mTOR (Ser/Thr kinase) consists of two accessory pro-
tein complexes, i.e., mMTORC1 and mTORC2. Each mTOR
complex has various regulatory properties and is responsi-
ble for various cellular activities [31]. The mTORC]1 func-
tions to suppress autophagy by activating protein synthesis
assembly and RNA translation in nutrient-replete conditions
to encourage cellular growth mechanisms and proliferation
of host cells [32]. Meanwhile, mMTORC2 participates in the
upstream regulation of PI3K, which mainly links with increas-
ing mTORC2-ribosomal binding [31]. Phosphorylation of the
Thr308 motif stimulates Akt kinase protein primarily when the
PI3K is recruited to the plasma membrane. The hydrophobic
site ‘Ser473’ of Akt is also phosphorylated by mTORC2 [33].

Autophagy as a threat to Viral Propagation

Autophagy is the primary survival response towards cellu-
lar stress. It tends to sequester and degrade the intracellular
constituents, including pathogens, foreign bodies, and dam-
aged organelles of host cells [34]. Autophagy can work as
a threat as it can cause viral protein degradation, while it is
beneficial for other viruses and is required for replication.
Viral-infectious cells appear to begin the stress stimuli by
triggering autophagic proteins. This tends to the elimination
of invading virus, causing cellular apoptosis and prevention
of further viral propagation. Viruses are specialized with
mechanisms to sustain their basal growth rate and regulate
intracellular signaling pathways; induction of mTORC1
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tends to neutralize stress-induced autophagy by preventing
apoptosis.

Relation between SARS-CoV-2 and Autophagy
through Skp2 inhibition (S-phase kinase-associated
protein 2) and BECN1 (Beclin1) phosphorylation

BECNI is a central regulatory element of phosphatidylino-
sitol 3-kinase (PI3K) which mediates the lysine-48-linked
polyubiquitination process by interlinking with S-phase
kinase-associated protein 2 (Skp2) to facilitate proteaso-
mal degradation. BECNI1 functions as a key regulator by
interacting with ATG14 located on autophagosomes to
enhance the initial nucleation phases of autophagy. Hence,
the BECNI1-ATG14 complex matures the autophagosomes
and ultimately aids infusion with lysosomes to cause cell
death [35]. The downregulation of Skp2, either by genetic
or pharmacological agents/ inhibitors, leads to the inhibi-
tion of BECNI1 ubiquitination leading to the enhancement
of autophagic flux. Recent studies also report that the multi-
plication of MERS-CoV decreases BECN1 levels and blocks
autophagosomes and lysosome fusion. Skp2 not only func-
tions as an agonist for SARS-CoV-2 by enhancing autophagy
but also reduces MERS-CoV replication by up to 28,000
times [6]. However, Skp2 can also be regulated by the antag-
onist for autophagy i.e., mTOR (Fig. 1).

Skp2 regulation by mTORC1: a hypothesis
against SARS-CoV-2 replication

Skp2

E3 Ubiquitin-protein-ligase complex comprises of substrate
recognition component known as Skp2. Skp2 is a primary

Fig. 1 Protein-Protein interaction between the regulatory com-
ponents of autophagy and endoplasmic reticulum-associated deg-
radation (ERAD). Essential targets include BECNI1 (Beclinl),
SKP2 (S-phase kinase-associated protein 2), and USP10 (Ubiquitin
Specific Peptidase 10) (STRING: Functional Protein Association Net-
works, n.d.)

mediator of the ubiquitination and proteasomal degradation
of specific proteins target, which interconnects with the cell
cycle progression (mainly p27 proteolysis), signal trans-
duction, and transcription. p27 degradation by SCF ((Skp1/
Cull/F-box protein)-Skp2 is done through phosphorylation
of p27 [36]. Skp2, or S-phase kinase linkage to the ubiquitin-
proteasome system (UPS), regulates the timely turnover of
new proteins of different cellular processes[37]. Moreover,
Skp2 also causes p27-independent proteolysis by phospho-
rylation at the Thr187 site of p27 [38].

Skp2 inhibition and BECN1 phosphorylation

Skp2 inhibition increases BECN1 levels and improves lyso-
somal SNAP receptor protein assembly and autophagy. Fur-
ther, it restricts MERS-CoV replication. The FKBP51 subu-
nit tends to initiate the linkage of Skp2 to BECN1 (inactive
form) markedly due to its association with AKT1 kinase.
Likewise, BECN1 phosphorylation increases FKBP51-
directed protein interactions, and decreases AKT1 phos-
phorylation. FKBP51 affects at least two pathways inter-
connecting with the phosphorylation and regulation of E3
ligase-Skp2 and BECN1; both pathways include AKT1 [39].

mTORC1, a key regulator of Skp2 protein

The interaction of mMTORCI at Ser64 position of Skp2 and
its pSkp2 can consequently protect Skp2 from degradation
by Ub-Proteasomal pathway [40]. Jin et al. reported that
Skp2 regulates the negative feedback to trigger the activa-
tion of mMTORCI signaling, which aids in recruiting Skp2
to RagA [41]. Hence, the activation of mTORC1 works by
influencing the activity of Skp2 and mTORC1-mediated
Skp2 phosphorylation. The two effector protein subunits,
namely (i) 4E-binding protein 1 (4EBP1) and (ii) S6 kinase
1 (S6K1), participate in cellular growth, metabolism, pro-
tein synthesis, and initiation of angiogenesis; hence the
activation of mTORCI is an essential step [42—44]. Thus,
mTORC1 works as a key regulator of the Skp?2 protein.

Pharmacological interventions toward antiviral
therapy

The siRNA and mTOR inhibitor rapamycin or metformin
can regulate the expression of Skp2. Skp2 inhibitors act
in the following ways: (i) by inducing cell cycle arrest via
Skp2 inhibition, (ii) by the interaction of p27 to attenu-
ate Skp2, and (iii) by reduction of p27 ubiquitination [40,
45, 46]. Other autophagy regulator includes: the HSP90
chaperone as well as more recently found FK506 binding
protein (FKBP)512 [46]. CoV engages differentially with
autophagic pathway components. Thus, autophagy modu-
lation may alter virus replication [47]. It is shown that
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substances inhibiting the generation of DM Vs are broadly
reactive against in vitro CoV replication especially emerging
paradigmatic viruses of various genera, including MERS-
CoV [48]. A MERS-CoV-infected cellular genome study
indicates significant phosphorylation changes affiliating with
several regulatory kinase proteins such as AKT1 and mTOR.
Other studies have correlated autophagy with mTOR and
AKTlin other research studies [49, 50].

According to early research, the enhancement of PI3K
following ADV infection causes viral protein production
and proliferation [51]. Epstein-Barr virus (EBV) encodes
for the latency protein, i.e., LMP2A and the G protein-cou-
pled receptor (vGPCR). Herpesviruses, and Kaposi’s sar-
coma herpesvirus (KSHV), trigger the PI3K/Akt pathway
upstream of mTORCI [52, 53]. The mTOR activity rises
after pharmacological suppression of the PI3K pathway,
as shown by a negative effect on West Nile Virus (WNV)
development and replication [54, 55]. As a result, WNV is
predicted to target mMTORC initiation and delay apoptosis to
maintain its translational machinery [55, 56]. PI3K-depend-
ent apoptosis blocking interferes with DENV and JEV entry,
although pharmacological targeting of PI3K inhibition does
not affect virus replication, unlike WNV [57].

Viruses compete directly with host machinery to oppose
the stress response for their survival. Therefore, modulat-
ing the mTOR and autophagy pathway in the host cell may
inhibit virus replication and play a role in antiviral therapy
[49].

Potential mTOR inhibitors

mTOR inhibition can act as one of the strategies to inhibit
virus replication. Furthermore, different studies sig-
nify mTORCI as a primary regulator of viral replication,
including the Andes orthohantavirus and coronavirus [58].
Sirolimus, the most potent inhibitor of the mTOR pathway,
effectively blocks the translation of viral proteins and new
virions. Earlier studies indicate that sirolimus was used to
treat patients with HIN1 infection and those suffering from
pneumonia and acute respiratory failure [59]. Another study
revealed that sirolimus reduced MERS-CoV replication by
60% [60]. mTOR signaling plays an essential role in the
progress of MERS-CoV infection [49].

Another study indicates that using 1 pg/ml dactinomycin
effectively inhibits feline enteric CoV development [61].
Another study predicts that combining sirolimus and dac-
tinomycin can target HCoV. They synergistically target the
complementary exposure pattern of the HCoV-related host
protein subnetwork. In particular, sirolimus and dactinomy-
cin efficiently inhibit the mTOR signaling and viral mRNA
synthesis in HCoV-infected cells [62].

Another mTOR inhibitor, i.e., metformin, inhibits the
virus by enhancing insulin sensitivity [63, 64]. It can also
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serve to inhibit mTOR signaling by associating with protein-
protein aggregates. Thus, metformin may serve as a potential
drug against SARS-CoV-2 to prevent viral replication and
pathogenesis [65, 66].

Possible replication mechanism of SARS-CoV-2
and its modulation

mTOR and Skp2 may act as potential targets to inhibit the
replication of SARS-CoV-2 [31]. The SARS-CoV-2 baits
communicate with the accessory components of virus-hosts
signaling systems, including respiratory complex 1 by Nsp7,
Nspl2, Orf9c, leucine importer B, Nsp6, and LARP1 [67].
Protein-Protein interaction studies suggest direct signaling
of human proteins regulation by the mMTORC]1 pathway-
associated proteins like LARP1, some regulatory kinases,
and FKBP7. These proteins further interact with the viral
N and Orf8 proteins. Hence, these regulatory pathways can
control virus propagation, replication, and inhibition of tar-
get proteins and can also lead to the degradation of infected
cells by enhancing autophagy. Thus we propose the indirect
modulation of the mTORC1 protein complex through met-
formin. (Fig. 2)

As a proof of concept, we performed a molecular interac-
tion study of metformin with N protein of coronavirus and
with mTOR (mammalian target of rapamycin), LARP1 (La
Ribonucleoprotein 1, Translational Regulator), and FKBP7
(FKBP Prolyl Isomerase 7)), followed by a protein-protein
interaction study between LARP1-Nsp7, and FKBP7-Nsp7.
The strength of these complexes was further checked in the
presence of metformin through Patch Dock. The strength
of protein-protein interaction is evaluated in terms of patch
dock score.

The molecular docking analysis reveals the interaction
of metformin with the LARP1 and FKPB7. The binding
energies of the selected targets with MET (metformin), its
amino acid residues, the active site involved in the interac-
tions, binding energy, the inhibition constant, H-bond atoms
involved, and the H-bond distance are mentioned in Table 1.
Negative binding energy shows a relatively strong affinity of
LARP1 and FKBP7 with MET. The images of the docked
complexes of LARP1 and FKBP7 with MET are shown in
Fig. 3.

Further, the patch dock score (PDS) estimates the score of
interaction between two protein molecules. PDS was 16,770
when FKPB7 was interacting with the co-factor complex
of NSP7 and the C-terminal domain of NSP8 from SARS
CoV-2 (PDB ID: 6WIQ), whereas the score decreased to
16,152 in the presence of metformin.

Further, the PDS was 12,070 when LARP1 was inter-
acting with nsp7-nsp8 complex of SARS-CoV-2 (PDB ID:
6YHU), which decreased to 10,818 in the presence of met-
formin. This decrease in score shows that the interaction
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Fig. 2 Potential replication mechanism of SARS-CoV-2 and
its modulation. Direct and Indirect Co-regulation of mTORCI1 and
Skp2 via Metformin enhances the autophagic flux and inhibits SARS-

Table 1 Molecular docking analysis of metformin (MET) with the LARP1 and FKBP7

CoV-2 protein translational assembly by targeting LARP1, Nsps 1-6,
Orf 3-10, and 4E-BP proteins

S.No Protein-ligand complex Binding Inhibition H-Bond H-Bond Atom Active site residues
energy (kcal/  constant atom dis-
Mol) (Ki) tance
1 LARP1+MET -3.99 1.19 mM 2.12895 :MOLO:H17- A:GLU875:0E1  Gly869,Tyr870,Arg871,Tyr87
2,Glu875
2 FKPB7+MET -5.41 104.89 uM  1.95899 :MOLO:H17 - A:GLU127:0E1  Ser121,Glul23, Ser124,Glul27
2.1723 :MOLO:H18 - A:SER124:0G
1.96238 :MOLO:H19 - A:GLU123:0E2

Fig.3 Pictorial representation
of molecular docking analy-
sis. a Binding orientation in the
docked complex of MET with
FKPB7. b Binding orienta-
tion in the docked complex

of MET with LARP1. The
compound (MET (metformin))
is represented in green. Images
were generated using Discovery
Studio Visualizer
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activities including microautophagy, an autophagy related pathway.

between host protein and viral replicative machinery may
weaken in the presence of metformin. However, results
obtained from in silico studies would need to be validated
experimentally.

mTOR inhibitors as sensitizers of viral infections:
adouble edge sword

The use of mTOR inhibitors is known to immunosuppress
individuals, which is a known risk factor for respiratory
virus infection and is the reason why patients on mTOR
inhibitors, like rapamycin, are considered a part of the highly
susceptible, fragile human population that needs to be insu-
lated from SARS-CoV-2 transmission in the community. A
study by Shi et al. [68] reported that treatment with mTOR
inhibitors such as rapamycin promotes the downregula-
tion of IFN-induced transmembrane (IFITM) proteins. The
IFITM proteins, mainly IFITM3, inhibit the virus-cell fusion
and helps in preventing viral infection. However, rapamycin
increases cellular susceptibility to multiple virus infections
(IFITM-sensitive viruses like Influenza A virus) by trigger-
ing the degradation of broad-spectrum antiviral proteins,
including IFITM. Hence, mTOR inhibitors may enhance the
entry of the virus into the cells due to suppressed immune
system and promote viral infection making patients taking
these drugs susceptible to viral infection, including SARS-
CoV-2. Another study by the same author [69] revealed that
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as IFITM2 and IFITM3 which in turn promotes the entry of SARS-
CoV-2 into the cells by facilitating the fusion between viral and cell
membrane

rapamycin analogs trigger microautophagy by activating
TFEB (Transcription Factor EB), resulting in endolysoso-
mal remodeling and turnover of transmembrane proteins like
IFITM. As a result, cells are more susceptible to SARS-
CoV-2 infection in tissue culture, and hamsters/mice are
more vulnerable to SARS-CoV-2 infection in vivo. Hence,
patients using mTOR inhibitors may become more suscep-
tible to SARS-CoV-2 infection due to lysosome-mediated
suppression of intrinsic immunity (Fig. 4).

Conclusion

SARS-CoV-2 has emerged as a global health threat.
Although vaccines against SARS-CoV-2 have been
designed, there is still no approved oral drug against SARS-
CoV-2. The growth and progression of SARS-CoV-2 in a
host cell may be dependent on the activation of the mTOR
pathway. Our article concludes that mTOR inhibitors may
inhibit the replication of SARS-CoV-2 through autophagy
induction and moderation of the PI3K-AKT-mTOR pathway;
thus, bringing a therapeutic impact in COVID-19 patients.
Overall, it is essential to find a suitable drug-based therapy
against SARS-CoV-2. In this regard, the therapeutic effect
of mTOR inhibitors, including metformin should be further
studied to design better treatment regimens against SARS-
CoV-2. However, mTOR inhibitors can also suppress the



Molecular Biology Reports (2023) 50:2701-2711

2709

immune system, thus, close examination of these inhibitors
on respiratory virus acquisition and disease is required.
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