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Abstract

The current COVID-19 is one of the deadliest pandemics in recent decades. In the lack of a specific treatment for this novel
infection, knowing the role of cell signaling pathways in the pathogenesis of this infection could be useful in finding effec-
tive drugs against this disease. The mammalian or mechanistic target of rapamycin (mTOR) is an important cell signaling
pathway that has important role in the regulation of cell growth, protein synthesis, and metabolism in reactance to upstream
signals in both pathological and normal physiological conditions. Recently, some researchers have suggested the therapeutic
potential of mTOR inhibitors such as rapamycin against COVID-19. However, it is important to consider the role of activa-
tion of this pathway in controlling immune system response against viral activity in drug repositioning of rapamycin and

other mTOR inhibitors in SARS-CoV-2 infection.
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Abbreviations

COVID-19 Coronavirus disease 2019

mTOR Mechanistic target of rapamycin

mTORC Mechanistic target of rapamycin complex

SARS-CoV-2 Severe acute respiratory syndrome corona-
virus 2

TNF-a Tumor necrosis factor alpha

The mechanistic (previously referred to as mammalian)
target of rapamycin (mTOR) pathway which is a central
regulator of cell metabolism, survival, proliferation, and
growth is one of the most important cellular pathways. It
senses both extracellular and intracellular signals to regulate
the lipids metabolism, transcription, protein synthesis, and
autophagy. mTOR is one of the main members of the phos-
phatidylinositol 3-kinase-related kinase family of protein
kinases which is a crucial component of at least two dis-
tinct multiprotein complexes, mMTOR complex 1 (mTORCI)
and mTOR complex 2 (mTORC?2), which control differ-
ent signals to regulate different cellular functions. The
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rapamycin-sensitive mMTORC1 mainly functions as a redox/
nutrient/energy/sensor and controls organelle biogen-
esis, lipid metabolism, and protein synthesis. The rapa-
mycin-insensitive mTORC?2 is a key regulator of the actin
cytoskeleton, metabolism, and cell survival [1]. The latest
published review articles suggest the therapeutic potential
of mTOR inhibitors such as rapamycin against COVID-19
[2—4]. Due to the important role of the mTOR pathway in
various cellular processes, it is not astonishing that this
pathway induces the development and response of different
immune cells. mTOR regulates the gene expression of mye-
loid immune cells to control their cytokine expression and
migration. Inhibition of mMTORC1 promotes the autophagy
of macrophages and enhances the T-cell stimulatory activ-
ity of dendritic cells [5]. mMTORC2 controls cell polarity
and chemotaxis of mast cells and neutrophils [6]. On the
other side, activation of mTORCI stimulates the secretion
of IL-15 which regulates the rate of proliferation and cyto-
toxicity acquisition of NK cells. It has been indicated that
early B-cell production in germinal centers is suppressed
by mTOR inhibitors. Therefore, this pathway is important
in proliferation and development of B cells. Furthermore,
mTORCI regulates BCL6 expression to determine the fate
of B cells in the human germinal center. In fact, after B-cell
activation, the inhibition of mTORCI1 decreases the popula-
tions of antigen-specific memory B cells [7]. Therefore, it
is predictable that treatment with rapamycin prevents B-cell
growth and inhibits murine B-cell proliferation induced by
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anti-IgM [8]. Considering the effects of mTOR inhibitors in
blocking the development of memory B cells, patients with
SARS-CoV?2 infection treated with mTOR inhibitors are
anticipate to have decreased early cross-reactive antibody
production and thus less antibody-dependent enhancement.
In addition, mTORC1 and mTORC?2 activation can induce
anti-inflammatory cytokine IL-10 production to prevent
apoptosis [9]. mTOR activation can also increase the activ-
ity of anti-inflammatory cytokine IL-10 and inhibit the pro-
inflammatory cytokine TNF-a. Furthermore, mTOR activa-
tion has been reported to be essential for reducing influenza
A virus replication, anti-hepatitis C activity, promoting natu-
ral killer cell effector function, and be required for type-1
interferon response to enhance seasonal influenza vaccina-
tion clinical effectiveness [10]. Therefore, it is important to
consider the role of mTOR activation in regulating immune
system response and its antiviral activity in drug reposi-
tioning of rapamycin and other mTOR inhibitors in SARS-
CoV-2 infection and it should be kept in mind that mMTOR
inhibitors could act as a double edge sword in patients with
COVID-19. Therefore, their safety and effectiveness against
SARS-CoV-2 infection should be studied in further future
studies.
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