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ABSTRACT

The interferons (IFNs) are the main antiviral immune factors. Currently,
various IFNs therapies are used for the treatment of human immunodeficiency
virus (HIV), hepatitis B (HBV), and hepatitis C (HCV), cancer, and autoimmune
diseases. Recently, it has been suggested that IFN-a therapy should be used to
lessen the respiratory symptoms in the SARS-CoV-2 virus- infected (COVID-19)
patients. The SARS-CoV-2 enters the cells by binding to the Angiotensin-
converting enzyme 2 (ACE2), which by recognizing the spike S1 protein of the
virus, acts as a virus receptor. Because the expression of ACE2 is induced by
IFN-a, the SARS-CoV-2 virus may exploit the anti-viral response by subverting
the IFN functions to further its own propagation and infectability. We discuss
here how the SARS-CoV-2 may also subvert the immune response of the lung
macrophages, which also express ACE2, to exacerbate the severity of the
COVID-19 respiratory symptoms.

The interferons (IFNs) are the principal signaling molecules
(cytokines) released by the immune system to fight viral infections.
Because of their potency and a wide spectrum of cellular targets, they
also result in the flu-like side effects, such as chills, fever, headache,
and muscle pain. The IFNs are the soluble glycoproteins categorized
into type I (containing 12 subtypes of IFN-a, IFN- IFN-¢, IFN-k, and
IFN-w), type Il (containing only IFN-y), and type III (IFN-A 1, IFN-A
2,and IFN-A 3)%. All these interferons activate the anti-viral response
in all cells, which express the respective receptors. The type I IFNs
bind to the IFNa /[ receptor (IFNAR) that is present in the majority
of cells, including macrophages, and through the tyrosine kinase
2 (TYK2), Janus kinase 1 (JAK1), and the signal transducers and
activators of transcription (STATs) induce the formation of the
interferon-stimulated gene factor 3 (ISGF3) complex. When this
complex translocates to the cell nucleus, it binds the interferon-
stimulated response elements (ISREs) in the promoter region of
interferon responsive genes (ISGs), and switches on the transcription
of the antiviral genes!. During microbial infection, majority of cells
produce type I interferons (IFNs). Macrophages and dendritic
cells (DCs), produce type I IFNs after sensing a pathogen. Alveolar
macrophages produce copious quantities of IFN and less [FNa.
The dendritic cells (DC) and especially plasmacytoid DCs (pDCs)
synthesize mainly IFNa, while the non-immune cells, such epithelial
cells, and fibroblasts synthesize mainly IFNB. Type II (IFN-y) is
produced by many types of immune cells including T cells, NK cells,
and macrophages®. The type II (IFN-y) receptors are expressed
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mainly in the T cells, natural killer cells, and natural killer T
(NKT) cells thatare the T cells with killer cells activities. The
binding of the IFN-y to its receptor (IFN-yR1 and IFN-yR2
chains) activates JAK1, JAK2, and STAT signaling pathways.
When the, phosphorylated by JAK1, STAT1 homodimerizes
and translocates to the nucleus, it binds to promoters that
contain an interferon-y-activated site (GAS), and activates
transcription of the relevant immune response genes.
Another, more direct, route of transcriptional activation
involves the binding of the ligand-binding subunit (alpha)
of the IFN-y receptor (IFNGR1) to the phosphorylated
STAT1, translocation of the complex to the cell nucleus,
binding to the GAS promoter region of the responsive
genes, and activation of their transcription®. The type III
interferons (IFN-As) are expressed by many different cell
types, but the expression of IFNRA receptors are mainly
limited to the epithelial, and epithelial-derived cells. There
are older studies showing that mesothelial peritoneal cells
respond to the IFNRA that suggests that also the pleural

r
ACE2
I o \ o \
alveolar epithelium \ I inflammatory response,
anti-viral response,
IFN-o @

@ cvtokine storm “ <
P

alveolar macrophage

recruitment and >
activation of T cells
NK cells, DCs and B cells

cavities cells express IFNRA receptors®* The immune cells
such as macrophages, dendritic cells, B cells, and T cells,
express a short variant of the IFNRA receptor, which is
only weakly activated by the IFN-As. The binding of INFA
to its receptor recruits IL-10R2, and the resulting complex
activates, (similar to IFNs type I) JAK/STAT signaling and
regulates transcription of the target genes!. The IFNs do
not directly Kkill the virus but their anti-viral activity relies
on the activation of the transcription of genes whose
protein products directly inhibit replication of the virus
in the infected cells, and also on its immunomodulatory
effect on the various subsets of the immune cells, which kill
and remove infected cells, and, thus, restrict the infection.
Currently, various IFNs therapies are used for the treatment
of human immunodeficiency virus (HIV), hepatitis B (HBV),
and hepatitis C (HCV), cancer, and autoimmune diseases.
Recently performed immunoprofiling of COVID-19 patients
showed that 1 out of 5 critically ill patients had a low or
undetectable level of IFN-a, which led to the conclusion

alveolar macrophage

Figure 1. Two scenarios of IFN-a function in the lungs infected with the SARS-CoV-2 virus.

A) IFN-a is only a part of the inflammatory/anti-viral response, and B) IFN-a is highjacked by the virus to produce more ACE2 that serves
as the virial receptors, increasing virus infectability.

In scenario A, the SARS-CoV-2 infects epithelial cells of lung alveoli using ACE2 as its receptor. The inflammatory signals from the infected
epithelial cells activate immune/ anti-viral responses in the alveolar macrophages. The cytokines, including IFN-a and IFN-B produced by
macrophages and epithelial cells also recruit/activate immune/antiviral response in other types of immune cells (T cells, NK, DCs, and B
cells). Because besides the epithelial cells the alveolar macrophages also express the ACE2, they are also infected by the virus exacerbating
the immune response and causing damaging cytokine storm. Eventually, the avalanche of the produced inflammatory/anti-viral factors
leads to the acute respiratory distress syndrome (ARDS) in the COVID-19 patient.

In scenario B, the IFN-a and IFN-B produced in response to SARS-CoV-2 infection, not only fights the virus but also induces the transcription
of the ACE2 gene in the epithelial cells and macrophages, leading to the formation of more ACE2 receptors. This increases the infectability
of the virus, but also further exacerbates the damaging already cytokine storm and further increases the severity of ARDS in COVID-19
patients’ lungs.
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that the COVID-19 patients should be screened for the level
of IFN [, and those with defective IFN-a response should
undergo the IFN-a therapy?®.

However, this approach may be problematic, because
another, also published in 2020 study, suggests that the SARS-
CoV-2 virus that causes the current world-wide COVID-19
pandemic may exploit the anti-viral response by subverting
the IFN functions to further own propagation and infectability?®.
We postulate here that SARS-CoV-2 may also subvert the
immune response of the lung macrophages exacerbating the
severity of the COVID-19 respiratory symptoms.

The SARS-CoV-2 is the RNA virus that, similar to
SARS-COV and NL63, enters the cells by binding to the
Angiotensin-converting enzyme 2 (ACE2), which by
recognizing the spike S1 protein of the virus, acts as a
virus receptor” 8. Besides serving as the virus receptor,
the main, enzymatic, function of ACE2, which is the zinc
metallopeptidase angiotensin-converting enzyme 2, is the
catalytic conversion of the vasopressor angiotensin II to
the vasodilator angiotensin-(1-7) and, thus, regulation of
the blood pressure and heart functions.

One of the major and most dangerous symptoms of
COVID-19 is acute respiratory distress syndrome (ARDS),
which causes death in approximately 15% of patients.
The main portals for the entry of SARS-CoV-2 to the body
using the ACE2 receptors are the nasal epithelial cells.
However, the single-cell RNA expression profiling studies
showed recently that the ACE2 is not only abundant in the
airway epithelial cells, the epithelial cells of lung alveoli,
but also in the lung macrophages®. There are two major
types of lung macrophages, the alveolar and parenchymal.
After receiving the distress (cytokine) signals from the
virally infected lung epithelial cells, these macrophages
try to eliminate the virus by mounting a rapid immune
response: destroying (phagocyting) the infected cells
and releasing the massive amount of immune defense/
signaling factors such as various cytokines and IFN-a, and
IFN-y%#1% which activate and recruit other immune cells to
join in the fight against the virus. This is usually effective in
eliminating the infection and resolving lung inflammation
in the fight against common respiratory viruses. However,
in SARS-CoV-2 infection, because the lung macrophages
express ACE2 receptors, they also become infected,
which exacerbates their immune response causing the
release of abnormally high amounts of cytokines and other
inflammatory molecules. This, in turn, causes the so-called
cytokine storm resulting in a lethal ARDS. This, by itself,
would be worrisome enough, but there is also another,
very troubling finding. The single-cell RNA-seq datasets
analysis showed recently that the expression of the ACE2
gene in human (but not in mouse) airway epithelial cells is
stimulated by the IFN-a®. Thus, the massive production of
IFN-a during the anti-viral immune response in the infected

lungs would increase the number of ACE2 receptors for
the SARS-CoV-2 virus and increase the rate of infection.
Because the alveolar macrophages are the main producers
of IFN-a in lung infections with many RNA viruses!® we
postulate that the released IFN-a not only upregulates
ACE2 receptors for the SARS-CoV-2 in the respiratory
epithelial cells but also in the lung macrophages that, in
turn, increases macrophage infection with the virus, and
even more exacerbates the macrophage-derived cytokine
storm and severity of ARDS. Currently there are nearly 4000
COVID-19 clinical trials (listed on the website: https://
clinicaltrials.gov/ct2 /results?cond=COVID-19) there is
one clinical trial ( http://www.ctri.nic.in/Clinicaltrials/
pmaindet2.php?trialid=43775) with pegylated IFN alpha-
2b. Limited studies indicate that the intranasal delivery of
IFN-( is effective in reducing the viral load and providing
some protection against COVID-19 infection'?. Although
the alveolar macrophages produce more IFN-f3 than IFN-q,
which have both pro- and anti-inflammatory activities,
these two responses are deregulated in the lungs of
COVID-19 patients. A cytokine storm may reflect a sum of
these two responses that may vary among the individual
patients. Although some limited or uncontrolled studies
indicate the benefits of IFN-a treatment of COVID-19
patients®3, further studies on the correlation between
IFN-a, ACE2 upregulation, lung macrophages, and SARS-
CoV-2 infection, and also caution in the therapeutic use of
IFN-a as the anti-SARS-CoV-2 medication are necessary.
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