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ABSTRACT

Aim: To study and determine the role of interferon-gamma in COVID-19 prevention.

Objective: The objectives include studying and understand the role of gamma interferon to cure or treat COVID-19 patients, to
stop the spread of infection, and also to prevent future outbreaks.

MATERIALS AND METHODS- Review of literature by collecting and retrieving information from articles.

Discussion: The coronavirus disease is a highly transmittable and pathogenic viral infection caused by SARS CoV-2. Interfer-
ons are a family of proteins that releases several cells in response to the infection caused by viruses. Plasmacytoid dendritic
cells are natural interferon producing cells. Interferons are involved in immune interactions and regulate viral mechanisms.
Interferon-gamma binds to specific DNA elements. Patients suffering from nocturia, breast cancer, and diabetes mellitus are
prone to cancer due to less immunity. Regenerative medicine for COVID-19 treatment can be helpful with the administration of
umbilical cord-derived mesenchymal stem cells which could prevent lung inflammation. Interferons exert and affect target cells
through the activation of cell surface receptors. Inflammation is a complex immune response to pathogens, damaged cells, or
irritants and enables survival during infection or injury and also maintains tissue homeostasis. The Stat-1 dimer complex, also
known as GAF (gamma activation factor), activates the transcription of IFN-y inducible genes through the GAS enhancer ele-
ment. The innate production of interferon-gamma is a critical step in immunological defense mechanisms against viruses. The
sources of gamma interferon in specific consist of activated natural killer cells, macrophages, and dendritic cells. The mediators
of viral recognition that led to the production of interferons consist of a group of receptors located either in the cytoplasm or on
the surface of endosomes; areas that allow these receptors to efficiently detect viral invasion. The virus is easily spreadable as
it is highly contagious and spreads through close contact or droplets of infected people. This review highlights the role of gamma-
interferon in COVID-19 prevention.

Conclusion: The review highlights the role of gamma interferon in the prevention of COVID-19 to study and identify its role and
mechanism to prevent and treat COVID-19. Interferons contain antiviral factors that produce fibroblasts after viral infections in
which interferon-inducible PKR kinase catalyzes RNA degradation. Innate cell-mediated immunity through NK cells that stimu-
lates specific cytotoxic immunity based on the recognition of cell surface-bound viral antigens expressed in major histocompat-
ibility complex (MHC) proteins that activate macrophages which therefore activates the anti-viral and antimicrobial activity of
interferon-gamma. Therefore, COVID-19 being a newly emerging virus, with no approved effective drug or vaccine, an intimate
understanding of the role of interferons in prevention is essential to implement novel therapeutic strategies.
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INTRODUCTION reservoir. Coronaviruses belong to the family Coronaviridae
in Nidovirales order!. Corona represents crown-like spikes

The coronavirus disease (COVID-19) is a highly transmit- o the outer surface of the virus, thus named coronavirus.

table and pathogenic viral infection caused by SARS-CoV-2  The virion is an enveloped particle that contains a spike,
(severe acute respiratory syndrome coronavirus-2). SARDS- membrane, and envelope proteins®. They are a large single-
CoV-2 is phylogenetically related to severe acute respiratory  gyranded RNA virus isolated from animal species. CoVs are
syndrome-like bat viruses therefore bats could be the primary positively stranded RNA viruses with a crown appearance”.
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Coronaviruses cause ARDS (acute respiratory distress syn-
drome) which develops sepsis, pneumonia, aspiration of
gastric content, and major trauma. The symptoms of corona
include fever, cough, tiredness, shortness of breath, head-
ache, chills, and sore throat. The virus is easily spreadable
as it is highly contagious and spreads through close contact
or droplets of infected people. The subgroups of the coro-
naviruses family are alpha, beta, gamma, and delta corona-
viruses®. The coronavirus spike protein is a multifunctional
molecular machine that mediates coronavirus entry into host
cells viral entry relies on the interplay between virion and
host cells®. Infection is initiated by the interaction of viral
particles with specific proteins of the cell surface. After ini-
tially binding to the receptor, enveloped viruses fuse their
envelopes into host cell membranes and deliver the nucle-
ocapsid to target cells 6. The dual play of spike protein is in
entry by mediating receptor binding and membrane fusion.
The fusion process involves a large conformational change
of spike protein. Coronaviruses have a wide set of receptors
that trigger fusion. The important role of spike protein is cell
tropism. Coronaviruses are capable of adapting to new envi-
ronments through mutations and recombination with ease in
a programmed manner to alter host range and tissue tropism
efficiently 7. Among the four general or subgroups of coro-
naviruses, alpha and beta coronaviruses infect mammals,
gamma coronaviruses infect avian species and delta corona-
viruses infect both mammalian and avian species. When the
first CoV receptor is identified, it binds to the adhesion mol-
ecule CEACAMI1 (Carcinoembryonic antigen-related cell
adhesion molecule-1) to infect cells ®. IL-8 causes inflamma-
tion of the lungs and leads to fever, fibrosis, and respiratory
complications infecting the host. Virus, toll-like receptors
(TLRs), and pro-IL1 have inflammasome cells that affect in-
nate adaptive immune system-specific immune responses’.
Replication of RNA viruses could generate mutations due
to low proofreading ability of RNA-dependent RNA poly-
merase (RDRP) and the genome variations generated by vi-
ral RNA-dependent RNA polymerase (RDRP) that leads to
emerging viruses being adapted to host cells '°. Molecular
signals, receptors, and transcription control systems are the
major factors that contribute to the development of the tooth,
and interference in these factors could lead to development
anomalies as COVID-19 causes disturbances in these fac-
tors'!. COVID-19 damages hemoglobin which impairs the
ability of red blood cells to transport oxygen throughout the
body, affecting the lungs leading to Acute Respiratory Dis-
tress Syndrome'?. To prevent the spread of corona appropri-
ate precautions must be taken such as cleaning hands, use of
masks and gloves, maintaining a safe distance, staying in the
eyes, or touching the nose. Personal protective equipment
(PPE) is used to create a protective barrier between doctors
and COVID patients *. As of now, the prophylaxis for pre-
vention or action against corona is in the process but some
antiviral drugs have been used to treat COVID-19 patients

that include antimalarial drugs that disrupt the virus repli-
cation and cytokine storm such as chloroquine . Also, un-
treated polycystic ovaries along with fibroid can lead to can-
cer and cancer patients are more prone to COVID-19 151617,
Patients suffering Hansen’s disease are also more prone to
COVID as this infection affects the upper respiratory tract
as well as the eye ', COVID-19 not only affects the res-
piratory tract but it also shows symptoms in the eyes causing
conjunctivitis like stye ?. Patients suffering from nocturia,
breast cancer, and diabetes mellitus are prone to cancer due
to less immunity,'®1%202! Regenerative medicine for COV-
ID-19 treatment can be helpful with the administration of
umbilical cord-derived mesenchymal stem cells which could
prevent lung inflammation . The buccal smear is useful for
diagnosing Malignancy, Fungal infection, Viral infection and
Vesiculobullous dermatoses and so it could be used to detect
COVID-19 %
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Figure 1: Antiviral actions of Interferon (Samuel 2001).

Structure of Interferon

Interferons are a family of proteins that are released by a
variety of cells in response to infections caused by viruses 2.
They are classified based on nucleotide sequence interaction
with specific receptors, chromosomal location, structure,
and physicochemical properties »*. Interferons are ubiquitous
cytokines produced by all mononuclear cell types. There
are 3 major classes of interferons: Type-1 or non-immune
interferons that consist alpha produced by leukocytes and
interferon-beta produced by fibroblasts, Type Il or immune
interferon is gamma which produces NK cells and T- cells,
Type III are Lamba interferons . Toll-like receptors (TLRs)
on cell membranes and endosomes recognize viruses and
other microorganisms. Interferon-gamma is an activated T-
lymphocyte and natural killer cell that was described as an
antiviral agent 7. IFN gamma exhibits pleiotropic biological
activities. Different classes of interferon produced different
cell types under action different inducers . Interferons exert
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and affect target cells through the activation of cell surface
receptors %°.

Sources of Interferon

Interferons are produced from plasmacytoid dendritic cells
which are the natural interferon producing cells due to their
unique molecular adaptations to nucleic acid-sensing and
the ability to produce high amounts of interferons 33!, In-
terferons have antiviral factors that produce fibroblasts after
viral infections *. Cytokines cells in interferon play a role in
innate adaptive immunity by triggering Janus kinase (JAK)
which signals transducer which is in turn activator of tran-
scription signaling transduction **. Pleiotropic cytokines play
a role in cell growth regulation®* and modulators of innate
and adaptive immune responses 33,

The innate production of interferon-gamma is a critical step
in immunological defense mechanisms against viruses. The
sources of gamma interferon in specific consist of activated
natural killer cells, macrophages, and dendritic cells . Type
1 interferons, such as IFN-a, are produced in large quanti-
ties by activated plasmacytoid dendritic cells (pDCs) and are
particularly important in resistance to virus infections. The
inflammatory cytokine IFN-y is produced in large quantities
by Thl effector CD4 T cells, by CD8 T cells, and by natural
killer (NK) cells. Type 1 interferons help activate the con-
ventional dendritic cells (cDCs) which are needed to initiate
primary T-cell responses. IFN-y itself is needed to initiate
the differentiation of activated T cells toward the [FN-y—pro-
ducing Th1 state *. Thus, the production of relatively small
amounts of interferons by minor cell populations could be
important in the early stages of immune responses. Dendritic
cells can produce IFN-y when stimulated with interleukin 12
(IL-12) and IL-18.

Functions of Interferon in Chronic Inflamma-
tion and Infections

Inflammation is a complex immune response to pathogens,
damaged cells, or irritants which enables survival during in-
fection or injury and also maintains tissue homeostasis®. In
response to an infection, a cascade of signals leads to the re-
cruitment of inflammatory cells (neutrophils and macrophag-
es), which produce cytokines and chemokine*. The inflam-
masome is a multiprotein complex, which initiates cleavage
of pro-inflammatory cytokines IL-1p and IL-18 into active
forms *!. Interferons (IFNs) and inflammatory cytokines are
crucial molecules that influence cellular, tissue, and global
physiological functions. Immune cells (macrophages, den-
dritic cells) recognize pathogen-associated molecular pat-
terns (PAMPs) and endogenous danger-associated molecular
patterns (DAMPs) “2. Pattern recognition receptors (PRRs)
detect bacterial and viral PAMPs and also recognize DAMPs
endogenous molecules, released by dying or damaged cells
4, Interferons interact with target cells. Interferons are in-

volved in immune interactions and also inducers, regulators,
effectors of innate adaptive immunity that cause antiviral
mechanisms *. RNA degradation is catalyzed by interferon-
inducible PKR kinase . Alteration of T-helper cells produc-
es responses to inhibit the growth of the cell and promote
apoptosis that induces an antiviral state in uninfected cells .
Interferon-gamma is the primary activator of macrophages*’
that stimulates natural killer cells and neutrophils *¢. Virus-
specific T-memory cells are a major source of gamma inter-
feron in the prevention of viruses . Interferon-gamma me-
diated by the induction of cellular products interferes with
microbial metabolism °. Cellular responses to interferon-
gamma are mediated by heterodimeric cell surface recep-
tors which activate downstream signal transduction cascades
ultimately leading to regulation of gene expression®. Type
I- IFNs are protective in acute viral infections; however, in
bacterial infections, they could have either protective or del-
eterious roles. Type I- IFNs are induced by ssSRNA, dsRNA,
and cytosolic DNA from viruses or bacteria.

Mechanism of Interferon

Coronavirus is susceptible to Type I interferon *. The inter-
feron response and maximal virus replication **. The media-
tors of viral recognition that led to the production of inter-
ferons consist of a group of receptors located either in the
cytoplasm or on the surface of endosomes; areas that allow
these receptors to efficiently detect viral invasion **. Interfer-
ons exert their actions through cognate cell surface receptors
that are largely species-specific. [FN-y plays an important
role in both innate and adaptive immunity *. It stimulates
innate cell-mediated immunity through NK cells and stimu-
lates specific cytotoxic immunity based on the recognition
of cell surface-bound viral antigens expressed in association
with major histocompatibility complex (MHC) proteins that
activate macrophages. Hence the immune responses medi-
ated play an important role in the antiviral and antimicrobial
actions of IFN-y. The cells can be divided into three classes
based on the pattern of cytokines produced following activa-
tion by antigens and mitogens.IL-12 and IL-18 are IFN-y-
inducing cytokines; IL-12 induction of IFN-y is dependent
on caspase-1 processing of the IL-18 precursor protein .
IFN-y possesses unique immunoregulatory activities that are
important in the innate host response against microbial infec-
tions and it also plays a role in mediating protection against
viral infection, especially long-term control of viral infec-
tions. The various members of JAK and STAT families have
distinct functions in cytokine signaling Receptor-associated
JAKSs are activated post binding of IFNs to their cognate
multi-subunit transmembrane receptor. Of the known JAKs
and STATs, the Jak-1, Jak-2, and Tyk-2 kinases and the Stat-
1 and Stat-2 transcription factors play central roles in medi-
ating IFN-dependent biological responses, including induc-
tion of the antiviral state. [FN-y activates Jak-1 and Jak-2
kinases which lead to the phosphorylation and homodimeri-
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zation of the Stat-1 protein and also subsequent translocation
to the nucleus. The Stat-1 dimer complex, known as GAF for
gamma activation factor, activates the transcription of [IFN-y
inducible genes through the GAS enhancer element®’.

Future Scope

Interferon plays a critical role in recognizing and eliminat-
ing pathogens and being the central effector of cell-mediated
immunity it controls the antibacterial and antiviral functions.
In reference to **%, the use of these educational techniques
could help in studying the causes of COVID-19.

CONCLUSION

The review highlights the role of gamma interferon in the
prevention of COVID-19 to study and identify its role and
mechanism to prevent and treat COVID-19. Interferons con-
tain antiviral factors that produce fibroblasts after viral in-
fections in which interferon-inducible PKR kinase catalyzes
RNA degradation. Innate cell-mediated immunity through
NK cells that stimulates specific cytotoxic immunity based
on the recognition of cell surface-bound viral antigens ex-
pressed in major histocompatibility complex (MHC) pro-
teins that activate macrophages which therefore activates
antiviral and antimicrobial activity of interferon-gamma.
Therefore, COVID-19 being a newly emerging virus, with
no approved effective drug or vaccine, an intimate under-
standing of the role of interferons in prevention is essential to
implement novel therapeutic strategies. Thus, treatments that
reduce SARS-CoV load by several logs in infected individu-
als could enable more individuals to control, eliminate, and
survive SARS-CoV infections. Combination IFN treatment,
therefore, warrants further consideration as a treatment for
SARS.
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