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Abstract

While the COVID-19 pandemic has raised concerns about the future of people worldwide, it has made it necessary to
take measures with high economic costs, including quarantine. We consider it is more logical for some scientists to investigate
time-saving treatment options until vaccination studies, which are started to be studied rapidly, are accomplished or specific
antiviral agents are found. In this context, treatment combinations of one or more of the immune modulators known as cyto-
kines, which can stimulate or accelerate the immune system, should be tried. In our opinion, although such options are not as
effective as specific treatments such as vaccines, such options will offer highly effective alternatives in times of emergency. For
this reason, we found it appropriate to make a reminder by preparing a broad review about interferon gamma, which is an

antivirus and is an immunomodulator and which plays a critical role in humoral and cellular immunity.
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Introduction

Today, there has been a significant increase in
the geriatric human population due to prolonged
lifespan. The number of people who have weakened
naturally and acquired (adaptive) immune system, which
creates antiviral defenses, has also increased. This
creates a favorable environment for opportunistic
microorganisms such as bacteria, fungi and viruses, in
which they can live and multiply. In addition, super-
infections caused by many microorganisms due to
developing serious resistance against existing antibiotics
enrich this environment [1-3]. As if these were not
enough, the fact that many microorganisms, which
normally do not pose a significant threat to humans,
begin to cause disease by mutating, further increases
the extent of the danger. Due to climate change and
intervention in habitats, microorganisms with a suitable
genotype for mutation and adaptation to the changing
environment have led to the emergence of fatal diseases
of which specific treatment is not yet known and leaves
the available treatment options inadequate [4,5]. The
novel coronavirus 2019 (2019-nCoV or COVID-19)
pandemic, one of the biggest epidemics of the last
century, is the result of such a process. Deaths related
to this pandemic cause great concern worldwide and
cause great economic losses due to quarantine
measures taken. The COVID-19 pandemic causes
immediate decisions with insufficient risk assessment
and limited information [5]. In this period, when no
successful results have been obtained from the specific
drug and vaccine studies that have been rapidly
initiated, it will be very useful to investigate options that
stimulate and strengthen the immune system against
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COVID-19 virus. In this context, we think that the
treatment protocols formed by one or more suitable
immunomodulating agents, which can stimulate or
accelerate the immune system, especially in the elderly
population, should be tried. Therefore, we find it useful
to review information about interferon-gamma (IFN-y),
known as antivirus and plays a critical role in humoral
and cellular immunity with its immunomodulator
properties.

Immunomodulators and Impact Mechanisms

The infection only causes disease when the
interaction between the host and the microorganism
causes damage leading to disrupt of homeostasis.
Treatment to prevent infections in the process until
today is mostly based on antimicrobial and antiviral
drugs. This approach has been particularly successful
against bacterial infections. However, the resistance
developed by microorganisms has brought immunomod-
ulator therapies to the agenda, bringing the host to the
fore. In immunomodulatory therapy, the goal is not to
combat the pathogen, but to modulate the host's
immune system to provide a quick and adequate
response. In other words, the aim is to improve the
interaction between the host and the microorganism in
favor of the host (Figure 1). Substances that function in
this way are called immunomodulating agents. What is
expected of immune modulating agents is to induce the
immune system delayed in response or to strengthen
the low level response [6—8]. Thus, immunomodulators
strengthen humoral immunity by stimulating defense
against extracellular pathogens (such as viruses and
bacteria) and toxins (neutralization, opsonization and
complement activation) through antibodies and
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Figure 1. The balance between the host and the
microorganism. When balance develops against the
host, microbial diseases occur. Immune modulating
agents can ensure that balance is restored.
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strengthen cellular immunity by stimulating the T helper
(CD4) and T cytotoxic (CD8) response to intracellular
pathogens. Immunomodulators that stimulate natural
immunity also play a critical role by preventing a
non-specific response to the pathogen. They can also
provide a broad-spectrum emergency treatment option
in the event of a new pathogen-induced epidemic or
biological attack such as COVID-19.

In general, immune modulators have less
potential to develop treatment resistance compared to
treatments targeting specific pathogens. In addition,
specific treatments are effective against one or more
pathogens or diseases, while immunomodulators can be
used as treatment options in the wider disease group.
Because their mechanism of action includes multiple
effector cells and mediators. For example, Natural Killer
(NK) cells activated by immunomodulating agents, by
secreting INF-y, both stimulate the phagocytic activities
of macrophages and destroy virus-infected or modified
cells and cancer cells. NK cells have inhibitory and
activating receptors that tightly regulate their effects to
detect abnormal cells and be tolerant to healthy cells.
The effectiveness of NK cells depends on the docking of
these activating or inhibiting receptors. Docking with
NKG2D and CD16 receptors activates NK cells. By
activation, NK cells express inhibitory receptors (iNKRs)
that specifically bind MHC-I molecules on the surface of
healthy cells. In some viral infections and cancer, the
expression of MHC-I molecules on the cell surface
decreases. Therefore, inhibitory signals of iNKRs
receptors are lost. Thus, infected cells become targets
for NK cell activation. In relation to this mechanism,
many viruses, including some types of EBV, CMV, HIV,
and Coronaviruses, have been found to reduce MHC-I
expression to avoid T cell responses [6,9-14]. In
studies, Synthetic peptides of MHC proteins (HLA in
humans) have been found to show immunomodulatory
effects in animals and humans in vitro and in vivo.

Immunomodulators as an Option in Treatment

There is a wide variety of viruses in the world
that can be expressed in millions. This wide variety of
viruses can cause disease of varying severity in plants,
animals and humans. Especially the survival of human
and animal hosts depends on the cellular mechanisms of
the innate antiviral immune response and the elimination
of the virus by virus-specific lymphocytes [15,16].
Www.openaccesspub.org
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Therefore, the focus is on the development of
broad-spectrum antiviral approaches that can stimulate
these mechanisms. Because, such approaches as in the
case of IFNs, which activates protective mechanisms for
both virus control and elimination, such approaches
have the potential to resist different viruses with
different disease pathogenesis. They are also quite
suitable for prophylaxis and early treatment.

In a recent study, the identification of the
crystal structure of the HCoV-EMC protease revealed the
idea that a CoV protease inhibitor can block the catalytic
region [17]. However, there is currently no proven
antiviral therapy for HCoV-EMC. Viruses often capture
cellular processes that are initiated in response to
infection and use the host to replicate. Targeting the
cellular response in treatment can inhibit viral
replication [18,19]. Also, as with influenza virus
infections, immunomodulatory drugs, which reduce the
host's excessive inflammatory response, defined as
cytokine storm, have the therapeutic benefit.
Targeted cytokines have many functions. These
functions can be summarized according to the basic
molecular groups. One of these groups, interferons
exhibit regulation of natural immunity, activation of
antiviral properties and antiproliferative effects.
Interleukins, another group of cytokines, attract
attention due to their growth and differentiation of
leukocytes and mostly their proinflammatory effects.
Chemokines are chemoattractant for leukocytes, as well
as most of them have proinflammatory properties and
are involved in the removal of leukocytes from
blood to tissue. Colony-stimulating factors stimulate
hematopoietic  progenitor cell proliferation and
differentiation. Tumor necrosis factor (TNF) activates
cytotoxic T lymphocytes as well as proinflammatory
properties. Taking into account these features, the
various anti-inflammatory drugs which are used are
approaches for targeting the host response and
cytokines, which are in several acute severe infections.
Approaches to provide immune modulation include
corticosteroids, aspirin, specially selected T lymphocyte
clones (e.g., T lymphocyte clones reacted as a result of
incubation with various microorganisms), recombinant
INF-y, polyethylene glycol (PEG) —IFN-A1, some specific
antigen receptors (e.g., chimeric specific antigen
receptors that have been tested in HIV infection),
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antigen-specific monoclonal antibodies and some

adjuvants, anti-cytokine and anti-chemokine agents,
plasma exchange and statins [20-23]. However, the
impact of none of these options has been clearly
proven. Some even worsened the situation.

Immunomodulators have benefits as well as
some negative aspects. The major negatives of
immunomodulators are that the response is very
complex, its mechanism is not fully understood, it
causes undesirable effects in other metabolic
processes, it can generate an inflammatory response
that is more than expected and cannot be silenced, and
can trigger autoantibody production, which can
damage itself. These congenital immunomodulators
should not be expected to treat the disease alone.
They should be considered as special helpers in
combination with traditional antiviral and antibacterial
treatments. Also, the timing of their use can be very
critical. Because, while they show a protective function
when used before infection, they can increase the
damage in the host when used after infection
[6,7,24,25]. That is, it is possible that immunomodula-
tors have both positive and negative effects at different
stages of the same disease.

Cytokines effective in the natural immune
system are TNF, IL1, IL12 and INF. IL2, IL4, IL5, IL17
and INF-gamma are among those that are effective in
acquired immunity. This review will focus more on
INF-gamma and recombinant INF-y.

Overview of Interferons as an Immunomodulating
Agent

IFNs are glycoprotein-based immunomodula-
tors produced by the immune system as a defense
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against viruses and included in the class of cytokines.
They have autocrine and paracrine activities. There are
three types of interferons (alpha (a), beta (B) and
gamma (Yy)). These interferons are divided into two
groups. Interferon a and B forms (type I), are the most
abundant and best studied, and can be produced by all
cells that are stimulated by the virus. The main
function of interferon a is to trigger viral resistance.
Interferon-y is secreted by NK cells and T lymphocytes
(Figure 2).

In 2003, IFN-lambda (IFN-A), consisting of 3
cytokines with heterodimeric receptors, was found. It
has been determined that it is encoded with 3 different
genes called IFN-A1, -A2 and -A3. IFNAs, which consists
of these three cytokines, are called type III IFN as a
group. Type I IFNs and type III IFNs use the same
intracellular signaling pathway, although they are found
to produce signals through different receptor
complexes [26—29]. Therefore, they show the same
biological activities by affecting the same target cells,
and both are very similar to antiviral activity. However,
the receptors of type I IFNs are expressed in many
cells, including leukocytes, while the receptors of type
III are largely expressed in epithelial cells. It is thought
that Type III IFNs may be useful for use in relation to
COVID-19, which is associated with severe acute
respiratory syndrome caused by SARS-CoV-2. However,
uncertainties remain regarding the exact effects and
patient selection [16].

The IFN response represents an early host
defense that takes place before the immune response
begins. Its main function is to signal the immune
system by responding to infectious agents such as
bacteria and viruses by strengthening antigen

Viruses
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(leukocyte, fibroblast) (viral IFN)
NK cells and T cells ----> Interferon-y
A (immune IFN)
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Trigger viral resistance
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for response to infectious agents,
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multiplying

Figure 2. General functions of IFN-a and IFN-y. IFN-a stimulates
viral resistance, while IFN-y enhances antigen presentation to
strengthen the immune response.

www.openaccesspub.org

CV CC-license  DOI: 10.14302/issn.2692-1537.ijcv-20-3345

Vol-1 Issue 1 Pg. no.— 4


http://www.openaccesspub.org/
http://openaccesspub.org/
https://openaccesspub.org/journal/ijcv
https://openaccesspub.org/journal/ijcv/copyright-license
https://doi.org/10.14302/issn.2692-1537.ijcv-20-3345

Freely Available Online

presentation or to prevent the proliferation of cancerous
cells [27,30,31]. There are some proteins that are
responsible for the antiviral effects of IFNs. These
include RNA-dependent protein kinase (PKR), 2'5'-
oligoadenylate synthetase (OAS), RNase L, Mx protein
GTPases and RNA-specific adenosine deaminase (ADAR).
Their production is stimulated by IFNs. IFNs also
stimulate a serial of inducible nitric oxide synthase (iNOS
2) and major histocompatibility complex I and II
proteins. All these proteins play an important role in
immune response to infections. For this reason, IFNs
have been transferred to clinical applications, confirming
their use for therapeutic purposes. Many animal viruses
found in nature are inducers of IFN. They are also
sensitive to the antiviral effects of IFNs [27]. Some
animal viruses can encode products that antagonize the
antiviral response of IFN.

Interferon Type I (Alpha and Beta)

IFNs type 1 play an important role in antiviral
immunity. Due to their immunomodulatory properties,
IFNs type I is used in the treatment of many diseases.
For example, they are used in the treatment of various
leukemias, multiple myeloma, Non-Hodgkin lymphoma,
Acquired Immune Deficiency Syndrome (AIDS) -related
Kaposi Sarcoma, renal cell carcinoma, multiple sclerosis
and metastatic carcinoid tumor. In addition,
subcutaneous IFN-a and B injections have been used for
a long time to treat patients that infected by
hepatotropic viruses such as hepatitis B and C [32-37].
Their use in MERSCoV infection has recently been
investigated. It has been disclosed that IFN-B1 may be a
safe treatment option against COVID-19 in the early
stages of infection. The same treatment has been
reported to show a different efficiency against
MERS-CoV and SARS-CoV viruses [38]. In addition, it
was emphasized that the findings should be confirmed
with larger studies. Contrary to these judgments, the
determination that COVID-19 pathology, which mainly
produces pulmonary lesions, has similar features to
IFN-induced pathologies, increased negative thoughts
against this treatment option. In support of this
negativity, it has been reported that SARS-CoV-2 can
cause tissue damage by over-inducing the
IFN-I-mediated antiviral response. Due to clinical data
showing that interferons and other inflammatory
biomarkers are associated with increased mortality, the
hypothesis has been proposed that IFN type I treatment
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should be Ilimited only to the early stages of
infection [39,40]. In late stages, the use of anti-IFN
drug has been proposed to alleviate severe course of the
pathology consisting of inflammation [41].

As it turns out, each type of interferon has
different activities in the immune system and one's
deficiency cannot be repaired by the others. For
example, mice, which have robust other IFN gene
expressions but have defects in the expression of a
single IFN-B gene, have been found to be highly
susceptible to viral infection [42]. This is evidence that
IFN-a subspecies or IFN-y cannot compensate for loss of
IFN- vy and IFN- B is required for an effective antiviral
response. Type 1 interferons have a wide range of
antiviral activity in vitro and are tried in a clinical trial as
an option in the treatment of MERS-CoV [38]. In many
emerging viral infections, IFN type I due to their
nonspecific antiviral effects is generally evaluated in
combination with other drugs before specific treatments
are developed [43,44]. IFN type I, which is secreted by
various cell types (especially plasmacytoid dendritic
cells) upon the recognition of viral components by
pattern recognition receptors (PRR), is among the first
cytokines produced during a viral infection. It is
recognized by the IFN-a receptor (IFN-aR) found in the
cell membrane in most cell types. The fixation of IFN-a
on IFN-aR performs phosphorylation of transcriptional
factors such as STAT1. They are then relocalized to the
nucleus. There, they activate IFN-induced genes (ISG).
Most ISGs play a role in inflammation signaling and
immunomodulation. They inhibit viral replication and
slow cell metabolism. They also stimulate the secretion
of cytokines that support the activation of adaptive
immunity. ISGs contain PRRs and proteins that make the
cell even more sensitive to pathogens [45-47]. These
include antivirals that reduce membrane fluidity, prevent
viral outflow or membrane fusion and specifically inhibit
one step of the viral cycle.

Interferon Type II (Gamma)

Interferons, which can be produced quickly with
the warning of viruses or foreign substances, constitute
a very important part of body defense. Interferons
prevent the reproduction of the virus indirectly, not
directly. They stimulate the production of certain
proteins, causing the destruction of infected and
adjacent cells. Therefore, they prevent the reproduction
of the virus. They are also effective in preventing
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bacterial and parasitic infections. Interferons increase
T-lymphocyte activity and cellular breakdown capacity of
NK cells while inhibiting B-lymphocyte activation. Recent
studies have found that IFNs play an important role in
humoral immunity by promoting antibody production of
B lymphocytes, and in the stimulation and regulation of
CD4 + T cells independent of the antibody. In recent
studies, it has been found that IFNs play an important
role in humoral immunity by promoting antibody
production of B lymphocytes, and in the stimulation and
regulation of CD4 + T cells independent of the antibody.
It was also found that they contribute to the polarization
of T helper 1 (Thl) and T helper 2 (Th2) and mediate
antibody-independent functions by secreting different
cytokines [48-51]. These INFs have been reported to
suppress B10 cells producing regulatory IL-10 and
CD4 + T cell mediated hypersensitivity reaction and
prevent the induction of autoimmune diseases. It has
been reported that they can induce the production of
CD4 + and CD8 + regulatory T cells, which control the
immune response occurring, as in B40-activated B cells.
In addition, a sub-population of innate B lymphocytes,
which produces a high amount of IFN-y, which can
promote macrophage activation and facilitate its natural
immune response against intracellular bacterial
infections, was found in mice exposed to Listeria
monocytogenes (LM), Escherichia coli and vesicular
stomatitis virus [52-56]. Regardless of antibody
production, this innate immunity [57] can be regarded
as the memory of the organism that is transmitted by
generations against infections. It is worth exploring
whether this innate B lymphocyte-mediated immunity
can also prevent COVID-19 infection, which can mutate
in animals and cause disease in humans. Presumably
this congenital B lymphocyte-mediated immunity is
ineffective against newly derived infections that the
organism has not previously encountered. Presumably
this congenital B lymphocyte-mediated immunity is
ineffective against newly derived infections that the
organism has not previously encountered.

Monocytes, which are cells of the innate immune
system, are located on the front line of defense in the
body. When they encounter microorganisms that invade
the body, they quickly become active. Monocytes can
also differentiate into dendritic cells (DCs) known as
accessory cells in humans and animals. DCs are cells
that offer antigens to the immune system. Their main
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function is to process the antigen and present it to T
cells. Dendritic cells are the precursors of cells that
produce natural IFN-a. They are messengers that act
between natural and adaptive immune systems. DCs
regulate the functions of different types of lymphocytes
in response to against pathogens, providing the initiation
and control of the adaptive immune response in the T
cell. Also, different types of DCs can affect the
development, proliferation and activation of B cells.
Activated DCs provide differentiation of B cells through
cytokines. They can transform antigen-specific B cells
into plasma blasts that secrete IgM [58-61]. Studies
show that DCs (not NK or T cells) activated by the
invasion of pathogens can induce differentiation of B
cells.

Interferons (IFNs) have multiple functions in
innate and adaptive immune response to eliminate
invading viruses. IFN-y production mechanisms remain
uncertain in the innate immune response. IFN- y, which
is thought to be produced by NK cells and CD4 + T cells,
may increase innate immunity [62]. Considered to be
produced mainly by NK cells and CD4 T cells, IFN-y can
enhance innate immunity by stimulating antimicrobial
factors or destruction pathways in other immune cells
such as macrophages. It causes this by directly
inhibiting viral replication and activating the immune
system to eliminate viruses. Combined TLR (Toll-like
receptor) ligands and stimulation of IL-12 / IL-18 or
PMA / ionomycin can trigger B cells to make many
cytokines, including IFN-y in vitro [63-66]. Increased IFN
-y dependent innate immune response is of great
importance in host defense against invading pathogens.
However, the role of IFN-y producing B cells in this
process is not exactly known. NK cells, which are rapidly
activated approximately 14-20 hours after infection, are
the main source of innate responses in the first stage of
IFN-y. In this way, activated macrophages maintain the
serum IFN-y level, keeping microorganism growth under
control [67-69]. Studies report that innate B cell
numbers producing IFN-y may peak only on day 3 after
infection. In summary, innate B cells are not induced
very quickly. This suggests that B cells may participate
in innate defense against LM after the initial activation of
NK cells. This is another important source of IFN- y for
NK cells to complete their functions.

IFN-y with antiviral activity is a homodimeric
glycoprotein with pleiotropic immunological functions. It
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Figure 3. IFN-y signal path. Binding of IFN-y to IFN-yR1/2 receptors leads to
activation of pairs of JAK and STAT transcription factors that overlap with
tyrosine phosphorylation. Phosphorylated STAT1 proteins are homodimerized
through mutual phosphotyrosine interactions and GAF is formed. Then, the
GAF (gamma-activated factor) passes to the nucleus by translocation and
connects to a nine-nucleotide consensus sequence known as GAS (gamma-
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activated site). This region contains more than 200 protein-coding genes.

is an important cytokine that plays a role in stimulating
and modulating a range of immune responses [48,70].
IFN-y is generally secreted by activated T cells and
natural killer (NK) cells. IFN-y can affect many
mechanisms in the immune system. Namely, by
strengthening antigen presentation, it shows antiviral
and antibacterial activity, stimulates macrophage
activation and triggers the innate natural immune
system. It is also reported that it regulates
lymphocyte-endothelial interaction and Thl / Th2
balance (two types of effector helper T cells caused by
differentiation of CD4 + T lymphocytes) and can control
cellular proliferation and apoptosis. For these effects to
occur, IFN-y must bind to heterodimeric cell surface
receptors (IFN-yR1/2). A complex set of signals that
result from binding triggers the cascade, creating the
cellular response that leads to regulation of gene
expression. Basically, the signaling triggered by binding
of IFN-y is predicted to begin with JAK2
autophosphorylation followed by phosphorylation of
JAK1 (Figure 3). The activated JAK1l is thought to
phosphorylate IFN-yR1 by providing a site of insertion
for STAT1 [48,71-76]. After binding to the receptor site,
STAT 1 is believed to be activated by JAK2 through
phosphorylation.

IFN-yR1/2 receptor to which IFN-y binds,
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consists of a and B (Rl (CD 119) and R2)
chains [71,77]. The affinity of IFN-yR1 to IFN-y is high.
However, it cannot produce a biological response to
cytokine stimulation alone. Because, there is also need
for the B chain, which is important in receptor stability.
Some amino acid residues in the cytoplasmic portions of
IFN-yR1/2 play a critical role in the activation of
intracellular signaling pathways that will deliver the
IFN-y signal from the cell surface to the nucleus. A
mutation that will affect these residual amino acids in
the IFN--yR1/2 glycoprotein will cause serious defects in
the immune system [73,74], [77-82]. IFN-yR has no
intrinsic kinase activity in a and B chains, such as
members of the class II family of cytokine receptors
(tissue factor, IL-10 ligand binding component, and
IFN-a receptor). Therefore, signaling takes place
through JAK1 and JAK2, members of the family of
protein tyrosine kinases that are structurally related to
specific membrane-proximal residues in the cytoplasmic
areas of IFN-yR. JAK 1 connects to a region on IFN-yR1
and JAK2 connects to a region on IFN-yR2 [73],[83-86].
The aggregation of IFN-yR1/2 receptor components with
the stimulation of IFN-y enables the inactive JAKs
associated with the cytoplasmic ends of a and B chains
to converge towards each other. Clustered JAKs are
mutually activated through a series of auto- and
transphosphorylation reactions [84,87]. Activated JAKs
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phosphorylate a specific tyrosine residue near the
C-terminal at both ends of IFN-yR1. This pair of
phosphorylated tyrosine residue is found in a recognition
sequence associated with the domain of STAT1
(member of the latent cytoplasmic proteins signal
transducers and activators of the transcription family)
defined as SH2. After the STAT1 molecules are placed in
their target sequences on the IFN-yR complex, they are
phosphorylated from the tyrosine residue by the
receptor-associated JAKs. The two phosphorylated
STAT1 proteins transform into a homodimeric form
through SH2-phosphotyrosine interactions, forming a
protein complex called gamma activated factor (GAF).
This homodimer is then transported to the nucleus
where it binds to a 9 nucleotide consensus sequence
known as the gamma activated region (GAS)
element [86],[88—93]. This binding site has also been
detected in the regulatory regions of more than 200
genes. Thus, the signal initiated by IFN-y can modulate
the expression of a large gene sequence to mediate
biological functions. Initially, Suppressors of Cytokine
Signaling expression is induced by IFN-y [71,94]. After
activating the cells with the IFN-y signal, their sensitivity
to this cytokine decreases and a negative feedback
occurs.
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Immunological memory based on T helper cell
function may be affected by the absence of a functional
IFN-y system. In a study conducted for this purpose, it
was found that secondary T cell response could not be
obtained when exposed to antigen for the second time
in the absence of INF-yR1 receptors (Tau). Like CD4 + T
helper cells, CD 8+ «cytotoxic T lymphocytes are
activated by an antigen presented in the context of an
MHC 1 class molecules. MHC class I molecules involved
here are expressed everywhere different from MHC class
II. Moreover, antigen presentation to the MHC class II
pathway can only be induced by IFN-y, while antigen
presentation to the MHC class I pathway can be induced
by IFN-y or IFN-a. Tcl cells, a subset of dominant
CD8 + T lymphocytes, secrete significant amounts of
IFN-y mediating their effector functions [95-99]. In
some studies, it has been found that while there is
resistance against some viruses (such as herpes virus,
lymphocytic choriomeningitis virus and mouse mammary
tumor virus) in INF-y deficiency, it is still susceptible to
some viruses (vaccine virus, murine cytomegalovirus and
coronavirus). This situation indicates that type I IFNs
produced by any cell are necessary for protection
against viral infection, but IFN-y produced only on
stimulation of subgroups of specific immune cells with

T Helper Cell (CD4+) [ 3 Th 1 Cell

Figure 4. Stimulation of macrophage with IFN-y. In the stimulat-
ed macrophage, inducible nitric oxide synthase (iNOS) is activat-
ed to produce nitrogen oxide derivative (NOx) free radicals to
directly kill intracellular bacteria and protozoa. Also, increased IL
-12 release activates NK cells more.
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antigen and mitogen is pathogen dependent [62],[100-

103]. In some studies, in mice with autoimmune
disorders, the detection of fewer antibodies in those
lacking the IFN-yR1 receptor suggested that there may
be a positive relationship between autoantibody
formation and IFN-y. In addition, it is determined that
Thl and Th2 related Ig isotypes are equally affected
[104].

IFN-y is the most important activator of
macrophages. Nitric oxide production and MHC class II
regulation mechanism of macrophages are IFN-y
dependent. These two effector mechanisms are required
for cell-mediated and Thl-type immune responses.
IL-12, a cytokine, is released from IFN- y activated
macrophages. In addition, IL-12 directs T-helper cells to
differentiation into Th1 cells [71,105,106]. However, it is
known that systemic administration of IL-12 causes a
decrease in bone marrow cells, inhibiting hematopoiesis
and a significant decrease in blood lymphocyte
count [107]. It also increases the flow of active
macrophages and NK cells to the spleen.

IFN-y secreted by Th1 cells activates phagocytic
macrophages. In addition, inducible nitric oxide synthase
(iNOS), which catalyzes nitrogen oxide derivative (NOXx)
free radicals, is activated to directly Kkill intracellular
bacteria and protozoa (Figure 4). Mutations at
IFN-yR1/2 receptors severely affect IFN-y-mediated
immunity [74,82,1084]. A mutation in the IFN- y R
chains has been found to be associated with idiopathic
mycobacterial infection, and IFN-y plays a critical role in
mediating immunity against many infections such as
antimycobacterial agents [109]. It is considered
necessary to respond to IFN-y in the defense mediated
by macrophages against intracellular pathogens. The
most important function of IFN-y, which stimulates
IFN-yR, is the cellular response starting through JAK1,
JAK2 and STAT1. These stimulated cells play an
important role in both natural and acquired immune
responses. Macrophage activation of IFN-y is critical for
its function and antigen presentation. The response that
starts with IFN-y is mandatory for host defense against
many intracellular pathogens (such as mycobacterium
and listeria), including viruses, bacteria and protozoa.
Although it is not mandatory in host defense against
some pathogens, IFN-y has been shown to participate
and contribute to the defense. It has been found that
IFN- v, like a self-feeding stimulant, stimulates NK cells
CC-license
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and Thl cells to produce more IFN-y by secreting IL-12
from macrophages [72,110]. It also takes part in the
activation of neutrophils, which play an important role in
the first line of defense.

In a study of mice with IFN-yR1-null, the
immune system did not respond to IFN-y, although they
had normal leukocyte populations [111]. Therefore, it
was concluded that cells are deprived of the biological
effects of IFN-y, including antiviral and antitumor
activity. This result was an indication that IFN-y is
important for cells to show antiviral resistance. However,
even though it is so important in antiviral activation, the
high pleiotropic effects of IFN-y, which have quite wide
and different effects, have limited its use as an
immunotherapeutic agent to date. Nevertheless,
IFN-y continues to be tried in the treatment of
SARS-coronavirus in combination with IFN a or
B [112,113]. Because the need for broad-spectrum
emergency treatment against microbial pathogens that
still have no specific treatment remains. One of the
agents that can best meet this need is thought to be
IFN-y.

Conclusion

Since IFN-y has both natural and cellular
immune system stimulation as an immunomodulating
agent, has low resistance development potential and has
broad spectrum antiviral properties, it should be tried
alone or in combination with IFN-a-2b in broad spectrum
antiviral therapy, including COVID-19, taking into
account the proinflammatory/inflammatory status and
timing.
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