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Introduction

In December 2019, a new corona virus appeared, the SARS-CoV-2
which belongs to the Coronaviridae family, (from the latin corona =
crown, which is due to their morphology as spherical virions with a core
shell and surface projections resembling a solar corona). These viruses
are enveloped, with a positive sense single-stranded RNA genome
(2632 kb). The virus has spread so rapidly worldwide, and the growing
cases were so alarming that the WHO Emergency Committee declared it a
global health emergency. It was not the first-time countries have been
affected by this family of viruses, as in the past two decades, Severe Acute
Respiratory Syndrome Coronavirus (SARS-CoV) and Middle East
Respiratory Syndrome Coronavirus (MERS-CoV), caused two large-scale

aggressive pandemics known for their silent spreading (1).

It is showing symptoms slowly over an incubation period of about 2
weeks, necessary for the virus to replicate in the upper and lower
respiratory tract and forming lesions. The disease outcome depends on
several factors, including the host immune status. Indeed, most people
infected with the SARS-CoV-2 will experience mild to moderate
respiratory illnesses and recover without requiring special treatment.
However, older people, and especially the ones with medical history like
cardiovascular disease, diabetes, chronic respiratory disease and cancer,
are more likely to develop serious illness (2). It was reported that up to
17% of patients infected with the virus, develop an acute respiratory
distress syndrome (ARDS) which was associated with organ injury like
acute renal injury, acute respiratory injury and septic shock, which can

eventually lead to organ failure (3).




It has been well described that ACE-2 (angiotensin-converting

enzyme - 2) receptor acts as a site for cellular binding for SARS-CoV-2.

However, its affinity for the ACE-2 receptor is 10-20 folds higher
than other coronaviruses, amounting to its higher transmissibility. ACE-2
receptor expression is found in pulmonary and extrapulmonary tissues
including type 2 alveolar epithelial cells in the lungs, bronchus, nasal
mucosa, heart, esophagus, kidney, stomach, bladder, and ileum making
them susceptible entry sites. With the help of TMPRSS2 (transmembrane
serine protease 2), the virus is endocytosed by proteolytic cleavage of
ACE-2, which is followed by its cytosol replication and cell-to-cell
transmission (4). The common clinical manifestations of the disease are
reported as respiratory illness and high-grade fever. A few studies also
reported other systemic manifestations such as neurologic symptoms and
renal complications. More reports on rare clinical conditions such as stroke
induced deaths and large vessel occlusions in the younger population are

also reported (5).

SARS-CoV-2 elicits an innate immune response and causes an
immediate rise in the neutrophils and other immune cells along with a
marked reduction in the T cells (CD4+ and CD8+). However, the reduction
of T cells along with the enhanced production of IL-6 and IL-8 has been
reported as a remarkable characteristic of SARS-CoV-2 infection (6). The
systemic inflammatory response along with other co-morbid factors may
lead to other diverse complications, such as cardiac failure, renal

dysfunction, hepatic damage, and multiple organ disruption.

In this review, we will discuss the role of cytokines and the cytokine
storm in COVID-19 infection.




Literature review

Cytokines are a group of polypeptide signaling molecules responsible
for regulating a large number of biological processes via cell
surface receptors. Key cytokines include those involved in adaptive
immunity (e.g., IL-2 and IL-4), proinflammatory cytokines and
interleukins (ILs) (e.g., interferon (IFN)-1, -11, and -11I; IL-1, IL-6, and IL-
17; and TNF-a); and anti-inflammatory cytokines (e.g., IL-10). In response
to stress-generating internal processes (e.g., cancer or microbial infection),
host cells secrete cytokines with a highly important role in cell
metabolism reprogramming as a defensive response (7). In the short time
since the emergence of COVID-19, numerous studies have described
abnormal levels of the following cytokines and chemokines in the patients:
IL-1, IL-2, IL-4, IL-6, IL-7, IL-10, IL-12, IL-13, IL-17, M-CSF, G-CSF,
GM-CSF, IP-10, IFN-y, MCP-1, MIP 1-a, hepatocyte growth factor
(HGF), TNF-0, and vascular endothelial growth factor (VEGF). The key
point in SARS-CoV-2 infection could be the depletion of antiviral defenses
related to innate immune response as well as an elevated production of

inflammatory cytokines (8).

Interleukin 1 (IL-1) actively participates in the inflammatory response
to infection, and its main sources are activated monocytes and
macrophages SARS-CoV-2 appears to act on the activation and maturation
of IL-1pB, which in turn activates other proinflammatory cytokines, such as
IL-6 and TNF-a. Hence, IL-1B forms part of the cytokine storm produced
by coronavirus infections. Yang et al. detected elevated levels of the
antagonistic receptor of IL-1 (IL-1Ra) in 14 severe cases of COVID-19,

and this marker has been associated with increased (9).

IL-2 plays a key role in the proliferation of T cells and in the

generation of effector and memory T cells. It is involved in adaptive
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Immunity and increases glucose metabolism to promote the proliferation
and activation of T, B, and NK cells. The absence of this interleukin has
been associated with a poor control of effector cells and the consequent
development of autoimmunity. Elevation of this interleukin and its
association with disease severity have also been reported in patients with

other types of coronavirus (11).

Interleukin 6 (IL-6), also called “hepatocyte stimulating factor”,
“hybridoma growth factor” or “B cell stimulating factor”, is a glycoprotein
expressed in many cell types such as T and B lymphocytes,
monocytes/macrophages, dendritic cells, fibroblasts, and endothelial
cells. Its plasma concentration rises during septic shock and various
attacks such as trauma and burns. As a pleiotropic cytokine, IL-6
stimulates the growth and differentiation of B lymphocytes and increases
the generation of platelets. It also activates the hepatocytes and induces the
secretion of inflammation proteins such as reactive protein C
(CRP) and fibrinogen. Therefore, IL-6 is involved in the regulation
of the immune system, hematopoiesis, inflammation and is a key player
in the Cytokine Release Syndrome. The plasma level of IL-6 in COVID-
19 patients surpasses the superior limit of normal value in both groups for
which the oxygen saturation (Sp02); SpO2 > 90% and the SpO2 < 90%.
In many studies, the higher level of IL-6 in serum was positively correlated
with the COVID-19 severity (12).

Tumor necrosis factor (TNF-a), the most studied cytokine in the
TNF superfamily, is another key factor in the COVID-19 CRS
pathophysiology. It is produced by several cell types, including
macrophages, mast cells, T cells, epithelial cells, and smooth muscle cells
in the airways. Its synthesis is mainly stimulated by PAMPs and IL-1, via
NF-kB activation, and also IL-17. In healthy subjects, inhaling TNF-a.




triggers bronchial hyper-responsiveness and inflammation of the airways
induced by increased neutrophils recruitment. This cytokine can also cause
T cells apoptosis (13). TNF-a promotes the production of other cytokines
such as the IL-1p and IL-6. Many studies have found that severe COVID-

19 cases display increased plasma levels of TNF-a (14).

Interleukin 1B (IL-1P) is one of the most important inflammatory
pleiotropic cytokines that plays an important role in inflammatory diseases
and seems to be involved in COVID-19 CRS. The principal sources of this
cytokine are macrophages, monocytes, dendritic cells, B lymphocytes,
neutrophils and synovial fibroblasts. The IL-1p effects are quite similar to
those of TNF-a, and promote the production of several hematopoietic
factors, in particular IL-6 (15). In addition to its immune functions, IL-1p
induces the synthesis of type 2 cyclooxygenase (COX-2), phospholipase A
(PLA) and inducible nitric oxide synthase (INOS). These enzymes are
responsible for the formation of nitric oxide (NO), prostaglandin E2
(PGE2) and the platelet activating factor (PAF), involved in fever, pain,
vasodilation, hypotension and inflammation components. Moreover, IL-15
increases the expression of chemokines and adhesion molecules, especially
in mesenchymal and endothelial cells; thus, promoting the infiltration of

immunocompetent cells into injured tissue (16).

M-CSF, also known as colony-stimulating factor-1, is a primary
growth factor that belongs to the family of colony-stimulating factors. It
regulates the growth, proliferation, and differentiation of hematopoietic
cells, including monoblasts, promonocytes, monocytes, macrophages, and
osteoclasts. It is secreted by various cell types, including monocytes,
fibroblasts, osteoblasts, stromal cells, endothelial cells, and tumor cells.
The actions of M-CSF are mediated by a type 111 tyrosine-kinase receptor.
It requires the synergic action of IL-1 and IL-3 during the early




differentiation of myeloid line cells, while at subsequent stages it can
directly control the proliferation and differentiation of mononuclear cells
of the phagocytic system. M-CSF expression increases during infectious
processes, augmenting the production of myeloid cells (17). Liu et al.
found significantly elevated levels of this factor in patients with COVID-
19 and associated the hyperexpression of this and other cytokines with lung

damage, which may assist in predicting disease severity (18).

Granulocyte colony-stimulating factor (G-CSF) is essential for the
proliferation and maturation of polymorphonuclear granulocyte cells
(PMNSs), preparing the organism for defense against invasion by certain
pathogens. The immunological functions of PMNSs in infections include
chemotaxis, phagocytosis, and the release of lysosomal enzymes and other
signaling molecules. Thus, G-CSF has hematopoietic growth factor
properties and simultaneously functions as a mediator of anti-infectious
and anti-inflammatory responses. G-CSF levels were elevated in patients
with COVID-19 and even higher in those requiring ICU admission. This

could lead the multiorgan failure related to severe cases (19).

Interferon gama (IFN-y)is a type-1l1 IFN produced by a wide variety
of lymphocyte cells, including CD4+ and CD8+ T cells, Treg cells,
FoxP3+ CD8- T cells, B cells, and NK cells. Monocytes, macrophages,
dendritic cells, and neutrophil granulocytes can also produce this cytokine.
Although numerous cells can be the source of IFN-y, it is mainly produced
by T and NK cells. MSCs can also secrete low IFN-y levels to regulate
hematopoiesis (20). Huang et al. found that serum IFN-y levels were higher
in patients with COVID-19 than in healthy individuals and proposed that
the elevation of this and other cytokines might result from the activation of
Th1 and Th2 cells (11).




Cytokine storm

Although the concept of an uncontrolled, cytokine-mediated
response was already viable in the 1980s, first described in relation to
malaria and sepsis, and subsequently in 2000s in the context of pancreatitis,
variola virus and influenza virus H5N1, the first occurrence of the term
‘cytokine storm’ (CS) dates back to 1993 when it was reported in the
context of graft-versus-host disease (GVHD). CS can be directly induced
by a broad range of infections and by certain drugs. In the latter scenario,

it is described as ‘infusion reaction’ or ‘cytokine release syndrome’ (21).

Mechanistically, a stressed or infected cell, through receptor-ligand
interactions, activates large numbers of white blood cells, including B
cells, T cells, natural killer cells, macrophages, dendritic cells and
monocytes. This results in a release of inflammatory cytokines, which
activate more white blood cells in a positive feedback loop. CS starts
locally post-primary infection and spreads throughout the body via
systemic circulation. The classical signs of inflammation calour (heat),
dolour (pain), rubor (redness), tumour (swelling or oedema) and loss of
function—are observed. Initially, the localized response is meant to
eliminate the trigger and involves protective mechanisms, i.e. increase in
blood flow, facilitation of leucocyte extravasation and delivery of plasma
proteins to the site of injury, increase in body temperature (advantageous
in case of bacterial infections) and pain triggering (warns the host of the

occurring challenge) (22).

There are many therapeutic strategies to decrease the impact of
cytokine storm. Tocilizumab (TCZ) is a recombinant humanized anti-
human IL-6 receptor monoclonal antibody, preventing IL-6 binding to
its receptor to exert the immunosuppression promoted by IL- 6. Michot et
al. (23) reported that 42-year-old male suffering from respiratory failure
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due to SARS-CoV-2 infection. After 4 days of TCZ treatment, the CRP
decreased from 225 to 33 mg/L and ultimately clinically fully recovered.
Similarly, some case reports showed TCZ is an efficacy and safety
approach in COVID-19, even patients with other diseases combined, such

as multiple myeloma, end-stage renal disease, and sickle cell disease (23).

Glucocorticoid therapy is used widely among critically ill patients
with other coronavirus infections (e.g., SARS, MERS). Corticosteroids
have been administered to ICU patients infected with SARS-CoV-2.
Glucocorticoids exhibit pharmacologic effects at any therapeutically
relevant dose through classic genomic mechanisms. Some
immunosuppressive effects are based on transactivation, and
glucocorticoid induces gene transcription and protein synthesis of NF-kB
inhibitors and lipocortin-1. Through inhibition of NF-xB signaling,
glucocorticoids induce inhibition of synthesis of downstream proteins such
as IL-1, IL-6, granulocyte-macrophage colony-stimulating factor, and

inducible cyclooxygenase-2 (24).

Cytokine adsorption involves using a method, such as extracorporeal
membrane oxygenation (ECMO), to filter harmful substances directly. An
extracorporeal cytokine hemoadsorption device called Cytosorb R has
been reported to capture and reduce inflammatory mediators. Bruenger and
colleagues reported that the plasma level of IL-6 and procalcitonin
decreased in one patient with severe ARDS after Treatment with ECMO

using a hemoadsorption device (25).
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Discussion

Th1 activation is a key event in the activation of specific immunity.
However, unlike SARS patients, patients with COVID-19 also have
elevated levels of Th2 cell secreted cytokines (such as IL-10), which inhibit
the inflammatory response. The serum levels of IL-6 in patients with

COVID-19 are positively correlated with the severity of the disease (27).

IL- 1 levels are related to the virulence of the process, and
significantly higher serum levels have been observed in SARS-CoV-2
cases with severe symptoms than in mild cases or in those infected with
the 2003 SARS-CoV or 2012 MERS coronavirus (10). IL-2 participates in
the prevention of autoimmune diseases and is essential to control immune
responses and maintain self-tolerance so it absence is due to exaggerated

immune response (11).

It is likely that elevated IL-6 level reflects the cytokine-mediated
hyperinflammatory state as evidenced by the similarly predictive values
for CRP level. Further, even though IL-6 and CRP levels are significantly
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elevated in patients requiring ventilation, they are relatively low compared
with the levels observed in patients with septic shock (26). IL-6 is essential
for the generation of T helper 1. The excessive IL-6 may explain the
overactivated Th1l cells observed in COVID-19 patient (28)

TNF- alpha is increased in COVID-19 infection. Such increase was
also associated with disease severity and inversely correlated with the
reduction of T lymphocytes. It has been reported that the prevalence of
severe and complicated cases of COVID-19 was lower in patients with

anti-TNF-a therapy compared to patients taking steroids (14).

The ability of CD4+ T cells to produce interferon (IFN) was also
significantly boosted in very ill patients. In extremely severe individuals,
CD4+ T cell hyperfunction will trigger macrophage activation syndrome,
which will result in cytokine storm. (29). The over-production of
inflammatory IFN-g and chemokines might be resulting from the lack of
IL-10- mediated down-regulation of the immune responses to SARS-CoV
infection (11).

Conclusion

Cytokines has very important role in the normal physiology of the human
body and can be of significant importance in diagnosis of diseases. Based
on what we reviewed, we found an elevation in the serum levels of many
cytokines in COVID-19 patients such as IL-1, IL-6, TNF, IFN, and we

found decrease in one cytokine (IL-2).
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Recommendation

We recommend to conduct more studies on the role of cytokines and

biomarkers in COVID-19 specially in Diyala province to determine which

cytokine could be of diagnostic and prognostic value in future.
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