Adv Exp Med Biol - Cell Biology and Translational Medicine (2020) 9: 5-12

https://doi.org/10.1007/5584_2020_549 ()
© Springer Nature Switzerland AG 2020 Check for
Published online: 9 June 2020 desoes

Nihal inandiklioglu ® and Tunc Akkoc
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The world has given an outbreak alarm in the
last two decades, with different members of €OV Corona viruses
the coronavirus family infecting people at dif- +SSRNA single-stranded positive RNA
ferent times. The spread of the SARS-CoV- pCoV Betacoronavirus
2 virus, which last appeared in December 2019 SARS-CoV  severe acute respiratory syndrome
in China and spread rapidly to all over the coronavirus
world, has led the scientific world to studies MERS- Middle East respiratory —syn-
on these viruses. While scientists are trying to €OV drome-coronavirus
develop vaccines or drugs against the virus, COVID-19  Corona-virus disease 2019
the body’s immune response to the virus is ACE2 angiotensin-converting enzyme 2
emerged the biggest guide. In this review, we CEACAMI  carcinoembryonic-antigen-related
aimed to provide a good view on immune cell-adhesion molecule-1
strategies by comparing immunological APN aminopeptidase N
responses to SARS-CoV-2 disease among DPP-4 dipeptidyl peptidase-4
other members of the family, SARS-CoV and NK natural killer
MERS-CoV. In the near future, it may contrib- MCP-1 monocyte chemoattractant  pro-
ute to vaccine or drug studies to be developed tein-1
on immune intervention. IP-10 or human interferon-inducible pro-
CXCL10 tein 10
Keywords TGF-p tumor growth factor beta
TNF-a tumor necrosis factor alpha
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1 Introduction

Corona viruses (CoV; subfamily Coronavirinae,
family Coronaviridae, order Nidovirales) are a
quite large family of viruses containing a single-
stranded positive RNA (+ssRNA) genome that
typically causes cold (Woo et al. 2009). CoVs
are subdivided into four genera; Alphacor-
onavirus, Betacoronavirus (fCoV), Gammacor-
onavirus and Deltacoronavirus (Woo et al.
2012). A new type of fCoV, which showed up
in Guangdong province of China in 2002 and
threatened the whole world, spread to approxi-
mately 26 countries within a year, infecting more
than 8000 people with a reported mortality rate of
10% (Peiris et al. 2003). After this virus, called
severe acute respiratory syndrome coronavirus
(SARS-CoV), a new type of BCoV was identified
in Saudi Arabia in 2012. This virus, called Middle
East respiratory syndrome-coronavirus (MERS-
CoV), spread to nearly 27 countries to date,
affecting more than 2000 people, and the mortal-
ity rate was announced as 35% (Zaki et al. 2012;
de Groot et al. 2013).

In December 2019, SARS-CoV-2, also known
as Corona-virus disease 2019 (COVID-19),
which has emerged in the city of Wuhan of
Hubei province in China and rapidly spread to
China, has been identified (Guan et al. 2020).
This event, which has turned into a pandemic as
of March 11, 2020, has been declared as a global
human health threat by the world health organi-
zation (WHO). As of April 19, 2020, it has been
reported that 2.246.291 people have been affected
and 152.707 people have been killed, spreading
to 202 countries according to the WHO data
(World health organization 2020). The virus starts
with mild symptoms such as elevated fever,
cough and difficulty in breathing and leads to
the development of pneumonia. Based on
symptoms, COVID-19 infection can be divided
into three sickness table as an asymptomatic incu-
bation period with or without detectable virus,
non-severe symptomatic period with the presence
of virus and, severe respiratory symptomatic
stage with high viral load (Wang et al. 2020).
Despite the ongoing drug research recently,
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there is still no definitive treatment for
COVID-19.

The most common symptoms of CoVs
infections in humans start with elevated fever
(>38 °C), followed by trembling, sore throat,
cough, muscle pain, pneumonia, diarrhea
(10-20%), shortened depth of breathing or diffi-
cult breathing. The disease can be subclinical in
some people, while it may be severe and fatal in
those with weakened immune system, diabetes,
hypertension, chronic liver disease, chronic
obstructive pulmonary disease and heart disease,
and in elderly patients (Guan et al. 2020;
Al-Hazmi 2016; Cheng et al. 2007; Qin et al.
2020). The biggest question to be explained here
is why some cases have the disease clinically
severe, while others do not. Although we cannot
exactly answer the problem by looking at the
immune responses developed by patients infected
with SARS-CoV, MERS-CoV or SARS-CoV-2,
the immune responses of those with mild disease
or resistance will not be sufficient to fully explain
the wide spectrum of the disease, but will help us

see the big picture.

2 Immune Responses Induced by
CoVs Infections

The clinical manifestation indicates that acute
lung injury is the main clinical characteristic of
CoVs infections. The viral infection is a multifac-
torial pathophysiological process including
cytokines, chemokines, inflammatory and
immune cells (Table 1).

3 SARS-CoV

When CoVs bind to certain cell surface
molecules, the viral genome enters the host cell
and infects the cells. How these molecules such as
angiotensin-converting enzyme 2 (ACE2),
carcinoembryonic-antigen-related cell-adhesion
molecule-1 (CEACAMI1), aminopeptidase N
(APN) and dipeptidyl peptidase-4 (DPP-4),
which are selected as the gate, are selected by
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the virus is still uncertain (Li 2015). SARS-CoV,
which enters the cell through the ACE2 receptor,
begins the transcription of the viral genome and
the production of viral proteins. Meanwhile, the
host defense system is stimulated. The virus
directly infects macrophages and T-cells. The
depletion of lymphopenia, thrombocytopenia, T
helper (CD4 +) and cytotoxic T lymphocytes
(CD8 +) in most of infected patients reflect the
severity of the virus-related infection (Wong et al.
2003). Considering the cytokine pattern, which
plays a significant role in determining the outcome
of the disease, the cytokine interferon gamma
(IFN- vy), which is produced by T cells and natural
killer (NK) cells as a result of an immune
response, increases  significantly  within
3-10 days. In contrast, another cytokine
interleukin-4 (IL-4), which supports the immu-
nity, decreases. IL-10, which inhibits the produc-
tion of IFN-y by Thl cells and the cytokine
production in activated macrophages and shifts
the immune response to Th2, also increases
(Wong et al. 2003; Beijing Group of National
Research Project for SARS 2003). Some studies
conducted after SARS-CoV infection reported
increased IL-2 levels (Li et al. 2003), while others
argued that it decreased (Wong et al. 2004). The
concentrations of IL-1B, IL-6 and IL-12 also
increase in the first 5-12 days after the onset of
the disease (Wong et al. 2004). Since IL-12 is the
maturation factor of CD8" T cells and NK cells, it
can induce the production of IFN- y and Thl
cytokines. IL-1f responds as an initial acting cyto-
kine by performing the synthesis of acute phase
proteins and the release of IL-8 against infection
caused by the virus (Mogensen and Paludan
2001). And naturally, SARS-CoV-infected
patients have an increase in chemokine IL-8 levels
responsible for neutrophil activation in plasma
along with monocyte chemoattractant protein-1
(MCP-1 or CCL2: C-C motif chemokine ligand
2) and human interferon-inducible protein
10 (IP-10 or CXCL10) levels within the first
14 days (Wong et al. 2004). It is known that IL-8
sometimes decreases with tumor growth factor
beta (TGF-f), another cytokine that inhibits the
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proliferation of T cells and macrophage activation
during viral infection (Zhang et al. 2004). Simi-
larly, the level of tumor necrosis factor alpha
(TNF-a), which affects the hypothalamus for
fever formation and facilitates acute phase protein
production, has been found to elevate, while
sometimes no change has been found (Zhang
et al. 2004). Therefore, early elevation of inflam-
matory cytokines IFN-y, IL-1p, IL-6 and IL-12
may cause activation of SAR1-CoV-induced Thl
cells and NK cells and release of chemokines such
as IL-8, and the picture may result in pulmonary
inflammation (Van Reeth et al. 2002). Strong
chemo-attraction of chemokines such as macro-
phage inflammatory protein-1 alpha (MIP-la or
CCL3: C-C motif chemokine ligand 3), MCP-1
and IP-10, monocytes/macrophages, T cells and
NK cells to the infection site is also notable. IL-8
also shows strong chemotaxis for neutrophils and
other granulocytes (Zhou et al. 2014). While it has
been emphasized in some studies that antiviral
IFNs and cytokines are not stimulated in SARS-
CoV-infected macrophages and dendritic cells
(Ziegler et al. 2005), other study groups have
shown  higher levels of IFN-y and
IFN-stimulated genes (ISGs) in individuals with
fatal SARS than individuals with mild to moderate
SARS in addition to inflammatory cytokines and
chemokines (Cameron et al. 2007; Huang et al.
2005). These data are the results suggesting a
better investigation of the potential roles of IFNs
and ISGs in the immunopathogenesis of SARS.
Chemokine IL-8, IP-10 and MCP-1 values are
known to reach normal levels within 5-10 days
after corticosteroid therapy,; however, no
decrease occurs in IL-1-p, IL-6, IL-10, IL-12,
TNF-a and IFN-y values (Wong et al. 2004;
Zhang et al. 2004). Antibody levels of recovering
patients showed that IgG persists for 13 weeks in
all patients, but the IgM can be measured in a
short time is as evidence that the IgG antibody
expresses a primary humoral immune response to
protect the patient against the virus. The reason
for such high level of response is thought to be
against the virus-specific spike (S) protein and
nucleocapsid (N) protein (Zhu 2004).
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4 MERS-CoV

While SARS-CoV and SARS-CoV-2 use ACE2 as
cell entry receptor, MERS-CoV uses DPP-4 as a
specific receptor (Li 2015). DPP4 is a type-II trans-
membrane glycoprotein which is widely expressed
on bronchial epithelium and macrophages. There-
fore, human respiratory epithelial cells are highly
susceptible to MERS-CoV infection. While the
virus replicates in macrophages and dendritic
cells (DC), it induces the production of
pro-inflammatory cytokines. Infection of human
T cells with MERS-CoV induces both intrinsic
and extrinsic apoptotic pathways, causing the sup-
pression of immune responses (Chan et al. 2014).
This is the opposite picture of SARS-CoV, which
infects monocyte-macrophages, DC and T cells to
a lesser extent. Leukopenia and lymphopenia are
also observed to a lesser extent in MERS patients
than in SARS patients. TNF-a, IL-6, IFN-y and
IL-12 production is induced from MERS-CoV-
infected macrophages and a series of antiviral
responses begin. The production of chemokines
such as IFN-A and CXCL10, CCL2, CCL3 and
IL-8 also increases from DC or macrophages
(Zhou et al. 2014). In addition, the stimulation of
IFN-a and IFN-B (type I interferons) expression
from infected DC causes the release of chemokines
such as MCP-1, CXCL10, and cytokines such as
IL-10. The data emphasize that MCP-1, MIP-1a
and IL-8 chemokines and the cytokine IL-12 are
expressed higher in MERS-CoV infection com-
pared to SARS-CoV infection (Zhou et al. 2014,
Chu et al. 2014; Cheung et al. 2005).

Immune cell receptor chemokines and
immune-stimulating cytokines have been induced
to a significantly higher extent and for a long time
in MERS-CoV infection compared to SARS-CoV
(Zhou et al. 2014; Chu et al. 2014; Cheung et al.
2005). Therefore, it may be thought that the
immunopathogenesis can be intensified in
MERS, causing more severe diseases and higher
deaths. The determination of cytokine/chemokine
profiles with microarray-based analysis will more
clearly demonstrate the immune responses
between MERS-CoV and SARS-CoV infections.
In addition to immune response findings, the

genetic structure and pathogenic characteristics
of the virus cannot be ignored for antiviral
therapy.

5 SARS CoV-2

Worldwide data about SARS-CoV-2 declare the
incubation period is about 3—7 days. Within the
cases approximately 80% of infections are mild or
asymptomatic, 15% needs oxygen support as
severe cases, and 5% are requiring ventilation in
intensive care units (ICU) (Huang et al. 2020).
SARS-CoV-2 use ACE2 to infect mostly human
type I and type II pneumocytes and alveolar
macrophages (Chu et al. 2020). The replication
time of SARS-CoV-2 is 3.20 folds higher com-
pared to SARS-CoV within 48 h. By this way it
became more infectious and infects more tissues
in certain time (Chu et al. 2020). Recent studies
showed the importance of both humoral and cel-
lular immune response in protection to COVID-
19. The success of the SARS-CoV-2 to overcome
the innate immune response, downregulate the
IFNs and control the proinflammatory cytokine
storm is still in debate (Li et al. 2020a).
SARS-CoV-2isin tendency to infect all areas of
respiratory track and induce the production of IL-1
and IL-6 (Fig. 1). These mostly cause to lung
inflammation, fever, fibrosis and finally result
with pnemonia. Other proinflammatory cytokines
as IL-2, IL-7, TNF-a, Granulocyte colony
stimulating factor (G-CSF), IP-10, MCP-1,
MCP-1A are also responsible for cytokine storm
and leads to cytokine release syndrome (CRS) in
severe conditions (Conti et al. 2020). COVID-19
patients’ data showed elevated inflammatory
cytokines as IL-6, TNF-a, IL-1, IL-2R and
chemokines as IL-18 found in mostly severe
COVID-19 cases (Qin et al. 2020). Further,
increased C-reactive protein (CRP) levels with
neutrophilia and lymphocytopenia, higher
infection-related biomarker as procalcitonin,
serum ferritin are harnessed with disease severity
and mortality (Qin et al. 2020; Jiang et al. 2020).
Both innate and adaptive immune outputs are
responsible for sanatory immune-mediated health
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Fig. 1 Immune response to SARS-CoV-2 Immune
response to SARS-CoV-2. SARS-CoV2 spread out by
airway and infect mostly airway bronchioles. Dendritic
cells present viral antigen to CD4™T cells and further
cytkine storm starts in severe cases. Humoral immune

status. Premature results of COVID-19 patients
revealed impaired lymphocyte numbers as an indi-
cator of severe inflammation. Indeed, the ratios of
naive helper T cells to memory helper T cells are
found to be increased in severe COVID-19 cases.
And also decreased CD3*CD4*CD45RA™ naive T
cells and CD3*CD8*CD28" cytotoxic suppressor
T cells can be associated with weakness of immune
response to SARS-CoV-2 (Qin et al. 2020). Cellu-
lar immune system is activated with T cell
response. Mostly for viral infections antigen spe-
cific T cells are produced and target to virally
infected cells. In SARS-CoV-2 infections CD8*T
cell response is important to kill virally infected
cells (Li et al. 2020a). We do not have enough data
whether established immune response to SARS-
CoV-2 has a long continued memory.

In viral infections IgM forms the first response
and then high affinity IgG production leads to

Created in BioRender.com bio

response enhance the production of IgG,IgM and IgA
and viral entrance to other cells is prevented. CD8"T
cells secrete perforin and granzyme to kill virally infected
cells

long term immunity (Racine and Winslow
2009). Virus neutralization is essential to stop
spread of virus throughout the body tissues.
Humoral immune response to SARS-CoV-
2 develops within week and neutralizing IgG
antibodies that specific to N protein elevated in
14 days. Those patients became seropositive to
the virus and negative for SARS-CoV-2 PCR in
28 days (Gorse et al. 2020). Rapid screening of
SARS-CoV-2 IgM and IgG is important to early
catch both symptomatic and asymptomatic
carriers to diagnosis and treatment of COVID-19
disease (Li et al. 2020b).

6 Conclusion

New clinical and laboratory data accrue every day

from different centers of the world. Even we need
10
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more prospective and long term data in order to
understand virus and claims incurred, on hand
data draw almost picture. The superiority of
SARS-CoV-2 to other Corona virus family is its
incremental growth and high spread ability
between people. Immunologic results showed
impaired naive and memory CD4 + T cell ratio,
increased proinflammatory cytokine levels and
cytokine storm result in need of intensive care
support to patients. Recent therapeutic
approaches still struggle with virus itself and
cytokine storm. Vaccine based researches are
still ongoing but it is no doubt that we need
more time to induce the active immunity with
vaccination. Further, mesenchymal stem cell
based cellular therapy is important to prevent
permanent damage of lung and quench cytokine
storm. Although we need more time to under-
stand the viral behavior, vaccine development
and therapeutics, we are not fall behind.
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