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Abstract

Context: Various studies show that contracting the Covid 19 disease can affect the normal
functioning of the immune system. In some patients, lack of stimulation of the specific immune
system causes excessive innate immune activity and secretion of inflammatory cytokines.
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Context CD567, and CD16" markers generally identify NK cells.
According to CD56 marker, NK cells are divided into
two sub-sets: dim and bright. In a way that CD56%™ NK
cells have cytotoxic power, while CD56" are more
likely to produce pro-inflammatory cytokine [3]. Studies
have shown that CD56%™ NK cells commonly comprise

more than 90% of NK cells of the peripheral blood in

atural Killer (NK) cell, as the most im-
portant cell of innate immunity, func-
tions at the first line of defense against
viral infections. This cell directly de-
stroys the virus or leads to the apopto-

sis of viral-infected cells. NK cell responds even more
quickly than T cell to virus, cancer, and infectious agents
[1]. In addition, NK cell activates the adaptive immunity
against viral infections by releasing cytokines [2]. CD3",

healthy people. However, in older adults as well as in
acute/chronic viral infection states, phenotype change oc-
curs in NK cells and they become more likely to have the

dominant CD56¢" phenotype to release inflammatory
cytokines (IFN-c, TNF-a, GM-CSF) [4-8]. The function
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of NK cells is controlled by the surface receptors such
as Killer cell Immunoglobulin-like Receptors (KIRs),
Natural Cytotoxicity Receptors (NCRs), and C-type lec-
tins. Interestingly, KIRs express only at the surface of
CD56e cells, which are more common in the elderly
[9]. In children, however, the most important receptors of
NK-activated cells (NKp30 and NKp46 receptors) are re-
duced. This means that NK cells are less active and poten-
tially supportive in children [10]. It has been shown that
as one ages, NKG2A receptor of NK cells decreases and,
instead, the active KIR receptor family increases.There-
fore, in the case of NK cells some thought-provoking
items are very exciting and should be considered. These
items include changing in number, subtype, receptor and
function of NK cells that differ by gender, race, age, ge-
netic polymorphisms, geographical location, pathological
conditions and infectious diseases. These matters are very
important, and some of which will be discussed here.

Evidence Acquisition

The number of NK cells is affected by gender, which
is more in men than women. A study has found that the
Iranian men who had more NK cells than women are
more likely to produce inflammatory cytokines (IL-6
and TNFa) [11]. Other studies have revealed similar re-
sults as well [11-13]. It seems that estrogen reduces the
expression of CD69, NKp46, and NKG2DL at the sur-
face of NK cells, resulting in the suppression of NK cells
activity in women [14]. Moreover, the number of NK in
different races differs by geographical locations; this has
been confirmed by the results of a study where the rate
of NK cells in the Iranian population is higher than the
Caucasian population [15]. In this regard, another study
has found that the NK rate of the Chinese population to
Caucasus is similar to that of Iranians’ [16]. Besides, the
number of NK cells was higher in Iranian men than Sau-
di men [17]. It seems that these differences affect public
susceptibility to infections.

The rate of NK cells also changes by age in a way that
a study in Iran has shown the highest rate of NK cells
for 50- 60 ages and the lowest one for below 30 [11]. In
children, NK cell has frequent suppressive phenotype,
regardless of age, the inhibitory receptor NKG2A de-
creases and instead the family of active KIR receptors
increases. Since, phenotype of NK cells changes with
age, it can be predicted that their different functions de-
pend on the physiological conditions in which they are
located. KIR is one of the activating or suppressing re-
ceptor which expresses the surface of NK cells. The KIR
gene is polymorphism and has a genetic diversity. There-
fore, KIR is expressed by specific phenotypes and differ-
ent function. A study on Italian population has revealed
that framework genes (KIR3DL3, KIR3DP1, KIR2DL4
and KIR3DL2) are found in all cases and a haplotype
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had the most prevalence (28.5%) between them and
these KIR genes expressions significantly increased in
old ages. Another study has found that Chinese people
were positive for 3DL3, 3DP1, 2DL4, and 3DL2 like
Italians and A haplotype showed the highest prevalence
(58.7%) [18]. In contrast, the level of heterogeneity and
polymorphism of A haplotype in KIR gene of Japanese
population was much lower than the Italian and Chinese
populations [19]. A study has presented that the activat-
ing genes KIR2DS1 and KIR2DS3 are associated with
increased mortality by Ebola virus infection. These find-
ings suggest that mortality and morbidity from the Ebola
virus may be partly related to the kind of the KIR gene
in host; this indicates the key role of KIR in increasing
susceptibility to infection [20]. On the other hand, it has
been found that the combination of HLA-KIR genotype
is associated with susceptibility to autoimmune diseases
such as arthritis and type 1 diabetes. Additionally, it has
also been reported that HLA Bw4 and Bw6 epitopes
are identified by NK cells. The polymorphic receptors
KIR3DL1/S1 and HLA Bw4 increase the potential of
NK cells activation against infection [21].

The Covid-19 infection pandemic has recently emerged
and is rapidly spreading in more than 200 countries
around the world. According to the World Health Orga-
nization, 1,536,094 global cases of Covid-19 were con-
firmed on April 9th with a mortality rate of 3.4%. Unfor-
tunately, the worldwide rate of morbidity and mortality
of COVID-19 is increasing on a daily basis. One reason
for these severe effects is septic shock which is due to
the production of cytokine storms by the immune system
against COVID-19 infection in people under intensive
care. Septic shock finally leads to organ dysfunction, sec-
ondary infection and Ventilator-Associated Pneumonia
(VAP), and eventually death [22]. It has been observed
that in the alveoli of lungs of people who could not sur-
vive, lymphocytopenia makes decreased Treg while trig-
gers innate immune cells proliferation. Cytokines storm
appears to be the result of over activity of innate immune
cells in the region of existing NK cells. Therefore, our
concern is that septic shock may be due to NK cells ac-
tivity. It is interesting that the number of NK cells in pe-
ripheral blood of covid-19 patients is decreased as is seen
in septic shock of other infections. Several hypotheses
could be made in the study of NK cells reduction in pe-
ripheral blood and cytokine storm of NK cells in the local
lung zone of infected Covid-19 patients.

Results

Reduction in the quantitative NK cells following
Covid-19 infection

The first scenario is that the decline in the number of
NK cells in the peripheral blood may be due to a reduc-
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tion in the number of CD56%™ NK cells with the cyto-
toxicity strength as mentioned above. Although NK cells
are 90% in the peripheral blood on the normal condi-
tions, but during septic shock recruit to the lung and
make cytokine storm by secreting inflammatory cyto-
kines. However, the number of NKs in this area has not
been investigated yet. This hypothesis could be support-
ed by previous reports showing that the level of CD56%™
NK cells decrease during septic shock. Furthermore, in
septic shock the level of CD107" in the peripheral blood
decreases compared to healthy individuals as is seen in
Covid-19 patients [23].

On the other hand, viral-infected cells or residing im-
mune cells, promote proliferation and activation of im-
mune cells by releasing cytokines. Thus, NK cell is one
of the fastest cells of innate immune in response to vi-
ruses, quickly arrive the affected areaand after proliferate
become overactive. This hypothesis could be supported
by a study which reported that one of the causes of septic
shock is the secretion of IL-15 by some residual cells
and activated NK and CD8 cells, resulting to death of
patients by septic shock [24]. Thus, septic shock initiates
in Covid-19 patients by proliferation of NK cells as a
result of increased IL-15 in the lung.

Alteration in NK cells functions and phenotype
following COVID-19 infection

In the second scenario, it could be supposed that due
to the existence of different subtypes of NK, a special
subtype of NK cells can be activated in the conflict zone.
Similarly, in a study of patients who had died by septic
shock, the number of NK cells with CD3~, CD56" were
significantly reduced, while the number of NK in CD69*
and CD57" were increased compared to the survival
group [25]. The study found that NK with CD69" and
CDS57" were so many in most patients with septic shock
death on the third day and it may be similar to septic
shock from Covid-19. On the other hand, the reduction in
the mortality rate of COVID-19 infection in women may
be related to a decrease in NKCD69". In approval of NK
cells effect on Covid-19 patients, it is reported that the
Chinese have used the drug hydroxychloroquine to com-
bat Covid-19 and could almost reach acceptable results.
Previous studies have shown that hydroxychloroquine
could regulate NK cells responses by reducing changes
in TNF-a secretion and decrease NK cell function [26].

Another $tudy found that hydroxychloroquine reduc-
es the cytotoxic activity of NK cells [27], the function
and the proliferation of these cells as well [28-30]. To
the best of our knowledge, however, no studies have
explained the mechanism by which NK cell function is
reduced and which subtypes of NK cell are affected.

Archives of Advances

in Biosciences

Conclusion

It can be proposed that the increased rate of Italian
and Chinese mortality with COVID-19 compared to the
lower ones in Japanese may be related to the number and
subtypes of NK cells, age and sex of individuals, and geo-
graphical location. Besides, it might be associated to the
incidence and polymorphisms of KIR-related genes that
affect NK subtypes. According to the mentioned hypoth-
esis, any changes in the balance of NK cells’ expressed
receptor, subtypes and its relation to pathogenesis and
susceptibility to infection and inflammatory diseases are
remarkable. Moreover, by observing the mortality and
morbidity statistics of COVID-19, age, gender, and geo-
graphical locations of affected public, the outcomes can
corroborate our aforementioned points about NK cells.
Consequently, we suggest that by investigating the phe-
notypes and functions of NK cells in the affected parts
of body, we can better recognize the physiopathology of
COVID-19 in order to use therapies in the early stages.
It seems that drugs such as azathioprine, prednisolone,
pyrimethamine and mefenamic acid which could specifi-
cally regulate NK cells activity, could be a good sugges-
tion for the treatment of Covid-19 and the prevention
from septic shock.
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