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Abstract

Millions of people around the world are involved with COVID-19 due to infection with SARS-CoV-2. Virological features
of SARS-CoV-2, including its genomic sequence, have been identified but the mechanisms governing COVID-19 immu-
nopathogenesis have remained uncertain. miR-223 is a hematopoietic cell-derived miRNA that is implicated in regulating
monocyte-macrophage differentiation, neutrophil recruitment, and pro-inflammatory responses. The miR-223 controls inflam-
mation by targeting a variety of factors, including TRAF6, IKKa, HSP-70, FOXO1, TLR4, PI3K/AKT, PARP-1, HDAC2,
ITGB3, CXCL2, CCL3, IL-6, IFN-I, STMNI1, IL-1p, IL-18, Caspase-1, NF-xB, and NLRP3. The key role of miR-223 in
regulating the inflammatory process and its antioxidant and antiviral role can suggest this miRNA as a potential regulatory

factor in the process of COVID-19 immunopathogenesis.

Keywords miR-223 - SARS-CoV-2 - COVID-19 - NLRP3 inflammasome - Acute lung injury - Acute respiratory distress
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Introduction

Besides extensive virology research on SARS-CoV-2, a
detailed understanding of virus-host interaction and funda-
mental, physiological, and immunological processes pave
the way for proper diagnosis and design of more effec-
tive treatments for infection caused by this virus (Astuti
and Ysrafil, 2020). Studies to date have shown that severe
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and destructive inflammation is a major cause of death in
COVID-19 patients (Gustine and Jones 2020). Cytokine
storm refers to a dramatic increase in the levels of tumor
necrosis factor-o (TNF-ar), interleukin-1 beta (IL-1p), IL-6,
IL-8, G-CSF, and GM-CSF cytokines and MCP1, IP10, and
MIPla inflammatory chemokines, playing a destructive
role in inflammatory macrophages and monocytes, which
unveils only part of the destructive role of inflammation in
COVID-19 (Tang et al. 2020). Topical immune responses
are able to effectively clear the virus, although these immune
responses themselves in some cases exacerbate the damage
caused by the virus. A disorder in the regulation of immune
responses occurs in the severe form of COVID-19, similar
to Hemophagocytic Lymphohistiocytosis (HLH), sepsis,
Kostmann’s syndrome, and a variety of immune deficien-
cies called autoinflammatory syndromes (Lucena et al.
2020). One of the reasons described for the destructive
cytokine storm in some patients is the hyperactivation of
NLRP3 inflammasome by SARS-CoV-2. The latest struc-
tural models of mature SARS-CoV-2 peptides indicated that
the virus produces all NLRP3 inflammasome-activating pro-
teins (Freeman and Swartz 2020). In fact, SARS-CoV2 acti-
vates the inflammasome and creates a phenomenon called
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pyroptosis as a form of inflammatory programmed cell death
pathway associated with the release of IL-1p, especially in
the epithelial cells of the respiratory tract (Freeman and
Swartz 2020). Numerous studies on viral infections reported
the inflammasome hyperactivation resulting in destructive
and systemic inflammation in patients (Lupfer et al. 2015).
The inflammasome function and many key processes impli-
cated in adaptive and innate immune responses are regulated
by a group of RNAs called non-coding RNAs (ncRNAs)
(Bandyopadhyay et al. 2013). The association of miRNAs
with the underlying mechanisms of acute lung injury/acute
respiratory distress syndrome (ALI/ARDS) in patients with
inflammatory lung injury is not yet fully understood. Among
these, the miR-223 prevents inflammation and tissue dam-
age in ARDS. On the other hand, alveolar epithelial type II
(ATID) cells are of the main targets of SARS-CoV-2. During
mechanical ventilation or injury from a lung infection, neu-
trophils migrate from the arteries to the site of inflammation
of the lungs and damaged tissue, exacerbating the inflamma-
tion and destruction (Carcaterra and Caruso 2021). Despite
overexpression of miR-223 in myeloid cells, the miR-223 is
secreted in neutrophil-derived microvesicles implicated in
lung damage and then transferred to ATII cells to participate
in lung protection. Upon transfer to ATII cells, the miR-223
inhibits the expression of poly ADP-ribose polymerase 1
(PARP-1) directly by targeting the 3'UTR region to neutral-
ize epithelial inflammation and tissue damage in the ALI.
Nanoparticle-mediated delivery of miR-223 to the airway
protected the lung in ALI mouse models (Neudecker et al.
2017). It is therefore important that future studies should
focus on miR-223 as a promising therapeutic target for the
treatment and prevention of ARDS. In this study, we high-
light various effects of miR-223 on the inhibition of inflam-
mation in a variety of pathological conditions and discuss
the potential role of miR-223 as a diagnostic and therapeutic
biomarker in COVID-19.

miRNA, the gene expression regulator,
and immune responses

miRNAs are a non-coding group of 19-23 nucleotide RNAs
expressed in multicellular organisms. miRNAs are tran-
scribed in the nucleus of a cell via RNA polymerase II to
constitute the initial 1-3 kb long miRNAs. These miRNAs
are broken in the nucleus by Drosha Enzyme, turning into a
cyclic structure in about 70—100 nucleotides long, called pre-
miRNA. Next, pre-miRNA is transferred from the nucleus
to cytoplasm, in which pre-miRNA is divided into mature
miRNAs by 18-24 double-stranded oligonucleotides via
RNase-III Dicer enzyme. Afterward, this structure affects
and regulates different gene expressions by the contribution
of other proteins (Filipowicz et al. 2008). According to the
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studies, microRNAs play an important part in immune cells’
plasticity, particularly in differentiating various T helper
cells lymphocytes, such as TH17, TH1, TH2, TH9, TH35,
and regulatory T cells (Sethi et al. 2013; Singh et al. 2016).
Also, many immune cells need various protein expressions
for executive responses, where miRNAs play an important
part. Cytokines production regulation and the related sign-
aling pathways, e.g., IFNI, and proinflammatory cytokines
playing an important part in pathogens of Coronavirus, are
regulated by epigenetic variations like miRNAs (O'connell
et al. 2010). According to the studies, the differentiation
and function of M1, M2, and Mreg macrophages depend on
miRNA expression variations (Zhang et al. 2013).

miR-223, a miRNA derived
from hematopoietic cells with a different
regulatory role

The miR-223 is highly conserved during formation and
has been described as a modulator of hematopoietic line-
age differentiation. miR-223 is a hematopoietic cell-derived
miRNA that is implicated in regulating monocyte-mac-
rophage differentiation, neutrophil recruitment, and pro-
inflammatory responses and can be transported to non-mye-
loid cells via extracellular vesicles or lipoproteins (Roffel
et al. 2020; Ye et al. 2018). The key role of miR-223 in regu-
lating the inflammatory process and its antioxidant and anti-
viral role can suggest this miRNA as a potential regulatory
factor in the process of COVID-19 immunopathogenesis.
Neutrophils are key components in the development of tissue
damage and exacerbation of inflammation in severe cases
of COVID-19 (Thierry and Roch 2020). Kruppel-like tran-
scription factor 6 (KLF6) plays a key role in the regulation of
inflammatory responses. Many anti-inflammatory and pro-
inflammatory factors ultimately inhibit or exacerbate inflam-
mation by altering KLF6 expression. High expression of
KLF6 decreases the expression of miR-223 and conversely,
deficiency of KLF6 increases the expression of miR-223 in
macrophages (Kim et al. 2019). In recent years, however,
various studies have indicated its other roles than a regulator,
which will be addressed in different sections.

NLRP3 inflammasome, as an essential
multiprotein structure in the innate immune
system

Inflammasomes are cytoplasmic multiprotein complexes that
assemble to respond to the Pathogen-Associated Molecular
Patterns (PAMPs) and Damage-Associated Molecular Pat-
terns (DAMPs), which are responsible for producing active
forms of IL1-f and IL-18 cytokines (Martinon et al. 2009).
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Damaged cells, variation in cytosolic ions of cytosolic potas-
sium reduction, microbial products, and increase in extra-
cellular ATP contents cause them to be detected by inflam-
masomes biomarkers. Besides, activation of inflammasomes
leads to a type of cell death along with inflammation in the
macrophage and dendritic cells (not in neutrophils and other
cells), which is called pyroptosis (Bergsbaken et al. 2009).

The NLRP3 inflammasomes are of the key components
of innate immunity, which enhance inflammation by increas-
ing the production of IL-1p, IL-18, and gasdermin D, and
play a key role in the pathogenesis of many diseases along
with destructive inflammation. Thus NLRP3 inflammasome
inhibitors, such as flavonoid compounds, can be a poten-
tial treatment for severe inflammation, which is the main
life-threatening condition in patients with COVID-19 and
other types of inflammatory diseases (Saeedi-Boroujeni and
Mahmoudian-Sani 2021). As mentioned in the introduction,
NLRP3 inflammasome hyperactivity is known as a mecha-
nism that is involved in inflammation and cytokine storm in
COVID-19. Accordingly, its accurate regulation is of para-
mount importance. Along with various factors, the role that
different non-coding RNAs, such as LncRNAs and Micro
RNA, play in their regulation is indicated (Luo et al. 2021;
Tezcan et al. 2019). In this article, the regulatory interaction
of miR-223 with NLRP3 inflammasome is investigated and
explained.

NLRP3 inflammasome as a potential target
for miR-223

Dysregulation and hyperactivation of the NOD-like recep-
tor family pyrin domain-containing 3 (NLRP3) inflamma-
some are important factors in the immunopathogenesis of
many inflammatory disorders, particularly the severe and
lethal form of COVID-19 (Freeman and Swartz 2020). The
NLRP3 family is a potential target for miR-223 and plays
a key role in viral infections such as hepatitis. The tumor
inhibitory role of miR-223 in cancers is associated with the
regulation of NLRP3 inflammasome. The miR-223 inhib-
its hepatocellular carcinoma (HCC) cell proliferation and
induces apoptosis by direct targeting of NLRP3. The miR-
223 also suppresses the production of caspase-1, IL-1p, and
IL-18 (Wan et al. 2018). The miR-223 is implicated in the
regulation of inflammatory immune responses by inhibiting
the NLRP3/IL-1p axis in neutrophilic asthma. A study used
miR-223~"~ mice as a mouse model of OVA/CFA-induced
neutrophilic asthma. Exacerbation of neutrophilic inflamma-
tion was clearly observed with pathophysiological manifes-
tations and increased production of inflammatory cytokines
in miR-223~'~ mice (Xu et al. 2020). In addition, increased
levels of NLRP3 inflammasome and IL-1p were found in
miR-223~'~ mice. Inhibition of NLRP3 inflammasome and

depletion of IL-1f clearly prevented the exacerbation of
miR-223-deficient-induced neutrophilic inflammation. Over-
expression of miR-223 reduces NLRP3 levels and IL-1f
secretion and reduces airway inflammation in mice (Xu et al.
2020). Endometritis is an inflammatory disease associated
with hyperactive NLRP3 inflammasome and IL-1p (Fusco
et al. 2020). The results of a study demonstrated that the
miR-223, an inhibitor of NLRP3 inflammasome and inflam-
matory responses, could be considered as a treatment candi-
date in dairy cattle with endometritis and other inflammatory
diseases. This study well demonstrated the molecular mech-
anism of miR-223 in reducing the severity of endometritis in
dairy cattle. There was a dramatic increase in miR-223 levels
in endometritis. NF-xB activation increases miR-223 expres-
sion. Subsequently, miR-223 as a negative regulator reduces
the severity of inflammation and the resulting tissue damage
by inhibiting NLRP3 inflammasome and IL-1f. Consistent
with this finding, observations in the mouse model of LPS-
induced endometritis showed that inhibition of miR-223
increases the severity of injuries, whereas conversely, the
miR-223 overexpression in these mice reduces the severity
of inflammation in the uterus of mice (Zhao et al. 2018).
A study reported that miR-223, as a myeloid-lineage-spe-
cific miRNA, is a key regulator of NLRP3 inflammasome.
The miR-223 suppresses NLRP3 expression by binding
to its conserved binding site in the 3'UTR of NLRP3 and
thus inhibits NLRP3 inflammasome activation. This study
showed that miR-223 expression varies in different types of
myeloid cells. Therefore, due to the precise transcriptional
control of NLRP3, the function of miR-223 as a regulator of
NLRP3 activity is especially important in myeloid cells such
as macrophages and neutrophils (Bauernfeind et al. 2012).
In a study on the development of myeloid cells, the results
interestingly showed that miR-223 is effective in reducing
the inflammatory ability of NLRP3 inflammasome. Accord-
ing to this study, the miR-223 expression decreases with dif-
ferentiation of monocytes into macrophages, while NLRP3
protein increases during this period. However, the miR-223
overexpression prevents the accumulation of NLRP3 protein
(Haneklaus et al. 2012). EBV-encoded miRNAs could sup-
press NLRP3 expression by binding to the miR-223 bind-
ing site. Virus-infected B lymphocytes effectively secrete
exosomes containing this viral miRNA, thereby inhibiting
the activation of NLRP3 inflammasome in other non-virus-
infected cells, which can be considered as one of the mecha-
nisms of EBV immune escape. This study is also evidence of
the regulatory role of miR-223 in the activation of NLRP3
inflammasome (Haneklaus et al. 2012). Inflammatory bowel
disease (IBD) is one of the most prominent disorders with
a proven role in the destruction of inflammatory processes
and especially in the hyperactivation of NLRP3 inflam-
masome. In other words, the IBDs can occur as a result of
severe and uncontrolled immune responses to microbes in
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the intestinal flora, causing severe tissue damage (Zhen and
Zhang 2019). The miR-223 expression is increased in intes-
tinal biopsies of patients with active IBD and in preclinical
models of intestinal inflammation. A study found that the
miR-223 reduces the severity of IBD by inhibiting NLRP3
inflammasome and reducing IL-1f production (Neudecker
et al. 2017c). The miR-223~" mice in the empirical model
of colitis showed a much more severe form of the disease
with pathophysiological manifestations and intensified pro-
duction of inflammatory cytokines. On the other hand, in
mouse models of NLRP3 3'UTR-deficient as a miR-223
binding region, they also interestingly showed a severe form
of IBD, such as miR-223 deficiency in mice with induced
colitis. Overexpression of NLRP3 inflammasome and over-
production of IL-1p are important features in the onset of
colitis in mice with miR-223 deficiency (Neudecker et al.
2017d). Deletion of CCR2 + inflammatory monocytes and
pharmacological inhibition of IL-13 or NLRP3 eliminates
the effects of miR-223 deficiency. These findings demon-
strated that miR-223 is a key regulatory transcription fac-
tor in the regulation of innate immune responses in IBD
immunopathogenesis. Finally, nanoparticle-mediated over-
expression of miR-223 in colitis-induced mice reduced
NLRP3 levels and IL-1p secretion (Neudecker et al. 2017c).
Another study found an association between miR-223-3p
and NLRP3 inflammatory hyperactivation in obesity for the
first time. In subcutaneous fat, a significant correlation was
observed between miR-223-3p and miR-223-5p and glucose,
NLRP3, and blood lipids (Macartney-Coxson et al. 2020).
In another study, the expression levels of miR-223-3p and
NLRP3 were measured in glioblastoma tumor tissue. The
results showed that miR-223-3p decreased in glioblastoma
tissue but NLRP3 increased. Treatment with miR-223-3p
reduces the expression of inflammatory chemokines and
cytokines such as IL-1p, MCP-1, IL-8, and IL-18 and ulti-
mately reduces cancer cell proliferation and migration.
Most importantly, the findings of this study showed that the
effects of miR-223-3p could be reduced by overexpression
of NLRP3, as one of the target genes of miR-223-3p (Ding
et al. 2018). In the pathogenesis of alveolar macrophage-
mediated inflammatory responses, the secretion of miR-
223/142-containing microvesicles is sharply increased and
detected in bronchoalveolar lavage fluid (BALF) and serum.
In addition, intracellular miR-223/142 repair and replace-
ment by vesicle delivery inhibit macrophage activation and
pneumonia by inhibiting NLRP3 inflammasome activation
(Zhang et al. 2019). Studies have shown that SARS-CoV2
could activate inflammasome (Ratajczak et al. 2020). On
the other hand, the higher mortality rate of obese patients
with COVID-19 is due to the presence of meta-inflammation
and NLRP3 inflammasome hyperactivation (Berg and Velde
2020). The function of miR-223 in the regulation of NLRP3
inflammasome activity described in various diseases well
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demonstrates that this miRNA can play a key role in the
immunopathogenesis of COVID-19.

Association of miR-223 with inflammatory
lung disease

Intercellular transfer of miR-223 from neutrophils to pul-
monary epithelial cells may reduce ALI by suppressing
PARP-1. Overexpression of miR-223 in the lungs pro-
tected the mice from ALI induced by mechanical ventila-
tion or by infection with Staphylococcus aureus. Studies
of miR-223 gene targets demonstrated that the suppres-
sion of PARP-1 by miR-223 is involved in the attenuation
of pneumonia (Fig. 1) (Neudecker et al. 2017). Chronic
obstructive pulmonary disease (COPD) refers to a chronic
disease characterized by airway obstruction and inflam-
mation (Rabe and Watz 2017). Recent findings highlight
the importance of miRNAs in the regulation of patho-
logical processes in asthma and COPD (Mohamed et al.
2019). The miR-223 is one of the miRNAs thought to be
implicated in the COPD because of changes in its expres-
sion level in asthma and COPD (Roffel et al. 2020b). The
miR-223 overexpression was observed in mice exposed to
cigarette smoke and in emphysematous lung tissue from
LPS-treated mice (Leuenberger et al. 2016). In addition, a
significant negative relationship was found in miR-223 and
HDAC?2 expression between two independent cohorts of
COPD patients. These findings indicate that the miR-223
is the most common miRNA in COPD, which controls the
expression and activity of HDAC2 in lung cells, probably
altering the chemokine expression profile. This suggests a
new pathogenic association between unregulated miRNA
expression and epigenetic activity in COPD. HDAC2
is directly targeted by miR-223 (Fig. 1) whose level is
induced by IL-1p and TNFa. The miR-223 controls frac-
talkine expression by targeting HDAC2 (Leuenberger et al.
2016). Restoring miR-223 expression in the lungs of rats
with monocrotaline-induced pulmonary arterial hyperten-
sion (PAH) reverses PAH and has beneficial effects on vas-
cular remodeling, pulmonary resistance, right ventricular
hypertrophy, and rat survival. Downregulation of miR-223
in PAH plays a key function in several pathways involved
in the disease (Meloche et al. 2015). A study examined
the function of miR-223-3p and ITGB3 in PAH. The miR-
223-3p reduces PAH progression by suppressing ITGB3
expression, providing a new target for clinical treatment
(Liu et al. 2019). The PAH is a progressive disorder with
a poor prognosis, characterized by medial regenerative
damage and severe pulmonary vascular dysfunction. The
right ventricle is affected by PAH and can cause events
such as hypoxia. Findings from a study documented the
primary role of pulmonary miR-223 in the right ventricle
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Fig. 1 The potential role of
miR-223 in the COVID-19
linked to the suppression of
many different target genes
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and insulin-like growth factor-I receptor (IGF-IR) in right
heart failure (RHF) caused by pulmonary hypoxia and
mechanical overload, probably leading to the develop-
ment of new treatment strategies aimed at inhibiting the
progression of PAH and RHF (Shi et al. 2016). Decreased
HDAC?2 activity has been reported in COPD patients; Bio-
informatics studies have identified miR-223 as a potential
suppressor of HDAC2. Functional analysis shows that the
miR-223 overexpression decreases HDAC?2 expression and
activity in Human Pulmonary Artery Endothelial Cells
(HPAEC). In contrast, HDAC?2 activity was preserved in
cells treated with anti-miR-223 (Leuenberger et al. 2016).
The results of another study indicate that miR-223 is
essential to regulate the pathogenesis of ALI induced by
mitochondrial DAMPs. Accordingly, the miR-223 reduces
the number of Ly6G + neutrophils and inhibits the activity

of the NLRP3 inflammasome to alleviate ALI. The miR-
223 expression is increased in the lungs of mitochondrial
DAMPs-induced mice or ARDS patients following trauma/
transfusion or following the physiological remission of
ALI/ARDS. Removal of peripheral blood Ly6G + neutro-
phils and drug inhibition of the miR-223-NLRP3-IL-1f
signaling axis can reduce the severity of mitochondrial
DAMPs-induced ALI (Feng et al. 2017). In general, the
examination of the role of miR-223 in inflammatory lung
diseases clearly raises the need for a detailed study of
its role in the development of pneumonia in COVID-19.
The cases reviewed in this section are greatly similar to
COVID-19 in terms of immunopathogenesis, especially in
cases where severe inflammation occurs in the lungs, and
so the analysis of miR-223 contains tips for examining its
role in COVID-19 by focusing on pneumonia.
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Association of miR-223 with infectious
diseases

During active tuberculosis, myeloid cells invade the lungs,
causing and exacerbating local inflammation. Chemokines
regulate cellular traffic, but the post-transcriptional events
that increase and decrease the expression of these chemo-
tactic factors remain unknown (Domingo-Gonzalez et al.
2016). The miR-223 is increased in the lung and blood
parenchyma of patients with tuberculosis as well as rats
with tuberculosis. Deletion of miR-223 induced acute lung
infection in mice. The lethality of miR-223~/~ mice was
apparently not due to defects in antimycobacterial T cell
responses. Tuberculosis exacerbation in miR-223~/~ mice
can be partially reversed and attenuated by neutralizing
CXCL2, CCL3, and IL-6, by monoclonal antibody deple-
tion of neutrophils, and by genetic deletion of CxCR2
(Xi et al. 2015). In a study, the miR-223 was found to
control the lung recruitment of myeloid cells, resulting
in neutrophil-induced fatal inflammation. The results of
this study demonstrated that miR-223 targets directly the
chemokines such as CXCL2 and CCL3 as well as pro-
inflammatory cytokines such as IL-6 in myeloid cells.
This study not only demonstrates the essential function
for miR-223 in tuberculosis, but also detects novel targets
and assigns biofunctions to miR-223. The miR-223 impor-
tantly control tuberculosis and other potentially chronic
inflammatory diseases through the regulation of leukocyte
chemotaxis by chemokines (Dorhoi et al. 2013). Vesicu-
lar stomatitis virus (VSV) infection significantly increases
miR-223 in rat macrophages. Overexpression of miR-223
was observed to increase the expression level of type I
IFN in VSV-infected macrophages. In addition, miR-223
was reported to directly target FOXO3 to regulate type
I IFN formation. The VSV-induced type I IFN secretion
can increase miR-223 expression, thus forming a positive
regulatory loop to produce type I IFN. These results are
the first to suggest a new mechanism for regulating the
production of type I IFN by miR-223 in the antiviral innate
immune response (Chen et al. 2016). Some studies have
suggested miR-223 as an antiviral agent. For example,
a study found a significant decrease in miR-223 expres-
sion levels in human endothelial-like Eahy926 cell line
infected with DENV2 virus, whereas increased miR-223
expression effectively inhibited DENV?2 proliferation. It
was also found that two transcription factors of C/EBPa
and E2F1 regulate miR-223 expression after infecting
EAhy926 cells with DENV2. The miR-223 as an antiviral
agent can be used therapeutically to inhibit DENV (Wu
et al. 2014). Interestingly, these studies demonstrate how
miR-223 regulates immune responses against pathogens
on the one hand by influencing the interferon response
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as the main antiviral mechanism of host cells, and on the
other by regulating leukocyte traffic. It should be noted
that severely impaired IFN-mediated antiviral response
and impaired leukocyte trafficking are the main causes
of dysregulation of immune responses in COVID-19 and
severe inflammation.

Association of miR-223 with cardiovascular
diseases

Heart failure is one of the clinical manifestations reported
in COVID-19 patients. A review of the role of miR-223 in
cardiovascular disease, along with other functions of this
miRNA, can help to better understand its potential role in
COVID-19 (Greco et al. 2020). The miR-223 expression
changes in heart failure after myocardial infarction (MI) in
humans; however, the role of miR-223 in MI is unknown.
A study aimed to elucidate the role of miR-223 in cardiac
fibrosis and reported that miR-223 increases cell prolifera-
tion, migration, and differentiation in cardiac fibrosis. The
miR-223 may be involved in post-MI cardiac fibrosis in part
through targeting RASA1 (Liu et al. 2018). Overexpression
of miR-223 may inhibit the progression of atherosclerosis
by blocking TLR4 signaling and conversely by activating
PI3K/AKT pathway and therefore poses a promising thera-
peutic pathway for the treatment of atherosclerosis (Wang
et al. 2015). A significant increase in miR-223 level was
observed in atherosclerotic lesions in atherosclerotic models
of ApoE~'~ mice. Overexpression of miR-223 significantly
reduces macrophage foam cell formation, lipid accumula-
tion, and inflammatory cytokine production. All of these
cases were inversely increased by miR-223 inhibition. The
miR-223 negatively regulates TLR4 and NF-xB. Pretreat-
ment with a specific NF-kB inhibitor called pyrrolidine dith-
iocarbamate (PDTC) severely inhibits the effects induced by
silencing miR-223, such as overproduction of inflammatory
cytokines and abnormal lipid accumulation. This suggests
well that miR-223 induces its effects by affecting NF-xB
as a key inflammatory transcription factor. The miR-223
activates the PI3K/AKT signaling pathway. The PI3K/AKT
inhibitor, called LY294002, also increases inflammatory
cytokine levels and abnormal lipid accumulation by inhibit-
ing miR-223 activity (Wang et al. 2015).

Presence of miR-223 in other diseases

The miR-223 is abnormally expressed in several diseases
such as type 2 diabetes, sepsis, rheumatoid arthritis, viral
infections such as HIV-1, and inflammatory disorders
(Aziz 2016). Overexpression of miR-125b and miR-223
has been reported in the colonic mucosa of patients with
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ulcerative colitis (UC). A study showed that miR-125b
and miR-223 play a role in regulating the inflammatory
response during UC through downregulation of the expres-
sion of TRAF6, A20, and IKK« to inhibit the inflammation
(Valmiki et al. 2019). Another study reported that miR-
223 could inhibit cell proliferation, increase apoptosis, and
inhibit inflammation in retinal ganglion cells (RGCs) by
targeting HSP-70 (Ou-Yang et al. 2020). The role of miR-
233-5p was investigated in the improvement of spinal cord
injury (SCI) in rats. Consistent with the findings confirm-
ing the key role of miR-223 in the macrophage polariza-
tion process, it was interestingly observed that the expres-
sion of miR-223-5p increases in M1 microglia, while
its expression decreases in M2 microglia. On the other
hand, in vivo miR-223 inhibitor effectively inhibits severe
inflammation in affected rats. Finally, overexpression of
miR-223-5p effectively improves hindlimb locomotion in
rats (Guan et al. 2019). The importance of macrophage
polarization in the regulation of immune responses, espe-
cially in the immunopathogenesis of immune-mediated
inflammatory disease (IMID), has been significantly dem-
onstrated recently in various studies. Today, we know that
the macrophages not only are a homogeneous population
of innate immune cells, but also, we see various types of
macrophages with diverse functions depending on varied
physiological and pathological conditions (Labonte et al.
2014). One of the main types of macrophage polarization
is the existence of two types, classical and alternative.
The classic type, also called M1, strongly exacerbates
inflammation through hyperproduction of cytokines and
inflammatory chemokines. In contrast, the alternative type,
also called M2, is more involved in the healing process
and inhibition of inflammation and helps to repair tissue
by stimulating the induction of fibrosis. The presence of
M2 macrophages is higher in the tumor microenviron-
ment due to immunosuppressive conditions, while clas-
sically activated macrophages, especially in adipose tis-
sue, increase in inflammatory conditions such as adipose
tissue inflammation and systemic insulin resistance (Atri
et al. 2018). The miR-223 is involved as a regulator in
the macrophage polarization. The miR-223 inhibits the
classical pathway and induces alternative macrophages.
Pknox1 is a key regulator of macrophage polarization as a
major target for miR-223. Therefore, the miR-223 affects
the macrophage polarization and inhibits the induction of
classical inflammatory macrophages as an inflammation
inhibitor (Zhuang et al. 2012). Examination of changes in
miR-223 expression and functional significance of changes
in miR-223 expression in fetal organs in the presence of
chorioamnionitis showed that embryos with inflammation
in the chorioamniotic membrane show overexpression of
miR-223 in the thymus, lung, and liver. In addition, FoxOl1
is a target of miR-223. Based on these findings, it can be

suggested that post-transcriptional regulation of genes by
miR-223 is part of the fetal inflammatory response, caus-
ing systemic complications in the fetus (Lee et al. 2018).
The miR-223-5p/-3p duplexes operate together to inhibit
necroptosis caused by ischemia/reperfusion (I/R) in sev-
eral layers. The pre-miR-223 may be a new candidate for
the treatment of ischemic heart disease (Qin et al. 2016).

Conclusion

COVID-19, especially the severe and lethal form, is asso-
ciated with severe dysregulation of adaptive and innate
immune responses. Lack of effective antiviral responses,
such as interferon and exhaustion of cytotoxic T lympho-
cytes and NK cells on the one hand and systemic inflam-
mation, cytokine storm, and coagulopathy on the other, is
the result of this impaired homeostasis and dysregulation
of immune system responses. The role of epigenetic modi-
fications in the regulation of immune responses has been
demonstrated more than ever in recent years. Among epige-
netic modifications, non-coding RNAs such as miRNAs and
LncRNAs have been studied more than others. Therefore,
any disruption of the immune system response is associ-
ated with a variety of pathological conditions from cancer
to inflammatory and infectious diseases and with changes in
miRNA expression in COVID-19. Numerous studies have
reported the role of miR-223 in inhibiting inflammation to
prevent tissue damage during infection and other inflam-
matory diseases. Important targets for miR-223 involved in
infection and inflammation are NLRP3, IKKa, and NF-xB.
The NF-kB and NLRP3 inflammasome are major inflam-
matory mechanisms, which are inhibited by miR-223. The
miR-223 can also target viruses directly. In fact, the miR-
223 controls inflammation by targeting a variety of factors,
including TRAF6, IKKa, HSP-70, FOXO1, TLR4, PI3K/
AKT, PARP-1, HDAC2, ITGB3, CXCL2, CCL3, IL-6, IFN-
I, STMNI, IL-1p, IL-18, Caspase-1, NF-kB, and NLRP3.
There is compelling evidence of dysregulation in the miR-
223 expression during pulmonary inflammation, infectious
disease, cardiovascular disease, and other inflammatory
disorders such as IBD and type II diabetes. Accordingly,
the role of mir-223 in regulating inflammation, NLRP3
inflammasome, key transcription factors like NFKB, etc. has
been specified in this study. These are among the important
points in the immunopathology and of several inflammatory
diseases investigated in this study. Concerning the findings
and the necessity of a profound understanding of COVID-19
pathogenesis and the pandemic continuation, it is suggested
that as an important regulatory factor, the accurate role of
mir-223 is investigated in different studies.
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