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Abstract

Epigenetics is a rapidly expanding scientific discipline, and research into epigenetic regulation in diseases, including
infectious diseases, is increasing. As one sort of epigenetic activity, micro-ribonucleic acids (miRNAs) bind to
their target messenger RNAs (mRNAs) and regulate their stability and/or translation. This study aims to evaluate
non-coding RNAs (ncRNAs) with a focus on miR-146a in COVID-19. In this review, we first describe epigenetics
and miRNAs, then explain the significance of miRNAs in disease, with an emphasis on lung diseases. Finally, we
examine the role of miRNAs in viral infections, including SARS-CoV-2, with a particular focus on miR-146a. For all
relevant studies published between 2000 and 2022, a systematic search of PubMed, Web of Science, Embase, and the
Cochrane Library was conducted, limited to English-language studies. Studies were included if they were published
between 2000 and 2022, written in English, and directly addressed miR-146a expression or function in respiratory
or inflammatory diseases. Non-peer-reviewed sources and studies lacking primary data on miR-146a were excluded.
The findings revealed that different types of microRNAs can be useful in the therapy of various lung diseases via
different target pathways and genes. Among these, miR-146a has emerged as a key regulator of innate immunity
and inflammatory responses in respiratory diseases. miR-146a regulates IL-18 production through modulation of the
NF-«kB signaling pathway by targeting IRAK1 and TRAF6, which may influence inflammatory responses in severe
COVID-19. Furthermore, dysregulation of miR-146a has been associated with enhanced inflammatory responses
and disease severity in respiratory viral infections. These findings suggest that miR-146a may serve as a promising
biomarker for disease prognosis and a potential therapeutic target in COVID-19 and other respiratory diseases.
However, further experimental and clinical studies are required to validate its diagnostic and therapeutic value.
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Introduction

Epigenetic markers can reveal underlying biology,
enabling early detection and risk stratification.
Coronaviruses and other enveloped RNA viruses can
modify the host’s epigenome through DNA methylation,
making it easier to detect severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection in
patients before symptoms appear.!'! Additionally, these
epigenetic variations help identify individuals at risk
of developing severe disease.” In epigenetics, two key
processes play important roles in differentiation, gene
regulation, and carcinogenicity: cytosine methylation
in DNA and histone modifications.”*) MicroRNAs
(miRNAs) are another class of molecules that influence
epigenetics and gene expression. They are non-coding
RNAs, small molecules with a nucleotide length of
around 17-25.17 A miRNA is produced by transcription
from DNA templates to produce primary miRNAs, and
then undergoes a process to produce precursor miRNAs,
and mature miRNAs produce precursor miRNAs and
mature miRNAs. MiRNAs bind primarily to the 3’ UTR
of target messenger RNAs (mRNA)!" and are significant
regulators of the gene expression process at the post-
transcriptional level. MiRNAs play a decisive role in
various biological processes, including cell proliferation,
differentiation, growth, and apoptosis.l®! It is estimated
that about one-third of genes and their pathways are
regulated and controlled by miRNAs. Among these,
miR-146a has emerged as a critical regulator of innate
immunity and inflammation. It functions primarily by
targeting interleukin-1 receptor-associated kinase 1
(IRAKI1) and TRAF6, two key adaptor proteins in the
Toll-like receptor (TLR) and NF-kB signaling pathways,
thereby suppressing downstream pro-inflammatory
cytokines, including IL-6, IL-8, TNF-a, and IL-1p.
These properties make miR-146a particularly relevant in
the context of respiratory diseases, where dysregulated
inflammatory signaling plays a central role in disease
progression.”!

Role of miRNAs in respiratory diseases

In this review, we focused on the role of miR-146a
in the following lung diseases: chronic obstructive
pulmonary disease (COPD), asthma, pulmonary fibrosis,
pneumonia, lung cancer, lung inflammation, and SARS-
CoV-2, because of their impact on worldwide morbidity
and mortality, as well as because their pathophysiology
frequently involves inflammation and tissue remodeling.
According to reports, non-communicable diseases
accounted for 71% of global deaths, with chronic
respiratory diseases (CRDs) (7%), second to cancer
(16%), and third to cardiovascular diseases (31%).!'"!
Among the CRDs, COPD and asthma constituted the
highest disease burdens.!'"!

Lung miRNAs can be divided into three groups according
to their function: homeostasis, lung development, and
physiological function.!'” Among the miRNAs classified
within this group are miR-155, miR-26a, let-7, miR-29,
miR-15/miR-16, miR-223, and miR-146a/b."*) MiR-155
is critical for the lung’s immune response, as miR-155-
deficient mice exhibit reduced immunity and fail to mount
a successful immune response to exogenous stimuli.t'*!
The second group of miRNAs includes miRNAs
involved in lung inflammation and regulation. This group
includes miR-146a and miR-146b, which play a role in
IL-1 activation during the initial stages of inflammation.
TNF-o and other pro-inflammatory cytokines are
suppressed by the overexpression of these miRNAs. !
At the time of infection, miRNAs are important for
viral transmission and play a role in viral infection.
For example, miR200a and miR223 are involved in
lethal influenza virus infection.!'>) At the start of severe
acute respiratory syndrome (SARS) infection, the
upregulation of the miR-17 family, miR-574-5p, and
miR-214 was seen.l'” All four viral virulence proteins
are targeted by these miRNAs, together with miR-223
and miR-98.l'MiR-146a functions as a key negative
regulator of inflammation by modulating the TLR and
NF-«B signaling pathways. Mechanistically, miR-146a
directly targets IRAK1 and TRAF®6, thereby suppressing
downstream pro-inflammatory cytokines such as IL-
6, IL-8, TNF-a, and IL-1B. In asthma, miR-146a
modulates airway inflammation by regulating NF-«xB-
dependent chemokine production. In COPD, reduced
miR-146a expression contributes to COX-2 upregulation
and increased prostaglandin E2 (PGE2) production,
promoting chronic inflammation. In pneumonia, miR-
146a regulates macrophage polarization via the IRAK1/
RXR/LXR axis. In idiopathic pulmonary fibrosis (IPF),
miR-146a influences fibroblast inflammatory responses
through TRAF6 and IRAK inhibition. In SARS-CoV-2
infection, dysregulation of miR-146a may contribute to
excessive NF-kB activation, increased IL-18 production,
and cytokine storm. The third group of miRNAs is
directly implicated in vital lung functions linked to the
pathophysiology of pulmonary disease.(Table 1)

Role of mir-146a in respiratory diseases

Despite using the same seed sequence, many miRNAs,
including miR-146, are encoded at distinct loci or places
in the genome. MiR-146a has been implicated in a variety
of processes, including differentiation, inflammation,
and the activity of adaptive and innate immune cells.
15657 Mechanistically, miR-146a acts as a negative
feedback regulator of TLR- and cytokine-induced NF-
kB activation. Upon inflammatory stimulation, NF-
kB induces transcription of miR-146a, which in turn
suppresses IRAK1 and TRAF6, creating a self-limiting
inflammatory loop. This mechanism is relevant across
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Table 1 MiRNAs in lung diseases

Diseases MiRNA Gene target Expression  Function or type of cell Ref
in Disease
Asthma Mir-155 IL-13Ral up Regulates IL13Ral protein [18,19]
Mir-145 RUNX3, CFTR up Regulates T helper 2 allergic inflammatory responses [20.21]
Mir-let-7 IL-13 Up Regulates IL-13 [22]
Mir-133a RhoA Down Unknown [23]
Mir-21 IL12p35 Up Regulates immune polarization by targeting IL12p35 [24]
Mir-9 PP2A Up Regulates PP2A activity and DEX-induced glucocorticoid receptor [25]
nuclear translocation
IPF Mir-29a ECM-related Down Anti-fibrotic [26-28]
proteins
Mir-26a HMGA2 Down Promotes proliferation and differentiation of fibroblasts into myofi- [29.30]
broblasts
Mir-200c TGF-B1 Down Unknown B31]
Mir-708-3p  ADAM17 Down Regulates ADAM17 (through GATA/ STAT3 signaling pathway) 132]
Mir-let-7d HMGA2 Down Inhibits TGF-b [33]
Mir-199a-5p TGF-B Up Unknown [34]
COPD Mir-146a COX-2 Down Negatively correlated with TNF-a, IL-6, IL-8, LTB-4, and LTE-4 [35.36]
Mir-195 PHLPP2 Up Regulates Akt signaling 371
Mir-24-3p BIM Down Unknown [38]
Mir-15b SMAD7 Up Unknown [39]
Mir-218-5p  Unknown Down Negatively correlated with the number of neutrophils, dendritic cells, [40]
and T cells
Mir-93-5 NFKBIA Up Unknown [41]
CF Mir-126 ANO1 up Regulates PP2A activity and DEX-induced glucocorticoid receptor [42]
nuclear translocation
Mir-9 ANO1 UP Bronchial tissues [43]
Mir-138 TGF-B1 Down HLT [44]
Mir-145 TGF- B up Serum [43]
Pneumonia ~ Mir-708-5p  TLR4 Up Enhancing the vitality of intracellular bacteria. Regulating the secre-  [40]
tion of inflammatory factors
Let-7b TLR4 Down Promoting the release of pro-inflammatory cytokines, inducing an [47]
excessive mucosal immune response
Mir-181b LXA4 Up Dampening neutrophil infiltration, reducing the release of pro-in- [48]
flammatory mediators, and limiting collateral tissue damage
Mir-29b- UNC5C Down Favor the balanced intracellular replication to avoid premature cell [49]
2-5p death. Conducting dissemination to neighboring cells
Mir-146a IL-18 Up Via NF-«B signaling pathway, which acts on and affects inflammato-  [30]
ry genes, such as INF-y then leads to cytokine storm
Lung cancer  Mir-338 NK X 2-1 Down Highly inversely correlated to NKX2-1 expression [51]
Let-7a-5p KRTS5 Down Highly inversely correlated with KRTS expression [52]
Mir-200 ZEB1 Down Lung cancer tissue [53]
Mirna-34a TGFBR2 Down Tissue [54]
Mir- 146a TNFa Down Via TRAF6 inhibition, it prevents activation of the NF-kf signaling [>3]
pathway

ADAM = a disintegrin and metalloprotease enzyme; ANO1 = anoctamin-1 protein; BIM = a protein that in humans is encoded by the BCL2L11 gene; COX = cycloox-
ygenase; ECM= extracellular matrix protein; GATA = GATA transcription factors; HLT = human lung tissue; HMGA2 = high-mobility group AT-hook 2 protein; IL =
interleukin; INF- y = interferon — gamma; KRT5 = keratin5 protein; LXA = locus for x-ray sensitivity A repressor;

NF-Kb = nuclear factor kappa-light-chain-enhancer of activated B cells; NFKBIA = Nuclear factor-kappa-B-inhibitor alpha; NKX2-1 = The homeodomain protein
NK2 homeobox 2; PHLPP2 = PH domain and leucine rich repeat protein phosphatase-like-2; PP2A = Protein phosphatase 2; STAT3 = Signal transducer and activator
of transcription3; TGF- B = transforming growth factor beta; TGFBR2 = Transforming growth factor, beta receptor II; TLR4 = Toll-like receptor 4; TNF-y = tumor
necrosis factor alpha; ZEB1 = Zinc finger E-box-binding homeobox1.
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multiple respiratory diseases, with disease-specific
variations in miR-146a expression levels and downstream
effects as detailed in the following sections.**"]
MiR-146a is an important regulator of several
immunological mechanisms. It is involved in regulating
cytokine overproduction, such as TNF-a, and plays a
negative feedback role in innate immunity through TLR
signaling, which is linked to bacterial infections by
establishing endotoxin tolerance. Lu et al. have recently
shown that Mir-146a plays a significant role in inhibiting
the function of regulatory T cells. Mice lacking miR-
146a were unable to tolerate immune responses, which is
due to interferon-gamma-dependent immunity in various
organs.>%

MiR-146a’s pathogenic activities in respiratory diseases
such as pulmonary fibrosis, lung cancer, asthma, and
COPD have also been investigated. There has been
extensive research on miRNAs in respiratory diseases.
For example, the Let-7 gene is recognized for its role
as a tumor suppressor, whereas miR-17-92 acts as an
oncogene in lung cancer.[”)

In Asthma

Asthma of the airways is the most common chronic
disease, causing wheezing and coughing due to airway
narrowing.) A variety of allergic reactions typically
trigger asthma symptoms; therefore, the disease itself
is seen as extremely heterogeneous. Depending on the
cell types that trigger airway inflammation, asthma could
be divided into distinct phenotypes.[*>®! Eosinophilic
asthma (EoA) refers to patients with elevated sputum
eosinophils (> 3%) whose symptoms are controlled by
treatments that suppress eosinophils.[***) Neutrophilic
asthma (NeuA) characterizes patients with elevated
sputum neutrophils (> 61%5 or > 64%6).l%! When
sputum eosinophils and neutrophils are both increased,
patients can be classified as having mixed granulocytic
asthma (MGA). Finally, patients can be diagnosed
with paucigranulocytic asthma (PGA) if there is no
evidence of elevated sputum eosinophils or neutrophils
and if treatments aimed at suppressing eosinophils and
neutrophils are ineffective in controlling symptoms.*>¢”
Eosinophilic non-allergic asthma is characterized by type
2 innate lymphoid cells (ILC2) and increased expression
of epithelial alarmins. Allergic asthma is characterized
by elevated T helper 2 (Th2) responses and levels of IgE.
16869 Non-EoA 1is distinguished by airway neutrophilia
and Th17 cell involvement.”"’" The most commonly
used asthma treatments are long-acting bronchodilators
and inhaled corticosteroids.’””? Human RVs account for
roughly 65% of asthma exacerbations induced by viral
infections.”

Previous studies have shown that numerous components,
including IRAK1 and caspase recruitment domain 10
(CARD10) from the NF-«xB pathway, are directly targeted

by miR-146a/b.*"*! As a result, it has been demonstrated
that miR146a/b is overexpressed in a variety of cell types
to suppress endogenous levels of CARD10 and IRAK1
and of NF-kB-inducible chemokines IL-8 and chemokine
(C-X-C motif) ligand 1 (CXCL1), as in human bronchial
epithelial cells (HBECs)." An intriguing example is C-C
Motif Chemokine Ligand 5 (CCLS5), which is inhibited
directly by miR146a and indirectly via IRAK1 and
CARDI10."" Numerous asthma studies have identified
altered miR-146a expression,’®*4 and Kivihall et al.
previously showed that the development of the NeuA
phenotype may be related to lower miR-146a expression
in human airway epithelial cells.”® However, in the
study by Laanesoo et al., they expected that miR146a/b
would be involved in regulating immunological
responses to RV infections in bronchial epithelial cells
and the airways, as well as in asthma exacerbations.
They also demonstrated and investigated the expression
and function of miR146a/b during RV infection in
HBECs and in mouse models of RV-induced airway
inflammation, RV-induced aggravation of allergic airway
inflammation, and inflammation induced by house dust
mite extract (HDM). They demonstrate that miR146a
can suppress inflammatory responses to RVs in HBECs
as well as during RV and/or HDM-induced airway
inflammation; as a result, mice lacking miR146a/b have
less prominent type 2 cell responses in mouse models
of HDM-induced allergic airway inflammation and RV-
induced exacerbation of allergic airway inflammation."

In COPD

In recent decades, COPD has gained increasing attention
due to its high mortality rate and fatal comorbidities.[*"
COPD will become the third leading cause of mortality
worldwide by 2030, and the incidence is currently
growing in emerging nations.” Few studies have
focused on the role of miRNAs in COPD. Sato et al.
found that the pulmonary fibroblasts of COPD patients
present less expression of miR-146a after stimulation
with pro-inflammatory cytokines when compared with
non-COPD patients that had similar smoking histories.
This results in the overexpression of cyclooxygenase-2
(a target of miR-146a) and an increase in the production
of PGE2. The expression of post-stimulation miR-146a
and PGE2 production is both linked to disease severity,
as assessed by forced expiratory volume in one second
(FEV1). Investigation of miRNA profiles in COPD
patients’ induced sputum reveals differences from non-
smokers or smokers without airflow obstruction.*”
Specifically, the expression of miR-146a and let-7c is
lower in patients with COPD who continue to smoke
than in smokers without airway obstruction. In this
study, the reduction in miR-146a may be a determinant
of the inflammatory state and the progression of COPD.
Furthermore, while accounting for the decrease in levels
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of let-7 is associated with carcinogenesis, alterations
in the expression of particular miRNAs may lead to an
increased risk of lung cancer in COPD patients.[®”#
Recently, Ezzie et al. reported on miRNA levels in
the lung tissue of smokers with and without COPD.
The two groups showed seventy miRNAs with varying
degrees of expression. Some of these changes, such as
the increase in members of the miR-15/107 family, may
affect important signaling pathways involved in the
development of COPD, including transforming growth
factor B (TGF-B) and Wnt proteins. Other key miRNAs
for muscle biology, such as miR-206, miR-208, or miR-
499, did not show significant differences between COPD
patients and healthy individuals.’”

Pneumonia

Pneumonia, alowerrespiratory infection, isusually caused
by microorganisms such as viruses, bacteria, and fungi.
Shortness of breath, cough, chest pain, fever, respiratory
failure, and heart failure are common symptoms.”'**
Especially among children and seniors, pneumonia has
one of the highest mortality and morbidity rates in the
world.”* 3 Tt is commonly recognized that pneumonia
is linked to microorganisms, stimulating inflammation
by microorganisms, for instance, endotoxins, which are
a major cause of severe pneumonia.”’” Among miRNAs,
miR-146a-5p reveals an inflammatory inhibition effect in
many tissues and cells, including human airway smooth
muscle.”*?” In particular, miR-146a  regulates the
repolarization of human alveolar macrophages and the
secretion of inflammatory cytokines in vitro.”® Ramkaran
et al. identified miR-146a as a potential target to reduce
inflammation in individuals with coronary artery disease.
These findings suggested that miR-146a has potential as
a target for regulating lung inflammation.””

Li et al. demonstrated that miR-146a-5p expression
was decreased in pneumonia. It has been hypothesized
that miR-146a-5p inhibits ABCGI production and
inflammation through the IRAK-1/RXR/LXR signaling
pathway. They suggested that miR-146a-5p exerts a
unique anti-inflammatory effect in pneumonia, indicating
that it may be a potential therapeutic target.'”” Lo et
al. reported that miR-146a-5p mediates high glucose-
induced endothelial inflammation via targeting IRAK1
expression.t'!!

IPF

IPF is a chronic illness characterized by the development
of scar tissue in the lungs, leading to decreased gas
exchange and limited airflow. The disease’s basic
causes remain unclear, but it is believed that persistent
epithelial injury or exposure to pathogens drives an
exaggerated wound-healing response by fibroblasts,
contributing to the development and progression of
IPF.L'21%4 In this respiratory disease, the role of IL-1
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remains undetermined, despite reports of elevated
levels in bronchoalveolar lavage fluid.!'""! Additionally,
there are contradictory studies on whether IL-1 induces
pro- or anti-fibrotic activity.'® IL-1 has already been
demonstrated to induce IL-6 expression in orbital and
synovial fibroblasts in vitro, although its impact on lung
fibroblasts is unknown.!'"”)

There is currently a substantial body of research indicating
that miRNAs are key regulators of the immune response.
[1%8] Tn particular, elevations of miR-146a and miR-155
have been discovered to be inflammatory response
regulators in numerous cell types.!'”"'"”) However, long
non-coding RNAs (IncRNAs) are poorly understood in
terms of function and mechanism of action, which are
typically classified as long intergenic ncRNA (lincRNA)
(placed between protein-coding genes), antisense
(whose transcription overlaps protein-coding genes on
the opposite strand), and pseudo-genes (non-translated
copies of protein-coding genes).!''!'?) However, either
through interactions with proteins and/or RNA/DNA
pairing, there is currently accumulating evidence that
IncRNAs are new regulators of a variety of biological
responses, including inflammation.!"*!"" Indeed, our
and others’ research has revealed a number of IncRNAs
that are differently expressed when innate immunity is
activated and that have been found to regulate the ensuing
inflammatory response, including p50-associated COX-
2 extragenic RNA (PACER),!"> TNFa- and hnRNPL-
related immune-regulatory lincRNA (THRIL),!"®
IL1B-RBT46,!""  Inc-IL7R,!"™®  lincRNA-EPS,!""
lincRNA-Tnfaip3, IL7AS,!*” and lincRNA-COX2.[12!.122]
The knockdown of MIR3142HG showed that this
IncRNA was a positive regulator of the release of IL-8
and CCL2, in contrast with IL7AS. The results of a
subsequent analysis of miRNA expression showed that
MIR3142HG was metabolized to miR-146a but not miR-
3142, which might indicate that the biological actions of
MIR3142HG are secondary to the production of miR-
146a. Unfortunately, there is no way to separate the
actions of MIR3142HG from those of miRNA-146a; the
knockdown of miRNAs is also expected to reduce host
gene expression. However, miR-146a is a well-studied
miRNA that has previously been shown to suppress
the inflammatory response by down-regulating TRAF6
and IRAKI. In human lung fibroblasts, this miRNA
has a different function and mechanism of action if it is
mediated by miR-146a.['>3124]

Wittmann. et al. The subsequent comparison with IPF
fibroblasts revealed no changes in IL-1p-induced IL7AS
production, but there was an important reduction in the
generation of MIR3142HG and miR-146a, which was
associated with a decrease in IL-6, IL-8, and CCL2
release. Given that MIR3142HG knockdown drastically
inhibits IL-8 and CCL2 release and partially reduces
IL-6 release in control fibroblasts, this suggests that the
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decrease in MIR3142HG expression may be the cause
for the lower inflammatory response in IL-1-stimulated
IPF fibroblasts.!'*!

In lung cancer

Many researchers have focused on miRNAs and their
function in signaling pathways controlling cancer
progression.['”) A large variety of miRNAs, including
miR-146a, can have a crucial role in cancer cell
proliferation, invasion, cell survival, migration, and
metastasis. Changes in microRNA expression may play a
crucial role in a variety of cancers, including lung cancer,
as compared to normal tissues.!'”” According to Bertoli
et al., numerous miRNA subgroups play a crucial role
in many breast cancer markers.['*®! It has been suggested
that miR-146a may have a role in various hallmarks of
lung cancer, such as resisting cell death, evading growth
barricades, cell proliferation, tumor immune tolerance,
inflammation, energy metabolism imbalance (Warburg
effect), promoting angiogenesis, metastasis, and genome
fragility, which were initially described by Hanahan
and Weinberg.'”! The dysregulation of miRNAs has
been seen in nearly every type of tumor, so it is likely
that they are involved in the hallmarks of cancer. Apart
from lung cancer hallmarks, miR-146a has already been
implicated in cancer stem cells (CSCs). Between EMT
and CSC formation, there is a similarity, as each has
many common signaling mediators like Notch, Wnt, and
Hedgehog proteins. Several reports have revealed stem
cell-like features, suggesting that they share essential
signaling pathways and drug resistance phenotypes with
CSCS'U}()AI}IJ

The relationship between MiR-146a and lung
inflammation and SARS-COV-2

Accumulating evidence indicates that chronic
inflammation  underlies  obesity, diabetes, and

atherosclerotic coronary disease. A key participant
in chronic inflammation is the feed-forward loop
involving the nuclear factor kappa-light-chain-enhancer
of activated B cells (NF-kB), which increases pro-
inflammatory cytokines, including IL-1, IL-6, TNF-a,
and IFN-y, which, in turn, stimulate NF-«xB.['*?] MiR-
146a is triggered in response to inflammation to reduce
inflammation. NF-B promotes the production of miR-
146a, which has a negative impact on IL-1 and TNF
receptors.l'**) Downregulation of circulatory miR-146a
or miR-146a deficiency is associated with inflammatory
disorders manifested in various organs (lungs, heart, brain,
or skin) and underlying vascular or autoimmune diseases.
Recognition of viral infection by pattern-recognition
receptors, such as TLRs, initiates the innate immune
response, which includes changes in miRNA expression
and leads to modulation, augmentation, or suppression

of cytokine responses. MiR-146a is considered to be
the dominant regulator of TLR- downstream signaling.
11341 Namely, miR-146a targets and suppresses several
downstream TLR- signaling molecules, such as IRAK1,
interferon regulatory factor 5 (IRFS5), and tumor necrosis
factor receptor-associated factor 6 (TRAF6), in order to
avoid excessive inflammation after infection.[**! Given
its significance in host antiviral defense mechanisms, it
is not surprising that viruses could develop mechanisms
for interfering with host miRs. In a study by Liu et al.
Among 28 human miRNAs predicted to target the
SARS-CoV-2 genome, miR-146 was reported as one
involved in immunity modulation.l'** The virus could
alter miR activity by binding and sequestering free
miR or can alter miR expression and miR-mediated
protein expression, thus affecting viral replication and
host immune responses. For example, IFN-signaling is
a critical cascade of events induced by viral infection,
leading to upregulation of IFN-stimulated genes that
inhibit viral replication. Viruses have developed various
mechanisms to evade the IFN system, such as through
changes in host miR-146a. Namely, enterovirus- EV71,
dengue virus, HBV, or influenza A virus, by induction
of miR-146a in infected cells, could negatively regulate
the IFN-signaling.!'*® Moreover, miR-146a negatively
regulates IFN-y production in natural killer cells (NK
cells) by targeting IRAK1 and TRAF6, with subsequent
inhibition of the NF-kB signaling cascade. IFN-y is a
critical cytokine produced by activated NK cells, which
function in immune defense to eradicate both virus-
infected cells and tumor cells. However, it is observed
that miR-146a suppresses effects only after NK cells
receive excessive co-stimulation of IL-12 and IL-18 or
become super active, suggesting that miR-146a induction
would be initiated to “fine-tune” the immune response
of NK cells into an appropriate range.!'*”! Likewise, it is
also suggested that miR-146a may negatively regulate
the cytotoxicity of NK cells.['**) In line with the proposed
protective role of miR-146a in SARS-CoV-2, Masselli et
al. pointed out that upon SARS-CoV-2 infection, NK cells
likely exit the peripheral blood, traffic into the lung, where
they potentially enhance local inflammation and injury.
1131 Thus, miR-146a may, by “fine-tuning” NK cells,
contribute to the balance between NK cells’ beneficial
antiviral and detrimental pathologic effects in the lungs
of COVID-19 patients. Furthermore, miR-146 deficiency
observed in diabetes leads to enhanced inflammation
(by insufficient inhibition of IRAK1/TRAF6), fibrosis
(by fibronectin expression), and increased synthesis
of MCP-1, followed by further reduction of miR-146a
(by enhancing TGF-B1/ErbB4/Notchl signaling),!'*”
systemic effects accompanying severe COVID-19 4%
(Figure 1)(Table 2).
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Figure 1 MiR-146a and IL-18 mechanism of function in the pathogenes1s of COVID-19. SARS-CoV-2 induces inflammation
and severe ARDS through four mechanisms. According to our study, as shown in the Figure, miR-146a decreases with increasing
COVID-19 severity; however, the effect on serum IL-18 increased significantly in the severe group but did not affect RANKL. IL-
18, via the NF-kB signaling pathway, affects T cells and NK cells, especially inflammatory genes such as INF-y. Finally, INF-y is

increasing and leads to a cytokine storm.

Table 2 The relationship between miR-146a and target genes

Disease type Gene target  Source Effects Associated phenotype(s) Ref
MS | FAF1 PB Up1t Inhibition of T cell apoptosis, higher production of IL-17, [141]
and differentiation of Th17 lymphocytes
N/A Active brain lesions  Up 1 N/A (142]
Psoriasis | IRAK1 PBMCs Up 1 Higher production of IL-17 and PASI, higher disease sever- [143.144]
ity
1 IRAK1 Skin lesions Up 1 Increased expression of IL-17 and PSI, reduced keratinocyte ~ [145-147]
proliferation
GD ACKR2 | Keratinocytes Up 1 Inflammation diffusion [148]
N/A Thyroid tissue Down | N/A (149]
N/A Plasma Down |  Upregulation of IL-17 serum level, increased disease activ-  [150]
ity, and CAS
GO NUMB 1 PBMCs Down |  Abnormal cell differentiation, progression of orbital inflam-  [151]
mation, and development of orbital lesions development
| Notch2 Orbital tissues Up1 Increase of disease activity, upregulation of survival, differ- [152]
entiation, proliferation, and apoptosis inhibition in orbital
fibroblasts, dysregulation of IL-6 production, inhibition of
TGF-p signaling pathway, and prohibition of orbital fibrosis
SS 1 TRAF6 PBMCs Up1 Activation of inflammatory pathways such as NF-«xB, chron-  [133.154]
ic inflammation, and severity, increases VAS scores for pa-
rotid gland swelling and dry eyes, and increases disease
activity
1 IFNs B lymphocytes Down|  Inflammation stability [155]
N/A Serum Up 1 Intensification of inflammatory responses, development of  [156]
renal injuries, and pulmonary interstitial lesions
1 CD80 Salivary glands Up 1 Prohibition of the Tregs function, increase of the effector [156.157]
T lymphocytes activity, deviation of the immune responses
towards the activation of auto-reactive cells, chronic inflam-
mation, and disease progression
T1D | TRAF6 Sciatic nerve Up1t Increased activity of the NF-«xB pathway in the sciatic nerve, [158]
IRAK1 (SC) high levels of production of TNF-a, IL-6, and IL-1p, and

Press
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N/A Retina Down | Elevated expression of inflammatory factors and ECM [159-161]
proteins, including TNF-o, IL-6, IL-1pB, fibronectin, and
Col4al, as well as the p65 subunit of the NF-xB in retina,
disruption to the function of retina, and diabetic retinopathy
incidence

N/A Renal tissues Down |  Elevated expression of inflammatory factors and ECM [159.162]
proteins, including TNF-a, IL-6, IL-1f, fibronectin, and
Col4al, as well as the p65 subunit of the NF-«B in kidneys,
disruption to the function of kidneys, and diabetic nephrop-
athy incidence

Asthma N/A Serum/Plasma Up 1 Increased number of blood eosinophils, higher disease ac- [163-166]
tivity
N/A Splenic CD4+ T Up1t Increased number of inflammatory cells in their BALF [166]
lymphocytes
N/A Bronchial tissue Down | Increased production of CCL20 chemokine by ASMCs, [1¢7]

CMH in patients, and death

N/A Lung tissue Up 1 Re-regulation of proliferation and apoptosis of BSMCs de-  [168]
creased disease severity.

RA IRAK1 (SC) PBMCs Up 1 Increased tender and swollen joint count and DAS28, ele- [169-173]
TRAF6 (SC) vated ESR and CRP levels, increased Th17 cells differentia-
FAF1 | tion and IL-17 production, T lymphocytes resistance against

apoptosis, chronic inflammation, and higher disease activity

| FAF1 Synovial tissues Up1 Increased Th17 cells differentiation and IL-17 production, [172.174.
T Iymphocytes resistance against apoptosis, chronic inflam- 75
mation, and higher disease activity

1 STAT1 Tregs Down|  Tregs’ inflammatory phenotype and production of TNF-a, [176]
IFN-y, and IL-17 by these cells increased disease activity

Cancer, inflamma- IRAK1/ Leukemic monocyte Up 1 Inhibition of NF-kB signaling (1771
tion, and innate TRAF6 | cell line
immune response
TRAF6 1 Hematopoietic stem Down|  5g- syndrome (178]
and progenitor cells
IRAK1/ breast cancer cell Up1 FOXP3-induced cellular apoptosis (179
TRAFG6 |
Cardiovascular IRAK1/ peripheral blood Up 1 Coronary artery disease [180]
disease TRAF6 | (in mononuclear cells
vitro)
IGSF1, Patient arteries Up 1 Atherosclerotic plaque formation (181]
SORT1, and
NOVAL |
IRAK1/ Cardiac tissue: car-  Up 1 Cardio protection in microbial sepsis [182]

TRAF6 | diac myocytes and
monocytic cells

RNase L | myocardial tissue Up 1 cyanotic congenital heart disease and chronic hypoxia (183]

Abbreviations: ACKR2 = atypical chemokine receptor 2; anti-dsDNA= anti-double strand DNA; AS= ankylosing spondylitis; ASMCs= airways smooth muscle cells;
BAL= bronchoalveolar lavage; BALF= bronchoalveolar lavage fluid; BASDAI= bath ankylosing spondylitis disease activity index; BD= behcet’s disease; BSMCs=
bronchial smooth muscle cells; CAS= clinical activity score; CCL19= C-C motif chemokine ligand 19; CCL20= C-C motif chemokine ligand 20; CD4= cluster of differ-
entiation 4; CD40= cluster of differentiation 40; CD80= cluster of differentiation 80; CD86= cluster of differentiation 86; CMH= chronic mucus hypersecretion; Collal=
collage, type 1, alpha; Col4al, collage, type 4, alpha 1; CRP= C-reactive protein; DAI= disease activity index; DAS28= 28-joints disease activity score; DKK 1= dick-
kopf-1; DM= dermatomyositis; ECM= extracellular matrix; e¢GFR= estimated glomerular filtration rate; EGFR= epidermal growth factor receptor; ESR= erythrocyte
sedimentation rate; FAF 1= Fas-associated factor-1; GADA= glutamic acid decarboxylase antibody; GD= Graves disease; GO= Graves’ ophthalmopathy (orbidopathy);
IBD= inflammatory bowel disease; ICAM-I= intercellular adhesion molecule 1; IFN= interferon; IFN-y= interferon-gamma; IL-1p= interleukin 1 beta; IL-6= interleukin
6; IL-8= interleukin 8; IL-17= interleukin 17; IRAK 1= interleukin-1 receptor-associated kinase 1; ITP= immune thrombocytopenia; LECs= limbal epithelial cells; MCP-
1= monocyte chemoattractant protein-1; MG= myasthenia gravis; MS= multiple sclerosis; MyD88= myeloid differentiation primary response 88; NF-kB= nuclear factor
kappa light chain enhancer of activated B cells; OLP= oral lichen planus; PBMCs= peripheral blood mononuclear cells; PB= peripheral blood; PSI= psoriasis severity
index; PASI= psoriasis area and severity index; RA= rheumatoid arthritis; REG3 A= regenerating islet-derived protein 3-alpha; SC= similar to controls; SLE= systemic
lupus erythematosus; SLEDI= systemic lupus erythematosus disease activity index; SS= sjogren ” ’s syndrome; SSc= systemic sclerosis; STAT 1= signal transducer and
activator of transcription 1; TID= type 1 diabetes mellitus; TGF-B= transforming growth factor beta; Thl cells= T helper type 1 cells; Th2 cells= T helper type 2 cells;
Th17 cells=T helper type 17 cells; TLR4= toll-like receptor 4; TNF-o= tumor necrosis factor alpha; TRAF6= tumor necrosis factor receptor-associated factor 6; Tregs=
regulatory T cells; VAS= visual analog scale; VCAM= vascular cell adhesion molecule.
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Future Directions and Perspective

From a therapeutic standpoint, the immunomodulatory
role of miR-146a makes it an attractive candidate for
RNA-based interventions. miR-146a mimics, synthetic
molecules that restore miR-146a function, have shown
promise in preclinical models of inflammation and viral
infection by dampening NF-xB activity and reducing
cytokine storm. Conversely, miR-146a inhibitors
(antagomirs) may be relevant in contexts where
excessive miR-146a suppression of antiviral immunity
is undesirable. However, several challenges must be
addressed before clinical application, including efficient
delivery to lung tissue, off-target effects, and ensuring
molecular stability in vivo. While no completed clinical
trials specifically targeting miR-146a in COVID-19 have
been published to date, its central role in inflammatory
regulation positions it as a strong candidate for future
RNA therapeutic development

MiR-146a is a key regulator in both inflammation and
innate immunity. Recent findings suggest that when
it is not regulated properly, it contributes to the onset,
progression, and severity of respiratory viral infections,
especially COVID-19. This makes miR-146a a promising
epigenetic marker for early disease detection, risk
assessment, and treatment response monitoring. Future
research should focus on: (1) longitudinal studies tracking
miR-146a expression across early, acute, and recovery
stages of COVID-19 in diverse patient populations
including the elderly and immunocompromised; (2)
preclinical studies evaluating miR-146a mimic delivery
via lipid nanoparticles or exosome-based systems in
ARDS and cytokine storm models; and (3) validation
of miR-146a combined with IL-18 as a dual biomarker
panel for early severity stratification in respiratory
viral infections. Additionally, investigation into the
interaction between miR-146a and other non-coding
RNAs, such as IncRNAs (e.g., MIR3142HG), warrants
further exploration given its relevance in IPF fibroblast
responses described in this review.

Additionally, modifying miR-146a with miRNA mimics
or inhibitors presents a new way to restore immune
balance and reduce severe inflammatory reactions
like cytokine storms. However, there are challenges to
consider, including delivery systems, unintended effects,
and molecular stability, that need to be carefully managed
before applying these strategies in clinical settings.
Overall, miR-146a serves as a crucial link between
host immunity and viral infection, offering a promising
area for developing targeted epigenetic and RNA-based
treatments for respiratory diseases.

Conclusion

Based on previous studies, there is no specific therapy
for COVID-19, and the most important dysregulated

U

Press

miRNAs identified in the selected articles may play a key
role in COVID-19. Due to the importance of miRNAs in
pulmonary diseases, especially infectious viral diseases
such as SARS-CoV-2, they may be potential candidates
for targeted therapy to reduce morbidity and mortality,
as miR-146a and its correlation with IL-18 can be used
as early prognostic and diagnostic markers. However,
further research is needed to elucidate the exact effect of
miR-146a on the pathogenesis of COVID-19 for clinical
use.

Declarations

Acknowledgments

The authors would like to thank Urmia University of Medical
Sciences and the Cellular and Molecular Medicine Institute for
their support in the completion of this study.

Artificial Intelligence Disclosure

During the preparation of this manuscript, the authors used Al-
based language tools to improve the clarity and readability of
the text. After using this tool, the authors reviewed and edited
the content as needed and take full responsibility for the content
of the publication

Authors’ Contributions

Shahriar Alipour contributed to the study conception, design,
literature search, and manuscript drafting and revision. Karmand
Hamad Khdhir contributed to the literature search and data
extraction. Nazanin Chehreghani contributed to manuscript
drafting and critical revision. All authors read and approved the
final manuscript.

Availability of Data and Materials
Not applicable, as this is a review article and no new datasets
were generated or analyzed.

Conflict of Interest
The authors declare that there are no conflicts of interest.

Consent for Publication
Not applicable.

Ethical Considerations

As this article was written as a review, no Code of Ethics was
obtained for this project, and it did not require informed consent
or have a funding source.

Funding
This research received no external funding.

Open Access

This article is licensed under a Creative Commons Attribution-
NonCommercial 4.0 International License, which permits any
non-commercial use, sharing, adaptation, distribution and
reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is
not included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds



Role of miR-146a in COVID-19

Page 10 of 16

the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit

https://creativecommons.org/licenses/by-nc/4.0.

References

11.

12.

13.

15.

16.

Menachery VD, Schifer A, Burnum-Johnson KE, Mitchell HD,
Eisfeld AJ, Walters KB, et al. MERS-CoV and H5N1 influenza
virus antagonize antigen presentation by altering the epigenetic
landscape. Proceedings of the National Academy of Sciences.
2018; 115(5):E1012-21.doi: 10.1073/pnas.1706928115.

Konigsberg IR, Barnes B, Campbell M, Davidson E, Zhen
Y, Pallisard O, et al. Host methylation predicts SARS-CoV-2
infection and clinical outcome. Commun Med. 2021;1(1):42.doi:
10.1038/s43856-021-00042-y.

Klose RJ, Bird AP. Genomic DNA methylation: the mark and its
mediators. Trends Biochem Sci. 2006;31(2):89-97.doi: 10.1016/j.
tibs.2005.12.008.

Baylin SB, Ohm JE. Epigenetic gene silencing in cancer — a
mechanism for early oncogenic pathway addiction? Nat Rev
Cancer. 2006; 6(2) :107-16.doi: 10.1038/nrc1799.

Ambros V. The functions of animal microRNAs. Nature.

2004;431(7006):350-5.doi: 10.1038/nature02871.

Wang J, Chen J, Sen S. MicroRNA as Biomarkers and Diagnostics.
J Cell Physiol . 2016;231(1):25-30. doi: 10.1002/jcp.25056.

O’Brien J, Hayder H, Zayed Y, Peng C. Overview of
microRNA biogenesis, mechanisms of action, and circulation.
Front Endocrinol (Lausanne). 2018;9(5):402. doi: 10.3389/
fendo.2018.00402.

Liu Z, Wang J, Xu Y, Guo M, Mi K, Xu R, et al. Implications of
the virus-encoded miRNA and host miRNA in the pathogenicity
of SARS-CoV-2 [Preprint]. arXiv. 2020:arXiv:2004.04874.

Sodagar H, Alipour S, Hassani S, Ghaleh Aziz SG, Ansari MHK,
Asghari R. The role of microRNAs in COVID-19 with a focus
on miR-200c. J Circ biomark. 2022;11(1):14-23.doi: 10.33393/
jcb.2022.2356.

Steiner S, Kratzel A, Barut GT, Lang RM, Moreira EA, Thomann
L, et al. SARS-CoV-2 biology and host interactions. Nat Rev
Microbiol.  2024;22(4):206-225.  doi:10.1038/s41579-023-
01003-z

Xie M, Liu X, Cao X, Guo M, Li X. Trends in prevalence and
incidence of chronic respiratory diseases from 1990 to 2017.
Respir Res. 2020;21(1):49. doi: 10.1186/5s12931-020-1291-8.

Sessa R, Hata A. Role of microRNAs in lung development
and pulmonary diseases. Pulm Circ.; 2013; 3(2):315-28. doi:
10.4103/2045-8932.114758.

Tomankova T, Petrek M, Kriegova E. Involvement of microRNAs
in physiological and pathological processes in the lung. Respir
Res . 2010;11(1):159 .doi: 10.1186/1465-9921-11-159.

Rodriguez A, Vigorito E, Clare S, Warren M V, Couttet P,
Soond DR, et al. Requirement of bic/microRNA-155 for normal
immune function. Science. 2007;316(5824):608—11.doi: 10.1126/
science.1139253.

Abd-El-Fattah AA, Sadik NA, Shaker OG, Aboulftouh ML.
Differential microRNAs expression in serum of patients with lung
cancer, pulmonary tuberculosis, and pneumonia. Cell Biochem
Biophys .2013 ;67(3):875-84.doi: 10.1007/s12013-013-9575-y.

Sodagar H, Khadem Ansari MH, Asghari R, Alipour S. Evaluation
of Serum Levels of MicroRNA-200C and ACE2 Gene Expression
in Severe and Mild Phases of Patients with COVID-19. Iran J

17.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Allergy Asthma Immunol. 2022;21(3) :254-62.doi: 10.18502/
ijaai.v21i3.9799.

Mallick B, Ghosh Z, Chakrabarti J. MicroRNome analysis
unravels the molecular basis of SARS infection in bronchoalveolar
stem cells. PLoS One. 2009;4(11) :e¢7837.doi: 10.1371/journal.
pone.0007837.

Martinez-Nunez RT, Louafi F, Sanchez-Elsner T. The interleukin
13 (IL-13) pathway in human macrophages is modulated by
microRNA-155 via direct targeting of interleukin 13 receptor
alphal (IL13Ralphal). J Biol Chem. 2011;286(3):1786-94. doi:
10.1074/jbc.M110.169367.

Martinez-Nunez RT, Louafi F, Sanchez-Elsner T. The Interleukin
13 (IL-13) Pathway in Human Macrophages Is Modulated by
MicroRNA-155 via Direct Targeting of Interleukin 13 Receptor
al (IL13Ral). J Biol Chem. 2011;286(3):1786-94.doi: 10.1074/
jbc.M110.169367.

Collison A, Mattes J, Plank M, Foster PS. Inhibition of house
dust mite—induced allergic airways disease by antagonism of
microRNA-145 is comparable to glucocorticoid treatment. J
Allergy Clin Immunol. 2011;128(1):160-7.e4. doi: 10.1016/j.
jaci.2011.04.005.

Sessa R, Hata A. Role of microRNAs in lung development
and pulmonary diseases. Pulm Circ. 2013;3(2):315-28.doi:
10.4103/2045-8932.114758.

Polikepahad S, Knight JM, Naghavi AO, Oplt T, Creighton CJ,
Shaw C, et al. Proinflammatory Role for let-7 MicroRNAS in
Experimental Asthma. J Biol Chem. 2010;285(39):30139-49.
doi: 10.1074/jbc.M110.145698.

Chiba Y, Tanabe M, Goto K, Sakai H, Misawa M. Down-
regulation of miR-133a contributes to up-regulation of Rhoa
in bronchial smooth muscle cells. Am J Respir Crit Care Med.
2009;180(8):713-9. doi: 10.1164/rccm.200903-03250C.

Lee HY, Lee HY, Choi JY, Hur J, Kim IK, Kim YK, et al.
Inhibition of MicroRNA-21 by an antagomir ameliorates allergic
inflammation in a mouse model of asthma. Exp Lung Res.
2017;43(3):109-19. doi: 10.1080/01902148.2017.1304465.

Li JJ, Tay HL, Maltby S, Xiang Y, Eyers F, Hatchwell
L, et al. MicroRNA-9 regulates steroid-resistant airway
hyperresponsiveness by reducing protein phosphatase 2A activity.
J Allergy Clin Immunol. 2015;136(2):462-73. doi: 10.1016/j.
jaci.2014.11.044.

Cushing L, Kuang P, Lii J. The role of miR-29 in pulmonary
fibrosis. Biochem Cell Biol. 2015;93(2):109-18.doi: 10.1139/
bceb-2014-0095.

Montgomery RL, Yu G, Latimer PA, Stack C, Robinson K,
Dalby CM, et al. MicroRNA mimicry blocks pulmonary
fibrosis. EMBO Mol Med. 2014;6(10):1347-56. doi: 10.15252/
emmm.201303604.

Herrera J, Beisang DJ, Peterson M, Forster C, Gilbertsen
A, Benyumov A, et al. Dicerl deficiency in the idiopathic
pulmonary fibrosis fibroblastic focus promotes fibrosis by
suppressing MicroRNA biogenesis. Am J Respir Crit Care Med.
2018;198(4):486—96. doi: 10.1164/rccm.201709-18230C.

Liang H, Xu C, Pan Z, Zhang Y, Xu Z, Chen Y, et al. The
Antifibrotic Effects and Mechanisms of MicroRNA-26a Action
in Idiopathic Pulmonary Fibrosis. Mol Ther. 2014;22(6):1122-33.
doi: 10.1038/mt.2014.42.

Liang H, GuY, Li T, Zhang Y, Huangfu L, Hu M, et al. Integrated
analyses identify the involvement of microRNA-26a in epithelial—
mesenchymal transition during idiopathic pulmonary fibrosis.
Cell Death Dis. 2014;5(5):e1238.doi: 10.1038/cddis.2014.207.

U

Press


https://creativecommons.org/licenses/by-nc/4.0

Page 11 of 16

Alipour et al.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Sodagar H, Alipour S, Hassani S, Gholizadeh-Ghaleh Aziz
S, Khadem Ansari MH, Asghari R. The role of microRNAs
in COVID-19 with a focus on miR-200c. J Circ Biomark.
2022;11:14-23. doi:10.33393/JCB.2022.2356.

Liu B, LiR, Zhang J, Meng C, Zhang J, Song X, et al. MicroRNA-
708-3p as a potential therapeutic target via the ADAM17-GATA/
STAT3 axis in idiopathic pulmonary fibrosis. Exp Mol Med
2018;50(3):e465. doi: 10.1038/emm.2017.311.

Pandit K V, Corcoran D, Yousef H, Yarlagadda M, Tzouvelekis
A, Gibson KF, et al. Inhibition and role of let-7d in idiopathic
pulmonary fibrosis. Am J Respir Crit Care Med. 2010;182(2):220—
9. doi: 10.1164/rccm.200911-16980C.

Yang G, Yang L, Wang W, Wang J, Wang J, Xu Z. Discovery
and validation of extracellular/circulating microRNAs during
idiopathic pulmonary fibrosis disease progression. Gene.
2015;562(1):138—44. doi: 10.1016/j.gene.2015.02.065.

Chen BB, Li ZH, Gao S. Circulating miR-146a/b correlates with
inflammatory cytokines in COPD and could predict the risk of
acute exacerbation COPD. Medicine (Baltimore) .2018;97(7)
:€9820. doi: 10.1097/MD.0000000000009820.

Sato T, Liu X, Nelson A, Nakanishi M, Kanaji N, Wang X, et
al. Reduced miR-146a increases prostaglandin Ezin chronic
obstructive pulmonary disease fibroblasts. Am J Respir Crit Care
Med. 2010;182(8):1020-9.doi: 10.1164/rccm.201001-00550C.

Gu W, Yuan Y, Yang H, Wu H, Wang L, Tang Z, et al. Role of miR-
195 in cigarette smoke-induced chronic obstructive pulmonary
disease. Int Immunopharmacol. 2018;55:49-54. doi: 10.1016/j.
intimp.2017.11.030.

Nouws J, Wan F, Finnemore E, Roque W, Kim SJ, Bazan I, et
al. MicroRNA miR-24-3p reduces DNA damage responses,
apoptosis, and susceptibility to chronic obstructive pulmonary
disease. JCI Insight. 2021;6(2) :e134218. doi: 10.1172/jci.
insight.134218.

Alshalalfa M, Alhajj R. Using context-specific effect of miRNAs
to identify functional associations between miRNAs and gene
signatures. BMC Bioinformatics. 2013;14 Suppl 12(Suppl 12)
:S1.doi: 10.1186/1471-2105-14-S12-S1.

Song J, Wang QH, Zou SC. Role of microRNA-218-5p in the
pathogenesis of chronic obstructive pulmonary disease. Eur
Rev Med Pharmacol Sci. 2018;22(13):4319-24. doi:10.26355/
eurrev_201807_15428.

Dang X, Qu X, Wang W, Liao C, Li Y, Zhang X, et al.
Bioinformatic analysis of microRNA and mRNA Regulation
in peripheral blood mononuclear cells of patients with chronic
obstructive pulmonary disease. Respir Res. 2017;18(1):4. doi:
10.1186/512931-016-0486-5.

Oglesby IK, Bray IM, Chotirmall SH, Stallings RL, O’Neill
SJ, McElvaney NG, et al. miR-126 is downregulated in cystic
fibrosis airway epithelial cells and regulates TOM1 expression. J
Immunol. 2010;184(4):1702-9. doi: 10.4049/jimmunol.0902669.

Sonneville F, Ruffin M, Coraux C, Rousselet N, Le Rouzic P,
Blouquit-Laye S, et al. MicroRNA-9 downregulates the ANO1
chloride channel and contributes to cystic fibrosis lung pathology.
Nat Commun. 2017;8(1):710.doi: 10.1038/s41467-017-00813-z.

Ramachandran S, Karp PH, Jiang P, Ostedgaard LS, Walz AE,
Fisher JT, et al. A microRNA network regulates expression
and biosynthesis of wild-type and AF508 mutant cystic fibrosis
transmembrane conductance regulator. Proc Natl Acad Sci U S A.
2012;109(33):13362-7. doi: 10.1073/pnas.1210906109.

Gillen AE, Gosalia N, Leir SH, Harris A. microRNA regulation
of expression of the cystic fibrosis transmembrane conductance
regulator gene. Biochem J. 2011;438(1):25-32. doi: 10.1042/

Press

46.

47.

48.

49.

50.

SI.

52.

53.

54.

55.

56.

57.

58.

59.

60.

BJ20110672.

Li WT, Zhang Q. MicroRNA-708-5p regulates mycobacterial
vitality and the secretion of inflammatory factors in
Mycobacterium tuberculosis-infected macrophages by targeting
TLR4. Eur Rev Med Pharmacol Sci. 2019;23(18):8028-38.

Guo Z, Cai X, Guo X, Xu'Y, Gong J, LiY, et al. Let-7b ameliorates
Crohn’s disease-associated adherent-invasive E coli induced
intestinal inflammation via modulating Toll-Like Receptor 4
expression in intestinal epithelial cells. Biochem Pharmacol.
2018;156:196-203. doi: 10.1016/j.bcp.2018.08.029.

Pierdomenico AM, Patruno S, Codagnone M, Simiele F, Mari VC,
Plebani R, et al. microRNA-181b is increased in cystic fibrosis
cells and impairs lipoxin A 4 receptor-dependent mechanisms
of inflammation resolution and antimicrobial defense. Sci Rep.
2017;7(1) :13519. doi: 10.1038/s41598-017-14055-y.

Sunkavalli U, Aguilar C, Silva RJ, Sharan M, Cruz AR, Tawk C,
et al. Analysis of host microRNA function uncovers a role for
miR-29b-2-5p in Shigella capture by filopodia. PLoS Pathog.
2017;13(4) :e1006327. doi: 10.1371/journal.ppat.1006327.

Nahand JS, Karimzadeh MR, Nezamnia M, Fatemipour M,
Khatami A, Jamshidi S, et al. The role of miR-146a in viral
infection. TUBMB life. 2020; 72(3): 343-60.doi: 10.1002/
iub.2222.

Mollaoglu G, Jones A, Wait S, Mukhopadhyay A, Jeong S, Arya
R, et al. Abstract B72: Lineage specifiers SOX2 and NKX2-1
inversely regulate tumor cell fate and neutrophil recruitment
in lung cancer. Cancer Immunology Research. 2020; 8(4
Supplement):B72.doi: 10.1158/2326-6074. TUMIMM 18-B72.

Yu H, Pang Z, Li G, Gu T. Bioinformatics analysis of differentially
expressed miRNAs in non-small cell lung cancer. J Clin Lab
Anal. 2021;35(2):¢23588. doi: 10.1002/jcla.23588.

Chen L, Gibbons DL, Goswami S, Cortez MA, Ahn YH, Byers
LA, et al. Metastasis is regulated via microRNA-200/ZEB1
axis control of tumour cell PD-L1 expression and intratumoral
immunosuppression. Nat Commun. 2014;5:5241.doi: 10.1038/
ncomms6241.

Ma ZL, Hou PP, Li YL, Wang DT, Yuan TW, Wei JL, et al.
MicroRNA-34a inhibits the proliferation and promotes the
apoptosis of non-small cell lung cancer H1299 cell line by
targeting TGFPR2. Tumour Biol. 2015;36(4):2481-90. doi:
10.1007/s13277-014-2861-5.

Wu C, Cao 'Y, He Z, He J, Hu C, Duan H, et al. Serum Levels of
miR-19b and miR-146a as Prognostic Biomarkers for Non-Small
Cell Lung Cancer. Tohoku J Exp Med. 2014;232(2):85-95.doi:
10.1620/tjem.232.85.

Lewis BP, Burge CB, Bartel DP. Conserved seed pairing, often
flanked by adenosines, indicates that thousands of human genes
are microRNA targets. Cell. 2005;120(1):15-20. doi: 10.1016/j.
cell.2004.12.035.

Rusca N, Monticelli S. MiR-146a in Immunity and Disease. Mol
Biol Int. 2011; 2011: :437301. doi: 10.4061/2011/437301.

Kolahi S, Farajzadeh MJ, Alipour S, Abhari A, Farhadi J,
Bahavarnia N, et al. Determination of mir-155 and mir-146a
expression rates and its association with expression level of
TNF-a and CTLA4 genes in patients with Behcet’s disease.
Immunol Lett. 2018;204:55-9.doi: 10.1016/j.imlet.2018.10.012.

Lu LF, Boldin MP, Chaudhry A, Lin LL, Taganov KD, Hanada
T, et al. Function of miR-146a in Controlling Treg Cell-Mediated
Regulation of Thl Responses. Cell. 2010;142(6):914-29.doi:
10.1016/j.cell.2010.08.012.

Jadideslam G, Ansarin K, Sakhinia E, Babaloo Z, Abhari A,



Role of miR-146a in COVID-19

Page 12 of 16

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Alipour S, et al. Expression levels of miR-21, miR-146b and miR-
326 as potential biomarkers in Behcet’s disease. Biomark Med.
2019;13(16):1339-48. doi: 10.2217/bmm-2019-0098.

Boonpiyathad T, Sozener ZC, Satitsuksanoa P, Akdis CA.
Immunologic mechanisms in asthma. Semin Immunol. 2019;46
:101333.doi: 10.1016/j.smim.2019.101333.

Traister RS, Wenzel SE. Inflammatory phenotypes in asthma
pathogenesis. Drug Discovery Today: Disease Mechanisms.
2012;9(3—4):¢75-81.doi: 10.1016/j.ddmec.2012.09.001.

Tliba O, Panettieri RA. Paucigranulocytic asthma: Uncoupling of
airway obstruction from inflammation. J Allergy Clin Immunol.
2019;143(4):1287-94. doi: 10.1016/j.jaci.2018.06.008.

Taylor SL, Leong LEX, Choo JM, Wesselingh S, Yang IA,
Upham JW, et al. Inflammatory phenotypes in patients with
severe asthma are associated with distinct airway microbiology.
J Allergy Clin Immunol. 2018;141(1):94-103.e15. doi: 10.1016/j.
jaci.2017.03.044.

Svenningsen S, Nair P. Asthma Endotypes and an Overview of
Targeted Therapy for Asthma. Front Med. 2017;4(158). doi:
10.3389/fmed.2017.00158.

Aleman F, Lim HF, Nair P. Eosinophilic Endotype of Asthma.
Immunol Allergy Clin North Am. 2016;36(3):559-68.doi:
10.1016/j.iac.2016.03.006.

Ntontsi P, Loukides S, Bakakos P, Kostikas K, Papatheodorou
G, Papathanassiou E, et al. Clinical, functional and inflammatory
characteristics in patients with paucigranulocytic stable asthma:
Comparison with different sputum phenotypes. Allergy.
2017;72(11):1761-7. doi: 10.1111/all.13184.

Malmbhill C, Alawieh S, Lu Y, Sjostrand M, Bossios A, Eldh M,
et al. MicroRNA-155 is essential for T(H)2-mediated allergen-
induced eosinophilic inflammation in the lung. J Allergy Clin
Immunol. 2014;133(5):1429-38, 1438.el-7. doi: 10.1016/j.
jaci.2013.11.008.

Woodruff PG, Modrek B, Choy DF, Jia G, Abbas AR, Ellwanger
A, et al. T-helper type 2-driven inflammation defines major
subphenotypes of asthma. Am J Respir Crit Care Med.
2009;180(5):388-95. doi: 10.1164/rccm.200903-03920C.

Pelaia G, Vatrella A, Busceti MT, Gallelli L, Calabrese C,
Terracciano R, et al. Cellular mechanisms underlying eosinophilic
and neutrophilic airway inflammation in asthma. Mediators
Inflamm. 2015;2015:879783.doi: 10.1155/2015/879783.

Priller J, Bottcher C. Patrolling monocytes sense peripheral
infection and induce cytokine-mediated neuronal dysfunction.
Nat Med. 2017;23(6):659—61. doi: 10.1038/nm.4349.

Pavord ID, Beasley R, Agusti A, Anderson GP, Bel E, Brusselle
G, et al. After asthma: redefining airways diseases. Lancet.
2018;391(10118):350-400.doi: 1016/S0140-6736(17)30879-6.

Nakagome K, Bochkov YA, Ashraf S, Brockman-Schneider RA,
Evans MD, Pasic TR, et al. Effects of rhinovirus species on viral
replication and cytokine production. J Allergy Clin Immunol.
2014;134(2) :332-41. doi: 10.1016/j.jaci.2014.01.029.

Crone SG, Jacobsen A, Federspiel B, Bardram L, Krogh A, Lund
AH, et al. microRNA-146a inhibits G protein-coupled receptor-
mediated activation of NF-«xB by targeting CARD10 and COPS8
in gastric cancer. Mol Cancer. 2012;11:71. doi: 10.1186/1476-
4598-11-71.

Taganov KD, Boldin MP, Chang KJ, Baltimore D. NF-kappaB-
dependent induction of microRNA miR-146, an inhibitor
targeted to signaling proteins of innate immune responses. Proc
Natl Acad Sci U S A. 2006;103(33):12481-6. doi: 10.1073/
pnas.0605298103.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Kivihall A, Aab A, Soja J, Stadek K, Sanak M, Altraja A, et al.
Reduced expression of miR-146a in human bronchial epithelial
cells alters neutrophil migration. Clin Transl Allergy. 2019;9:62.
doi: 10.1186/513601-019-0301-8.

Rebane A, Runnel T, Aab A, Maslovskaja J, Rickert B,
Zimmermann M, et al. MicroRNA-146a alleviates chronic skin
inflammation in atopic dermatitis through suppression of innate
immune responses in keratinocytes. J Allergy Clin Immunol.
2014;134(4):836-47.¢11. doi: 10.1016/j.jaci.2014.05.022.

Han S, Ma C, Bao L, Lv L, Huang M. miR-146a Mimics
Attenuate Allergic Airway Inflammation by Impacted Group 2
Innate Lymphoid Cells in an Ovalbumin-Induced Asthma Mouse
Model. Int Arch Allergy Immunol. 2018;177(4):302—-10. doi:
10.1159/000491438.

Collison A, Herbert C, Siegle JS, Mattes J, Foster PS, Kumar RK.
Altered expression of microRNA in the airway wall in chronic
asthma: miR-126 as a potential therapeutic target. BMC Pulm
Med. 2011;11 :29. doi: 10.1186/1471-2466-11-29.

Feng MJ, Shi F, Qiu C, Peng WK. MicroRNA-181a, -146a and
-146b in spleen CD4+ T lymphocytes play proinflammatory
roles in a murine model of asthma. Int Immunopharmacol.
2012;13(3):347-53. doi: 10.1016/j.intimp.2012.05.001.

Panganiban RP, Wang Y, Howrylak J, Chinchilli VM, Craig TJ,
August A, et al. Circulating microRNAs as biomarkers in patients
with allergic rhinitis and asthma. J Allergy Clin Immunol.
2016;137(5):1423-32. doi: 10.1016/j.jaci.2016.01.029.

Rebane A, Akdis CA. MicroRNAs in allergy and asthma. Curr
Allergy Asthma Rep. 2014;14(4):424. doi: 10.1007/s11882-014-
0424-x.

Laanesoo A, Urgard E, Periyasamy K, Laan M, Bochkov YA, Aab
A, et al. Dual role of the miR-146 family in rhinovirus-induced
airway inflammation and allergic asthma exacerbation. Clin
Transl Med. 2021;11(6) :e427. doi: 10.1002/ctm2.427.

Jemal A, Ward E, Hao Y, Thun M. Trends in the leading
causes of death in the United States, 1970-2002. JAMA.
2005;294(10):1255-9. doi: 10.1001/jama.294.10.1255.

Decramer M, Janssens W, Miravitlles M. Chronic obstructive
pulmonary disease. Lancet. 2012;379(9823):1341-51.doi:
10.1016/S0140-6736(11)60968-9.

Sato T, Liu X, Nelson A, Nakanishi M, Kanaji N, Wang X, et
al. Reduced miR-146a increases prostaglandin Ezin chronic
obstructive pulmonary disease fibroblasts. Am J Respir Crit Care
Med. 2010;182(8):1020-9. doi: 10.1164/rccm.201001-00550C.

Van Pottelberge GR, Mestdagh P, Bracke KR, Thas O, Van Durme
YMTA, Joos GF, et al. MicroRNA expression in induced sputum
of smokers and patients with chronic obstructive pulmonary
disease. Am J Respir Crit Care Med. 2011;183(7):898-906. doi:
10.1164/rccm.201002-03040C.

Koshiol J, Rotunno M, Consonni D, Pesatori AC, De Matteis S,
Goldstein AM, et al. Chronic obstructive pulmonary disease and
altered risk of lung cancer in a population-based case-control
study. PLoS One. 2009;4(10) e7380. doi: 10.1371/journal.
pone.0007380.

Ezzie ME, Crawford M, Cho JH, Orellana R, Zhang S, Gelinas
R, et al. Gene expression networks in COPD: microRNA and
mRNA regulation. Thorax. 2012;67(2):122-31.doi: 10.1136/
thoraxjnl-2011-200089.

Lewis A, Riddoch-Contreras J, Natanek SA, Donaldson A, Man
WDC, Moxham J, et al. Downregulation of the serum response
factor/miR-1 axis in the quadriceps of patients with COPD.
Thorax. 2012;67(1):26-34. doi: 10.1136/thoraxjnl-2011-200309.

U

Press



Page 13 of 16

Alipour et al.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Cilloniz C, Torres A, Niederman M, van der Eerden M, Chalmers
J, Welte T, et al. Community-acquired pneumonia related to
intracellular pathogens. Intensive Care Med.2016; 42(9):1374—
86. doi: 10.1007/s00134-016-4394-4.

Bartlett J. Treatment of community-acquired pneumonia.
Chemotherapy. 2000;46(SUPPL 1):24-31.doi:
10.1159/000048489.

Korppi M. Diagnosis and treatment of community-acquired
pneumonia in children. Acta Paediatr. 2012;101(7):702—4. doi:
10.1111/5.1651-2227.2012.02648 x.

Simonetti AF, Viasus D, Garcia Vidal C, Carratal J. Management
of community-acquired pneumonia in older adults. Ther Adv
Infect Dis. 2014;2(1):3-16. doi: 10.1177/2049936113518041.

Wardlaw T, Salama P, Johansson EW, Mason E. Pneumonia:
the leading killer of children. Lancet (London, England).
2006;368(9541):1048-50.doi: 1016/S0140-6736(06)69334-3.

Comer BS, Camoretti-Mercado B, Kogut PC, Halayko AJ,
Solway J, Gerthoffer WT. MicroRNA-146a and microRNA-
146b expression and anti-inflammatory function in human
airway smooth muscle. Am J Physiol Lung Cell Mol Physiol.
2014;307(9):L727-34.doi: 10.1152/ajplung.00174.2014.

Ye EA, Steinle JJ. MiR-146a Attenuates Inflammatory Pathways
Mediated by TLR4/NF- B and TNF o to Protect Primary
Human Retinal Microvascular Endothelial Cells Grown in
High Glucose. Mediators Inflamm. 2016;2016 :3958453.doi:
10.1155/2016/3958453.

Yang Y, Wu BQ, Wang YH, Shi YF, Luo JM, Ba JH, et al.
Regulatory effects of miR-155 and miR-146a on repolarization and
inflammatory cytokine secretion in human alveolar macrophages
in vitro. mmunopharmacol Immunotoxicol. 2016;38(6):502-9.
doi: 10.1080/08923973.2016.1248845.

Ramkaran P, Khan S, Phulukdaree A, Moodley D, Chuturgoon
AA. miR-146a Polymorphism Influences Levels of miR-146a,
IRAK-1, and TRAF-6 in Young Patients with Coronary Artery
Disease. Cell Biochem Biophys. 2014;68(2):259—66.doi:
10.1007/s12013-013-9704-7.

Li HN, Zhao X, Zha YJ, Du F, Liu J, Sun L. MiR-146a-
Sp suppresses ATP-binding cassette subfamily G member 1
dysregulation in patients with refractory Mycoplasma pneumoniae
via interleukin 1 receptor-associated kinase 1 downregulation. Int
J Mol Med. 2019;44(6):2003—14.

Lo WY, Peng CT, Wang HJ. MicroRNA-146a-5p Mediates
High Glucose-Induced Endothelial Inflammation via Targeting
Interleukin-1 Receptor-Associated Kinase 1 Expression. Front
Physiol]. 2017; 8:551 .doi: 10.3389/fphys.2017.00551.

Martinez FJ, Collard HR, Pardo A, Raghu G, Richeldi L, Selman
M, et al. Idiopathic pulmonary fibrosis. Nat Rev Dis Primers.
2017; 3:17074. doi: 10.1038/nrdp.2017.74.

Luzina IG, Todd NW, Sundararajan S, Atamas SP. The cytokines
of pulmonary fibrosis: Much learned, much more to learn.
Cytokine. 2015;74(1):88-100.doi: 10.1016/j.cyto.2014.11.008.

Mora AL, Rojas M, Pardo A, Selman M. Erratum: Emerging
therapies for idiopathic pulmonary fibrosis, a progressive age-
related disease. Nat Rev Drug Discov .2017; 16(11):810doi:
10.1038/nrd.2017.225.

Barlo NP, Van Moorsel CHM, Korthagen NM, Heron M, Rijkers
GT, Ruven HIT, et al. Genetic variability in the ILIRN gene
and the balance between interleukin (IL)-1 receptor agonist
and IL-1 in idiopathic pulmonary fibrosis. Clin Exp Immunol.
2011;166(3):346-51. doi: 10.1111/j.1365-2249.2011.04468 x.

Kahéri VM, Heino J, Vuorio E. Interleukin-1 increases collagen

Press

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

production and mRNA levels in cultured skin fibroblasts.
Biochim Biophys Acta. 1987;929(2):142—7.doi: 10.1016/0167-
4889(87)90169-8.

Miyazawa K, Mori A, Miyata H, Akahane M, Ajisawa Y, Okudaira
H. Regulation of interleukin-1beta-induced interleukin-6 gene
expression in human fibroblast-like synoviocytes by p38 mitogen-
activated protein kinase. J Biol Chem. 1998;273(38):24832-8.
doi: 10.1074/jbc.273.38.24832.

Mehta A, Baltimore D. MicroRNAs as regulatory elements in
immune system logic. Nat Rev Immunol. 2016;16(5):279-94.doi:
10.1038/nri.2016.40.

Lindsay MA. microRNAs and the immune response. Trends
Immunol. 2008;29(7):343—51.doi: 10.1016/5.it.2008.04.004.

O’Connell RM, Rao DS, Baltimore D. microRNA
Regulation of  Inflammatory Responses. annurev-
immunol-020711-075013.  2012;30:295-312.doi: ~ 10.1146/

annurev-immunol-020711-075013.

Kopp F, Mendell JT. Functional Classification and Experimental
Dissection of Long Noncoding RNAs. Cell. 2018;172(3):393—
407.doi: 10.1016/j.cell.2018.01.011.

Delas MJ, Hannon GJ. IncRNAs in development and disease:
from functions to mechanisms. Open Biol. 2017;7(7) :170121.
doi: 10.1098/rs0b.170121.

Rinn JL, Chang HY. Genome Regulation by Long Noncoding
RNAs. Annu Rev Biochem .2012;81:145-66.doi: 10.1146/
annurev-biochem-051410-092902.

Heward JA, Lindsay MA. Long non-coding RNAs in the regulation
of the immune response. Trends Immunol. 2014;35(9):408-19.
doi: 10.1016/;.it.2014.07.005.

Krawczyk M, Emerson BM. P50-associated COX-2 Extragenic
RNA (pacer) activates human COX-2 gene expression by occluding
repressive NF-kB p50 complexes. Elife. 2014;(3):e01776.doi:
10.7554/eLife.01776.

Li Z, Chao TC, Chang KY, Lin N, Patil VS, Shimizu C, et al.
The long noncoding RNA THRIL regulates TNFa expression
through its interaction with hnRNPL. Proc Natl Acad Sci U S A.
2014;111(3):1002—7.doi: 10.1073/pnas.1313768111.

Tiott NE, Heward JA, Roux B, Tsitsiou E, Fenwick PS, Lenzi
L, et al. Long non-coding RNAs and enhancer RNAs regulate
the lipopolysaccharide-induced inflammatory response in
human monocytes. Nat Commun.2014;5:3979.doi: 10.1038/
ncomms4979.

Cui H, Xie N, Tan Z, Banerjee S, Thannickal VJ, Abraham E,
et al. The human long noncoding RNA Inc-IL7R regulates the
inflammatory response. Eur J Immunol. 2014;44(7):2085-95.doi:
10.1002/eji.201344126.

Atianand MK, Hu W, Satpathy AT, Shen Y, Ricci EP, Alvarez-
Dominguez JR, et al. A Long Noncoding RNA lincRNA-EPS
Acts as a Transcriptional Brake to Restrain Inflammation. Cell.
2016;165(7):1672-85.doi: 10.1016/j.cell.2016.05.075.

Roux BT, Heward JA, Donnelly LE, Jones SW, Lindsay MA.
Catalog of Differentially expressed long non-coding RNA
following activation of human and mouse innate immune response.
Front Immunol. 2017;8 :1038:doi: 10.3389/fimmu.2017.01038.

Guttman M, Amit I, Garber M, French C, Lin MF, Feldser D,
et al. Chromatin signature reveals over a thousand highly
conserved large non-coding RNAs in mammals. Nature. 2009;
458(7235):223-7.doi: 10.1038/naturc07672.

Carpenter S, Aiello D, Atianand MK, Ricci EP, Gandhi P, Hall LL, et
al. Along noncoding RNA mediates both activation and repression
of immune response genes. Science.2013;341(6147):789-92.doi:



Role of miR-146a in COVID-19

Page 14 of 16

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

10.1126/science.1240925.

Taganov KD, Boldin MP, Chang KJ, Baltimore D. NF- kappaB-
dependent induction of microRNA miR-146, an inhibitor
targeted to signaling proteins of innate immune responses. Proc
Natl Acad Sci U S A. 2006; 103(33):12481-6.doi: 10.1073/
pnas.0605298103.

Perry MM, Moschos SA, Williams AE, Shepherd NJ, Larner-
Svensson HM, Lindsay MA. Rapid Changes in MicroRNA-146a
Expression Negatively Regulate the IL-1p-Induced Inflammatory
Response in Human Lung Alveolar Epithelial Cells. J Immunol.
2008;180(8):5689-98.doi: 10.4049/jimmunol.180.8.5689.

Hadjicharalambous MR, Roux BT, Feghali-Bostwick CA,
Murray LA, Clarke DL, Lindsay MA. Long Non-coding RNAs
Are Central Regulators of the IL-1B-Induced Inflammatory
Response in Normal and Idiopathic Pulmonary Lung Fibroblasts.
Front Immunol. 2018;9:2906. doi: 10.3389/fimmu.2018.02906.

Shahriar A, Ghale-aziz Shiva G, Ghader B, Farhad J, Hosein
A, Parsa H. The dual role of mir-146a in metastasis and disease
progression. Biomed Pharmacother. 2020;126 :110099. doi:
10.1016/j.biopha.2020.110099.

Chen G, Umelo IA, Lv S, Teugels E, Fostier K, Kronenberger P,
et al. miR-146a Inhibits Cell Growth, Cell Migration and Induces
Apoptosis in Non-Small Cell Lung Cancer Cells. PLoS One.
2013;8(3):e60317.doi: 10.1371/journal.pone.0060317.

Bertoli G, Cava C, Castiglioni I. Micrornas: New biomarkers for
diagnosis, prognosis, therapy prediction and therapeutic tools for
breast cancer. Theranostics. 2015;5(10):1122—43.doi: 10.7150/
thno.11543.

Hanahan D, Weinberg RA. Hallmarks of cancer: The next
generation.  Cell 2011;144(5):646-74. doi: 10.1016/j.
cell.2011.02.013.

Mani SA, Guo W, Liao MJ, Eaton EN, Ayyanan A, Zhou AY, et
al. The epithelial-mesenchymal transition generates cells with
properties of stem cells. Cell. 2008;133(4):704—-15.doi: 10.1016/j.
cell.2008.03.027.

Singh A, Settleman J. EMT, cancer stem cells and drug resistance:
an emerging axis of evil in the war on cancer. Oncogene.
2010;29(34):4741-51. doi: 10.1038/0nc.2010.215.

Mitchell S, Vargas J, Hoffmann A. Signaling via the NFxB
system. Wiley Interdiscip Rev Syst Biol Med. 2016;8(3):227-41.
doi: 10.1002/wsbm.1331.

Taganov KD, Boldin MP, Chang KJ, Baltimore D. NF- kappaB-
dependent induction of microRNA miR-146, an inhibitor
targeted to signaling proteins of innate immune responses. Proc
Natl Acad Sci U S A. 2006;103(33):12481-6.doi: 10.1073/
pnas.0605298103.

Li X, Xu S, Yu M, Wang K, Tao Y, Zhou Y, et al. Risk factors for
severity and mortality in adult COVID-19 inpatients in Wuhan.
Journal of Allergy and Clinical Immunology. 2020;146(1):110-8.
doi: 10.1016/j.jaci.2020.04.006.

Liu Z, Wang J, Xu Y, Guo M, Mi K, Xu R, et al. Implications of
the virus-encoded miRNA and host miRNA in the pathogenicity
of SARS-CoV-2 [Internet]. arXiv; 2020 [cited 2026 Jul 20].
Available from: http://arxiv.org/abs/2004.04874 doi:10.48550/
arXiv.2004.04874

Trobaugh DW, Klimstra WB. MicroRNA Regulation of
RNA Virus Replication and Pathogenesis. Trends Mol Med.
2017;23(1):80-93.doi: 10.1016/j.molmed.2016.11.003.

Wang H, Zhang Y, Wu X, Wang Y, Cui H, Li X, et al. Regulation
of Human Natural Killer Cell IFN-y Production by MicroRNA-
146a via Targeting the NF-kB Signaling Pathway. Front Immunol.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

2018; 9:293.doi: 10.3389/fimmu.2018.00293.

Xu D, Han Q, Hou Z, Zhang C, Zhang J. miR-146a negatively
regulates NK cell functions via STATI1 signaling. Cell
Mol Immunol 2016 148. 2017;14(8):712-20.doi: 10.1038/
cmi.2015.113.

Masselli E, Vaccarezza M, Carubbi C, Pozzi G, Presta V,
Mirandola P, et al. NK cells: A double edge sword against
SARS-CoV-2. Adv Biol Regul. 2020;77:100737.doi: 10.1016/j.
jbi0r.2020.100737.

Sinha P, Matthay MA, Calfee CS. Is a “Cytokine Storm” Relevant
to COVID-19? JAMA Intern Med. 2020;180(9):1152-4.doi:
10.1001/jamainternmed.2020.3313.

Teymoori-Rad M, Mozhgani SH, Zarei-Ghobadi M, Sahraian
MA, Nejati A, Amiri MM, et al. Integrational analysis of miRNAs
data sets as a plausible missing linker between Epstein-Barr
virus and vitamin D in relapsing remitting MS patients. Gene.
2019;689:1-10.doi: 10.1016/j.gene.2018.12.004.

Junker A, Krumbholz M, Eisele S, Mohan H, Augstein F, Bittner
R, et al. MicroRNA profiling of multiple sclerosis lesions
identifies modulators of the regulatory protein CD47. Brain.
2009;132(pt12):3342-52.doi: 10.1093/brain/awp300.

Mensa E, Recchioni R, Marcheselli F, Giuliodori K, Consales V,
Molinelli E, et al. MiR-146a-5p correlates with clinical efficacy
in patients with psoriasis treated with the tumour necrosis factor-
alpha inhibitor adalimumab. Br J Dermatol. 2018;179(3):787-9.
doi: 10.1111/bjd.16659.

Garcia—Rodriguez S, Arias—Santiago S, Blasco-Morente G,
Orgaz-Molina J, Rosal-Vela A, Navarro P, et al. Increased
expression of microRNA-155 in peripheral blood mononuclear
cells from psoriasis patients is related to disease activity. J Eur
Acad Dermatology Venereol. 2017;31(2):312-22. doi: 10.1111/
jdv.13861.

Hermann H, Runnel T, Aab A, Baurecht H, Rodriguez E,
Magilnick N, et al. miR-146b Probably Assists miRNA-146a in
the Suppression of Keratinocyte Proliferation and Inflammatory
Responses in Psoriasis. J Invest Dermatol. 2017;137(9):1945-54.
doi: 10.1016/5.jid.2017.05.012.

Zibert JR, Levendorf MB, Litman T, Olsen J, Kaczkowski
B, Skov L. MicroRNAs and potential target interactions in
psoriasis. J Dermatol Sci. 2010;58(3):177-85.doi: 10.1016/j.
jdermsci.2010.03.004.

Sonkoly E, Wei T, Janson PCJ, Saaf A, Lundeberg L, Tengvall-
Linder M, et al. MicroRNAs: Novel Regulators Involved in
the Pathogenesis of Psoriasis? PLoS One. 2007;2(7):¢610.doi:
10.1371/journal.pone.0000610.

Xia P, Fang X, Zhang ZH, Huang Q, Yan KX, Kang KF, et
al. Dysregulation of miRNA146a versus IRAKI induces IL-
17 persistence in the psoriatic skin lesions. Immunol Lett.
2012;148(2):151-62.doi: 10.1016/j.imlet.2012.09.004.

Bernecker C, Lenz L, Ostapczuk MS, Schinner S, Willenberg H,
Ehlers M, et al. MicroRNAs miR-146al, miR-155 2, and miR-
200al are regulated in autoimmune thyroid diseases. Thyroid.
2012;22(12):1294-5.doi: 10.1089/thy.2012.0277.

Wei H, Guan M, Qin Y, Xie C, Fu X, Gao F, et al. Circulating
levels of miR-146a and IL-17 are significantly correlated with
the clinical activity of Graves’ ophthalmopathy. Endocr J.
2014;61(11):1087-92.doi: 10.1507/endocrj.EJ14-0246.

Yang WJ, Ma PF, Li SP, Su H, Liu YJ. MicroRNA-146a
contributes to CD4+ T lymphocyte differentiation in patients with
thyroid ophthalmopathy. Am J Transl Res. 2017;9(4):1801-9.

Jang SY, Park SJ, Chae MK, Lee JH, Lee EJ, Yoon JS. Role of

U

Press



Page 15 of 16

Alipour et al.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

microRNA-146a in regulation of fibrosis in orbital fibroblasts
from patients with Graves’ orbitopathy. Br J Ophthalmol.
2018;102(3):407—-14.doi: 10.1136/bjophthalmol-2017-310723.

Chen JQ, Papp G, Poliska S, Szabo K, Tarr T, Balint BL, et
al. MicroRNA expression profiles identify disease-specific
alterations in systemic lupus erythematosus and primary
Sjogren’s syndrome. PLoS One. 2017;12(3):e0174585.doi:
10.1371/journal.pone.0174585. https://journals.plos.org/plosone/
article?id=10.1371/journal.pone.0174585

Zilahi E, Tarr T, Papp G, Griger Z, Sipka S, Zeher M. Increased
microRNA-146a/b, TRAF6 gene and decreased IRAK1 gene
expressions in the peripheral mononuclear cells of patients with
Sjogren’s syndrome. Immunol Lett. 2012;141(2):165-8.doi:
10.1016/j.imlet.2011.09.006.

Wang-Renault SF, Boudaoud S, Nocturne G, Roche E, Sigrist
N, Daviaud C, et al. Deregulation of microRNA expression
in purified T and B lymphocytes from patients with primary
Sjogren’s syndrome. Ann Rheum Dis. 2018;77(1):133-40. doi:
10.1136/annrheumdis-2017-211417.

Gauna AE, Park YJ, Nayar G, Onate M, Jin JO, Stewart CM,
et al. Dysregulated co-stimulatory molecule expression in a
Sjogren’s syndrome mouse model with potential implications
by microRNA-146a. Mol Immunol. 2015;68(2):606—16.doi:
10.1016/j.molimm.2015.09.027.

Pauley KM, Stewart CM, Gauna AE, Dupre LC, Kuklani R, Chan
AL, et al. Altered miR-146a expression in Sjogren’s syndrome
and its functional role in innate immunity. Eur J Immunol.
2011;41(7):2029-39.doi: 10.1002/¢ji.201040757.

Yousefzadeh N, Alipour MR, Ghadiri Soufi FG. Deregulation
of NF-kB-miR-146a negative feedback loop may be involved
in the pathogenesis of diabetic neuropathy. J Physiol Biochem
2015;71(1):51-8.doi: 10.1007/s13105-014-0378-4.

Chen S, Feng B, Thomas AA, Chakrabarti S. miR-146a regulates
glucose induced wupregulation of inflammatory cytokines
extracellular matrix proteins in the retina and kidney in
diabetes. PLoS One. 2017;12(3):e0173918.doi: 10.1371/journal.
pone.0173918.

Wang Q, Bozack SN, Yan Y, Boulton ME, Grant MB, Busik J
V. Regulation of Retinal Inflammation by Rhythmic Expression
of MiR-146a in Diabetic Retina. Invest Ophthalmol Vis Sci.
2014;55(6):3986-94.doi: 10.1167/iovs.13-13076.

Gong Q, Xie J, Liu Y, Li Y, Su G. Differentially Expressed
MicroRNAs in the Development of Early Diabetic
Retinopathy. J Diabetes Res. 2017; 2017(1):4727942.doi:
10.1155/2017/4727942.

Feng B, Chen S, McArthur K, Wu 'Y, Sen S, Ding Q, et al. miR-
146a—Mediated Extracellular Matrix Protein Production in
Chronic Diabetes Complications. Diabetes. 2011;60(11):2975—
84. doi: 10.2337/db11-0478.

Prajzlerova K, Grobelna K, Husakova M, Forejtova S, Jiingel A,
Gay S, et al. Association between circulating miRNAs and spinal
involvement in patients with axial spondyloarthritis. PLoS One.
2017;12(9):e0185323. doi: 10.1371/journal.pone.0185323.

Hammad Mahmoud Hammad R, Hamed DHED, Eldosoky
MAER, Ahmad AAES, Osman HM, Abd Elgalil HM, et al.
Plasma microRNA-21, microRNA-146a and IL-13 expression
in asthmatic children. Innate Immun. 2018;24(3):171-9. doi:
10.1177/1753425918763521.

Weidner H, Mez L, Okamura L. Introduction and Research
Approach. InThe Ecological Modernization Capacity of Japan and
Germany: Comparing Nuclear Energy, Renewables, Automobility
and Rare Earth Policy. 2020;1-12.doi: 10.1007/978-3-658-

Press

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

27405-4 1.

Panganiban RP, Wang Y, Howrylak J, Chinchilli VM, Craig TJ,
August A, et al. Circulating microRNAs as biomarkers in patients
with allergic rhinitis and asthma. J Allergy Clin Immunol.
2016;137(5):1423-32.doi: 10.1016/j.jaci.2016.01.029.

Faiz A, Weckmann M, Tasena H, Vermeulen CJ, Van Den Berge
M, Ten Hacken NHT, et al. Profiling of healthy and asthmatic
airway smooth muscle cells following interleukin-1p treatment:
a novel role for CCL20 in chronic mucus hypersecretion. Eur
Respir J. 2018;52(2). :1800310.doi: 10.1183/13993003.00310-
2018.

Williams AE, Larner-Svensson H, Perry MM, Campbell GA,
Herrick SE, Adcock IM, et al. MicroRNA Expression Profiling
in Mild Asthmatic Human Airways and Effect of Corticosteroid
Therapy. PLoS One. 2009;4(6):¢5889.doi: 10.1371/journal.
pone.0005889.

Singh A, Patro PS, Aggarwal A. MicroRNA-132, miR-
146a, and miR-155 as potential biomarkers of methotrexate
response in patients with rheumatoid arthritis. Clin Rheumatol.
2019;38(3):877-84.doi: 10.1007/s10067-018-4380-z.

Zhou Q, Haupt S, Kreuzer JT, Hammitzsch A, Proft F, Neumann
C, et al. Decreased expression of miR-146a and miR-155
contributes to an abnormal Treg phenotype in patients with
rheumatoid arthritis. Ann Rheum Dis. 2015;74(6):1265-74.doi:
10.1136/annrheumdis-2013-204377.

Pauley KM, Satoh M, Chan AL, Bubb MR, Reeves WH, Chan
EKL. Upregulated miR-146a expression in peripheral blood
mononuclear cells from rheumatoid arthritis patients. Arthritis
Res Ther. 2008;10(4): R101.doi: 10.1186/ar2493.

Li J, Wan Y, Guo Q, Zou L, Zhang J, Fang Y, et al. Altered
microRNA expression profile with miR-146a upregulation in
CD4+T cells from patients with rheumatoid arthritis. Arthritis Res
Ther. 2010;12(3):1-12 :R81.doi: 10.1186/ar3006.

Chatzikyriakidou A, Voulgari P V, Georgiou I, Drosos AA. A
polymorphism in the 3’-UTR of interleukin-1 receptor-associated
kinase (IRAKI1), a target gene of miR-146a, is associated
with rheumatoid arthritis susceptibility. Joint Bone Spine.
2010;77(5):411-3.doi: 10.1016/j.jbspin.2010.05.013.

Stanczyk J, Leslie Pedrioli DM, Brentano F, Sanchez-Pernaute
0, Kolling C, Gay RE, et al. Altered expression of MicroRNA in
synovial fibroblasts and synovial tissue in rheumatoid arthritis.
Arthritis Rheum. 2008;58(4):1001-9. doi:10.1002/art.23386.

Takahashi Y, Haga S, Ishizaka Y, Mimori A. Autoantibodies to
angiotensin-converting enzyme 2 in patients with connective
tissue diseases. Arthritis Res Ther. 2010;12(3) :R85.doi: 10.1186/
ar3012.

Zhou Q, Haupt S, Kreuzer JT, Hammitzsch A, Proft F, Neumann
C, et al. Decreased expression of miR-146a and miR-155
contributes to an abnormal Treg phenotype in patients with
rheumatoid arthritis. Ann Rheum Dis. 2015;74(6):1265-74.doi:
10.1136/annrheumdis-2013-204377.

Taganov KD, Boldin MP, Chang KJ, Baltimore D. NF-kB-
dependent induction of microRNA miR-146, an inhibitor
targeted to signaling proteins of innate immune responses. Proc
Natl Acad Sci U S A. 2006;103(33):12481—6.doi: 10.1073/
pnas.0605298103.

Starczynowski DT, Kuchenbauer F, Argiropoulos B, Sung
S, Morin R, Muranyi A, et al. Identification of miR-145 and
miR-146a as mediators of the 5q— syndrome phenotype. Nat
Med.2010;16(1):49-58.doi: 10.1038/nm.2054.

Liu R, Liu C, Chen D, Yang WH, Liu X, Liu CG, et al. FOXP3
controls an MIR-146/NF-kB negative feedback loop that inhibits



Role of miR-146a in COVID-19

Page 16 of 16

180.

181.

apoptosis in breast cancer cells. Cancer Res. 2015;75(8):1703—13.
doi: 10.1158/0008-5472.CAN-14-2108.

Takahashi Y, Satoh M, Minami Y, Tabuchi T, Itoh T, Nakamura
M. Expression of miR-146a/b is associated with the Toll-like
receptor 4 signal in coronary artery disease: effect of renin—
angiotensin system blockade and statins on miRNA-146a/b and
Toll-like receptor 4 levels. Clin Sci (Lond). 2010;119(9):395—
405.doi: 10.1042/CS20100003.

Raitoharju E, Lyytikdinen LP, Levula M, Oksala N, Mennander
A, Tarkka M, et al. MiR-21, miR-210, miR-34a, and miR-
146a/b are up-regulated in human atherosclerotic plaques in the

Shahriar Alipour, PhD, is a Molecular Medicine specialist with over
10 years of research experience, 7 years of academic teaching at Urmia
University of Medical Sciences, and 5 years of laboratory experience.
He has an H-index of 21 and has published over 50 peer-reviewed ar-

ticles

Nazanin Chehreghani is an aspiring researcher, and this study
represents her first research experience. She is interested in medical sci-
ences and is beginning her academic journey through research.

Tampere Vascular Study. Atherosclerosis. 2011;219(1):211-7.
doi: 10.1016/j.atherosclerosis.2011.07.020.

182. GaoM, Wang X, Zhang X, Ha T, Ma H, Liu L, et al. Attenuation of
Cardiac Dysfunction in Polymicrobial Sepsis by MicroRNA-146a
Is Mediated via Targeting of IRAK1 and TRAF6 Expression. J
Immunol. 2015;195(2):672—82.doi: 10.4049/jimmunol.1403155.

183. LiJW, He SY, Feng ZZ, Zhao L, Jia WK, Liu P, et al. MicroRNA-
146b inhibition augments hypoxia-induced cardiomyocyte
apoptosis. Mol Med Rep. 2015;12(5):6903-10.doi: 10.3892/
mmr.2015.4333.

Karmand Hamad Khdhir, MSc, holds a Master’s degree in Clin-
ical Biochemistry from Urmia University of Medical Sciences, Iran,
where he studied as an international student from Iraq. He has 4 years
of research experience with the Department of Biochemistry at Urmia
University of Medical Sciences. He is currently engaged in teaching
and laboratory practice in Iraq.

Press



	_GoBack

