
immune cell functions may alter specific immune responses 
to COVID-19, and can be considered as the risk factors for 
modulation of the cytokine storm. Additionally, lung and 
heart failure are the most lethal complications of COVID-19, 
which occur after acute forms of the disorder.4 The compli-
cations can be induced by SARS-CoV2 virus and also by the 
severe immune responses to the virus.4 Thus, the genetic 
and epigenetic parameters that alter immune responses to 
the SARS-CoV2 may participate in the tissue-related fail-
ures during COVID-19.

MicroRNAs (miRNAs) are important epigenetic fac-
tors that affect post transcription of several proteins.5 
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Abstract
Genetic and epigenetic parameters play critical roles in determining the outcomes of the 
severe acute respiratory syndrome coronavirus type 19 (SARS-CoV-2) infection. MicroRNAs 
(miRNAs) are an important part of the epigenetic factors that regulate several functions of 
the immune cells and also viruses. Accordingly, the molecules can regulate expression of the 
immune cell proteins and virus in the host cells. Among the miRNAs, miRNA-155 (miR-155) is 
well-studied in patients suffering from severe coronavirus disease 2019 (COVID-19). It has been 
reported that the SARS-CoV-2 infected patients may be directed to induce a cytokine storm  
or severe proinflammatory responses. This review article discusses the pathological roles of 
miR-155 during COVID-19 infection.
© 2023 Codon Publications. Published by Codon Publications.
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Introduction

Coronavirus disease 2019 (COVID-19) is the name of a dis-
order, which is induced by SARS-CoV2 virus.1 Immune 
responses against COVID-19 either control the virus repli-
cation or induce severe inflammation and cytokine storm 
in the infected patients.2 Accordingly, immune response 
severities against the virus are considered as the main fac-
tor to determine COVID-19 outcome.2 Immune cell functions 
are multifactorial and are dependent on the host genetic 
and epigenetic conditions and also environmental fac-
tors.3 Therefore, the immune cell regulators that influence 
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roles during viral infection–related inflammation have also 
been documented by several studies, which confirmed that 
miR-155 can direct immune responses to acute inflamma-
tion, and in some cases the molecule modulates immune 
responses.28–30 Therefore, the molecule may play different 
roles during COVID-19. Most studies have demonstrated 
that miR-155 is upregulated in the SARS-CoV-2-infected 
patients who suffer from excess inflammation. For exam-
ple, a study by Garg et al. revealed that the patients that 
suffered from severe COVID-19 had higher serum levels of 
miR-155 when compared to healthy controls and patients 
with influenza-associated acute respiratory distress syn-
drome (Influenza-ARDS).31 Thus, it appears that SARS-CoV-2 
significantly induced inflammation independent of miR-
155. A study on the Iranian population revealed that the 
patients with acute phase of COVID-19 had higher levels 
of miR-155 when compared with a healthy control group.32 
Therefore, it seems that the ethnicity had no effects on the 
expression of miR-155 in the SARS-CoV-2-infected patients. 
Additionally, it has been hypothesized that miR-155 may 
participate in the deterioration of the disease compli-
cations. A study on the Spanish population approved the 
hypothesis and revealed that serum levels of miR-155 were 
increased in COVID-19 patients, and the elevation had a pos-
itive correlation with increase of the disease grade.33 The  
study confirmed that expression of the anti-inflammatory 
molecules, including peroxisome proliferator-activated 
receptors (PPARS), cytokine signaling 1 (SOCS1) suppres-
sor, and CCAAT enhancer-binding protein alpha (CEBPA), 
which are targeted by miR-155, were decreased in COVID-19 
patients.33 Therefore, it seems that miR-155 via downregu-
lation of anti-inflammatory molecules induces inflammation 
during COVID-19. Some investigations revealed that miR-155 
level is a main factor for the upregulation of inflammatory 
molecules, in parallel with decrease of anti-inflammatory 
molecules. For instance, Ahmed et al. by using the protein–
protein interaction (PPI) network technique analyzed 138 
differentially expressed genes (DEGs) between COVID-19  
patients and healthy controls.34 The analysis revealed 11 key 
DEGs, including receptor-interacting serine or threonine 
protein kinase 1 (RIPK1), SMAD4, glycogen synthase kinase-3 
beta (GSK3B), ataxia-telangiectasia mutated (ATM), Sirtuin 
1 (SIRT1), protein kinase CAMP-activated catalytic subunit 
beta (PRKACB), mediator complex subunit 17 (MED17), 
chaperonin containing TCP1 subunit 2 (CCT2), baculoviral 
IAP repeat containing 3 (BIRC3), erythroblast transforma-
tion-specific (ETS) proto-oncogene 1 (ETS1), and thiore-
doxin (TXN).34 Interestingly, the investigators showed that 
miR-155 can be considered as the key post-transcriptional  
regulator of DEGs.34 Therefore, it appears that miR-155 
targets several molecules and regulates a molecular net-
work to induce inflammation in the SARS-CoV-2-infected 
patients. Accordingly, miR-155 can participate in the 
induction of the target tissues in the SARS-CoV-2-infected 
patients. Interestingly, a case report study confirmed the 
hypothesis and reported that expression of miR-155 and 
its proinflammatory target, IL-6, is associated with vas-
cular inflammation in the COVID-19 patients.35 Molinero 
et al. confirmed the proinflammatory roles played by 
miR-155 during pathological conditions in lung tissues.36 
Based on the roles played by miR-155 in the induction of 
inflammation in COVID-19, it has been hypothesized that 

Accordingly, the molecules participate in several cell 
functions, including activation, proliferation, differenti-
ation, apoptosis, and growth.6,7 Thus, it has been hypoth-
esized that malregulation of miRNAs is a critical factor in 
the pathogenesis of several immune system-related dis-
orders.8–11 Therefore, it is plausible to hypothesize that 
miRNAs may play crucial roles in the viral infection patho-
genesis. MiRNA-155 (miR-155) is a candidate for regulation of 
immune responses against viral infections and their related 
complications.12–14 Due to the various immune responses 
against SARS-CoV2 in patients it has been hypothesized that 
the expression and functions of miR-155 may be altered 
during COVID-19. Interestingly, it has been documented 
that miR-155 is expressed differently in the hospitalized 
SARS-CoV2-infected patients.15,16 So, it appears that miR-155 
may participate in several aspects of immune responses 
against SARS-CoV2, including adaptive and innate immu-
nity. Therefore, this article discusses the recent informa-
tion regarding the plausible roles played by miR-155 in the 
pathogenesis of COVID-19.

MicroRNA-155

MiRNAs are the noncoding small (21–25 nucleotides) RNAs 
with various biological functions. The molecules are cre-
ated from a pri-miRNA, and some miRNAs may be clustered 
on a pri-miRNA.17 Pri-miRNA maturation by Drosha, Dicer, 
and RNA-induced silencing complex (RISC) lead to the 
pre-miRNAs production, miRNA duplex, and mature forms 
that are the secondary, tertiary, and last versions of the 
miRNAs, respectively.18 The mature miRNA plus RISC com-
plex have the biological functions to regulate translation 
from several genes.19

MIRHG155 is the responsible gene for coding miR-155, 
which is located in the human chromosome 21 (Hsa21) and 
has three exons.20,21 MiR-155 expression is significantly dif-
ferent in the human cell types and can be regulated by sev-
eral intracellular signaling pathways. Interestingly, there 
are binding sites for nuclear factor-kappa B (NF-κB), moth-
ers against decapentaplegic homolog 4 (SMAD4), interferon- 
sensitive response element (ISRE), interferon regulatory 
factors (IRF), hypoxia-inducible factor-1 alpha, and activa-
tor protein 1 (AP-1) at upstream region of B-cell integra-
tion cluster (BIC) gene, the location for miR-155, which 
confirmed the roles played by the factors for expression 
of miR-155.22 As mentioned previously, miRNAs need to 
undergo sequential processing to be pri-miRNA, pre-miR-
NAs, and mature miRNAs. Pri-miR-155 is made from 65 
nucleotides (nts)–long stem-loop precursor, and pre-miR-155 
from ~22-nts duplexes.23 Mature miR-155 can be produced in 
two forms, including miR-155-5p, the most abundant and 
functionally dominant form, and miR-155-3p.23,24 In this  
article, all the miR-155 are referred to miR-155-5p, and it is 
declared in the case of miR-155-3p in the reports.

Micro-RNA-155 and COVID-19

Previous investigations demonstrated that miR-155 is a key 
factor that participates in the induction of inflammation 
in several human disorders.25–27 Additionally, its critical 
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that targeting miR-155 may be considered as a critical 
mechanism to modulate excess inflammation in the hospi-
talized patients. In addition to targeting miR-155 directly, 
it may be proposed to regulate the mechanisms that lead 
to upregulation of miR-155. It has been reported that long 
noncoding RNAs are the main factors for upregulation of 
miR-155 in the SARS-CoV-2-infected patients.38 Several 
inflammatory stimuli, such as pathogen-associated molecular  
patterns (PAMPs), proinflammatory cytokines, and damage- 
associated molecular patterns (DAMPs) can also increase 
the expression of miR155 and then, miR-155 could stimulate  
the inflammatory response in a positive feedback manner.39,40  
Additionally, it has been demonstrated that miR-155 can 
target SARS-CoV-2 genome,39 hence, increased copy number  
of the virus can induce expression of miR-155 directly. 
However, the expression of miR-155 is multifactorial and 
needs to be explored by further investigations.

It is worthy to note that the roles played by miR-155 
in the pathogenesis of COVID-19 may be related to several 

miR-155 expression can be associated with the complica-
tions of COVID-19. Haroun et al. proved the hypothesis and 
reported that the expression level of miR-155 had signifi-
cant correlation with clinicopathological characteristics of 
COVID-19 patients, such as chest CT findings, CRP, ferritin, 
mortality, D-dimer, WBC count, and percentage of lympho-
cytes and neutrophils.16 The study also showed that miR-155 
plasma levels significantly increased in COVID-19 patients, 
during severe symptoms, and in deceased patients when 
compared to healthy controls, moderate symptoms and 
surviving COVID-19 patients, respectively.16 Donyavi et al.  
demonstrated that serum levels of miR-155 not only 
increased in the patients suffering from acute phases of 
COVID-19 but also remained high in the post-acute phases of 
the disease.37 Thus, miR-155 may participate in some post-
COVID-19 complications, which need further investigations.

Due to the results, it seems that miR-155 is an important 
factor to determine the outcome of COVID-19 via increased 
inflammation in the patients. Thus, it may be hypothesized 

Figure 1  The known inducers of miR-155 in COVID-19 and its complications. Long noncoding RNAs, PAMPs, DAMPs, proinflammatory 
cytokines, and SARS-CoV-2 genome are the main inducers of miR-155. Upregulation of miR-155 is associated with down- and 
upregulation of anti- and proinflammatory molecules, respectively, and proliferation of SARS-CoV-2. The phenomenon leads to 
COVID-19 compilations, such as cytokine storm.
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nrm2632

interfered factors, such as type of vaccination. It has been 
reported that miR-155 expression may be decreased in 
COVID-19 in some situations. For example, Li et al. revealed 
that miR-155 is upregulated in the COVID-19 patients when 
compared to healthy controls, however, it was downreg-
ulated in the patients with severe or critical (SC) when 
compared to mild or moderate (MM) symptoms.41 A study 
by Kassif-Lerner et al. demonstrated that the COVID-19 
patients with mild and severe symptoms had 2.5 and 5-fold 
less circulating miR-155, respectively, than healthy people.15 
This is a unique report regarding downregulation of miR-155 
in the COVID-19 patients.The study was performed on a low 
sample size (37 patients and 15 healthy controls), hence, 
it seems that their result cannot be considered as signifi-
cant data. Moreover, based on several investigations with 
higher sample sizes that proved upregulation of miR-155 
in COVID-19 patients, it appears that upregulation of miR-
155 and its related inflammation is reliable. Additionally, 
Oh et al. suggested that miR-155 may be considered as an 
important factor for induction of myocarditis during vacci-
nation against SARS-CoV-2.42 Figure 1 illustrates the factors 
involved in upregulation of miR-155 and the roles played by 
the molecule on the increased inflammation during COVID-
19 disease.

Future Perspective

Based on the fact that the report is unique and the 
researchers from other countries with different vaccination 
had no reports, it seems that the type of vaccination may 
alter the expression and function of miR-155.

Conclusion

Authors propose to explore the effects of miR-155 silencers 
to overcome the inflammation and increase survival in clin-
ical trial studies.
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