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The COVID-19 pandemic has caused widespread concern, and extensive studies
have been conducted to discover an effective therapy for the virus, some of these
studies have demonstrated that host miRNAs have antiviral properties and may
enhance the treatment of individuals with COVID-19. Host miRNAs are important
regulators of virus replication and translation by binding directly to viral RNA.
Investigating the interaction between miRNA and SARS-CoV2 can reveal novel
therapeutic approaches against this virus. The study analyzed the genomes of seven
Libyan SARS-CoV?2 isolates and the Wuhan reference strain and used bioinformatics
prediction to identify human mature miRNAs that interact with the virus. The study
found that 142 lung miRNAs could interact with the viral RNA, and identified several
miRNAs with multiple binding sites, including hsa-mir-197-5p and hsa-mir-286-3p.
The study also identified miR-138-5p and miR-574-5p as potential therapeutic
targets, as they have the ability to bind to the 3'UTR of IFN and ACE2 genes in the
host cell. However, the interactions between miRNA and mRNA identified in this
study require further experimental validation to confirm their therapeutic potential.

1 Introduction

SARS-CoV?2 is an enveloped, positive-sense, single-

treatments against SARS-CoV2. MicroRNAs (miRNAS)
are small non-coding RNAs that play a crucial role in

stranded RNA virus that belongs to the family of
coronaviruses. The virus primarily infects the respiratory
tract and can cause severe respiratory illness ranging
from mild cold-like symptoms to severe acute respiratory
syndrome and death. COVID-19 has a high transmission
rate and mortality rate, making it a significant threat to
global public health. The outbreak of the novel
coronavirus disease (COVID-19) caused by (SARS-
CoV2) has rapidly spread worldwide, resulting in a
global health crisis. Despite extensive efforts by the
scientific community, there is currently no specific
treatment or vaccine available for COVID-19 (Agarwal
etal., 2015). Therefore, there is an urgent need to identify
potential therapeutic targets and develop effective

regulating gene expression in eukaryotes. Recent studies
have shown that host miRNAs can regulate the
replication and translation of viral RNA by directly
binding to viral RNA (Discovery & Alam, 2021).
Investigation into the interaction between miRNAs and
SARS-CoV2 can reveal novel therapeutic approaches
against this virus. MicroRNAs are small RNA molecules
that regulate gene expression by binding to the 3'
untranslated region (UTR) of target messenger RNAs
(mRNAS), leading to their degradation or translational
repression. Recent studies have shown that host miRNAs
can also regulate viral replication and translation by
direct binding to viral RNA in infected cells(Agarwal et
al., 2015).
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Bioinformatics prediction is a computational
approach used to predict the interaction between two or
more biological molecules, such as proteins, DNA, RNA,
and miRNA. In the case of miRNA-virus interaction,
bioinformatics prediction is used to identify potential
binding sites between host miRNAs and viral RNA
(Identify et al., 2020). The prediction is based on the
sequence complementarity between miRNA and RNA,
particularly in the seed region (positions 2-8) of the
miRNA. The seed region is the most important region of
miRNA for target recognition and binding, and it requires
perfect or near-perfect complementarity with the target
RNA to initiate the miRNA-mediated gene silencing
process (Identify et al., 2020). There are several software
programs and databases available for miRNA target
prediction, including TargetScan, miRanda, and
RNAhybrid, among others. These programs use
algorithms to predict the most likely binding sites
between miRNA and RNA based on sequence
complementarity, thermodynamic stability,
conservation, and other factors. However, it is important
to note that bioinformatics prediction is not always
accurate, and experimental validation is required to
confirm the predicted miRNA-virus interactions.

Therefore, bioinformatics prediction should be
considered as a preliminary step in identifying potential
miRNA-virus interactions, and not as conclusive
evidence of their existence(Chauhan et al., 2022; Nieto-
detal., 2021).

The genomic similarity between SARS-CoV2 and
MRNAs suggests the presence of micro-RNA binding
sites that could potentially reduce virus expression and
translation. Given the lack of specific treatments
available for COVID-19 patients, exploring the role of
cellular miRNAs in SARS-CoV2 pathogenesis could
lead to the development of promising therapeutic options.

Our study is one of the first conducted in Libya to
investigate the interaction between human miRNAs and
Libyan SARS-CoV2 isolates. However, current
treatment options for SARS-CoV-2 remain limited in
their safety and efficacy. In this study, we aimed to
identify lung epithelial miRNAs that could potentially
regulate virus replication and expression in Libyan
SARS-CoV2 isolates, as well as host miRNAs that could
regulate ACE2 and TMPRSS2.

2 Materials and Methods

2.1 Retrieving SARS-CoV2 Genome Sequences

Seven nucleotide sequences of Libyan SARS-CoV2
isolates were downloaded as FASTA files from National
Center for Biotechnology Information (NCBI), with
accession  numbers  (MWO018435, MWO018429,
MW018431, MWO018436, MWO018428, MW018434,
MW018432). These seven viral genomes were detected
in Libyan SARS-CoV2 positive nasopharyngeal samples
in June 2020 Virus strain isolated in Wuhan, China (NC-
045512.2) was also retrieved and considered as the
reference viral sequence in this study (Yao et al., 2019).

2.2 Obtaining Human miRNAs Sequences

All human mature miRNA sequences were accessed
from the miRBase database version 22.1 (Siniscalchi et
al., 2021). This study only analyzed high-confidence
mature miRNAs that have been reported to have target
binding sites or have a role in viral host interaction in
peer-reviewed original articles in previous studies.

2.3 MiRNAs Expression in Human Lung Tissue

Selected miRNAs were again filtered to analyze only
high-confidence miRNAs that express in the lung
epithelial cells which are the main target of the SARS-
CoV2. Lung micro-RNA expression data were extracted
from the Human miRNA Tissue Atlas (https:// ccb-
web.cs.uni-saarland.de/tissueatlas). This is a web-based
repository of experimental data collection by microarray
analysis for the detection of 1997 microRNAs in 61
tissue biopsies of different human organs (Young et al.,
2022).

The miRNA that was not found in Human miRNA
Tissue Atlas database, was obtained from the Cancer
Genome Atlas lung adenocarcinoma (TCGA-LUAD)
project utilizing only the matched normal tissue
specimen (Zealy et al., 2017), this database is available
from the TCGA Research Network database:
(https://portal.gdc.cancer.gov/projects/TCGA-LUDA)

2.4 RNA-RNA Interaction Analysis:

To find miRNAs that can bind to viral RNA, two
freely available online tools were used as Insilco
screening:

RNA Hybrid
(https://bibiserv.cebitec.uni-bielefeld.de/rnahybrid),
using a cut off parameter for free energy of binding (mfe)
<-25kcl/mol (Wong & Saier, 2021), and 150 binding site
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per RNApar, no other parameters were modified. The
miRNA that binds with the viral genome with 100% seed
site complementary was considered (the size of seed
7mer) from nucleotide 2 to nucleotide 8 in the 5° of
miRNA sequence.

RNA22 Version 2
(https://cm.je_erson.edu/rna22/Interactive), this
prediction tool used to identify microRNA region
elements (MREs) in the viral genome to miRNAs that
showed considered targets in the RNA hybrid tool
results. Only significant miRNA- MRE prediction
(P<0.05) with a seed size of 7 nucleotides and no
unpaired base were registered (Wong & Saier, 2021).

3 Results

3.1 Libyan SARS-CoV: lIsolates Have Numerous
Human miRNAs Binding Sites

The miRBase database version 22.1 was used to
identify human mature miRNAs with direct binding sites
on different coronavirus isolates from different
geographical regions worldwide (Table 1). Only 228 high
confidence miRNAs were identified based on the criteria
in miRBase. From these high confidence ones, 219 were
found expressed in lung epithelial cells according to the
human microRNA Atlas database and TCGA-LUAD
project. The study focused on miRNAs showing
interactions with perfect matching in the seed region with
free energy AG < 25kcal/mol. A total of 142 miRNAs
were sorted out by RNA hybrid tool. According to the
results, there were 38 miRNAs with more than three
binding sites on the seven analyzed Libyan coronavirus 2
isolates. Among them, eight showed more than 7 target
hits, namely: (hsa-mir-149-3p, hsa-mir-103-3p, hsa-mir-
4676-5p, hsa-mir-143-5p, hsa-mir-3619-5p, hsa-mir-
296-3p, hsa-mir-885-3p, hsa-mir-197-5p). Notably, the
hsa-mir-197-5p and hsa-mir-286-3p revealed the greatest
number of interactions (12 and 11 sites respectively) with
SARS-CoV?2 (table 2).

The position of binding sites on the analyzed SARS-
CoV2 for high confidence lung miRNAs was also
explored and it was noticed that the predicted targets
occurred in various locations in the genome, including
genes encoding structural proteins as well as non-
structural proteins coding genes (Nsps). In this study,
out of the four structural protein genes (E, M, N, S) in
COVID-19 genome, S gene is the most targeted gene as

it is the largest structural gene followed by N gene and
then M gene. Only one high-confidence human miRNA
(hsa-mir199a-3p) targets E gene.

Out of the 16 Nsps of SARS-CoV2, RNA hybrid tool
predicted (most targets on Nsp3 and Nsp2 then Nsp4,
Nsp6-10). No hits were predicted on Nspl, Nsp5 and
Nsps11-16; again, the numbers of targeting sites
appeared to be correlated with the gene length.

Additionally, the predicted targets of the human
miRNAs on viral genomes were not restricted to gene
bodies; three miRNA (hsa-mir-4684-3p, hsa-mir-4786-
3p and hsa-mir-3614-5p) were found targeting 5°
untranslated region with AG -27, -30.1 and -30,1
respectively. No high confidence miRNA was predicted
to target viral 3° UTR with 100% complementary in seed
site region and AG < 25 kcal/mol in this study. The target
sequence identified by two predictive tools RNA hybrid
and RNA22 were then filtered to consider only the
position targets that were validated by both tools in all
seven tested COVID strains. This selection yielded 11
high confidence lung miRNAs with more validated
targets (table 3). Four targeted (ORFlab), which
encoding 5° viral replicase, one target spike protein
which responsible for attachment to ACE2 receptor for
host cell entry, one targeted (ORF7a) which encoding
transmembrane protein involved in apoptosis induction
and five miRNA targeted N gene which responsible for
form viral nucleocapsid.

3.2 miRNAs Viral Genome Interaction and mRNA

Entry Receptor Interaction

Given that viral entry is crucial for the infectivity and
pathogenesis of SARS-CoV2, this research investigated
the ability of predicted miRNAs (53 miRNAS) that have
been reported to target the 3'UTR of host receptor
proteins ACE2 and TMPRSS, as well as their upstream
regulator IFN genes, to bind to SARS-CoV2 genomes.

Remarkably, the binding prediction tool revealed that
hsa-mir-138-5p, which can bind to the 3'UTR of the INF-
beta gene, has six binding sites on SARS-CoV2.
Additionally, hsa-mir-574-5p, which binds to the 3'UTR
of the ACE2 gene, has four binding sites in the viral
genome.
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Table (1): Description of Libyan SARS-CoV?2 isolates that analyzed in this study

Isolates Ac ches?géiaunmkb or Gender Age Origin Date spsruegfj:er
cluster
1 MW018435 F 50 Tripoli 04 June 2020 SS;
2 MWwW018429 F 35 Tripoli 19 June 2020 SS;
3 MW018431 F 40 Tripoli 15 June 2020 SS;
4 MW018436 ND ND Sabha ND SS;
5 MW018428 M 47 Tripoli ND SS;
6 MW018434 M 4 Tripoli ND SS;
7 MWwW018432 M 47 Tripoli 13 June 2020 SS;
*F: Female, M: Male, ND: no data available.
Table (2): MiRNAs with more than 3 binding site on the four SARS-CoV2 genomes
N miRNA ID Number of N miRNA ID Number of
binding sits binding sits

1 Hsa-miR-199a-3p 5 20 Has-miR-365a-5p 6

2 Hsa-miR-93-5p 5 21 Has-miR-550a-5p 4

3 Hsa-miR-135a-3p 4 22 Has-miR-3065-3p 4

4 Hsa-miR-3619-5p 9 23 Has-miR-3130-3p 4

5 Hsa-miR-330-3p 5 24 Has-miR-4676-5p 8

6 Hsa-miR-103a-3p 8 25 Has-miR-4687-5p 4

7 Hsa-miR-3189-3p 4 26 Has-miR-17-5P 5

8 Hsa-miR-17-3p 5 27 Has-miR-214-3p 4

9 Hsa-miR-3194-5p 5 28 Hsa-miR-197-5p 12

10 Hsa-miR-29¢c-3p 5 29 Has-miR-5001-3p 7

11 Hsa-miR-4684-3p 4 30 Hsa-miR-494-5p 6

12 Hsa-miR-29a-3p 5 31 Has-miR-15b-5p 5

13 Hsa-miR-143-5p 9 32 Hsa-miR-323b-5p 7

14 Hsa-miR-4786-3p 6 33 Hsa-miR-296-3p 11

15 Hsa-miR-6834-5p 4 34 Hsa-miR-323b-5p 7

16 Hsa-miR-760 5 35 Hsa-miR-296-3p 11

17 Hsa-miR-107 7 36 Hsa-miR-885-3p 11

18 Hsa-miR-574-5p 4 37 Hsa-miR-149-3p 8

19 Has-miR-29b-3p 5 38 Has-miR-138-5p 6
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Table (3): MiRNAs that binds in the same position in the two prediction tools

Mfe And
Human miRNA | Target position P-value Lung repression MiRNA-mRNA paring
(RNA hybrid) copy per million
Has-miR-4676-5p 4762 -27.7 AAACCATCTCACTTGCTGGTTC
P=0.05 20,31631 (1 <[
AGTGACAGAGTGG-TGACCGAG
AACTGC-ACCTC--ATGGTCA
Has-miR-4687-5p 440 -30.0 16228,47 (TTITEREl
P=0.03 CGGACGGGGGAGGTTGTCGGT
ATATGTATTGTTCTTTCTACCCT
Has-miR-197-5p 3010 -31.7 29739 SN
P =0.007 GGAGGGTGACGGGAGAGATGGG
C
TGGAAAAACTCAAAACACTAGTT
Has-miR-138-5p 23100 258 3.23564 (I WITRTE
P =0.05 GCCGGACTAAGTGTTGTGGTCGA
TAACACTT-TGC-TTCACACTCA
Has-miR574-5p 27719 -25.1 2494,975 M=
P =0.004 TGTGTGAGTGTGTGTGTGTGAGT
GTGGTCCAGAACAAACCCAAGGA
Hsa-miR-3189-3p 29099 -26.4 7.56629 [ I
P=0.05 GATGGGGT--AGTCTGGGTTCCC
Hsa-miR-3619-5p 29440 -25.3 3,82595 ACTGTTACTCTTCTTCCTGCTGC
P=0.01 (11 <A
CGACG-TGGTCGGACGGACGACT
Hsa-miR-514a-3p 2499 -26.6 0,20335 ACTTCCCACAGAAGTGTTAAC
P =0.001 [ TNI:
AGATGAGTGTCTTCACAGTTA
Hsa-miR-502-5p 28436 2,45825 AAATTCCCTCGAGGACAAGGCGT
26.3- T
P =0.008 M1 e
TGCCAGGATGT--GAGTTCCGTAC
Hsa-miR-4684-3p 29476 258 4,00759 ATTTCTCCAAACAATTGCAACA
o 1] L
P=005 TGCAGAGGTGGCTGAACGTTGT
Hsa-miR-219a-1-3p 29506 6.1 1,064817 ATGAGCAGTGCTGACTCAACTCA
- LTI
P=0.05 GCCCTG-CAGGTCTGAGTTGAGA

4  Discussion

The potential role of miRNAs in regulating host-virus
interactions during infections. Host cells can use
miRNAs to limit viral replication by targeting viral
genomes or transcripts directly or indirectly by
modulating host factors involved in the immune
response. However, long-standing viral infections can

lead to a balance between host and virus, where viruses
adapt to coexist with host cells by utilizing mRNA
machinery. For example, in HBV infection, the virus-
encoded HBx protein up-regulates the expression of
miR-125, which inhibits viral replication and allows the
virus to evade immunoreceptors and keep host cells alive
(Shimakami et al., 2012).
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In the case of SARS-CoV2, several studies have
predicted cellular miRNAs targeting the viral genome,
but few have had experimental validation (Hardin &
Xiao, 2022; Li et al., 2022). This study focused on high-
confidence lung miRNAs interacting with Libyan SARS-
CoV2 isolates using bioinformatics prediction. The study
identified several miRNAs with multiple binding sites,
suggesting that these miRNAs may be sequestered during
SARS-CoV2 replication, leading to a reduction in their
availability, which could disrupt normal pathways
regulated by the mRNA (Li et al., 2022).

The study identified several miRNAs that may have
potential therapeutic applications, including miR-197-
5p, which has been associated with defense mechanisms
against certain viruses and has been reported to play a
vital role either as an oncogene or tumor suppressor in
different cancers (Jain et al., 2019). MiR-138-5p was
predicted to target the IFN beta and ACE genes, and it
has experimental evidence of having an antiviral role
during HIV infection and acting as a tumor suppressor
gene for many types of cancers (Xu et al., 2020).
Additionally, miR-138-5p targets the EZH2 gene, whose
inhibition induces a potent antiviral state and suppresses
infection by DNA and RNA viruses.

5 Conclusions

The study found that several lung miRNAs, including
has-mir-138-5p and has-mir-197-5p, have the potential to
interact with Libyan SARS-CoV2 genomes, with miR-
138 also having a potential role in regulating ACE2
expression. However, further in-vitro and in-vivo
experiments are needed to validate the potential antiviral
activity of these miRNAs.

Disclaimer: The article has not been previously
presented or published and is not part of a thesis project.

Conflict of Interest: There are no financial, personal, or
professional conflicts of interest to declare.
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