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ABSTRACT: The World health organization (WHO) declared Coronavirus disease 2019 (COVID-19) a global
pandemic and a severe public health crisis. Drastic measures to combat COVID-19 are warranted due to its
contagiousness and higher mortality rates, specifically in the aged patient population. At the current stage, due
to the lack of effective treatment strategies for COVID-19 innovative approaches need to be considered. Itis well
known that host cellular miRNAs can directly target both viral 3'UTR and coding region of the viral genome to
induce the antiviral effect. In this study, we did in silico analysis of human miRNAs targeting SARS (4 isolates)
and COVID-19 (29 recent isolates from different regions) genome and correlated our findings with aging and
underlying conditions. We found 848 common miRNAs targeting the SARS genome and 873 common micr oRNAs
targeting the COVID-19 genome. Out of a total of 848 miRNAs from SARS, only 558 commonly present in all
COVID-19 isolates. Interestingly, 315 miRNAs are unique for COVID-19 isolates and 290 miRNAs unique to
SARS. We also noted that out of 29 COVID-19 isolates, 19 isolates have identical miRNA targets. The COVID-
19 isolates, Netherland (EPI_ISL_422601), Australia (EPI_ISL_413214),and Wuhan (EPI_ISL_403931) showed
six, four, and four unique miRNAs targets, respectively. Furthermore, GO, and KEGG pathway analysis showed
that COVID-19 targeting human miRNAs involved in variousage-related signaling and diseases. Recent studies
also suggested that some of the human miRNAs targeting COVID-19 decreased with aging and underlying
conditions. GO and KEGG identified impaired signaling pathway may be due to low abundance miRNA which
might be one of the contributing factors for the increasing severity and mortality in aged individuals and with
other underlying conditions. Further, in vitro and in vivo studies are needed to validate some of these targets and
identify potential therapeutic targets.
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Novel Coronavirus was identified near the end of 2019,
presenting with a spectrum of symptoms including febrile
illness, cough, severe pneumonia, and in some patients,
death. The pathogen is now widely called Coronavirus
disease 2019 (COVID-19) and has rapidly turned into a
global pandemic since originally being identified in
Wuhan, China. Coronaviridae is the family of single-

stranded (+ssRNA), pleomorphic, enveloped RNA viruses
that consists of the Coronavirus genus [1]. COVID-19 is
also referred to as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) due to the genomic and
symptomatic similarities with the SARS-CoV that caused
an epidemic in 2002-2004 [2]. SARS-CoV-2 is
predominantly spread by person-to-person contact via
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virally loaded respiratory droplets [3]. However, the
transmission may also occur by touching contaminated
surfaces and subsequently touching one's eyes, nose, or
mouth [4, 5]. The incubation period, the period before the
first symptoms present itself, is on average of 4-5 days,
with 95% presenting within 12.5 days [6,7].

The World Health Organization (WHO) reported
2,920,905 confirmed infected, and 203,269 COVID-19
related deaths globally as of April 25th, 2020 [8]. Drastic
measures to combat SARS-CoV-2 are warranted due to its
contagiousness, viability, and higher death toll compared
to its predecessor SARS-CoV. Although SARS-CoV had a
significantly higher case-fatality (around 10%) [9], the
virus was not viable enough to remain in the human
population and never spread in the United States and other
countries like SARS-CoV-2 [10]. SARS-CoV-2, on the
other hand, appears to rapidly spread, which is contributing
to its global spread and a significantly higher number of
cases.

Severe and critical cases of COVID-19
disproportionately affect middle-aged and older/aged
populations, with increased mortality in aged adults [11].
Iliness severity ranges from asymptomatic, mild, severe,
and critical. Mild illness is characterized as no to mild
pneumonia [11]. The severe disease presents with
dyspnea, hypoxia, or >50% lung involvement, and critical
illness occurs when there is respiratory failure, shock, or
multiorgan failure [11]. The Centers for Disease Control
and Prevention (CDC) and the WHO estimate the mortality
rates of SARS-CoV-2 to be around 3.4% and case fatality
rates (CFR) may increase up to 10-27 % in individuals 80

years old or older [8, 12]. SARS-CoV-2 is a novel virus,
and very little is known about it. In such a scenario, it is
crucial to understand the COVID-19 pathobiology to
identify the innovative treatment strategy. Our laboratory
and others have reported that miRNAs play a critical role
in age-related complications [13-16].

MiRNAs play a vital role in the pathogenesis of
various diseases, including viral infections, disease
progression, and inhibition [17-23]. MicroRNAs are small
noncoding RNAs, bind to 3'UTR of mRNA, and inhibit
translation or induce degradation of mRNAs [19, 21, 23].
Recent studies suggested that host cellular miRNAs can
directly target both viral 3’°UTR and coding region of the
viral genome to induce antiviral effect [19, 21, 23]. For
example, the number of groups previously reported that
host miRNAs (miR-323, miR-491, miR-485, miR-654, and
miR-3145) bind to influenza PB1 gene coding region,
degrade RNA and inhibit viral translation and reduce the
accumulation of viral particles [19, 24, 25]. Furthermore,
the host cellular miRNA-29a inhibit Human
immunodeficiency virus type 1 (HIV-1) nef protein
expression and thus, inhibit viral replication [26]. On the
contrary, some groups also suggested the positive effect of
host miRNAs on viral replication. For example, miR-122
binding to 3’ and 5° UTR of hepatotropic virus RNA and
increase viral RNA stability leads to viral propagation [18,
20, 22]. Based on the above reports, we did in silico
analysis of miRNAs targeting SARS and COVID-19
(recent isolates from different regions) to understand the
pathophysiology and identify novel therapeutic targets.

Table 1. Details of SARS and COVID-19 isolates from different geographic locations, sequence length, and the

numberof human miRNA targets.

Virustype GenBank ID Location Month and year of Sequence Length Number of miR
isolates/sequenced (Nucleotides) Targets
SARS AY338175.1 Taiwan July 2003 29573 855
SARS AY348314.1 Taiwan July 2003 29573 855
SARS AY291451.1 Taiwan July 2003 29729 858
SARS NC_004718.3 Canada April 2003 29751 857
COVID-19 EPI_ISL_406798 Wuhan/China December 2019 29866 893
COVID-19 EPI_ISL_403929 Wuhan/China December 2019 29890 900
COVID-19 EPI_ISL_402121 Wuhan/China December 2019 29891 898
COVID-19 EPI_ISL_402123 Wuhan/China December 2019 29899 900
COVID-19 EPI_ISL_403931 Wuhan/China December 2019 29889 903
COVID-19 EPI_ISL_403930 Wuhan/China December 2019 29899 899
COVID-19 NC_045512.2 Wuhan (China) January 2020 29903 900
COVID-19 MTO007544.1 Australia January 2020 29893 902
COVID-19 EPI_ISL_406862 Germany January 2020 29782 896
COVID-19 EPI_ISL_403962 Thailand January 2020 29848 897
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COVID-19 EPI_ISL_412974 Italy January 2020 29903 900
COVID-19 EPI_ISL_407893 Australia January 2020 29782 898
COVID-19 EPI_ISL_406223 Arizona/USA January 2020 29882 900
COVID-19 EPI_ISL_406597 France January 2020 29809 901
COVID-19 EPI_ISL_420799 S. Korea February 2020 29882 901
COVID-19 EPI_ISL_413214 Australia February 2020 29782 899
COVID-19 EPI_ISL_419211 Isreal February 2020 29851 897
COVID-19 MT050493.1 India Fenruary 2020 29851 895
COVID-19 MT066176.1 Taiwan February 2020 29870 900
COVID-19 EPI_ISL_418001 Portugal March 2020 29763 895
COVID-19 EPI_ISL_417507 USA March 2020 29782 898
COVID-19 MT159718.1 USA (Cruise A) March 2020 29882 900
COVID-19 MT126808.1 Brazil March 2020 29876 900
COVID-19 EPI_ISL_428847 Singapore April 2020 29888 900
COVID-19 EPI_ISL_426565 Arizona/USA April 2020 29882 897
COVID-19 EPI_ISL_420144 Georgia April 2020 29833 900
COVID-19 EPI_ISL_427391 Turkey April 2020 29895 899
COVID-19 EPI_ISL_429223 Switzerland April 2020 29894 895
COVID-19 EPI_ISL_422601 Netherland April 2020 29775 902

MATERIALS AND METHODS

Viral genome sequence retrieval, homology, and
phylogenetic analyses

The complete genome sequences of the SARS and
COVID-19 isolates were retrieved from the GenBank
database. We retrieved four SARS and 29 COVID-19
sequences from NCBI and GISAID for for homology and
phylogenetic analysis. Details of sequence identification
are summarizing in Table 1. The sequences were aligned
using the Multiple Sequence Alignment tool at Clustal
Omega 1.2.3 on Geneious Prime 2020.1.1. The
phylogenetic alignment tree generated using the neighbor-
joining method.

COVID-19 genome and human MiRNA target analysis

As previously mentioned above, miRNAs are known to
target 3'UTR and coding sequences and prevent mRNA
translation or degrade RNA. Keeping this in
consideration, we used the whole viral genome sequence
for miRNA target analysis. We used miRDB
(http://www.mirdb.org/) software to identify novel human
miRNAs targeting the COVID-19 viral genome [27, 28].
Furthermore, we used this data to correlate with the
existing literature.

GO, and KEGG pathway analysis

Gene Ontology (GO) and KEGG signaling pathway
analyses were performed on human microRNAs targeting
the COVID-19 genome using DIANA-miRPath v 3.0
(http://diana.imis.athena-innovation.gr/DianaTools/
index.php) [29]. We used miRNAs with a target score
above 90 because these miRNAs have high probability of
being real targets [27, 28].

RESULTS

Viral genome sequence homology and phylogenetic
analyses

The sequences of the COVID-19 isolates have been
stored, compiled, and analyzed by various sources; one of
the major resources for these sequences has been the
Global Initiative on Sharing All Influenza Data
(GISAID), which is a public-private initiative initially
made for sharing sequences of influenza data. The
organization provides a complete daily analysis of the
viruses uploaded by the various researchers across the
Globe. The COVID-19 belongs to a family of RNA
viruses, which are very stable, unlikely other RNA viruses
common to us, such as Human Immunodeficiency Virus
(HIV), and Foot and Mouth Diseases Virus (FMDV).
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Table 2. Sequence homology between the SARS and COVID-19 isolates from different geographic locations.
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However, GISAID showed a constant driftin the COVID-
19 population-based upon three specific mutations in its
genome. To assimilate different sequences, we chose 29
genome sequences of COVID-19 from five continents
covering 17 countries (Table 1). To gather the most
diverse sequences, we collected these sequences based
upon their date of isolation. Among 29 viral sequences,
six isolated in 2019, and the remaining 23 were isolated at
different months of 2020 from January to April (Table 1).
These 29 COVID-19 sequences were compared with the
four SARS genome sequences to evaluate the differences
between the COVID-19 and SARS and among different
isolates of COVID-19. The sequences were analyzed
using Geneious Prime 2020.1.1. The data suggested the
SARS genomes are approximately 78.7% similar to the
COVID-19 sequences (Table 2). All 29 sequences of

EPI_ISL_418001
EPI_ISL 420144
EPI_ISL_429223
EPI_ISL_422601

EPILISL_427391

COVID-19 are very similar (99.9% - 100% sequence
similarity). Phylogenetic analysis showed that COVID-19
is closely related to SARS isolates but still genetically
different (Fig. 1). All 29 COVID-19 isolates are close to
each other with little change in sequence. Since variability
among different COVID-19 isolates was minimal, we
calculated the number of different individual nucleotides
in each COVID-19 isolates that revealed a total nucleotide
difference among these COVID-19 is from 1-55
nucleotides in the entire genome of approximately 29kb
(Supplementary Table 1). The most diverse sequence that
has a difference of 55 nucleotides were between the
isolates from Australia (MT007544.1) and Turkey
(EPI_ISL_427391) isolated in 2019 and April 2020,
respectively (Fig. 1 & Table 2, Supplementary Table 1).
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Figure 1. Phylogenetic analysis of Coronavirus isolates from different geographic locations. The phylogenetic analysis shows
sequence relatedness among COVID-19 isolates (blue) and SARS isolates (black).
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Table 3. List of human miRNAs with higher target score (above 94), the number of binding sites, and miRNAs seed

binding site on COVID-19 isolates.

Number of Sites and Seed locations of miRNAs and COVID-19 genome binding sites
16 SITES (3163, 5384, 8458, 8614, 13090, 14562, 14781, 19857, 24094, 24634, 25683, 26723,

(Note: miR-15b-5p, and miR-15a-5p have same target site)

miRNAS Target Score
miR-15b-5p 99
miR-15a-5p 28921, 28935, 28938, 29023)
miR-548c-5p 97

21886, 23026, 25807)
miR-548d-3p 94

26653)
miR-409-3p 96

29694)
miR-30b-5p 95

27955, 28140)
miR-505-3p 95

MicroRNAs targeting SARS and COVID-19 genome

As we mentioned above, we performed miRNA analysis
on the whole genome of SARS and COVID-19 due to the
efficiency of miRNAs targeting both 3'UTR and coding
region. Our analysis found some interesting results. We
found 848 common miRNAs targeting the SARS genome
(four isolates, NC 004718.3, AY291451, AY338175,
AY348314) and 873 common microRNAs targeting the
29 isolates of COVID-19 genome (Supplementary Table
2). Out of a total of 848 miRNAs from SARS, only 558
commonly present in all COVID-19 isolates (Fig. 2,
Supplementary Table 2). Interestingly, 315 miRNAs are

15 SITES (2733, 4025, 4531, 6783, 7774, 9508, 10962, 11641, 11672, 12950, 13644, 20196,

13SITES (6960, 7245, 7272, 8927, 11540, 13459, 15517, 15814, 18367, 21100, 22217, 22583,

12 SITES (4990, 8386, 11785, 12403, 12525, 17285, 19760, 19803, 20759, 20829, 28767,
14 SITES (3451, 4974, 7939, 9354, 10426, 11657, 16863, 19567, 19710, 20069, 20360, 26729,

11 SITES (152, 8488, 10609, 10792, 14208, 15648, 17580, 18123, 18156, 18612, 18906)

unique for COVID-19 isolates and 290 miRNAs unique
to SRAS (Fig. 2). Furthermore, the COVID-19 targeting
miRNAs with a higher target score (above 94) showed
more than ten target sites and maximum complementary
mMiRNA-RNA seed paring (~6-8 nucleotide seed base
pairing) (Table 3). We also noted that out of 29 COVID-
19 isolates, 19 have identical miRNA targets (Table 4).
Ten isolates have unique miRNAs targets. Among ten
isolates, Netherland (EPI_ISL_422601), Australia
(EPI_ISL_413214), and Wuhan (EPI_ISL 403931)
showed six, four, and four uniqgue mMiRNAs targets
respectively. The detail is given in the table (Table 4).

Table 4. Summary of important findings on human miRNAs targeting SARS and COVID-19 genome.

Serial. No
848 miRNAs are common in SARS
873 miRNAs are common inCOVID-19

315 miRNAs are unique to COVID-19
290 miRNAs are unique to SARS

O 0O N O O hWIN P

N I
B W N RO

4304)

=
[(8)]

892c-5p)

=
(e}

3p, hsa-miR-381-3p, hsa-miR-300)

Important findings on human miRNAs targeting Coronavirus

558 miRNAs are common between SARS and COVID-19

10 COVID-19isolates have some unique miR targets

MT050493.1 (India): 1 unique miRNA (hsa-miR-449c-3p)

MTO007544.1 (Australia): 2 unique miRNAs (hsa-miR-4538, hsa-miR-4453)

EPI_ISL_402121 (Wuhan/China): 1 unique miRNA (hsa-miR-5590-5p)

EPI_ISL_402123 (Wuhan/China): 1 unique miRNA (hsa-miR-106a-3p)

EPI_ISL_420799 (South Korea): 1 unique miRNA (hsa-miR-4641)

EPI_ISL_427391 (Turkey): 1 unique miRNA (hsa-miR-496)

EPI_ISL_429223 (Switzerland): 1 unique miRNA (hsa-miR-146b-3p)

EPI_ISL_403931 (Wuhan): 4 unique miRNAS (hsa-miR-4474-3p, hsa-miR-6762-3p, hsa-miR-10401-5p, hsa-miR-

EPI_ISL_413214 (Australia): 4 unique miRNAs (hsa-miR-5088-5p, hsa-miR-9900, hsa-miR-3677-5p, hsa-miR-

EPI_ISL_422601 (Netherland): 6 unique miRNAs (hsa-miR-4666a-3p, hsa-miR-98-3p, hsa-let-7b-3p, hsa-let-7a-
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Table 5. Human miRNAs targeting the COVID-19 genome regulating KEGG pathway.

KEGG pathway p-value #genes  #miRNAs
Proteoglycans in cancer 5.75E-08 145 76
Hippo signaling pathway 1.04E-07 113 74
Arrhythmogenic right ventricular cardiomyopathy (ARVC) 6.54E-07 57 72
Adherens junction 6.54E-07 62 75
Renal cell carcinoma 2.40E-06 56 74
Wnt signaling pathway 2.99E-06 107 76
Fatty acid biosynthesis 1.25E-05 9 50
ECM-receptor interaction 1.25E-05 56 70
Axon guidance 1.58E-05 94 75
FoxO signaling pathway 4.68E-05 100 76
Ubiquitin mediated proteolysis 5.75E-05 102 76
Pathways in cancer 6.76E-05 275 76
ErbB signaling pathway 8.02E-05 66 75
Pancreatic cancer 0.000165 53 73
TGF-beta signaling pathway 0.000234 57 73
Focal adhesion 0.000234 147 74
Rap1signaling pathway 0.000234 148 76
Gap junction 0.000753 64 76
Long-term depression 0.000962 45 73
N-Glycan biosynthesis 0.001119 33 69
Prion diseases 0.001166 20 66
Endocytosis 0.001469 140 75
Fatty acid metabolism 0.001547 31 69
Endometrial cancer 0.001567 41 72
Signaling pathways regulating pluripotency of stem cells 0.001567 99 76
Prostate cancer 0.001769 66 75
Colorectal cancer 0.002458 49 72
Cell cycle 0.002703 89 73
PI3K-Akt signaling pathway 0.002703 225 76
Melanoma 0.00405 54 73
Circadian rhythm 0.00591 26 70
Prolactin signaling pathway 0.006364 50 75
Adrenergic signaling in cardiomyocytes 0.006716 97 77
Glycosaminoglycan biosynthesis - heparan sulfate / heparin 0.006964 17 62
Dorso-ventral axis formation 0.011682 23 73
AMPK signaling pathway 0.012171 87 75
Glioma 0.012308 45 72
Tight junction 0.012616 98 76
Thyroid hormone signaling pathway 0.01495 79 72
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Figure 2. Common and different human miRNAs targeting
SARS and COVID-19 isolates from different geographic
locations.

GO and KEGG pathway analysis of miRNAs targeting
COVID-19

To identify the functional relevance of human miRNAs
targeting COVID-19, we performed Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway annotation and
GO analysis. The KEGG annotation analysis data reveal
that these miRNAs plays important in various Cancer
signaling (e.g Renal, Pancreatic, Prostate, Colorectal,

0.01495 63 73
0.01495 79 75
0.01495 145 76
0.016507 33 66
0.016687 45 72
0.016687 79 76
0.016687 77 76
0.01713 64 74
0.01833 112 75
0.018745 166 7
0.01925 51 74
0.022066 65 76
0.023522 59 73
0.026352 48 73
0.027342 15 49
0.031797 45 70
0.037298 139 75
0.038084 112 74
0.038084 130 76
0.038084 104 77
0.039424 12 23
0.04664 46 70
0.04852 68 76

Melanoma ), Hippo signaling pathway, cardiomyopathy,
Whnt signaling, Circadian rhythm, stem cell signaling,
Adrenergic signaling in cardiomyocytes and number of
other signaling pathways (Table 5). GO analysis data
showed more than 72 biological processes were
associated with the miRNAs targeting COVID-19 (Table
6). The biological processes such as organelle, ion
binding, cellular, biosynthesis process, protein complex,
immune response, and viral process are regulated by
human miRNAs targeting the COVID-19 genome.
Details of KEGG annotation and GO analysis are shown
in Table 5, and Table 6, respectively.

DISCUSSION

Host cellular miRNAs are known to play an antiviral role
in the number of published studies [18-23]. In this study,
we performed in silico analysis of human cellular
miRNAs targeting SARS and COVID-19 (isolates)
genome and identified some novel miRNAs. We
identified number (558) of common human cellular
miRNAs targeting both SARS and COVID-19 genome.
Top 10 common miRNAs have a target score of >95
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(target score between 99-95), and each miRNA contains
more than at least ten sites in the targeting viral genome
(Table 3), indicating possible antiviral property for
coronavirus infection (for both SARS and COVID-19). It
will be interesting to verify these miRNA in-vitro and in-
vivo animal models to use as a therapeutic target in the
future. Cocktail of multiple miRNAs mimics through the
intranasal route will be useful in coronavirus infection.
These human miRNAs targeting coronavirus can be
useful to combat any future outbreaks. In a previous
report, host cellular miRNAs-181 binds to the ORF-4

region at the viral genome of porcine reproductive and
respiratory syndrome virus (PRRSV) to inhibit its
replication [17]. One step further, Guo et al. (2013)
delivered intranasal inhalation of miR-181 mimics to slow
down the progression of PRRSV in an experimental
porcine model [17]. Another study used intranasal
inoculation of miR-130 mimic to protect piglets from
lethal challenge of PRRSV [30]. Similarly, the intranasal
administration of chemically modified five miRNA
mimics protected mice from HIN1 viral infection [31].

Table 6. Human miRNAs targeting the COVID-19 genome regulating GO pathway.

GO Category p-value #genes #mMIRNAS
organelle 1.26E-49 980 64
ion binding 5.53E-28 611 64
cellular nitrogen compound metabolic process 1.82E-23 474 63
biosynthetic process 1.36E-13 388 42
neurotrophin TRK receptor signaling pathway 7.06E-13 44 44
protein binding transcription factor activity 1.83E-12 75 29
Fc-epsilon receptor signaling pathway 5.76E-12 32 24
protein complex 6.82E-11 385 64
gene expression 4.82E-10 70 35
cellular protein modification process 7.10E-10 232 41
molecular_function 7.10E-10 1552 66
extracellular matrix disassembly 1.72E-09 26 14
viral process 1.82E-09 60 49
symbiosis, encompassing mutualism through parasitism 1.82E-09 66 49
small molecule metabolic process 4.04E-09 229 57
catabolic process 1.70E-08 197 58
collagen catabolic process 3.52E-08 22 12
cellular componentassembly 5.85E-08 141 36
cellular_component 7.90E-08 1559 66
macromolecular complex assembly 1.77E-07 101 36
blood coagulation 8.36E-07 55 26
nucleic acid binding transcription factor activity 1.97E-06 107 38
cytosol 3.58E-06 267 57
protein complex assembly 4.08E-06 88 48
epidermal growth factor receptor signaling pathway 1.64E-05 31 23
enzyme binding 1.92E-05 130 51
extracellular matrix organization 2.18E-05 51 21
nucleoplasm 2.49E-05 122 56
cellular protein metabolic process 3.33E-05 49 29
xenobiotic metabolic process 4.07E-05 23 21
immune system process 4.82E-05 160 36
Aging and Disease * Volume 11, Number 3, June 2020 517
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nucleobase-containing compound catabolic process 6.69E-05 92 53
endoplasmic reticulum lumen 0.000154305 29 16
response to stress 0.000159934 210 39
innate immune response 0.000224462 80 28
microtubule organizing center 0.000453748 56 43
Fc-gamma receptor signaling pathway involved in phagocytosis 0.00093232 12 17
toll-like receptor TLR1:TLR2signaling pathway 0.001615504 11 15
toll-like receptor TLR6:TLR2signaling pathway 0.001615504 11 15
fibroblast growth factor receptor signaling pathway 0.001615504 26 23
mitotic cell cycle 0.001685088 39 45
glutathione derivative biosynthetic process 0.001906053 7 12
DNA metabolic process 0.00191818 79 34
biological_process 0.00191818 1484 66
phosphatidylinositol-mediated signaling 0.002737027 20 22
toll-like receptor 2 signaling pathway 0.005968204 12 17
cytoskeleton-dependent intracellular transport 0.007263134 17 15
toll-like receptor 4 signaling pathway 0.007263134 14 17
membrane organization 0.007346668 56 45
cellular responseto jasmonic acid stimulus 0.007563711 3 1

cell motility 0.008091976 60 31
G2/M transition of mitotic cell cycle 0.010059905 20 36
cell-cell signaling 0.010959215 65 31
platelet degranulation 0.011941199 11 15
protein N-linked glycosylation via asparagine 0.012823473 14 14
homeostatic process 0.013223078 81 27
post-translational protein modification 0.013916886 18 20
toll-like receptor 10 signaling pathway 0.015857167 9 14
cell death 0.015857167 85 25
substrate-dependent cell migration, cell extension 0.018717628 5 9

nervous system development 0.019812789 51 26
toll-like receptor 9 signaling pathway 0.021790835 10 16
RNA binding 0.021790835 168 42
platelet activation 0.023223454 22 20
extracellular matrix structural constituent 0.034117778 16 4

transcription coactivator activity 0.034117778 41 23
cytoskeletal protein binding 0.036370846 71 34
toll-like receptor 5 signaling pathway 0.039177086 9 14
axon guidance 0.040371436 49 21
cAMP metabolic process 0.043778349 3 9

TRIF-dependent toll-like receptor signaling pathway 0.045227284 9 14
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Table 7. List of selected human miRNAs targeting the COVID-19 genome down-regulated with age

and underlying conditions.

miRNA Decrease Expression in age related diseases (Human)
miR-15b-5p Coronary Artery Disease
miR-15a-5p Kidney disease
miR-548¢-5p Colorectal Cancer
miR-548d-3p Osteosarcoma
miR-409-3p Osteosarcoma
miR-30b-5p Plasma (Aging)
miR-505-3p Prostate cancer
miR-520c-3p Obesity/diabetes
miR-30e-3p Myocardial Injury
miR-23c Hepatocellular carcinoma
miR-30d-5p Non-small cell lung cancer
miR-4684-3p Colorectal cancer
miR-518a-5p Gastrointestinal tumors

In humans, coronavirus infection is pervasive and
usually causes common cold-like symptoms, but some of
them can lead to serious illness. Previous coronavirus
outbreak in 2002, known as SARS-CoV spread
worldwide but was contained quickly [9]. On the other
hand, the current coronavirus (COVID-19) is highly
contagious and spread worldwide rapidly and became a
global pandemic [8,11]. It will be interesting to know
what separates these two viruses based on the genomic
sequence. Ours (Table 2 and Fig. 1) and other data [32-
34] of SARS-CoV and COVID-19 genome sequence
analysis showed sequence homology of around ~78.7%,
which was obvious, but our miRNA target scan data
showed striking results. We found considerable changes
in the number of human miRNAs targeting SARS-CoV
(848 miRNAs) and COVID-19 (~873 miRNAsS).
Moreover, we also found unique miRNAs for SARS-CoV
(290 miRNAs) and COVID-19 (315 miRNAs) isolates. At
nucleotide (Table 2) and phylogenetic levels (Fig. 1), both
viruses look closely related, but host cellular miRNAs
target comparison differences are much more significant.
This might be one of the reasons for COVID-19 to
increase infectivity and easy viral propagation compared
to SARS-CoV. The COVID-19 recent isolates (twenty-
nine different isolates) are closely related at nucleotide,
phylogenetic (Fig. 1 and Table 2), and host cellular
miRNAs target level (Fig. 2 and Supplementary Table 2).
The Netherland (EPI_ISL_422601), Australia
(EP1_ISL_413214), and Wuhan (EPI_ISL_403931)
isolates have more mutation and few different host
cellular miRNAs targeting sites compared to other 26
COVID-19 isolates (Table 4). In our study, we used 29

Reference

Zhu et al 2017 [37]
Shang et al 2019 [38]
Peng et al 2018 [49]
Chen et al 2019 [50]
Wu et al 2019 [51]
Hatse et al 2014 [52]
Tang etal 2019 [53]
Ortega et al 2013 [39]
Wang et al 2017 [40]
Zhang et al 2018 [41]
Gao et al, 2018 [42]
Wau et al, 2015 [43]
Shi et al, 2016 [44]

isolates from different geographical reagion, which
informs that COVID-19 nucleotide sequences and thus
the human miRNAs target sites are not changing among
the isolates/viruses (Table 4). In most of the COVID-19
cases, the virus entered a country from different
geographical locations. At the time of writing this paper,
only the USA and China had sequenced multiple viruses
isolates from a different region. There is a need to
sequence more of the COVID-19 viral genome from
different parts of each country before coming to any
conclusion.

The most important and striking feature of COVID-
19 is the increased case fatality rate in aged individuals.
The CDC reports 45% of cases requiring hospitalization
are patients >65 years old [12]. Furthermore, 80% of
COVID-19 related deaths occur in these patients (=65
years old) [12]. Moreover, individuals with underlying
conditions such as cardiovascular, chronic lung disease,
diabetes, kidney, liver diseases, and cancer are at higher
risk for severe illness and mortality. On the contrary, <1%
mortality is observed in patients between 20-54 years of
age or younger [12]. Based on miRNA target analysis and
published literature, we hypothesized that the COVID-19
genome replicates and propagates viral particles easily in
the aged individuals compared to younger due to the
overall low abundance of miRNA expression with age.
Recent human studies reported that the overall expression
of miRNAs levels goes down with age [16, 35, 36]. For
example, Huan et al. (2018) reported that 81% (103
miRNAs) microRNAs were negatively, and 19% (24
miRNAS) positively correlated with age in human
peripheral blood [36]. We speculate that in younger
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individuals with COVID-19 infection, host cellular
miRNASs bind to the complementary site of the viral RNA
genome and prevent its replication; however, in an aged
individual, this mechanism is not that efficient leads to
accumulation of viral particle and severe illness. This
might be true for underlying conditions as well. Some of
the miRNAs targeting the COVID-19 genome showed
low abundance (down-regulated) with some underlying
conditions (Table 7). For example, miR-15b-5p
(Coronary artery disease) [37], miR-15a-5p (Kidney
disease) [38], miR-520c-3p (obesity/diabetes) [39], miR-
30e-3p (Myocardial Injury) [40], miR-23c (hepatocellular
carcinoma) [41], miR-30d-5p (non-small cell lung
cancer) [42], miR-4684-3p (colorectal cancer) 43], and
miR-518a-5p (Gastrointestinal stromal tumors) [44]
down-regulated in pathophysiological condition.

To identify the biological relevance of COVID-19
targeting human cellular miRNAs, KEGG pathway
annotation, and GO analysis was performed on target gene
pools. KEGG annotation data showed that COVID-19
targeting human miRNAs plays an important role in
various cancer signaling, Hippo signaling pathways,
cardiac (e.g cardiomyopathy, Adrenergic signaling in
cardiomyocytes), cell cycle, FoxO and number of other
signaling pathways (Table.5). Furthermore, GO pathway
annotation analysis showed that the COVID-19 targeting
human miRNAs involved in important signaling
dysregulated during age-related complications, such as
biosynthesis, metabolic, cellular protein modification, and
cellular component assembly. Most importantly, we also
found that signaling related to immune response, Fc-
epsilon receptor signaling pathway, viral process, and
symbiosis, encompassing mutualism through parasitism
signaling affected by the COVID-19 targeting human
cellular miRNAs (Table.6). The signaling mentioned
above is important to fight against viral infections [45-48].
Both KEGG and GO pathway analysis revealed that
COVID-19 targeting human cellular miRNAs are
involved in the number of age-related complications.
Impaired GO and KEGG pathways may be due to low
abundance miRNA and might be one of the contributing
factors for the increasing severity and mortality of the
COVID-19 infection in aged individuals and with other
underlying conditions.

The dual role of host cellular miRNAs cannot be
denied in the viral replication or inhibition. Host mMiRNAs
can have both functions, antiviral, which is beneficial to
host, or miRNA-viral genome interaction can increase
stability and beneficiary for viral propagation [18, 20, 22].
In a viral infection, we hypothesized that host cellular
miRNAs predominantly have antiviral activity. Though
possible, positive regulation of viral genome translation
by miRNAs is less likely. Our data and hypothesis are
based on in silico analysis and realize that not all miRNAs

targets will be real. Considering the many miRNAs targets
identified in our in-silico analysis, even if 5% of total
miRNAs targets are real (based on target score), it is
possible that these could be used for therapeutic purposes.
Further, in vitro and in vivo studies will be needed to
validate some of these targets. However, in view of the
current lack of effective treatment strategies, innovative
approaches need to be considered.

Acknowledgments

We would like to thank The Department of Medicine for
their support. This publication is based upon work
supported in part by the National Institutes of Health
AG036675 (National Institute on Aging-AG036675 S.F,
and C.I). The above-mentioned funding did not lead to
any conflict of interest regarding the publication of this
manuscript.

Competing interests
The author declares no competing interests.
Supplementary Materials

The Supplemenantry data can be found online at:
www.aginganddisease.org/EN/10.14336/AD.2020.0428.

References
[1]  Perlman S, NetlandJ. (2009). Coronaviruses post-SARS:
update on replication and pathogenesis. Nat Rev
Microbiol. Jun;7(6):439-50.

Zhou P, Yang XL, Wang XG, Hu B, ZhangL,ZhangW,
etal. (2020). Pneumonia outbreak associated with a new
coronavirus of probable bat origin. Nature. 2020
;579(7798):270-273.

Rothe C, Schunk M, Sothmann P, Bretzel G, Froeschl G,
Wallrauch C, etal. (2020). Transmission of 2019-nCoV
Infection froman Asymptomatic Contact in Germany. N
EnglJ Med.5;382(10):970-971.

Hoffmann M, Kleine-WeberH, Schroeder S, Kriger N,
Herrler T, Erichsen S, et al. (2020). SARS-CoV-2 Cell
Entry Dependson ACE2 and TMPRSS2 and Is Blocked
by a Clinically Proven Protease Inhibitor. Cell.
16;181(2):271-280.€8.

van Doremalen N, Bushmaker T, Morris DH, Holbrook
MG, Gamble A, Williamson BN, et al. (2020). Aerosol
and Surface Stability of SARS-CoV-2 as Compared with
SARS-CoV-1.N EnglJ Med. 16;382(16):1564-1567.
Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, et al.
(2020). Early Transmission Dynamics in Wuhan, China,
of Novel Coronavirus-Infected Pneumonia. N Engl J
Med. 26;382(13):1199-1207.

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et
al. (2020). China Medical Treatment Expert Group for

(2]

(3]

(4]

[5]

(6]

[7]

Aging and Disease * Volume 11, Number 3, June 2020

520


http://www.aginganddisease.org/EN/10.14336/AD.2020.0428

Fulzele S, et al

Host cellular microRNAs and COVID-19

(8]

(0]

[10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

[19]

Covid-19. Clinical Characteristics of Coronavirus
Disease 2019 in China. NEngl J Med. 28.

World Health Organization. Infection prevention and
control during health care when novel coronavirus
(ncov) infection is suspected. 2020, March 31; Available
from: www.who.int/publications-detail/infection-
prevention-and-control-during-health-care-when-novel-
coronavirus-(ncov)-infection-is-suspected-20200125.)
Cascella M, Rajnik M, Cuomo A, Dulebohn SC, Di
Napoli R. (2020). Features, Evaluation and Treatment
Coronavirus (COVID-19). 6. StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2020 Jan-.
Available from
http:/Aww.nchi.nlm.nih.gov/books/NBK554776/
Prevention, C.f.D.C.a. Severe acute respiratory
syndrome (SARS) Frewuently Asked Questions 2004,
Available from: www.cdc.gov/sars/about/fag.html.

Wu Z, McGoogan JM. (2020). Characteristics of and
Important Lessons From the Coronavirus Disease 2019
(COVID-19) Outbreak in China: Summary of a Report
of 72 314 Cases From the Chinese Center for Disease
Control and Prevention. JAMA. 24. doi
10.1001/jama.2020.2648.

CDC COVID-19 Response Team, Severe Outcomes
Among Patients with Coronavirus Disease 2019
(COVID-19) — United States, February 12—March 16,
2020, in Morbidity and Mortality Weekly Report. 2020,
March 27, US Department of Health and Human
Services/Centers for Disease Controland Prevention
Periyasamy-Thandavan S, Burke J, Mendhe B,
Kondrikova G, Kolhe R, Hunter M, et al. (2019).
MicroRNA-141-3p Negatively Modulates SDF-1
Expression in Age-Dependent Pathophysiology of
Human and Murine Bone Marrow Stromal Cells. J
Gerontol A Biol Sci Med Sci. 16;74(9):1368-1374.
Fariyike B, Singleton Q, Hunter M, HillWD, Isales CM,
Hamrick MW, et al. (2019). Role of MicroRNA-141 in
the Aging Musculoskeletal System: A Current
Overview. Mech Ageing Dev.178:9-15.

Noren Hooten N, Abdelmohsen K, Gorospe M, Ejiogu
N, Zonderman AB, Evans MK. (2010). microRNA
expression patterns reveal differential expression of
target genes with age. PLoS One. 2010 May
20;5(5):e10724.

ElSharawy A, Keller A, Flachsbart F, Wendschlag A,
Jacobs G, KeferN, et al. (2012). Genome-wide miRNA
signatures of human longevity. Aging Cell. 11(4):607-
16.

Guo XK, Zhang Q, Gao L, Li N, Chen XX, Feng WH.
(2013). Increasingexpressionof microRNA 181 inhibits
porcine reproductive and respiratory syndrome virus
replication and has implications for controlling virus
infection. J Virol. 87(2):1159-71.

Henke JI, Goergen D, Zheng J, Song Y, Schittler CG,
Fehr C, et al. (2008). microRNA-122 stimulates
translation of hepatitis C virus RNA. EMBO J. 2008
17;27(24):3300-10.

Song L, Liu H, Gao S, Jiang W, Huang W. (2010)
Cellular microRNAs inhibit replication of the HIN1

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

(33]

influenza Avirusin infected cells. J Virol. 84(17):8849-
60.

Machlin ES, Sarnow P, Sagan SM. (2011). Masking the
5' terminal nucleotides of the hepatitis C virus genome
by an unconventional microRNA-target RNA complex.
Proc Natl Acad Sci U S A. 22;108(8):3193-8.

WangL, Qin Y, TongL, Wu S, Wang Q, Jiao Q, et al.
(2012). MiR-342-5p suppresses coxsackievirus B3
biosynthesis by targetingthe 2C-coding region. Antiviral
Res.93(2):270-279.

Shimakami T, Yamane D, Jangra RK, Kempf BJ,
Spaniel C, Barton DJ, et al. (2012). Stabilization of
hepatitis C virus RNA by an Ago2-miR-122 complex.
Proc Natl Acad Sci U S A. 17;109(3):941-6.

Zheng Z, Ke X, WangM, He S, Li Q, ZhengC, et al.
(2013). Human microRNA hsa-miR-296-5p suppresses
enterovirus 71 replication by targeting the viral genome.
J Virol. 87(10):5645-56.

Khongnomnan K, Makkoch J, Poomipak W,
Poovorawan Y, Payungporn S. (2015). Human miR-
3145 inhibitsinfluenza A viruses replication by targeting
and silencingviral PB1 gene. Exp Biol Med (Maywood).
240(12):1630-9.

Ingle H, Kumar S, Raut AA, Mishra A, Kulkarni DD,
Kameyama T, et al (2015). The microRNA miR-485
targets host and influenza virus transcripts to regulate
antiviral immunity and restrict viral replication. Sci
Signal. 8;8(406):ral26.

Ahluwalia JK, Khan SZ, Soni K, Rawat P, Gupta A,
Hariharan M, et al. (2008). Human cellular microRNA
hsa-miR-29a interferes with viral nef protein expression
and HIV-1 replication. Retrovirology. 23;5:117.

Chen Y, Wang X. (2020). miRDB: an online database for
prediction of functional microRNA targets. Nucleic
Acids Res. 48(D1):D127-D131.

Liu W, Wang X. (2019). Prediction of functional
microRNA targets by integrative modeling of
microRNA binding and target expression data. Genome
Biol. 22;20(1):18.

Vlachos 1S, Zagganas K, Paraskevopoulou MD,
Georgakilas G, KaragkouniD, Vergoulis T, et al. (2015).
DIANA-miRPathv3.0: decipheringmicroRNA function
with experimental support. Nucleic Acids Res.
1;43(W1):W460-6.

Li L, GaoF, Jiang Y, Yu L, Zhou Y, ZhengH, et al.
(2015). Cellular miR-130binhibits replication of porcine
reproductive and respiratory syndromevirus in vitro and
in vivo. Sci Rep. 19;5:17010.

PengS, WangJ, Wei§, LiC, Zhou K,Hu J, etal. (2018).
Endogenous cellular MicroRNAs mediate antiviral
defense against influenza A Virus. Mol. Ther. Nucleic
Acids 10,361-375.

WangC, Liu Z, Chen Z, Huang X, Xu M, He T, et al.
(2020). The establishment of reference sequence for
SARS-CoV-2 and variation analysis. J Med Virol. doi:
10.1002/jmv.25762.

Sah R, Rodriguez-Morales AJ, Jha R, Chu DKW, Gu H,
Peiris M, Bastola A, et al. (2020). Complete Genome
Sequence of a 2019 Novel Coronavirus (SARS-CoV-2)

Aging and Disease * Volume 11, Number 3, June 2020

521


http://www.who.int/publications-detail/infection-prevention-and-control-during-health-care-when-novel-coronavirus-(ncov)-infection-is-suspected-20200125
http://www.who.int/publications-detail/infection-prevention-and-control-during-health-care-when-novel-coronavirus-(ncov)-infection-is-suspected-20200125
http://www.who.int/publications-detail/infection-prevention-and-control-during-health-care-when-novel-coronavirus-(ncov)-infection-is-suspected-20200125
http://www.cdc.gov/sars/about/faq.html

Fulzele S, et al

Host cellular microRNAs and COVID-19

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Strain Isolated in Nepal. Microbiol Resour Announc.
9(11).

Kumar S, Maurya VK, Prasad AK, Bhatt MLB, Saxena
SK. (2020). Structural, glycosylation and antigenic
variation between 2019 novel coronavirus (2019-nCoV)
and SARS coronavirus (SARS-CoV). Virus disease.
31(1):13-21.

ZhangH, YangH, ZhangC, Jing Y, WangC, Liu C, et
al. (2015). Investigation of microRNA expression in
humanserum during theaging process. J Gerontol A Biol
Sci Med Sci. 70(1):102-9.

Huan T, Chen G, Liu C, Bhattacharya A, Rong J, Chen
BH,etal.(2018). Age-associated microRNA expression
in human peripheral blood is associated with all-cause
mortality and age-related traits. Aging Cell. 17(1).

Zhu LP, Zhou JP, Zhang JX, Wang JY, Wang ZY, Pan
M, et al. (2017). MiR-15b-5p Regulates Collateral
Artery Formationby Targeting AKT3 (Protein Kinase B-
3). Arterioscler Thromb Vasc Biol. 37(5):957-968.
ShangJ,He Q, Chen Y, Yu D, Sun L, ChengG, etal.
(2019). miR-15a-5p suppresses inflammation and
fibrosis of peritoneal mesothelial cells induced by
peritoneal dialysis via targeting VEGFA. J Cell Physiol.
234(6):9746-9755.

Ortega FJ, Mercader JM, Cataldn V, Moreno-Navanete
JM, Pueyo N, Sabater M, et al. (2013). Targeting the
circulating microRNA signature of obesity. Clin Chem.
2013 May;59(5):781-92.

Wang XT,Wu XD, Lu YX, Sun YH, Zhu HH, Liang JB,
et al. (2017). Potential Involvement of MiR-30e-3p in
Myocardial ~ Injury  Induced by  Coronary
Microembolization via Autophagy Activation. Cell
Physiol Biochem. 44(5):1995-2004.

ZhangL,WangY, WangL,Yin G, Li W, Xian, et al.
(2018). miR-23c suppresses tumor growth of human
hepatocellular carcinoma by attenuating ERBB2IP.
Biomed Pharmacother. 107:424-432.

GaolL,HeRQ, WuHY, ZhangTT, LiangHW, Ye ZH,
etal. (2018). Expression Signature and Role of miR-30d-
5p in Non-Small Cell Lung Cancer: a Comprehensive
Study Based on in Silico Analysis of Public Databases
and in Vitro Experiments. Cell Physiol Biochem.
50(5):1964-1987.

Wu X, Li S, Xu X, Wu S, ChenR,JiangQ, etal. (2015).
The potential value of miR-1 and miR-374b as

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

biomarkers for colorectal cancer. Int J Clin Exp Pathol.
1;8(3):2840-51.

Shi Y, Gao X, HuQ, Li X, Xu J, Lu S, et al. (2016).
PIK3C2A is a gene-specific target of microRNA-518a-
5p in imatinib mesylate-resistant gastrointestinal stromal
tumor. Lab Invest. 96(6):652-60.

Li G, Fan Y, Lai Y,Han T, LiZ, Zhou P, et al. (2020).
Coronavirus infections and immune responses. J Med
Virol. 92(4):424-432.

Yin X, Langer S, Zhang Z, Herbert KM, Yoh S, Knig
R, etal.(2020). Sensor Sensibility-HIV-1and the Innate
ImmuneResponse. Cells. 2020 Jan 20;9(1).

Foulger RE, Osumi-Sutherland D, Mcintosh BK, Hulo
C, Masson P,Poux S, etal. (2015). Representing virus-
host interactions and other multi-organism processes in
the Gene Ontology. BMC Microbiol. 28;15:146.

Nam GH, Mishra A, Gim JA, Lee HE, Jo A, Yoon D, et
al. (2018). Gene expression profiles alteration after
infection of virus, bacteria, and parasite in the Olive
flounder (Paralichthys olivaceus). Sci  Rep.
24;8(1):18065.

Peng ZY, Gu RH, Yan B. (2019). Downregulation of
exosome-encapsulated miR-548c-5p is associated with
poor prognosis in colorectal cancer. J Cell Biochem.
2018 Sep 1.Wu L,

Chen J, Yan C, Yu H, Zhen S, Yuan Q. (2019). miR-
548d-3p inhibits osteosarcoma by downregulating
KRAS. Aging (Albany NY). 21;11(14):5058-5069.

Wu L, ZhangY, HuangZ,Gu H, Zhou K, Yin X, et al.
(2019). MiR-409-3p Inhibits Cell Proliferation and
Invasion of Osteosarcoma by Targeting Zinc-Finger E-
Box-Binding Homeobox-1. Front Pharmacol. 10:137.
Hatse S, Brouwers B, Dalmasso B, Laenen A, Kenis C,
Schdffski P, et al. (2014). Circulating MicroRNAs as
Easy-to-Measure Aging Biomarkers in Older Breast
Cancer Patients: Correlation with Chronological Age but
Not with Fitness/Frailty Status. PLoS ONE 9(10):
€110644.

Tangy, Wu B, Huang$S, Peng X, Li X, Huang X, et al.
(2019). Downregulation of miR-505-3p predicts poor
bone metastasis-free survival in prostate cancer. Oncol
Rep.41(1):57-66.

Aging and Disease * Volume 11, Number 3, June 2020

522



