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Tmprss2 is an emerging molecular target which guides cellular infections of SARS-CoV-2, has been earmarked for
interventions against the viral pathologies. The study aims to computationally screen and identifies potential
miRNAs, following in vitro experimental validation of miRNA-mediated suppression of Tmprss2 for early pre-
vention of COVID-19. Pool of 163 miRNAs, scrutinized for Tmprss2 binding with three miRNA prediction al-
gorithms, ensued 11 common miRNAs. Further, computational negative energies for association, corroborated
miRNA-Tmprss2 interactions, whereas three miRNAs (hsa-miR-214, hsa-miR-98 and hsa-miR-32) based on
probability scores >0.8 and accessibility to Tmprss2 target have been selected in the Sfold tool. Transfection of
miRNA(s) in the Caco-2 cells, quantitatively estimated differential expression, confirming silencing of Tmprss2
with maximum gene suppression by hsa-miR-32 employing novel promising role in CoV-2 pathogenesis. The
exalted binding of miRNAs to Tmprss2 and suppression of later advocates their utility as molecular tools for

prevention of SARS-CoV-2 viral transmission and replication in humans.

1. Introduction

Recent human pandemics worldwide, including south-east Asia,
have been linked to the emergence of a novel Severe Acute Respiratory
Syndrome CoronaVirus 2 (SARS-CoV-2 or CoV-2), at the end of 2019 in
Wuhan, China, causing CoronaVirus Disease 2019 (COVID-19). SARS-
CoV-2 is an enveloped RNA virus and has been classified as a subfam-
ily of Orthocoronavirinae, with similarities of 79.5 % and 96 % of SARS-
CoV and Bat coronavirus respectively (Zhou et al., 2020). Its entry in the
host, is majorly assisted by viral spike (S) protein, relying chiefly on
contacts among S1 unit (S protein) with the target receptor (ACE2)
(Verdecchia et al., 2020). Besides, cleavage of S protein (spike protein)
by a transmembrane serine protease (Tmprss2), is the next step for viral
invasion generating both S1 and S2 units. In order to blend host and viral
membranes, the cleavage step is critical and ultimately results in viral
entry (Hoffmann et al.,, 2020). In the human metapneumovirus

activation process, Tmprss2 was also documented (Shirogane et al.,
2008). Furthermore, it was shown that another Tmprsslla protein en-
hances the virulence of the SARS’s S protein and helps its degradation.
(Shirogane et al., 2008). Moreover, the stimulating ability of human
influenza viruses in type II Tmprss2 and Tmprss4 has been demonstrated
(Kuhn et al., 2016; Matsuyama et al., 2010). In a Tmprss2 knockout
mouse model, the infectivity for HIN1 influenza and the symptoms
associated are attenuated (Tarnow et al., 2014). As Tmprss2 has an
important and evident role in the pathogenesis and expansion of CoV-2,
it may be useful for therapeutically promising strategies targeted at
Tmprss2 expression in the host (human). Currently, inhibitory drug viz.
camostat mesylate demonstrated great therapeutic potential against
CoV-2 in the enzymatic suppression of Tmprss2 (Bittmann et al., 2020)
with experimental confirmation using Caco-2 and Vero cells (Hoffmann
etal., 2020). However, it is associated with major toxicity concerns with
observed oedema and urticaria at higher doses (Uno, 2020). In the last
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two decades, microRNAs (miRNAs) have emerged as a molecular tool in
the post-transcriptional modulation of the essential regulatory mole-
cules in the cellular micro-environment (Filipowicz et al., 2008). miR-
NAs are antisense, short (21-23 nucleotides) RNA molecules, targeting
mRNAs (3'UTR) and protein translational processes (Gu et al., 2009).
Anti CoV-2 therapeutic interventions with approved small molecules as
drugs and monoclonal antibodies have been promising in the initial
disease management, however, their efficacy needs to be established
globally, and nevertheless, not all genes could be exploited to translate
as therapeutics using such methods. While miRNAs hold immense po-
tential in the rapid development of bio-drugs against various target
genes associated with a signalling pathway (Ishida and Selaru, 2013).
Moreover, miRNAs being endogenous makes them less immunogenic in
nature. miRNA driven therapies, as molecular modulators, are crucially
recommended for treating microbial infections, cancers and numerous
disorders (Bandiera et al., 2015). Since the viral genes are translated
within the host cell, endogenous miRNAs may assist in managing
various replication processes associated with SARS CoV-2 and the host
genome. In addition, several recent studies have demonstrated the
prominence of miRNA function and dysfunction, targeting mRNA tran-
scripts that are present in the CoV-2 genome. Recently, hsa-miR101 has
been documented targeting the viral NSP (nonstructural protein), which
is an established crucial therapeutics (Sardar et al., 2020). Likewise,
Zoni et al., reported miR182 with a potential function to regulate
TMPRSS2-ERG interactions in prostate cancer (Zoni et al., 2018). In the
miRNAs-based therapies, miRNAs need to bind their cognate mRNA
targets with high affinity and least off-target effects. Given prediction of
precise miRNA targets, numerous computational tools are available
(Peterson et al., 2014). Therefore, in the present study, an in silico
pipeline was used to identify three highly specific potent human miRNAs
along with their in vitro experimental validations in the human colo-
rectal adenocarcinoma cell line; Caco-2, representing an illustrious
binding to the Tmprss2, which ultimately may be exploited to design
miRNA-based bio-drug therapeutics to repress Tmprss2, tends to the
consequent control of COVID-19 infection in human.

2. Material and methods
2.1. Chemicals

Human colorectal adenocarcinoma cell line-Caco-2 (National Centre
for Cell Science, Pune, India). Penicillin, streptomycin, amphotericin,
Dulbecco’s modified Eagle’s medium (DMEM), Fetal Bovine Serum
(FBS), r-glutamine (Sigma, St. Louise, M.O., USA). mirVana miRNA
isolation kit, lipofectamine RNAiMAX (Thermo Scientific, Waltham,
MA, USA). Hsa-miR-214/ miR214, hsa-miR-98/ miR98 and hsa-miR-32-
3p/ miR32 mimics and negative control (miC) (Ambion, Applied Bio-
systems, Foster City, CA, USA). Plastic dishes and culture plates (Corn-
ing, NY, USA).

2.2. Gene sequence collection

The work scheme followed in this study is illustrated in Fig. 1, the
3'UTR (Untranslated regions) sequence of human Tmprss2 (Homo sa-
piens transmembrane serine protease 2, transcript variant 2, mRNA,
RefSeq NM_005656) was acquired from NCBI database (www.ncbi.nlm.
nih.gov), Gencode Transcript: ENST00000332149.10, Gencode Gene:
ENSG00000184012.12, Position: hg38 chr21:41,464,305-41,508,158.
It’s a linear mRNA and 3'UTR sequence is 1837 nucleotides in length.

2.3. miRNA prediction tools and selection criteria

The prediction for miRNA(s) was executed using three different in
silico tools viz. miRDB (http://mirdb.org/), TargetScan (Human, 7.2,
http://www.targetscan.org/vert 72/) and miRanda (http://www.micr
orna.org/).The common miRNA(s) predicted by all the three

Virus Research 294 (2021) 198275

Prediction of miRINA hinders to Tmprss2 target

S

miRNAs binding to 3'UTR of the Tmprss2

N
Common miRNAs predicted by all 3 tools

S
RNAHybrid tool (Threshold value <-15 kcal mol?)

Sfold (Probability score = 0.8)

Candidate miRINAs targeting Tmprss2 at entry checkpoint
for controlling SARS-CoV2 infection

Fig. 1. Schematic representation of computational prediction pipeline for
identification of the therapeutic miRNAs.

prediction tools were selected for further screening, represented in the
form of Venn Diagram Venny2.1, (https://bioinfogp.cnb.csic.es/too
ls/venny).

2.4. Negative energy calculations (AGhybrid) for miRNA-Tmprss2 hybrid

RNAHybrid tool (https://bibiserv.cebitec.uni-bielefeld.de/rnahybr
id/) was employed for the negative energy calculations between the
binding pair, miRNA and target (Tmprss2). In order to attain binding
hybrid with high negative energies, number of hits allowed per target
and threshold value for the AGhybrid were fixed as 5 and —15 kcal mol
~1 respectively while human-3'UTR was selected as species filter
(Rehmsmeier et al., 2004). AGhybrid is the stability estimate for
miRNA-target hybrid by RNAhybrid; threshold value of —15 kcal mol ™!
or lower represents greater chances of stable hybridization.

2.5. Secondary structure analysis and Target accessibility

The secondary structure prediction for the precursor miRNAs (pre-
miRNA), mature miRNA and Tmprss2 was performed using RNAfold
tool (http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi).
The in silico parameters were set as default. For target accessibility, Sfold
web server (http://sfold.wadsworth.org/cgi-bin/index.pl) was used.
Probability score, LogitProb represents confidence measure for the
prediction of the accurate binding site, a score of 0.5 or higher reflects
satisfactory binding possibility for the miRNA in the predicted target
site. AGnucl displays estimate of nucleation potential for miRNA-target
hybridization; for favorable nucleation AGN + AGinitiation <0 kcal
mol~! was considered. AGtotal depicts estimate for change in total en-
ergy of the hybridization; acceptable threshold —10 kcal mol ™! or lower.
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Site_Access is the estimate for structural accessibility calculated basis
average probability of unpaired nucleotides in the binding site;
Upstream_AU is the AU content for the block of nucleotides upstream the
binding site. Dwstream_AU is the AU content for the block of nucleotides
downstream of the binding site; threshold for functional target-miRNA
binding was considered as 0.6 (Ding et al., 2004; Rennie et al., 2014).

2.6. Cell culture

Caco-2 cells were allowed to grow in DMEM, containing 4500 mg L~}
glucose, 10 % FBS, 2 mmol/L 1-glutamine and antibiotics (penicillin 100
U/mL, streptomycin 30 pg/mL, amphotericin 25 pg/mL) at 37 °C in a
CO», incubator with 5 % CO».

2.7. miRNA transfection and validation

Caco-2 were primarily indorsed to accomplish 70 % confluency and
further treated with Mock Control (MC), miC (negative control) and hsa-
miRNA mimics (synthetic miRNA molecules) at 20, 40, 80 nM concen-
trations by means of RNAiIMAX reagent, added in the Opti-MEM®I
Reduced Serum Medium (Invitrogen, Carlsbad, CA, USA) according to
the manufacturer’s instructions. The transfection was continued for 6 h,
and the reduced media was further replaced by DMEM, 10 % FBS and
antibiotics. Finally, the cells were harvested for RNA isolation after 2
d of the transfection. MC contains transfecting Opti-MEM media with
RNAiIMAX transfecting reagent.

For total RNA isolation, mirVana miRNA isolation kit was used and
the effective transfection for miRNA was evaluated by miScript II RT kit
and miScript SYBR® Green PCR Kit (Qiagen, Madrid, Spain) in
concordance with manufacture’s information (Supplemental Method 1).
The primer sequences for miRNA real time gene expression analysis are
listed in Supplementary Table 1.

For the expression of Tmprss2 transcript, primer sequence is
mentioned in Supplementary Table 1, with protocol followed as re-
ported in previous studies (John et al., 2018).

For TMPRSS2 protein expression, transfected RCO (miC, miRNA

Ve N

Virus Research 294 (2021) 198275

mimic and AntimiRNA, 40 nM) were initially washed and lysed by
Laemmli Lysis-buffer (Sigma). Immunoblotting procedure was executed
after the lysis of the cell. TMPRSS2 and p actin Antibodies were procured
from Abcam, USA. Densitometry analysis for the blots was accomplished
using ImageJ (Kaur et al., 2020).

2.8. Statistical examination

Data are denoted in mean + S.E.M. The data obtained as results in
different treatment groups were subjected to one-way ANOVA based
analysis, followed by Newman-Keuls test of significance by the means of
GraphPad Prism software (v.8). The experiments were repeated three
times with representative observations depicted in the manuscript.
Resultant values with p < 0.05 were designated as statistically
significant.

3. Results
3.1. Identification and selection of miRNAs targeting Tmprss2

Computational scanning of Tmprss2, using three different in silico
target predication tools viz. miRDB, TargetScanHuman and miRanda
provided 63, 30 and 30 miRNAs respectively (Figs. 2a-c). 3'UTR tran-
script (1837 nucleotides long) of the Tmprss2 was acquired from NCBI
and only the miRNAs having high prediction scores in each of the three
tools were selected and reported. The working scheme for the present
investigation is illustrated in Fig.1.

3.2. Sorting of the miRNAs

The total resultant miRNAs were further filtered based on the pre-
diction by all the three tools (Fig. 2d). Fig. 2e displays the list of miRNAs
resulted from two prediction tools (TargetScanHuman 7.2 and miRDB;
17 miRNAs). Albeit, list of putative miRNAs (11 miRNAs) retrieved as
result from all the three prediction tools is represented in Fig. 2f. The
binding interactions of the miRNA-Tmprss2 via, miRanda and

hsa-miR-4500 hsa-miR-5696

hsa-let-7b-5p hsa-miR-646

hsa-let-7f-5p hsa-miR-4270
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Fig. 2. Identification of miRNAs from the pool, by computational predictions targeting Tmprss2 a. miRNAs reported by miRDB miRNA prediction tool b. miRNAs
reported by TargetScan miRNA prediction tool ¢. miRNAs reported by miRanda miRNA prediction tool d. Venn diagram representing shared miRNAs amongst the
three prediction tools. e. List of miRNAs that are mutually predicted by miRDB and TargetScan. f. List of miRNAs that are mutually predicted by all the three tools.
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TargetScanHuman are depicted in Supplementary Fig. 1, 2a respec-
tively. The miRNA prediction scores are displayed in Table 1. Supple-
mentary Fig. 2b presents the target conservation among various species
by TargetScan. The miRNAs, reported by only one miRNA prediction
tool were removed and ruled out for the further analysis (Fig. 1).

3.3. Insilico energy calculations (AGhybrid) for the miRNA-mRNA

The miRNAs (11 miRNAs, Fig. 2f) that overlap in the outputs ob-
tained from all the three target prediction tools were finally considered
for the further in silico analysis, while rest of the miRNAs were dropped
off. Afterwards, RNAHybrid tool was employed and determined the
negative energies for the opted miRNA-3'UTR Tmprss2 binding pair.
Table 1 and Fig.3 reports the values for AGhybrid (kcal mol™1) and
binding interactions respectively for the selected 11 miRNAs with
Tmprss2.

3.4. Secondary structure analysis for the selected miRNAs

The dot-bracket notation of the secondary structures (mature miR-
NAs and pre-miRNAs) is exhibited in Fig. 4a and b respectively. Besides,
estimation for the thermodynamic ensemble, minimum free energy
(MFE) in pre-miRNA and mature miRNA is demonstrated in Table 2.
Fig. 5 exemplifies the secondary structures for pre-miRNA, mature
miRNA, Tmprss2 (3'UTR) and the binding interactions (mature miRNA-
Tmprss2) for the selected 11 common miRNAs respectively.

3.5. Identification of miRNA(s) that specifically targets Tmprss2

The resultant miRNAs from the RNAHybrid and RNAfold based
analysis were further sorted depending on the accessibility of the target
using Sfold web server. Sfold package encompasses various tools for the
design and prediction of precise RNA binding partners. STarMir package
in the Sfold server attends target accessibility score along with target
binding sites on the miRNA, centered on logistic prediction models
originating through crosslinking immunoprecipitation studies. The re-
sults for the 11 selected miRNAs in the Sfold server are reported in
Table 2. The observations ultimately assisted in the assortment of final
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set of three miRNAs (hsa-miR-214/ miR214, hsa-miR-98/ miR98 and
hsa-miR-32-3p/ miR32) having logistic target probability score of more
than 0.8. Additionally, the target accessibility probability profiles (for
miR214, miR98 and miR32) are shown in the Fig. 6. Supplementary
Table 2 depicts the probability profile as per individual nucleotides in
the Tmprss2. Furthermore, for the detailed understanding regarding
binding energy of mRNA-anti-oligonucleotide and mRNA-siRNA, Soligo
and Sirna modules of Sfold software were respectively used. In all cases,
the results which represented the best and optimum values are short-
listed and reported in Supplementary Table 3, 4. Therefore, miRNAs viz.
miR214, miR98 and miR32 were finally selected as best miRNA candi-
dates (in silico) showing precise binding with Tmprss2 for the miRNA
antagonism based molecular therapies.

3.6. miR214, miR98 and miR32 targets Tmprss2 in vitro

In order to validate the observations from in silico analysis, in vitro lab
validation studies were carried out, primarily with transfections for
miR214, miR98 and miR32 in the Caco-2 culture. Successive trans-
fection was affirmed by qPCR based relative abundance of miRNAs
(miR214, miR98 and miR32) at 20, 40 and 80 nM concentrations for
each of the mentioned miRNAs. Fig. 7a shows an effective transfection of
all the three miRNAs at 20, 40 and 80 nM with significantly higher
miRNA expression at 40 nM (137.24, 506.07, 881.11 folds) and 80 nM
(112.52, 466.47, 767.54 folds) as compared to 20 nM (29.94, 151.55,
257.30 folds) in the mimic treated groups relative to miC and mock
control (C).

Further, silencing of Tmprss2 was assessed in the miRNAs trans-
fected wells, results exemplified that these Tmprss2 specific miRNAs can
reduce the transcript’s expression significantly at 20 nM (miR214, 0.36;
miR98, 0.43; miR32, 0.27), 40 nM (miR214, 0.11; miR98, 0.07; miR32,
0.022) and 80 nM (miR214, 0.43 ; miR98, 0.33 ; miR32, 0.14) in com-
parison to miC and MC (Fig. 7b-d respectively). Additionally, maximum
target suppression for Tmprss2 was witnessed in transfections with hsa-
miR-32 in contrast to hsa-miR214 and hsa-miR98 at 40 nM.

Interestingly, the studies extended to the protein expression analysis,
depicting the miRNA mediated repression in the TMPRSS2 protein on
miR32, miR98 and miR214 treatments at 40 nM (Fig. 7e, f). Hence, the

Table 1
miRNA prediction scores with negative energy calculations for selected miRNA-Tmprss2 binding pairs.
Features
S miRNA miRanda miRDB TargetScan RNAHybrid
No . - . . .
mirSVR Prediction Site Context++ Context++ score Weighted Conserved branch AGhybrid/
score Score type score percentile context+-+ score length MFE"(kcal mol 1)
1 hsa-miR- —0.7068 93 8mer -0.3 97 —0.1 0.014 —19.2
214
2 hsa-miR- —0.6927 93 8mer -0.35 91 -0.12 1.858 —24.2
98
3 hsa-miR- —0.3439 57 7mer- —0.09 95 —0.03 0 —20.9
32-3p Al
4 hsa-let-7a- —0.6927 93 8mer —0.35 91 -0.12 1.858 -23.9
Sp
5 hsa-let-7b- —0.6927 94 8mer —0.36 92 —0.12 1.858 —29.2
Sp
6 hsa-let-7c- —0.6927 93 8mer —0.35 91 —0.12 1.858 -23.9
5p
7 hsa-let-7d- —0.7001 93 8mer —0.35 90 —-0.12 1.858 —-21.4
Sp
8 hsa-let-7e- —0.6927 93 8mer —0.35 91 —0.12 1.858 —-21.4
Sp
9 hsa-let-7f- —0.6927 93 8mer —0.35 91 -0.12 1.858 —23.9
5p
10 hsa-let-7 g- —0.689 93 8mer —0.35 91 —0.12 1.858 —25.5
Sp
11 hsa-let-7i- —0.6927 93 8mer —0.35 91 -0.12 1.858 —25.2
5p

# Minimum Free energy.
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Fig. 3. Analysis of RNAHybrid tool based predictive binding interactions of miRNA-target hybrid. Interacting nucleic acid bases in a. miR214 and Tmprss2 b. miR98
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Tmprss2 i. hsa-let-7f and Tmprss2 j. hsa-let-7 g and Tmprss2 k. hsa-let-7i and Tmprss2, the hybridization of active miRNA binders with the target.
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Fig. 4. Illustrations depicting the dot bracket notations a. mature miRNAs b. precursor miRNAs (pre-miRNA). hsa-let-7a-5p/ let-7a, hsa-let-7b-5p/ let-7b, hsa-let-7c-
5p/ let-7c, hsa-let-7d-5p/ let-7d, hsa-let-7e-5p/ let-7e, hsa-let-7f-5p/ let-7f, hsa-let-7 g-5p, let-7 g, hsa-let-7i-5p/let-7i.

findings display the successive suppression of Tmprss2 target by all the
three identified potent miRNAs at gene as well as protein level.

4. Discussion

RNA interference makes an innovative next generation tool in the
molecular regulation, for targeting the cellular signaling macromole-
cules associated to biological responses in a disease pathogenesis. In this
study, we envisage on miRNA driven molecular therapeutic in-
terventions involving specific targeting of Tmprss2, embarking on the
high throughput identification and screening of putative miRNAs. This
was facilitated by computational algorithms along with investigational
validations, for their mechanistic and functional utility in COVID-19
molecular therapy.

Majority of the current investigational miRNA based drugs are

directed against the viral S protein-ACE2 receptor checkpoint (Martinez,
2020). Further, several recent drugs have emerged as beneficial thera-
peutics in the management of SARS-CoV-2 replication and associated
symptoms. Imatinib, Colchicine and N-acetylcysteine showed valuable
therapeutic responses in CoV-2 infected case reports. However, their
efficacy in COVID-19 management is still in its infancy. Moreover, the
case studies based on treatments from Imatinib and Colchicine were
uncontrolled and restricted in nature (Della-Torre et al., 2020; Ibrahim
et al., 2020; Morales-Ortega et al., 2020). At present, the mainstream
therapies are involving aforesaid axis and have proved its significance in
the management of CoV-2 replication, but the role of other secondary
targets cannot be ruled out in controlling the infection of the virus.
Tmprss2, being one such protease, assists in SARS-CoV-2 mediated in-
vasion of the human respiratory system by warranting the viral entry
ticket through priming of the CoV-2 spike protein (Lukassen et al.,



Table 2
Web based structural characterization for the selected miRNAs using RNAfold and Sfold tools.
Features
RNAfold Sfold
s miRNA Free energy(kcal Frequency"(%) Diversity® Minimum Free
No mol ") energy(kcal mol ') . AGnucl AGtotal(k . Upstream_AU Dwstream_AU
LogitProb Seed_Type (k cal cal Site_Access Seed_Access - -
Pre Mature Pre Mature Pre Mature Pre Mature mol™1) mol 1) (30 nt) (30 nt)
miRNA miRNA miRNA miRNA miRNA miRNA miRNA miRNA
1 hsa- —67.5 —1.24 89.13 41.3 0.3 2.11 —67.50 -0.7 0.945 8mer —7.219 —20.946 0.957 0.954 0.6 1
miR-
214
2 hsa- —57.87 —0.34 15.02 57.55 5.07 3.01 —56.7 0 0.938 8mer —7.726 —24.547 0.946 0.99 0.667 1
miR-98
3 hsa- —31.45 -0.76 9.48 40.05 5.15 2.71 —30.00 -0.2 0.894 7mer-Al —5.686 —19.803 0.757 0.91 1 0.933
miR-
32-3p
4 hsa-let- —-35.18 —-0.20 20.37 72.3 5.63 1.51 —-34.2 0 0.194 7mer-m8 —0.053 29.931 0.257 0.376 0.267 0.533
7a-5p
5 hsa-let- —48.38 —0.04 6.52 94.2 7.6 0.29 —46.7 0 0.22 7mer-m8 —0.054 24.847 0.259 0.379 0.267 0.533
7b-5p
6 hsa-let- —-33.1 —0.14 6.35 79.8 7.33 1.15 -31.4 0 0.207 7mer-m8 —0.046 27.133 0.258 0.378 0.267 0.533
7¢-5p
7 hsa-let- —44.51 —0.83 5.34 26.11 5.76 3.12 —42.7 0 0.346 7mer-m8 —0.077 3.36 0.351 0.384 0.3 0.533
7d-5p
8 hsa-let- —38.07 —0.14 10.79 79.80 7.09 1.05 -36.7 0 0.269 7mer-m8 —0.073 14.737 0.296 0.376 0.233 0.533
7e-5p
9 hsa-let- —41.28 —-0.23 39.26 69.32 2.13 1.74 —40.7 0 0.249 7mer-m8 —0.046 18.131 0.294 0.372 0.233 0.533
7f-5p
10 hsa-let- —39.81 -1.07 43.68 39.51 3.44 3.14 -39.3 —0.50 0.312 7mer-m8 —0.107 7.459 0.387 0.38 0.3 0.533
7 g-5p
11 hsa-let- —40.99 —2.63 12.29 42.02 5.00 4.3 -39.7 -2.1 0.177 7mer-m8 —0.374 30.681 0.318 0.374 0.367 0.533
7i-5p

2 Free energy of the thermodynamic ensemble (kcal mol ™).

b Frequency of the MFE structure (%).
¢ Ensemble diversity.
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Fig. 5. Target binding and structure modulation assessment through web based RNAfold tool; Secondary structures for a. pre-miRNAs b. mature miRNA c¢. Tmprss2
(3'UTR) d. Interactions of nucleic acid bases of miRNAs and target (Tmprss2), depicting the active binding partners.

2020). Tmprss2, showing evident expression in the human lung’s
epithelial cells (Donaldson et al., 2002; Paoloni-Giacobino et al., 1997),
holds fine capability of degrading S protein chiefly at S1/S2 and the S2’
locations of the viral proteins further permitting fusion of the mem-
branes (Hoffmann et al., 2020). Apart from, alveolar cells (type 2) and
bronchial cells, Tmprss2 depicted expression across various tissues, viz.
prostate, colon, kidney, breasts etc. (Stopsack et al., 2020). In addition,
studies in the past years have reported, Tmprss2 partaking in the path-
ogenesis and diagnosis of the prostate cancer (Hossain and Bostwick,
2013; Zoni et al., 2018). Considering Tmprss2 as a critical drug target,
we advocated, miR214, miR98 and miR32 to be employed as potential
therapeutics in the specific suppression of the Tmprss2. Seenpracha-
wong et al., have designed a computational pipeline for upstream target
identification of specific miRNAs with its mechanistic utility in the
osteo-signaling, and regulation for bone related injuries

(Seenprachawong et al., 2016). Our study, exploits the existing in silico
pipeline with improvisation to identify warrior miRNAs against CoV-2.
Recent studies have reported about the potential usage of miRNAs
against various genome targets of CoV-2, hsa-miR-4661-3p have been
shown targeting S protein (Zhi Liu et al., 2020). Whereas, MR147-3p
(viral miRNA) stimulates Tmprss2 expression with resultant upregula-
tion of CoV-2 function in the gut (Zhi Liu et al., 2020). On contrary, the
present study, reports the host miRNAs targeting Tmprss2, a strategy
involving lesser possibilities of harmful side effects. The scheme
mentioned in Fig. 1, enabled us with identification of 3 potential miR-
NAs having high affinity for Tmprss2. We considered three different in
silico tools (TargetScanHuman 7.2, miRanda and miRDB) for the initial
scanning of miRNAs against the transcript for Tmprss2. TargetScan
forecasts the predicted miRNA targets basis seed region (conserved
sequence that is generally positioned at locations 2-7 from the 5'end of
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miRNA) matches in mRNA-miRNA in mammals, flies, worms, and fish. the putative miRNAs and targets using machine learning, SVM classifier
Further, it examines phylogeny while predicting the conservation of in human, mouse, rat, dog and chicken (Dweep et al., 2013). Albeit,
UTRs among different species (Dweep et al., 2013). miRDB, recognizes miRanda adopts two chief rules, sequence match with wobble pairing
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and conservation of mRNA transcripts in the related species, empha-
sizing multiple binding sites in a miRNA (Dweep et al., 2013). The
conceptual basis for selecting foresaid tools was encompassing
comprehensive criteria for the prediction of various miRNAs and targets.
Subsequently, 11 miRNAs were sorted from a pool of 123 miRNAs, basis
selection of mutual miRNAs reported from all the three tools. For the
further scrutinisation, negative energy calculations were executed for
the 11 selected miRNA and 3'UTR Tmprss2 using RNAHybrid tool,
which energetically aligns the shorter sequence of the miRNA along the
best fit mRNA sequences (Ishida and Selaru, 2013). Besides, RNAfold
web server, providing the specific binding region in the miRNA sequence
gives clear picture and indication for the precise binding between the 11
miRNAs-Tmprss2 with high negative AGhybrid values. RNAfold antici-
pates the optimal secondary structure for DNA or RNA input sequences,
designs strands folding to a fixed query secondary structure and exam-
ines that the combinatorial set of DNA and RNA input possess least
undesirable secondary structure. Further it provides a predictive mini-
mum free energy estimate along with base pair probabilities for the
query sequences (maximum input length 10,000 nucleotides) resulting
to a user friendly output file (PS, SVG) (Bestle et al., 2020). Finally in
order to select the specific miRNAs among the previous list, Sfold server
was taken into consideration that incorporates various tools for the
design and prediction of precise RNA binding partners (Rennie et al.,
2014). STarMir module of the Sfold web server provides miRNA binding
sites on the target. The probability score in the Sfold output represents
the confidence measure for the prediction of the accurate site, a score of
0.5 or higher reflects satisfactory binding possibility for the miRNA
(Ding et al., 2004; Rennie et al., 2014). The miRNA with probability
profiles greater than 0.8 were therefore selected as specific binders for
the Tmprss2 resulting in its possible suppression with exalted binding
efficiency. miR214, miR98 and miR32 were finally obtained as robust
interactors, post screening from a repertoire of 123 miRNAs. Further-
more, the three in silico screened miRNAs binders were experimentally
validated through gene and protein expressions in the Caco-2 cells. The
high expression of Tmprss2 in Caco-2 cells has been associated previ-
ously which facilitates the SARS-CoV-2 entry efficiently, with an
advantage for investigation of therapeutic modalities (Hoffmann et al.,
2020). miR214, miR98 and miR32 significantly suppressed Tmprss2
transcript at 20, 40 and 80 nM and TMPRSS2 protein at 40 nM of their
concentrations individually, with highest gene repression observed in
miR32, corroborating an effective gene silencing approach for the check
of Tmprss2 mediated viral entry in the host.

Expression of miR214 was downregulated due to acute murine
coronavirus infection in oligodendrocytes with an associated inhibitory
response on the target genes (Zhang and Cao, 2015). Additionally, gene
silencing through miR214 in case of accessory viral infections such as
vesiculovirus and hepatitis C replications, supports as crucial molecular
interventions for therapy (lizuka et al., 2012; Zhang et al., 2017). Albeit,
overexpression of miR214 has been noticed as host defensive in the
SARS-HCoV contaminated bronchoalveolar stem cells (Leon-Icaza et al.,
2019), verifying our observations with in vitro assays, however, further
extensive investigational validations will be required for comprehensive
understanding of mechanistic role, in the account of miR214 upregu-
lation or specific delivery having an inhibitory effect on CoV-2 replica-
tion. In addition, studies in the recent past have demonstrated decreased
expression for miR98 in the West Nile virus infected brains (Kumar and
Nerurkar, 2014). Interestingly, miR98 has been acknowledged with an
established role in the pathogenesis of SARS-CoV, assisting in the viral
transmission and replication through stimulated differentiation of
bronchoalveolar stem cells with downregulated ACE2 (Mallick et al.,
2009). Moreover, earlier studies indicated for the viral (SARS-CoV)
nucleocapsid mediated downregulation for miR98, influencing viral
entry in the alveolar cells (Leon-Icaza et al., 2019). Likewise, Sardar
et al., have lately informed, hsa-miR98 targeting the Spike protein in
SARS-CoV-2 genome with an associated expression for Hepatitis C virus
(Sardar et al., 2020). Besides, Rota and Gallagher et al., have also
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demonstrated the prominence of miR98 dependent targeting of S protein
in SARS-CoV (Gallagher and Buchmeier, 2001; Rota et al., 2003). In the
context of miR32, studies have documented the direct inhibition of RNA
virus, primate foamy retrovirus type 1 (comparable to HIV1) at the
protein level with supplementary degradative function in the coding
region for influenza PB1 (Trobaugh and Klimstra, 2017). Moreover,
miR-32 has been reported with a significant regulatory role in avian
hepatitis A viral infections (Wu et al., 2020). Recently, regulations
through miR98 and miR214 expression in CoVs-infected hosts has been
sporadically demonstrated, subsequently, are in concordance to the
observations from the current study (Leon-Icaza et al., 2019). While, in
our study under explored miR32 have comparatively shown a promising
therapeutic efficacy, for the management of CoV-2 infections. In addi-
tion, viral intervention targeting Tmprss2 has been demonstrated in
several studies from recent reports in the mouse models as well as
human cell lines with knockdown of Tmprss2 exhibiting a reduced viral
invasion (Bestle et al., 2020; Glowacka et al., 2011; Iwata-Yoshikawa
et al., 2019; Stopsack et al., 2020; Strope et al., 2020). Tmprss2 has
shown additional involvement in the activation of several extracellular
matrix associated substrates in certain cancers (Satyam et al., 2020).
Studies have informed the stimulating actions on matriptase from
Tmprss2 facilitating prostate cancer growth and progression. Addition-
ally, Tmprss2 supports cellular migration in the breast cancer while
targeting ECM components (Ko et al., 2015). Therefore, miRNA medi-
ated specific suppression of Tmprss2 would also be beneficial tool in the
control of other disorders. In conjugation with the findings in the present
investigations, these miRNA may appropriate to be employed for
designing therapeutic modalities against COVID-19, hence, represents
their promising action for the Bio-drugs development.

5. Conclusion

Conventional strategies for drug discovery demand not only huge
capital but also consumes ample time, which restricts the detailed
analysis and generation of effective remedial modalities. Next genera-
tion in silico methodologies, are rapid, providing insights in the mech-
anistic action of the novel drugs. In the scenario of COVID-19 pandemic
with short turnover time, speedy identification of therapeutic targets,
holds paramount importance. Targeting at the entry step, depicts an
upper edge over the other strategies, controlling late viral replication
phases. Therefore, our study, employing computational pipeline and lab
validation, recognizes hsa-miR-214, hsa-miR-98 and hsa-miR-32 with a
prospective therapeutic character for silencing Tmprss2. These three
miRNAs showed strong binding affinity against Tmprss2 (which assist in
the viral entry) with highest probability scores of interaction, especially
the miR32 which was comparatively observed best in vitro for its
inhibitory effect. Since, miRNAs display promiscuous traits, conse-
quently, resulting in off-target effects. Hence their overexpression in
tissue specific supply (via. nanoparticle) could potentially regulate or
inhibit the associated process of viral entry. However, further detailed in
vivo validations are needed for the ultimate mechanistic functionalities
along with the comprehensive understanding of CoV-2 pathogenesis.
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