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Abstract

The SARS-CoV-2 virus targets the antigen converting
enzyme 2 (ACE2) receptor, thus resulting in elevated
morbidity and an increased risk of severe and fatal
COVID-19 infection in individuals with hypertension and
diabetes mellitus.

Objectives: This study aimed to identify the association
between increased susceptibility and severity in order to
evaluate their impact in hypertensive COVID-19 patients
using in vitro and in silico models.

Methods: We identified 80 miRNA binding sites on ACE2
(for different miRNAs) as well as various 30 SNPs in the
miRNA binding sites of the 3’ untranslated region (3’ UTR)
in the ACE?2 gene using different online software and tools.
From August 2020 to August 2021, a total of 200 nasopha-
ryngeal/mouth swabs samples were collected from Multan,
Pakistan. In order to quantify the cDNA of ACE2 and miR-
3658 genes, we used Rotor Gene qRT-PCR on hypertensive
patients with COVID-19 as well as healthy controls.

Results: Interestingly, the binding site of miR-3658 cor-
responding to the 3’ UTR of ACE?2 featured three SNPs
(rs1457913029, C>T; 15960535757, A>C, G;
11423809569, C>T), and its genomic sequence featured a
single SNP (rs1024225815, C>T) with the same nucleotide
variation (rs1457913029, C>T) which potentially increases
the severity of COVID-19. Similarly, three other SNPs
(rs1557852115, C>G; 15770335293, A>G; 151024225815,
C>T) were also found on the first binding site positions of
miR-3658. Our in vitro study found that ACE2 gene
expression had an effect on miR-3658 in COVID-19 pa-
tients who also had hypertension. In both cases, our
analysis demonstrated that the in silico model captured the
same biological mechanisms as the in vitro system.

Conclusion: The identified SNPs could represent poten-
tial informative signatures owing to their position in the
splicing site of the ACE2 gene.

Keywords: 3’ UTR; 4ACE2; COVID-19; Hypertension; miR-
NAs; Severity

© 2023 The Authors. Published by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Hypertension is a physiologically complex disease that
contributes to morbidity and mortality worldwide. The path-
ogenesis of hypertension is closely associated with dysfunction
in the renin-angiotensin-aldosterone system (RAAS).I’2 It is
well established that 4 CE2 functions as a negative regulator
of RAAS, and its overexpression has already been
associated with several diseases such as heart failure, high
blood pressure, and diabetes mellitus. In addition, the ACE2
receptor has also been reported as a functional receptor that
is used by SARS-CoV-2 intrusion into host cells.**

The 3’ untranslated region (3’ UTR) is a section of
RNA that is located at the 3’ end of the coding region and
is not translated into protein. This region plays a role in
regulating the stability and translation of RNA. Recent
studies have shown that there may be a relationship be-
tween variations in the 3’ UTR of the ACE2 gene, which
encodes the ACE2 protein, and the susceptibility and
severity of COVID-19. The ACE?2 protein is the receptor
that SARS-CoV-2 uses to enter human cells. Variations in
the 3’ UTR of the ACE2 gene have been shown to affect
the stability and translation of the ACE2 mRNA, which
can in turn affect the amount of ACE2 protein expressed
on the surface of cells.”°

Some studies have suggested that individuals with certain
variations in the 3’ UTR of the ACE2 gene may be more
susceptible to severe COVID-19. However, it is important to
note that the relationship between the 3’ UTR and the sus-
ceptibility and severity of COVID-19 is complex and still
being investigated. Other factors, such as age, comorbidities,
and genetic variations, in other genes also play a role in
determining the susceptibility and severity of COVID-19.%7
It is important to note that the relationship between the 3’
UTR and the susceptibility and severity of COVID-19 is
still being investigated and more research is needed to fully
understand these relationships.

Furthermore, different studies have demonstrated that
miRNAs contribute a signature role to the gene expression of
COVID-19 in patient tissues™® as they are considered
promising biomarkers owing to their potential ability to
regulate the pathogenicity of various diseases.”'’ In a
particular infection, miRNAs serve a crucial function in
maintaining homeostasis in the body against certain
infections. These miRNAs directly interfere with the
control mechanisms that regulate DNA replication, gene
expression patterns, and protein synthesis. Furthermore,
the expression of miRNAs in host cells appears to target
viral generations as well as the functions, including
expression interference, translation, and even
replication.®”'" Anomalies in the expression of miRNAs
play a key role in the entry of severe acute respiratory
syndrome coronavirus 2 (SARS-COV-2) into cells,
ultimately increasing the risk of SARS-COV-2 infection in
patients with hypertension.(”7’]0
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As with other coronaviruses, the invasion of SARS-CoV-
2 into a host cell is promoted by recognition of the corona-
virus spike glycoprotein (S protein) and its binding to the
ACE?2 receptor in the host.'" All variants present with
adapted mutations or alterations in the spike protein
region]2 that might increase transmissibility or virulency
that directly influence the variations and binding capacity
of human ACE2 gene.'*' Mutations in the receptor-
binding domain (RBD) of spikes are of significant interest
because they may have significant impact on viral replication
or propagation and host immune response.13 However, no
previous study has investigated genetic variations in ACE2-
associated miRNA targeting sites, especially in the 3’ UTR
which increase or decrease the binding affinity or elevate
the probability of infection by SARS-CoV-2 in patients
with hypertension and develop more susceptibility and
severity of COVID-19.

The aim of this study was to identify functional mirSNPs
and their correlations in the 3’ UTR region of the ACE2 gene,
as well as specific miRNAs that were significantly associated
with hypertension and COVID-19 patients, using in silico and
in vitro investigations. Furthermore, the impact of mutations
on COVID-19 susceptibility and severity was investigated.

Materials and Methods
Screening of 3’ UTR regions

Multiple OPEN SOURCE/FREE online software, such
as DIANA Tools, miRTarBase, MiCosm, TargetScan,
Miranda, miRDB, miRcode, miRecords, miRWalk and
miRO (Supplementary Data) have been utilized to identify
miRNAs associated to the 3’ UTR region of ACE2)”
Computations and methodologies are outlined below and
allowed us to screen the function of miRNAs that bind to
the 3’ UTR region of ACE2.

DIANA tools

One server (http://diana.imis.athena-innovation.gr/
DianaTools/index.php) was used with DIANA-microT
with specialized databases to determine the miRNA-
mRNA interactions to predict target relationships for
in vitro studies. With this tool, positive and negative regions
are interlinked with 3’ UTR and coding regions of miRNA,
thus allowing them to operate their functions.'>'°

miRTarBase

There are more than 50,000 interactions of miRNA-
targets in miRTarbase that could be used to screen func-
tional miRNAs, mutations, and various gene interactions.
Furthermore, this tool and database can also provide gene-
related protein analysis based on western blotting or
sequence analysis.17

MiRanda

The miRanda tool is used for comprehensive assessment,
target prediction, specification, and downregulation predic-
tion of miRNA-s.'®

TargetScan

The computational targets of miRNAs were estimated by
TargetScan so as to match their seeding portion at 7 and 8
conserved regions. Furthermore, this software also performs
computations and generates estimations based on the
context and scores acquired from the mammalian genome.
Finally, for specific target locations, target probabilities and
prediction rankings are generated for both in silico and
in vitro experiments. 19

miRDB

This is an algorithm that is being employed for the pre-
diction of miRNA targets-functions by analyzing high
throughput sequencing data to assess miRNA-target in-
teractions. This provides miRNA data for mammalian spe-
cies, including mouse, human, rat, chicken, and dog.zo

miRecords

This is an online database resource for identifying the
locations of miRNA targets in animals. This database is
divided into two components and nan online tool. The first
component verifies and their functions while the second
component features miRNA predictions. The most impor-
tant aspect of this tool is its interconnection with other
available online tools.”!

miRcode

This is an online programming tool that can predict non-
coding regions, including the 5 UTR, 3’ UTR, and
coding regions (CDs) of vertebrates. Furthermore miRcode
is linked with TargetScan and can also cross-verify its
results.””

RNA extraction and cDNA synthesis

From August 2020 to August 2021, a total of 200 naso-
pharyngeal/mouth swabs sample were collected from Mul-
tan, Pakistan as approved by the ethical review committee
(Regr/Admin/673). In total, samples were taken from 100
COVID-19 patients with a confirmed history of hypertension
(stage 02) (Supplementary Data), while 100 samples were
collected from healthy controls (no hypertension and
COVID-19). Total RNAs were extracted using a commer-
cially available kit (Sigma Aldrich, Trizol; Life Science
Technologies) according to the manufacturer’s instructions
and were stored at temperature of —20 °C. Finally, com-
plementary DNA was synthesized from the extracted total
RNA wusing a QuantiTect Reverse Transcription kit

(Qiagen).

qRT-PCR

Rotor Gene qRT-PCR (qReal Time PCR) was used to
quantify the gene expression levels of ACE-2 and miR-3658
in patients with COVID-19 and hypertension as well as
healthy controls. The Mann—Whitney U test and the p-BACt
method were used to determine relative expression levels.
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Table 1: List of miRNA target sequences and SNPs at binding sites in the 3’ UTR of ACE2.

MicroRNAs ACE2 Gene Sequences SNPs Databases Screenshots
(Transcript)5' AGGAGA U AUUG U3’
. . GAGCA UCU C ACAUUGCU
hsa-miR-3908 AAGCAATG[T/CJICAATGAAGATGC*TC*TCTCCT rs1436185384T>C miRDB P T
UUUGU AGA G UGUAACGA
(miRNA) iy € U GA G5*
(Transcript)5'AUCCAGG GUAGAGG U3
. . GAACAG ACAUUGCU
hsa-miR-3908 AAGCAAT[G/AITCAATGAAGATGC*TC*TCTCCT rs1479107052G>A miRDB I I
UuuGUC UGUAACGA
(miRNA) 3" AGAUGGA G5"
(Transcript)5'U  GUC GAUU A 31
. . ucu UcuG UG CUUCUGUUCUG
hsa-miR-4773 CAGAACAGA*AGTCAAAT[C/G]C*AGAGACAGA*A rs1372018909C>G miRDB NI A
STarMirDB GGA  AGAU AC GAGGACAAGAC
(miRNA) 37C A 5°
(Transcript)5'CCUGAUAGAAAC A €3]]
. . UC UUUCUA cuGuucy
hsa-miR-4773 GAGAACAGTAGAAATGA*GTTTCT[A/G]TCAGG rs972411367A>G miRDB AT I
STarMirDB GG AAAGAU GACAAGA
(miRNA) 37 & ACGAG C5'
(Transcript)5'G U UCAGAAAAAAAA 3"
) . AC CuGU UUGUCCAAA
Hsa-miR-4520-2-3p TTT[G/C]JIGACAA*TTTTTTTTCTGAA*CAGAGTC rs1294210966G>C miRDB 1 S
° UG GACG GACAGGUUU
STarMirDB (miRNA) 3 CACAAAA 5
(Transcript)5'UGUUUU  UCUUGA U3
ucc GGUGAUUUUGUUG
Hsa-miR-3065-5p ACAACAAAATCACC*TCAAGA[G/CIGAAAAACA rs1424956426G>C STarMirDB Lf[:é U(\L&wa \A/\Al
(miRNA) 3 UCGUAG us*
“(Transcript)5* GUUUUUCCUCUUGA A3
GGUGAUUUUGUUGU
1 | |
Hsa-miR-3529-3p TACAA[C/TJAAAATCACC*TCAAGAGGAAAAAC rs1466778332C>T  miRDB LI
STarMirDB (miRNA) 3" A A5*
miRNA 3" uggAUAG-G--ACUUA---AUGAACUU 5°
Hsa-miR-26b-5p TTCAAA*TATAG[A/GIAC*CATTGTA*ATATCT rs1439602685A>G miRTarBase T
Target 5' agaTATTACAATGGTTCTATATTTGAa 3'
(Transcript)5'G ue cu UuAAU 3
ACUU C UU GuuucC AAGGAUU
Hsa-miR-362-5p AATCCTTATTAAGA*AA[C/TIAGAA*CAGA*AGTC 1s1423809569C>T  DianaTool TR
miRDB UGAG G GA CAAGG Uuccuaa
STarMirDB (miRNA) 3 UuGe Uuc 5'
(Transcript)5'ACUCUGU AAAAAAAAU G3'
) ) UCAG UGUCCAAA
Hsa-miR-7850-5p CTTT[G/CIGACAA*TTTTTTTTCTGAACAGAGT rs1294210966G>C DianaTool -1 [T
RDB GGUC ACAGGUUU
1o (miRNA) 3 GGUGUGAU 65"

(continued on next page)
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Table 1 (continued)

MicroRNAs ACE2 Gene Sequences SNPs Databases Screenshots
GA‘\JGUCAUAU ACUA CU/\U/\(}Gﬁ'
Hsa-miR-144-5p TGATATCTTTATC[A/GITCTTATATTTTCTATACC*A*TG rs1325052635A>G STarMirDB i c"‘\lﬁééﬁlﬁ’\% éﬁézﬁAAAéiﬁiﬁ'A .
¢ A A GA WA
: * * . . BeT Ser Aoy § Weseee
Hsa-miR-641 CAGACATTTA*CATTTAGATT*AT[C/T]|CCTG rs1325998023C>T STarMirDB 5 AGS GAllJAAUCUAA G‘IJAAAUGUCTG s
2806 et 2830
(Transcript)5'UCUAUGUUULUCCU LU U 63
C GAGG GAUUUU
Hsa-miR-4668-3p [C/TIAAAATCACC*TC*AAGAGGAAAAACATAGA rs1466778332C>T DianaTool [T T T
G UUUC CUAAAA
(miRNA) 3 U w 8 G5°
(Transcript)5'U AAGG G UCAACAU 3
CC U CUUGA CUCCCUGA
Hsa-miR-4270 TCAGGGAGATGTTGATCAA*G[C/TIA*CCTTGGA rs1040962657C>T DianaTool [ il LTI
‘RDB GG G GGACU GAGGGACU
m1 (miRNA) 3'C GA G 5
(Transcript)5 ' UGUUCAGAAAAA GUC A 3|
i . AMAUU  CA AGACAA
Hsa-miR-4288 TTGTCTTT[G/C]JGACAA*TTTTTTTTCTGAACA rs1294210966G>C DianaTool [0 1 TH
UUUGA  GU UCUGUU
(miRNA) 3 c G 5
(Transcript)5'UUCA AAUUGUCCAAA 3
_ . AAAAAA GACAACA
Hsa-miR-6755-3p TGTTGTCTTT[G/CIGACAATTTTTTTTCTGAA rs1294210966G>C DianaTool [T [T
miRDB CcuuuuuU CUGUUGU
(miRNA) 37 € GUA 5|
5' . ..CAUUGACAUUGCUUUCAGUAULU. ..
Hsa-miR-429 AAATACTGAAAGCAATGIT/C][CAATG rs1436185384T>C TargetScan LT
MirTarBase &’ UGCCAARALGGUCUGUCAUAAU
miRcode
(Transcript)5 ' CUAUGUUUUUCC GG u3'
UCUUGA  UGAUUUUG
Hsa-miR-8063 A[C/TIAAAATCACCTCA*A*GA*GGAAAAACATAG rs1466778332C>T DianaTool aliwal]] [T
GGGGCU  ACUAARAC
(miRNA) 3 C GAGG us
(Transcript)5' GUUCUGUUUCUUAAUA AUU U3’
AGG UUGUAU
Hsa-miR-4666a-3p AATACAAAATC*CTTATTAAGAAA[C/TIAGAAC rs1423809569C>T DianaTool [ 1
ucu AACAUA
(miRNA) 3 G cs'
(Transcript)5'G GGGAACU UAGCU 3"
ccu GGUG GCAAGGAUU
Hsa-miR-500b-5p AATCCTTGCAGCTAC*A[C/G]JCAGTTCCCA*GGC rs1044372223C>G DianaTool IIl.- [1- LTI
mlRDB GGG CCAU CG AA

(miRNA) 3'U u 5

12301
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https://www.ncbi.nlm.nih.gov/snp/rs1325052635
https://www.ncbi.nlm.nih.gov/snp/rs1325998023
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Hsa-miR-591

Hsa-miR-494

Hsa-miR-1305

Hsa-miR-421

Hsa-miR-7110-3p

Hsa-miR-3909

Hsa-miR-942-5p

Hsa-miR-6515-3p

Hsa-miR-4729

Hsa-miR-4729

TACCATGAAAT*T*AACATT[T/C]

AGAAA[C/TJAGAACA*GA*AG

TTTTCAACTTCAGAAATTCA*ACA[G/TIACATT

TTCAACA[G/TIACATTTAC*ATTTA*GA*TTATCC

TCTCTCTTTAGACI|C/TITGTCACCTTGAAGAA

TGTCCTCTACCTGTTCCCTG[G/AJATTCTTCT

TCTTCTCTCTTTAGA*C[C/TITGTCACCTTGAA

TCTCTTTAGAC*CTGTCA[C/A]CTTGAAGAAAG

ACATTTA[C*/TIATA*CAA*CA*AAA*TCACCTCAAG

ACATTTAC*ATTTA*GA*TTAT[C/T]CCTGAACAG

rs1387020058T>C

1rs1423809569C>T

1s1245592680G>T

151245592680G>T

rs1178938686C>T

rs1409688114G>A

rs1178938686C>T

rs986013272C>A

rs1316998365C>T

rs1325998023C>T

STarMirDB

STarMirDB

DianaTool
STarMirDB

DianaTool
miRDB
STarMirDB

DianaTool

DianaTool
miRDB
STarMirDB

DianaTool
STarMirDB

DianaTool

DianaTool

DianaTool

3 s
Yo uc
UUAC  UU GGGUACCA

~

esee ee | |eesse
5 ——— aRAUG  AA UUCAUGGU, ___ o
2565 2581

(miRNA) 3 G 66 U 5

(Transcript)5' GGAUAA A UAA A3’
UCUAA UG AUGUCUGUUGA
A0 T
GGGUU AU UACAGACAACU

(miRNA) 3 c A AS'

(Transcript)5' UUCUUCAAGGUGA UCUAA 3
CAGG AGAGAGA
11 [T
Gucc ucucucu

(miRNA) 3! C CUUCACCC 5'

(Transcript)5'AGA  AUC GAA AGG 3"
AGA CAGG C UAGAGGACA
FEE L T
UCU GUCC G  AUCUCCUGU

(miRNA) 3! GAC G G 5

(Transcript)5' UUCAAGGUG u G 3°
(miRNA) 3" G A U G 5

(Transcript)5'CUUUCUUCAA  GAC  CUA 3
GGU AGGU  AAGAGA
LHE T T
CCA  UCUA  uucucu

(miRNA) 3 C € 5

(Transcript)5' CUUGAGGUGA GUG U u3'
UUUU U UA GUAAAUG
eI
GAAG G GU UAUUUAC

(miRNA) 3! c GUW c us'

(Transcript)5' CUGUUCAGGGAUAA AU us'
UCUAA  GUAAAUG

LT

GGGUU  UAUUUAC
(miRNA) 3! A Guc us'

(continued on next page)
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https://asia.ensembl.org/Homo_sapiens/Variation/Summary?db=core;g=ENSG00000130234;r=X:15561033-15600960;t=ENST00000252519;vf=289699591
https://www.ncbi.nlm.nih.gov/snp/rs1316998365
https://www.ncbi.nlm.nih.gov/snp/rs1325998023

Table 1 (continued)

MicroRNAs ACE2 Gene Sequences SNPs Databases Screenshots
(Transcript)5' UCUUCAAGG C UCUAA 31
UGA AGG AGAGAGAA
Hsa-miR-6873-3p TTCTCTCTTTAGAC*[C/TITGTCACCTTGAAGA rs1178938686C>T DianaTool 1ImiE [
. ACU UCu ucucucuu
miRDB (miRNA) 3' G C CUUUCUG 5'
3'uU u c c As
cyyeas PP PyYsgas
Hsa-miR-543 TAACATTTA*CA*TACAA[C/TIAAAATCACC*TCA rs1466778332C>T STarMirDB 5 - UfACSUSy DSUAAUSUYA o
2544 [§) G 2570
U U
UG\J
=
. . UGUUAGUGAUC A;QCILJL_J;QC5
Hsa-miR-4272 AATTCAACA[G/TIACATTT 1s1245592680G>T STarmiRDB 22 =a :355;;;;\?
. 50 ——— A Gu U ——3
mlRDB 2824 2837
cu 5
298¢ “goocuas  agancad
Hsa-miR-589-3p ACAGAACAGAAGTCAAAT[C/G]JCA*GAGACAGAA rs1372018909C>G STarMirDB S UTCUG (CUGG ALY UGUUCUG, ___ 4
2711 CZ\CL%J 2738
3VAAGGUG ACGAU o GFAGGFUCU5
Hsa-miR-3192 CTCTGGGAGTTCAC*GGAGG[C/G]CCCTGGC rs1182792350C>G STarMirDB oo ok, &8 E& Agaéég;\;;;(s .
3189 = = 3213
Hsa-miR-632 AGTGTCTGCTTTGTGCTCAGCACTGCTCAAACAC[T/C]IGTGA*GC rs1034069205T>C STarMirDB 3, pr
GGGUGUC cuU UCGUCUGUG
- G?GEZ\ER?; GA AGEAGACAC,
g &&f
3329 l{‘_j 65 AC 3367
% £
AGC
(Transcript)5' UGUAUUUGGU A A3"
CUC CAGGC UGUUCAGGG
Hsa-miR-345-3p TCCCTG*A[A/G]CA*GCCTGTGAGACCAAATACA rs1294683764A>G DianaTool LT
. GAG GUCUG GCAAGUCCC
STarMirDB (miRNA) 3! GGGA G5'
(Transcript)5'AGAAGAAUCCA AGGU 3!
GGGAAC AGAGGACA
Hsa-miR-6852-3p TGTCCTCTACCTGTTCCC*TG[G/AJATTCTTCT rs1409688114G>A DianaTool I [T
RDB uccuuG ucuccugu
mi (miRNA) 3 c 5
(Transcript)s'UUCA CUGAAGUGGGUA 3
cccu CCCAGUCUC
Hsa-miR-4463 GAGACTGGGTA|[C/T]ICCACTTCAGA*GGGTGAA rs1013940690C>T DianaTool [1. s
GGGG GGGUCAGAG
(miRNA) 3" C UG 5
(Transcr‘ipt)S'UUGAUCAACAUCUCCC A A3’
UGACA CACAAA
Hsa-miR-2113 TTT[T/CIGTGTTGTCAGGGAGATGTTGATCAA rs1363355253T>C DianaTool 11 ]
STarMirDB ACUGU GUGUUU

(miRNA) 3 C CUCGGUUC AS'
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https://asia.ensembl.org/Homo_sapiens/Variation/Summary?db=core;g=ENSG00000130234;r=X:15561033-15600960;t=ENST00000252519;vf=373921938
https://www.ncbi.nlm.nih.gov/snp/rs1466778332
https://www.ncbi.nlm.nih.gov/snp/rs1245592680
https://www.ncbi.nlm.nih.gov/snp/rs1372018909
https://asia.ensembl.org/Homo_sapiens/Variation/Summary?db=core;g=ENSG00000130234;r=X:15561033-15600960;t=ENST00000252519;vf=374988375
https://asia.ensembl.org/Homo_sapiens/Variation/Summary?db=core;g=ENSG00000130234;r=X:15561033-15600960;t=ENST00000252519;vf=329677801
https://www.ncbi.nlm.nih.gov/snp/rs1294683764
https://www.ncbi.nlm.nih.gov/snp/rs1409688114
https://asia.ensembl.org/Homo_sapiens/Variation/Summary?db=core;g=ENSG00000130234;r=X:15561033-15600960;t=ENST00000252519;vf=307313951
https://www.ncbi.nlm.nih.gov/snp/rs1363355253

Hsa-miR-200c-3p

Hsa-miR-3658

Hsa-miR-4760-5p

Hsa-miR-200b-3p

Hsa-miR-5010-3p

Hsa-miR-4520-3p

Hsa-miR-2052

Hsa-miR-2052

Hsa-miR-502-5p

TAATACAAAATCCTTATTAAGAAA[C/TIA*GAA

TTTAAG[A/G]JGACTGGGTACCCAC*TTCA*GAGG

TTTAGATTA*TCCCTGA[A/G]JC*AGCCTGTGAGA

TAATACAAAATCCTTATTAAGAAA[C/TIAGAA

TTTT[G/CITGTTGTCAGGGAGATGTTGATCAA

TT[G/CIGACAATTTTTTTTCTGAA*CAGA*GTCA

AGTTTTGAC*ATTTAA[T/CIGATATCTTTATCA

TGTTTTCAACTTCAGAAATTC*AACA[G/T]ACA

ATCCTTA*TTAAGAA*A*[C/TIAGAACAGAAGTCA

1rs1423809569C>T

rs1198698374A>G

rs1294683764A>G

1s1423809569C>T

1s1467544735G>C

1s1294210966G>C

rs1278818379T>C

1s1245592680G>T

rs1423809569C>T

DianaTool
Targetscan
miRcode

DianaTool

STarMirDB

DianaTool
TargetScan
miRcode

DianaTool
STarMirDB

DianaTool
miRDB
STarMirDB

DianaTool
STarMirDB

DianaTool
STarMirDB

DianaTool

(Transcript)5'U  GUU AUAA  AUUUU 3
ucu Uc UUA GG GUAUUA
f 1l [T
AGG AG AAU cc CAUAAU

(miRNA) 3¢ u U GGG GU 5'

(Transcript)5'C GAA GUACCCAGUC 37
cucu GUGG UCUUAAA

[ - [T
GAGG UACC AGAAUUU
(miRNA) 3'A ACAAA 5'

(Transcript)5' UCUCACAGG G GA 3
CUG UUCA G UAAUCUAAA
[T T
GAU AAGU C GUUAGAUUU

(miRNA) 3" UG A AA 5

(Transcript)5' UUCUGUU AUA  AUUW 3!
UC UUA  AGG GUAUUA
I [T
AG AAU  UCC CAUAAU

(miRNA) 3! Uu G G 5

(Transcript)5 ' UUGAUCAACAUCUCCCUGACA 3!
ACACAAAA
[HTTT
UGUGUUUU

(miRNA) 3 c 5

(Transcript)5' UGAC UCAGAAAAAAAA 3
ucuGu UUGUCCAA

-1 mann
GGACG GACAGGUU
(miRNA) 3 A CACAAAA 5

(Transcript)5' UGAUAAAGAUAU AA us'
CAUUA UGUCAAAAC

I [
GUAAU  AUAGUUUUG
(miRNA) 3! u GACA us'

(Transcript)5'UGU AAUUUCUGAAGU G 3

GACAAU
(miRNA) 3' U G 5"

(Transcript)5'UGACUUCUGUU UG UCU A 3"
C u UA UAAGGAU
[
G GG AU GUUCCUA

(miRNA) 3 cuG ucu ¢ 5"

(continued on next page)
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https://www.ncbi.nlm.nih.gov/snp/rs1423809569
https://asia.ensembl.org/Homo_sapiens/Variation/Summary?db=core;g=ENSG00000130234;r=X:15561033-15600960;t=ENST00000252519;vf=377453781
https://www.ncbi.nlm.nih.gov/snp/rs1294683764
https://www.ncbi.nlm.nih.gov/snp/rs1423809569
https://www.ncbi.nlm.nih.gov/snp/rs1467544735
https://www.ncbi.nlm.nih.gov/snp/rs1294210966
https://www.ncbi.nlm.nih.gov/snp/rs1278818379
https://www.ncbi.nlm.nih.gov/snp/rs1245592680
https://www.ncbi.nlm.nih.gov/snp/rs1423809569

Table 1 (continued)

MicroRNAs ACE2 Gene Sequences SNPs Databases Screenshots
-
AGG A ”
hsa—miR—610 GTG[A/G]IGCTAATGC*A*TGCC*A rs1402794569A>G  STarMirDB Suggususy®aauceacy®
& - UFGCAUGCA UUAGCUCTC ——r
2957 2972
3'(3
CUU 5
rEeaman T oyt
hsa—miR—3143 TTAACATTTACATACAA[C*/TIAAAAT*CA*CC*TCA rs1466778332C>T STarMirDB g FACCUSHUDLG,  AAUGUUA, g
2544 U(%JAUGU 2571
NM_021804
. : G.CCACGUAGGU"AGGACCACAGUS
hsa—miR—4786—5p  [G/A]TGAGACCAA*ATA*CACA rs1342086305G>A  STarMirDB B
miRDB 2781 2795
BIAC 5
- . CCG AC CGAGU AAAGUAAA
hsa—miR—3646 AATGAAAGTGAGCTAATG[C/TIATGCCA rs1362223959C>T STaerrDB o 58 58 Aéea(g;\caooé;ﬁ&?i\ .
mlRDB 2957 AULI 2981
5
UUA
hsa—miR—374a—3p TTTATC[A/G]TCTTA*TATTT rs1325052635A>G STarMirDB ALI‘SUUAUGUUAGAcu AU ch
o ARORURAOEAORA,
| GA
2588 2602
(Transcript)5'A AG CUG C  AAGCAG 3
6C UG AG ACA ACACUCA
Hsa-miR-3659 T[G/CIAGTGTCTGCTTTGTGCTCAGCA*CTGCT rs1481257600G>C DianaTool (. 1 [T
€6 GC  UC UGU UGUGAGU
(miRNA) 3'A GGA A 5'
(Transcript)5' UCAAGGA cuuuc A3’
UGACA UG UUCACAGUA
Hsa-miR-4693-5p [T/CITACTGTGAAGAAAGCATGTCATCCTTGA rs1301618417T>C miRDB [T 11 [T
ST M DB ACUGU AC AAGUGUCAU
LT (miRNA) 3 c c uw AS*
(Transcript)5'CUUCA  UGAC CUAA 3
AGG AGGU AGAGAGAAG
Hsa-miR-6833-3p CTTCTCTCTTTAGACC*TGTCA[C/AICTTGAAG rs986013272C>A DianaTool [11 |11 [T
ucc UUCA ucucucuuu
(miRNA) 3 C ccC 5"
(Transcript)5'CCUGGGAA G G  CU 3
CU GU UAG GCAAGGAUUG
Hsa-miR-500a-5p C*AATCCTTGCAGCTA*CA*[C*/G]JCAGTTCCCAGG rs1044372223C>G miRDB e
GA UG GUC CGUUCCUAAU
(miRNA) 3% A G G CAU 5
(Transcript)5'UUUUCCUCUUG U U 3"
Hsa-miR-381-3p C*ATACAA[C/TIJAAA*ATCAC*CTCAAGAGGAAAA 1s1466778332C>T  DianaTool TR
UCU CU GAAC AACAUAU
(miRNA) 3 G c GGG 5
(Transcript)5'GU UUCUUAAUAAGGA us'
ucuGu UUUUGUAU
Hsa-miR-300 AATACAAA*A*TCCTTATTAAGAAA*[C/TIAGAAC rs1423809569C>T DianaTool [T11. <A
AGACG GGAACAUA

(miRNA) 3' C us'
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https://www.ncbi.nlm.nih.gov/snp/rs1402794569
https://www.ncbi.nlm.nih.gov/snp/rs1466778332
https://www.ncbi.nlm.nih.gov/snp/rs1362223959
https://www.ncbi.nlm.nih.gov/snp/rs1325052635
https://www.ncbi.nlm.nih.gov/snp/rs1481257600
https://www.ncbi.nlm.nih.gov/snp/rs1301618417
https://asia.ensembl.org/Homo_sapiens/Variation/Summary?db=core;g=ENSG00000130234;r=X:15561033-15600960;t=ENST00000252519;vf=289699591
https://asia.ensembl.org/Homo_sapiens/Variation/Summary?db=core;g=ENSG00000130234;r=X:15561033-15600960;t=ENST00000252519;vf=332435066
https://www.ncbi.nlm.nih.gov/snp/rs1466778332
https://www.ncbi.nlm.nih.gov/snp/rs1423809569

Hsa-miR-7159-3p

Hsa-miR-4422

Hsa-miR-6760-3p

Hsa-miR-936

Hsa-miR-4308

hsa—miR—4477a

hsa—miR—4677—3p

hsa—miR—125a—5p

hsa—miR—3166

Hsa-miR-6835-3p

TTTCTATC*A[G/A]JGCATGCTC*TGGGAGTTCAC

GAAAGCATGTC*ATC[C/AITTGACAATGGATTA

GCACTGTCCTT[A/G]JCAAGTGATCCATCCATA

ACAGTAGAAATGAGTT*T*CT[A/G]TCAGGCATG

TTCCCTG[G/AJATTCTTCTC*T

TTATTAAGA*AACAGAA[C/TIAGAAGTCAA*ATC*CA

GC*CT[G/A]TGAGACCAAATACACAC

ATCCCTGAA*CAGCCT[G/A]TGAG

AA*CA[G/TJACATTTACATTTAGATTATCCCTGAACA*GCCTG

GAAAGCAATGI[T/CICAATGAAGATGCTCTCTC

rs1027534608G>A

rs1329089026C>A

rs1382807063A>G

rs972411367A>G

rs1409688114G>A

rs1457913029C>T

151342086305G>A

rs1342086305G>A

rs1245592680G>T

rs1436185384T>C

DianaTool

DianaTool

DianaTool

DianaTool
miRDB

STarMirDB
miRDB

STarMirDB
miRDB

STarMirDB
MiRDB

STarMirDB
MiRCode

STarMirDB

DianaTool

(Transcript)5'GUGAA C AGCAUGC 3
U CCAG CUG AUAGAAA
e [T
GA GGUU GAU  UAUCUUU

(miRNA) 3p A uG 5’

(Transcript)5' UAAUCCAUUGUCAA A A 3
GG UG C AUGCUUU
I 1 THIT
CC AU G UACGAAA
(miRNA) £ A C GAAG AC AS'
(Transcript)sS'UA AU UCACUUGUAA cs’
GGACAGUG
[ 111 [T
CCUBUCAC
(miRNA) 3'@6 cuucc AS"

(Transcript)5'CAUGC  AUA AA A 3'
cuG GA CUC UUUCUACUGU
NI e A
GAC cu GAG GGAGAUGACA

(miRNA) 3 G AAG 5'

3' UG 5
UUCUUCUU AGGUCCCU
|esescce escsssse
GAGAAGAA UCCAGGGA

5 -—-A A—3]
3101 3116
g 5'
3 UG U U
CUUAG U ACA GGAAUUAU
e|ee| . eee escccce
’ GAUU A UGU UCUUAAUA
§---u ucc c U A---3'
Vs
2720 UG 2748

3 U_AG
UCA CA AAACCAGAGUGUCU
oo eecceccccce |

AGU Ggs UGUGGUCUCACAG

U
2778 2799

u-c
U C,
A ©
3 A A 5"
AGUGUCC GAGUCCCU
csecssee IE L RS S 2
i CL[JCACAGGC GUUCAGGGTU S
2793 e 2810
3 5'
u G
Auccea CA  UCC UA AcAGACGS
®eese| oo see oo ssssee
5 ——- NGGCU GU | AGG AU, JGucuey,
A A
2797 (V] A 2832
[o3 U
U G
AU
AA
(Transcript)5' G CAUCUUCAUUGACAU C3"
GAGA AG UGCuuwuU
[ [T
cucu uc ACGAAA
(miRNA) 3'C G UUUUC AS'

(continued on next page)
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https://asia.ensembl.org/Homo_sapiens/Variation/Summary?db=core;g=ENSG00000130234;r=X:15561033-15600960;t=ENST00000252519;vf=327770567
https://www.ncbi.nlm.nih.gov/snp/rs1382807063
https://asia.ensembl.org/Homo_sapiens/Variation/Summary?db=core;g=ENSG00000130234;r=X:15561033-15600960;t=ENST00000252519;vf=284309605
https://www.ncbi.nlm.nih.gov/snp/rs1409688114
https://www.ncbi.nlm.nih.gov/snp/rs1457913029
https://www.ncbi.nlm.nih.gov/snp/rs1245592680
https://www.ncbi.nlm.nih.gov/snp/rs1436185384

Table 1 (continued)

MicroRNAs ACE2 Gene Sequences SNPs Databases Screenshots
(Transcript)S'AGU AA UA A G GAUU 3’
UC G CUUGU  UGCCUACA
Hsa-miR-6806-5p TGTAGGCAAATC[A*/G]JCCATA*GTACTTGA*ACT rs976149849A>G DianaTool N P e T
miRDB 66 C GGACG  ACGGAUGU
(miRNA) 3 AC CG G AGU 5
(Transcript)5'AG uuc ACAUUG u3'
AGCAUC AUUG CUUUCAG
Hsa-miR-4766 ACTGAAAGCAATGIT/CICAATGAA*GA*TGC*TCT rs1436185384T>C DianaTool LA 1T [T
mlRDB (miRNA) 5 UUGUGGU UGACGA GAAAGUCU5I
(Transcript)5' GCAGUGCUGAGCACAAAG A3"
CAG ACACUCA
Hsa-miR-4658 TT[G/CIJAGTGTCTGCTTTGTGCTCAGCACTGC rs1481257600G>C DianaTool 11 I
STarMirDB (miRNA) 3 GGUCCUAGGUGUGAGUGS '
(Transcript)5'UCAUGCUUUCUUC UG 3!
o . AAGG AC AGGUCUAA
Hsa-miR-3684 TTAGACCTGTCA[C/A]JCTTGAAGAAAGCATGA rs986013272C>A DianaTool [11] [T
STarMirDB uucc UG UCCAGAUU
(miRNA) 3" UGCACA A 5'
(Transcript)5' UCAUGCUUUCUUC UG 3!
AAGG AC AGGUCUAA
Hsa-miR-3684 TTAGACI[C/TITGTCACCTTGAAGAAAGCATGA rs1178938686C>T DianaTool [11 T
oM wuee UG UCCAGAUU
STarMirDB (miRNA) 3! UGCACA A 5
. 3] CD
GAAG CA G GAAGAAU
hsa—miR—3653 TTAAGAAA*[C/TIAGAACAGAAGT rs1423809569C>T STarMirDB o A o0& &0 CUG[BGL.‘IEGL.J;IAA s
2728 2745
S'AU u G X \CSI
hsa—miR—3166 AA*CAGACATTTACATTTAGATTAT[C/TICCTGAA*CAGCCTG rs1325998023C>T STarMirDB WESST S5 usS Ul £5e5eSe
P CTGGCU GU, AGG AU, eucuey, .
2797 /EJ A\ 2832
[ V)
u G
A U
AA
hsa—miR—4699—3p CATTTACATTTAGATTATI[C/T]C*CT rs1325998023C>T STarMirDB L»;.Au%
3 c [& &
Sgued”  “gauuua®
¢ ——— AGCGGA, UGUAAATG =
A A
2807 A A 2826
u_A
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https://asia.ensembl.org/Homo_sapiens/Variation/Summary?db=core;g=ENSG00000130234;r=X:15561033-15600960;t=ENST00000252519;vf=285821784
https://www.ncbi.nlm.nih.gov/snp/rs1436185384
https://www.ncbi.nlm.nih.gov/snp/rs1481257600
https://asia.ensembl.org/Homo_sapiens/Variation/Summary?db=core;g=ENSG00000130234;r=X:15561033-15600960;t=ENST00000252519;vf=289699591
https://asia.ensembl.org/Homo_sapiens/Variation/Summary?db=core;g=ENSG00000130234;r=X:15561033-15600960;t=ENST00000252519;vf=373921938
https://www.ncbi.nlm.nih.gov/snp/rs1423809569
https://www.ncbi.nlm.nih.gov/snp/rs1325998023
https://www.ncbi.nlm.nih.gov/snp/rs1325998023
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Table 2: List of miRNAs possessing SNPs in their genomic sequences at target sites in the 3’ UTR of ACE2.
microRNAs MicroRNAs Sequence SNPs Screenshot
(Transcript)5’ AGGAGA U AUUG U3
GAGCA UCU C  ACAUUGCU
hsa-mir-3908 GAGCAATGTAGGI[T/-JAGACTGT*TT* rs1450533585 SE T
T UUUGU AGA G UGUAACGA
>- (miRNA) 3 C UG G5
(Transcript)5'CCUGAUAGAMAC A C31
UC UUUCUA CuGuuCy
hsa-mir-4773-2  CAGA[A/G]JCAGGAGCATAGAAAGG*C rs370179731 N I
GG AMGAU  GACAAGA
A>G (miRNA) 3 c ACGAG cs
(Transcript)5’ GGGAUAA AAU  AA uc 3
UCUA GUA UG  UGUUGA
hsa-mir-3065 TCAACAAAATCACTGATG*CTG*[G/C]A rs1251048260 [ T A \?
G>C AGGU CGU  AC  ACAACU
> (miRNA) 3 AGUC  UAAA 5
(Transcript)5'G U UCAGAAAAAAAA 3
AC CUGU UUGUCCAAA
hsa-mir-4520b TTTGGA[C/G]JAG*AAAACACG*CAGGT rs1238432232 - i
c>G UG GACG GACAGGUUU
(miRNA) 3 CACAAAA 5
(Transcript)5’ UUGAGCAGUGCUGAG 3
CACA  AAGCAGACAC
hsa-mir-632 GT[G/C]TCTGCTTCCTGTGG rs1317052508 LI LT
G>C GUGU  UUCGUCUGUG
(miRNA) 3 6 CC 5
(Transcript)5'G UG Cu UUAAU 3
ACUU C UU GUUUC AAGGAUU
hsa-mir-362 AATCCTTGG*AACCTAGG*TGTG*[A/T]GT rs374141752 I I
A>T UGAG G GA CAAGG UUCCUAA
(miRNA) 3 U UG UC 5
(Transcript)5'ACUCUGU  AAAAAAAAU 63
UCAG UGUCCAAA
hsa-mir-7850 GTTTGGACAT[A/TIGTGTGGCTGG* r$902278877 11 [T
AST GGUC ACAGGUUU
(miRNA) 37 GGUGUGAU G5*
(Transcript)5UCUAUGUULUUCCU UU U 63’
C GAGG GAUUUU
hsa-mir-4668 GAAAATCC[-/TTTTTT]T*TT*TTGT rs1394117376 AR
G UUUC CUAAAA
>TTTTTT (miRNA) EN U uu G5"
(Transcript)5'GGUG U uc ucuccc 3
U GA AACA UGACAACA
hsa-mir-6755 TGTTGTCATGI-/TITTTTTTCCCTAG rs1314065238 (11l Ny
T GA U UUGU ACUGUUGU
-> (miRNA) 3 ucc  uwu 5
(Transcript)5’'GUUCUGUUUCUUAAUA  AUU s
AGG  UUGUAU
hsa-mir-4666 CATA[C/AJAAT*CTG rs958857049 - 1
ucu AACAUA
C>A (miRNA) 3° G s
(Transcript)5'G  GGGAACU  UAGCU 3
c GGUG GCAAGGAUU
hsa-mir-500b AATCCT[T/A]JGCT*ACCTG*GGT rs781999368 . I11. [T
TSA GGG CCAU CGUUCCUAA
> (miRNA) 3’0 U 5
(Transcript)5'AAUG G GA  UCU A 3"
UCU UU AUU G AGUUGAAAA
hsa-mir-1305 TTTTCAACTCT[A/GIATGGG*AGAGA r$985999312 IR
A>G AGA AG UAA  C UCAACUULU
(miRNA) 3" G G U 5
(Transcript)5’ GGAUAA A uAA A3
UCUAA UG AUGUCUGUUGA
hsa-mir-421 GC*CC*AATTA*ATGTCTGI[T/C]TGAT rs1345251789 ST T
T>C GGGUU AU  UACAGACAACU

(miRNA) 3" € A AS®

(continued on next page)


https://www.ncbi.nlm.nih.gov/snp/rs1450533585
https://www.ncbi.nlm.nih.gov/snp/rs370179731
https://www.ncbi.nlm.nih.gov/snp/rs1251048260
https://www.ncbi.nlm.nih.gov/snp/rs1238432232
https://www.ncbi.nlm.nih.gov/snp/rs1317052508
https://www.ncbi.nlm.nih.gov/snp/rs374141752
https://www.ncbi.nlm.nih.gov/snp/rs902278877
https://www.ncbi.nlm.nih.gov/snp/rs1394117376
https://www.ncbi.nlm.nih.gov/snp/rs1314065238
https://www.ncbi.nlm.nih.gov/snp/rs958857049
https://www.ncbi.nlm.nih.gov/snp/rs781999368
https://www.ncbi.nlm.nih.gov/snp/rs985999312
https://www.ncbi.nlm.nih.gov/snp/rs1345251789
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Table 2 (continued)

microRNAs MicroRNAs Sequence SNPs Screenshot
(Transcript)5'AGA  AUC GAA AGG 3"
AGA CAGG C UAGAGGACA
hsa-mir-3909 TGTCCTCTAG[G/A]JGCCTGCAGTCT rs1234585731 N i
ucu GUCC G AUCUCCUGU
G>A (miRNA) 3 GAC G G 5
(Transcript)5 ' UUCAAGGUG U G 3
ACA GGUC AAA AGAGAAGA
hsa-mir-942 TCTTCTCTGTTT[T/CIGG*CCATGTG rs1384667146 FLETT LT T
T C UGU CCGG UUU ucucuucu
> (miRNA) 3 G A U G S
(Transcript)5’ CUUUCUUCAA GAC CcuAa 31
GGU  AGGU  AAGAGA
hsa-mir-6515  TCTCTTC[A/C/G]T*CTACCC 15769602728 N -1
A>C G CCA  UCUA  uucucu
> (miRNA) 3 C C S
(Transcript)5'AGCAGU UG G AAG G 3
GC A CACA CA ACACUCA
hsa-mir-574 TGAGTGTGTGTGTGTG[A/T|IGTGTGT* 11309447183 S T
A>T Uus U Gueu GU UGUGAGU
(miRNA) 37 UG GA GU G 57
(Transcript)5' CACA G UAAUC U3
GGCU UUCAG GGA UAAAUG
hsa-mir-4729 TCATTTATCT*GT*TG[G*/CIG*AAGCT*A 151167550125 il I
G>C UCGA GGGUU ucu AUUUAC
(miRNA) 3" A A G us’
(Transcript)5’GUCC ACAUGGCCAAG 3
AAAGACA GAGAGAG
hsa-mir-6873 GAAAGACAGA[G/A/CIAGAA* 1s554964784 [T [T
G>A C uuucuGU cucucuy
> (miRNA) 3" @ 5°
(Transcript)5'UGUAUUUGGU A Az
CUC CAGGC UGUUCAGGG
hsa-mir-345 GCCCTGAACG*A[G/TIGGGT*CTGGAG 151227054156 I DT
G>T GAG GUCUG GCAAGUCCC
(miRNA) 3* GGGA GE
(Transcript)5'GGAAUA AU UC UUGUA 3
UGG GGA AC AGGACA
hsa-mir-6852 CTGA*GGAACAGIA/CIGGACA 151221759458 [l 11111
A>C ACU CCU UG uccueu
(miRNA) 3* G uc 5
(Transcript)5'UUCA CUGAAGUGGGUA 3"
cccu CCCAGUCUC
hsa-mir-4463 GAGACTGG[G/A]JGTG*GGGC rs991713068 1. LT
GGGG GGGUCAGAG
G>A (miRNA) 3= & uG 57
(Transcript)5'ACAGUGULU G U G3"
UGA CAG GCUGAGCACAAA
hsa-mir-2113 ATTTGTGCTT[G*/C]IG*CTCTGTCAC rs1205511802G>C FLE T T THHTT
ACU GUC CGGUUCGUGUUU
(miRNA) 3¢ C u AS’
(Transcript)5' CAUC UGA u U3’
UUCAU  CAUUGCUU CAGUAUU
hsa-mir-200c TAATACTGCCG*G*GT*AA[T/C/G]IGATGG*A  rs1400433260 [ T T T
T>C G AGGUA  GUAAUGGG GUCAUAA
2l (miRNA) 3 cC Us*
(Transcript)5'C GAA GUACCCAGUC 3
cucu GUGG UCUUAAA
hsa-mir-3658 TTTAAGAAAACAC[C/TIT*G*GAGA 11024225815 ]| [LETEE
GAGG  UACC AGAAUUU
C>T (miRNA) 3'A ACAAA 5
(Transcript)5’ACAGUGU AC v EX
UUG G AGUG GAG CACAAAG
hsa-mir-5010 T*TTTGTGTCT[C/T]CCAT*TCCCCAG* rs374388783 NIREEIENne
C>T GAC C UUAC CUC GuGcuuuu

(miRNA) 3 Ci€ & u 5l


https://www.ncbi.nlm.nih.gov/snp/rs1234585731
https://www.ncbi.nlm.nih.gov/snp/rs1384667146
https://www.ncbi.nlm.nih.gov/snp/rs769602728
https://www.ncbi.nlm.nih.gov/snp/rs1309447183
https://www.ncbi.nlm.nih.gov/snp/rs1167550125
https://www.ncbi.nlm.nih.gov/snp/rs554964784
https://www.ncbi.nlm.nih.gov/snp/rs1227054156
https://www.ncbi.nlm.nih.gov/snp/rs1221759458
https://www.ncbi.nlm.nih.gov/snp/rs991713068
https://www.ncbi.nlm.nih.gov/snp/rs1205511802
https://www.ncbi.nlm.nih.gov/snp/rs1400433260
https://www.ncbi.nlm.nih.gov/snp/rs1024225815
https://www.ncbi.nlm.nih.gov/snp/rs374388783
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Table 2 (continued)
microRNAs MicroRNAs Sequence SNPs Screenshot
(Transcript)5'UGAC UCAGAAAAAAAA 3
ucueu UUGUCCAA
hsa-mir-4520b TTGGA[C/G]JAG*AAAACACG*CAGG* rs1238432232 11 L
Cc>G GGACG GACAGGUU
(miRNA) 3" A CACAAAA 5
(Transcript)5 ' UGUAU AUAUUA A 3
UAGAGU GGG AAGUGUGU
hsa-mir-216b TAGAA*TCTCTA[C/TIGGGTAAGTGTGT rs368125248 111 LT
C>T AUCUUA CCC UUCACACA
(miRNA) 3 GAGAUG A 5
(Transcript)5 ' UGAUAAAGAUAU AA u3*
5 CAUUA UGUCAAAAC
hsa-mir-2052 TGTTTTGAT*A[A/G]CAGTAATGT rs1468783220 [EHE =TT
A>G GUAAU AUAGUUUUG
(miRNA) 3¢ U GACA us'
(Transcript)5'UGACUUCUGUU UG UCU A 39
C UU  UA UAAGGAU
hsa-mir-502 ATCCTTG*CTAT[C/G]TG*G*GTGC rs1557183210 | I
C>G G GG AU GUUCCuA
(miRNA) 3" Cue uUtu ¢ 55
Results (Tables 1 and 2). Interestingly, we found that the binding

In the in-silico part of this study, we used different tools
(Supplementary Data) and identified 80 SNPs in the 3’ UTR
of ACE2 that were associated with 30 SNPs of different
miRNAs and might target their mirSNPs at their binding
sites to increase or decrease affinity to create damage

site of miR-3658, which interacts with then 3’ UTR of
ACE2, featured three SNPs (rs1457913029, C>T;
rs960535757, A>C, G; rs1423809569, C>T), and that the
genomic region sequence has a single SNP (rs1024225815,
C>T) with the same nucleotide variation to rs1457913029,
C>T (Figure 1) that might elevate infection susceptibility.

rs960535757
rs1457913029 rs1423809569
Transcript pasition Score
647-665 0.0¥83119139462215
X:15579803-15579821 N
(ACE2)
(Transcript)5' UGGAUUUGA W uucue 3"
CuuC UG UUUCUUAA
1.1 1 1y
GAGG AC AAAGAAUU
(miR-3658) 3" A CACA J5"

rs1024225815

rs/ 70335253

rs1557852115

Figure 1: Six important SNPs were detected at the binding sites between miR-3658p and the ACE2 gene. Interestingly, the binding site for
miR-3658 on ACE?2 features three SNPs (rs1457913029, C>T; rs960535757, A>C, G; rs1423809569, C>T) on the ACE2 3’ UTR.

Furthermore, the genomic sequence possessed an SNP (rs1024225815,

C>T) at the same nucleotide with rs1457913029. Similarly, three

other SNPs (rs1557852115, C>G; rs770335293, A>G; rs1024225815, C>T) were identified at the first binding site of miR-3658. miRSNP
(rs1457913029), located at the ACE2 3’ UTR, and the rs1024225815 SNP at miR-3658 in the genomic sequence cross-matched at the same

binding site.


https://www.ncbi.nlm.nih.gov/snp/rs1238432232
https://www.ncbi.nlm.nih.gov/snp/rs368125248
https://www.ncbi.nlm.nih.gov/snp/rs1468783220
https://www.ncbi.nlm.nih.gov/snp/rs1557183210
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Table 3: List of hypertension-related genes (other than 4CE?2)
targeting miR-3658 and associated with hypertension pathways
that are susceptible to SARS-CoV-2 infection.

Sr#

Genes

Relationship with
hypertension

References

TMPRSS Family

ADAMI17,
ADAMI0 &
ITGBI1

Interactions with
ACE2 and serine
protease TMPRSS2
to facilitate the
entry of SARS-
COV-2

ACE2 can be
regulated by
shedders

11

(ADAMI10,
ADAMI17) by
interacting with
integrins (ITGBI)
Highly variable in
Irani Populations
during SARS-CoV-
2 infection
Functional 28
association of
mutant SLC6A419
transporters with
ACE2 in the
intestine

ACE2 KO
hypertensive mice
showed
enhancement of
pro-inflammatory
cytokines, i.e., IL6,
and chemokine (C
—C motif) ligand 5

3 TLR4 31,32

4 SLC6AI19

5 IL-6 & chemokine
(C—C motif)
ligand 5

29,30

Similarly, we also detected three other SNPs (rs1557852115,
C>G; 1rs770335293, A>G; rs1024225815, C>T) at miRNA-
3658 binding sites within the first position. The genomic
sequence was cross matched for similar sites in the binding
region for miRSNP (rs1457913029) in the 3’ UTR of ACE2
and SNP (rs1024225815) in miR-3658 (Figure 1) that might
exert a significant impact on the severity of COVID-19 in
hypertensive individuals.

In the second part of the study, qRT-PCR analysis
identified significantly lower expression levels of ACE2 in
healthy controls as compared to patients (p < 0.05). We
hypothesize that miR-3658 targeting of the ACE2 gene can
inhibit complications pertaining to hypertension with SARS-
CoV-2 infection (Table 4). Computational analysis revealed

**k%*

1.5=

27-AACt

Controls Patients

Figure 2: Differences in ACE2 expression between in healthy
controls and patients (nasopharyngeal swab samples) as normal-
ized by the GAPDH gene (p < 0.05). Data are expressed as
mean + SD. Data were non-parametric and were analyzed by the
Mann—Whitney U test.

*kk*k
15

st
($)
<
<
<

N

| |
Controls Patients

Figure 3: Differences in miR-3658 expression between healthy
controls and COVID-19 patients (nasopharyngeal swab samples)
as normalized by the RNU6B_13 gene (p < 0.05). Data are given
as mean £+ SD. Data were non-parametric and analyzed by the
Mann—Whitney U test.

Table 4: Differences in ACE2 and miR-3658 gene expression between healthy controls and patients (nasopharyngeal swab samples) as

normalized by GAPDH and RNUG6B genes.

Variables Controls Patients P-value
Mean + SD Mean + SD
2-AACt 0.877 + 0.366 0.495 + 0.248 0.0002
(ACE2- GAPDH)Ct
2~AACt 8.625 4+ 0.362 9.627 + 0.709 <0.0001

(miR-3658 - RNU6B_13)Ct
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that miR-3658 targets the ACE2 3’ UTR region and that the
ACE?2 gene partially inhibits transcription via miR-3658. It
has yet to be demonstrated whether miR-3658 is associated
with hypertension or SARS-COV-2 infection. The results of
our in vitro study were further corroborated by the findings
of the in-silico investigation (Figures 2 and 3).

Discussion

It is generally known that detecting binding and matching
regions on miRNA is laborious and expensive. However, it is
highly advantageous to use bioinformatics techniques to
assess miRNA /target interactions prior to performing labo-
ratory trials. Furthermore, researchers face difficulties when
attempting to identify mysterious pathophysiological mech-
anisms used by infectious agents such as SARS-CoV-2. Thus,
identifying miRNA-mediated target binding mechanisms
might be useful when evaluating the severity of infections
through computational analysis.s’z’g’24 It is a key advantage
that these targeted databases typically possess miRNAs-
target interactions at 3’ UTR sites which represented our
primary focus in this investigation.

The 3’ UTR regions of miRNAs and the ACE2 gene were
downloaded from selected databases (Supplementary Data)
and compiled into a list to check mismatches and
variations. Furthermore, the target sites were precisely
predicted using direct or wobble matching with their
related nucleotides.”> We adopted the wobble theory,
which explains why G matches to U are permitted in place
of C.%° Furthermore, SNPs were identified at the 3° UTR
of ACE2 and a complete 80 MirSNPs list was created. The
SNPs of targeted genes (ACE2 and microRNAs) were
scanned from NCBI at 3’ UTR regions and cross-matched
SNPs in these targeted genes were manually determined.’
Specific SNPs (matched and unmatched SNPs) were
analyzed in depth for ACE2, which is known to be
associated with hypertension and COVID-19 (Figure 1).
The results of the in vitro study were corroborated by the
findings of the in-silico investigation.(’

It was previously reported that 4ACE2 and SARS-COV-2
infections were directly related to hypertension lethality.?
Furthermore, the results of our study are also in line with
those of Pan et al. who reported the rs4646188 variant in
ACE?2 as a potential diagnostic marker for hypertension,
dyslipidemia, and ischemic stroke.”” Moreover, the severity
of SARS-COV-2 infection may be explicitly associated with
ACE2 and TMPRSS?2 gene polymorphism.”

Similarly, other studies have also stated that interactions
between ACE/ACE2 and miRNAs in hypertensive patients
might increase the possibilities of SARS-CoV-2 infec-
tion,>! 26,2830 However, microRNAs, such as miR-145,
miR-27a/27b, and miR-483-3p, can suppress ACE/ACE2
expression patterns by increasing or minimizing their binding
affinity at their corresponding binding sites in the 3’ UTR of
ACE/ACEZ.”*%*ZS’” In addition, we reported the
association of miR-3658 with different ACE2 genes for the
first time. In this study, we found that miR-3658 can target
numerous 4CE2-related genes including TMPRSS family,
ADAMI0, ADAM17, ITGB1, TLR4, SLC6A19, IL-6, and
chemokine Chemokine (C-C motif) ligand 5 (C—C motif)
ligand 5) (Table 3) that have already been linked to
hypertension and COVID-19.%! 12628733

Multiple databases (Supplementary Data) have reported
allele frequencies of distinct SNPs in the 3/ UTR region of
ACE?2 and microRNAs in the National Center for Biotech-
nology Information (NCBI). However, in this study, we
documented the allele frequencies of informative SNPs in the
3’ UTR region of ACE2 and microRNAs in different pop-
ulations (Supplementary Data) that might be used as
potential markers and therapeutic talrgets.ﬂ’34 Regardless
of these documented SNPs in the 3’ UTR region of the
ACE?2 gene or miRNA:g, it is still unknown which SNPs are
functional and informative. Our study provides inclusive
insight regarding miRSNPs (rs1457913029) at the ACE2 3’
UTR and the miR-3658 genomic sequence (rs1024225815)
which were cross-matched at the same site of the binding
region (Figure 1). Furthermore, our in vitro study identified
striking genetic variations. There are several limitations to
the current understanding of the relationship between the
3’ UTR of the ACE2 gene and miR-3658 that elevate the
susceptibility and severity of COVID-19. Some of these
limitations include:

1. The relationship between the 3’ UTR and COVID-19
susceptibility and severity is complex and influenced by
multiple factors. Genetic variations in the 3’ UTR of the
ACE?2 gene are just one of the many factors that can affect
susceptibility and severity of COVID-19.

2. This study was small sample size which can limit the
generalization of the results to the broader population.

3. The majority of the study was done on individuals from a
specific race or ethnicity and the findings might not be
applicable to other populations.

4. This study did not take into account the effect of
comorbidities, which can affect the susceptibility and
severity of COVID-19.

5. The study was reported conflicting results, which makes it
difficult to draw definitive conclusions about the rela-
tionship between the 3’ UTR and COVID-19 suscepti-
bility and severity.

6. The study was focused on a single variation in the 3’ UTR
of the ACE2 gene and do not take into account other
genetic variations in the 4CE2 gene or other genes that
may also play a role in susceptibility and severity of
COVID-19.

It is important to note that these limitations do not negate
the importance of the findings, but rather highlight the need
for more research to fully understand the relationship be-
tween the 3’ UTR of the ACE2 gene and miR-3658 and
susceptibility and severity of COVID-19.

Conclusion

Our study provides inclusive insight regarding the SNPs
of miRSNP (rs1457913029) at ACE2 3’ UTR and the miR-
3658 genomic sequence (rs1024225815) which were cross-
matched in the binding region for same sites and striking
findings regarding genetic variations via in vitro study.
Informative SNPs are of great value owing to the func-
tional effect of miRSNPs/variations in hypertension and
correspondingly their potential association with COVID-19
patients (in vitro) and computational analysis (in silico).
This study provided novel findings related to the effects of
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miRSNPs on the ACE2 gene and SNPs in miRNA genes
targeting 3’ UTR that are associated with hypertension and
SARS-COV-2 infection validated via in silico and in vitro
analysis. The findings of this study might help in
the development of novel medications for COVID-19 pa-
tients, specifically addressing the function of the 3’ UTR
region of ACE2 and the correlation of COVID-19 with
severity.
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