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ROLE OF ACE2/TMPRSS2 GENES REGULATION BY INTESTINAL microRNA ISOFORMS
IN THE COVID-19 PATHOGENESIS
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Coronavirus SARS-CoV-2, the cause of the COVID-19 pandemic, enters the cell by binding the cell surface proteins: angiotensin-converting enzyme 2 (ACE2)
and transmembrane serine protease 2 (TMPRSS2). The expression of these proteins varies significantly in individual organs and tissues of the human body. One
of the proteins’ expression regulation mechanisms is based on the activity of the microRNA (miRNA) molecules, small non-coding RNAs, the most important
function of which is the post-transcriptional negative regulation of gene expression. The study was aimed to investigate the mechanisms of the interactions
between miRNA isoforms and ACE2/TMPRSS2 genes in the colon tissues known for the high level of expression of the described enzymes. The search for
interactions was performed using the correlation analysis applied to the publicly available paired mMRNA/mIiRNA sequencing data of colon tissues. Among the
others, such miRNAs as miR-30c and miR-200c were identified known for their involvement in the coronavirus infection and acute respiratory distress syndrome
pathogenesis. Thus, new potential mechanisms for the ACE2 and TMPRSS2 enzymes regulation were ascertained, as well as their possible functional activity
in a cell infected with coronavirus.
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POJIb PErYNAUNU FrEHOB AM®2/TMPRSS2 U30®OPMAMU mukpoPHK KALLEYHUKA
B NMATOMEHE3E COVID-19
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KopoHasmpyc SARS-CoV-2, Bbi3sasLni naHaemmnio COVID-19, NPoHMKaET B KNETKY, CBA3bIBASICb C MOBEPXHOCTHLIMM Bekamu: aHMMOTEH3MH-NpeBpaLLatoLLIM
hepmeHToM 2 (AIND2) 1 cepuHoBoii NpoTeasoit 2 (TMPRSS2). Okcnpeccust AaHHbIX 6eKOB 3HAUMTENBHO PasiaeTcs B OTAENbHbIX OpraHax U TKaHsaX opraHMama
Yenoseka. OIHVM 13 MEXaH3MOB PEryNALMN UX 9KCIPECCUN ABNAETCA aKTUBHOCTb Monekyn MUKPOPHK — KopoTkix HekoavpytoLmx PHK, BaxkHenwen yHKUmen
KOTOPbIX SBNSIETCS MOCTTPAHCKPUMNLMOHHAS HeraTuBHas perynsiLnsg skenpeccum reHoB. Lienbto paboTbl 6bIN0 BbISIBUTL MexaHW3Mbl B3aUMOAENCTBIUS M30(hopM
MUKPOPHK 11 reHoB AlN®2 / TMPRSS2 B TKaHsIX TOSICTOMO KMLLEYHMKA, N3BECTHbIX BbICOKMM YPOBHEM SKCMPECCUM ykadaHHbIX (DepMeHTOB. NoncK B3aMOaenCTBIiA
ObIN OCYLLECTBNEH CPEACTBaMN KOPPENALIMOHHOIO aHanmaa Ha nybany4Ho JOCTYMHOW BbIGOpKe AaHHbIX napHoro MPHK / MukpoPHK-cekBeHrpoBaHns TkaHen
KULeYHnKa. B yncne Haxopgok okadannck Takve MUKPoPHK, kak miR-30c n miR-200c, n3BecTHble CBOEN posbto B MAaTOreHe3e KOPOHaBUPYCHOW MHMEKLIM
N OCTPOro PECMMPATOPHOrO ANCTPECC-CUHAPOMA. Takm 06pa3om, Obln yCTaHOBNEHbI HOBbIE MOTEHLMasbHbIE MexaHn3Mbl perynaummn hepmeHToB AMND2 n
TMPRSS2 11 nx BO3MOXKHas (hyHKLMOHaNbHas akTUBHOCTb B KNETKE, MH(PULIMPOBAHHON KOPOHABNPYCOM.
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The rapid and progressive spread of the COVID-19 infection  stability. The characteristics of SARS-CoV-2, especially
caused by the SARS-CoV-2 coronavirus deeply affected the  distinguishing the disease from influenza, are the higher
health of hundreds of thousands of people, which became a  infection rate combined with the increased risk of severe
serious challenge to healthcare systems and global economic ~ course and mortality, mainly due to the acute respiratory
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distress syndrome (ARDS) [1]. The mechanism of the cells
infection is actively studied in many laboratories. In particular,
it is known that the SARS-CoV-2 viral envelope expresses the
spike protein (S protein) containing the receptor binding domain
with high affinity for the extracellular domain of angiotensin-
converting enzyme 2 (ACE2). The further S protein cleavage
by the transmembrane serine protease 2 (TMPRSS2) aimed
to produce the S1 and S2 subunits is a crucial stage for
membrane fusion and virus internalization by endocytosis with
ACE2 in pulmonary epithelium. It is assumed that the greater
virulence of SARS-CoV-2 compared to other coronaviruses
can be explained by the S1 protein’s significantly higher affinity
for ACE2. This mechanism of the SARS-CoV-2 entering the
cell leads to the loss of ACE2 on the cell surface, thereby
contributing to chronic lung function impairment and severe
tissue fibrosis [2].

MicroRNAs (miRNAs) are the small non-coding single
stranded RNAs containing an average of 22 nucleotides. One
of the most important intracellular functions of miRNA is the
negative regulation of gene expression due to complementary
miRNA binding with the target mRNA, leading to mRNA
degradation or translational inhibition [3]. MicroRNAs are
formed from the longer hairpin molecules of pre-miRNA as a
result of the hairpin cleaving Drosha and Dicer enzymes’ activity
[4]. The cleaving site inaccuracy leads to the emergence of
various microRNA isoforms that differ in several nucleotides
at the ends of the molecule. It is reported that many miRNAs
of canonical types are expressed much weaker than some
alternative isoforms [5]. It is of key importance that different
isoforms of the same MIRNA may have completely different
target genes. This is because the most important role in binding
to the target mRNA is played by the miRNA region between the
5' nucleotides 2-7 (seed region) [6].

It is reported that the functional impairment of miRNAs and
their isoforms is associated with a large number of pathological
conditions, including cancer, neurological and cardiovascular
diseases [7]. A large number of papers is devoted to the study
of the role of mMiRNAs in the pathogenesis of viral infections:
some of them are aimed to study the therapeutic potential of
the direct miRNA interaction with the virus [8], and the others
are aimed to investigate the potential interactions of miRNAs
and proteins playing a key role in the viral vital processes [9].
However, the ACE2 and TMPRSS2 expression regulation by
miRNA in subjects with COVID-19 remains poorly understood.
The study was aimed to reveal the mechanisms of the
interactions between miRNA isoforms and ACE2/TMPRSS2
genes in the colon tissues known for the high level of expression
of the described enzymes.

METHODS

To search for miRNA isoforms interacting with ACE2 and
TMPRSS2 enzymes, we performed the integrated analysis of
the paired mRNA and miRNA expression in the normal colon
tissues’ sample (the enzyme is most intensively expressed in
the colon tissues). The tissue selection was also due to the
fact that the gut models were often used for in vitro studies of
viruses [10, 11]. The available for public access samples from
The Cancer Genome Atlas Colon Adenocarcinoma (TCGA-
COAD) collection were used. The sample analysis was carried
out by the next-generation mMRNA and miRNA sequencing [12].
The data were expression matrices of thousands of mRNA and
miRNA isoforms in eight samples, the unit of expression was
the binary logarithm of the corresponding transcript number of
reads normalized to the upper quartile of the overall distribution
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(FPKM-UQ). To search for potential regulatory interactions
between miRNA isoforms and TMPRSS2 the Spearman
correlation coefficients between the expressions of 25% of
the most highly expressed isoforms with the expressions of
the corresponding mRNA were calculated, with subsequent
filtering in accordance with the p-value (significance level 0.05).

RESULTS

The ACE2 and TMPRSS2 expression at the mRNA level turned
out to be very high: TMPRSS2 was in the list of the most highly
expressed genes (1%), and the ACE2 expression was between
the 93 and 94" percentiles, which was fully consistent with
published data [13] (see Figure). Correlation analysis allowed
us to detect the miR-21 miIRNA demonstrating a significant
negative correlation with the ACE2 gene expression, as well
as the following miRNA families regulating TMPRSS2: let-7a/
let-7d, miR-30a, miR-30c, miR-127, miR-194, miR-200c, miR-
361 and miR-423. The let-7a miRNA was represented by the
hsa-let-7a-5p isoform, which differed from the canonic type by
adenine added at the 5' end of the molecule. The miR-194
was represented by the hsa-miR-194-3p isoform, which lacked
the &' first nucleotide. The absence of the corresponding
miRNA canonical forms in the list indicates the importance of
taking into account the profiles of all mMiRNA isoforms, not just
canonical isoforms.

DISCUSSION

Some of the discovered miRNAs have already been detected
during the virological studies. Thus, it was shown that the miR-
30c expression in the lungs of the mouse changed significantly
upon infection with SARS-CoV virus [14], which made it
possible to put forward a hypothesis about the involvement of
that miRNA in the development of a disease caused by the
virus. The miR-200c miRNA is also of great interest. In 2017,
a paper was published reporting that miR-200c miRNA played
a key role in the virus-induced ARDS pathogenesis [15]. The
researchers found out that the H5N1 avian influenza virus
promoted the miR-200c expression, the target of which was
the ACE2 receptor. Moreover, the viral proteins were detected
responsible for promoting the miRNA expression. The discovery
of the interaction possibility between the described miRNA and

*
22
S}
2
s 214
X
o
>
<
kel
P 20
o
[}
(%}
I
3
L 19 4
18 1
T T

ACE2 TMPRSS2

Fig. ACE2 and TMPRSS2 expression distribution in the colon tissues. Borders of
the boxes correspond to the lower and upper quartiles, vertical segment inside
the box represents the median value. Black rhombus shows outlier
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the TMPRSS2 enzyme emphasizes the need for studying the
role of miR-200c in the COVID-19 pathogenesis.

CONCLUSION

The results obtained indicate the presence of numerous
regulatory interactions between miRNA isoforms and ACE2/
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