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Analysis of the interaction of ACE2, TMPRSS2 genes
and their polymorphisms with the SARS-CoV-2 virus

Host genes act as a factor related to susceptibility and resistance to viral infections. The article provides a
description of modern scientific studies devoted to the study of the role of the ACE2, TMPRSS2 genes, and
their single-nucleotide polymorphisms in infection with the SARS-CoV-2 virus. SNPs of the ACE2 gene,
TMPRSS?2 can affect the penetration of SARS-CoV-2 into the cell. In addition, the study of these polymor-
phisms will determine the predisposition of an individual to the disease COVID-19, or the nature of its course.
Based on the literature sources, the role of angiotensin-converting enzyme 2 and transmembrane proteases in
the participation of the SARS-CoV-2 virus penetration process with the body cells is noted. Other functions
that ACE2 and TMPRSS?2 receptors perform in the human body are also described. The characteristics of two
genes and their fairly well-known polymorphisms are given. The tissues and organs in which genes are ex-
pressed are marked. Information on the frequency of alleles of genetic variants of genes in different populations
is shown. In addition to describing the relationship of gene polymorphisms with the disease caused by SARS-
CoV-2, information is provided on the association of these genetic variations with diseases of the blood vascular
system and oncological diseases.
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Introduction

In December 2019, a new highly pathogenic SARS-CoV-2 caused an outbreak in Wuhan, Hubei Prov-
ince, China [1], which quickly spread across China, and soon around the world, causing a pandemic. At the
moment, the virus is rapidly mutating, spreading around the world and poses a serious threat to the health of
the global population.

Phylogenetic analysis of the coronavirus genome has shown that SARS-CoV-2 belongs to the genus Be-
tacoronavirus, which includes coronaviruses associated with SARS-CoV and MERS-CoV. Scientists have
found that the SARS-CoV-2 sequences are almost identical and 79.6 % identical to the SARS-CoV sequence,
as well as 96 % identical on the level of the entire genome to the bat coronavirus [2].

Currently, it has become obvious that SARS-CoV-2 uses angiotensin-converting enzyme 2 (ACE2), en-
coded by the ACE2 gene, acting as a SARS-CoV-2 receptor for S (spike) protein, through which the virus can
attach to host cells [3—5]. Consequently, it can be assumed that the high risk of infection and severe course of
the COVID-19 disease depends on an increase in the number of ACE2 receptors.

SARS-CoV-2 has many S-proteins that perform the function of binding the virus to the organism’s cell.
According to Fang Li’s research, “During virus entry, S1 binds to a receptor on the host cell surface for viral
attachment, and S2 fuses the host and viral membranes, allowing viral genomes to enter host cells” [6]. Pri-
marily, S-proteins bind to cellular receptors ACE2, whose main function is to bind the hormone angiotensin.
After being attached to the cell membrane to introduce the virus genome into the cell, the S-protein undergoes
a small transformation using the body’s enzymes, transmembrane proteases TMPRSS2. It is proteases that cut
and activate it, opening a fragment of a protein that triggers the fusion of the virus and cell shells [4].

ACE2 is a membrane protein that is involved in the normalization of blood pressure, the key constituent
of the renin-angiotensin system (RAS). ACE2 participates in transferring certain amino acids, regulates the
permeability of blood vessels [7]. The receptor is related to the mechanism of development of such diseases
as heart failure, myocardial infarction, hypertension, lung diseases, diabetes mellitus, and intestinal dysbac-
teriosis [8].

The signification of ACE2 and TMPRSS?2 genes, as well as their polymorphisms
TMPRSS2 gene (PP9284; PRSS10) — transmembrane serine protease 2 — encodes a protein of the same

name from the family of serine proteases [9].
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The TMPRSS2 gene encodes a protein that is present in all possible targets of SARS-CoV-2 infection,
including respiratory epithelial cells, heart endothelium, microvascular endothelial cells, kidneys, and diges-
tive tract [10].

According to the HUGO Gene Nomenclature Committee (HGNC), the “ACE2 gene is located on chro-
mosome Xp22 and contains 22 exons and 112,671 bases” [11]. ACE2 mutations are related to cardiovascular
disease, in addition to acute pulmonary insufficiency, phlogotic colitis [12, 13].

The ACE2 gene is expressed in the small intestine, kidneys, heart, thyroid gland, lungs, adipose tissue,
colon, liver, bladder, blood, spleen, bone and brain, blood vessels and muscles [3]. In addition, ACE2 expres-
sion was detected in epithelial cells of the oral and nasal mucosa [14, 15].

The penetration of the virus and further infection depend on the complex interaction between several host
components encoded by genes involved in controlling the penetration of the virus, as well as the presence of
proteins and immune responses to neutralize the virus. In addition to the components of the host’s immune
response, the resistance of the virus and the heaviness of the incidence are affected by such a factor as the
presence of concomitant or chronic diseases [16]. Mortality from COVID-19 is especially increasing in the
category of elderly people and people with concomitant diseases (diabetes mellitus, diseases of the cardiovas-
cular system, etc.) [17]. For example, among people who have been found to have COVID-19 suffering from
hypertension and type 1 or type 2 diabetes mellitus, it was identified that the expression of ACE2 is signifi-
cantly increased due to treatment with ACE inhibitors [18]. Therefore, increased expression of the ACE2 gene
will favor SARS-CoV-2 infection and enhance the possibility of a heavy degree of disease development. How-
ever, the harm of taking ACE inhibitors has not yet been proven, and if they are refused, the risk of complica-
tions of these concomitant diseases is possible.

One of the significant factors determining the severity and susceptibility of coronavirus infection is the
genetic differences between individuals. Such genetic variations are single-nucleotide polymorphisms (SNPs),
which can suggest the disease progression. Exploring of ACE2 gene SNPs within different populations opens
up the possibility to prove that variants of the ACE2 gene can be complicit in the control of susceptibility to
COVID-19 disease. For example, in studies on the effects of various variants of the ACE2 gene, its polymor-
phisms associated with hypertension were found [19-21]. Another study revealed a high correlation between
the frequency of 152285666 polymorphism (the most studied) and the frequency of COVID-19 cases between
rs2285666 frequency and mortality rates [22]. The research data conducted in Italy showed that the polymor-
phisms rs35803318 and rs2285666 have a significant difference in the frequency distribution among the Italian
cohort in relation to other populations of the world [23]. rs2285666 has the following alleles C> A/ C> G/
C> T. According to the allele frequency data presented in the Database of Single-nucleotide Polymorphisms
(dbSNP), the frequency of the allele C prevails among different populations [24]. The two-allele polymorphism
rs35803318 C> T is dominated by the C allele, rs35803318 occupies the position of chrX: 15564086, is a
synonymous variant of the ACE2 gene, i.e. does not change the amino acid chain in the protein [25].

The enhanced intensity of COVID-19 in males was presumably associated with ACE2 gene polymor-
phisms and expression levels. Simultaneously, typically ACE2 gene expression tended to be more intense in
men compared to women [26, 27], although other studies showed ambiguous results [28, 29]. The high level
of ACE2 gene expression in men can be explained by the fact that X chromosome carries this gene, i.e. men
carry and express only one variant of ACE2. A group of scientists explains this as follows: “... females will
typically express those variations in a mosaic distribution determined by early X-inactivation event” [30].
Consequently, when men have one variant of the ACE2 gene that is more suitable for SARS-CoV-2, that
variant will be expressed in all cells. For a better understanding of the influence of gender on susceptibility to
the virus and the course of the illness, studies should include an analysis of the ACE2 gene polymorphisms,
taking into account gender specificity.

Serine protease TMPRSS?2 is the second host protein (after ACE2) that affects the facilitation of SARS-
CoV-2 binding to cells, but to date, it has received much less attention in genetic studies.

It has been presupposed that someone may have a genetic predisposition to SARS-CoV-2 infection, and
of distinctive research interest are variants of the TMPRSS2 gene involved in the penetration of the virus into
cells. Variants of this gene can regulate the risk of infection and severe disease, making some people more
vulnerable than others [31, 32].

Scientists analyzed the allele frequencies of two non-synonymous variants rs12329760 and rs75603675
of the TMPRSS2 gene, found a significant relationship between the frequency of COVID-19 deaths and the
allele frequencies of two SNPs. The obtained data demonstrate that East Asians have higher frequencies of the
rs12329760 allele than Europeans and suggested that this may provide resistance to SARS-CoV-2 [33].
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A study conducted by Italian scientists identified ars35074065 that was simultaneously related to inten-
sified TMPRSS2 gene expression, however diminished expression of the interferon-inducible MX1 gene in
lung tissue [34]. That is, people with this SNP may have an elevated sensitivity to SARS-CoV-2 as a conse-
quence of increased expression of the TMPRSS2 gene on the cell cover and simultaneous weakening of the
cellular antiviral response.

Researchers from Iran discovered 11,184 SNPs of the TMPRSS2 gene; found out that 21 of them have
an impact on the structure and function of the gene. Besides, we obtained data on the frequency of the SNPs
allele in different populations and in the world as a whole. For example, in all the above populations, the SNP
rs12329760 is dominated by the C allele [35].

Another study showed plentiful SNPs of TMPRSS2 in the Italian cohort, which were all predicatively
associated with higher levels of gene expression [28]. It follows from this that the separation of the detected
variants as positive and negative is untimely until supplementary research can be done to confirm their biology.

Furthermore, the scientists found no distinction in gene expression between males and females in non-
sex-specific organs [28, 34].

The TMPRSS2 gene is activated by androgen hormones in prostate cancer cells and is a clinical marker
of this disease. As already mentioned above, the mortality rate and the number of severe cases of COVID-19
is especially increasing in the category of elderly people and people with concomitant diseases [17].

Conclusions

In general, the ACE2 gene is one of the genetic factors that affects the resistance and receptiveness to
COVID-19 disease, and the genetic variants within this gene can be key in determining the susceptibility,
severity and outcome of the disease. However, there is still no accurate and complete evidence that ACE2 gene
polymorphisms affect the receptiveness and stability to SARS-CoV-2 infection, and have a close relationship
with the intensity of COVID-19 in the context of concomitant diseases of the host, gender, age, and different
populations.

This also applies to the TMPRSS2 gene, since there is currently no information about the influence of
TMPRSS2 gene polymorphisms on the susceptibility, resistance and severity of the disease, as well as in terms
of populations, age and gender.

Identification of polymorphisms of genes encoding virus-binding receptors, in particular the TMPRSS2
gene, will open up opportunities for the development of personalized treatment.

Moreover, there is insufficient data on the evolution of polymorphisms that are related to susceptibility
to SARS-CoV-2, their origin and frequency changes.
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A.K. bucenesa, I'.Il. [Torocsn, K.I'. JIn, M.II. Jlannierako

ACE2, TMPRSS2 renaepiis ’dHe 0JIapAbIH NOJUMOPPu3IMaepiHiH
SARS-CoV-2 BupycbiMeH 63apa dpeKeTTecyiH Tajajay

AF3aHbBIH TeHJepi BUPYCTHIK WHEKIUSIIApFa Ce3IMTANABIK TIEH TO3IMIUTIKKEe OalIaHBICTHl (aKToOp peTiHzae
opeket eretiHi Oenrinmi. Makanaga SARS-CoV-2 BupycsiH xykreipynarsl ACE2, TMPRSS2 rennepinin xoHe
oJapAbIH OipHYKICOTHATI TOMUMOP(HU3MICPIHIH POITiH 3epTTeyTe apHAIFaH 3aMaHAYH FEUTBIMU 3ePTTCYICPIiH
cumartamachl YeoHbUTFaH. ACE2, TMPRSS?2 reninig SNP SARS-CoV-2 xacymara eHyiHe ocep eTyl MyMKiH.
ConbiMeH Katap, onap amamHblH COVID-19 aypybiHa OeifiMIiiriH HeMece OHBIH aFbIMBIHBIH CHITATHIH
aHbIKTayFa MYMKIiH/IiK Oeperi. Onebu nqepekkesiepre cylieHe OThIPHIN, aHTHOTSH3UH TYPICHIIPETIH pepMeHT
2 5xoHe TpaHcMeMOpaHaibIK npoTeasanapasiy SARS-CoV-2 BUpYCHIHBIH JA€HE JKacylIanapbiHa eHy MPOIeciHe
KaTbicyaarbl peni atan etingi. ACE2 sxone TMPRSS2 penenropaps! agam ar3acblHIa OpbIHIAWTHIH Oacka 1a
¢byHkupsiap cunarranFad. Eki reHre j»koHe onap/bplH KCHIHEH TaHbIMall MoJIUMopdu3MIepiHe cumarTama
OepinreH. by rennepIiH reHeTHKAIBIK aKIapaTTH KY3€re achIpaThIH TiHASp MEH MYIIeNIepi KopceTiireH. Op
TYPITi TOMYJSIIUSUIAPIAFsl TCHACPIH TeHETHKANBIK HYCKAIapBhIHBIH aJUIeNbICPiHIH KU Typajbl akmapaT
aifreurran. [enpepain momumopdusmuepinin SARS-CoV-2 Tysmnaran aypyMeH OaiTaHBICEIH CHIIATTayMeH
KaTap, OyJl TeHETHKANBIK BapUaLMsIIap/blH KaH aifHaJIbIMbl JKYHECIHIH KOHE OHKOJOTHSIBIK aypyJiapbIMeH
OailIaHBICHl TypaJbl aKmapaT KeNTipiireH.

Kinm co30ep: SARS-CoV-2, COVID-19, ACE2, TMPRSS2, rennep, 6ipayriieotuari nonumopdusmaep, SNP,
perenTopiap.

A K. bucenesa, I'.I1. ITorocan, K.I'. JIu, M.II. Jlanunenko

Anaamn3 B3aumojaeiicteusi renHoB ACE2, TMPRSS2
U UX nojaumMop¢usmMos ¢ Bupycom SARS-CoV-2

OO1Ien3BeCTHO, YTO TeHBI XO35IMHA BRICTYTIAIOT B Ka4ecTBe (haKTopa, MIMEIONIEro OTHOIIEHHE K BOCTIPUIMYH-
BOCTH U YCTOHYMBOCTH K BUPYCHBIM MH(EKIUsIM. B cTaThe mpecTaBieHo ONMCaHne COBPEMEHHBIX Hay4YHBIX
HCCJICIOBAHUH, MOCBAICHHBIX M3yueHuto posik TeHoB ACE2, TMPRSS2 u nx ogHOHYKJICOTHAHBIX MOJIUMOP-
(usmoB B napuuupoanuu BupycoM SARS—CoV-2. SNPs rena ACE2, TMPRSS2, koTopsie MOTYT BIHATH Ha
nponukHoBeHne SARS-CoV-2 B xietky. Kpome Toro, uccnenosanue 3TUX MoJIuMOp(hU3MOB TO3BOJIMT OIpe-
JIETIUTH TPepacIIoI0oKeHHOCTh HHANBHAyYMa K 3aboneBanmo COVID-19 mmbo xapakrep ero tedenus. Ha
OCHOBaHUHM aHAIN3a JINTEPATypPHEIX HCTOYHUKOB OTMEUYEHA POJIb AHTMOTEH3HH IIpeBpaInaronero gpepMenra 2
U TpaHCMeMOpaHHBIX IPOTea3 B yYacTHH Mpolecca NpoHNKHOBeHHs BUpyca SARS-CoV-2 ¢ kieTkamu opra-
Hm3Ma. Takke onmcans! apyrue ¢pyHKIuH, kotopsle perentopsl ACE2 n TMPRSS?2 BemonHsror B opranmsme
yesioBeka. /laHa XapaKTepUCTHKA ABYX M'€HOB U MX JIOBOJILHO IIMPOKO M3BECTHBIX NOIMMOPGHU3MOB. OTMEUCHBI
TKaHU U OpTaHbl, B KOTOPBIX 3KCIpeccupyroTcs TeHsl. [lokaszana nHpopmalus o 4acToTe amiesneil reHeTude-
CKHX BapHAaHTOB T€HOB B PA3HBIX MOMYNIAHAX. [IoMIMO TOTO, 4TO ONMUCHIBAETCSI CBA3b MOIUMOP(U3MOB I'€éHOB
¢ 3a0oneBanueM, Bbi3BaHHBIM SARS—CoV-2, npuBoaurcs uHdopManusi 00 OTHOIIEHUH ITHX FeHETHYESCKHX
BapHalyii ¢ 3a0071€BaHUSIMU KPOBEHOCHOH CHCTEMBI M OHKOJIOTHYECKHMU OOJIE3HAMM.

Knoueswvie cnosa: SARS-CoV-2, COVID-19, ACE2, TMPRSS2, reHbl, 0THOHYKJICOTHTHBII MOTUMOPHHU3M,
SNP, peuentops!.
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