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Abstract: COVID-19, caused by the SARS-CoV-2 virus, is a highly transmissible disease that has a variety of symptoms. The presence of genetic polymorphisms in
genes as ACE-2 and TMPRSS2 is directly associated with the susceptibility and severity of COVID-19. The objective of this work is to analyze which polymorphisms in
the TMPRSS2 gene are associated with the progression of COVID-19. We identified 35 SNPs associated with disease progression. The high expression of TMPRSS?2
in the lungs was associated with the presence of polymorphisms such as rs383510, rs469390 and rs464397. rs12329760 was the polymorphism most studied, where
the presence of the T allele was related to protection against COVID-19. The SNPs found play an important role in determining the prognosis of the disease.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the pathogen
responsible for causing coronavirus disease 2019 (COVID-19). This virus was
discovered in 2019 in Wuhan, China, and showed high infectivity, spreading
rapidly throughout the world, causing a global pandemic [1].

SARS-CoV-2 spreads primarily through respiratory droplets when people talk,
cough, sneeze, or through direct contact with the virus on contaminated surfaces
[2]. The pathogen mainly infects the respiratory system, where infected individuals
may present several clinical symptoms, such as coughing, fever, dyspnea, skin
manifestations, and muscle pain [3]. Approximately 15% of people with COVID-19
develop the severe form of the disease, which can progress to acute respiratory
distress syndrome (ARDS), severe pneumonia, kidney damage, and death [4].
The severity of COVID-19 appears to be affected by several risk factors, such as
advanced age, cardiovascular disease, obesity, and diabetes [5].

Coronaviruses (CoVs) belong to the order Nidovirales, family Coronoviridae, and
subfamily Orthocoronavinae, being subdivided into four genera: Alphacoronavirus,
Betacoronavirus, Gammacoronavirus and Deltacoronavirus [6]. SARS-CoV-2
belongs to the group of B -coronaviruses with enveloped, single-stranded,
positive-sense RNA [7]. The complete genome of SARS-CoV-2 is approximately
29.9 kb, with a GC content of 38% and 12 open reading frames (ORFs) [8]. CoVs
have a spherical outline, with a diameter of the virion ranging from 60 to 140 nm
and have characteristic structural proteins: spike (S), membrane (M), envelope (E)
and nucleocapsid (N) [9]. In addition, they have 9 to 12 nm spicules that project
onto the viral surface, having the appearance of a crown [10].

The entry of SARS-CoV-2 into cells occurs through the angiotensin converting
enzyme 2 (ACE2), which is expressed in several organs, such as the lungs,
intestine, heart, and kidneys [11]. Binding occurs by the S-protein binding domain
of the virus that attaches tightly to human ACE2. Target cell proteases activate the
S protein, causing cleavage in the S1 and S2 subunits, allowing fusion between
viral and cellular membranes [12].

SARS-CoV-2 uses transmembrane serine protease 2 (TMPRSS2) as the enzyme
responsible for cleaving and activating the S protein in the fusion process of the
human membrane [13].

TMPRSS2 is a well-studied protein because it is involved in the development of
prostate cancer due to the overexpression of specific transcription factors
transforming erythroblasts (ETS), such as ERG [14]. The TMPRSS2 gene,
responsible for encoding TMPRSS2, is related to pathological and physiological
processes, such as inflammatory responses, invasion of tumor cell, and fertility.
and pain [15]. The TMPRSS2 gene is found on chromosome 21q22.3, has 15
exons, and an open reading frame of 492 amino acids. This gene harbors
androgen-responsive elements in its 5 UTR [16]. Testosterone and
dihydrotestosterone are responsible for gene regulation through stimulation of
androgen receptors [17].

TMPRSS2 has been shown to be crucial for the entry of SARS-CoV-2 into cells.
From this, several studies sought to investigate the hypothesis that genetic
variability and expression of the TMPRSS2 gene are associated with susceptibility
to COVID-19 [18].

Host genetic polymorphisms are known to play an important role in determining
susceptibility or resistance to viral infections [19]. The host genes play an
important role in the entry and replication of SARS-CoV-2 in cells and in the
immune response, where the combination of genes may be associated with the
pathogenesis of COVID-19 [20]. Studies have shown that gene polymorphisms
involved in viral entry into human cells, such as ACE2 and TMPRSS2, are
associated with susceptibility and severity to disease [21, 22].

Knowing the importance of polymorphisms in genes involved in the entry of SARS-
CoV-2 into cells and in determining the susceptibility and severity of COVID-19,
the following question arises from the research described here: ‘Which SNPs in
the TMPRSS2 gene are associated with susceptibility, aggravation, or protection
against COVID-19?7'
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Materials and Methods

Study design

This is a systematic review of the literature that aims to collect evidence on the
reported correlations between the TMPRSS2 gene polymorphisms and the
progression of COVID-19. The review was conducted in accordance with the
Preferred Reporting items for Systematic Reviews and Meta-Analyses Protocols
(PRISMA Protocol) guidelines. The study followed the following training steps: 1)
Elaboration of the guiding question; 2) Stipulation of inclusion and exclusion
criteria; 3) Choice of articles; 4) Analysis of articles; 5) Interpretation, discussion,
and presentation of the review. The PICO strategy (Population, Intervention,
Comparison, Outcome) was used, following the following characteristics:
Population: patients with COVID-19; Intervention: Assess the SNPs of the
TMPRSS2 gene in COVID-19 patients; Comparison: COVID-19 and the described
SNPs of the TMPRSS2 gene; Outcome: protection, susceptibility, or severity of
CQVID-19; Outcome: progression of COVID-19. From this, the following question
was generated: What existing SNPs in the TMPRSS2 gene are associated with
susceptibility/worsening or protection against COVID-19?

Data sources

The terms used in the search based on Medical Subject Headings (MeSH) were:
“‘COVID-19"; "SARS-CoV-2"; “TMPRSS2" and “Polymorphism”. The articles were
searched using the Boolean operator ‘AND’, in the following databases: National
Library of Medicine National Institutes of Health of the USA (PubMed), Latin
American and Caribbean Literature in Health Sciences (LILACS), Web of Science,
and Scientific Electronic Library Online (SCIELO).

Study eligibility criteria

The selected studies were published from the beginning of the publications until
June 2022, available complete, clinical studies, comparative studies, cross-
sectional studies, case-control studies, cohort studies (prospective and
retrospective), in vivo, in vitro trials, and review article narratives. Articles that
identified SNPs of the TMPRSS2 gene associated with susceptibility or
progression of cases of COVID-19 were selected. As exclusion criteria, systematic
review articles, abstracts, letters to the editor, and those that had subjects not
relevant to the research were not included.

Data collection and extraction

Data collection was conducted in July 2022. Two researchers read the articles and
independently extracted data from the publications following a predefined protocol.
Information such as title, used method (case-control or cohort study), database,
and relevant results were collected. The collected data were transferred to a
Microsoft Office Excel spreadsheet.

Results

The search strategy resulted in 137 articles, and 81 were excluded since they
were duplicates or were not relevant to the investigation. The abstracts of each of
the remaining articles were evaluated and 17 were also excluded. At the end, full
articles were evaluated and 21 met the inclusion criteria and therefore were added
to the search [Fig-1]. The results showing the included studies are summarized in
[Table-1]. Thus, 35 SNPs associated with susceptibility, symptom development,
and severity of patients infected with SARS-CoV-2 were identified.

Discussion

COVID-19 was initially a disease associated with respiratory symptoms.
Subsequently, it was found that the symptoms and severity of the cases can vary,
where some patients may have mild symptoms (cough, headache, and fever) or
develop acute respiratory illness, which can cause the death of these individuals
[44]. The mechanisms involved in the susceptibility and evolution of COVID-19
cases are still unclear; however, the influence of host genetic polymorphisms on
the immune response and its association with the severity of the disease are
already known [45]. Studies have shown that regulatory genetic variants influence
the expression of the TMPRSS2 gene and change susceptibility to COVID-19, as
well as worsening cases [24,45,47].
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Fig-1 Flowchart of procedures for identification, selection, eligibility, and inclusion
of studies for analysis. Belém, PA, Brazil (2022).

This review identified several TMPRSS2 polymorphisms that are associated with
the progression of COVID-19 cases. From the analysis of the selected articles, 35
SNPs were identified that influence the susceptibility, protection, and aggravation
of COVID-19 cases. The rs12329760 SNP is described as a substitution of
cytosine (C) for thymine (T). This polymorphism was analyzed in several studies,
and it was found in most studies that the presence of the mutant T allele is
considered protective against the infection and progression of COVID-19, while
the wild C allele was associated with a greater number of hospitalizations of
patients with COVID-19 [24, 26, 30, 31, 33, 34, 35, 37, 39, 42]. Computational
analysis of changes caused by rs12329760 (C>T) in TMPRSS2 structure shows a
change from valine to methionine at position 197 (V197M), helping to form a
pocket protein in the structure of TMPRSS2, which disfavors its binding to the
SARS-CoV-2 S protein [35]. The importance of this SNP is evidenced in the
analysis of its frequency in different populations and the advance of COVID-19 in
these places. In a study conducted on Italian patients by Monticelli et al. (2021), a
low frequency of the rs12329760 allele T was detected in this population, where it
was suggested that the low frequency of this allele in the SNP had an influence on
the high impact of the first wave of the pandemic in Italy [31].

Asselta et al. (2020) also analyzed the association of genetic polymorphisms and
the severity of COVID-19 among Italians. The SNP rs12329760 and two distinct
haplotypes were identified, showing differences in mutation frequency between
ltalians and East Asians. The presence of rare alleles in both haplotypes was
associated with the induction of higher levels of TMPRSS2. The first haplotype
(SNPs rs463727, rs34624090, rs55964536, rs734056, rs4290734, rs34783969,
rs11702475, rs35899679, and rs395041537) was seen to be androgen regulated,
which could help explain the severity of COVID-1 virus cases in the ltalian
population. SNPs belonging to the second haplotype (rs2070788, rs9974589,
rs7364083) were correlated with a higher susceptibility to viral infections such as
influenza A (H1N1) [24].

Different studies have investigated the presence of other SNPs in populations and
analyzed whether the presence of these variants was involved in the susceptibility
and worsening of COVID-19 cases [26, 27, 31, 32, 38, 41]. The SNP rs2070788 is
characterized by the substitution of a guanine (G) for an adenine (A) and has been
investigated in African, American, European, and Asian populations. The
frequency of the G allele was highly detected in Americans and Europeans,
compared to the frequency of Asians and Africans, and may be associated with
high mortality among American and European populations.
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Table-1 Characteristics of the studies included in the systematic review

SNP
rs75603675; rs61735794; rs61735792

rs12329760 (p.Val160Met) ; Haplotype 1:
rs463727, rs34624090, rs55964536, rs734056,
rs4290734, rs34783969, rs11702475,
r$35899679 and rs35041537; Haplotype 2:
rs2070788, rs9974589, rs7364083

SNP rs2298659

rs7560367; rs200291871, rs12329270

SNP rs469390, rs2070788, rs383510 and
rs464397

rs2070788, rs383510

rs12329760

r$12329760

r$12329760

rs713400, rs112657409, rs119110678,
1s77675406

rs781089181, rs570454392, rs867186402,
rs$12329760, rs118518290, rs762108701

rs12329760

rs12329760 and rs75603675

rs383510

r$12329760

rs2070788

r$12329760, rs17854725,rs75603675

rs75603675

rs2070788, rs383510

r $3787946, rs9983330, rs12329760,
rs2298661 and rs9985159

rs75603675, rs12329760

Results
The SNP rs75603675 (G>T) was the most frequent variant among those infected with SARS-CoV-2. The
SNP rs61735794 (A allele) and rs61735792 (T allele) were also significantly detected in patients with
COVID-19.
SNP rs12329760 (p.Val160Met) was detected at a higher frequency in East Asians than in Europeans.
The rare alleles of these haplotypes found, associated with the induction of higher levels of TMPRSS2,
are more frequent in the Italian population than in the East Asian population.

SNP rs 2298659 (C allele) showed a strong correlation with the fatality rate of COVID-19.

A lower frequency of the variant allele of SNPs rs7560367 (T allele), rs12329270 (A allele) and
rs200291871 (C allele) was observed in Italian COVID patients compared to the allele frequency of these
SNPs in the European population.

The four SNPs were associated with differential expression of TMPRSS2.The A allele and the AA
genotype of SNP rs469390 showed higher gene expression in the lung. The T alleles of rs464397 and
rs383510, associated with increased expression of the TMPRSS2 gene in the lungs, were exhibited with
a lower frequency in East Asian populations. The frequency of the G allele for rs2070788 was also lower
in the East Asian population compared to the European, African and American population.

The GG genotype of rs2070788 increases the expression of TMPRSS2 in the lungs. Regarding to
rs383510, the T allele is associated with increased expression of TMPRSSZ in the lungs.

The evaluation of the structural stability of the protein predicted that rs12329760 (T allele) is responsible
for destabilizing TMPRSS2, thus compromising the binding affinity of TMPRSS2 to the spike protein of
SARS-COV-2 and ACE-2.

Patients with the SNP rs12329760 CC genotype of the had an association with symptomatic or severe
COVID-19; the C allele was associated with a higher viral load and a higher number of deaths.

SNP rs12329760 was detected at lower values for East Asians, Finns and Africans. The association of
the low-frequency T allele of rs12329760 in the population with the high impact of the first wave of the
epidemic in ltaly has been suggested.

The frequency of the T allele at rs713400 influences the expression of TMPRSS2 and is considered
higher among Asians than among Europeans, Africans and South Asians.

The six variants analyzed were identified decreasing the stability of TMPRSS2. The SNPs rs781089181,
rs570454392, and rs867186402 were in a highly conserved region and were responsible for crucial
changes in the protein. Analyzing the native structure of the protein, 5 disordered regions were formed
due to the rs12329760 and rs118518290 variants.

The variant rs12329760 (T allele) was predicted to be deleterious and harmful to the expression of
TMPRSS?2, decreasing the stability of the protein.

The SNP rs12329760 (T allele) was considered deleterious by 3 tools used. A new major pocket protein
caused by rs12329760 (T allele) was predicted, affecting the structure of TMPRSS2, and affecting its role
in the entry of SARS-COV-2. SNP rs75603675 (A allele) has demonstrated the ability to increase protein
disorder and influence TMPRSS2 function in facilitating SARS-COV-2 entry.

Carriers of the CC genotype in the rs383510 SNP had a 1.73-fold increased risk of infection for SARS-
CoV-2.

It was observed that the number of cases and high mortality is associated with a low prevalence of the
rs12329760 SNP (T allele), this SNP being significantly associated with genetic inactivation of TMPRSS2.
From this, the presence of the T allele in rs12329760 is considered a protective factor against infection
and disease progression.

Significant positive association between the G allele of SNP rs2070788 and the mortality rate of COVID-
19 among populations with a high frequency of this variant, for example, the Indian population. PNS
eQTL analysis shows that the GG genotype tends to influence significantly higher expression of the
TMPRSS2 gene in the lung, increasing vulnerability to COVID-19. This variant was found at a high
frequency in Americans and at a lower frequency in Africans and East Asians. This may be associated
with high mortality among the American population and low severity among Asians.

The T allele of rs12329760 conferred an increased risk of the individual being infected with SARS-CoV-2.
The TT genotype was associated with a higher incidence of the severe form of the disease and the TC
genotype was associated with an increase in the lesions seen on computed tomography. The presence
of the G allele in SNP rs17854725 (A>G) was associated with greater susceptibility, while deaths were
more frequent in carriers of the AG genotype. The AA genotype of rs75603675 appears to reduce the risk
of a severe form of COVID-19 compared to the CC genotype. The GG genotype of rs4303795 increases
the severe form of the disease and the occurrence of lesions.

The presence of snp rs756036675 (T allele) was significantly associated with increased susceptibility to
COVID-19 or increased risk of severe disease.

The frequency of the G risk allele of the TMPRSS2 rs2070788 gene was lowest among Africans and
highest among Americans. The SNP rs383510 (T allele), responsible for also increasing the expression
of TMPRSS2, was more frequent in the European population, while the African population was also the
least frequent.

The SNPs rs3787946 (C allele), rs9983330 (G allele), rs12329760 (T allele), rs2298661 (A allele) and
rs9985159 (T allele) were less recurrent in hospitalized patients, suggesting their protective role.
Furthermore, 4 SNPs associated with the reduction of TMPRSS2 in lung tissues were identified:
rs9983330 (G allele), rs12329760 (T allele), rs2298661 (A allele) and rs9985159 (T allele).

The variant rs12329760 had no effect on the severity of the case. Analysis of SNP rs75603675 showed
that the CC or CA genotypes compared to AA were associated with more severe COVID-19.

Reference

[23]

(24]

(23]

[26]

[27]

(28]

[29]

[30]

131]

(32

(33]

(34]

[35]

(36]

[37]

[38]

39]

(40]

[41]

[42]

[43]

This is due to the influence of the G allele and the GG genotype on increased
expression of TMPRSS2 in the lungs [27, 38, 41]. The intervention of this
genotype was confirmed through the analysis of quantitative expression traits loci
(eQTLs) that reported the increase in the expression of TMPRSSZ in the lungs
and its influence on the increase in the expression of MX1, a gene involved in the
viral response [28, 48]. Cheng et al. (2015) reported that this genotype was
associated with a 2x greater risk of developing Influenza A in severe form, due to
its ability to increase the expression of TPMRSS2 in the lungs, facilitating viral
entry and thus increasing the susceptibility of the individual [49].

SNPs rs713400, rs383510, and rs753675 were also analyzed in the same ethnic

groups mentioned above. The SNP rs713400 (C>T) was investigated in a single
study, which showed that the presence of the T allele directly interfered with
TMPRSS2 expression. This mutation was identified with high frequency in the
East Asian population, a region where the overall case fatality rate (CFR) is
significantly lower (3.6%) compared to the global CFR (6.9%), which may suggest
a protective character of that allele over the population [32]. In this same study, it
was identified that the SNPs rs112657409, rs119110678 and rs77675406 also
had a significant influence on the expression of TMPRSS2. The authors did not
show which variants were involved in the infection, so further studies are needed
for full clarification.
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The SNP rs383510 (T>C) is located within a functional region with potentiating
activity in the expression of TMPRSS2, where the presence of the T allele
exhibited a higher transcriptional level than the C allele [47]. Database analysis of
eQLTs showed that the TT genotype increases lung tissue gene expression [28].
The T allele was detected less frequently in the Asian population and was
frequently identified in residents of European countries that had a high mortality
rate of approximately 15% during the first wave of the pandemic [27, 41]. The
study conducted by Ihram et al. (2020) analyzed allele frequencies in European,
African, American, East Asian, and Southeast Asian populations. Again, the T
allele of rs383510 was associated with increased expression of the TMPRSS2
gene. However, contrary to the others, Schonfelder et al. (2021) found a
significant 1.73-fold increase in the risk of SARS-CoV-2 infection in carriers of the
CC genotype [36]. SNP rs469390 (G>A) was identified as a missense mutation
and is located within an exonic region. The study by Irham et al. (2020) detected
the influence of the A allele and the AA genotype of the rs469390 SNP with the
highest gene expression in the lung. The presence of the heterozygous AG
genotype was associated with intermediate expression and the GG genotype with
a lower expression, making it evident that the presence of the mutant A allele
makes the individual more susceptible to COVID-19. In this study, all SNP alleles
related to the highest expression of TMPRSS? in the lungs, including the wild-type
T allele of rs464397 (T>C), were detected with low frequency in the East Asian
population, indicating a possible protection for these individuals [27].

In a study conducted in Spain, rs75603675 (G>T/ p.Gly8Val) was the most
frequent SNP of the TMPRSS2 gene among patients infected with COVID-19 [23].
In Italian population, a lower frequency of the allele variant allele T was observed,
compared to data obtained from the Europeans [26]. The presence of the T allele
is associated with a decrease in severe cases of COVID-19 [39, 43]. This
substitution of G>T may lead to a decrease in the ability of TMPRSS2 to bind
directly to the S protein of SARS-CoV-2. This is due to the substitution of glycine
for the long-side-chain hydrophobic valine, which causes a decrease in the
functional activity of the proteinase and a reduction in the flexibility of the peptide
due to the increase in hydrophobicity. However, the results obtained by Minashkin
et al., 2020, were discordant, indicating that individuals with the T allele are more
susceptible to SARS-CoV-2 infection and have the highest risk of developing the
severe form [40]. SNPS rs2298659, rs200291871, rs61735794, and rs61735792
were polymorphisms that were also associated with susceptibility, the
development of the severe form of COVID-19, and the appearance of deaths
caused by the disease. The study by Kim & Jeong (2021) was the only work that
reported a strong correlation of the SNP rs2298659 (C, wild-type allele) with the
increased case-fatality rate of COVID-19 [25]. Torre-Fuentes ef al. (2021)
identified that SNPs rs61735794 (A allele) and rs61735792 (T allele) were
significantly associated with cases of SARS-CoV infection [23]. Analysis of the
rs200291871 SNP in ltalian patients with COVID showed the presence of risk
allele C with a higher frequency than in other European countries [26].

Andolfo et al. (2021) analyzed the polymorphisms of chromosome 21 and found
five SNPs within the TMPRSS2 gene associated with protection against severe
COVID-19, they are: rs3787946 (C allele, wild type), rs9983330 (G allele, wild
type), rs12329760 (T allele), rs2298661 (A allele, wild type) and rs9985159 (T
allele, wild type), and the last four also were significantly correlated with lower
expression of TMPRSS2 in lung tissues. Wild-type alleles of these SNPs were
less detected in inpatients compared to healthy controls, indicating a protective
role for these variants against disease progression [42)].

Rokni et al. (2022) analyzed SNPs rs17859725 and rs4303795 in 288 hospitalized
patients with COVID-19. The SNP rs17859725 (A>G, lle256lle) is a variant
synonymous with the exchange of two isoleucine codons at position 256 [34]. In
this SNP, the wild-type G allele was identified as associated with a marked
increase in the risk of COVID-19 infection and the presence of the AG genotype
was more frequent in patients who died [39]. rs4303795 is a functional SNP and is
located 2 kb from the promoter region of the TMPRSS2 gene. The results of allele
frequencies detected in this SNP, the G allele, were predominantly found in
hospitalized patients with COVID-19. Furthermore, the GG genotype was directly
associated with increased development of severe form, as well as the occurrence
of lung lesions [39].

Saih et al. (2021) used bioinformatics tools to understand the effects of mutations
on the TMPRSS2 protein. A total of six SNPs (rs781089181, rs570454392,
rs867186402, rs12329760, rs118518290, rs762108701) were identified by the
tools used as responsible for decreasing the stability of TMPRSS2, thus being
considered harmful variants of the gene. The SNPs rs781089181, rs570454392,
and rs867186402 proved to be important polymorphisms due to their location in
crucial regions for gene function. The analysis of the native protein and its
comparison with the mutant protein showed the formation of 5 disordered regions
due the variants rs12329760 and rs118518290, which are responsible for altering
the function of TMPRSS2 [33].

From the results obtained, it is possible to have an overview of which and how the
SNPs studied so far are related to the protection, susceptibility, and aggravation of
COVID-19 cases. Analysis of these SNPs can help to understand the increase in
cases and deaths in several countries where these studies were conducted and
provides insights to future research in other countries where studies with SNPs
have not yet been conducted. Additionally, the identification of these SNPs helps
direct studies aimed at the development of therapeutic interventions that can help
people with increased susceptibility or worse progression of the disease.

Conclusion

The TMPRSS2 gene demonstrated several SNPs associated with the severity and
clinical fate of patients infected with SARS-CoV-2. The SNP rs12329760 was the
polymorphism most researched by several studies that associated the presence of
the T allele with protection against COVID-19. In some SNPs, such as rs383510
and rs75603675, there was disagreement between the studies on which allele
would be associated with susceptibility and/or severity of the disease. This
divergence makes evident the need for further research to specify which allele is
related to the worsening of cases. Furthermore, new studies that analyze
TMPRSS2 polymorphisms can improve the characterization of individuals with
greater susceptibility, in the development of pharmaceutical therapies, and in the
conception of new vaccines against COVID-19.

Application of research: Characterization of SNPs associated with COVID-19
severity. Determination of SNPs present in different populations and the evolution
of cases.
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