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Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has led to a global pandemic; howev-
er, there have been differences in the number of patients and deaths per country, with fewer cases in East Asia than in Europe and the United States. The
binding of SARS-CoV-2 to angiotensin converting enzyme (ACE) 2 on the cell surface of the host decreases ACE2 expression, increases angiotensin II,
and influences the renin-angiotensin system (RAS). ACE polymorphism varies according to race, and differences in expression levels of ACE and ACE2
exist. Race-based differences in the gene encoding the protein, including ACE associated with SARS-CoV-2, may affect the prevalence and severity of
COVID-19. Recently, some studies have been conducted on the relationship between ACE polymorphism and COVID-19, but there is no consensus.
Here, the changes of RAS in COVID-19, the relationship between gene polymorphisms associated with SARS-CoV-2 infection and race, differences in
the effect of gene polymorphisms on RAS during infection, and the significance of angiotensin-based inhibitors have been described.
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Introduction

Coronavirus disease (COVID-19), the spread of which was reported
in China in early January 2020, has reportedly led to infections in >40
million people and 1.1 million deaths worldwide. This information was
confirmed as per findings reported by Johns Hopkins University as of
October 21, 2020 [1]. The COVID-19-related death toll per million peo-
ple has remained high in Western countries, including the United States
(24,994 people), Brazil (24,811 people), Argentina (22,546 people), France
(14,259 people), South Africa (11,908 people), and the United Kingdom
(11,232 people). Meanwhile, deaths reported have been extremely low in
East Asian countries, including Taiwan (23 people), Thailand (53 people),
South Korea (456 people), and Japan (743 people) (Fig. 1) [2]. Western
countries reporting a high death toll despite strict measures such as city
lockdowns, show paradoxical data as East Asian countries like Japan,
which only conducted gradual restrictions on movement, reported low
death tolls. Differences in the virus type, blood type, genetics (e.g., race,
sex), epigenetics (e.g., acquired immunity), public health policies (e.g.,
BCG vaccination), government measures (e.g., outdoor activity restric-
tions), and public health awareness campaigns (e.g., mask-wearing) are
thought to be reasons for regional differences; however, the role of all the
above-mentioned factors remains unclear.

COVID-19 invades and infects cells via membrane protein activity of
ACE2 [3]. Gene polymorphisms of ACE and ACE2 have been reported to
vary by race [4], and the presence or absence of associations with preva-
lence and mortality of COVID-19 has been noteworthy.

Recently, some studies have been conducted on the relationship between
ACE polymorphism and COVID-19, but there is no consensus [5,6]. In
this review, changes in the renin-angiotensin system (RAS) in COVID-19
patients, the relationship between gene polymorphisms associated with
SARS-CoV-2 infection and race, differences in the effect of gene polymor-
phisms on RAS during infection, and the significance of angiotensin-based
inhibitors have been discussed.
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Figure 1: Number of deaths due to COVID-19 per million people in each country worldwide

2020/10/21

The COVID-19-related death toll per million people has remained high in Western countries, including the United States, Brazil, Argentina, France,
South Africa, and the United Kingdom. Meanwhile, deaths reported have been extremely low in East Asian countries, including Taiwan, Thailand, South

Korea, and Japan.
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Figure 2: Angiotensin-converting enzyme (ACE) converts angiotensin-(1-7) (Ang 1-7) to angiotensin-(1-5) (Ang 1-5). The inhibition of ACE can
lead to elevated levels of Ang 1-7, resulting in vasodilation and the like (green type). ACE2 converts angiotensin I and II to angiotensin 1-9 and Ang
1-7, respectively. The inhibition of ACE2 can lead to elevated levels of Angiotensinogen II, resulting in vasoconstriction and the like (red type). AT1;
angiotensin II type 1 receptor. AT2; angiotensin II type 2 receptor.
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ACE and RAS

Angiotensin converting enzyme (ACE) is a metalloprotease that encodes
805 amino acids, located on the X chromosome (Xp22.2), and is a sin-
gle-cell-catalyzed type I transmembrane glycoprotein containing a protein
domain [7,8]. ACE plays an important regulatory role in RAS, converting
inactive angiotensin I (Ang I) to angiotensin II (Ang II), which regulates
vasoconstriction. Ang II is the core of RAS and catalyzes various biolog-
ical reactions through the angiotensin type 1 receptor (AT1R) and type 2
receptor (AT2R). ACE2 is a homolog of ACE, producing angiotensin (1-9)
from Ang I and angiotensin (1-7) from Ang II. Ang II binds to ATIR on
the muscle cell surface of microvessels, thereby causing vasoconstriction.
It also promotes the reabsorption of salt in kidneys. Both vasoconstriction
and salt reabsorption contribute to elevated blood pressure. Ang 1-7 in-
duces vasodilation through its action on the Mas receptor (MasR), lowers
blood pressure, and has opposite effects on Ang II such as anti-inflam-
mation [9]. Ang 1-7 counteracts and antagonizes Ang II functions (e.g.,
vascular relaxation, vascular permeability suppression, anti-inflamma-
tory actions) and exhibits organ-protective effects [10]. ACE and ACE2
are important enzymes that regulate the balance between Ang II and Ang
1-7, and ACE2 is directly affected by SARS-CoV-2. ACE2 expressed in the
lungs (mainly alveolar type II cells) is the main invasion source of SARS-
CoV-2 [11]; however, ACE2 is also highly expressed in the heart and blood
vessels. Therefore, this study aimed to counteract the effects of Ang II in
conditions with excessive RAS activation, such as hypertension, congestive
heart failure, and atherosclerosis.

SARS-CoV-2 and RAS

SARS-CoV-2 binds to ACE2 on the membrane surface of target cells via
the spike protein on the virus surface. Part of the spike protein is cleaved
through the actions of transmembrane serine protease 2 (TMPRSS2) and
cathepsin B/L, and cell invasion occurs as a result of fusion between the
virus envelope and the cell membrane [12]. It has been reported that in-
tracellular infection of the virus suppresses ACE2 infection, and increases
angiotensin IT (Ang II) may induce lung damage [13].

Ang II activates angiotensin type 1 receptor (AT1R) and a disintegrin
and metalloprotease 17 (ADAM17), which is a protease present on the
cell membrane. ADAM17 cleaves ACE2 from the cell surface to produce
soluble ACE2 [14].

Soluble ACE2 binds to the spike proteins of SARS-CoV-2 and likely sup-
presses viruses binding to ACE2 on the cell membrane [15]. However,
blood levels of soluble ACE2 generated in vivo are markedly low, and a
small percentage of AC2 present in the cell membrane; therefore, clinical
trials using recombinant soluble ACE2 formulations are currently being
conducted. ADAM17, activated by AT1R stimulation, also cleaves the pre-
cursor tumor necrosis factor a (TNFa) and interleukin-6 receptor a (IL-
6Ra), thereby releasing TNFa and soluble IL-6Ra. TNFa activates nuclear
factor-kB (NF-kB) via the receptor and induces the production of various
inflammatory cytokines, including IL-6 which causes a cytokine storm.
Therefore, angiotensin IT receptor blockers (ARBs) and anti-IL-6 antibod-
ies have been hypothesized to suppress cytokine storms [16].

Comparison between race and genes associated with
SARS-CoV-2 infection

Lee et al. investigated whether region- or ethnic group-based differenc-
es existed in the genes that encode the seven proteins (ACE2, TMPRSS?2,
cathepsin B/L, toll-like receptor (TLR) 3/7/8) associated with SARS-CoV-2
infection, and published results of comparative investigations on differ-
ences in the initial mechanism of virus infection [5]. Cleavage facilitated
by TMPRSS2 and cathepsin B/L is required for binding of SARS-CoV-2
with the cell surface and for cell invasion. Thereafter, virus RNA binds to

proteins (receptors) TLR3/TLR7/TLR8 within the cell. Binding to these
receptors triggers an innate immune response. Three comprehensive hu-
man gene diversity databases (gnomAD, Korean Reference Genome Da-
tabase, TogoVar) and three whole-genome sequence databases (The 1000
Genomes Projects, Gene-Tissue Expression, Simons Genome Diversity
Project) were extensively searched for gene sequences encoding the seven
proteins involved in SARS-CoV-2 infections, and a comparative investiga-
tion was conducted based on regions and ethnic groups [17-19]. The pres-
ence of any functional differences in these seven proteins was also investi-
gated using data on gene sequence and protein structure/function. Of the
full-length amino acid sequence of the ACE2 protein, there were 33 amino
acids which were found to be directly involved in binding SARS-CoV-2.
However, 19 gene variants were found in gene sequences encoding these
33 amino acids, with an average occurrence of 0.03%. Of these, the variant
sequence K26R was the most common (0.39%), and region- and ethnic
group-based differences were present. East Asian populations had the
lowest frequency of this sequence (0.007%), and non-Finnish European
populations had the highest frequency (0.59%). However, this amino acid
substitution mutation was not expected to affect the ACE2 protein func-
tion based on its molecular structure. Furthermore, the variant sequence
K31K had the highest frequency in East Asian populations (0.022%), with
the Japanese population having a predominantly high frequency (0.23%,
analyzed genome number = 3552), when compared with the Korean pop-
ulation (0.029%, analyzed genome number = 1722). This variant does not
affect the amino acid sequence; therefore, there is no alteration in ACE2
protein function. All other gene variants had low frequencies (<0.1%) and
did not change the function of ACE2 with regard to molecular structure,
irrespective of the presence or absence of changes in amino acid substitu-
tion. Similarly, the results for TMPRSS2 and cathepsin B/L enzyme activi-
ty, and binding ability of TLR3/TLR7/TLR8 on viral genome RNA demon-
strated the presence of mutations that caused dysfunction observed in the
genes encoding each protein; however, their frequencies were 0.01%, and
no region- or ethnic group-based differences were observed. Furthermore,
the number of loss-of-function mutations calculated and predicted from
the size of the ACE2 and TLR7 genes were 31 and 20.7, respectively; how-
ever, actual data analysis conducted in this study showed only 3 and 2,
respectively. This was attributed to evolutionary pressure (selective pres-
sure) that maintained the functions of these two molecules during human
evolution. Thus, it was reported that no region- or ethnic group-based
differences were present in the initial binding between SARS-CoV-2 and
human cells, and the gene sequence of the molecular group was involved
in the initial innate immune response.

The ACE (ACEI) gene is located on the long arm of chromosome 17 (17
q 23), and contains 26 exons (sections translated from DNA to protein)
and 25 introns (sections not translated to the protein). There are insertion
alleles (I: insertion) and deletion alleles (D: deletion) depending on the
presence or absence, respectively, of 287 base-pair Alu repeat sequences
of ACELI intron 16, and this can be classified into three genotypes (type II,
type ID, and type DD) [20,21].

Yamamoto et al. reported on the relationship between the ACE genotype
and SARS-CoV-2 infection [6]. Results showed that the frequency of the
ACEL1 1II (insertion/insertion) genotype in a given group was significantly
and negatively correlated with the number of patients infected with SARS-
CoV-2. Similarly, ACE1 II genotypes negatively correlated with the num-
ber of deaths due to SARS-CoV-2 infection. These data suggest that ACE1
IT genotypes may affect the prevalence and clinical outcome of COVID-19
and function as a biomarker for prediction of COVID-19 risk or severity.
The correlation between either insertion or deletion genotypes (I/D [in-
sertion/deletion] genotypes) in ACEI genes of Europeans and Asians, and
the prevalence and mortality rate of SARS-CoV-2 were investigated.
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Results showed that both the number of patients infected by SARS-CoV-2
and those who died from COVID-19 significantly and negatively cor-
related with the frequency of ACE1 II genotypes (R = -0.847 and -0.755,
respectively). The European population had a lower ACE1 II genotype
frequency and a higher prevalence and COVID-19-related mortality com-
pared to that in the Asian population. This study also investigated single
nucleotide polymorphisms (SNPs) contributing to SARS-CoV-2 pathoge-
nicity, such as ACE2, CTSL (cathepsin L), and TMPRSS 2; however, no sig-
nificant correlations were observed with the prevalence or mortality rate
of COVID-19. These results suggest that ACE1 I/D polymorphisms may
serve as a genetic biomarker for the infectivity and pathogenicity of SARS-
CoV-2. Notably, increases in the frequency of ACE1 II genotypes were in-
versely correlated to SARS-CoV-2 infections and mortality rate. The mor-
tality rate, proportional to the number of infected and afflicted patients,
and is also independently or additionally affected by infection/affliction
conditions. These results are the first indication that the prevalence of the
D allele in ACEI may be involved in the susceptibility to SARS-CoV-2 in-
fection and the exacerbation of COVID-19 symptoms such as pneumonia.

Under physiological conditions, the signal from Ang II produced by ACE1
is associated with pathological conditions such as vasoconstriction, in-
flammation, and fibrosis, and the ACE2-derived peptide Ang 1-7 reverses
Ang II activity via the Mas receptor. Therefore, the balance between ACE1
and ACE2 is considered vital for maintaining homeostasis in the body.

It has been reported that individuals with DD genotypes demonstrate sig-
nificantly higher serum ACEL1 levels than individuals with either an ID
or IT genotype [22]. Furthermore, ACE2 expression was suppressed by
SARS-CoV-2 infection and might induce ACE1/ACE2 imbalances that
contribute to overactivation of the renin, angiotensin, aldosterone system,
and cardiopulmonary function suppression. This further reduces the ef-
fect of ACE2, which counteracts the pathophysiological effects of Ang II
produced by ACE1, potentially exacerbating the pathological condition.

Patients with the D allele, particularly those with the DD genotype, have
been reported to demonstrate a higher prevalence and mortality rate of
acute respiratory distress syndrome (ARDS) and certain cardiac, pulmo-
nary, and inflammatory diseases [23,24]. It is predicted that COVID-19
patients with ACE1/ACE2 imbalances, in other words, patients with D
alleles or DD genotypes, particularly for ACE1, tend to experience more
severe conditions.

ACE1 I/D polymorphisms are also associated with the coughing reflex
[25]. Aspiration due to a decrease in age-related coughing is the primary
cause of pneumonia among the elderly [25]. ACE1 D alleles have previ-
ously been reported to contribute to pneumonia risk among the elderly
in Japan [27]. High ACE1 expression in ACE1 DD genotypes decreases
substance P and increases the risk of pneumonia by reducing the coughing
reflex [28]. A Chinese meta-analysis of 12 studies related to pneumonia
and ACE]I, including studies from Japan and the Netherlands, reported
that ACE1 I/D polymorphisms and pneumonia risk were significantly cor-
related [28].

A unique circumstance with high infection rates and low mortality rates
has been reported in the Middle East. The relationship between SARS-
CoV-2 and genetic factors in the Middle East will be an important focus
for future studies. Data accumulation from various countries, including
the United States, is expected to provide a more accurate understanding
of the role played by ACE1 I/D polymorphisms in SARS-CoV-2 infection
and COVID-19-associated prevalence and mortality rates.

RAS-based inhibitors and COVID-19
Studies suggesting the possibility of RAS inhibitors increasing the risk of

development or aggravation of COVID-19 have been published [29,30].
The basis for the studies included data obtained from preliminary research
which showed that RAS inhibitors increased ACE2 expression [31,32]. In
the disease models used by the above-mentioned studies, reduced ACE2
expression was restored or maintained to levels that were comparable to
those of the normal control group by RAS inhibitors; however, observa-
tions reported only included ACE2 expression levels that were twice the
normal levels. Furthermore, the RAS inhibitor dose used in each study
was much higher than the clinical doses, and it is difficult to ascertain if
this exerted a clinical effect. Previous research has not reported any RAS
inhibitor-mediated increase in ACE2 expression levels that could affect
COVID-19 infectivity.

Meanwhile, studies on lung injury models have shown that ACE2 sup-
presses lung inflammation by suppressing Ang II and inflammation with
ACE inhibitors and angiotensin receptor blockers [31].

ACE inhibitors/ARBs have also demonstrated potential benefits to pa-
tients with acute lung injury (ALI) or acute respiratory distress syndrome
(ARDS) [32,33]. ACE inhibitors/ARBs can exert anti-inflammatory and
antioxidant effects through upregulation of ACE2 and may be beneficial
in prevention of ALI and ARDS. These drugs may play an important role
in the treatment of patients with severe COVID-19, based on the patho-
physiology of SARS-CoV-2 infection and the multi-faceted effects of ACE
inhibitors/ARBs.

Limitations
There are few studies on the relationship between ACE polymorphism and
COVID-19, and further researches are needed to reach consensus.

Conclusions

The infection and mortality rates of COVID-19 are low in East Asia com-
pared to those in the West. SARS-CoV-2 infection occurs via ACE2; how-
ever, where race-based differences exist, ACE gene polymorphisms may
potentially be a reason for these regional differences. In these instances,
the ACE1 and 2 balance may be associated with infection and aggravation,
and ACE inhibitors and ARBs may potentially affect pathological condi-
tions, thereby becoming a treatment option.
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