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ABSTRACT

Background: Epidemiological studies revealed there is a difference in susceptibility
to infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
because of differences in gender with age and males being more inflicted. There is a
clear indication that deaths caused by coronavirus disease 2019 (COVID-19) in
males appeared at a higher rate than females across 35 nations. The implication of
associated disease-risk genes, involved in the susceptibility of COVID-19 such as the
angiotensin-converting enzyme 2 (ACE2), has recently received considerable
attention due to their role in severe injury of lung and mediated SARS-CoV-2 entry
as a host receptor.

Objectives: Herein, we aimed to systematically review how two main genetic
polymorphisms of ACE2 (rs2106809 and rs2074192) can affect the gender
susceptibility to SARS-CoV-2 infection.

Methods: To conduct this systematic review, a literature search in PubMed, Google
Scholar, ScienceDirect, and Nature was made for the period 2004 to 2020. We
searched for the impact of ACE2 genetic polymorphisms (rs2106809 and rs2074192)
on gender susceptibility.

Results: We noticed that there was a differential genotype distribution between
males and females in various global populations whereas mutant variants were
common in males compared to wild-type variants among females which may reflect
differences in gender susceptibility to infection with SARS-CoV-2. Females are less
susceptible to coronavirus as compare to males because of the expression of ACE2
receptor. It has a double role in favour of COVID-19 and against COVID-19.
Conclusions: Male mortality is greater than female mortality, which might be
attributed to the ACE2 deficiency in women. Epidemiological studies have shown
that the differences in sex and age have different susceptibility to SARS-CoV-2
infection.
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INTRODUCTION

Coronaviruses, a family of disease-causing viruses, responsible for diseases that threaten
the humans on the earth such as severe acute respiratory syndrome (SARS),! Middle
East Respiratory Syndrome (MERS), " and the recently declared coronavirus disease 2019
(COVID-19);* and all are ranging from the mild to very severe pneumonia. The severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative agent of COVID-
19, is single strand RNA (ssRNA) virus comprmised of glycoprotein spikes, mediating the
virus to enter in host cells.* Recently, both epidemiological® and experimental® features of
COVID-19 patients have been defined. In hypertensive patients, diabetics, obese, and the
elderly, recent researches have shown a greater risk of infection. 7 However, little evidence
on the impact of ACE2 genetic polymorphisms on gender susceptibility to infection and the
rate of COVID-19 are available.

Phylogenetic research has led scientists to explore the host entry process of SARS-CoV-2
and found that it enters into the host cell by binding to ACE2 membrane receptors.® Body
parts including the respiratory tract, stomach, small intestine, skin, thymus, spleen, liver,
bone marrow, and blood vessels are all vulnerable to COVID-19 infection due to an abun-
dance of ACE2.° In lung alveolar epithelial cells, ACE2 is expressed in larger amounts. Thus,
it contributes in damaging the lungs in acute respiratory distress syndrome (ARDS) and
pneumonia. ! SARS-CoV-2 has also been shown to form an association with the renin-
angiotensin-aldosterone system (RAAS) via (ACE2) enzyme. 1

Angiotensinogen is a key substrate for RAAS, which made in the liver, and split to pro-
duce angiotensin 1 (also called pro-angiotensin), by the renin. The body has vasodilatory,
anti-inflammatory and antioxidant properties attributed to the ACE2.1? The ACE2 catalytic
domain is the extracellular portion of the cell, which can be destroyed, followed by the
release of ADAM17 (metallopeptidase and disintegrin) into the blood Figure 1.1* The asso-
ciation between ACE2 and SARS-CoV-2 has an important involvement and relationship to
the severity of infection developing in the human body Figure 2.4

Furthermore, SARS-CoV-2-mediated infection has been shown to vary according to dif-
ferences in age. For instance, elder patients are more vulnerable than children to COVID-
19. Knowing this relationship will pave a way for inventors and investigators to develop
better options, assisting in the treatment of COVID-19. A study points out the possible
sources of improved confrontation to COVID19 in youngsters compared to grownups due
to ACE2 expression components, the double role of ACE2 in defending lesions (inflam-
matory) along with detrimental effects of ACE2 which act as a molecular aim in promot-
ing the virus entry. The objective of the authors is to provide evidence on the activities
of the ACE2 enzyme in contradiction of or in service of the progression of COVID-19
to demonstrate the complexity of ACE2 enzyme behaviour during illness, this facilitates
researchers’ chance to create safe vaccines and solutions for therapeutics. In turn, the study
of the roles of ACE2 in different age groups, will also promote clarity, and study the receptor
behavior in the present situation.!® The ACEs is one of the exopeptidases, which might be
common to several peptides. It is predominantly found in the cell membrane, and firstly
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Figure 1 The enzymaticflow of the renin-angiotensin system (RAS) depicts the main receptor systems,
the biological activities of angiotensin 2 and Ang-(1-7), and the stability of ACE and ACE2.”7 A). RAS
system showing the angiotensin peptide metabolic pathway as the initiator compound cleaved by renin
(kidney) to form Ang 1 followed by ACE’s followed by Ang 2 to Ang (1 to 7) facilitated cleavage of ACE2.
Ang 2 functions on the receptors of AT1 and AT2, while Ang (1 to 7) operates on the receptors of Mas and
antagonizes the activities of the axis of Ang2/AT1R. B) Curbed ACE2 levels result in a balance change in
the RAS to the Ang 2/AT1R (activator) axis, promoting the progression of the infection. Improved levels of
ACE2 change the balance to the Ang (1 to 7)/MasR axis (inhibitor) via rhACE2, ACE2 activators, resulting
in defence from viral infection.
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Figure 2 Way of the entrance of the SARS-CoV-2 to host cell.” The protein S of the virus attaches to the
human ACE2 receptor, when receptor-binding domain, human proteases triggered. It makes its way into
the cell via the endosomal path. Then, viral RNA is translation and cytoplasm of ORFla and considered to
generate ppla in additional pplab polyproteins. RTC proteases cleave these proteins, which promote the
expansion of full length (—) RNA copies and RNA replicas and function as for full length (+) RNA genomes
templates. A collection sub-genomic RNAs formed by fragmented transcription, with frequent open reading
frames, Only the nearest (5’ end) is translated in this case. After the synthesis of viral structural proteins, the
nucleocaspids are assembled in the cytoplasm. After that, there’s endoplasmic reticulum and Golgi apparatus
budding through the lumen of the intermediate compartment. This is accompanied by releasing virions from
the infested cell-mediated by exocytosis.

reported in the year 2000.%¢ This discovery gave the angiotensin 2 attention, a dynamic
peptide often referred to as angiotensin-(1-8). This is the basic cause of facilitating events
including increased vasoconstriction, pro-inflammatory action, pro-fibrosis, and stimula-
tion of aldosterone secretion by binding to angiotensin 1 (AT1) receptor. ACE2 works by
deactivating angiotensin 2 and then converting it to angiotensin. !”

Similarly, this active peptide inhibits angiotensin 2’s activity. Moreover, aminopeptidases
enzyme is shown to deactivate angiotensin 2, it regulates the conversion of angiotensin 2 into
angiotensin 3, resulting in activities like with angiotensin 2 receptors and an affinity of 30

times greater than that of AT1 receptors,'” resulting in effects such as increased natriuresis
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and bradykinin, besides a vasodilation. '8

These components form an integral part of the process of renin-angiotensin aldosterone,
consisting of pathways for initialization and prevention. Here the forthcoming consists of
the receptor pathway for angiotensin 2 or angiotensin 1 or ACE1 or aldosterone, while the
latter consists of the receptor pathway for angiotensin (1-7) or ACE2 or Mas, where the
preventer pathway act as a blocker for the action of angiotensin 2 in the way for the initia-
tor. Furthermore, ACE2 has been discovered to interact with AT1 receptors, angiotensin 2
receptor blockers have targeted these receptors, which are mediated by angiotensin 2, are
opposed to the actions caused by this receptor, thus occupying the angiotensin 2 interac-
tion site. This in turn, stimulates angiotensin 2 liberation, this is accompanied by enhanced
ACE2 enzyme expression in the body. As indicated by sex-disaggregated information incor-
porated by worldwide scientists, there is a clear indication that coronavirus-related deaths
with males appeared at a higher rate than females across 35 nations (Worldwide Health
50/50). For example, the extent of deaths among people adds up to-13.3\7.4 in Italy, 4.7\2.8
in China, 8.4\4.7 in Spain, 10.6\6.6 in The Netherlands), and 4.0\1.7 in Ireland. Gender
equality index finding revealed also that women are at a greater risk of infection than males
due to multiple factors: women commute via public transport, do grocery shopping, and
sometimes dominate many professions Epidemiology studies revealed different gender and
age have different susceptibility to contagion with SARS-CoV-2 with males and older age
being the most inflicted. ! The implication of associated disease risk genes involved in the
susceptibility of COVID-19 such as the ACE2 has recently received good attention due to
its role in the acute injury of lungs.?’ The genetic variants of ACE2 showed to be correlated
with mixing angiotensin-(1-7) stages in females suffering from high blood pressure.?! ACE2
was made to work as a SARS-CoV-2 receptor. The gene ACE2 showed effective genetic
polymorphisms among a different population around the globe which may influence the
susceptibility to infection and/or disease progression to COVID-19.%° In this regard, this
study sought to explore whether the genetic polymorphism in the ACE2 gene, particularly
rs2106809 and rs2074192 would explain the genetic differences between males and females
toward infection with SARS-CoV-2 in various parts of the world. The sex variations can be
explained by multiple X-linked genes. fAmongst the main savouries of the lethality of the
virus are cardiovascular comorbidities. The number of non-genetic, sex-independent fac-
tors to alter vulnerability and mortality is enormous, with many others consisting on gender
and cultural habits from various countries, should be considered. There are a few women
dying, (young and elderly) than males (age-fellow). Actually, a series of possible methods
can enlighten that why women are less susceptible toward serious COVID-19 infections.
This is because the involvement of two factors including the transmembrane protease ser-
ine 2 and ACE2, may be considered first of all.22

Although the receptor for the S protein of coronavirus is ACE2. The organs that are
mainly targeted by SAR-CoV-2 contain ACE2. ACE2 has been suggested as a modulator of
SARS-CoV-2 exposure in both sexes.?* The location of ACE2 is the X chromosome and in
sites commonly escaping the inactivation of one X chromosome.?* It is also possible that
this plays a significant role in women’s defence system. It is hypothesized that, for example,
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by encouraging coronavirus binding, the 2nd X chromosome may shield women from lethal
polymorphisms that make COVID-19 more violent in men. Certainly, in a current report,
weaker results in elder COVID-19 patients were due to the existence of lower ACE-2 levels
and subsequent upregulation of proinflammatory pathways of angiotensin II (Ang II) in the
body, which may render patients more vulnerable to systemic deleterious’ Ang II effects.
In almost a yin/yang phase, ACE and ACE2 are produce, Ang IT and Ang-1-7 are connected
to one other after there is a vice versa relationship in their quantity one increases another
decrease.”

Viruses enter into host cells due to ACE2, however, over expression can defend against
harm (by decreasing Ang II and forming Ang-1-7). And, ACE2 exhibits metalloproteinase
17 (ADAM17) can shed” ACE2 from endothelial cells, This causes the release of bioactive
and catalytic ectodomains into the circulation. Therefore, the ACE/ACE2 ratio is changed in
different tissues, membrane-bound soluble, and the role of ACE2 is complicated. For exam-
ple, it has been suggested that by restricting its attachment to cellular ACE2.%6 Coronavirus
could be reduced by soluble ACE2. However, Sama and colleague showed that in patients
with heart failure (HF), males are associated with higher ACE2 plasma levels.?” Neverthe-
less, the authors agree that there is no proof that there is a connection between membrane-
bound ACE2 levels and shedding enzymes in the two genders. In fact, with preserved and
reduced ejection, HF contains a higher amount of soluble ACE2 ejection fraction.?® Also,
the expression of ACE2 tends to be decreased in postmenopausal women.? Stimulatingly,
transgender men subjected to treatments show substantially high (ACE2) levels expression
and a high amount of Sertoli cells communicating ACE2 in the testis. Estrogens and andro-
gens are declining by the passage of time,* this weakening is likely to lead to a decrease
in ACE2 expression with ageing in both genders. The study of 2017 showed there are no
differences in the two genders in the activity of serum of ACE and ACE2, although lower
serum activity of ACE2 was observed in newer relative to older women. 3! Overall, differ-
ences in ACE and ACE2 expression can tend to specific to organs and age-dependent in both
genders, in animals*? and humans with a less obvious function in soluble ACE2%. It is a
matter of investigation whether the level of ACE2 in the lungs are linked to the vulnerabil-
ity and harshness of COVID-19.%* It was stated in a preprint red-top that monomers may
have advanced ACE2 expression in the lungs compared to women,** with potentially sig-
nificant implications for COVID-19 infections, as the SARS-CoV-2 enter via respirational
tract. However, enlarged permeability of capillary, clotting, fibrosis, and death of alveo-
lar cells observed in both SARS and COVID-19.Explained by polymorphisms in ACE and
ACE?2 genes.* Lung damage and respiratory failure can be explained by these effects. The
role of ACE2 in COVID-19 is not completely clear but most evidence suggests that it may
be advantageous to have a low membrane-bound ACE/ACE2 ratio. Certainly, ACE may
be pro-inflammatory and pro-oxidant, whereas antioxidant and anti-inflammatory effects
can be mediated by ACE2. In HF, soluble ACE2 is higher; it is not yet clear whether this is
defensive or harmful or is just an epiphenomenon. Nevertheless, by controlling the activ-
ity of the ADAM17 enzyme, inhibition of ACE2 shedding has been advised as a possible
beneficial solution for heart failure.?® As the ACE2 expression on chromosome X affected
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by estrogens across the body, the ratio of ACE/ACE2 can transfer more in women than in
men to the ACE2/Ang 1 to 7/MAS receptor axis. This may explain why women are shielded
from the outcome of extreme COVID-19. We must understand, however, that there are
variations in the ACE/ACE2 ratio that are tissue- and organ-specific, which can also be
affected by exercise and medical conditions. It is not so far clear whether the deadliness of
SARS-CoV-2 is primarily due to the access and duplication of viruses or to an exaggerated
inflammatory response.®® Numerous additional genes linked to X and Y can also explain
gender differences.?” X and Y chromosome-encoded immune regulatory genes can clarify
inferior virus-related loads and inflammation to decrease in women as compared to men.
The two X chromosomes control the immune system even though one of them is inactive.
As well as moderating other proteins, including CD40L, CXCR3, and TLRS, the X chromo-
some controls the immune system. These can be high-regulated in females and the response
to both virus-related contagions and vaccines can be calculated. To recognize a precise
gene name describing SARS-CoV-2 contagion differentially expressed genes (DEGs) net-
work was developed.*® In addition, in modulating the intensity of COVID-19, gender dif-
ferences in immune response, strong-minded by genetic factors, and hormones,*’ can play
a significant role. The number of CD4 + T cells also varies between genders, with women
with a stronger immune response being higher.>® Lastly, non-genetic, gender-independent
features can change vulnerability and death is huge, numerous additional factors, including
gender and cultural behaviours, are likely to be considered in different countries. For exam-
ple, there was a high in females because of social and religious activities (Report on the Epi-
demiological Characteristics of Coronavirus Disease 2019. Additional gender-related cus-
tom and an independent risk factor for worsening COVID-19 could be smoking. Smoking
ratio and function ACE/ACE2 is not clear. ACE2 increase and enzyme activity decrease have
been identified in numerous readings. *> We may risk that high levels of (ACE2) may enable
entry of most viruses, while downregulation of ACE2 may clarify the severity of COVID-19
in smokers, at least in part.*! This study attempted to provide an answer for the variable
infection and mortality rates of the SARS-CoV-2 between males and females worldwide

MATERIALS AND METHODS
Literature search and strategy

A systematic literature search was conducted on September 2020 in reputed literature
databases and search engines (PubMed, Google Scholar, ScienceDirect, and Nature) by
applying these keywords: (ACE), (ACE2), (COVID-19), (Polymorphism), (SNP), we con-
ducted research and extracted the data that was relevant to research topic.

A total of 150 research paper were retrieved from all the above-mentioned databases.
From all these 150 publications, 30 research paper were closely related to our research topic
after reading the paper’s title and abstract.

It is not yet known whether this differential rate of susceptibility between genders to
infection/mortality of SARS-CoV-2 is attributed to the genetic variants of the main host
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receptor ACE2 in various ethnic populations. Therefore, two main genetic polymorphisms
(rs2106809 and rs2074192) were screened and analyzed using previously published papers.
All reviews, reports, opinions, commentaries, and non-full length research papers were
excluded.

Data extraction and quality evaluation

The screening process was conducted independently by (title, abstract, full-text and data
extraction) by three authors (AAS, TAR, and AMA), and in the event of a discrepancy
between the three authors, the MFD is referred to as a co-creator of the consensus. The
authors reviewed the full text of the article for further information and clarification when
there is insufficient data. Data from eligible studies were extracted and summarized in an
excel spreadsheet. The following information was extracted for each of the included studies:
district name, study design, study area/city, study period, study design, sample types, study
population, number of study participants.

Quality

The quality of the included studies was checked independently by two authors (AAS and
MFD) using a set of pre-defined criteria such as quality of research design, and completeness
of extractable information.

RESULTS AND DISCUSSION

A total of 150 items were collected from all the databases mentioned previously. From
these publications, 30 papers closely related to the topic of our study were selected. It was

found that 6 researches>>0-3942:43

match the objective of our study. The rest of the researches
were only neglected for several reasons, including the small number of study participants,
lack of focus on race, and non-full length articles.

By analyzing public data, it was found that the two SNPs (rs2106809 and rs2074192) were
expressed at variable proportions among different ethnic population around the world!!.
A summary of these findings as outlined in Table 1. The prevalent genotypes of rs2074192
among Caucasian males were almost dominated by T'T mutant genotypes whereas CC or CT
genotypes were common in females. On the other hand, the genotype trend was changed
in the Asian female population as CC or CT (no mutant genotypes were observed) with no
considerable difference among males than those observed with Caucasian. A similar pattern
for the rs2106809 genotypes particularly among females in the Middle East and India. Taken

together for both genetic polymorphisms, it appeared that males had a mutant genotype
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compared to either wild or heterozygous mutant in females. Considering the limitation of
sample size number, these data may suggest that the mutant genotype among males could
contribute to the severity of infection in males compared to females around the world but
the absence of such variants in females may explain the low infectivity/mortality rate seen

among them.

CONCLUSIONS

Many factors may affect COVID-19 infection and recovery such as immune response,
smoking, and genetic alteration in many genes including ACE2. Females are less affected
as compared to males because ACE2 gene is located on X chromosome and females have
two copies of ACE2. This research is all about ACE2 and its impact on the gender suscep-
tibility to infection and rate of recovery COVID-19. Patient body parts e.g. lungs, small
intestine, stomach, liver blood vessels, bone marrow, skin, oral, nasal mucosa and kid-
ney are most affected due to the presence of ACE2 which is the receptor of COVID-19.
RAAS has been made in the liver and split into renin for angiotensinl development which
activated angiotensin 2 by ACE. ACE2 counters vasoconstrictions and pro-inflammatory
activities which are opposed by ACE result. Elder patients are more vulnerable than chil-
dren to COVID-19. Epidemiology studies showed different gender and age have dif-
ferent susceptibility to contagion with SARS-CoV-2. ACE2 exhibited a high degree of
genetic polymorphisms among a different population around the world. Both rs2106809
and rs2074192 would explain the genetic differences between males and females toward
COVID-19. TMPRSS?2 splits the S-protein preferring virus attachment to the cell mem-

brane.

ABBREVIATIONS

ACE2, angiotensin-converting enzyme; ARDS, acute respiratory distress syndrome;
CDC, Disease Control and Prevention; HE heart failure; NA, not available; RAAS,
renin-angiotensin-aldosterone system; SARS, severe acute respiratory syndrome; ssRNA,

single-stranded ribonucleic acid.
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