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Insanlarda enfeksiyonlara neden olan yedinci tip koronaviriis olan SARS CoVID-
2 (COVID-19), diinya capinda insan yagsami i¢in biiyiik bir tehdit haline gelmistir.
Wuhan’da ortaya ¢ikan ve oradan da tiim diinyaya yayilan viriis, bugiin dzellikle
yasl ve kronik hastalarda (hipertansiyon, Diabetes Mellitus (DM), kalp hastalig1)
biiyiik bir tehdit haline gelmistir. Bu viriisiin nigin kronik hastalarda daha etkili
oldugunu bilmek hastaligin 6nlenmesi veya tedavisinde olduk¢a onemlidir. Bu
nedenle ¢alismada COVID-19 viriisiiniin kronik hastaliklar ile olan iligkisi
anlatilmaktadir. Angiotensin-converting enzyme (ACE2), 6zellikle bobrek, kalp,
karaciger, ve akcigerler gibi yasam i¢in 6nemli organlarda rol almaktadir. COVID-
19 viriistiniin hiicre igerisine girisi ise ACE2 enzimiyledir. Calismamizda bu
virlisiin kronik hastalar1 diger insanlardan daha fazla etkilenmesinin nedenleri ve
ACEZ2, Renin-Anjiyotensin-Aldosteron metabolizmasi ile iligkisi aydmlatilmaya
caligilmaktadir.

ACE2

Kronik hastalik
Corona viriis
COVID-19
Renin

SARS CoVID-2

Makale Hakkinda

Gonderim Tarihi: 24.02.2021
Kabul Tarihi: 05.07.2021
E-Yaym Tarihi: 28.05.2021

! Dr., Gumushane University, Vocational School of Health Services, 29100 Gumushane, Turkey, topalmeryem@hotmail.com

(Sorumlu Yazar)

2 Dr., Gumushane University, Faculty of Engineering and Natural Sciences, Department of Food Engineering, Gumushane,

Turkey.

3 Dr. Gumushane University, Department of Chemical and Chemical Processing Technologies, Laboratory Technology

Program, Gumushane Vocational School, Gumushane, Turkey.

61


mailto:topalmeryem@hotmail.com

Topal ve ark.
COVID-19: ACE2, RAAS ve Kronik Hataliklar
KTO Karatay Universitesi Saglk Bilimleri Dergisi 2021, Cilt 2, Say1 2, 61-72

COVID 19: The Relationship Among Angiotensin-Converting Enzyme 2
(ACE 2), Renin-Angiotensin-Aldesterone System (RAS), and Chronic

Diseases

Abstract Keywords
SARS CoVID-2 (COVID-19), the seventh type of coronavirus that causes - ACE2
infections in humans, has become a major threat to human life worldwide. The Chronic disease
virus, which emerged in Wuhan and spread from there to the whole world, has Corona virus
become a major threat, especially in elderly and chronic patients (hypertension, COV:?Z;]l.g
Diabetes Mellitus (DM), heart disease) today. It is very important to know why SARS CoVIDlz

this virus is more effective in chronic patients, in the prevention or treatment of

the disease. Therefore, the study describes the relationship of the COVID-19 virus Avrticle Info
with chronic diseases. Angiotensin-converting enzyme (ACE2) is particularl .
involved in vital organs sugh as the kidney, hgart, Ii)\//er, a(nd Iunés. TIP)]e entry o¥ Received: 24.02.2021
the COVID-19 virus into the cell is through the ACE2 enzyme. In our study, the Accepted: 05.07.2021
reasons why this virus affects chronic patients more than other people and its Online Published: 28.05.2021
relationship with ACE2, Renin-Angiotensin-Aldosterone metabolism are tried to

be elucidated.

Introduction

Coronavirus (Cov) was first isolated in the literature from the tissue culture of a cold patient by Tyrrell
and Bynoe in 1965 (Tyrrell and Bynoe, 1965). In the following years, hepatitis in mice and
gastroenteritis virus in pigs were observed to have the same morphology in electron microscopy
(Mclntosh, 1967; Tyrrell and Bynoe, 1965; Witte, 1968). Corona viruses are enveloped, positive-
stranded RNA viruses. Glycoproteins (S) located vertically around it give the distinctive crown (corona)
appearance that gives the virus its name. Because they may have positive polarity, they do not contain
RNA-dependent RNA polymerase enzymes, but in their genomes they encode this enzyme (Saliba et
al., 2017). The Coronaviridae family is part of the Nidovirales team, consisting of the Coronavirinae
and Torovirinae subfamilies. The International Virus Taxonomy Committee (ICTV) has divided the
Coronavirinae subfamily into 4 genes as a, B, y and A- corona viruses, and classified human corona
viruses into a and B-corona viruses (Saliba et al., 2017; Yiicel and Gérmez, 2019). These corona viruses
cause respiratory diseases or gastroenteritis in many animal species such as mice, chickens, turkeys,
various bird species, camels, rabbits, whales, pigs and cats. Many coronaviruses are known to infect
humans and animals. However, some animal-derived coronaviruses can also infect humans and cause
outbreaks (Ahn et al., 2020; Su et al., 2016b).

There were six different human corona viruses known to date. Four of these are coronaviruses
that cause mild, classic cold symptoms in humans. Two are a-corona viruses HCoV-NL63 and HCoV-
229E, the other are B-coronaviruses HCoV-HKU1 and HCoV-OC43. SARS-CoV, which was identified
in 2003 and responsible for severe acute respiratory syndrome (SARS), and Middle East respiratory
syndrome-CoV (MERS-CoV), which was identified in 2012 and responsible for Middle East respiratory

syndrome, are beta corona viruses (Fehr and Perlman, 2015).
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SARS-CoV appeared in 2002 in Guangdong province in China and threatened the whole world.
This infection spread to 30 countries in one year, causing 8373 illnesses and 774 deaths. About 10 years
later, in 2012, a 60-year-old man died in Saudi Arabia from acute respiratory infection and kidney
failure. This virus has been identified as MERS-CoV with cell culture and genome sequencing. The
intermediate mansion of MERS-CoV in the Arabian Peninsula has been shown to be a single humped
camel. World Health Organization in 26 countries from 2012 to 2016 it is reoported the number of
patients with proven MERS-CoV infection is 1791 and 640 of them died (Inal, 2016; Nowotny and
Kolodziejek, 2013; Zaki et al., 2012).

Nowadays, a new coronavirus has been identified, which originates in Wuhan, and with natural
reservoirs bats (Figure 1). Then it has been transmitted to humans and spread all over the World. It poses
a great danger especially for elderly and chronic patients (hypertension, heart disease, DM). The virus
had been named SARS-CoV-2 by the World Health Organization. Compared to the SARS-CoV that
caused the SARS outbreak in 2003, SARS-CoV-2 has a stronger infectious capacity (Danser et al., 2020;
Zheng et al., 2020).
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Figure 1. Structure of SARS CoVID-2 (COVID-19)

These viruses pathogenically affect the gastrointestinal, respiratory, liver and central nervous
systems of humans, birds, mice, bats and many other wild animals (Perico et al., 2020). SARS-CoV-2,
which causes COVID-19, is mainly transmitted by droplet. Infection is usually carried out by close
contact with the sick person and by transferring the virus that falls on the surfaces to the eyes, mouth or
nose through hands. After the virus enters the body, it causes an infection in the lungs by advancing to
the lower respiratory tract. People exposed to the virus, along with changing from person to person, have

symptoms within an average of five days (Meijers et al., 2020).
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It is known from studies that the COVID-19 virus is associated with a protein called
Angiotensin-converting enzyme (ACE2) to enter the cells. ACE2 is a membrane-bound peptidase that
is highly expressed in the heart, lungs, kidney and gastrointestinal tract and plays an important role in
various cardiovascular and immune pathways. In 2003, Li et al. showed that ACE2 is the receptor
responsible for SARS coronavirus entry (Li et al., 2003). Binding to the ACE2 receptor requires the
surface unit of a viral spike protein. Today, as in Sars Covid, it has been proven that the host cell entry
in COVID-19 is connected to ACE2 (Chen et al., 2020). The system where this enzyme is in metabolism
is the renin-angiotensin-aldesterone system (Danser et al., 2020).

Renin is an enzyme, which do not have biological activity alone, consisting of 340 amino acids
that are released and stored in granular cells in the kidney. Although it was found in the pituitary and
adrenal gland of prorenin, which is the pioneer of renin in mammals, the active form of the renin is
synthesized in the kidney (Fisher and Hollenberg, 2005). It was determined that the level of prorenin
increased in patients with DM and that the levels of total renin increased before microalbuminuria, which
is an indicator of vascular damage in these patients (Devaux et al., 2020). Renin activity increases
depending on the decreased plasma sodium ions, decreased arterial blood pressure, and an increase in
the level of catecholamines (Fisher and Hollenberg, 2005). It was determined that when the activity of
the renin is high in plasma, the probability of getting cardiovascular diseases is higher. ACE2 provides
the breakdown of angiotensinogen, the precursor of angiotensin (Jahovic et al., 2005).

The renin angiotensin aldosterone system (RAS) is an important metabolic pathway in
regulating intravascular volume, sodium/potassium balance, and blood pressure. However, high activity
of this system is reported to cause inhibition of this system and affect the cardiovascular system (Shalaby
et al., 2006). An increase in the activity of this system has been observed in patients with hypertension.
This suggests that the negative feedback mechanism may be impaired (Laragh and Sealey, 2011). Many
studies have shown that patients with hypertension and DM have renal damage (Schmidt and Ritz,
1997).

Angiotensins formed by the breakdown of renin-angiotensinogen are a group of peptide
hormones formed with different proteases. Some of these peptide hormones were classified by Roman
numbers. Angiotensin-1 (Ang-1), the first of which is an oligopeptide, has only one task. This task is to
create Ang-1l (Ang 1-8) and Ang-I1l (Ang 2-8) (Mehta and Griendling, 2007; Ocaranza et al., 2020).
Angiotensinogen and renin are speed determinants in the formation of active Ang-Il in circulation
(Ramaya et al., 2020). Renin forms Ang-1 by breaking the Leu-Leu peptide bond in the first 14 amino
acid portions at the amino end of angiotensinogen (Gradman and Kad, 2008). Ang-I is the major
substrate of angiotensin converting enzyme (ACE, E.C.3.4.15.1). Angiotensin converting enzyme is a
dipeptidase that converts angiotensin | into angiotensin Il. Ang-I converts to Ang-1l by ACE and binds
to angiotensin-1 receptors. Thus, renal tubular and glomerular function changes, blood pressure

increases, fibrosis, hypertrophy and vasoconstriction occur in the heart (Skeggs et al., 1956). ACE is a
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zinc metalloproteinase produced in endothelial cells, membrane bound and in the carboxypeptidase
group. Zinc in the structure of the enzyme enables the hydrolysis step of catalytic reactions to take place.
Angiotensin converting enzyme has been detected in different locations such as serum, lung, and plasma
(Corvol et al., 1995).
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Figure 2. Renin-angiotensin System (RAS)

Since renin determines the speed control in Ang-Il formation, renin activity is often used as an
indicator of Ang-1l formation (Boehm and Nabel, 2002). The peptide with the greatest cardiovascular
gene activation potential is Ang-11. The last active substance of the renin angiotensin system is Ang-II.
Ang-Il, consisting of eight amino acids, is metabolized in a short time in the circulation. It has been
determined that its biological activity is high. This peptide plays a role in promoting circulation with
rapid reactions in cases where plasma volume decreases. These roles include vasoconstriction,
aldosterone secretion, sodium retention and antidiuretic hormone release that maintain intravascular
fluid volume (Lind et al., 1992).

Most of the other rapid homeostatic reactions of Ang-11 can be listed as increased thirst, high
sympathetic nerve activity that maintains circulation, fluid absorption from the intestine, platelet
aggregation and high cardiac contraction (Timurkaynak, 2009). Although this peptide does not directly
affect the heart, it increases blood pressure in the systemic circulation and stimulates the baroreceptor
mechanism, slowing the heart rhythm with increased vagal activity, and thus causing a noticeable
decrease in diastolic pressure. Ang-Il increases the secretion of aldesterone by stimulating the adrenal
gland. Increased amount of aldesterone provides sodium reabsorption from kidney distal tubules. Thus,
water and salt retention occurs. As a result, a prolonged increase in blood pressure is observed and ends

with hypertension caused by activation of the renin angiotensin system (Vaughan, 1972). The ratio of
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intracellular potassium concentration to extracellular potassium concentration determines the membrane
potential to maintain normal excitability in nerve and cardiac muscle (Vio et al., 2020). Also, the height
of aldosterone leads to a decrease in the amount of high-density lipoprotein (HDL) associated with

cardiac and atherosclerosis (Lind et al., 1992).

Ang-1l increases the sympathetic effect by stimulating the adrenal medulla and ganglia. On the
other hand, Ang-ll shows its effects that increase the pressure and cause hypertrophy on the
cardiovascular system by creating oxidative stress together with peptides such as aldosterone, steroids,
catecholamines, thromboxane, endothelin and growth factors. Ang-lIl damages structure proteins,
membrane lipids and nucleic acids with angiotensin receptors. It stimulates cell growth as a result of
oxidative stress, provides vascular smooth muscle contraction and weakens endothelial cell integrity
and function. As a result, they can form reactive oxygen types such as super oxide and peroxide
(Ferrario, 2006; Touyz and Schiffrin, 2000). Because Ang-II is a strong vasoconstrictor, it increases
systemic vascular resistance. On the other hand, Ang-Il stimulates the production of vasodilator
prostaglandins and vasoconstrictor thromboxane A2 (TxA2) by increasing arachidonic acids (Baur et
al., 1995). Ang Il turns into Ang 111 [Ang-(2-8)] and Ang IV-(3-8) with aminopeptidase enzymes in the
angiotensinase group. Both formed angiotensin receptors are found in many parts of the brain. While
Ang-I1 directly inhibits renin release with negative feedback from juxtaglomerular cells, it stimulates
the release of angiotensinogen from the liver with positive feedback (Serfozo et al., 2020). Ang-Il1,
which has a high rate of cerebrospinal fluid and brain, has more fat solubility than Ang Il (Burnier,
2001).

Angiotensin converting enzyme 2 (ACE2) is a monocarboxypeptidase that converts Ang-I11 to
Ang-(1-7). Another peptide is Ang-(1-7), which is also detected in human blood. Ang-(1-7) is formed
when the His-Leu dipeptide is broken off by the angiotensin-converting enzyme (ACE) from the carboxy
end of Ang-(1-9). The vasodilator, antifibrotic and natriuretic effects of this peptide has been identified.
In addition, Ang-(1-7) can be formed both by Ang-I1 with the help of ACE2 and by the breakdown of
three amino acids at the carboxy end of Ang-1 with the help of endopeptidase enzymes. Decreases in
ACE activity have also been reported to increase Ang (1-7) levels in tissue, plasma, and urine. Ang (1-
7) has been found to increase kidney-blood flow and stimulate the secretion of prostaglandins (Serfozo
et al., 2020).

The amount of circulating Ang-I1 is determined by the amount of Ang-I and tissue ACE activity.
ACE is at the most important point of this system (Burnier, 2001). The ACE gene is 21 Kb long, located
on the long arm of the 17th chromosome containing 26 exons (Ruiz et al., 1994). ACE acts as an integral
protein in endothelial cells. By converting Ang-1 to Ang-Il, it plays an important role in metabolic
balance (Arendse et al., 2019). ACE was detected in the endothelial layer of the heart, hypothalamus
kidney vein and aorta (Cigek et al., 2019). ACE is also a kininase and leads to the conversion of
bradykinin to inactive metabolites (Li et al., 2003). With the use of ACE inhibitor, bradykinin levels and
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arachidonic acid release increase. Cough is seen in approximately 20% of patients with increased
bradykinin level. Angiotensin converting enzyme inhibitors not only reduce Ang Il formation, but also
reduce the destruction of bradykinin. The first substance found as an ACE inhibitor was captopril. It is
frequently used in the treatment of many diseases such as hypertension, diabetic nephropathy, especially
heart failure (Heeneman et al., 2007).

ACE 2 is the only known homologue of ACE. ACE forms Ang-11 ACEZ2, on the other hand, is
a monocarboxypeptidase that enables Ang-1I to convert to Ang-(1-7) (Iwai and Horiuchi, 2009). The
amount of dissolved ACE2, and membrane-bound enzyme in endothelial cells, is very low in the blood.
ACE?2 is an enzyme consisting of 805 amino acids with a single active site. ACE2 acts as the negative
regulator of the renin angiotensin system (Rosendorff, 1996). ACE2 has an important role in metabolism
such as immune system, cardiovascular system, DM and hypertension (Arendse et al., 2019).

ACE breaks down the dipeptides from the carbon end of the substrates, while ACE2 breaks
down single amino acids from the carbon end of their substrates. In this way, ACE2 facilitates the
conversion of Ang Il to Ang-(1-7) and Ang | to Ang-(1-9). ACE2 is an enzyme that removes carboxy
terminal hydrophobic or basic amino acids (Perico et al., 2020). ACE2 has been detected in the X
chromosome in humans. ACE2, the quantitative carrier locus is located on the X chromosome in various
rat hypertension models. Thus, this data shows that the ACE2 gene is the gene belonging to locuses
associated with hypertension (Imai et al., 2005).

When treating kidney and cardiovascular diseases, renin angiotensin aldosterone system comes
to mind first. Therefore, some drugs have been studied to inhibit the components of this system. In
particular, drugs that inhibit angiotensin Il receptors, ACE, and renin blockers have been identified
(Burnier, 2001). Studies have shown that ACE inhibitors reduce blood pressure (Jahovic et al., 2005).
Renin angiotensin aldosterone system plays a local role in kidney, heart, reproductive system, pancreas
and brain. However, the systemic renin angiotensin aldesterone system is responsible for regulating the
electrolyte and water balance, blood volume and arterial blood pressure. In studies conducted, it was
stated that local renin angiotensin aldesterone system increased in pathological conditions (Su et al.,
2016a).

ACE?2 is involved in many human tissues, especially vital organs such as kidneys, heart, liver,
intestines, and lungs. ACE2 is thought to be important in the regulation mechanism of the RAS, which
is involved in the control of electrolyte balance and blood pressure. In this mechanism, SARS-CoV-2
binds ACE2 and increases disruption of ACE2. Thus, it reduces ACE2’s counter movement on RAS (Su
et al., 2006; Weir and Rolfe, 2010). ACE2 protects mice from severe acute lung damage induced by
acid aspiration, sepsis, and severe acute respiratory syndrome (SARS) virus infection (Fehr and Perlman,
2015).

In a study on rats was observed that the blood pressure was at normal values when preventing

ligand binding to the AT1 receptor or reduced Ang Il activity by reducing fat synthesis. On the other
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hand, administration of renin blockers and ACE inhibitors to renal cortical tissues from the rats increased
ACE2 gene expression and protein activity. Thus, Ang Il level increases when ACE2 deficiency or
activity decreases. This lead to hypertension in a bad way (Li et al., 2020). In the statistics made between
1099 people diagnosed with COVID-19, it was determined that they had 23.7% hypertension, 16.2%
DM, 5.8% coronary heart disease, 2.3% cerebrovascular diseases (Jessup et al., 2006).

Corona viruses that cause disease in humans reach the target cells by kidney, epithelial cells of
intestine, lungs and blood vessels with ACE2. Reported studies reported that patients were treated with
ACE inhibitors (Guan et al., 2020). ACE inhibitors, renin inhibitors (B -blockers), aldosterone inhibitors
and Angiotensin Il receptor blockers are used to stop the renin angiotensin aldosterone system (Jahovic
et al., 2005). Patients with hypertension are treated with ACE inhibitors and angiotensin receptor
blockers. ACE2 expression is significantly increased in type 1 or 2 DM patients treated with ACE
inhibitors and angiotensin Il type-l receptor blockers. ACE2 expression facilitates infection by the
presence of COVID-19. Coronary heart disease seen in people with high average age, hypertension, and
DM increase the proportion affected by the SARS-CoV-2 infections (Danser et al., 2020; Diao et al.,
2020).

COVID-19 fixes itself to the lung using the ACE2 receptor. Therefore, it causes individuals with
low immunity or suppression to be more affected by the viriis (Danser et al., 2020). According to the
data obtained, ACEZ2 is highly expressed in the tongue and mouth. In this case, viral entry into the host
cell is facilitated. In normal human lungs, ACE2 is expressed in the lower lungs of type I, and 1l alveolar
epithelial cells (Muller et al., 2004). After reaching the COVID-19 cell, it copies itself and uses alveolar
cells to spread throughout the lung. This virus infects most of the ciliary cells in the alveoli. Therefore,
it prevents these cells from performing their normal duties. As a result, cells that cannot clean the airways
cause fluid to build up in the lungs (Perico et al., 2020). Approximately two thirds of the people affected
by this virus spread worldwide have been found to have DM or cardiovascular diseases. Most of these

patients are treated with angiotensin-receptor blockers as primary care (Zumla et al., 2016).

Discussion and Conclusion

Today, the CoVID 2 virus that shocks the world is more effective, especially in the elderly and chronic
patients. According to the studies, the entry of this virus into the cell is known to be associated with a
protein called ACE2. ACE2, a membrane-bound peptidase that is effective in the gastrointestinal tract,
lungs, heart, and kidney plays an important role in immune pathways and various cardiovascular. ACE2
is thought to be important in the regulation mechanism of RAS, which is involved in the control of
electrolyte balance and blood pressure. Studies have reported that COVID-19 virus enters the cell with
ACE2 enzyme. It has been determined that ACE2 and metabolic pathways in which chronic diseases
occur are combined. Therefore, the virus that enters the cell with ACE2 appears to affect people with

chronic diseases more than others. In this article, the relationship between RAS metabolism and COVID-
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19 virus is presented to the scientific world with its metabolic pathways. It is thought that these metabolic

connections will guide the in vivo and in vitro studies to be performed.
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