.ﬁ BecTHUK PYHH. Cep“ﬂ: MEHMU‘MHA 2026,30(2)
F' RUDN Journal of MEDICINE. ISSN 2313-0245 (Print). ISSN 2313-0261 (Online)  http:/journals.rudn.ru/medicine

TEMA HOMEPA ®U3UO0JI0IUA.
SKCNEPUMEHTAJIbHAA ®PU3NOJI0IUA
THEME OF THE ISSUE PHYSIOLOGY.
EXPERIMENTAL PHYSIOLOGY

DOI 10.22363/2313-0245-2025-30-2-177-199
EDN GJBIWF

Ob30P
REVIEW

Deciphering the role of angiotensin converting enzyme2
in health and diseases

Shivani Sivasakthivel g’ Pratibha Ramani

Saveetha Dental College and Hospitals, Saveetha Institute of Medical and Technical Sciences, Chennai, TamilNadu, India
> jsshivaninarayanan@gmail.com

Abstract. Relevance. Angiotensin converting enzyme 2 (ACE 2) is recognised as a significant regulator of cardiovascular and
pulmonary homeostasis owing to its involvement in the renin-angiotensin system (RAAS). This extensive review addresses ACE
2’s conventional role in converting Angiotensin II (Ang II) to the Angiotensin-(1-7) to its broader implications in cardiovascular
illness, pulmonary pathology, metabolic diseases, and cancers. Conclusion. Recent research has shed light on ACE2’s significance
beyond its enzymatic capabilities, specifically as a cellular receptor of various pathogens. Furthermore, recent evidence shows
that ACE2 is involved in inflammation, glucose metabolism, and gut microbiome modulation. The tissue distribution patterns,
regulatory mechanisms, and therapeutic possibilities show its dual role as a protective factor in and a possible entryway for
the viral infections. Understanding these multiple processes in health and disease state serves to be essential in establishing
tailored treatments for the diseases. This review outlines the existing understanding of ACE 2 and emphasizes areas for further
research, notably its potential as a therapeutic target. Furthermore, we have discussed the challenges and future directions in
ACE2-based therapeutics.
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Significance/review highlights

» ACE2 regulates the Renin-Angiotensin System
(RAAS), influencing cardiovascular, pulmonary, renal,
and metabolic health.

» ACE2 serves as both a protective enzyme and
a viral receptor, playing a crucial role in COVID-19
pathophysiology.

» ACE2 exhibits neuroprotective and endocrine
regulatory functions, impacting brain health, insulin
metabolism, and reproduction.

* ACE2 plays a dual role in cancer biology,
with potential implications for tumour progression
and therapeutic interventions.

» Therapeutic targeting of ACE2, including
recombinant ACE2 and gene therapy, holds promise
for multiple diseases.

Introduction

ACE 2 perform crucial role in the RAAS, that
is essential for blood pressure regulation, electrolyte
balance, fluid, along with systemic vascular resistance
[1].The discovery of ACE 2 and the axis of ACE2/Ang
(1-7)/Mas receptor has broadened our awareness of
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the RAAS’s wider significance in health and illness,
although it has traditionally been known for its function
in cardiovascular physiology and pathophysiology.
The global SARS-CoV and SARS-CoV-2 coronavirus
outbreaks, along with the plethora of research findings
as a response to subsequent COVID-19 pandemic, have
revealed a fresh element of ACE 2’s effects on living
tissues and organs.

Donoghue et al. (2000) first characterized ACE 2
as a homolog of ACE (angiotensin-converting enzyme),
highlighting its unique enzymatic properties [2].
Subsequent studies provided detailed crystallographic
evidence of its molecular structure, revealing critical
zinc-binding sites essential for its catalytic activity.
A zinc-containing metalloenzyme is ACE 2 which is
a membrane protein that occupies various organs that
include the heart, gut, lungs, along with kidneys.

ACE 2 is extensively expressed in heart, kidneys,
lungs, along with intestines, indicating its significant
role in the cardiovascular, renal, respiratory, and
gastrointestinal systems [3, 4]. ACE 2 is a transmembrane
glycoprotein consisting of 805 amino acids that is
a monocarboxypeptidase type I. It was identified in 2000
and shares sequence similarities with two other proteins,
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collectrin and ACE. The highly polymorphic ACE 2 gene
is found on Xp22 [5]. ACE 2 functions as a regulator for
the RAAS system (Figure 1) to maintain homeostasis in
addition to serving as an anchoring tool for SARS CoV's
to attach to host cell membranes for fusion.

ACE 2 acts as a counterbalance to ACE,
comprising an N-terminal peptidase domain (PD)
along with a CLD (C-terminal collectrin-like domain),
which terminates with a single transmembrane helix
and an approximately 40 residue intracellular region,
that makes up the full-length ACE 2. Through the
PD, ACE2 cleaves Ang II to produce Ang-(1-7).
Additionally, ACE 2 can cleave Ang I to create
Ang-(1-9), that is subsequently transformed into
Ang-(1-7) by other enzymes. This action not only
minimizes levels of Ang II but also enhances levels of
Ang (1-7), contributing to the balance of vasodilation
and vasoconstriction [6].

ACE 2/Ang (1-7) axis exerts its physiological
impact primarily through Mas receptor, a G protein-
coupled receptor. This interaction promotes anti-
fibrotic, vasodilation, anti-inflammatory, as well as
anti-proliferative impact, which contrasts with the

actions mediated by Ang II through AT1 receptor,
causing vasoconstriction, inflammation, fibrosis, and
cell proliferation. ACE 2/Ang (1-7) axis is also intricate
in metabolic regulation, contributing to glucose and
lipid metabolism [6-10].

ACE 2 being the RAAS regulator, we should
be able to better understand how drugs like ACE
inhibitors (ACEIs) along with ARBs (angiotensin
receptor blockers) work. This would further deepen our
comprehension of the pathophysiology connected to this
biological system, like RAAS. In addition, the pandemic
has increased the significance of immunohistochemistry-
based morphological studies to pinpoint the location of
ACE 2 positive cells and alterations in their distribution.
Given the protective roles of ACE 2, there is significant
interest in developing therapeutic strategies that enhance
their functions. These include Ang (1-7) mimetics,
ACE 2 activators, as well as Mas receptor agonists.

Thus, we undertook a review to provide a deep
knowledge of ACE 2 that represents a vital counter-
regulatory arm of the RAAS, with significant
implications on health and diseases. And hence
understanding the mechanisms and effects of

Fig.1. Cascade of Renin Angiotensin System (RAS)
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ACE 2/Ang (1-7) axis continues to be an area of active
research, with potential for developing new therapeutic
strategies for range of diseases.

Cardiovascular functions
of ACE 2 and linked diseases

As a component of the RAAS, ACE 2 is
essential to cardiovascular physiology. The structural
chimeric protein known as ACE 2 is the result of
the 2 gene duplication: homology with ACE at the
carboxypeptidase domain along with homology with
Collectrin at the transmembrane C-terminal domain.
ACE 2 is extremely expressed in heart [11], particularly
in cardiomyocytes and fibroblasts. ACE 2 metabolises
angiotensin II into Ang (1-7), shifting the balance from
vasoconstriction and sodium retention (mediated by
angiotensin II) towards vasodilation and natriuresis
(Figure 2). This shift performs a vital role in blood
pressure regulation, fluid balance, essential for both
cardiovascular and renal health. ACE 2 undergoes three
processes that contribute to ACE 2’s protective benefits:
(i) Ang I to Ang 1-9 degradation, which reduces
amount of substrate available for the ACE activity;
(ii) Ang II degradation, which lessens its harmful

impact; and (iii) Ang 1-7 production that actually
produces cardioprotective effects. The Ang II/AT1R
axis is activated by decreased ACE 2 activity, which
accelerates the progression of heart disease. Activation
of ACE 2/Ang 1-9 and ACE 2/Ang 1-7 axes result
from elevated ACE 2 level and activity, which protects
against heart disease [12].

Significant roles are performed by the ACE
2 enzyme along with its product, the angiotensin
(1-7) [Ang (1-7)], in the pathophysiology along with
potential management of hypertension, a significant risk
factor for cardiovascular diseases [13].Their actions
provide a counter-regulatory mechanism to classical
RAAS, which is recognized for controlling blood
pressure through vasoconstriction, sodium retention,
and aldosterone secretion. ACE 2 is extensively
distributed in addition to other members of the systemic
RAAS. Localised regions of ischemia/reperfusion
(RAAS) are seen in cardiovascular tissues, and ACE
2 mRNA is expressed in diversity of cell types, such
as coronary microcirculation.

Common mechanisms of ACE 2 in hypertension
include Vasodilation where Ang (1-7) primarily exerts
vasodilatory effects by the Mas receptor [13]. This action
counters the vasoconstriction mediated by angiotensin

Fig. 2. ACE 2 shift paradigm. Decreased ACE 2 increases disease progression. Increased ACE 2
leads to protection from diseases
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IT (Ang II), thus contributing to blood pressure
reduction [9, 13]; furthermore, Ang (1-7) reduces
aldosterone secretion, which in turn decreases sodium
and water retention, lowering blood pressure. The RAAS
inhibition’s impact on the renal sodium along with
potassium excretion can be explained by the synergistic
effects of Ang II and aldosterone on sodium along with
potassium transport in distal nephron. Moreover, anti-
fibrotic and anti-inflammatory effects of the Ang (1-7)
reduce inflammation and fibrosis in cardiovascular
system, which are pathophysiological mechanisms
involved in hypertension and its complications [14] and
in addition to all these mechanisms Ang (1-7) enhances
endothelial function by promoting release of nitric
oxide (NO), an effective endothelium-derived relaxing
factor. Improved endothelial function is connected
with better vasodilation and blood pressure regulation
[14] Apelin, a crucial modulator of blood pressure and
myocardium contractility, is one of the other vasoactive
peptides that ACE 2 affects. ACE 2 mitigates myocardial
remodelling and fibrosis by declining Ang II levels
and rising Ang-(1-7), that acts through Mas receptor
to inhibit hypertrophy and inflammation.

Given their roles in regulating blood pressure and
vascular function, ACE 2 along with Ang (1-7) have
therapeutic potential in hypertension management.
ACE 2 Activators strategies to increase ACE 2 activity
could enhance Ang II to the Ang (1-7) conversion,
thus counteracting Ang II-mediated inflammation,
protecting against oxidative stress along with endothelial
dysfunction, shifting the balance towards vasodilation,
reducing blood pressure both of which are implicated
in conditions like hypertension and atherosclerosis.
Ang (1-7) mimetics or Agonists can directly administer
Ang (1-7) or drugs that mimic its action can be
a therapeutic approach to harness its antihypertensive
effects. Studies show that ACE2 prevents plaque
instability by reducing inflammation in coronary vessels,
offering potential therapeutic benefits for ischemic heart
disease. Hence, circulating ACE2 levels may serve
as biomarkers for early detection of cardiovascular
dysfunctions, including heart failure and atherosclerosis.

Interestingly, Ang (1-9), a significant byproduct
of ACE 2-mediated Ang I degradation, has newly
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demonstrated encouraging cardioprotective benefits [15]
in the animal models of hypertension, myocardial
infarction.

ACE 2 in pulmonary homeostasis
and respiratory diseases

Over the years, the ACE2 has emerged as a critical
molecular player in understanding lung physiology,
inflammatory processes, and respiratory pathogenesis.
The olfactory bulbs in the respiratory tract have the
highest levels of ACE 2 gene expression, followed by
the nasal respiratory epithelium, the bronchioles, and the
alveoli. Research demonstrates that ACE2 expression
in the lungs can be weakly detected at the protein level.
By effects mediated through the Mas oncogene and the
Ang (1-7) receptor, ACE-2 has been shown to have an
established protective role in lung disease [16] Research
shows that ACE2 protects against ALI (acute lung
injury) and ARDS (acute respiratory distress syndrome)
[17]. Experimental models of ALI demonstrate that
downregulation of ACE 2 exacerbates lung damage,
while its overexpression reduces oedema, inflammation,
and oxidative stress. While ACE2/Ang-(1-7)/Mas axis,
that inhibits the ACE/AngII/AT1R axis’ activity, has
been demonstrated to protect against the pulmonary
fibrosis (PF), upregulation of the ACE/AngIl/Angll
type 1 receptor (AT1R) axis aggravates PF [17, 18].
Through balancing proapoptotic Ang II in addition
to its antiapoptotic degradation product Ang 1-7 by
its impact on Ang 1-7 and the MAS receptor, ACE-2
controls the survival of alveolar epithelial cells.

ACE 2 and SARS CoV infection: Ever since
COVID-19 pandemic, the role of ACE2 has attracted
a lot of attention and research. For virus that causes
SARS CoV infections, ACE 2 serves as primary cellular
receptor for the SARS-CoV-2 [19].Hence modulating
ACE2/Ang (1-7) axis may have therapeutic benefits
in ailment of illness.

Viral entry mechanism: The virus’s spike S protein
has a high affinity for ACE 2, facilitating its entry into
cells (Figure 3). The interaction between the virus and
ACE 2 performs a vital role in viral entry as well as
subsequent infection. SARS-CoV-2’s spike (S) protein
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has a strong affinity for ACE 2. On host cell surface,
S protein’s RBD (receptor-binding domain) selectively
binds with ACE 2 [20]. The SPIKE protein S is broken
down into its S1, S2 subunits through host protease
TMPRSS?2 (transmembrane protease serine 2), this
permits the virus to fuse its membrane with host cell’s
membrane [21].In order for the viral RNA to replicate
in host cell’s cytoplasm, this step is necessary.

It is demonstrated that interaction between SARS-
CoV-2 and ACE 2 reduces ACE2 expression on cell
surfaces. Although S2 subunit and ACE2 are responsible
for membrane fusion and virus internalisation, the S1
subunit aids the virus in attaching to target cells in the
epithelium. The expression of ACE 2 on the cell surface
is significantly decreased when the extracellular juxta
region of ACE 2 is cleaved, leading to internalisation
and shedding [22, 23].The Ang II conversion into the
protective Ang is slowed down by the reduction of
ACE 2 expression at the cell surface brought on by
ACE 2 internalisation (1-7). Arise in the Ang II to Ang
(1-7) ratio exacerbates lung damage caused by SARS-
CoV-2. Ang II causes tissue inflammation through
the action of T-cells, mesangial cells, macrophages,
dendritic cells, along with vascular smooth muscle
cells. A deficit of ACE 2 has been identified in

persons with several clinical disorders. Furthermore,
the advancement of inflammation and thrombosis is
favoured by the COVID-19 viruses binding to ACE2
receptors, membrane fusion, viral entrance into the
cell, and subsequent downregulation of these receptors.
This reduction in ACE2 can exacerbate imbalance
among ACE/Ang II/AT1 receptor axis in addition to
the ACE2/Ang (1-7)/Mas receptor axis, leading to
increased inflammation, vascular permeability, and
lung injury that include ARDS [24] hallmarks of severe
COVID-19. Thus, interplay between ACE 2 and SARS
viruses highlights its dual role in viral entry and disease
progression, making it a crucial target for therapeutic
interventions.

Renal functions and kidney diseases of ACE 2

Given its significant functions in RAAS balance,
function of ACE2 in renal physiology and pathology has
drawn interest, particularly in conditions for example
CKD (chronic kidney disease), diabetic nephropathy,
and hypertension-related kidney dysfunction [25].
Enzymatically ACE 2 converts Angiotensin II to the
Ang (1-7) and is predominantly distributed in proximal
tubular cells, glomerular endothelial cells, podocytes and

Fig. 3. Viral entry mechanism
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in renal vasculature ACE 2 mitigates the impact of Ang II
through reducing its concentration, thus preventing
Ang II-mediated vasoconstriction of renal arterioles
and promoting renal blood flow. Angiotensin-(1-7), the
product of ACE2 activity, promotes natriuresis, diuresis,
and vasodilation, all of which are protective for renal
function [26].In renal tubular cells, ACE 2 modulates
sodium and water reabsorption. This activity indirectly
influences blood pressure regulation and fluid balance.

ACE 2 in Kidney Disease Pathology

Evidence shows that in healthy kidneys, high
constitutive levels of ACE 2 and an increased
ACE 2/ACE ratio are associated with a mechanism
that is more important for breaking down Ang II than for
producing it. This system is critical for maintaining the
usual physiological and biological effects of Ang II [27].
The underlying causes of renal fibrosis and CKD
progression are associated with abnormalities in RAAS,
particularly ACE2/Ang (1-7) axis. A major contributor
to the pathophysiology of CKD is ACE 2, which
proposes potential therapeutic targets for condition’s
management and treatment. The characteristic of
CKD is a steady decline in kidney function over time,
which elevates blood pressure, causes waste products
to build up in the body, and ultimately increases the
chance of renal failure. Reduced ACE 2 expression

exacerbates Ang II-mediated renal damage, contributing
to inflammation, fibrosis, and glomerular hypertension.
Animal studies have demonstrated that ACE 2
overexpression or supplementation with Ang-(1-7)
can attenuate CKD progression [28].

Angiotensin Il (Ang II), that stimulates
vasoconstriction, fibrosis, inflammation, along with
brine retention, is among the primary ways that the
RAAS makes a contribution to CKD development
[29].Angiotensin-(1-7), a product of ACE 2 (Figure 4)
counteracts inflammation and fibrosis within the kidney,
processes that are exacerbated by excessive Ang II
activity in pathological conditions.ACE 2 functions as
a counter-regulatory enzyme inside the RAAS. Through
doing this, the detrimental impacts of Ang II on the
kidneys are mitigated and renal function continues to
improve.

Fibrosis, a condition where the kidneys’ excessive
connective tissue accumulates and impairs their function,
is a defining feature of CKD. ACE 2 can reduce fibrosis
through declining Ang II levels along with increasing
Ang (1-7), that directly opposes fibrotic processes [30].
Inflammation contributes significantly to the progression
of CKD. By declining Ang II levels whereas increasing
Ang (1-7), ACE2 helps to dampen inflammatory
responses in the kidney. Low expression of ACE2
might have contributed to the CKD progression, through

Fig. 4. Increased ACE 2's activity in renal wellness
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improving early inflammation as well as contributing
to the long-term fibrosis [29].High blood pressure is
a cause while a consequence of the CKD. Dysregulated
RAAS, with low ACE?2 and high Ang II levels, made
a contribution to the hypertension-induced renal
injury development. ACE 2 improves kidney function
by influencing glomerular hemodynamic, reducing
glomerular hypertension, and thereby mitigating one
of the key factors that contribute to CKD progression.

Furthermore, males had lower levels of ACE2
expression in both renal compartments than females [31].
ACE2 gene is situated on X chromosome; nonetheless,
X inactivation is expected to mitigate any influence on
ACE2 expression.One risk factor for CKD development
is male sex. Though primarily linked to impact of the sex
hormones on the kidney cells, variations in expression of
ACE2 might also be partially responsible for this uneven
risk [30].Acute Kidney Injury (AKI) is associated with
a loss of ACE2 activity, leading to heightened Ang II
activity and inflammatory responses. Experimental data
suggest that restoring ACE 2 expression or activity may
provide renal protection in AKI. The kidney-protective
function of the ACE2/Ang (1-7)/MAS axis is supported
by animal studies that demonstrate that vascular ACE
2-overexpression protects the kidney against ageing-
induced decline in the kidney function [32].

ACE 2 in hormonal regulation

The ACE 2 has emerged as a crucial molecular
mediator with profound implications across multiple
endocrine systems. Originally characterized as a major
component of the RAAS, recent research has unveiled
its complex roles in hormonal regulation, metabolic
homeostasis, and systemic physiology [33,34].The
enzymatic activity of ACE 2 serves as a critical regulatory
mechanism across multiple endocrine axes, demonstrating
sophisticated molecular plasticity. Furthermore, ACE 2
performs complex interplay between hormonal systems
and their variables between the individuals.

Aldosterone mechanism

Angiotensin-converting enzyme 2 has revealed
complex regulatory mechanisms that significantly
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impact aldosterone secretion beyond traditional
RAAS (renin-angiotensin-aldosterone system)
paradigms. Traditionally, aldosterone secretion is
mediated through: Angiotensin II (Ang II) stimulation,
activation of AT1R (angiotensin II type 1 receptor),
direct stimulation of zona glomerulosa cells in adrenal
cortex. Whereas ACE 2 performs a critical role in
modulating this classical pathway by enzymatic
conversion of Ang II to the Ang (1-7), declining
available Ang II for aldosterone stimulation creates
a competitive inhibition and serves as a counter-
regulatory mechanism. ACE 2 introduces numerous
nuanced control mechanisms through Complex
Regulatory Signalling. Acting as a molecular rheostat
in aldosterone secretion ACE 2 provides dynamic,
context-dependent regulation of zona glomerulosa cell
responsiveness. Low tissue levels of the ACE-2 are
not enough to generate enough Ang-(1-7) to regulate
the release of cortisol and aldosterone, according to
a study [35].Rodriguez, M., et al. discovered that
ACE2 reduces pro-inflammatory signals in adrenal
tissues thereby causing inflammatory modulation
of Aldosterone secretion resulting in protective
mechanisms against hyperaldosteronism [36].Precise
molecular mechanisms of ACE 2 in aldosterone
mechanism are currently uncertain.

Metabolic syndrome

Current investigation has offered more nuanced
insights into metabolic implications of ACE2/Ang (1-7)
signalling in insulin resistance. Chen et al. demonstrated
that Ang (1-7) supplementation in animal models of
metabolic syndrome significantly improved insulin
sensitivity by enhancing mitochondrial function in
adipose tissue, reduction in inflammatory markers
associated with insulin resistance and modulating
adipokine secretion [37].

Endocrine disruption and ACE 2 signalling

Emerging research has highlighted the vulnerability
of the ACE2 axis to endocrine hormonal axis. Studies
are investigating the impact of endocrine-disrupting
chemicals on ACE 2 expression. Specific environmental
toxins that downregulate ACE 2 activity demonstrated
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potential mechanisms of hormonal axis disruption
suggesting long-term metabolic consequences of chronic
exposure [38].

Hypothalamus and pituitary system

Current investigations have highlighted ACE2’s
sophisticated interactions with the hypothalamic-
pituitary system. Oliveira’s animal model study
demonstrates that corticotropin-releasing hormone cells
exhibiting elevated ACE 2 expression were protected
against hypoxia-induced pulmonary hypertension. Given
that the majority of CRH expression takes place in brain
nuclei for example the PVN (paraventricular nucleus
of the hypothalamus) or else central nucleus of the
amygdala (CeA), these findings imply that the protective
effects of ACE 2 may be somewhat centrally mediated
[39]. ACE 2 controls CRH (corticotropin-releasing
hormone) release, that subsequently controls stress
response mechanism and affects the neuroinflammatory
processes in the hypothalamus. Evidences shows
that increased expression of ACE 2 in the brain
increases nitric oxide and antioxidant signalling,
decreases oxidative stress as well as COX-mediated
neuro-inflammation, slows the onset of neurogenic
hypertension [40,41]. A number of investigations are
currently underway to explore the molecular processes
behind ACEZ2’s potential in buffering hypothalamic
inflammatory responses mediated by neuroendocrine
stress adaptations.

Pancreatic Endocrine function and Insulin
Resistance

Metabolic studies have revealed intricate ACE 2
connections in pancreatic endocrine regulation. ACE
2 is expressed by the islet microvasculature, pericytes,
acinar, ductal, along with beta cells in the pancreas.
Through essential enzymes, for example, ACE 2 and
angiotensin, local RAAS in the pancreatic islet controls
glucose homeostasis (1-7). Various physiological and
endocrine roles of ACE 2 include upregulation of
mitochondrial genes, mitochondrial metabolism in beta
cells, secretion of insulin in existence of ROS, declines
NADPH oxidase properties and ROS production,
regulates rise in beta cell mass as well as adaptive
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hyperinsulinemia response to high-fat diet, enhance
total insulin content in the islets, improves proliferation
of beta cell along with prevents apoptosis[42,43,44].
ACE 2 /Ang (1-7)/Mas axis modulates Insulin secretion,
protects from the oxidative stress thereby playing
a pivotal in glucose homoeostasis [42]. Reduced
ACE2 expression, which is prevalent in diabetes,
increases RAAS activity and exacerbates fibrosis and
inflammation [43]. A meta-analysis revealed that ACE
2 genetic variants correlate with increased risk of type
2 diabetes showing altered glucose metabolism and
differential response to metabolic interventions.

Reproductive health

Preliminary studies and recent investigations
have expanded our understanding of ACE2’s role
in reproductive physiology. ACE 2 is expressed in
the testes and ovaries, and its activity influences the
production of sex hormones such as testosterone and
oestrogen [46,47,48,49].Decreased ACE2 expression
correlates with age-related reproductive decline and
also observed for potential protective mechanisms in
ovarian aging and Implications of ACE 2 expression
for fertility preservation strategies [48].

Growth Hormone regulation
Growth Hormone Regulation of ACE 2, while direct
evidence is limited, the general influence of the RAAS
on growth hormone (GH) secretion and the counter-
regulatory effects of ACE 2 might suggest a role in
modulating GH release.

Thyroeid function and Inflammatory modulation

RAAS components, encompassing ACE2 and Ang
(1-7), are expressed in thyroid gland, indicating potential
roles in thyroid hormone synthesis and secretion [50].
Thyroid hormones are crucial for regulating metabolism,
growth, and development. The precise impact of ACE2
and Ang (1-7) on thyroid function remains an area
of active research. Advanced research has provided
deeper insights into ACE2’s inflammatory regulatory
mechanisms. Studies demonstrate mechanistic links
between RAAS components and thyroid inflammation.
Study by Narayan et al examined the Thyroid tissue
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ACE 2 expression and its potential utilization as
a biomarker for the detection of thyroid cancer. ACE
2 were significantly increased in goitres, follicular
adenomas, follicular thyroid carcinomas, papillary thyroid
carcinomas, undifferentiated thyroid carcinomas [51].
ACE2 is regulated within thyroid benign and malignant
tissues. The differentiation grade of thyroid cancer is
correlated with increase in ACE 2. These complex
mechanisms of ACE 2 suggest promising potential
therapeutic implications for autoimmune thyroid diseases.

Immunomodulation

The role of ACE 2 extends by encompassing
significant immunomodulatory effects. ACE 2 works on
the MAS receptor, produces Ang (1-7) and declines the
synthesis of pro-inflammatory cytokines and chemokines
to produce anti-inflammatory effects. This modulation
of the inflammatory response can be beneficial in
conditions characterised by excessive inflammation [52].
ACE 2 regulates immune cell function through Ang
(1-7) by modulating the function of various immune
cells, that include neutrophils, macrophages, T cells.
Macrophages perform a crucial role in the innate
immunity, inflammation, and tissue repair. They exist
in a spectrum of activation states, from pro-inflammatory
(M 1) to the anti-inflammatory (M 2), depending on the
cytokine environment and other signals [53]. Ang II tends
to promote the M1 phenotype, which is characterized
by the release of pro-inflammatory cytokines that
include TNF-a, IL-6, and IL-1p, via acting on the AT1
receptor [54-56]. In contRAASt, ACE 2, has been
shown to promote the M 2 phenotype [57], which is
involved in tissue repair and inflammation resolution.
This suggests that the balance among pro-inflammatory
and anti-inflammatory macrophage phenotypes is
modulated by ACE 2, thereby influencing the course
of inflammatory responses. This aligns with the finding
that monocyte/macrophage overreactions contribute to
the hyperinflammation or cytokine storm observed in
severe COVID-19 cases [58, 59].

T cells are central to adaptive immunity, with
various subsets playing roles in immune regulation,
cytotoxic responses, and help for B cells in antibody
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production. The RAAS, particularly through Ang II,
has been shown to influence T cell function directly.
Ang II can promote T cell proliferation and the
cytokines production. ACE 2, by reducing Ang II
levels, may indirectly modulate T cell responses,
promoting a shift towards less inflammatory states
[60].Additionally, Ang (1-7) can have direct
effects on T cells, though this area requires further
research to fully understand the mechanisms and
implications. Key participants in the early stages of
the inflammatory response are neutrophils, capable of
rapid deployment to sites of infection or injury. While
the direct effects of ACE 2 on neutrophils are less
well characterised than those on macrophages and T
cells, the overall anti-inflammatory milieu promoted
by ACE 2 activity could lead to a modulatory effect
on neutrophil recruitment and function [61]. For
instance, reducing Ang II levels may decrease
vascular permeability and adhesion molecule
expression, potentially modulating neutrophil
extravasation to inflamed tissues.

Beyond macrophages, T cells, and neutrophils, ACE
2 may also influence the function of other immune cells,
for example, B cells, dendritic cells, along with NK
(natural killer) cells [62].The overall anti-inflammatory
and immunomodulatory effects of ACE 2 suggest that it
could perform a role in shaping activities of an extensive
variety of immune cells.

The relevance of ACE 2 in infectious diseases
became prominently recognized during the
COVID-19 pandemic, as ACE 2 is entry receptor
for the SARS-CoV-2 [63].When SARS CoV-2
is present, the immunological responses of ACE
2 cause tissue and organ damage, coagulopathy,
along with ARDS. These conditions then trigger
the production of further proinflammatory cytokines
and chemokines, causing an uncontrollable loop of
inflammation and damage [64].While the interaction
of the virus with ACE 2 can lead to downregulation
of ACE 2 expression and enhanced lung injury, the
immunomodulatory role of ACE 2 suggests that
enhancing this pathway could potentially mitigate
severe inflammatory responses associated with
infections [65].
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Deregulation of ACE 2 may enhance kinin
activity while resulting in angioedema [66].Systemic
kallikrein-kinin system activation can cause a “kinin
storm,” which can lead to vascular permeability,
enhanced inflammation, effusion, along with eventual
damage to organs [67].0ne of the main causes of
endothelial damage, microthrombi development, and
the ischemic symptoms that follow COVID-19 is RAAS
dysregulation [68].

ACE2/Ang (1-7)/Mas axis may perform a role
in modulating autoimmunity. Its anti-inflammatory
properties suggest potential therapeutic benefits in
autoimmune diseases by dampening inappropriate
immune responses against self-tissues [69,70]. Through
declining Ang II levels and improving Ang (1-7) levels,
ACE 2 can reduce the inflammatory milieu that fosters
autoimmune reactions, potentially mitigating the
severity of autoimmune diseases. The exact impact of
ACE 2 on specific autoimmune diseases that include,
multiple sclerosis, rheumatoid arthritis, type 1 diabetes,
requires further research. However, the potential for

ACE 2 to modulate immune responses suggests that
enhancing ACE 2 activity or Ang (1-7) signalling could
be a promising therapeutic strategy in autoimmunity.

ACE 2 in central nervous system

With all of its parts found in CNS (central
nervous system), the brain has its own intrinsic
RAAS [71]. Originally identified as a regulator of
blood pressure along with cardiovascular homeostasis,
ACE 2 also modulates brain function through its
effects on neurovascular health, oxidative stress, and
inflammatory pathways. The brainstem, hypothalamus,
and cortex are among the areas of the brain where
ACE 2 is expressed [72]. It performs a crucial role in
neurovascular regulation by counteracting the effects
of angiotensin II (Ang II), a peptide known for its
pro-inflammatory and vasoconstrictive properties.
ACE 2 boosts vasodilation, anti-inflammatory effects,
along with neuroprotection by converting Ang II to
angiotensin-1-7 (Figure 5) [73].

Fig. 5. Role of Renin Angiotensin System on the neurosystem
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Along with these traditional RAAS pathways, few
other channels are recognized that aid in the synthesis of
various angiotensin and angiotensin fragments. Renin
and pro-renin receptors have even been demonstrated
to exhibit biological activity. In addition to Ang-(1-7),
ACE 2 also generates alamandine, a peptide similar
to Ang-(1-7) that selectively activates the MrgD
receptor. These interactions are critical for maintaining
neurovascular integrity and counteracting the detrimental
impact of Ang II in the brain [74].

Neuroinflammation and oxidative stress are central
to pathology of many neurodegenerative diseases
(NDD), that include PD (Parkinson’s disease), MS
(multiple sclerosis), along with AD (Alzheimer’s
disease) [75]. ACE 2 reduces neuroinflammation by
modulating the balance among pro-inflammatory along
with anti-inflammatory pathways in the RAAS [76].
According to research on animals, ACE 2 activation
can lower microglial activation and the generation
of pro-inflammatory cytokines that include TNF-a,
IL-6. MrgD activation decreases the pro-inflammatory
cytokines production that includes, IL-6, TNF-q,
whereas promoting anti-inflammatory cytokines that
include IL-10. This modulation helps counteract
neuroinflammatory effects of Ang I [77].

Overexpression of ACE 2 in the CNS has been
shown in recent years to enhance GABA release in
the presynapse, altering its neurotransmission and
function to enhance mice’s anxiety [78]. The amygdala,

paraventricular hypothalamic nucleus, nucleus of the
solitary tract, along with ventrolateral medulla are
among the brain regions that endogenously express
both ACE 2 and MrgD (Figure 6). These regions
regulate behavioral and physiological reactions to
stress and anxiety [79]. The amygdala, a part of the
brain that regulates the behavioural expressions of
fear and anxiety, had more MasR mRNA when ACE2
was overexpression.Kehoe et al and his colleagues
have found reduced ACE2 expression in brains of
AD patients, causes increased Ang II activity and
exacerbation of neuroinflammatory and neurotoxic
pathways [78]. Angiotensin(1-7) has been shown
to boost memory as well as decline amyloid-beta
accumulation in the animal models of AD. On the
same hand, ACE 2 protects dopaminergic neurons
by reducing oxidative stress and inflammation.
Studies suggest that enhancing ACE 2 activity may
offer neuroprotective benefits in PD [77]. The MrgD
receptor, through ACE2-derived peptides, reduces
oxidative stress by enhancing antioxidant defense
and lowering reactive oxygen species (ROS) levels.
This mechanism is predominantly relevant in NDD
for example AD and PD. In relation to ischaemic
stroke, ACE2 has been extensively studied. Its
activation lessens cerebral ischemia-reperfusion
injury by lowering disruption of the BBB (blood-brain
barrier), attenuating neuroinflammation, and triggering
angiogenesis [79].

Fig. 6. Physiological process of ACE 2 -neuroprotection, neuroinflammation regulation plays an important role in AD,
Parkinson’s disease, stroke, anxiety and depression
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ACE2 and gut

ACE2/Angiotensin-(1-7)/Mas receptor axis, as
the renin—angiotensin—aldosterone system’s (RAAS)
non-canonical arm, plays a very important role for
gastrointestinal homeostasis [80]. ACE2 controls the
gut microbial balance and the nutrient absorption
plus the immune responses and epithelial integrity,
and ACE2 is expressed mainly on the enterocytes’
luminal surface and on the intestinal epithelial cells’
apical surface inside the intestinal tract. ACE2 presence
within Paneth cells and within goblet cells implies
secretory with immunological roles inside of the
gastrointestinal tract.

ACE2 eases in a physiological way the uptake
of neutral amino acids by way of transporter B’AT1
plus particularly tryptophan (Figure 7). ACE2 greatly
helps nutrient absorption within the healthy gut.
Its control over the neutral amino acid transporter
B°AT1 (SLC6A19) stands out most [81]. For mucosal
immunity along with gut-brain axis regulation, bioactive
molecules from tryptophan metabolism are needed
in epithelial regeneration. Tryptophan levels that are

adequate secrete mucins with antimicrobial peptides,
so they maintain intestinal epithelial defence as well
as supporting gut mucosal immunity. For regulation
of pancreatic insulin-producing (3 cells, amino acid
Tryptophan activates enteroendocrine L cells so that
they release GLP-1 and GIP. The GLP-1 and GIP do
also inhibit glucagon-producing o cells with this having
an effect upon plasma glucose levels [82, 83].

In addition, ACE2 converts pro-inflammatory
angiotensin II into angiotensin-(1-7), through the Mas
receptor exerting vasodilatory, anti-inflammatory, and
cytoprotective effects within the gut. This conversion
decreases the epithelial damage by helping tight
junction protein expression and reducing intestinal
permeability, thereby preserving the mucosal barrier.
Angiotensin-(1-7) also promotes mucosal blood flow
and attenuates the production of pro-inflammatory
cytokines such as TNF-a and IL.-6, while supporting the
release of anti-inflammatory mediators. Through these
mechanisms, the ACE2/Ang-(1-7)/Mas axis suppresses
intestinal inflammation and supports tissue repair. This
signalling pathway indirectly modulates the overall

Fig. 7. ACE2 axis and gut physiology

PHISIOLOGY. EXPERIMENTAL PHYSIOLOGY

189



Sivasakthivel S., Ramani P. Bectuuk PY[H. Cepus: Meguuusa. 2026. T. 30. Ne 2

composition and function of the gut microbiota by
maintaining a favourable immune environment and
controlling nutrient availability.

Reduced ACE?2 expression causes dysregulation
of this axis leading to excessive angiotensin II
activity resulting in impaired barrier function,
microbial dysbiosis, and chronic inflammation.
Such disruptions have been implicated in a range of
gastrointestinal disorders, including inflammatory
bowel disease, ischemic colitis, and infection-
associated enteropathies.

ACE2 in Gastrointestinal Disorders

Altered ACE2 expression is implicated in
a spectrum of gastrointestinal diseases. In inflammatory
bowel diseases (IBD) such as Crohn’s disease and
ulcerative colitis [84, 85]. ACE2 dysregulation has
been associated with increased inflammation and
this intestinal inflammation is induced by epithelial
damage disrupted barrier function, and altered cytokine
profiles.

In Crohn’s disease, ACE2 expression in the
inflamed ileum was 60% lower than in healthy patients
[86].However, colonic ACE2 expression was shown
to be elevated in Crohn’s disease patients. In Patients
examined with inflammatory bowel disease (IBD),
ACE?2 and TMPRSS2 were found to be highly expressed
in the ileum and colon. However, inflammation is
associated with a considerable downregulation of
epithelial ACE2 [86, 87].

Systemic infections like SARS-CoV-2, viral
binding to the ACE2 receptor causes subsequent
downregulation of ACE2 on gut epithelial surfaces.
Symptoms such as diarrhoea, nausea, and intestinal
inflammation have been reported during SARS CoV?2
infections. These gastrointestinal symptoms were
correlated with more severe pulmonary disease as
patients required ventilatory support [86]. Altering
ACE2 axis through genetic deletion, pharmacological
inhibition, or disruptions by viral interactions such
as SARS-CoV-2-mediated ACE2 internalization
have been associated with increased intestinal
inflammation, epithelial damage, and microbial
imbalance [86].
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ACE2 and the Gut Microbiome

The influence of ACE2 on the gut microbiome and
metabolome profiles is now a higher concern. ACE2
regulates the microbial environment of the intestine
through regulation of amino acid transport and immune
mediators. Experimental models have demonstrated
that ACE2 deficiency leads to microbial dysbiosis,
characterized by a shift toward pathogenic species and
a reduction in beneficial commensals. Studies have proved
that upregulation of ACE2 may reverse these effects
by improving stress state, mitochondrial dysfunction,
and IRS-1/Akt/AMPK signalling [87]. Experimental
study shows that ACE2 deficiency affects the microbiota
and gut-vascular integrity by decreasing angiogenic
bone marrow components in diabetes, perhaps inducing
bacterial translocation [88].These findings collectively
underscore the ACE2/Ang-(1-7)/Mas pathway as
a critical regulator of gut physiology and a promising
therapeutic target for inflammatory and infection-related
gastrointestinal disorders.

ACE 2 in cancer biology

A growing understanding of the RAAS role in
cancer biology has led to focus extensively on the
role of ACE 2 in carcinogenesis. Although ACE 2 has
been shown to be inhibitory, diminishing angiogenesis
during tumour growth by preventing cell division and
causing cell death, evidence also indicates that ACE
2 dysregulation may promote growth of tumour [89].
ACE 2 in cancer is complex and appears to be context-
dependent, varying across different types of cancer.
ACE 2 counter-regulates the impact of classical RAAS
pathway, which is known to promote cell proliferation,
angiogenesis, inflammation, and fibrosis [90].1t seems
that ACE 2 protects against the development of cancer;
its up-regulation implies a favourable prognosis, and
it is negatively linked to several important tumour
development pathways, particularly proliferation and
mismatch repair.

Research supporting the tumour-suppressive role of
ACE 2 includes studies across several cancer types, that
include lung, colorectal, breast, along with pancreatic
cancers [91]. Higher expression levels of ACE 2 have
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been associated with better survival outcomes in certain
cancers. Conversely, a decline in ACE2 expression or
activity, causing an unchecked angiotensin II signalling
pathway, has been correlated with tumour growth,
metastasis, and poor prognosis. Research has shown
that ACE2 is down-regulated in a number of tumours,
that include breast tumours [92], non-small cell lung
cancer (NSCLC) [93], pancreatic ductal adenocarcinoma
(PDAC) [94] along with gallbladder cancer [95].
Declined ACE 2 expression had been also stated in
Hepatocellular carcinoma.

RAAS pathway is inhibited through ACE 2
converting angiotensin II, a peptide that promotes
proliferation and angiogenesis, into Ang (1-7), which
has both antiproliferative and antiangiogenic properties.
This switch shifts the balance from a pro-tumorigenic to
a tumour-suppressive environment; Ang (1-7), a product
of ACE 2 activity, inhibits cancer cell proliferation via
the Mas receptor. This signalling pathway can promote
apoptosis- programmed cell death, cause cell cycle
arrest, and limit cancer cell proliferation, all of which
contribute to tumour suppression [96].

Angiogenic factors often mediate tumour
angiogenesis. ACE 2 also inhibits angiogenesis, that
is new blood vessel formation, that tumours need for
oxygen and nutrients to grow and metastasize [97].
The VEGFa/VEGFR2/ERK pathway may be involved
in the mechanism through which ACE 2 inhibits the
angiogenesis of cancer. By preventing phosphorylation
of ERK1/2, ACE 2 reduces the production of VEGFa in
the cancer cells, indicating that ERK signaling pathway
controlled by ACE 2 was involved in the regulation
of VEGFa [97]. It was established by research that
VEGFa in tumour cells would attach to VEGFR2 on
the nearby endothelial cells’ membrane. This speeds
up the phosphorylation and activation of VEGFR2,
which in turn causes the ERK signaling pathway to
becoming phosphorylated and activated. Following
this, MEK1/2 is phosphorylated and activated by
a cascade reaction from the ERK pathway, which
in turn promotes phosphorylation and activation of
ERK1/2. Consequently, nuclear translocation speeds
up migration, differentiation, and proliferation, all
of which support angiogenesis [98]. By limiting
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angiogenesis, ACE 2 activity can restrict tumour
growth and spread. Through its anti-inflammatory
and immunomodulatory effects, ACE 2/ang (1-7)
axis might create a less favourable environment for
tumour progression.

Beyond direct effects on tumour cells, ACE 2 also
influences the tumour microenvironment, which includes
extracellular matrix, immune cells, along with signalling
molecules [99].The TME (tumour microenvironment),
which affects growth, metastasis, along with response to
treatment, is an essential factor in progression of cancer.
It consists of various components, including stromal
cells, cancer cells, signalling molecules, immune cells,
n addition with extracellular matrix. Nature of ACE 2
influence is influenced by the specific tumour type and
the balance of the RAAS components within tumour
microenvironment [100, 101].

Understanding ACE 2’s role in the TME
involves examining its effects on cellular signalling,
inflammation, angiogenesis, and the interplay between
different cells within the tumour and its surroundings.
ACE 2 influences the balance of angiotensin peptides
in the TME, which can modulate inflammation — a key
driver of tumour progression. ACE 2 acts by effect
decreasing Ang II levels, thereby potentially limiting
angiogenesis within the TME.

Several cancers, that include NSCLC, PDAC,
clear cell renal carcinomas, thyroid carcinomas,
colorectal adenocarcinoma, gastric adenocarcinoma,
Oral Squamous cell carcinoma [102] shows decreased
expression of ACE 2. This implies low levels of ACE 2
as the cancer progresses. In contrast, RT-PCR research
revealed higher ACE2 mRNA expression levels in
OSCC samples. These findings point to probable
post-transcriptional regulation, protein degradation,
or translational inhibitory mechanisms impacting ACE2
in oral squamous cell cancer.Invitro studies have shown
that increased expression of ACE 2 may potentially
suppress angiogenesis and invasion over the progression
of cancer [103, 104].

Modulating ACE 2 activity levels could provide
novel approaches for inhibiting tumour growth,
reducing metastasis, and enhancing anti-tumour
immunity [104]. However, developing such therapies
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requires a nuanced understanding of the ACE 2 diverse
roles in different cancers and their complexity.

ACE2 in ocular physiology

RAS components including ACE, ACE2 and Ang
1-7 has been shown to have significant levels of in
several structures of the eye. Two key enzymes ACE
and ACE2 being hot spots [105] in the renin-angiotensin
system are highly expressed in epidermal basal cells
and also detected in suprabasal and granular cells of
the human aqueous humor [106]. ACE2 expression
has also been detected in conjunctival cells and
pterygium [107], an overgrowth of the subconjunctival
tissue onto the corneal epithelium, multiple nonvascular
neuroretinal cells, including the retinal ganglion cell
layer, inner plexiform layer, inner nuclear layer, and
photoreceptor outer segments in both nondiabetic and
diabetic retinopathy specimens [108]. Ang II and ACE2
have been identified in both human limbal and corneal
tissues. ACE2 being expressed in multiple ocular tissues,
including the cornea, conjunctiva, aqueous humor,
retina, and choroid, it plays a pivotal role in maintaining
ocular homeostasis.

ACE2 in the anterior segment of the eye impacts
aqueous humor dynamics and trabecular meshwork
function, which has an effect on regulating intraocular
pressure and protects against glaucomatous damage.
In the posterior segment, ACE?2 is highly expressed in
retinal pigment epithelial (RPE) cells, Miiller glia, and
vascular endothelial cells. ACE/Ang II arm of the RAS
system has been identified as the pro-inflammatory, pro-
proliferative and pro-fibrotic axis in ocular physiology
whereas ACE2/Ang 1-7 acts as counter-regulatory role
as the anti-inflammatory, anti-proliferative and anti-
fibrotic arm [109].Hence, the ACE2/Ang-(1-7)/Mas
receptor axis modulates intraocular pressure, retinal
blood flow, oxidative stress, and inflammatory
signalling, thereby contributing to the preservation of
visual function.

ACE2 plays regulatory role by regulating
inflammation in varied ocular tissues. These anti-
inflammatory effects of ACE2 are associated with the
inhibition of MAPK, NF-kB and STAT3 pathways.
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An animal study by Wang et al shows that loss of
ACE?2 in the mouse cornea delayed the healing of
corneal epithelial and the study suggest that ACE2/
Ang1-7 axis has a translational potential in corneal
re-epithelialization and also in preventing fibrosis [110].
Recent studies have proven that imbalance in Ang II/
ACE2, might lead to increased inflammatory response
in corneal epithelial and stromal tissues. Decreased
ACE2 increases Ang II levels that leads to anti-fibrotic
function in the cornea. Evidence shows that reduction in
ACE2 levels causes also cloudy corneal haze which is
accompanied by chronic inflammation, corneal edema
and neovascularization.

Intraocular Pressure and ACE2

Studies have shown that intraocular RAS is involved
in the regulation of intraocular pressure (IOP). In a study
where the intrinsic ACE2 is pharmacologically activated
has significantly decreased the Intraocular Pressure
in glaucomatous rats. Hence, activation of intrinsic
ACE2 may act as a potential therapeutic strategy to
treat glaucoma [111].

Diabetic retinopathy

Increased activity of the ACE/ (Ang II)/AT1 receptor
axis of the renin—angiotensin system (RAS) is associated
with the pathogenesis of diabetic retinopathy. Studies
have evaluated the retinal RAS gene expression in
diabetic retinopathy shows decreased ACE2 expression
that resulted in worsened pathophysiology of Diabetic
Retinopathy. A study by Verma and colleagues [112] on
rodent models showed that intravitreal administration of
adeno-associated virus (AAV)- mediated gene transfer
vector expressing ACE2 or Ang-1-7 peptide in the retina
reduced diabetes-induced retinal pathophysiology.

Age-related macular degeneration

In an in vitro model study by Fu et al, overexpression
of ACE2 reduces the inflammatory response in age-
related macular degeneration (AMD) via inhibiting
overproduction of cytokines such as IL-1f3 and CCL-2.
By stimulating the ACE2/Ang-(1-7)/Mas axis in
human RPE cells, overexpression of ACE2 reduces
the inflammatory response brought on by A [113].
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All together ACE2 serves as a critical regulator
of ocular vascular tone, neuroprotection, and anti-
inflammatory signalling [120].And thus, targeting
modulation of the ACE2/Ang-(1-7)/Mas axis represents
a promising target for managing ocular pathologies
ranging from glaucoma and diabetic retinopathy to
viral conjunctivitis and AMD.

ACE2 in skin physiology

Angiotensin-converting enzyme 2 (ACE2) is an
integral component of the cutaneous renin—angiotensin
system (RAS) is expressed in several cells of the skin in
keratinocytes, endothelial cells, fibroblasts, hair follicles,
immune cells, lymphatic endothelial cells, melanocytes,
and sweat gland cells. Hamming et al. [114] first showed
the presence of ACE2 using immunohistochemistry
staining in the skin, particularly in the basal cell layer
of the epidermis extending to the basal cell layer of hair
follicles. Smooth muscle cells surrounding sebaceous
glands also shows positive forACE2 staining. ACE2
was weakly observed in sebaceous glands. The eccrine
glands exhibit strong granular staining pattern for ACE2.

Functionally, ACE2 plays a significant role
in modulating oxidative stress, inflammation,
collagen degradation, and overall skin damage.
ACE2 prevents oxidative stress by converting
Ang II into Ang-(1-7). ACE2 reduces inflammatory
mediators by downregulating Ang II by activating
AT1 receptor. And also, ACE2 inhibits the matrix
metalloproteinases (MMPs) activity through Ang-(1-7),
and reducing collagen degradation [115].ACE?2 also
functions as a mechanosensitive protein.

Divergent ACE2 expression and activity has been
associated with various dermatological pathologies.
ACE2 protein expression was substantially upregulated
in the epidermis of psoriasis lesions, especially in basal
keratinocytes [116]. Increased ACE2 expression in
skin plaques was identified in psoriasis patients due to
IL-17-mediated inflammation. In fibrotic conditions,
including systemic sclerosis and keloids, impaired ACE2
signalling may promote fibroblast overactivation and
excessive extracellular matrix deposition. Alterations
in ACE2 protein affects skin soft tissue expansion, by
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changing cutaneous Ang II metabolism resulting from
ACE?2 modulation influence cellular function [117].

COVID skin manifestations

Cutaneous manifestations were increasingly
observed during COVID-19. These cutaneous
reactions may arise from both direct viral effects via
ACE2-expressing epidermal keratinocytes, dermal
vascular endothelial cells, and eccrine glands, as well
as from indirect immune-mediated and microvascular
injury mechanisms. They include upregulated innate
immune human response, hypercoagulable state, and
non- structural proteins in SARS-CoV-2 [118].They
were presented as different dermatologic manifestations,
which are maculopapular rash, papulovesicular rash, and
livedo reticularis. Asymmetrical lesions like pernio-like
(chilblain-like) acral lesions, often associated with
microangiopathy and type I interferon responses;
vesicular eruptions resembling varicella, suggestive of
viral cytopathic activity; maculopapular (morbilliform)
rashes linked to cytokine-mediated inflammation; and
urticarial lesions driven by mast cell activation [119]
were presented in many cases.

Emerging evidence shows ACE2 modulation to
pigmentary changes through RAS-mediated effects on
melanocyte biology. Studies suggests suggest that ACE2
activators, Ang-(1-7) analogs, or Mas receptor agonists
may influence inflammation, accelerate wound closure,
and reduce dermal fibrosis. However, experimental and
clinical validation is required for targeting ACE2 axis
in management of skin diseases.

Future perspectives

The outbreak of COVID-19 further expanded
interest in ACE 2, for its potential as therapeutics.
Hence this has fuelled the novel ACE2-based therapeutic
strategies development, not only for viral infections but
also for a range of cardiovascular, pulmonary, renal,
cancer, and metabolic disorders.

a) Recombinant human ACE 2 (rhACE2) has been
investigated as a treatment for cardiac disease, ARDS,
ALI and COVID-19. It reduces viral entry and restores
RAAS balance by serving as an intermediary receptor
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for SARS-CoV-2. Recombinant ACE 2 have shown
several positive effects, including reversing pathological
hypertrophy, improving endothelial dysfunction,
reducing tissue inflammation and myocardial fibrosis,
and correcting metabolic dysfunction. Recombinant
human ACE 2 effectiveness in various disorders is being
assessed in ongoing animal studies and clinical trials.

b) Synthetic novel compounds known as ACE 2
peptidomimetics mimic the structure and activity of
Angiotensin Converting Enzyme 2. These compounds
are being investigated for their potential in pulmonary
hypertension, heart failure, hypertension, and SARS-
CoV virus entry inhibitors.

c) Gene therapy-based approaches are gaining
attention as innovative strategies to restore ACE 2
function in various diseases. This method involves the
introduction of a functional ACE 2 gene into target cells
to restore its protective effects. These techniques aim to
either upregulate ACE 2 expression or deliver functional
ACE 2 to counteract pathological conditions such as
hypertension, heart failure, ARDS, and COVID-19
related complications.

d) mRNA-based strategies involve delivering
synthetic mRNA encoding ACE 2 to cells, allowing
temporary but effective expression of functional ACE 2.
This strategy has gained momentum due to the success
of mRNA vaccines in COVID-19. Lipid nanoparticles
(LNPs), polymeric nanoparticles, and exosome-based
delivery methods are some of the effective ways to
deliver mRNA-based ACE 2.

ACE 2-based strategies have limitations despite
their potential for treatment. These include the short
half-life of recombinant ACE 2, which necessitates
frequent administration, the possibility of off-target
effects and immune reactions, the difficulty of efficiently
delivering ACE 2-based gene therapies, and anticipates
about viral mutations that could reduce the effectiveness
of ACE 2-targeting treatments.

Conclusion

The review summarises recent discoveries on ACE
2 function and pathogenesis in diverse illnesses. ACE
2 is a double-edged sword, acting as both a preventive
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factor in different diseases and a receptor for viral
infections, prompting researchers to investigate its
eccentric role. Besides, this overview looked into ACE
2’s therapeutic potential and research possibilities.
Future research should focus on improving drug delivery
strategies, developing long-lasting ACE2 activators, and
exploring combination therapy for increased efficacy.
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PacwugpoBKa ponu aHrmoTeH3MHnpespauawow,ero pepmeHTta 2
B HOpMe 1 nNpu 3aboneBaHUAX

III. CuBacakTuBe/ B, I1. Pamanu
Cromarosioruueckuit kosiemk 6ombHuibl CaButa, HCTUTYT MEAUIMHCKIX M TEXHUMUECKUX Hayk CaBuTa, 2. YeHHau,
TamunHao, UHOus
B jsshivaninarayanan@gmail.com

AnHoTanusa. AkmyaibHocmb. AHTHOTeH3HUHNpeBpatatoryii ¢hepmeHT 2 (AT 2) pr3HaH BaXXHBIM Pery/IsiTOPOM CepIeuHo-
COCYZIMCTOTO U JIETOYHOTO roMeocTasa 6arozaps ero yyactito B PAAC (peHHH-aHTHOTeH3HHOBOH crcTeMe). B 3ToM obIrpHOM
00630pe paccMaTpuBaeTCs Kak TpauiroHHast posib ATI® 2 B npeBpaitienny anruoteHsuHa I1 (Ang IT) B aHruorensus-(1-7), Tak
U ero Gosiee IMPOKOe 3HaUeHHe B CePAEUHO-COCYAUCTHIX 3a00/IeBaHUsIX, IETOUHON MaTo/IOTHUH, MeTaboIuueCcKuX 3a001eBaHMsIX
v pake. BoiBozel. HefiaBHYe vccieioBaHus MpOnWy cBeT Ha 3HaueHne AII® 2, BoIxopsiriee 3a paMKH ero (pepMeHTaTUBHBIX
BO3MOKHOCTeMH, B YaCTHOCTH, KaK K/I€TOUHOTO peLierTopa pa3/InyHbIX naroreHoB. Kpome Toro, HefjaBHUe HCC/Ie0BaHHS
nokasbiBatoT, yto ACE2 yuacTByeT B BoCIa/ieHUH, MeTabo/ii3Me TIFOKO3bI ¥ MOAY/ISILIH MUKPOOHOMa KHILeuHHKa. Pacripesienienue
B TKaHsIX, MEXaHU3MbI PeTYISLY U TeparieBTU4YeCcKre BO3MOYKHOCTH JIeMOHCTPUPYIOT ero JBOMHYIO POJib: 3al{UTHOIO (akropa
¥ BO3MOJKHOT'O ITyTH IPOHUKHOBEHUsI BUPYCHBIX HH(eKuuit. [ToHnMaHue 3THX MHO)KeCTBEHHBIX TIPOLIeCCOB B COCTOSIHUH 3710POBbSI
1 60J1e3HY IMeeT BaXKHOe 3HaueHHe /i1 pa3pad0TKU NepCOHaMM3UPOBaHHBIX METO/OB JieueHus 3abo/ieBaHuid. B gaHHOM 0630pe
W3JI0KEeHO cyiecTByolee rioHnManre ACE2 1 BbiZieieHbl 00/1aCTH /1S Ja/IbHEHMIIX UCC/Ie0BaHN, B YaCTHOCTH, €ro TIOTeHLUa
B KaueCTBe TeparieBTHueckoi MutireHn. Kpome toro, 060061wjeHbI po6iieMel 1 Oyy1iivie HarpaB/ieHus B Tepaniu Ha ocHoBe ACE2.

KnroueBbie cioBa: ACE2, aHrHOTeH31H NpeBpalaroiuii (epMeHT 2, 310poBbe, 3a00/1eBaHusl, (GPU3MO0NIOTHSI, CepPAeUHO-
COCYZIUCTasi CUCTeMa, JIeTovHasi CUCTeMa, IT0YevHasi CUCTeMa, pak, IMMYHOJIOTHSI, KO)Ka, KAIIIeUHHK, Helipohr3H10JIorys

Mudopmanus o puHaHCHPOBaHUH. ABTOPHI He I0/Ty4any ((MHAHCOBOM MOAJEP)KKHY [/1s1 IPOBeAeHNs UCC/IeJOBaHNs, HallMCaHNs
Y y0O/IMKaLuK JaHHOM CTaTby.
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Bkiap aBTopoB. [1TuBanu CrBacakTUBe/ — pa3paboTKa KOHIIEMIUY, HAITMCAHKe PYKOITMCH 1 HalMCaHHe OKOHUAaTeTbHOTO TeKCTa
pykormucu. [Tpatrbxa PamaHu — MpoBepKa MHTE/JIEKTYaIbHOTO COZIepyKaHUsl PYKOITUCH, OKOHUATe/TbHOe YTBEP)KeHHe BepCUU
muist nyonvikaruun. [llusanu CuBacaktuses, [IpaTtrbxa PamaHu — npoBepKa UHTEIEKTYaIbHOTO COJep)KaHust pyKomnucu. Bee
aBTOPBI BHEC/TH CYITIeCTBEHHBIN BKJIa/ B Pa3pab0TKy KOHIIETILIH, TIPOBeeHHEe UCC/IeIOBAHMUS U TIOATOTOBKY CTaThbH, TPOUUTATA
Y 000pU/IH OKOHYATETbHYIO BEPCHIO TIepe/] My O/MKalei.

HNudopmanys o KOHQINKTe HHTEPeCoB. ABTOPHI 3asIB/ISTIOT 00 OTCYTCTBUM KOH(JIMKTA MHTEPECOB.
JTHYecKoe oj00peHre — HelpUMeHHMO.

BiiarogapHocTu. ABTOpBI BhIpa)karoT 6/1arojapHOCTh 3a MCMo/b30BaHue Microsoft PowerPoint fi/ist TOArOTOBKM PUCYHKOB,
BKJTFOUast rpaduKy SmartArt v 37eMeHThI Ju3aiiHa, B3sThie u3 Medical Server Art, fyist yIydIiieHus: CXeMaTHUeCKOTO TIPeICTaBIeHUs
KOHLIETILWIA, TTPe/ICTaB/IeHHBIX B 3TOM 0630pe.

HNudopmupoBaHHoe coriacue Ha MyOJIMKaLUI0 — HEPUMEHHUMO.
ITocrynuna 02.09.2025. ITpunsra 01.10.2025.
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