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Abstract: Hypertension is a highly complex, intricate condition affecting millions of individuals across
the globe. Nearly half of adults in the United States are diagnosed with hypertension, with incident
rates projected to rise over the next decade. Hypertension is a precursor to many cardiovascular
diseases including atherosclerosis, stroke, myocardial infarction, heart failure, and peripheral artery
disease. This review describes the major processes contributing to the development of hypertension
and how Sestrin2 (Sesn2), an antioxidative protein, could be a potential target in the treatment of
hypertension. In hypertension, increased reactive oxygen species (ROS) production is a critical
component in the etiology of the condition. The increased ROS in hypertension is derived from a
variety of sources, all of which are covered in depth in this review. Increased ROS is generated from
mitochondrial stress, endoplasmic reticulum (ER) stress, NADPH oxidase (NOX) overactivity, and the
uncoupling of endothelial nitric oxidase synthase (eNOS). Sesn2, a highly conserved, stress-inducible
protein, has the structural and functional characteristics to be a potential therapeutic target to alleviate
the progression of hypertension. The structure, function, genetics, and characteristics of Sesn2 are
presented in the review. The Nrf2/Sesn2, Sesn2/AMPK/mTOR, and Sesn2/Angiotensin II signaling
pathways are described in detail in this review. Sesn2 can be utilized in a multitude of ways as a
therapeutic modality in hypertension. This review explores potential Sesn2 inducers and activators
and how Sesn2 can be incorporated into gene therapy for the treatment of hypertension.

Keywords: Sesn2; redox homeostasis; signal transduction

1. Introduction

Hypertension is characterized by continual elevated blood pressure exerted system-
ically in the arteries [1]. The condition is intricate and vastly complex, derived from
numerous interconnected etiologies, contributing to the challenge of developing novel
treatments [2]. There are several genetic and environmental factors that contribute to
the development of hypertension. It is estimated that almost half of adults in the United
States had a diagnosis of hypertension in the years 2015–2018, with hypertension being
uncontrolled in 79% of cases [3]. Estimated yearly medical costs of hypertension have been
recorded at $79 billion (2016) and estimated hypertension-associated lost productivity costs
have been reported at 23.6 billion (2008) [3].

Hypertension is a major risk factor for a myriad of cardiovascular diseases such as
stroke, myocardial infarction, atherosclerosis, heart failure, and peripheral artery disease.
Hypertension can be divided into two groups: essential and secondary hypertension.
Essential hypertension is idiopathic, caused primarily by genetics and environmental
stressors [4]. Essential hypertension constitutes almost all hypertension diagnoses [4].
Secondary hypertension constitutes roughly 5% of all hypertension diagnoses and origi-
nates from diseased organ and bodily states [5]. Dysfunction of vital organs, including the
kidneys and vasculature, can contribute to the development of secondary hypertension [5].
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Hypertension can be classified as normal, pre-hypertension, stage one, and stage 2 [4].
Normal hypertension includes systolic blood pressure (SBP) at levels > 130 mm and diastolic
blood pressure (DBP) levels > 85 mm. Pre-hypertension includes SBP 130–139 mm and DBP
85–89 mm. Stage 1 hypertension includes SBP 160–179 mm and DBP 90–99 mm. Stage 2
hypertension includes SBP 160–179 mm and DBP 100–109 mm [4]. Essential hypertension
is modifiable, with changes in diet, activity levels, and stress management proving effective
in reducing blood pressure levels.

A multitude of therapeutic interventions for hypertension exist, but due to the con-
founding nature of the condition, new strategies must be investigated to contribute to the
amelioration of the condition. In this review, we will establish a foundational knowledge
of the etiology of hypertension from the perspective of the influence of oxidative stress.
Following this, we will introduce the structure and function of an exciting protein: Sestrin2
(Sesn2). Lastly, we will intricately link the etiology of hypertension to how Sesn2 could
potentially serve as a target in the treatment of hypertension.

2. Hypertension Etiology
2.1. The Oxidative Stress Approaches

Various organ systems, including the vasculature, heart, nervous system, endocrine
system kidney, and immune system work simultaneously and make moment-by-moment
adjustments to maintain normal blood pressure [5,6]. Intra or inter-misregulations oc-
curring within or between the organ systems can lead to pathological imbalances that
contribute to hypertension. Underlying these dysfunctions is a major contributor to the
development of the condition: oxidative stress [6]. Increased oxidative stress results in
an increase in reactive oxygen species (ROS) [7]. Increased ROS produces detrimental
consequences including cell death, cell injury, and DNA damage [6]. It should be noted
here that normal levels of ROS are essential for physiological function. Under healthy
conditions, ROS serve an array of functions including the oxidative burst exhibited in
immune defense, as well as the oxidative post-translational modification of proteins [6,7].
The oxidative post-translational modification of proteins by ROS in normal physiological
conditions is reversible, allowing the target proteins to temporarily change function to
serve various advantageous roles [6]. In hypertension, excess ROS production leads to
irreversible functional changes in proteins, leading to cell death, injury, and organ failure [6].
The misregulation of the redox system in hypertension can be attributed to ROS produced
ineffectively by various sources including mitochondrial stress, endoplasmic reticulum
(ER) stress, NADPH oxidase (NOX) hyperactivity, and uncoupled endothelial NO synthase
(eNOS) (Figure 1) [8].
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2.2. Mitochondrial Stress Contributing to Hypertension

Mitochondria serve a variety of functions, including ATP generation through oxidative
phosphorylation, regulation of redox balance, and the production of ROS [9]. The produc-
tion of mitochondrial ROS is a complex and regulated process, where superoxide (O2−) is
produced from electrons being added to oxygen during the electron leak of the electron
transport chain [9]. The structural and functional proteins of the mitochondria are sensitive
to ROS hyperactivity. The hallmark increase in ROS during hypertensive conditions is
generated by a myriad of complex and intricate potential sources. When high levels of
ROS react with the mitochondrial structure and mitochondria-associated proteins, these
proteins become inactive and structural damage can occur, contributing to mitochondrial
dysfunction leading to hypertension [9]. As mitochondrial dysfunction persists, it further
exacerbates the severity and progression of hypertension in a feed-forward manner. A
structure affected by the feed-forward mechanism of the mitochondrial stress exhibited in
hypertension is the main regulator of the vasculature, the endothelium. Under normal con-
ditions, the level of ROS produced by endothelial mitochondria serves an array of functions,
most notably, a contribution to effective vascular dilation [10]. Upon the introduction of
hypertension-generating risk factors, endothelial mitochondrial ROS is produced in excess
and is hyperactive. As a result, pro-inflammatory mediators are activated, and endothelial
dysfunction occurs, contributing to the development of hypertension [10]. Based on these
mechanisms, decreasing/regulating mitochondrial ROS is a viable target in the treatment
of hypertension. Prior studies have shown that superoxide scavengers and mitochon-
drial antioxidants are effective treatment modalities in attenuating elevations in blood
pressure [10]. The development or time-dependent activation of an effective therapeutic
agent could potentially diminish the high level of ROS produced by the mitochondria, thus
re-establishing the redox imbalance of hypertension.

2.3. Endoplasmic Reticulum (ER) Stress Contributing to Hypertension

The endoplasmic reticulum (ER) is a sub-cellular organelle that serves a diverse num-
ber of functions ranging from the insurance of proper protein assembly and transport to
lipid steroid and carbohydrate synthesis [11]. A regulatory mechanism of the ER is the un-
folded protein response. This response is highly regulated, involving a complex network of
signaling pathways, and upstream and downstream effectors [12]. The long-term activation
of the unfolded protein response is known as ER stress. Causative factors, coupled with
increased oxidative stress associated with hypertension can trigger ER stress furthering
the progression of the condition. Persistent ER stress is an agent in the etiology of an array
of cardiovascular diseases, including hypertension [13]. With chronic ER stress, protein
misfolding occurs and, as multiple misfolded proteins amalgamate, cellular dysfunction
then ensues, thus promoting further dysfunction and progressing the development of
hypertension [11]. Mitochondria and the ER have crosstalk capabilities via ER-associated
mitochondrial membranes [12]. Protein production is an energy-dependent process, and
thus, due to the abnormally high energy requirement under ER stress conditions, depletes
ATP. Mitochondria then begin to produce ATP via oxidative phosphorylation in response
and excess ROS is generated [12]. Regulation of ER stress is a pivotal aspect of targeting
hypertension. Targeting oxidative stress contributing to overactivation of the unfolded
response could potentially restore the unfolded protein response’s activity to homeostatic
rates, attenuating the progression of hypertension.

2.4. NADPH Oxidase (NOX) Hyperactivity Contributing to Hypertension

Superoxide (O2
−) and H2O2 are two primary types of ROS of focus in hyperten-

sion. They are produced enzymatically by nicotinamide adenine dinucleotide phosphate
(NADPH) oxidases (NOXes) [7]. In all studied animal models of hypertension, it has been
substantiated that NOX ROS misregulation/overactivity plays a pivotal role in condition
development [6]. NADPH oxidase is a membrane-bound multi-subunit enzyme that cat-
alyzes superoxide formation [6,7]. Found primarily in phagocytic cells, there are seven
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known isoforms: NOX1, NOX2, NOX3, NOX4, NOX5, Duox1, and Duox2. The isoforms
are expressed throughout the body with NOX1, NOX2, NOX4, and NOX5 expressed in
endothelial cells, smooth muscle cells, fibroblasts, and various immune cells [14]. All
isoforms play a critical role in condition development, as well as in the maintenance of
normal physiological functions [14]. Of most relevance, NOX1 and NOX2 are involved in
the development of hypertension [14]. NOX4 also plays a role in hypertension development
at non-physiological, overactive levels. NOX4 serves vasculo-protective purposes under
normal physiological conditions, but when overexpressed, NOX4 proves injurious and
contributes to condition progression [6,14]. The prohypertensive and inflammatory factors
including Angiotensin II (Ang II), Tumor necrosis factor (TNF), aldosterone, growth factors,
salt, sources from poor diet, and endothelin 1 (ET-1) are misregulated in hypertension and
interact with NADPH oxidases [6]. In turn, the overactivation of NOX occurs, contributing
to increased ROS production contributing to the pathophysiology of hypertension [6].
Various NADPH oxidase inhibitors targeting NOX1, NOX2, and NOX4 have been utilized
to target these enzymes; however, many lack specificity for comprehensive treatment.
NADPH oxidases are an attractive target for drug development for the treatment of hyper-
tension. For example, the drug Apocynin has demonstrated potential as a NOX inhibitor in
hypertension [15]. Studies confirm that the administration of Apocynin inhibits superoxide
production, preserves endothelial function, and decreases systolic blood pressure in ani-
mal models [15]. The extent of the anti-hypertensive effects of Apocynin requires further
study [15]. The development of an effective, specific NOX inhibitor for hypertension in
human use needs further attention.

2.5. NOS Uncoupling Contributing to Hypertension

Under normal physiological conditions, Nitric oxide (NO), a lipophilic gas, serves sev-
eral functions, all vital for the proper health of the cardiovascular system. These functions
include maintaining vascular tone such as with the endothelial-derived-relaxing factor
(EDRF), the prevention of endothelial dysfunction, and the modulation of endothelial–
platelet interactions [16]. NO is produced by the enzyme, nitric oxide synthase (NOS), of
which there are three isoforms: eNOS (endothelial NOS), iNOS (inducible NOS), and nNOS
(neuronal NOS) [6]. During the oxidative stress state associated with hypertension, the
decrease/misregulation of NO bioavailability contributes to the pathology of the condition.
With the increase in ROS, eNOS becomes upregulated; however, this upregulation does not
produce enough NO to compensate for deleterious changes [16]. Under normal conditions,
the cofactor tetrahydrobiopterin (BH4) aids eNOS catalyzation of L-arginine to L-citrulline
and the production of NO. During hypertension, BH4 levels are insufficient, shifting eNOS
to produce superoxide [16]. Superoxide converts BH4 to BH2, thus destabilizing and un-
coupling NOS, leading to impairments in NO production [6,16]. The superoxide produced
by the overactivity of NADPH oxidase can affect NO production and bioavailability by
eNOS [16]. This causes decreased vascular tone, platelet aggregation, and endothelial
dysfunction, all of which are main causative factors in hypertension.

2.6. Genetic and Environmental Factors in Hypertension

Several genetic and environmental factors play a role in the development of hy-
pertension. Genetically, studies have confirmed that polymorphisms in genes PRKG1
rs1904694, HSD3B1 rs2236780, and HSD3B1 rs6203 are associated with systolic blood
pressure [17]. Diastolic blood pressure is associated with genes CYP11B2 rs1799998 and
NEDD4L rs4149601 [17]. One gene of particular interest, LSS rs2254524, when presented as
a missense variant, is highly linked to systolic and diastolic blood pressure. Noted increases
in both pressure measurements occur in carriers of one or two LSS A alleles [17]. Due to the
multifactorial etiological nature of the development of hypertension, identifying the root
cause of the condition is complex. Theoretically, it has been suggested that many genes,
which have been altered due to environmental stressors, contribute to the development
and progression of hypertension [18].
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Two influential environmental factors contributing to the development of hypertension
are air pollution and traffic noise [19]. Prolonged exposure to particulate matter in polluted
air can activate the sympathoadrenal system, autonomic nervous system, pro-inflammatory
pathways, and can induce endothelial dysfunction [19]. Exposure to the loudness associated
with noise pollution, acute or chronic, unfavorably activates autonomic and endocrine
systems. It is well known that improper activation of these systems significantly contributes
to the development and progression of hypertension.

Furthermore, it is essential to mention the impact of poor diet on the development of
hypertension. The prevalence of ultra-high-processed, high-fat, high-cholesterol foods is at
an all-time high in the human diet. Chronic overconsumption of these foods can lead to
obesity, where there is a characterized persistent overactivation of the renin–angiotensin
system accompanied with prolonged activation of the sympathetic nervous system [20].
These prolonged physiological changes can lead to the development of hypertension.
Lastly, the main source of excess sodium in the human diet is derived from processed and
ultra-high-processed foods [21]. The exact mechanism of how increased sodium leads to
high blood pressure needs to be further elucidated. This relationship produces an array
of disadvantageous effects including detrimental effects on the vascular walls, increased
peripheral resistance, endothelial dysfunction/stiffness, and dysfunctional neuro-hormonal
pathways [21]. The physiological consequences due to long-term poor dietary choices are
attributed to the development of hypertension.

A thorough understanding of hypertension is essential for the development of effective
interventions for treatment. Sesn2, a highly conserved endogenous protein, has gained a
heavy amount of traction in research over the past 5 years. Sesn2 has the structural and
functional capabilities to target the previously described factors and serve as a therapeutic
target in the treatment of hypertension.

3. Sestrin2
3.1. Background and Function

The Sestrin (SESN) family of proteins is comprised of three members Sesn1, Sens2, and
Sesn3, and is expressed by three coding genes: SESN1, SESN2, and SESN3 [22–24]. These
proteins are characterized as stress-inducible-metabolic regulators and are upregulated
during high-stress conditions such as DNA damage and oxidative stress [24]. Of the
three members of the family, Sesn2 is the main protein responsible for responding to
increases in oxidative stress [23]. Sesn2 also serves a variety of beneficial functions. Sesn2
can activate adenosine monophosphate-activated protein kinase (AMPK), thus inhibiting
the mammalian target of rapamycin (mTOR) [22]. Further, Sesn2 can coordinate various
antioxidant pathways, act directly as an antioxidant enzyme, and produce anti-inflammatory
effects [22,23]. These unique properties can combat the etiology of hypertension, making
Sesn2 an excellent target in the development of therapeutic treatment plans for hypertension.

3.2. Structure

Sesn2 is a fully alpha helical globular monomeric protein with a molecular weight of
approximately 55 kDa [25]. Three main substructures are of note with Sesn2: an N-terminal
domain (SesnA) and a C-terminal domain (SesnB), which are connected by a linker region
(SesnC) [23,25]. SesnA, a small area of residues in the N-terminal domain, is the location
of Sesn2′s antioxidant enzyme activity, acting as an alkyl hydroperoxide reductase [23,25].
Sesn2 can interact with leucine, which structurally occurs near the SesnB region of residues
Asp 406 and Asp 407 [23,25]. The effective interaction with leucine is of utmost importance,
as leucine is necessary to further induce AMPK activation, reducing the activity of mTORC1,
and is also involved in many biological processes of Sesn2 functioning [25]. Continuing, we
will further discuss in this review the axiomatic relationships of various signaling pathways
of Sesn2, including nuclear factor erythroid 2-related factor 2 (Nrf2), AMPK/mTORC, and
Ang II in relation to hypertension. With insight into the regulatory properties of Sesn2
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in these various signaling pathways, we will then discuss how Sesn2 can be utilized as a
treatment option for hypertension.

3.3. Sesn2 and Nrf2

Nuclear factor erythroid 2 (Nrf2) is a transcription factor involved in the expression
of antioxidant proteins [26]. Nrf2 is found in the cytoplasm during normal physiological
conditions bound by Keap-1 and undergoes normal proteasomal degradation to maintain
homeostatic levels [23]. Under oxidative stress conditions, Nrf2 travels to the nucleus
where it binds to the antioxidant response element (ARE) region of antioxidant genes [27].
This gene region promotes the production of several antioxidant proteins including Sesn2
(Figure 2) [27]. Nrf2 also contributes to the expression of the anti-hypertensive enzyme
heme-oxygenase 1 (HO-1). Increased expression of HO-1 degrades heme, producing
carbon monoxide, bilirubin, and iron [28]. The carbon monoxide created is a known
vasodilator. Proper vasodilatory effects can aid in the regulation of vascular tone, a hallmark
characteristic misregulated in hypertension.
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Nrf2 and Sesn2 interact in a positive feedback loop manner [23] As mentioned, Nrf2
activation induces the production of Sesn2. After Sens2 is produced, it can act as a scaffold
protein, promoting the degradation of Keap-1, thus leading to more Nrf2 activation and
further promoting the production of various antioxidants [23]. As previously mentioned,
NOX isoforms contribute to the development of hypertension via the overproduction
of ROS. The Nrf2/Sesn2 axis is highly affiliated with changes in the expression of the
NOX family isoforms [23]. Proper management of overactive NOX is essential to mitigate
the ROS produced during the development of hypertension. NOX2 elevation is directly
associated with increases in blood pressure. Studies show that with Nrf2 deficiency, NOX2
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upregulation is observed, linking the potential of the Nrf2/Sesn2 axis to hypertension [23].
Also, as previously described, NOX4 has vasculo-protective effects. NOX4 upregulation
is associated with increases in Nrf2 [23]. Based on these findings, Nrf2 agonists such as
curcumin and sulforaphane have been the focus of current research. Due to the complexity
and the specific nature of Nrf2 activation, an effective agonist has yet to be developed
to target hypertension. The Sesn2/Nrf2/NOX family axis is a high-profile target in the
development of a treatment option for hypertension and warrants further investigation.

3.4. Sesn2 and Angiotensin II

The peptide, Ang II, is a major component in the renin–angiotensin system (RAS) [8].
The RAS is responsible for the regulation of key factors seen in hypertension, such as
electrolyte balance, the regulation of blood volume, and vascular resistance [29]. Overacti-
vation/misregulation of the RAS, including Ang II, can result in a multitude of diseases
including hypertension. In hypertension, overactive Ang II can activate NADPH oxidase
and produce increased amounts of ROS [8]. The ROS produced due to the overactivation
of Ang II produces pro-inflammatory effects. These effects include alterations in vascu-
lar permeability, cytokine production, misregulation of tissue repair, and dysfunction of
leukocyte extravasation [8,30]. Proper management of the overactive Ang II exhibited in
hypertension by Sesn2 can lead to a decrease in the ROS produced by NADPH oxidase
(Figure 3). Targeting Ang II could therefore reduce the major pro-inflammatory progression
of hypertension and produce a reduction in pathophysiology. Sesn2 is well known to
interact with Ang II. Specifically, Ang II can increase the proliferation of cardiac fibroblasts
and increase the production of collagen [23]. Multiple studies have demonstrated Sesn2′s
effects on Ang II in ameliorating these effects [23]. Studies involving human umbilical vein
cells show Sesn2 decreasing Ang II-induced ROS production [23]. Also, silencing Sens2
resulted in worsened cell viability and increased Ang II activity [23]. Further analysis of
the interaction between Sesn2 and Ang II is needed to observe the potential advantageous
downstream effects of the axis on the pathophysiology of hypertension.
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3.5. Sesn2, AMPK, and mTOR

Two protein complexes, mTORC1 and mTORC2 share the same serine/threonine
protein kinase catalytic subunit, mTOR [24,31]. These proteins participate in a range of
functions including electrolyte homeostasis, cell growth, cell proliferation, immune system
regulation, and activation of protein synthesis [24,31]. Specifically, mTORC1 serves regula-
tory purposes as it acts in response to oxidative stress and changes in energy levels [24].
The precise function of mTORC2 needs further examination. However, it has been reported
to play a role in the regulation of renal tubular sodium and potassium transport [31].
Persistent stimulation of mTORC1 serves as a signaling pathway in the development of
fibrosis and collagen disposition, contributing to the development of hypertension [32].
The increase in Ang II can also activate mTORC1; however, knowledge of this pathway
is understudied [32]. Chronic activation of mTORC1 can lead to the overactivation of
protein synthesis, thus generating ER stress and the production of ROS. Sesn2 can interact
and mitigate mTORC1 via disruption of the Ras homolog enriched in the brain (Rheb)
and Ras-related GTPase A/B axis, two of the GTPases responsible for the activation of
mTORC1 [23]. An upstream regulator of mTOR, AMPK can be activated by Sesn2 to
mitigate these effects produced by the chronic stimulation of mTOR (Figure 4) [24]. Further,
AMPK activation by Sesn2 can influence overactive NOX4, decreasing the ROS production
exhibited in hypertension [24].
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3.6. Sesn2 Protein as a Therapeutic Modality for the Treatment of Hypertension

The details mentioned in this review indicate the potential of Sesn2 as a therapeutic
target for hypertension. A comprehensive understanding of the nature of Sesn2 and its
upstream/downstream effects can give insight into its therapeutic potential. Currently,
there are no known direct pharmacological correlates to the mechanism of Sesn2. A Sesn2
mimetic could be developed where the small molecule’s active sites have more affinity
for the downstream targets, contributing to specificity. Furthermore, Sesn2 activators and
inducers should be further investigated, as these could induce Sesn2 in non-oxidative

BioRender.com


Diagnostics 2023, 13, 2374 9 of 11

stress conditions. This could prove advantageous in the early, or prophylactic treatment
of disease.

As mentioned, an activator of Sesn2 is Nrf2. Nrf2 agonists such as sulforaphane
and curcumin are under heavy investigation for their downstream antioxidant protein
activation effects. An effective Nrf2 agonist has yet to be developed due to a lack of
specificity. A delicate balance in ROS scavenging capabilities is of utmost importance. A
drop in ROS can contribute to alleviating the progression of disease. However, drastic
ROS scavenging levels or those that lack specificity could lead to the development of
unwanted disease. For example, ROS are used in immune function. The hyper-targeting
or removal of ROS function could lead to dysfunction of the immune system, allowing
opportunities for pathogens to induce disease. The development of a high-specificity Nrf2
agonist could activate Sesn2 in non-oxidative or low-oxidative stress conditions, such as
early or pre-hypertension. The Nrf2/Sesn2 pathway could lead to a viable early treatment
modality for hypertension and warrants further examination.

Lastly, adeno-associated virus (AAV) vectors, an effective method for gene therapy
delivery, could be utilized to favorably manipulate Sesn2 in hypertension. AAV vectors
can replace genes, silence genes, edit genes, and knock-in genes [33]. The use of the
vectors could potentially increase Sesn2 expression to counteract the high amount of ROS
production/oxidative stress exhibited in hypertension. Also, AAV vectors could favorably
edit the gene for Sesn2, producing a Sesn2 protein whose active sites have a highly specific
and effective affinity for their respective downstream targets such as NADPH oxidase and
Ang II.

3.7. Conclusions

Hypertension is a condition producing detrimental health effects across the globe.
Almost all hypertension cases are uncontrolled. The adverse health effects, mortality rate,
and societal impact of hypertension place the development of an effective treatment plan
in urgent demand. Sesn2, a highly conserved, stress-inducible protein, has the potential to
serve as a therapeutic target in treating hypertension. Sesn2 possesses antioxidant proper-
ties and can interact with various signaling pathways involved in hypertension. Further
exploration is needed on the antioxidant properties and signaling pathway interactions of
Sesn2 in hypertension. Newly discovered findings could give rise to the development of a
highly specific and effective treatment protocol involving Sesn2 to ameliorate the effects
of hypertension.
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Abbreviations

AAR Area at risk
AAV Adeno-associated virus
AMPK Adenosine monophosphate-activated protein kinase
ANG II Angiotensin 2
BH4 Tetrahydrobiopterin
EDRF Endothelial-derived relaxing factor
eNOS Endothelial nitric oxide synthase
ER Endoplasmic Reticulum
ET-1 Endothelin 1
mTOR Mammalian target of rapamycin
NADPH Nicotinamide adenine dinucleotide phosphate
NO Nitric oxide
NOS Nitric oxide synthase
NOX NADPH oxidase
Nrf2 Nuclear factor erythroid 2
RAS Renin–angiotensin system
ROS Reactive oxygen species
Sesn2 Sestrin2
TNF Tumor necrosis factor
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