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Article type: The renin-angiotensin-aldosterone system (RAAS) and the immune system interact in hypertension

1 i Rt through various mechanisms, including inflammation, immune cell infiltration, oxidative
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complex interplay between the RAAS and the immune system in hypertension and to identify
potential therapeutic targets. Additionally, T lymphocytes, monocytes, macrophages, dendritic
cells, neutrophils, and B lymphocytes are some of the immune cells that have been implicated in
hypertension. These immune cells can promote vascular inflammation and remodeling, produce

reactive oxygen species and cytokines, and activate the adaptive immune response. Further research
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therapeutic targets.

is needed to fully understand the role of the immune system in hypertension and to identify potential

Implication for health policy/practice/research/medical education:

Inflammation can contribute to hypertension through various mechanisms, including dysregulated immune responses, immune cell

infiltration, oxidative stress, activation of the renin-angiotensin-aldosterone system (RAAS), endothelial dysfunction, and pro-inflammatory

cytokines. Inflammatory cytokines can also play a significant role in hypertension by promoting vascular and renal dysfunction. Tumor
necrosis factor alpha (TNF-0), interleukin (IL)-17A, IL-6, interferon gamma (IFN-y), IL-1B are some of the cytokines that have been
implicated in hypertension. Reactive oxygen species contribute to oxidative stress in hypertension by promoting vascular injury and impairing

blood pressure regulation. Superoxide anion, hydrogen peroxide, peroxynitrite, singlet oxygen, and hydroxyl radical are some of the examples

of reactive oxygen species that have been implicated in hypertension.
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Introduction

There is growing evidence that suggests a link between
systemic hypertension and immune dysfunction (1).
Chroniclow-grade inflammation, characterized by elevated
levels of pro-inflammatory cytokines and activated renin-
angiotensin-aldosterone system (RAAS), has been observed
in individuals with hypertension (2). This inflammation is
thought to contribute to the development and progression
of hypertension by promoting endothelial dysfunction,
oxidative stress, and vascular remodeling (1,2). In addition
to chronic inflammation, immune cells such as T cells, B
cells, and macrophages have also been implicated in the
pathogenesis of hypertension (3). T cells have been shown
to play a role in the development of hypertension by

promoting vascular inflammation and remodeling. B cells
have been found to produce antibodies that contribute to
hypertension by targeting components of the RAAS (2,3).
Besides, macrophages are involved in the development of
hypertension by promoting inflammation and oxidative
stress in the vasculature (2). Furthermore, recent studies
have shown that the gut microbiome may also play a role
in the development of hypertension. Dysbiosis, or an
imbalance in the gut microbiome, has been associated
with hypertension and is thought to contribute to
immune dysfunction and chronic inflammation (4). This
mini-review aims to investigate the immune mechanisms
of systemic hypertension.
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Search strategy

In this review, we conducted a search across several
databases, including PubMed, Web of Science, EBSCO,
Scopus, Google Scholar, the Directory of Open Access
Journals (DOAJ), and Embase. We utilized various
keywords such as inflammation, cytokines, reactive
oxygen species, hypertension, chronic inflammation, and
the renin-angiotensin-aldosterone system.

Hypertension as an immune-related disease

Hypertension has been increasingly recognized as an
immune-related disease, with accumulating evidence
supporting the involvement of the immune system in
its pathogenesis (5,6). The immune system plays a role
in hypertension through various mechanisms, including
inflammation, oxidative stress, and immune cell
infiltration (2). Studies have shown consistent association
between hypertension, proinflammatory cytokines, and
the cells of the innate and adaptive immune systems (7).

Focus on inflammatory cytokines

Inflammatory cytokines play a significant role in the
development and progression of hypertension. Tumor
necrosis factor alpha (TNF-0) contributes to the
development of hypertension observed in a genetic mouse
model of systemic lupus erythematosus (8,9). Since,
Venegas-Pont et al found, treatment with etanercept,
a TNF-o antagonist, reduced mean arterial pressure,
albuminuria, monocyte/macrophage infiltration, and
renal cortex NADPH activity in female SLE mice (9).
Conversely, the study by Davis et al showed, interleukin
(IL)-17A is a pro-inflammatory cytokine that promotes
vascular and renal dysfunction in hypertension (10).
Furthermore, the study by Didion et al detected that
IL-6 affects vascular function and endothelium-derived
factors involved in blood pressure regulation (11).
Additionally, IL-6 has also been detected in animal brains
in hypertension models (2). Likewise, the previous study
by Benson et al demonstrated that interferon gamma
(IFN-y) is also another pro-inflammatory cytokine that
has been detected in animal brains in hypertension models
(12). Moreover, IL-1B is a pro-inflammatory cytokine
that has been detected in animal brains in hypertension
models (2,13). Tanase et al also noted that other cytokines
have been implicated in hypertension include IL-4, IL-10,
and 1L-13 (14).

Focus on oxidative stress

Oxidative stress results in an excessive generation of
reactive oxygen species (ROS), which can cause vascular
injury and contribute to hypertension (15). Several years
ago, Rodrigo et described the role of ROS as mediator of

vasoconstriction induced by angiotensin II, endothelin-1,
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and urotensin-1I, among others (16). Oxidative stress
can also promote posttranslational modification of
proteins and aberrant signaling, leading to hypertension
(17). Hypertension is associated with increased vascular
oxidative stress, but there is still a debate whether
oxidative stress is a cause or a result of hypertension. Some
studies suggest that oxidative stress is not a cause but
rather a result of hypertension (18). However, the mutual
correlation between oxidative stress, inflammation,
and the pathogenesis of hypertension has been shown
(19). Antioxidant therapy may be more efficient in the
prevention rather than in the reduction of established
hypertension (20).

Focus on antioxidants

Antioxidants can help reduce oxidative stress by reducing
the formation both ROS and increasing the bioavailability
of nitric oxide, which helps relax blood vessels and lower
blood pressure (21). Antioxidants can decrease ROS
generation by scavenging free radicals and inhibiting the
activity of enzymes that produce ROS (22). Conversely,
antioxidants can increase nitric oxide bioavailability by
preventing its degradation and enhancing its production
(23). Moreover, antioxidants improve vascular function
by reducing oxidative stress and promoting endothelial
cell survival and proliferation (24). Meanwhile,
antioxidants can reduce blood pressure by improving
vascular function and reducing oxidative stress (25).
In addition, antioxidants can prevent hypertension by
reducing oxidative stress and promoting vascular health
(25). For example, antioxidants that have been studied for
their efficacy to reduce oxidative stress in hypertension
include vitamins C and E, polyphenols, alpha-lipoic
acid, N-acetylcysteine, coenzyme Q10, and superoxide
dismutase (25,26).

Focus on ROS

Reactive oxygen species are molecules that contribute to
oxidativestressin hypertension (27). Superoxideanion (O2-)
is a ROS that is produced by various enzymes, including
NADPH oxidase, xanthine oxidase, and uncoupled
endothelial nitric oxide synthase (1,27). Moreover,
hydrogen peroxide is also a ROS that is produced by
dismutation of superoxide anion by superoxide dismutase
(27). Besides, peroxynitrite (ONOO-) is a highly reactive
ROS that is formed by the reaction of superoxide anion
with nitric oxide (29). Meanwhile, singlet oxygen (102) is
a ROS that is produced by the reaction of excited oxygen
molecules with organic compounds and finally, hydroxyl
radical (OHe) is a highly reactive ROS that is produced by
the reaction of H202 with transition metals, such as iron
and copper (30-32).
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Focus on the role of immune cells

T lymphocytes have been shown to play a role in
hypertension. These cells infiltrate blood vessels and
promote vascular inflammation and remodeling (33).
Likewise, monocytes and macrophages are immune cells
that can infiltrate blood vessels and promote vascular
inflammation and remodeling (34). They can also produce
ROS and cytokines that contribute to hypertension (35).
Recently, Navaneethabalakrishnan et al, mentioned
the role of dendritic cells that can present antigens to T
lymphocytes and activate the adaptive immune response
(36). These elements have a role in hypertension by
promoting vascular inflammation and remodeling (37).
Additionally, neutrophils can infiltrate blood vessels
and promote vascular inflammation and remodeling
(38). These cells can also produce ROS and cytokines.
Finally, B lymphocytes produce antibodies and play a role
in the adaptive immune response, which have a role in
hypertension by promoting vascular inflammation and

remodeling (39).

Role of RAAS in immune-mediated hypertension

The RAAS is an essential regulator of blood pressure
homeostasis (40). The primary effector molecule of the
RAS is angiotensin II (Ang II), which is produced by the
cleavage of angiotensinogen by renin (41). The RAAS
plays a significant role in the pathogenesis of hypertension,
and its activation can lead to vasoconstriction, sodium
retention, and increased blood pressure (22). The RAAS
has also been shown to interact with the immune system
in hypertension. For example, angiotensin II can stimulate
the production of pro-inflammatory cytokines, such as
TNF-a and IL-6, which can contribute to hypertension
by promoting vasoconstriction and impairing endothelial
function (2). The RAAS can also activate the immune
system by promoting the infiltration of immune cells, such
as T lymphocytes and macrophages, into the blood vessel
walls (43). In addition, RAAS can stimulate the production
of ROS, which can cause vascular injury and contribute to
hypertension (44). Also, RAAS is a significant part of the
regulation of sodium and water balance, and its activation
can lead to sodium retention and volume expansion,
which can contribute to hypertension (40). Furthermore,
aldosterone, a hormone produced by the adrenal gland, is
a key component of the RAAS and can promote sodium
retention and potassium excretion (45), since aldosterone-
induced hypertension is a well-described phenomenon
that is associated with increased cardiovascular morbidity

and mortality (46).
Conclusion

Systemic hypertension can be caused by various factors
including genetic predisposition, lifestyle choices such
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as diet and exercise, and underlying medical conditions
like kidney disease or hormonal imbalances. Immune
aspects may play a role in the development of systemic
hypertension through the release of certain cytokines that
contribute to vascular inflammation and stiffness, leading
to increased blood pressure.
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