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Abstract
Purpose of Review To describe the important role played by innate and innate-like immunity in the pathophysiology of hyper-
tension and vascular injury.
Recent Findings Innate immune cells, such as neutrophils, dendritic cells, myeloid-derived suppressor cells, and
monocytes/macrophages and innate lymphoid cells such as natural killer cells and unconventional T lymphocytes like
γδ T cells contribute to hypertensive mechanisms by priming adaptive immune cells, leading to the triggering of vascular
inflammation and blood pressure elevation or alternatively protecting against vascular injury. Specifically, monocyte/
macrophages and γδ T cells seem to play a crucial role in the initiation of hypertension via regulation of adaptive
immunity.
Summary Innate and innate-like immunity play a leading role in the pathophysiology of hypertension. Recent advances in this
field provide us clues for future therapeutic approaches.

Keywords Blood pressure . Inflammation . γδ Tcells . Natural killer cells . Dendritic cells . Macrophages . Antigen-presenting
cells . Cytokines

Abbreviations
B7 Co-stimulatory molecule on antigen-presenting

cell surface (CD80 or CD86)
CD28 Cluster of differentiation 28
CNS Central nervous system
MHC II Major histocompatibility complex II
TCR T cell receptor

Introduction

The relationship between high blood pressure (BP) and the
immune response has been studied for almost 50 years.

Inflammation is the final consequence of the immune re-
sponse, and accumulating evidence suggests the involvement
of both innate and adaptive immunity in the pathophysiology
of hypertension and end-organ damage associated with hyper-
tension [1]. The innate and the adaptive immune systems are
designed to work cooperatively to combat exogenous inva-
sions of bacteria, viruses, and parasites. However, they can
also result in detrimental effects like chronic inflammatory
and autoimmune diseases. Infiltration of innate (monocytes/
macrophages) and adaptive immune cells (T lymphocytes) in
the perivascular adipose tissue, kidneys, and myocardium in-
creased expression of adhesion molecules and chemokines,
cytokine production and release, and reactive oxygen species
(ROS) generation are consistent features found in tissues of
hypertensive animals. Gain- and loss-of-function experiments
have shown that innate immune cells such as monocytes/
macrophages on the one hand, and adaptive immune cells like
B and T lymphocytes on the other, are implicated in hyper-
tension and cardiovascular injury, in a ying/yang relationship
with anti-inflammatory cells that include anti-inflammatory
M2 macrophages, myeloid-derived suppressor cells
(MDSC), and T regulatory lymphocytes (Treg).

Recently, the roles of a T cell subset, the γδ T cells, which
cannot be included within the conventional adaptive
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classification, have been shown to have an important role in
hypertension. These are so-called innate-like immune cells
that respond rapidly to pathogens without requiring antigen
presentation [2••]. Innate and innate-like immunity are
regarded as the first line of defense against pathogens. The
present review aims to summarize recent advances in the
knowledge of immunity in hypertension pathophysiology, fo-
cusing on innate and innate-like immunity.

Role of the Innate Immune System

The innate immune system consists of humoral and cellular
components. One of the major humoral components of innate
immunity is the complement (C) system [3]. There are three
ways in which the complement system is activated to protect
against infection. In the classical pathway, the sequential acti-
vation of enzymes begins with the formation of the C-1 com-
plex that consists of immunoglobulin, antigen, and C1q. On
the other hand, the mannan-binding lectin pathway is initiated
by binding of the serum protein mannan-binding lectin to the
mannose-containing carbohydrates on bacteria and viruses,
whereas the alternative pathway is activated by binding of
spontaneously activated complement components to the sur-
face of pathogens. The activation of the three pathways leads
to the hydrolysis of C3. C3a and C5a are peptide mediators of
inflammation generated in these cascades that will attract mac-
rophages and promote phagocyte ingestion of complement-
tagged pathogens via complement receptors expressed on
these innate cells. It is noteworthy that complement receptors
are also expressed in many other leukocytes, including B cells
and Treg [3]. The complement system also plays a critical role
among humoral mediators as a contributor to the antibody
response, a participant in the lysis of membranes of pathogens,
and a stimulator of the production of chemotactic proteins [4].

Neutrophils, monocytes/macrophages, and dendritic cells
(DCs) are the main cellular elements that mediate innate im-
munity. They make use of pattern recognition receptors such
as Toll-like receptors (TLRs) to sense pathogen-associated
molecular patterns (PAMPs), damage-associated molecular
patterns (DAMPs), or other antigens from injured tissues.
Each effector cell participates in the immune response in dif-
ferent ways. Phagocytes such as macrophages and DCs per-
form phagocytosis and can become antigen-presenting cells
(APCs). They can also release pro-inflammatory cytokines to
activate other cells including lymphocytes. Neutrophils are
not professional APCs as DCs and macrophages, but act as
front-line host defenders against infectious diseases. They are
rapidly recruited to the site of injury and eliminate microbes
via phagocytosis, degranulation, and/or through release of
their own nuclear material, forming NETs (neutrophil extra-
cellular traps) to confine pathogens within these. This mech-
anism of neutrophil death is called NETosis [5].

Macrophages possess functional and phenotypic differen-
tiation plasticity, polarizing into pro-inflammatoryM1 or anti-
inflammatory M2 subtypes. M1 macrophages are induced by
interferon-γ (IFNγ), tumor necrosis factor-α (TNF-α), or bac-
terial components like lipopolysaccharide (LPS) or peptido-
glycan stimulation, leading to an inflammatory response. On
the other hand, M2 macrophages are mainly induced by inter-
leukin (IL)-4 or IL-13 and exhibit an anti-inflammatory and
reparative phenotype.

Role of the Innate Immune System
in Hypertension

The Complement System in Hypertension

There is some evidence suggesting that the complement sys-
tem plays a role in the initiation and/or maintenance of hyper-
tension [4]. It has been shown that serum C3 levels are elevat-
ed in a pre-hypertensive population [6] and in hypertensive
patients [6–8]. As well, renal interstitial C3 expression was
associated with interstitial macrophage infiltration in the kid-
ney in patients with hypertensive nephropathy [9]. C3a and
C5a serum levels were increased in mice after the first day of
angiotensin (Ang) II infusion [10]. More recently, Chen et al.
reported that Ang II infusion raised the expression of C3a and
C5a receptors in Treg and that C3a and C5a receptor double
knockout reduced Ang II-induced BP elevation and prevented
aortic and renal injury. The latter could be abolished by deple-
tion of Treg with CD25 antibodies [11•]. These authors also
demonstrated that adoptive transfer of Treg from C3a and C5a
receptor double knockout was more effective in protecting
against Ang II-induced hypertension than adoptive transfer
of Treg from wild-type mice. Furthermore, Cui et al. [9] and
Chen et al. [11•] showed that C3a receptor expression was
increased in Treg of hypertensive patients.

Neutrophils in Hypertension

Asmentioned above, neutrophils represent an essential part of
the innate immune system, and the neutrophil-to-lymphocyte
ratio (NLR) has been used as a systemic inflammatory marker
in many clinical studies. NLR could serve as a predictor of
hypertension in large scale epidemiological studies [12].
Recently, it was reported that elevated blood neutrophil activ-
ity (superoxide anion generation and myeloperoxidase activi-
ty) was significantly associated with high BP in the spontane-
ously hypertensive rat [13]. These findings do not necessarily
mean that neutrophils are the primary cause of hypertension,
but could imply that they have a role to play in the low-grade
inflammation observed in hypertensive patients. Neutrophils
can also possibly act on the adaptive immune system, as they
are capable of regulating adaptive immunity in various ways
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such as through cytokine secretion, antigen presentation, and
direct cell contact [14].

Monocytes/Macrophages in Hypertension

Monocytes and macrophages belong to the myeloid lineage
but have different functions than neutrophils. The role of
monocyte/macrophages was initially demonstrated using
osteopetrotic (op/op) mice that are deficient in monocyte/
macrophage function due to a mutation in the colony-
stimulating factor 1 (Csf1) gene.Csf1Op/Opmice were resistant
to Ang II-induced and deoxycorticosterone acetate plus salt-
induced BP elevation and vascular injury [15, 16]. This find-
ing was extended by Wenzel et al. using selective ablation of
lysozyme M-positive (LysM+) myelomonocytic cells by low-
dose diphtheria toxin (DT) in mice with inducible expression
of the DT receptor [17]. Ang II-induced BP elevation and
vascular injury were blunted in mice deficient in LysM+

myelomonocytic cells, which was reversed by adoptive trans-
fer of monocytes but not neutrophils. It has been reported that
C–C motif chemokine receptor type 2 (CCR2)+ monocytes
can infiltrate the surrounding vessels and participate in hyper-
tensive vascular and renal injury but not in BP elevation
[18–20]. On the other hand, some evidence suggests that car-
diac and arterial resident macrophages, which express MerTK
(myeloid-epithelial-reproductive tyrosine kinase) and that are
also CCR2−, play a protective role by removing apoptotic
cells (efferocytosis) in myocardial infarction and atheroscle-
rosis [21, 22]. However, the role of vascular resident macro-
phages is unknown in hypertension. It has been pointed out in
a review of Harwani S.C. [23] that both pro-inflammatory M1
or anti-inflammatory M2 macrophages play a role in hyper-
tension and the M1-to-M2 ratio is closely associated with
development and maintenance of hypertension.

The central nervous system (CNS) plays a pivotal role in
BP elevation via sympathetic or parasympathetic outflow [24]
and is associated with activation of the immune system [1].
Renal denervation (RDN) reduced Ang II-induced BP eleva-
tion and peri-aortic and myocardial macrophage infiltration in
Ang II-induced hypertension in mice [25, 26]. Similarly, RDN
reduced monocyte activation in patients with resistant hyper-
tension [27]. These findings support the hypothesis that neural
regulation plays a role in activation of the immune system in
hypertension. Nevertheless, it is unclear whether in the course
of RDN the adjacent renal lymph nodes were also denervated.
The denervation of lymph nodes or spleen echoes studies by
Carnevale et al. on the role of the CNS through direct activa-
tion of the immune system in hypertension via the spleen.
These authors observed than a cholinergic-sympathetic path-
way primes immunity and favors T cell activation and egres-
sion from the spleen in Ang II-infused mice [28•]. A similar
observation was also reported by Harwani et al. showing that
nicotinic cholinergic activation mediated CD161a+ renal

macrophage infiltration and induced premature hypertension
in spontaneously hypertensive rats [29].

Regarding immune cells in the brain, it has been report-
ed that intracerebroventricular (ICV) or subcutaneous Ang
II infusion induces the activation of microglia, which are
brain resident macrophages, in the paraventricular nucleus
(PVN) of the hypothalamus. This effect of Ang II was
attenuated by ICV infusion of minocycline, an anti-
inflammatory antibiotic, or with mitoTEMPO, a scavenger
of mitochondrial superoxide [30, 31]. As well, Shen et al.
[32] reported that targeted depletion of microglia using the
diphteria toxin technique to ablate brain CD11b-positive
cells significantly attenuated inflammation in the brain,
plasma vasopressin and kidney norepinephrine concentra-
tion, and BP. Furthermore, adoptive transfer of Ang II- or
LPS-primed microglia prolonged acute pressor responses
to central application of Ang II, suggesting the key role of
these cells in neurogenic hypertension.

High-salt intake is associated with higher BP and in-
creased risk of cardiovascular disease. Although a large
number of basic and clinical studies have confirmed that
excess salt intake can elevate BP, the detailed mechanism
of salt sensitivity in hypertension is not well understood.
Salt intake has influence not only on hemodynamics but
also on immune responses. Machnik A. et al. reported that
macrophages play a role in the regulation of dermal inter-
stitial sodium concentrations. Tonicity-enhancer binding
protein (TonEBP, also called NFAT5) is a transcription fac-
tor that regulates vascular endothelial growth factor
(VEGF)-C expression. The activation of TonEBP due to
high-salt diet promoted VEGF-C secretion from macro-
phages, which induces dermal lymphangiogenesis as a
buffering system for hypertension [33]. Interestingly,
TonEBP is also known as an activator of M1 macrophages
and suppresses the M2 phenotype via downregulation of
IL-10 production [34]. As well, a high-salt diet suppressed
M2 macrophages via reduction of glycolysis and mito-
chondrial metabolic output. The adaptive immune system
is also affected by high-salt intake via effects on the gut
microbiome [35] that induce T helper 17 cells (TH17) and
reduce Treg numbers [36].

BP-induced endothelial cell mechanical stress could play a
role in immune cell activation in hypertension. Using co-
culture of human cells, it was shown that endothelial cells
undergoing cyclical stretch increased the conversion of mono-
cytes into CD14++CD16+ intermediate monocytes and
CD14++CD209+ monocytes that are pro-inflammatory [37].
The activation and differentiation of monocytes is associated
with activated signal transducer and activator of transcription
3 (STAT3) activation, increased IL-6 production, and im-
paired nitric oxide (NO) signaling [37].

Chemokines play an important role in attracting im-
mune cells to injury sites [38]. Many chemokine ligands
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(L) and chemokine receptors (R) have been identified and
are divided into 4 subgroups based on the spacing of con-
served cysteine residues: CC, CXC, C, and CX3C.
Recently, Wang et al. demonstrated an important role for
the CXCL1/CXCR2 axis in hypertension and vascular in-
jury in Ang II-infused mice [39]. Cxcl1 was the most high-
ly expressed chemokine in aorta among 13 studied after
1 day of Ang II infusion. Furthermore, increased infiltra-
tion of leukocytes expressing the CXCL1 receptor CXCR2
was observed in the aorta of Ang II-infused mice. Ang II-
induced BP elevation, aortic injury, and macrophage and T
cell infiltration were blunted by genetic ablation or phar-
macologic inhibition of CXCR2. The role of CXCR2
expressed on immune cells in hypertension and vascular
injury was demonstrated by bone marrow transplantation
experiments. Wang et al. extended the role of CXCL1/
CXCR2 axis to hypertension and cardiac hypertrophy and
remodeling using the same experimental design [40].
CXCR2 may be an interesting therapeutic target since
these authors observed that numbers of monocytes and
neutrophils expressing CXCR2 were increased in the blood
of hypertensive patients compared to normotensive
subjects.

Dendritic Cells in Hypertension

DCs are characterized by their highly specialized capability of
antigen presentation. There is evidence that DCs participate in
hypertension via their role in T cell activation. Barbaro et al.
[41••] have described the mechanism whereby DCs activate T
cells under the influence of excess salt intake. Extracellular
sodium enters DCs through amiloride-sensitive channels
leading to subsequent calcium influx via the sodium calci-
um exchanger. Calcium overload in DCs activates NADPH
oxidase that produces superoxide. Reactive oxygen species
(ROS) induces the formation of isolevuglandins (IsoLG),
which form highly immunogenic protein adducts that are
processed and presented to T cells as neoantigens. DCs
with accumulated IsoLGs produce large amounts of cyto-
kines such as IL-6 and IL-1β that promote T cells to pro-
duce pressor cytokines such as IL-17A. These are impor-
tant findings that explain possible links between excessive
salt intake, inflammation, and high BP.

More recently, Hevia et al. reported a role of DCs in hyper-
tension with regard to renal function [42]. These authors
showed that genetic ablation of CD11chigh APCs, that were
referred to as DCs, prevented the effect of Ang II plus high-
salt treatment to induce the intrarenal renin-angiotensin sys-
tem (RAS) and enhance renal sodium reabsorption and trigger
BP elevation [42]. Although the mechanism of intrarenal RAS
upregulation was not assessed in detail, a multifactorial role of
DCs in hypertension is suggested by this study.

Myeloid-Derived Suppressor Cells (MDSC)
in Hypertension

MDSCs are anti-inflammatory immune cells characterized by
expression of CD11b and Gr-1 [14, 43]. Anti-Gr-1 antibodies
bind to two different epitopes, Ly6G and Ly6C. This particu-
larity has permitted the identification of two subsets of
MDSCs, granulocytic (G-MDSCs, CD11b+Ly6G+Ly6Clow)
and monocytic (Mo-MDSCs, CD11b+Ly6G−Ly6Chi). G-
MDSCs resemble neutrophils and may represent a neutrophil
subset with immunosuppressive capacity [14]. These innate
cells have a regulatory action in hypertension. MDSCs are
considered as a self-restraint immune system to prevent ex-
cessive inflammatory injury. They mainly suppress T cell ac-
tivation by producing hydrogen peroxide. MDSCs can coun-
teract the development of hypertension [44]. MDSCs from
hypertensive mice demonstrated increased capacity to sup-
press T cells in vitro and CD8+ T cells in vivo.
Gemcitabine- or an anti-Gr-1 antibody-induced MDSC de-
pletion exaggerated Ang II-induced BP elevation and pref-
erentially increased CD8+ T cells expressing IL-17A or
both IL-17A and IFNγ. Adoptive transfer of MDSCs from
hypertensive but not normotensive mice reduced or re-
versed Ang II-induced BP elevation. Interestingly, an in-
crease of CD11b+Gr-1+ cells was found in the blood,
spleen, and kidneys of Ang II-infused mice.

Innate Lymphoid and Unconventional T Cells

The distinctive features of innate immunity refer common-
ly to the capacity of myeloid and lymphoid cells to exert
rapid effector function without previous education. In con-
trast, T and B lymphocytes which could be considered as
leaders of the immune response, orientating pro- or anti-
inflammatory processes [3], belong to the adaptive im-
mune system, and are characterized by a large repertoire
of antigen receptors, the T cell receptor (TCR), and
antibody/B cell receptor (BCR), as a result of site-
specific somatic recombination by recombination activa-
tion gene (Rag) − 1 and − 2 genes. Basically, TCR hetero-
dimer rearrangement generates two different subsets of T
cells. One is the αβ T cells bearing α and β subunits of
TCR that comprise the majority of T cells, which are ac-
cordingly considered conventional T lymphocytes. A very
small proportion of circulating T cells comprises the un-
conventional T lymphocytes that are not major histocom-
patibility class (MHC)-restricted and includes those bear-
ing a TCR composed of γ and δ subunits, the γδ T lym-
phocytes. Innate lymphoid cells (ILCs), which include nat-
ural killer (NK) cells, have the same profile of cytokine
production as adaptive immunity conventional lympho-
cytes, but not the same pathway of activation because they
do not need to be educated by APCs.

4 Page 4 of 9 Curr Hypertens Rep (2019) 21: 4



ILCs in Hypertension

ILCs have been shown to play a role in the initiation, regula-
tion, and resolution of inflammation [45]. ILCs are innate
lymphocytes lacking rearranged antigen receptors because
they do not express Rag genes. ILCs can be grouped accord-
ing to surface markers, transcription factors, and effector cy-
tokines into 3 groups (ILC1, 2, and 3) following, in part, the T
helper (Th) nomenclature. As is the case for Th cells, ILC
cytokine secretion is induced by the same stimulators, e.g.,
after exposure to IL-12 or IL-18 for IFNγ production. IFNγ
producers belong to ILC1. IL-4-, IL-5-, IL-9-, and IL-13-
positive cells belong to the ILC2 group, and ILC3 secretes
IL-17A and/or IL-22. NK cells belong to the ILC1 group
and are the only ILCs for which a role has been described in
hypertension. One of the first evidences of a possible role of
NK cells in hypertension was the in vitro induction of prolif-
eration and migration of NK cells after Ang II exposure [46].
Kossmann and co-authors observed a role of NK cells in vas-
cular injury in hypertension [47]. Ang II caused NK cell re-
cruitment to the aortic wall, which was blunted in mice lack-
ing T-Box 21 (Tbx21) or IFNγ. NK cell depletion using anti-
NK1.1 antibody reduced aortic endothelium-dependent and
independent dysfunction induced by Ang II infusion.
However, BP was unaffected in mice lacking Tbx21, which
is highly expressed in NK cells and controls the expression of
IFNγ.

Unconventional T Cells in Hypertension

Unconventional T cells include αβ T lymphocytes such as
CD1-restricted T cells, MHC-I-related (MR1)-restricted
mucosal-associated invariant T (MAIT) cells and MHC
class Ib-reactive T cells and NK T cells, and γδ T cells
[48, 49]. These cells have a tendency to reside in non-
lymphoid tissues and have, compared to MHC-restricted
T cells, a faster response after activation, including prolif-
eration or cytokine release, and a faster response after a
recall stimulation with an antigen. Unconventional T cells
recognize non-polymorphic antigen-presenting molecules,
some of which are encoded by genes outside of the MHC
locus (CD1a, CD1b, CD1c, CD1d in humans, and CD1d
only in mice, and MR1) or within the MHC locus (MHC-I-
E, homeostatic iron regulator [HFE], H2-M3, and H2-Q).
NK T cells are activated by lipid antigens presented by
CD1d. They can be divided into two subsets based on
differences in their TCR characteristics. Type I NK T cells
(also known as invariant NK T cells) express an invariant
TCRα chain and type II NK T cells express diverse TCRs
[49]. Kirabo et al. [50] have shown that NK T cells do not
seem to play a role in hypertension. They observed that
Jα18 null mice lacking the TCR Jα18 invariant chain that
are deficient in type I NK T cells, and CD1d knockout

mice, which are devoid of both type I and II NK T cells,
present similar BP elevation in response to Ang II com-
pared to wild-type mice. These results also indicated that
CD1d does not play a role in hypertension. No role has
been established so far for the other unconventional αβ
TCR T cells in hypertension.

In the circulation, γδ T cells represent ~ 0.5–10% of lym-
phocytes in humans and mice. They are activated by non-
protein phosphoantigens, isoprenoid pyrophosphates,
alkylamines, non-classical MHC class I molecules, MHC
class I chain-related proteins A and B, as well as heat shock
protein-derived peptides, without antigen processing and
MHC presentation. γδ T cells are sequestered in many periph-
eral tissues, with specific homing and retention [48, 51–54].
γδ Tcells are unique because, in addition to effector functions
shared with αβ T cells, they are “innate-like” T lymphocytes
with functions that span across the biology of innate and adap-
tive immune cells. γδ T cells can produce IL-17A in response
to the pro-inflammatory cytokines IL-1β and IL-23 and ex-
press CCR6 like T helper 17 cells. γδ T cells may produce
IFNγ, in which case they typically express CD27. Recently,
we demonstrated that γδ T cells play a critical role in hyper-
tension and vascular injury [2••]. Ang II caused an increase in
number and activation of γδ T cells after 7 days of Ang II
infusion. Deficiency in γδ T cells due to Tcrδ knockout or
injection of γδ T cell-depleting antibodies, prevented Ang II-
induced BP elevation, small artery endothelial dysfunction,
and spleen and mesenteric artery perivascular adipose tissue
CD4+ and CD8+ Tcell activation. This suggests that γδ Tcells
participate in the initiation of inflammatory responses in-
volved in the development of hypertension. Moreover, using
multiple linear regression, we found a correlation between
whole blood expression of the TCR gamma chain constant
regions 1 and 2 that were used as an estimate of the frequency
of blood γδ T cells, and systolic BP in a human cohort with
and without coronary artery disease and a full range of BPs,
from low to high. γδ T cells are a major source of IL-17A in
the aorta, kidneys, and the heart of Ang II-infused mice [55,
56]. Li et al. demonstrated that depletion of γδ T cells using
anti-γδ TCR antibodies did not affect 7-day Ang II infusion-
induced BP elevation but markedly reduced ventricular fibro-
sis induced by 7-day and 4-week Ang II infusion [56]. The
lack of effect on BP elevation could be due to the high dose of
Ang II (1500 ng/kg/min) used in this study. Thus, γδ T cells
could play a key pathophysiological role in hypertension and
end-organ damage.

Conclusion

Innate and innate-like immune cells play an important role in
hypertension. Depleting some of them blunts the inflammato-
ry process, vascular injury, and BP elevation in hypertensive
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mouse models. Inflammatory processes may be visualized in
terms of an inflammatory vicious cycle (Fig. 1). Genetic pre-
disposition, a high-salt diet, or hypertensive stimuli such as
Ang II, aldosterone, and endothelin-1 may increase BP acting
directly on the vasculature and the kidneys or by increasing the
sympathetic nervous activity and decreasing parasympathetic

nervous activity. Over time, high BP and/or hypertensive stim-
uli induce vascular injury that causes production of DAMPs,
which will activate via the TLRs the innate and innate-like
immune cells. In addition, vascular injury, together with in-
creased ROS generation induced by vasoactive peptides such
as Ang II, induces protein oxidation and favors the production

Fig. 1 Role of innate and innate-like immune cells in inflammation in
hypertension. Different stimuli such as a high-salt diet, in the presence of
genetic susceptibility, may lead to small rises of blood pressure (BP) in
part by triggering the activation of the sympathetic nervous system (SNS)
and inhibition of the parasympathetic nervous system (PNS) alone or
together with other pro-hypertensive factors such as endothelin-1,
angiotensin II, and aldosterone. Over time, high BP and/or the pro-
hypertensive stimuli induce tissue injury, which together with an
increase in oxidative stress caused by vasoactive peptides as well as a
release of chemokines and an activated complement system, create
favorable conditions for the development of damage-associated
molecular patterns (DAMPs) and neoantigens, such as isoketal protein
adducts. DAMPs activate innate immunity via Toll-like receptors (TLRs)
on type 1 macrophages (M1), type 1 dendritic cells (DC), whereas
neoantigens enhance DC immunogenicity and promote DC release of

IL-6, IL-1β, and IL-23, causing proliferation of T effector cells and
production of IL-17A and IFNγ. DAMPS and neoantigens could also
activate unconventional lymphocytes such as innate-like γδ T cells,
which will activate T effector lymphocytes bearing αβ TCR subunits.
Innate lymphoid cells and innate-like immune cell such as natural killer
(NK) cells and γδ T cells contribute to inflammation, both directly or via
the activation of adaptive immunity, inducing pro-inflammatory
cytokines like IL-17A, and IFNγ, leading to vascular and kidney injury,
which closes the pro-hypertensive circle that is a feed-forward process
resulting in progressive BP elevation. Throughout this process, anti-
inflammatory cells such as T regulatory cells (Treg), myeloid-derived
suppressor cells (MDSCs), and type 2 macrophages (M2) could provide
homeostatic fine-tuning of the inflammatory process in blood vessels and
the kidney
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of neoantigens, such as those resulting from isoketal-induced
protein modification, which enhances DC immunogenicity
and promotes DC release of IL-6, IL-1β, and IL-23, causing
proliferation of T cells and production of IL-17A and IFNγ.
The first part of the loop could correspond to the production of
pro-inflammatory cytokines by APCs. This step would appear
to be critical in the development of hypertension. In parallel,
activation of DCs and γδ T cells, the latter stimulated by ge-
neric “public” antigens, could directly activate the immune
system bypassing canonical immune pathways. Activation of
the innate immune system could also be exacerbated by op-
portunistic diseases such as periodontitis or other chronic in-
flammatory diseases such as rheumatoid arthritis, psoriasis,
and Crohn’s disease, through PAMPs binding to TLRs and
also by activation of the complement system via complement
receptors. Once Teffector cells are activated, the inflammatory
cascade has been triggered and the immune-mediated vascular
and renal injury closes the pro-hypertensive circle that is a
feed-forward process, resulting in progressive BP elevation.
Some anti-inflammatory immune cells could temper the in-
flammatory process in blood vessels and the kidney.
However, this anti-inflammatory mechanism could be ren-
dered unable to counteract the development of hypertension
by factors such as Ang II that can cause a decrease in number
and function of Treg and by activation of the complement
system that decreases the Treg function. The identification of
subsets of different immune cell types, and their differential
effects and mediators, could allow the development of
immune-based therapies with minimal adverse side effects,
that can contribute to the healing of vascular injury in hyper-
tension and cardiovascular disease, leading to improved pa-
tient outcomes.
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