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ABSTRACT 

It is now known that hypertension is a cardiovascular risk factor, and a better understanding of the 

pathogenesis of this disease may lead to more specific therapies. Immune cells that cause inflammation may also 

be involved in hypertension by causing the activation of vasoactive molecules, including the cytokines IL-1, IL-6 

and TNF. These inflammatory cytokines are also produced by microglia and can provoke cardiovascular disease, 

linking the nervous system with hypertension and heart disease. The inhibition of pro-inflammatory cytokines 

can be a therapeutic strategy in these pathologies. 
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INTRODUCTION 

Hypertension has an incidence of about 30% worldwide, is the most frequent cause of mortality, and can cause 

several other diseases (1). Hypertension occurs when blood pressure is higher than the normal population and it is an 

important risk factor in cardiovascular disease where it can lead to heart failure, vascular disease, and stroke (2). In 

addition, blood pressure rises with age and can lead to heart attack, aneurysm, and chronic kidney disease. Hypertension, 

which has increased in recent years, is the main cardiovascular risk factor, particularly in elderly Western subjects.  

In the last twenty years, there has been considerable progress in the research on antihypertensive drugs and today 

the topic of hypertension is being tackled with greater therapeutic awareness. In hypertension, the smooth muscle cells of 

the arterial vessels are involved, responsible for regulating blood flow and therefore blood pressure (3). These muscle 

cells contract in high blood pressure to counteract the blood flow going to the tissues. Hypertension drugs are often 

rejected by patients because the disease is often asymptomatic, and the drugs can cause unwanted side effects.  

In hypertension, the role of inflammation is an important issue linked to cardiovascular risk and other pathological 

phenomena. In this disease, the activation of immune cells, producing pro-inflammatory cytokines, can cause chronic 

low-grade inflammation, a topic that is still understudied by clinical research (4). IL-1 inhibition with new inhibitory 

cytokines such as IL-37, IL-38 or IL-1Ra, may improve clinical status by reducing C-reactive protein (CRP), and 

counteracting cardiovascular events, although they may not directly improve hypertension (5). The hypertensive 

phenomenon can activate vasoactive molecules, such as, for example, the NLRP3 inflammasome which could stimulate 

and lead to the generation of IL-1 by mediating chronic low-grade inflammation (6). IL-1 entering the circulation activates 

the macrophage cells of innate immunity, but also non-immune cells such as fibroblasts and endothelial cells (7). The 
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activation of NLRP3 leads to the generation of IL-1, which causes the formation of fibrosis with renal vascular damage 

and hypertension (Fig. 1).  

Fig. 1. Activation of mast cells through its receptor (FcRI) leads to the generation of chemical mediators such as heparin, 

TNF and protease, and other inflammatory compounds including chemokines, PGD2, CysLTS, IL-1, TNF, IL-6 and PAF, 

that together, provoke inflammation and mediate heart disease. 

These studies demonstrate that innate immunity mediated essentially by macrophage cells producing IL-1 and 

other pro-inflammatory molecules, results in hypertension. In addition, immune cells such as innate lymphoid cells 

(ILCs), and gamma delta T cells that produce IL-17A, can damage organs and induce hypertension (8). Furthermore, the 

activation of lymphocytes and macrophages generates TNF, another very potent inflammatory cytokine. ILC cells 

produce inflammatory cytokines such as IFN, IL-17, and granulocyte-macrophage colony-stimulating factor (GMC-SF), 

also involved in hypertensive inflammation. CD4+ and CD8+ lymphocytes also participate in the pathological process in 

hypertension, producing inflammatory cytokines, while Treg lymphocytes (CD25), which have an immunosuppressive 

function and the ability to promote immunological tolerance, may play a protective role (9). In experimental mouse 

models where a Treg cell deficit was induced in the circulatory system and therefore in the organs, the animals showed 

an increase in blood pressure, demonstrating the importance of the activation of T lymphocytes in mediating hypertension 

(10). 

Cardiovascular disorder is an inflammatory disease that can lead to myocardial infarction and stroke. Heart failure 

due to hypertension leads to ventricular hypertrophy and diastolic dysfunction.  

Neuroinflammation in the central nervous system (CNS) is mainly fueled by microglia and contributes to the 

pathogenesis of many brain diseases. Therefore, microglia are protective immune cells similar to macrophages that reside 

in the CNS, but when activated by releasing substances such as cytokines that can inflame surrounding tissue, they can 

also enter the bloodstream (11). 

Mast cells in cardiovascular disease 

Cardiac tissue includes fibroblasts, pericytes, smooth muscle cells, endothelial cells, and cardiomyocytes, but 

immune cells are also present including macrophages, dendritic cells, T and B lymphocytes, and mast cells (MCs), 

which play an important role in maintaining proper regeneration and the healthy tissue physiological state (12). MCs 

are in the perivascular and participate in vascularized tissue reactions causing inflammation (13). Mast cells are bone 

marrow hematopoietic cells that are formed from CD34+ cells that are capable of migrating to all tissues including 

the heart where they reside near vessels. Histamine, released by MCs, acts on the endothelium, mediates vascular 

permeability, and promotes adhesion of platelets through the adhesion molecule. Activation of the FcεRI receptors of 

MCs can provoke the release of various pro-inflammatory compounds including IL-1 and other inflammatory 

cytokines and chemokines, which contributes to chronic inflammation. Antigen binding c-kit/CD117 receptor in 

cardiac mast cells also results in histamine secretion (14). Increased heart rate, mast cell count, and histamine levels 

mediate cardiac ischemia and cardiovascular spasm with myocardial damage (15). 

MCs produce cytokines and proteases such as tryptase and chymase, promoting leukocyte infiltration into cardiac 

tissue and causing inflammation (Fig. 2).  
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Fig. 2. Smooth muscle cells of arterial vessel contraction in age can lead to hypertension and vascular disease, 

involving microglia which release inflammatory cytokines such IL-1, IL-6, and TNF causing inflammation which 

mediates hypertension.  

Activated MCs release tryptase from their granules which stimulates activate protease-activated receptors (PARs) 

present in sensory neurons near the MCs. This activation leads to the release of substance P from the afferent nerves, 

causing inflammation. MCs can proliferate in cardiac tissue and play an important role in heart failure and ischemia 

(15). However, it appears that no increase in the number of MCs results in myocardial infarction. They can proliferate 

in cardiac tissue and play an important role in heart failure and ischemia, although it has been reported that these cells 

may also play a protective role in cardiac tissue remodeling (16). 

Hypertension, cardiovascular disease, and microglia 

Hypertension, associated with cardiovascular morbidity, can lead to organ specific microvascular disease, 

mediated by sterile inflammatory processes. For instance, the activation of immune cells by an ischemic process leads 

to the recruitment of leukocytes with production of cytokines that mediate the sterile inflammatory process in cardiac 

tissue. Innate immunity, represented by monocytes CD14 and CD16 that maintain homeostasis, plays an important 

role in cardiovascular disease which is associated with various pathologies such as endocarditis, atherosclerosis, 

peripheral vascular disease, ischemic heart disease, hypertensive heart disease, hemorrhagic stroke, cardiomyopathy, 

and others (17).  

Activated monocytes can generate several pro-inflammatory vasoactive mediators such as cytokines (IL-1, IL-6, 

and TNF), prostaglandins PGD2, cysteinyl leukotrienes (LTC4, D4, E4), platelet-activating factor (PAF), and 

chemokines. CD4+ immune T cells have a protective function in cardiovascular disease, as most of them resident in 

heart tissue are T regulatory (Treg) cells that produce IL-10, an anti-inflammatory cytokine that opposes heart disease 

(18). CD4+ cell intervention improves diseased heart tissue through monocyte/macrophage regulation.  

In response to hypertensive insults, cardiovascular inflammation and neuroinflammatory processes can occur 

involving microglia which mediate the immune response in cooperation with neuronal cells and astrocytes. Glial cells 

are cells of mesodermal origin and non-neuronal cells of the nervous system. Glia is a word of Greek origin and means 

"glue" because these cells were thought to function only to hold the nervous system together. Glial cells are now 

known to play an important role in the nervous system such as astrocytes, which are glial cells responsible for 

regulating the levels of neurotransmitters, such as inflammatory substance P, around neurons (19). In addition, 

microglia, which are innate immune cells, are tissue-resident macrophages in the brain and perform their 

immunological function through phagocytosis, removing dead neurons and other harmful substances (Fig. 3). 
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Fig. 3. Inflammasone NLRP3 in hypertension activates macrophages to release caspase and therefore, IL-1, which 

mediate chronic inflammation and fibrosis involved in hypertension.  

In the nervous system, microglia also regulate synapses and the synthesis of myelin which surrounds neuronal 

axons. The cooperation between glial cells and neurons is important for a correct physiology of the nervous system.  

The activation of microglia can occur in neurological and cardiovascular diseases and by acting on the microglia 

it is possible to obtain an improvement in these pathological states. In fact, microglia have been shown to mediate 

inflammatory diseases, including cardiovascular diseases, demonstrating a relationship between cardiac, 

neuroinflammatory, and hypertension diseases. The activation of microglia and the cardiovascular system leads to the 

production of pro-inflammatory cytokines such as IL-1, TNF, IL-6, and various chemokines (20). The M2 

macrophage-like microglial phenotype produces anti-inflammatory cytokines such as IL-4 and IL-13 for tissue repair 

and healing. It is not yet known whether this population of M2 macrophage and microglial cells can generate the anti-

inflammatory cytokines IL-37, IL-38 or IL-1Ra. Neuroinflammation affects blood pressure; In fact, infectious states 

activate microglia which produce pro-inflammatory cytokines, an effect that can be attenuated by inhibiting microglia 

activation. These reactions demonstrate a clear connection between hypertension and microglia. It has been reported 

that in acute hypertension, the number of synapses in contact with microglia increases, while in hypotension, the 

microglia decrease the number of synapses (21). 

Microglia express the TLR4 receptor which can be activated by different antigens, resulting in an inflammatory 

response, a reaction that is downregulated by inhibiting TLR4. This demonstrates the importance of TLR4 in 

microglial cell response, hypertension, and cardiovascular disease, paving the way for therapeutic intervention. 

Myocardial infarction may also activate hypothalamic microglia with elevations of pro-inflammatory cytokines such 

as IL-1, IL-6, and TNF that activate the pituitary adrenal axis (22). Coronary injury with reperfusion also causes 

microglial activation, suggesting a connection between cardiac injury and microglial activation.  

In this article, we have shown the interrelationship between hypertension, vascular disease, and 

neuroinflammation, demonstrating that the human body works as an orchestra where each instrument plays together 

to perform the correct music. 
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