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Резюме: В настоящем обзоре представлены данные современных научных 

исследований, свидетельствующие об участии иммунной системы в регуляции 

артериального давления, рассматриваются механизмы нейро-иммунной 

регуляции сосудистого тонуса, эндотелиальной дисфункции и модуляции 

цитокинового статуса в патогенезе артериальной гипертензии. Авторами 

сформулирован вывод о предикторах формирования артериальной гипертензии  

и причинно-следственной роли иммунных и воспалительных реакций 

организма.  
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Xulosa: Tahliliy maqolada arterial gipertenziya patogenezida immun tizimining 

arterial qon bosimini boshqarishidagi o’rni, tomirlar tonusini boshqarishda neyro-

immun tizimi va endotelial disfunksiyaning ahamiyati, hamda sitokinlar 

modulyatsiyasi haqida zamonaviy tadqiqotlar natijalari yoritilgan. Mualliflar 

tomonidan arterial gipertenziya shakllanishi prediktorlari, ularning organizmdagi 

immun va yallig’lanish reaksiyalariga ta’siri haqida xulosa berilgan. 

Kalit so'zlar: arterial gipertenziya, immunitet, sitokinlar, endoteliy, yurak-qon-

tomir kasalliklari. 
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Resume: This review presents the data of modern scientific studies indicating 

the involvement of the immune system in the regulation of blood pressure, examines 

the mechanisms of neuro-immune regulation of vascular tone, endothelial 

dysfunction and modulation of cytokine status in the pathogenesis of hypertension. 

The authors have formulated a conclusion about the predictors of the formation of 

https://scientific-jl.com/wsrj


World scientific research journal 

 

https://scientific-jl.com/wsrj                                                    Volume-42_Issue-1_August-2025 82 

arterial hypertension and the causal role of immune and inflammatory reactions of the 

body.  

Key words: arterial hypertension, immunity, cytokines, endothelium, 

cardiovascular diseases. 

 

In recent years, data have been accumulating indicating the role of the immune 

system in the regulation of blood pressure (BP) and cardiovascular risk associated 

with hypertension. The first line of defense of the immune system involves an innate 

reaction and occurs very quickly. The second line of defense, namely adaptive 

immunity, is characterized by a belated, but very purposeful reaction. From the point 

of view of the development of arterial hypertension (AH), the interaction between 

these two components of the immune system seems to be significant [8,30].  

T-cell cytokines play a central role in the pathophysiology of cardiovascular 

diseases (CVD) and hypertension and contribute to damage to end organs [2;3]. One 

of the first identified and most well-characterized cytokines in relation to 

hypertension is interleukin (IL)-17. T-helper (Th) cells and their pro-inflammatory 

cytokine IL-17 play an essential role in hypertensive autoimmune diseases and 

endothelial dysfunction. In particular, CD4+ T cells of people with arterial 

hypertension produced a higher amount of IL-17A than the normotensive control 

CD8+ T cells produced a higher amount of interferon (IFN)-γ in patients with 

hypertension compared to the normotensive control [29].  

The naive CD4+ T cell, depending on the cytokine medium, is polarized to the 

phenotypes Th1, Th2, Th17 or T-regulators (T-reg). The Th1 phenotype is generated 

in the medium of IL-12 and IFN-γ, mainly secretes IL-2, tumor necrosis factor (TNF)-

α and IFN-γ. The Th2 phenotype is generated in the IL-4 medium and mainly secretes 

IL-4 and IL-10. The Th17 phenotype requires IL-6, IL-21, IL-23, transforming 

growth factor (TGF)-β and IL-1β; it is activated by aldosterone and secretes IL-17A, 

IL-17F, IL-21 and IL-22. The Treg phenotype is generated in the medium of TGF-β1 

with a low concentration of IL-6, and its anti-inflammatory activity is manifested by 

the secretion of immunosuppressive immune factors, such as IL-9, IL-10, TGF-β and 

cytotoxic T-lymphocyte antigen 4 (CTLA-4) and direct intercellular contact. Finally, 

cytokines often have overlapping functions, which is a problem in studies targeting 

individual cytokines to assess their role in hypertension and tissue damage. All these 

circumstances are responsible for the variability in the improvement of hypertension 

due to the suppression of specific cytokines [36,37].  

While pro-inflammatory cytokines such as IL-17, IFN-γ and TNF-α have a 

detrimental effect in the pathogenesis of hypertension, the role of anti-inflammatory 

IL-10 is protective. Adaptive immune responses mediated by both T-cells and B-cells 

play a key role in the development of hypertension and mediating damage to target 

organs. Activation of adaptive immunity, both T-cells and B-cells, is initiated at the 

early stages of the disease and makes a significant contribution to important 

pathogenetic changes due to the release of pro-inflammatory cytokines and 

antibodies. This leads to a change in the expression of the renal sodium transporter 

and vascular endothelium, as well as cardiac, renal and perivascular fibrosis. While 

these mechanisms have been well defined in animal models, there is less evidence 

available in humans. Undoubtedly, such a large amount of evidence justifies the 
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development of new antihypertensive strategies aimed at adaptive immunity of 

hypertensive mechanisms [25].  

The immune system acts through the release of cytokines - small molecules that 

are involved in the transmission of cellular signals. Cytokines are the main regulatory 

mediators of immunity and are ideal mediators in communication between the 

nervous and immune systems, given that cytokines can cross the hemato-encephalic 

barrier, as can some neuropeptides. A number of studies have described the role of 

neuropeptides and substance P, as well as a number of cytokines in the modulation of 

CAD. Supporting the possible participation of these molecules in the occurrence and 

maintenance of the hypertensive state. The ubiquitous expression of cytokines and 

substance P in peripheral organs and blood, as well as their ability to cross the hemato-

encephalic barrier, strongly indicate that these molecules act as messengers between 

the central nervous system (CNS), immune cells and the cardiovascular system, 

thereby contributing to blood pressure homeostasis [4]. 

The most intriguing innovation in the mosaic of mechanisms that have emerged 

in the last decade and contribute to the development of hypertension was the 

discovery that the components of innate and adaptive immunity are also involved in 

the development of hypertension [12].  

Although in the past, angiotensin II - one of the main factors affecting blood 

pressure levels-has already been described as the main trigger of inflammation in the 

blood vessels and kidneys, only 10 years ago it became clear that the activation of 

immunity with angiotensin II is a pathogenetic mechanism involved in the occurrence 

of hypertension, and not just a random effect of damage to target organs. The nervous 

system and the immune system have a common ability to perform the role of a 

gatekeeper at the junctions between the internal and external environment [6; 32].  

It is well known that immune organs are directly innervated by the autonomic 

nervous system. Abundant vegetative fibers, mainly sympathetic noradrenergic 

fibers, can be clearly recognized in both primary (bone marrow and thymus) and 

secondary (spleen and lymph nodes) lymphoid organs.  The available data confirm 

the idea that the sympathetic 

the nervous system regulates immune and inflammatory responses, with some 

reports describing activating roles and others suggesting mitigating actions. A major 

breakthrough in this field of research occurred at the stage when the 

neurophysiological basis of the inflammatory reflex was discovered. In general, the 

above considerations have supported for many years the idea that this may become a 

new way of regulating immune and inflammatory reactions by fine-tuning 

sympathetic innervation directed at immune organs [33].  

Understanding the causal role of immune and inflammatory reactions in 

hypertension has led to questions about the relationship between hypertension and 

autoimmunity. The immune pathology in primary hypertension mimics several 

autoimmune mechanisms observed in the pathogenesis of systemic lupus 

erythematosus, psoriasis, systemic sclerosis, rheumatoid arthritis and periodontitis. 

More importantly, the prevalence of hypertension in patients with these autoimmune 

diseases increases significantly compared to control populations. Inflammation and 

oxidative stress are linked in a self-perpetuating cycle that contributes significantly to 

vascular dysfunction and kidney damage associated with hypertension. The 
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infiltration of T cells, B cells, macrophages and NK cells into these organs is 

important for this pathology. Effector cytokines, such as IFN-γ, TNF-α and IL-17, 

affect the exchange of Na+/H+ in the kidneys. In blood vessels, they lead to 

endothelial dysfunction and loss of bioavailability of nitric oxide, as well as cause 

vasoconstriction. Both renal and vascular effects are partially mediated by the 

induction of enzymes that produce reactive oxygen species, such as superoxide anions 

that generate NADPH oxidases, and the dysfunction of antioxidant systems. These 

mechanisms have recently become important therapeutic targets of new treatment 

methods aimed at purifying the oxidative (isoleplandin) modification of Neo-

antigenic peptides [38].  

This relationship is confirmed by numerous studies that have revealed an 

increased content of inflammatory cytokines in the bloodstream in individuals with 

hypertension, including IL-6, TNF-α, IFN-γ and IL-17a [22;45].  

Inflammation makes an important contribution to the genesis of hypertension 

and associated damage to target organs. Inflammation is associated with increased 

vascular permeability and the release of powerful mediators, such as reactive oxygen 

species, NO, cytokines and metalloproteinases. Cytokines mediate the formation of 

Neo-intima (a new or thickened layer of arterial intima), thereby reducing the 

diameter of the lumen of resistant vessels (small arteries and arterioles, highly 

innervated by autonomic nerves and primary vessels involved in the regulation of 

blood pressure) and contributing to vascular fibrosis, leading to increased vascular 

resistance and stiffness. Cytokines also affect the function of the renal tubules, 

increasing the local synthesis of angiotensinogen and angiotensin II, as well as 

contributing to the retention of sodium and volume in hypertension.  

Matrix metalloproteinases stimulate the degradation of the extracellular matrix, 

providing the infiltration of immune cells through the vessel wall into the interstitium 

of the affected organs, promoting apoptosis and enhancing collagen synthesis and 

matrix deposition, which leads to damage to target organs. While animal data clearly 

show a link between inflammation and hypertension, data in humans is limited. There 

are associations between C-reactive protein, TNF and various IL and AH, but there is 

no direct connection [15; 31].  

The balance between the pro-inflammatory reactivity of T cells and the 

inflammatory suppression induced by T-reg cells determines the development of 

hypertension, which is demonstrated by the improvement of hypertension with 

adaptive transfer of T-regulatory cells in several animal models of hypertension. 

Disorders in both pro-inflammatory T cells and regulatory T cells are involved in 

hypertension-induced damage to target organs, since they regulate inflammatory 

processes in the kidneys and vascular system that underlie hypertension-induced 

kidney disease [31]. 

The degree of hypertension is closely related to the concentration of C-peptide 

and LDH in the blood. Therefore, the indicators of LDH and C-peptide can act as 

indicators of the prognosis of the severity of the severity of hypertension. In 

hypertension of the 2nd degree, the content of LDH in the blood determines the 

prognosis of the development of MS (prediabetes) and apoptosis of cells of internal 

organs, including the myocardium [28]. 
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The vascular endothelium, which is known to have been inflamed, will 

experience the process of extravasation, i.e. the displacement of white blood cells into 

the endothelial tissue. In the case of interaction of white blood cells with the 

endothelium, neutrophils are the first cells that are activated by an inflammatory 

reaction that causes the neutrophil to stick to the inflamed endothelium. IL-17, 

produced by Th-1 cells, activates the elimination of neutrophils. Whereas Interferon-

gamma, produced by Th-1 cells, activates macrophages and TNF, as well as 

chemokines, which are produced by T-lymphocytes and other cells, and participates 

in the excretion and activation of various types of white blood cells. Tissue damage 

occurs as a result of the production of lysosomal enzymes and pro-inflammatory 

cytokines [1]. 

Activation of the renin-angiotensin-aldosterone system (RAAS) is one of the 

important mechanisms contributing to the occurrence of endothelial dysfunction, 

vascular remodeling and hypertension. The frequency of remodeling associated with 

hypertrophy will cause an increase in the size of vascular smooth muscle cells and the 

accumulation of extracellular matrix proteins in smooth muscle, such as collagen, due 

to the activation of TGF-b [20].  

Some AH recognition receptors trigger a distinct pro-inflammatory mechanism 

that involves the synthesis of cytosolic protein complexes called inflammasomes. 

After the synthesis of inflammasomes, caspase-1 is activated, which, in turn, 

processes pro-inflammatory cytokines of the IL-1β and IL-18 families from their 

inactive forms into active forms. Cell damage increases extracellular ATP, which, in 

turn, serves as a danger signal, which ultimately stimulates the release of IL-1[43].  

The concept related to CAD and hypertension is immune aging. After thymus 

involution in early adulthood, naive T cells decrease, and memory cells, especially 

effector CD8+ memory T cells, increase. This is partly due to recurrent and / or 

persistent viral infections. After repeated divisions, these cells adopt an senile 

phenotype characterized by shortening of telomeres, loss of co-stimulating factors 

CD27 and CD28, and an increase in the surface marker CD57. Due to the lack of co-

stimulating receptors, aging T cells are unable to activate classically. Nevertheless, 

these cells demonstrate a state of persistent pro-inflammatory activation, producing 

IFN-γ, IL-6 and TNF-α. Aging CD8+ T cells also produce a large amount of cytotoxic 

granzyme. Aging T cells were extracted from the atherosclerotic plaques of people 

with unstable angina, and rheumatoid arthritis was associated with premature aging 

of T cells and the accumulation of aging T cells in the synovial membrane. Recently, 

Younetal found that relatively young people with hypertension increase the number 

of circulating CD8+ T cells that are deficient in CD28 and produce excess IFN-γ, 

perforin and granzyme. The contribution of these cells to human hypertension has yet 

to be determined, but their cytokine production profile indicates that they may play a 

crucial role. There is substantial evidence that IL-6 contributes to the development of 

hypertension. IL-6 levels correlate with blood pressure in individuals with 

hypertension and decrease during treatment with angiotensin II receptor blockade. 

This direct effect of IL-6, together with its ability to shift T cells from the regulatory 

phenotype to IL-17-producing cells, is probably important in hypertension [23].  

IL-1 enhances sympathetic activation, leading to systemic vasoconstriction, 

which worsens sodium natriuresis. Similarly, the infusion of exogenous IL-1 in the 
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systemic or pulmonary vascular system increases hypertensive reactions. Zhang and 

his colleagues found that IL-1R1 deficiency or its blockade blunts sodium retention 

in the large ascending intestine and thereby weakens angiotensin II-induced 

hypertension. Activation of IL-1R1 stimulates the maturation of myeloid cells, which 

inhibit sodium retention, producing NO [42; 46].  

Future studies will need to investigate exactly how to disrupt these actions of IL-

1 to weaken cardiovascular damage without increasing susceptibility to infection [41].  

IFN is produced by T cells and macrophages, regulating and marking Th1 

differentiation and activating myeloid cells and B lymphocytes, restricts natriuresis. 

However, blockade targeting the IFN 1 receptor (IFNGR1) did not reduce Ang II-

dependent hypertensive reactions, suggesting that the IFN 2 receptor (IFNAR2) plays 

an important role in the regulation of sodium retention. Nevertheless, inhibition of 

IFN R1 does prevent the progression of tubulointerstitial inflammation in 

angiotensin-dependent hypertension [42; 7, 19, 35].  

TGF-β is a key factor in renal fibrosis in RAAS-associated hypertension. TGF-

β enhances renal fibrosis by inhibiting the activation of matrix metalloproteinases that 

increase deposition extracellular matrix. Infusion of exogenous TGF-β1 or TGF-β2 

contributes to kidney fibrosis, albuminuria and increases blood pressure, possibly 

causing vascular dysfunction and / or increased sodium retention. Chronic infusion of 

AngII increases the level of TGF-β in the blood serum. Conversely, TGF-β generated 

by T-reg interacts with IL-10 to attenuate hypertensive reactions by suppressing the 

activation of T-effector lymphocytes.  In hypertension, the exact effect of TGF-β on 

renal function may depend on the origin and concentration. Future studies will need 

to investigate exactly how to disrupt the signaling of TGF-β [36; 42]. 

IL-17A is produced by CD4+ T cells and plays an important role in infections 

and autoimmune diseases. IL-17A enhances the production of pro-inflammatory 

cytokines and chemokines that stimulate the cellular immune response [13; 16]. 

In patients with hypertension, the level of serum IL-17 is significantly increased 

compared to healthy people. Similarly, chronic angiotensin II infusion stimulates the 

production of IL-17 and increases the expression of IL-17 inside the vessel wall. 

Infusion of exogenous IL-17 increases hypertensive reactions and endothelial 

dysfunction. A deficiency or blockade aimed at IL-17A, but not IL-17F, reduces the 

increase in blood pressure and kidney inflammation in angiotensin II-dependent 

hypertension. However, non-specific inhibition of IL-17 causes a neutral or harmful 

effect on renal function in hypertension [35].  

IL-10 is an anti-inflammatory cytokine and is produced by Th2-lymphocytes, T-

reg, mast cells and monocytes. IL-10 weakens the production of pro-inflammatory 

cytokines and chemokines [5].  

In rats, infusion of exogenous IL-10 weakens proteinuria, endothelial damage 

and increased blood pressure during pregnancy-induced hypertension. IL-10 

deficiency exacerbates damage to the microvascular endothelium and an increase in 

blood pressure, stimulating NADPH oxidase signaling [14,21,39].  

As an additional support for the role of CD8+ T cells in arterial hypertension, 

Sunetal. Recently, it was shown that these cells express the mineralocorticoid receptor 

(MR) and that this T-cell receptor plays an important role in systemic hypertension. 

It was found that MR, which is a nuclear protein, complexes with the nuclear factor 
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of activated T cells 1 (NFAT1) and with activating protein 1, stimulating the 

production of IFN-γ by CD8+ T cells, and that a specific deletion of the MR receptor 

in T cells causes a sharp decrease in blood pressure and damage to the kidneys and 

blood vessels, caused by angiotensin II. On the contrary, overexpression of MR in T 

cells worsened hypertension. Eplerenone, a widely used antagonist of MR receptors, 

prevented the production of IFN-γ by CD8+ T cells in hypertension [26].  

Macrophages are immune cells that contribute to innate immunity. They activate 

the nuclear factor of activated B cells (NF-kB) of the signaling pathway, which leads 

to the release of cytokines such as IL-6 and TNF-α [3].  

IL-6 leads to the formation of C-reactive protein, which is a biomarker of 

inflammation. The C-reactive protein, on the one hand, causes Th1 together with 

liposomes, and on the other hand, activates FcyRI and causes the differentiation of 

Th2 together with phosphatidylcholine. However, as the secretion of inflammatory 

factors (such as cytokines) increases in CVD, further differentiation of Th1 cells 

occurs, causing inflammation due to the production of pro-inflammatory cytokines 

and stimulation of immune cells [40; 44].  

Conclusion 
1. Sodium retention in the body, as the main link of arterial hypertension, is a 

cytokine-dependent mechanism and the study of the mediated chain effect of 

cytokines is paramount. Meanwhile, taking into account the recent results that sodium 

retention stimulates the production of pro-inflammatory cytokines by T-lymphocytes 

and macrophages, therapy that combines diuretics together with anti-inflammatory 

drugs reduces the risk of renal and cardiovascular damage in patients with 

hypertension. 

2. Endothelial dysfunction as a predictor of metabolic syndrome and 

cardiovascular diseases develops with a deficiency of nitric oxide (NO) produced by 

macrophages. Pro-inflammatory macrophages, Th1 and Th17 cells increase kidney 

damage and hypertensive reactions, producing TNF-α, IL-17A, IL-1 and IFN, which 

in turn reduces sodium transport in the large ascending intestine and renal blood flow, 

thereby causing endothelial dysfunction.  

3. The protective angioprotective function of IL-10 is to weaken the production 

of pro-inflammatory cytokines and chemokines, as well as the binding of TGF-β 

generated by T-reg, and thereby inhibit the profibrotic function leading to renal 

fibrosis. IL-10 deficiency exacerbates damage to the microvascular endothelium and 

an increase in blood pressure, stimulating the signaling of NADPH oxidase. However, 

the effect of IL-10 on systemic vascular resistance and / or renal sodium regulation is 

still not fully understood. 
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