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Abstract. Due to the emergence of a large number of studies on the role of the renin-angiotensin system (RAS) in 
the mechanisms of the development of malignant tumors, it seems very relevant to structure these data within the 
framework of the integral concept of D. Hanahan and R. Weinberg “The Hallmarks of Cancer”. It turns out that the 
renin-angiotensin system plays a significant role in the genesis of almost all “The Hallmarks of Cancer” mainly through 
the activation of the ACE (angiotensin-converting enzyme) / Ang II (angiotensin II)/ATR1 (angiotensin II receptors type 
1) axis and renin/prorenin receptors (PRRs), which increase tumor-associated inflammation. Activation of transcription 
factors NFκB and STAT-3 plays a primary role here. In addition, due to the presence of angiotensin II receptors on 
lymphocytes and macrophages, RAS may be directly involved in modulating of the immune response. Localization 
of intracellular RAS receptors on mitochondria allows this system to participate in changing the metabolism of tumor 
cells. The relationship of RAS with the mechanisms of cellular aging has also been revealed. It has been shown that 
RAS interacts with the microbiome. At the same time, the opinion about the unequivocal oncoprotection of the ACE 
2 (angiotensin-converting enzyme 2) / Ang (1-7) (angiotensin 1-7) / MasR (Mas receptors) axis seems to be not fully 
justified. The complexity of the structure of the RAS, its relationship with the kallikrein-kinin system and the complement 
system, the dynamic nature of the tumor process, and the extremely high phenotypic plasticity of tumor cells can lead 
to ambiguous effects on this system, which is confirmed by contradictory clinical data. In the experiment, a number of 
very encouraging results have already been obtained from the use of angiotensin II receptor blockers and ACE inhibitors 
in hepatocellular carcinoma, myeloid leukemia, prostate cancer, lung cancer, ovarian cancer, glioblastoma, and other 
tumors. Further research of the role of RAS in the mechanisms of tumor development opens up new opportunities for 
the use of drugs that affect this system in oncological practice.
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Резюме. В связи с появлением большого количества исследований, посвященных роли ренин-ангиотензино-
вой системы (РАС) в механизмах развития злокачественных опухолей, весьма актуальным представляется 
структурирование этих данных в рамках интегральной концепции D. Hanahan и R. Weinberg «The Hallmarks of 
Cancer» («Ключевые признаки рака»). Выясняется, что ренин-ангиотензиновая система играет существенную 
роль в генезе практически всех «ключевых признаков рака» в основном за счет активации оси АПФ (ангиотен-
зин-превращающий фермент) / Анг II (ангиотензин II)/ATR1 (рецепторы ангиотензина II 1-го типа) и рецепторов 
ренина/проренина (PRR), усиливающих ассоциированное с опухолью воспаление. Первостепенную роль здесь 
играет активация транскрипционных факторов NF-κB и STAT-3. Кроме этого, за счет наличия рецепторов 
ангиотензина II на лимфоцитах и макрофагах, РАС может непосредственно участвовать в модулировании 
иммунного ответа. Локализация рецепторов внутриклеточной РАС на митохондриях позволяет этой системе 
участвовать и в изменении метаболизма опухолевых клеток. Выявлены и взаимосвязи РАС с механизмами 
клеточного старения. Показано, что РАС взаимодействует с микробиомом. В то же время мнение об однозначной 
онкопротективности оси АПФ2 (ангиотензин-превращающий фермент 2) / Анг (1-7) (ангиотензин 1-7) / MasR (Mas 
рецепторы) представляется не вполне оправданным упрощением. Сложность устройства РАС, ее взаимосвязи 
с калликреин-кининовой системой и системой комплемента, динамический характер опухолевого процесса и 
чрезвычайно высокая фенотипическая пластичность опухолевых клеток могут приводить к неоднозначным 
эффектам при воздействии на эту систему, что и подтверждается противоречивыми клиническими данными. 
В эксперименте уже получен ряд весьма обнадеживающих результатов применения блокаторов рецепторов 
ангиотензина II и ингибиторов АПФ при гепатоцеллюлярной карциноме, миелоидном лейкозе, раке простаты, 
раке легкого, раке яичника, глиобластоме и других опухолях. Дальнейшее изучение роли РАС в механизмах 
развития опухолей открывает новые возможности для применения лекарственных препаратов, влияющих на 
эту систему, в онкологической практике.
Ключевые слова: ренин-ангиотензиновая система, ключевые признаки рака, злокачественные опухоли, 
воспаление
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INTRODUCTION

The study of mechanisms of carcinogenesis and pro-
gression of malignant tumors is still a very relevant and 
complex task in the XXI century. On the one hand, this is 
due to the high prevalence of oncological pathology and 
the high mortality rate from a number of oncological dise-
ases [1]. On the other hand, paradoxically, this is due to 
the progress of oncology, characterized by an exponential 
accumulation of a huge amount of clinical and experimen-
tal data addressing various aspects of the tumor process. 
In particular, according to the bibliometric analysis, in the 
last decade, many publications have appeared investiga-
ting the role of the RAS (renin-angiotensin system) and 
drugs that block and inhibit individual links of this system 
in the mechanisms of cancer development [2, 3]. These 
data should be analysed in accordance with an integral 
concept, which can evaluate the role of the RAS in the 
development of oncological process and its progression. 
In our opinion, “The Hallmarks of Cancer” [4–7] can be 
used as such a concept.

BASIC PRINCIPLES OF THE CONCEPT 
“THE HALLMARKS OF CANCER”

A classic figure in Russian experimental oncology, 
L.M. Shabad, noted back in the first half of the XX century 
that “tumors represent a biological problem” and empha-
sized the importance of “characterizing the problem of tu-
mors as a whole” [8]. As if to confirm his words, in 2000, 
the journal Cell published an article by two biologists stud-
ying oncology, Douglas Hanahan and Robert Weinberg, 
entitled “The Hallmarks of Cancer” [5]. Despite the trivial 
title the article was a conceptual work summarizing ideas 
about fundamental properties of malignant tumors and 
mechanisms underlying the acquisition and manifestation 
of these properties. Having generated a wide response 
(more than 50,000 citations and 118,000 downloads, ac-
cording to the journal Cell, www.cell.com), and apparently 
meeting the expectations of many scientists, this work 
was continued in the form of two publications in 2011 and 
2022 with the corresponding titles: “Hallmarks of cancer: 
The Next Gene ration” and “Hallmarks of Cancer: New Di-
mensions” [6, 7]. These publications caused no less wide 
resonance, including among domestic oncologists [9, 10]. 
It became possible to talk about a full-fledged scientific 
research program (in the sense that the outstanding phi-
losopher of science I. Lakatos gave to this term [11, 12]), 
opening up prospects for studying the mechanisms of the 
tumor process and identifying new targets for antitumor 
therapy. From the point of view of pathophysio logy, “The 

Hallmarks of Cancer” is a synthesis of the most signifi-
cant studies and theories that reveal various aspects and 
mechanisms of the tumor process, and allows not only 
oncologists, but also doctors of other specialties to ob-
tain a more multifaceted and structured understanding of 
this typical pathological process. Let us briefly consider 
the main provisions of the concept of D. Hanahan and R. 
Weinberg.

“The Hallmarks Of Cancer” are considered as a set of 
pro perties that are acquired by human cells during neopla-
stic transformation and tumor progression and are the most 
significant and common to all types of malignant tumors. 
Based on the results of three publications, the following 
were added to the list of hallmarks of cancer:
1) self-sufficiency in growth signals, due to the produc-

tion of growth factors by the tumor and its microen-
vironment, increased expression of growth factor re-
ceptors, and activation of intracellular signaling path-
ways;

2) evading growth suppressors;
3) resisting cell death;
4) enabling replicative immortality;
5) support of angiogenesis and providing the access to the 

vessels;
6) invasive growth and metastasis;
7) reprogramming of cell metabolism, including the War-

burg effect;
8) avoidance of immune destruction;
9) phenotypic plasticity of tumor cells;
10) presence of senescent cells both in the tumor itself and 

in its microenvironment.
Authors identified four main mechanisms, causing 

the development of the above-mentioned hallmarks 
(Fig. 1):
1) genomic instability and mutations that ensure self-sus-

taining growth, blockade of apoptosis, unlimited repli-
cation and, in general, are an important mechanism of 
tumor evolution;

2) inflammation that enhacnes angiogenesis, production of 
growth factors, genomic instability, avoidance of immune 
destruction, invasive growth and other manifestations of 
the tumor process;

3) non-mutational epigenetic reprogramming that ensures 
phenotypic plasticity of the tumor, in particular, the epi-
thelial-mesenchymal transition, which is extremely im-
portant for metastasis;

4) a polymorphic microbiome, present not only in the gas-
trointestinal tract, but also in other barrier tissues, affec-
ting the immune response, proliferative potential, inflam-
mation, genomic instability and other properties of the 
tumor.
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In contrast to reductionist ideas that view a tumor as a 
collection of relatively homogeneous cancer cells, according 
to the concept of D. Hanahan and R. Weinberg, a malignant 
tumor is viewed as a pathological organ [13], formed in the 
course of pathological evolution occurring inside the human 
body in tumor tissue and combining the principles of Dar-
winism and Lamarckism [14]. This organ conteins not only 
different cancer cells, showing very high phenotypic plasti-
city, but also cells of the so-called tumor microenvironment: 
tumor-associated fibroblasts, macrophages, immune cells, 
endothelium, pericytes, myeloid precursors, and senescent 
cells. A tumor reprograms tumor microenvironment cells, 
using them to increase proliferation, stimulate angiogenesis, 
avoid immune destruction, and facilitate invasive growth and 
metastasis [15]. Thus, the tumor behaves as a multicellular 
parasitic organ, using physiological regulatory mechanisms, 
such as epigenetic reprogramming, immune surveillance, 
aging, autophagy and a number of typical pathological pro-
cesses, primarily chronic inflammation, especially its proli-
ferative component, in its pathologically parasitic interests. 
The articles by D. Hanahan and R. Weinberg do not mention 
the RAS. However, a number of clinical and experimental 
data indicate a possible role of this system in the mecha-
nisms of tumor growth and progression [16, 17]. It is ap-
propriate to understand these data in light of the concept of 
“The Hallmarks of Cancer”.

BRIEF DESCRIPTION OF THE STRUCTURE 
AND FUNCTIONS OF THE RENIN-ANGIOTENSIN SYSTEM

The renin-angiotensin system is a universal regulatory 
system of the body with both short-term and long-term, as 
well as systemic and local effects. Short-term systemic ef-
fects of RAS are associated with the regulation of Na+ and 
water reabsorption in the kidneys, circulating blood volume 
and systemic arterial pressure, long-term effects are asso-
ciated with changes in proliferative activity and apoptosis, 
angiogenesis, regulation of the immune response and in-
flammation. According to modern concepts, RAS is consi-
dered a multi-level and dual-axis system [18]. The synthe-
sis of all its components is carried out both at the systemic 
level (renin in the juxtaglomerular apparatus of the kidneys, 
angiotensinogen in the liver, ACE (angiotensin-converting 
enzyme) in the vessels of the lungs) and at the local tissue 
level. A number of studies have shown that almost all com-
ponents of RAS can be produced locally in various organs, 
including the heart, blood vessels, kidneys, liver, brain, pan-
creas, prostate, placenta, lungs, adipose tissue, eyes, etc. 
[19]. Some studies have also reported the pre sence of an 
intracellular RAS alongside the tissue RAS [20]. Intracel-
lular synthesis and functional activity of AngII (angioten-
sin II), renin and other components of RAS were detected 
in a number of cells, including fibroblasts, vascular smooth 

Fig. 1. The main mechanisms enabling the genesis of the hallmarks of cancer
Рис. 1. Основные механизмы, обусловливающие появление ключевых признаков рака
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 muscle cells, cardiomyocytes, kidney and adrenal cells, 
neurons [21–23]. Receptors such as ATR1 (angiotensin 
II receptors type 1), ATR2 (angiotensin II receptors type 2), 
MasR (angiotensin receptors (1–7)) are located not only on 
the plasma membrane of cells, but also intracellularly on 
the membrane of mitochondria, the cell nucleus, and in the 
sarcoplasmic reticulum [22, 24–26]. Thus, the structure of 
RAS can be described as following a fractal principle [27]. 
Tissue RAS regulates the blood supply to individual organs, 
are able to influence their structure, in particular, stimulate 
angiogenesis, fibroplasia, hypertrophy and hyperplasia pro-
cesses, take an active part in the regulation of inflammation 
and modulate the activity of immune system cells, and influ-

ence the energy metabolism of cells [18, 20, 28]. Intracellular 
RAS plays a key role in regulating ion channels function, tis-
sue (mitochondrial) respiration, mobilization of Ca from the 
sarcoplasmic reticulum, and secretion of extracellular matrix 
components [22]. While tissue RASs mainly work synergis-
tically with circulatory RASs, intracellular RASs rather have 
buffering properties, counteracting excessive activation of 
one or another axis under physiological conditions [22].

Two axes are found in the RAS: the classical and al-
ternative, which have opposite effects [19, 20, 21] (Fig.2). 
The classical axis is presented by well-known compo-
nents: renin, which cleaves angiotensinogen to angiotensin I 
(Ang I); ACE, which converts Ang I to Ang II, and angiotensin 

Fig. 2. Diagram of the renin-angiotensin system: ACE, ACE-2 — angiotensin converting enzyme 2; AP-A — aminopeptidase A; AP-M — 
aminopeptidase-M; AT1,2,4 R — angiotensin receptors of the types 1,2,4 respectively; MasR — Mas-receptor; MrgdR — Mrgd-
receptor

Рис. 2. Схема ренин-ангиотензиновой системы: АПФ, АПФ-2 — ангиотензин-превращающий фермент 2; АП-А — аминопептида-
за А; АП-М — аминопептидаза М; АТ1,2,4 Р — рецепторы к ангиотензину 1, 2 и 4-го типа соответственно; Mas-Р — Mas-ре-
цептор; Mrgd-P — Mrgd-рецептор
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II receptors (ATR1 and ATR2), which mediate opposite effects. 
It is important to note that in the adult body, ATR1 receptors 
predominate. Their activation causes vasoconstriction, Na re-
tention, aldosterone secretion, increased sympathetic tone, 
cellular proliferation, inflammation, fibrosis, angiogenesis, and 
thrombosis. The classical axis also includes minor metabo-
lites — Ang III and Ang IV. Ang III is formed from Ang II under 
the action of aminopeptidase A and has effects similar to those 
of Ang II mediated through the ATR1 and ATR2 receptors. 
Ang IV is formed from Ang III under the action of aminopepti-
dase M, binds to IRAP/ATR4 (insulin-regulated aminopepti-
dase receptor) and mediates pro-inflammatory effects (Fig. 2).

The key components of the alternative axis are ACE2 
(angiotensin-converting enzyme 2), which converts Ang II 
into angiotensin (1-7) (Ang (1-7)). Ang-(1-7) interacts with 
MasR receptors, mediating effects such as: anti-inflamma-
tory effects (due to decreased activity of the transcription 
factor NF-κB), vasodilation (due to increased NO produc-
tion), reduced oxidative stress, decreased proliferative acti-
vity, reduced fibrosis, and antithrombotic effects [29, 30, 31]. 
Alamandine can be formed from Ang-(1-7), interacting with 
MrgD receptors, causing antiproliferative and vasodilating 
effects [32] (Fig. 2). In cardiology, the classical axis is con-
ventionally considered cardiopathogenic, while the alterna-
tive axis is considered cardioprotective [18, 29, 32].

In addition, it is important to mention the presence of 
prorenin/renin receptors (PRR), expressed in the tissues of 
the cardiovascular system, brain, placenta, liver, kidneys, as 
well as on monocytes and T-lymphocytes. These receptors 
activate renin and mediating pro-inflammatory effects and 
proliferative signals by activating a number of signaling cas-
cades (MAPK, ERK, Wnt) [33, 34].

The RAS is closely related to the kallikrein-kinin system 
and the complement system. ACE and ACE2 are both kini-
nases that cleave bradykinin and des-Arg-bradykinin, re-
spectively. Renin is capable of participating in the activation 
of the complement system. Thus, RAS is associated with 
the plasma sentinel polysystem, i.e. with plasma inflamma-
tory mediators [35]. 

In pathological conditions, RAS imbalance is of great im-
portance in the pathogenesis of arterial hypertension, heart 
failure, renal diseases, diabetes mellitus, obesity, and some 
infections, such as COVID-19 [19, 27, 36]. Drugs that inhibit 
RAS are among the most frequently prescribed in therapeu-
tic, cardiological, and nephrological practice [37, 38].

THE ROLE OF RENIN-ANGIOTENSIN SYSTEM 
IN THE GENESIS OF “THE HALLMARKS OF CANCER”

According to the concept of D. Hanahan and R. Weinberg, 
one of the important driving mechanisms of malignant tumor 

growth is chronic inflammation. Rudolf Virchow, the founder of 
cellular pathology, was the first to note the possible relationship 
between inflammation and cancer [39, 40]. Subsequently, many 
researchers, including domestic ones [8, 41–43], studied this 
topic, revealing the ambiguity and complexity of the relation-
ship between inflammation and tumor growth, noting that acute 
inflammation with pronounced alteration may rather play onco-
protective role, while chronic inflammation with a pronounced 
proliferative component can contribute to tumor progression.

The level of modern pathology allows us to evaluate mo-
lecular mechanisms of association between inflammation 
and tumor growth. S. Grivennikov et al. [44] highlight five 
aspects of the pathogenetic relationships between tumor 
growth and inflammation: 1) many inflammatory mediators 
and cytokines are growth and survival factors, stimulating 
the proliferation and survival of malignant cells; 2) inflamma-
tory mediators, such as IL-1, activate oncogenic transcrip-
tion factors NF-κB and STAT-3, while oncogenes such as 
Ras and Myc can, in turn, initiate an inflammatory response, 
enhancing the production of a number of cytokines, in par-
ticular IL-6; 3) tumor-associated inflammation can suppress 
the antitumor immune response and reprogram immune 
cells; 4) inflammation can induce angiogenesis; 5) inflam-
mation can stimulate invasive growth and metastasis.

The imbalance of RAS in tumor tissue can be considered 
as one of the important mechanisms linking inflammation and 
tumor growth. The study of local expression of different RAS 
components, primaliry ATR1, has been carried out in more 
than 30 types of malignant tumors, including such common 
ones as colorectal cancer, gastric cancer, prostate cancer, 
breast cancer, ovarian cancer, and lung cancer [2]. It turned 
out that aberrant expression of RAS components, different 
from normal tissues, is characteristic of the vast majority of 
tumors studied. The imbalance of RAS components, detected 
both in tumor cells themselves and in tumor microenviron-
ment cells (tumor-associated macrophages, fibroblasts, regu-
latory T-lymphocytes (Tregs), endothelial cells), usually leads 
to excessive activation of the ACE/Ang II/ATR1 axis and in-
sufficient effects of the ACE2/Ang (1-7)/MasR axis [2, 17].

RAS receptors, such as ATR1, ATR2, MasR, and 
MrgD, belong to the family of G protein-coupled receptors 
 (GPCRs). This is the largest family of signaling receptors, 
with about 900 types. GPCRs interact with various ligands: 
thrombin, endothelin, bombesin, gastrin, prostaglandin E2 
(PGE2), thromboxane A2 (TxA2), Ang II and its derivatives, 
bradykinin, etc. [45]. Ligands of these receptors activate 
a number of intracellular signaling cascades, including 
mitogen-activated protein kinases (MAPKs). MAPKs regu-
late the activity of transcription factors and other regulatory 
proteins. This is accompanied by a change in the expres-
sion of the corresponding genes that regulate proliferative 
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activity, differentiation, migration, growth, apoptosis and cell 
survival both under physiological conditions and in various 
pathologies [46]. Activation of the ACE/Ang II/ATR1 axis 
stimulates some signaling pathways, leading to activation 
of transcription factors such as NF-κB and STAT-3 [17, 45, 
47]. Moreover, stimulation of ATR1 leads to transactivation 
of epidermal growth factor receptors (EGFR) [16].

Activation of the transcription factor NF-κB leads to in-
creased synthesis of angiogenesis stimulators — vascular 
endothelial growth factor (VEGF) and IL-8; growth factors — 
granulocyte-macrophage colony-stimulating factor (GM-CSF) 
and IL-6; anti-apoptotic factors BCL-XL and  c-FLIP; factors 
promoting invasive growth — MMP-2, MMP-7, MMP-9 (ma-
trix metalloproteinases 2, 7 and 9, respectively), uPA (uroki-
nase); inflammatory enzymes COX-2 (cyclooxygenase-2), 
LOX (lipoxygenase), iNOS (inducible nitric oxide synthase); 
chemokines CCL2, CCL20, IL-8; pro-inflammatory cytokines 
such as IL-1, IL-6, IL-23, TNFα, TGFβ (transforming growth 
factor β), EGF (epidermal growth factor); cell cycle regulators 
(cyclin D1, c-Myc); cell adhesion molecules (ICAM-1, ELAM-1, 
VCAM-17) [48]. NF-κB plays a key role in the mechanisms of 
inflammation and largely determines the pathogenetic links 
between inflammation and tumor growth. Its activation has 
been detected in more than 50% of all types of cancer [39, 
44]. In an experimental model of hepatocellular carcinoma 
in mice induced by diethylnitrosamine, ATR1 inhibition sup-
pressed tumor development by inactivating NF-κB [49].

At the same time, scientists also point to some antitumor 
effects of NF-κB, which are realized primarily in the cells of the 
immune system due to increased production of antitumor cyto-
kines such as IL-12 and IFN-γ (interferon γ) [48]. In contrast to 
the ambivalent effects of NF-κB, activation of the transcription 
factor STAT-3, which can also be caused by stimulation of ATR1 
receptors of the RAS [45], is considered to definitively enhance 
tumor growth, since in addition to stimulating the synthesis of 
cytokines, proangiogenic factors, growth factors and their re-
ceptors. It causes the expansion of Treg and Th17 (T-helper 17), 
thereby weakening the antitumor immune response [48].

Oxygen free radicals (OFR) and NO are important me-
diators of inflammation [50] and play a significant role in the 
pathogenetic relationships between inflammation and tumor 
growth. OFR and reactive nitrogen species produced by 
tumor cells and their microenvironment can damage DNA 
and disrupt its repair, increasing the genomic instability of 
tumor cells, modify oncoproteins, in particular p53, and in-
hibit apo ptosis, cause epigenetic changes, suppress the im-
mune response, and enhance angiogenesis and metastasis 
[48, 51, 52]. Ang II stimulates OFR production via ATR1 by 
activating NAD(P)H oxidases [53].

Thus, the RAS imbalance in tumor tissue and its micro-
environment with the predominance of the effects of the Ang 

II/ATR1 axis enhacnes pathogenetically tumor-associated 
chronic inflammation. It results in tumor growth stimulation, 
decreased apoptosis, increased angiogenesis, reprogram-
ming of the tumor microenvironment (immune cells, tumor-
associated fibroblasts), increased collagen production, 
which causes hypoxia and activation of the transcription fac-
tor HIF (hypoxia-induced factor). This is important for both 
the inflammation progress and metabolism reprogramming 
of tumor cells, immune cells and increased angiogenesis.

Many researchers note the procarcinogenic role of ATR1 
receptors and the oncoprotective role of ATR2, MasR, Mrgd, 
apparently largely using the analogy with their cardiopatho-
genic pro-inflammatory and cardioprotective anti-inflamma-
tory properties, respectively [16, 17]. However, the first study 
demonstrating the involvement of GPCR in oncoge nesis 
was published in 1986 and concerned the Mas oncogene 
(encoding MasR), the excessive activation of which caused 
tumor transformation in fibroblast cell culture and in “nude 
mice” [54, 55]. Although many modern resear chers point to 
the oncoprotective role of the ACE2/Ang (1-7)/MasR axis, 
which reduces proliferation and enhacnes apoptosis [17], 
a number of publications indicate that activation of this and 
the related alamandin/MrgdR axis can enhance invasive 
growth and metastasis of renal cell carcinoma [56–58], non-
small cell lung cancer [59, 60], and correlates with a poor 
prognosis in melanoma and breast cancer [61].

Prorenin/renin receptors (PRR) play a significant role 
in tumor development [17]. An increase in the expression 
of these receptors, correlating with the severity of tumor 
growth and progression, has been found in a number of tu-
mors: pancreatic ductal adenocarcinoma [62], glioblastoma 
[63], breast cancer [64], colorectal cancer [65], endometrial 
cancer [66], and kidney tumors [67]. Stimulation of PRR is 
associated with activation of several intracellular signalling 
pathways (cascades), including PI3K/AKT/mTor and Wnt/
β-catenin, which enhance tumor-associated inflammation 
and tumor cell proliferative activity [68]. Additionally, it was 
shown that intracellular PRR can enhance autophagy pro-
cesses, which may be beneficial to the tumor as a protective 
mechanism against intracellular stress [67, 69]. In an in vitro 
experiment, the use of aliskiren resulted in a decrease in 
the proliferative activity of renal cell carcinoma cell lines [70].

A key feature of malignant tumors is the avoidance of 
immune destruction. The impact of RAS imbalance on the 
immune system can be both indirect and direct. The indi-
rect effect is due to tumor-associated chronic inflammation, 
which contributes to a decrease in the activity of CTL (cyto-
toxic T lymphocyte) and NK (natural killer cells), the main 
weapon of antitumor defense, due to increased production 
of OFR, fibrosis (caused by increased production of TGF-β), 
hypoxia and acidosis [39, 71, 72]. The direct influence is 



ОБЗОРЫ 57

 РОССИЙСКИЕ БИОМЕДИЦИНСКИЕ ИССЛЕДОВАНИЯ ТОМ 10   № 2   2025 ISSN 2658-6576 (Online)

associated with the presence of ATR1 on T-lymphocytes and 
tumor-associated macrophages and fibroblasts and immu-
nosuppressive effects carried out via the ACE/Ang II/ATR1 
axis [73]. Activation of this axis also promotes the produc-
tion of chemoattractants, in particular MCP-1 (monocyte 
chemoattractant), which promotes the recruitment of mac-
rophages into the tumor microenvironment, enhancing tumor 
growth, angiogenesis and metastasis [2, 74, 75] and MDSCc 
(myeloid- derived suppressive cells), which suppress the anti-
tumor immune response [52, 76]. In an experiment on mice, 
into which colorectal carcinoma cells with minimal expression 
of RAS components were transplanted, the administration of 
Ang II receptor blockers (ARBs) valsartan and candesartan 
increased the antitumor activity of T lymphocytes and re du-
ced the immunosuppressive effects of MDSC, tumor-associ-
ated macrophages (TAM) and fibroblasts (CAF). The greatest 
effect was achieved by combination therapy of ARBs + PD-1/
PD-L1 blockade (immune checkpoint blockade) [77].

According to D. Hanahan and R. Weinberg, an important 
driving mechanism of tumor growth is the polymorphic microbi-
ome. In particular, it is known that Helicobacter pylori plays an 
important role in the development of gastric cancer, although 
the pathogenetic mechanisms of this influence are not entirely 
clear [78]. A number of studies have shown that Helicobacter 
pylori infection enhacnes the expression of tissue RAS compo-
nents (Ang I, Ang II and its receptors, ACE) in the gastric muco-
sa in humans and experimentally in Mongolian gerbils, which 
leads to increased tumor growth and progression through the 
mechanisms described above [78, 79]. RAS imbalance with 
hyperactivation of the Ang II/ATR1 axis, in turn, can lead to 
changes in the gut microbiota, which affects the immune re-
sponse and inflammation [80–83]. Thus, we can talk about a 
complex mutual influence of RAS and the microbiome [80].

One of the key features of cancer is the reprogram-
ming of cellular metabolism. Intracellular RAS, due to the 
pre sence of ATR1 and ATR2 receptors on mitochondria, 
regulation of Ca release from the cytoplasmic reticulum, 
activation of oxidases and production of SCR, can play a 
significant role in the genesis of this feature [22, 25].

Cellular senescence, previously considered rather an on-
coprotective mechanism, is now recognized as one of the key 
signs of cancer [7, 84]. The presence of senescent cells in a 
tumor and its microenvironment enhacnes tumor growth. An 
imbalance of RAS, increasing the production of SCR, repro-
gramming the work of mitochondria, can also participate in 
the genesis of this characteristic sign of tumors [53].

CONCLUSION

Thus, the RAS plays a significant role in pathogenesis of 
malignant tumors, directly or indirectly influencing the occur-

rence and development of almost all “hallmarks of cancer”. It 
appears that the most significant contribution to the mecha-
nisms of tumor growth and progression is made by the patho-
genetic relationship between RAS imbalance and tumor-asso-
ciated chronic inflammation. At the same time, we need to take 
into account that inflammation is a typical pathological process 
and has the property of equifinality [50, 85], i.e. duplicated by 
the action of a whole complex of mediators, among which the 
components of RAS play an important, but not exclusive, role.

The use of pharmacological drugs that affect the RAS 
(ACE inhibitors, ARBs, prorenin receptor inhibitors) may 
prove effective in the complex therapy of tumors. A num-
ber of very encouraging results have already been obtained 
experimentally from the use of ARBs and ACE inhibitors in 
hepatocellular carcinoma [49], myeloid leukemia [86], pros-
tate cancer [87], lung cancer [88], ovarian cancer [89], glio-
blastoma [90] and other tumors. However, data from clinical 
studies on the use of these drugs remain contradictory [2, 
61, 91–96]. The complexity of the RAS structure: the pre-
sence of different receptors with multidirectional and often 
antagonistic effects, multi-level organisation (including the 
intracellular level); relationships with the kallikrein-kinin sys-
tem and the complement system, and a number of other 
factors, including genetic features of the RAS and the tu-
mor process in a particular patient, can lead to unexpected 
results when influencing this system. The concepts of the 
unambiguous oncogenicity and unambiguous oncoprotec-
tiveness of the ACE/Ang II/ATR1 and ACE2/Ang-(1-7)/MasR 
axes, respectively, promoted by a number of researchers 
[17], also seem to be an oversimplification [36, 97, 98].

Further research in this area is needed to develop al-
gorithms for the effective use of drugs that modulate RAS 
function in the context of personalized combination therapy 
for cancer patients.
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