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Abstract The regular functioning of the human body is the result of interac-
tions between numerous organs and biological systems, with the Renin-Angiotensin 
System (RAS) playing a crucial role in maintaining homeostasis for human exis-
tence. Though RAS is mainly known for regulation of blood pressure, however, its 
role in cancer development and progression has been emerging nowadays wherein 
this system was found to promote angiogenesis and inflammation in tumor niche. 
RAS comprises of numerous elements, of which angiotensin converting enzyme 
(ACE) is of utmost significance which converts angiotensin I (ATI) to angiotensin 
II (ATII), which then undergoes downstream signaling via binding to AT receptors. 
This signaling aids in hematopoiesis and the associated malignancies like leukemia, 
myeloma and lymphoma. ACE and the downstream signaling cascades upregulation 
could be seen in cancer models which are linked to the activation of multiple signaling 
events involving NF-κB, PI3K, MAPK, etc. The importance of RAS in hematological 
malignancies led to the exploration of RAS inhibitors for the cancer treatment. There 
are certain categories of RAS inhibitors which include ACE inhibitors, Angiotensin 
receptor blockers or renin inhibitors which have been tested in vitro either alone or in 
combination for therapeutics of various cancers including hematological malignan-
cies. The local RAS and its association with cancer might opens up new avenues for 
investigation and development of novel therapies for hematological malignancies. 
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Introduction 

The normal functioning of human body is interplay of the interactions among various 
organs and biological systems, out of which the role of Renin-Angiotensin system 
(RAS) is inevitably significant for maintaining homeostasis in human being’s survival 
[1, 2]. Since, from numerous years it has been well studied in context with heart-
kidney axial system and also, as a key player for regulating blood pressure in the 
body [3]. In addition to systemic blood pressure regulation, it maintains tonicity of 
vascular tissues and extracelluar volumes, ion concentration gradient and vasomotor 
functions [1, 4]. Tissue specific expression of local RAS is responsible for diversity 
in functionality and processes [3]. Augmented levels of RAS activation have been 
evident in many organ specific tumors like kidney, pancreas, brain, cervix, etc. and 
also in hematopoietic cancers [5]. 

Apart from the role documented for “classical” RAS, the data has emerged 
discussing the revolutionary involvement of RAS in plethora of physiological as 
well as pathological conditions. One of the relevant areas of study is the implica-
tion of RAS in the biology of cancer. Cancer in itself is a broad area in focus for 
association of RAS, however, the scope of this chapter highlights the role of RAS in 
relation to Hematological Malignancies, mainly leukemia (Acute Myeloid Leukemia, 
Chronic Myeloid Leukemia, and Chronic Lymphoid Leukemia etc.), myeloma and 
lymphoma, and scope of treatment by targeting RAS in context to hematological 
malignancies which is less known till date. 

Componential Organization of RAS 

RAS system involves complex network of its multiple peptides, receptors and 
enzyme components; the key step of significance in circulating RAS is production 
of Angiotensin II (ATII) via two-step process involving Renin and Angiotensin-
Converting Enzyme (ACE) [6] as shown in Fig. 20.1.

Renin is produced by the kidneys in response to decreased arterial pressure, 
reduced sodium in the distal tubule or sympathetic nervous system activity via the 
β-adrenergic receptors. Renin is secreted into the bloodstream by juxtaglomerular 
cells, where it encounters angiotensinogen (AGN), which is ordinarily produced by 
the liver. Renin catalyses the conversion of angiotensinogen (AGN) to angiotensin I 
(ATI), which is rapidly cleaved by angiotensin converting enzyme (ACE) to create 
ATII. ATII causes the adrenal glands to release aldosterone, which accelerates sodium 
and water reabsorption, increasing blood volume and blood pressure. ATII also 
causes vasoconstriction of the arterioles in several organs of the body by acting 
on smooth muscle. Furthermore, ATII stimulates the posterior pituitary gland to 
release antidiuretic hormone, which causes water retention and activates the thirst 
reflex [7, 8].
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Fig. 20.1 Componential organization of RAS involving numerous active peptide and receptor. 
Renin is secreted into the bloodstream by the juxtaglomerular cells of kidneys, where it inter-
acts with angiotensinogen (AGN), which is produced by the liver. Renin catalyzes the conver-
sion of angiotensinogen (AGN) to angiotensin I (ATI), which is then cleaved into ATII by 
angiotensin converting enzyme (ACE). The active biopeptide ATII elucidates its effect via AT1R 
and AT2R receptors. ACE2 also fragments ATII, resulting in AT (1–7) that bind with the MAS 
receptor (MASR). ATIII and ATIV are also created in the sequential processing of ATII. [RAS: 
Renin-Angiotensin system; ACEi: ACE inhibitor; ARB: Angiotensin Receptor Blockers; AP: 
Aminopeptidase]

The active biopeptide ATII elucidate its effect via AT1R and AT2R receptor 
through downstream signaling. Also, ATII is fragmented by ACE2 to AT (1–7) which 
further interact through MAS receptor (MASR). Further ATIII and ATIV are also 
produced in stepwise processing of ATII [9].
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RAS and Cancer: What’s Known Till Date? 

There has been a recent upthrust of RAS in relation to cancer and malignancy impli-
cated by various studies wherein the involvement of RAS in induction of cell prolif-
eration, maintaining growth stimulatory signals, promoting angiogenesis and inflam-
mation, combating apoptosis etc. were shown as the attributes of RAS functionality 
indicating its characteristics synchronous to cancer progression [10]. It has been 
found that impaired regulation of RAS in case of tumorigenesis might be crucial for 
studying its significance in cancer. 

Carcinogenesis being a multi-factorial disease involves various hallmarks such 
as angiogenesis, inflammation, telomerase activity, etc. In addition, tumor microen-
vironment is a pre-requisite for the continuous proliferation of cancerous cells. Our 
group had reported the involvement of these factors in different cancers ranging 
from solid tumors to hematological malignancies [11–15]. In relation to RAS, the 
signaling promoted by peptide Angiotensin II is observed by studies to enhance 
angiogenesis mediated by vascular endothelial growth factor (VEGF) via growth of 
cellular vasculature [16]. Besides, other ways of stimulation of pathogenesis mech-
anism for evasion and growth of tumor mainly comprises of aggravation of ATII 
expression and comparative expression of Angiotensin converting enzymes-1 and 2 
[17]. 

RAS Signaling: Role in Oncogenesis 

Numerous findings have highlighted that the downstream regulation of cellular RAS 
signaling pathways may be associated with pace of tumor development or regression. 
Some evident molecule with anti-carcinogenic effect is AT2R receptor-interacting 
proteins (ATIP) that work in conjunction with AT2R receptors whose downstream 
function is generated by action of peptide ATII. These ATIP mainly ATIP-1 and 
ATIP-3 collectively promote tumor inhibitory actions by blocking receptor tyrosine 
kinase activation, thus, halting cellular proliferation [5, 18]. 

While interaction of ATII with AT1R has been contradictory to action with AT2R; 
tumor cells were found to have exacerbated expression levels of these AT1R recep-
tors. ATII bio peptide also has cellular proliferation promoting effects in turn by 
ultimate increased levels of transcription factor like Nuclear Factor κB (NF-κB). 
This may be attributed by enhancement of apoptosis via AT2R receptor downstream 
signaling events supporting its anti-apoptotic activity while ATII binding to AT1R 
receptor in cancerous cells inhibits cell death and promotes cell growth and survival 
[19, 20]. Moreover, the MAPK or PI3K mitotic cascade events by AT1R activa-
tion via binding to ATII leading to NF-κB stimulation resulted in promotion of 
Bcl-xL and Bcl-2 anti-apoptotic molecules [6]. The amelioration of these mitotic 
effects by inhibiting molecules like ATII and NF-κB have been principally observed
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and utilized for RAS blockage in order to enhance apoptosis and decrease cell 
proliferation [5, 21]. 

Though multiple signaling pathways including PI-3 K, MAPK and JAK-STAT 
are deregulated in carcinogenesis and shown to be regulated by RAS to favour tumor 
progression. Another pathway such as adenosine monophosphate (AMP)-activated 
protein kinase (AMPK) signaling system is also reported to be relevant in oncogen-
esis. With the stability of p53 and the cyclin-dependent kinase inhibitors p21WAF1 
and p27CIP1, AMPK pathway possess tumour suppressor role. This pathway also 
limits the production of mTOR-1 and hypoxia-inducible factor-1 (HIF-1), as well 
as fatty acids, triglycerides, cholesterol, glycogen, and proteins, resulting in cell 
growth inhibition. The association between RAS and AMPK signaling pathway was 
observed by in vivo studies in uninephrectomized (UNX) rat experimental model. 
AMPK expression reduced in carcinogenesis with increase in mutant p53 and Ki-67, 
however, antagonization of RAS by inhibitors resulted in elevated AMPK, hence, 
proves to be protective against malignant transformations. 

Inhibition in levels of molecules like hypoxia-inducible factor-1α (HIF-1α) and 
mTOR-1 are also responsible for regulation of AMPK signaling pathway [5, 22]. 

Hematopoietic RAS 

According to previous molecular biological investigations, the existence of local 
intrinsic bone marrow RAS was proved which was found to be regulatory in 
scenarios involving physiological and pathological hematopoiesis; one of earliest 
experimental evidence relating hematopoiesis production and differeniation in bone 
marrow to the components of RAS system [23]. The major effector peptide of 
RAS, angiotensin II (ATII), stimulates hematopoietic progenitor cell proliferation 
via binding to angiotensin type 1a (AT1a) receptors present on CD34+ hematopoietic 
stem cells. The existence of ACE in human primitive lympho-hematopoietic cells, 
embryonic, foetal and adult hematopoietic tissues has also been described [24, 25]. 
The elements of RAS system have been observed to be modulating in proliferative 
processes mainly; myelopoiesis, erythropoiesis, thrombopoiesis and even process 
involving formation of other immune cell linages [19]. 

The presence of a regulatory tissue RAS system has eased the investigations such 
as tracing the level of specific levels of glycoproteinaceous enzyme ACE would help 
in studying of pathophysiological aspect of many diseases [26]. 

RAS in Hematological Malignancies 

Since RAS elements function in hematopoietic processes throughout the develop-
ment, hence, there has been data suggesting the importance of this system in hemato-
logical malignancies which mainly comprises of leukemia, myeloma and lymphoma.



420 N. Gupta et al.

The present chapter discussed the involvement of RAS in these types of hematological 
malignancies. 

RAS and Leukemia 

There are many studies elucidating association between presence of local bone 
marrow RAS with hematopoietic functioning and production of the neoplastic blood 
cells [23]. In the report by Aksu et al. the group evaluated the level of surface antigen 
marker ACE (CD143) isolated from bone marrow of Acute Myeloid Leukemia 
(AML) patients and found to be upregulated in leukemic cells of myeloid blast 
origin [27]. The levels of renin and ACE were investigated in both bone marrow aspi-
rate and peripheral blood samples of leukemic and control patients. Unlike Renin, 
levels of ACE have shown to be increased significantly in bone marrow samples as 
compared to peripheral blood [28]. Regulatory role of an ACE-Acetyl-N-Ser-Asp-
Lys-Pro (AcSDKP) system is also under scrutiny check in vicinity of bone marrow 
microenvironment for its role in involvement of hematopoiesis. The degradation of 
AcSDKP or goralatide is facilitated by ACE, hence, enhanced degradation could be 
observed due to increased production of ACE in leukemia [29–32]. The mechanism 
of AcSDKP to act as negative regulator of hematopoiesis is by keeping the S-phase 
population of hematopoietic and progenitor cells in non-dividing quiescent phase 
[19, 33] (Fig. 20.2). Role of analogs of AcSDKP are under study which remain unal-
tered in terms of degradation by ACE thus, playing important function in preventing 
hematopoiesis [34] (Fig. 20.3).

The evidence of disease specific expression and activation of local RAS such as 
a differentially altered activity in leukemia and lymphoma was indicated by study 
of Uz et al. The comparative expression monitoring in case of groups of myeloid or 
lymphoid blood malignancies for the important components of RAS mainly ACE1, 
ACE2, Renin and Angiotensin have been carried out [35]. The expression levels 
of Renin mRNA was found to be significantly elevated in lymphoid compared to 
myeloid classified disease, whereas for ACE1 and ACE2 expression elevation were 
found vice versa. The study also mentioned mRNA expression of RAS elements with 
active and without active disease status in patients [35]. 

The major RAS components’ (Renin, ACE and angiotensinogen) specific gene 
expression levels using real time quantitative PCR analysis method was studied in 
K562 experimental cell line to evaluate role of RAS in leukemia and further paving 
way for it to act as in vitro model system for finding effect of RAS system effecting 
drugs and association between respective leukemic cell proliferation pattern [36, 37]. 

While specific with quantitative expression of ACE, renin and angiotensinogen 
in case of AML, the patient had relevantly higher mRNA expression in the bone 
marrow samples [38]. A contemporary study to the work of Beyazit et al., traced the 
occurrence of AT receptors and other RAS components in cultured line of marrow 
stromal cells as well as in lineage of bone marrow cells, concluding the presence of 
local RAS supported autocrine and paracrine mechanism of hematopoiesis due to 
auto regulatory synthesis of marrow stromal cells mediated synthesis of Angiotensin 
II [39].
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Fig. 20.2 Scrutiny check by ACE-AcSDKP system on hematopoiesis and the associated malig-
nancy. Thymosin β4 peptide is produced by various cell types whose degradation by oligopeptidase 
(OP) produce a smaller peptide AcSDKP (Acetyl-N-Ser-Asp-Lys-Pro) which inhibits hematopoiesis 
in bone marrow microenvironment. The degradation of AcSDKP by ACE promotes cellular prolifer-
ation and enhances the process of hematopoiesis and might also play a crucial role in hematological 
malignancy

RAS and Lymphoma 

Angiotensin Converting Enzyme (ACE) being an important enzyme for octapep-
tide ATII peptide production and RAS functioning, also associated with certain 
neoplastic conditions and while regulated by AcSDKP peptide negative regulator 
vis-à-vis affecting cellular proliferation in bone marrow environment [27, 36, 37, 
40]. Thus, due to numerous significant role of this enzyme, ACE expression levels 
were mapped in macrophages of lymphoma linked proliferative disorder Hodgkin’s 
disease in lymph nodes to decipher its relationship in RAS functionality and thus, 
mechanism of tumorigenesis. This study demonstrated the ACE expression in intra-
tumoral residual macrophages in lymph nodes of patients suffering from Hodgkin’s 
lymphoma (HL) versus negligible ACE expression obtained in case of controls and 
lymphoid hyperplasia. The study has prominent drawback of not demarcating in 
quantification of level of ACE expression in relation to the strength of staining and 
unable to differentiate between nodular sclerosing and mixed cellular sub catego-
rized cases of Hodgkin’s lymphoma. ACE expression was reported to be directly 
proportional to macrophages infiltration is lymph node in HL which is linked to



422 N. Gupta et al.

Fig. 20.3 Disease specific expression observed in hematological malignancies. The associa-
tion between local bone marrow RAS, hematopoiesis and neoplastic conditions such as leukemia, 
lymphoma and myeloma have been elucidated as per the literature. Various inhibitors of RAS 
contribute have been tested in vitro for cancer therapeutics and hence, possess the potential of 
combating and managing the hematological malignancy

interaction between RAS system and thereby, enhancing evidence of lymphoma 
generation [41]. The other molecular and cellular evidences available with relevance 
to lymphoma (both Hodgkin’s and non-Hodgkin’s) generation in turn with tissue 
RAS system is least explored and further require experimental and clinical eluci-
dation. The pronounced disease prevalence of Hodgkin’s Lymphoma in pediatrics 
population as compared to adult counterpart and treatable nature of these lymphoma 
provides an urge to be explored with greater scientific upthrust in the field to ensure 
disease free life to these individuals (Fig. 20.3) [42]. 

RAS and Multiple Myeloma 

The levels of circulatory ACE enzyme important for investigation of systemic and 
portal disease was found to be augmented significantly in clinical cases of Multiple 
myeloma in bone marrow compared to controls. However, intra group staging of these 
MM patients according to International Staging System (ISS) criteria reported non-
significant variation in ACE levels [24, 26]. Similarly other studies provide evidence 
of elevated RAS component expression levels directly relating to activation of local 
bone marrow RAS functioning in MM disease state (Fig. 20.3). Further reports 
indicate enhanced AT1R type receptor in MM and correlated with CD34 activation 
in bone marrow supporting the idea of AT1R receptor promotion of tumorigenic
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activity and angiogenesis (as mentioned before in the chapter under section RAS 
signaling) [43]. 

RAS Inhibitors as Cancer Therapy: Single or Combinatorial 

The role of RAS in tumor progression and pathogenesis has been documented 
in numerous cancers. ATII signaling in RAS system drives neovascularization 
and boosts cell proliferation. An increasing amount of evidence demonstrates that 
ATII signalling increases VEGF-mediated angiogenesis in malignancy by directly 
impacting tumour and stromal cells as well as indirectly altering vascular cell devel-
opment during angiogenesis. Hence, blocking of this system might be beneficial to 
combat the malignancy. Thus, the class of drugs that modulates the RAS function-
ally has been observed to be efficacious in in vitro and in vivo cancer models [6]. 
Suppressing the action of RAS by administration of Angiotensin Receptor Blockers 
(ARB), which acts through inhibiting the activity of AT1R; or ACE inhibitor (ACEi) 
which inhibits enzyme ACE, thus preventing synthesis of ATII; or directly renin 
inhibitor; all function as RAS antagonists, block the RAS influence on angiogenesis, 
reducing the growth of cancer and possibly lowering cancer risk over time and has 
proved to be preventive and helpful in treatment of certain types of cancers [6, 44]. 
However, these medications can impact additional potential pathways mediated by 
ACE internalisation and endonuclear localization in distinct cell types, which may 
be related to certain aspects of carcinogenesis. ACEi apparently inhibited tumour 
growth in both cancer patients and animal models, as well as the carcinogenesis 
process via inhibiting angiogenesis (Table 20.1) [16, 45, 46]. 

RAS inhibitors have been tested in hematological malignancies to evaluate their 
efficacy for treatment. ACEi captopril and trandolapril and ARB losartan decreased 
cell proliferation, increased apoptosis, and decreased c-myc expression in leukemic 
cell line in vitro [47, 48]. Captopril also reduced tumor burden in mice with colorectal 
liver metastasis following partial hepatectomy and hence, reported as an adjunct 
therapy [49]. Another ACEi Enalapril induced apoptosis in HL60 acute promyelo-
cytic leukaemia cells via downregualtion of STAT5A [50]. Enalapril also signifi-
cantly slowed the progression of pancreatic cancer precursor lesions by inhibiting 
NF-kB in tumour cells [51, 52]. Other in vivo studies have shown that perindopril, 
another ACEi has a potential inhibitory effect on tumor growth due to suppression 
of VEGF-induced angiogenesis in head and neck squamous cell carcinoma & renal 
cell carcinoma [53]. In addition, Perindopril or fosinopril or ARBs losartan inhibited 
the progression of diethylnitrosamine-induced hepatocellular carcinoma in mice via 
inactivation of NF-κB [21]. ARBs such as Telmisartan appears to downregulate Bcl-
2, an anti-apoptotic protein, and activate caspase-3, causing cell death of renal cell 
carcinoma [54]. Moreover, the basic mechanism of action of ARB like Irbesartan
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may act by inhibiting the proliferating activity of bioactive angiotensin element 
which may in turn inhibits proliferating-cell nuclear antigen (PCNA) and cyclin D1 
expression and modulate p53 expression via AT1R receptor in experimental MCF-7 
breast cancer cell line [19, 55]. Furthermore, Aliskiren, a renin inhibitor, reduced cell 
proliferation via decreasing Notch1 and KRT6 expression, and regulating apoptosis 
in renal carcinoma cells [56]. 

Besides, the single treatment of RAS inhibitors, their combination with stan-
dard therapy has also been found effective in cancer treatment. ACEi Enalapril was 
found to prevent the cardiotoxic side effects associated with doxorubicin treatment 
in lymphoma patients [57]. Further, the combination treatment of ARB losartan and 
standard drug, doxorubicin resulted in an increase in sensitivity of drug treatment in 
AML cell lines [58]. 

Conclusion and Future Prospects 

The multifactorial interplay of local tissue RAS concerning many peptides, enzymes, 
receptors and feedback regulation as well as its involvement in growth of tumor tissue, 
metastasizing tendency, autocrine and paracrine regulation of mechanism relevant to 
cellular proliferation, cell signaling, immune responses, extracellular matrix forma-
tion, apoptosis, angiogenesis are characteristics which favors the study of local RAS 
as a therapeutic target for its significant role in carcinogenesis. Most of the clinical 
reports correlated the levels of different local bone marrow RAS components in case 
of normal or altered hematopoiesis processes and neoplastic disorders to investigate 
its disease specific altered state. 

The mechanism involving hematopoiesis regulation or dysregulation via local 
bone marrow RAS modulation in normal or pathological state may be characterized 
by changing functionality of transcriptional factors dependent signals involved in 
turn in regulation of gene expression; and BM microenvironment and stromal cells 
mediated growth factors signals. Moreover, targeting the components involved in 
hematopoietic regulation of local RAS might be of therapeutic significance in treat-
ment modalities related to cancers. The local RAS and its relationship to pathogical 
conditions involving malignancy paves a new way for exploration and delineating 
into its molecular mechanism which could be investigated further to gain an in-
depth insight into this area for utilization for novel therapeutics of hematological 
malignancies.
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Table 20.1 Different types of Renin-Angiotensin system inhibitors tested in cancer along with the 
involved mechanism 

Drug Category Disease(s) tested Mechanism reported Reference 

Captopril ACEi Myeloid leukemia, breast 
cancer, melanoma, cervix 
adenocarcinoma, 
colorectal cancer 

Decreased c-myc 
expression, 
Angiotensin-II induced 
Smad activation 

[39–41] 

Trandolapril 

Losartan ARB 

Acute myeloid leukemia Increases sensitivity of 
doxorubicin 

[51] 

Enalapril ACEi Acute promyelocytic 
leukaemia 

Downregulation of 
STAT5A 

[42–44] 

Pancreatic Cancer Inhibition of NF-kB 

Lymphoma Prevents cardiotoxic 
effects of doxorubicin 

[49] 

Perindopril ACEi Head and neck squamous 
cell carcinoma and renal 
cell carcinoma 

Suppression of 
VEGF-induced 
angiogenesis 

[45] 

Hepatocellular 
carcinoma 

Inactivation of NF-κB [46] 

Fosinopril ACEi Hepatocellular 
carcinoma 

Inactivation of NF-κB [46] 

Telmisartan ARB Renal cell carcinoma Downregulate Bcl-2 and 
activate caspase-3 

[47] 

Irbesartan ARB Breast Cancer Inhibits PCNA and 
cyclin D1 expression and 
modulate p53 expression 

[48] 

Aliskiren Renin Inhibitor Renal carcinoma cells Decreases Notch1 and 
KRT6 expression and 
regulates apoptosis 

[49] 
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