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Abstract: Angiotensin II (ANG II) is the main effector peptide in the renin-angiotensin system. It is generated by the
activation of Angiotensin I through the Angiotensin II Converter Enzyme (ACE II). ANG II has multiple physiologic
effects that regulate vascular tone, hormone secretion, tissue growth and neural activity. It has systemic (endocrine) and
local (paracrine and autocrine) effects, favoring cell growth and differentiation through four types of receptors from which
types 1 and 2 (AT1 and AT 2) are the most important. Stimulation of AT1 leads to the activation of intracellular pathways
that finally lead to vasoconstriction, inflammation and proliferation. The AT2 receptor is mainly expressed in fetal tissue
and scantly in the cardiovascular system under different circumstances. Its effects are opposite to those of the AT1. The
stimulation of AT1 activates second messengers that lead to a rapid production of diacylglycerol and 1-4-5-inositol
triphosphate, as well as to the activation of C protein. Several reports indicate that ANG II can induce neovascularization
in experimental systems due to the expression of different growth factors such as angiopoietin 2, vascular endothelial
factor, and its receptor, fibroblast growth factor, platelet derived growth factor, transforming growth factor β  and
epidermal growth factor. Other mechanisms associated with ANG II induced angiogenesis are nitric oxide synthase and
metalloproteinase expression, as well as inflammation induction. Angiogenesis is a fundamental process to tissue repair
and development, and it participates in several pathologic processes. In addition, the AT1 receptor is expressed in many
malignant neoplasms and its blockade through ECA II inhibitors and ANG II antagonists has shown antineoplastic activity
as well as angiogenesis inhibition in tumoral experimental models. This review discusses the mechanisms by which ANG
II participates in neoplastic and non-neoplastic tissue angiogenesis and its possible therapeutic implications.
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1. OVERVIEW OF THE ANGIOTENSIN II SYSTEM

ANG II is a peptidic hormone. It is the main effector in
the renin-angiotensin-aldosterone system (RAAS), one of the
most powerful vasoconstrictor systems of the body [1]. The
activity of this system starts with the release of renin from
the juxtaglomerular cells in the kidney, where renal ischemia
is one of the main activators of the system. Renin acts as an
enzyme on angiotensinogen or plasmatic substrate, an α
globulin synthesized by the liver. This catalytic reaction
cleaves the amino terminal residue of the decapeptide
generating ANG I, an unstable peptide that is quickly
cleaved by ECA II into ANG II [2-4].

RAAS has an important role in the regulation of blood
pressure and liquid and electrolyte balance; it participates in
the pathophysiology of hypertension and its complications
(cardiac hypertrophy, remodeling and nephropathy),
coronary artery disease, heart failure and renal failure [1, 5].
The final responses to the activation of this system are
different in every tissue, inducing vasoconstriction in smooth
vascular muscle, release of aldosterone in adrenal glands,
gluconeogenesis in the liver, sodium absorption in intestine
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and kidneys, increased fibroblast growth in the heart,
increased β-adrenergic activity in the nervous system and
increased thirst [6].

ANG II was initially described as a vasoconstrictor
peptide but recent studies have revealed that ANG II acts
also as a growth factor. ANG II plasmatic levels modulate
contraction, cell growth, apoptosis and cell differentiation,
and it has a role in cell migration, extracellular matrix
conformation, inflammation and stimulation of the
production of several growth factors as the platelet derived
growth factor (PDGF), epidermal growth factor (EGF),
transforming growth factor beta β (TGFβ), insulin like
growth factor 1 (IGF-1), basic fibroblast growth factor
(bFGF), vascular endothelial growth factor (VEGF) [7-13]
and platelet activator factor (PAF). It also stimulates the
production of some vasoconstrictors as endothelin 1 (ET-1)
and it helps to transactivation of growth factor receptors
(EGF receptor and IGF receptor) [14]. Besides, it induces the
expression of several proto-oncogenes in smooth vascular
muscle in rats and humans, including c-fos, c-jun, c-myc,
erg-1, VL-30, and the activator of the protein 1 complex [15,
16].

At present time, ANG II is known as a regulator of
proliferation and hypertrophy of vascular smooth muscle
cells, acting as a bifunctional apoptosis modulator through its
receptors: AT1 (antiapoptotic) and AT2 (proapoptotic) [17].
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All actions of ANG II are mediated by specific signaling
pathways, highly complex intracellular pathways triggered
by the attachment of this peptide to its specific cell surface
receptors (AT1 and AT2), coupled through effector G
proteins, including phospholipase C and adenylate cyclase
[15,18,19].

The important pathophysiological implications of ANG
II has stimulated the pharmacological research of drugs
capable to inhibit its effects, such as the ACE inhibitors and
AT1 blockers (AT1B) [20], that have many potential
pharmacologic indications.

2. ANGIOTENSIN RECEPTORS

The effects of ANG II are a consequence of its
interaction with specific cell surface receptors on the target
cells, called AT1 and AT2; AT3 receptors have also been
described in neuroblastoma cells and in rat mesangial cell
cultures, and AT4 receptors have been described in bovine
adrenal cortex and in human placenta [21, 22]. AT 1 and AT 2

receptors are functionally distinct polypeptides, with
homologous sequence of only 30%. The AT1 gene is in
chromosome 3 and AT2 gene is in the X chromosome [3].

AT1 Receptor

AT1 receptors have 359 aminoacids, they are part of the
superfamily of G protein coupled receptors [23]. They have
7 transmembrane domains, the C-terminus is located within
the cytoplasm and the N-terminus is glycosylated at the
surface of the cell [18, 20]. They bind ANG II with affinity
that depends on serum concentrations and they have a highly
specific structure and a limited binding capacity
(saturability). The interaction of these receptors with ANG II
elicits intracellular responses [3].

AT1 receptors are present in all tissues. In humans there is
only one subtype of this receptor, while in rodents two
subtypes have been identified as AT1a and AT1b receptors [1].
In blood vessels AT1 are mainly expressed in smooth muscle
cells, and in the heart they are found in myocardium and
fibroblasts [15]. ANG II decreases the expression of AT1

receptors in smooth muscle cells, liver and mesangial cells;
on the contrary, ANG II increases mRNA of the AT1

receptor in kidney. The expression of AT1 receptor increases
after chronic treatment with ACE inhibitors, AT1B,
cyclosporine A, estrogens, progesterone, glucocorticoids and
aldosterone, and in some pathologic situations such as
myocardial hypertrophy and heart failure; whereas its
expression decreases during exposure to growth factors such
as PDGF, FGF and EGF [20].

AT1 Receptor Stimulation Produces Several Effects

a) Vascular effects: it is a powerful arterial and venous
vasoconstrictor that increases peripheral vascular resistance
and the blood pressure due to direct effect on the cells that
release aldosterone, endothelin-1 (ET-1) and vasopressin, an
increase in sympathic tone, a central effect and stimulation
of protein and DNA synthesis that finally, increases the
volume and number of smooth muscle vessel cells,
fibroblasts and the middle sheath of the arteries, decreasing

external and internal vascular diameters. These changes
decrease coronary and brain vascular reserve and they also
decrease arterial distensibility [24-26]; b) Actions on
myocardium: such as increased contractility, heart rate and
oxygen requirements and intense coronary artery
vasoconstriction [27, 28]; c) Cell proliferation and
apoptosis: in heart cell cultures, vascular cell cultures and
fibroblast cultures, AT1 receptor stimulation increases
phenylalanine-H3 incorporation, a marker of increased
protein synthesis and hypertrophy, and it also increases
timidine-H3 incorporation, a marker of DNA synthesis. It
also induces activation of mitogen activated protein kinases,
it increases the expression of several growth factors, it
increases collagen and laminin synthesis during fibroblast
proliferation, it increases the expression of several
metalloproteinase inhibitors, it increases the plasminogen
activator inhibitor type 1 (PAI-1) that inhibits extracellular
matrix degradation and it increases the transforming growth
factor β1 that increases the synthesis of collagen type I. The
final results are increased interstitial and perivascular heart
fibrosis, decreased ventricle distensibility and decreased
intracardiac conduction speed, favoring diastolic heart failure
and heart arrhythmias [20, 29, 30]. The activation of AT1

receptor can control vascular smooth muscle cell growth
through proliferation or inhibition of apoptosis [31]. In the
classic view, AT1 receptor has an antiapoptotic effect,
contrary to AT2 receptor, however in vascular smooth
muscle epithelioid phenotype cells, it is able to induce
apoptosis mediated by the entrance of calcium [32]; d)
Proinflammatory and proatherothrombotic actions: the
stimulation of AT1 receptor stimulates the interaction of
monocytes and endothelial cells through the expression of
adhesion molecules (VCAM-1), proinflammatory cytokines
release (TNFα, IL-6), monocyte migration to subendothelial
tissue, expression and oxidation of receptors for low density
lipoproteins (LDL) [9, 20]; e) Renal effects: vasoconstriction
and decreased renal blood flow without changes in
glomerular filtration, mesangial cells contraction with
decreased surface for glomerular filtration, increased
proximal tubular sodium reabsorption and potassium
excretion, and inhibition of renin secretion. AT1 receptor
stimulation also increases aldosterone, catecholamines,
vasopressin, adrenocorticotropic hormone (ACTH),
prolactine and luteinizing hormone (LH) release, along with
increased sympathic tone [20, 33, 34].

AT2 Receptor

The second important form of the ANG II receptor is AT2

receptor. It is constituted by 363 aminoacids with 7
transmembrane domains [35] but it is not coupled to G
proteins [36]. This receptor is highly expressed in fetal
tissues and it rapidly decreases after birth, playing an
important role in growth and development. In the adult, it is
located to adrenal cells, brain (areas controlling motor
activity and sensitive information), myometrium, endothelial
cells (mainly in adventitia and medial sheaths) and to a lesser
extent, in pancreas, heart and kidney. It is overexpressed in
pathologic conditions such as heart damage, myocardial
hypertrophy, ovarian atrophy, ACE inhibitors and AT1B

treatment [4, 15, 37].
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AT2 Receptor Stimulation has Different Effects

a) Vascular effects such as brain arteriolar dilatation; b)
Proliferative, differentiation and apoptotic effects. The
antiproliferative effect has been demonstrated in coronary
endothelial cells, mesangial cells and pheochromocytoma
cell lines. The proapoptotic effects have been demonstrated
in pheochromocytoma line cells, in mice fibroblasts and in
rat ovarian granulose cells. Some studies have shown
apoptosis induction through AT1 receptor stimulation,
however, these contradictory results are a consequence of
differences in experimental conditions; c) Effects on diuresis
and natriuresis; d) Central actions such as brain arteriolar
dilatation, prostaglandin release, increased potassium
conductance, LH and somatostatin secretion [20, 30, 31, 38].

This receptor is an antagonist of AT1 receptor effects
under physiologic conditions because it inhibits cell growth,
it induces apoptosis and vasodilation [15, 39]. See Table 1.

3. INTRACELLULAR PATHWAYS FOR AT1 AND AT2

RECEPTORS

Signaling Pathways for AT1 Receptor

The AT1 receptor is coupled to signal transmission
mechanisms used by many other cell membrane receptors.
Binding of ANG II to AT1 receptor induces dissociation of
its subunits [3], activating a Gqα protein and then
phospholipase C-β1, that hydrolyses 4,5-phosphati-
dylinositol biphosphate into 1,4,5-phosphatydilinositol
triphosphate (IP3) and diacylglycerol [26, 40]. IP3 acts on
specific receptors located in the sarcoplasmic reticulum
membrane and it facilitates the release of stored calcium and

the entrance of extracellular calcium through calcium
channels activated when intracellular calcium deposits are
emptied [4, 15, 20].

ANG II increases calcium entrance through L and T
channels of heart muscle cell membrane, facilitating the exit
of negative charges from the cell, depolarizing the membrane
and opening L calcium channels. The result of all these
events is increased intracellular calcium concentrations
producing powerful arterial and venous vasoconstriction,
increased heart rate, contractility and cardiac output and it
increases the release of neurotransmitters (catecholamines,
aldosterone and vasopressin) [15, 41]. On the other hand,
diacylglycerol activates and translocates protein kinase C
(PKC) to the cell surface, where it stimulates the
phosphorylation of several proteins that participate in the
mitogenic effects of ANG II [4, 26, 40].

Mitogenic effects of ANG II mediated through AT1

receptors imply the activation of several kinases, the first one
is PKC and this one activates G Ras and the pathway of
mitogen activated protein kinases (MAPK). MAPK
phosphorylate several effector proteins that translocate
towards the cell nucleus, where they increase the
transcription of several genes that participate in cell
hypertrophy, and hyperplasia in several tissues [15].

In some tissues, the stimulation of AT1 receptor activates
phospholipases A2 and D, increasing eicosanoid synthesis,
particularly that of prostaglandin E2, that exhibits
proinflammatory properties. In heart, the activation of this
pathway also blocks several potassium channels,
depolarizing the cell membrane and increasing the calcium
entrance through L type channels, leading to increased

Table 1. Effects of AT1 and AT2 Receptors Stimulation

AT1 AT2

BLOOD
VESSELS

Arteries and veins vasoconstriction Brain artery vasodilation

HEART Increased contractility and heart rate
Increased oxygen requirements
Coronary vasoconstriction

TROPHIC
ACTIONS

Increased DNA and protein synthesis.
Heart hypertrophy, hyperplasia and remodeling.
Stimulation of angiogenesis

Cell growth and differentiation
Inhibition of angiogenesis
Activation of heart collagenases
Antiproliferation and Apoptosis

CENTRAL
ACTIONS

Increased sympathic tone
Vasopressin, ACTH, LH and prolactin release.

Brain artery vasodilation
Prostaglandin release
Increased potassium conductance
LH and somatostatin secretion
Motor activity and sensitive information.

RENAL
ACTIONS

Vasoconstriction
Mesangial contraction and proliferation
Increased proximal tubular sodium reabsorption
Increased renal potassium excretion
Increased prostaglandin synthesis
Inhibition of renin secretion

Increased proximal tubular sodium reabsorption
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cardiac contractility and vascular tone; it also activates a Gi
protein and inhibits adenylate cyclase, decreasing
intracellular cAMP. As cAMP has vasodilator actions, its
reduction would contribute to the vasoconstrictor effect of
ANG II [4, 20, 23, 26, 40].

Several proteins such as c-Src, Jak-2 and FAK are
phosphorylated at tyrosines in response to ANG II, favoring
the generation of IP3 and the entrance of calcium to the cell,
that in turn activate intracellular MAPK pathways,
phosphorylation of signal transducers and activators of
transcription (STATs), that stimulate the transcription of
early growth response genes as c-fos, c-jun, y c-myc [23].

Signaling Pathways for AT2 Receptors

The stimulation of AT2 receptors can inhibit AT1 receptor
transduction pathways, leading to a growth inhibition effect
through the activation of tyrosine phospholipases of several
proteins. Some of these phospholipases are SHP-1, MKP-1
and PP2A, and they are able to inhibit STAT-1

phosphorylation, generating an antimitogenic and/or
proapoptotic effect. AT2 receptor stimulation also increases
the de novo production of ceramide in pheochromocytoma
cells through the activation of phospholipases.

AT2 stimulation induces nitric oxide production, leading
to cGMP stimulation in vascular cells of coronary arteries
and aorta. AT2 receptors are also able to stimulate
phospholipase A2 through Gi proteins, with the
corresponding release of arachidonic acid and of several
serine/threonine phosphatase proteins that dephosphorylate
several regulatory proteins and decrease the cellular
concentrations of cGMP. [30, 42] See Fig. (1).

The effect of AT1 receptor antagonists may be the result
of the blockade of AT1 receptor allowing ANG II to act
mainly on AT2 receptor.

4. ANGIOGENESIS

Angiogenesis is new blood vessel formation from pre-
existing endothelial cells that cover capillaries and the other

Table 2. Factors Angiogenic and Antiangiogenic

Stimulators Inhibitors

Growth Factors Epidermal growth factor
Granulocyte Colony Stimulation Factor
Fibroblast growth factor (acid, base)
Hepatocyte growth factor
Platelet derived growth factor
Tumor necrosis factor α
Vascular endothelium growth factor

Proteases and
protease inhibitors

Cathepsine
Gelatinase A, B
Estromelicine
Urokinase type plasminogen activator

Inhibitor of fine tissue metalloproteinase
Plasminogen-1 activator and inhibitor

Scan elements Copper Zinc

Oncogenes c-myc
ras
c-src
v-Royal Air Force
c-jun

rb, p53

Signal
transduction
enzymes

Thymidine phosphorylase
Farnesyl transferase
Geranylgeranyl transferase

Cytokines Interleukin 1
Interleukin 6
Interleukin 8

Interleukin 10
Interleukin 12

Endogenous
modulators

Angiopoietin 1
Endothelin
Erytropoietin
Hypoxia
Nitric oxide Synthase
Platelet activator factor
Prostaglandin E
Thrombopoitein

Angiotensin
Caveolin 1, caveolin 2
Endostatin
Interferon alfa
Isoflavones
Platelet factor 4
Prolactin
Troponin 1
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blood vessel walls with smooth muscle. This is a natural and
important process in normal and pathologic conditions,
including wound healing, yellow body formation in ovaries
and blood flow restoration in injured tissues. This process
may be the primary event in pathologic conditions like
diabetic retinopathy, ischemia and tumor vascularization [9,
43].

Vessel neoformation is finally regulated by the balance of
angiogenic stimulating and inhibiting factors. Among the
endogenous factors identified as angiogenic are TGF β,
granulocytic colony stimulating factor (GSF), FGFb,
hepatocytic growth factor (HGF), tumor necrosis factor α
(TNFα), PDGF, VEGF, IL-8 and angiogenin. VEGF is

currently considered the most important factor in the control
of normal and pathologic angiogenesis because it is able to
induce a cascade of responses in endothelial cells, such as
proliferation, migration, increased vascular permeability and
expression of pro-inflammatory genes. To induce such
effects VEGF should be coupled to a cell surface receptor.

When there is an excess of angiogenic growth factors
compared to angiogenesis inhibitors, the balance favors the
growth of a new blood vessel. When there is an excess of
inhibitors, angiogenesis stops.

A healthy individual maintains a perfect equilibrium
between angiogenic and antiangiogenic factors. However,
during many serious diseases, the individual looses control

Fig. (1). Signaling pathways of the effects mediated through the stimulation of AT1 and AT2 receptors. AT1 receptor stimulation results in
Gqx protein activation (with three subunits α, β y γ and then phospholipase C activation (PLCβ) that hydrolyses phosphatidylinositol (4,5)
biphosphate in inositol-1,4,5 triphosphate (IP3) and diacylglycerol (DAG). IP3 acts on specific receptors from sarcoplasmic reticulum and
enhances Ca release. DAG activates protein kinase C (PKC) and these enzymes stimulate the phosphorylation of several signal transducers
and activators of transcription (STAT). AT1 also activates focal adhesión kinase (FAK) and this enzyme activates Src, Ras, and Raf that in
turn activate a mitogen-activated protein kinase (MAPK) called MEK resulting in the final activation of extracellular signal-regulated kinase
(ERK) that also participates in STATs phosphorylation. AT1 also activates a Janus Kinase (JAK) that participates in STAT phosphorylation
that is translocated to the nucleus, where it promotes the transcription of genes that participate in cell hypertrophy and hyperplasia, as well as
Interferon-α, vascular endothelial growth factor (VEGF), fibroblast growth factor (FGFb), platelet derived growth factor (PDGF), BCL-2,
and Bcl-xL, that block the caspase cascade, inhibiting apoptosis. AT1 activates phospholipases A and D (PLA2 and PLD) that increase
leukotriene (Leu), thromboxane (trmbx) and prostaglandin E2 (PGE2) synthesis, all of which have proinflammatory properties. AT1

inactivates adenylate cyclase (AC), decreasing cAMP along with its vasodilator action, favoring the vasoconstrictive effect of ANG II. AT2

stimulation activates several phosphatases like serine/threonine phosphatase-2 (PP2A), Mitogen activated protein Kinase phosphatase 1
(MKP-1) and Src homology (SH)2 protein containing tyrosine phosphatase (SHP-1), which inactivate ERK and inhibit calcium release.
ERK inactivation leads to serine dephosphorylation of STATs. AT2 also induces the production of inducible nitric oxide synthase (NOS)
generating nitric oxide (NO) that activates guanylcyclase (GC), increasing cGMP production, stimulating protein kinase C and favoring
vasodilation.
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over angiogenesis. Diseases that develop as a result of
excessive angiogenesis include cancer, diabetic retinopathy,
age related macular degeneration, rheumatoid arthritis,
psoriasis and other conditions [43].

Angiogenesis has an important role in growth and spread
of neoplastic cells that are able to express one or many
angiogenic promoters that act synergistically.
Neovascularization favors more efficient tumor perfusion.
Neoplasms may exhibit a low angiogenic ability during a
pre-malignant phase and the change of phenotype towards a
cell type able to produce more angiogenic factors may
generate a malignant invasive cell with ability to spread and
generate metastases. Angiogenesis inhibition is an attractive
therapeutic target for several malignant neoplasms; in fact
there are several studies that have explored this therapeutic
option [44-48].

5. ANGIOTENSIN II AND ANGIOGENESIS

Several studies led to the hypothesis that ANG II was
involved in the regulation of blood vessel neoformation. In
experiments of aorta ligation, it was demonstrated that the
administration of exogenous ANG II to nephrectomized rats
increased the blood flow recovery in the muscles of lower
extremities. Other experiments have also shown that ANG II
favors the development of collateral blood flow in peri-renal
blood vessels after renal ischemia produced by renal artery
ligation [49]. However, until 1985, it was demonstrated that
ANG II is able to stimulate angiogenesis in rabbit cornea
from collateral circulation [50]. Besides, ANG II is able to
decrease mortality in gerbils after unilateral carotid artery
ligation, possibly due to increased development of collateral
circulation and decreased cerebral ischemia [51, 52]. In the
same line, when ACE inhibitors were administered to gerbils
with progressive occlusion of the carotid artery, mortality
increased, suggesting that ANG II has a protective effect
against chronic ischemia, however, the administration of
PD123319 an AT2 antagonist, or losartan, an AT1 antagonist,
increased survival in this stroke model, suggesting that AT2

stimulation is involved with the protective effect of ANG II
against ischemia [53].

Angiogenic effect of ANG II was also demonstrated in
other models. One of them is the chicken embryo
chorioalantoid membrane, where ANG II caused precapillary
and postcapillary vessel neoformation in 30-40% of cases in
a dose-dependent manner [54]. Interestingly, angiogenesis
stimulation was neither blocked by losartan (AT1 receptor
antagonist) nor by PD123319 (non peptidic antagonist of
AT2 receptor) but it was blocked by CGP42112A (an AT2

ligand) [55]; however, the inhibition of angiogenesis by this
last compound was not observed without the presence of
ANG II. These findings suggest that the angiogenic effect of
ANG II is mediated by different receptor subtypes.

Another model in which ANG II has demonstrated pro-
angiogenic effect is the sponge implant model in mice,
where extracellular matrix protein synthesis is also increased
in a dose dependent manner [56].

In a rat cremasteric muscle model, ANG II infusion
significantly increased microvascular density measurement,
an effect that was potentiated by co-infusion of high doses of

PD123319, in contrast to the effect observed with co-
infusion of losartan that generated an important decrease of
microvessel density. This is just like in the model of chicken
chorioalantoid membrane in which the separated
administration of both antagonists did not modify
microvascular density, suggesting that AT1 receptor favors
ANG II induced angiogenesis and that AT2 receptor mediates
an inhibition of angiogenesis [57]. Using the 133Xe clearance
technique to determine subcutaneous sponge granuloma
blood flow, infusion of ANG II caused an intense
neovascularization and increased the fibrovascular growth
area, while co-administration of losartan inhibited them in
50% and PD123319 induced no change [58, 59]; however,
the isolated administration of both antagonists did not
modify angiogenesis. In this same model, the experimental
administration of ANG II induces the presence of AT1, AT2

and ACE during microvascular maturation, suggesting that
ANG II induced angiogenesis depends on the balance of the
ACE, AT1 and AT2 expression [59]. The administration of
ANG II to mice with the angiogenesis in vivo model of
Matrigel, significatively increased angiogenesis, an effect
that was inhibited by candesartan (AT1 blocker) but not by
PD123319 [9].

Ischemia is able to stimulate angiogenesis, a process that
is experimentally inhibited in mice with limb ischemia with
the pharmacological blockade of AT1 or ACE inhibitors [60].
Seemingly, this process is affected in AT1 receptor knockout
mice (AT1a-/-), suggesting that AT1 receptor participates in
angiogenesis induced by ischemia in vivo [61]. Besides
ischemia, regular aerobic exercise training and electric
stimulation induces physiologic angiogenesis in striated
muscle as an adaptative response; in these cases ACE
inhibitors and losartan have demonstrated blockade of VEGF
expression and angiogenesis inhibition. It seems that RAAS
is needed for VEGF expression during angiogenesis because
Dahl S rats with low levels of renin do not induce
angiogenesis as a response to electric stimulation compared
to Dahl S rats transferred with renin gene, that show VEGF
expression and vascular neoformation restoration [62].

AT1 receptor and ACE expression can be modulated by
ischemia. Initially (1 to 3 days) limb ischemia in mice
decreases ACE activity and it is restored afterwards (day 7 to
14); besides, ischemia decreases AT1a expression, and
initially increases AT1b expression [60]. However, it seems
that AT1 is not the only receptor involved in angiogenesis
induced by ischemia, because femoral artery ligation in mice
increases AT2 expression; besides, in AT2-deleted mice there
is increased vascular density, capillaries and blood flow
during ischemia compared to controls, indicating that AT2

could modulate in a negative way angiogenesis induced by
ischemia. VEGF expression is increased during ischemia
with the administration of ANG II but in AT2-deleted mice,
VEGF remains similar to control mice, indicating that
changes in VEGF are not related to AT2 receptor. Anti-
angiogenic effect of AT2 could be associated to apoptosis
activation [63].

Many components of the RAAS may have different and
even opposing properties and functions. They are ANG II
peptides generated by aminopeptidases, endopeptidases and
carboxipeptidases. One of them is ANG-(1-7) generated
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from ANG I and to a lesser extent, by ANG II. In the mice
sponge implants model, ANG II has also shown an increase
in fibrovascular tissue growth, in contrast to ANG-(1-7) that
significantly inhibited angiogenesis, suggesting that some
bio-active fragments from RAAS are endogenous
angiogenesis regulators [64].

The concept that ANG II has pro-angiogenic properties is
not universally accepted because there are some reports in
which ACE inhibitors increase vascular density in several
models such as the rat limb muscle model [65, 66] and the
coronary microvessel model [67]. VEGF administration and
ACE inhibition with quinalapril but not with captopril,
increase capillary density and collateral circulation
determined by angiography in relation to controls in rabbit
models of ischemia induced by femoral artery resection,
suggesting that ACE inhibition promotes angiogenesis and
that the possible benefit of this drugs in patients with
coronary artery disease may be partly explained by increased
collateral coronary circulation [66]. These are controversial
results, possibly because the regulation of angiogenesis by
RAAS can be modified by many factors in different
experimental or clinical situations, generating paradoxical
results.

6. MECHANISMS BY WHICH ANG II INDUCES
ANGIOGENESIS

The main mechanisms involved in angiogenesis induced
by ANG II is the regulation of the expression of growth
factors such as VEGF, angiopoietin, IGF, PDGF, TGF_β,
FGF and HGF, as well as its receptors, proliferation
stimulation and apoptosis inhibition in endothelial cells,
proinflammatory effects, generation and induction of matrix
metalloprotinase (MMP). See Fig. (2).

6.1 Growth Factors

VEGF is a homodimeric glycoprotein that stimulates
proliferation of endothelial cells as well as several cell lines
and it promotes angiogenesis by chemotaxis stimulation and
the expression of plasminogen activators and collagenases
through its KDR and Flk-1 receptors. It is synthesized by
several tumors, being an attractive therapeutic target [67].
ANG II is a powerful stimulator for VEGF expression in
several models. For instance, in endothelial cells of rat
hearts, losartan but not PD123319 blocked ANG II induced
VEGF synthesis (8). In the Matrigel angiogenesis model, the
administration of ANG II increases VEGF in 144%
compared to controls; that effect is blocked by AT1

antagonists but not by AT2 antagonists. In the same model,
ANG II induced angiogenesis is blocked by neutralizing
antibodies against VEGF. In bovine microcapillary
endothelial cells, ANG II stimulation induces expression of
KDR in a dose-dependent manner; this is blocked almost
completely (90%) using the non selective ANG II antagonist
saralasin and the AT1 antagonist DuP753, and there is almost
no change (20%) using AT2 receptor antagonist PD123319
[68]. At the same time ANG II potentiates angiogenesis
induced by VEGF in a dose dependent manner and such
effect is blocked by AT1 antagonists but not by AT2

antagonists [9]. In conclusion, angiogenesis induced by ANG
II is VEGF-dependent, increasing the expression of that
factor and of its receptor through AT1 receptor.

Tie2 ligands angiopoietin 1 and 2 are multifunctional
proteins involved in embryogenesis, reproductive system and
vascular neoformation. The main regulators of its expression
are hypoxia, VEGF, FGFb, TNF and ANG II [69]. Recent
studies have demonstrated that ANG II is able to stimulate
angiopoietin 2 but not angiopoietin 1 synthesis in bovine

Fig. (2). Mechanisms involved in angiogenesis.
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retinal endothelial cells in a dose dependent manner, due to
increased expression rather than angiopoietin 2 mRNA
stabilization. This response was inhibited by losartan but not
by PD123319; angiopoietin 2 expression in response to ANG
II is blocked by the inhibition of protein kinase C (PKC) and
mitogen-activated protein kinases (MAPK) [70]. In fact, in
endothelial heart cells, ANG II induced expression of mRNA
of angiopoietin 2 in a dose dependent manner and it did not
produce changes on angiopoietin 1 or Tie2. On the other
hand, AT1 blockade decreased in 76% the accumulation of
angiopoietin 2 mRNA induced by ANG II while AT2

blockade with PD123319 induced no changes [14]; in the
same line, angiopoietin 2 expression through AT1 stimulation
was also blocked with EGF receptor antagonist AG1478 and
with the MEK inhibitor PD98059 [63]. This fact suggests
that ANG II increases angiopoietin 2 expression through
EGF receptor pathway that involves ERK, indicating that
ANG II has an important role on pathologic angiogenesis in
diabetic retinopathy, ischemic diseases and maybe tumoral
angiogenesis.

Insulin like growth factor I (IGF-I) and its receptor
regulate multiple cell functions; it may favor neoplasm
formation increasing cell survival, motility and invasion and
inducing angiogenesis; it is expressed in several tissues and
cell types with autocrine and paracrine effects. For these
reasons, it is a potential therapeutic target against cancer
[71]. ANG II stimulates IGF-1 expression, IGF-I receptor
expression associated to DNA synthesis in vascular smooth
muscle, effects blocked by antibodies against IGF-I [72, 73].
The stimulation of ANG II on IGF-I has also been observed
in heart muscle, inducing heart structure changes during
hypertension and inhibiting these changes after the
administration of losartan and hydralazine, indicating that
these effects may be explained by hemodynamic and non
hemodynamic changes [74, 75].

In fact, it seems that the effect of ANG II on IGF-1 is not
exclusive for vascular muscle because in heart fibroblast
cultures, stimulation with ANG II induces IGF-I receptor
over-expression, and AT1 inhibition decreases the expression
of genes such as c-Fos, Egr-1 and Sp1 as well as IGF-I
induced fibroblast [76]. The expression of IGF-I receptor
induced by ANG II in vascular smooth muscle cell culture
(VSMCs) is inhibited by antioxidants, tyrosine kinase
protein inhibitors (genistein and tyrphostin A25) and the
intracellular calcium chelator BAPTA-AM, indicating that
the possible intracellular IGF-I stimulating pathways that
involve ANG II are calcium dependent, mediated by redox
sensitive tyrosine kinase pathways [77]. Other experiments
have demonstrated that the pathways by which ANG II
induces IGF-I expression involve nuclear transcription factor
κB (NF-κB) [13]. Finally, we know that AT1 regulates IGF-I
and also that IGF-I stimulates AT1 receptor expression in
vascular smooth muscle, an interaction that can modulate
heart cell and vascular smooth muscle cell growth [73, 78].

Platelet-derived growth factor (PDGF) is constituted by
an A chain and/or a B chain, forming a homodimer or a
heterodimer with sulphate bounds. It is an important mitogen
and chemotactic for mesenchymal cells, with
vasoconstrictive properties; it also stimulates several cell
functions such as growth, proliferation and differentiation.

PDGF is expressed by different tissues and different solid
tumors [79]. ANG II induces expression of PDGF-A chain in
rat muscle cells and this effect is blocked by saralasin (AT1

blocker) [10]. ANG II can activate a transcription factor
called early growth response factor 1 (Erg-1) and it can
induce PDGF expression [80].

MEK pathway specific inhibitor PD98059 and AT1

antagonist losartan block Erg-1 activation and PDGF-A
expression, indicating that MEK-Erk is an important
component in ANG II transduction pathways to increase
PDGF expression through AT1 receptor [81, 82].
Interestingly, the AT2 antagonist PD123319 has no effect on
the PDGF-A production. On the other hand, PDGF-B chain
expression is stimulated via AT1 receptor in smooth muscle
cells of newborn rats but not in adult rats, through two
members of the MAPK cascade: ERK (extracellular signal
regulated protein kinase) and JNK (c-jun N-terminal protein
kinase) [83]. ANG II also plays a direct role in the activation
of both PDFG chains in response to mechanic damage of
vessel walls, an effect that is blocked by ACE inhibitors
[84]. Besides increasing PDGF expression through AT1

receptor, ANG II also converges with transduction pathways
of several mitogenic growth factors such as PDGF receptor,
stimulating the phosphorylation of some proteins that are
members of the Ras activator family such as Shc [85]. It has
also been observed that ANG II stimulates tyrosine
phosphorylation of PDGF-B receptor in vitro and in vivo  [7,
86]. PDGF expression stimulated by ANG II may modulate
vascular smooth muscle cell proliferation (hypertrophy and
hyperplasia) and vasoconstriction.

Transforming Growth Factor β (TGFβ) is a
multifunctional cytokine with several homodimeric
isomorphs (TGFβ 1, 2 and 3) that modulate cell
proliferation, differentiation, apoptosis and embryogenesis.
This molecule induces the expression of several extracellular
matrix proteins such as collagen, it has a powerful
chemotactic effect for fibroblasts, it induces the release of
other cytokines such as PDGF that plays an important role in
normal cicatrization process and in pathologic fibrosis.
Several neoplasms express these cytokines, favoring tumor
progression caused by angiogenesis stimulation and immune
cell suppression [87]. In hypertensive rats there is increased
expression of TGF-β1 associated to extracellular matrix
proliferation in heart muscle and in vascular smooth muscle,
and AT1 inhibitors as well as ACE inhibitors can reverse this
process [88-90]. ANG II induces phosphorylation and
activation of extracellular signal-regulated kinases (ERK 1
and 2) followed by an increase in activator protein 1 (AP-1)
and in TGF-β mRNA. It is now known that PD98059, an
ERK specific inhibitor can decrease TGF-β1 expression and
AP-1 activation, suggesting that ERK is involved in TGF-β1
induction by ANG II and that it participates in vascular
remodeling in hypertension [91]. These phenomena are not
exclusive for the cardiovascular system; in glomerular and
mesangial rat cells, ANG II increases the expression of TGF-
β and of some extracellular matrix components such as
fibronectin and type I collagen, in a dose-dependent manner,
in vitro and in vivo. Interestingly, ANG II promotes
conversion of TGF-β from an inactive to an active form and
AT1 receptor inhibitors prevent this phenomenon [92].
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It is known that TGF-β promoter activation by ANG II is
blocked by the inhibition of PKC and TGF-β promoter
activation by MAPK is blocked by BIS-1 and SB 203580,
therefore TGF-β1 increase mediated by ANG II depends on
PKC and p38 MAPK [93]. Interestingly, it is known that AT2

receptor over-expression on vascular smooth muscle cells
(VSMCs) suppresses the expression of TGF-β1 receptor [94]
a fact that explains why the treatment with an AT1 receptor
inhibitor decreases TGF-β1 production and may indirectly
generate greater stimulation of AT2 and greater inhibition of
TGF-β1 receptor.

Fibroblast growth factors (FGFs) are members of a
polypeptide family synthesized by several cell types. They
have an important role in cell differentiation and
development; they are expressed in embrions as well as in
adult tissues and they stimulate several biologic processes as
mitogenesis and angiogenesis [95]. In bovine adrenal cells
ANG II stimulation increases FGF-2 concentrations [11]. In
these cells, AT1 and AT2 stimulation increase FGF-2 gene
transcription and genistein (tyrosine kinase inhibitor)
decrease it, indicating that tyrosine kinase activity may be
essential for FGF induction by angiotensin [12, 13].
Paradoxically, ANG II inhibits FGF-2 induced proliferation
in adrenal cells, maybe inducing PGE2 synthesis in the case
of AT1, and inducing the activation of pathways that require
tyrosine kinase phosphorylation in the case of AT2 [96].
FGF-2 can also regulate AT1 expression in vascular smooth
muscle; however, this is a negative regulation [97].

Hepatocyte Growth Factor (HGF) is a multifunctional
protein that regulates cell growth and motility and it has a
powerful angiogenic effect mediated by its c-met receptor
[98]. Its overexpression has been found in several neoplasms
and it is related to malignancy degree, recurrence and
prognosis [99]. HGF and its receptor have been identified in
vivo and in vitro in vascular cells. There is evidence that
indicates that ANG II can regulate HGF synthesis, for
instance ANG II decreases local production of HGF in a
dose-dependent manner in vascular smooth muscle cells. In
other studies, endothelial damage induced by intravascular
balloon decreased HGF production, while the ACEI
cilazapril and E-4177 increased its concentrations and
inhibited the formation of a neointimal sheath [100].
Hypertense rats have decreased HGF tissue concentrations
(kidney, heart, vessels) and AT1 blockade or ACE inhibition
can increase HGF tissue levels [101], indicating that local
HGF production could have a protective effect on
endothelium and that the decrease of HGF mediated by ANG
II could accelerate endothelial damage. In fact, the benefit of
RAAS blockade may be due to increased HGF tissue levels.
Other studies have demonstrated that pre-treatment with
candesartan (AT1 blocker) in ischemic liver damage with
reperfusion, increase tissular HGF levels and prevents post
reperfusion damage [102].

6.2 Inflammation

Recent studies have shown that ANG II has
proinflammatory actions including free oxygen radical
production, release of proinflammatory cytokines like
interleukin-6 (IL-6) and cell adhesion molecules, mediated
by the activation of nuclear factor-κB (NF-κB) and protein

kinase C [103], inducing endothelial dysfunction and
increased atherosclerosis. Cytokine synthesis in vascular
smooth muscle apparently is AT1 dependent because its
antagonist losartan inhibits IL-6 production. Besides, this
cytokine induces angiotensinogen synthesis in the liver,
increasing this important substrate for RAAS [104, 105].
These facts suggest that ANG II may contribute to the
pathogenesis of atherosclerosis.

While inflammatory processes and cyclooxygenase-2
(COX-2) can regulate angiogenesis [106, 107], it is also
known that ANG II stimulates monocyte recruitment,
macrophage activation and increase COX-2 expression. For
instance, in angiogenesis models with Matrigel, ANG II
induced macrophage recruitment and COX-2 expression in
42% and these effects were blocked by AT1 receptor
antagonists. Besides, nimesulide, a COX-2 inhibitor,
decreased angiogenesis induced by ANG II [9], indicating
that ANG II-induced angiogenesis also depends on
inflammatory processes.

6.3 Metaloproteinases

The presence of enzymes that degrade extracellular
matrix is necessary during angiogenesis [108]. ANG II
regulates the production and activation of several matrix
metalloproteinases (MMP), important enzymes for collagen
degradation. In heart muscle cells, stimulation with ANG II
induces the expression of MMP-9, an effect that is inhibited
by calfostin C a specific inhibitor of Protein Kinase C [103].
ANG II can also increase the expression of MMP-1 and 2
[109].

6.4 Nitric Oxide

Another mechanism by which ANG II could favor
angiogenesis is through the regulation of the expression of
nitric oxide synthetase (NOS) mediated by VEGF. Nitric
oxide is a vascular tone modulator that has been implicated
in neovascularization modulation in response to ischemia
[110]. In a murine model of ischemic tissue, angiotensin
administration increases the tissue expression of NOS,
interestingly, AT2 receptor knock-out mice have also
increased basal NOS expression compared to control mice
[63]. Other studies have shown that angiogenesis induced by
angiotensin in the Matrigel model is blocked by the NOS
inhibitor L-NAME; besides, the increase in tissue NOS
concentrations can be prevented using AT1 blocker
candesartan and stimulated using PD123319, in conclusion,
it seems that angiogenesis induced by ANG II depends on
nitric oxide, because AT1 stimulation increases nitric oxide
synthesis [9].

7. ANGIOTENSIN AND CANCER

Angiogenesis is a mandatory process in neoplasia growth
and development [111]. The angiogenic effect of ANG II can
influence on carcinogenesis or in the growth of several
neoplasms. There are two epidemiologic studies involving
hypertensive patients that suggest that the treatment with
ACE inhibitors could decrease cancer risk (relative risk =
0.73 and 0.79) [112, 113] although the results had no
statistical significance. In the same line, a retrospective study
that included more than 4,900 hypertensive patients has
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shown that patients treated with ACE inhibitors had
significantly reduced cancer risk compared to patients
without this treatment, with a relative risk of 0.72 (95% CI:
0.55-0.92) for any neoplasm and 0.48 (95% CI 0.23-0.88) for
fatal neoplasms; there was no relation when comparing
patients treated with other antihypertensive drugs. Those
neoplasms that had the lower incidences in ACE inhibitors
users were lung and colon, as well as female sex specific
neoplasms [114]. However, these results have not been
confirmed by randomized studies [115- 117]. The lack of
association of the use of ACE inhibitors and the reduction in
cancer risk in most of the retrospective studies does not
indicate necessarily that ANG II does not participate in
neoplasm development, neither that the inhibition of RAAS
blockade has no antineoplastic activity. An example of a
similar situation is the indication of tamoxifen use. It is well
known that tamoxifen is an anti-hormonal treatment with
anti-neoplastic activity in breast cancer bearing estrogen and
progestagen receptors, however, its long term use prevents
breast cancer only in high risk patients, not in general
population [118].

The RAAS has been associated with growth stimulation
for several neoplasms at experimental level. In fact
angiotensin receptors have been found in cell surface and in
cytoplasm of human tumors such as breast cancer, malignant
gliomas, hepatic carcinoma, renal carcinoma, melanoma,
pancreas cancer and sarcomas.

Binding assay studies for ANG II receptor subtypes in
medroxyprogesterone induced breast adenocarcinoma in
mice have shown high expression of AT1 receptor in the
ductal tumors in contrast to lobular adenocarcinomas, while
AT2 receptor was found in peritumoral connective tissue and
the control tissue did not express any of these receptors. In
addition, this study has shown that ACE was expressed in all
adenocarcinomas, mainly in ductal adenocarcinomas [119].

Tahmasebi has also shown the presence of AT1 receptor
in 28 of 30 samples of in situ ductal carcinoma and
infiltrating ductal carcinoma, detected by
immunohistochemistry [120]. Another study confirmed the
presence of AT1 receptor by the same method as well as by
immunoblotting and ligand binding analysis in benign and
malignant mamarian tissue in 22 patients, showing that AT1

receptor is distributed in epithelial cell cytoplasm of normal
and non-malignant tumor tissue. For malignant tumors there
was a graded distribution of staining intensity, each varied
from cell to cell and from one part of the tumor to another
[121]. However in another study, AT1 histochemistry was
negative in 25 breast invasive human carcinoma samples and
positive in 31 of 33 hyperplastic tissue samples and also
positive in 18 of 23 in situ carcinoma tissue samples,
suggesting that AT1 expression may contribute to
premalignant tissue development [122]. On the other hand,
AT2 receptor has been found in hyperplastic lesions, in situ
and invasive carcinoma tissue, using immunocytochemistry
and in situ hybridization, along with increased NOS
expression [123].

In MCF-7 cell line of human breast cancer, angiotensin
increases β1 integrin expression, a cell adhesion molecule
that has been found in breast cancer and that plays an
important role in cell growth and differentiation as well as in

[124]. Additionally, in MCF-7 cell line there is AT1 and AT2

receptor expression, and ANG II had a dose dependent
proliferative effect, associated to AT1 receptor mediated
Na+/K+ ATPase activation [125]. In other study using
normal breast cell and invasive intraductal carcinoma cell
cultures from 5 mastectomies, AT1 mRNA expression was
measured and its levels were higher in carcinoma cells. In
these same cultures, ANG II increased calcium intracellular
concentrations in a dose dependent manner through AT1

receptor, mainly in malignant cells, maybe due to a higher
AT1 receptor expression; additionally, angiotensin stimulates
cell proliferation through PKC α and β1/2 and
phosphorylated extracellular-regulated kinases 1 and 2
(ERK1 and ERK2), a mandatory step for proliferation of
these cells induced by EGF, a cytokine involved in neoplasm
invasiveness. In this experiment cell proliferation induced by
ANG II is inhibited by losartan, Gö6976 (PKC inhibitor) and
AG1478 (EGF receptor tyrosine kinase inhibitor). Therefore,
AT1 regulates mitogenic signaling pathways by two
simultaneous mechanisms: PKC activation and EGF receptor
activation [126, 127].

In the ductal breast carcinoma human cell line, captopril
significantly decreased the expression of estrogen receptors
and increased the expression of progesterone receptors,
inhibiting cell proliferation in a dose dependent manner;
these measurements were made by [3H] thymidine
incorporation, and the results suggest that captopril has a
cytostatic activity not mediated by estrogen receptor [128].
All these facts suggest that tissue RAAS contributes to breast
cancer development and progression.

It is well known that there is a local brain RAAS [129],
where neurons and glial cells can express ANG II.
Astrocytomas are brain tumors that originate from glial cells
and are the most common primary brain tumors. Anaplastic
astrocytoma and glioblastoma multiform are aggressive
tumors that show extense endothelial cell proliferation and
angiogenesis, as well as high production of growth factors as
PDGF, VEGF and HGF. Some studies have shown that
glioblastoma multiform can synthesize renin, unlike low
grade reactive gliosis tumors, indicating a possible
relationship between endogenous intratumoral renin and
angiogenesis [130]. Additionally, Fogarty has shown the
presence of different AT1 and AT2 receptor subtypes (AT1a

and AT1b) by RT-PCR in rat astrocytoma cells, and the
incubation of these cells with different types of angiotensins
induced cell proliferation, regardless AT1 and AT2 receptor
expression, suggesting that astrocytomas can express several
angiotensin receptor subtypes [131]. In concordance, an in
vivo study with C6 rat glioma shown that the administration
of losartan inhibited tumor growth in a dose dependent
manner, as well as cell proliferation and vascular density,
suggesting that AT1 receptor blockade may lead to decreased
synthesis of growth factors that depend on angiotensin,
representing an attractive therapeutic target [132].

Several experimental studies have shown that ACE
inhibitors decrease preneoplastic lesions and hepatic
carcinoma cell growth [133-135]. In mice BNL-hepatic
carcinoma, treatment with perindopril, an ACE inhibitor
decreased tumor growth, angiogenesis and VEGF, unlike
treatment with losartan or candesartan, suggesting that the
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antineoplastic effect could be independent from AT1 receptor
blockade. [136-138].

There is also evidence that suggests the participation of
RAAS in pancreatic cancer. For example, it is known that
pancreatic cancer tissue expresses high levels of ANG II
compared to normal pancreatic tissue; interestingly ACE
activity is the same in both tissues, indicating that ANG II
production in pancreatic cancer is ACE-independent [139].
Experimental studies using hamster pancreatic cancer
cultured cells have shown that captopril decreased cell
proliferation and the cell proliferation antigen (PCNA), a
DNA polymerase cofactor that is used as a marker for
synthesis phase [140]. Other studies using pancreatic cancer
cell lines and tissues from patients with pancreatic cancer
that underwent surgery, have shown AT1 receptor expression
using RT-PCR in 6 of 8 malignant neoplasms, 1 of 4 normal
pancreatic tissue and 3 of 3 cell lines, and
immunohistochemistry revealed that AT1 receptor was
present in 27 of 50 cases of pancreatic cancer. AT1 receptor
blockade decreased cell line proliferation without toxic
effects [141].

It is well known that AT1 and AT2 receptors are present
in normal kidney, however, AT1 receptor has also been
detected with immunohistochemistry at different intensities,
in 9 of 10 metastatic renal cancers as well as in mice lung
metastases from renal cancer [142]. Besides, in a xenograft
model of human renal cell carcinoma, captopril inhibited in
vivo tumor growth without in vitro cell proliferation
inhibition [143]. In another study, AT1 blocker candesartan
administration in mice with renal cancer, decreased the
incidence of lung metastases, tumoral contents of TGFβ and
expression of VEGF, suggesting that AT1 antagonists could
be used as antineoplastic treatment for these tumors [142].

The treatment of soft tissue malignancies is a challenge
for the oncologist. Animal models have contributed in our
understanding about these neoplasms. For example,
treatment with captopril inhibited fibrosarcoma growth in a
rat model [134]; in addition, there are reports which indicate
that TCV-116 (AT1 receptor antagonist) and lisinopril
significantly inhibit sarcome-180 and NFSA fibrosarcoma
growth in vivo, decreasing also microvessel density and
pulmonary metastases number. Both tumors expressed AT1a

receptor, and the administration of TCV-116 and lisinopril
decreased AT1a receptor mRNA levels [144]. These facts
also indicate a potential therapeutic role for AT1 receptor
blockers.

There are some interesting results involving cancer colon.
At least three colon cancer cell lines express AT1 and AT2

receptors [145]. In AT2 receptor deficient mice,
azoxymethane-induced colon tumor prevalence was
decreased to 11% compared to 100% in control animals,
besides the size of the tumors was significatively higher
along with multiplicity frequency, suggesting that AT2

receptor could be crucial during tumor genesis and growth,
representing a potential mechanism of chemoprevention for
human colorectal cancer [146].

In human squamos cell carcinoma AT1 receptor
expression has been detected in 46 of 50 cases, with high
immunohistochemistry intensity in 74%, compared with

benign keratoacanthoma lesions that shown 23.7% of
positive immunohistochemistries, suggesting a
pathophysiologic role of AT1 in skin cancer [147, 148].
Interestingly, treatment with captopril in radiated rats
decreased the incidence of fibrosarcoma and squamous cell
carcinoma in 80% compared to controls [133]. Recently,
some reports indicate that in AT1 receptor deficient mice
implanted with B16 F1 melanoma and QRsP-11
fibrosarcoma cells, capilar density and tumor size
significatively decreased and overall survival increased in
comparison to control mice. Macrophage infiltration and
VEGF expression by these cells was poorer in AT1 receptor
deficient mice than in controls, suggesting that ANG II plays
an important poinflammatory role that favors tumor
angiogenesis. Additionally, the administration of TCV-116
(AT1 receptor antagonist), significatively decreased
melanoma tumor volume in mice [149].

CONCLUSION

It is well known that angiogenesis plays an indisputable
role in the development of solid tumors to provide them with
oxygen and essential nutrients, constituting an attractive
therapeutic target. To date, there are several potentially
useful drugs to inhibit angiogenesis and they could be
associated to cytotoxic agents to improve antitumoral
response. It is of great relevance that multi-functional
hormonal systems such as renin angiotensin aldosterone
system could influence in neoplasms development,
angiogenesis and invasiveness. The discovery of the
influence of hormones on neoplasms, such as estrogens and
progesterone, has represented a great advance for prevention
and treatment of neoplasms such as breast and endometrium
cancer, where the presence of such receptors define which
patients may benefit from hormonal treatment. It is clear that
treatment with ACE inhibitors and ANG II receptor blockers
may decrease the production of growth factors in neoplasms
with positive receptors, representing an adjuvant therapy
with synergistic effects to chemotherapy. The antineoplastic
effect of ANG II inhibition is not clear. Whereas in some
tumors it seems to be mediated by AT1 receptor blockade, it
is possible that ANG II inhibition produced AT1/AT2

stimulation disequilibrium that favored AT2 stimulation and
would lead cells to apoptosis.

In the following years, we will witness the increase in all
the information concerning angiotensin receptors in several
tumors, along with clinical trials that may correlate the
presence of such receptors with treatment and prognosis of
human neoplasms, opening the doors to a new research area
in oncology.
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