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RESUMO

H4 um conjunto de dados que fundamentam
o papel central do sistema renina-an-
giotensina (SRA) na doenga aterosclerética
e no continuo da doenc¢a cardiovascular: da
disfun¢@o endotelial & oclusdo vascular.

Nos estddios mais precoces da doenga
vascular, o SRA promove o aparecimento de
alteragoes funcionais, de que a disfun¢do
endotelial é o melhor paradigma. A
deposicdo de lipoprotefnas aterogénicas na
fntima, a sua modificacfo oxidativa e o
desencadear e a amplificacdo da resposta
inflamatéria reforca o papel aterogénico que
o SRA pode favorecer.

As células inflamatérias sdo uma das
principais fontes de enzima de conversdo e
de angiotensina Il na parede vascular, num
processo que define a modifica¢do
estrutural da artéria e a progressio da
doenga aterosclerética. A angiotensina 11
promove a migracdo do misculo liso
vascular e a sua diferenciacgéo fenotipica de
sintese que acelera a doenga vascular. Ao
modular a resposta inflamatéria e, de uma
forma global, todos os elementos da placa, a
angiotensina Il tem uma palavra na
instabilidade da mesma, na emergéncia dos
eventos agudos e no favorecimento do

From endothelial dysfunction to
vascular occlusion: Role of the
renin-angiotensin system

ABSTRACT

There is a body of evidence that supports
the important role of the renin-angiotensin
system (RAS) in atherosclerotic disease and
in the cardiovascular disease continuum:
from endothelial dysfunction to vascular
occlusion.

In the earlier stages of vascular disease, the
RAS promotes functional changes, of which
endothelial dysfunction is the best example.
The deposition of atherogenic lipoproteins
in the intima, their oxidative modification
and the onset and amplification of the
inflammatory response strengthens the
atherogenic role of the RAS.

Inflammatory cells are one of the main
sources of angiotensin-converting enzyme
(ACE) and angiotensin II (Ang II) in the
vascular wall, in a process that leads to
structural changes in the artery and progres-
sion of atherosclerotic disease. Ang II pro-
motes the migration of vascular smooth
muscle cells and their phenotypic differenti-
ation in synthesis that accelerates vascular
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estado pré-trombético local que determina o
enfarte.

Palavras-chave:
Sistema renina-angiotensina; Aterosclerose;
Inflamacao; Disfun¢do Endotelial; Stress oxidante

INTRODUCAO

Osistema renina-angiotensina (SRA) é uma
cascata enzimdtica que tem como produ-
to, porventura mais importante, a angiotensina
II, péptido que, actuando no coragfo, rim,
musculo liso vascular, supra-renal e cérebro,
desempenha um papel fundamental no contro-
lo da presséo arterial, na manutengdo da ho-
meostasia do sédio e d4gua e no equilibrio, fun-
cional e estrutural, cardiovascular.

A angiotensina II provoca a constri¢éo di-
recta do musculo liso arteriolar e contribui,
directa ou indirectamente, para a disfuncgéo
endotelial. Modula também o tono adrenér-
gico, estimula a transmissdo sindptica,
promove a libertacdo de catecolaminas, pela
medula da supra-renal, e participa nos
processos cognitivos e na aprendizagem de
comportamentos (além de despertar a sede e
de aumentar a secre¢do de vasopressina). No
rim, a angiotensina Il regula o fluxo
sanguineo renal, a taxa de filtracdo e a
hemodindmica glomerular (assim como a
permeabilidade as proteinas), o transporte
tubular de sédio (e reabsor¢do de dgua), a
acidificacdo e a concentragdo da urina. Inibe
a libertacdo da renina, estimula a sintese e
secrecdo de aldosterona e influencia um
enunciado nimero de factores locais vaso-
activos e de crescimento, que modulam diver-
sas respostas inflamatérios e proliferativas.

Por tudo isto, importa elucidar a contribui-
¢do decisiva do SRA na remodelagem vas-

disease. By modulating the inflammatory
response and, in general, all the elements of
the plaque, Ang Il plays a part in its insta-
bility, in the onset of acute events and in the
promotion of the local prothrombotic state
that leads to infarction.

Key words

Renin-angiotensin system; Atherosclerosis;
Inflammation; Endothelial dysfunction; Oxidative
stress.

INTRODUCTION

he renin-angiotensin system (RAS) is an

enzymatic cascade, the most important
product of which is angiotensin II (Ang II), a
peptide that acts on the heart, kidney, vascu-
lar smooth muscle, adrenals and brain, play-
ing an important role in blood pressure con-
trol, sodium and water homeostasis, and car-
diovascular functional and structural balance.

Ang 1II directly causes arteriolar smooth
muscle contraction and contributes directly
and indirectly to endothelial dysfunction. It
also modulates adrenergic tone, stimulates
cate-

synaptic  transmission,

cholamine release by the adrenal medulla,

promotes

and is involved in cognitive processes includ-
ing learning of behaviors, as well as provoking
thirst and increasing vasopressin secretion. In
the kidney, Ang II regulates renal blood flow,
filtration rate and glomerular hemodynamics
(as well as permeability to proteins), tubular
sodium transport and water reabsorption, and
urine acidification and concentration. It also
inhibits the release of renin, stimulates the
synthesis and secretion of aldosterone, and
influences a large number of local vasoactive
and growth factors that modulate various
inflammatory and proliferative responses.

For these reasons, it is important to deter-
mine the role of the RAS in vascular remod-
eling, the pathophysiology of vascular dis-
ease and the modulation of cardiovascular
risk.




cular, na fisiopatologia da doenga vascular e
na modulag@io e potenciagdo do risco cardio-
vascular.

2. Genoétipos do SRA e risco cardiovascular

Vérios polimorfismos dos genes do SRA
tém sido intensamente estudados e poten-
cialmente relacionados com variacoes da
pressdo arterial e com a ocorréncia e a pro-
gressdo de vérias patologias cardiovasculares
(disfuncéo endotelial, aterosclerose, hipertro-
fia ventricular esquerda e insuficiéncia car-
diaca)®.

O polimorfismo do gene ECA (enzima
conversora da angiotensina) consiste na au-
séncia (dele¢do — D) ou na presenca (inser¢éo
—I) de um fragmento de 287 pares de bases de
DNA no intrdio 16, dando origem a trés
gendtipos diferentes: DD, DI e 11?. O alelo D
estd relacionado com niveis da actividade da
ECA mais elevados e com eventuais efei-
tos secunddrios dependentes da angiotensi-
na [164,

Alguns trabalhos © ©

aparente relagdo entre os diversos polimor-

sugerem uma

fismos da ECA e a disfuncdo endotelial,
capaz de modular, de forma significativa, a
resposta vasodilatadora, micro e macro-
vascular, dependente da inibi¢dao do SRA (os
doentes portadores do alelo D parecem ter
um tono vascular dependente do musculo
liso vascular aumentado, contrariado,
parcialmente, pela maior actividade basal da
sintetase do monéxido de azoto nos
individuos com aterosclerose clinica).

Os polimorfismos genéticos da ECA pare-
cem também modular o balan¢o hemostético e
fibrinolitico, por processos diversos da dis-
funcdo endotelial ® (o gendtipo DD est4 signi-
ficativamente associado a niveis circulantes
mais elevados de PAI-1, fibrinogénio, factor
de von Willebrand e t-PA), e terem um papel
evidente na evolugdo da sindrome hiperten-
siva, ao influfrem no risco de ocorréncia de
hipertrofia ventricular esquerda (apesar de al-
guns dados menos consistentes, o genétipo
DD tem sido associado com aumentos do in-

dice de massa ventricular esquerda e com
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2. RAS genotypes and cardiovascular
risk

Several polymorphisms of RAS genes have
been thoroughly studied and relationships
have been suggested with blood pressure vari-
ations and with the occurrence and progres-
sion of various cardiovascular pathologies,
including endothelial dysfunction, atheroscle-
rosis, left ventricular hypertrophy and heart
failure V.

The polymorphism of the ACE (angiotensin-
converting enzyme) gene consists of the deletion
(D) or insertion (I) of a 287-bp DNA fragment in
intron 16, giving rise to three genotypes: DD, DI

and 11"”. The D allele is associated with higher
levels of ACE activity and with Ang II-depend-
ent secondary effects ®?.

Some studies ® © have suggested a link
between the different ACE genotypes and
endothelial dysfunction, with significant alter-
ations in micro- and macrovascular vasodila-
tory responses that depend on RAS inhibition:
vascular tone in D allele carriers appears to be
affected by increased vascular smooth muscle,
which is partly countered by greater basal
activity of nitric oxide (NO®) synthase in indi-
viduals with clinical atherosclerosis.

The ACE polymorphism also appears to
modulate hemostatic and fibrinolytic balance,
through various aspects of endothelial func-
tion® — the DD genotype is significantly asso-
ciated with higher circulating levels of plas-
minogen activator inhibitor (PAI-1), fibrino-
gen, von Willebrand factor and tissue plas-
minogen activator (t-PA) — and clearly has a
role in the evolution of the hypertensive syn-
drome by increasing the risk for left ventricu-
lar hypertrophy (although the data are incon-
sistent, the DD genotype has been linked to
increased left ventricular mass index and a
higher prevalence of eccentric left ventricular
hypertrophy).

The significance of ACE genotypes as a
risk factor for cardiovascular events is less
clear; it appears to be largely dependent on
the homogeneity of the study population and
the methodology used ®. A recent case-control
study of a Portuguese population of 517 con-
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maior prevaléncia de hipertrofia excéntrica do
ventriculo esquerdo).

O papel dos genétipos da ECA como factor
de risco para a ocorréncia de eventos cardio-
vasculares é mais discutivel e parece estar
largamente dependente da homogeneidade da
populacdo estudada e das metodologias
adoptadas ®. Recentemente, num estudo de
caso-controlo na populagdo portuguesa (517
controlos e 301 doentes corondrios), verificou-
se uma associagdo positiva do genétipo DD
com o risco de enfarte do miocdrdio (odds ratio
=1.79; 1C 95%: 1.31 — 2.45, P <0.001) @ e com
a extensdo e gravidade da doenga coronéria (P
<0.0001), confirmada por coronariografia ©.
Apesar disso, e tal como ja sugerimos, o facto
do risco cardiovascular derivado do polimor-
fismo I/D da ECA depender da populagdo
estudada diminui muito o seu possivel papel
como indicador prognéstico na defini¢do da
estratégia mais adequada™?.

A par do polimorfismo da ECA, os outros
polimorfismos de outros elementos do SRA
tém também apresentado resultados discor-
dantes " * . Sdo os casos do alelo T do poli-
morfismo M235T do angiotensinogénio (que
condiciona niveis plasméticos mais elevados
de angiotensinogénio e um possivel siner-
gismo com a apolipoproteina E4), das trans-
versdes 1166A/C (também com uma possivel
interac¢do gene-gene com o genétipo DD) e
810T/A do receptor AT1 e do polimorfismo
C825T da proteina G da subunidade, 3 deste

receptor.

2. Sistemas renina-angiotensina-aldoste-
rona locais e celulares

A compreensio do pleomorfismo funcional do
SRA passou, obrigatoriamente, pela confirmagao
da existéncia, no todo ou em parte, de elementos
do SRA nos vasos (facto particularmente im-
portante), no cérebro, no rim e em muitos outros
tecidos ndo cardiovasculares .

Assim, por exemplo, nos miéeitos dos vasos
(e nas células mesangiais) foi descrito um
receptor (prd-)renina, cuja activagio determina
o aumento da producdo local de angiotensina
II, a geragdo de um 2° mensageiro — com trans-

trols and 301 coronary patients showed a pos-
itive association between the DD genotype
and risk for myocardial infarction (odds ratio
= 1.79; 95% CI: 1.31-2.45, p<0.001) @ and
with extent and severity of coronary disease
(p<0.0001) documented by coronary angiogra-
phy ®. However, as suggested above, the fact
that the cardiovascular risk deriving from the
I/D ACE polymorphism depends on the popu-
lation studied considerably weakens its use-
fulness as a prognostic indicator in defining
therapeutic strategies *-%.

As with the ACE polymorphism, research
into polymorphisms of other elements of the

1,4, 6)
”

RAS has also produced conflicting results
including the T allele of the M235T polymor-
phism of angiotensinogen (which leads to
higher plasma angiotensinogen levels and
may have a synergistic effect with apolipopro-
tein E4), the A1166C (which may have a
gene-gene interaction with the DD phenotype)
and T810A transversions of the AT receptor,
and the C825T polymorphism of the G-protein,

3 subunit of this receptor.

2. Local and cellular renin-angiotensin
systems

An understanding of the multiple actions
of the RAS only came after the discovery of
elements of the system in blood vessels (a
particularly important finding), the brain,
kidneys, and many other non-cardiovascular
tissues .

For example, a (pro)-renin receptor has
been described in myocytes in blood vessels,
as well as in mesangial cells, which when acti-
vated increases local production of Ang Il and
generates a second messenger and intracellu-
lar signal transduction, leading to biological
effects. At the same time, cardiomyocytes and
other cells can internalize plasma renin and
synthesize Ang Il in their cytoplasm, as well
as other forms of the enzyme such as the intra-
cellular exon 1A renin, which is overex-
pressed, for example, following myocardial in-
farction ", Experimental studies suggest that
the (pro)-renin receptor may be linked to var-
ious aspects of high blood pressure, cardiac




dugdo intracelular do sinal — e a provocagao de
Por

cardiomidcitos (e outras células) sdo capazes de

efeitos  biolégicos. outro lado, os
interiorizar a renina plasmética (e de gerar
angiotensina Il no seu citoplasma) ou de sin-
tetizarem formas alternativas desta enzima: o
exdo 1-A da renina, intracelular, sobreexpres-
so, por exemplo, no ventriculo esquerdo, no
pés-enfarte do miocdrdio . Trabalhos experi-
mentais sugerem que o receptor (pré-)renina
pode estar relacionado com diversos aspectos
da sindrome hipertensiva, com a fibrose e re-
modelagem cardiaca e com a fisiopatologia da
nefropatia diabética "2.

Centrados na renina, cuja participag¢do para
os SRA teciduais tem sido motivo de maior
controvérsia, ndo podemos esquecer que todos
os restantes elementos do sistema (angio-
tensinogénio, ECA, receptores da angiotensina
II e aldosterona) tém sido reiteradamente de-
tectados nos mais diversos tecidos". Em mui-
tos modelos animais, as concentragdes locais
de angiotensina II, dependentes do angiotensi-
nogénio e da ECA local, cursam em paralelo
com os niveis plasméticos, sugerindo que a
renina, de origem renal, é o seu principal deter-
minante. No entanto, noutros casos, os niveis
locais de angiotensina Il sdo largamente diver-
gentes das concentragdes plasmaéticas, confir-
mando o papel de factores locais (e de outros
elementos) na sua sintese e na sua actuagio pa-
rdcrina e autéerina.

Contudo, o SRA ganhou nova complexi-
dade, quando se reconheceu, nos cardiomi6-
citos, a interioriza¢do e o transporte nuclear ou
mitocondrial da angiotensina Il e se identi-
ficaram “receptores ATI-like”, no nicleo e na
cromatina, com elevada afinidade para o
péptido 9. A ligacdo da angiotensina Il a estes
receptores determina um aumento da trans-
cri¢do, uma maior sensibilidade da cromatina
para a digestdo por nucleases e efeitos biolé-
gicos diversos (aumento do fluxo intracelular
de cdlcio e acréscimo na expressdo de PDGF e
angiotensinogénio, por exemplo). Ora, esta con-
ceptualizacdo sugere que a angiotensina II
possa, também, ter efeitos intracrinicos poten-
ciais (modulando ac¢des na célula onde é sinte-
tizada).

Pedro Marques Silva
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fibrosis and remodeling, and the pathophysi-
ology of diabetic nephropathy 2.

Despite the focus on renin, whose role in
the tissue RAS has been the subject of much
debate, it should not be forgotten that all the
other elements of the system (angiotensino-
gen, ACE, Ang II receptors and aldosterone)
have been repeatedly detected in various tis-
sues . In many animal models, local Ang II
levels, which are dependent on angiotensino-
gen and local ACE, mirror plasma levels, sug-
gesting that renin, originating in the kidneys,
is the main determining factor. However, in
other cases, local Ang Il levels differ consid-
erably from plasma concentrations, which
confirms the importance of local factors, as
well as other elements, in its paracrine and
autocrine synthesis and action.

However, even greater complexity was
revealed in the RAS with the discovery of
internalization and nuclear or mitochondrial
transport of Ang II in cardiomyocytes and of
ATi-like receptors in the nucleus and in chro-
matin with a high affinity for the peptide “.
Binding of Ang Il to these receptors leads to
increased transcription, greater susceptibility
of chromatin to digestion by nucleases, and a
range of biological effects, including increa-
sed intracellular calcium flow and enhanced
expression of platelet-derived growth factor
(PDGF) and angiotensinogen. This suggests
that Ang II also has intracrine effects, acting
within the cell in which it is synthesized.

3. Angiotensin II receptors and signal
transduction

Despite these discoveries, it is accepted
from both a theoretical and functional view-
point that virtually all effects, both systemic
and local, of Ang II result from its interaction
with specific G-protein coupled membrane
receptors  (associated  with  guanine
nucleotides).

Two main Ang II receptors are currently
recognized: ATi (ATi-R) and AT: (AT:-R),
widely distributed in different organs and tis-
sues, which are distinguished by their differ-

ent susceptibility to reducing agents, their
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3. Receptores da angiotensina I
e transducio do sinal

Apesar do enunciado, reconhegamos — de
um ponto de vista diddctico e funcional — que
a quase totalidade dos efeitos, sistémicos e
locais, da angiotensina II resultam da sua in-
terac¢do com receptores especificos de mem-
brana, acoplados a proteinas G (proteinas as-
sociadas a nucleétidos de guanina).

No essencial, sdo hoje reconhecidos dois
receptores principais da angiotensina II, os
receptores AT1 (ATi-R) e os receptores AT:
(AT2-R), larga e diversamente distribuidos nos
diferentes 6rgdos e tecidos, que se distinguem
entre si pela diferente susceptibilidade a
agentes redutores, pela afinidade e tipo de
resposta determinada pelos ligandos endége-
nos (nomeadamente a angiotensina II) e pela
selectividade de ligagdo aos ligandos ex6-
genos . Os dois receptores tém uma estru-
tura polipeptidica similar, com cerca de 360
aminodcidos (e 7 dominios transmembrana),
mas com uma distinta homologia de se-
quéncias (= 30%). O ATi-R é codificado por
um gene com 60 Kb e 5 exdes localizado no
cromossoma 3 e o AT>-R por um gene com 3
exdes do cromossoma X.

Apés a ligacdo do ligando endégeno ao
ATi-R, desencadeia-se um complexo processo
intracelular de cascatas de transducfio de si-
nal (Figura 1) que culminam na mediagdo de
uma resposta hipertréfica, migratéria e proli-
ferativa™™'? e cuja compreensdo explicita mui-
tos dos efeitos da angiotensina II (e de outros
péptidos do SRA) na doenga cardiovascular.

A activacdo da proteina G, acoplada ao
ATi-R, induz uma rdpida fosforilagdo da
proteina tirosina da familia da src cinase e dos
diversos substratos da src: cinase de adesdo
focal (FAK), tirosina cinase 2, paxilina,
tensina, Janus cinase 2 (JAK2) e factor de
transdugdo de sinal e activador da transcrig¢do
(STAT1)". Como consequéncia, hé a activag¢do
de um conjunto de proteinas de regulacdo
(She, Grb2 e Sos), de pequenas proteinas G
(Ras e Rho) e de MAP cinases' e a expressio
de diversos protooncogenes (c-fos, c-jun e
c-myc), com a activagio de factores de trans-

affinity and response to endogenous ligands
(particularly Ang II), and the selectivity of
their binding to exogenous ligands ™', The
two receptors have a similar polypeptide
structure, with about 360 amino acids and
seven transmembrane domains, but have a
different sequence homology (= 30%). The
ATi-R is coded by a 60-kbp gene with 5 exons
on chromosome 3, while the AT:-R is coded by
a 3-exon gene on the X chromosome.

After the endogenous ligand has bound to
the ATi-R, a complex series of intracellular
signal transduction cascades is triggered
(Figure 1) that culminates in a hypertrophic,
migratory and proliferative response '*'” that
explains many of the effects of Ang II, as well
as of other RAS peptides, in cardiovascular
disease.

Activation of the G protein coupled to the
ATi-R induces rapid phosphorylation of the
tyrosine of the Src kinase family and of vari-
ous substrates of Sre: focal adhesion kinase
(FAK), tyrosine kinase 2, paxillin, tensin,
Janus kinase 2 (JAK2), and signal transducer
and activator of transcription 1 (STAT1). This
results in the activation of a series of regulato-
ry proteins (She, Grb2 and Sos), small G pro-
teins (Ras and Rho), and mitogen-activated
protein kinases (MAPK): extracellular signal-
regulated kinase (ERK1/2), p38 and c-jun N-
terminal kinases (JNK), and the expression of
a range of proto-oncogenes (c-fos, c-jun and c-
myc), activating the nuclear transcription fac-
tors activator protein-1 (AP-1) and nuclear
transcription factor-«<B (NF-«B), which modu-
late the expression of various genes that regu-
late protein synthesis and proliferation, extra-
cellular matrix deposition and the inflamma-
tory response.

Within minutes of AT1-R activation, vari-
ous receptors for proproliferative (heparin-
binding epidermal growth factor [HB-EGF],
insulin-like growth factor-1 [IGF-1], platelet-
derived growth factor-g [PDGF-g], basic fibrob-
last growth factor [FGF]| and vascular en-
dothelial growth factor [VEGF]) and antipro-
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Figura 1. Transducéo inracelular do sinal da angiotensina Il
Figure 1. Intracellular signal transduction by angiotensin Il
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crigdo nuclear (AP-1 e NF-KB), que determi-
nam a modulagdo da expressdo de vérios ge-
nes mediadores da sintese/proliferagdo protei-
ca, da deposi¢do da matriz extracelular e da
resposta inflamatéria.

Com a activacdo do ATi-R, ocorre a transac-
tiva¢do rdpida (em minutos) e a modulagdo de
diversos receptores de factores de crescimento
pré-proliferativos (HB-EGF, IGF-1, PDGF-g,
bFGF e VEGF)? e antiproliferativos (TGF-g)"
(Quadro I), que cooperam intimamente com a
angiotensina Il e que constituem um elemento
central da resposta hipertréfica/hiperpldsica.

Paralelamente, h4, também, a estimula¢éo
de diversas fosfolipases (PL) C, D e A2. A
activacdo da PLC induz a formagdo de
diacilglicerol (DAG) e de trifosfato de inositol
(IPs), que, através da proteina cinase C (PKC),
leva a activacdo dos canais de célcio,
presentes no sarcolema e a contrac¢do do
miusculo liso vascular. Por outro lado, a acti-
vacdo das PLD e PLA: estimula a NAD(P)H
oxidase de membrana e induz a producdo de
radicais livres de oxigénio (ROS), nomea-
damente de anido superéxido (+O2), mas tam-
bém o radical hidroxilo (HOe), diversos
radicais lipidicos e peréxido de hidrogénio

(H=202)

liferative growth factors (transforming growth
factor-g [TGF-g]) are transactivated and mod-
ulated (Table I). These act in close concert
with Ang II and are central to the hypertro-
phic/hyperplastic response.

At the same time the phospholipases PLC,
PLD and PLA2 are also activated. Activation
of PLC induces the formation of diacylglycerol
(DAG) and inositol-triphosphate (IP3), which,
via protein kinase C (PKC), activates calcium
channels in the sarcolemma and leads to vas-
cular smooth muscle contraction. Meanwhile,
activation of PLD and PLA2 stimulates
NAD(P)H oxidase in the cell membrane and
induces the production of reactive oxygen
species (ROS), particularly the superoxide
anion (+02), but also the hydroxyl radical
(HOe»), various lipid radicals and hydrogen
peroxide (H202).

NAD(P)H oxidase is a membrane enzyme
(Figure 2) composed of various structural sub-
units that transfers electrons to molecular oxy-
gen donated by NADH or NAD(P)H; its activ-
ity is regulated by mechanical factors such as
shear stress, cytokines, and hormones, includ-
ing Ang [1"%*2% The precise molecular struc-
ture of the vascular oxidase and its subunits is
not yet known, but some of its main compo-
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Quadro I. Factores regulados pela angiotensina I1

e Factores de crescimento: TGF-B, PDGF-B, bFGF, HB-EGF, IGF.1, VEGF (e TGF-b)

e Citocinas: interleucina-6 (I1.-6), TNF-a

e Quimiocinas: MCP-1, IL-8, RANTES

e Moléculas de adesdo: VCAM-1, ICAM-1, P-selectina

e Péptideos: endotelina-1 (ET-1)

e Lipidos: prostaglandinas, factor activador das plaquetas (PAF)
* COX-2

* NO*

Table I. Factors regulated by angiotensin 11

e Growth factors: TGF-B, PDGF-B, bFGF, HB-EGF, IGF.1, VEGF (and TGF-b)

e Cytokines: 1L-6, TNF-«

e Chemokines: MCP-1, IL-8, RANTES

o Adhesion molecules: VCAM-1, ICAM-1, P-selectin

e Peptides: endothelin-1 (ET-1)

e Lipids: prostaglandins, platelet activating factor (PAF)
* COX-2

* NO*

A NAD(P)H oxidase vascular é uma en-
zima de membrana (Figura 2), constituida por
diversas subunidades estruturais, que é capaz
de transferir electrdes para o oxigénio mole-
cular, doados pelo NADH ou NADPH, e cuja
a actividade é regulada por factores me-
canicos (tensdo de cisalhamento), citocinas e
hormonas (angiotensina I1)"*22Y A identida-
de molecular (e as subunidades) da oxidase,
presente nos vasos, ndo estd ainda claramente
esclarecida, mas reconhecem-se ja alguns dos
seus componentes essenciais: p47"* (citoplas-

mético), p67™, p22™ (membranoso), p91™"= e o
seu homologo nox-1 (de NADPH oxidase, diver-

sa da dos fagécitos) 7129,

4. Disfuncido endotelial e apoptose.
Musculo liso vascular

Os ROS, com origem na NAD(P)H oxidase
(e noutros sistemas enzimaticos: xantina-oxi-
dase, lipooxigenase, ciclooxigenase e outros),
modulados pela angiotensina Il (na célula
endotelial e no mdsculo liso vascular), estdo
envolvidos na resposta hipertréfica e prolife-

rativa (muitos dos factores de crescimento sdo

nents have been identified: p47™* (cyto-
plasm), p67vt, p22¢* (membrane), p91***and
its homologue nox-1 (from NAD(P)H oxidase,

) (17,19, 24)

which differs from that of phagocytes

4. Endothelial dysfunction and
apoptosis: vascular smooth muscle

Reactive oxygen species, originating from
NAD(P)H oxidase and from other enzyme sys-
tems including xanthine oxidase, lipoxyge-
nase and cyclooxygenase, modulated by Ang
IT in endothelial cells and vascular smooth
muscle, are involved in the hypertrophic and
proliferative response (many growth factors
are influenced by redox reactions) @ '* ') in
the expression of inflammatory cytokines and
adhesion molecules (interleukin [IL]-6, mono-
cyte chemoattractant protein-1 [MCP-1] and
vascular cell adhesion molecule-1 [VCAM-1])
via activation of NF-kB, and in the modulation
of metalloproteinase activity, altering the com-
position of the extracellular matrix and affect-
ing vascular remodeling and atherosclerotic
plaque stability (Figure 2).

For example, structural alterations to ves-
sels arising from arterial hypertension, with
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Figura 2. NAD(P)H oxidase, stress oxidativo e doenca vascular
Figure 2. NAD(P)H oxidase, oxidativve stress and vascular disease
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influenciados por respostas de oxidacdo-
redugdo) %1% na expressdo de citocinas in-
flamatérias e moléculas de adesdo (IL-6,

MCP-1 e VCAM-1)" — através da activacdo do
NFKB — e na modulacdo da actividade das
metaloproteinases (modificando a composic¢éo
da matriz extracelular, interferindo na
remodelagem vascular e na instabilidade da
placa aterosclerdtica) (Figura 2).

Como exemplo, as alteragdes estruturais
vasculares dependentes da hipertensdo arte-
rial (com proliferacio e migracdo da célula
muscular lisa) estdo largamente relacionadas
com o aumento do stress oxidante, dependente
da activa¢do da PLD, da PKC e da NAD(P)H
oxidase, assim como com a maior expressdo
(nos macréfagos da parede vascular) de
receptores para lipidos modificados (receptor
scavenger da classe A e receptor da classe B
CD36).

A fase inicial de um processo inflamatério
passa, na generalidade, por um aumento local
da permeabilidade vascular e pela, conse-
quente, transudacdo celular (conjuntamente
com um fluido rico em proteinas). A angio-
tensina Il é capaz de regular a permeabilidade
vascular ®, por processos em parte relacio-
nados com os seus efeitos tensionais e hemo-

dindmicos directos, mas também, em larga

proliferation and migration of smooth muscle
cells, are closely linked to increased oxida-
tive stress caused by the activation of PLD,
PKC and NAD(P)H oxidase, as well as to
upregulation in macrophages in the vascular
modified lipids
(scavenger receptors class A and class B
[CD36]).

The initial phase of the inflammatory

wall of receptors for

process is generally locally increased vascular
permeability, leading to cellular transudation,
together with a protein-rich fluid. Ang II reg-
ulates vascular permeability® through pro-
cesses partly related to its direct effects on
blood pressure and hemodynamics, but also
largely dependent on the local release of vari-
ous mediators including prostaglandins (PG)
(leukotriene C4, PGE2 and PGI2) and VEGF (the
latter, besides its central role in angiogenesis,
significantly affects inflammation and vascu-
lar permeability in various physiological and
pathological situations).

However, one of the most important patho-
physiological aspects of oxidative stress in
the vessel wall is the role of ROS in modify-
ing endothelial function and vascular tone *2"
25-28).

In general terms, production of nitric oxide
(NO®) by constitutive endothelial nitric oxide
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medida, dependentes da libertacdo local de
mediadores diversos: prostaglandinas (PG)
(leucotrieno C4, PGE:2 e PGlz) e VEGF (este
dltimo, além de ter um papel central na
angiogénese, modula, de forma importante, a
inflama¢do e a permeabilidade vascular em
diversas condig¢oes fisiolégicas e patoldgicas).

No entanto, um dos aspectos fisiopato-
légicos mais relevantes do stress oxidante na
parede vascular deriva dos efeitos do ROS na
modificacdo da funcdo endotelial e na
modulacdo do tono vascular ® 2252,

Em termos gerais, a diminui¢do do moné-
xido de azoto (NOe), produzido pela sintetase
do monéxido de azoto, constitutiva, endotelial
(eNOS) pode ocorrer como consequéncia da
menor expressio da eNOS (como ocorre em
fases avangadas da doencga aterotrombdética),
de um défice, funcional ou absoluto, de
substrato (L-arginina) ou de cofactores da
eNOS (particularmente da tetrahidrobiopte-
rina), de um defeito na transdugo de sinal e
na activac¢do da eNOS (reconhecida na hiper-
tensdo arterial e, possivelmente, na hiperco-
lesterolemia) ou da degradag¢do rdpida, oxida-
tiva, do NOe por ROS.

Assim, o anifio superéxido, a NAD(P)H
oxidase (actuada pela angiotensina II) e o
NOe constituem a triada subjacente a disfun-
c¢do endotelial e a esséncia de muitas das com-
plica¢des vasculares relacionadas com a hi-
percolesterolemia, a diabetes mellitus, a hi-

pertensdo arterial ou o tabagismo ®.

O anido superéxido («027), de origem
vascular, desempenha duas fungdes distintas:
uma, de tipo pardcrino, extracelular, influen-
ciando o tono arterial, dependente do endo-
télio, a outra, intracelular, de 2° mensageiro,
afectando, a longo prazo, a expressdo feno-

tipica das células vasculares ™.

Os ROS, nomeadamente o ¢02", motiva
uma redu¢do da biodisponibilidade e da acti-
vidade do NOe. A interac¢do, intra e extrace-

lular, entre 0 NOe e 0 ¢«O2™ é uma reac¢do mui-

to rdpida (6.7x109 mol/l™'es™) e dificilmente
contrariada pelos sistemas de defesa enzim4-
ticos antioxidantes (a reac¢do entre o NOe € a
superéxido dismutase é trés vezes menos rapi-

synthase (eNOS) can be reduced by downreg-
ulation of eNOS (as in advanced stages of
atherothrombotic disease), a functional or
absolute deficiency of its substrate (L-argi-
nine) or of its cofactors (particularly tetrahy-
drobiopterin), defective signal transduction
and eNOS activation (which is known to occur
in hypertension and possibly in hypercholes-
terolemia), or rapid oxidative degradation of
NOe by ROS.

The superoxide anion (¢O2), NAD(P)H
oxidase (activated by Ang II) and NOe thus
constitute a triad underlying endothelial dys-
function and are at the heart of many of the
vascular complications associated with hyper-
cholesterolemia, diabetes, hypertension and
smoking ®.

The superoxide anion, originating in blood
vessels, has two distinct functions: a paracrine
(extracellular), endothelium-dependent influ-
ence on arterial tone, and an intracellular role
as a second messenger, affecting the long-term
phenotypic expression of vascular cells ™.
’Oz—,
bioavailability and activity of NOe. Intra- and

ROS, particularly reduce the
extracellular reactions between NOe® and ¢O2-
are extremely rapid (6.7x10° mol/l-'es-'?) and
difficult to counteract through enzymatic
antioxidant defenses: the reaction between
NOe and the superoxide is three times faster
than with superoxide dismutase. Inhibition of
eNOS and inactivation of NOe enhance local
synthesis of endothelin-1 (ET-1) and the
autocrine effects of Ang II.

ET-1 is an important intermediary in vas-
cular inflammation that affects autocrine
oxidative stress, endothelial dysfunction and
remodeling modulated by Ang II; this is one
of many examples of information exchange, or
crosstalk, between different signaling path-
ways that play a part in the process of vascu-
lar damage ®°.

However, as pointed out above, vascular
*(*- also has paracrine effects ", acting as a
second messenger and influencing the pheno-
typic expression of cells, particularly myo-
cytes of the vessel wall®. ROS, by activating
MAPK, Akt, JAK2 and STATI, induce early
transcription of genetic factors that modify the




da que a descrita com o superéxido). A ini-
bi¢dao da eNOS e a inactiva¢do do NOe facilita
a sintese local de endotelina-1 (ET-1) e os
efeitos autacéides da angiotensina II.

A ET-1 é um intermedidrio eficaz na
inflamag@o vascular, capaz de influenciar o
stress oxidante autacéide, a disfungio endo-
telial e a remodelagem, movida pela angioten-
sina II, num dos muitos exemplos de troca de
informacdes (crosstalk) entre vias de sinaliza-
¢do que, conjuntamente, participam no pro-
cesso de lesdo vascular®.

No entanto, como ja dissemos, 0 «02” vas-
cular tem também efeitos pardcrinos poten-
ciais"”, podendo actuar como segundo
mensageiro e influenciar a expressdo fenoti-
pica celular, nomeadamente dos miécitos da
parede vascular®. Os ROS, através da activa-
cdo da MAPK, Akt, JAK e STAT!, induzem a
transcri¢do precoce de factores genéticos
modificadores da expressdo do misculo liso,
que adquire o fenétipo secretor (em vez de
contrdctil). Além disso, os ROS sd@o capazes
de regular a actividade de metaloproteinases
degradadoras do colagénio e da matriz extra-
celular (pr6-MMP-° e pr6-MMP-2). O aumento
da expressdo da ciclooxigenase inflamatéria
(COX-2), induzida pela angiotensina, via AT, -
R, estimula a sintese macrofdgica de MMP-2
(72-kDa) e MMP-9 (92-kDa) ", uma e outra
intimamente relacionada com a degradacéo da
capa fibrosa e com a vulnerabilidade intrin-
seca da placa aterosclerdética.

O fenétipo contrdctil do mdisculo liso
vascular, relacionado com o tono e a dilatagio
vascular, aparenta niveis intracelulares redu-
zidos de mRNA total e uma capacidade mi-
nima de sintetizar as moléculas da matriz ex-
tracelular (com excep¢do de componentes,
como a laminina, da membrana basal). A mo-
dificagéo fenotipica da célula muscular lisa,
fruto de modificagdes hormonais e micro-
ambientais vdrias, vai levar a modificacoes
extremas do seu padrdo e actividade, que ter-
minam numa maior capacidade de sintese de
fibronectina, colagénio e elastina, elementos
estruturantes da matriz, e que acabam por
influenciar positivamente os processos de pro-
liferag@o e migragdo da célula muscular lisa,
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expression of smooth muscle, which acquires
a secretory (rather than contractile) pheno-
type. They also regulate the activity of matrix
metalloproteinases (MMPs) that degrade col-
lagen and extracellular matrix (pro-MMP-9
and pro-MMP-2). Increased expression of
inflammatory cyclooxygenase (COX)-2, indu-
ced by Ang Il via the AT1-R, triggers the syn-
thesis in macrophages of MMP-2 (72-kDa)
and MMP-9 (92-kDa) ", both closely linked to
degradation of the fibrous cap and the insta-
bility of the atherosclerotic plaque.

The contractile phenotype of vascular
smooth muscle, important for vascular tone
and dilatation, presents low intracellular lev-
els of total mRNA and little ability to synthe-
size extracellular matrix molecules (except for
basement membrane components such as
laminin). Modification of this phenotype aris-
ing from hormonal and microenvironmental
changes radically alters its pattern and activi-
ty, resulting in greater synthesis of fibronectin,
collagen and elastin (structural elements of
the matrix) and enhancing smooth muscle cell
proliferation and migration, as well as the for-
mation of neointima and remodeling and stiff-
ening of the vessel wall *1-2),

By synthesizing ROS, including H,0,, and
modulating p38 MAPK and ERK1/2, Ang II
stimulates protein synthesis and induces cell
hypertrophy and, possibly, the migration of
muscle cells to the intima, by increasing the
production of tenascin, an antiadhesive mole-
cule that inhibits the normal binding of the
cell to fibronectin. It also enhances the
expression of the ATi-R in vascular smooth
muscle; this is further enhanced by hypercho-
lesterolemia @, which in turn increases the
synthesis of proteoglycans (which retain
lipoproteins, particularly LDL, with apoB in
the subendothelial space) and fibronectin (the
direct effects of Ang II on the synthesis of col-
lagen, elastin and laminin are less marked)
and influencing the ability of smooth muscle
cells to capture modified LDL and to con-
tribute to the formation of foam cells.

Besides its direct effects, Ang Il also has
indirect effects on smooth muscle cells,
resulting from its promotion of other growth
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assim como a formacdo da neointima e a remo-
delagem e a rigidez da parede vascular © '),

A angiotensina Il é capaz, através da sintese
de ROS (e de H202) e da modulagdo da p38
MAPK e ERK1/2, de estimular a sintese de
proteinas e de induzir a hipertrofia celular,
assim como, possivelmente, a migra¢do da
célula muscular para a fntima (através da es-
timulagdo da tenascina, molécula antiadesiva,
inibidora da normal fixacdo da célula a
fibronectina). £ também capaz de impelir a
maior expressdo de ATi-R no musculo liso
vascular, facto, alids, potenciado pela exis-
téncia de hipercolesterolemia *°, acentuando,
ainda mais, a sintese de proteoglicanos
(capazes de reterem lipoproteinas com apoB —
particularmente LDL — no espago subendo-
telial) e de fibronectina (os efeitos directos da
angiotensina Il na sintese de colagénio,
elastina e laminina sdo menos explicitos) e in-
fluenciando a capacidade da célula muscular li-
sa em captar LDL modificadas (e de contribuir
para a formacao de células espumosas).

Para além dos efeitos directos da angioten-
sina 1I, a célula muscular lisa sofre ainda os
efeitos indirectos, resultantes da referida pro-
mocdo de outros factores de crescimento -,
maioritariamente pré-proliferativos (PDGF,
IGF-1, bFGF, HB-EGF e epiregulina)’; apa-

rentemente, a indu¢do e os efeitos biolégicos

factors **%, most of which are proproliferative

(PDGF, 1IGF-1, bFGF, HB-EGF and epireg-
ulin). It appears that the induction of growth
factors and their biological effects are largely
dependent on a functional RAS (Figure 3).

Another fundamental element in the patho-
physiology of endothelial dysfunction and the
progression of atherothrombotic vascular dis-
ease 1s apoptosis of endothelial cells, macro-
phages and smooth muscle cells.

A detailed discussion of the intrinsic me-
@159 is beyond
the scope of this work. Apoptosis is a form of

chanisms of vascular apoptosis

programmed cell death, characterized by cell
shrinkage, membrane blebbing and chromatin
condensation. A range of stimuli acting on a
wide variety of receptors including Fas/Fasl.
and type 1 and 2 TNF receptors and using dif-
ferent signal transduction pathways trigger
cascades of caspases that execute the cell’s
program of self-destruction and cleavage of
cell structures, at specific sites and in a con-
trolled fashion.

Endothelial cell apoptosis can compromise
the structural integrity of the vessel wall and
increase its vulnerability to inflammatory ath-
erosclerotic lesions. Apoptosis activates
inflammatory pathways leading to release of
cytokines, adhesion molecules and comple-
ment and further cell death, promoting necro-

Figura 3. Efeitos proliferativos e fibréticos da angiotensina Il
Figure 3. Proliferative and fibrotic effects of angiotensin Il
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dos factores de crescimento estdo largamente
dependentes de um SRA funcional (Figura 3).

Um outro elemento fundamental na fisio-
patologia da disfuncéo endotelial e da inicia-
¢do e progressdo da doenca aterotrombética e
vascular deriva da apoptose da célula endo-
telial (mas também do macréfago e do miscu-
lo liso vascular).

A discussdo dos mecanismos intrinsecos
da apoptose vascular estd fora do ambito
deste trabalho ®*°. A apoptose é uma forma
de morte celular (programada) caracterizada
pela contrac¢do (“encolhimento”) celular,
pela presenc¢a de uma membrana celular bo-
lhante e pela condensagdo da cromatina. Es-
timulos diversos, actuando numa larga varie-
dade de receptores (Fas/Fasl., receptores do
TNF tipos I e II) e com vias de transdu¢do do
sinal distintas, levam a activacdo de cascatas
de proteases (caspases) que executam o
programa celular de autodestrui¢do e de
clivagem das estruturas celulares, em locais
especificos e de forma largamente controlada,
sem desencadear resposta inflamatéria.

A apoptose da célula endotelial pode per-
turbar a integridade estrutural e contribuir
para uma maior susceptibilidade da parede
vascular e para o desencadear da lesdo infla-
matoéria aterosclerética (a apoptose condicio-
na a activacio de vias inflamatérias, com a
libertacdo de citocinas, moléculas de adesdo
e complemento e a amplificacdo da morte
celular), favorecendo a progressdo do nicleo
lipidico necrético (com apoptose dos macréfa-
gos/células espumosas); a instabilidade e a
trombogenicidade da placa podem, também,
ser agravadas pela apoptose do misculo liso
vascular (Figura 4). Por outro lado, a apoptose
acarreta uma modificacdo das caracteristicas
anticoagulantes do endotélio normal: as
células apoptéticas sdo pré-coagulantes e pro-
agregantes plaquetares *.

Numerosos trabalhos confirmam o papel
dos ATi-R (e dos AT:-R) no desencadear da
apoptose endotelial (Figura 3). Curiosamente,
a angiotensina I, no misculo liso vascular,
contraria a apoptose induzida pelo NOs e
promove a sobrevivéncia celular®.

Os efeitos pré-apoptéticos da angiotensina
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sis of the lipid core with apoptosis of
macrophages and foam cells; the instability
and thrombogenicity of the plaque can also be
aggravated by apoptosis of vascular smooth
muscle (Figure 4). At the same time, apopto-
sis modifies the anticoagulant properties of
normal endothelium: apoptotic cells are pro-
coagulant and proaggregant **.

Various studies have confirmed the role of
the AT1-R and AT2-R in triggering endothe-
lial apoptosis (Figure 3). Surprisingly, in vas-
cular smooth muscle, Ang Il counteracts
apoptosis induced by NOe and promotes cell
survival ©.

The proapoptotic effects of Ang II in
endothelial cells appear to depend at least
partly on the formation of ROS and MAPK3-
dependent dephosphorylation of ERK1/2,
leading to underexpression of Bel-2 (an anti-
apoptotic factor) and overexpression of Bax (a
proapoptotic factor) ©. These changes con-
tribute to induction of the mitochondrial apop-
tosis pathway in endothelial cells; some stud-
ies suggest that the Fas protein is also invol-
ved.

Ang II can indirectly induce endothelial
cell apoptosis through the oxidation of LDL,
producing oxLLDL. Hypercholesterolemia and
raised LDL cholesterol increase the expres-
sion of the AT1-R in cells, and Ang II upregu-
lates lectin-like oxidized low-density lipopro-
tein (LOX-1) receptors; these surface recep-
tors endocytose atherogenic oxLDL ©> 37,
Oxidized lipids from oxLLDL induce modifica-
tions in the structure of cellular proteins,
increase oxidative stress and cellular lipoper-
oxidation, and alter the regulation of various
processes of signal transduction and genetic
transcription ® %% Through these changes,
and with the direct involvement of the LOX-1
receptor, oxLDL induces endothelial apopto-
sis, alters the fibrinolytic balance and con-
tributes to atherothrombosis.

5. Proinflammatory effects of
angiotensin [T % 26104

Oxidized LDL promotes the formation of
foam cells derived from monocytes, macro-
phages and smooth muscle cells and stimu-
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I, nas células endoteliais, parecem depender,
pelo menos em parte, da formacgdo de ROS e da
desfosforilacio MAPK3-dependente da ERK1/2;,
0 que motiva a consequente subexpressdo do
Bel-2 (factor anti-apoptético) e a sobrexpressdo
do Bax (factor pré-apoptético)®. Estes factores
véo facilitar a inducdo da via mitocondrial da
apoptose na célula endotelial (alguns trabalhos,
sugerem, igualmente, o possivel envolvimento
da proteina Fas).

A angiotensina Il pode, indirectamente, in-
duzir a apoptose da célula endotelial através
da modificac¢do oxidativa das LDL (LDL oxi-
dadas, oxLLDL). A hipercolesterolemia e o au-
mento do colesterol das LDL aumentam a
expressdo celular dos ATi-R e a angiotensina
Il induz a expressio de receptores LOX-1
(receptor de superficie capaz de fazer a
endocitose de oxLDL aterogénicas) ®*". Os
lipidos oxidados, oriundos das oxL.DL, indu-
zem a modifica¢do da estrutura das protefnas
celulares, determinam fenémenos de siress
oxidante e de lipoperoxidacdo celular e alte-
ram a regulacio de vérios processos de trans-
ducdo de sinal e transcricdo genética ),
Através deles, e com a participa¢do directa do
receptor LOX-1, as oxLLDL s&@o capazes de in-
duzir apoptose endotelial, modificar o balango
fibrinolitico e contribuir para a aterotrombose.

5. Efeitos pro-inflamatorios da
angiotensina [I % 261040

As oxLDL promovem a formacdo de
células espumosas (foam-cells), derivadas dos
mondcitos/macréfagos e das células muscu-
lares lisas, e estimulam a secrecéio de diversos
factores de crescimento e de citocinas
(nomeadamente angiotensina II, 1L-1 e TNF-
). Para além dos efeitos potencialmente pré-
inflamatérios, as oxLDL partilham outras
importantes caracteristicas pré-aterogénicas
(imunogenicidade, quimiotaxia sobre células
inflamatérias, citotoxicidade endotelial, mo-
dulagdo genética e caracteristicas pré-trom-
béticas) bases da teoria oxidativa da atero-
génese.

A angiotensina Il estimula e facilita a
sintese de colesterol no macréfago, aumenta o

lates the secretion of various growth factors
and cytokines, particularly Ang II, IL-1 and
TNF-a. Besides its potentially proinflammato-
ry effects, oxLDL has other important athero-
genic characteristics — immunogenicity, che-
motaxis of inflammatory cells, endothelial
cytotoxicity, genetic alterations and prothrom-
botic properties — linked to the oxidative the-
ory of atherogenesis.

Ang II stimulates cholesterol synthesis in
macrophages, increases the inflow of choles-
terol into cells, increases the activity of HMG-
CoA reductase in macrophages and con-
tributes towards the formation of Ang II/LDL
complexes that are not recognized by normal
LDL receptors #**4),

In recent years, there has been a growing
body of evidence to support the inflammatory
character — largely indolent, always chronic —
of atherothrombotic disease. Given the well-
established relationship between the RAS and
immune and inflammatory processes, it is
clearly important to analyze the role of Ang II
as a proinflammatory molecule.

Ang II is closely involved in the many

stages of the inflammatory response - 1%20:26.30-

1040 Mononuclear cells, neutrophils and T and
B lymphocytes respond to stimulation by Ang
IT with chemotaxis and cell proliferation; the
peptide regulates the recruitment of inflam-
matory cells (monocytes and neutrophils) in
vascular lesions, through the expression of
factors that modify vascular permeability via
prostaglandins and VEGF; it induces the
expression of adhesion molecules (P-selectin,
intercellular adhesion molecule-1 [ICAM-1]
and VCAM-1) and chemokines (MCP-1 and
IL-8) in endothelial cells and vascular smooth
muscle. Inflammatory cells structurally
express all the elements of the RAS and them-
selves synthesize Ang I at sites of inflamma-
tion and thus extend and perpetuate the vas-
cular lesion.

The fact that ACE, Ang II, the AT1-R, and
activated macrophages expressing CD38 are
found together in atherosclerotic plaques indi-
cates that the RAS may have a role in lesion
development and progression, as well as in

triggering acute events. Ang II causes overex-




influxo intracelular de colesterol, incrementa a
actividade intramacrofdgica da redutase do
HMG-CoA e contribui para a formagdo de agre-
gados de angiotensina II/LDL, ndo reconhe-
cidos pelos receptores LDL normais 4,
Nos tdltimos anos, um ndmero crescente de
dados suportam o cardcter inflamatério, mais
ou menos indolente, seguramente crénico, da
doenga aterotrombdética. As relagdes, repeti-
damente estabelecidas, entre 0 SRA e o pro-
cesso imunolégico e inflamatério obriga, pois,
a analisar o papel da angiotensina II, enquan-
to molécula pré-inflamatéria.
A angiotensina 1l estd intimamente
relacionada com os miiltiplos estddios da

28.30.4046). a¢ células

resposta inflamatéria® '
mononucleares, neutréfilos e linfécitos T e B
respondem, com quimiotaxia e proliferagdo
celular, a estimulagfo pela angiotensina II; o
péptido afere o recrutamento das células in-
flamatérias (mondcitos e neutréfilos) na lesdo
vascular, mediante a expressdo de factores
modificadores da permeabilidade vascular
(através de prostaglandinas e do VEGF); a an-
giotensina Il induz a expressdo de moléculas
de adesdo (P-selectina, [CAM-1 e VCAM-1)* e
de quimiocinas (MCP-1 e IL-8)%, nas células
endoteliais e no misculo liso vascular; as
células inflamatérias expressam, estrutural-
mente, todos os elementos do SRA e sinteti-
zam de per si angiotensina II, nos locais de in-
flamagdo e, dessa forma, amplificam e perpe-
tuam a lesdo vascular.

Nas placas
caliza¢do da ECA, da angiotensina II, do AT)-

ateroscleréticas, a colo-
R e de macréfagos activados (CD38) indicia
um possivel papel do SRA no desen-
volvimento e progressdo da lesd@o, assim como
no desencadear dos eventos agudos. A angio-
tensina Il determina a sobreexpressdo de
TNF-a e de IL-6 (nos macréfagos e nas células
musculares lisas), por processos que envolvem
a produgdo de ROS e a activagéo de factores de
transcricdo nuclear.

Apesar do papel central desempenhado
pelo NF-kB na indug¢do da resposta inflama-
téria, a angiotensina II é capaz de activar mui-
tos outros factores de transcri¢do nuclear: o
AP-1, os factores de transcricdo da familia
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pression of TNF-a and IL-6 in macrophages
and smooth muscle cells by processes that
involve the production of ROS and activation
of nuclear transcription factors.

Although NF-<B has a central role in
induction of the inflammatory response, Ang
IT activates many other nuclear transcription
factors, including AP-1, transcription factors
of the STAT family and ¢cAMP (cyclic adeno-
sine monophosphate)-response element-bind-
ing protein 7.

Activation of NF-kB appears to depend
on activation of Rho proteins of GTPases ®,
which explains how statins alter ATi-R
expression by inhibiting mevalonate synthe-
sis and disrupting geranylgeranyl-pyrophos-
phate-dependent processes and Rho activa-
tion. In smooth muscle cells, Ang II (acting
via the ATi-R through redox signals and
activation of tyrosine kinases and MAPK,
and also via the AT2-R through the produc-
tion of ceramide) induces activation and
nuclear translocation of NF-kB, degradation
of IKB (a transcription factor inhibitor) and
NF-iB-dependent genetic transcription
(Figure 4). However, while the ATi-R/NF-
KAB pathway leads to upregulation of
angiotensinogen (in hepatocytes), MCP-1,
IL-6 and VCAM-1, the AT2-R/NF-«B path-
way upregulates RANTES (regulated on
activation, normal T-cell expressed and
secreted) (and possibly NOe and COX-2),
which is mainly seen in glomerular renal
disease.

Interestingly, the inflammatory signal
transduction pathways used by Ang II are very
similar to those used by other proinflammato-
ry cytokines such as IL-1g, and TNF-a, which
confirms that Ang Il is a genuine cytokine and
suggests that there is crosstalk between differ-
ent cytokines in the induction and amplifica-
tion of the immune and inflammatory res-
ponse.

6. Angiotensin II, coagulation
and fibrinolysis

Plaque rupture and thrombus formation are
the structural and functional elements under-
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STAT e a proteina de ligagdo aos elementos de
resposta do cAMP (adenosina monofosfato ci-
clico) ©7.

A activacdo do NF-kB depende, aparen-
temente, da activacdo de protefnas Rho das
GTPases® (donde se compreende que as esta-
tinas possam interferir na expressido dos ATi-
R, através da inibi¢do da sintese do meva-
lonato e da interferéncia nos processos depen-
dentes da geranilgeranil-pirofosfato e da acti-
vacdo da Rho). Nas células musculares lisas,
a angiotensina II, através dos ATi-R (influido
por sinais de oxida¢do-reducdo e pela acti-
vacdo da tirosina cinases e da MAPK), mas
também dos AT:-R (através da producdo da
ceramida), induz a activa¢do e a transloca-
lizagdo nuclear do NF-kB, a degradacdo do
IKB (elemento inibidor do factor de transcri-
¢do) e a transcri¢do genética dependente do
NF-kB (Figura 4). Mas, enquanto que a via do
AT:-R/ NF-kB leva a amplifica¢do dos genes
do angiotensinogénio (no hepatdécito), da
MCP-1, da IL-6 e da VCAM-1, a via do AT:-
R/ NF-KB determina a expressdao da RANTES*
(e possivelmente do NOe® e da COX-2), com
representa¢do fundamental na doenga glome-
rular e renal.

Curiosamente, as vias de transducdo de si-
nal inflamatério afeitas pela angiotensina II
sdo, em tudo, similares as usadas por outras
citocinas proé-inflamatérias (IL-g, e TNF-a),
confirmando a agiotensina Il como uma verda-
deira citocina e sugerindo a possibilidade de
um efeito cruzado (“cross talk”) entre diferen-
tes citocinas na indu¢do e amplificacdo da
resposta imunolégica e inflamatéria.

6. Angiotensina IlI, coagulacio e
fibrinolise

A rotura da placa e a formacéo de trombo é
o elemento estruturante e funcional subja-
cente & maioria das manifestacdes agudas da
aterotrombose. A trombogenicidade da placa
aterosclerética ™ é modulada por factores di-
versos (hemodindmicas, sistémicos e locais)
(Quadro 1) e é largamente favorecida por per-
turbacoes da homeostasia vascular e do balan-
co fibrinolitico.

lying most acute manifestations of athe-
rothrombosis. The thrombogenicity of the ath-
® is modulated by hemo-
dynamic, systemic and local factors (Table II)

erosclerotic plaque ¢

and is considerably enhanced by disturbances
in vascular homeostasis and fibrinolytic bal-
ance.

The transmembrane glycoprotein tissue fac-
tor (TF), the primary initiator of coagulation,
promotes the formation of the active TF/VIla
complex after vascular injury and activates the
coagulation cascade, which leads to fibrin de-
position and platelet activation ®*. Besides its
known role in hemostasis and thrombosis, TF
is implicated in many other pathophysiologi-
cal processes via protease-activated receptors
(PARs) in vascular cells, including signal
transduction, angiogenesis, cell proliferation
and migration, inflammation and metastasiza-
tion.

Through the ATi-R, Ang Il increases
expression of TF in endothelial cells, mono-
cytes/macrophages and vascular smooth mus-
cle cells®. The higher plasma TF values found
in patients with myocardial infarction, which
are lowered by RAS blockade, suggest that
induction of TF by Ang II may be directly or
indirectly involved in acute atherothrombotic
events.

Furthermore, alters  the

Ang I
macrophage profile and the balance between
T-helper type 1 (Thl) cells, which produce
interferon (IFN)-y, and Th2 cells, which pro-
duce the anti-inflammatory [L-4, promoting
the accumulation (relative or absolute) of
IFN-y in the plaque and thereby increasing
cell activity and the morphological instabili-
ty of the lesion; specific AT1-R blockade pre-
vents the secretion of these cytokines by Th1
lymphocytes ®.

At the same time, the fibrinolytic system
also has important effects on the thrombo-
genicity of the plaque ©"*?. Plasminogen acti-
vation, part of the fibrinolytic system, consists
of a series of enzyme reactions that degrade
the fibrin clot. The principal enzyme in this
process is plasmin, which degrades fibrin by
cleaving the alpha and gamma chains of poly-
merized fibrinogen, and affects the extracellu-
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Quadro II. Factores moduladores do substrato trombogénico da placa aterosclerético (adaptado de Fuster, 2002)

Factores hemodinamicos locais

Natureza do substrato exposto

Factores trombogénicos sistémicos

e Tensdo de cisalhamento
e Stress de estiramento

e Grau de lesdo arterial (e da placa)
e Composigdo da placa aterosclerética
— Nicleo lipidico
— Camada fibrosa
— Células inflamatérias e MMP
— Localizagao da placa
e Trombo mural residual

e Dispidemias aterogénicas (hiperapoB)
e Estados hiperadrenérgicos

e Tabagismo

e Diabetes mellitus

® Homocisteina

e Lipoproteina (a)

e Inflamacdo (e infec¢ao)

e Estados pré-trombéticos

e Alteragiio do balango fibrinolitico

Table Il. Factors affecting the thrombogenic substrate of the atherosclerotic plaque (adapted from )

Local hemodynamic factors

Nature of the substrate exposed

Systemic thrombogenic factors

Shear stress

Strain

Extent of arterial lesion (and of plaque)
Composition of atherosclerotic plaque
Lipid core

Fibrous cap

Inflammatory cells and MMPs
Location of plaque

Residual mural thrombus

Atherogenic dyslipidemia (hyperapo B)
Hyperadrenergic states

Smoking

Diabetes

Homocysteine
Lipoprotein(a)

Inflammation (and infection)
Prothrombotic states
Altered fibrinolytic balance

O factor tecidual (TF) é uma glicoproteina
transmembrana, iniciador primério da coagu-
lagdo sanguinea, que, ap6s a lesdo vascular,
promove a formac¢do de complexos activos
TF:Vlla e activa a cascata de coagulacdo, que
leva a deposi¢do de fibrina e a activacio das
plaquetas ®**. Para além do seu reconhecido
papel na hemostase e trombose, o TF estd
também implicado em muitos outros proces-

sos fisiopatolégicos, através de receptores

lar matrix and cell migration. It is derived
from plasminogen by the action of two serine
proteases, tissue plasminogen activator (t-PA),
the most important, and urokinase plasmino-
gen activator (u-PA).

The plasminogen activators are, ideally, in
functional equilibrium with plasminogen acti-
vator inhibitors. Besides various plasma pro-
teases that inhibit fibrinolysis and neutralize
plasmin, including «2-antiplasmin and o2
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Figura 4. Apoptose (e NF-kB) na placa ateroscleroética
Figure 4. Apoptosis and NF-kB in the atherosclerotic plaque
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activados por proteases (PAR), nas células
vasculares, tais como a transducfio de sinal, a
angiogénese, a proliferagdo e a migragdo celu-
lar, a inflamac¢@o e a metastizacdo.

A angiotensina II, através dos ATi-R, é ca-
paz de aumentar a expressdo de TF nas células
endoteliais, nos mondcitos/macréfagos e nas
células musculares lisas vasculares ©. A
confirmagdo de valores plasmdticos mais eleva-
dos de TF nos doentes com enfarte agudo mio-
cardio, passiveis de serem reduzidos pelo
bloqueio do SRA, sugere que a indugdo desta
glicoproteina pela angiotensina Il possa estar,
directa ou indirectamente, implicada no desen-
cadear de eventos aterotrombdticos agudos.

Além disso, a angiotensina Il é capaz de
perturbar o perfil macrofdgico e o balango en-
tre células Th 1 (produtoras de INF-y) e célu-
las Th2 (produtoras de IL-4, anti-infla-
matdrias), favorecendo o acumulo, absoluto ou
relativo, na placa, de interferdo (INF-y) e con-
tribuindo, dessa forma, para a maior activi-
dade celular e instabilidade da lesdo mor-
folégica (o bloqueio especifico dos ATi-R é
capaz de prevenir a secre¢do desta citocina
pelos linfécitos Th 1)@,

Por outro lado, o sistema fibrinolitico
contribui também, de forma marcante, para a
trombogenicidade da placa aterosclerética 2.
O sistema activador do plasminogénio (sis-

Reduced matrix synthesis
Weakening of arterial wall / greater thrombogenicity

macroglobulin, there are also specific plas-
minogen inhibitors, of which plasminogen
activator inhibitor-1 (PAI-1) is an example.

PAI-1, also known as serpinE1l, belongs to
the family of serine protease inhibitors (SER-
PIN). It is the principal inhibitor of t-PA and
u-PA, and hence influences intravascular fib-
rinolysis, but also has other ligands, including
glycosaminoglycans, matrix proteins and
scavenger receptors, which are the basis of
some of PAI-1’s biological effects: inhibition
of activated protein C, modification of interac-
tions between vascular smooth muscle and the
matrix, and modulation of cell migration and
proliferation “**,

In physiological conditions, PAI-1 is
released into the extracellular space and the
circulation by hepatocytes, adipocytes and
platelets. However, in pathological conditions,
many other cells secrete PAI-1, including
activated endothelial cells and inflammatory
cells. Biosynthesis of PAI-1 is regulated by
various growth factors, cytokines and inflam-
matory mediators, hormones, and other com-
pounds.

Ang II induces a significant rise in PAI-1
mRNA, leading to a rapid and dose-depend-
ent increase in secretion by endothelial and
vascular smooth muscle cells 2%, Although

the AT1-R may be involved, some studies sug-




tema fibrinolitico) é um conjunto de reacgdes
enzimédticas que permitem a degradagio do
codgulo de fibrina. A principal enzima deste
processo é a plasmina (capaz de degradar a
fibrina, pela clivagem das cadeias alfa e gama
do fibrinogénio polimerizado, e de influenciar
a matriz extracelular e a migracdo celular) de-
riva do plasminogénio, gracas a ac¢io de duas
serina proteases: uma, predominante, o acti-
vador do plasminogénio de tipo tecidual (t-PA)
e outra, a urocinase (u-PA).

As fungdes dos activadores do plasmino-
génio estdo, desejavelmente, em equilibrio
funcional com as dos inibidores dos activa-
dores do plasminogénio. Além de vérias pro-
teases plasmaéticas inibidoras da fibrinélise (e
neutralizantes da plasmina): a a2-antiplasmina
e a a2-macroglobulina, h4 também inibidores
especificos do plasminogénio, de que o PAI-1
(inibidor do activador do plasminogénio) é
exemplo.

O PAI-1 (actualmente serpina El), per-
tencente a familia dos inibidores das serinas
proteases (SERPIN)®, é o principal inibidor
do t-PA (e também do u-PA), interferindo,
portanto, na fibrindlise intravascular. Tem,
no entanto, outros ligandos: glucosaminogli-
canos, protefnas da matriz e receptores sca-
venger, que fundamentam alguns dos efeitos
biolégicos do PAI-1: a inibi¢do da proteina C
activada, a modifica¢do das interacg¢des do
miusculo liso vascular com a matriz e a mo-
dula¢do da migra¢do e proliferacdo celu-

lar (24,

Em condig¢oes fisiolégicas, o PAI-1 é
libertado no espaco extracelular e na circu-
lacdo pelos hepatécitos, adipécitos e plaquetas;
no entanto, em condic¢des fisiopatolégicas,
muitas outras células (nomeadamente as
células endoteliais activadas e as células infla-
matorias) sdo também capazes de segregar PAI-
1. A sua biossintese é regulada por diversos
factores de crescimento, citocinas e mediado-
res inflamatérios, hormonas e outros compos-
tos.

A angiotensina Il induz um aumento signi-
ficativo do mRNA do PAI-1 e causa um incre-
mento rdpido, dependente da dose, da sua

secrecdo, pelas células endoteliais e misculo
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gest that this process may be mediated by
angiotensin IV, a breakdown product of Ang
I1, via a recently discovered specific receptor,
the ATs-R. This is a transmembrane enzyme of
the insulin-regulated membrane aminopepti-
dase (IRAP) family @*. Thus, Ang II, as well
as promoting coagulation, may also influence
fibrinolytic balance and the prothrombotic
state of vascular patients.

7. Angiotensins, aldosterone
and vascular disease

Although Ang II is considered the most
important active peptide of the RAS and is
responsible for most of its known physiologi-
cal and pathophysiological effects, a brief
reminder is in order that recent studies sug-
gest that other angiotensins are also involved
in cardiovascular disease .

Among these, angiotensin III has a crucial
role, since it shares many of the physiological
cardiovascular effects of Ang II, particularly
in terms of vasoconstriction, and appears to
play an important part in the pathogenesis of
renal disease. Like Ang II, it has proinflam-
matory properties and chemotactic effects on
polymorphonuclear neutrophils and mono-
cytes, and induces the expression of MCP-1 in
mesangial cells. It also activates nuclear tran-
scription factors (AP-1 and NF-«B) via the
AT2-R, and modulates the expression of genes
involved in the inflammatory response and in
renal damage .

Experimental studies have demonstrated
that aldosterone has direct deleterious effects on
blood vessels, the heart and the kidneys . Tt
affects vascular tone and reduces the bioavail-
ability of NOe by increasing the activity of
membrane NAD(P)H oxidase; it can also
interact with other endothelial vasodilator fac-
tors such as prostacyclin, and possible hyper-
polarizing factors.

Besides its functional effects, aldosterone
causes structural and mechanical changes in
vessels, in what is known as aldosterone-
induced vasculopathy, as a result of increased
peripheral vascular resistance and vascular
stiffness, raising systolic pressure and after-
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19.20.49 - Apesar do possivel envol-

liso vascular!
vimento do ATi-R, alguns trabalhos sugerem
que este processo possa ser mediado pela
angiotensina IV (um produto da degradacao
da angiotensina II), através de um receptor
especifico, recentemente identificado: o AT4-
R, uma enzima transmembrana, da familia das
aminopeptidases, regulada pela insulina
(IRAP) @5 Dessa forma, a angiotensina II, pa-
ra além de promover a coagula¢do, pode ainda
influir no balango fibrinolitico e no estado

pré-trombético do doente vascular.

7. Angiotensinas, aldosterona e doenca
vascular

Uma palavra, necessariamente muito
curta, para recordar que, apesar da angio-
tensina Il ser considerada como o principal
péptido activo do SRA, responsdvel pela
maioria dos efeitos, fisiolégicos e fisiopato-
l6gicos, conhecidos, estudos recentes sugerem
o envolvimento de outras angiotensinas na
doenca cardiovascular %,

Entre eles, a angiotensina Ill tem um
papel fundamental, uma vez que partilha
muitos dos efeitos fisiolégicos cardiovas-
culares da angiotensina Il (nomeadamente o
efeito vasoconstritor) e parece ter um papel
relevante na patogénese da doenca renal. A
angiotensina III, tal como a angiotensina II,
tem propriedades pré-inflamatérias e efeitos
quimiotdcticos sobre polimorfonucleares
neutréfilos e monéceitos (sendo capaz de
induzir, nas células mesangiais, a expressio
de MCP-1). E também capaz de activar fac-
tores de transcricdo nuclear (AP-1 e NF-kB),
via AT2-R, e de modular a expressido de
genes envolvidos na resposta inflamatéria e
na lesdo renal ©°.

Estudos experimentais demonstraram que
a aldosterona tem efeitos directos, potencial-
mente deletérios, nos vasos, no cora¢do e no
rim ®>*_ A aldosterona é capaz de interferir no
tono vascular e de diminuir a biodisponi-
bilidade do NOe, como consequéncia do
aumento da actividade da NAD(P)H oxidase
de membrana; pode, também, interferir com
outros factores vasodilatadores endoteliais,

load. These effects may derive directly from
induction of vascular smooth muscle growth
and proliferation and, indirectly, from interac-
tion with ET-1 — aldosterone modulates tissue
ET-1 concentrations, and ET-1 stimulates
aldosterone secretion — or with PAI-1 as a pro-
moter of vascular fibrosis.

Interaction of aldosterone with ET-1 is a
key element in myocardial fibrosis, as part of
a larger process that also involves the miner-
alocorticoid receptor, Ang II, the AT1-R, ACE
and TGF-,1, although, unlike Ang II, aldos-
terone has not been shown to have direct
effects on cardiac fibroblasts. Aldosterone
also inhibits noradrenaline reuptake in car-
diac adrenergic nerve endings and affects the
sympathetic-vagal balance and baroreflex
activity in animal and human studies.

8. Summary

As shown above, there is today a large
body of evidence that supports the important
role of the RAS in the cardiovascular disease
continuum: from endothelial dysfunction to
vascular occlusion (Figure 5).

In the earlier stages of vascular disease,
activation of the RAS promotes functional
changes, of which endothelial damage and
dysfunction — with apoptosis, changes in per-
meability and surface expression of cytokines
and adhesion molecules — is the best example.
The deposition of atherogenic lipoproteins in
the intima, their oxidative modification and
the onset and amplification of the inflammato-
ry response strengthens the atherogenic role of
the RAS.

Inflammatory cells, particularly macro-
phages, are now known to be the main source
of ACE and Ang II in the vascular wall, in a
process that culminates in structural changes
in the artery and progression of the atherothro-
mbotic plaque. Ang I promotes the migration
and proliferation of vascular smooth muscle
cells and their phenotypic differentiation in a
pattern of synthesis that accelerates vascular
disease. By modulating the inflammatory
response and, in general, all the elements of
the plaque, Ang Il plays a part in its instabil-
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Figura 5. Efeitos pro-aterogénicos da angiotensina Il
Da disfungao endotelial a oclusido vascular
Figure 5. Pro-atherogenic effects of angiotensin II:
From endothelial dysfunctioon to vascular occlusion
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tais como a prostaciclina ou com possiveis
factores hiperpolarizantes.

Além das alteracdes funcionais, a aldos-
terona determina também modifica¢des
vasculares estruturais e mecénicas (vasculo-
patia da aldosterona), como resultado do
incremento das resisténcias vasculares perifé-
ricas e da rigidez vascular (com amplificagdo
da pressdo sistélica e da pés-carga). Estes
efeitos parecem derivar, directamente, da in-
du¢do do crescimento e prolifera¢do do
musculo liso vascular e, indirectamente, da
cooperacdo com a ET-1 (a aldosterona é capaz
de modular as concentra¢des teciduais e os
efeitos da ET-1 e esta pode estimular a secre-
¢do de aldosterona) ou com o PAI-1 (enquanto
promotor da fibrose vascular).

A coadjuva¢do da aldosterona com a ET-1
é um elemento chave da fibrose miocérdica,
num processo mais largo que envolve também
o receptor mineralocorticéide, a angiotensina
II, 0 AT1-R, a ECA e o TGF-g1 (néo é possivel
afirmar efeitos directos da aldosterona — ao
contrdrio da angiotensina Il — nos fibroblastos
cardfacos). A aldosterona inibe, também, a
recapta¢do de noradrenalina nas terminacdes
nervosas adrenérgicas cardiacas e interfere,
em estudos animais e humanos, no balanco
simpético-vagal e na actividade do barorre-
flexo.

Estado pré-trombético
Prothrombotic state

Monécito

Monocyte PA-1-1TPA

Angiotensina Il
Angiotensin Il

Macréfago activagao
e divisiao
Macrophage activation
and division
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ity, in the onset of acute events and in the pro-
motion of the local prothrombotic status that
leads to infarction. It is thus essential to
understand the RAS and to analyze its effects,
in order to modify its consequences.

“The real purpose of scientific method s to
make sure Nature hasn’t misled you into think-
ing you know something you don’t actually
know... If you get careless or go romanticizing
scientific information,... Nature will soon make

B

a complete fool out of you.”
Robert Persig: Zen and the Art of
Motorcycle Maintenance (1974)
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8. Sumario

Tal como real¢gdmos, ha hoje um largo
conjunto de dados que fundamentam o papel
central do SRA no continuo da doenga car-
diovascular: da disfun¢do endotelial a oclusdo
vascular (Figura 5).

Nos estddios mais precoces da doenga
vascular, a activacdo do SRA promove o apa-
recimento e o desenvolvimento de alterac¢oes
funcionais, de que a lesdo e disfunc¢éo endo-
telial — com a apoptose, as alteragdes da per-
meabilidade e a expressdo a superficie de
citocinas e moléculas de adesdo — é o melhor
paradigma. A deposi¢cdo de lipoproteinas
aterogénicas na fintima, a sua modificacio
oxidativa e o desencadear e a amplificacdo da
resposta inflamatéria refor¢a o papel do
ambiente aterogénico que o SRA favorece.

As células inflamatérias (e, em particular
os macréfagos) sdo agora a principal origem da
ECA e da angiotensina Il na parede vascular,
num processo que culmina na modificacio
estrutural da artéria e na progressdo da placa
aterotrombética. A angiotensina Il promove a
migracdo do misculo liso vascular e a sua
proliferacdo e diferenciacdo fenotipica num
padrdo de sintese que acelera a doenca
vascular. Ao modular a resposta inflamatéria

e, de uma forma global, todos os elementos da
placa, a angiotensina Il tem uma palavra na
instabilidade da mesma, na emergéncia dos
eventos agudos e no favorecimento do estado
pré-trombético local que determina o enfarte.
E, por isso, fundamental conhecer o SRA,
compreender e analisar os seus efeitos, para
poder modular as suas consequéncias.

“The real purpose of the scientific method

is to make sure Nature hasn’t misled you
thinking you know something you don’t actu-
ally know... If you get careless or go romanti-
cising information Nature will soon make a
fool out of you™

Robert Persig: Zen and the Art of
Motorcycle Maintenance (1974)
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