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Our interest focused on an open question whether AT-(1-7), nonpeptide receptor agonist: AVE 0991, is able to
ameliorate atherosclerosis. We used an apolipoprotein E (apoE) - knockout mice model of atherosclerosis.
Experimental groups received the same diet as control, mixed with: AVE 0991 at a dose of 0.58 µmol/kg b.w./day,
perindopril at a dose of 0.4 mg/kg b.w./day or with tiorphan at a dose of 2.5 mg/kg b.w./day. A-779 [(D-alanine)angiotensin (1-7)] was given at a dose of 3.3 mg/kg b.w., 3 times a week i.p. Measured by "en face" method, the
percentage of occupied by Sudan IV-stained surfaces were as follows: 14.2±1.9 % in control group, whereas in AVE
0991-treated as well as in perindopril-treated groups percentages were statistically significantly lower. In tiorphan
group there was no change comparing to control group, whereas in A-779 group percentage was statistically
significantly higher. "Cross-section" of aortic roots revealed also the difference in atherosclerotic lesions. The mean
surfaces, occupied by oil red O-stained changes were: 91.213±8.123 µm2 in control group, while in AVE 0991-treated
as well as in perindopril-treated groups lesions were statistically significantly lower. In tiorphan group there was no
change; however, in A-779 group lesions were statistically significantly higher. Measured by real time RT-PCR relative
p22phox (submit of NADPH oxidase) expression was significantly decreased in AVE 0991-treated mice. As revealed
by flow cytometry, the expression of co-stimulatory molecules: CD86, CD80 and CD40 on both dendritic cells
(CD11c+) and macrophages (F4/80+) was reduced in AVE 0991-treated group, which correlated with decreased
expression of CD69 activation marker on CD4+T cells. In our report we showed the beneficial effect of AVE 0991 on
atherogenesis in gene-targeted mice.
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INTRODUCTION
Atherosclerosis is a chronic inflammatory disease
accompanied by infiltration of the artery walls with immune
cells, such as dendritic cells, macrophages, T cells, B cells and
NK cells. Both adaptive and innate immune responses have
been shown to be important to the pathogenesis of
atherosclerosis (1-4).
Recently, it was shown that the renin-angiotensin system
(RAS) is a crucial component of atherosclerotic process and
angiotensin II (AT II) promotes atherogenesis (5). On the other
hand, angiotensin-(1-7) [AT-(1-7)] opposes AT II action (6).
Here, using apolipoprotein E (apoE)-knockout mice model
of atherosclerosis we investigate, whether angiotensin-(1-7)
receptor agonist: AVE 0991 (Fig. 2A), is able to ameliorate
progression of atherosclerosis. Since our preliminary results,
(concerning only morphological comparison between AVE 0991
and control - treated atherogenic mice) seemed plausible (7), we
expanded the study on investigation of molecular mechanisms of
AT-(1-7) action.

MATERIALS AND METHODS
Animals
Fifty female apoE-knockout mice on the C57BL/6J
background were obtained from Taconic (Ejby, Denmark) (8).
Mice were maintained on 12-h dark/12-h light cycles in airconditioned rooms (22.5±0.5°C, 50±5% humidity) and access to
diet and water ad libitum. All animal procedures were approved
by the Jagiellonian University Ethical Committee on Animal
Experiments (approval nr Zi/496/2009).
Protocol and atherosclerosis studies
At the age of 8 weeks mice were put on chow diet made by
Ssniff (Soest, Germany) for 4 months. Four experimental groups
(in each n=10) received the same diet as a control group, mixed
with: AVE 0991 (kind gift from Sanofi-Aventis Deutschland
GmbH, Frankfurt am Main, Germany) at a dose 0.58 µmol per kg
of body weight per day or perindopril (Sigma-Aldrich Poland,
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Poznan) at a dose 0.4 mg per kg of body weight per day, as well
as tiorphan (Sigma-Aldrich Poland, Poznan) at a dose 2.5 mg per
kg of body weight per day. In contrast, A-779 [(D-alanin7)angiotensin-(1-7)] (Bachem AG, Bubendorf, Switzerland) - AT(1-7) antagonist, was given three times weekly intraperitoneally
at a dose of 3.3 mg/kg body weight to the last group.
At the age of 6 months 1000 UI of fraxiparine (SanofiSynthelabo, France) was injected i.p. and after 10 min mice
were sacrificed in chamber filled with carbon dioxide. The
blood was collected from the right ventricle. Plasma was
separated by centrifugation at 1000 g at 4°C for 10 min and
stored in -80°C. Then, right atrium was incised and the heart
was perfused with PBS through the apex of the left ventricle at
a constant pressure of 100 mm Hg. Next, the heart and the
whole aorta were dissected.
Total cholesterol and triglycerides were assayed using
commercially available kits (Roche Molecular Biochemical,
USA).
The heart and ascending aorta were embedded in OCT
compound (CellPath, UK) and snap-frozen. Ten micrometerthick cryosections were cut from the aortic root using a
standardized protocol (9, 10).
Serial sections were cut from the proximal 1 mm of the
aortic root. Eight adjacent sections were collected at 100 µm
intervals starting at a 100 µm distance from the appearance of
the aortic valves. Sections were thaw-mounted on poly-L-lysine
coated slides and air dried. After fixation in 4%
paraformaldehyde (pH=7), sections were stained with Meyer's
hematoxylin and oil red-O (Sigma-Aldrich, USA). Oil red Ostained sections were examined under Olympus BX50
(Olympus, Tokyo, Japan) microscope and used for quantitative
evaluation. Images of the aorta were recorded using Olympus
Camedia 5050 digital camera and stored as TIFF files of
resolution 1024 768 pixels. Total area of the lesion was
measured semiautomatically in each slide using LSM Image
Browser 3 software (Zeiss, Jena, Germany). For each animal a
mean lesion area was calculated from eight sections, reflecting
the cross-section area covered by atherosclerosis.
The aorta from arch to bifurcation was fixed in 4%
formaldehyde, opened longitudinally, pinned onto black wax
plates and stained with Sudan IV (Sigma-Aldrich, St. Louis,
MO, USA). Aortic lesion area and total aortic area were
calculated using LSM Image Browser software (11, 12).
For indirect immunohistochemistry acetone-fixed sections of
ascending aorta were used. Sections were preincubated overnight
with 5% of non-immunogenic goat serum with 2% of fat-free milk
to block nonspecific binding of antibodies. Incubations with
primary antibodies were performed overnight at room temperature
in wet chambers in the following combination of sera: Cy3conjugated anti α-smooth-muscle actin (SMA) (Sigma-Aldrich, St.
Louis, MO, USA) (dilution 1:600) and rat anti-mouse CD68
(Serotec, Oxford, UK) (dilution 1:800). Goat anti-rat IgG
biotinylated antibodies followed by DTAF-conjugated streptavidin
(Jackson IR, West Grove, PA), were applied to visualize rat
antibodies. Sections were examined using an epifluorescence
Olympus BX50 microscope equipped with appropriate filter cubes
to show Cy3 (red) and DTAF (green) fluorescence. Images were
registered with a Camedia 5050 digital camera.

In each section, total area with CD68-immunopositive
macrophages as well as α-smooth-muscle actin were measured
using AnalySIS FIVE (Olympus) (13).
Plasma levels of interleukin-6 (IL-6), interleukin-12 (IL-12)
and serum amyloid A (SAA) (all from R&D Systems,
Minneapolis, MN, USA) as well as macrophage chemotactic
protein-1 (MCP-1) (BioSource, Camarillo, CA, USA) were
measured using ELISA test.
Real time RT-PCR
Total RNA isolation and cDNA synthesis
Total RNA was isolated from the homogenized mouse
aortas using QIAzol® Lysis Reagent (QIAGEN, USA)
according to manufacturer's instructions. Extracted RNA was
dissolved in 15 µl of nuclease-free water (Fermentas, Canada).
The RNA concentration of each sample was measured at a
wavelength of 260 nm (A260) in an EPOCH microplate
spectrophotometer (BioTek Instruments Inc., USA). The purity
of extracted total RNA was determined by the A260/A280 ratio.
The integrity of RNA samples was confirmed by denaturing
agarose gel electrophoresis.
cDNA was synthesized by the reverse transcription of 950
ng of total RNA from each sample using 0.5 µl oligo(dT)18
primer (0.5 µg/µl) (Fermentas, Canada) and 0.4 µl M-MuLV
reverse transcriptase (200 U/µl) (Fermentas, Canada) in a total
volume of 10 µl [including also: 2 µl 5×reaction buffer for MMuLV RT (containing 250 mM Tris -HCl pH 8.3 at 25°C, 250
mM KCl, 20 mM MgCl2, 50 mM DTT), 0.5 µl dNTPs mixture
(10 mM), 0.3 µl RiboLock™ RNAse Inhibitor (40 U/µl) and
nuclease-free water (Fermentas, Canada)]. The reaction was
performed in T3 Thermocycler (Biometra, Germany) at 42°C
during 1 h, and the enzyme was then denatured at 95 C for 5
min. The cDNA was diluted ten-fold prior to PCR
amplification.
Quantitative real time PCR
Relative gene expression quantitation for p22phox in aortas
with β-actin as internal reference gene, was carried out using
7900HT fast real-rime PCR System (Applied Biosystems; USA)
in triplicate. Primers were designed with the Primer BLAST
software (http://www.ncbi.nlm.nih.gov/tools/primer-blast),
taking into account primer dimer, self-priming formation, and
primer melting temperature (Table 1).
All reactions were performed using the SYBR® Green
JumpStart™ Taq ReadyMix™ for quantitative PCR (Sigma,
USA) in a total volume of 15 µl. Each reaction mixture
contained 7.5 µl 2x SYBR Green JumpStart Taq Ready Mix
(including in final concentration: 1.25 units Taq DNA
polymerase, 10 mM Tris-HCl, 50 mM KCl, 3.5 mM MgCl2, 0.2
mm dNTP, and SYBR Green I), 0.75 µl 0.5 µM each primer
(Table 1), and 2 µl diluted cDNA.
After 10 minutes at 95°C for activation of the Taq
polymerase, the amplification program consisting of the
following parameters: 30 s at 95°C, 60 s at 63°C, and 45 s at
72°C was performed for 40 cycles. The amplification was

Table 1. Primer sequences used for quantitative real-time polymerase chain reaction.
Gene
name

Forward primer (5’

3’)

p22phox CATCGTGGCTACTGCTGGAC

Reverse primer (5’

3’)

TGGACCCCTTTTTCCTCTTT

GenBank
accession

Amplicon
size (bp)

NM_007806.3

116

β-actin TTGCTGACAGGATGCAGAAG ACATCTGCTGGAAGGTGGAC NM_007393.3

141
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followed by a melting curve analysis to control the PCR
products. As negative controls water instead of cDNA was run
with every PCR experiment. To verify the accuracy of the
amplification, PCR products were further analyzed by gel
electrophoresis. Analysis of the data was performed using RQ
Manager 1.2.1 software (Applied Biosystems, USA). The data
were evaluated by the 2-CT∆∆ method by Livak and Schmittgen
(14, 15).
Flow cytometry
Cells
Spleens were cut into small pieces and gently rubbed
through a 40 µm nylon cell strainers (BD Biosciencies, USA)
into RPMI-1460 (Invitrogen, USA), containing 10% FBS
(Invitrogen, USA). Then cells were washed twice with RPMI1640 containing 1% FBS, suspended in RPMI-1640 containing
10% FBS, and counted (16).
Flow cytometry staining
Cells were washed with cold PBS containing 2% FCS and
0.05% sodium azide (FACS buffer) and incubated 40 min on ice
(in the dark) with following monoclonal antibodies: FITCconjugated rat anti-mouse CD4, APC-conjugated rat anti-mouse
CD11c, PE-conjugated rat anti-mouse CD86, FITC-conjugated
rat anti-mouse CD80, biotin-conjugated rat anti-mouse CD69,
biotin-conjugated rat anti-mouse CD40 (all from BD
Pharmingen), APC-conjugated anti-mouse F4/80 (from
eBiosciences). In case of biotin conjugated antibodies incubation
with PE-conjugated streptavidin (BD Pharmingen) followed for
30 min, on ice, in the dark. Unspecific binging of antibodies was
blocked with anti-mouse CD16/32 monoclonal antibody (BD
Pharmingen). Cells were washed, suspended in cold PBS
containing 2% FCS and 0.05% sodium azide and analyzed on a
FACSCanto II flow cytometer (BD, USA) using FACSDiva
software (17).
Statistical analyses
Results are expressed as mean ±S.E.M. The nonparametric
Mann-Whitney U test was used for statistical analysis of the
data. P<0.05 was considered as statistically significant.

Comparison of atherosclerosis development
Aortas differed in the degree of atherosclerosis between control
group and experimental groups. Measured by "en face" method,
the percentage of occupied by Sudan IV-stained surfaces were:
14.2±1.9% in control group, whereas in AVE 0991 treated group
7.25±1.3%, in perindopril group 2.6±0.5%, in tiorphan group
16.7±2.8%, and in A-779 group 19.2±0.6% (Figs. 1A, 1B). All the
differences, except for tiorphan, were statistically significant.
"Cross-section" of aortic roots revealed the difference in
atherosclerotic lesions. Measured in 8 consecutive sections mean
surfaces areas ±S.E.M., occupied by oil red - O-stained changes
were: 91.213±8.123 µm2 in control group versus 46.968±7.215
µm2 in AVE 0991-treated group, 37.107±2.824 µm 2 in
perindopril group, 107.599±9.735 µm2 in tiorphan group, and
124.201±10.373 µm2 in A-779 group (Fig. 1C, 1D). All the
differences, except for tiorphan, were statistically significant.
Perindopril to a higher degree than AVE 0991 decreased
atherosclerosis. Angiotensin converting enzyme inhibitors for a
long time are well known very strong inhibitors of experimental
atherosclerosis (18-23). It can be explained by the fact that the
direct inhibition of AT II is stronger than "indirect" action of AT(1-7), therefore the effect of perindopril is greater than AVE.
Group receiving perindopril was a "positive control", since the
low dose of this angiotensin converting enzyme inhibitor shows
positive endothelial and anti-atherosclerotic action, at the same
time not causing the fall of the blood pressure. Tiorphan neutral
endopeptidase (NEP) inhibitor tends to increase atherosclerosis.
NEP is the main enzyme converting AT I as well as AT-(1-9) into
AT-(1-7). That is why inhibition of this enzyme blocks
generation of AT-(1-7). Moreover, AVE peptide antagonist, A779, statistically significantly increased atherogenesis, as
compared to control.
Immunohistochemistry
Our results indicate that AVE 0991 may increase plaque
stability by decreasing number of macrophages and increasing
smooth muscle cells plaque content (Fig. 2B, Table 3).
Inflammatory mediators in plasma
All inflammatory indicators: MCP-1, IL-6, IL-12 and SAA
were diminished by AVE 0991 (as well as by perindopril) (Fig. 3).
Real time RT-PCR

RESULTS
Lipid levels
None of the drugs changed the level of cholesterol and
triglycerides in blood, as compared to the control group (Table 2).

Relative p22phox expression was significantly decreased in
AVE-treated mice, whereas in A-779-treated mice it showed
tendency to increase, as compared to control (Fig. 3). It means
that AVE significantly inhibits NADPH oxidase expression. This
enzyme is crucial in atherogenesis (24).

Table 2. The level of total cholesterol and triglycerides in mice plasma (n=10 in each group).
NS - lack of statistical significance in comparison with control
drug

control
AVE 0991
A-779
perindopril
tiorphan

total
cholesterol
(mmol/l)
± S.E.M.
11.57±0.3
12.1±0.3 (NS)
11.3±0.2 (NS)
12.2±0.2 (NS)
11.4±0.3 (NS)

HDLcholesterol
(mmol/l)
± S.E.M.
2.5±0.2
2.6±0.25 (NS)
2.4±0.1 (NS)
2.35±0.3 (NS)
2.7±0.3 (NS)

LDLcholesterol
(mmol/l)
± S.E.M.
8.5±0.3
8.8±0.2 (NS)
8.75±0.3 (NS)
8.3±0.2 (NS)
8.4±0.3 (NS)

triglycerides
(mmol/l)
± S.E.M.
1.2±0.1
1.3±0.1 (NS)
1.1±0.1 (NS)
1.35±0.2 (NS)
1.15±0.2 (NS)
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Fig. 1. (A) Stained by Sudan IV aortas "en face" from groups: control and drug-treated apoE-knockout mice. (a)- control, (b)- AVE
0991, (c)- perindopril, (d)- tiorphan, (e)- A-779; Line on picture "a" stands for 1 cm.
(B) Area of lipid changes in aorta (Expressed as a percent of total area of the aorta) in apoE-knockout mice from control group and
drug-treated groups (n=10 in each group). Results are expressed as a mean ±S.E.M. *p<0.05, comparing to the control group.
(C) Representative microphotographs, showing oil red-O stained atherosclerotic changes in apoE - knockout mice, in control group
and drug-treated groups (magnification×80). (a) control, (b) AVE 0991, (c) perindopril, (d) tiorphan, (e) A-779. Line on picture "a"
stands for 500 µm.
(D) Area of atherosclerotic changes in "aortic root", expressed in µm2, in oil red-O - stained 6-months-old apoE - knockout mice, from
control and drug-treated groups (n=10 in each group).
Results are expressed as a mean ± SEM. *p<0.05, comparing to the control group.

Fig. 2. (A) Chemical structure of
AVE 0991. (B) Composition of
atherosclerotic plaque in 6months-old mice, treated by AVE
0991 (c and d), in comparison to
control group (a and b).
Representative microphotographs
showing atherosclerotic changes
in apoE-knockout mice in control
group and in group treated by
AVE 0991. Immunohistochemical
staining for α-actin of smooth
muscle cells (SMA) (in orange)
and for macrophages marker
CD68 (in green) (magnification
80). a and c - staining for CD68; b
and d - connected staining for
CD68 and α-actin.

81
Flow cytometry
The population of spleen macrophages (F4/80+) expressing
co-stimulatory molecule CD86 or CD40 were significantly
Table 3. Composition of atherosclerotic plaque in 6-months-old
mice, treated with AVE 0991 in comparison to the control group.
group
control
AVE 0991-treated

CD68 ±S.E.M. α-actin ±S.E.M.
(% of area)
(% of area)
61±6
5±2
25±4 (p<0.05) 16±3 (p<0.05)

reduced in number after AVE 0911 treatment (Fig. 4B). Similar
tendency was observed in the population of spleen dendritic cells
(CD11c+) (Fig. 4A). Moreover, the expression of these molecules,
especially CD40, on both dendritic cells (Fig. 4B) and
macrophages (Fig. 4D) was significantly decreased. CD86/CD80
molecules are indispensable in the process of antigen presentation
to activate T cell. The study on CD80/CD86/low-density
lipoprotein receptor - deficient mice showed that the ability of T
cells to influence atherosclerosis depends on CD80/CD86 costimulation (25). Indeed, in mice treated with AVE 0991 the CD69
activation marker on spleen CD4+ T cells was greatly downregulated (Fig. 4F) though the percentage of CD4+CD69+ cells
was comparable to the control (Fig. 4E). The crucial role of CD40

Fig. 3. The plasma level of
MCP-1, IL-6, IL-12 and
SAA. *p<0.05, comparing
to the control group.

Fig. 4. Flow cytometric analysis of spleen dendritic cells
(CD11c+gated), macrophages (F4/80+gated) and T cells
(CD4+gated) from control (white bars) and AVE 0911 treated
(black bars) mice. The percentage of CD40+ and CD86+ cells
among dendritic cells (A) and macrophages (C) and the
percentage of CD69+ cells among CD4+ T cells (E) is shown
as a mean ± S.E.M. of three samples. The expression of CD40
and CD86 on dendritic cells (B) and macrophages (D) and the
expression of CD69 on CD4+ T cells (F) is shown as a mean
of median fluorescence (PE) intensity (MFI) ±S.E.M. of three
samples. *p<0.05, **p<0.01, ***p<0.001 comparing to the
control group.
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Fig. 5. Relative p22phox expression in aortas from AVE 0991 and A-779-treated groups, in comparison to control.
molecule and its interaction with CD40L in pathogenesis of
atherosclerosis has been also well documented (26). Therefore,
our results suggest that AVE 0991 may ameliorate atherosclerosis
via modulation of the immune cells activity/function.
DISCUSSION
The renin-angiotensin system (RAS) is highly complicated
hormonal system controlling cardiovascular system, kidney and
adrenal glands, thus crucial for hydro-electrolyte balance and
blood pressure regulation. AT II is the best described peptide of
RAS. AT II increases activity of sympathetic nervous system,
acts as a vasoconstrictor, increases aldosterone release and
sodium retention. Additionally, AT II stimulates free radical
production, plasminogen activator inhibitor-1 (PAI-1) release,
tissue factor (TF) and adhesion molecules (VCAM-1)
expression. Moreover, in blood vessels it stimulates smooth
muscle cells proliferation and leukocyte adhesion. What is
important, AT II inhibits nitric oxide synthase (NOS), thus
diminishing all beneficial effects of nitric oxide (NO).
AT II acts by several potential mechanisms that may increase
the atherogenic process (27). First, AT II may indirectly
influence the atherogenic process via hemodynamic effects
resulting from increased arterial blood pressure. Marked
increases in arterial blood pressure have been demonstrated to
augment the severity of experimental atherosclerosis. Second,
AT II has been demonstrated to exert several direct effects
relevant to the development of atherosclerosis including
stimulation of monocyte recruitment, activation of macrophages,

and enhanced oxidative stress, all of which have been linked to
increase of the atherogenic process. These effects of AT II would
occur independently of elevations in arterial blood pressure.
In presented experiment, except AVE 0991, we added:
perindopril - as angiotensin converting enzyme inhibitor - the
most powerful inhibitor of atherosclerosis in apoE-knockout
mice (18-23). We also used tiorphan neutral endopeptidase
inhibitor, which blocks the production of AT-(1-7) as well as A779-direct inhibitor of AT-(1-7) receptor.
AT-(1-7) was discovered in 1988 (28). For a long time, it was
considered only as a non-reactive product of RAS axis. The
small interest in AT-(1-7) may have resulted also from the fact
that initially, the specific enzymatic pathway of AT-(1-7) was
unknown. The breakthrough was made already in 2000, when
ACE homolog- ACE2 was described (29). Later it was
discovered that AT-(1-7) acts via Mas oncogen as a metabotropic
receptor, connected with G protein (30).
Therefore, knowledge about AT-(1-7) was gradually
changing, leading to the current view that AT-(1-7) is an active,
important component of RAS axis (31-33).
AT-(1-7) is an active peptide of RAS. It counteracts
vasoconstriction by releasing nitric oxide and prostacyclin (34).
Moreover, it opposites AT II mitogenic, arrhythmogenic and
procoagulant activities (35). Water and sodium retention caused
by AT II is inhibited by enhancing natriuresis and diuresis. On
the other hand, AT-(1-7) independently of Mas-receptor
increases bradykinin activity and antagonizes hypertrophic
action of AT II. Recently, direct antiatherogenic and
vasoprotective effect of AT-(1-7) in apoE-knockout mice model
was discovered by Tesanovic et al. (36).
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Fig. 6. (A) Two "counteracting" systems in RAS axis. (B) Balance between ACE and ACE2 activity and its effect on development of
cardiovascular diseases (modificated from Iwai & Horiuchi, 2009).

In 2002, non-peptide agonist of AT-(1-7) receptor: AVE
0991, has been described (37). In current study, we have shown
that AVE 0991 inhibited atherogenesis in mouse model of
atherosclerosis.
This observation is in agreement with the fact that AT-(1-7)
is considered as "anti-AT II" factor (38). Since AT II is a potent
proatherogenic agent, its functional antagonist should ameliorate
atherogenesis (Fig. 5A).
What is a molecular explanation of AVE 0991 action? As we
have shown in the current study, AVE 0991 inhibited NADPH
oxidase expression, enzyme responsible for the production of
reactive oxygen species, which are key players in the
inflammatory process. Additionally, AVE 0991 reduced
expression of co-stimulatory molecules CD40, CD86 and CD80
(not shown) on antigen presenting cells (macrophages and
dendritic cells) and CD69 activation marker on CD4+
T lymphocytes.
Down-regulation of co-stimulatory molecules on antigen
presenting cells was in line with reduced level of inflammatory
factors (IL-6, IL-12, SAA, MCP-1) in plasma, suggesting that AVE
0911 may modulate the activity and function of innate immune
cells (macrophages, dendritic cells) to suppress their involvement
in the development of atherosclerosis. Although the CD69
activation marker was significantly down-regulated on CD4+ T
cells, the role of this molecule in the atherosclerosis seems to be
minor as shown in the study on CD69-/-apoE-/-mice (39).
Considering the presence of two kinds of ACE and two
general mediators: AT II and AT-(1-7), recently, totally new view
on RAS system has been proposed. In this concept, RAS system
is divided into two contradictory systems, dependent on
ACE/ACE2 balance: ACE-AT II-AT1 receptor vs. ACE2-AT-(17) - Mas receptor (Fig. 5B) (40).
AT-(1-7) is produced from AT I or AT II by ACE2. Since
catalytical efficiency of ACE2 with AT II as substrate is about
400 times greater than with AT I, therefore it is the regulatory
system of the ACE - AT II - receptor AT1 axis (41, 42).
During pharmacological blockade of AT1 receptors, greater
amount of AT II may have a beneficial effect on the organism: by
activation of type AT2 receptors or by changing into AT-(1-7) (43).
Angiotensin converting enzyme inhibitors increase plasma
level of AT-(1-7) 10 times, which suggests that a part of
beneficial action of these drugs might be mediated by AT-(1-7)
(44). On the other hand, the expression of mRNA coding ACE2

increases 5 times during ACEI treatment or 3 times during
angiotensin receptor blocker treatment (45).
Recently, it has been also proved that blockade of
aldosterone inhibited ACE action and activated ACE2 action
(46, 47). Therefore, drugs which influence RAS axis, perhaps
not only inhibit the production and action of AT II, but also
activate the "alternative", beneficial route which ends in AT-(17) production (Fig. 5B).
ACE2-AT-(1-7) - receptor Mas axis may become in the
future an important therapeutic target in cardiovascular diseases
as well as in metabolic diseases (48, 49). Therefore, a new
therapeutic challenge has been established for pharmacology:
creation of drugs which "stimulate" ACE2 - AT-(1-7) - Mas
receptor axis. AVE 0991, nonpeptide agonist of receptor for AT(1-7), might be one of such drugs.
Taking into account presented data, we can conclude that
AVE 0991 inhibits atherogenesis. This gives promising
perspectives for future clinical trials with this agent.
Introducing AVE 0991 as a drug for the treatment of
atherosclerosis would be in line with the new postulate, that a new
therapeutic agent should maintain the balance, shaken by activation
of component: ACE - AT II - AT1 receptor, through the action,
activating component: ACE2 - AT-(1-7) - receptor Mas receptor.
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