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Abstract
Renin–angiotensin system (RAS) has important roles in cardiovascular disease. Angiotensin II (Ang II) and angiotensin-
(1–7) (Ang-(1–7)) are major effector peptides of RAS. However, the roles of Ang II type 2 receptor (AT2R) need to be
further explored and the roles of Ang-(1–7) are still not very clear on vascular calcification (VC). Therefore, we
hypothesized they have effects on preventing VC in vivo and in vitro. VC model is established by inorganic phosphate (IP)
cultured with vascular smooth muscle cells (VSMC) for in vitro study and by 5/6 nephrectomy in mice for in vivo study.
Increased calcified nodules by Alizarin Red S staining and mRNA expressions of bone morphogenetic protein-2 (BMP-2)
and osteocalcin (OCN) by reverse transcription polymerase chain reaction in calcified WT VSMC were significantly
inhibited in calcified AT2R overexpression (SmAT2) VSMC or after Ang-(1–7) treatment. After 5/6 nephrectomy, the ratio
of positive and total area by Alizarin Red S and von Kossa staining and mRNA expressions of BMP-2 and OCN were
significantly increased in ApoE/AT2R knockout mice compared with apolipoprotein E knockout mice, and which were
significantly inhibited with Ang-(1–7) administration. Both AT2R and Ang-(1–7) have the effects on preventing VC induced
by IP, at least in part through inhibiting BMP-2, OCN expressions, and in which Ang-(1–7) had protective roles mainly
through Mas receptor rather than AT2R.

Introduction

Vascular calcification (VC) is a major risk factor for car-
diovascular mortality, particularly in patients with chronic
renal disease (CKD) and diabetes [1]. With decreasing
kidney function, the prevalence of VC increases and calci-
fication occurs years earlier in CKD patients than in the
general population [2]. When VC occurs, it indicates the
possibility of worse clinical results and cardiovascular

adverse events [3], but the mechanism of VC is not very
clear. VC is a complex and active cell-mediated patholo-
gical process, and the exact mechanisms and interactions
between these regulators remain incompletely characterized.

VC is related to the disorder of mineral metabolism in
CKD, and in which serum phosphorus has become an
important regulator [4]. It has been documented that
hyperphosphatemia is highly associated with the extent of
VC and contributes directly to high morbidity and mortality
in cardiovascular disease [5]. In the mouse model of chronic
renal failure (CRF), high phosphorus diet could induce
calcification of vascular smooth muscle cells (VSMC) in the
media of aorta [6]. Hyperphosphate also induced calcifica-
tion of medial VSMC in isolated rat aortic rings [7]. In vitro
experiments showed that the same level of hyperphosphate
in individuals can directly promote the calcification of
VSMC, leading to the transformation of VSMC from con-
traction phenotype to osteochondral phenotype [8]. There-
fore, VSMC can undergo calcification by excessive
inorganic phosphate (IP) stimulation. Although current
treatment for VC is based on reducing hyperphosphatemia,
new effective therapeutic strategies to prevent VC remain
urgent.
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In recent years, numerous studies have shown that
endogenous cardiovasoactive peptides are involved in VC
[9]. Renin–angiotensin system (RAS) usually has important
roles in cardiovascular disease. As we known, angiotensin
II (Ang II) and angiotensin-(1–7) (Ang-(1–7)) are major
effector peptides of RAS. Ang II binds two receptor sub-
types, type 1 receptor (AT1R) and type 2 receptor (AT2R).
Ang-(1–7) can be formed mainly from Ang II through the
activity of angiotensin converting enzyme 2 (ACE2) [10].
Ang-(1–7) acts through binding to the specific Mas receptor
(MasR) [11]. Many reports suggested that Ang II could
promote VC mainly mediated by AT1R [12–14]. However,
both of Ang II/AT2R and ACE2/Ang-(1–7)/MasR axis
work to offset the actions of Ang II via AT1R [15].
Numerous studies reported that ARB limits VC in aortic
artery [16–18]. Moreover, blockade of AT2R by PD123319
inhibits osteogenic differentiation of human mesenchymal
stem cells via inhibition of extracellular signal-regulated
kinase signaling [19]. Previously, our research suggested
that AT2R activation represented an endogenous protective
pathway against VC, which might efficiently reduce adverse
cardiovascular events in patients with CKD [20]. It sug-
gested that AT2R play an important role in VC formation.
However, on the basis of our previous research, the
pathophysiologic roles of AT2R in VC need to be further
explored. On the other hand, ACE2/Ang-(1–7)/MasR axis
becomes the major counter-regulatory system against Ang
II/AT1R at both systemic and local levels [21]. Recently,
only one paper reported that Ang-(1–7) could inhibit VC in
a rat model induced by vitamin D3 plus nicotine [9].
However, the effects of Ang-(1–7) on VC have not yet been
very clear.

Therefore, we hypothesized they have effects on pre-
venting VC in vivo and in vitro, which could be potential
targets for VC therapy. This study is to investigate the roles
of AT2R and Ang-(1–7) on VC induced by IP in vivo and
in vitro. VC model is established by IP cultured with VSMC
for in vitro study and by 5/6 nephrectomy in mice for
in vivo study. We used wild-type (WT) mice, AT2R
knockout (AT2KO) mice, AT2R overexpression (SmAT2)
mice, and mice with or without Ang-(1–7) treatment, to find
potential targets for VC therapy.

Materials and methods

Animals

All kinds of mice were obtained from Jackson Laboratory
(Bar Harbor, ME), bred and housed in a room in which
lighting was controlled (12-h light/dark cycle), and the
room temperature was kept at 25 °C. WT and AT2R over-
expression (SmAT2) mice based on C57BL/6J strain were

given a standard diet (MF; Oriental Yeast, Tokyo, Japan)
and water ad libitum. Apolipoprotein E knockout (ApoE)
and ApoE/AT2R knockout (ApoE/AT2KO) mice based on
C57BL/6J strain were given a high-cholesterol diet (HCD)
consisting of 1.25% cholesterol and 10% coconut oil (MF;
Oriental Yeast, Tokyo, Japan) and water ad libitum. Male
mice at 8 weeks of age were used in this experiment and
randomly assigned to each group without blinding. Each
experiment was replicated for at least three times both for
technical and biological replicates. All experiments were
performed in compliance with the US National Institutes of
Health Guide for the Care and Use of Laboratory Animals.
The protocol was approved by the Animal Ethics Com-
mittee of Dalian Medical University.

Cell culture

VSMCs were isolated from the thoracic aorta of WT and
SmAT2 mice as previously described [22]. Cells were
cultured on 100 mm dishes in Dulbecco’s Modified Eagle
Medium (Life Technologies, Gaithersburg, Md) supple-
mented with 10% fetal bovine serum (FBS) and antibiotics
at 37 °C in a humidified atmosphere of 5% CO2 and 95%
air. Some cells were cultured in calcified medium contain-
ing 5% FBS with or without 10 mM β-glycerophosphate
(Sigma, G9422) and 0.25 mM ascorbic acid (Sigma,
A7506) for 14 days. In some experiments, the cells were
stimulated with Ang-(1–7) (Peptide Institute, Osaka, Japan)
at 100 nM for 14 days. The medium was changed every
3 days with new medium containing freshly prepared
reagents.

Chronic renal failure (CRF) model (5/6 nephrectomy)

Under anesthesia, a two-step procedure operation of 5/6
nephrectomy was performed in ApoE and ApoE/AT2KO
mice as previously described [23]. In some experiments,
Ang-(1–7) was administered intraperitoneally at 0.5 mg/kg/
day using an osmotic mini pump (Alzet model 1002, Durect
Corp., Cupertino, California, USA). In the control group,
saline was administered with an osmotic mini pump. Serum
samples were prepared from mice before and 2 weeks after
5/6 nephrectomy. Serum blood urea nitrogen (BUN), crea-
tinine (Cre), and IP were determined by DRI-CHEM 7000
V (Fujifilm Co, Tokyo, Japan). Samples of aortic valves and
aorta from the mice were obtained 6 weeks after operation.

Alizarin Red S and von Kossa staining

Calcium deposition was stained using 2% Alizarin red
(Sigma). Briefly, cultured VSMC were fixed by 10% for-
malin for 15 min and washed twice with distilled water.
After adding Alizarin red solution, cells were stained for 15
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min at room temperature. Excess stain was washed twice
with distilled water. The cells were photographed at ×100
magnification of a microscopy (Leica Microsystems) and a
computer software system (Nikon, ACT-2U). Alizarin red
stain was quantified by extracting the stain with 10%
cetylpyridinium chloride (Sigma-Aldrich, USA) and mea-
suring the absorbance at 540 nm.

Formalin-fixed and paraffin-embedded sections of aortic
valves of mice were prepared. The sections were stained
with Alizarin Red S and von Kossa stainings. For Alizarin
Red S staining, the protocol is same as above. For von
Kossa staining, the sections were fixed with 4% paraf-
ormaldehyde, incubated with 2% silver nitrate solution, and
then placed under ultraviolet light for 30 min. Uncombined
silver was removed with 5% sodium thiosulfate for 5 min
and stained with nuclear fast red for 3 min after washing
with phosphate-buffered saline three times. Photos were
examined with a Zeiss Axioskop2 microscope equipped
with a computer-based imaging system (Carl Zeiss, Ober-
kochen, Germany). Quantitative analysis was calculated by
the ratio of positive area and total area in aortic valves using
computer imaging software (Densitograph).

Real-time reverse transcription polymerase chain
reaction (RT-PCR)

Total RNA was extracted from the cultured VSMC or the
aortas of mice using an RNA extraction kit (Sepasol-RNA I
Super; Nacalai Tesque, Kyoto, Japan). RT-PCR was per-
formed with a SYBR Premix Ex Taq kit (Takara Bio, Shiga,
Japan) and Thermal Cycler Dice Real Time System (TP800;
Takara Bio, Shiga, Japan). The sequences of the RT-PCR
primers used in this study were as follows: bone morphoge-
netic protein-2 (BMP-2), 5′-ACCCCCAGCAAGGACGTC
GT-3′ (forward) and 5′-TGGAAGCTGCTGCGCACGGTG
TT-3′ (reverse); runt-related transcription factor 2 (RUNX2),
5′-CCGAACTGGTCCGCACCGAC-3′ (forward) and 5′-
CTTGAAGGCCACGGGCAGGG-3′ (reverse); osteocalcin
(OCN), 5′-AGCAGCTTGGCCGAGACCTA-3′ (forward)
and 5′-TGAGGCTCCAAGGTAGCGCC-3′ (reverse); and
GAPDH, 5′-ATGTAGGCCATGAGGTCCAC-3′ (forward)
and 5′-TGCGACTTCAACAGCAACTC-3′ (reverse).

Statistical analysis

All values are expressed as mean ± SEM in the text and
figures. Statistical analyses were performed by Statcel-3
(OMS, Saitama, Japan). Data were evaluated by analysis of
variance. The variation of data between all groups was
similar. If a statistically significant effect was found, we
performed a Tukey–Kramer post hoc test for multiple
comparisons. A difference of p < 0.05 was considered sta-
tistically significant.

Results

Effects of AT2R on aortic calcification and bone-
related genes

Alizarin Red S staining results showed that compared with
WT group, the number of calcified nodules was increased,
and the OD value was significantly increased in WT+ IP
group (Fig. 1a), indicating that IP can lead to the formation
of VSMC calcification. However, there were no significant
differences in the number of calcified nodules and the OD
value between SmAT2 and SmAT2+ IP groups (Fig. 1a).
Compared with WT+ IP group, SmAT2+ IP group
showed less calcified nodules and smaller OD value (p <
0.05) (Fig. 1a). This evidence suggested that AT2R over-
expression could prevent the formation of VSMC calcifi-
cation. RT-PCR results of cultured VSMCs showed that the
mRNA expressions of BMP-2, RUNX2, and OCN were
significantly increased in WT+ IP group compared with
those in WT group (Fig. 1b), indicating that IP could lead to
the increased expressions of bone-related genes in calcifi-
cation. Compared with WT+ IP group, the increased
mRNA expressions of BMP-2 and OCN were significantly
decreased in SmAT2+ IP group (Fig. 1b). This evidence
suggested that AT2R overexpression could attenuate the
expressions of bone-related genes in calcification.

Biochemical analysis of serum samples showed that the
levels of BUN and Cre in ApoE mice were significantly
higher after operation than those before, and the levels of
BUN, Cre, and IP in ApoE/AT2KO mice were also sig-
nificantly higher after operation than those before (Fig. 2a).
This evidence suggested that in this study, CRF model was
successfully established. Moreover, after operation, serum
BUN and IP levels in ApoE/AT2KO mice were sig-
nificantly higher than those in ApoE mice (Fig. 2a), indi-
cating that AT2KO could result in CRF more severe. For
Alizarin Red S and von Kossa stainings, the ratio of positive
and total area in ApoE mice did not change significantly
after operation, and it in ApoE/AT2KO mice was sig-
nificantly increased after operation (Fig. 2a). Moreover,
after operation, the ratio of positive and total area in ApoE/
AT2KO mice was significantly increased than that in ApoE
mice only for von Kossa staining (Fig. 2a). These data
indicated that AT2KO could increase the calcification of
aortic valves in CRF mice. RT-PCR results of aortic sam-
ples showed that after operation the mRNA expressions
of BMP-2, RUNX2, and OCN were not changed in
ApoE mice, while the mRNA expressions of BMP-2
and OCN were significantly increased in ApoE/AT2KO
mice (Fig. 2c). Moreover, after operation the mRNA
expressions of BMP-2 were significantly increased in
ApoE/AT2KO mice compared with ApoE mice (Fig. 2c).
This evidence suggested that AT2KO increase the
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expression of bone-related genes, which might lead to the
formation of aortic calcification more serious.

Effects of Ang-(1–7) on aortic calcification and bone-
related genes

Alizarin Red S staining results showed that compared with
the IP group, the number of calcified nodules and the OD
value were significantly decreased in IP+Ang-(1–7) group
(Fig. 3a), which proved that Ang-(1–7) treatment could also
prevent the formation of VSMC calcification. RT-PCR
results showed that compared with IP group, the increased
mRNA expressions of BMP-2, RUNX2, and OCN were
significantly decreased in IP+Ang-(1–7) group (Fig. 3b),
which proved that Ang-(1–7) treatment could attenuate the
expressions of bone-related genes in calcification.

Biochemical analysis of serum samples showed that
after operation the increased levels of BUN, Cre, and IP in
ApoE mice were significantly lower after Ang-(1–7)
treatment (Fig. 4a). Moreover, after operation the increased
levels of BUN and IP in ApoE/AT2KO mice were

significantly lower after Ang-(1–7) treatment (Fig. 5a).
This evidence suggested that Ang-(1–7) treatment could
relieve CRF to some extent. For Alizarin Red S and von
Kossa stainings, after operation the ratio of positive and
total area in ApoE mice did not change significantly after
Ang-(1–7) treatment (Fig. 4b). Moreover, after operation
the increased ratio of positive and total area in ApoE/
AT2KO mice was significantly lower after Ang-(1–7)
treatment for Alizarin Red S staining, and there was no
significant difference for von Kossa staining (Fig. 5b).
These data indicated that Ang-(1–7) treatment could
decrease the calcification of aortic valves in CRF mice. RT-
PCR results showed that after operation the mRNA
expressions of BMP-2 and RUNX2 in ApoE mice were
significantly decreased after Ang-(1–7) treatment (Fig. 4c),
indicating that Ang-(1–7) treatment decrease the expres-
sions of bone-related genes in calcification, which might
improve the formation of aortic calcification. However,
after operation the mRNA expressions of BMP-2, RUNX2,
and OCN in ApoE/AT2KO mice were not changed after
Ang-(1–7) treatment (Fig. 5c).
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medium in WT and AT2R overexpression (SmAT2) mice for
14 days. Values are expressed as mean ± SEM. a Calcified nodule is
evaluated by Alizarin Red S staining (original magnification ×100).
Quantitative analysis of Alizarin Red S staining is shown as the OD

value (n= 3 for WT group; n= 4 for the other groups). **p < 0.01 vs.
WT. #p < 0.05 vs. SmWT. b mRNA expressions of BMP-2, RUNX2
and OCN were determined by RT-PCR (n= 4 for WT group; n= 6 for
the other groups). *p < 0.05, **p < 0.01 vs. WT. #p < 0.05 vs. SmWT.
&p < 0.05, &&p < 0.01 vs. WT+ IP.
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Discussion

In this study, VSMC calcification in vitro in WT+ IP group
was significantly increased compared with WT group,
which was significantly inhibited in SmAT2+ IP group. It
suggested that AT2R overexpression could prevent VSMC
calcification. Aortic calcification in vivo in ApoE/AT2KO
+ CRF group was significantly increased compared with
ApoE/AT2KO and ApoE+ CRF groups. It indicated that
AT2KO could increase susceptibility to aortic calcification
with increased levels of IP in CRF mice. Moreover, VSMC
calcification in vitro in IP group was significantly lower
after Ang-(1–7) treatment, which proved that Ang-(1–7)
treatment could also prevent VSMC calcification. Aortic
calcification in vivo in ApoE/AT2KO+ CRF was sig-
nificantly lower after Ang-(1–7) administration, which
indicated that Ang-(1–7) administration could decrease
aortic calcification with decreased levels of IP in CRF mice,
which works mainly through MasR rather than AT2R.

VC is one of the strong predictors of cardiovascular
mortality and morbidity in CKD patients, so the prevention
and treatment of VC are crucial [24]. However, to date, no
treatment strategy has been demonstrated to prevent or
completely reverse VC. Experimental findings confirmed an
acceleration of atherosclerosis, which seems to start very
early in the course of CKD and is characterized by marked

medial calcification [25]. In this study, after 5/6 nephrect-
omy, the increased levels of serum BUN and Cre are the
main characteristics of CKD (Fig. 2a), suggesting that the
CKD model was successfully established. VC is related to
the disorder of serum phosphorus in CKD [4]. Hyperpho-
sphate induced calcification of VSMC in isolated rat aortic
rings [7] and in in vitro study [8]. Phosphate also directly
induces phenotypic changes in VSMCs from a contractile
phenotype into an osteogenic phenotype [26]. Exposure of
VSMC to calcified level of phosphate, akin to what may
occur in patients with CKD, generates matrix vesicles and
exosomes that initiate the mineralization process and induce
calcification in the extracellular matrix surrounding VSMC
[27]. These changes occur early after exposure to high
phosphate level and continue to accumulate over time with
increasing phosphate concentration. This study is consistent
with the above research that the formation of VSMC cal-
cification was significantly increased in WT+ IP group
compared with WT group (Fig. 1), indicating that IP in vitro
study could lead to VSMC calcification. Serum IP level and
the formation of aortic calcification were significantly
increased in ApoE/AT2KO+ CRF group compared with
ApoE/AT2KO group (Fig. 2), indicating that IP in vivo
study could lead to aortic calcification.

Previously, our research suggested that AT2R activation
represented an endogenous protective pathway against VC
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[20]. In that study, we generated a CKD-induced VC model
induced by an adenine and high-phosphate diet in mice. In
many previous reports, CKD and VC have been induced by
a high fat diet and partial nephrectomy in apoE−/−KO mice
in vivo [28]. On the basis of our previous research, the
pathophysiologic roles of AT2R in VC have been further
explored by 5/6 nephrectomy in ApoE mice given with an
HCD. Osteogenic markers that play an important role in
mineralization of ectopic sites have recently been identified
and linked to VC [29]. Here, we additionally tested the
mRNA expressions of BMP-2 and OCN because they are
also important bone-related genes in calcification. The
mRNA expression of RUNX2 was significantly increased in
SmAT2 VSMC compared with WT VSMC (Fig. 1b).
Moreover, the mRNA expression of RUNX2 was not
changed in ApoE/AT2KO mice before, after operation and
even after Ang-(1–7) treatment (Fig. 5c). This evidence
suggested that RUNX2 expression can be affected by
overexpressing or lacking AT2R. When the AT2R is
overexpressed or knocked out, the expression of RUNX2
could not really reflect the degree of VC. Calcium

accumulation in the aortic valve is a hallmark of aortic
sclerosis and aortic stenosis [30]. This time we examined
the formation of calcification in the aortic valves, which
could more directly reflect the formation of VC in mice
instead of aortic rings. Compared with the in vitro experi-
ments in our previous studies, AT2KO mice were not stu-
died in this study because primary cultured VSMC
expressed only AT1R but not AT2R [31].

On the other hand, ACE2/Ang-(1–7)/MasR axis becomes
the major counter-regulatory system against Ang II/AT1R
at both systemic and local levels [21]. Recently, a paper
from Peptides reported that Ang-(1–7) could inhibit VC in a
rat model induced by vitamin D3 plus nicotine [9]. In that
study, the rat VC model was created with a high dose of
vitamin D3 plus nicotine. However, the effects of Ang-
(1–7) on VC have not yet been very clear. VC is highly
correlated with cardiovascular morbidity and mortality in
chronic kidney disease [32]. Here, we investigated the effect
of Ang-(1–7) on VC using gene-modified mice. The VC
model is established by IP cultured with VSMC for in vitro
study and by 5/6 nephrectomy in mice with increased levels
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of IP for in vivo study. In addition, that study showed that
the formation of aortic calcification is not very obvious in
morphology, and there is no statistical analysis. In the
experiment, it is also very difficult to cut sections of dif-
ferent positions on different aortas for staining. In this
study, we investigated the formation of calcification in the
aortic valves instead of the aorta by Alizarin Red S and von
Kossa stainings with statistical analysis.

Numerous reports suggested that Ang II could promote
VC mainly mediated by AT1R [12–14]. As we known both
of the Ang II/AT2R and ACE2/Ang-(1–7)/MasR pathways
work to offset the actions of Ang II via AT1R [15], so they
may play important roles in VC formation. Receptor bind-
ing ability of AT1R and AT2R with Ang II indicates the
activity of receptors. Compared with WT VSMC, the
receptor binding of AT2R with Ang II was significantly
increased in SmAT2 VSMC (Supplementary Fig. 1), and
indicating that AT2R overexpression (more AT2R activated
by endogenous Ang II) could prevent VSMC calcification.
Moreover, the AT1R mRNA expression has a decrease
tendency in SmAT2 VSMC compared with WT VSMC
after IP stimulation (Supplementary Fig. 2a), and the AT1R

mRNA expression was significantly increased in ApoE/
AT2KO mice compared with ApoE mice after operation
(Supplementary Fig. 3a). Therefore, AT2R has protective
roles in the formation of VC induced by IP at least in part
by inhibiting the effects of AT1R. At the same time, we
found that both after IP stimulation in vitro and after
operation in vivo, the increased mRNA expression of AT1R
was further increased after Ang-(1–7) treatment (Supple-
mentary Figs. 2b and 3b). This may be because exogenous
administration of Ang-(1–7) reduces the endogenous Ang-
(1–7) produced by Ang II, resulting in a negative feedback,
which increases the roles of Ang II on AT1R. Moreover,
both after IP stimulation in vitro and after operation in vivo,
the mRNA expressions of MasR and ACE2 were upregu-
lated (Supplementary Figs. 2b and 3b), which may be
because of the response of MasR and ACE2 to the VC
formation. The increased mRNA expression of ACE2
induced by IP was decreased after Ang-(1–7) treatment
(Supplementary Figs. 2b and 3b). This may be because
exogenous administration of Ang-(1–7) reduces the endo-
genous Ang-(1–7) produced by Ang II through ACE2,
resulting in inhibiting the product of ACE2.
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Fig. 4 The formation of aortic calcification after 5/6 nephrectomy
in ApoE mice with or without Ang-(1–7) administration for
6 weeks. Values are expressed as mean ± SEM. a The levels of serum
BUN, Cre, and IP were determined (n= 4 for ApoE+ CRF group;
n= 3 for the other groups). *p < 0.05, **p < 0.01 vs. ApoE.
#p < 0.05, ##p < 0.01 vs. ApoE+ CRF. b The calcification of aortic
valves is evaluated by Alizarin Red S and von Kossa stainings

(original magnification ×200 and ×400). Quantitative analysis of
positive area (percentage of total area) in aortic valves (n= 3 for
Alizarin Red S staining; n= 4 for von Kossa staining). c mRNA
expressions of BMP-2, RUNX2, and OCN were determined by RT-
PCR (n= 4 for ApoE group; n= 6 for the other groups). *p < 0.01,
**p < 0.01 vs. ApoE. #p < 0.05 vs. ApoE+ CRF.
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Ang-(1–7) is considered to be the specific ligand of
MasR [11]. However, Ang-(1–7) also showed significant
binding to AT2R, and the role of Ang-(1–7) mediated by
AT2R was also observed [33]. There are some relevant
reports in the previous studies. Ang-(1–7) lowered blood
pressure in normal and hypertensive adult rats, which was
blocked by AT2R antagonist PD123319 [34], which sug-
gested that Ang-(1–7) can bind both AT2R and its own
MasR to reduce blood pressure. Moreover, the effect of
Ang-(1–7) on increasing perfusion pressure was not
observed in the isolated mouse heart after exposure to
PD123319 [35]. Therefore, we attempt to study whether the
effects of Ang-(1–7) on VC are related to AT2R using
AT2KO mice. In this study, the increased calcification of
aortic valves in ApoE/AT2KO mice after operation was
significantly lower after Ang-(1–7) treatment (Fig. 5b).
These data indicated that Ang-(1–7) decreased the calcifi-
cation of aortic valves in CRF mice, which works mainly
through MasR rather than AT2R.

In conclusion, our results provide evidence of the effects
of AT2R and Ang-(1–7) in preventing VC induced by IP, at
least in part through changing BMP-2 and OCN expres-
sions, and in which Ang-(1–7) had the protective roles
mainly through MasR rather than AT2R. Our data also

provide a novel insight into the possibility that anti-VC
treatment by the effects of AT2R and Ang-(1–7) could be
effective in the preventing the process of VC and even
reversing VC.

Summary table

What is known about this topic

● Hyperphosphate induced VC.
● We have reported AT2R activation preventing VC

induced by IP.
● Ang-(1–7) inhibited VC induced by vitamin D3 plus

nicotine.

What this study adds

● AT2R and Ang-(1–7) prevented VC induced by IP, at
least in part through changing BMP-2 and OCN
expressions.

● Ang-(1–7) had the protective roles mainly through
MasR rather than AT2R.
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Fig. 5 The formation of aortic calcification after 5/6 nephrectomy
in ApoE/AT2KO mice with or without Ang-(1–7) administration
for 6 weeks. Values are expressed as mean ± SEM. a The levels of
serum BUN, Cre, and IP were determined (n= 3 for each group).
**p < 0.01 vs. ApoE/AT2KO. #p < 0.05 vs. ApoE/AT2KO+ CRF.
b The calcification of aortic valves is evaluated by Alizarin Red S
and von Kossa stainings (original magnification ×200 and ×400).

Quantitative analysis of positive area (percentage of total area) in
aortic valves (n= 3 for Alizarin Red S staining; n= 4 for von Kossa
staining). *p < 0.01, **p < 0.01 vs. ApoE/AT2KO. ##p < 0.01 vs.
ApoE/AT2KO+ CRF. c mRNA expressions of BMP-2, RUNX2, and
OCN were determined by RT-PCR (n= 6 for each group). *p < 0.05,
**p < 0.01 vs. ApoE/AT2KO.
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