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Abstract
Activation of angiotensin II type 2 receptors (AT2R) causes the release of kinins, which have
beneficial effects on the cardiovascular system. However, it is not clear how AT2R interact with
the kallikrein-kinin system to generate kinins. Prolylcarboxypeptidase is an endothelial
membrane-bound plasma prekallikrein activator that converts plasma prekallikrein to kallikrein,
leading to generation of bradykinin from high-molecular-weight kininogen. We hypothesized that
AT2R-induced bradykinin release is at least in part mediated by activation of
prolylcarboxypeptidase. Cultures of mouse coronary artery endothelial cells were transfected with
an adenoviral vector containing the AT2R gene (Ad-AT2R) or green fluorescent protein only (Ad-
GFP) as control. We found that overexpression of AT2R increased prolylcarboxypeptidase mRNA
by 1.7 -fold and protein 2.5 -fold compared to Ad-GFP controls. AT2R overexpression had no
effect on AT1 receptor mRNA. Bradykinin release was increased 2.2 -fold in AT2R-transfected
cells. Activation of AT2R by CGP42112A, a specific AT2R agonist, increased bradykinin further
in AT2R-transfected cells. These effects were diminished or abolished by AT2R blockade or a
plasma kallikrein inhibitor. Furthermore, blocking prolylcarboxypeptidase with a siRNA partially
but significantly reduced bradykinin release by transfected AT2R cells either at the basal condition
or when stimulated by the AT2R agonist CGP42112A. These findings suggest that overexpression
of AT2R in mouse coronary artery endothelial cells increases expression of
prolylcarboxypeptidase, which may contribute to kinin release.
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INTRODUCTION
Angiotensin II (Ang II) exerts important biological functions through two main subtypes of
receptors: type 1 (AT1R) and type 2 (AT2R). The AT1R is ubiquitous and abundant in adult
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tissues, whereas the expression of AT2R is high in the fetus but low in adult tissues.1 AT2R
appears to be upregulated in pathological conditions such as myocardial infarction (MI)2 and
vascular injury.3 It is well known that AT1R mediates the effects of Ang II on blood
pressure, water and sodium intake, renal sodium retention, secretion of vasopressin and
aldosterone and cell growth and proliferation.4 However, the role of AT2R is less clear.
Although it is currently thought that the actions of AT2R oppose those of AT1R,5 the exact
mechanisms by which the AT2R elicits its cardioprotective effects are not well understood.

There is evidence that some beneficial effects of AT2R are mediated by the bradykinin/nitric
oxide (NO) system.6,7 Tsutsumi et al8 demonstrated that AT2R overexpression in the
vasculature stimulates the kinin system and causes dilatation, presumably by activating
kininogenase. In addition, cardiac AT2R overexpression attenuates Ang II- or MI-induced
fibrotic responses, which are reportedly mediated via a kinin/NO dependent mechanism.9,10

Kinins are released from high- and low-molecular-weight kininogen by two key
kininogenases, plasma kallikrein and tissue kallikrein.11 Prolylcarboxypeptidase (PRCP,
also called angiotensinase C) was initially described as an Ang II-inactivating enzyme.12,13

More recently it has been recognized as a plasma prekallikrein activator in endothelial cells
(ECs)14–17 and is important for maintenance of EC function.18 When the complex of high-
molecular-weight kininogen and plasma prekallikrein binds to the endothelial cell
membrane, plasma prekallikrein is rapidly converted to kallikrein by PRCP.19 Plasma
kallikrein then cleaves high-molecular-weight kininogen to liberate kinins, which act on
constitutive B2 and inducible B1 receptors to stimulate the release of NO and prostacyclin.
Shariat-Madar et al20 and Zhao et al21 have shown that PRCP overexpression enhances
plasma prekallikrein activation and release of kinins and NO by cultured Chinese hamster
ovary cells and ECs, and that these effects can be blocked by a small interfering RNA
(siRNA) to PRCP, confirming the role of PRCP in kinin release. In addition, upregulation of
PRCP expression in endothelial cells causes increased kallikrein generation and sustained
production of bradykinin in lipopolysaccharide-induced inflammation.18 The AT1R
antagonist losartan reportedly increased PRCP expression in hypertensive rats.22 We have
demonstrated that the cardioprotective effect of AT1R antagonists is mediated in part by
activation of AT2R.23 Also, in B2 receptor knockout mice the therapeutic effect of AT1R
antagonists was diminished, indicating a link between AT2R and kinins.24 However, the
precise mechanism by which AT2R mediates kinin release is not yet known and the role of
PRCP in AT2R- stimulated kinins release has not been explored.

In the present study, we used an adenoviral vector system to overexpress AT2R in mouse
coronary artery endothelial cells. Using this system, we tested the hypothesis that AT2R-
induced bradykinin release in ECs is mediated by PRCP.

MATERIALS AND METHODS
Endothelial Cell Cultures

Coronary artery endothelial cells (ECs) were isolated from 10-week-old male C57BL/6 mice
(Jackson Laboratories, Bar Harbor, ME) as described previously.25 The study was approved
by the Henry Ford Health System Institutional Animal Care and Use Committee in accord
with the National Institutes of Health Guidelines for the Care and Use of Laboratory
Animals. ECs were maintained in medium 199-F-12 (1:1), 1% penicillin/streptomycin
(Invitrogen), 100 μg/ml endothelial cell growth supplement (ECGS, Sigma) and 10% fetal
bovine serum (FBS) (HyClone). All experiments were conducted with cells between
passages 3 and 5.

Zhu et al. Page 2

Hypertension. Author manuscript; available in PMC 2011 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Identification of ECs
ECs were recognized by their uptake of acetylated low-density lipoprotein labeled with 1,1′-
dioctadecyl-3,3,3′,3′-tetramethylindocarbocyanine perchlorate (Dil-Ac-LDL)26 (Biomedical
Technologies) (Fig. 1A) and immunostaining with an antibody to von Willebrand factor
(vWF, a specific marker for ECs) (Fig. 1B)27 (for details see Materials and Methods in the
online Data Supplement at http://hyper.ahajournals.org).

AT2R Gene Transfer to ECs
An adenoviral vector containing genomic AT2R DNA and a green fluorescent protein gene
(Ad-AT2R-GFP) driven by a cytomegalovirus promoter (CMV) was used to induce
overexpression of AT2R in ECs.28 Cells were transfected with three doses of Ad-AT2R at
40, 80 and 160 multiplicity of infection (MOI) for 24 hrs. The number of cells expressing
green fluorescent protein was used to determine efficiency of Ad-AT2R transduction. ECs
transfected with an adenoviral vector containing only GFP (Ad-GFP) was served as a viral
control.

Reverse-Transcription Polymerase Chain Reaction
Total RNA was extracted from GFP control- or AT2R-transfected ECs using an RNeasy kit
(Qiagen). RT-PCR was performed using a two-step protocol. RNA (0.2 μg) was reverse-
transcribed into cDNA using an Omniscript Kit (Qiagen), and mRNA levels of AT2R,
AT1R and PRCP were determined by real-time PCR using ABI 7500. Primer sequences and
the detailed protocol were presented in the Materials and Methods in the online Data
Supplement at http://hyper.ahajournals.org.

Small Interfering RNA
The PRCP siRNA and control scrambled siRNA were purchased from Santa Cruz (cat#
sc-60171) and Qiagen (cat# 1027310), respectively. The siRNA was transfected into ECs in
6-well plates using 7.5 μl lipofectamine 2000 (Invitrogen). It was diluted in 250 μl Opti-
MEM I and the mixture was incubated for 5 min at room temperature. During the incubation
period, 15 μl siRNA (10 μM) was mixed with 250 μl Opti-MEM I and incubated for 25 min
at room temperature to allow complex to form, after which 500 μl of the siRNA-
lipofectamine was added to each well.

Western Blot
Cells were harvested in cell lysis buffer with protease inhibitors as described previously.29

Lysates were centrifuged at 14,000g for 10 min to remove insoluble material. Antibodies
and the detailed protocol were presented in Materials and Methods in the online Data
Supplement at http://hyper.ahajournals.org.

Measurement of Bradykinin
Bradykinin production was assessed by measuring the amount of bradykinin released into
the incubation medium by ECs using EIA kit (details see Materials and Methods in the
online Data Supplement at http://hyper.ahajournals.org). Bradykinin concentration was
calculated according to a calibration curve, normalized to total protein and expressed as pg/
μg protein.

Experimental Protocols
Cells were incubated overnight in 6-well plates with medium 199-F-12 (1:1) containing
0.5% FBS and switched to the same medium containing 10 μM captopril for 2 hrs before the
experiments. Experimental protocols were:
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1. To determine the effect of AT2R overexpression on basal bradykinin release, Ad-
AT2R cells were either left untreated or treated with the AT2R antagonist
PD123319 (100 μM) or the AT1R antagonist valsartan (1 μM) for 2.5 hrs. Ad-GFP
cells were treated with culture medium alone and served as controls. 1 ml of the
medium was collected in a test tube containing the peptidase inhibitor cocktail for
bradykinin measurement.

2. To determine the effect of AT2R activation on bradykinin release, Ad-AT2R cells
were treated with the AT2R agonist CGP42112A (0.1 μM) for 2 hrs. To determine
the effect of blockade of AT2R on AT2R activation-induced bradykinin release,
Ad-AT2R cells were pretreated with AT2R antagonist PD123319 (100 μM) for 30
minutes and then stimulated with CGP42112A (0.1 μM) for additional 2 hrs.
Medium was collected for bradykinin measurement as described above.

3. To determine whether AT2R-induced bradykinin release is mediated via PRCP-
dependent prekallikrein activation, Ad-AT2R cells were treated with 1 μM soybean
trypsin inhibitor (SBTI, a plasma kallikrein inhibitor) for 30 minutes and then
either left untreated or treated with the AT2R agonist CGP42112A (0.1 μM) for 2
hrs. Medium was then collected for bradykinin measurement.

4. To determine the effect of PRCP blockade on AT2R-stimulated bradykinin release,
Ad-AT2R cells were treated with either a scrambled siRNA or PRCP siRNA for 48
hrs as described above and then subjected to the same experiments as in protocol 2.

Statistical Analysis
Results are expressed as mean ± SEM. Student’s two-sample t-test was used to compare the
differences between two groups. Bonferroni’s adjustment was applied in multiple
comparisons. A difference was considered significant if the adjusted p-value is less than
0.05.

RESULTS
Adenovirus-Mediated Overexpression of AT2R

Since the Ad-AT2R vector contains the GFP gene, the fact that cells expressed green
fluorescence indicated that AT2R was successfully introduced. Fig. 2A illustrated AT2R
expression following Ad-AT2R transfection at MOIs of 40, 80 and 160. Dose-dependent
AT2R mRNA expression was determined by real-time RT-PCR (Fig. 2B) using GAPDH as
an internal control. Endogenous AT2R was undetectable in Ad-GFP-transfected cells at a
cycle of 21 but could be seen when the cycle was increased to 35 and conversely, in Ad-
AT2R-transfected cells AT2R transgene mRNA was detected at a cycle of 21 and
expression increased at higher MOIs: compared to MOI 40, AT2R mRNA increased 3.53 ±
0.16-fold at MOI 80 and 6.95 ± 0.49-fold at MOI 160 (Fig. 2B).

To find out whether AT2R overexpression affects AT1R gene expression, we compared
AT1R mRNA expression in Ad-GFP- and Ad-AT2R-transfected cells. We found that at 40
or 80 MOI there was no significant difference in AT1R mRNA expression between Ad-
AT2R-and Ad-GFP-transfected cells (Fig. 3), suggesting that AT2R overexpression at these
titers does not influence endogenous AT1R expression. However, AT1R mRNA was
elevated at the highest MOI (160), and for this reason we used MOI 80 in subsequent
experiments to study the role of AT2R without the confounding effects of the AT1R.

Zhu et al. Page 4

Hypertension. Author manuscript; available in PMC 2011 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Effect of AT2R Overexpression on PRCP mRNA and Protein Expression
Compared with Ad-GFP, Ad-AT2R transfection increased PRCP protein expression 2.5 ±
0.32-fold (Fig. 4A and B). In addition, Ad-AT2R cells had a 1.7 ± 0.16-fold increase in
PRCP mRNA compared with Ad-GFP cells (Fig. 4C). Both PRCP mRNA and protein levels
were normalized to GAPDH, which did not differ significantly between Ad-GFP- and Ad-
AT2R-transfected cells. These findings indicate that PRCP is upregulated by AT2R
overexpression.

Effect of AT2R Overexpression on Bradykinin Release
Basal bradykinin release in GFP-transfected cells was 2.1 ± 0.2 pg/μg; overexpression of
AT2R increased it to 4.6 ± 0.3 pg/μg, which was 2.2-fold higher than GFP-cells (Fig.5).
Blocking AT2R with PD123319 reduced bradykinin levels to 2.9 ± 0.3 pg/μg, but blocking
AT1R with valsartan had no effect on bradykinin release in Ad-AT2 cells (4.8 ± 0.4 pg/μg).

We next studied the effect of AT2R activation on bradykinin release. Stimulation with the
AT2R agonist CGP42112A increased bradykinin levels to 6.7 ± 0.5 pg/μg in AT2R cells
(Fig. 6), and this increase was significantly blocked by the AT2R antagonist PD123319 (3.4
± 0.4 pg/μg). Taken together, these data provide strong evidence that AT2R overexpression
induces bradykinin release from ECs and this increase is AT2R-specific, since the AT2R
agonist CGP42112A enhanced bradykinin release, whereas the AT2R antagonist PD123319
suppressed it.

Effect of Plasma Kallikrein Inhibition on Bradykinin Release
Soybean trypsin inhibitor (SBTI) has been reported to block plasma kallikrein.30 In GFP-
transfected cells, SBTI reduced bradykinin to an undetectable level (data not shown). In Ad-
AT2R cells SBTI significantly reduced bradykinin release from 4.6 ± 0.3 to 1.1 ± 0.5 pg/μg.
Activation of AT2R with CGP42112A enhanced bradykinin release, which was reduced
from 6.7 ± 0.5 to 1.8 ± 1.2 pg/μg by SBTI (Fig. 7). These data indicate that cleavage of
high-molecular-weight kininogen by plasma kallikrein contributes to AT2R-induced
bradykinin release by ECs.

Effect of Blocking PRCP on Bradykinin Release
Currently no PRCP-specific inhibitor is available. We therefore used a siRNA to investigate
whether blockade of PRCP in AT2R-transfected cells affects bradykinin release. We found
that PRCP-siRNA reduced PRCP protein expression by 84% compared with scrambled-
siRNA controls (Fig. 8A). Furthermore, blockade of PRCP using a siRNA reduced basal
bradykinin release by 35% and CGP42112A-stimulated bradykinin release by 49% in
AT2R-transfected cells compared with scrambled siRNA controls (Fig. 8B). These data
suggest that AT2R-induced bradykinin release is mediated at least in part by PRCP.

DISCUSSION
We found that overexpression of AT2R in mouse coronary artery ECs increased bradykinin
generation and that activation of AT2R with a specific agonist increased bradykinin levels
further. These effects were diminished or abolished by AT2R blockade or a plasma
kallikrein inhibitor. Overexpression of AT2R also upregulated PRCP mRNA and protein
expression. Importantly, blockade of PRCP using a siRNA diminished AT2R-induced
bradykinin release. We believe these results provide the first evidence that AT2R induced
bradykinin release is mediated at least in part by a PRCP-dependent mechanism.

Activation of AT2R has been considered cardioprotective, partially due to stimulation of
kinins.6,7 In the present study, we transfected the AT2R gene into mouse coronary artery
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ECs to see if its overexpression would heighten bradykinin release. We observed that the
amount of bradykinin in the medium of Ad-AT2R-transfected cells was significantly higher
in the presence of 0.5% FBS and that when FBS was removed bradykinin levels were
undetectable. In the absence of an exogenous AT2R agonist, AT2R-mediated bradykinin
release could be due to the presence of 0.5% FBS, which is known to contain Ang II and/or
Ang II fragments that could activate AT2R and thereby stimulate bradykinin release.
However, when we measured Ang II in medium containing 0.5% FBS Ang II was
undetectable (< 15 pmol/L). Since the concentration of Ang II needed in order to induce
biological effects in cultured cells generally involves nmol/L concentration, it is thus
unlikely that the increased basal bradykinin release from Ad-AT2R cells is due to the
presence of Ang II or its fragments in 0.5% FBS culture medium. Another possible
explanation for increased basal bradykinin release in AT2R cells is ligand-independent
activation AT2R. Jin et al31 reported that transfection of AT2R increased bradykinin and
iNOS protein expression in vascular smooth muscle cells independent of Ang II. In addition,
Li et al32 demonstrated that AT2R overexpression induced-apoptosis in prostate cancer cells
is Ang II independent and AT2R itself has constitutive activity to cause apoptosis. Miura et
al 33 further demonstrated that constitutive activation of AT2R induces cell signaling in a
ligand-independent manner. Our data agree with these findings and demonstrate that
overexpression of AT2R is able to stimulate bradykinin release independent of a specific
ligand. Moreover, this bradykinin-stimulated action is AT2R-specific, since 1) this effect
was blocked by the AT2R antagonist PD123319 but unaffected by AT1R blockade, and 2)
activation of AT2R by a specific agonist or Ang II in the presence of valsartan (Fig. S1 in
the online Data Supplement at http://hyper.ahajournals.org) increased bradykinin release
further in AT2R-transfected ECs and this effect was blocked by the AT2R antagonist
PD123319. We also demonstrated that overexpression of AT2R increased NO release from
cultured ECs. This increase was further enhanced by CGP 42112A but blocked by
PD123319 or bradykinin B2 receptor antagonist HOE-140 (Fig. S2 in the online Data
Supplement at http://hyper.ahajournals.org), indicating that the effect of AT2R may be
mediated by the bradykinin/NO pathway.

The precise mechanism by which AT2R increases kinin release is not known. Tsutsumi et
al8 reported that in the mouse aorta AT2R activation lowered cellular pH associated with
increased kininogenase activity, suggesting that an acid-optimal kininogenase may be
responsible for vascular kinin release. However, it is questionable whether this enzyme is
tissue kallikrein, since the optimum pH for tissue kallikrein is around 8.5. It is possible that
AT2R activates an acidic protease(s) that converts tissue prekallikrein to active tissue
kallikrein, or perhaps it is able to activate acidic kininogenases. Interestingly, PRCP enzyme
activity appears to occur at acidic pH levels.15 However, the role of PRCP in AT2R induced
kinin release has not been explored to our knowledge.

Prekallikrein is one of the physiological substrates of PRCP. Recently, PRCP has been
described as a novel plasma prekallikrein activator that is responsible for kinin release from
high-molecular-weight kininogen in the endothelium.16 In the present study we found that
overexpression of AT2R increased PRCP mRNA 1.7-fold and protein expression 2.5-fold in
mouse coronary artery ECs, coupled with increased bradykinin release. Importantly,
blockade of PRCP with a siRNA significantly diminished the basal and AT2R-stimulated
bradykinin release in AT2R cells, indicating that activation of PRCP, which activates
plasma prekallikrein, might play a crucial role in AT2R-induced bradykinin release. To
confirm this, we incubated cells in serum-free medium with or without exogenous high-
molecular-weight kininogen and prekallikrein. We found that in the absence of high-
molecular-weight kininogen and prekallikrein, bradykinin levels were undetectable; whereas
adding them to serum-free medium, bradykinin release was significantly increased in GFP-
or even more so in AT2R-transfected cells (Fig. S3 in the online Data Supplement at
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http://hyper.ahajournals.org). Furthermore, inhibition of plasma kallikrein with SBTI
abolished the basal or AT2R agonist-stimulated bradykinin release. Taken together, our data
support the hypothesis that AT2R-induced bradykinin release is mediated at least in part by
activation of plasma prekallikrein via PRCP and cleavage of high-molecular-weight
kininogen by kallikrein.

There is conflicting evidence regarding the effects of overexpression of AT2R on
endogenous AT1R. While Jin et al reported that overexpression of AT2R downregulated the
AT1R in vascular smooth muscle cells,31 others have stated that AT2R overexpression has
no effect on AT1R expression in the heart or blood vessels.34 In the present study we
examined the effect of overexpression of AT2R on AT1R mRNA in coronary artery ECs
and found that low titers of Ad-AT2R transfection that increased bradykinin release did not
affect endogenous AT1R mRNA, whereas at higher titers overexpression of AT2R increased
AT1R expression. Thus our data suggest that whether or not AT2R overexpression affects
AT1R expression is largely dependent on the level of AT2R gene transfection.

Limitations
The present study has some limitations. First, we demonstrated that overexpression of AT2R
increased PRCP protein expression and bradykinin release. Activation of AT2R with an
agonist increased bradykinin release further but did not alter PRCP protein levels (data not
shown). Although this may argue against a role for PRCP in AT2R-induced bradykinin
release, it is possible that 2hr-stimulation with an AT2R agonist is not long enough to alter
protein expression. In addition, we can not exclude the possibility that PRCP activity or its
translocation to the membrane is increased by AT2R stimulation. Furthermore, it is possible
that another unknown mechanism of enzymatic activation of PRCP is involved in AT2R
stimulated bradykinin release. Second, the signaling and molecular mechanism(s) by which
AT2R activates PRCP have not been explored, although this is not the focus of our current
study. Third, SBTI is not a specific inhibitor for plasma kallikrein. Other proteases such as
tryptase and elastase are also able to cleave high-molecular-weight kininogen and liberate
kinins,35 and these enzymes could also be inhibited by SBTI. Thus we cannot exclude the
possibility that other proteases also contribute to AT2R-simulated bradykinin release. All of
these limitations warrant further investigation. Nevertheless, these limitations do not negate
the evidence that PRCP plays an important role in AT2R-induced bradykinin release from
ECs.

In summary, we have shown that overexpression of AT2R increases bradykinin release from
mouse coronary artery ECs. This effect was blocked by the AT2R antagonist PD123319 but
was not influenced by the AT1R antagonist valsartan. Activation of AT2R by a specific
agonist increased bradykinin release further. PRCP expression was increased by AT2R
overexpression, while downregulation of PRCP using a siRNA reduced bradykinin release
in AT2R-transfected cells. Therefore, we conclude that overexpression of AT2R increases
expression of PRCP, which may contribute to AT2R-induced bradykinin release.

Perspectives
Cardiovascular disease is the leading cause of death in the USA. Angiotensin receptor
blockers (ARB) reduce morbidity and mortality in patients with cardiovascular disease. The
effects of ARB are mediated in part by activation of the AT2R, which leads to the release of
kinins. However, the precise mechanism(s) by which AT2R stimulates kinin release are not
fully understood. We believe our findings provide the first evidence that AT2R-induced
bradykinin release is mediated in part by a prolylcarboxypeptidase-dependent mechanism in
mouse coronary artery endothelial cells. These data will enhance our understanding of the
role of the AT2R and how it interacts with the kallikrein-kinin system to provide

Zhu et al. Page 7

Hypertension. Author manuscript; available in PMC 2011 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://hyper.ahajournals.org


cardioprotection; Moreover, we believe they will facilitate the development of better
therapeutic targets for hypertension and cardiovascular disease.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Characterization of mouse coronary artery endothelial cells (ECs). A: Uptake of Dil-labeled
acetylated low-density lipoprotein (Ac-LDL; red fluorescence); magnification 200x. B:
Immunostaining with an antibody to von Willebrand factor (vWF; green fluorescence). 4′,6-
diamidino-2-phenylindole (DAPI) was used to indicate the nuclei (blue fluorescence);
magnification 400x.
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Fig. 2.
Adenovirus-induced angiotensin II type 2 receptor (Ad-AT2R) transfection in ECs. A:
Representative images taken 24 hrs after transfection of Ad-AT2R (green fluorescence) at a
multiplicity of infection (MOI) of 40, 80 or 160 (magnification 100x). B: Quantitative
evaluation of AT2R mRNA expression in Ad-AT2R-transfected cells by real-time PCR.
GAPDH was used as an internal control. Data are shown as fold change relative to MOI 40,
n = 3.
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Fig. 3.
Effect of Ad-AT2R transfection on AT1R mRNA expression. Cells were transfected with
Ad-GFP or Ad-AT2R at MOI 40, 80 or 160 for 24 hrs. mRNA levels were evaluated by
real-time PCR and normalized to GAPDH. Data are shown as fold change relative to Ad-
GFP-transfected cells at MOI 40; n = 3.
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Fig. 4.
Effect of AT2R overexpression on PRCP protein and mRNA expression. Cells were
transfected with Ad-GFP or Ad-AT2R at MOI 80 for 24 hrs. A: Representative Western
blots showing the increase in PRCP protein expression induced by Ad-AT2R transfection.
B. Quantitative evaluation of PRCP protein expression normalized to GAPDH. C. PRCP
mRNA expression evaluated by real-time PCR and normalized to GAPDH. Data are shown
as fold change relative to Ad-GFP-transfected cells, n = 3–4.

Zhu et al. Page 14

Hypertension. Author manuscript; available in PMC 2011 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 5.
Effect of AT2R overexpression on bradykinin release. Ad-AT2R- transfected cells (MOI 80)
were either left untreated or treated with the AT2R antagonist PD123319 (PD, 100 μM) or
the AT1R antagonist valsartan (Val, 1 μM). Ad-GFP cells (MOI 80) served as controls.
Bradykinin concentration was normalized to total protein and expressed as pg/μg protein. n
= 5–18. NS: no statistical significance.
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Fig. 6.
Effect of the AT2R agonist CGP42112A (CGP) on bradykinin release. Ad-AT2R-
transfected cells (MOI 80) were treated with CGP (0.1 μM) with or without the AT2R
antagonist PD123319 (PD, 100 μM). Ad-GFP cells (MOI 80) served as controls. n = 9–18.
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Fig. 7.
Effect of soybean trypsin inhibitor (SBTI) on bradykinin release. Ad-AT2R- transfected
cells (MOI 80) were treated with SBTI (1 μM) with or without the AT2R agonist
CGP42112A (CGP, 0.1 μM). Ad-GFP cells (MOI 80) served as controls. n = 4–18.
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Fig. 8.
Effect of prolylcarboxypeptidase (PRCP) blockade by siRNA on bradykinin release in Ad-
AT2R-transfected ECs. A: Top panel: Representative Western blot showing PRCP protein
expression. Lower panel: Quantitative data. B: fold change in bradykinin release relative to
Ad-GFP-transfected cells. n = 4.
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