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proangiotensin-12, in the tissues by blockade
of the renin–angiotensin system

Ryousuke Satou and Hiroyuki Kobori

Hypertension Research (2012) 35, 153–154; doi:10.1038/hr.2011.172; published online 13 October 2011

The renin–angiotensin system (RAS) is
known to play important roles in blood

pressure control and regulation of electrolytes
and body fluid homeostasis.1 Previous studies
have demonstrated that renin and angioten-
sinogen (AGT), the precursor of angiotensin
(Ang) II, are expressed in multiple tissues.
Therefore, a new concept of the local RAS,
which functions in individual organs in a
tissue-specific manner, is increasingly being
recognized as an independent entity from the
systemic RAS. The overactivity of the cardiac
RAS has been regarded to be associated with
cardiac diseases, including cardiac hypertro-
phy, coronary artery disease such as myocar-
dial infarction, and hypertension.2,3 Since
intrarenal Ang II is elevated in many forms
of hypertension, the renal RAS is acknowl-
edged as a key target for clinical and
biochemical studies.4 In fact, overactivity of
the renal RAS is considered to be associated
with various kidney diseases, including glo-
merular sclerosis, diabetic nephropathy, and
renal arterial stenosis.5,6 Furthermore, systolic
blood pressure increases were accompanied
by the development of renal injury
by kidney-specific overproduction of Ang
II in human renin/human AGT double-
transgenic mice.7 Thus, it is not doubtable
that the activity of tissue RAS contributes to
the development of hypertension and organ
damages.

According to the classical concept, the
RAS consists of renin, AGT, Ang-converting
enzyme (ACE), Ang I, Ang II, and Ang II

type 1 and type 2 receptors, in which renin
acts on AGT to produce Ang I which is
processed to Ang II by ACE. Therefore, the
reaction between renin and AGT was regarded
as the only mechanism to produce Ang I in
the classical concept of the RAS. During the
past few decades, novel components of the
RAS including (pro)renin receptor, ACE2,
other Ang peptides and their receptors have
been discovered. Findings obtained from stu-
dies of these novel RAS components have
given us knowledge of novel roles of RAS in
many research fields.8 In 2006, Nagata et al.9

isolated a new AGT derivative, proangioten-
sin-12, from rat small intestine. This peptide
is abundant in the small intestine, spleen,
liver and the kidney. The concentrations of
proangiotensin-12 in the heart and the kidney
are higher than the concentrations of Ang I
and Ang II, although the concentration of
proangiotensin-12 in plasma is lower than the
concentrations of Ang I and Ang II. Note-
worthy facts are that proangiotensin-12 is
identified as a precursor of Ang II metabo-
lized by renin-independent pathways, and
that infusion of proangiotensin-12 induces
vasoconstriction and high blood pressure.9

Therefore, these results provide a strong
basis for the hypothesis that proangiotensin-
12 plays an important role to produce Ang II
at the tissue levels. On the basis of this
hypothesis, Nagata et al.10 investigated the
contribution of proangiotensin-12 to tissue
Ang II production using spontaneously
hypertensive rats (SHR), and published the
results in this issue of the Hypertension
Research.

In this study, Nagata et al. demonstrated
that both treatments with an Ang II type 1
receptor blocker (ARB) and an ACE inhibitor
(ACEi) suppressed blood pressure in SHR,

and these treatments increased plasma renin
activity in Wistar Kyoto (WKY) rats and SHR
as known phenomena. However, these RAS
blockades did not affect plasma proangioten-
sin-12 levels in these animal models. These
results indicate that the plasma RAS activity
does not change the plasma proangiotensin-
12 levels, and that renin activity is not
involved in the production of proangioten-
sin-12 in the plasma (Figure 1). Moreover, the
plasma proangiotensin-12 seems to not par-
ticipate in the regulation of blood pressure
because the plasma proangiotensin-12 levels
were not correlated with blood pressure in
the study. Since the treatment with ACEi
augmented plasma Ang II levels in SHR,
there was considerable concern about the
inhibition of ACE activity in the model of
this study. To explain this phenomenon, the
authors discussed the possibility of the pre-
sence of an ACE-independent pathway for
Ang II production such as a chymase-depen-
dent pathway which can be activated by ACEi
treatment.

In the cardiac left ventricle of the WKY
and SHR, treatment with ACEi significantly
decreased proangiotensin-12 levels. However,
treatments with ARB and ACEi failed to
suppress Ang I and Ang II levels in the cardiac
left ventricle of the WKY and SHR, although
the authors show a tendency for the RAS
blockades to reduce the Ang II levels in the
cardiac left ventricle of both animal models
(Figure 1). In addition, Jessup et al.11 have
reported that the cardiac proangiotensin-12
levels in SHR were higher than those in WKY,
and the renal proangiotensin-12 levels in SHR
were lower than those in WKY. In contrast,
Nagata et al.10 demonstrated that the basal
proangiotensin-12 levels in the cardiac left
ventricle of WKY were higher than those in
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the tissue of SHR in the study. These results
suggest the possibility that the contribution
of cardiac proangiotensin-12 to the produc-
tion of cardiac Ang II and the development of
high blood pressure is less than that in other
tissues, whereas it is clear that the cardiac
proangiotensin-12 levels are regulated by the
RAS blockades.

In this study, the authors showed that
treatments with ARB and ACEi significantly
decreased the proangiotensin-12 levels in the
kidneys of SHR. Furthermore, these treat-
ments suppressed the intrarenal Ang II levels
in SHR (Figure 1). Thus, these data suggest
that the regulation of proangiotensin-12
levels obviously correlates with Ang II levels
in the kidney, and that the intrarenal proan-
giotensin-12–Ang II axis plays an important
role in the development of hypertension. In
spite of this conclusion, the basal intrarenal
proangiotensin-12 levels in SHR were lower
than those in WKY in this study. To explain
this controversial contradiction, it can be
speculated that intrarenal proangiotensin-12
is highly processed to Ang II in SHR; there-
fore, the intrarenal Ang II levels in SHR are
slightly higher than those in WKY.

The mechanisms underlying the regulation
of tissue proangiotensin-12 levels have not
been delineated yet. In this study, the treat-
ments with RAS inhibitors reduced the tissue
proangiotensin-12 levels.10 The authors pro-
posed the following two possible hypotheses
to explain the regulation of the tissue proan-
giotensin-12 levels by the RAS blockades. (1)
Metabolism of proangiotensin-12 catalyzed
by several proteases is enhanced by the
RAS blockades, which results in reduction
in the tissue proangiotensin-12 levels. This
hypothesis is supported by previous reports
demonstrating that proangiotensin-12 is
metabolized by ACE2, chymase and neprily-
sin.9 To address the hypothesis, measure-
ments of these protease activities in the
tissues will be required in future studies.
(2) The RAS blockades reduce the expres-
sion levels of tissue AGT, which leads to
the suppression of tissue proangiotensin-12
levels. We previously reported that augmen-
tation of intrarenal AGT expression in SHR
was prevented by a treatment with an ARB.12

Therefore, it is likely that the RAS blockades
suppress the tissue proangiotensin-12 levels
via the attenuation of tissue AGT augmenta-

tion. Further studies will be needed to eluci-
date these mechanisms in hypertensive
models, by evaluating correlations between
the tissue proangiotensin-12 and tissue AGT
levels, including urinary AGT levels.

In summary, Nagata et al. demonstrated
that tissue proangiotensin-12 levels are regu-
lated by the tissue RAS activity but not by the
circulating RAS activity, which may contri-
bute to the development of hypertension.
The information obtained from this study
will be valuable for further understanding
the mechanisms underlying tissue RAS regu-
lation in hypertension.
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Figure 1 Proposed regulation of circulating and tissue proangiotensin-12 levels by RAS blockades. The

treatments with RAS inhibitors prevent the increase in blood pressure in SHR. These RAS blockades

decrease the cardiac and intrarenal proangiotensin-12 levels in WKY rats and SHR, although the

treatments do not change the plasma proangiotensin-12 levels. The cardiac Ang II levels tend to be

reduced by the RAS blockades, and the intrarenal Ang II levels are suppressed by the blockades.
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