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An increase in perfusion pressure and activation of
the renin–angiotensin system in the pathogenesis
of hypertension and injury: strain vessels
and the cerebrovascular-renal connection
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Accumulating evidence indicates that
chronic kidney disease (CKD) is a major

public health problem and a risk factor for
all-cause mortality and cardiovascular dis-
ease.1 A previous large-scale epidemiological
study, the Hisayama study, suggested that, in
the Japanese population, CKD is one of the
risk factors for ischemic heart disease but not
necessarily for stroke.2 However, relatively
recent results from other epidemiological
studies showed that CKD is associated with
a significantly increased risk of cerebral
lacunar infarction and stroke, as well as
ischemic heart disease, in the Japanese and
other Asian populations.3–5 Thus, because the
association between blood pressure (BP) and
cerebrovascular and cardiovascular disease
may be marked in patients with CKD, it is
essential to strictly control the BP, including
the ambulatory BP profile, in patients
with CKD, through lifestyle modification
and proper clinical treatment, to prevent
cerebrovascular and cardiovascular disease.6–8

Albuminuria and glomerular filtration rate
are the key components of the assessment of
the severity of CKD. These parameters are also
closely associated with the ambulatory BP

profile,9 and they have prognostic significance
for the development of cardiovascular disease
(CVD).10,11 This strong association between
ambulatory BP control and the renal function
status, including albuminuria, deserves further
discussion. Previous studies have reported
strong correlations between the ambulatory
BP level and albuminuria in hypertensive
CKD patients. Albuminuria provoked by
hypertension has been reported to result
from podocyte injury with the subsequent
loss of the glomerular filtration barrier.
Mechanical forces related to renal perfusion
pressure-induced increases in glomerular
capillary pressure, such as shear stress and
stretch, have been reported to alter the
structure and function of podocytes, which
can ultimately lead to an increase in the
permeability of the glomerular filtration
barrier to albumin. A previous study demon-
strated that elevated renal perfusion pressure is
directly responsible for the excess albuminuria
in Ang II-induced hypertensive rats, whereas
both elevated renal perfusion pressure and Ang
II directly contribute to the observed renal
oxidative stress, suggesting that it is mainly the
BP lowering itself that is the most important
factor in normalizing albuminuria in Ang II-
induced hypertensive rats.12

In relation to the direct pathological action
of elevated renal perfusion pressure, a series
of studies by Ito’s laboratory showed that the
anatomical characteristics of pre-glomerular
vessels and cerebrovascular small vessels, such
as perforating arteries, underlie the patho-
physiological basis of the association between
CKD and cerebrovascular disease.13 These

small vessels branch directly from larger
arteries and are directly exposed to high BP
to maintain a large pressure gradient over a
short distance; thus, they are named ‘strain
vessels’.13

In the current issue of Hypertension
Research, in line with the hypothesis of Ito’s
laboratory that microalbuminuria is a marker
of cerebrovascular-renal injury, Nagasawa
et al.,14 from Ito’s laboratory, studied stroke-
prone spontaneously hypertensive rats (SHR-SP)
rats fed a high-salt diet and showed interesting
relationships between pre-glomerular vessel
lesions of the juxtamedullary nephron and
the development of albuminuria and vessel
lesions of the cerebral perforating artery. In
addition, they demonstrated that nifedipine-
mediated BP lowering reduced the albuminuria
with a concomitant improvement in the juxta-
medullary nephron injury, as well as stroke
events in these hypertensive rats. The authors
thereby concluded that the albuminuria was a
result of the juxtamedullary nephron injury
and a marker of pressure-induced injury of the
strain vessels.
Ang II-dependent renal injury has mostly

been observed in the outer-cortical glomer-
uli, and BP-dependent renal injury has
mostly been observed in the juxtamedullary
glomeruli.15 However, previous studies have
also reported that the renal medullary
circulation has a fundamental role in
regulating long-term BP control and fluid
balance and that the Ang II-mediated
intrarenal elevation of superoxide levels and
Ang II-mediated reduction in NO levels in
the renal medulla decreases medullary blood
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flow and Naþ excretion, resulting in
sustained hypertension.16 Thus, inhibitors
of the renin–angiotensin system such as
Ang II receptor blockers are also expected
to exert beneficial effects on juxtamedullary
nephron injury and albuminuria in SHR-SP
rats, although Nagasawa et al.14 did not
compare the therapeutic effects of
nifedipine with those of renin–angiotensin
system inhibitors such as Ang II receptor
blockers in SHR-SP rats.
The Ang II type 1 receptor-associated

protein (ATRAP), which specifically interacts
with the carboxyl-terminal domain of Ang II
type 1 receptor, was cloned using a yeast-two
hybrid screening system.17,18 The results of
previous in vitro studies and ATRAP-
transgenic mouse studies have shown that
ATRAP suppresses Ang II-mediated patholo-
gical responses in cardiovascular cells and
tissues by promoting the constitutive inter-
nalization of Ang II type 1 receptor, thereby
suggesting that ATRAP is an endogenous
inhibitor of Ang II type 1 receptor signal-
ing. Our previous studies also revealed that
there was significant suppression of endo-
genous ATRAP expression in the renal inner
cortex and outer medulla concomitant with
the development of Ang II-mediated hyper-
tension and salt-sensitive hypertension.19,20

A previous study showed that as SHR-SP
rats developed hypertension, the genes
encoding components of the renin–

angiotensin system were expressed at higher
levels in the kidney21; therefore, it was
proposed that the intrarenal renin–
angiotensin system is activated by this type
of genetic hypertension. Thus, further inves-
tigations are warranted to examine the
possible role of renal ATRAP in the patho-
physiology of hypertension and renal injury,
including albuminuria and the production of
oxidative stress-related molecules, in SHR-SP
rats (Figure 1).
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Figure 1 Schema showing the proposed roles of the cerebrovascular-renal connection via ‘strain

vessels’ and the activation of the renal renin–angiotensin system in the development of hypertension
and its related cerebrovascular and renal injuries.
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