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COMMENT

A disturbance beyond the barrier—chronic kidney disease allows
angiotensinogen invasion
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Circadian rhythms are physical, mental, and behavioral
changes within sleep/wake cycles and hormonal activity dur-
ing the 24-hour day and are closely related to cardiovascular
events [1]. Multiple biochemical and physiological para-
meters, such as blood pressure, autonomic nervous system
activity, and renin-angiotensin system (RAS) activity, exhibit
circadian rhythms. Circadian rhythms and renal function have
been studied for more than 150 years [2], and there has been a
focus on the association of circadian rhythm disorders of renal
function with hypertension, chronic kidney disease (CKD) and
renal fibrosis [3]. Ohashi et al. studied the relation between
circadian rhythms and renal damage, especially focusing on
the intrarenal RAS, using various rodent models of renal
injury [4, 5]. They previously contributed a review article to
Hypertension Research reporting that an increase in the
intrarenal angiotensinogen (AGT) level induced by augmented
glomerular permeability affects circadian rhythms of the
intrarenal RAS [6]. Here, the present study by Matsuyama and
Ohashi et al. demonstrated that intrarenal RAS activity is
influenced by the filtration of “liver-derived” AGT from
damaged glomeruli due to disordered circadian fluctuations of
glomerular capillary pressure [7].
AGT in the kidney is produced by the proximal tubule [8].
As shown in previous studies, due to its molecular size [9],
the glomerular permeability of AGT is limited; thus, the
intrarenal RAS is independently regulated [10] (Fig. 1).
However, Matsuyama et al. demonstrated here that liver-
derived AGT is filtered through the “damaged glomeruli”
into the kidney and induces intrarenal RAS activation,
resulting in blood pressure elevation, renal damage, and
circadian fluctuations. They used rats with Adriamycin-
induced nephropathy, which causes severe proteinuria due

to podocyte injury without a reduction in the estimated
glomerular filtration rate (eGFR), to avoid significant renal
decline. Here, circadian changes in intrarenal AGT
expression and the diameter ratio of afferent to efferent
arterioles (A/E ratio) were observed in Adriamycin-injured
rats although there was no significant change in systemic
blood pressure. Moreover, treatment with an angiotensin II
receptor blocker, olmesartan, prevented such changes,
probably via suppression of efferent arteriole vasoconstric-
tion. Therefore, AGT is thought to be increased in the
awake state due to an increase in glomerular capillary
pressure but not due to systemic blood pressure. Matsusaka
et al. also reported that liver-derived AGT is the primary
source of renal angiotensin II and that an abnormal increase
in permeability of the glomerular capillary wall enhances
renal angiotensin II production using kidney-specific
angiotensinogen knockout mice [11]. These results indi-
cate that liver-derived AGT may “invade” the kidney by
filtration from damaged glomeruli and disturb the intrarenal
RAS and circadian rhythms of the kidney, resulting in blood
pressure elevation and enhancement of renal damage, while
renal plasma flow, GFR and tubular reabsorption and/or
secretion processes physiologically show a peak in the
active phase and a decline in the resting phase [2, 3].

AGT is produced not only in the liver but also in adipose
tissue. In rodents, AGT production was shown to con-
tribute as much as one-third of the circulating AGT level
using AGT-deficient mice [12]. Obese subjects are reported
to show altered circadian blood pressure rhythm, with an
increase in the prevalence of the nondipper type status [13].
Thus, the present study by Matsuyama et al. also suggests
that “adipose tissue-derived AGT” may be increased and
play a harmful role in organ damage in obese patients
when accompanied by renal dysfunction. There may be
a vicious cycle in obese CKD patients who have elevated
AGT production, which increases glomerular damage
[14] (Fig. 1).

However, in addition to the study limitations described
in the Discussion, the present study raises several
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questions. First, Takenaka et al. demonstrated that plasma
angiotensin II levels are increased twofold in Adriamycin
nephropathy rats [15]. Thus, what are the direct effects of
the filtration of circulating angiotensin II on intrarenal
RAS activation? Second, is it possible to prevent the
increase in intrarenal AGT in these nephropathy rats by
using an inhibitor of podocyte injury, such as a miner-
alocorticoid receptor blocker? Third, whether filtered liver-
derived AGT actually activates the intrarenal RAS has not
been elucidated; thus, according to the description in the
Discussion, future studies using liver-specific AGT gene
knockout mice are needed.

A physical barrier such as the glomerulus not only func-
tions in the exchange of substances but also maintains the
tissue microenvironment. Disturbance of the barrier induces
tissue dysfunction by the accumulation of small changes in
the microenvironment and leads to organ failure. Thus, the
present study again indicates that attention should be given to
the disturbance in circadian rhythms observed in the evalua-
tion of circadian blood pressure rhythm and blood pressure
variability. If an abnormal circadian blood pressure rhythm is
recognized, disorders of glomerular capillary pressure and
intrarenal RAS activation should be investigated, and appro-
priate treatment should be started to prevent changes in the
microenvironment of the kidney.
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