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Abstract

The urinary angiotensinogen (AGT) excretion rate could be a novel biomarker for the intrarenal
activity of the reninangiotensin system. Little is known about the circadian rhythm of AGT levels
in plasma or urine. In this short article, making use of data in plasma and urine of healthy
volunteers and patients with chronic kidney diseases, we first report that we were unable to find
evidence for a circadian rhythm of AGT under any condition. Next we critically discuss to what
degree elevated urinary AGT levels might be considered an independent biomarker that is not
simply the non-specific consequence of proteinuria.
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Introduction

The intrarenal renin-angiotensin system (RAS) is regulated by multiple independent
mechanisms." Recent basic and clinical studies have demonstrated that the intrarenal RAS
plays an important role in the progression of chronic kidney disease (CKD).1 Experimental
studies suggest that the intrarenal angiotensin (Ang) Il levels in several animal models of
renal injury, including Dahl salt-sensitive rats on a high salt diet,2'3 spontaneously
hypertensive rats,4 and diabetic nephropathy rats,5 are increased. The urinary
angiotensinogen (AGT) excretion rate could be a novel biomarker for the activity of the
RAS in the kidney.~ A novel sandwich enzyme-linked immunosorbent assay (ELISA) for
human AGT has made it possible to measure a large quantity of specimens over time.
Several components of systemic RAS are known to display a circadian rhythm. For example,
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plasma renin activity, Ang Il, and aldosterone rise in the morning and decrease at night.s'9
However, little is known about the circadian rhythm of AGT in plasma or urine.10 In this
short article, we first report our findings on the lack of a circadian rhythm of AGT levels in
plasma and urine, both in healthy volunteers and in patients with CKD, and secondly we
discuss to what degree urinary AGT might truly be considered an independent biomarker.

Circadian rhythm of plasma and urinary AGT concentrations

The experimental protocols of these studies were approved by the institutional review board
and by the Clinical and Translational Research Center at Kagawa University (#22-057).
Written informed consent was obtained after patients had received an oral and written
explanation of the trial from the attending physicians. Clinical characteristics of the subjects
in each study are summarized in Table 1. Plasma and urine were frozen at —80°C after
centrifugation. Plasma and urinary AGT concentrations were measured by human AGT
ELISA kit (IBL, Gunma, Japan).7 Urinary concentrations of creatinine (Cr) were measured
by auto-analyzer (Hitachi, Tokyo, Japan). Urinary concentrations of AGT were normalized
by urinary concentrations of Cr.

Plasma AGT in healthy volunteers

Plasma samples were collected from 43 healthy Japanese volunteers recruited from Kagawa
University. Plasma samples were collected at 06:00, 12:00, and 18:00. Plasma samples were
taken in a sitting position. Volunteers having a history of diabetes mellitus, hypertension,
urine disorder, or metabolic syndrome were excluded. Those who were taking any
medication or had previously had any cardiovascular events were also excluded. Plasma
AGT in healthy volunteers did not have a circadian rhythm (Figure 1(a), 20.4 = 0.9 ug/ml at
06:00, 20.7 £ 0.8 pg/ml at 12:00, and 19.8 + 1.0 pg/ml at 18:00, p = 0.76). The relative ratio
was calculated for each volunteer on the basis of measured values of plasma AGT at 06:00.
The plasma AGT in healthy volunteers (relative ratio) did not have a circadian rhythm (1.0
+ 0.0 at 06:00, 1.1 £ 0.0, at 12:00, and 1.0 £ 0.0 at 18:00, p = 0.39) (Study I).11

Urinary AGT in healthy volunteers

Urine samples were collected from 24 healthy Japanese volunteers recruited from Kagawa
University. Urine samples were collected at 06:00, 12:00, and 18:00. The urinary AGT/Cr
ratio in healthy volunteers did not have a circadian rhythm (Figure 1(b), 8.7 £ 1.2 pg/g Cr at
06:00, 9.5+ 1.6 pg/g Cr at 12:00, and 8.6 + 1.3 pg/g Cr at 18:00, p= 0.48). The relative ratio
was calculated for each volunteer on the basis of measured values of urinary AGT/Cr ratio at
06:00. Urinary AGT/Cr ratio in healthy volunteers (relative ratio) did not have a circadian
thythm (1.0 % 0.0 at 06:00, 1.1 + 0.1 at 12:00, and 1.0 + 0.1 at 18:00, p= 0.40) (Study 11).*°

Plasma and urinary AGT in CKD patients

Participants were eight Japanese CKD patients with continuous proteinuria. They were
admitted to the Kagawa University Hospital from June 2011 to October 2011 for the purpose
of diagnostic renal biopsy. Plasma and urine samples were collected at 06:00, 12:00, and
18:00. Plasma samples were taken in a sitting position. The final diagnosis of renal biopsy of
eight patients was as follows: immunoglobulin A (IgA) nephropathy: three, minimal change
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nephrotic syndrome: two, membranous nephropathy: one, secondary focal segmental
glomerulosclerosis: one, and minor glomerular abnormalities: one. The plasma AGT in
CKD patients did not have a circadian rhythm (Figure 1(c), 17.6 £ 2.3 pg/ml at 06:00, 20.9
+ 3.1 pg/ml at 12:00, and 21.0 + 3.2 ug/ml at 18:00, p = 0.66). The plasma AGT in CKD
patients (relative ratio) did not have a circadian rhythm (1.0 £ 0.0 at 06:00, 1.2 + 0.1 at
12:00, and 1.2 + 0.1 at 18:00, p= 0.16). The urinary AGT/Cr ratio in CKD patients did not
have a circadian rhythm (Figure 1(d), 762 + 633 pg/g Cr at 06:00, 462 + 179 ug/g Cr at
12:00, and 359 + 174 ug/g Cr at 18:00, p= 0.75). Urinary AGT/Cr ratio in CKD patients
(relative ratio) did not have a circadian rhythm (1.0 £ 0.0 at 06:00, 6.6 + 3.5 at 12:00, and
2.9+ 1.1 at 18:00, p= 0.19) (Study I1).*

AGT ELISA recognizes both intact AGT and des-Ang | AGT

It is well known that renin is excreted into urine13 and that inactive renin is cryoactivated.14
Therefore, the multiple freeze-and-thaw cycles of urine samples may activate renin in urine
samples and may cleave intact AGT into Ang | and des-Ang | AGT. However, the antibodies
used in the AGT ELISA in this study recognize both intact AGT and des-Ang | AGT.
Therefore, even though the cryoactivated renin in urine samples might have fragmented
intact AGT into Ang | and des-Ang | AGT, the measured values of urinary AGT
concentrations would not change in this AGT ELISA. In order to further address this
possibility, a new ELISA for intact AGT is required.

Urinary AGT: A potential biomarker of an early stage of renal diseases?

Although most of the circulating AGT is produced in and secreted by the liver, the kidneys
also produce AGT.! Intrarenal AGT messenger RNA (mRNA) and protein have been
localized to proximal tubular cells,15 indicating that the intratubular Ang Il could be derived
from locally formed and secreted AGT. Renal injury increases the excretion of biomarkers
that are conventionally used. For example, glomerular injury increases urine protein. Ideally,
one measures causative markers at a very early stage, rather than markers that increase as a
consequence of the disease. In this regard, it is of interest to note that the levels of urinary
AGT were increased in patients with type 1 diabetes even before the onset of proteinuria or
microalbuminuria.™® Urinary AGT might therefore be a biomarker of an early stage of renal
diseases.

AGT levels in patients with CKD are not a non-specific consequence of

proteinuria

As AGT is a protein, one may think that the increased urinary excretion of AGT in CKD
patients is a non-specific consequence of the increased urinary excretion of plasma protein.
However, this possibility seems unlikely based on the following evidence. 1) It has
previously been reported that urinary AGT and protein are enhanced in Ang Il-infused rats
(a model of RAS-dependent hypertension) and that urinary AGT is not augmented although
urinary protein is elevated in deoxycorticosterone acetate rats (a model of RAS-independent
hypertension).17 2) The urinary AGT/Cr ratios in patients with diabetic nephropathy (796

+ 296 ug/g Cr) or membranous nephropathy (504 + 298 ug/g Cr) were much higher than the
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ratio in patients with CKD (273 + 62 ug/g Cr), and were paralleled by an activated intrarenal
RAS in both conditions.18 3) In contrast, the urinary AGT/Cr ratio in patients with minimal
change nephrotic syndrome (8.3 + 3.7 pg/g Cr) was similar to that in control participants
(10.8 £ 3.4 ug/g Cr), even though these patients showed severe proteinuria.18 4) It was
recently demonstrated that the vast majority of urinary AGT originates from the tubules
rather than glomerular filtration by real-time in vivo imaging using a multiphoton
microscopy.19 5) More recently, it was reported that AGT mRNA levels in tubules were
significantly and negatively correlated with estimated glomerular filtration rate (eGFR) in
patients with diabetes.”® These findings, taken together, argue against the possibility that the
enhanced urinary AGT levels in patients with CKD are a non-specific consequence of
proteinuria, and thus urinary AGT may be a promising biomarker of CKD.21
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Figurel.

The circadian rhythm of plasma AGT and urinary AGT in healthy volunteers (a, b) and
patients with CKD (c, d). AGT: angiotensinogen; CKD: chronic kidney disease; Cr:

creatinine.
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Table 1

Clinical characteristics of participants in each study.

Study | Healthy volunteers (7= 43)
Men/women (1) 17/26

Age (years) 34+7

Systolic blood pressure (mmHg) 116 + 12
Diastolic blood pressure (mmHg) 75+9

Study 11 Healthy volunteers (7= 24)
Men/women (n) 13/11

Age (years) 32+6

Systolic blood pressure (mmHg) 123+3

Diastolic blood pressure (mmHg) 74+1

Study 111 Patients with CKD (7= 8)
Men/women (n) 3/5

Age (years) 38+22

Systolic blood pressure (mmHg) 117+ 23
Diastolic blood pressure (mmHg) 62+ 13
eGFR(ml/min/ 1.73 m?) 65.4 +18.0
Urinary protein excretion (g/day) 27+35

CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate.
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