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Abstract

Introduction

Heart failure (HF) is a common chronic disabling disease responsible for high levels of
morbidity and mortality and marked economic burden. Chronic renin-angiotensin
system (RAS) activation leads to long-term deleterious effects in HF. Angiotensin-
converting enzyme inhibitors (ACEi) and angiotensin Il receptor blockers (ARB) are
able to modulate the RAS. Urinary angiotensinogen (AGT) was recently considered a
biomarker of local intrarenal RAS activity. We aimed at characterizing plasma and
urinary AGT concentration (1) in mild (NYHA I-11) and severe (NYHA IlI-1V) CHF

patients and (2) in CHF patients treated with either ACEi or ARBs.
Material and methods

Sixty patients with stable CHF were selected. Data on NYHA functional class and
chronic medication were taken. Blood and urine samples were drawn. AGT

concentrations were determined using a commercial ELISA Kit.
Results

When compared to mild CHF patients, severe patients had higher aldosterone
concentrations and ACE activity, and those without chronic renal failure had higher

urinary AGT excretion. ARB-only treated patients had higher plasma AGT



concentrations and ACE activity than ACEi-only treated patients. However, no

difference was found in urinary AGT.
Conclusions

Severe CHF activates systemic RAS and renal RAS in the presence of non-failing

kidneys. ARBs might increase plasma AGT concentration.

Keywords: Angiotensinogen, heart failure, angiotensin Il receptor blockers, angiotensin

converting enzyme inhibitors, renin-angiotensin system.



Introduction

Heart failure (HF) is a common chronic disabling disease responsible for high levels of
morbidity and mortality as well as marked economic burden®. Most commonly related
to the elderly, its incidence and prevalence are both increasing due to populational
ageing and also to improved medical care®. In Portugal, its estimated overall prevalence
lies around 4.36% in over 25 years old adults, according to the EPICA study®. It affects
both genders equally®. The New York Heart Association (NYHA) suggests a clinical
division in four stages (I-1V) of severity of disease, taking into account patients daily
activity functional limitations due to the disease. It is used to appraise the status of
patients with heart disease and evaluate treatment outcomes in clinical and research

settings*®. This division correlates with both morbidity and mortality in HF®".

Although HF has more than a few etiologies, they all have in common a chronic
decrease in cardiac output (CO) and low systemic perfusion®. These hemodynamic
changes lead up to sustained activation of multiple neuro-hormonal systems, like the
sympathetic nervous system and the renin-angiotensin system (RAS)?®. Chronic RAS
activation contributes to long-term deleterious effects in HF, like renal sodium
reabsorption, increased bradykinin hydrolysis, vascular remodelling, myocardial
hypertrophy and fibrosis®. For that, one of the cornerstones of chronic HF (CHF)
treatment is the RAS blocking effect of angiotensin-converting enzyme inhibitors

(ACEi) and angiotensin 11 AT, receptor blockers (ARBs)™. The “classic” RAS has long



been studied. Systemic angiotensinogen (AGT) is mainly synthesized and released into
the circulation by the liver’s hepatocytes, although there is also a contribution of local
RAS systems®*. AGT is cleaved by renin, mainly synthesized by the juxtaglomerular
apparatus, to angiotensin I, which is further cleaved by angiotensin converting enzyme
(ACE) to angiotensin Il (Angll), the main effector of the “classical” RAS. The synthesis
of AGT relies for the most part on chronic regulatory mechanisms modulated by

estrogen, interleukins, cortisol, thyroid hormones and Angll*

. This regulation is
especially important as AGT plasma concentration, together with renin, are the rate
limiting step in angiotensin | generation. The synthesis of renin by the juxtaglomerular
apparatus is inhibited by AnglI, functioning as a negative feedback loop?. Furthermore,
Ang Il is able to increase AGT mRNA stability through a decrease in CAMP believed to
be mediated by Angll AT; receptors™. Until now, only one study™* has measured

angiotensin I, Angll, plasma renin activity (PRA) and aldosterone in CHF patients.

However, this study was limited to severe patients receiving therapy with ACEi.

Recently, the RAS has been expanded and the focus turned to local RAS, namely the
intrarenal RAS™®. These local systems are said to be activated at an earlier stage of HF
than the systemic RAS?. In fact, Angll renal levels have been shown to be markedly
higher than plasma Angll levels due to both local generation of Angll and accumulation
of plasma Angll mediated by Angll AT, receptors’”8. Since plasma AGT is unable to

pass through a healthy glomerular filtration barrier, all the renal AGT must be formed



locally®. In fact, both AGT and renin mRNA have been shown to be present in renal
proximal tubule cells®*® and ACE protein has been identified on the apical membrane of
the proximal tubule?’. Thus, the RAS cascade can occur in the tubular lumen. Chronic
upregulation of local RAS has been shown to produce renal cell lesion, fibroblast
proliferation and fibrosis®®, as well as increased sodium and water retention in the distal
tubule®?*, Circulating and renal RAS are associated since plasma Angll increases renal
proximal tubule AGT production, as does in the liver'*?®. However, studies failed to
show a direct correlation between plasma Angll levels and renal AGT concentrations.
Urinary AGT has been shown to be a marker of renal RAS status, namely in IgA

28,29 and

nephropathy?®, childhood type 1 diabetic nephropathy?’, chronic kidney disease
hypertension®. However, a recent paper questions whether urinary renin is a better
biomarker of renal RAS than urinary AGT>. Concerning CHF, there are still no reports

on plasma AGT concentration or urinary AGT excretion along with disease severity.

Even though CHF treatment relies on ACEi and ARBs, RAS blocking drugs can
modulate the plasma concentration of the RAS components, eventually counteracting
their own-mediated initial RAS inhibition. Thus, ACEi and ARBs are said to increase
renin, whether concentration or activity, and angiotensin | concentration when
compared to non-treated patients®2. Plus, ARBs are expected to increase Angll plasma
concentration while ACEi have an opposite effect and decrease Angll formation®.

Although, ACEI escape was estimated to occur in up to 45% of severe CHF patients



(NYHA classes 111 and IV)*. RAS modulation is gaining increasing importance as the
knowledge on alternative RAS pathways increases, namely that on the renin/(pro)renin
receptor which might have negative effects in renal and heart failure, partially offsetting
currently-used RAS blockers benefits®®. Thus, in the present study, we aimed at
characterizing (1) plasma and renal RAS in patients with mild and severe CHF, and (2)
plasma and renal RAS in patients treated with RAS blocking drugs (either ACEI or

ARBS).
Materials and methods

The project was approved by the Health Ethics Commission of the Hospital S. Jodo
(HSJ). Sixty one patients with CHF were selected from the Heart Failure Clinic of HSJ,
informed about the study and asked to participate giving their informed consent. On the
day of the visit, a brief physical exam was performed, left arm systolic (SBP) and
diastolic (DBP) blood pressure were measured using an automated blood pressure
monitor, and functional status (NYHA classes I-1V) was evaluated. Data on age, weight,
gender and chronic medication were taken and blood and spot urine samples collected.
Plasma and urinary AGT concentrations were determined using a commercial ELISA
kit (IBL#27412). Plasma renin concentration, ACE activity, aldosterone, brain
natriuretic peptide (BNP), serum creatinine, spot creatinine and cystatin C (CysC)
concentrations were quantified using commercial kits and an automated biochemical

analyzer. Glomerular filtration rate (GFR) was estimated using the Cockcroft-Gault



equation. Urinary AGT was normalized for creatinine excretion. Sample data was
normalized for gender when appropriated. Statistical analysis was performed using
independent samples t-test, Man-Whitney or Spearman correlation coefficient, as

appropriate. A significance level of 5% was considered.
Results

Patients were first divided in two groups taking into account their NYHA
functional status: mild for NYHA classes | and Il or severe for NYHA classes Il and
IV. Severe CHF patients were significantly older and weighted less than mild CHF
patients (table 1). SBP and DBP were similar between mild and severe CHF patients
(table 1). Since we found a difference in gender distribution between these two groups
(table 1), all other data related to this part of the study was normalized for gender.
Severe CHF patients showed significantly higher plasma BNP and CysC concentrations
as well as lower GFR than mild CHF patients (figure 1). Severe CHF patients had
similar plasma AGT and renin concentrations but higher ACE activity and aldosterone

concentration than milder CHF patients (figure 2).

In a second analysis, patients were divided into four groups according to their
use of RAS blocking drugs (ACEi-only, ARB-only, both ACEi and ARB or no RAS
blocker). Only ACEi-only and ARB-only were compared because the number of
patients on ACEi plus ARB or with no RAS blocker drug was very small. There were

no significant differences in age, weight or gender between treatment groups (table 2).



BNP, CysC and GFR were similar between patients from the two treatment groups
(figure 3). ARB-only treated patients had significantly higher plasma AGT
concentration and ACE activity than ACEi-only patients, although there were no

significant differences in renin or aldosterone concentration (figure 4).

There were no differences in urinary AGT excretion, neither between mild and
severe CHF patients, nor between ARB-only and ACEi-only treatment groups (figure
5). The decrease in renal function is one of the strongest predictors of mortality in
advanced HF? and obviously influence data taken out from urine samples. So, in order
to better analyze the results concerning the urinary excretion of AGT, patients were
divided in two kidney disease groups according to their GFR estimation: those with or
without chronic renal failure (CRF), setting the value of 60 mL/min/1.73m? as the cut-
off point as stated in the National Kidney Foundation guidelines for chronic kidney
disease®. CHF patients with CRF had significantly higher urinary AGT excretion than
patients without CRF (figure 6A). When we looked for differences between CHF
severity, we found that there was no difference in urinary AGT excretion between mild
and severe CHF patients with CRF (figure 6B) but that, in the absence of CRF, urinary
AGT excretion was significantly higher in severe than in mild CHF patients (figure 6C).
These severe CHF patients without CRF had significantly higher BNP but not Cystatin
C or GFR than milder CHF patients (figure 7). Moreover, aldosterone concentrations

and ACE activity were also higher in severe than in milder CHF patients without CRF



(figure 8). In these patients, there was a significant positive correlation between urinary
AGT excretion and DBP (r?=0.802; p=0.01) but not with SBP (r’=0.204; p=0.73) or

plasma AGT concentration (r°=0.509; p=0.31) (figure 9).
Discussion

The main findings of the present work were that severe CHF patients show increased
systemic RAS activity and that, those with preserved renal function, also show
increased renal RAS activation when compared with milder CHF patients. Moreover,
data suggest that ARB treatment is associated with increased plasma AGT concentration

when compared to ACEi treatment in CHF patients.

Grouping patients using only a clinical parameter (NYHA class) might seem reductive
and simplistic. Nonetheless, NYHA class stratification is an easily accessible clinical
instrument to appraise CHF severity®* and correlates with both disease morbidity and
mortality®. Accordingly, we measured BNP, CysC and Creatinine, as biomarkers of
heart and renal function, to further validate our clinical assessment. With all due
limitations, an even more reductive approach was followed, as a division in two groups
was performed since our sample was relatively small in order to accomplish four
considerably sized groups. As expected, severe CHF patients had significantly higher
concentrations of BNP and CysC, as well as lower estimated GFR, confirming that the
severe group had, in fact, a worst functional status than milder CHF patients. The

normal epidemiological distribution of CHF patients along NYHA functional class

10



resembles that of a pyramid, being NYHA class 1V only a small percentage of overall

CHF pool of patients®*

, Which probably determined the different size of disease
severity groups (n=35 vs 25). Unexpectedly, there was also a discrepancy in gender, as
there were fewer females in the mild CHF group. Since the reason for the discrepancy
was most probably an unplanned selection bias rather than an actual decrease in mild

female patients in the Heart Failure Clinic of HSJ, our statistical analysis had to be

normalized for gender.

HF is a chronic progressive disease in which state-of-the-art medical treatment aims at
not curing, but managing and delaying its rate of progression. Hence, severe CHF
patients were older than milder CHF patients. Cardiac cachexia has long been
associated with advanced stages of CHF®®. Plus, it is mediated by pro-inflammatory
cytokines, namely TNF-o, and is independent from poor nutrition®’. In this study, severe
CHF patients weighted less than milder CHF patients, which is probably explained by

the higher prevalence of cardiac cachexia in severe CHF patients.

Severe CHF patients had higher plasma ACE activity than milder CHF patients, which
possibly favors higher Angll concentrations in severe CHF patients. An increased
concentration of Angll might also explain the increased aldosterone concentration found
in severe CHF patients, as Angll is able to increase both aldosterone synthesis and

38,39

secretion®™™. Even if renal injury and the consequent alterations in potassium

equilibrium could play a role in this modulation, severe patients without CRF also had a

11



higher ACE activity and aldosterone concentrations then milder CHF patients. Thus, we
believe that Angll might be increased in severe CHF patients, leading to the

perpetuation of long-term deleterious effects of chronic RAS activation.

The effects of RAS blocking drugs on RAS peptide levels are gaining increasing
interest. Patients were initially divided into four groups, namely ACEi-only, ARB-only,
both ACEi and ARB or non-blocked CHF patients. However, the two latter groups were
rather small, and so we did not include them in the statistical analysis. ACEi are a first-
line treatment in CHF with left ventricle ejection fraction (LVEF) <40%™. ARBs are
only recommended in CHF patients with LVEF <40% which are intolerant to ACEi or
show persistent symptoms despite therapy with an ACEi and a p-blocker'®. The
notorious size discrepancy that we found in our sample (n=42 vs 6 for ACEi-only and
ARB-only, respectively) is probably a reflection of these treatment guidelines. Globally
the ACEi-only and ARB-only groups were similar in what concerns demographic
parameters, including the NYHA functional class. Additionally, there were no
differences between BNP, CysC or GFR, suggesting that both pharmacological
approaches have the same effect on cardiac and renal dysfunction associated with CHF.
As expected, ARB-only treated patients had higher plasma ACE activity as compared to
ACEi-only treated patients. Nonetheless, three ACEi-only treated patients showed a
deviant behavior, having far more ACE activity than the remaining patients on ACEi,

which might represent poor treatment compliance or reflect ACE escape. ARB-only

12



treatment in CHF was also associated with an increase in plasma AGT concentration

when compared to ACEi-only treatment.

Angll is able to increase both AGT and aldosterone synthesis by the liver and
suprarenal, respectively®**°. Although Angll AT; receptors mediate both effects, the
signal transduction pathways differ*’. In the hepatocyte, AGT mRNA is present in a
remarkable excess when compared to the AGT protein that is actually secreted and the
majority of AGT is intracellulary degraded, never getting to be secreted'’. Although
Angll is the most powerful stimulator of AGT release by the liver in vitro, it is not the
most important in vivo™™*%. Angll is able to stabilize AGT mRNA avoiding its
degradation in the Hep2GC cells, leading to an increased AGT release™®*. This is
believed to happen through an Angll AT1-dependent cAMP decrease, which was
shown to be inhibited by ARBs, namely losartan, in vitro*. However, no data exists
concerning in vivo conditions. This positive feedback loop is believed to exist in order

to support states of high Angll demand**.

ARBs are selective and competitive Angll AT, receptor antagonists. Losartan and
candesartan are the only two ARBs approved by the FDA for CHF treatment. Both have
relatively small biological half-lives (6~9 and 9 hours, respectively) and are used as a
single daily dose administered in the morning'®. This might allow that in a minor, yet
significant, portion of the day Angll AT; receptors might be free to bind Angll. The

daily balance at the slower genomic level might favor an AT;-block “phenotype”, as

13



seen in the lack of difference in aldosterone concentration between ACEi and ARB-only
treatment groups. However, at the faster post-transduction AGT mRNA stabilization
induced by Angll, it may lead to a temporary increase in AGT secretion rate, which
would justify the higher plasma AGT concentration found in ARB-only treated CHF
patients compared to those on ACEi-only treatment. Since AGT has a significant longer
half-life (an initial rapid phase of 1 hour followed by a second slower phase of 8
hours™), this minor “free from ARB” time may condition a global increase in daily or
only morning AGT secretion but not in aldosterone concentration. In the present study
blood samples were collected early in the morning and better reflect the period of ARB
absence and, eventually, high Angll concentrations. Furthermore, losartan has already
been show to offer a worst daily blood pressure control, as measured by daily mean
ambulatory blood pressure (ABP) measurement, when compared to olmesartan, a longer
acting ARB***". One study further added that this effect was clearly obvious in the last
2 and 4 hours of ABP measurements®. In the future, it might be important to
characterize the circadian variations in AGT concentrations. Another question to be
solved in the near future is that the increase in plasma AGT concentration observed in
ARB-treated patients (vs ACEi-only) might favor an increase in ACE2 activity and,
consequently, angiotensin (1-7) formation, which might have beneficial effects in the
failing heart and kidney and, thus, play a role on the beneficial effects of ARB treatment

in CHF.

14



The local RAS also has an important role in the pathophysiology of CHF*. A
significant part of the consequences of chronic RAS activation are a direct result of
local RAS actions®***°. As part of our work, we also aimed at characterizing the local
renal RAS in CHF, as the kidney has an important role in the hypervolemic state
associated with this disease?. Urinary AGT has been validated as a biomarker of renal
RAS activity®® in IgA nephropathy?®®, childhood type 1 diabetic nephropathy?’, chronic

2829 and hypertension®. Theoretically, it would be better to determine

kidney disease
urinary AGT in a 24h urine sample since it would provide a better perspective on the
overall daily renal RAS activation. However, it would require costly enzyme inhibitors
and a greater contribution from the patient himself. Therefore urinary AGT determined
in spot urine sample and normalized to creatinine excretion rate stands as a valid,
reliable and simpler alternative®®. Plus, it could be translated to the clinical setting with
ease. Although renal lesion and function markers, CysC and Creatinine, were
significantly higher and GFR lower in severe CHF patients, there were no statistically
significant differences in spot urinary AGT excretion between disease severity groups
or between ACEi-only and ARB-only treatment. In order exclude the impact of CRF to
our data on urinary AGT we further divided patients according to their GFR estimation,
into two kidney disease groups — those with and those without CRF — using the GFR

value of 60 mL/min/1.73m? as the cut-off point. As expected and already demonstrated

in the past®®?®, CRF patients had higher levels of urinary AGT excretion than patients

15



without CRF, probably reflecting the filtration of plasma AGT which would normally
not occur in the presence of an intact glomerular barrier. Alternatively, this may indicate
that the local intrarenal RAS is already at its maximal activation by CRF and so CHF
will not have a significant impact as in patients without CRF. We further subdivided
patients in disease severity groups and observed that severe CHF patients without CRF
(but not those with CRF) had higher urinary AGT excretion when compared to milder
CHF patients, even in the presence of similar estimated GFR or CysC. This severe
patients group had still higher aldosterone concentrations. Elevated Angll concentration
in severe CHF patients might also be the rationale behind the increase in urinary AGT
excretion in patients without CRF, since Angll stimulates the production of AGT at the
proximal tubule®. This may portray that the high levels of Angll associated with severe
CHF may additionally lead to an upregulation of the local intrarenal RAS even if there
is no primary renal injury. In the future it will be important to measure plasma renin and
prorenin activities, ACE2 activity and Angll concentrations in order to complete RAS
characterization in CHF patients and aid enlighten our hypothesis about elevated Angll

in severe and ARB-only treated CHF patients.
Conclusions

Severe CHF patients show increased activity of the systemic RAS when compared with
milder CHF patients. Moreover, severe CHF patients without CRF had increased

urinary AGT excretion than milder CHF patients, suggesting intrarenal RAS activation

16



in severe CHF patients with non-failing kidneys. Finally, treatment with an ARB might
be associated with increased plasma AGT concentrations. Future experiments
measuring Angll concentration in these patients will establish whether increased Angll
concentration in severe CHF patients and in ARB-only treated CHF patients might

explain our data.
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Tables

Table 1 — Demographic characteristics of the CHF patients according to disease severity

Mild (1-11) Severe (111-1V)
Number of patients (n) 35 25
Age (years) 67.51 +11.75 74.64 +11.17 *
Gender (M:F) 1.23+0.42 1.50+0.54 *
Weight (Kg) 76.72 + 14.42 66.81 + 11.83*
SBP (mmHg) 123.14 + 20.35 114.48 + 20.21
DBP (mmHg) 69.43 + 11.47 66.20 + 9.26
Etiology Ischemic (43.3%) Ischemic (45.4%)

ACEi treated

ARB treated

Dilated (33.3%)
Hypertensive (20%)
Valvular (3.3%)

31 (88%)

4 (11%)

Dilated (40%)
Hypertensive (10%)
Valvular (10%)

14 (56%)

5 (20%)

* p<0.05 vs mild CHF patients
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Table 2 — Demographic characteristics of the CHF patients according to RAS blockade drug

treatment
ACEi-only ARB-only
Number of patients (n) 42 6
Age (years) 68.59 £ 12.12 72.67 £8.04
Gender (M:F) 1.33+047 1.50+0.54
Weight (Kg) 73.49 + 14.74 78.58 + 8.00
SBP (mmHg) 118.38 + 20.45 132.33 + 16.28
DBP (mmHg) 66.76 = 10.73 77.33+x7.25%*
Functional Class (NYHA) Mild (n=29) Mild (n=2)
Severe (n=13) Severe (n=4)

* p<0.05 vs ACEi-only treated CHF patients
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Figures

Figure 1 — Plasma BNP (log pg/ml) and cystatin C (ng/l) concentrations and GFR (ml/min/1.73
m?) in mild (n=30-35) and severe (n=21-25) CHF patients. * p<0.05 vs mild CHF patients.
Figure 2 — Plasma AGT (ug/ml), renin (U/I) and aldosterone (log ng/dl) concentrations and ACE
activity (log U/l) in mild (n=29-33) and severe (n=21-24) CHF patients. * p<0.05 vs mild CHF
patients.

Figure 3 - Plasma BNP (log pg/ml) and cystatin C (ng/l) concentrations and GFR (ml/min/1.73
m?) in ACEi-only (n=36-42) and ARB-only (n=5-6) CHF patients. * p<0.05 vs ACEi-only
treated CHF patients.

Figure 4 — Plasma AGT (ug/ml), renin (U/I) and aldosterone (log ng/dl) concentrations and ACE
activity (log U/l) in ACEi-only (n=36-39) and ARB-only (n=4-6) CHF patients. * p<0.05 vs
ACEi-only treated CHF patients.

Figure 5 — Urinary AGT excretion (log ug/g) in (A) mild (n=33) and severe (n=20) CHF
patients and in (B) ACEi-only (n=38) and ARB-only (n=6) treated CHF patients.

Figure 6 — Urinary AGT excretion (log ug/g) in (A) CHF patients with (n=36) and without (n=
17) CRF, (B) mild (n=18) and severe (n=17) CHF with CRF, and (C) mild (n=16) and severe
(n=3) CHF patients without CRF. * p<0.05 vs CRF or mild groups.

Figure 7 - Plasma BNP (log pg/ml) and cystatin C (ng/l) concentrations and GFR (ml/min/1.73
m?) in mild (n=14-16) and severe (n=2-3) CHF patients without CRF. * p<0.05 vs mild group.
Figure 8 - Plasma AGT (ug/ml), renin (U/I) and aldosterone (log ng/dl) concentrations and ACE
activity (log U/I) in mild (n=13-15) and severe (n=2-3) CHF patients without CRF. * p<0.05 vs

mild group.
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Figure 9 - Correlation analysis between urinary excretion of AGT (log ug/g) and SBP (mmHg)
(A), DBP (mmHg) (B) and plasma AGT (ug/ml) concentration (C) in CHF patients without CRF

(n=17).
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Figure 2
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Figure 4
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Figure 7

BNP (log pg/ml)

Cystatin C (ng/L)

GFR (ml/min/1.73m2)

4,00
o *
3,00— 7
v/,
%
2,00
1,00 o
,00 T T
Mild Severe
4,00
3,00
2,00 o
o B —
Mild Severe
150,00
100,00
ey
50,004
00 T T
Mild Severe




Figure 8
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Figure 9
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