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Fig. 1. The gene expression profile of human failing or nen-failing myocardium. Gene expression levels of myocardial samples from 12 patients with severe heart failure and
from two normals were analyzed using microarray. (A) Heat maps showing the genes with differential expression between the 12 failing myocardial samples and the two
non-failing myocardial samples. Red color indicates upregulated gene expression. Green color indicates downregulated gene expression. Arrows indicate non-failing samples.
{B) Expression profile of positively or negatively correlated genes to pulmonary artery pressure (PAP) or brain natriuretic peptide (BNP) mRNA level (r > 0.7). {C) Venn diagram

of genes correlated with PAP, BNP, and ejection fraction.

Table 1
Datasets of genes whose expressions were correfated to clinical parameters.
PAP EF © " BNP mRNA level
Positive correlation ) . N e e
Number 124 e 1 175 :
Function Cardiovascular system development and function - ‘Cardiovascular systemi development and function
) Cell death : ; «Cell cycle. . # s oF i ]
. Representative genes ARNT, MYOCD, SMARCA4 LMANIL BTG, NPPA; NPPB, SERPNF1

BGN, CFLAR, EEF2, MTPN

Negative correlation .
Number 42
Function
Cellular assembly and organization
PIK3RY, PRKARTA; SLMAP :
C190RF20.. RAB9A: SYNGAPY, TTN

Representative genes

Skeletal and muscular system development and function

CKS1B, DDR2, FCGR2B, FN1

1 19 s e ‘ ey
- Skelétal and 'muscular system development and function
Ceflular assembly and organization - : g

. FM02 ACTC1; RBBP4, TTN

The function of gene sets was analyzed by Ingenuity Pathway Analysis.
PAP, pulmonary artery pressure; EF, ejection fraction: BNP, brain natriuretic peptide.

representative genes are shown in Table 1. Interestingly, both gene
sets correlated positively with PAP and BNP mRNA level were most
associated with the same functional category of “cardiovascular
system development and function”, although the included genes
were different. Similarly, the gene sets correlated negatively with
both PAP and BNP mRNA fevel had moest association with common
functional categories of “skeletal and muscular system develop-
ment and function” and “cellular assembly and organization”.

Selection of 12 genes for in vitro screening

Among the genes selected using clinical parameters, we se-
lected those genes that showed high expression levels in the heart
by performing microarray analysis. On the basis of their novelty
determined by a literature-based search, we selected four genes
for further investigation (Table 2). Concurrently, to identify possi-
ble drug targets, we included four orphan GPCRs and four addi-
tional genes (three enzyme-encoding genes and one ion-channel
protein-encoding gene) in the further analysis. The RHOQ and

STK38 genes were selected based on their correlation with BNP
mRNA level and PAP, respectively. GPR161 and NBCT were selected
owing to their high expression level in the heart. GPR37L1, GPR35,
F2RL2, and MMP23B were selected because of their high expression
level in the heart, and their association with the cardiac diseases-
related genes listed in the database was determined by in silico
analysis.

Functional analysis of genes on the basis of adenovirus-mediated
overexpression of proteins in neonatal rat cardiomyocytes

To determine which of the selected genes were associated with
the physiological functions of the heart, we first generated adeno-
virus vectors for each gene listed in Table 2 and transfected these
vectors into neonatal rat cardiomyocytes. Next, we evaluated the
hypertrophic reaction, viability, and morphology of the transfected
cardiomyocytes. Among the 12 selected genes, three adenovirus-
mediated genes decreased the incorporation of [*H]phenylalanine
in neonatal rat cardiomyocytes {Table 2); the expression of one



58 K.D. Min er al./Biochemical and Biophysical Research Communications 393 (2010) 55-60

Table 2
In vitro functional screening of the 12 candidate genes.
Probe set Gene Gene name Criterla for selection pvalue [PHIPA Fuorescence of Cellular
D symbal . intake Alamar blue morphology
Genes relevant to clinica! parameters
75678_at MYLK3 Myosin light chain kinase 3 Correlation with PAP (r=0,792) 0.00262 No change No change Spiking
. 49333_at XPR1 Xenotropic and polytropic retrovirus Correlation with PAP (r=0.765), GPCR, 0.00045 No change No change No change
: recepror change in CHF
38435_at PRDX4 Peroxiredoxin 4 Correlation with BNP (r=0.863) 0.00024 Increased Decreased No change
45314_at SMOC2 SPARC related modular calcium Correlation with both PAP and B8NP 0.00444 No change No change No change
binding 2 (r=0.715 and 0.758, respectively)
Genes encoding arphan GPCRs
35344 at GPR37LI  G-protein-coupled receptor 37 like 1 Orphan GPCR, downregulated in CVD ~ >0.005 Decreased Decreased Apoptosis
31700_at GPR3S G-protein-coupled receptor 35 Orphan GPCR, upregulated in Ml 0.00216 Decreased Decreased Hypertrophy
45204_at F2RI2 Coagulation factor I (thrombin) GPCR, change in CVD »>0,005 Increased No change No change
receptor-like 2
40299 _at GPRI6! G-protein-coupied receptor 161 GPCR, expression in heart >0.005 Decreased Decreased No change
Genes encoding interesting enzymes or lon-channels
38950_at MMP23B  Matrix metallopeptidase 238 Family of MMP, change in CHF 50005 Nochange Decreased No change
35285 at NBCI Na*-HCO*~ cotransporter 1 Expression in heart >0.005 Nochange Decreased No change
87788_at RHOQ Ras homolog gene family, member @ Expression in DCM, correlation with BNP >0.005 Nochange No change No change
* (r=0711)
78801_at STK38 Serinefthreonine kinase 38 Kinase activity, correlation with PAP >0.005 Nachange Nochange No change

(r=0.736)

PAP, pulmonary artery pressure: GPCR, G-pratein-caupled recepror; CHF, congestive heart failure; BNP, brain natriuretic peptide; CVD, cardiovascular disease: M, myocardial

infarction; DCM, dilated cardiomyopathy; PA, phenylalanine. p value indicates the signi

myocardium.

gene promoted [*H]phenylalanine incorporation; and the overex-
pression of six genes lowered the viability of cardiomyocytes,
which was evaluated by Alamar blue assay. We also evalvated
the phenotype of transfected cardiomyocytes. Unlike control cells,
MYLK3-adenovirus-transfected cardiomyocytes were spike shaped.
The overexpression of GPR37L1 induced apoptosis of cardiomyo-
cytes. The transfection of NBC1-adenoviral vectors modified the
beating rate of cardiomyocytes {data not shown). Then, we ana-
lyzed each gene that encoded a distinct cardiomyocyte phenotype
by developing gene-targeted mouse models.

In vivo analysis using transgenic and knockout mice

To study the in vivo role of the selected genes, we developed
genetically modified mice: three transgenic (Tg) mice for Mylk3,
Gpr37i1, or Nbct and three knockout (KO) mice for Gpr37il,
Gpr35, or Mmp23. We estimated hemodynamic parameters using
Miller catheter and the heart weight (HW)/body weight (BW), As
shown in Fig. 2A, we found that the blood pressure of Gpr3711-
KO mice was significantly higher than that of Gpr3711-Tg mice by
61.7 mmHg (p <0.01). Further, the blood pressure of Gpr35-KO
mice was higher than that of wild type (WT) littermate by
37.5 mmHg (p < 0.01). Overexpression with or knockout of Mylk3,
Mmp23, or Nbct did not result in a significant change in the systolic
blood pressure. The HW/BW of Mylk3-Tg mice was lower than that
of Myik3-WT mice (Fig. 2B). The HW/BW was higher in Cpr3711-KO
mice than in Gpr37/1-Tg mice. The HW/BW in mice with Nbcl.
Gpr35, or Mmp23 manipulations did not show any difference. These
data showed that modification of Gpr37!1, Gpr35, or Mylk3 can pro-
duce a distinct cardiovascular phenotype in vivo.

Discussion

The present study identified heart failure-related genes using a
novel strategy that was different from the conventional microarray
analysis approach. Firstly, we constructed global gene expression
profiles to analyze the gene expression in 12 human samples of
failing myocardium and two samples of non-failing myocardium.
Secondly, we prepared datasets of heart failure-related genes asso-

ficance of the difference between the gene expression leve) of failing and non>failing

ciated with the severity of heart failure; this approach is unique to
our study and has not been published before. Thirdly, we selected
four genes from these datasets by microarray analysis and a liter~
ature-based search. We also included four orphan GPCR genes and
four other genes with high expression in the heart as possible drug
targets for heart failure treatment. Fourthly, we screened the
in vitro functions of these 12 genes by achieving adenovirus-med-
iated overexpression of these genes in rat cardiomyocytes. Finally,
we generated gene-targeted mouse models of the five selected
genes and screened the in vivo functions of these genes. Our novel
strategy using a microarray analysis revealed three potential tar-
gets, namely, MYLK3, GPR37L1, and GPR35 for diagnosing and man-
aging heart failure.

End-stage heart failure caused by a variety of cardiovascular
diseases including hypertension, cardiomyopathy, and ischemic
heart disease features a common phenotype of reduced cardiac
function and dilated cardiac chamber. This result strongly sug-
gested the existence of common genes during the development
of heart failure, including the genes encoding natriuretic peptides.
To identify novel diagnostic or therapeutic targets for heart failure,
such as natriuretic peptides, several microarray analyses of genes
expressed in failing myocardium have been performed in the last
decade by comparing the gene expression levels between different
pairs of samples, such as non-failing versus failing hearts [4-6].
failing hearts before versus after placement of left-ventricular
assisting device [7,8], hypertrophic versus failing hearts [9], ische-
mic versus non-ischemic hearts [10]. However, the severity of
heart failure is not fixed, but varies from mild to severe heart fail-
ure in these studies. To identify the therapeutic targets for heart
failure effectively, we believe that it is important to consider the
severity of heart failure with microarray data analysis. In this
study, we prepared new datasets of heart failure-associated genes
that were selected from gene expression profiles of 12 human
failing myocardial samples using clinical parameters. A number
of genes were associated with PAP, which is an index for the sever-
ity of heart failure, whereas only two genes correlated with EF,
which is an index for cardiac contractility. This result implies that
the stress caused to the heart, and not the ability of cardiac
contraction, regulates gene expression in heart failure. We also se-
lected heart failure-related genes whose expression correlated to
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Fig. 2. In vivo functional analysis using gene-targeting mice of the Mylk3, Gpr37i1,
Cpr35, Mmp23, and Nbc1 genes. Blood pressure and heart weight (HW)fbody weight
(BW) of transgenic (Tg), knockout (KO) and their wild type (WT) littermate mice of
each gene were investigated. Values are means + SEM. *p < 0,01, (A) Systolic blood
pressure measured using Millar catheter inserted via right carotid artery. The
monitoring chart shows representative data of Cpr37!1- and Gpr35-manipulated
mice. (B) HW/BW ratio of each gene-targeting mouse.

the BNP mRNA level, which is the best known indicator of heart
failure. The approach used in our study can help in efficient iden-
tification of the diagnostic or therapeutic targets for heart failure
rather than only comparing two types of samples such as failing
versus non-failing myocardium. Among the genes from these
new datasets, we focused on the genes exhibiting high expression
in heart tissues and finally selected four genes for performing the
screening of functional analysis in vitro. The expression level of
MYLK3 gene was highly correlated to PAP, and this gene was de-
tected only in the heart tissue. Recently, we reported that MYLK3
plays a crucial role in sarcomere assembly via phosphorylation of
myosin regulatory light chain 2V (MLC2v) [13]. We also showed
that the knockdown of MYLK3 by using a morpholino oligo caused
immature sarcomere formation leading to ventricular dilation in
zebrafish. These results indicate that MYLK3 is strongly associated
with the pathophysiology of heart failure. Chan et al. also reported
that MYLK3 phosphorylates MLC2v and regulates sarcomere orga-
nization [15]. These reports affirm the reliability of our original
strategy that involves the microarray analysis of failing myocar-
dium. Among these genes, most genes including XPR1, PRDX4,
and SMOC2 have not been reported to link with cardiovascular

phenotypes and were not included in many gene expression pro-
files published previously.

Next, we performed in vivo functional analysis of five selected
genes, and we found that gene-targeted mouse models of Myik3,
Gpr3711, or Gpr35 showed the cardiovascular phenotype. As de-
scribed above, Mylk3 plays a crucial role in failing heart. In this
study, we identified two GPCRs, namely, Gpr37I1 and Gpr35, whose
moadification affects systolic blood pressure or HW/BW. To our
knowledge, this is the first report about the role of these genes in
cardiovascular system.

GPCRs constitute one of the largest protein families, but many
GPCRs remain to be orphaned. GPR35 is now known to have some li-
gands such as kynurenic acid (KYNA) [16}, zaprinast [ 17}, and 5-ni-
tro-2-(3-phenylpropylamino) benzoic acid [18). These agonists
mobilize intracellular calcium concentration. Therefore, lowering
systolic blood pressure in Gpr35-KO mice can be induced by modu-
lating calcium release from calcium-storing organelles. Among the
three agonists, only KYNA is produced endogenously as a metabolite
of tryptophan. Although GPR35 gene expression is supposed to be
specific to immune cells and gastrointestinal tract, we found that
GPR35 gene expression increased in failing myocardium. In an
inflammatory state, interferon v induces idolemine 2,3-dioxygen-
ase, a rate-limiting enzyme involved in tryptophan degradation,
resulting in a substantial increase in KYNA. Inflammation is thought
to be involved in the pathogenesis of dilated cardiomyopathy as well
as myocardial infarction. Hence there is a possibility that a KYNA-
GPR35 signaling plays a role in the pathogenesis of cardiovascular
diseases.

Unlike GPR35, GPR37L1 is still orphaned. However, we found
that Gpr3711-KO mice showed significant high blood pressure and
high HW/BW as compared to Tg mice, which implies the existence
of cardiovascular-related function of Gpr37!1. Identification of the
ligand and the function of this orphan receptor are awaited.

Although no significant phenotype was observed in Mmp23 and
Nbc1-Tg mice, we have been investigating their cardiac function in
pathological condition such as myocardial infarction or hyperten-
sion and determined their detrimental effect on heart failure (data
not shown).

In the present study, we determined 12 novel heart failure-re-
lated genes by integrating an original method with parameters that
indicated disease severity. Further, we assessed these possible tar-
gets of drug discovery. MYLK3, GPR37L1, and GPR35 were the newly
identified targets that play an interesting role in the cardiovascular
system.
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Abstract Histamine has a positive inotropic effect on
ventricular myocardium and stimulation of histamine Hjy

receptors increases the intracellular cAMP level via Gs.

protein, as dose stimulation of f-adrenergic receptors, and
worsens heart failure. To test whether a histamine H,
receptor blocker had a beneficial effect in addition to
f-adrenergic receptor blockade, we investigated the car-
dioprotective effect of famotidine, a histamine H, receptor
blocker, in dogs receiving a f-blocker. We induced heart
failure in dogs by rapid ventricular pacing (230 beats/min).
Animals received no drugs (control group), famotidine
(1 mg/kg daily), carvedilol (0.1 mg/kg daily), or carvedilol
plus famotidine. Both cardiac catheterization and echo-
cardiography were performed before and 4 weeks after the
initiation of pacing. Immunohistochemical studies
showed the appearance of mast cells and histamine in the
myocardium after 4 weeks of pacing. In the control group,
the left ventricular ejection fraction (LVEF) was
decreased after 4 weeks compared with before pacing
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(71 £2 vs. 27 = 2%, p < 0.05) and mean pulmonary
capillary wedge pressure (PCWP) was increased (8 == 1 vs.
19 £ 3 mmHg). Famotidine ameliorated the decrease of
LVEF and increase of PCWP, while the combination of
carvedilol plus famotidine further improved both parame-
ters compared with the carvedilol groups. These beneficial
effects of famotidine were associated with a decrease of the
myocardial cCAMP level. Histamine H; receptor blockade
preserves cardiac systolic function in dogs with pacing-
induced heart failure, even in the presence of f-adrenergic
receptor blockade. This finding strengthens the rationale
for using histamine H, blockers in the treatment of heart
failure.

Keywords Heart failure - Histamine - Histamine H,
receptor blocker - f-Adrenergic receptor blocker

Introduction

Chronic heart failure (CHF) is one of the major causes of
morbidity and mortality worldwide, and is characterized by
neurohormonal imbalances that include activation of the
sympathetic nervous system [9, 15). f-Adrenergic receptor
blockade is a established treatment of CHF because. it
protects the heart from the harmful effects of the sympa-
thetic nervous system that are partly mediated via cyclic
adenosine monophosphate (cAMP)-dependent pathways
[2, 34]. Interestingly, histamine H, receptors are linked to
Gs proteins that facilitate the production of cAMP (as are
p-adrenergic receptors) and are expressed in the heart [18,
29, 33]. Histamine has a positive inotropic effect on human
ventricular myocardium and chronotropic effects [3, 12],
and also autonomic control of the heart [21]. Indeed, we
previously reported that famotidine, a histamine H,
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receptor blocker, protected the heart against ischemia-
reperfusion injury in dogs [1] and also improved both
symptoms of CHF and ventricular remodeling in the clin-
ical setting [16]. Although the maximum inotropic effects
of substances acting through cAMP were decreased in
diseased myocardium [6], famotidine, a histamine H
receptor blocker, exerts negative effects on cardiac per-
formance [13], the roles of the histamine would have
remained unclear in the state of heart failure.

In addition, it is still unclear whether histamine H,
receptor blockers have a protective effect against CHF by
reducing the myocardial accumulation of cAMP and whe-
ther there is an additive effect of histamine H, receptor
blockade in the presence of f-adrenergic receptor blockade.

Therefore, we investigated the effect of a histamine Hj
receptor blocker on cardiac performance and myocardial
¢AMP accumulation in dogs with pacing-induced heart
failure, and also investigated whether there was an additive
effect of combined histamine H, receptor blocker and
B-blocker therapy on cardiac performance.

Methods

Materials

The histamine Hj receptor blocker famotidine was kindly
provided by Astellas Pharma Inc. (Tokyo, Japan). Carvedilol,
a f-adrenergic receptor blocker, was obtained from Sigma
(St. Louis, MO, USA). Rabbit polyclonal anti-histamine
antibody was obtained from Progen (Queensland, Australia).

Animal preparation

Beagle dogs (Oriental Yeast Co. Ltd., Tokyo, Japan)

weighing 8-10 kg were sedated with intravenous sodium

pentobarbital at a dose of 25 mg/kg. After intubation with a
cuffed endotracheal tube, anesthesia was maintained with
0.5-1% isoflurane and an equal mixture of air and oxygen.
Ventilation was provided with a tidal volume of 22 mL/kg
at a rate of 15 times per minute. A bipolar pacing lead
(Model BT-45P, Star Medical Inc., Tokyo, Japan) was
advanced under fluoroscopic guidance through the right
jugular vein to the right ventricular (RV) apex and was
connected to an external programmable pacemaker (VOO
mode; Model SIP-501, Star Medical Inc., Tokyo, Japan)
that was implanted in a subcutaneous pocket in the neck.
The success of this procedure was confirmed by electro-
cardiography. Antibiotics were given after surgery, and the
dogs were allowed to recover fully. Then heart failure was
induced by rapid right ventricular pacing at a rate of
230 beats/min for 4 weeks as the model mimicking heart
failure in human, as reported previously [22, 23, 27].

a Springer

All procedures were performed in conformity with the
Guide for the Care and Use of Laboratory Animals (NIH
publication No. 85-23, 1996 revision) and were approved
by the ethical committee for laboratory animal use of the
National Cardiovascular Center in Japan.

Echocardiography

Transthoracic echocardiography was performed by using
an echocardiographic system equipped with a 2-4 MHz
phased-array transducer (SONOS 5500, Hewlett Packard,
Massachusetts, USA) in conscious dogs before pacemaker
implantation and 30 min after the cessation of RV pacing
at 4 weeks. Good two-dimensional short-axis views of the
left ventricle were obtained at the level of the papillary
muscles for guided M-mode measurement of the left ven-
tricular (LV) end-diastolic dimension (LVDd), LV end-
systolic dimension (LVDs), LV fractional shortening
(LVFS), and LV ejection fraction (LVEF). All measure-
ments were made by two observers, who were blinded to
the source of the tracings.

Hemodynamic studies

LV pressure and mean aortic pressure were measured by
pressure amplifiers connected to a pig tail catheter (SF,
Terumo Co. Ltd., Tokyo, Japan) that was inserted into the
left ventricle from the left femoral artery. Pulmonary
capillary wedge pressure (PCWP) was measured with a 7
Fr Swan-Ganz catheter (American Edwards Laboratories,
California, USA). LV dP/dt was analyzed using software
(Data viewer, Yokogawa Electric Corporation, Tokyo,
Japan). These studies were performed both before and after
4 weeks of RV pacing or 4 weeks after pacemaker
implantation in the sham group.

Measurement of the myocardial cAMP level

The myocardial cyclic AMP (cCAMP) level was measured
as described previously [8]. Briefly, a sample of frozen
cardiac muscle was homogenized mechanically in 500 mL
of frozen hydrochloric acid (0.1 N) with a mechanical
homogenizer. The homogenate was thawed and centrifuged
at 5,000xg at room temperature for 15 min and then a
100 mL aliquot of the supernatant was employed to mea-
sure cAMP with a sensitive radioimmunoassay (cyclic
AMP kit; Yamasa Shoyu Co., Choshi, Japan).

Immunohistochemical analysis
Immunohistochemical analysis was performed as described

previously [24]. Briefly, myocardial tissue samples were
fixed in 10% formalin and embedded in paraffin. Then
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5-pum-thick sections were cut and preincubated with 3%
hydrogen peroxide. Rabbit polyclonal anti-histamine anti-
body (1:1,000 dilution) was added, and incubation was
done at room temperature overnight. Next, the sections
were incubated with biotinylated anti-rabbit immunoglob-
ulin for 30 min and subsequently with horseradish perox-
idase-labeled streptavidin solution for 30 min. The slides
were rinsed in tris-buffered saline after each incubation
step. Peroxidase activity was visualized by incubation with
diaminobenzidine hydrochloride solution.

Experimental protocols

Protocol 1: effects of famotidine on cardiac performance
und myocardial cAMP accumulation in dogs with pacing-
induced heart failure

"After pacemaker implantation, the dogs were randomly
assigned to a sham group (n = 6) without pacing, a control
group (n = 7) with pacing only. and a famotidine group
(n = 5) with pacing plus the daily oral administration of
famotidine (1 mg/kg per day). The dose of famotidine was
chosen on the basis of previous reports [30, 36]. Echo-
cardiography and measurement of hemodynamic parame-
ters were performed before and 4 weeks after pacemaker
implantation, After the measurement of hemodynamic
parameters, myocardial tissue samples were obtained and
quickly placed into liquid nitrogen for storage at —80°C
until measurement of cAMP levels.

Protocol 2: effects of famotidine on cardiac performance
in dogs with pacing-induced heart failure

under f-adrenergic receptor blockade

Next, we examined the additive effect of histamine H,
receptor blockade on the development of CHF. After

B

g
o

Mast cell density (cellsf mm2) X
>

o

g

'a“‘ oo(\

o
TFig. I Must cell density and histamine expression in the failing heart.
a Mast cell density in the heart. Values are the mean = SEM,
#p < 0.05 versus the sham group. b Immunostaining with an anti-
histamine antibody. a Representative staining of a heart from the

Sham

pacemaker implantation, the dogs were randomly assigned
to a carvedilol group (n = 6) that received daily oral
administration of carvedilol (0.1 mg/kg per day) or a car-
vedilol + famotidine group (n = 6) that received daily
oral administration of both carvedilol (0.1 mg/kg per day)
and famotidine (1 mgrkg per day).

Statistical analysis

Results are expressed as the mean = SEM. Comparison of
time-course changes between the groups was performed by
two-way repeated measures analysis of variance
(ANOVA). For comparison of mast cell counts and cAMP
levels between the groups, the Mann—Whitney U test was
performed. A p value < 0.05 was considered to represent
statistical significance.

Results
Mast cells and histamine expression

Mast cells were detected in the myocardium by toluidine
blue staining. Consistent with previous reports [8, 26], we
observed an increase of mast cells in the failing hearts
compared with the number of cells in the sham group
(Fig. Ia). Immunohistochemical analysis showed an
increase of histamine expression indicating increased
degranulation of mast cells in failing hearts compared with
the level in the sham group (Fig. 1b).

Effect of famotidine on cardiac performance
and myocardial cAMP in dogs with pacing-induced
heart failure

Both mean aortic pressure and heart rate before pacing
were similar in the control group (104 £ 5 mmHg and

Control Negative control

shum group. b Representative staining of a heart from the control
group. ¢ Negative control section incubated without the primary
antibody. The scale bars indicate 50 pum

@ Springer
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Fig. 2 Effects of famotidine on

Control

Famotidine

echocardiographic and

hemodynamic parameters and A
myocardial cAMP Jevels.

a Representative 2D
echocardiograms.

b Quantitative analysis of
echocardiographic parameters
in the control and famotidine
groups. Open and closed circles
indicate the control group and
the famotidine group,
respectively. ¢ LVEDP and
mean PCWP in the control and
famotidine groups.

d Myocardial cAMP levels in
each group, All values are the
mean £ SEM. *p < 0.05 versus
the sham group

Pre-Op
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Post 4 weeks-Op

0
30 o——é’{g 30
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Post 4 weeks-Op

40 LVDs (mm)

/*
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20
10 10
0 0
Pre After 4w pacing Pre After 4w pacing
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200 1
0 0
Pre After 4w pacing Pre After 4w pacing Control Famotidine

117 & 7 bpm, respectively), and the famotidine group
(101 £ 3 mmHg and 115 £ 8 bpm, respectively). These
parameters did not significantly differ among the groups. LV
dP/dr was 3,592 = 512 mmHg/s in the control group and
3,981 =4 528 mmHg/s in the famotidine group. Four weeks
after surgery, neither hemodynamic nor echocardiographic
data showed any changes compared with the preoperative
values in the sham group (data not shown). Four weeks
after rapid RV pacing, an administration of famotidine sig-
nificantly limited the increase of both LVDd and LVDs, as
well as the decrease of both LVFS and LVEF (33.4 &
0.8 mm, 27.4 £ 1.2 mm, 18.5 £ 2.6% and 45.4 & 4.8%,
respectively). compared with the findings in the control

@ Springer

group (37.0 &£ 1.4 mm, 33.4 = 1.4 mm, 9.9 + 1.0% and
26.7 + 2.4%, respectively) (Fig. 2a, b). Four weeks after
RV pacing, LV end-diastolic pressure (LVEDP) and PCWP
of the famotidine group (16 £2 and 11 £ 1 mmHg,
respectively), were both significantly lower compared with
the values in the control group (21 £ 2 and 19 & 2 mmHg
and, respectively) (Fig. 2¢). LV dP/de after RV pacing was
significantly preserved higher in the famotidine group
(2,601 + 216 mmHg/s) compared with that in control
group (2,077 & 124 mmHg/s) (p < 0.05).

The myocardial cAMP level was significantly higher in
the control group (796 == 111 pmol/g wet weight) com-
pared with that in the sham group (597 + 77 pmol/g wet
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weight), while it was significantly lower in the famotidine
group (577 X 28 pmol/g wet weight) compared with the
control group (p < 0.05) (Fig, 2d).

Additive effects of famotidine and a S-blocker
on cardiac performance in dogs with pacing-induced
heart failure

Before pacing, mean aortic pressure and heart rate were both
similar in the carvedilol group (101 &7 mmHg and
111 £ 8 bpm, respectively), and the famotidine + carvedi-
lol group (93 + 2 mmHg, 106 + 7 bpm, respectively), and
these parameters did not significantly differ among the
groups. LV dP/dt was 3,672 & 417 mmHg/s in the carvedilol
group and 3,941 £ 284 mmHg/s in the famotidine + car-
vedilol group. After rapid RV pacing for4 weeks, both LVDd
and LVDs were decreased and both LVFS and LVEF were
increased (33 & 04 mm, 25 + 0.7 mm, 28 & 2%, and
54 1 3%, respectively), in the famotidine + carvedilol
group compared with the respective values in the carvedilol
group (34 + 1 mm, 28 & 1 mm, 23 + 1%, and 38 =+ 5%,
respectively) (Fig. 3a).

Four weeks after RV pacing, LVEDP and PCWP of the
carvedilol + famotidine group (12 =+ 3 and 10 + 4 mmHg,
respectively), were both significantly reduced compared
with the respective values in the carvedilol group (16 + 2 and

15 £ 1 mmHg, respectively) (Fig. 3b). LV dP/dt after RV
pacing was preserved higher in the famotidine + carvedilol
group (3,382 £ 252 mmHg/s) compared with that in car-
vedilol group (2,740 + 321 mmHg/s) (p < 0.05).
Furthermore, the myocardial cAMP level was signifi-
cantly lower in the carvedilol + famotidine group
(488 k 45 pmol/g wet weight) compared with that in the
carvedilol group (615 + 28 pmol/g wet weight) (Fig. 3c).

Discussion

In the present study, we demonstrated that (1) myocardial
histamine expression was increased by pacing-induced
heart failure, (2) the histamine H, receptor blocker famo-
tidine improved cardiac performance (gauged by echocar-
diographic and hemodynamic parameters) along with a
reduction of myocardial cAMP accumulation, and (3) there
was an additive effect of combined histamine H; receptor
and p-adrenergic receptor blockade on cardiac perfor-
mance in dogs with pacing-induced heart failure.

Impact of histamine blockade on cardiac failure

Histamine is one of the autacoids, and is stored and released
by mast cells in the human heart, as well as in other organs or

Fig. 3 Additive effect of A

famotidine and carvedilol on 20 LvDd (mm) 4 LVDs {mm)
cardiac performance,

a Quantitative analysis of 30| W e—— 30 +
echocardiographic parameters 20 201 u_é-—"'-';d:
in the carvedilol and

carvedilol + famotidine groups. 10 101

Open and closed squares 0 0

indicate the carvedilol group Pre After 4w pacing Pre After 4w pacing
and the carvedilol + famotidine

group, respectively. b LVEDP LVFS (%) LVEF (%)

and mean PCWP in the 40 80

carvedilol group and 20 60

carvedilol -+ famotidine group. 4 d
Open and closed squares 20 40

indicate the carvedilo! group 10 204

and the carvedilol 4 famotidine 0

%r g’;&r:smﬁzm levels in 0 Pre After 4w pacing Pre After 4w pacing
each group. All values are the

mean £ SEM. *p < 0.05 versus B LV EDP PCWP C Myocardial cAMP
the carvedilol group 20 (mmHg) (mmHg) (pmol/g wet weight)
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tissues [8]. Recently, the number of mast cells and the
myocardial histamine level were found to increase in the
hearts of patients with idiopathic dilated cardiomyopathy or
ischemic cardiomyopathy [26]. Histamine modulates vari-
ous cellular functions via the activation of four different
G-protein-coupled receptors (H;4 receptors) [29]. As is
well known, histamine H, receptors located on gastric cells
promote the production of gastric acid [10] and histamine H;
receptor blockers have been widely used for the treatment of
peptic ulcer. Interestingly, histamine H; receptors are also
expressed in canine and human ventricular myocardium {14,
18], although the expression levels were different among
species [18]. Consisted with the previous studies, we con-
firmed the presence of histamine H, receptor in the canine
heart using quantitative reverse-transcriptase PCR (data not
shown).

In the present study, the precise locations of histamine
receptors in myocytes or vessels in the canine hearts
remained unclear. However, since famotidine did not
decrease blood pressure in this study, the accumulating
lines of evidence would suggest that histamine H; blockers
did not have the potent effect on the vessels compared with
cardiomyocytes. On the other hand, since histamine H,;
receptors are abundantly expressed in the vessels in most
animal species [29], histamine H, receptor blocker has the
effects on vessels. In addition, stimulation of Ha receptors
transduces the intracellular signals via Gs protein, as does
the stimulation of S-adrenergic receptors. Moreover, his-
tamine has a positive inotropic effect on human ventricular
myocardium and has been suggested to have a role in
cardiovascular diseases [3, 11]. Although it was reported
that the maximum inotropic effects of histamine receptor
stimulation were less than those mediated by beta-adren-
ergic receptors [5, 35], the roles of histamine receptor
blockade have remained unclear compared with those of
beta-adrenergic receptor,

Based on these backgrounds, we previously proposed
that histamine H, receptor blockers could provide a novel
therapeutic strategy for heart failure, and we have reported
that histamine H, blocker treatment may have a cardio-
protective effect in patients with chronic heart failure [16].
In the present study, we found that myocardial histamine
expression was increased in dogs with pacing-induced
heart failure compared with that in sham dogs on immu-
nohistochemical analysis. Also, the histamine H; receptor
blocker, famotide, prevented the development of heart
failure induced by rapid RV pacing and lessened the
myocardial accumulation of cAMP. These findings suggest
that histamine H, receptor blockade exerts a cardiopro-
tective effect along with the amelioration of myocardial
cAMP accumulation. Recently it was reported that
increased cardiac adenylyl cyclase expression is associated

@ Springer

with mortality after myocardial infarction in rats [31]. Tt
has been controversial for the role of myocardial cAMP in
the heart failure [17]. Although increased cAMP acutely
induced the improvement of ventricular function, several
trials with either beta-adrenergic agonists or PDE inhibitors
have revealed an increase in mortality [I17, 20]. In the
present study, in the dogs with the drugs that decreases
myocardial cCAMP levels, the development of heart failure
was substantially attenuated, however further investigation
will be needed to solve the roles of cAMP in the onset and
progression of heart failure.

Additive effects of histamine H; blocker and f-blocker
therapy on cardiac performance

B-Blockers have long been established as useful agents for
chronic heart failure [2, 7, 25, 32). These drugs act by
preventing intracellular Ca overload, because B-adrenergic
stimulation promotes Ca overload via Gs protein [34].
Histamine H, receptor blockade also prevents Ca overload
[28], so we hypothesized that the combination of a hista-
mine H; receptor blocker and a f-blocker would exert a
stronger cardioprotective effect than either agent alone.
Almost all of the patients in our earlier study, which
showed that histamine H, receptor blockers were effective
for the treatment of CHF, were also on f-blocker therapy
[16), suggesting that there was an additive effect of hista-
mine H, receptor and f-adrenergic receptor blockade in
patients with CHF. In the present study, we demonstrated
that the combination of a histamine H, receptor blocker
and a f-blocker prevented the development of heart failure
compared with B-blocker monotherapy. Thus, histamine H,
receptor blockers have a potential clinical role in the
treatment of CHF.

Raticnale of the present study

The present study provided strong experimental evidence
that histamine H, receptor blockade improves the patho-
physiology of CHF. We have already reported about the
beneficial effects of famotidine in patients with heart fail-
ure [16]. However, clinical research may be confounded by
unexpected errors due to (1) the influence of other drugs
being used by patients with CHF, (2) variation in the
severity of CHF between patients, and (3) variation in the
duration of CHF. Therefore, it was important to prove that
histamine H, receptor blockade improves CHF in a con-
trolled experimental setting (canine cardiomyopathy
model) to support the clinical use of famotidine for CHF.
Furthermore, to determine the merit of famotidine in heart
failure patients, the present study would be a basis to
design a prospective randomized double-blinded study.
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Limitations

There are several limitations in this study. First, carvedilol
blocks alpha;-, beta;-, beta,- receptors, decreased the car-
diac effects of norepinephrine, and has additional antioxi-
dant and antiproliferative effects [4, 19]. In the present
study, we did not address that carvedilol has the pleiotropic
effects and is not just a beta-blocker,

Second, we did not measure cardiac output as a cardiac
contractive index in the present study. However, we have
previously reported that our tachycardia-induced heart
failure model in dogs using the same procedure of the
present study, revealed the low output state that mimics
heart failure in human [27]. Our untreated dogs in the heart
failure group were strongly suggested in the low ontput
state because of decreased the level of ejection fraction as
much as our previous study. In the present study, we
ahalyzed the values of dP/dt as the index of contractility by
measuring LV pressure using a pig tail catheter.

In summary, despite these limitations, we demonstrated
that the histamine H; receptor blockade preserves cardiac
systolic function in dogs with pacing-induced heart failure,
even in the presence of S-adrenergic receptor blockade.
This finding strengthens the rationale for the beneficial
effects of histamine H, blockers in the treatment of heart
failure.
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(HF). However, it is unknown whether the discharge use of spironolactone is associated
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Methods The JCARE-CARD studied prospectively the characteristics ghd

years and 72.2% were male. Etiology was ischemic in 39.7% a
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fraction (LVEF) who were symptomatic under the use of a8

angiotensin-converting enzyme (ACE) inhibitors or an-
giotensin receptor blockers (ARBs) and diuretics.'*1?
However, RALES was performed among carefully select-
ed severe HF patients with current or recent HF of New
York Heart Association (NYHA) functional class IV. In
addition, it excluded the patients with a serum creatinine
concentration of >2.5 mg/dL. Moreover, the use of B-
blockers was as low as 10% among the patients enrolled
in RALES. Therefore, the patients in the RALES were
clearly different from those in the “real world” under
current standard practice for HF who are more elderly
and have more comorbidities including hypertension,
diabetes, and renal dysfunction. However, many patients
who received new prescriptions for spironolactone after
the publication of RALES have been reported not to have
severe HF and about one third had renal dysfun(:tion.M
These findings indicated that the effect of spironolactone
on outcomes needed to be assessed in an unselected
population of patients with HF.

The JCARE-CARD studied prospectively the character-
istics and treatments in a broad sample of patients
hospitalized with HF in Japan from January 2004 to June
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2005, and the outcomes including death and rehospital-
ization were followed until 2008.>2® The JCARE-CARD
enrolled 2,675 patients admitted with HF in a Web-based
registry at 164 participating hospitals with an average of
follow-up of 2.2 years.

The aim of the present study was to analyze the
prognostic value of spironolactone on the mortality and
rehospitalization by evaluating the relationship between
discharge use of spironolactone and clinical outcomes
among patients hospitalized with systolic HF registered in
the JCARE-CARD database.

Methods
Patients

The details of the JCARE-CARD have been described
previously.'>?° Briefly, eligible patients were those hospitalized
because of worsening HF as the primary cause of admission. The
study hospitals were encouraged to register the patients as
consecutively as possible. For each patient, baseline data
included (1) age, sex, and body mass index (BMI); (2) causes
of HF; (3) medical history; (4) prior procedures; (5) vital signs at
discharge; (6) laboratory data at discharge; (7) echocardiograph-
ic data; and (8) medication use at discharge. The data were
entered using a Web-based electronic data capture system
licensed by the JCARE-CARD (www.jcare-card.jp).

From the database of a total cohort of 2,675 patients
registered in JCARE-CARD, the present analysis used the data
of 946 patients who had systolic dysfunction defined as LVE|
<40% and did not have valvular heart disease as a cause of HF.
They were divided into 2 groups according to the spirgnolac-
tone use (n = 435; 46%) or no spironolactone use (n = 5}1; 5
at the time of discharge from the index hospitalizatio; ’

Outcomes

The status of all patients was surveyed by.
following information of the outcomes
participating cardiologists by using a Webb; electronic data
capture system: (1) all-cause death; (2 Sirdia :death, defined as
death due to HF, myocardial infarction, an her causes such as
pulmonary embolism; (3) rehospitalization due to an exacerba-
tion of HF that required mor¢‘than coftinuation of their usual
therapy on prior admission; and (4) the composite end point of
all-cause death and rehospi lue to HF. The end points
were adjudicated by._.th d oglsts in each participating
hospital. Of 946 patienits; 99 pitients (10.5%) missed during the
follow-up were excluded from the follow-up analysis. Follow-up
data were obtained in“847 (89.5%) of 946 patients. Of 847
patients, 396 patie; ere in the group of spironolactone use
and 451 patients were in that of no spironolactone use. Mean
postdischarge follow-up was 801 + 300 days (2.2 £ 0.8 years).

The hypothesis being tested was whether spironolactone use
at hospital discharge would be associated with lower mortality
and rehospitalization rates during the follow-up compared with
no spironolactone use.

Statistical analysis

Patient characteristics and treatments were compared using
Pearson xz test for categorical variables, Student  test for normally

American Heart Jounal
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distributed continuous variables, and Mann-Whitney U test for
continuous variables not normally distributed. Only patients who
survived the index hospitalization were included in the follow-up
analysis. Cumulative eventfree rates during the follow-up were
derived using the method of Kaplan and Meier. The relationship
between the spironolactone use at discharge and outcomes was
evaluated among patients with multivariable adjustment. The
covariates, age, BMI, serum creatinine at discharge, systolic blood
pressure at discharge, LVEF, and medication use (calcium channel
blocker, antiarrhythmic, warfarin), were used m developmg the
postdischarge Cox proportional hazard m
The results were reported as hazard
P value. Hazard ratio for outcome
used was compared with not
used for criteria for variable:
version 16.0 J for Window:
all statistical analyses.

HR), 95% CI, and
1 ironolactone was
. A Pivalue of <.05 was
in the model. SPSS
go, IL) was used for

d.by the Health Sciences Research
inistry of Health, Labor and Welfare
archi> on Cardiovascular Diseases), the
n, and Japan Arteriosclerosis Prevention
solely responsible for the design and

Fhe present study included 946 patients with the mean

: age of 66.3 + 13.7 years and 72.2% men (Table I). The

causes of HF were ischemic heart disease in 39.6%,
dilated cardiomyopathy in 36.3%, and hypertensive heart
disease in 21.6%. The mean LVEF was 27.1% + 7.3%.

Characteristics of patients prescribed spironolactone at
discharge and those not receiving it prescription were
compared in Table I. Patients discharged with spirono-
lactone had significantly higher BMI. Cause of HF,
medical history such as hypertension and diabetes, and
treatment procedures such as coronary revascularization
did not differ between groups. Systolic blood pressure at
discharge was significantly lower in patients with
spironolactone use. However, diastolic blood pressure
was not different. Estimated glomerular filtration rate was
significantly lower and the prevalence of renal dysfunc-
tion defined as serum creatinine =2.5 mg/dL was greater
in patients without spironolactone use. Left ventricular
end-diastolic and end-systolic diameters were significant-
ly greater in patients with spironolactone use and LVEF
tended to be lower, which, however, did not reach
statistical significance.

Use of other medications at hospital discharge was
compared between groups in Table II. The use of ACE
inhibitor or ARB was as high as 90% in both groups, and
that of B-blocker was 65%. Importantly, the use of these
guideline-based standard medications was similar be-
tween spironolactone use and no spironolactone use
groups. However, diuretics, antiarrthythmics, and warfa-
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 Table 1. Patient characteristics

Hamaguchi et al 3

Spironolactone

No spironolactone
Characteristics Total (n = 946) use (n = 435) use (n = 511) P
Age [y [mean + SD]) 66.3+13.7 65.2+ 144 67.3+13.1 052
Male (%) 72.2 73.3 71.2 472
BMI (kg/m?) 227 + 4.2 230+4.4 224+ 40 043
Causes of HF (%)
Ischemic 39.6 38.6 554
Dilated cardiomyopathy 36.3 39.3 072
Hypertensive 21.6 21.1 775
Medical history (%)
Hypertension 50.7 49.1 346
Diabetes mellitus 33.1 336 790
Hyperlipidemia 289 28.5 826
Hyperuricemia 51.3 49.2 .245
Prior stroke 13.8 12.9 484
COPD 6.0 6.3 734
Smoking 46.6 451 .403
Prior myocardial infarction 34.9 353 797
Atrial fibrillation 243 21.7 077
Sustained VT/VF 9.2 11.0 068
Procedures (%)
PCl 20.7 .950
CABG 11.9 217
ICD 38 879
CRT 24 061
Vital signs at discharge
NYHA functional class 1.7+0.6 1.7+0.6 Al6
NYHA functional class 1or 2 (%) 93.9 93.3 468
Heart rate (beat/min) 70.6 £12.0 Di6 70.6+12.0 .988
SBP (mmHg) 1135171 111.8+173 1149+ 167 .008
DBP (mmHg) 66.2+11.6 658 +12.1 66.6+11.2 596
Laboratory data at discharge
eGFR (mL min~' 1.73 m™9) 55.9+20.3 52,1 £26.9 017
Serum creatinine >2.5 mg/dL 37 1.5 <.001
Hemoglobin (g/dL) 13.0+21 128+25 657
Plasma BNP {pg/ml) 376 + 534 388 + 535 .554
Echocardiographic data
LV EDD (mm) 626+93 60.6+9.3 .003
LV ESD (mm) 540+94 522+93 .007
LVEF (%) 267+7.4 27.5+7.3 100

Data are shown as percentage or means + SD,
COPD, Chronic obstructive pulmonary diseéise; Vi
ICD, implantable cardioverter defibrillator;:CRT, cardi
rate; BNP, B-type natriuretic peptide; LV, i

rin were prescribed’ 1 patients with spironolactone
use. On the other.. calcium channel blocker was
used more in pati€ats without spironolactone use.

Postdischargeelir
according to spironolactone use

During the follow-up of 2.2 years after hospital
discharge, the rates of adverse outcomes were as follows:
all-cause death 17.8%, cardiac death 11.8%, sudden
cardiac death 2.2%, rehospitalization due to the worsen-
ing HF 33.4%, and all-cause death or rehospitalization
40.0%. The unadjusted rates of cardiac death were
significantly lower in patients with spironolactone use
(Table IID).

£V, Ventricular tachycardia/fibrillation; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting;
resynchronization therapy; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration
; EDD, end-diastolic diameter; ESD, end-systolic diameter; EF, ejection fraction.

After adjustment for covariates in multivariable Cox
proportional hazard models, discharge use of spironolac-
tone, which compared to no spironolactone use, was
associated with a reduced risk of all-cause death
(HR 0.619, 95% CI 0.413-0.928, P = .020) and cardiac
death (HR 0.524, 95% CI 0.315-0.873, P = .013) (Table III
and Figure 1). However, spironolactone use was not
associated with the risk of rehospitalization due to
worsening HF and the combined end point of all-cause
death or rehospitalization.

Furthermore, in the subgroup of patients with NYHA
functional class I or II, discharge use of spironolactone
was associated with a reduced risk of all-cause death
(adjusted HR 0.605, 95% CI 0.389-0.940, P = .026) and
cardiac death (adjusted HR 0.492, 95% CI 0.276-0.876,
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 Table . Medicalion use ot hospital dischorge

Spironolactone

American Heart Joumnal
Month Year

No spironolactone

Total (N = 946) use (n = 435) use (n = 511) P
ACE inhibitor (%) 443 44.6 44,0 .861
ARB (%) 456 47 A 44.0 .306
B-Blocker (%) 65.9 66.7 65.2 .628
Diuretics (%) 88.1 100 77.9 <.001
Digitalis (%) 28.8 30.3 27.4 .318
Calcium channel blocker (%) 17.1 11.7 21.7 H <.001
Nitrates (%) 226 22.3 229 .827
Antiarthythmics (%) 20.9 26.9 <.001
Aspirin (%) 49.2 48.5 713
Warfarin (%) 429 46.7 .032
Statin (%) 23.1 237 722

Number (%)

Spironolactone No spironolactone

Outcomes use (n = 396) use (n = 451) HR 95% Ci P
All-cause death 59 (14.9%)

Unadijusted 0.746 0.537-1.035 .078

Adijusted for covariates 0.619 0.413-0.928 .020
Cardiac death 36 (9.1%)

Unadjusted 0.655 0.435-0.986 .041

Adjusted for covariates 0.524 0.315-0.873 .013
Rehospitalization 125 (31.6%)

Unadjusted 0.902 0.713-1.141 .389

Adjusted for covariates 0.788 0.592-1.048 101
All-cause death or rehospitalization 150 (37.9%) 189 (41.9%) :

Unadjusted 0.912 0.735-1.130 .398

Adijusted for covariates 0.820 0.632-1.064 136

The Cox regression model was used in the analysis adjusted for.  fol
medication use (calcium channel blocker, antiarrhythmic, wa

P = .016) compared to no spiro
adjustment for covariates.

However, in the subgrou s* with serum
creatinine >2.5 mg/dL (10 p: ‘ th spironolactone
use and 39 patients with nguse _:zpirohdlactonc use was

hospitalized with HF and reduced EF, spironolactone
use at dischargé®was associated with a significant
reduction in the risk of cardiac death during the long-
term follow-up up to 2.2 years. These findings extended
the results of RALES conducted in selected chronic severe
HF patients to heterogeneous HF patients with significant
survival benefit.

Results from the randomized clinical trial RALES
demonstrated that spironolactone significantly improved
outcomes in patients with severe HF.'' RALES enrolled
1,663 patients who had severe HF (NYHA functional class

cévariates; age, BMI, serum creatinine at discharge, systolic blood pressure at discharge, LVEF, and
tients'with no spironolactone use were a

ce group.

III or IV) and LVEF of no more than 35%. The findings from
RALES were further supported by another randomized

clinical trial, the EPHESUS, which enrolled 6,632 patients :

after acute myocardial infarction with LVEF <40% and
HF.?! In the EPHESUS, eplerenone, a selective aldosterone

antagonist with less adverse effects than spironolactone, :

reduced the relative risk of death during a mean follow-up
of 16 months when added to conventional treatment

including ACE inhibitor or ARB and B-blocker. Recent :

systemic review of 19 randomized clinical trials compris-
ing 10,807 patients demonstrated a 20% reduction in all-
cause mortality with the use of aldosterone blockade in
clinically heterogeneous groups of patients with LV
dysfunction.22 These studies demonstrated that the
addition of aldosterone antagonists in patients with
systolic HF and ongoing symptoms despite optimal

243
244
245
246

treatment with ACE inhibition and P-blockers could 247
substantially reduce overall mortality.”> On the other 243

hand, they found a paucity of evidence on the effects of

249

aldosterone antagonists in patients with diastolic HF or in 250
patients with systolic HF but less severe symptoms.*'2 251
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eath (B), rehospitalization due to worsening HF (€), and all-cause death or
“use (black lines, n = 396) versus no spironolactone use (red lines, n = 451)

general HF population in
fact, after the publication

“cliffical practice. In
there was a rapid

in older patients with ‘HF ini Ontario, Canada.** This
might be explained. by the clear difference between the
patients in the ES and those in the “real world”
because of the st ticlusion and exclusion criteria that

oft.to all clinical trials.”> Furthermore, it may
be also due to th&recent and rapidly increasing use of B-
blockers, which inhibit the release of renin, in patients
with HF compared to those enrolled in RALES.?®
Therefore, uncertainty pertaining to the applicability of
these findings to the population of patients with HF
persists, and it is of critical importance to analyze the
registry data of HF patients. The present results extended
the previous findings to the “real world” by showing that
spironolactone could improve the long-term outcomes in
heterogeneous HF patients.

In the present study, >90% of patients had less severe
symptom (NYHA functional class I or II) (Table I). The
patients with spironolactone use had better renal
function and more dilated LV than those with no

spironolactone use. According to the European Society 277
of Cardiology and American College of Cardiology/ 278
American Heart Association guidelines, the addition of 279

a low-dose aldosterone antagonist should be considered
in all patients with a LVEF <35% and severe symptomatic
HF (NYHA functional class III or IV) unless contra-
indicated or not tolerated.'*!? Therefore, in hospitalized
patients with severe HF, treatment with an aldosterone
antagonist has been recommended to be initiated before
discharge.'® However, published data have suggested
that spironolactone was widely used with HF without
consideration of their functional class or LVEF and
optimization of background treatment with ACE inhibi-
tor and B-blockers.'* Many patients treated with
spironolactone are distinctly dissimilar from those in
RALES and the effects of therapy in these patients remain
unknown. Therefore, the efficacy of aldosterone
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antagonist in patients with reduced LVEF but less severe
symptoms needs to be tested by an ongoing large-scale
clinical trial, the EMPHASIS-HF trial (ClinicalTrials.gov
Identifier NCT00133003), which will enroll 2,584
patients with NYHA functional class II symptoms. The
present results suggested that spironolactone use could
improve the long-term outcomes in patients with systolic
HF and even less severe symptoms (NYHA functional
class T or I). These findings should reassure clinicians
that the use of spironolactone at discharge can provide
an opportunity to improve outcomes for HF patients
with severe as well as milder symptoms. Several
explanations have been postulated for the beneficial
effects of spironolactone in HF. First, spironolactone
could induce reverse LV remodeling.?**® Spironolactone
was demonstrated to improve LV function and decrease
plasma BNP levels in patients with chronic HF.?® In
addition, it could also improve exercise tolerance in
these patients.”” Second, spironolactone could decrease
cardiac fibrosis.”> The data from RALES demonstrated
that serum procollagen type Il amino-terminal peptide
(PIIINP) levels, markers of cardiac fibrosis, were
significantly higher in HF patients and decreased by the
treatment of these patients with spironolactone. Third,
spironolactone could improve endothelial function in
asymptomatic or mild HF patients when added to
optimal treatment including B-blocker.*”

Study limitations
Several limitations inherent in the design of th:

’9§p'éctivc randomized trial
and, despite covariat stment, other measured and
unmeasured fact ave influenced outcomes.
Specifically, scvcrc ire -rial dysfunction, inadequate anti-
apy including the use of ICD and
antiarrhythmics, arid disproportionate use of medications
such as calcium channel blockers might affect the
outcomes in patients with no spironolactone use,
although these confounders were corrected in this
study. Fourth, we could not evaluate whether the
advantage of spironolactone would persist in the
subgroup of renal dysfunction (serum creatinine >2.5
mg/dL) because the number of patients was so small for
this type of analysis. It thus remained to be assessed
exclusively in HF patients associated with renal dysfunc-

present study was not:a_

American Heart Journal

Month Year

tion. Finally, data were dependent on the accuracy of 348
documentation and abstraction by individual medical 349
centers that participated in this study. Especially, the end 350
points were adjudicated by the participating cardiolo- 351
gists. Moreover, the present study excluded 10.5% of the 352
overall cohort of patients from the follow-up analysis 353
because end points could not be determined. The 354
patients lost to follow-up might influence the overall 355
outcomes. However, the patient characteristics and 356
medication use at discharge we ¢ similar between 357
patients with follow-up and thos t to follow-up 358
1din ory of diabetes

c blood pressure
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