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ABSTRACT

Background: Because plasma levels of adenosine are increased in patients with chronic heart failure
(CHF), we examined adenosine concentrations in the plasma and heart and assessed the activity of
ecto-5'-nucleotidase in the plasma and ventricular myocardium in patients with CHE.

Methods and Results: We studied 36 patients with CHF (New York Heart Association Class VIVIIVLY, 9/
8/12/7). Twenty-five subjects without CHF were used as controls. Both plasma adenosine levels and ecto-
§'-nucleotidase activity were significantly higher in patients with CHF (219 = 28 nmol/L and 0,72 % 0,03
nmol/mg protein/min, respectively) than in control subjects (71 = 8 nmol/L and 0.54 = 0.02 nmol/mg
protein/min, respectively). Plasma adenosine levels sampled from the coronary sinus were significantly
higher than from the aorta in patients with CHF, but these differences were not observed in control
subjects. Ecto-5'-nucleotidase protein levels were markedly increased in the ventricular myocardium in
patients with CHF.

Conclusions: These increases in ecto-5-nucleotidase in the plasma and myocardium may contribute to in-
creaséd plasma and cardiac adenosine levels. The increased ecto-5'-nucleotidase activity and adenosine
levels in biood may become an index of the presence or severity of CHF. (Jf Cardiac Fail 200814 :426—430)
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Adenosine is believed to be cardioprolective not only
against ischemia and reperfusion injury, but also heart fail-
ure via 1) aftenuation of release of catecholamines and f-
adrenoreceptor—mediated myocardial hypercontraction
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and Ca®* overload, 2) increased coronary blood flow, and
3) inhibition of platelet and leukocyte activation.'™ We
have . previously reported ‘that plasma adenosine levels
were increased in patients with chronic heart failure
(CHF) and that the magnitude of the increase was corre-
lated with the scverity of CHF® However, it remains un-
known whether ecto-5'-nucleotidase, 1 of the enzymes
responsible for adenosine production, is activated in the
plasma and ventricular myocardium of patients with CHF.
Indeed, there is accumulating evidence that a number of
neurohormonal factors including catecholamines, renin-
angiotensin, and cytokines are involved in the pathophysiol-
ogy of CHF, which can activate ecto-5'-nucleotidase and
lead to increased plasma adenosine levels.®” Considering
that adenosine produced in the heart can directly modulate
the pathophysiology of failing heart, this evidence led us to
hypothesize that the activity of ecto-5"-nucleotidase in the
plasma and myocardium is activated in patients with CHF. -

To test this hypothesis, we examined adenosine concen-
trations not only in the plasma but also in the heart, and also
investigated the activity of eclo-5'-nucleotidase in the
plasma and ventricular myocardium in patients with CHF.




We also used DNA microarrays to perform gene expression
profiling in human failing myocardium,

Methods

The study protocol complies with the Declaration of Helsinki
and was approved by the institutional ethics committees in human
investigation and conforms to the principals of the Osaka Graduate
School of Medicine, National Cardiovascular Center, and Hayama
Heart Center. All subjects gave written informed consent to for
participation in the study.

Protocol |I: Measurements of Plasma Adenaosine Levels
and Ecto-5'-Nucleotidase Activity In Subjects With and
Without CHF

We studied 36 patients with CHF (male/female 26/10; mean age
50 + 2 years; New York Heart Association [NYHA] Class I/
1V, 9/8/12/7). None of the CHF paticnts had liver, kidney, or blood
diseases. We also enrolled subjects with chest pain symptoms
without significanl coronary stenosis (male/female 17/8, mean
age 49 * 2 years). Results of medical history, physical examina-
tion, electrocardiogram, chest x-ray, and echocardiogram were
negative for cardiovascular disease in these 25 control subjects,
The etiologic basis of CHF in the present study included ischemic
heart disease (21 patients), dilated cardiomyopathy (9 patients),
and valvular heart disease (6 patients). Patienls with recent myo-
cardial infarction, postinfarct angina, and significant aortic steno-
sis were excluded from the study. Gender distributions (male/
female), age, left ventricular ejection fraction assessed by echocar-
diography, plasma levels of norepinephrine, and medical treatment
regimens for the enrolied subjects were described in Table 1, and
the study was conducted while receiving these medications. The
pl for of ad levels and ecto-5'-nucleo-
tidase activity was sampled after subjects rested in the supine
position for at least 15 minutes after an overnight fast. Plasma
adenosine levels were determined by radicimmunoassay as previ-
ously reported.® In the previous study, we found that the day-
to-day difference and daily variation in plasma adenosine levels
were minimal.” The plasma adenosine levels were not carrelated

Table 1. The Characteristics of the Subjects Enrolled

in Protocol [

Control CHF
n (male/female) 25 (17/8) 36 (26/10)
Age (y) 49 2 502
NYHA Class (TI/NAV) - 9isnz2n
Original diseases
HD/MCMvalvular diseases — 21/9/6
Sysiolic blood pressure (mm Hg) 1325 1289
Diastolic blood pressure (mm Hg) 68 7 63+ 5§
Heart rate (bpm) B*6 B4 x5
LVEF (%) T0*6 48 + 4+
Plasma norepinephrine level (pg/mL) 826 251 = 37*
Drugs
ACEVARB 3 (12%) 35 (97%)
Diuretics 1 (4%) 32 (89%)
B-blockers 4 (16%) 6 (17%)

CHF, chronic hean failure; NYHA, New York Heart Association; [HD,
ischemic heart diseases; DCM. dilated cardiomyopathy; LVEF, left ven-
tricular ejection fraction; ACEI angiotensin-converting enzyme inhibitor;
ARB, angi in 10 pioe block

*P < 05 vs. control, Values ore mean + SEM.
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with age in healthy subjects. Daily plasma adenosine levels
were not influenced by fasting or timing of blood collection.

Protocol lI: Measurement of Cardiac Adenosine Levels
and Ecto-5'-Nucleotidase Protein Levels in the
Myocardium in Patients With and Without CHF

To assess cardiac levels of adenosine, we sampled blood simul-
taneously from the aorta and coronary sinus using a catheterization
technique, under fluoroscopy, in 6 non-CHF (male/female 5/1,
mean age 51 % 7 years) patients and 5 CHF patients (male/female
4/1, mean age 54 = 10 years), Ventricular myocardial biopsy sam-
ples were obtained from 2 CHF patients who underwent cardiac
surgery under treatment with angiotensin-converting enzyme
inhibitors and P-blockers. Ventricular myocardial specimens
were obtained as controls al autopsy from 2 subjects who died
of noncardiac diseases.

Ecto-5"-nucleotidase protein levels in myocardial specimens
from patients with and without CHF were determined by Western
blot analysis, vsing anti-ecto-5'-nucleotidase antibodies (Peptide
Institute, Inc, Osaka, Japan). Densitomelric analysis was
performed vsing Scanning Imager (Molecular Dynamics). Each
Western blot was repeated at least 3 times using different tissue
samples in each experimental group,

Subcellular Fractionation and Protein Separation

Myocardial specimens were separated intoe membrane and
cytosolic {ractions by use of the following technique. Myocardial
fissue was homogenized with 2 Potter-Elvehjem homogenizer (30
strokes) for 5 minutes in 10 volumes of ice-cold 10 mmol/L
HEPES-potassium hydroxide buffer (pH 7.4) containing 0.25
mol/L. sucrose, 1 mmol/L. MgCls, and 1 mmol/L. mercaptoethanol
at 0°C. The crude homogenate was strained through a double-lay-
ered nylon sieve and homogenized again for | minute. For the
preparation of membrane and cytosolic fractions, the homogenate
was centrifuged at 1000g for 10 minutes, and the supernatant was
centrifuged at 200,000g for 1 hour. After this procedure, we re-
garded the pellet and supernatant fractions as the membrane and
cytosolic fractions, respectively. The membrane and cytosolic
fractions were dialyzed at 4°C for 4 hours against 10 mmol/L
HEPES-potassium hydroxide (pH 7.4) containing | mmol/L
MgCly, 1 mmol/L. mercaptoethanol, and 0.01% activated charcoal
and were divided into aliquots that were frozen immediately and
stored at —80°C.

Measurement of Adenosine Levels

and Ecto-5'-Nucleotidase Activity

Mi of pl di levels was done as previ-
ously described.® Briefly, 1 mL of blood was drawn into a syringe
containing 0.5 mL of 0.02% dipyridamole, 100 pL of 2'-deoxyco-
formycin (0.1 mg/mL), and 500 mM EDTA to block both the up-
take of adenosine by red blood cells and its degradation. Samples
were centrifuged and the adenosine concentration in the supema-
tant was determined by radioimmunoassay.” Ecto-5'-nuclcotidase
activity was measured by an enzymatic assay'® and reported as
nanomoles per milligram of protein per minute. Protein concentra-
tion was measured by the method of Lowry et al with bovine
serum albumin as a standard. 5°-Nucleotidase activity of mem-
brane and cytosolic fractions was defined as ecto-5'-nucleotidase
and cytosolic 5'-nucleotidase nctivity, respectively. When cytosolic
5'-nucleotidase activity was measured, AMP-CP (50 umol/L) was
added to prevent contamination of ecto-5'-nucleotidase.
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Protocol Ill: Gene Expression Profiles In Human
Falling Hearts

Tissue samples from failing human hearts were obtained from
12 patients (male/female 10/2, mean age 55 + 5 years) who had
undergone partial left ventriculectomy (the Batista or Dor pmce:
dure) for end-stage heart failure at Hayama Heart Center. All heart
tissues were stored in RNA Later (Ambion, Austin, TX). Total
RNA was extracted from human heart tissues using TRIzol reagent
(Invitrogen Corp, Carlsbad, CA), according to the manufacturer's
protocaol, Integrity of RNA was verified with the RNA 6000 Nano
LabChip Kit with the Agilent 2100 Bioanalyzer (Agilent Technol-
ogies. CA). Because of the difficulty in acquiring nonfailing heart
tissue in Japan, we obtained total RNA from nonfailing myocar-
dium of Mongolian patients from the Biochain Institute, Inc.
DNA microarray analysis was performed using the Affymetrix
GeneChip expression analysis protocol. Biotinylated cRNA was
generated and applied to Affymetrix oligonucleotide array Gene-
Chip Human Genome U95 sets (Affymetrix, Santa Clara, CA),
Expression differences between nonfailing and failing heans
were analyzed by MAS version 4.0 (Affymetrix, Santa Clara, CA).

Statistical Analysis

Data are presented as means = SEM. Differences in plasma
adenosine levels and ecto-5'-nucleotidase activity were assessed
by analysis of variance. When analysis of variance yielded a signif-
icani result, Bonferroni's post hoc test was applied. The relation-
ship b plasma adenosine levels and ecto-5'-nucleotidase
activity was investigaled by Pearson's cocfficient test. The differ-
ence between the aortic and coronary sinus levels of adenosine
was assessed by a paired r-test. A level of P < .05 was considered
0 be statistically significant,

Results

Plasma Adenosine Levels and Ecto-5'-Nucleotidase
Activity in Patients With CHF

Plasma adenosine levels were increased in patients. with
CHF compared with control subjects (219 * 28 versus
71 = 8 nmol/L) (Fig. 1A), and progressively increased as
the NYHA class increased. Ejection fraction was 70 *
6% in control subjects and 48 *+ 4% (P < .05) in CHF
patients. The left ventricular ejection fraction of patients
with CHF was relatively high compared with severe CHF
patients. However, we chose patients with CHF whose car-
diologist had diagnosed based on clinical symptoms and
physical examination. Patients may also have had right ven-
tricular dysfunction and diastolic dysfunction. Ejection
fraction was not correlated with plasma adenosine levels
in patients with CHF (» = 0.12, P = NS). The plasma nor-
epinephrine level was also increased in patients with CHF
(251 % 37 pg/mL) compared with control subjects (82 =
6 pg/mL) and was correlated with plasma adenosine levels
in patients with CHF (r = 047, P < .05).

Figure |B shows that plasma ecto-5"-nucleotidase activ-
ity was significantly increased in patients with CHF com-
pared with control subjects (0.72 = 0.03 versus 0.54 =
0.02 nmol/mg/min, P < .001). As shown in Fig. 2, the
plasma adenosine level was significantly correlated with
ecto-5'-nucleotidase activity (n = 36, r = 0.56, P < .01).
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Fig. 1. (A) Plasma adenosine levels in patients with chronic hean
failure (CHF) and control subjects. (B) Plasma ecto-5'-nucleotid-
asc activity in controls and patients with CHF. Plasma ecto-
5'-nucleotidase activity was significantly increased in patients
with CHF compared with control subjects.

Cardiac Adenosine Levels and Ecto-5'-Nuclectidase
Activity in Patients With CHF

Plasma adenosine levels sampled from either the aorta or
coronary sinus in patients with CHF were significantly
increased compared with those in control subjects. Further-
more, plasma levels of adenosine sampled from the coro-
nary sinus (445 * 65 nmol/L) were significantly higher
than those from the aorta (221 * 34 nmol/L) in patients
with CHF, but these differences were not observed in
control subjects (Fig. 3). Western blot analysis showed
that protein levels of ecto-5'-nucleotidase from ventricular
myocardium were markedly increased in CHF patients
compared with control subjects (Fig. 4).

Gene Expression Profiles in Failing Human Hearts

DNA  microarray analysis of failing myocardium
revealed that about 3% of genes were upregulated more
than 3-fold compared with nonfailing myocardium. Ap-
proximately 1% of genes were downregulated lower than

04 0s ’ 03 1.0
umol/mg protein/min

Plasma Ecto-5 -nucteotidasc Activity

Fig. 2. Relationship between plasma adenosine levels and ecto-
5"-nucleotidase in patients with chronic heart failure (CHF). There
was a significant correlation between plasma adenosing levels and
ecto-5'-nucleotidase in patients with CHF (r = 0.56, P < .01).
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Fig. 3, The difference between aortic and coronary sinus levels of
adenosine in controls (open circles) and patients with chronic
heart failure (CHF) (closed circles). Cardiac adenosine levels
were increased in patients with CHF (*P < .01).

1/3-fold in failing myocardium. Among the genes that were
significantly modulated, we checked the expression levels
of both cytasolic and ecto-5"-nucleotidase. Although the
level of cytosolic-5'-nucleotidase in failing hearts changed
85 + 15% compared with nonfailing hearts, ecto-5'-nucle-
otidase in failing hearts was upregulated 189 =+ 11%
compared with nonfailing hearts.

Discussion

We have demonstrated here that plasma ecto-5"-nucleo-
tidase activity and ventricular myocardium protein levels
were increased in patients with CHF. The increase in
ecto-5'-nucleotidase in the plasma and myocardium may
explain the increase in plasma and cardiac adenosine levels
in patients with CHF.
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Fig. 4. Immunoblotting of ecto-5'-nucleotidase from 2 patients
with chronic heart failure (CHF) and 2 control subjects. The arrow
indicates the molecular weight of ecto-5'-nucleotidase. Protein
levels of plasma ecto-5'-nucleotidase was increased in patients
with CHF. Lane 1, 2: control subjecis; Lane 3, 4: patients with
CHF. 5"-NT indicates ecto-5'-nucleotidase.
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The Cellular Mechanisms for the Increased
Ecto-5'-Nucleotidase Activity in Patients With CHF

Several neurohormonal factors, including catechol-
amines, renin-angiotensin, and cytokines, are involved in
the pathophysiology of CHF.''™'® Activation of protein
kinase C from either norepinephrine or angiotensin IT
activates ecto-5"-nucleotidase, and cytokines increase the
transcriptional and protein levels of ecto-5"-nucleotidase,®’
which may lead to increased plasma adenosine levels. The
increase in cardiac adenosine levels in patients with CHF
may be due to increased metabolic activily in the failing
myocardium, Indeed, in this study and our previous study,
plasma levels of norepinephrine and ecto-5'-nucleotidase
were clevated in patients with CHF and were closely corre-
lated with the plasma adenosine level.® Because the endog-
enous level of norepinephrine increases as CHF progresses,
and endogenous norepinephrine increases the activity of
ecto-5'-nucleotidase, the increased norepinephrine level
may contribute to an increase in adenosine production in
patients with CHFE.

In this study, we observed that the protein levels and
activity of ecto-5"-nucleotidase in both plasma and myocar-
dium were increased in patients with CHF, and that plasma
levels of adenosine in blood sampled from the coronary
sinus were significantly higher than those from. the aorta.
These results suggest that the enhanced activity of ecto-5'-
nucleotidase in the ventricular myocardium possibly contrib-
utes 1o the increase in adenosine levels in the heart as well as
in the systemic circulation in patients with CHF. Adenosine is
well-known to be formed from adenosine triphosphate
through adenosine diphosphate and adenosine monophos-
phate. There are reports that myocardial adenosine triphos-
phate concentration is decreased in the failing hearts.'*!
The precise underlying mechanisms remains unceriain,
Shen et al found that the myocardial total purine pool
decreased and the loss of the total purine pool resulted in
the reduction of ATP in rapid pacing-induced heart failure
in dogs.'* Notably, in this report, the myocardial AMP con-
tents, a substrate for adenosine production, were unchanged
during the progression of heart failure, suggesting that the ac-
tivation of ecto-5"-nucleotidase explain the increased adeno-
sine production. These findings were consistent with our data
that the increases in plasma and cardiac adenosine levels and
ecto-5-nucleotidase were observed in patients with CHE.

The Impact of Increased Adenosine Levels and
Ecto-5'-Nucleotidase Activity in Patients With CHF

Adenosine, which is produced in both cardiomyocytes
and endothelial cells, inhibits the release of catecholamines,
B-adrenoceptor-mediated myocardial hypercontraction, and
Ca’* overload via A1 receptors and also increases coronary
blood flow and inhibits the release of renin and the Eroduc—
tion of tumor necrosis-¢ in experimental models."'® These
observations suggest that increased plasma adenosine levels
may be associated with decreased severity of CHF. How-
ever, in this study, we observed increased plasma adenosine
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levels as CHF worsened. These results are consistent with
previous reports from our group and others.™'” The role
of increased adenosine levels was considered to be
cardioprotective, because adenosine has been reported to
attenuate the sympathetic nervous system, renin-angioten-
sin system, and cytokine systems. The pathophysiology of
CHF includes decreased coronary vascular reserve and
cardiovascular endothelial cell function from low cardiac
output and damage or dysfunction of the myocardium and
cardiovascular endothelial cells from the effects of cate-
cholamines, renin-angiotensin, cytokines, and superoxides.
In the present study, ecto-5'-nucleotidase activity in plasma
and myocardium increased in patients with CHF. The
increase in ecto-5'-nucleotidase activity may inhibit the
adverse effects of these substances via autocrine and para-
crine mechanisms. Because adenosine also has a vasodila-
tory effect,” the increase in plasma levels may contribute
to the augmentation of blood supply not only to the heant
but also to the skeletal muscle. Interestingly, the increase
in plasma adenosine level in patients with 'CHF after treat-
ment with either dipyridamole or dilazep was reported 1o
contribute (o the improvement in NYHA functional classi-
fication, ejection fraction, and peak oxygen uptake.'® More-
over, a study by Loh et al indicated that patients with an
AMP deaminase mutation, in whom plasma adenosine
levels were increased because of a failure to deaminate
AMP by AMP deaminase, have a better prognosis than
those without mutations.'® Furthermore, we have recently
reported that the gene expression of adenosine deaminase,
adenosine A2a receptors, AZb receptors, and A3 receptors
were dowurcg-ulawd in failing hearts compared with non-
failing hearts.”® Although further investigation is needed,
these results suggest that the metabolism of adenosine is
involved in the pathophysiology of CHE,

Study Limitation

In this study, we could not rule out the possibility that
combinations of drugs or the effects of drugs on underlying
pathophysiology of CHF infiuenced the plasma adenosine
level. Furthermore, in our previous study, we observed no
influence of drugs for CHF on plasma adenosine levels.”
In this study, there was not a significant difference in plasma
adenosine levels between patients with and without either
angiolensin-converting enzyme inhibitors or angiotensin
receptor blockers. Therefore, it is not likely that angioten-
sin-converting enzyme inhibitors or angiolensin receptor
blocker influence the levels of adenosine. However, we
could not rule out the possibility of drug effects on adeno-
sine levels in patients-with CHE. Further investigation is
needed to clarify this issue.
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Oxidative Stress and Mitochondrial DNA Damage
in Heart Failure

Hiroyuki Tsutsui. MD; Shintaro Kinugawa, MD: Shouji Matsushima, MD

Recent experimental and clinical studies have suggested that oxidative stress is enhanced in heart failure. The
production of oxygen radicals is increased in the failing heart while antioxidant enzyme aclivities are preserved.
Mitochondrial electron wransport is an enzymatic source of oxygen radical generation and also a target against
oxidant-induced damage in the failing myocardium, Chronic increases in oxygen radical production in the mito-
chondria can lead 10 a catastrophic cyele of mitochondrial DNA (mtDNA) damage, as well as functional decline.
further oxygen radical generation, and cellular injury. Reactive oxygen species induce myocyte hypertrophy,
apoptosis. and interstitial fibrosis by activating matrix metalloproteinases. These cellular events play an impor-
tant role in the development and progression of maladaptive cardiac remodeling and failure. Therefore. oxidative
stress and mDNA damage are good therapeutic targets. Overexpression of peroxiredoxin-3 (Prx-3), mitochon-
drial antioxidant, or mitochondrial transeription factor A (TFAM) could amehiorate the decline in mtDNA copy
number in failing hearts. Consistent with alierations in mDNA, the decrease in oxidative capacities is also
prevented. Therefore. the activation of Prx-3 or TFAM expression could ameliorate the pathophysiological proc-
esses seen in myocardial failure. Inhibition of oxidative stress and miDNA damage could be novel and potentially

effective treatment strategies for heart failure.  (Cire J 2008; Suppl A: A-31-A-37)

Key Words: DNA: Heant failure: Mitochondrin: Oxidative stress: Remodeling

cart failure is a leading cause of morbidity and
mortality in industrialized countries! It is also a
growing public health problem, mainly because of

aging of the population and the increase in the prevalence
ol heart failure in the elderly. Previous basic. clinical, and

population sciences have advanced the modern wreatment of

heart failure, but despite extensive studies. the lundamental
mechanisms responsible [or the development and progres-
ston of left ventricular (LV) failure have not vet been fully
clucidated.

Reactive oxygen species (ROS), such as superoxide
anions («02) and hydroxy radicals (-OH). cause the oxida-
tion of membrane phospholipids. proteins. and DNA® and
hitve been implicated in a wide range of pathological condi-
tions including ischemia - reperfusion injury! neurodegenera-
tive diseases! and aging® Under physiological conditions.
their 1oxic effects can be prevented by such scavenging en-
zymes as superoxide dismutase (SOD), gluathione peroxidase
(GSHPx), and catalase, as well as by other non-enzymatic
antoxidams. However, when the production of ROS be-
comes excessive, oxidative stress might have a harmful
elfect on the functional and structural integrity of biological
Hissue

ROS cause contracule failure and structural damage in
the myocardium. The importance of oxidative stress is in-
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creasingly emerging, with respect 1o a pathophysiological
mechanism of the LV remodeling responsible for heart fail-
ure progression.

Direct Evidence of Oxidative Stress
in Heart Failure

Recent experimental and clinical studies have suggested
that the generation of ROS increases in heart Failuret "
Lipid peroxides and 8-iso-prostaglandin F2«, which are the
major biochemical markers of ROS generation, have been
shown to be elevated in the plasma and pericardial fluid of
patients with heart failure and also positively correlated
with severity®?

Using electron spin resonance (ESR) spectroscopy com-
bined with the nitroxide radical. 4-hydroxy-2.2.6,6-tetram-
ethyl-piperidine-N-oxyl, a defimitive and direct demonstration
of enhanced generation of ROS in the failing myocardium
has been obtained!" The -0z is a primary radical that could
lead to the formation of other ROS. such as H2O07 and -0y,
in the (ailing myocardium. The ‘OH could arise from elec-
tron exchange between <02 and H202 via the Harber-Weiss
reaction. In addition. -OH is generated by the reduction of
H202 in the presence of endogenous iron by means of the
Fenton reaction. The generation of -OH implies a patho-
physiological significance of ROS in heart lailure. because
‘OH radicals are the predominant oxidant species causing
cellular injury,

Decreased antioxidant capacity could further aggravate
ROS accumulation in hean lailure: however, the activities
ol S0D, catalase. and GSHPx are not decreased in the fml-
ing heart!! indicatung that oxidauve stress in heant Gulure 1s
primarily related to enhancement ol pro-oxidant generation
rather than o a decline in antioxidant defenses.
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Mitochondria as a Source of Oxidative Stress

The cellular sources of ROS generation within the hear
nclude cardiac myocytes, endothelial cells, and neutrophils,
Within cardiac myocytes, ROS can be produced by several
mechanisms. including mitochondrial electron transport,
NADPH oxidase, and xanthine dehydrogenase/xanthine
oxidase.

The heart has the highest oxygen uptake rate within the
human body, consuming about 0.1 ml Oz2/g min at basal
rates. To meet the demand for synthesis of ATP by oxidative
metabolism. cardiac myocyles have the highes! volume den-
sity of mitochondna, which produce ROS through [-elec-
tron carriers in the respiratory chain, Under physiological
conditions, the small quantities of ROS formed during
mitochondrial respiration can be detoxified by the endoge-
nous scavenging mechanisms ol myocytes,

Using ESR spectroscopy with 5.5 -dimethyl-1-pyrroline
N-oxide a5 a spin trap, the inhibition of electron transport
at the sites of complex [ and complex [ in the normal sub-
mitochondrial particles results in a significant production
of -02 12 Mitochondria n heart failure produce more -2
than normal mitochondria in the presence of NADH, indi-
cating that mitochondrial electron transpont could be the
predominant source of such -0z production. Furthermore.
the failing mitochondria are associated with a decrease in
complex enzyme activity. Therefore, mitochondria are an
important source of ROS in the failing hean, indicating a
pathophysiological link between mitochondrial dysfunction
and oxidative stress!" as has been reported in other disease
conditions including aging and neurodegenerative diseases

Even though mitochondrial electron transport is consid-
ered to play an important role in ROS production in heart
failure. we can not completely exclude the possibility that
other enzymatic sources of ROS generation. such as vascu-
lar endothelial cells (via xanthine oxidase and/or NADPH
oxidase) and activated leukocytes (via NADPH oxidase).
also contribute to oxidative stress!* In fact. Bauersachs et al
have demonstrated that vascular NAD(PIH oxidase 1s acti-

TSLITSUL H eral

Map of the mitochondrial genome, The
16.3-kh mouse miochondoal genome is shown
with the 13 mRNA, 2 rRNA (128 and 168+, und
21 IRNA coding genes, mRNA genes are the
areas labeled with the codes of the comrespond
mg electron transport chain complexes 1, L IV
and Vo P ound Puoare the promoters of heavy
(H) and light (L) strand trunseription, respec-
tively

Complex |

Complex I
Complex IV
Complex V
tRNA

vated in heart failure!® This enzyme system is the major
source of ROS in both the endothelium and vascular smooth
muscle, which are able 10 generate ROS in response 1o
angiotensin Il and thus stimulate the expression of NAD(P)H
oxidase. Plasma renin activity, as well as lissue angiotensin-
converting enzyme activity. is activated in heart fuilure.
Therefore, enhanced formation ol angiotensin 11 may lead
Lo oxidative stress via this enzyme system,

Consequences of Oxidative Stress
in Heart Failure

Oxidative Stress and Mitochondrial DNA (ntDNA )
Damege

Mitochondria have their own genomic system. mtDNA.
a closed-circular double-stranded DNA molecule of ap-
proximately 16.5kb (Fig ). MIDNA contains 2 promolers,
the light-strand and heavy-strand promoters (LSP and HSP,
respectively), from which transcripts are produced and then
processed to vield the individual mRNAs encoding 13 sub-
units of the oxidative phosphorylation, including 7 subunits
(NDI, ND2, ND3, ND4, ND4L, ND5. and ND6) of rote-
none-sensitive NADH-ubigquinone oxidoreductase (complex
I). 1 subunit (¢cytochrome b) of ubiquinol-cytochrome ¢
oxidoreductase (complex ). 3 subunits (COL. COIL, and
COII) of cytochrome-¢ oxidase (complex V), and 2 sub-
units (ATPases 6 and 8) of complex V. together with 22
IRNAs and 2 rRNA (128 and 16S) subunits!®)7 Transcrip-
tion from the LSP also produces RNA primer, which is
necessary for initiating mtDNA replication. Mitochondrial
function is controlled by the miDNA, as well as factors that
regulate MIDNA transcription and/or replication!® This
raises the possibility that mitochondrial gene replication, und
thus the mIDNA copy number and/or mitochondrial gene
transeription, are impaired in heant failure. Indeed. heart Fnl-
ure is frequently associated with qualitative and quantiative
defects in miDNA!"-** Recently, the decline in mitochon-
drial funcuon and mtDNA copy number was shown to play
a major role in the development of the heart fatlure that
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Fig,

Schemaue representation of the intimate link between reactive oxygen species (ROS), mitochondrial DNA

(mDNAY damage. and respirstory chain dyvsfunction in the mitochondria, Mitochondrial ROS generation may lead 10 4
catastrophic eyele of mitochondnial functional decline, further ROS generation, and cellular injury

oceurs after myocardial infarction (MI)!227

ROS can damage mitochondrial macromolecules either
at or near the site of their formation. Therefore, in addition
to the role of mitochondria as a source of ROS, the mito-
chondria themselves can be damaged by ROS, The miDNA
could be a major target for ROS-mediated damage for sev-
eral reasons. First, mitochondria do not have the complex
chromatin organization consisting of histone proteins that
may serve as a protecuve barrier against ROS. Second.
mtDNA has limited repair ability against DNA damage.
Third. a large pant of the -0z formed inside the mitochon-
dria can not pass through the membranes and hence. ROS
damage may be contained largely within the mitochondra.
In fact, mDNA accumulates significantly higher levels of
the DNA oxidation product, 8-hydroxydeoxyguanosine,
than nuclear DNAZ Ay opposed 1o nuclear-encoded genes,
mitochondrial-encoded gene expression is largely regulated
by the copy number of miDNAZ® Therelore, mitochondrial
injury is reflected by mtDNA damage, as well as by a de-
cline in the mitochondrial RNA (miRNA) transcripts.
protein synthesis. and mitochondrial function?®?” We have
shown that increased generation of ROS is associated with
mitochondrial damage and dysfunction in the failing heart,
charactenized by increased lipid peroxidation in the mito-
chondria. decreased miDNA copy number, a decrease in
the number of mRNA transcripts, and reduced oxidative
capacity because ol low complex enzyme activitiess! A
chronic increase in ROS production is associated with
mitochondrial damage and dysfunction, which can lead 1o a
catastrophic cycle of mitochondrial functional decline. fur-
ther ROS generation. and cellular mjury (Fig2). MIDNA
defects may thus play an important role in the development
and progression of myocardial remodeling and failure.

A number of pathogenic mIDNA base substitution mutu-
tions., such as missense mutations and miDNA rearrangement
mutations (deletions and insertions), have been identified in
patients with mitochondrial diseases™ An accumulation of
the deleted forms of miDNA in the myocardium frequently
results in cardiac hypertrophy, conduction block. or heart
1 24008
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failures® Furthermore. there is now a consensus view that
mutations in MIDNA and abnormalities in mitochondrial
function are associated with common forms of cardiae dis-
ease. such as ischemic heart disease™ and dilated cardio-
myopathy ¥ In those conditions. however, the sirict causal
relationships between abnormalities in miDNA and cardiac
dysfunction have yet to be fully elucidated!! Even though
the mechanisms by which miDNA damage arises have not
been clanfied, ROS have been proposed as the primary
contributing factor. We have provided direct evidence that
mtDNA defects occur not only ina limited. small subset of
mitochondrial diseases, but also in @ more common form of
heart failure phenotype occurring after ML

Oxidative Stress and Myocardial Damage

ROS have direct effects on cellular structure and func-
tion, and may be integral signaling molecules in myocardial
remadeling and fuilure. ROS result in a phenotype charac-
terized by hypertrophy and apoplosis in solated cardiac
myocytest ROS have also been shown 1o activate matrix
metalloprotemase {MMP) in cardiac fibroblasts?' Myocar-
dial MMP activity is increased in the failing heart}2¥ Fur-
thermore, an MMP inhibitor has been shown to limit early
LV dilatation in a murine model of M1 We have shown
signilicant improvement i survival after MI in MMP-2
knockout mice, which was mainly aurnibutable w inhibition
of early cardiac rupture and the development of subsequent
LV dysfunction™ Because MMP can be activated by ROSY
a proposed mechanism of LV remodeling is activation of
MMPs secondary 10 increased ROS production. Sustained
MMP activation might influence the structural properties of
the myocardium by providing an abnormal extracellular
environment with which the myocytes imeract. We have
demonstrated that the ‘OH scavenger. dimethylthiourea,
inhibits the activation of MMP-2 in association with the de-
velopment of LV remodeling and failure!™ These findings
raise the interesting possibility that increased ROS after MI
may be a stimulus for myocardial MMP activation, which

-124 -




Mitochondria Prx-3

Cardiac myocytes isolated from transgenic
antiboddy (green) lews (hlue). Immun

The merged imag

=CIng and mud

s show Pra-3 colocalized wit

then play an important role in the development of heart
lailure

Oxidative Stress and Skeletal Muscle Damage

Limited exercise capacity is a major symptom m patients
with heart failure™ and is independent of the degree of
cardiac dysfunction?” Increased oxidative stress has been
shown to be related to the himitation ol exercise capacily in
patients with heart failure!' We have demonstrated that
ROS are increased in skeletal muscle in patients with hean
failure after MI and that they originate from <Oz produced
by mitochondrial oxidase*? Recently, Kinugawa et al clan-
fied the relationship between -O2- and the limitation of exer-
cise capacity by using heterozygous manganese superoxide
anion dismutase (SOD2) gene—knockout mice, in which
SOD2. a family of enzymes that catalyze the dismutation of
-0, is reduced by 30-80%. increasing -O2 production in
the mitochondria, associated with altered mitochondrial
function®* The whole-body oxygen consumption (VO2) and
carbon dioxide production (VCO2) at rest were increased in
SOD2*-, The work (vertical distance run x body weight) to
exhausuon was decreased in SOD2*-. When the maximum
VO: and VCO: were corrected to the per work unit, they
were increased in SOD2+~, Tempol normalized the basal
VO: and \f( > and improved the work to exhaustion and
corrected VO2 and VCOz in SOD2+-, There was a decrease
in the SOD2 protein level and a concomitant increase in
lucigenin-detectable -O2- production in skeletal muscle
from SOD2*". Therefore, exercise capacity was reduced in
conditions in which -O2- was increased. and this was asso
ciated with a grealer increase in whole-body oxvgen con-
sumption,

Amelioration of Oxidative Stress, MtD!
Damage, and Heart Failure

GSHPx

The first line of defense against ROS-mediated cardiac in-
jury comprises several antioxidant enzymes including SOD,
catalase, and GSHPx, Among these. GSHPx is an important
enzyme that performs several vital functions. It is a key
antioxidant that catalyses the reduction of H2O:2 and hydro
peroxides, GSHPx not only scavenges H20z, but also pre-
vents the formation of other more toxic radicals such as -OH

mce

were doubly stmned with MitoTracker d

Nuclei

1Hgm

ye (red). a rut Prx-3

o cardie myo

GSHPx possesses a higher altimty for H202 than catalase.
Furthermore, it is present in relatively high amounts within
the heart, especially in the cytosolic and mitochondrial com
partments** These lines of evidence imply the primary
importance of GSHPx as a defense mechanism within the

heart, compared witho catalase. Moreover, GSHPx is ex-
pected o exert greater prolective elfects against oxidartive
damage than SOD because greater dismutation of -O2 by

SOD may result in increased H202. Therefore, compared
with SOD or catalase, GSHPX is thought to be more effec-
tive in protecting cells, tissues, and organs against oxidative
damage?’

GSHPx overexpression inhibits the development of LV
remodeling and failure after ML and so might contribute
to improved survival!® These findings not only extend the
previous observational study that used antioxidants, but
also reveal the major role of ROS in the pathophysiology of
myocardial remodeling. The effects were associated with
attenuation of myocyte hypertrophy, apoptosis, and intersti
tial fibrosis®® Similarly, overexpression of GSHPx attenuates
myocardial ulnudlhng and preserves diastolic function in
the diabetic heart!” Therefore, therapies designed o interfere
with oxidative stress by using GSHPx could be beneficial
in preventing heart [alure.

‘axiredoxin-3 { Pri-3)

We have recently demonstrated that the overexpression
of a mitochondrial antioxidant, Prx-3, a member ol perox
iredoxin family that can scavenge H20z in cooperation with
thiol and peroxynitrite (Fig3). protects the heart against
post-MI remodeling and failure in mice. It reduces LV cavi
ty dilatation and dysfunction. as well as myocyte hypertro-
phy, interstitial librosis, and apoptosis of the noninfarcled
myocardium, These beneficial effects of Prx-3 gene over-
expression are associated with attenuation of oxidative
stress, mIDNA decline, and dysfunction?® The specific
localization of Prx-3 in the mitochondria suggests that
mitochondrial oxidative stress plays an imponant role in the
development and progression of heart failure, and that the
antioxidant localized specifically within the mitochondria
provides a primary line of defense against this disease
process

Mitochondrial Transcription Factor A (TFAM)
TFAM is a nuclear-encoded protein that binds upstream
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Figd,  Proposed mechanismis byh which mito-
chondnal transenption factor A (TEAM) overex-
pression prevents mitochondnal DNA (miDNA)

<

miDNA 'damage%-’\ Mitochondrial
dysfunction

damage, oxidative stress, and myocandial re-
muoxdeling and failure, In wild-type mice, TFAM
directly interacts with mtDNA to form nucleoids
Stress such as ischemia causes miDNA damage,

mtDNA TFAM

X

. TFAM overexpression |

of the LSP and HSP of miDNA and promotes transcription
of mtDNA. TFAM not only regulates mtDNA transcription
and replication?” but also mauntains miDNA copy number.
In tact, Tfeam knockout mice, which have a S0% reduction in
their transenpt and protein levels, show a 34% reduction in
miDNA copy number. 22% reduction in the mitochondrnal
transeript levels, and partial reduction in the cytochrome ¢
oxidase levels in the heart) Moreover, cardiac-specific
disruption in Tfam in mice results in dilated cardiomyo-
pathy in association with a reduced amount of mtDNA and
mitochondrial transcripts®! The transfection ol antisense
plasmids in culture. designed 1o reduce the expression of
TFAM, effectively decreased the levels of mitochondrially
encoded transcripts!” In contrast, forced overexpression of
TFAM produced the opposite effect?’ These lines of evi-
dence obtained from knockout mice have established a
critical role for TFAM in the regulation of mDNA copy
number and mitochondrial function, as well as maintenance
of the physiological function of the heart in vivo. In addi-
tion. a reduction in TFAM expression has been demon-
strated in several forms of cardiac failure: "> 154

By using transgenic mice that overexpress human TFAM,
we examined whether TFAM could protect the heant from
miDNA deficiencies and attenuvate LV remodeling and
failure after MI¥® TFAM overexpression could ameliorate
the decline in mtDNA copy number and preserve it at a nor-
mal level in post-MI hearts. TFAM overexpression might
increase the steady-state level of mDNA by directly stabi-
lizing miDNA. Consistent with alterations in miDNA, the
decrease in oxidative capacities seen in MI was also pre-
vented. Moreover, TFAM played an important role in myo-
cardial protection against remodeling and failure.

Several factors may be auributed to the protective effects
conferred by TFAM overexpression against myocardial re-
modeling and failure. First, TFAM overexpression prevented
a decrease in miIDNA copy number and mitochondrial elec-
tron transport function, which may contribute to decreased
myocardial oxidative stress, which in tum could contribute
1o the amelioration of cardiac hypenrophy. apoptosis, and
mterstitial librosis®® A recent study by Ekstrand et al dem-
onstrated that the overexpression of human TFAM in the
mouse increased mIDNA copy number® These lines of evi-
dence imply the primary importance of TFAM as a regu-
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which mcreases the production of reactive oxy-
gen species and thus leads w a catastrophic cycle
of mitochondnal electron transport impairment.
further ROS generation. and mitochondrial dys-
function. TFAM overexpression may protect
mtDNA from damage by directly binding and
stubilizing miDNA and increase the steady-state
levels of mIDNA, which ameliorates mitochon.
drial dysfunction and thus the development and
progression of heart failure

latory mechanism of miDNA copy number. TFAM has
been shown to directly interact with miIDNA 10 form nu-
cleoids™ 8 Therefore. in transgenic mice increased TFAM
may increase the steady-state levels of miDNA by directly
binding and stabilizing miDNA (Fig4). Second, TFAM over-
expression may induce mitochondnal biogenesis, although
this is thought 1o be unlikely because the number and size
ol the mitochondria assessed by electron microscopy were
unaltered,

The results obtained from human TFAM transgenic mice
differ from those from the inducible. cardiac-specific over-
expression of peroxisome proliferator-activated receptor
couctivator-le (PGC-1g) transgene in adult mice. which
leads to a modest increase in mitochondrial number and the
development of reversible cardiomyopathy® PGC-la is a
transeriptional coactivator and acts upstream of TFAM, and
ialso has the capacity to increase mtDNA levels as well as
mitochondrial mass in both cultred cells and transgenic
mice ! The reason for the discrepant results between the
PGC-1u and TFAM transgene overexpression studies re-
mains unsolved, but may be related to the complex regula-
tory mechanisms of mitochondrial biogenesis and function
by PGC-1a and its downstream factors. including nuclear
respiratory factors | and 2 and TFAMS203

MIDNA decline and mitochondrial defects are now well
recognized in a vanety ol diseases, such as neurodegen-
erative diseases, diabetes mellitus, cancer, and even aging,
Therefore, with further knowledge about the mechanisms
of TFAM for maintaining mDNA copy number and mito-
chondrial function, it may eventually be possible 1o devel-
op novel strategies for the treatment of such diseases based
on manipulation of TFAM

Conclusions

To improve the prognosis of patients with heant failure,
novel therapeutic strategies based on new insights into the
pathophysiology of myocardial remodeling and lailure need
10 be developed. The approach to regulating mitochondrial
oxidative stress and miDNA damage may contribute to the
establishment of ¢lfective treatment strategies for patients
with heart failure. Oxidative stress is involved not only in
heart failure, but also in various other diseases. including
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atherosclerosis, hypertension. and aging. Therefore, thera-
peutic strategies to modulate this maladaptive response
should definitely become a target lor future extensive in-
vestigation and could have broad application,
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Soluble Receptor for Advanced Glycation End Products

(RAGE) is a Prognostic Factor for Heart Failure

YO KOYAMA, MD, YASUCHIKA TAKEISHI, MD, TAKESHI NIIZEKI, MD, SATOSHI SUZUKI, MD,
TATSURO KITAHARA, MD, TOSHIKI SASAKI, MD, AND ISAO KUBOTA, MD

Yamagawa, Japan

ABSTRACT

Background: We recently reporied that serum levels of pentosidine, one of the well-defined advanced
glycation end products (AGE), was an independent prognostic factor for heart failure. Receptor for
AGEs (RAGE) is expressed in a vanety of tissues, and RAGE has a C-truncated secretory isoform of
the receptor protein, termed soluble RAGE. In the present study, we measured serum soluble RAGE levels
in patients and examined whether serum soluble RAGE predicts prognosis in patients with heart falure
Methods and Results: Serum soluble RAGE concentration was measured in 160 patients with heart fal-
ure by a competitive enzyme-linked rbent assay. P were prospectively followed during
a median follow-up period of 872 days with end points of cardiac death or rehospitalization. Serum sol-
uble RAGE level increased with advancing New York Heant Association functional class. Serum soluble
RAGE level was also higher in patients with cardiac events than in event free patients, From the receiver
operaling charactenistic curve analysis, the cutoff value of serum soluble RAGE level was determined
as 1220 pg/mL. Kaplan-Meier analysis clearly demonstrated that the high soluble RAGE group had a
significantly higher incidence of cardiac events than occurred in the low serum soluble RAGE group
(P = .0004). In the multivanate Cox proportional hazard analysis, soluble RAGE and serum pentosidine
were independent risk factors for cardiac events (soluble RAGE: HR | 90, 95% CI 1.16-3.09, P 010;
pentosidine: HR 1.59, 95% CI 1.11.2.29, P = 012)

Conclusions: Serum soluble RAGE level is an independent prognostic factor for heant failure, and this
novel marker may be useful for nsk stratification of patients with hean failure. (J Cardiac Fail
2008.14:133-139)

Key Words: Advanced glycation end products (AGE), receptor for AGE (RAGE). soluble RAGE, hean
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failure, prognosis

Congestive hean failure is an important cause of morbid-
ity and mortality. In patiemts with heart failure, excess free-
radical generation may arise from many sources.' Markers
of oxidative stress such as thiobarbitunic acid reacuve
substances and 8-isoprostaglandin F2-a are elevated in
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the blood and pencardial fluid, and levels of these markers
correlate with the functional severity of heart failure.** Ad-
vanced glycation end products (AGE) are generated nonen-
zymatically by glycation and oxidation of proteins.*
Receptor for AGEs (RAGE) is expressed in a vanety of
ussues including endothelial cells, vascular smooth cells,
and cardiac myocytes.>® It has been reported that interac-
tion of AGE with RAGE causes activation of intracellular
signaling, gene expression, production of pro-inflammatory
cytokines, and free radicals.”” We have recently reported
that serum levels of pentosidine, one of the well-defined
AGE, is associated with the severity of heart failure and
an independent prognostic factor for heart failure

RAGE has a C-truncated secretory isoform of the receptor
protein, termed soluble RAGE, that may neutralize the AGE-
mediated damage by acting as a decoy.'®™'? In an animal
experiment, administration of soluble RAGE results in sig-
nificantly decreased neointimal expansion after arterial
injury and decreases smooth muscle cell proliferation,
migration, and expression of extracellular matrix proteins. "’
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However, serum soluble RAGE has not been previously ex-
amined in patients with hean failure, and the clinical signif-
icance is still unclear.'*'% In the present study, we measured
serum soluble RAGE levels in patients with heart failure and
examined whether levels of serum soluble RAGE are related
to the disease severity and prognosis of patients with hean
failure.

Methods
Study Subjects

We measured serum concentration of soluble RAGE i 160
patients (95 male and 65 female, mean age 69 = 12 years) admui-
ted to the Yamagata University Hospital for the treatment of wors-
ening heart failure or for diagnosis and pathophysiologic
investiganons of heart failure or for therapeutic evaluation of hean
failure. Some of the patients were overlapped with a previous
study from our institution.” The diagnosis of heart failure was
based on a history of dyspnea and symplomatic exercise intoler-
ance with signs of pulmonary congestion or peripheral edema or
documentation of left ventnicular enlargement or dysfunction by
chest X-ray, echocardiography, or left ventriculography.'® We
excluded patients with acute coronary syndrome occurming within
the 3 months preceding admission, inflammatory disease, autoim-
mune disease, malignant disease, and renal dysfunction (creatinine
>2 mg/dL). Wnnen informed consent was obtaned from all
patients, and the study protocol was approved by Institutional
Review Board on human research.

The euologies of hean failure were identified as dilated cardio-
myopathy in 47 patients (29%), ischemic heant failure in 42
patients (26%), valvular heart disease in 35 patents (22%), tachy-
cardia-induced heant failure in 17 patients (11%). hypertensive
heart disease in 16 patents (10%), and hypentrophic cardiomyop-
athy in 3 patients (2%). Seventy of New York Heart Association
(NYHA) class was assessed by independent proficient cardiolo-
gists at imnal anclusion in the study. There were 33 (21%), 63
(39%), 51 (32%), and 13 patients (8%) with NYHA Class 1, 11,
11, and IV, respectively.

Hypertension, diabetes mellitus, hyperlipidemia, and current
smoking were identified in 87 (54%), 39 (24%), 32 (20%), and
36 (23%) panenis. respectively. Hypertension was defined as ele-
valed systolic blood pressure =140 mm Hg, diastolic blood pres-
sure =90 mm Hg, or when patients had taken antihyperensive
drugs. Diabetes mellitus was defined as an increased fasting
plasma plucose concentration of =126 mg/dL. glycosylated
hemoglobin of 26.5%, or when patients undergo treatment with
insulin or hypoglycemic agents. Hyperlipidemia was defined by
total cholesterol =220 mg/dL, wriglyceride =150 mg/dL. high-
density lipoprotein <40 mg/dL, or current use of antihyperlipi-
demic drugs. Current smoking was defined by self-repon.

Echocardiographic Studies

We performed conventional 2-dimensional echocardiographic
dies using dard techni Left ventricular end-diastolic
volume (LVEDV) and left ventricular ejection fraction (EF) was

calculated based on Simpson's rule.

Measurements of Soluble RAGE and Pentosidine

The serum soluble RAGE concentration in patients with
heart failure were measured using 8 commercially available

enzyme-linked immunosorbent assay kit (Quantikine, R&D Sys-
tems, Minneapolis, Minnesota) in duplicate according to the man-
ufacturer’s protocol. Serum pentosidine level was measured as
reported previously,®

End Points and Follow-up

Median follow-up penod was 872 days (range 17—1095 days).
Events were centrally adjudicated using medical records, autopsy
reports, death certificates, and witness statements. The end points,
which were judged independently by researchers, were 1) cardiac
death, defined as death from worsening heant failure or sudden
cardiac death and 2) rehospitalization with worsening heant fail-
ure."®17 Sudden cardiac death was defined as death withour defi-
nite premomitory symploms or signs and was established by the
attending physician. Patients were contacted after the initial pre-
sentation by telephone interview performed by trained rescarchers.

Statistical Analysis

Soluble RAGE, pentosidine, and B-type natriuretic peptide
(BNP) are reported as median and interquartile range. Other
values are expressed as mean = SD. A P value less than .05
was considered statistically significant, Significance between 2
groups was determined by Mann-Whitney test for conunuous
variables and chi-square test for discrete variables. The Cox pro-
portional hazard regression model was used to determine which
vanables were associaled with cardiac events. The wvariables
with P values less than 05 in the univaniate Cox regression anal-
ysis were entered into the muluvanate Cox regression analysis
Kaplan-Meier survival analysis was used to compare cardiac
event-free rates among 2 groups stratified by levels of serum sol-
uble RAGE concentration and analyzed by a log-rank test. All
analyses were performed using a Stat View statistical software
package (version 5.0, SAS Institute Inc).

Results

In baseline clinical characteristics of study subjects,
serum creatine was 0.88 = 0.28 mg/dL, serum pentosidine
was 32.0 (22.8—44.8) ng/mL, and plasma BNP was 305
(68—741) pg/mL. LVEDV was 149 * 57 ml, and EF
was 48 * 19%. Median serum soluble RAGE level was
1066 pg/mL and interquanile range was 669—1733 pg/
ml. As shown in Fig. 1. serum soluble RAGE level was
increased with advancing NYHA functional class (Class
1: 659 [480—1022]); Class II: 1108 [668—1626); Class IlI:
1372 [B42—-2422]: Class IV: 1363 [1015—2634] pg/mL,
P <.0001).

Serum soluble RAGE levels were not different between
pauents with and without diabetes mellitus (1113
[685—1749] vs. 1028 [667—1729] pg/mL, P = 943),
hypertension (1113 [715—-1664] versus 1021 [68—1768]
pg/mL, P = 774) and hyperlipidemia (1074 [659—1787]
versus 1066 [669—1733] pg/mL, P = .998).

Dunng follow-up periods (median 872 days, range
17—1095 days), there were 48 cardiac events including
11 cardiac deaths and 37 rehospitalizations from worsening
of heart failure. Table | shows comparisons of clinical
characteristics between patients with cardiac events and
event-free patients. Patients with cardiac events were older
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Fig. 1. Association between concentration of serum soluble RAGE
and seventy of New York Heart Association (NYHA) functional
class. Serum soluble RAGE levels were increased as seventy of
NYHA functional class advanced. Box plots show median and
25 to 75 percentiles. Bar graphs show 10 to 90 percentiles. Closed
circle and open circles show patients with cardiac event and event
free pauents, respectively

(P = 044) and had more severe NYHA functional class
(P < .0001) than did event-free patients. Serum soluble
RAGE level, plasma BNP level, serum pentosidine level,
and LVEDV were significantly higher in patients with car-
diac events than event-free patients.

We examined receiver operating characteristic curve
analysis and determined the cutoff value of serum soluble
RAGE levels to predict cardiac events. As shown in
Fig. 2, the cutoff value of serum soluble RAGE was 1220
pg/mL (sensitivity 0.60; specificity 0.69). Next, patients
with heart failure were divided into 2 groups based on the
cutoff value of serum soluble RAGE level (1220 pg/mL).
High and low soluble RAGE level groups included 64
and 96 patients, respectively. Comparnisons of clinical char-
acteristics between two groups are shown in Table 2. In
high soluble RAGE level group, NYHA functional class
was more severe (P = .0006). In high soluble RAGE group,
BNP was higher and EF was lower than in low soluble
RAGE group. Age, gender, etiology of heart failure, preva-
lence of hypertension, diabetes mellitus, and hyperlipid-
emia were not different between 2 groups. Use of
f-blockers and loop diuretics was significantly higher in
high soluble RAGE group than in low soluble RAGE group.
During follow-up penods, cardiac -events were more fre-
quently occurred in high soluble RAGE group than in
low $oluble RAGE group (45% versus 20%, P = .0006).
Positive and negative predictive values of our determined
cutoff value were 0.45 and 0.80, respectively. As shown
in Fig. 3. Kaplan-Meier analysis clearly demonstrated that
the high soluble RAGE group had a significantly higher
incidence of cardiac events than occurred in the low serum
soluble RAGE group (P = .0004 by a log-rank test),

We evaluated correlation between soluble RAGE level
and BNP, EF, and pentosidine by linear regression analyses
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Table 1. Clinical Charactenstics of Pauents with Cardiac
Events and Event-free patents

Cardiac Cardiac
events (- events (+)
Variables (n=12) (n = 48) P Value
Age (y) 68 = 1) ’E1] (44
Gender (male/female) 65747 308 598
NYHA class
NYHA 111 80 (71%) 16 (33%)
NYHA 111V 32 (29%) 32 (67%) < 0001
Enology
DCM 33 (29%) 14 (29%)
IHD 29 (26%) 13 (27%)
VHD 23 (21%) 12 (25%)
Tachycardia-induced 15 (13%) 2 (4%)
HHD 10 (10%) 6(13%)
HCM 2 (%) I (2%) 629
Hypenension 67 (60%) 20 (42%) 035
Diabetes mellitus 29 (26%) 10 (21%) 495
Hyperlipidemia 22 (20%) 10 (21%) 863
Current smoking 29 (26%) 7(15%) 116
Laboratory data
Soluble RAGE 937 1622 001
(pg/mL) (647—1353) (818—2463)
Creatinine (mg/dL) 085 =027 094 = 029 060
Pentosidine (ng/ml) W2 414 a10
(22.5—41.0) (24.9-72.9)
BNP (pg/mL) 148 750 < 0001
(55—456) (308—1430)
Echocardiography .
LVEDV (mL} 140 = 51 171 = 64 003
EF (%) 49.= 19 43 = 20 099

NYHA, New York Hean Association. DCM, dilated cardiomyopathy;
IHD, ischemic hean disease. VHD, valvular hean disease; HHD, hyperien-
sive hean disease, HCM, hyperrophic cardiomyopathy, soluble RAGE,
soluble receptor for advanced glycation end products; BNP, B-type natri-
uretic peptide. LVEDV. lefi venincular end-diastolic volume: EF. ejection
fraction.

(Fig. 4). Log (soluble RAGE) was significantly and posi-
tively correlated with log (BNP) (r = 048, P < 0001,
Fig. 4A). Furthermore, log (soluble RAGE) was negatively
correlated with EF (r = —0.25, P = 0.003, Fig. 4B),

There were 87 pauents with preserved EF (EF > 40%)
In patients with preserved EF group, 19 patients had cardiac
events. Clinical charactenstics of patients with cardiac
events and event-free patients with preserved EF are shown
in Table 3. Soluble RAGE, BNP, and pentosidine were
higher in patients with cardiac events than event-free
patients in preserved EF group.

To determine nisk factors for cardiac events, we exam-
ined the univanate Cox proportional hazard regression
analysis (Table 4). Serum soluble RAGE, plasma BNP,
and serum pentosidine were entered as log-transformed
continuous variables. In the univanate analysis, log (soluble
RAGE) was significantly associated with cardiac events
(hazard ratio 1,64, 95% confidence interval 1.23-2.19,
P = 001). Furthermore, age, NYHA functional class, hy-
pertension, creatinine, log (BNP), log (pentosidine), and
LVEDV were significantly associated with cardiac events,
as shown in Table 4.

Then, those variables with a P value less than .05 in the
univanate analysis were entered into the multivaniate Cox
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Fig. 2. Receiver operating characteristic (ROC) curve analysis.

Serum soluble advanced glycation end-product recepior (RAGE)

levels were evaluated for the prediction of cardiac events in

patients with heat failure. Cutoff value of serum soluble RAGE

was determined as 1220 pg/mlL.

proportional hazard regression analysis. As shown in
Table 5, soluble RAGE and pentosidine were independent
predictors for cardiac events in patients with heart failure
(soluble RAGE: hazard ratio 1.90, 95% confidence interval
1.16—3.09, P = .010 and pentosidine: hazard ratio 1.59,
95% confidence interval 1.11-2.29, P = 012).

Table 2. Clinical Characteristics of High and Low Soluble
RAGE Groups in Patients with Heart Failure

High Soluble Low Soluble
RAGE RAGE
(>1220 pg/mL) (=1220 pg/mL)

Variables in=64) (n = 96) P Value
Age (y) 9= 11 69+ 12 921
Gender 35129 60736 a4

(male/female)
NYHA class

NYHA I-1l 28 (44%) 68 (T1%)

NYHA 11-1v 36 (56%) 28 (29%) 0006
Euology

DCM 22 (34%) 25 (26%)

IHD 14 (22%) 28 (29%)

VHD 16 (25%) 19 (209%)

Tachycardia- 6 (9%) 11 (11%)

induced

HHD 6 (9%) 10 (10%)

HCM 0 (0%) 3(3%) 499

Hypertension 36 (56%) 51 (53%) 697

Diabetes mellitus 17 (27%) 22 (23%) 599

Hyperiipidemia 15 (23%) 17 (18%) 375

Current smoking 1 (17%) 25 (26%) 189
Laboratory data

Creaunine (mg/dL) 1.00 = 0.32 0.80 = 022 < 0001

Pentosidine 369 (22.3-59.8) 31.1(228-40.3) 129

BNP (pg/mL) 604 (247-1295) 122 (42-412) < 0001
Echocardiography

LVEDYV (ml.) 164 = 50 137 = 59 006

EF (%) 43 =18 51=19 on

Abbreviations as in Table |.

i Soluble RAGE £ 1220 pg/mi
= n = 96)

80 4
F
A
b Soluble RAGE > 1220 pg/mi
S 404 (n=64)
>
w

204

Log rank test, P = 0 0004
0
0 12 24 36

Follow-up periods (months)

Fig. 3. Kaplan-Meier survival curve analysis between 2 groups in
patients with heant failure. Patients were divided into 2 groups by
the cutoff value (soluble advanced glycation end-product recepror
1220 pg/mL).

Discussion

In the present study, we showed that serum soluble
RAGE level increased with advancing NYHA functional
class. Serum soluble RAGE level was also higher in pa-
tients with cardiac events than in those without cardiac
events. Patients with high soluble RAGE levels had higher
cardiac event rates than those with low soluble RAGE
levels. The multivanate Cox proportional hazard analysis
demonstrated that serum soluble RAGE and pentosidine
were independent prognostic factors for heant failure. Be-
cause BNP has been widely accepted as a marker of prog-
nosis in patients with heart failure, it is noteworthy that
only soluble RAGE and pentosidine, but not BNP, were
independent factors to predict prognosis of heart failure
in the present study.

Activation of RAGE by AGE induces activation of
NADPH oxidase and production of reactive oxygen spe-
cies.'" Interaction of AGE with RAGE causes oxidative
stress and activation of nuclear factor-xB via p21™ and
the mitogen activated protein kinase signaling pathway.'’
Nuclear factor-xB modulates gene transcription and gener-
ates pro-inflammatory cytokines such as interleukin-1,
interleukin-6, and tumor necrosis factor-a. 2

It has been reported that angiotensin II upregulates
RAGE mRNA levels in endothelial cells, and administra-
tion of telmisartan decreases serum soluble RAGE levels
in patients with essential hypertension.?' Although carvedi-
lol, one of the B-blockers, has antioxidant activity,”” the ef-
fects of B-blocker on AGE-RAGE signaling have not been
previously examined. In the present swudy, the use of
B-blockers and loop diuretics was significantly higher in
high soluble RAGE group than in low soluble RAGE group.
The percentages of patients given angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers were
not statistically different between high soluble RAGE group
and low soluble RAGE group. Effects of pharmacotherapy
on serum soluble RAGE levels should be further examined.
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Fig. 4. Correlation between serum soluble advanced glycation
end-product receptor and plasma BNP level (A), EF (B), and
serum pentosidine level (C).

In the present study, we found that soluble RAGE was
increased in patients with cardiac events in hear failure pa-
tients with preserved EF (Table 3). Liule et al demonstrated
that weatmem with alagebrium chloride (ALT-711), and
AGE cross-link breaker, decreased left ventricular mass
and improved left ventricular diastolic filling and improved
quality of life in patients with diastolic heart failure.?* In
a previous study, we reporied that serum pentosidine levels
were increased in patients with cardiac events and pre-
served EF” Taken together, these data may suggest that
the AGE-RAGE system is at least partially contributed to
diastolic hean failure.

Sugiyama et al reported that plasma pentosidine level
was significantly influenced by the quality of glycemic con-
trol and renal function.?® In our present study, patients with
renal dysfunction (creatinine >2 mg/dL) were excluded,
and only 24% of patients had diabetes mellitus. Heidland
et al reported that N'carboxymethyl lysine and AGE-
associated fluorescence were decreased in patients with
heart failure, and increased after heart transplantation.”
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Table 3. Clinical Characteristics of Patients with Preserved

EF
Cardiac Cardiac
Event (—) Events (+)

Vanabies (n = 68) (n = 19) P Value
Age (y) 68 = 12 76 =7 012
Gender (male/female)  37/31 1118 787
NYHA class

NYHA 1.1 52 (76%) 4(21%)

NYHA 11V 16 (23%:) 15 (79%) < 0001
Enology

DCM 10 (15%) 2(11%)

IHD 16 (24%) 2(11%)

VHD 18 (26%) 9(47%)

Tachycardia-induced 13 (19%) 2011%)

HHD 9(13%) 3 (15%)

HCM 2(3%) I (5%) 489

Hypertension 41 (60%) B (42%) 158

Dhabetes mellitus 14 (21%) 5 (26%) 593

Hyperlipidemia 12 (18%) 4(21%) 735

Current smoking 17 (25%) 2(11%) 177
Laboratory data

Soluble RAGE BB4 (27-352) 1674 (768—2070) [1%H]

(pg/mL)

Creatinine (mg/dL) 081 = 024 029 =027 210

Pentosidine 299 (228-349) 43.0(294—18413) 017

BNP (pg/mL) 83 (27-352) 520 (235—1220) <00
Echocardiography

LVEDV (mL} 18 = 43 128 = 42 75

EF (%) 60 = 12 6l = 12 725

Abbreviations as in Table |

In contrast to this report, we previously demonstrated that
serum pentosidine levels were increased in patients with
NYHA Class [I/1V, and pentosidine was an independent
prognostic factor for heart failure.” Furthermore, we
showed in the present study that serum soluble RAGE level

Table 4. Results of the Univanate Cox proportional Hazard

Analysis
95%
Vanables Chi-Square HR Clof HR P Value
Age (per | y increase) 451 1,03 1.00-1.06 034
Gender (female vs. male) 0.3s 084 047-1.50 554
NYHA (Class LTV vs 188 178 207-691 < 0001
Class L)
Hypertension 419 0355 031-098 04l
Diabetes mellitus 0.51 078 039-1.56 477
Hyperlipidemia 0.08 111 055-2.22 778
Smoking 235 053 024-1.19 125
Laboratory data
Log (sRAGE) (per | i 164 123219 001
SD increase)
Creatinine (per | SD 4.00 130 101—1.68 006
increase)
Log (pentosidine) (per 201 206 1.50-283 <0001
I SD increase)
Log (BNP) (per | SD 25.5 265 1.81-187 < 0001
INCrease |
Echocardiography
LVEDV (per | 5D 848 1.57 112208 D04
increase)
EF (per | 5D increase) 263 077 056-1.06 105

Abbreviations as in Table |
HR, hazard ratio, C1, confidence interval
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Table 5. Results of the Multivanate Cox Proportional
Hazard Analysis

95%

Vanables Chi-Square HR Cl of HR P Value

Log (sRAGE) (per 1 5D 6.62 190 |16-3.09 010
increase)

Log (pentosidine) (per | 632 159 111-229 012
5D increase)

Log (BNP) (per | SD 243 164 088—3.07 19
ncrease)

Creatinine (per | SD 1.95 074 048-113 162
increase)

EDV (per | SD incresse) 037 112 0375-1.76 546

NYHA (Class IV vs 035 1.36 049-180 553
Class 111)

Age (per | y increase) 002 100 096—-1.03 94

Abbreviatons as in Table 1.
HR. hazard ratio: CI. confidence interval

increased with advancing NYHA funcuonal class and solu-
ble RAGE was a prognostic factor for hean failure. These
data may suggest that the AGE-RAGE system is included
as one of subcellular mechanisms of heart failure

To date, clinical significance of serum soluble RAGE
level is still controversial, Falcone et al have reported that
low plasma soluble RAGE level is associated with the pres-
ence of coronary artery disease in nondiabetic men.'* How-
ever, Nakamura et al have reported that serum soluble RAGE
levels are significantly higher in type 2 diabetic patients than
in nondiabetic subjects and positively associated with the
presence of coronary artery disease.'® It has been reported
that RAGE mRNA is upregulated by the AGEs themselves,
tumor necrosis factor-a, and 17f-estradiol in human vascular
endothelial cells.*® Furthermore, soluble RAGE is generated
from the cleavage of cell surface RAGE by the actions of
matrix metalloproteinases *"*® Two types of enzyme-linked
immunosorbent assays are available to measure circulating
RAGE. One immunoassay system”*?** s specifically mea-
sures endogenous secretory RAGE. The other assay that we
and others"*"**" used is to quantify total soluble RAGE
detecting not only native secretory RAGE, but also other sol-
uble forms resulted from the cleavage of cell surface receptor
by matrix metalloproteinase. It has been reported that matrix
metalloproteinase activity was increased in patients with
heart failure.*** Yamagishi et al have demonstrated that
serum soluble RAGE levels are positively associated with
circulating AGEs levels in the nondiabetic general popula-
tion.*! We have recently reported that serum levels of pento-
sidine, one of the well-defined AGE, is associated with the
severity of heart failure.® In human cardiac auricles, RAGE
protein expression is positively correlated with cardiac
dysfunction.* In the present study, we demonstrated that
serum soluble RAGE level was associated with NYHA func-
tional class severity. We speculate that increased levels of
AGEs induced by excessive oxidative stress and inflamma-
tion cause upregulation of RAGE expression and increase
circulating serum soluble RAGE resulted from the cleavage
of cell surface receptor by matrix metalloproteinase in
patients with hear failure.

There are some limitations in the present study. First, it
has been reported that some genetic polymorphism exist
in the RAGE gene ** Jang et al have investigated the associ-
anon between the Gly82Ser polymorphism in the RAGE
gene and circulating levels of soluble RAGE in 1676 nondi-
abetic and nonobese Korean subjects. In this study, gene dis-
tnibution was homozygous for the G allele (G/G) in 1180
subjects. heterozygous for the S allele (G/S) in 449 subjects,
and homozygous for the S allele (S/5) in 47 subjects. Plasma
soluble RAGE levels were significantly higher in subjects
with G/G genotype (1038 = 33 pg/mlL.) than in those with
GIS (809 = 19) and the S/S (428 = 43 pg/mL) genotype >
Although the distnbution of RAGE Gly82Ser genotype is
still unknown in Japanese population, polymorphism might
affect on serum soluble RAGE levels in our study popula-
tion. Second, the use of angiotensin-converting enzyme in-
hibitors/angiotensin Il receptor blockers and [-blockers
was relatively low in this study. These were data taken at ad-
mission, and there are some reasons for this low rate: 1)
many patients were referred to our hospital for admission
from general physicians, who were unfamiliar with recent
advancement in pharmacotherapy for heart failure including
B-blockers: 2) heart failure patients with the first decompen-
sation were included in study population; 3) many of study
subjects had preserved left ventricular systolic function
(LVEF >40%) in the present study; and 4) numbers of pa-
tients with ischemic heart failure were relatively low (26%)
in this study population compared with Western countries.
However, at discharge, angiotensin-converting enzyme in-
hibitors/angiotensin 11 receptor blockers and P-blockers
were given in 92% and 67% of patients, respectively. Third,
in our study population, mean LVEF was high (48 + 19%)
Dilated cardiomyopathy and ischemic hean disease were
present in only 47 patients (29%) and 42 patients (26%). re-
spectively. It is possible that, because percentages of dilated
cardiomyopathy and ischemic heart disease were low com-
pared with previous studies, the mean LVEF was relatvely
high in the present study.

Conclusions

Serum soluble RAGE level is related to the sevenity of
heart failure and is an independent predictor for heart fail-
ure. Soluble RAGE may be a novel marker for risk stratifi-
cation of patients with heart failure.
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Differential Effects of GM-CSF and G-CSF on Infiltration of
Dendritic Cells during Early Left Ventricular Remodeling
after Myocardial Infarction’

Kotaro Naito,* Toshihisa Anzai,”* Yasuo Sugano,* Yuichiro Maekawa,* Takashi Kohno.*
Tsutomu Yoshikawa,* Kenjiro Matsuno,” and Satoshi Ogawa®*

Several lines of evidence suggest that the immune activation after myocardial infarction (MI) induces secondary myocardial
injury. Although dendritic cells (DC) are potent regulators of i ity, their role in MI is still undetermined. We investigated
the effect of DC modulation by CSF on left ventricular (LV) remodeling after ML MI was induced by ligation of the left coronary
artery in male Wistar rats. G-CSF (20 pg/kg/day, M1-G, n = 33), a GM-CSF inducer (romurtide, 200 pg/kg/day, MI-GM, n =
28), or saline (MI-C, n = 55) was administered for 7 days. On day 14, MI-G animals had higher LV max dP/dt and smaller 1.V

dimensions, whereas MI-GM animals had lower LY max dP/dt and larger LV dimensions than did MI-C animals, despite similar
infarct size. In MI-C, OX62" DC infiltrated the infarcted and border areas, peaking on day 7. Bromodeoxyuridine-positive DC
were observed in the border area during convalescence. Infiltration by DC was decreased in MI-G animals and increased in
MI-GM animals compared with MI-C (p < 0,05). In the infarcted area, the heat shock protein 70, TLR2 and TLR4, and IFN-y
expression were reduced in MI-G, but increased in MI-GM in comparison with those in MI-C animals. 1L-10 expression was

higher in MI-G and lower in MI-GM than in MI-C animals. In conclusion, G-CSF improves and GM-CSF exacerbates early
postinfarction LV remodeling in association with modulation of DC infiltration. Suppression of DC-mediated immunity could be

a4 new strategy for the treatment of LV remodeling after M1 The Journal of Immunology, 2008, 181: 5691-3701.

elt ventricular (LV)' remodeling. an important structural
event ufter myocwrdial infarction (ML), is churacterized by
myocardial necrosis, wall thinning, infarct expansion, col-
lagen accumulation. and nominfuarcted myocardial hypertrophy,
und contributes significantly 1o a worse clinical outcome. These
alterations are caused not only by signiticant loss of myocardium,
but also by myocardial injury secondary to local and svstemic
factors such as newrohumaoral activation, oxidative stress, and in-
Hammatory response. The mflammatory response after M1 is inte-
gral to the healing process and contributes to LV remodeling (1-3).
However, no effective therapeutic strategy against inflammation
hus been established
We previously reported thar elevated concentrations of serum
C-reactive protein (4), plasma 1L-6 (5). and peripheral monocyto-
sis (0) predict & worse climeal outcome after acute ML suggesting
that an immune-mediated inflammatory response may have some

Divisiom of Cardinlogy, Departmem of Medicine, Keio University Schonl
wiree, Tokyo, Japan: and 'Department of Anatinny (Maero and Soluthon.
Reseinch for Sorence and Technalogy (SORST), Dokkyo University Schoal of Med

wine. Tochig, Jupan

Received for publication Jamuary 19, X007, Accepted for pubilication Auagast 11, 2008

The evnis of publcation of this article were defruved in part by the payment of pag
charges. This article must therefore be herehy marked advermsemens in secordunce
with 18 LLS.C. Section 1734 solely to indicate this fact

This work was supported i paet by a Keio Umiversity Medical Schisod Faculty 1
Al Girant (ho T.A 3 and by gronts for scientitic research K795 (o BN and
TOTHIERR (o Y50 Trom the Japan Ministry of Edugstim, Culire, Spotts, S
unid Technology

Addedress vomespondence and reprimt regoests o Dy Tosinhisa Anem, Division of Car
diohogy, Dreparntment of Mediine, Keio Ulmyversity Schaool o Medicine. 35 Shimamn snochi
Shunjukcu-ku, Tokyo TERSED, Jupan E-manl address: ansi@ cpoet med kel jp

Ahbveviations used in this p
dendnine cella: HSP. heat

apeer LV Jeft ventnele: ALP, alkaline phospliatase, IX
ML myecardial infarchion

ock prviteis,

Coygrymphi 00 2100 by The Amerwcan Assocramion of Inramodogisss. fne, (0222 TRTARS20

role dunng infurct healing und ventricular remodeling. Although
an excessive inflammatory response after M1 is associuted with a

poor chimcal outcome (2) '|l||lll:ﬂ;llnln.llnl_\ therapy using cortico-

muinfuammatory drugs (9. 10) leads

steronds (7, 8) or nonsteroida
to catastrophic results such us a higher incidence of infarct expan-
ston and cardiae rupture, These findings suggest that an influm
MOy reaction is 4 prereguisite for the healing process. As the
cause ol inappropnate actvation of the inflammatory response af-
ter ML an sutoimmune reaction is a possible mechanism relating
to LV remodeling (11-13), Abbate et al. reported infiltration of
activated T cells into both infurcted and remote areas of the mvo
cardium in patients with recent M1 (1), Moreover, the presence of
autormmunity to cardiac myosin (120, actin (14, and troponin (15)
is associated with an adverse clinical outcome after ML These
findings suggest that autoimmunity may contribute to secondary
myocardial injury after ML

For the uctivation of autoimmune responses, myocardial Ag pre
sentation is required. Dendritic cells (DC) are potemt regulators of
immunity by presenting Ag, activating T cells, and by causing
differentiation T cells into Thl and Th2 cells ( 16-18). After tissue
injury, heat shock proteins (HSP) released from necratic cells can
promote activation and maturation of DC through stumulation of
TLRs (19, 20). Addinonally. Cheng et al. demonstrated that Thi/
Th2 imbalunce participated in ventriculur remodeling after M1
(21), However, the role of DC durning the healing process after M|
has not been determined.

The development of DC from hematopoietic progenitor cells is
differentially regulated by various evtokines such as GM-CSF and
G-CSF. We previously reported that G-CSF testment improved
(223 and GM-CSF induction aggravated (23) early LV remodeling
urter MI through modification of the ifarct healing process, GM-
CSF induces differentiation from immature DC to myeloid DC
with a subseguemt increase m Thi cells. whereas G-CSF induces
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