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Using Imaging Mass Spectrometry
to Accurately Diagnose Fabry’s Disease
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Figura ¥, Mass spectrometry of endomyocardial biopsy samples. (4,8) The patient's heart produced unique peaks at mass/
charge (m/2) 1,074.6, 1,102.6, 1,130.7 and 1,156.7 that were not observed for the control human heart. These peaks were con-
sistent with globotriaosylceramides (Gb3s) with different fatty acid conterits in their cetamide moieties. (C) The signal inten-
sities of these peaks relative to those of m/z 782.5 were much higher in the Fabry's disease patient than in the control patient
with congestive heart failure.
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Figure 2. Imaging mass spectrometry (IMS) and histology of the samples. We constructed a figure by plotting the positions
of the mass/charge 782.5, 1,074.6, 1,102.6, 1,130.7 and 1,156.7 peaks. When we compared the (&) IMS with (8) a hematoxylin
and eosin-stained section, the peaks of globotriaosylceramides (Gb3s) were more densely packed in cardiomyocytes with
vacuolar degeneration, and the Gb3s existed together in some parts and separately in others. (€, ) In contrast, Gb3 was not
detected in a control sample from a patient with secondary myocardial degenerative changes with aortic regurgitation. (&,F)
Gb3s were also detected on IMS in the heart of a mouse with Fabry’s disease even though there was no evidence of vacuolar
changes in the myocardium on light microscopy. Bar, 200 pm.
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storage disorder caused by abnormalities in the «-

galactosidase (GAL) A gene (GLA), which leads to
reduced «-GAL A activity and the subsequent accumulation
of globotriaosylceramide (Gb3).! Fabry’s disease can be
diagnosed using several techniques, including measuring
a-GAL A activity in leukocytes or plasma, analyzing geno-
type, and examining the histopathology of biopsied speci-
mens. In some cases, however, it is difficult to definitively
diagnose patients using these methods because (1) there may
be residual enzymatic activity in patients with variants of
Fabry’s disease or in patients who are heterozygous; (2) the
GLA gene has high genetic heterogeneity with >400 muta-
tions and novel mutations that must be checked to determine
whether the mutation truly results in Fabry’s disease; and (3)
vacuolar degeneration or lamellar inclusion bodies observed
on light or electron microscopy are not specific for Gb3.
Therefore, it would be advantageous to develop a comprehen-
sive and accurate diagnostic technique for Fabry’s disease.

Mass spectrometry of biological specimens using matrix-
assisted laser desorption/ionization (MALDI) can profile bio-
logical molecules based on their molecular masses.** Fur-
thermore, the emerging method of imaging mass spectrometry
(IMS) can analyze specimens as small as biopsy samples and
visualize the distribution of microscopically observed sub-
stances without losing spatial information.# Therefore we used
IMS to diagnose Fabry’s disease, and examined the efficacy
of this tool using 2 samples. One sample was an endomyo-
cardial biopsy (EMB) specimen from a 69-year-old man who
had been diagnosed with Fabry’s disease based on vacuolar
degeneration and lamellar inclusion bodies within cardiac
tissue on light and electron microscopy, reduced a-GAL A
activity in leukocytes, and a genetically proven N215S muta-
tion, which is commonly observed in patients with the car-
diac variant of Fabry’s disease. The second sample was heart
tissue excised from a 45-week-old male mouse in 2 model
of Fabry’s disease with an «-GAL A deficiency.

The specimens were frozen and cut into 8-pm-thick sec-
tions. The thinly sliced sections were thaw-mounted on glass
slides coated with indium tin oxide. 2,5-Dihydroxybenzoic
acid matrix solutions (50 mg/ml) containing 70% methanol and
0.1% trifluoroacetic acid were prepared and sprayed over the
tissue surface. IMS was performed using a recently developed
MALDI quadrupole ion trap time-of-flight (QIT/TOF)-type
instrument (Shimadzu, Kyoto, Japan).” The data were acquired
in the positive ion mode, and signals between mass/charge
{m/z) 600 and 1,200 were recorded. The spatial resolution
was set at 10m. Image reconstruction was performed using
BioMap software (Novartis, Basel, Switzerland). Variations in
the ionization efficiency in the IMS results were standardized
by equalizing the ion intensity of a major endogenous lipid,
phosphatidylcholine (diacyl 16:0/18:1), at m/z 782.5 for each
peak in the spectrum. The normalized ion intensities were com-
pared to those of a control EMB sample from a patient with
congestive heart failure due to aortic regurgitation. To identify
the molecular species, the m/z obtained on IMS was sent to
the Human Metabolome Database (http: /www.hmdb.ca).

On IMS of the EMB sample from the patient with Fabry’s
disease, extra peaks were seen at m/z 1,074.6, 1,102.6, 1,130.7
and 1,156.7 that were not observed in the control EMB sample
(Figures 14, B). The signal intensities of these unique peaks
relative to that of m/z 782.5 were much higher than in the
control (Figure 1C). Using information from the database,
we determined that these peaks were consistent with Gb3
molecules that contain different fatty acid components in the

Fabry's disease is an X-linked hereditary lysosomal

Cirouiation Jotmsl

ceramide moiety, including C18:0, C20:0, C22:0 and C24:1,
respectively. We constructed a figure by determining the loca-
tion of these peaks within the EMB sample. This showed that
the distribution of Gb3s was consistent with that of cardio-
myocytes, especially in areas that were affected by vacuolar
degeneration, and that the Gb3 types existed together in some
parts and separately in others (Figures 2A,B). In contrast, as
shown in Bigures 2C, ¥, Gb3 was not detected in the control
EMB sample. When we analyzed the heart from a mouse with
Fabry’s disease, we also detected Gb3s in the cardiac tissue
even though there was no evidence of vacuolation in the car-
diomyocytes on light microscopy (¥Figures 2E,F). Gb3 was
not detected in the control mouse heart (data not shown).

A recent study reported that mass spectrometry of Gb3 in
urine samples is useful to diagnose Fabry’s disease.? Urine
analysis, however, is not helpful in cases involving the car-
diac variant of the disease, in which renal manifestations are
not observed until the advanced stages of disease. Nakao et al
reported that cardiac hypertrophy is caused by cardiac Fabry’s
disease in 3% of patients over the age of 40.41® It is impor-
tant to distinguish primary hypertrophic cardiomyopathy from
secondary cardiac hypertrophy because several causes of
cardiac hypertrophy can be effectively treated.

We could detect Gb3s not only in a human heart from a
Fabry’s disease patient but also in a heart from a mouse model
of Fabry’s disease without discernible degenerative changes
on light microscopy. Although the significance of each type
of Gb3 distribution is unknown, it is possible that these distri-
bution patterns could help distinguish variations in the disease
phenotype or assess the effectiveness of enzyme replacement
therapy, which may also help elucidate the basis for the dis-
ease. This is an issue that requires further studies.

The current study presents novel findings suggesting that
IMS is useful to diagnose Fabry’s disease with cardiac mani-
festations, especially in questionable cases. Because IMS can
directly analyze the molecular weight of each existing com-
ponent, IMS has a higher specificity than electron microscopy
or enzyme activity assays when Fabry’s disease is suspected
based on light microscopy. The present results indicate that
IMS is a new tool that can be used to accurately diagnose not
only Fabry’s discase, but also other unknown storage diseases.
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A NADH Dehydrogenase Ubiquinone Flavoprotein is
Decreased in Patients with Dilated Cardiomyopathy

Hitomi Ono', Hiroshi Nakamura® and Masunori Matsuzaki*

Abstract

Background It is known that patients with myocarditis of unknown etiology and with dilated cardiomyopa-
thy show a high incidence of serum autoantibodies (M7) directed against mitochondrial flavoproteins. The
tissue concentration of mitochondrial flavoproteins in the myocardium obtained from patients with dilated
cardiomyopathy (DCM) was examined to further investigate the immunopathological mechanism of cardio-
myopathy.

Methods and Results Myocardial tissue specimens were obtained from patients who underwent cardiac
catheterization and a subendomyocardial biopsy for the diagnosis of cardiomyopathy. All samples were ana-
lyzed by Western blotting. NADH dehydrogenase ubiquinone flavoprotein (NDUFV1) production in the myo-
cardium decreased significantly with DCM, in comparison to fumarate hydratase and flavoprotein SDHA.
There was a significant negative-correlation between the left ventricular end-diastolic dimension and NDUFV
1 production (R’=0.291, p value<0.05).

Conclusion NDUFVI1 may be involved in the pathogenesis of DCM. A defect of mitochondrial NDUFV1
may reduce complex I, which produces most of the superoxide, which is then scavenged by the mitochon-
drial enzyme Mn-superoxide dismutase to produce H,O,. Exploring the nature of the candidate protein found

in the myocardium in this study will provide further insight into the immunological mechanism of DCM.

Key words: flavoprotein, dilated cardiomyopathy, mitochondria

(Inter Med 49: 2039-2042, 2010)
(DOI: 10.2169/internalmedicine.49.3710)

Introduction

The relationship between myocarditis and dilated cardio-
myopathy (DCM) remains controversial. A causal link be-
tween viral myocarditis and DCM has become evident ow-
ing to the tremendous development in the molecular analy-
ses of autopsy and endomyocardial biopsy specimens, new
techniques of viral gene amplification, and modern immu-
nology research (1). An autoimmune response plays a key
role in the progression after viral myocarditis and
DCM (2, 3). This occurs in the context of a polyclonal
stimulation of the immune system after the initial viral as-
sault that may have already been cleared when the autoreac-
tive B- and T-cell response occurred. Repetitive coxsackievi-
rus B3 (CVB3) infection produces cardiac dilatation without

inflammatory cell infiltration in the heart in mice with post-
myocarditis. In addition, autoimmunity mediated by certain
circulating antibodies, e.g. antibodies against the CVB3
genome or a CVB3-related protein may play a role in the
pathogenic mechanism for this phenomenon (4, 5). Flavo-
proteins are involved in a wide array of biological processes,
including, but by no means limited to, bioluminescence, re-
moval of radicals contributing to oxidative stress, photosyn-
thesis, DNA repair, and apoptosis. Recently, Stihle et al re-
ported that anti-mitochondrial flavoprotein autoantibodies
are present in the serum of patients with myocarditis and
DCM (6). To investigate the mechanism in these patients,
the tissue concentration of NADH dehydrogenase ubiqui-
none flavoprotein (NDUFV1) of the mitochondrial Complex
I, and SDHA of Complex II were examined using subendo-
myocardial biopsy samples in patients with DCM.
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Table f. Characteristic of the Patients Involved in This Study

No. Pt. Sex Age  LVEDD LVESD LVEF BNP CRP CPK
1 M 80 47 30 64 367 0.1 121
2 M 60 72 66 25 192 0.2 56
3 F &7 51 27 78 290 0.13 61
4 F 45 57 45 50 183 0.02 166
5 F 62 50 38 40 42 0.03 92
6 F 39 63 56 25 856 0.62 97
7 M 26 72 63 26 1905 1.55 132
& M 46 55 41 45 40 0.09 228
9 F 72 63 54 35 202 0.02 97
10 M 60 54 45 40 38 0.07 369
11 M 50 71 67 25 1592 1.4 77
12 M 50 47 25 78 111 0.06 63
13 M 62 47 25 78 1678 4 182
14 F S0 61 38 65 120 0.05 54

LVEDD, left ventricular end-diastolic dimension (mm); LVESD, lefl ventricular end-systolic
dimension (mm); LVEEF, left ventricular ejection fraction (%); BNP, brain natriuretic peptide (pg/ml);
CRP, C-reactive protein (mg/dl); CPK, creatine phosphokinase (IU/L)

Patients and Methods

A total of 15 subjects (DCM, 14; control, 1) were en-
rolled in this study. All studies conformed to the Ethics
Committee for Clinical Research at Yamaguchi University
School of Medicine (No. H18-51: Proteomic analysis using
endomyocardial samples of patients with dilated cardio-
myopathy). Informed consent was obtained from all patients
before this study. Fourteen patients (male/female: 8/6, mean
age; 55 years) were admitted to the hospital for further ex-
amination for DCM (Table 1). The patients presented dilated
hearts with systolic dysfunction and unexplained heart fail-
ure of variable duration in the absence of coronary artery or
valvular heart diseases as documented by cardiac catheteri-
zation, echocardiography, myocardial scintigraphy, and/or
coronary angiography. Four patients were diagnosed with
post-myocarditis cardiomyopathy due to cell inflammation
in the myocardium. Other patients displayed symptoms con-
sistent with DCM. A Western blot analysis was used to ex-
amine the tissue concentration of fumarate hydratase,
NDUFV1, and SDHA. We used a normal heart tissue as a
control. Protein lysates were resolved by SDS-PAGE and
electrotransferred to membranes. The membranes were incu-
bated with anti-fumarate hydratase (C-16) (1:500; Santa
Cruz Biotechnology, CA, USA), anti-NDUFV1 polyclonal
(1:1,000; Abnova, Taiwan), and anti-SDHA (1:100,000; Ab-
cam,Tokyo, Japan) followed by anti-mouse IgG conjugated
with horseradish peroxidase. The significance of continuous
variables, such as left ventricular end-diastolic dimension
(LVEDD), left- ventricular end-systolic dimension
(LVEDSD), left ventricular ejection fraction (LVEF), and
plasma brain natriuretic peptide (BNP) levels between the
groups was analyzed using a two-way analysis of variance
for repeated measures and Newmann-Keuls’ post-hoc test. A

p value of less than 0.05 was considered to be statistically
significant.

Primary cultures of 1- to 2-day-old neonatal mouse ven-
tricular myocytes were purchased form Primary Cell Co.,
Ltd. (Sapporo, Japan). Myocytes that were enzymatically
dissociated were seeded on culture trays at a concentration
of 3x10° cells/cm’, and were incubated in Leibovitz L-15
Medium (Worthington Biochemical Co., Lakewood, NIJ,
USA) supplemented with 5% fetal bovine serum at 37TC.
Cultured myocytes were transferred on day 5 to serum-free
medium, and exposed to the anti-NDUFV1 antibody for 24
hours. Primary antibody-bound NDUFV1 was visualized by
oat anti-mouse IgG, DyLight 549 (USA), and examined un-
der a confocal microscope (LSM 5, PASCAL). Samples
processed without the primary antibody served as negative
controls. The proportion of the NDUFV1 immunoreactive
signal was defined as the number of high-signal-intensity
(over 90% of the maximum level) pixels divided by the total
number of pixels occupied by the myocytes.

Results

The production of myocardial NDUFV1 was significantly
lower in patients with DCM, in comparison with the produc-
tion of fumarate hydratase and flavoprotein SDHA (p<0.05)
(Fig. 1A, B). There was also a negative correlation between
the myocardial NDUFV1 level and LVEDD (R’=0.291, p<
0.05) (Fig. 2A). There was no correlation between the myo-
cardial NDUFV1 level and other markers, such as LVESD,
LVEF, or plasma BNP, C reactive protein, and creatine
phosphokinase level. In addition, no correlation was ob-
served between the myocardial fumarate hydratase and fla-
voprotein SDHA level and other markers (Fig. 2B, C). In
the cultured cardiomyocytes, anti-NDUFV1 antibody was lo-
cated on the cell’s cytoplasm but not on the nuclei
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Pt. No.1 No.2 control

Figure 1A, Representative photograph of Western blotting
used for NDUFV1.

157

fumarate hydratase
NDUFV1

SDHA

Figure 1B. A semiquantitative Western blot analysis of fu-
marate hydratase, NDUFV1, and flavoprotein SDHA in all
patients. Production of myocardial NDUFV1 was signifi-
cantly lower in this group compared to fumarate hydratase
and flavoprotein SDHA. The dotted line indicates the control
level. p<0.01.

NDUFV1

45 50 55 60 65 70 75
LVEDD(mm)

3

¥Figure 2A. Relationship between the myocardial NDUFV1
level and LVEDD (mm) in fourteen patients. There was a
negative correlation between the myocardial NDUFV1 level
and LVEDD. R?=0.291, p<0.05.

(Fig. 2D).

Discussion

There is some clinical evidence that DCM is a late sequel
of acute or chronic viral myocarditis. Infectious and autoim-
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Figure 2B. Relationship between the myocardial NDUFV1
level and LVEF (%) in fourteen patients. There was no corre-
lation between the myocardial NDUFV1 level and LVEF.
R?=0.118, p<0.05.
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Figure 2C. Relationship between the myocardial SDHA
level and LVEDD (mm) in fourteen patients. There was no
correlation between the myocardial SDHA level and LVEDD.
R*=0.032, p=NS.

mune myocarditis have also been extensively proven using
murine and rat models. We previously demonstrated that re-
petitive CVB3 infection in mice could cause LV dilatation
with dysfunction through autoantibodies, which were immu-
nologically maximally activated at 2 weeks after the second
CVB3 inoculation (4, 5). It is also known that patients with
myocarditis of unknown etiology and with dilated cardio-
myopathy show a high incidence of serum autoantibodies
(M7) directed against mitochondrial flavoproteins (6). These
results suggested that myocardial flavoproteins may there-
fore contribute to left ventricular dilatation in patients with
DCM. Defects in the mitochondrial genome induce a hetero-
geneous array of clinical disorders, including mitochondrial
cardiomyopathy. This suggests that increased production of
reactive oxygen species (ROS) may be involved in mito-
chondrial cardiomyopathy, because mounting evidence has
implicated ROS signaling in cardiac maladaptive remodel-
ing (7). In the current study, none of the patients had a fa-
milial history or a phenotype associated with mitochondrial
disorders. Moreover, the suppression of Complex I using an
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Background: Dendritic cells (DCs) are the most potent antigen-presenting cells and play a central role in
initiating the primary immune response. Although increasing evidence supports immune-mediated
in- ammation plays an important role in the pathophysiology of heart failure, little is known regarding
the source and mechanism that trigger immune responses. The present study examined whether circulating
DCs have any role in the pathophysiology in heart failure in humans.

Methods and results: With multi-color « ow cytometry we determined the numbers of circulating myeloid

Keywords: X i X ; .
Hey;:l‘ failure DCs (mDCs) and plasmacytoid DCs (pDCs) in decompensated heart failure patients with NYHA class Il or IV
Immune system on admission (n = 27) and the age-similar control subjects (n = 21). DC activation markers such as CD40,
Leukocyte and CCR7 were also measured. On admission, circulating mDC and pDC counts were signi- cantly lower in

decompensated heart failure patients compared to control subjects (p< 0.01). Circulating mDCs and pDCs
were activated in the decompensated heart failure patients. Heart failure treatment restored the reduction
and the activation of circulating mDCs and pDCs (p < 0.05). The increases of circulating DCs numbers after
treatment were correlated with the decreases in B-type natriuretic peptide (BNP) and troponin-T (p < 0.05)
and with the increase in left ventricular ejection fraction (LVEF) (p < 0.01). Furthermore, we found that poor
recovery of the circulating DCs number after treatment predicted recurrence of decompensated heart failure.
Conclusion: These « ndings suggest that the reduction and activation of circulating DCs may be involved in the

Dendritic cells

pathophysiology of heart failure.

© 2009 Elsevier Ireland Ltd. All rights reserved.

Heart failure is a complex clinical syndrome characterized by ex-
ercise intolerance, fatigability, dyspnea, and volume retention oc-
curring as a consequence of myocardial injury and subsequent cardiac
dysfunction. It has become increasingly clear that activation of the
immune system plays an important role during the development of
heart failure, which includes the production and release of pro-
in- ammatory cytokines such as tumor necrosis factor-- (TNF-<),
activation of the complement system, production of autoantibodies,
and overexpression of class Il major histocompatibility complex
molecules [1+ 10]. However, the source and mechanism that activate
the immune system during the initiation and progression of heart
failure have not been elucidated.

Dendritic cells (DCs) are the most potent antigen-presenting cells
that play a central role in the initiation and regulation of lymphocyte-
mediated immune responses [11¢14]. In human circulation, two

» Corresponding author. Cardiovascular Research Institute, Kurume University, 67
Asahi-machi, Kurume 830-0011, Japan. Tel.: +81 942 31 7580; fax: +81 942 31 7707.
E-mail address: yahideo@med.kurume-u.ac.jp (H. Yasukawa).

0167-5273/$ » see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.ijcard.2009.09.524

major subsets of DCs, myeloid DCs (mDCs) and plasmacytoid DCs
(pDCs), have been identis ed [13,14]. mDCs express CD11c, leukocyte
integrin alpha subunit, and polarize naive T cells toward the T-helper
1 (Th1) phenotype [13,14], whereas pDCs express CD123, interleukin-
3 receptor alpha chain, and polarize T cells toward the Th2 phenotype
[12,13]. Both DCs originate in the bone marrow and circulate shortly
in peripheral blood as precursor DCs before migrating to the
peripheral tissues [12,13]. Immature DCs are activated after the
capture of antigens in circulation or affected tissues, and then the
activated DCs migrate through lymphatic vessels to lymphoid organs
where they present processed antigens to naive T cells [11+ 14].

In the heart, DCs have been identie ed in a few studies. DCs were
detected in the border zone of infarcted rat hearts [15]. Yokoyama
et al. reported the signi- cant recruitment of activated DCs into the
myocardium of autopsied acute viral myocarditis patients [16]. These
» ndings suggest the involvement and role of the immune-mediated
in- ammatory response via DCs in the heart during ischemia or viral
infection. Recently, Eriksson et al. showed that injection of exogenous
DCs loaded with a heart-speci- ¢ self peptide induced autoimmune
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heart failure in mice, suggesting a potential causal role of DCs in the
development of heart failure [17,18]. We hypothesized that the
number and activation of circulating DCs would be altered in patients
with decompensated heart failure. Accordingly, the aim of the study is
to determine whether alternation of circulating DCs numbers and
activation would be related to clinical features in patients hospitalized
with decompensated heart failure.

1. Methods
1.1. Patients and healthy subjects

The study population consisted of 27 patients with decompensated heart failure
classi- ed in NYHA functional class Il or IV (Table 1). The decompensated heart failure
patients were de= ned as who have dyspnea, pulmonary congestion in chest X-ray, and
the elevation of serum B-type natriuretic peptide (BNP> 200 pg/ml). They were
admitted to our hospital immediately, blood samples were obtained, and treatments
were initiated. Patients with acute coronary syndrome were excluded. None of the
patients had apparent concomitant diseases such as infection, malignancies, allergic
diseases including asthma or connective tissue disease. The etiologies of heart failure
were coronary artery disease (n=>5), idiopathic dilated cardiomyopathy (n=4),
hypertensive heart disease (n = 7) or valvular heart disease (n = 8). The etiologies of
heart failure were diagnosed on the basis of history, echocardiography and cardiac
catheterization. The baseline medication for control and heart failure patients are
shown in Tablie 2. After diagnosis for decompensated heart failure, all patients received
furosemide (20+ 80 mg/day), 55.6% of them received spironolactone (12.5+ 25 mg/day),
51.9% of them received angiotensin converting enzyme inhibitor/angiotensin II
receptor blocker (ACE-I/ARB), 37.0% of them received intravenous catecholamine (3¢
5 »g/kg/min), 18.5% of them received nitroglycerin (0.5= 1 -g/kg/min), 14.8 % of them
received PDE Ill inhibitor (0.125+0.25 »g/kg/min). For comparison, blood samples were
also collected from 21 sex- (p = 0.32 vs. control) and age-matched (p = 0.78) control
subjects who had no signs or symptoms of heart failure. The controls had chest pain
syndrome, minor ECG abnormality, or essential hypertension without organic heart
disease. The study was approved by the ethics committee of Kurume University.
Written informed consent was obtained from each patient.

1.2. Monoclonal antibodies

Phycoerythrin (PE)-conjugated anti-IL-3 receptor chain (CD123), PE-conjugated anti-
CD11c, peridinin chlorophyll protein (PerCP)-conjugated anti-HLA-DR monoclonal
antibody (mAb), and - uorescein isothiocyanate (FITC)-conjugated lineage cocktail 1
(Lin 1) were purchased from Becton Dickinson (San Jose, CA). The Lin 1 contains mAb
clones against CD3 (T cells), CD14 (monocytes/macrophages), CD16 (natural killer cells),
CD19 (B cells), CD20 (B cells), and CD56 (natural killer cells). Allophycocyanin (APC)-
conjugated anti-CD40, Alexa Fluor 647-conjugated CCR7 mAb, and each < uorescence
conjugated isotype control murine IgG were also purchased from Becton Dickinson.

1.3. Three-color * ow cytometric analysis

Whole peripheral blood samples obtained from the patients with heart failure and the
control subjects were analyzed by three-color » ow cytometry as described previously [19].
Brie- y, the whole peripheral blood cells were incubated with PE-, PerCP-, and FITC-
conjugated mAb for 20 min at room temperature. The erythrocytes were then lysed with

Table 1
Clinical characteristics of study subjects.

NYHA, New York Heart Association; CTR, cardiothoracic ratio; EF, ejection fraction; BNP,
brain natriuretic peptide; WBC, white blood cell; CRP, C-reactive protein; Cr, creatinine.
? p<0.01 vs. controls.
 p<0.01 vs. CHF patients before treatment.
¢ p<0.05 vs. CHF patients before treatment.

Table 2
Baseline medication for controls and HF patients.

ACE-I; angiotensin converting enzyme inhibitor.
ARB; angiotensin Il receptor blocker.

« uorescence-activated cell sorting (FACS) lysing solution (Becton Dickinson). After
washingwith phosphate buffered saline (PBS), the stained cells were analyzed with a FACS
Calibur * ow cytometer (Becton Dickinson). DCs were de* ned as the cells positive for
PerCP-conjugated anti-HLA-DR mAb but negative for FITC-conjugated Lin 1. Anti-CD11c
and anti-CD123 mAb conjugated with PE were used for further identi- cation of the mDC
and pDC subsets. Cells labelled with isotype control antibodies were included to determine
background - uorescence. Three-color analysis was performed using a FACScan - ow
cytometer (Becton Dickinson) with the CellQuest software. The number of total white
blood cells (WBC) in the samples was determined using an automated cell counter. The
absolute number of mDCs and pDCs was calculated from the WBC count multiplied by the
proportion of each subset within WBC, as determined by « ow cytometric analysis.

1.4, Four-color =ow cytometric analysiss

After gating on mDCs and pDCs, APC-conjugated anti-CD40 and Alexa Fluor 647-
conjugated anti-CCR7 mAb were used to characterize the activation and maturation
states of HLA-DR+/Lin+/CD11c+ (mDCs) or HLA-DR+/Lin* /CD123+ (pDCs) cells in
fresh whole blood samples. The isotype control antibodies were also used to determine
background - uorescence. Percentages of positive mDCs and pDCs for CD40 and CCR7
were calculated from the total number of mDCs and pDCs.

1.5. Enzyme-linked immunosorbent assay

After centrifugation, plasma samples were frozen and stored at « 80 °C until use.
Troponin T level was determined by electrochemiluminescence immunoassay using
the Elecsys 2010 immunoassay analyzer (Roche Diagnostics).

1.6. Statistical analysis

For the comparison between the two groups, Student's t-test was used for
statistical analysis with StatView statistical program (Abacus Concepts, Berkeley, CA).
Wilcoxon signed-ranks test was used to compare the activation markers of circulating
DCs before and after treatment. Pearson's correlation was used to quantify the linear
relationship between the alteration of DCs number and the percentage alterations of
BNP, troponin-T, or left ventricular ejection fraction (LVEF), and correlation between
circulating DCs numbers and activation markers. The signi- cance of difference in
incidence of events and gender distribution in control and heart failure patients were
analyzed by use of Chi-square test. All data were shown as mean + SD. A value of
p<0.05 was considered statistically signis cant.

2. Results

2.1. Identi- cation of circulating DCs by direct immuno- uorescence * ow
cytometry

For gating on Lin® HLA-DR™ cells, whole peripheral blood cells
were stained with anti-HLA-DR mAb and Lin 1 Cocktail (Fig. 1a, b). In
the gated cells, we further analyzed the expressions of CD11c and
CD123 to determine the two distinct DCs subsets. As previously
reported, mDCs and pDCs were de ned as Lin" HLA-DR*CD11c™ and

" Lin" HLA-DR™CD123™ cells, respectively [19]. Representative pros les

of CD11cand CD123 expressions by circulating pDCs and mDCs from a
control subject are shown in Fig. 1c and d respectively, which clearly
indicate the distinctive two DC subsets, HLA-DR™9"CD123"9" and
HLA-DR"9"CD11¢™9" DCs in the circulation.

2.2. Transient reduction of circulating DCs in patients with
decompensated heart failure

There was no signi- cant difference in the total numbers of WBC
between decompensated heart failure patients and control subjects
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Fig. 1. Identi- cation of mDCs and pDCs in the circulation by « ow cytometry. (a) Whole peripheral leukocytes were gated based on their forward and side scatter (R1 region) and
(b) lineage-negative (Lin" ) cells were selected in R2 region. The cells in R1 and R2 region were further analyzed for the expression of CD11c (c, e) and CD123 (d, f). mDCs and pDCs
were dee ned as Lin" HLA-DR*CD11c™ and Lin" HLA-DR*CD123" cells, respectively. Representative pro- les of the circulating DCs subsets of a control subject (c, d) and a heart

failure patient (e, f) are shown.

(Table 1). Fig. 1e and f shows the typical pro- les of HLA-DR™"CD123"9"
and HLA-DR™9"CD11c"9" expressions respectively of Lin1-gated pe-
ripheral WBC from a patient with decompensated heart failure. The
numbers of circulating mDCs and pDCs were decreased in patients of
heart failure compared with controls (Fig. 2). We also measured the
numbers of circulating mDCs and pDCs in healthy subjects (n = 8). They
were similar between control subjects and healthy subjects (data not
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shown). NYHA functional class was improved in 20 of 21 heart failure
patients 2 weeks after the treatment (from 3.6 + 0.5 to 2.1 +£0.7). LVEF
signie cantly improved after the treatment (p < 0.05). Cardiothoracic ratio
was signi- cantly decreased (p < 0.01). WBC counts and serum C-reactive
protein (CRP) levels did not change (Table 1). The numbers of circulating
mDCs and pDCs were signi- cantly increased after the treatment in heart
failure patients (Fig. 2).
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Fig. 2. Transient reductions of circulating mDCs and pDCs in patients with decompensated heart failure. The numbers of circulating mDCs and pDCs were determined as described in
the Methods. The numbers of circulating mDCs and pDCs were decreased in patients with heart failure (closed circle) compared with control (open circle). The numbers of
circulating mDCs and pDCs were restored two weeks after the treatment in heart failure patients (gray circle). The mean value is represented by horizontal line in each group.
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2.3. Activation of circulating DCs in patients with decompensated heart
failure

The signi- cant reduction of circulating DCs in patients with heart
failure suggests that DCs in the peripheral circulation are activated
and mobilized into peripheral tissues. We, therefore, examined the
activation or maturation markers of DCs including CD40 and CCR7 in
the peripheral circulation of heart failure patients and control
subjects. As shown in Fig. 3, the percentages of CD40 and CCR7
positive cells were signis cantly greater in patients with heart failure
compared with control subjects. Furthermore, CD40 and CCR7
positive DCs were signi- cantly decreased after treatment (Fig. 3).
Activation markers of circulating mDCs and pDCs were similar
between healthy subjects and control subjects (data not shown).

2.4. The decreased circulating DCs may re- ect activation of circulating
DCs

We also examined the correlation between mDC and pDC numbers
and CD40 and CCR7 expressions. We found that the mDC numbers
were signi- cantly correlated with CD40 expression. Also the pDC
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numbers were signi- cantly correlated with CD40 and CCR7 expres-
sions (Fig. 4). These results suggest that the decreased circulating DCs
may ree ect activation of circulating DCs.

2.5. The recovery of circulating DCs counts is associated with improvements
of clinical parameters in heart failure patients after treatment

The changes of circulation DCs counts after treatment were
signie cantly correlated with the decreases of troponin-T and BNP
and the improvement of LVEF after the heart failure treatment (Fig. 5).

2.6. The circulating mDCs numbers may predict the recurrence of
decompensated heart failure

The recovery of DCs counts after treatment was poor in some
patients. The average numbers of mDCs and pDCs after treatment was
8500/ml and 2500/m respectively. According to the average numbers of
mDCs and pDCs, we divided heart failure patients into two groups,
smaller mDCs counts group (mDCs numbers <8500/ml) and greater
mDCs counts group (mDCs numbers > 8500/ml) or smaller pDCs counts
group (pDCs numbers < 2500/ml) and greater pDCs counts group (pDCs
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Fig. 3. Activations of circulating mDCs and pDCs in patients with decompensated heart failure. The proportions of circulating mDCs and pDCs expressing activation markers including
CD40 and CCR7 were measured as described in the Methods. The percentages of CD40 and CCR7 positive cells were greater in patlents with heart failure compared than controls.

CD40 and CCR7 of both mDCs and pDCs were decreased after treatment.
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Fig. 4. Correlation of decreased circulating DCs and activation of circulating DCs in patients with decompensated heart failure. Correfation between circulatingmbCs and pDCsand CD40 and
CCR7 expressions were analyzed. The mDC numbers was signis cantly correlated with CD40 expression. The pDC numbers was signis cantly correlated with CD40 and CCR7 expressions.

numbers >2500/ml). We then compared the recurrence of decom-
pensated heart failure during the 6-month follow-up after discharge.
The recurrence of decompensated heart failure was higher in smaller
mDCs counts group (n = 9) than in greater mDCs counts group (n = 12)
(p<0.01). The pDCs absolute counts tended to be associated with the
recurrence of decompensated heart failure (p = 0.08). To clarify the
association of pDCs counts and the recurrence of decompensated heart
failure, more heart failure patients are required. (Fig. 6).

3. Discussion
3.1. Methodological consideration

The etiologies of heart failure patients in this study were coronary
artery disease, idiopathic dilated cardiomyopathy, hypertensive heart
disease or valvular heart disease. It is considered that the immune
reaction is more dominantly invalved in the pathogenesis of idiopathic
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£ig. 5. Correlations between changes in circulating DCs counts and clinical parameters in heart failure patients after treatment. Increases in circutating DCs counts after treatrment
were correlated with the decreases in serum BNP and troponin-T levels (a, b) and the improvements of left ventricular EF (c).
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Fig. 6. Association between the circulating mDCs numbers after treatment and the recurrence of decompensated heart failure. (a) Patients were divided into smaller mDCs counts
group (circulating mDCs counts < 8500/mi) and greater mDCs counts group (circulating mDCs counts > 8500/ml). (b) Patients were divided inta smaller pDCs counts group (circulating
pDCs counts < 2500/ml) and greater pDCs courtts group (circulating pDCs counts > 2500/ml). The recurrence of decompensated heart failure during the 6-month follow-up was greater in

smaller mDCs counts group.

dilated cardiomyopathy than that of other heart diseases [20-22].
Recently, Athanassopoulos et al. reported that circulating DCs were
selectively increased in patients with dilated cardiomyopathy at the
chronic phase of failure {23]). On the other hand, we showed that
circulating DCs were transiently reduced and activated during acute
phase of heart failure. The difference may be due to the phase of heart
failure. In the present study, the changes of circulating DCs after
treatment were refated to changes in BNP and LVEF. These - ndings
suggest that the reduction and activation of DCs during decompen-
sated phase of heart failure were independent of the etiologies of heart
failure. The patient number was small in each group of etiology in this
study. Therefore, to etucidate the effect of etiology of heart failure on
the number and activation of circulating DCs, a larger number of heart
failure patients are required in future studies.

It is well known that CRP is elevated in patients with heart failure
[24,25]. In this study CRP levels in heart failure patients were higher
than those of contro! subjects (Tabte 1). The number and function of
DCs are impaired in patients with sepsis {26]. Were the changes of the
number and activation of circulating DCs induced by infection? We
don't think so for the following reasons. We carefully monitored
infectious symptoms, signs and elevation of body temperature in
heart failure patients. There was no evidence of infection. Moreover,
the serum level of procalcitonin, specisc marker of infection, was
within normal ranges in the heart failure patients (Table 1), indicating
that the decrease and activation of circulating DCs in patients with
heart failure were not likely caused by infection.

Since mDCs and pDCs are main subsets of circulating DCs, we
identi- ed circulating mDCs and pDCs, counted the numbers and
measured their activations by muiti-color + ow cytometry. Selected
markers serve as an adjunct to functional measurements of DCs. CD40
is a costimulatory molecule that is essential for T cell receptor signal
activation {12« 14]. CCR7 is a chemokine receptor that is important for
migration, antigen incorporation and morphological change of DCs
[12¢14). We measured activations of circulating DCs by these
markers, which were signic cantly activated during the decompen-
sated phase of heart failure. It has been known that DCs migrate into
tissues from the systemic circulation in response to danger signals
such as dying cells, cytokines and chemokines [11,27]. Ota et al. found
the in- Itration of mature DCs in the sarcoid granuloma tissue and
reduction of circulating DCs in patients with sarcoidosis [28]. Such
in« Itration of DCs in affected tissues associated with reduced
circulating DCs counts was also found in other immune-mediated
in- ammatory diseases including Sjogren’s syndrome, graft-versus-

host disease and systemic lupus erythematosus [29+ 31]. Therefore,
re-distribution of circulating DCs may be so during the decompen-
sated phase in heart failure patients. The possibility of apoptosis of
circulating DCs still remains,

3.2. Cardiac function and DCs

During the decompensated phase of heart failure, circulating DCs
numbers of heart failure patients were reduced but not associated
with severity of heart failure such as NYHA class, BNP or LVEF levels
(data not shown). However, increases of the circulating DCs numbers
after the treatment were associated with improvements of cardiac
function including BNP and LVEF levels (Fig. 5). The pathophysiology
underlying the association between cardiac function and DCs is not
well known from our study. However, several mechanisms are con-
sidered. First, as stated earlier, acute infection was unlikely. Second,
acute severe ischemic injury of the myocardium was unlikely because
cardiac enzyme such as creatine Kinase was not elevated in the
decompensated phase of heart failure. Third, acute renal failure was
unlikely because the creatinine levels of heart failure patients were
signi+ cantly higher than those of control but the creatinine levels of
heart failure patients did not change after treatment (Table 1). Fourth,
activation of immune system may be involved in the reduction of
cardiac function. Although in- ammatory cytokines including TNFa
and IL-6 or CRP have been reportedly elevated in patients with
decompensated heart failure, we did not  nd the association between
these in- ammatory markers and circulating DCs numbers (data not
shown). On the other hand, the change of circulating DCs numbers
was correlated with the change of a cardiac injury marker, troponin-T,
suggesting that circulating DCs may be involved in myocardial injury
in pathophysiology of heart failure.

In this study, we found circulating mDCs and pDCs subsets are
reduced and activated in patients with decompensated heart failure,
possibly suggesting a mobilization of circulating DCs into the
peripheral tissues. The increases of the numbers of circulating DCs
after heart failure treatment were associated with the improvement of
cardiac function in patients with heart failure. These » ndings may
help us to further elucidate the pathophysiology of heart failure.
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Heart Failurs

Effect of Waon Therapy on Oxidative Stress
in Chronic Heart Failure

Shoji Fujita, MD; Yoshiyuki Ikeda, MD; Masaaki Miyata, MD; Takuro Shinsato, MD;
Takuro Kubozono, MD; So Kuwahata, MD; Narisato Hamada, MD; Takahiro Miyauchi, MD;
Tsuyoshi Yamaguchi, MD; Hiroyuki Torii, MD; Shuichi Hamasaki, MD; Chuwa Tei, MD

Background: A previous report by our team showed that Waon therapy, using a far infrared-ray dry sauna
at 60°C, improves cardiac and vascular function in patients with chronic heart failure (CHF). The purpose of the
present study was to clarify the effect of Waon therapy on oxidative stress in CHF patients and investigate its
mechanism by animal experiments.

Methods and Results: Forly patients with CHF were divided into control (n=20) and Waon therapy (n=20)
groups. All patients received standard optimatl medications for CHF. Waon therapy group was treated with Waon
therapy daily for 4 weeks. After 4 weeks of Waon therapy, concentrations of hydroperoxide and brain natriuretic
peptide (BNP) decreased significantly (hydroperoxide, 422+116 to 327188 U.CARR, P<0.001; BNP, 4024221 to
225+137 pg/ml, P<0.001), and the nitric oxide metabolites increased (71.2+35.4 to 92.0+40.5 mmol/L, P<0.05). In
contrast, none of these variables changed over the 4-week interval in the control group. Furthermore, animal
experiments were performed using TO-2 cardiomyopathic hamsters. On immunohistochemistry, cardiac expres-
sion of 4-hydroxy-2-nonenal, a marker of oxidative stress, was decreased in the 4-week Waon therapy compared
to untreated hamsters. On Western blotting, cardiac expressions of heat shock protein (HSP) 27, manganese
superoxide dismutase and HSP32, which reduce oxidative stress, were significantly upregulated in the 4-week
Waon therapy compared to untreated hamsters.

Conclusions: Waon therapy decreases oxidative stress in patients and hamsters with heart failure. (CircJ
2011; 75: 348—356)

Key Words: Heart failure; Heat shock protein; Oxidative stress; Waon therapy

e developed a form of thermal therapy for heart
‘}‘) failure in 1989; it uses a dry sauna with a tem-
perature maintained at 60°C, which differs from
the traditional sauna. In 2007, we changed the name to Waon
therapy! (“Wa” means soothing, and “On” means warmth);
hence Waon infers a warmth that comfortably refreshes the
mind and body. Waon therapy is defined as warming the
entire body in a uniformly heated chamber for 15min at a
temperature that relaxes the mind and body. After the core
temperature has increased by 1.0-1.2°C, the patient rests
outside the sauna for a further 30 min to maintain the soothing
effect, and fluids corresponding to perspiration are supplied
to protect against dehydration at the end of the therapy.
We discovered that this new thermal therapy is very bene-
ficial for patients with cardiovascular diseases, including

chronic heart failure (CHF)*>* and peripheral artery dis-
ease,'"U as well as lifestyle-related diseases.’>!> Waon ther-
apy improves cardiac function, neurohormonal factors,
ventricular arrhythmias, prognosis, and vascular endothelial
function in patients with CHF. We later demonstrated that
the molecular mechanism by which Waon therapy improves
vascular endothelial function involves increased endothelial
nitric oxide (NO) synthase (eNOS) expression.'

Oxidative stress is elevated in CHF as a result of increased
production of free radical species capable of attacking lipids,
proteins, and nucleic acids. Chronic increases in oxygen radi-
cal production in the mitochondria can lead to a catastrophic
cycle of mitochondrial DNA damage, as well as functional
decline, further oxygen radical generation, and cellular injury
in heart failure.!s The degree of oxidative stress is linked to
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the severity of heart failure.!** Administration of angioten-
sin II receptor blockers (ARB), 3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA) reductase inhibitors (statins), vita-
min C, B-blockers, allopurinol and growth hormone-releas-
ing peptide reduces oxidative stress and improves cardiac
and vascular function in CHF.?-3 Furthermore, exercise
training decreases oxidative stress in CHF.*

We have reported that 2 weeks of Waon therapy decreased
urinary concentrations of 8-epi-PGF2e, a marker of oxida-
tive stress, in patients with at least one atherosclerotic risk
factor.'* However, the effect of Waon therapy on oxidative
stress in CHF has not been elucidated. The purpose of the
present study was to clarify the effect of Waon therapy on
oxidative stress in CHF patients and address its mechanism
using cardiomyopathic hamsters with heart failure.

Methods

Clinical Study

Participants and Study Design The study participants
included 40 CHF patients who were admitted to Kagoshima
University Hospital or Kagoshima City Medical Association
Hospital between 2006 and 2009.

The inclusion criteria were the presence of symptomatic
CHF, left ventricular ejection fraction (LVEF) <50% on echo-
cardiography, and New York Heart Association (NYHA)
functional classes II or IIl. Exclusion criteria were the pres-
ence of severe aortic stenosis, severe obstruction with hyper-
trophic obstructive cardiomyopathy, and NYHA functional
class IV. Also excluded were patients who changed medica-
tions, such as angiotensin-converting enzyme inhibitors, ARB,
J-blockers, statins, and allopurinol, because changes in medi-
cations might affect the oxidative stress.

All patients were treated with standard optimal therapy for
at least 1 week after admission, and then were randomized to
the Waon therapy group (n=20) or the control group (n=20).
All patients continued optimal treatment for heart failure for
an additional 4 weeks. The patients in the Waon therapy
group received Waon therapy once a day, 5 days a week, for
4 weeks. The patients in the control group continued con-
ventional treatment for 4 weeks.

All examinations were performed at baseline and on the
next day after the last treatment of 4 weeks.

Informed consent was obtained from all patients prior to
participation, and the protocol was approved by the Ethics
Committee of the Faculty of Medicine, Kagoshima Univer-
sity.

Waon Therapy Waon therapy uses a far infrared-ray dry
sauna, which is evenly maintained at 60°C and differs from
the traditional sauna. Waon therapy has no hydration pres-
sure, and was performed as previously reported.? The patients
were placed in a 60°C sauna system for 15min and then,
after leaving the sauna, they underwent bed rest with a blan-
ket to keep them warm for an additional 30 min. All patients
were weighed before and after the therapy, and they drank
water at the end of the Waon therapy to compensate for
weight lost due to perspiration.

Physical Examination and Cardiac Function The body
weight, heart rate (HR), systolic blood pressure (SBP) and
diastolic blood pressure (DBP) were measured at baseline and
4 weeks after treatment. The cardiothoracic ratio (CTR) deter-
mined by chest radiography and LVEF evaluated by echo-
cardiography were measured at baseline and 4 weeks after
treatment.

Laboratory Examination A fasting plasma blood sample

Circulglion Jouinal

was taken in the morning to measure plasma concentrations
of brain natriuretic peptide (BNP), uric acid, hydroperoxide,
nitrate, and nitrite at baseline and 4 weeks after treatment.
Plasma BNP concentrations were measured with chemilumi-
nescent enzyme immunoassay using a commercially available
kit (PATHFAST, Mitsubishi Chemical Medience Co, Ltd,
Tokyo, Japan). Serum uric acid concentrations were mea-
sured using an automated technique based on the uricase/pod
method (Roche Diagnostics Co, Ltd, Basel, Switzerland),
implemented in an autoanalyzer (Modular Analytics, Roche
Diagnostics Co, Ltd). Concentrations of plasma hydroper-
oxide, which is an index of oxidative stress, were measured
using the Free Radical Analytical System (FRAS, Diacron,
Grosseto, Italy).’>*¢ Plasma concentrations of nitrate and
nitrite were measured using a high performance liquid chro-
matography-Griess system.?

Animal Experiments

Animals Male TO-2 cardiomyopathic hamsters (Bio
Breeders, Fitchburg, MA, USA) were used as a model of
clinical dilated cardiomyopathy. This hamster develops heart
failure, which is characterized by symptoms such as general
edema and pleural effusion, at around 30 weeks of age and
dies within a year.®2% All hamsters were allowed access
to food and water ad libitum and were maintained under
controlled environmental conditions (24°C, 12-h light/dark
cycles). This study was performed in accordance with the
Guide for Animal Experimentation at the Faculty of Medicine
at Kagoshima University.

Experimental Protocol Thirty-week-old TO-2 hamsters
were divided into Waon therapy and untreated groups (n=11
per group). Hamsters in the Waon therapy group underwent
Waon therapy once a day, 5 days per week, for 4 weeks,
whereas TO-2 hamsters in the untreated group did not receive
any treatments. At 34 weeks of age, hemodynamic parame-
ters were measured, and the TO-2 hamsters in both groups
were sacrificed for immunohistochemistry (n=3 per group),
enzyme-linked immunosorbent assay (ELISA) and Western
blotting (n=8 per group). The hearts of the TO-2 hamsters
were excised, rapidly frozen, and stored at —80°C. All exam-
inations were performed on the next day after the last treat-
ment of 4 weeks.

Waon Therapy for T0-2 Hamsters Waon therapy was
performed using an experimental far infrared-ray dry sauna
system at 39°C for 15min followed by 30°C for 20 min as
reported previously.* In this setting, their core temperatures
were increased by 1°C and remained elevated for 20 min as
shown in the clinical setting.*

Measurements of Cardiac Function In order to estimate
the effect of Waon therapy on cardiac function in TO-2 ham-
sters, left ventricular (LV) +dP/dt and % fractional shorten-
ing (%FS) were measured at the age of 34 weeks as described
previously.*** Millar catheter pressure transducers (Millar
Instruments, Houston, TX, USA), which were cannulated
into the right carotid artery, and echocardiography (Toshiba
SSH-380A Power Vision, Toshiba Medical System, Tokyo,
Japan) were used for the measurements.

Immunohistochemistry The labeled streptavidin biotin
method was performed using a Histfine kit (Nichirei, Tokyo,
Japan) for immunohistochemistry as previously described.!
Briefly, cross-sections of hearts were incubated overnight with
mouse monoclonal antibodies specific for 4-hydroxy-2-non-
enal (4-HNE; Oxis, Foster City, CA, USA), which is a marker
of oxidative stress.?*?%* The specimens were then incubated
with biotinylated anti-mouse IgG. They were developed with
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diaminobenzidine and counterstained with hematoxylin.

s ELISA We assayed the concentration of cardiac 4-HNE
therapy Control & e in TO-2 hamsters using OxiSelect HNE-His Adduct ELISA
(n=20) (n=20) Kit (Cell Biolabs, Inc, San Diego, CA, USA) according to
Mean age, years 64+14 65+13 0.77 the protocol supplled with the kit.* In brief, 100/1] of the
Male, % 85 80 0.68 10 pg/ml protein samples- from whole.hearts of TO-2 hamsters
NYHA functional class (I} 1713 18/2 0.63 were probed with an 'anu-4—HNE annbody and absorbed on a

Diagnosis, % microplate reader using 450nm as th'e primary wavelength.

; ) . , Western Blotting Western blotting was performed as
Dilated cardiomyopathy 80 L8980 described previously.!* In brief, 10ug of protein samples
Ischemic cardiomyopathy 30 35 0.74 from whole hearts of TO-2 hamsters were detected with the

_-Valvular heart disease 10 DR e R NuPAGE Electrophoresis System (NOVEX, San Diego, CA,
Others 10 15 0.63 USA) using rabbit polyclonal heat shock protein (HSP) 27,
AF, % HSP32, manganese superoxide dismutase (Mn-SOD), copper/
" Chronic AF ey AR zinc-SOD (Cu/Zn-SOD) (Santa Cruz Biotechnology, Santa
Paroxymal AF 30 10 0.11 Cruz, CA, USA), p38 mitogen-activated protein kinase
Medication, % (p3.8M/5.xPK), and 'phos'phorylated p38MAPK (p-p38MAPK)
T s 03t : antibodies (Cell mgnahpg technology, Danvsers, MA, USA).
#-blocker ‘ e 5 BEE HSP27. and P_ISP32 are induced _by §evera] stimuli, including
. . s . heat stimulation, and reduce oxidative stress.*>*’ Band den-
Statin e . 20 0000 sity was determined by densitometry using NTH image soft-
. Mlopurinol _ : 25 2 s D ware. Results were expressed as the ratio of the density of
Calcium channel blocker 15 15~ 1.00 specific bands to the corresponding 3-actin.

NYHA, New York Heart Association; AF, atrial fibrillation; ACE, angio-
tensin-converting enzyme; ARB, angiotensin |l receptor blocker.

Waon therapy (n= )” ‘ Control (n=20) Comparison at

Baseline After 4 weeks Pvalue Baseline After 4 weeks P value baseline P value
BW,kg 5824165 57.6416.1  <0.05 | 56.9:+9.1 | 56.3:87 = 044 . 076 -
HR, beats/min 78112 7111 0.058 70112 70+10 0.85 0.065
SBP,mmHg ~  103+18  96#21 012 10815 aprr e e R
DBP, mmHg 61x11 56+14 0.082 65+11 6910 0.18 0.25
CTR,% .. 563+6.2 530456 = <0001 535:64  534s61 = 079 o047
LVEF, % 31.8£11.3 35.8+131  <0.01 34.3:7.0  36.5+10.0 0.25 0.27
BNP, pg/ml - 402+221 2253137 <0.001 ~ 374:235  362x291 = 085 g
UA, mg/di 6.65+1.88  6.24%1.51 015  6.98%1.28  7.15x1.61 0.55 0.83

BW, body weight; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; CTR, cardiothoracic
ratio; LVEF, left ventricular ejection fraction; BNP, brain natriuretic peptide; UA, uric acid.
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Figurs 8. Effects of Waon therapy on the cardiac expressions of HSP27 and HSP32 assessed by Western blotting. (&) The
representative Western blotting bands of HSP27 and HSP32 expressions in the whole hearts of TO-2 hamsters are shown.
(B) Cardiac expressions of HSP27 and HSP32 in TO-2 hamsters increased significantly after 4 weeks of Waon therapy com-
pared to those in the untreated group. *P<0.01 vs. untreated hamsters, n=8 per group.
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Statistical Analysis

Values are expressed as means*SD. Statistical analysis was
performed using Stat View Version 5.0 software. Compari-
sons of baseline clinical characteristics between the 2 groups
were performed using Pearson’s chi-square test or Student’s
unpaired t-test. Within-group changes between before and
4 weeks after treatment were evaluated by paired t-tests. In
the animal experiments, the results of the 2 groups were com-
pared by Student’s unpaired t-test. Statistical significance
was accepted when the P-value was <0.05.

Besuils

Clinical Examination

Patient Characteristics The patients’ baseline character-
istics are shown in Table 1. There were no significant dif-
ferences in age, gender, NYHA functional class, causative
heart diseases, atrial fibrillation and medication between the
2 groups at baseline. In addition, as shown in Table Z, there
were no significant differences in body weight, HR, SBP,
DBP, CTR, LVEF, BNP, and uric acid between the 2 groups
at baseline.

Changes in Clinical Variables After 4 Weeks During the
study, none of the patients treated with Waon therapy had
worsened clinical symptoms. The changes in clinical vari-
ables after 4 weeks are summarized in Table 2. Body weight,
CTR, and BNP decreased significantly after 4 weeks of Waon
therapy compared to baseline, but they did not change in the
control group. In addition, echocardiography demonstrated
that LVEF increased significantly after 4 weeks of Waon
therapy, but did not change in the control group. There were
no significant differences in HR, SBP, DBP, and uric acid
after 4 weeks of Waon therapy. In the control group, there
were no significant differences in these clinical variables after
4 weeks of treatment.

Plasma Concentrations of Hydroperoxide The changes in
plasma concentrations of hydroperoxide, which is an index of
oxidative stress, are shown in ¥igure 1. The plasma concen-
tration of hydroperoxide decreased significantly after 4 weeks
of Waon therapy, whereas it did not change in the control
group after 4 weeks of treatment (Waon therapy group, 422+
116 to 327488 U.CARR, P<0.001; control group, 422171 to
431485 U.CARR, P=0.59). There was no significant differ-
ence between the 2 groups at baseline (P=0.99).
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