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KEYWORDS Summary
Waon therapy; Background: We conducted a prospective multicenter case—control study to confirm
Heart fallure; the clinical efficacy and safety of Waon therapy on chronic heart failure (CHF).

Methods: Patients (n = 188) with CHF were treated with standard therapy for at least
1 week, and then were randomized to Waon therapy (n=112) or a control group
(n=76). All patients continued conventional treatment for an additional 2 weeks.

Treatment
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The Waon therapy group was treated daily with a far infrared-ray dry sauna at 60°C
for 15min and then kept on bed rest with a blanket for 30min for 2 weeks. Chest
radiography, echocardiography, and plasma levels of brain natriuretic peptide (BNP)
were measured before and 2 weeks after treatment.

Results: NYHA functional class significantly decreased after 2 weeks of treat-
ment in both groups. Chest radiography also showed a significant decrease of
the cardiothoracic ratio in both groups (Waon therapy: 57.2 + 8.0% to 55.2 + 8.0%,
p<0.0001; control: 57.0+7.7% to 56.0+7.1%, p<0.05). Echocardiography demon-
strated that left ventricular diastolic dimension (LVDd), left atrial dimension
(LAD), and ejection fraction (EF) significantly improved in the Waon therapy group
(LVDd; 60,6 +£7.6 t0 59.1 £8.4mm, p<0.0001; LAD: 45.4+9.3mm to 44.1 +9.4mm,
p<0.05; EF: 31.6+10.4% to 34.6 1+ 10.6%, p<0.0001), but not in the control group
(LVDd: 58.4+10.3mm to 57.9+10.4mm; LAD; 46.3+9.7mm to 46.2+10.1mm;
EF: 36.6 £14.1% to 37.3+14.0%). The plasma concentration of BNP significantly
decreased with Waon therapy, but not in the control group (Waon: 542 + 508 pg/ml to
394 +£410pg/ml, p<0.001; control: 440 + 377 pg/ml to 358 + 382 pg/ml).
Conclusion: Waon therapy is safe, Improves clinical symptoms and cardiac function,
and decreases cardiac size in CHF patients. Waon therapy is an innovative and promis-
ing therapy for patients with CHF.

© 2008 Japanese College of Cardiology. Published by Elsevier Ireland Ltd. All rights

reserved.

Introduction

Chronic heart failure (CHF) is a major and growing
public health problem in Japan, as in other devel-
oped countries. Drugs that interfere with excessive
activation of the rennin—angiotensin—aldosterone
system can relieve the symptoms of heart fail-
ure in patients with a depressed ejection fraction
(EF) by stabilizing and/or reversing cardiac remod-
eling. Thus, angiotensin-converting enzyme (ACE)
inhibitors, angiotensin |l receptor blockers (ARBs),
and B blockers have emerged as comerstones of
modem heart failure therapy for patients with a
depressed EF [1]. Angiotensin Il plays an impor-
tant role in the pathogenesis of CHF, and many
large clinical trials have demonstrated the bene-
fits of ACE inhibitors [2,3], and ARBs [4—8] on the
morbidity and mortality of CHF. However, the num-
ber of heart failure deaths has increased steadily
despite advances in treatment, in part, because of
increasing numbers of patients with CHF due to bet-
ter treatment and salvage of patients with acute
myocardial infarction earlier in life [9].

We developed a form of thermal therapy that dif-
fers from the traditional sauna [10], and have been
investigating the effects of thermal therapy since
1989. We discovered that the new thermal ther-
apy offers prominent beneficial effects for patients
with CHF [10-13] and peripheral artery disease
[14,15]. Thermal therapy at very high tempera-
ture was originally used to treat localized cancer.

However, the therapy we developed to treat car-
diovascular diseases is quite different, in that it
consists of systemic soothing warmth that comfort-
ably refreshes the mind and body. Therefore, we
have changed the name from thermal, to ""Waon"’
therapy, since '"Waon’’ in Japanese means soothing
warmth [16]. Waon therapy is defined as '"therapy
in which the entire body is warmed in an evenly
heated chamber for 15min at a temperature that
soothes the mind and body, and after the deep-
body temperature has increased by approximately
1.0-1.2°C, the soothing warmth is sustained by
maintaining the warmth at rest for an additional
30min, with fluids supplied at the end to replace
the loss from perspiration’’ [16]. We have reported
that Waon therapy, the repeated use of a dry sauna
at 60°C, improves hemodynamics and ameliorates
symptoms, suppresses ventricular arrhythmias, and
improves vascular function in CHF patients [10—13].
We have already performed Waon therapy in sev-
eral hundred CHF patients in our hospital without
any severe adverse effects.

In order to expand the use of Waon therapy,
we developed a movable and sitting-position sauna
system, in which the temperature at the top and
bottom of the chamber is uniformly maintained
at the same temperature of 60°C (Fig. 1). Using
this sitting-position sauna system, we conducted a
prospective multicenter case—control study to con-
firm the clinical effect and safety of Waon therapy
on CHF at 10 different hospitals.
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Subjects and methods

Subjects

Ten hospitals participated in this multicenter study:
Kagoshima University Hospital, Kitasato University
Hospital, Sakakibara Memorial Hospital, Yamaguchi
University Hospital, Juntendo University Hospi-
tal, Tokyo Women’s Medical University Hospital,
Toranomon Hospital, Higashisumiyoshi Morimoto
Hospital, Saiseikai Kumamoto Hospital, and Fuji-
moto Hayasuzu Hospital. We enrolled 188 patients
with CHF, aged 26—94 years (mean age: 64.7 +13.7
years). 94 patients had idiopathic dilated car-
diomyopathy, 45 had ischemic cardiomyopathy, 16
patients had valvular heart disease, and 33 patients
had other heart disease (7 hypertensive heart dis-
ease, 10 hypertrophic cardiomyopathy, 4 dilated
hypertrophic cardiomyopathy, 3 cardiac sarcoido-
sis, 3 restrictive cardiomyopathy, 2 atrial septal
defect, 1 cardiac amyloidosis, 1 drug-induced car-
diomyopathy, 1 alcoholic cardiomyopathy, and 1
left ventricular noncompaction).

Inclusion criteria were the presence of symp-
tomatic CHF, left ventricular ejection fraction
(LVEF) <50% on echocardiography, and New York
Heart Association (NYHA) functional classes II-IV.
Exclusion criteria were the presence of severe aor-
tic stenosis, severe obstruction with hypertrophic
obstructive cardiomyopathy, and high fever due to
infectious disease. Informed consent was obtained
from all of the patients before participation. This
protocol was approved by the Ethics Committee of
the Faculty of Medicine, Kagoshima University.

Design of the study protocol

All patients could receive any kind of medication
for CHF and doctors also could change the medi-
cation during the study. The subjects were treated
with conventional therapy for at least 1 week, and
then were randomized to the Waon therapy group
or a control group at each hospital. The patients in
the Waon therapy group received thermal therapy
daily, 5 days a week, for 2 weeks. The patients in
the control group continued the conventional treat-
ment for 2 more weeks.

Waon therapy

Waon therapy uses a far infrared-ray dry sauna,
which is evenly maintained at 60 °C and differs from
traditional sauna. Waon therapy has an absence
of hydration pressure, and was performed as pre-
viously reported [10]. Briefly, the patients were

Figure 1 Movable and sitting-position sauna system. The
temperature at the top and bottom of the chamber is
uniformly maintained at the same temperature of 60°C.

placed in a sitting-position in a 60°C sauna system
for 15min, and then after leaving the sauna, they
underwent bed rest with a blanket to keep them
warm for an additional 30min. All patients were
weighed before and after the therapy, and oral
hydration with water was used to compensate for
weight lost due to perspiration. Waon therapy was
performed once a day, 5 days a week for 2 weeks,
for a total of 10 sessions. To rule out any acute
effects of Waon therapy, all examinations were per-
formed before the first treatment and on the next
day after the last treatment.

Measurements

Physical examination

The blood pressure (BP), pulse rate, body weight,
and body temperature were measured before and
2 weeks after treatment.

Cardiac function

The clinical state of CHF was evaluated by NYHA
functional class. Before and 7 weeks after treat-
ment, the cardiothoracic ratio (CTR) was measured
by chest radiography and left ventricular diastolic
dimension (LVDd), left atrial dimension (LAD), and
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Baseline clinical characteristics and changes in several variables

Table 1

Comparison at baseline®

p-Value
NS

Control group (n=76)
Baseline

b6L14

p-Value

Waon therapy group (n=112}

p-Value

After 2 weeks

Baseline

NS
NS
NS
NS
NS
NS
NS

<0.01
NS
NS
<0.05
<0.05

65 + 10

71+ 11
106 £ 19

After 2 weeks
© 2.23+048
546 +12.5

51/25
32/16/9/19
2.51:£0.62
54.64+12.0
T74+13
110421
67 +12

<0.0001
<0.0001
NS
<0.01
<0.01

1.99 £ 0.60
55.9+ 114
72413
104 + 18
82+ 11

63+13
74/38
62/29/7/14
2.61£0.62
S56.7+11.8
74+15

108 +21
64+ 17

DCM, dilated cardiomyopathy, ICM, ischemic cardiomyopathy; VD, valvular disease; NYHA, New York Heart Assoclation; BP, blood pressure; and NS, not significant.

NYHA functional class (average)

DCM/ICM/VD/ other disease
Body weight (kg)

Gender (male/female)
Heart rate (beats/min}
Systolic BP (mm Hg)
Diastolic BP (mm Hg)

Age (years)

3 Comparison with baseline values. Data are presented as the mean value=5.0.
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LVEF were evaluated by conventional echocardiog-
raphy.

Laboratory measurements

A fasting blood sample was obtained in the moming
to measure the plasma concentrations of the brain
natriuretic peptide (BNP) with radioimmunoassay,
before and 2 weeks after treatment.

Statistical analysis

All data are expressed as the mean value + 5.D. Dif-
ferences in baseline characteristics were evaluated
by a x? test and unpaired t-test. The data before
and 2 weeks after treatment were compared using
a paired t-test. A p-value of <0.05 was considered
statistically significant.

Results

Baseline clinical characteristics

The baseline clinical characteristics are sum-
marized in Table 1. There were no significant
differences in age, gender, causative heart disease,
NYHA functional class, body weight, heart rate, sys-
tolic BP (SBP), or diastolic BP (DBP) at baseline
between the two groups.

Clinical findings and physical examinations

During the study, none of the patients treated with
Waon therapy had worsened clinical symptoms. The
changes in the clinical findings and variables after 2
weeks are summarized in Table 1. NYHA functional
class, SBP, and DBP significantly decreased in both
groups. Body weight significantly decreased in the
Waon therapy group, but not in the control group.
There were no significant changes in heart rate in
either group.

Chest radiography and echocardiography

Fig. 2 shows the results of chest radiography and
echocardiography. Chest radiography showed a
significant decrease of the CTR after 2 weeks of
treatment in both groups (Waon therapy group:
57.2+8.0% to 55.2+8.0%, p<0.0001; control
group: 57.0+7.7% to 56.0 £ 7.1%, p < 0.05). In addi-
tion, echocardiography demonstrated that LVDd,
LAD, and LVEF significantly improved after Waon
therapy (LVDd: 60.6+7.6mm to 59.1+8.4mm,
p<0.0001; LAD: 45.4+9.3mm to 44.1 £ 9.4mm,
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Figure 2 Data from chest radiography and echocardiography. Chest radiography showed a significant decrease of the
cardiothoracic ratio (CTR) after 2 weeks of treatment in both groups. Echocardiography demonstrated that left ventric-
ular diastolic dimension (LvDd), left atrial dimension (LAD), and left ventricular ejection fraction (LVEF) significantly
decreased after 2 weeks of Waon therapy, but did not change after 2 weeks of conventional therapy in the control
group. *p <0.05 vs. baseline; **p<0.0001 vs. baseline. Closed bars show baseline and open bars indicate values after

2 weeks of treatment.

p<0.05; LVEF: 31.6+10.4% to 34.6+10.6%,
p <0.0001), but did not change in the control group
(LvDd: 58.4+10.3mm to 57.9+10.4mm, not
significant; LAD: 46.3 +9.7mm to 46.2 + 10.1mm,
not significant; LVEF: 36.6 + 14.1% to 37.3 + 14.0%,
not significant).

Plasma levels of BNP

Fig. 3 shows the changes in plasma concentration of
BNP. The plasma concentration of BNP significantly
decreased after 2 weeks of Waon therapy, while it
did not change in the control group (Waon ther-
apy group: 542+ 508pg/ml to 394+ 410pg/ml,
p<0.001; control group: 440+377pg/ml to
358 + 382 pg/ml, not significant).

Discussion

We developed the sitting-position sauna sys-
tem, and conducted a prospective multicenter
case—control study to confirm the clinical effi-
cacy and safety of Waon therapy on CHF at 10
hospitals. In this study, we confirmed that Waon
therapy improved clinical symptoms and cardiac
function evaluated by echocardiography and BNP
concentrations, and decreased cardiac size on chest

.B!I'nru
BNP Danu
1000
*
RO
3
B -
&
F
= 400 A
200 -
o -

Waon Control

Figure 3 Changes in plasma concentration of BNP. The
plasma concentration of BNP significantly decreased after
2 weeks of Waon therapy, but did not change in the
control group. "p<0.001 vs. baseline. Closed bars show
baseline and open bars indicate values after 2 weeks of
treatment.

radiography and echocardiography after 2 weeks of
Waon therapy in patients with CHF. We also demon-
strated that our movable and sitting-position sauna
system is effective and safe for patients with CHF.
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Regarding the acute effect of Waon therapy,
we have reported that 60°C sauna therapy for
15min improved acute hemodynamics in patients
with CHF, including cardiac index, mean pulmonary
wedge pressure, systemic and pulmonary resis-
tance, and cardiac function [10]. Subsequently, we
examined the chronic effects of repeated Waon
therapy on clinical symptoms and cardiac func-
tion in patients with CHF and have reported that
4 weeks of Waon therapy significantly improved
clinical symptoms, increased ejection fraction, and
decreased cardiac size on the echocardiogram and
chest X-ray [10,11]. Furthermore, we demonstrated
that daily Waon therapy for 2 weeks decreased
ventricular premature contractions and increased
heart rate variability (SDNN, standard deviation of
normal-to-normal beat interval) in patients with
CHF, suggesting that Waon therapy decreased sym-
pathetic nervous activity and improved ventricular
arrhythmias [13].

We then investigated the vascular endothelial
function to clarify the mechanisms of the effect
of Waon therapy on CHF, since vascular endothe-
lial function had been reported to be impaired in
CHF. We have reported that 2 weeks of Waon ther-
apy significantly reduced BNP concentrations and
improved endothelial function in patients with CHF.
There was a significant correlation between the
change in %FMD (flow-mediated dilatation) and the
percent improvement in BNP concentrations in the
Waon therapy group [12].

In order to confirm the effect of Waon therapy
on CHF and clarify its mechanism, we performed
experimental studies using TO-2 cardiomyopathic
hamsters with heart failure. We reported that the
repeated Waon therapy improved survival in TO-2
cardiomyopathic hamsters with heart failure [17].
We clarified that one of the molecular mecha-
nisms by which repeated Waon therapy improved
endothelial function was an increase in mRNA
and protein of endothelial nitric oxide synthase
(eNOS) in Syrian golden hamsters [18] and TO-2 car-
diomyopathic hamsters [19]. We believe that eNOS
up-regulation induced by repeated Waon therapy is
caused by an increase in cardiac output and blood
flow, which in tum results in increased shear stress,
although thermal stimulation might up-regulate
arterial eNOS directly.

Compared to pharmacological vasodilator ther-
apy and other non-pharmacological therapy, such
as cardiac resynchronization therapy and physi-
cal therapy, there are several advantages of Waon
therapy for CHF. First, it is quite safe and has no
adverse effects. Second, it is less expensive and
more cost-effective. Third, unlike physical therapy,
patients who are elderly or have severe congestive

M. Miyata et al.

heart failure, uncontrolled ventricular arrhythmias,
and orthopedic limitations are not exempt from
undergoing Waon therapy. Fourth, this treatment
promotes mental and physical relaxation. Waon
therapy may thus be a valuable adjunct to phar-
macological or non-pharmacological intervention in
the management of CHF.

We have treated many CHF patients with Waon
therapy, and none of the patients so far has shown
any deterioration in their condition. However, Waon
therapy does not appear to be indicated for CHF
patients with severe aortic stenosis or obstructive
hypertrophic cardiomyopathy, because the pressure
gradient might be increased during Waon therapy.
Patients with infectious disease are also excluded
from Waon therapy.

Study limitations

We have already reported that repeated Waon
therapy improved the prognosis of TO-2 cardiomy-
opathic hamsters with CHF, suggesting a new
potential non-pharmacologic therapy for CHF [17].
The ultimate goal of treatment is the improvement
of prognosis and quality of life. Therefore, we must
evaluate the effect of Waon therapy on progno-
sis, as well as quality of life, in patients with CHF.
We are conducting a prospective clinical random-
ized study to assess the impact of Waon therapy on
the rate of cardiac death or re-hospitalization in
patients with CHF.

Conclusion

In this prospective multicenter study, we confirmed
that Waon therapy is quite safe, improved clini-
cal symptoms and cardiac function, and decreased
cardiac size in patients with CHF. Therefore, Waon
therapy is an innovative and promising therapy for
patients with CHF.
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KEYWORDS Summary

Waon therapy; Background: We developed a Waon therapy (soothing warm therapy) and have pre-
Prognosis; viously reported that repeated Waon therapy improves hemodynamics, peripheral
Heart faflure vascular function, arrhythmias, and clinical symptoms in patients with chronic heart

failure (CHF). The aim of this study was to investigate the effect of Waon therapy
on the prognosis of CHF patients.

Fatients and methods: We studied 129 patients with CHF in NYHA functional class Il
or IV who were admitted to our hospital between January 1999 and March 2001. In
the Waon therapy group, 64 patients were treated with a far infrared-ray dry sauna
at 60 C for 15min and then kept on bed rest with a blanket for 30 min. The patients
were treated daily for 5 days during admission, and then at least twice a week after
discharge. In the control group, 65 patients, matched for age, gender, and NYHA
functional class, were treated with traditional CHF therapy. The follow-up time was
scheduled for 5 years.

Results: Recent, complete follow-up data on each patient were obtained. The overall
survival rate was 84.5% (Kaplan—Meier estimate). Twelve patients died in the control
group and 8 patients died in the Waon therapy group at 60 months of follow-up.

* Corresponding author. Tel.: +81 99 275 5316; fax: +B1 99 275 5322.
E-mail address: tei@m.kufm.kagoshima-u.ac.jp (C. Tei).
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Cardiac events due to heart failure or cardiac death occurred in 68.7% of the control
group but only 31.3% of the Waon therapy group (P<0.01) at 60 months of follow-up.
Conclusion: Waon therapy reduced cardiac events in patients with CHF. This therapy
is a promising non-pharmacological treatment for CHF.
© 2008 Japanese College of Cardiology. Published by Elsevier Ireland Ltd. All rights
reserved.,

Introduction Methods

Recently, many researchers have reported that Patients and study design

vasodilators, such as angiotensin-converting
enzyme inhibitors [1], angiotensin receptor block-
ers [2], and beta-blockers [3], improve prognosis
in patients with chronic heart failure (CHF).
Furthermore, new technologies to treat CHF,
such as cardiac rehabilitation, cardiac resynchro-
nization therapy, left ventricular assist devices,
and left ventricular reconstruction surgery, have
been developed over the past decade. Despite
advances in therapy for heart failure, improv-
ing clinical outcomes of patients with acute
heart failure remains a challenge for physicians.
Re-hospitalization within 60-90 days occurs in
approximately 30% of patients with acute heart
failure [4].

We have developed a form of thermal therapy,
namely Waon therapy, which differs from the tradi-
tional sauna and is useful in the treatment of CHF.
Waon therapy is defined as ‘‘therapy in which the
entire body is warmed in an evenly heated chamber
for 15min at a temperature that scothes the mind
and body, and after the deep-body temperature has
increased by approximately 1.0-1.2°C, the sooth-
ing warmth is sustained by maintaining the warmth
at rest for an additional 30 min, with fluids supplied
at the end to replace the loss from perspiration
[5]."" We have already reported that Waon therapy,
the repeated use of a dry sauna at 60 °C, improves
hemodynamics [6], ameliorates symptoms [7], sup-
presses ventricular arrhythmias [8], and improves
vascular function [9] in CHF patients. Recently, in
a prospective multicenter case—control study, we
found that 2 weeks of Waon therapy improved clin-
ical symptoms and cardiac function in CHF patients
[10].

Furthermore, we reported that repeated Waon
therapy improves survival in TO-2 cardiomyopathic
hamsters with heart failure [11]. However, the
effect of Waon therapy on prognosis in CHF
patients has not yet been elucidated. Thus, the
purpose of this study was to investigate the
effect of Waon therapy on the prognosis of CHF
patients.

The study subjects included 129 CHF patients who
were admitted to Kagoshima University Hospital,
Kagoshima City Hospital, or Kagoshima City Medi-
cal Association Hospital between January 1999 and
March 2001. All patients received traditional med-
ications for CHF, such as angiotensin-converting
enzyme inhibitors or angiotensin receptor block-
ers, beta-blockers, diuretics, and digitalis. None
of these patients was implanted with a defibrilla-
tor device. Sixty-four patients were treated daily
with Waon therapy for 5 days after admission, and
Waon therapy was continued at least twice a week
in an out-patient clinic after hospital discharge. The
remaining 65 control patients, who were matched
with the Waon therapy group for age, gender, and
etiology and severity of CHF, continued medical
therapy for CHF.

Clinical characteristics at discharge from the
first admission were considered as the patient’s
baseline characteristics. Data on body mass index,
heart rate, systolic blood pressure, and diastolic
blood pressure were also measured at discharge
from the first hospitalization. The baseline data
also included the more recent data on the cardio-
thoracic ratio (CTR) measured by chest radiography
and left ventricular diastolic dimension and left
ventricular ejection fraction measured by two-
dimensional echocardiography during the first
admission.

All 129 patients were followed-up for 5 years,
and cardiac events, such as cardiac death and re-
hospitalization due to heart failure, were compared
between the control and Waon therapy groups.

The study protocol was approved by the Ethics
Committee of the Faculty of Medicine, Kagoshima
University. Informed consent was obtained from all
of the patients.

Waon therapy

Waon therapy uses a far infrared-ray dry sauna,
which is evenly maintained at 60°C and differs
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Table 1  Baseline clinical characteristics.

Waon therapy group Control group
P-value
(n=64) (n=65)
Age (years) 61.94+12.1 64.6 + 9.2 ns
Gender (M/F) 40/24 42/23 ns
DCM/ICM/ Other disease 39/16/9 45/13/7 ns
NYHA functional class (average) 2.6+0.6 2.6+0.5 ns
Body mass index (kg/m?) 22.6+3.0 21.9+3.5 ns
Heart rate (beats/min) 7413 71=9 ns
Systolic BP (mmHg) 112+15 1Mx17 ns
Diastolic BP (mmHg) 77+ 69 70+ 10 ns
CTR (%) 56.2+5.7 54.8+£59 ns
LVDd (mm) 58.9+11.7 59.0+7.8 ns
LVEF (%) 38.5415.2 35.8+10.9 ns
AF (%) 2.8 16.9 ns
Medications
ACE-| or ARB (%) 68.8 64.6 ns
Beta-blocker (%) 60.9 56.9 ns
Digitalis (%) 39.1 49.2 ns
Diuretics (%) 73.4 831 ns
Statin (%) 18.8 13.8 ns

DCM, dilated cardiomyopathy; ICM, ischemic cardiomyopathy; NYHA, New York Heart Association; BP, blood pressure; CTR, cardio-
thoracic ratio; LVDd, left ventricular diastolic dimension; LVEF, left ventricular ejection fraction; AF, atrial fibrillation; ACE-I,

angiotensin-converting enzyme inhibitor; ARB, angiotensin recept

from traditional sauna. Waon therapy has no hydra-
tion pressure and was performed as previously
reported [6]. Briefly, the patients were placed in a
supine or sitting position in a sauna system evenly
maintained at 60°C for 15min, and then, they
underwent bed rest with a blanket to keep them
warm for an additional 30min. All patients were
weighed before and after the therapy, and oral
hydration with water was used to compensate for
weight lost due to perspiration.

20

Death or Re-hospitalization (%)
£
o)
®

or blocker; ns, not significant.

Statistical analyses

Data were analyzed using Stat View 4.0. All data
are expressed as the mean=SD. Differences in
baseline characteristics were evaluated by the chi-
square test or unpaired t-test. The cardiac event
point was the time-to-the-first-event of combined
cardiac death or re-hospitalization due to heart
failure. Cardiac event curves were analyzed with
Kaplan—Meier method, and the log-rank test was

Waon Therapy Group

0 10 20 30

T T T T

0 50 60 0

Months of Follow-up

Figure 1 Re-hospitalization due to heart failure or cardiac death rate was 68.7% in the control group compared to

31.3% in the Waon therapy group (P<0.01) at 60 months of follow-up.
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used to assess the differences between two groups.
A value of P<0.05 was considered statistically
significant.

Results

Baseline patient characteristics

Baseline clinical characteristics in the control and
Waon therapy groups are shown in Table 1. There
were no significant differences in age, gender,
or etiology and severity of CHF between the
two groups. In addition, there were no signifi-
cant differences in the use of CHF medications,
such as angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, beta-blockers, dig-
italis, diuretics, or statins between the two
groups.

Cardiac events

All 129 patients were followed-up for 5 years;
there was no death due to non-cardiac events dur-
ing this study, and the overall survival rate was
84.5%. Twelve patients died in the control group
and 8 patients died in the Waon therapy group over
60 months of follow-up. Re-hospitalization due to
worsening CHF occurred in 44 patients in the con-
trol group and 20 patients in the Waon therapy
group.

The cardiac event rate, such as cardiac death or
re-hospitalization due to heart failure was 68.7% in
the control group and 31.3% in the Waon therapy
group (P<0.01) at 60 months of follow-up.

Kaplan—Meier analysis demonstrated that Waon
therapy significantly reduced the cardiac event rate
compared with the control group, and the reduction
of cardiac events by Waon therapy was 38% at 60
months of follow-up (Fig. 1).

Discussion

This retrospective follow-up study demonstrated
that Waon therapy decreased cardiac death and
re-hospitalization in patients with CHF over a 60-
month follow-up period. Although we have already
reported in an animal study that repeated Waon
therapy improved survival in TO-2 cardiac hamsters
with CHF [11], this is the first report to show the
beneficial effect of Waon therapy on the long-term
prognosis of CHF patients.

We have already reported that Waon therapy
induced thermal vasodilation of the systemic and

pulmonary arteries and veins, reduced cardiac pre-
load and after-load, and improved hemodynamics
and clinical symptoms in CHF patients [6]. In addi-
tion, we have reported that 4 weeks of Waon
therapy significantly improved clinical symptoms,
increased ejection fraction, and decreased cardiac
size on echocardiography and chest radiography in
CHF patients [7]. Recently, we confirmed the ben-
eficial effects and safety of Waon therapy applied
for 2 weeks in CHF patients in a prospective multi-
center case—control study [10].

We previously demonstrated that Waon ther-
apy improved not only cardiac function, but also
endothelial function in patients with CHF. We have
reported that 2 weeks of Waon therapy signif-
icantly reduced brain natriuretic peptide blood
levels and improved flow-mediated vasodilation in
CHF patients [9]. Furthermore, we have reported
that Waon therapy for 2 weeks decreased ventric-
ular premature contractions and increased heart
rate variability in CHF patients [8], suggesting
that Waon therapy decreased sympathetic nervous
activity and improved ventricular arrhythmias.

In addition, Waon therapy improved vascular
function in patients with coronary risk factors
[12,13] or peripheral arterial disease [14,15] and
improved exercise capacity in patients with chronic
obstructive pulmonary disease [16].

Waon therapy improves cardiac and vascular
function and reduces ventricular arrhythmias in
CHF patients. We think that these beneficial effects
of Waon therapy led to the reduction of cardiac
events in CHF patients in the present study.

Furthermore, we reported that Waon therapy
increased mRNA and protein expression of endothe-
lial nitric oxide synthase (eNOS) and production of
nitric oxide (NO) in Syrian golden hamsters [17]
and TO-2 cardiomyopathic hamsters [18]. This up-
regulation of eNOS and NO may play an important
role in the beneficial effects of Waon therapy in CHF
patients.

Study limitation

This study was a retrospective study to investi-
gate the effect of Waon therapy on the prognosis
in patients with CHF. A further prospective ran-
domized multicenter study is needed to clarify the
beneficial effect of Waon therapy on the prognosis
of CHF patients.

In addition, patients in the Waon therapy group
went to the hospital at least twice per week. In
contrast, patients in the control group went to the
hospital once per month. Therefore, this difference
in frequency of hospital visits may affect the result
of this study.
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Conclusion

In this retrospective follow-up study, we demon-
strated that Waon therapy reduced cardiac events
due to heart failure over a 60-month follow-up
period. Therefore, this therapy is a promising non-
pharmacological treatment for CHF.
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Original Article

The Long-Term Effect of Angiotensin II Type 1a
Receptor Deficiency on Hypercholesterolemia-
Induced Atherosclerosis

Hideyuki ETOY, Masaaki MIYATA", Takahiro SHIRASAWA", Yuichi AKASAKI",

1631

Narisato HAMADA", Aya NAGAKI", Koji ORIHARA", Sadatoshi BIRO", and Chuwa TEI"

Angiotensin Il type 1 receptor may tribute to atherog is by facilitating the proliferative and inflam-
matory resp to hyperchol In the present study, we lrlv“liqlted the long-term effect of
angiotensin 1l type 1a receptor (AT1a) deficiency on hyperchol induced atherosclerosis by the
use of AT1a-knockout (AT1a-KO) mice and apolipoprotein E-knockout (apoE-KO) mice. AT1a-KO were
crossed with apoE-KO, generating double-knockout (D-KOi mice, Mice were fed a standard diet and ana-
lyzed at 26- or 60-weeks-old. The quantification of ath in the aortic root revealed that the
atherosclerotic lesions of D-KO mice were significantly smaller than those of apoE-KO mice at 25-week-old
(0.81£0.16 mm? vs. 1.0620.21 mm?, p<0.001) and at 60-week-old (0.89120.11 mm® vs. 2.441£0.28 mm’,
p=<0.001). Surprisingly, there was no significant diffi in athe ic lesion size of D-KO mice at 25-
and 60-week-old, suggesting that AT1a deficiency completely protected against the age-related progression
of atherosch is. The nts of collagen and elastin, the expression of p22phox, serum amyloid P (SAP),
matrix metalloproteinase (MMP)-2, and MMP.8, and the number of apoptotic cells of D-KO mice were lower
than those of apoE-KO mice. Furthermore, we confirmed that the exp ion of pr llagen ai(l), p I-
lagen ai(lll), tropoelastin, p22phox, SAP, MMP-2, and MMP -3 decreased in cultured vascular smooth muscle
cells from D-KO mice compared with those of apoE-KO mice. In concl , AT1a deficiency red ath-
erosclerolic lesion size of apoE-KO mice and protects against the age-related prog ion of ath

sis. Reduction of oxidative stress, apoptosis, and MMP expression in atherosclerotic lesions by AT1a

deficiency may contribute to plague size. (Hypertens Res 2008; 31: 1631-1642)

idative stress

Key Words: angiotensin, apoptosis, ather

Introduction

Angiotensin 11 (Ang IT) is a potent vasoconstrictor, and, apart
from its effects on blood pressure, it is strongly implicated in
the pathogenesis of atherosclerosis. Oxidative stress and
inflammation, triggered by Ang I1, are involved in the initia-
tion and progression of atherosclerosis (7-3). Ang 11 eliaits
production of superoxide anion, a reactive oxygen species

e
ysis, hyp

(ROS), from arterial endothelial cells (EC) and smooth mus-
cle cells (SMC) (). Ang II can also increase expression of
proinflammatry cytokines such as interleukin (IL)}-6 and
monocyte chemoattractant protein (MCP)-1 in arterial SMC
and the leukocyte adhesion molecule, VCAM-1, in EC (5-7).

Angiotensin II type 1 receptor (AT1) may contnbute to
atherogenesis by facilitating the proliferative and inflamma-
tory response to hypercholesterolemia. ATI blockers (ARB)
and angiotensin-converting enzyme (ACE) inhibitors normal-

Grads School of Medicine, Kagoshi

From the "Department of Cardiovascul

Japan.

y and Metabolic Medici

halic Mad Gradh

School of Medicine,

Address for Reprints: Masaaks Miyata, M.D., Ph.D., Department of Card

Kagoshima University, 8-35-1 Sakuragaoka, Kagoshima 890-8520, Japan. E-mail:

Regeived March 11, 2008; Accepted in revised form April 11, 2008,

lar, Respiratory and M
@m3 kufm kagosh

w.ac.jp

- 267 -



1632 Hypertens Res Vol. 31, No. 8 (2008)

ize oxidative stress and endothelial dysfunction, and they
reduce the progression of atherosclerosis (8, 9). Several stud-
1es using various animal models have shown that blocking the
actions of Ang II by ACE inhibitors or ARB is effective in
preventing the progression of atherosclerosis (7). Recently, it
was reported that ATI deficiency significantly reduced
hypercholesterolemia-induced atherosclerosis in apolipopro-
tein E (apoE)-knockout (apoE-KO) mice at 19-weeks-old
(10) or in low density lipoprotein (LDL) receptor deficient
mice at 20-wecks-old (/7). However, the long-term effect of
angiotensin I type 1a receptor (ATa) deficiency on hyper-
chol I induced atherosclerosis has not  been
reported. AT1-KO mice did not show any atherosclerotic
lesion themselves. Therefore, AT1a-KO mice were crossed
with apok-KO mice in order to gencrate double-knockout (D-
KO) mice. We compared the atherosclerotic lesion and
expression of factors that are related to plaque vulnerability
between the apoE-KO and D-KO mice at 25- and 60-week-
old. Furthermore, to address the role of AT1 in atherogenesis,
we performed cell culture experiments using vascular smooth
musele cells (VSMCs) explanted from the medial layer of
aortas from the D-KO or apoE-KO mice.

Methods

Generation of AT1a-“/ApoE~"- D-KO Mice

ApoE-KO mice on a C57TBL/6 background were donated by
Dr. Jan L Breslow (Rockefeller University, New York, USA),
and AT 1a-KO mice on a C57BL/6 background were obtained
from Tanabe Seiyaku Co. Ltd. (Osaka, Japan). ApoE-KO
mice were crossed with AT1a-KO mice, and heterozygous
knockout mice were crossed until homozygous D-KO mice
were obtained. Genotypes for apoE and ATla were deter-
mined by polymerase chain reaction amplification of DNA
isolated from the tail. These mice were fed a standard diet,
and water was available ad libitum. The study protocol was
approved by the ethics committee of the Graduate School of
Medicine, Kagoshima University. This study conformed to
the Guide for the Care and Use of Laboratory Animals pub-
lished by the US National Institutes of Health (NIH Publica-
tion No. 85-23, revised 1996).

Measurements of Heart Rate, Blood Pressure,
Cholesterol, and 8-Isoprostane

D-KO and apoE-KO mice were compared in this study.
Before sacrifice, the heart rate and blood pressure of con-
scious restrained mice were measured using a tail-cull sys-
temn. At the age of 25 or 60 weeks, mice were anesthesized
with pentobarbital (80 pg/kg, ip.) after measuring body
weight, and blood was drawn from the left ventricle of anes-
thesized mice. The mean blood pressure was calculated from
the systolic and diastolic blood pressure, Plasma total- and
high density lipoprotein (HDL)-cholesterol were measured

with an enzymatic kit (Cat.#DR-2100, DR-2210, Kainos Lab-
oratories, Inc., Tokyo, Japan).

To clanfy the production of oxidative stress, 8-isoprostane
(a plasma indicator of oxidative stress) was determined using
plasma from the apoE-KO and D-KO mice using an 8-Iso-
prostane EIA Kit (Cat#516351, Cayman Chemucal, Ann
Arbor, USA) as descnbed previously (12).

Genotyping by PCR

ATla genotyping used the following primers: antisense, 5'-
ATCCTAAAGATGTCATCATTTC-3" and sense, 5-ATG
GATTTTGAACAGTGTTG-3". Resultant wald-type and
deficient allele bands were 770 bp and 1,134 bp, respectively
(data not shown). ApoE genotyping used the following prim-
ers: antisense, 5-GCCTAGCCGAGGGAGAGCCG-3' and
sense, 5-GCCGCCCCGACTGCATCT-3". Resultant wild-
type and deficient allele bands were 155 bp and 245 bp,
respectively (data not shown).

Tissue Preparation and Lesion Assessment

Animals were anesthesized with pentobarbital (80 pg/kg, i.p.)
and perfused with phosphate-buffered saline (pH 7.4) fol-
lowed by 10% neutral-buffered formalin through a catheter
placed in the left ventricle. The heart with aortic root was
fixed in 10%% neutral-buffered formalin, embedded in O.C.T.
compound (O.C.T.; Sakura Finetechmical Co., Tokyo, Japan)
and frozen at —80°C. Frozen sections were cul into 10-um
sections and fixed to glass slides. The slides were stained with
oil red O. All sections were examined under a microscope,
and the lipid-staining sorta and total area of the histological
sections were measured (13).

For en face preparations, the aorta was dissected from the
aortic valve to the tliac bifurcation and fixed in 10% neutral-
buffered formalin. The aorta was opened longitudinally and
pinned on a board. To identify atherosclerotic lesions, the
aorta was stained with oil red O. It has been reported that the
extent of atherosclerosis in the entire aorta (expressed as per-
cent of surface area) reflects the extent of atherosclerosis in
the aortic root (expressed as average lesion area per section)
of apoE-KO mice and LDL receptor deficient mice (/4).

For histological analysis of the extracellular matrix (ECM)
and immunohistochemical staining, the hearts and aortas of
mice were carefully removed, fixed in 10% neutral-buffered
formalin, and embedded in paraffin. Azan staining for col-
lagen and Victonia blue staining for elastin were carried out to
assess matrix production

Immunohistochemical Analysis

Immunohistochemical staining was carried out on paraffin-
embedded sections as described previously (1.5). After depar-
affinization and hydration of specimens, endogenous peroxi-
dase activity was blocked, and the specimens were fixed by
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Fig. 1. Hemodwmamic parameters, body weight, and cholesterol concentration. There was no significamt difference in mean
blood pressure (1), heart rate (B), total cholesterol concentration (C), HDIL-cholesterol concentration (D), or body weight ()
hetween apob-K(Q and D-KO mice at bath 25- and 60-week-old There was no significant difference in mean blood pressure,
total- and HDL-cholesteral concentration. or body weight between 25- and 60-week-old i both apol-KO and [3-KQ) mice. How-
ever, heart rate at 60-week-old was significamily higher than that at 25-week-old ®p< 0,05 vs. 25-week-old apoE-KO mice,

**n<0.05 vs. 25-week-old D-KO mice.

immersion in 0.3% HyOy in methanol for 20 min. Immunohis-
tochemnieal stmmng was performed with a goat polyelonal
antibody against human muscle actin (Cat #se-1615, Santa
Cruz Biotechnology, Santa Cruz, USA), a goat polyclonal
antibody against human CD-64 (Cal #5c-7642, Santn Cruz
Biotechnology), a goat polyclonal antibody against human
p22phox (Cat.#sc-11712, Santa Cn Biotechnology), a goat
polyelonal antibody against mouse serum amylod P (SAP;
Cat #se-18312, Santa Cruz Biotechnology), a gout palyclonal
antibody against human matrix metalloproteinase (MMP)-2
(Cat.#sc-6838. Santa Cruz Biotechnology). a rabbit poly-
clonal antibody aguinst human MMP-9 (Cat #5c-10737, Santa
Cruz Biotechnology), a goat polyclonal antibody agaimst
human angiotensin I1 type 2 receptor (AT2, Cal.#se-7420,
Santa Cruz Biotechnology), a rabbit polyclonal antibody
against human activated caspase-3 (Cat #557035, Santa Cruz
Brotlechnology), und a goat polyclonal antibody against
human apoptosis inducing factor (AIF; Cat.#sc-9416, Santn
Cruz Biotechnology) using the labeled streptavidin biotin
complex method (Cat 7424141, 424151, Simple-stain MAX-
PO kit, Nichirei, Tokyo, Japan), After blocking with 10% rab-
bit or goat serum, slides were incubated overnight with a pri-
mary antibody at 4°C in a mosture chamber. Shides were
washed with Tris-bufTered saline (TBS) and incubated with a
biotinylated secondary antibody al room temperature for 30
min. After washing with TBS. shdes were meubated with
streptavidin at room temperature for 30 min and visualized
with 3,3 -diaminobenzidine,

Cell Experiments

Primary VSMCs were explanted from the medial layer of
apok-KO or D-KO aortas as described previously (16). They
were cultured in 75 em? flasks at 37°C in a humidified atmo-
sphere of 95% air and 5% COx. and the medium was changed
every 3 d. The growth medium consisted of Dulbecco’s mod-
ified Eagle Medium (D-MEM: Cat.#31600-034, Invitrogen,
Carlsbad, USA) supplemented with 10% fetal bovine serum
(FBS; Cat.#12303-500M, SAFC Biosciences, Wicklow, Ire-
land). 100 units'mL penieillin, and 100 mg/mL streptomyetn
(Car#15140-122, Invitrogen). VSMCs used for experiments
were [rom the third to the fifth passages
Reverse-transenption polymerase chain reaction (RT-PCR)
was performed as described previously (/7). Total RNA for
use in RT-PCR was 1solated using the Mini RNA isolation kit
(CaL#R1005, ZYMO RESEARCH. Orange. USA). For
c¢INA synthesis, 1 pg of total RNA was reverse-transeribed
with random hexamers using SuperSenpt 11 RT (Cat.# 18064-
022, Invitrogen). The transcribed ¢cDNA was amplified by
PCR with specific primers for procollagen ce}(T), procollagen
el (111), tropoclasting p22phox, SAP, MMP-2, MMP-9, and
glyceraldehydes-3-phosphate  dehvdrogenase  (GAPDH)
I'wo specific pnmer pairs corresponding to  published
sequences were used to amplify procollagen al(l) (5'-
CAGCCGCTTCACCTACAGC-3 and S5-AATCACTGT
CTTGCCCCAGG-3")  (18),  procollagen  ecl(IIl) (5%
TCCAACTGCTCCTACTCGCC-3 and 5-GAGGGCCTG
GATCTCCCTT-3") (18). tropoclasin (3-GGTGCGGTG
GTTCCTCAGCCTGG-3" and 3-GGGCCTTGAGATACC

- 269 —



1634 Hypertens Res Vol. 31, No. §(2008)

B
= 30 - *
E
g .
2
g 2.0 -‘
]
2 -
E . ** Kk k
= 1.0 S T
St
e —
-
=
< 0.0
15w 60w 25w 60w
apoE-KO D-KO
C

Fig. 2. Atherosclerotic lesions. A: Representative oil red O
stained cross-sections aof the aortic root of apol:-KO mice (a)
and D-KO mice (b) at 60-week-old B: Quantification of ath-
erosclerotic volume in aortic root. Atheroscleronic lesions in
D-KO mice were significantly smaller than those in apof:-
K€ mice at 25- and 60-week-old *p < 0.001 vs. 25-week-old
apol-KO mice, **p<0.00] vs. 25-week-old apolz-KO mice,
***0< 0.00] vs. 60-week-old apoE-KO mice. C: Oil red O
stained en face preparation of longitudinally opened aortas
of a 60-weck-old apoE-KO mouse (c) and a D-KO mouse (d)

CCAGTG-3) (19, p22phox  (3-TGGGCGGCTGCT
TATGGT-3" and S-GTTTGTGTGCCTGCTGGAGT-3")
(20). SAP (3'-CTCAGACAGACCTCAATCAG-3" and 5
TCAGCAATACCAGAGGAGGA-3) (21), MMP-2 (5-

ACCCAGATGTGGCCAACTAC-3  and  5-TACTTI
TAAGGCCCGAGCAA-3) (22). MMP-2 (5-ATGATG
GAGGAGAAGCAGTC-3 and  5-AGGTGAAGGGAA

AGTGACAT-3") (23), and GAPDH (3-CAGGAATTCGGT
GAAGGTCGGAGTCAAGGG-3" and  5-AGTGGATCC
GGTCATGAGTCCTCCCAGGAT-3")(24) The PCR amph-
fication protocol included 35 cycles of denatunng, anncaling,
and elongation with Tag polymerase (Cat#ROOIA,
TAKARA BIO Inc., Shiga. Japan). Equal amounts of PCR
products were subjected to electrophoresis through 1 5% aga-
rose gels and visualized with ethidium bromide. The quantifi-
cation of procollagen a1 (1), procollagen eI (IT1), tropoelastin,
p22phox. SAP, MMP-2, MMP-9, and GAPDH mRNA was
analyzed by real-time PCR using LightCyeler FastStart DNA
Master SYBR Green 1 Kit (Car. 23003230, Roche Diagnostics
K K.. Tokyo, Japan) as described previously (25). GAPDH
expression was used as a reference for quantification of the
respective miRNAs.

Western Blotting

For Western blotting of collagen tvpe I and elastin, proteins
were extracted from apaE-KO and 1D-KO aortas as reported
previously (/7). The aorta was ground to a fine powder under
liguid nitrogen and incubated in ice cold 0.1% Trton lysis
solution (10 mmol/L. HEPES [pH 7.4], 50 mmol/L. sodium
pvrophosphate, 50 mmol/L NaF, 5 mmol/L EDTA, 5 mmol/L
EGTA., 50 mmol/L NaCl, 100 mmol/L. Na, VO, 0.1% Triton
X-100, 500 mmol/L PMSF, and 10 mg/mL leupeptin} for 30
min.

For Western blotting of p22phox, SAP, MMP-2, MMP-9,
activated caspase-3, and AIF, cytoplasmic and nuclear pro-
teins were extracted from cultured VSMCs of apoE-KO and
D-KO using the Protein and RNA lIsolation System
(Cat.#1921, Ambion Inc., Austin, UUSA)

Insoluble matter was removed by centrifugation, and the
protein concentration was measured by a bicinchonme acid
assay (PIERCE Biotechnology Ine., Rockford, USA). West-
em blotting was performed with a NuPAGE™ Electrophore-
sis System (Cat #NPO322BOX, Invitrogen) as reported
previously (/7). Brefly, 10-pg protein samples were resus-
pended in reduced sample buffer, electrophoresed on a 4
12% Bis-Tris gel (Invitrogen) with MOPS runming bufler,
blotted to nitrocellulose membrane, and sequentially probed
with a goal polyelonal antibody against human collagen type
1 (Cat#se-27954, Santa Cruz Biotechnology), a goat poly-
clonal antibody against elastin (Cat #sc-17581, Santa Cruz
Biotechnology), a goat polyclonal antibody against human
p22phox (Cat.#sc-11712, Santa Cruz Biotechnology), n goat
polyclonal antibody against mouse SAP (Cat #sc-18312,
Sonta Cruz Biotechnology)., a goat polyclonal antibody
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Fig. 3. Exracellular matrix A: Extracellular matrix was analbyzed in atherosclerotic lesions of the aortic root in apol-K0) (a, ¢)
and D-KO mice (b, fi at 60 weeks of age. The amount of collagen detected by Azan staining (h, d) and the amount of elastin
detected by Victoria blue staining (f ) in atheromas or non-atherosclerotic aortas of D-KO mice were less than those of apol-
KO mice. The arrows indicate internal elastic lamina, B: Western blotting for collagen type 1 (i) and elastin () of aorta. € Den-
sitometry of Western blots for collagen type | and elastin protein of aorta. The amownts of collagen type | and elastin proteins of
D-KO mice were less than thase of apol=-KO mice. *p= 0.0] vs apols-KO mice, **p< 005 vs apoF-K0) mice
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schemical

Fig. 4. / histe

ning for muscle actin (a, ¢) and CD-64 (b, di of apoE-KO (a, b) and D-KO mice (c. d) at 60

weeks of age. Muscle actin is a marker for VSMCs, and CD-64 is a marker for macrophages. The immunaoreactivity of muscle
actin was detected in apol=-KO) and D-KO at 60-week-old, but the immunoreactivity of CD-64 was only slightly apparent. The

arrows indicate internal elastic lamina

against human MMP-2 (Cat #5¢-6838, Santa Cruz Biotech-
nology). a rabtut polyclonal antibody against human MMP-9
(Cat. #sc-10737, Santa Cruz Biotechnology), a rabbit poly-
clonal antibody against human activated caspase-3
(Ca1#357035, Samta Cruz Biotechnology), and a goat poly-
¢lonal antibody against human AIF (Cat #sc-9416, Santa
Cruz Biotechnology). Either horseradish peroxidase-conju-
gated rabbit anti-goat antibody (Santa Cruz Biotechnology)
or donkey ant-rabbit antibody (Santa Cruz Biotechnology)
was then added, and the secondary antibody was detected by
autoradiography  using  enhanced  chemiluminescence
(Car #RPN2132, ECL Plus, GE Healtheare UK Lid.. Little
Chalfont, UK), GAPDH expression was used as & reference
for quanufication of the respective proteins.

Statistical Analysis

All calculated data are presented as the mean+SD. Statistical
sigmificance was evaluated using unpaired Student’s i-test for

compansons between two groups. A probability value of

p<0.05 was considered statisticallv significant

Hemodynamic Parameters, Body Weight, Choles-
terol Concentration, and 8-Isoprostane

At both 25- and 60-week-old, there were no sigmticant differ-
cnees in mean blood pressure, heart rate, total- and HDL-cho-
lesterol concentrations, or body weight between the apol-KO
and I2KO mice. In both apoE-KO and D-KO mice, although
there was no significant difference in mean blood pressure,
total- and HDL-cholesterol concentrations, or body weight
between 25- and 60-week-old, the heart rate a1 60-week-old
was significantly hgher than in those at 23-week-old (Fig. 1),

The plasma concentration of 8-isoprostane in the D-KO
mice was significantly lower than that in the apoE-KO mice
at 60-week-old (13574181 vy, 230.7£36.0 pg'ml., p<0.05)

Atherosclerosis and Extracellular Matrix

We analyzed atherosclerotic lesions in nortic roots and ECM
preduction in both the aortic ot and aorte. Figure 2A shows
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representative ol red O stained cross-sections of the aortic
root of apoE-KO and D-KO at 60-week-old, Figure 2C dem-
onstrates oil red O stained en face preparations of longitudi-
nally opened aortas of 60-week-old apoE-KO and D-KO
mice. The atherosclerotic area of D-KO mice was smaller
than of apoE-KO mice. The quantification of atherosclerotic
volume in the aortic root revealed that the atherosclerotic
lesion of D-KO mice was significantly smaller than that of
apol--KO mice at 25-week-old (081+0.16 vs. 1.05£021
mm’, p<0001) and at 60-weck-old (0.8920.11 s
2444028 mnt’, p<0.001). Surprisingly, there was no signif-
icant difference in atherosclerotic lesion size of D-KO mice at
25- and 60-week-old, and ATla deficiency completely pro-
tected against the age-related progression of atherosclerosis
(Fig. 2B).

We analyzed the ECM in atheroselerotic lesions of the aor-
tic root. Azan staining for collagen and Victona blue staining
for clasin were camed out to assess matnx production
Expression of collagen type | and elastin proteins in sorta was
quantitatively analyzed by Western blotting. The amount of
collagen and elastin in atheromas of D-KO mice was less than
that of apoE-KO mice (Fig. 3).

Immunohistochemistry

In order to analyze factors that are related to plaque vulnera-
bility, immunohistochemical staining was performed using
primary antibodies against musele actin, CI>-64, p22phox,
SAP, MMP-2, MMP-9, or AT2. Muscle actin is a marker for
VSMCs, and CD-64 1s a marker for macrophages. p22phox 1s
an essential component of nicotinamide adenine dinucleotide
phosphate (NAD(P)H) oxidase, which causes oxidative
stress. SAP is highly inducible during the acute-phase
response in mice and is a marker for inflammation. MMP-2
and MMP-9 may be co-related with plaque stability in athero-
sclerotic lesions.

The immunoreactivity of muscle actin was detected in ath-
crosclerotic lesions of apoE-KO and D-KO mice at 60-weck-
old, but the immunoreactivity of CD-64 was only slightly
apparent (Fig. 4). Thus, the majority of cells in the atheroscle-
rotic lesions in old mice were found to be VSMCs, not mae-
rophages. The immunoreactivities of p22phox, SAP, MMP-2,
and MMP-9 in atherosclerotic lesions of KO mice were
lower than those of apoE-KO mice (Fig. Sa-h). Furthermore,
using immunohistochemistry, we analyzed the expression of
AT2, which can act as an antagonist of AT responses such as
blood pressure, vascular reactivity, and apoptosis We
hypothesized that the absence of AT1 may lead to o compen-
satory up-regulation of AT2Z. However, AT2 expression in
atherosclerotic lesions of D-KO mice did not differ from
those ol apoE-KO mice (Fig. 51, )

Cell Experiments

To conlfirm the precise effect of AT1 on the expression of pro-
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lagen al(l), procollagen el(lll), tropoelastin. p22phox.
SAP, MMP-2, and MMP-9 in VSMCs, we performed cell
culture expenments using VSMCs explanted from the medial
layer of aortas from apoE-KO or D-KO mice. mRNA expres-
sion of these molecules was evaluated by RT-PCR and real-
time PCR. Decreases in mRNA expression of procollagen
al(l). procollagen al(Ill), tropoclastin, p22phox. SAP.
MMP-2, and MMP-9 were found in VSMCs of D-KO mice
compared with apols-KO mice (Fig 6A, B).

We also performed Western blotting to analyze the protein
expression of p22phox, SAP, MMP-2, and MMP-9 in cul-
tured VSMCs. The level of protein expression of these mole-
cules decreased in D-KO mice compared with apoE-KO mice
(Fig. 6C).

Apoptosis

We analyzed apoptosis in atherosclerotic lesions of D-KO
and apoE-KO mice at 60-week-old by immunohistochemis-
try. The expression of activated caspase-3 and AIF in athero-
sclelotic lesions decreased in D-KO mice compared with
apoE-KO mice. Moreover, expressions of activated caspase-3
and AIF of cultured VSMCs from D-KO mice were lower
than those from the apoE-KO mice (Fig. 7).

Discussion

AT1 may contnibute 1o atherogencsis by facilitating prolilera-
tive and inflammatory responses to hypercholesterolemia. To
clanfy the long-term effect of ATI in atherogenesis, AT la-
KO mice were crossed with apoE-KO mice, resulting in D-
KO mice. Although there was no significant difference in
blood pressure or total- and HDL-cholesterol concentrations
between D-KO and apoF-KO mice, the atherosclerotic
lesions of D-KO mice were significantly smaller than those of
apoE-KO mice, The amount of collagen and elastin, the
expression of p22phox, SAP, MMP-2 and MMP-9, and the
number of apoptotic cells in atherosclerotic lesions of D-KO
mice were lower than those of apoE-KO mice. However, AT2
expression in atherosclerotic lesions of D-KO mice did not
differ from AT2 expression in the lesions of apoE-KO mice

Furthermore, we confirmed that the expression of procollagen
al(l), procollagen al(lll), tropoclastin, p22phox, SAP,
MMP-2, and MMP-9 decreased in cultured VSMCs of D-KO
mice compared with apoE-KO mice.

Ang II activates NAD(P)H oxidase, which is a major
source of ROS production by vascular cells (26). Oxidative
stress initiates several processes involved in atherogencsis,
including expression of adhesion molecules, stimulation of
VSMC proliferation and migration, apoptosis in the endothe-
lium, oxidation of lipids, activation of matrix metalloprotein-
ases, and allered vasomotor activity (27, 28). We confirmed
that AT1 deficiency reduced the plasma concentration of 8-
isoprostane.

Vascular NAIXP)H oxidase consists of a eytochrome b558,
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