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Clinical Characteristics and OQutcome of Hospitalized
Patients With Heart Failure in Japan

—— Rationale and Design of Japanese Cardiac Registry
of Heart Failure in Cardiology (JCARE-CARD) —

Hiroyuki Tsutsui, MD; Miyuki Tsuchihashi-Makaya, PhD*;
Shintaro Kinugawa, MD; Daisuke Goto, MD; Akira Takeshita, MD**;
for the JCARE-CARD Investigators

Background Heart failure (HF), defined as a complex clinical syndrome that can result from any structural or
functional cardiac disorder that impairs the ability of the ventricle to fill with or eject blood, is a leading cause of
mortality and hospitalization for adults older than 65 years in the industrialized countries. The characteristics and
outcome of patients with HF have been described by several epidemiological studies and large scale clinical trials,
performed mainly in the United States and Europe. Very little information is available on this issue in Japan.
Methods and Results The Japanese Cardiac Registry of Heart Failure in Cardiology (JCARE-CARD) is
designed to prospectively study the characteristics, treatment, and outcomes of a broad sample of patients hos-
pitalized with HF at teaching hospitals throughout Japan between January 2004 to June 2005 and the outcomes,
including death and hospital readmission, will be followed through 2006 (mean follow-up at least 1 year). Par-
ticipating cardiologists identify patients admitted for worsening of HF symptoms. Demographics, medical
history, severity, treatment, and outcome data are collected and entered into a database via secure web browser
technology. As of June 2005, baseline data for 2,676 patients with HF have been registered from 164 participat-
ing hospitals.

Conclusions The JCARE-CARD will provide important insights into the management of patients with HF in
routine clinical practice in Japan, thus providing the framework for improved management strategies for these

patients.  (Circ J 2006; 70: 1617~1623)

Key Words: Heart failure; Management; Qutcome; Registry

7 cart failure (HF) is defined as a complex clinical
syndrome that can result from any structural or

.. functional cardiac disorder that impairs the ability
of the ventricle to fill with or eject blood, according to the
guidelines for the diagnosis and treatment of chronic heart
failure of American College of Cardiology/American Heart
Association and Furopean Society of Cardiology (ESC)!2
The manifestations of HF are dyspnea and fatigue, which
may limit exercise tolerance, and fluid retention, which
may lead to pulmonary congestion and peripheral edemal-?
HF is a leading cause of morbidity and mortality in the in-
dustrialized countries? and is a growing public health
problem, mainly because of the aging of the population and
the increased prevalence of HF in the elderly? The clinical
characteristics, treatment, and outcome of these patients
have been well described by a number of both community-
based5-7 and hospital-based studies$-1! as well as by clinical
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trials of HF treatment!2-14 However, information derived
from clinical trials is not necessarily representative of “real
world” patients with HF and, moreover, these studies have
been performed mainly in the United States and Europe.
Very limited information is available on the character-
istics and outcome of patients with HF in Japan!>-!7 Qur

- previous studies were the first detailed analysis of the clini-

cal characteristics, management, and outcome, including
mortality and HF-related readmission, in Japanl$-20 They
demonstrated that HF patients were elderly, comprised
more women, especially at higher ages, and had a higher
incidence of overt HF despite a relatively normal ejection
fraction (EF). As many as 35% of hospitalized patients with
HF were readmitted within 1 year of hospital discharge.
These characteristics are consistent with those of patient
populations in community-based studies reported previous-
ly21.22

The Japanese Cardiac Registry of Heart Failure in Cardi-
ology (JCARE-CARD) has been developed to provide a
national prospective registry database describing the clini-
cal characteristics, treatment, and outcomes of patients
hospitalized for worsening of HF symptoms. It will also
establish the framework for future initiatives to improve
the outcomes of these patients. Specifically, this study
aimed to determine the influence of clinical characteristics
on patient outcomes and further identify the predictive risk
of adverse outcomes. This report presents a detailed de-
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Table 1 Framingham Criteria for Heart Failure (HF)

Major criteria
Paroxysmal nocturnal dyspnea
Neck vein distension
Rales
Radiographic cardiomegaly (increased heart size on chest X-ray)
Acute pulmonary edema
83 gallop
Increased central venous pressure (>16¢m water at right atrium)
Circulation time 225 s
Hepatojugular reflux
Pulmonary edema, visceral congestion, or cardiomegaly at autopsy
Minor criteria
Bilateral ankle edema
Nocturnal cough
Dyspnea on ordinary exertion
Hepatomegaly
Pleural effusion
Decrease in vital capacity by one-third from maximum value recorded
Tachycardia (rate 2120 beats/min)
Major or minor criteria
Weight loss 24.5kg in 5 days in response to treatment

The diagnosis of HF was established by the simultaneous presence of at least
2 major criteria or 1 major criterion in conjunction with 2 minor criteria.

scription of the rationale and design of JCARE-CARD.

Methods

Study Design

JCARE-CARD is a multicenter registry designed to
compile a large clinical database on the characteristics,
management, and outcomes of patients hospitalized for the
worsening of HF in Japan. Baseline data are collected dur-
ing the episode of index hospitalization from January 2004
to June 2005. Follow-up data will be collected at least 1
year after the index admission.

Study Objectives

The specific objectives of the JCARE-CARD include the
following: (1) to describe the demographic and clinical
characteristics of patients hospitalized with HF in Japan;
(2) to describe the in-hospital and long-term outcomes; and
(3) to identify the factors, including specific treatments,
associated with improved or worsened outcomes.

Study Hospitals

The study hospitals include the cardiology units serving
as primary, secondary, and tertiary referral medical centers
for cardiovascular patients across Japan. They are autho-
rized as teaching hospitals by the Japanese Circulation
Society.

Study Patients

For this registry, HF is defined as a complex clinical
syndrome that can result from any structural or functional
cardiac disorder that impairs the ability of the ventricle to
fill with or eject blood. The presence of HF is confirmed by
using the Framingham criteria (Table 1)? Patients readmit-
ted to hospital during the study period are included only by
the first hospitalization (index admission). Patients must be
at least 15 years old at the time of hospital admission. Eligi-
bility is not contingent on the use of any particular thera-
peutic agent or regimen.

TSUTSUI H et al.

Figl. Screen-shot of the top page of the Japanese Cardiac Registry
of Heart Failure in Cardiology (JCARE-CARD) web site (www jcare-
card.jp).
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Fig2. Sample screen-shot of a page of the electronic case report
form with sample pull-down menus from the Japanese Cardiac
Registry of Heart Failure in Cardiology web site (www jcare-card.jp).

Data Collection and Processing

Data are entered using a web-based electronic data
capture (EDC) system licensed by the JCARE-CARD
(www jcare-card.jp). The EDC system was chosen because
of perceived advantages over the traditional, paper-based
data entry process, including the ability to inform partici-
pating hospitals of missing or illogical data fields at the
time of data submission. A study web site has been created
with a public area providing general information regarding
this study and a registry-site-only area that provides infor-
mation concerning data registry (Figs 1,2). The study hos-
pitals are encouraged to register the patients as consecu-
tively as possible. The diagnosis of HF is established by
the simultaneous presence of at least 2 major criteria or
1 major criterion in conjunction with 2 minor criteria of
the Framingham criteria (Table 1). Compliance with these

Circulation Journal Vol.70, December 2006
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methods of registry is not strictly monitored.

For each case, baseline data recorded on the form include
(1) demography; (2) cause of HF; (3) precipitating cause;
(4) comorbidities; (5) complications; (6) clinical status; (7)
electrocardiographic and echocardiographic findings; and
(8) treatment including discharge medications.

The status of all patients is surveyed at least 1 year after
admission and the following information is obtained: (1)
survival, (2) cause of death, and (3) hospital readmission
because of exacerbation of HF that required more than
continuation of the usual therapy on prior admission.

Patient Confidentiality

The JCARE-CARD protocol was organized to ensure
compliance with the Guidelines for the Epidemiological
Research published by the Japanese Ministry of Health,
Labour and Welfare. The original study protocol was ap-
proved by the Institutional review board (IRB) at Kyushu
University. IRB approval from each participating hospital
is also required for participation in this registry. Informed
consent is given by each patient. The study does not in-
clude any protocol-specified alteration of treatment or any
other aspect of hospital care. Patient confidentiality is pre-
served because direct patient identifiers, such as name,
address, and identification number, are not collected.
Access to the EDC system at each hospital is carefully
controlled by the data management office.

Statistical Analysis

Descriptive statistics are used to summarize baseline
characteristics, treatment, and outcomes for the patients
and for specific subgroups of interest.

Results

The JCARE-CARD enrolled HF patients from January
2004 to June 2005. As of June 2005, baseline data on 2,676
patients with HF have been registered from 164 participat-
ing hospitals (Fig3, Table2).

Discussion

The characteristics and outcomes of Japanese patients
with HF are poorly defined despite the public health impor-

Circulation Journal  Vol.70, December 2006

Table 2 Number of Participating Hospitals and Registered Patients
Among 8 Regions in Japan

No. of participating No. of registered

Region

hospitals patients
Hokkaido 8 143
Tohoku 7 140
Kanto 44 728
Hokuriku 10 55
Tokai 20 499
Kinki 31 491
Chugoku - Shikoku 18 239
Kyushu 26 381
Total 164 2,676

tance of this disease. The JCARE-CARD, which aimed to
better characterize this population, is the first diverse,
large-scale, prospective multicenter database of patients
hospitalized for HF in Japan.

We have previously reported the characteristics and
outcomes of patients admitted to urban cardiology depart-
ments in Fukuoka, Japan!$-20 Those studies highlighted
several important features of Japanese patients with HF.
One key feature was their advanced age: the mean age of
HF patients was 69 years (70% were 265 years of age). In
particular, women were mostly over 70 years of age, which
is consistent with results from previous community-based
studies?!-22 Another important feature was the high propor-
tion of patients with relatively preserved EF; that is, half of
the patients with definite HF who had echocardiography
had normal EF (=50 %), indicating the contribution of dias-
tolic dysfunction in the pathogenesis of HF20 A most inter-
esting and important finding was a relatively good survival
prognosis for the study patients; the 1-year mortality rate
was 8.3 %. Survival prognosis for patients with decreased
EF (<40%) was still good; their 1-year mortality rate was
9.1%. At the first glance, this finding appears to contradict
the generally held notion that advanced age and more
comorbidity are related to poor survivall® In contrast to the
relatively low mortality, rates of readmission for HF were
as high as 40% within 1 year after discharge. This is compa-
rable to the rates found in prior studies (3—6-month readmis-
sion rate of 30~50%)2324 and the most commonly identified
cause for hospital readmission was lack of compliance with
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medical and dietary treatment (48%)!9

Even though our previous studies gave a valuable insight
into the clinical characteristics, outcomes, and the potential
effective treatment strategies for HF patients in Japan!$-20
generalization of these results is questioned because our
investigation involved a small number of patients (n=230).
Therefore, it is of critical importance to analyze the data of
HF patients in routine clinical practice on a national basis
and to form a database for future investigations. For this
purpose, JCARE-CARD is designed to focus on the demo-
graphic and clinical characteristics, treatment strategies,
and outcomes of patients admitted to hospitals throughout
Japan. It is important to consider the JCARE-CARD in the
context of other large-scale databases such as the Acute
Decompensated Heart Failure National Registry (ADHERE)
or EuroHeart that have been established to evaluate epidem-
iologic and clinical aspects of HF8.10.l1 These administra-
tive data sets have provided important insights concerning
the prognostic and public health role of a number of classic
epidemiologic factors, as well as information on medication
use. The JCARE-CARD is expected to provide us with im-
portant information regarding the characteristics, treatment,
and outcomes of HF patients in Japan, which may be com-
plementary to that gathered from the studies in Europe and
the USA. This information is often critical to our under-
standing of the clinical characteristics of HF, including
independent prognostic predictors.

There have been 2 large-scale registries of HF reported:
the EuroHeart Failure Survey from Europe and ADHERE
from the USA. The EuroHeart Failure Survey registered
11,304 HF patients in departments of cardiology, cardio-
vascular surgery, general internal medicine and geriatrics at
115 hospitals, including both general hospitals and univer-
sity centers from 24 ESC member countries over a 6-week
period during March 2000 and May 20019-!! Patients were
enrolled as HF if they fulfilled at least 1 of the following
criteria: (1) clinical diagnosis of HF during the admission;
(2) diagnosis of HF recorded at any time in the last 3 years;
(3) administration of a loop diuretic for any reason other
than renal failure during the 24 h prior to death or discharge;
(4) pharmacological treatment for HF or ventricular dys-
function within 24 h of death or discharge. The Euro Heart
Failure Survey described the quality of care, and the diag-
nostic and therapeutic management of patients with HF in
Europe. Outcome was further assessed by repeat interviews
in 6-12 months25.26

The ADHERE is a registry designed to study the charac-
teristics, management, and outcomes in a broad sample of
patients hospitalized with acute decompensated HF through-
out the USAS Participating hospitals identify patients with
a primary or secondary discharge diagnosis of HF. Medical
history, management, treatment, and outcome data are col-
lected through review of medical records and entered into a
database via secure web browser technology. Of available
data (105,388 patients from 274 hospitals), the mean age
was 72.4 years old, and 52% were women. The most com-
mon comorbid conditions were hypertension (73%), coro-
nary artery discase (57%), and diabetes (44%). Evidence of
mild or no impairment of systolic function was found in
46% of patients. In-hospital mortality was 4.0%. The
ADHERE data provided important insights into the clinical
characteristics and patterns of care of these patients. Simi-
lar to our previous studies?0 the ADHERE demonstrated
that many patients hospitalized with HF had mild or no
impairment of systolic ventricular function?” These registry

TSUTSUI H etal.

data demonstrate significant differences in the definition of
HF between patients hospitalized for HF and those enrolled
in randomized clinical trials28

Even though JCARE-CARD and ADHERE share many
similarities in their design and rationale, there are several
important differences between them. Follow-up data were
not obtained in the ADHERE, so the subsequent clinical
outcomes, including death and readmission of patients after
the index hospitalization, are unknown. Data are gathered
retrospectively after hospital discharge in the ADHERE,
which may preclude prospective analysis of particular
treatments in these patients.

Study Limitations

Several crucial limitations inherent in the design of the
JCARE-CARD should be considered. First, the data are
based on the decisions made by the participating cardiolo-
gists. The lack of a precise, universal definition of HF
makes this type of registry open to many criticisms. How-
ever, it is not the objective of this survey to restrict enroll-
ment to the narrowly defined population of HF usually
included in clinical trials, but rather to include a broad
range of patients reflecting the current reality of clinical
practice. All participating hospitals are authorized as teach-
ing hospitals by the Japanese Circulation Society. In addi-
tion, the information regarding the study protocol was
regularly provided at national as well as local meetings and
also via monthly e-mail notice. Second, this survey relies
on the hospitals to volunteer their support, which almost
certainly biased the study towards larger centers that can
support research staff. In addition, we excluded specialist
wards other than cardiology from this survey.

Conclusions

The JCARE-CARD will be the first survey to provide
valuable information on current patient characteristics,
management, and outcomes in a broad sample of Japanese
patients who are hospitalized with HF as routine clinical
practice. These data may indicate that there are substantial
opportunities to improve the management of these patients.
By helping to better characterize this disease state, it will
ultimately have a significant impact on public health at the
national level in Japan.
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Appendix 1

JCARE-CARD Investigators

Principal Investigators: Akira Takeshita (Aso lizuka Hospital); Hiroyuki
Tsutsui (Hokkaido University).

Co-Investigators: Shitaro Kinugawa, Daisuke Goto (Hokkaido Universi-
ty); Akira Kitabatake (Showa Hospital; Past President of the Japanese
Circulation Society); Kazuya Yonezawa (National Hospital Organization
Hakodate Hospital); Kunio Shirato (Saito Hospital); Hiroshi Kasanuki
(Tokyo Wemen’s Medical University); Ryozo Nagai (Tokyo University);
Tohru ITzumi (Kitazato University); Satoshi Ogawa (Keio University);
Iwao Yamaguchi (University of Tsukuba); Mitsuaki Isobe (Tokyo Medical
and Dental University); Tetsu Yamaguchi (Toranomon Hospital, President
of the Japanese Circulation Society): Jou Takegoshi (Kanazawa Medical
University); Yoshifusa Aizawa (Niigata University); Hiroyuki Yokoyama
(National Hospital Organization Shizuoka Medical Center); Hisayoshi
Fujiwara (Gifu University); Hitonobu Tomoike (National Cardiovascular
Center); Masatsugu Hori (Osaka University, President of the Japanese
Society of Heart Failure); Mistuhiro Yokoyama (Kobe University);
Junichi Yoshikawa (Osaka Hospital of Japan Seafarers Relief Associa-
tion); Masunori Matsuzaki (Yamaguchi University, President of the
Japanese College of Cardiology); Tsutomu Imaizumi (Kurume Universi-
ty); Takahiro Matsumoto (National Hospital Organization Kyushu Medical
Center); Tsutomu Yamazaki (Tokyo University); Tetsuya Mizoue (Inter-
national Medical Center of Japan); Reiko Kishi (Hokkaido University);
Miyuki Tsuchihashi-Makaya (International Medical Center of Japan).
Coordinators: Satoko Abe, Mayumi Koasa (Hokkaido University).

Appendix 2

Participating Hospitals and Cardiologists: Tsutomu Yoshikawa, Toshihisa
Anzai (Cardiology Division, Department of Medicine, Keio University
School of Medicine); Hisashi Matsuo, Tooru Kaji (Keiwakai Ebetsu Hos-
pital); Masashi Nakamura, Takatoshi Mochizuki, Atsushi Wada. Yoshitaka
Hiroe, Kazuya Nakagawa (Department of Cardiology, Chigasaki Munici-
pal Hospital); Shinya Hiramitsu, Kenji Miyagishima, Kazumasa Mori.
Hisashi Kimura, Hitoshi Hishida (Division of Cardiology, Department of
Internal Medicine, Fujita Health University School of Medicine); Tohru
Tzumi, Takayuki Inomata, Hironari Nakano (Department of Cardio-angiol-
ogy, Kitasato University School of Medicine); Satoshi Kojima, Masataka
Sumiyoshi, Masaki Kawamura (Department of Cardiology. Juntendo
University Shizuoka Hospital); Mitsumasa Ohyanagi, Tsuyoshi Sakoda
(Department of Internal Medicine, Division of Coronary Heart Digease,
Hyogo College of Medicine); Yukio Nakamura, Yuko Takeda (Depart-
ment of Cardiology, National Hospital Organization Kanazawa Medical
Center); Yoshinori Doi, Jun Takata (Department of Medicine & Geriatrics,
Kochi Medical School); Masayoshi Yoh, Yoshitake Yokokura (Depart-
ment of Cardiology, Yokokura Hospital); Chiharu Take (Jiseikai Hospital);
Ryozo Nagai, Koichiro Kinugawa (Department of Cardiovascular
Medicine, University of Tokyo); Akira Yamashina, Yoshifumi Takata,
Manabu Miyagi, Satoshi Hida (Department of Cardiology, Tokyo Medical
University); Hiroshi Inoue, Hidetsugu Asanoi, Tadakazu Hirai (The 3nd
Department of Internal Medicine, University of Toyama): Nobuakira
Takeda, Akihiro Nishiyama, Chihiro Shikata, Tetsuaki Sekikawa, Nobuaki
Kimura (Department of General Medicine, Aoto Hospital, The Jikei Uni-
versity School of Medicine); Takashi Nirei, Yasunaga Hiyoshi, Tomohiro
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Yamada, Kosuke Goto (Tokyo Metropolitan Health and Medical Treat-
ment Corporation Ebara Hospital); Mitsuaki Isobe, Jun-ichi Suzuki,
Yasuhiro Maejima (Department of Cardiovascular Medicine, Tokyo
Medical and Dental University); Yoshinori Koga, Hisao Ikeda, Tetsuya
Miyamoto, Atsusi Kato, Hirohiko Morita (Department of Cardiology,
Kurume University Medical Center); Nobuo Nakamura, Osamu Satani
(Department of Cardiology, Seiyu Memorial Hospital); Akinori Takizawa,
Tomoya Onodera, Akira Shimane, Koichirou Murata, Hirofumi Sugiyama
(Department of Cardiology, Shizuoka City Shizucka Hospital); Osamu
Ohno (Division of Cardiology, Toyohashi Municipal Hospital); Satoshi
Tanasawa, Shigeo Uchiyama (Hokusei Hospital); Tetsuji Inou, Hiroshi
Meno (Cardiovascular Division, Fukuoka Red Cross Hospital); Yutaka
Hirano, Hajime Nakamura, Shin-ichiro Ikuta (Department of Cardiology,
Kinki University School of Medicine); Hiroko Nakata, Yasushi Terada,
Tetsuo Ban, Katsutoshi Nakamura (Yamato Tokusyukai Hospital);
Yoshitoshi Urabe, Toshiyuki Kozai, Haruki Tanaka, Shunichi Kawano
(Kitakyushu Municipal Medical Center); Khoko Yamazaki, Naoki
Funayama (Division of Cardiorogy, Hokkaido Circulation Hospital);
Imun Tei, Takashi Oshitomi, Kazuki Sato, Takashi Miura (Ayase Heart
Hospital); Hiroyuki Suesada (Nishitokyo Central General Hospital);
Yoshiyuki Kijima (Higashi-Osaka City General Hospital); Katsuya
Onishi, Naoki Fujimoto (Department of Molecular and Laboratory Medi-
cine, Mie University Graduate School of Medicine); Makoto Shimizu
(Yaizu City Hospital); Takayuki Hirabayashi, Motoi Sasaki, Toshihiro
Shimizu (Sunagawa City Medical Center); Jong-Dae Lee, Akira Nakano
(Division of Cardiology, University of Fukui Hospital); Michiro Ishikawa,
Kaoru Sugi, Hisao Hara, Mahito Noro (Toho University Ohashi Medical
Center); Shuichi Taguchi (National Hospital Organization Mito Medical
Center); Makoto Usui, Yuji Maruoka, Chu Kataoka, Kae Fukuyama
(Hamanomachi Hospital); Masashi Ohke, Seiji Nannba (Cardiovascular
Medicine, Okayama Rosai Hospital); Taketsugu Tsuchiya (Kanazawa
Cardiovascular Hospital); Kazuyoki Shimada, Keiji Yamamoto, Masaru
Ichida (Division of Cardiovascular Medicine, Jichi Medical University);
Shunichi Kaseda, Tomoki Yoshida (Hiroshima Red Cross Hospital &
Atomic-bomb Survivors Hospital); Kazuhide Ogino, Yoshiyuki Furuse,
Yoshiharu Kinugasa, Masahiko Kato, Yoko Shimoyama (Department of
Cardiovascular Medicine, Tottori University Hospital); Masatsugu Hori,
Kazuhiro Yamamoto (Department of Cardiovascular Medicine, Osaka
University Graduate School of Medicine); Yoshifusa Aizawa, Makoto
Kodama, Yuji Okura (Niigata University Medical and Dental Science);
Shinya Okamoto, Ryouichi Ishisu, Masato Sakurai, Masaya Taniguchi,
Hideshi Kurachi (Department of Cardiology, Nabari City Hospital);
Hajime Ikei, Michio Takamatsu, Kazuo Takagi, Jun-ichi Sugiyama (Saku
Central Hospital); Satoru Kawano (Graduate School of Comprehensive
Human Sciences, University of Tsukuba); Tomiyoshi Saito (Shirakawa
Kousei General Hospital, 2nd Department of Internal Medicine); Matahiro
Yabuta (Nara Prefectural Nara Hospital); Masakazu Teragaki (Depart-
ment of Cardiology and Internal Medicine, Wakakusa Daiichi Hospital);
Akihito Tsuchida, Jun Agata (Hokkaido JR Sapporo Hospital); Seiji
Hokimoto, Shuichi Oshima (Division of Cardiology, Kumamoto Central
Hospital); Fumihiko Saeki (Division of Internal Medicine, Toshiba Gen-
eral Hospital); Kozue Ikeda (Cardiology Division, Department of Internal
Medicine, Saiseikai Yamagata Saisei Hospital); Tetsuya Sato, Toru Hioka,
Kiyoaki Maekawa, Hironori Saito, Soichiro Fuke (Department of Cardiol-
ogy, Okayama Red Cross General Hospital); Osami Kohmoto, Yurika
Hotta, Harumi Ogawa (Cardiology, Saitama Medical School); Kohei
Muramatsu, Hitoshi Kamiunten (Division of Cardiology, Yamaguchi Red
Cross Hospital); Hirotaka Tatsukawa (Omihachiman Municipal Hospital);
Ikuo Segawa (The Second Department of Internal Medicine, Iwate Medi-
cal University): Mitsuhiro Yokoyama, Hiroya Kawai (Division of Cardio-
vascular and Respiratory Medicine, Department of Internal Medicine,
Kobe University Graduate School of Medicine); Satoshi Saito, Junko
Honye, Tadateru Takayama, Makoto Ichikawa (Division of Cardiovas-
cular Medicine, Department of Medicine, Nihon University School of
Medicine); Jun Fuse, Masao Chino, Eiji Takagi, Munchisa Sakamoto
(National Hopital Organization Tokyo Medical Center); Eitaro Kodani,
Hirotsugu Atarashi (Department of Internal Medicine and Cardiology,
Nippon Medical School Tama-Nagayama Hospital); Yoshihiko Saito,
Manabu Horii, Shiro Uemura (First Department of Internal Medicine,
Nara Medical University); Takashi Oki, Yukio Mizuguchi, Yoshifumi
Oishi (Tokushima National Hospital, National Hospital Organization);
Tomomi Ide (Department of Cardiovascular Medicine, Kyushu University
School of Medicine); Shigeru Nakamura, Yoshihisa Enjoji, Tomoko
Kobayashi, Daisuke Kambayashi, Atsushi Funatsu, Masahiro Mizobuchi,
Tsuyoshi Ono, Kensaku Shibata, Ryuji Yamamoto (Cardiovascular Cen-
ter, Kyoto Katsura Hospital); Ken-ichi Namba (Department of Internal
Medicine, Sanraku Hospital); Fumio Terasaki, Nobuaki Okuda, Akira
Ukimura, Yasushi Kitaura (Department of Internal Medicine I, Osaka
Medical College); Hideaki Yoshino, Masayuki Yotsukura (Second De-
partment of Internal Medicine, School of Medicine, Kyorin University);
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Shigeo Umezawa, Takayuki Ohnishi (Hiratsuka Kyousai General Hospi-
tal); Yuji Hashimoto (Kameda Medical Center); Masakazu Yamagishi,
Hidekazu Ino, Noboru Fujino (Division of Cardiology, Graduate School
of Medical Science, Kanazawa University); Katsuji Hashimoto (National
Hospital Organization Osaka Minami Medical Center); Akihiro Endo,
Yasuyuki Yoshida, Hiroshi Nasu, Toshimitsu Suga (Division of Cardiolo-
gy, Tottori Prefectural Central Hospital); Yukihito Sato, Kazuya Nagao,
Tadashi Miyamoto, Yoshiki Takatsu (Hyogo Prefectural Amagasaki Hos-
pital); Nobuyuki Shiba, Hirotaka Numaguchi, Hiroko Tada, Boon Hoon
Ong, Jun Takahashi, Yuji Wakayama, Takanori Takahashi, Jun Ohta,
Tsuyoshi Shinozaki (Department of Cardiovascular Medicine, Tohoku
University Graduate School of Medicine); Toshihiro Nakamura, Akemi
Aso (The Department of Cardiology. National Hospital Organization
Kyushu Medical Center); Kazuharu Sunami, Jun Takahashi (Department
of Internal Medicine, Okayama Kyoritsu Hospital); Mitsutaka Yamamoto
(The Division of Cardiology, Saiscikai Fukuoka General Hospital);
Hisanori Shinohara (National Hospital Organization Zentsuji National
Hospital the Division of Cardiology); Hiroaki Matsubara, Takahisa Sawada
(Department of Cardiovascular Degenerative Medicine, Kyoto Prefectural
University of Medicine Graduate School of Medical Science): Takuroh
Imamura (Ist Department of Internal Medicine, University of Miyazaki):
Toshikazu Yabe (Department of Cardiology. Kochi Prefectural Hata
Kenmin Hospital); Junnichi Konishi (Kyoritu General Hospital); Osamu
Sasaki (Saitama Medical Center, Saitama Medical School); Yoshio
Kawase. Katsunori Hato, Atsushi Doi, Nobuya Matsushita (Izumi General
City Hospital); Yoshiaki Katahira, Shigeo Sugawara, Yoshiaki Mibiki.
Tamon Yamanaka (Cardiovascular Center, Tohoku Kosei-nenkin Hospi-
tal); Teruhisa Tanabe, Yutaka Shiina, Osamu Iwata, Toru Kita, Takeshi
Kimura, Yutaka Furukawa, Neiko Ozasa, Yukihito Sato (Division of
Clinical Cardiology, Kyoto University Hospital): Tomoharu Nakamura
(Kushiro City Doctor Association Hospital); Yoichi Nakamura, Sumio
Komatsu (Matsuyama Shimin Hospital); Masayasu Nakagawa, Toshiya
Fujiwara (Department of Cardiology, Akita City General Hospital);
Hidetoshi Tamura (Cardiovascular Division, Tachikawa Sougo General
Hospital); Makoto Takenaga (Miyazaki Cardiovascular Hospital); Kenji
Kada, Kazutaka Mori (Social Insurance Chukyo Hospital); Hiroyuki
Daida, Hiromasa Suzuki (Department of Cardiology, Juntendo University
School of Medicine); Takeshi Tokunaga, Kazuo Kobayashi (Toride
Kyodo General Hospital); Futoshi Anan (Internal Medicine 1, Oita Uni-
versity); Hiroshi Fujita (Kyoto Second Red Cross Hospital); Tohru
Yamawaki (lizuka Hospital); Tatsuya Kawasaki (Department of Cardi-
ology, Matsushita Memorial Hospital); Yutaka Eki, Hidetaka Seguchi,
Shuichi Taguchi (National Hospital Organization Mito Medical Center);
Hitoshi Adachi (Gunma Prefectural Cardiovascular Center); Naoki Nozaki
(Department of Cardiology, Pulmonology, and Nephrology. Course of
Internal Medicine and Therapeutics, Yamagata University Faculty of
Medicine); Chiei Takanaka (Hamamatsu Medical Center); Tsutomu
Imaizumi, Hiroyuki Nakaura, Katsunori Osada (The Third Department of
Internal Medicine, Kurume University School of Medicine); Toshiyuki
Degawa, Masato Yamamoto (Sempo Tokyo Takanawa Hospital); Kazuho
Miyakoshi, Takahito Yuki (Minami Osaka Hospital); Masahiro Okazaki
(The Second Department of Internal Medicine, University of Occupational
and Environmental Health); Akio Kohama, Akihiro Tani (Osaka Seamen's
Insurance Hospital); Takashi Fujii, Toshiro Kitagawa, Yasuyuki Tomohiro,
Kouji Maeda, Masakazu Kobayashi, Eiji Kunita (JA Hiroshima General
Hospital); Kazuhiko Nishigaki, Hisayoshi Fujiwara (Second Department
of Internal medicine, Gifu University Graduate School of Medicine);
Shigeru Yokawa (Department of Internal Medicine, Toyama City Hospi-
tal); Masaru Araki (Department of Cardiology, Japan Labour Health and
Welfare Oraganaization Moji Rosai Hospital); Tohru Ohe, Kazufumi
Nakamura (Department of Cardiovascular Medicine, Okayama University
Graduate School of Medicine, Dentistry and Pharmaceutical Sciences);
Hiroshi Okamoto, Takashi Yokota, Yoshinori Ohmura (Department of
Cardiovascular Medicine, Hokkaido University Graduate School of Medi-
cine).

Appendix 3

Patient Data Form for JCARE-CARD
Step 1. Demographic Data
. Date of registry

. Date of admission

. Date of discharge

. Date of birth

Age

Sex

. Height

. Body weight

. Body mass index
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Step 2. Clinical Data (Medical History)
1. Causes of heart failure
. Ischemic
. Hypertensive
. Cardiomyopathic, dilated
. Cardiomyopathic, hypertrophic
. Cardiomyopathic, dilated phase of hypertrophic cardiomyopathy
. Valvular heart disease
. Congenital heart disease
. Others
. Unknown
2. Precipitating causes of heart failure
. Lack of compliance with sodium and fluid restriction
. Lack of compliance with drugs
. Overactivity
. Infection
. Arrhythmias
. Ischemia
. Uncontrolled hypertension
. Other
Unknown
. Comorbidity
. Hypertension (Blood pressure >140/90mmHg)
. Diabetes mellitus (Fasting blood sugar 2125 mg/dl or 2-h blood
sugar 2200 mg/dl)
Insulin treatment
. Hyperlipidemia (Total cholesterol 2220 mg/di or LDL 2140mg/dl)
. Renal failure (Serum creatinine 2.5 mg/dl or dialysis)
Serum creatinine: [ ] mg/dl
Hemodialysis
5. Hyperuricemia (Serum uric acid >7.0mg/dl)
Serum uric acid: [ ] mg/dl
6. Cerebrovascular disease
(Brain infarction, brain hemorrhage, transient ischemic attack)
7. Anemia (Hemoglobin <10 g/dl)
Hemoglobin: [ ] g/dl
8. COPD
9. Smoking
4. Complications
1. Prior myocardial infarction
2. Atrial fibrillation or flutter
3. Sustained ventricular tachycardia or ventricular fibrillation
. Medical history
. First-time diagnosis of HF
. Interval after the initial diagnosis of HF (months)
. Prior hospitalization for heart failure
. Percutaneous coronary intervention
. Coronary artery bypass surgery
. Valve surgery
Step 3. Clinical Data (Medical Status)
1. New York Heart Association (NYHA) functional class on admis-
sion and at discharge
. Heart rate (beats/min)
. Blood pressure (mmHg)
. Left bundle branch block
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3. Transfer to another ward for heart failure treatment
4. Transfer to another ward to treat other diseases

. Discharge medications

1. Angiotensin-converting enzyme inhibitors
[ 1Enalapril [ ] Lisinopril [ ] Perindopril
[} lmidapril [ 1 Captopril [ ] Cilazapril
[ ] Temocapril [ ] Other [ 1No

. Angiotensin II receptor blockers

[ 1 Losartan
[ ] Telmisartan

[ 1Valsartan
[ ] Other

. Beta-blockers

[ ] Carvedilol: daily dosage [ Jmg/dl
[ 1Bisoprolol: daily dosage [ ] mg/dl
[ ] Metoprolol: daily dosage [ }mg/d]
[ ] Others: daily dosage [ Jmg/dl

[ ]No

[ ] Candesartan
[ INo

4. Diuretics
{ ] Thiazide [ ] Furosemide [ | Azosemide
[ 1Spironolactone [ ] Eplerenone [ ] Other
{ INo
5. Digitalis
[ ]1Yes [ 1No
6. Oral inotropic agents
{ ]Pimobendan [ 1Docarpamine [ ] Other
{ INo
7. Calcium channel blockers
[ 1 Amlodipine [ ] Nefedipine { ] Diltiazem
[ ] Other [ INo
8. Alpha-blockers
[ 1Doxazosin [ ] Other [ I1No
9. Nitrates
[ ]Yes [ INo
10. Antiarrhythmic agents

[ 1 Sotalol
[ 1 Aprindine
{ ] Pilsicainide

[ 1 Amiodarone
[ 1Disopyramide
[ ]Flecainide

[ ]1Bepridil
[ 1 Mexiletine
[ 1 Cibenzoline

[ 1 Other [ INo
11. Aspirin
[ ]Yes [ 1No
12. Antiplatelet agents
[ ] Ticlopidine [ ] Cilostazol [ ]Other
[ INo
13. Warfarin
[ ]Yes [ ]No
14, Statins
[ ]Pravastatin [ 1 Fluvastatin [ ] Atorvastatin
[ 1Simvastatin [ ] Other [ INo
15. Participation in clinical trial

[ 1I-CHF
{ ] Other
[ INo

[ ]1Bisoprolol

3. Non-pharmacological therapy

1.
2.
3.

Permanent pacemaker
Cardiac resynchronization therapy
Implantable cardioverter defibrillator

w

QRS duration: { Jms

. Left ventricular hypertrophy (SVi+RVs or V6 23.5mV or RVs or

V6 >2.6mV)

=3

. Echocardiographic data on admission and at discharge
L.

Left ventricular end-diastolic and end-systolic diameters (mm)

4. Left ventricular assist device
5. Cardiac transplantation

Step 5. Long-Term Outcomes

1. Date of survey
2. Death
1. Date of death

2. Left ventricular ejection fraction (%)
3. Left ventricular wall thickness (mm)
4. Mitral regurgitation
5. Transmitral velocity (E/A ratio, deceleration time of E wave)
7. Serum BNP levels at admission and discharge
Step 4. Discharge Status and Treatment
1. Discharge status
1. In-hospital death
Autopsy
2. Discharge to home
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2.
3.

4.

All-cause death
Cause of death

{ 1Cardiac death
Autopsy

[ ] Non-cardiac death

[ ] Unknown

3. Hospital readmission because of exacerbation of heart failure

1.
2.

Date of readmission
Date of discharge

4. Sustained ventricular tachycardia or ventricular fibrillation




Cardiac-Specific Overexpression of Diacylglycerol Kinase
Prevents Gq Protein—-Coupled Receptor Agonist-Induced
Cardiac Hypertrophy in Transgenic Mice

Takanori Arimoto, MD; Yasuchika Takeishi, MD; Hiroki Takahashi, MD; Tetsuro Shishido, MD;
Takeshi Niizeki, MD; Yo Koyama, MD; Ryoko Shiga, MD; Naoki Nozaki, MD;
Osamu Nakajima, PhD; Kazuhide Nishimaru, PhD; Jun-ichi Abe, MD; Masao Endoh, MD;
Richard A. Walsh, MD; Kaoru Goto, MD; Isao Kubota, MD

Background—Diacylglycerol is a lipid second messenger that accumulates in cardiomyocytes when stimulated by Gqa
protein—coupled receptor (GPCR) agonists such as angiotensin II, phenylephrine, and others. Diacylglycerol functions
as a potent activator of protein kinase C (PKC) and is catalyzed by diacylglycerol kinase (DGK) to form phosphatidic
acid and inactivated. However, the functional roles of DGK have not been previously examined in the heart. We
hypothesized that DGK might prevent GPCR agonist—induced activation of diacylglycerol downstream signaling
cascades and subsequent cardiac hypertrophy.

Methods and Results—To test this hypothesis, we generated transgenic (DGK{-TG) mice with cardiac-specific
overexpression of DGK{. There were no differences in heart size and heart weight between DGK{-TG and wild-type
littermate mice. The left ventricular function was normal in DGK.{-TG mice. Continuous administration of subpressor
doses of angiotensin II and phenylephrine caused PKC translocation, gene induction of atrial natriuretic factor, and
subsequent cardiac hypertrophy in WT mice. However, in DGK{-TG mice, neither translocation of PKC nor
upregulation of atrial natriuretic factor gene expression was observed after angiotensin II and phenylephrine infusion.
Furthermore, in DGK{-TG mice, angiotensin II and phenylephrine failed to increase cross-sectional cardiomyocyte
areas and heart to body weight ratios. Phenylephrine-induced increases in myocardial diacylglycerol levels were
completely blocked in DGK{-TG mouse hearts, suggesting that DGK{ regulated PKC activity by controlling cellular
diacylglycerol levels.

Conclusions—These results demonstrated the first evidence that DGK{ negatively regulated the hypertrophic signaling
cascade and resultant cardiac hypertrophy in response to GPCR agonists without detectable adverse effects in in vivo
hearts. (Circulation. 2006;113:60-66.)

Key Words: angiotensin @ hypertrophy B enzymes & signal transduction

ardiac hypertrophy is an initially adaptive response in

several forms of cardiac disease, whereas sustained
hypertrophy is a powerful independent risk factor for cardiac
morbidity and mortality.! Therefore, to identify the critical
molecular mechanisms involved in cardiac hypertrophy is an
important challenge of cardiovascular biology and medicine.
Multiple lines of experimental and clinical evidence have
suggested the importance of the Gqo-phosphoinositide sig-
naling system in the development of pathological cardiac
hypertrophy and heart failure.>-¢ Gga protein—coupled recep-
tor (GPCR) agonists such as angiotensin IL,? endothelin-1,8
and phenylephrine® activate phospholipase C-—mediated hy-

drolysis of phosphatidylinositol 4,5-bisphosphate, which pro-
duces inositol 1,4,5-trisphosphate and diacylglycerol (DAG).
DAG functions as a potent activator of protein kinase C
(PKC). The binding of DAG to the Cl domain of PKC
induces an active conformation, and activated PKC regulates
a variety of cellular functions including cell growth and
differentiation. We and others have previously demonstrated
that PKC plays an important role in the development and
progression of cardiac hypertrophy.!0-i2

One major route for terminating DAG signaling is thought
to be its phosphorylation and inactivation by DAG kinase
(DGK), producing phosphatidic acid.'3-'¢ A previous study
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has shown that of the «, €, and { isoforms of DGK expressed
in the myocardium, DGK{ is the predominant isoform.!” We
have recently demonstrated using cultured rat neonatal car-
diomyocytes that DGK{ blocks endothelin-1-induced activa-
tion of PKC, extracellular signal-regulated kinase (ERK),
and activator protein-1.'8 DGK{ also inhibits gene induction
of atrial natriuretic factor (ANF), increases in protein synthe-
sis, and resultant cardiomyocyte hypertrophy in response to
endothelin-1 in neonatal cardiomyocytes. However, the in
vivo role of DGK( has not been previously investigated in the
heart.1?

We hypothesized that DGK{ may act as a negative regu-~
lator for GPCR agonist—induced activation of the DAG-PKC
signaling cascade and subsequent cardiac hypertrophy in
vivo. To test this hypothesis, we generated transgenic mice
with cardiac-specific overexpression of DGK{ using an
a-myosin heavy chain (MHC) promoter. We examined the
functional role of DGK{ to interfere with hypertrophic
responses by GPCR agonists such as angiotensin II and
phenylephrine in transgenic mouse hearts.

Methods
Generation of DGK{ Transgenic Mice

All experimental procedures were performed according to the animal
welfare regulations of Yamagata University School of Medicine, and
the study protocol was approved by the Animal Subjects Committee
of Yamagata University School of Medicine. The investigation
conformed to the Guide for the Care and Use of Laboratory Animals
published by the US National Institutes of Health.

Transgenic mice with cardiac-specific overexpression of DGK{
(DGK{-TG) were created in Yamagata University by standard
techniques. %1220 Briefly, a 5.5-kb fragment of murine a-MHC gene
promoter (a kind gift from Dr J. Robbins, Children’s Hospital
Research Foundation, Cincinnati, Ohio) and 3.4-kb rat DGK(¢
cDNA'* were subcloned into pBsIISK(+) plasmids. The plasmid
was digested with Spel to generate a 9.5-kb DNA fragment com-
posed of the a-MHC gene promoter, DGK{ ¢cDNA, and a poly A tail
of the human growth hormone, as illustrated in Figure 1A. We
microinjected the construct into the pronuclei of single-cell fertilized
mouse embryos to generate transgenic mice as previously de-
scribed.!042.20 To detect the exogenous DGK{ gene, genomic DNA
was extracted from the tail tissues of 3- to 4-week-old pups, and
polymerase chain reaction (PCR) was performed with one primer
specific for the a-MHC gene promoter and another primer specific
for the DGKY{, as shown in Figure 1A.

DGK Activity

DGK activity in the left ventricle was measured by octyl glucoside
mixed-micelle assay as described previously.222 The 1,2-dioleoyl-
sn-glycerol (18:1/18:1 DAG) and 1-stearoyl-2- linoleoyl-sn-glycerol
(18:0/18:2 DAG) were used as substrates for kinase assays. Phos-
phatidic acid separated by thin layer chromatography was scraped
and counted by liquid scintillation.?'22

Western Blotting

Total protein was extracted from the left ventricle with ice-cold lysis
buffer as described previously.?*-25 Protein concentration of myo-
cardial samples was carefully determined by the protein assay, and
equal amounts of protein extracts were loaded on each gel lane. To
ensure equivalent protein loading and quantitative transfer efficiency
of proteins, membranes were stained with Ponceau S before incu-
bating with primary antibodies. Western blotting was performed as
reported previously, and DGK{ protein levels in TG mice were
expressed as fold increase over wild-type (WT) mice. Membrane and
cytosolic fractions were also prepared from left ventricular myocar-

DGK({ Inhibits Cardiac Hypertrophy in TG Mice 61

SO SN
HH pokseoma > H—
Hgh N

Balt
pely A

o
[o]

o

<
£ 151
£3 tiing 70;(hne 45)
3 o High  Low
2 = W‘r PO A A
g g 1w OGKL-TG
] 3
ge ° o &
8 ¢ g .
° 8 . L
] {ine TQitling 45)
(e 70} {lne 45) High " Low
High  tow DOKZ-TG

DEKI-TG

Figure 1. A, Diagram of the transgene construct used for the
generation of DGK¢-TG mice. The construct contains the
a-MHC gene promoter, the full-length rat DGK{ cDNA clone,
and a human growth hormone (Hgh) polyadenylylation
sequence. The solid line indicates the region amplified by PCR
for genotyping. B, Quantitative analysis of DGK{ mRNA expres-
sion in the left ventricle of DGK{-TG and WT mice. Left ventricu-
lar myocardium of 8-week-old mice was examined by real-time
PCR analysis and normalized with the use of GAPDH mRNA.
Data are reported as fold increase over WT and obtained from 3
mice for each. C, Representative Western blot analysis of DGK{
protein from the left ventricle of DGK{-TG-High, DGK{-TG-Low,
and WT mice. D, Representative autoradiograms of DGK assay
of DGK{-TG-High, DGK{-TG-Low, and WT mice.

dium as previously reported.!%!225 Membrane/cytosol ratios of
immunoreactivity with the use of isoform-specific antibodies (mouse
monoclonal anti-PKCe, B, §, and ¢; Santa Cruz Biotechnology, Inc,
Santa Cruz, Calif) were used as indices for the extent of translocation
of PKC isoforms.!0.12:25

Extraction of Total RNA and Real-time

Reverse Transcriptase-PCR

Total RNAs were extracted from the left ventricle, and first-strand
c¢DNA was synthesized as previously described.262” To examine
mRNA levels of DGK{ and ANF quantitatively, real-time reverse
transcriptase-PCR (RT-PCR) amplification was performed.'8 Am-
plification was performed with the use of LightCycler and analyzed
with the use of LightCycler Software Version 3.5 (Roche Diagnos-
tics Japan). Standard curves of DGK{ and ANF were generated by
full sequence plasmid of known concentrations. Gene expression
was normalized to glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) and expressed as fold increase over WT mice. Primers
were designed on the basis of GenBank sequences (DGK({,
BC049228; ANF, K02781; and GAPDH, NM_001001303).

Isolated Cardiomyocyte Function and

Ca?* Transient

Ventricular myocytes were isolated from hearts from WT mice and
mouse lines with the high expression of transgene mRNA (DGK({-
TG-High), and cardiomyocyte mechanical properties were examined
with the use of a computerized edge-detection analyzer as previously
reported.?® Cells were paced at 0.5 Hz throughout the experiments.
Same isolated cells were used for measurements of cytosolic free
Ca®* by indo-1 with a previously described method.28 Data from at
least 5 to 6 cardiomyocytes were averaged for each mouse heart, and
the statistical analysis was performed on the basis of the number of
hearts studied (n=6 for each group).

Histological Examinations

Coronary arteries were retrogradely flushed with saline, and the heart
was fixed with 4% paraformaldehyde at 4°C for 24 hours and then
embedded in paraffin.2627 Three sections were stained with
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hematoxylin-eosin or elastica Goldner stain. Transverse sections
were captured digitally, and cardiomyocyte cross-sectional area was
measured with the use of a Scion imaging system (Scion Corpora-
tion).?? At least 300 cardiomyocytes were examined in each heart,
and the data were averaged.

Hemodynamic Measurements
and Echocardiography

Heart rate (bpm) and blood pressure (mm Hg) were determined with
animals in the conscious state with the use of a computerized
tail-cuff manometer, MK-1030 (Muromachi Kikai Co, Ltd), as
reported previously.'? Echocardiography was performed as de-
scribed previously2627 with an FFsonic 8900 (Fukuda Denshi Co)
equipped with a 13-MHz phased-array transducer. Left ventricular
wall thickness and internal dimensions at end-systole and end-dias-
tole were measured digitally on the M-mode tracings and averaged
for 3 cardiac cycles. Left ventricular fractional shortening was
calculated as previously reported.?6-27

Lipid Extraction and Measurements of Myocardial
DAG Levels :

Myocardial lipid extract was prepared from the left ventricle, and
DAG levels were measured as previously reported.3° Briefly, with
the use of the DAG within myocardial lipid extract as substrate and
with the use of [y-*PJATP, myocardial DAG level was quantified by
production of [**P]phosphatidic acid. Lipid extract was solubilized in
50 plL of 0.6% (wt/vol) Triton X/288 umol/L phosphatidylserine.
The reaction mixture contained 0.3% (wt/vol) Triton X, 144 pmol/L
phosphatidylserine, 50 mmol/L. imidazole/HCl, pH 6.6, 50 mmol/L
NaCl, 12.5 mmol/L MgCl,, 1 mmol/L EGTA, 10 mmol/L dithiothre-
itol, 0.5 mmol/L ATP (1 uCi of [y-2P]ATP), and 5 m-unit of DGK
(Escherichia coli). After 30 minutes of incubation, the reaction was
terminated, and the radiolabeled product was separated by TLC on
silica plates. The [**P]phosphatidic acid was identified by autoradi-
ography. Silica corresponding to phosphatidic acid was scraped and
counted by liquid scintillation counting.3¢

Subcutaneous Implantation of Osmotic Minipump
A subpressor dose of angiotensin II (100 ng/kg per minute) or
phenylephrine (20 mg/kg per day) dissolved in saline or saline alone
(control) was continuously infused into mice subcutaneously via an
osmotic minipump (ALZET Osmotic Pumps, DURECT Corpora-
tion) for 14 or 3 days, respectively.231.32 Heart rate and blood
pressure were measured before and after subcutaneous infusion of
angiotensin II or phenylephrine.

Statistical Analysis

All values are reported as mean+SD. Comparisons of hemodynamic
data and gravimetric and echocardiographic measurements at basal
conditions among WT, DGK{-TG-High, and DGK{-TG-Low mice
were made by the Kruskal-Wallis test. Isolated cardiomyocyte
mechanical properties and calcium transient data between WT and
DGK{-TG-High mice were compared by the Mann-Whitney U test.
Effects of angiotensin II and phenylephrine on body weight, blood
pressure, heart rate, heart weight, left ventricular weight, PKC
translocation, DAG level, ANF expression, and cardiomyocyte
surface area in animal groups were compared by 2-way ANOVA
followed by multiple comparisons with the Bonferroni test. Proba-
bility values of <0.05 were considered statistically significant.

Results

Generation of DGK{ Transgenic Mice

After microinjection and embryo implantation, 2 lines of
transgenic mice (lines 70 and 45) were successfully estab-
lished. Figure 1B shows the real-time PCR results of DGK{
in the left ventricle of TG and WT mice. Heterozygous mouse
lines with the high expression of transgene mRNA (DGK¢-

TABLE 1. Gravimeiric Data and In Vivo Cardiac Function of
DGK¢-TG Mice at Basal Condition

WT DGK{-TG-High DGK{-TG-Low

BW, g 22.6=x1.1 21.7x238 23.5+3.8
BP, mm Hg 9613 99+6 95+7
HR, bpm 673x52 64371 65068
HW, mg 117x9 12216 122+18
LVW, mg 77+6 78x15 80+14
HW/BW, mg/g 4.92+0.24 5.07=0.41 4.94+0.33
LVW/BW, mg/g 3.25+0.14 3222044 3.24+0.38
Echocardiography

LVEDD, mm 3.31+0.17 3.21+0.17 3.24+0.28

LVESD, mm 1.60x0.15 1.50x0.19 1.45%0.15

LVFS, % 52+4 535 53+5

VS, mm 0.64=0.07 0.64+0.05 0.63x0.05

PW, mm 0.66+0.05 0.65+0.05 0.65+0.05

Data were analyzed by the Kruskal-Wallis test and are reporied as
mean:SD (n=8). BW indicates body weight; BP, blood pressure; HR, heart
rate; HW, heart weight; LVW, left ventricular weight; LVEDD, left ventricular
end-diastolic dimension; LVESD, left ventricular end-systolic dimension; LYFS,
left ventricular fractional shortening; IVS, interventricular septum; and PW,
posterior wall.

TG-High) and the low expression of transgene mRNA
(DGK{Z-TG-Low) in the left ventricle were characterized in
detail in the following experiments. RNA was extracted from
brain, heart, lungs, liver, kidney, spleen, intestine, and skel-
etal muscle tissues of DGK{-TG mice, and cardiac-specific
expression of transgene was confirmed by RT-PCR (data not
shown). Protein levels of DGK{ were augmented 21- and
5.5-fold in DGK{-TG-High and DGK{-TG-Low hearts com-
pared with control WT littermates, respectively (Figure 1C).
Additionally, we confirmed that kinase activities of DGK in
the heart were also augmented in both DGK{-TG mouse lines
(Figure 1D). No neonatal and adult deaths were observed in
DGK{-TG mice.

Gravimetric Data, Cardiac Function, and Isolated
Cardiomyocyte Mechanical Properties of
DGK{-TG Mice at Basal Condition

To characterize mouse phenotype, all experiments were
performed with age- and sex-matched (8- to 10-week-old)
DGK{-TG and WT littermate mice. Body weight, blood
pressure, and heart rate were similar between DGK{-TG and
WT mice (Table 1). There was no evidence of fibrosis on
microscopic examinations of multiple histological sections
(data not shown). The absolute heart weight, ratio of heart to
body weight, and ratio of the left ventricle to body weight
were not different between DGK{-TG and WT mice (Table
1). Echocardiography demonstrated that cardiac dimensions,
wall thickness, and fractional shortening were normal in
DGK{-TG mice, as shown in Table 1. Isolated cardiomyocyte
mechanical properties and Ca’* transients were examined
with the use of 6 WT mice and 6 DGK{-TG-High mice. Cell
shortening (4.10%£0.47% versus 4.71=0.49%), time to peak
shortening (52+4 versus 54*6 ms), and time to 80% relax-
ation (10517 versus 8917 ms) were not different between
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TABLE 2. Changes in Hemodynamic and Gravimetric Parameters in WT and DGK{-TG Mice After Angiotensin Il or

Phenylephrine Infusion

WT DGK¢-TG-High DGKZ-TG-Low
Saline Angli(14d) PE(3d) Saline Ang Il (14d) PE(34d) Saline Angli(14d  PE(3d)
BW, g 215221 235%29  239x25 241x34 22.0x3.0 21.7x2.8 25835 23.8x40 240=19
BP, mm Hg 993+14 101:+14 102+6 99:+7 105x13 110=6 968 948 107 =17
HR, bpm 665+47 66338 64129 63299 63141 62461 632+70 66333 67061
HW/BW, mg/g 496029 551x0.27* 5.76+0.81* 5.03+023 5.07x0.11F 4.95=0.39§ 4.93+034 4.98+0.571 5.19%0.37%
LVW/BW, mg/g  3.22+0.20 3.98+0.18" 3.910.63"* 3.21x0.38 3.34*+0.201 3.38+0.38§ 3.24x036 3.22+0.347 3.38+0.41%

Data were analyzed by 2-way ANOVA followed by muitiple comparisons with the Bonferroni test and are presented as mean=SD (n=6). Ang Il
indicates angiotensin Il; PE, phenylephrine; BW, body weight; BP, blood pressure; HR, heart rate; HW, heart weight; and LVW, left ventricular weight.
*P<0.01 vs saline-infused WT mice; TP<0.01 vs Ang li-infused WT mice; $P<0.05 and §P<0.01 vs PE-infused WT mice.

DGK{-TG-High and WT mice. The amplitude of the Ca**
signal (0.084+0.011 versus 0.07720.007) and half-life decay
of the Ca®* signal (156%13 versus 16213 ms) were also
same between DGK{-TG-High and WT mice.

Effects of DGK{ on GPCR Agonist-Induced
Activation of DAG-PKC Signaling

DGK({-TG and WT mice were assessed with respect to their
susceptibility to hypertrophic response to subpressor doses of
subcutaneous angiotensin 1122 and phenylephrine®'2 admin-
istration. No significant changes in body weight, heart rate,
and blood pressure were observed between WT and
DGK{-TG mice after subcutaneous infusion of angiotensin II
or phenylephrine, as shown in Table 2.

In the present study there were no significant changes in
total protein abundance of PKC isoforms after angiotensin II
or phenylephrine infusion (data not shown). We have previ-
ously demonstrated angiotensin II-induced translocation of
PKC isoforms through pathways involving phospholipase C
in the guinea pig ex vivo heart.> As shown in Figure 2, the
membrane-associated immunoreactivities of PKCa and
PKCe, but not PKCf and PKC8, were significantly increased
in angiotensin II-treated WT mice compared with saline-
infused WT mice (P<0.05). However, angiotensin II-in-
duced translocation of PKC« and PKCe was blocked in both
DGK{-TG-High and DGK{-TG-Low mice (P<0.05 versus
angiotensin II-infused WT mice).

Next, we examined effects of another GPCR agonist,
phenylephrine, in TGKZ-TG mice. Phenylephrine induced
translocation of the PKCe isoform (P<0.01), but not o, B,
and & isoforms, in WT mouse hearts, as shown in Figure 3.
However, in both DGK{-TG-High and DGK{-TG-Low mice,
translocation of the PKCe by phenylephrine was completely
blocked (P<<0.01 versus phenylephrine-infused WT mice).
These data suggested that DGK{ had an inhibitory effect on
GPCR agonist-induced translocation of PKC isoforms in in
vivo mouse hearts.

Lipid extracts were then prepared from the left ventricular
myocardium, and we quantified myocardial DAG levels in
WT and DGK{-TG-High mouse hearts (n==6 for each group).
At basal condition, DAG levels were similar between WT and
DGK{-TG-High mice (5115 versus 6618 pmol/mg tis-
sue). In WT mouse hearts, myocardial DAG level increased
significantly after continuous administration of phenyleph-

rine for 3 days (from 51*15 to 103%=27 pmol/mg tissue;
P<0.001). On the other hand, this effect of phenylephrine on
myocardial DAG levels was completely suppressed in
DGK{-TG-High mouse hearts (from 66*18 to 34x7
pmol/mg tissue; P=NS). These data suggest that DGK{
regulates PKC activity by controlling cellular DAG levels.

Effects of DGK{ on Hypertrophic Programs in
Response to GPCR Agonists

Ventricular hypertrophy induced by continuous infusion of
angiotensin II or phenylephrine is accompanied by the induc-
tion of several specific genes such as ANF.2'® As shown in
Figure 4, the mRNA expression of ANF was increased in WT
mice given angiotensin II and phenylephrine compared with
saline-infused WT mice (P<<0.01). However, in DGK{-TG-
High and DGK{-TG-Low mice, angiotensin II failed to cause
gene induction of ANF (P<C0.01). Phenylephrine-induced
ANF gene induction was significantly blocked in DGK{-TG-
High mice (P<0.01), but this inhibitory effect was not
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Figure 2. Translocation of PKCa (A), PKCg (B), PKC$ (C), and
PKCe (D) in DGK{-TG-High, DGK{-TG-Low, and WT mice in
response to angiotensin !l (Ang ). A subpressor dose of angio-
tensin [l (100 ng/kg per minute) was continuously infused with
an osmotic minipump for 14 days.23 Membrane/cytosol (M/C)
ratio of immunoreactivity was used as an index of PKC activa-
tion. Data were analyzed by 2-way ANOVA followed by multiple
comparisons with the Bonferroni test and are reported as
mean=SD obtained from 6 to 7 mice for each group.
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Figure 3. Translocation of PKCa (A), PKCB (B), PKC3 (C), and
PKCe (D) and in DGK{-TG-High, DGK{-TG-Low, and WT mice in
response to phenylephrine (PE). A dose of phenylephrine (20
mg/kg per day} was infused into mice subcutaneously via an
osmotic minipump for 3 days.3132 Membrane/cytoso! (M/C) ratio
of immunoreactivity was used as an index of PKC activation.
Data were analyzed by 2-way ANOVA followed by multiple com-
parisons with the Bonferroni test and are reported as mean+SD
obtained from 6 to 7 mice for each group.

statistically significant in DGK{-TG-Low mice (P=0.0704).
These data suggested that DGK{ blocked hypertrophic gene
induction by angiotensin II and phenylephrine in in vivo
mouse hearts.

As shown in Table 2, heart weight and left ventricular
weight corrected for body weight were not significantly
different between saline-infused WT and saline-infused
DGK{-TG mice. Subcutaneous infusion of angiotensin II and
phenylephrine caused significant increases in the ratio of
heart to body weight and ratio of the left ventricle to body
weight in WT mice (P<0.01). However, in both DGK{-TG-
High and DGK{-TG-Low mice, neither angiotensin II nor
phenylephrine produced increases in the ratio of heart to body
weight and ratio of the left ventricle to body weight (Table 2).

Microscopic observations revealed that no significant dif-
ference in cardiomyocyte cross-sectional area was seen be-
tween saline-infused WT and saline-infused DGK{-TG mice
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Figure 4. Cardiac ANF gene expressions in DGK{-TG-High,
DGK{-TG-Low, and WT mice in response to angiotensin Il (Ang
1) {A) and phenylephrine (PE) (B). Mean value in saline-infused
WT mice is presented as 1.0. Data were analyzed by 2-way
ANOVA followed by multiple comparisons with the Bonferroni
test. Data reported are mean*=SD obtained from 6 to 8 mice for
each group.

P<0.01
. POy POt

]

g o L

g I B OGKS-TG-Hgh
2 B OGKS TG o
B a0

8

P

R

$E 200 |

%w

®

g 00

2

:

2

Q

() Ang lE (-} Ang it (-} Ang It

TG-Low
+Angll +Angll

“WT+Angl

Figure 5. Histological analysis in DGK{-TG-High, DGKZ-TG-
Low, and WT mice after angiotensin Il {Angll) infusion. Bottom
panels show representative images of hematoxylin-eosin micro-
graphs of cardiomyocyte cross sections. (Magnification X200,
bar=20 um). Top bar graph shows quantitative analysis of car-
diomyocyte cross-sectional area from the left ventricle. Data
were analyzed by 2-way ANOVA followed by multiple compari-
sons with the Bonferroni test. Data reported are mean=SD
obtained from 7 mice for each group.

(Figures 5 and 6). In WT mice, cardiomyocyte cross-sectional
area was significantly increased by angiotensin II and phen-
ylephrine infusion (P<<0.01 and P<<(.05, respectively). How-
ever, in both DGK{-TG-High and DGK{-TG-Low mice,
neither angiotensin II nor phenylephrine caused increases in
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Figure 6. Histological analysis in DGK{-TG-High, DGKZ-TG-
Low, and WT mice after phenylephrine (PE) infusion. Bottom
panels show representative images of hematoxylin-eosin micro-
graphs of cardiomyocyte cross sections. {magnification X200,
bar=20 um). Top bar graph shows quantitative analysis of car-
diomyocyte cross-sectional area from the left ventricle. Data
were analyzed by 2-way ANOVA foliowed by multiple compari-
sons with the Bonferroni test. Data are reported as mean=SD
obtained from 7 mice for each group.
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cardiomyocyte cross-sectional area (P<<0.01 versus angioten-
sin II-infused WT and P<0.05 versus phenylephrine-infused
WT mice). Obvious fibrosis in the myocardium was not
observed in DGK{-TG and WT mice given angiotensin II or
phenylephrine (data not shown). Taken together, these data
clearly demonstrated that DGK{ might interfere with GPCR
agonist-induced cardiac hypertrophy.

Discussion

This is the first report characterizing a functional role of
DGK({ in the in vivo mouse heart. Molecular, gravimetric,
and morphological analyses clearly showed that cardiac-
specific overexpression of DGK{ abrogated cardiac hypertro-
phy in response to GPCR agonists such as angiotensin II and
phenylephrine by regulating the DAG-PKC signaling in
transgenic mouse hearts.

DGKUZ-TG mice were indistinguishable in appearance from
WT mice, and no baseline cardiac effects were observed in
physiological or histological analyses. In addition, we found
that isolated cardiomyocyte function and in vivo cardiac
function evaluated by echocardiography were normal in
DGKZ-TG mice. Blood pressure and heart rate after subcu-
taneous infusion of angiotensin IT and phenylephrine were not
different among DGK{-TG-High, DGK{-TG-Low, and WT
mice, indicating that the overexpression of DGK{ does not
affect hemodynamic regulations in response to angiotensin II
and phenylephrine. Consistent with previous works,23:31:32
the hypertrophic response in this study occurred indepen-
dently of the hemodynamic effects of angiotensin II and
phenylephrine because systemic blood pressure was not
elevated after infusion.

Previous studies in human heart failure and animal models
of heart failure have clearly demonstrated that activation of
PKC isoforms plays a critical role in the development of
cardiac hypertrophy and progression to heart failure.56.10-12
GPCR agonists increase production of DAG, resulting in
sustained PKC activation in the cardiomyocyte.”-33 DGK is an
enzyme that is responsible for controlling the cellular levels
of DAG by converting it to phosphatidic acid, and thus is
thought to be acting as an endogenous regulator of PKC
activity. Continuous infusion of phenylephrine for 3 days
increased myocardial DAG levels in WT mice, but this effect
was completely abolished by overexpression of DGK{. These
data suggest that DGK{ regulates PKC activity by controlling
cellular DAG levels.

Phosphatidic acid is yielded not only by DGK but also by
the action of phospholipase D. Phospholipase D hydrolyzes
phosphatidylcholine to form phosphatidic acid, and phospha-
tidic acid itself also has signaling function, stimulates DNA
synthesis, and modulates activity of several enzymes, includ-
ing phosphatidylinositol 5-kinases, ERK, and others.?* How-
ever, because the bulk of the signaling pool of phosphatidic
acid is mainly derived from the action of phospholipase D in
cardiomyocytes,?* overexpression of DGK{ may not affect
phosphatidic acid pool and its signaling function. We previ-
ously demonstrated that activation of downstream ERK and
protein synthesis by endothelin-1 were abolished by DGK{ in
isolated neonatal rat cardiomyocytes.'® These results sug-
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gested the importance of inhibiting the DAG-PKC signaling
pathway by DGK{ to prevent cardiomyocyte hypertrophy.

The in vitro studies have reported that DGK isoforms
modulate the DAG-PKC signaling in several types of
cells.36:37 In particular, Luo et al®8 have recently showed that
DGK({ spatially regulates PKCua activity by attenuating local
accumulation of DAG in HEK293 cells. It has been reported
that the DGKe isoform reduces cellular DAG levels in aortic
endothelial cells.?® We have recently found that adenovirus-
mediated overexpression of the DGK{ isoform blocked en-
dothelin-1-induced activation of the DAG-PKC signaling
and resultant cardiomyocyte hypertrophy in cultured rat
neonatal cardiomyocytes.'® To further elucidate these issues
obtained from in vitro studies, isoform-specific regulation of
DGK in an in vivo study with the use of a transgenic
approach, as we employed in the present study, is necessary.
In our present study, angiotensin II- and phenylephrine-in-
duced translocation of PKC was blocked in DGK{-TG mice
(Figures 2 and 3). These data suggest that DGK{ has an
inhibitory effect on PKC translocation, which depends on
kinase activity, in the left ventricular myocardium. Further-
more, angiotensin II- and phenylephrine-induced hypertro-
phic programs determined by gene induction of ANF, in-
creases in heart weight, and enlargements of cardiomyocyte
surface area were abolished in DGK{-TG mice (Table 2 and
Figures 4 to 6). These data suggest that DGK{ functions as a
negative regulator of the DAG-PKC signaling and prevents
subsequent cardiomyocyte hypertrophy. Because this study
used only the overexpression approach, future experiments of
a loss of DGK function with the use of knockout mice are
necessary to elucidate further the role of DGK({ in signaling
cascade in vivo.

In conclusion, our study provides the first in vivo evidence
that DGK{ blocks cardiac hypertrophy in response to GPCR
agonists by regulating DAG-PKC signaling. Further studies
will be necessary to examine whether and to what extent
DGK{ may prevent pressure overload—induced cardiac
hypertrophy.
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B2-Adrenergic Agonists Suppress Rat
Autoimmune Myocarditis

Potential Role of $2-Adrenergic Stimulants as New Therapeutic
Agents for Myocarditis

Mototsugu Nishii, PhD, MD; Takayuki Inomata, MD, PhD; Hiroe Niwano, MD, PhD;
Hitoshi Takehana, MD, PhD; Ichiro Takeuchi, MD, PhD; Hironari Nakano, MD, PhD;
Hisahito Shinagawa, MD; Takashi Naruke, MD; Toshimi Koitabashi, MD, PhD;
Jun-ichi Nakahata, MD; Tohru Izumi, MD, PhD

Background-—The therapeutic potential of B2-adrenergic receptor (AR) agonists in the treatment of autoimmune diseases
has been reported. However, the role of these drugs in the myocardial structure-induced autoimmune process, which is
thought to play a crucial role in the progression of myocarditis to subsequent complications, has not been elucidated.

Methods and Results—Experimental autoimmune myocarditis (EAM) was induced in rats by immunization with cardiac
myosin. On daily administration from day 0 after immunization, the B2-selective AR agonists formoterol or salbutamol
ameliorated EAM on day 21 and increased myocardial interleukin-10/interferon-y mRNA levels. Propranolol, a
nonselective B-AR antagonist, aggravated EAM on day 21 and decreased mRNA levels, whereas metoprolol, a
Bl-selective AR antagonist, showed no effect. These results were reflected in vivo by the proliferation of cardiac
myosin—primed lymph node cells from drug-treated rats. In vitro addition of B32-selective AR agonists inhibited the
activation of cardiac myosin fragment—specific myocarditogenic T lymphocytes, and this effect was reversed by
ICI118,551, a B2-selective AR antagonist. Furthermore, treatment with 2 different B2-selective AR agonists starting on

day 14 also ameliorated EAM on day 21.

Conclusions—32-AR stimulation suppressed the development of EAM by inhibiting cardiac myosin—specific
T-lymphocyte activation in lymphoid organs and by shifting the imbalance in Th1/Th2 cytokine toward Th2 cytokine.
Furthermore, it also ameliorated established myocardial inflammation. (B2-AR-stimulating agents may represent
important immunomodulators of the cardiac myosin—induced autoimmune process and have potential as a new therapy

for myocarditis. (Circulation. 2006;114:936-944.)

Key Words: immune system @ myocarditis & receptors, adrenergic, beta

part from those with fulminant cases requiring mechan-

ical circulatory support for severely deteriorated circu-
latory collapse, most patients with acute myocarditis recover
rapidly to an uncomplicated status, with cessation of myocar-
dial inflammation and a generally favorable outcome.! Some
patients, however, progress to persistent myocardial inflam-
mation and subsequent dilated cardiomyopathy.?3 Although
chronic viral infection has long been recognized as a candi-
date causative factor for these pathophysiological mecha-
nisms,’? a number of experimental models have demonstrated
the crucial role* of myocardial structure-mediated autoim-
mune processes, which follow the myocardial damage pro-
voked by the initial viral infection.®” The presence of
autoantibodies against myocardial structure in patients with
myocarditis and dilated cardiomyopathy®® supports the in-

volvement of myocardial structure-mediated autoimmune
processes in these settings in humans.
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Investigations using rat experimental autoimmune myocar-
ditis (EAM) have shown that Thl cytokines such as
interferon-y (JFN-vy) and interleukin-12 (IL-12) are major
promoters of these autoimmune processes.'®!! On the other
hand, given reports that B2-adrenergic receptors (32-ARs)
are present on Thl T lymphocytes and antigen-presenting
cells and that their activation suppresses the production of
Thl cytokines such as IFN-vy and IL-12,1213 82-AR has been
investigated as a potential immunomodulator in Thl cyto-
kine—induced autoimmune disease.'* However, the role of
B2-AR-stimulating agents on myocardial structure-mediated
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autoimmune processes remains unknown. In this study we
compared the effects of B-AR agents on EAM.

Methods
In Vivo Experiments

Induction of Rat Autoimmune Myocarditis

EAM was induced by immunizing 5-week-old female Lewis rats
(Charles River Laboratory, Tsukuba, Ibaraki, Japan) with 0.25 mg of
porcine cardiac myosin conjugated with complete Freund’s adjuvant
containing 0.25 mg of Mycobacterium tuberculosis H13RA (Difco,
Detroit, Mich), as previously reported.'> All experimental proce-
dures and protocols used in this study conformed to the institutional
guidelines of Kitasato University School of Medicine for the care
and use of animals.

Therapeutic Protocols

Protocol T

Groups of 18 healthy animals each received intraperitoneal admin-
istration of propranolol (Sigma, St Louis, Mo) at 10 mg/kg per day
as a nonselective 8-AR antagonist, metoprolol at 30 mg/kg per day
as a fl-selective AR antagonist (Novartis Pharmaceutical Co,
Tokyo, Japan), formoterol at 22.5 ug/kg per day as a 82-selective
AR agonist’ (Yamanouchi Pharmaceutical Co, Tokyo, Japan),
salbutamol at 200 pg/kg per day as a f32-selective AR agonist!3/4
(Sigma Chemical Co, St Louis, Mo), or an equal volume of
phosphate-buffered saline vehicle containing 0.5% methylcellulose
daily from immunization with myosin, on day 0 until euthanasia on
day 21. These drugs were also administered to control groups of 8
healthy animals each without immunization with myosin for 3
weeks. Doses were selected on the basis of previous findings!7 to
ensure a near-equipotent 81-AR blocking effect.

Protocol 11

Groups of 12 healthy animals each were given formoterol at 22.5
ng/kg per day, salbutamol at 200 pg/kg per day, or an equal volume
of vehicle by intraperitoneal administration from day 14 until day 21
after immunization with myosin.

Hemodynamic Analysis

Blood pressure (BP), heart rate (HR), and fractional shortening were
determined in healthy (without myosin immunization) and diseased
rats (with immunization) treated with S-AR-modulating agents or
vehicle by the tail-cuff method with the use of a photoelectric
tail-cuff detection system (Softron, Tokyo, Japan) and echocardio-
graphic study (SSD-6500SV, Aloka, Tokyo, Japan) just before
euthanasia on day 21. All measurements were averaged over at least
3 consecutive cardiac cycles.

Assessment of Severity of Myocarditis

All rats were killed under ether anesthesia on day 21. The ratio of
heart weight to body weight (HW/BW) was calculated, and macro-
scopic scores were classified according to a 5-grade scoring system
as previously reported.'® The cardiac ventricles were then divided
transversely into 2 sections. The ratio of the area of inflammatory
infiltrates to that of the whole myocardium on a sliced half-
transverse section was calculated with a microscope, as previously
reported,'® by 2 blinded observers. Interobserver and intraobserver
variance was <5%.

Measurement of Cytokine Expression in Hearts

Real-time reverse transcription—polymerase chain reaction (RT-
PCR) was performed to measure myocardial expression of IFN-vy or
interleukin-10 (IL-10) mRNA in the other half of the hearts. Reverse
transcriptase—polymerase chain reaction (RT-PCR) was performed
with the use of an ABI PRISM 7700 Sequence Detection System (PE
Biosystems). Positive-stranded and negative-stranded primers for
mRNA amplification were ATCTGGAGGAACTGGCAAAAG-
GACG and CCTTAGGCTAGATTCTGGTGACAGC for IFN-v,'?
ACTGCTCTGTTGCCTGCTCTTACT and GAATTCAAATGCTC-

[B2-Adrenergic Stimulation in Myocarditis 937

CTTGATTTCT for IL-10,'° and ACCACAGTCCATGCCATCAC
and TCCACCACCCTGTTGCTGTA for glyceraldehyde phosphate
dehydrogenase.!® A standard curve was calculated with the use of the
ABI PRISM 7700 System, from which the absolute copy numbers of
mRNA in the samples were obtained.

In Vitro Experiments

B-AR-Modulating Agents on Myocarditogenic
T-Lymphocyte Activities

A myocardiogenic CD4-positive Thl-phenotype T-lymphocyte line
specific for the cardiac myosin fragment CM2 (a.a. 1539-1555)%
was established as previously reported.'® This T-lymphocyte line
(5% 10* per well) was cultured in triplicate supplemented with CM2
(10 pg/mL) and irradiated (5000 rad) syngeneic thymocytes as
antigen-presenting cells (1 10° per well). Formoterol (107 to 10™*
mol/L), salbutamol (107'° to 10™* mol/L), or denopamine (107" to
10™* mol/L; Tanabe Pharmaceutical Co, Tokyo, Japan) as a SB1-
selective AR agonist or vehicle was added to the cell-suspension
culture solution, with or without ICI118,551 (107% to 107® mol/L;
Tocris, Ellisville, Mo) as a f(2-selective AR antagonist. After
incubation, proliferation of cardiac myosin—specific T lymphocytes
and levels of IFN-y and IL-12 in each well were determined as
previously described.!® Three series of experiments were performed
for each investigation.

Proliferation Assay Using Myosin-Primed Lymph Node
Cells From Treated Rats

Popliteal lymph nodes were removed from Lewis rats killed 11 days
after immunization with porcine cardiac myosin under daily admin-
istration of metoprolol at 30 mg/kg per day, propranolol at 10 mg/kg
per day, formoterol at 22.5 pg/kg per day, salbutamol at 200 ug/kg
per day, or vehicle (n=9 each). Viable mononuclear cells (5X 10° per
well) from the lymph nodes in single-cell suspension were cultured
for 48 hours in triplicate with or without 10 pg/mL of cardiac
myosin. Cell proliferation and levels of IFN-y and IL-12 in each well
were then determined as described previously.!#

Intracellular cAMP Measurement

Myosin-primed lymph node cells (5X 10* per well) from drug-treated
rats (n=9 each) were cultured in triplicate with cardiac myosin as
described above. Cells were pelleted by centrifugation at 1400g for
5 minutes followed by the addition of lysis buffer for 10 minutes.
Intracellular cAMP levels were then measured with an enzyme-
linked immunosorbent assay (ELISA) kit (Amersham, Piscataway,
NI).

Statistical Analysis
Data are expressed as mean*SEM. Statistical analyses were per-
formed by 1-way ANOVA, followed by a post hoc test (Bonferroni
multiple comparison test). RT-PCR analysis was performed as
follows. The copy number of IFN-y or IL-10 mRNA was normalized
for GAPDH mRNA, and the myocardial expression of cytokine in
each sample from EAM rats that received treatment with the B-AR
agent or vehicle was then expressed as fold increase over the average
level in the control group, composed of 9 EAM rats, on day 21 with
no treatment. The balance of Thl and Th2 cytokines was expressed
as the ratio of IL-10 mRNA to IFN-y mRNA: IL-10/IFN-v.
IL-10/IFN-vy level in each sample with therapy was also expressed as
fold increase over that of the control group. Levels of IFN-vy, IL-10,
or IL-10/IFN-v, as well as histological and hemodynamic variables
in the vehicle and control groups, were approximately equal (data not
shown). To examine the effects of B-AR agents on the expression of
cytokine, fold increase was compared across therapeutic groups.
Probability values <<0.05 were considered statistically significant.
The authors had full access to the data and take full responsibility
for its integrity. All authors have read and agree to the manuscript as
written.
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