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General Summary

The aim of research in our laboratory is to understand the regulatory mechanism of the
cardiovascular system. In particular, we are interested in the development of the cardio-
vascular system, the mechanics of sarcomere contraction, Ca®* homeostasis in the cardiac
sarcoplasmic reticulum, and the pathophysiology of cardiac fibrosis and pulmonary
hypertension. We established an experimental system to investigate small fetal arteries,
such as the rat fetal ductus arteriosus (DA) and pulmonary veins. In addition, we devel-
oped an in vivo nanoimaging system to observe sarcomere contraction in the ventricles of
small animals, such as rats and mice.

Research Activities

Analysis of characteristics of pulmonary veins

Pulmonary veins must differ in character from systemic veins because they carry blood
with a high concentration of oxygen. However, the characteristics of pulmonary veins
remain a mystery. We successfully established a novel, feasible rat model of pulmonary
hypertension due to left heart disease by generating left atrium stenosis and are analyzing
the effects of pulmonary congestion on the vascular structure and the function of pulmo-
nary veins. In addition, we have generated the atrium-specific overexpression and dele-
tion of pituitary homeobox 2c, a transcription factor that is specifically expressed in the
pulmonary veins and the left atrium.

Molecular mechanism of closure of the DA

The DA is an essential artery that connects the main pulmonary artery and the descending
aorta in the fetus. The DA closes immediately after birth in accordance with its smooth
muscle contraction and vascular remodeling. We found that prostaglandin E, induces the
secretion of the protein nephroblastoma overexpressed (NOV or CCN3) in rat DA smooth
muscle cells and that this protein inhibits intimal cushion formation of the rat DA. We
have also done the comprehensive analysis of the gene expression of the chicken DA and
the aorta. These projects are in collaboration with Waseda University.

Regulation of endoplasmic reticulum stress on cardiac function

Endoplasmic reticulum (ER) stress is associated with cardiac function. We are interested
in the regulation of the serine/threonine protein kinase/endoribonuclease inositol-requir-
ing transmembrane kinase/endonuclease 1o (IREla) on ER stress in heart failure. in the
sarcoplasmic reticulum. We found that IREla induced transient ER stress signaling and
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conferred a protective effect against pressure overload-induced pathological remodeling
in the heart. This project is a collaborative work with Professor Yibin Wang at the Univer-
sity of California, Los Angeles.

Regulation of cardiac metabolism

Cardiac metabolism plays an essential role in maintaining cardiac function. In the dam-
aged heart, fatty acid (FA) oxidation is impaired and glycolysis is promoted. We exam-
ined the regulation of cardiac metabolism in a mouse model of cardiac injury due to the
administration of monocrotaline. Metabolites in the tricarboxylic acid cycle were
decreased and those in glycolysis were increased at 6 weeks. We found that pyruvate
dehydrogenase activation is an early event to compensate for a subtle metabolic impair-
ment from myocardial damage.

Pathophysiological mechanisms of overstretch-induced cardiac dysfunction

The mechanism of impaired cardiac function in a volume-overloaded heart is incom-
pletely understood. We studied the effect of diastolic overstretch on cardiac function in
isometrically contracting muscle prepared from rat right ventricular papillary muscles.
We found that acute, severe overstretch of an isolated rat papillary muscle causes the
inner collapse of mitochondria with the sarcomere structure being preserved. Therefore,
we believe that abrupt disruption of the mitochondrial structure by acute diastolic over-
stretch might account for the mechanisms on pathogenesis of acute volume-overloaded
heart failure.

Mechanism of sarcomere contraction in cardiac muscle

Sarcomeric contraction in cardiomyocytes serves as the basis for the heart’s pump func-
tions. Although sarcomeres play a pivotal role in the circulatory system, changes of myo-
cardial sarcomere length have not been systematically investigated in vivo. Here we
developed a high-speed (100 frames per second), high-resolution (20 nm) spinning disc
confocal-imaging system for the beating mouse heart in vivo. Via expression of
a-actinin-Aequorea coerulescens green fluorescent protein under this optics system, we
analyzed physiological sarcomere dynamics in a single myofibril consisting of approxi-
mately 30 sarcomeres (i.e., with a near entire length) in a ventricular myocyte, simultane-
ously with hemodynamic variables (i.e., electrocardiography, left ventricular pressure,
and a pressure volume loop). The findings were as follows. First, the sarcomere length
values were 1.88 £ 0.29 um in diastole and 1.66 & 0.19 um in systole, and the individual
sarcomere length values varied markedly during the cardiac cycle, even in the same myo-
fibril. Second, the dynamic behavior of each sarcomere was not always synchronized with
that of an entire myofibril. Third, the correlation (R) between the dynamics of an individ-
ual sarcomere and that of an entire myofibril varied markedly, i.e., from —0.2 to 0.8, dur-
ing 6 cardiac cycles. Fourth, sarcomeres that actively contributed to myofibrillar dynam-
ics and those that did not coexisted at a similar ratio. These findings provides new insights
for our understanding of cardiac function at the single-sarcomere level.



Research Activities 2018 The Jikei University School of Medicine

Publications

Lii P!, Jiao @, Shimura D, Kusakari Y, Liu F',
Minamisawa S (‘Huazhong Univ of Sci and
Technol, *Huazhong Normal Univ). Distinct vas-
cular remodeling pattern of adult rats with carotid-
jugular shunt. Ann Vasc Surg. 2018; 49: 168-78.
Iwai K', Nagasawa K', Akaike T, Oshima T,
Kato T', Minamisawa S (‘Waseda Univ). CCN3
Secreted by prostaglandin E2 inhibits intimal cush-
ion formation in the rat ductus arteriosus. Biochem
Biophys Res Commun. 2018; 503: 3242-7.
Steiger D', Yokota T', Li J', Ren S', Minami-
sawa S, Wang Y' (‘David Geffen School of
Medcine at UCLA). The serine/threonine-protein
kinase/endoribonuclease IRE1a protects the heart
against pressure overload-induced heart failure. J
Biol Chem. 2018; 293: 9652-61.
Kobirumaki-Shimozawa F, Shimozawa T,
Oyama K, Kushida Y, Terui T, Ishiwata S’, Fu-
kuda N ('Tokyo Univ, *Waseda Univ). Optimiza-
tion of fluorescent labeling for in vivo nano-imaging
of sarcomere in the mouse heart. Biomed Res Int.

19

2018 Aug 23; 2018: 4349170.

Kagemoto T', Oyama K, Yamane M', Tsuka-
moto S, Kobirumaki-Shimozawa F, Li A%, Dos
Remedios C°, Fukuda N, Ishiwata S' (‘Wseda
Univ, *Bosch Institute The Univ of Sydney).
Sarcomeric auto-oscillations in single myofibrils
from the heart of patients with dilated cardiomyop-
athy. Circ Heart Fail. 2018; 11: e004333.

Ito K, Hongo K, Date T, Morimoto S, Yoshii A,
Kimura H, Tanaka Y, Nagoshi T, Kusakari Y,
Akaike T, Minamisawa S, Ogawa K, Minai K,
Kawai M, Matsuo S, Yamane T, Yoshimura M.
Mice with the Heart-Specific Overexpression of
Prothrombin-Do Not Show Cardiac Insufficiency.
Trans! Biomed. 2018; 9: 148.

Xiong, PY', Baba S, Nishioka N, Fujimoto Y,
Archer SL', Minamisawa S (‘Queen’s Univ).
Left Atrial Stenosis Induced Pulmonary Venous Ar-
terialization and Group 2 Pulm onary Hypertension
in Rat. J Vis Exp. 2018; 141: e58787.



	表紙1
	表紙2
	19113029_目次
	Introduction
	19113029_01
	19113029_02
	19113029_03
	19113029_04
	index
	表紙3
	表紙4

		2020-02-01T13:24:46+0900
	東京慈恵会医科大学




