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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. We established an
experimental system to investigate small fetal arteries, such as the rat fetal ductus arterio-
sus (DA) and pulmonary vein. In addition, we developed an in vivo nanoimaging system
to observe sarcomere contraction in the ventricles of small animals, such as rat and
mouse.

Research Activities

Molecular mechanism of closure of the DA

The DA is an essential artery that connects the main pulmonary artery and the descending
aorta in fetus. The DA closes immediately after birth in accordance with its smooth mus-
cle contraction and vascular remodeling. We are investigating molecular mechanisms of
DA closure after birth. The incidence of patent ductus arteriosus (PDA) is known to be
higher in premature neonates with infection than in those without infection. However, the
detailed mechanism has not been investigated. We found that lipopolysaccharide delays
closure of the rat ductus arteriosus by induction of inducible nitric oxide synthase but not
prostaglandin E,.

Causal factors of aortic coarctation

Aortic coarctation is a congenital heart disease whereby the descending aorta is narrow,
usually in the area where the DA connects. In some case re-narrowing of the aorta devel-
ops after definitive operation. We found that DA smooth muscle cells were straying into
aortic smooth muscle cells of narrow area and further extent. We are also investigating
the long-term use of prostaglandin E, on the human DA. We are collaborating with
Hyogo Prefectural Kobe Children’s Hospital in this study.

Regulation of sarcoplasmic reticulum ATPase activity

We are interested in regulation of the sarcoplasmic reticulum Ca*-ATPase and Ca®*
homeostasis in the sarcoplasmic reticulum. We found that sarcolipin-knockout mice
improved the impairment of muscle function in mdx mice that are an animal model of
muscular dystrophy. We are collaborating with National Center of Neurology and Psychi-
atry in this study.
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Regulation of cardiac metabolism

Cardiac metabolism plays an essential role in maintaining cardiac function. Vitamin B1
(VitB1, thiamine) deficiency causes Beriberi, which is characterized by peripheral sensory
and motor neuropathy, and congestive heart failure. Dr. Kenehiro Takaki who founded
Jikei University, eliminated Beriberi from the Imperial Japanese Navy by improving
dietary habit (thiamine supplementation). We found that pretreatment with VitB1 pre-
served cardiac function in ischemic-reperfusion injury.

Pathophysiological mechanisms of organ fibrosis

Organ fibrosis is a maladaptive response to pathophysiological conditions, such as in
impaired organ perfusion and ischemic diseases. However, the effects of pressure-over-
loaded interstitial fibrosis in the heart and liber in myocardium remain unclear. We pre-
pared pulmonary artery banding (PAB) rats as a model of cardiac hypertrophy. We found
that several factors including fibroblast growth factor 23 (FGF23), which is known to
play a role in the regulation of osteogenesis, was up-regulated in the interstitial fibrosis
group. We also found that low cardiac output was an important determinant that promoted
liver fibrosis.

Mechanism of sarcomere contraction in cardiac muscle

1. Simultaneous imaging of local Ca®" and single sarcomere length in rat neonatal cardio-
myocytes using yellow Cameleon-Nano140

We developed a novel experimental system for simultaneous nano-imaging of the dynam-
ics of the intracellular Ca*>" concentration ([Ca”*'];) and single sarcomeres in the subcellu-
lar partition, via expression of a FRET-based yellow Cameleon-Nano140 (YC-Nano140)
fused into a-actinin for the localization at Z-disks in primary-cultured rat neonatal car-
diomyocytes. The system enabled quantitative analyses of local Ca*" transient (CaT) and
the ensuing sarcomere dynamics at low and high temperatures during spontancous beat-
ing and at electric stimulation (5 Hz) at 37°C. Local Ca*" waves were observed between
CaT, and induced local sarcomeric contractions. There was a positive correlation between
an increase in local [Ca®']; and the magnitude of sarcomere shortening. This experimental
method will be widely applied for elucidating the molecular mechanisms of cardiac exci-
tation-contraction coupling under physiological and pathophysiological conditions (J.
Gen Physiol., 2016-2).

2. In vivo visualization of sarcomeric motions in the beating mouse heart

The Frank-Starling law predicts that a change in the length of myocardial sarcomeres by
only 100 nm dramatically changes the heart’s pump functions, indicating the importance
of highly accurate measurements of cardiac sarcomere length displacement in vivo. In this
study, we developed a high speed (100-frames per second), high resolution (20-nm)
imaging system for myocardial sarcomeres in living mice. Using this system, we con-
ducted three-dimensional analysis of sarcomere dynamics in left ventricular myocytes
during the cardiac cycle, simultaneously with electrocardiogram and left ventricular pres-
sure measurements. We found that (1) the working range of SL was on the shorter end of
the resting distribution, and (2) the left ventricular-developed pressure was positively cor-
related with the SL change between diastole and systole. The present findings provide the
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first direct evidence for the tight coupling of sarcomere dynamics and ventricular pump
functions in the physiology of the heart (J. Gen Physiol., 2016-1).

3. In vivo cardiac excitation-contraction coupling

We developed a novel analysis on the kinetics of Ca*" waves in the mouse heart with the
assumption that Ca*" waves expand in a concentric fashion. We found that the velocity of
the Ca®" expansion was ~120 um/s on the confocal X-Y plane in a cardiomyocyte, and
afterwards, the Ca*" wave propagated at a faster velocity in the longitudinal direction in
the myocyte (~ 170 pum/s). These values were similar to those previously reported in iso-
lated cardiomyocytes. Therefore, our experimental system is usefulness for the analysis
of Ca*" waves, and even Ca®" sparks in future studies (Prog. Biophys. Mol. Biol. 2017).
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