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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, metabolomic changes in the
diseased heart, 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 vein. In addition, we developed a high-preci-
sion analyzing system to measure the temperatures of cells.

Research Activities

Analysis of characteristics of pulmonary veins

Pulmonary veins must have a character that differs from that of systemic veins due to
containing a high concentration of oxygen in blood. However, the characteristics of pul-
monary veins remain a mystery. We have generated the atrium-specific overexpression of
paired-like homeodomain transcription factor 2 (Pitx2c), a transcription factor that is spe-
cifically expressed in the pulmonary veins and the left atrium. We found that the trans-
genic mice exhibited sinus node dysfunction using a telemetric electrocardiographic anal-
ysis system.

Molecular mechanism of closure of the DA

The DA is an essential artery that connects the main pulmonary artery and the descending
aorta in a fetus. The DA closes immediately after birth in accordance with its smooth
muscle contraction and vascular remodeling. We found that a new chemical compound
EP4 antagonist, RQ-15986 (renamed from CJ-042794), selectively contracted the DA
when we measured the isometric tension of rat DA in the presence of RQ-15986. In addi-
tion, we investigated the effect of gentamicin on DA closure. We found that standard-dose
gentamicin did not increase the risk of DA patency in rat neonates. Furthermore, we
examined the transcriptional profiles of chick DA, which anatomically differs from mam-
mal DA. A DNA microarray analysis revealed newly identified genes in the chicken pul-
monary artery-sided DA. Subsequent pathway analysis with the Database for Annotation,
Visualization and Integrated Discovery (DAVID) Bioinformatics Resources revealed that
the pulmonary artery-sided DA showed enhanced expression of the genes involved in
melanogenesis and tyrosine metabolism, suggesting that tyrosinase and the related genes
play an important role in the proper differentiation of neural crest-derived cells during
vascular remodeling in the chick DA. These projects are a collaborative work with
Waseda University.
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Regulation of cardiac metabolism

Cardiac metabolism plays an essential role in maintaining cardiac function. Fatty acid
oxidation is impaired and glycolysis is promoted in the damaged heart. We used a mouse
model of cardiac injury due to the administration of monocrotaline. Metabolites in the tri-
carboxylic acid cycle were decreased and those in glycolysis were increased at 6 weeks.
We found that pyruvate dehydrogenase activation is one of the earliest events to compen-
sate for a subtle metabolic impairment 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 an
isometrically contracting muscle preparation from rat right ventricular papillary muscles.
We found that acute severe overstretch of an isolated rat papillary muscle caused inner
mitochondrial collapsing with preserved sarcomere structure. We are now checking these
phenomena in in-vivo experiments using a pulmonary banding model.

Mechanism of sarcomere contraction in cardiac muscle

Sarcomeres are activated via thin filament structural changes (i.e., from the “off” state to
the “on” state) in response to a release of Ca** from the sarcoplasmic reticulum. This pro-
cess involves chemical reactions that are highly dependent on ambient temperature. We
investigated the effects of rapid heating by focused infrared laser irradiation on the sliding
of thin filaments reconstituted with human o-tropomyosin and bovine ventricular tropo-
nin in an in-vitro motility assay. We performed high-precision analyses measuring tem-
perature by the fluorescence intensity of rhodamine-phalloidin-labeled F-actin coupled
with a fluorescent thermosensor sheet containing the temperature-sensitive dye europium
(IIT) thenoyltrifluoroacetonate trihydrate. This approach enabled a shift in temperature
from 25°C to~46°C within 0.2 second. We found that in the absence of Ca®* and the
presence of ATP, infrared laser irradiation elicits sliding movements of reconstituted thin
filaments with a sliding velocity that increases as a function of temperature. The heating-
induced acceleration of thin filament sliding likewise occurs in the presence of Ca®" and
ATP; however, the temperature dependence is more than twofold less pronounced. These
findings might indicate that in the mammalian heart, the “on-off”” equilibrium of the car-
diac thin filament state is partially shifted toward the “on” state in diastole at physiologi-
cal body temperature, enabling rapid and efficient myocardial dynamics in systole.

Publications

Nakai G, Shimura D, Uesugi K, Kajimura I, Jiao Q, Kusakari Y, Soga T, Goda N, Minamisawa S.
Pyruvate dehydrogenase activation precedes the down-regulation of fatty acid oxidation in monocrotaline-
induced myocardial toxicity in mice. Heart Vessels. 2019 Mar; 34(3): 545-555. doi: 10.1007/s00380-018-
1293-3. Epub 2018 Nov 1. PubMed PMID: 30386918.

Akaike T, Shinjo S, Ohmori E, Kajimura I, Goda N, Minamisawa S. Transcriptional profiles in the chicken
ductus arteriosus during hatching. PLoS One. 2019 Mar 21; 14(3): e0214139. doi: 10.1371/journal.pone.
0214139. eCollection 2019. PubMed PMID: 30897181; PubMed Central PMCID: PMC6428269.

Sakuma T, Akaike T, Minamisawa S. Prostaglandin E(2) Receptor EP4 Inhibition Contracts Rat Ductus
Arteriosus. Circ J. 2018 Dec 25; 83(1): 209-216. doi: 10.1253/circj.CJ-18-0761. Epub 2018 Nov 10.



Research Activities 2019 The Jikei University School of Medicine
23

PubMed PMID: 30416151.

Kishibuchi A, Akaike T, Minamisawa S. Standard-dose gentamicin does not increase risk of patent duc-
tus arteriosus. Pediatr Neonatol. 2020 Feb; 61(1): 45-50. doi: 10.1016/j.pedne0.2019.05.011. Epub 2019
Jun 5. Med PMID: 31239205.

Adaniya SM, O-Uchi J, Cypress MW, Kusakari Y, Jhun BS. Posttranslational modifications of mitochon-
drial fission and fusion proteins in cardiac physiology and pathophysiology. Am J Physiol Cell Physiol. 2019
May 1; 316(5): C583-C604. doi: 10.1152/ajpcell.00523.2018. Epub 2019 Feb 13. Review. PubMed PMID:
30758993; PubMed Central PMCID: PMC6580160.

Nishioka N, Ichihara N, Bando K, Motomura N, Koyama N, Miyata H, Kohsaka S, Takamoto S,
Hashimoto K. Body mass index as a tool for optimizing surgical care in coronary artery bypass grafting
through understanding risks of specific complications. J Thorac Cardiovasc Surg. 2020 Aug; 160(2): 409-
420.e14. doi: 10.1016/j.jtcvs.2019.07.048. Epub 2019 Sep 28. PubMed PMID: 31831196.

Ishii S, Oyama K, Arai T, Itoh H, Shintani SA, Suzuki M, Kobirumaki-Shimozawa F, Terui T, Fukuda
N, Ishiwata S. Microscopic heat pulses activate cardiac thin flaments. J Gen Physiol. 2019 Jun 3; 151(6):
860-869. doi: 10.1085/jgp.201812243. Epub 2019 Apr 22. PubMed PMID: 31010810; PubMed Central
PMCID: PMC6572001.

Reviews and Books

Cao JL, Adaniya SM, Cypress MW, Suzuki Y, Kusakari Y, Jhun BS, O-Uchi J. Role of mitochondrial
Ca* homeostasis in cardiac muscles. Arch Biochem Biophys. 2019 Mar 15; 663: 276-287. doi: 10.1016/
j.abb.2019.01.027. Epub 2019 Jan 23. Review. PubMed PMID: 30684463; PubMed Central PMCID:
PMC6469710.



		2020-12-04T14:50:53+0900
	東京慈恵会医科大学




