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The circadian clock maintains cardiac function by regulating mitochondrial
metabolism in mice
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Dysfunction of the circadian system has been shown to induce a malfunction of
many organs including the heart. However, little is known about how the circadian clock regulates heart
function. In the present study, we found that a heart-specific knockout of Bmall, a core circadian clock
gene, leads to age-dependent cardiomyopathy in mice. DNA microarray analysis revealed that expression
levels of genes controlling energy metabolism such as mitochondrial biogenesis and ATP production are
altered in the heart tissue of knockout animals. In addition, both function and morphology of
mitochondria in cardiomyocytes are disrupted in heart-specific Bmall knockout mice. Together, our results
indicate that the circadian clock in the heart plays an important role in regulating mitochondrial
energetics, and thereby maintains heart function in mammals.



Bmal1 H-Bmall ~-

H-Bmall '~
C57BL/6J
H-Bmall ~-

Cre recombinase
floxed Bmal 1

floxed
Bmall Cre recombinase

12
12

( ) H-Bmal1l ~~
-

H-Bmal1 ~-

HE

M-

H-Bmall ~-

FS)

BNP)

M-

ANP

PCR

H-Bmall -

( ) H-Bmall

-

H-Bmall -

-

NADH
)

C57BL/6J

phenylephrine (PE)
mg/kg/day

3

®-
€Y

®)-

FS

12

NAD

C57BL/6J

30

18

@



Bmal1

12 H-Bmal1 "~
/
H-Bmal1 "~
HE
H-Bmal1l ~-
H-Bmall "~ FS
H-Bmal1 ~-
H-Bmall - ANP
BNP
H-Bmal1 ~-
DNA
H-Bmal1 "~
Bmal1
H-Bmall ~-
H-Bmall ~-
H-Bmall ~-
| v
H-Bmall ~-
| 1v
NAD  NADH H-Bmall -
NAD
NADH

H-Bmall ~~

H-Bmall -~
PE
C57BL/6J
3
| v
v
|
Bmal 1
Bmal1

Bmal1

Kohsaka A, Das P, Hashimoto I, Nakao T,
Deguchi Y, Gouraud SS, Waki H, Muragaki
Y, Maeda M. The circadian clock
maintains cardiac function by
regulating mitochondrial metabolism in
mice.

PLOS One ) 9:e112811, 2014.
DOI: 10.1371/journal _pone.0112811

15

93

2016 3 22 24



Bmal1
93

2016 3 22 24

Kohsaka A, Nakao T, Otsuka T, Le HT,
Maeda M. Effects of heart-specific
disruption of the circadian clock on
systemic glucose metabolism in mice
8th FAOPS congress, Bangkok, Thailand,
November 22-25, 2015

51

2015 10 30 31

108
39
2015 10 24

88

2015 4 23 25

92

2015 3 21 23

107

2014 10 25

71

2014

87

2014 4 24 26

91

2014 3 16
18

17
20014 1 11
12

106

1 2013 11 2

http://ww._wakayama-med.ac. jp/dept/ig
akubu/160414/index. html

@
Kohsaka Akira
@
Waki Hidefumi
Gouraud Sabine)
Otsuka Tsuyoshi)
©)



