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Information control for a linkage between macro cardiac function and gene
expression: physiomic analysis of responses to oxygen environment
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It is important to investigate the mechanisms of cell division and the
regulation of energy consumption of cardiomyocyte for cardiovascular medicine. We identified Fam64a
as an novel essential molecule for caudiomyocyte division. Fam64a was abundantly expressed in
hypoxic fetal cardiomyocyte nuclei, but was sharply repressed by oxygen exposure, and also in
postnatal cardiomyocytes. Fam64a knockdown inhibited and its overexpression enhanced the
proliferation of cardiomyocytes. Non-degradable Fam64a mutant suggested that its optimum expression
and subsequent degradation by anaphase-promoting complex/cyclosome before anaphase are required for
cell division. Moreover, we revealed that short term triiodothyronine(T3) administration increased
SERCA2 expression and decreased NCX1 expression but did not change cardiac contractility, resulting
in energy-saving oxygen consumption for excitation-contraction coupling. Long term T3 administration

decreased cardiac contractility and NCX activity.



@ 60

@

ES

ES

®

Emax-PVA-Vo2

(1)
18 - i N OEDRILEE R 77 E (—90mmHg
20mmHg

iPS

DNA
PCR
MRNA
(3% 02)
(20% 02)
PCR
SiRNA
2
Ca2+
Ca2+
Na‘/ Ca*
Ca2+ Ca2+
Ca2+
Ca2+
-



a -
20% RNA
PCR
RNA
(D-ii
@
C57BL/6J
(T3) 2,000mg/kg/day
1
8 T3-long
( ) 3
500 £+ 20
C a.2+
Na‘*/Ca®
Ca? indo-1
C a.2+
C a.2+

o

3%

RNA

C a2+

T3-short

/

C a.2+

24h 3%0,

4.5%
1%
0.5%
Ki-67 pH3
Fam64a
55 4
51

11 Mem3,

Cene2, Ccna2, Famé4a, Cdcas, Tubalb, Myl4,
Nusapl, Pgkl, Aldoa, and Aurkb

Fam64a
Fam64a
Fam64a
mRNA
Fam64a
Ki-67
82%
Fam64a
GFP
Fam64a
Fam64a
GFP
APC/C
Fam64a

Fam64a-GFP



Fam64a
APC/C
Fam64a APC/C
APC/C
Fam64a Fam64a
Fam64a APC/C
Fam64a
Fam64a Hifl-a
Fam64a
Hifl-a
Fam64a Hifl-a
(5 -GCGTG-3' )
Hifl-a Phd3 Mif
Fam64a
Fam64a Scientific
Reports, inpress Fam64a
Fam64a
APC/C
@
T3-short Ees
EDV
Ea
T3-long Ees Ea EDV
T3-long
C a2+
C a2+
C a.2+
T3-long Na'/Ca2* (NCX)

T3-short

T3-long SERCA2
A control T3-short T3-long
B C

15

NCX1 protein expression
°
» a
.
*
SERCA2 protein expression
» w
N oo e o
*
*

1:
A
B NCX1 C SERCA2
Ca®
Ca? Ca*
T3-long
Ca?
T3-long
Ca? T3-short
T3-long
NCX
NCX
T
C  s000
Eom
ii
—— Control okl ot E-n ’ o E’g
—— Tasher E F
{ — s 0 s O e
i i i
¢ ix
i - I
0 20 400 600 80 1000 :!"wn.u O oo 13 T3
G s H 5w N.5) | o150
gm %\m E'“"
L ™ € ¢
gm: -gsu §5¢
: o é (] § °
indo-1 Ca*
A B
C D Ca*
E Ca*
F G
H Ca* NCX




Ees

Ees
Ees
T3-short Ees
T3-long
T3-short
EF
A B Control T3-short T3-long
m@ CONTRACTION \ \ \
P & " - END-SYSTOLE
" J ENM\;;{’ END-DIASTOLE . .
v 000 /T0000 500000
Ca2+
Ca2+
NCX
SERCA2
T3-long
NCX
NCX
Ca2+
NCX
Ca2+
T
Ca2+
NCX
NCX

5
Hashimoto K , Kodama A, Honda T,
Hanashima A, Ujihara Y, Murayama T,
Nishimatsu S, and Mohri S. Famb4a is a
novel cell cycle promoter of hypoxic fetal

cardiomyocytes in mice. Scientific
Reports 2017, in press.
Sasae Y, Hashimoto K, Ujihara Y,

Hanashima A, Honda T, Morita Y, and Mohri
S. Left ventricular mechanics and
myocardial calcium dynamics in short-term
and long-term hyperthyroid mice. Kawasaki
Medical Journal 41(2):41-56, 2015.

Tian Z, UjiharaY, Mohri S, Oike Y. et
al. ANGPTL2 activity 1in cardiac
pathologies accelerates heart failure by
perturbing cardiac function and energy
metabolism. Nat Commun. Sep 28;7:13016,
2016.

Ujihara Y, Iwasaki K, Takatsu S,
Hashimoto K, Naruse K, Mohri S, Katanosaka
Y. Induced NCX1  overexpression
attenuates pressure overload-induced
pathological cardiac remodelling.
Cardiovasc Res. Sep;111(4):348-61, 2016.

Ujithara Y, Mohri S, Katanosaka Y.
Effects of induced Na'/Ca* exchanger
overexpression on the spatial
distribution of L-type Ca2+ channels and
junctophilin-2 in pressure-overloaded
hearts. Biochem Biophys Res Commun.
480(4):564-569, 2016.

7

novex-3
94

Fam64a
68

junctophilin-2
NCX1 94



Fam64a

55
Nat+/Caz*
55
93
T NCX1
93
0
o 0
o 0
@
MOHRI Satoshi
00294413
@

HASHIMOTO Ken

80341080

UJIHARA Yoshihiro

80610021



