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Elucidation of the mechanisms of skeletal muscle hypertrophy by intracellular
calcium concentration.
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i i Skeletal muscle atrophy occurs in ageing, and several pathological conditions
including cancer, renal failure, AIDS, sepsis and diabetes. We aim to elucidate the molecular mechanisms

of muscle hypertrophy by focusing on the intracellular calcium concentration, which will lead to the
development of novel therapy for muscle atrophy. As a results, we elucidated that extracellular ATP
promoted muscle hypertrophy by increasing intracellular calcium concentration and subsequent activation

of mTOR and MAPK.

nNOS NO ATP P2Y 1IP3R



TRPV1
Caz+ [Caz*]i

(Ito N et al, Nature

Medicine, 2013) [Caz*]i
/
[Caz*]i
/
Caz+
mTOR
[Caz]i

in vitro Caz2+

IP3 ATP/UTP

[Cazt];
TRPV1
[Caz+];
[Caz+];
TRPV1
TRPV1 ATP
IP3
[Caz];
[Caz];
[Caz];
ATP  GPCR
P2y
Caz* IP3
[Caz];
ATP IP3
Caz+ mTOR
C2C12
ATP UTP
IP3R [Caz+];
[Caz+]; mTOR
siRNA gene
knockdown
ATP/P2Y/IP3
[Caz];
mTOR Akt



in vitro
ATP in vivo
ATP
ATP
in vivo
TRPV1
in vitro ATP
mTOR Erk1/2
p38 MAPK
[Caz+];
mTOR
MAPK
MRNA
[Caz+];
ATP
[Caz*]i
ATP
DNA
(Agilent)
ATP
[Caz+]i Erk1/2 p38
MAPK
in vitro

[Caz+]i

[Caz]i
TRPV1
IP3R [Ca2+]; mTOR
[Caz+];
9

Shimbo M, 37 , Ito N, Takeda S,
Takahashi S: Ground-based assessment of
JAXA mouse habitat cage unit by mouse
phenotypic studies. Experimental
Animals. , 2016 Jan 28
https://ww.jstage.jst.go.jp/result
Yamaguchi M, Watanabe Y, Ohtani T,
Uezumi A, Mikami N, Nakamura M, Sato T,
Ikawa M, Hoshino M, Tsuchida K,

Miyagoe-Suzuki Y, Tsujikawa K, Takeda S,

Yamamoto H, Fukada S: Calcitonin
Receptor Signaling Inhibits Muscle Stem
Cells from Escaping the Quiescent State
and the Niche. Cell Reports. ,
13:302-314, 2015.

doi: 10.1016/j.celrep.2015.08.083.
Mizuno S, Yoda M, Shimoda M, Tohmonda
T, Okada Y, Toyama Y, Takeda S, Nakamura
M, Matsumoto M, Horiuchi K: A
Disintegrin and Metalloprotease 10
(ADAM10) Is Indispensable for
Maintenance of the Muscle Satellite
Cell Pool. The Journal Biological
Chemistry. , 290:28456-28464,
2015.

doi: 10.1074/jbc.M115.653477.

Ishii K, Suzuki N, Mabuchi Y, Ito N,



Kikura N, Fukada SI, Okano H,

Takeda S, Akazawa C: Muscle

Satellite Cell Protein Teneurin-4

Regulates Differentiation During

Muscle Regeneration. Stem Cells.

, 2015 May 26.

doi: 10.1002/stem.2058.
Shimizu N, Maruyama T, Yoshikawa
N, MatsumiyaR, MaY, Ito N, Tasaka
Y, Kuribara-Souta A, Miyata K,
Oike Y, Berger S, Schiitz G, Takeda
S, Tanaka H: A muscle-liver-fat
signalling axis is essential for

central control of adaptive

adipose remodeling. Nature
Communications. , 6: 6693,
2015

doi: 10.1038/ncomms7693.
Hayashiji N, Yuasa S,
Miyagoe-Suzuki Y, Hara M, 1to N,

Hashimoto H, Kusumoto D, Seki T,
Tohyama S, Kodaira M, Kunitomi A,
Kashimura S, Takei M, Saito Y,
Okata S, Egashira T, Endo J,
Sasaoka T, Takeda S, Fukuda K:
G-CSF supports long-term muscle
regeneration in mouse models of
muscular dystrophy. Nature
Communications. , 62 6745,
2015

doi: 10.1038/ncomms8295.

Ca2+

, 19(3) :179-183, 2014.
http://ci.nii.ac.jp/vol_issue/n
els/AN1052804X/1SS0000506195_ja
-html

TRPV1

Ca?
, , 31 6

901-904, 2013
https://ww._yodosha.co. jp/jikkeniga
ku/book/9784758100946/ index._html.
Ito N, Ruegg UT, Kudo A,Miyagoe-Suzuki
Y, Takeda S: Capsaicin mimics
mechanical load-induced
intracellular signaling events:
Involvement of TRPV1-mediated calcium
signaling in induction of skeletal
muscle hypertrophy.Channels
(Austin).

, 2013 May-Jun;7(3):221-4.
doi: 10.4161/chan.24583. Epub 2013
Apr 12.

25

Ca2+
mTOR
29
9.26, 2015

Ca*
70
9.18
2015
Tanihata J, Takeda S Cytosolic Ca2’
dynamics through the SR is associated
with pathology of muscular dystrophy.
12th Meeting of Bone Biology Forum,
Chiba, 8.22, 2015

Ca2+ 1
8.8 2015

Ca2+



mTOR
33

I 17-251
2015
6. Hyzewicz J, Tanihata J, Kuraoka M,

Ito N, Miyagoe-Suzuki Y, Takeda

S Low intensity training of mdx
mice skeletal muscle: impact on
protein expression,
carbonylation and inflammatory
statute. EMBO Workshop, Molecular
mechanisms of muscle growth and
wasting in health and disease,
Ascona, Switzerland, 9. 22, 2015

7. Tanihata J, Nagata T, Ito N, Saito
T, Aoki Y, Nakamura A, Takeda S:
Cytosolic Ca2+ dynamics through
the SR is associated with
pathology of muscular dystrophy.
New advances in treatments of
neuromuscular diseases: From
Basic to Applied Myology, 10%
Japanese-French Workshop, Paris,
France, 7.2, 2015

15
Bone Forum, 10.29 2015

8.8

2015

10. Takeda S Therapeutic approaches to
muscle diseases. Hommage a
Francois Gros 90éme anniversaire,
Paris, France,4.24, 2015

11.

- NOS/NO

PROS

2.5, 2015
12.

Exon45-55
nNOS
RyR1 ca*
25-5
26
12.3, 2014

13. Urs Ruegg, Ito N, Miyagoe-Suzuki Y,

Takeda S: Activation of calcium
signalling by nNOS and TRPV1 as key
triggers of skeletal muscle
hypertrophy. WCP 2014 17* World
Congress of Basic & Clinical
Pharmacology. poster presentation,
Cape Town, South Africa, 7.13, 2014
14.

, 10.31, 2014

15. Takeda S: The molecular mechanisms of
skeletal muscle hypertrophy and
atrophy -nNOS is a physiological
regulator of muscle mass-. 11th
Meeting of Bone Biology Forum, Fuji
Institute of Education and Training,
8.22, 2014

16. Takeda S: Molecular mechanism of
muscle hypertrophy; our current
attempt to do exon skipping clinical
trial. Seminar at The Ohio State
University College of Medicine,
Columbus, Ohio, USA, 5.27, 2014

17. , , UrsRuegg,
_ Ca*
mTOR

25-5



25 12.9,
2013
18. , Urs Ruegg, »
Ca2+
8
11.2, 2013
19.
Ca2+
36
12.4, 2013
20.
Ca2+
69 10.27, 2013
21.
nNOS
Ca2+
68
9.22, 2013
22. NO
68 30
9.20, 2013

23. Ito N, Kudo A, Suzuki Y, U Ruegg ,
Takeda S : Activation of calcium
signalling through TRPV1 by nNOS
and peroxynitrite as a key
trigger of skeletal muscle
hypertrophy. EMBO Workshop
Molecular mechanisms of muscle
growth and wasting in health and
disease, Ascona, Switzerland,
9.18, 2013

24. Takeda S: The molecular
mechanism of muscle hypertrophy;

25.

¢y

@

roles of TRPV1. The 91°* Annual meeting
of the physiological Society of Japan,
Kagoshima, Japan, 3.17, 2014

Takeda S: The molecular mechanism of

muscle hypertrophy; roles of nNOS/NO,
peroxynitrite and TRPV1. EMC 2013 42nd
European Muscle Conference, Amsterdam,
Netherland, 9.21, 2013

, ,Urs Ruegg,

PCT/JP2014/052016
2014 1 30

TAKEDA SHIN" ICHI

90171644

SUZUKT YUUKO

00342931

AOKT YOSHITSUGU

80534172



