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Epigenetic mechanisms for prevention of skeletal muscle atrophy

YOSHIHARA, TOSHINORI

3,500,000

4 HDAC4

HDAC4 Gadd45a
HDAC4

This study investigated the hypothesis that physical inactivity in
adolescents affects subsequent hindlimb unloading-induced muscle atrophy in rat soleus muscle.
Long-term physical inactivity in adolescents did not alter the metabolic and physiological
characteristics of growing rats. However, the decline in the soleus muscle weight induced by 7 days
of hindlimb unloading was drastic in the physically inactive group. This may be due to the physical
inactivity-induced upregulation of histone deacetylase 4 (HDAC4) and downstream gene expression.
Furthermore, we also investigated age-related differences in the activation of the HDAC4/Gadd45a
pathway following hindlimb unloading. We found that levels of HDAC4 and Gadd45a protein and mRNA
were significantly increased in the old age group. These data suggest that countermeasures targeting

HDAC4 may be effective in suppressing muscle atrophy due to physical inactivity and aging.



10 60

30
20

DNA DNA

DNA

DNA

3 Histone Deacetylase; HDAC

3 Wistar 6 8 8

1,3,7 7



Atroginl  MuRF1 Gadd45a
RT -PCR
HDAC4
2 2
24 Wistar
3
n=6
OO
15
3 3
17 C57BL/6J 22
7

24

ScotchcastT™M Plus-J, 3M Health Care

HDAC4

HDAC4 LMK235

n=5

1kg

30 40

RNA
mRNA
HDAC4
6 12
n=7 12
Wistar
7
20 m/
7
HDAC4
6
30° 75°
1
10 22 2
10-15 mg
n=5 6



(p<0.05)

HDAC4 NF-k B p65
X (p<0.01)
1
MuRF1  mRNA
2 2
6 +0.8%, 12
-21.1% vs 3 , p<0.05
H3
27(K27ac)
(K9me3)
4
24 Wistar
HDAC4 Gadd45a
24 HDAC4
3 3
4
10.7% 9.1% 17.8%
HDAC4
-20.1% -10.3% p 0.05 7
p=0.0286
HDAC4
HDAC4 2 HDAC4
7 HDAC4 HDAC4
HDAC4 HDAC4
HDAC4
HDAC4 HDAC4

HDAC4

4-

NF-k B p65
Myogenin

-11.4%, 24

9(K9ac)
9

24

Gadd45a
HDAC4/Gadd45a

28.3%

p=0.0010

HDAC4



13 12 0 2

Yoshihara T, Chang SW, Tsuzuki T, Natsume T, Kakigi R, Sugiura T, Naito H. 75(4)

Sex-specific differences in rat soleus-muscle signaling pathway responses to a bout of 2019

horizontal and downhill running.

J Physiol Biochem. 585-595
DOl

10.1007/s13105-019-00712-5

Yoshihara T, Machida S, Tsuzuki T, Kakigi R, Chang SW, Sugiura T, Naito H. 125

Age-related changes in histone modification in rat gastrocnemius muscle. 2019

Exp Gerontol. 110658
DOl

10.1016/j .exger.2019.110658

Yoshihara T, Tsuzuki T, Chang SW, Kakigi R, Sugiura T, Naito H. 122

Exercise Preconditioning Attenuates Hind Limb Unloading-Induced Gastrocnemius Muscle Atrophy 2019

Possibly via the HDAC4/Gadd45 Axis in Old Rats

Exp Gerontol. 34-41
DOl

10.1016/j .exger.2019.04.010

Yoshihara T, Sugiura T, Shibaguchi T, Naito H. 8(2)

Role of Astaxanthin Supplementation in Prevention of Disuse Muscle Atrophy: A Review. 2019

The Journal of Physical Fitness and Sports Medicine. 61-71

DOl
10.7600/jpfsm.8.61




Yoshihara T.

16(3)

Age-specific signaling responses to skeletal muscle disuse: A literature review.

2019

Biomed J Sci Tech Res.

11776-11778

DOl
10.26717/BJSTR.2019.16.002797

Yoshihara T, Ozaki H, Nakagata T, Natsume T, Kitada T, Ishihara Y, Sawada S, Ishibashi M, 20

Kobayashi H, Machida S, Naito H.

Association between Locomotive Syndrome and blood parameters in Japanese middle-aged and 2019

elderly individuals: A cross-sectional study.

BMC Musculoskelet Disord. 104
DOl

10.1186/s12891-019-2480-9

Yoshihara T, Naito H. 14D

Sex-related adaptation to disuse-induced skeletal muscle wasting. 2019

Biomed J Sci Tech Res.

10644-10646

DOl
10.26717/BJSTR.2019.14.002546

Yoshihara T, Natsume T, Tsuzuki T, Chang SW, Kakigi R, Sugiura T, Naito H. 69(2)
Sex differences in forkhead box 03a signaling response to hindlimb unloading in rat soleus 2019
muscle.

J Physiol Sci. 235-244

DOl
10.1007/s12576-018-0640-6




Yoshihara T, Ozaki H, Nakagata T, Natsume T, Kitada T, Ishihara Y, Deng P, Osawa T, Ishibashi 30(9)

M, Ishijima M, Kobayashi H, Machida S, Naito H.

Effects of a progressive walking program on the risk of developing locomotive syndrome in 2018

elderly Japanese people: a single-arm trial.

J. Phys. Ther. Sci. 1180-1186
DOl

10.1589/jpts.30.1180

Yoshihara T, Sugiura T, Miyaji N, Yamamoto Y, Shibaguchi T, Kakigi R, Naito H, Goto K, Ohmori 19(11)

D, Yoshioka T.

Effect of a combination of astaxanthin supplementation, heat stress, and intermittent reloading 2018

on satellite cells during disuse muscle atrophy.

Journal of Zhejiang University-SCIENCE B. 844-852
DOl

10.1631/jzus.B1800076

Toshinori Yoshihara, Ryo Kakigi, Hisashi Naito 3

Heat stress induces Fox03a phosphorylation in rat skeletal muscle 2017

Musculoskeletal Regeneration el514
DOl

10.14800/mr.1514

Toshinori Yoshihara, Yuki Yamamoto, Tsubasa Shibaguchi, Nobuyuki Miyaji, Ryo Kakigi, Hisashi 67

Naito, Katsumasa Goto, Daijiro Ohmori, Toshitada Yoshioka, Takao Sugiura

Dietary astaxanthin supplementation attenuates disuse-induced muscle atrophy and myonuclear 2017

apoptosis in the rat soleus muscle

The Journal of Physiological Sciences 181-190

DOl
10.1007/s12576-016-0453-4




Yoshihara T, Naito H. 70(2)

Protective effects of acute exercise preconditioning on disuse-induced muscular atrophy in aged 2020
muscle: a narrative literature review.

J Physiol Sci. 55

DOl
10.1186/s12576-020-00783-w

7 0 7

Yoshihara T, Tsuzuki T, Chang S-w, Natsume T, Kakigi R, Ichinoseki-Sekine N, Machida S, Sugiura T, Naito H.

Long-term Physical Inactivity Exacerbates Hindlimb Unloading-induced Soleus Muscle Atrophy In Young Rats

The American College of Sports Medicine 65th Annual Meeting

2018

Kakigi R, Goto A, Yoshihara T, Tsuzuki T, Naito H.

Effects of heat stress treatment and leucine supplementation on age-related muscle loss in mice

Experimental Biology 2018

2018

Ichinoseki-Sekine N, Tsuzuki T, Hinkley MJ, Yoshihara T, Kobayashi H, Powers SK, Naito H.

TREADMILL EXERCISE TRAINING PROTECTS AGAINST METABOLIC DYSFUNCTION AND DIAPHRAGM WEAKNESS IN OBESE DIABETIC RATS

Experimental Biology 2018

2018




Goto A, Tsuzuki T, Yoshihara T, Furuichi S, Tsukioka K, Kakigi R, Naito H.

High-fat diet augments muscle atrophy by changes of muscle atrophy-related genes in mice

Experimental Biology 2018

2018

Natsume T, Yoshihara T, Naito H.

Electromyostimulation with Blood Flow Restriction Enhances Activation of mTOR and MAPK Signalling Pathways in Rat
Gastrocnemius Muscles

Experimental Biology 2018

2018

Yoshihara T, Tsuzuki T, Shuo-wen C, Natsume T, Kakigi R, Ichinoseki-Sekine N, Machida S, Sugiura T, Naito H.

Long-term Physical Inactivity Exacerbates Hindlimb Unloading-induced Soleus Muscle Atrophy In Young Rats

The American College of Sports Medicine 65th Annual Meeting

2018

Natsume T, Yoshihara T, Tsuzuki T, Machida S, Naito H.

The effects of physical inactivity on neuromuscular electrical stimulation-induced mTOR and MAPK signaling activation in rat
skeletal muscle.

The 3rd Congress, International Academy of Sportology

2017




(Ichinoseki-Sekine Noriko)

(10393175)

(32620)




