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Inhibitory Elects of Isoflavones Derived from Soy Beans on
Muscle Atrophy in C2C12 Myotubes

Katsuya HIRASAKA", Tasuku MAEDA, Marie HARUNA, Shohei KOHNO,
Tomoki ABE, Arisa OCHI, Shigetada TESHIMA-KONDO, Ayako OHNO,
Yuushi OKUMURA and Takeshi NIKAWA

Department of Nutritional Physiology, Institute of Health Biosciences, The University of
Tokushima Graduate School, Tokushima 770-8503

ABSTRACT

Proinflammatory cytokines contribute to a progression of age-associated muscle
atrophy (sarcopenia) caused by ubiquitin-proteasome-dependent proteolysis.
Although isoflavones as a potent antioxidative nutrient have been known to reduce
muscle damage during the catabolic state, the other elects of isoflavones, but not
antioxidants, against on muscle atrophy are not well known. Here we report on
the inhibitory elects of isoflavones on muscle atrophy caused by tumor necrosis
factor (TNF)a treatment. In C2C12 myotubes, TNFa treatment markedly elevated
the expression of the muscle-specific ubiquitin ligase MuRF1, but not of atrogin-1,
leading to myotube atrophy. We found that MuRF1 promoter activity was mediated
by acetylation of p65 that is a subunit of NF B, which is the molecule of the TNF-
a downstream signaling pathway, while increased MuRF1 promoter activity was
abolished by SIRT1, which is associated with the deacetylation of p65. Moreover,
isoflavones significantly suppressed MuRF1 promoter activity and myotube atrophy
induced by TNFa in C2C12 myotubes. These results suggest that isoflavones
suppress myotube atrophy in skeletal muscle cells through an activation of SIRT1
signaling. Soy Protein Research, Japan 16, 150-155, 2013.

Key words : muscle atrophy, ubiquitin ligase, isoflavone
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Fig. 1. Effect of TNFa on C2C12 myotubes. C2C12
myoblastic cells were cultured on a 35 mm
dish and allowed to diCerentiate into myotubes
by incubation in dilerentiation medium for 72
h. Dillerentiated C2C12 myotubes were treated
with PBS or TNFa for 72 h.
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Fig. 2. Expression of atrogenes in TNFa -treated

C2C12 myotubes. (A) C2C12 myoblastic
cells were transfected with pGL3-empty,
pGL3-atrogin-1 promoter, or pGL3-MuRF1
promoter and pRL-TK. When the cells
reached confluence, the medium was
shifted to differentiation medium to induce
myotube formation. After being cultured
in differentiation medium for 72 h, cells
were treated with PBS or TNFa for 24 h.
Extracts from cells were subjected to the
luciferase reporter assay. The intensity ratio
of firefly luciferase activities of the atrogin-1
and MuRF1 reporter construct to the renilla
luciferase expression vector was calculated.
Data are meantz SD (n=4). *p<0.05, compared
with PBS-treated cells.
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Fig. 3.

Fig. 4.

Effect of deacetylated mutant p65 on
MuRF1 expression induced by TNFa. HelLa
or HEK293 cells were transfected with
pcDNAZ3.1-p65, or pcDNA3.1-K310R p65 and
both pGL3-MuRF1 promoter and pRL-TK.
Extracts from myotubes were subjected to
the luciferase reporter assay as described in
Materials and Methods. Data are mean+ SD
(n=4). *p<0.05, compared with TNFa -treated
p65 expressing cells.
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Elect of SIRT1 activator on MuRF1 expression
induced by TNFa. C2C12 myoblastic cells
were transfected with pGL3-MuRF1 promoter
and pRL-TK. Differentiated myotubes were
treated with indicated concentrations of SIRT1
activator, SRT1720 and TNFa for 24 h. The
luciferase reporter assay was performed as
described in the Materials and Methods. Data
are meant SD (n=4). *<0.05, compared with
TNFa -treated cells.
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Fig. 5. Effect of isoflavones on MuRF1 promoter activity induced by TNFa in C2C12 myotubes. C2C12
myoblastic cells were transfected with pGL3-MuRF1 promoter and pRL-TK. Dillerentiated myotubes
were treated with indicated concentrations of isoflavones and TNFa for 24 h. The luciferase reporter
assay was performed as described in the Materials and Methods. Data are mean+ SD (n=4). *p<0.05,

compared with vehicle (DMSO)-treated cells.
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