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ABSTRACT

Skeletal muscle unloading during prolonged bed rest, paralysis, or spaceflight can
result in debilitating skeletal muscle atrophy. Reduced muscle mass is characterized by
a combination of decreased protein synthesis and increased protein degradation.
Currently, there is no treatment to reverse the progression of atrophy. Here we show
that Cbl-b, a RING-type member of the ubiquitin ligase family, is essential for skeletal
muscle atrophy. Expression of Chl-b in vivo induces significant atrophy in rat tibialis
anterior muscle. In contrast, Cbl-b deficient mice are resistant to muscle atrophy and
dysfunction induced during unloading by tail suspension. Upon tail suspension or zero
gravity, Chl-b interacts with and thereby degrades the skeletal muscle growth factor
signaling intermediate IRS-1. Thus, Cbl-b activation appears to underlie the
refractoriness of atrophic muscle tissue to growth factor stimulation by IGF/insulin
and likely accounts for the overall decrease in protein synthesis observed during
muscle wasting. These data suggest that Cbl-b may be a novel target for the
development of therapeutics aimed at the preservation of muscle mass and function
during a variety of muscle wasting diseases. In addition, soy protein-derived peptides
inhibit ubiquitination and degradation of IRS-1 caused by Chl-b in mouse myoblastic
cells. Our results suggest that soy protein may contain bioactive factors for regulating
proteolysis of IRS-1 in skeletal muscle. Soy Protein Research, Japan 8, 71-75, 2005.
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Fig. 1. Effect of tail-suspension on gastrocnemius
muscle wet weight of Cbl-b”~ mice. Wild-type
and Cbl-b” mice are subjected to unloading by
tail suspension. Muscle wet weight per kg body
weight in suspended animals at the indicated
times is expressed as a percentage weight
reduction relative to control animals. The
results are representative of three independent
experiments and expressed as mean +SD
(n=5). *P<0.05, wild-type versus Cbl-b™".
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Fig. 2. Effect of tail-suspension on amount of IRS-1 in
gastrocnemius muscle of Cbl-b”" mice. Wild-type
and Cbl-b”" mice are subjected to tail suspension
for the indicated times, and IRS-1 and j$-actin
proteins in gastrocnemius muscle are determined
by immunoblotting. The densitometric ratio of
IRS-1 to B-actin in wild-type and Cbl-b”" mice is
shown below. Date are mean + SD (n=3).
* P<0.05, wild-type versus Chl-b”".
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Fig. 3. Immunohistochemical analysis of gastrocnemius muscle of tail-suspended Cbl-b” mice. Sections (6 m)
from gastrocnemius muscle of wild-type and Cbl-b”" mice are prepared after 10 days of tail suspension and
stained with hematoxylin-eosin and cross-sectional myofiber areas are determined by image analysis. Date
are mean +SD (n=5). * P=0.05, wild-type versus Cbl-b”". Scale=100 xm.
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Fig. 4. Stamp-test of tail-suspended Cbl-b” mice. The hindlimb soles of Cbl-b™* or Cbl-b”" mice are painted with
black ink after a 10-day-tail-suspension. Representative footprint profiles were shown. Their footprints
(100 prints per mouse) are used to determine the step length and feet width of mice in the indicated groups.
Date are mean +=SD (n=4). * P<0.05, wild-type versus Cbl-b™".
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Fig. 5. Inhibitory effect of soy protein-derived
oligopeptides on Chl-b-mediated ubiquitination
of IRS-1. Cos7 cells were transfected by
plasmids containing Cbl-b, FLAG-ubiquitin and
IRS-1, respectively and were treated with IGF-1
(10 ng/mL) 48 hr later. Soy-protein derived
oligopeptides (High-Nute D3) Were added to the
Cos7 cells at 3 hr prior to IGF-1 treatment.
Ubiquitination of IRS-1 was analyzed by
immunoprecipitation with an antibody for IRS-
1 and immunoblotting with an antibody for
FLAG (ubiquitin).
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