Signaling Pathways In
Hypertrophy and Atrophy




Structure of Skeletal Muscle
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Function of Skeletal Muscle
. Contraction (Excitation-Contraction Coupling)
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Diversity of Muscle fiber
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Muscle fibers appears uniform

histologically
But they are heterogenous with respect

{0 size, metabolism, and contractile
function
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Muscle Fiber Recruitment by Size
~Principle
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Skeletal Muscle has a remodeling
capacity (adaptation)
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Skeletal muscle is comprised of
heterogeneous myoftibers that enables
different muscle groups to fuliill a variety of
functions

In response to environmental demands,
skeletal muscle remodels by activating
signaling pathways




Skeletal Muscle Adaptation
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Major References (Review)




Terminology in Hypertrophy
Signaling

IGF-1: Insulin-like Growth Factor-1
PI3K: Phophatidylinositol—-3 Kinase
Akt
MTOR: mammalian Target Of Rapamycin
p7/0S6K




Hypertrophy Signaling Pathways
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Hypertrophy Signaling
. The IGF-1/P1(3)K Pathway
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Aktl~ are smaller than WT
demonstrating that Akt1 is
required for normal organ
growth (Genes Dev, 2001)

Hypertrophy Signaling
. The PI(3)K/Akt Pathway
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Transgenic mice that express
a mutant, constitutively active
form of Akt1 in cardiac
muscle have hypertrophic
hearts (Mol Cell Biol, 2002)




Hypertrophy Signaling
: The AktUmTOR Pathway
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Atrophy of S6K7—/- skeletal muscle
cells reveals distinct mTOR effectors

for cell cycle and size control (Nature
Cell Biol, 2005)




Terminology In
Muscle Atrophy Signaling

FOXO

MuRF1: Muscle Ring Finger protein
MAFbx: Muscle Atrophy F-box (also called
Atrogin—1)

Ubliquitin—proteasome system

Calpain (calcium—dependent)

Lysosomal proteases (i.e., cathesins)




LMAFEx and MuRF1
transcription

Akt negatively

regulates FOXO
transcription tactors
by phosphorylatin




ang up-regulated In
numerous atrophy models
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MuRF1 or MAFbx as a marker
of skeletal muscle atrophy?
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attractive
targets for pharmacological intervention




Molecular Basis of Muscle Atrophy

Reduced muscle tension
(e.g. bedrest, immobilization, denervation,
unloading, spaceflight)
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- Akt + Glucocorticoids

*mTOR - myostatin

- p70S6kinase - NF-kappaB

« 4E-BP1 - Reactive oxygen species
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i Protein synthesis T Protein degradation




Proteolytic systems implicated
In skeletal muscle atrophy
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A Activation of Calpains

Recent evidence points toward interactive involvement
of these 3 systems in proteolysis




AKT signaling network during
hypertrophy and atrophy

HYPERTROPHY




Myostatin

A deletion in the bovine
myostatin gene causes
the double—muscled
phenotype in cattle
(Nature Genet, 1997)

A fullblood Belgian Blue
bull showing the double

muscling phenotype
(PNAS, 199/7)
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SUMMARY




Future Issues To Be Resolved




