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W
ith advances in genomics and proteonomics, the
development of therapeutic approaches for the
treatment of diseases is now being based on

understanding cell signaling to identify molecular targets
linked to the genetics abnormality or pathophysiology. In
Duchenne Muscular Dystrophy (DMD), the absence of
dystrophin has been postulated to result in the lack of a
mechanical link with the dystrophin-glycoprotein complex
(DGC), thus resulting in contraction-induced muscle degen-
eration as a consequence of a decrease in muscle plasma
membrane stability and disruptions in the sarcolemma (1-2).
As such, initial therapeutic approaches were targeted at
providing this missing protein or reducing the extent of
contraction-induced muscle degeneration. However, these
approaches have shown limited success in preclinical or
clinical studies in animal models or patients (3).

Exploring cellular signaling pathways that may be
altered as a consequence of the lack of dystrophin or DGC
provides an alternative approach to identifying molecular
targets. For example, the lack of dystrophin has been
associated with changes in skeletal muscle gene expression
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in extracellular matrix proteins, signaling proteins, and
transporters (4-6). Likewise, DGC disruption has a potential
role in altering cellular signaling through the protein kinase B
(Akt) pathway (7).

The manuscript by Lang et al., selected for the Best
Paper Award in the Experimental Biology Category for
2004, is an excellent example of investigating signaling
molecules in muscular dystrophy to identify possible
therapeutic targets, Specifically, these investigators hypothe-
sized that different signaling pathways would be distinctly
activated depending on the severity of the dystrophic
phenotype (8). These studies quantified phosphorylated
and total expression of the 70-kd ribosomal S6 kinase
(P70S

6K),
the stress-activated protein kinase, SAPK (p38),

and the extracellular regulated kinase (ERK1/2) in the costal
diaphragm (DIA) and tibialis anterior (TA) muscle in mdx
mice (a spontaneous mutation in the X-linked chromosome
in inbred C57BL mice) and aged-matched control mice at 3
and 12 months of age.

The critical finding is a signaling response for p38 and
P70

S6K
related to the dystrophic phenotype, In the DIA,

which demonstrates a progressive pathology similar to
DMD, the percent phosphorylation of p38 was decreased
with no changes in the total p38 expression in mdx mice
compared with controls at 3 and 12 months. In contrast, the
TA, which undergoes extensive myofibrillar degeneration
and regeneration at 3-5 weeks of age followed by a limited
process of degeneration during the remaining lifespan,
showed no changes in the total or phosphorylated p38 levels
between mdx and age-matched controls at 3 and 12 months.
However, for P70

S6K,
involved with the PI3kinase-Akt-

mTOR signaling pathway associated with muscle atrophy,
the percent phosphorylation was significantly increased in
mdx DIA compared with controls. The increased phosphor-
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ylation was partially attributed to increases at the critical site
for P70S6K kinase activity. No significant changes were
evident for P70S6K migration or phosphorylation in the mdx
TA compared to controls. These findings suggest that p38
and P70S6K are not necessarily linked to the lack of
dystrophin, but rather the change in their activity seems
associated with the more severe dystrophic phenotype in the
DIA.

Finally, the percentage phosphorylation of ERKI/2
between mdx and controls for both muscles and ages was
not significant. Yet, total ERKI/2 expression in the mdx
mice was increased compared to controls in both muscles.
These findings implicate ERKl/2 in the dystrophic genotype
but not necessarily the phenotype.

Overall, the importance of this work is that specific
kinases, p38 and P70S6K

, are related to the dystrophic
phenotype. The ERKl/2 pathway seems correlated to the
genotype, the lack of dystrophin, but not to the disease
progression in different muscles in this animal model. By
understanding signaling pathways involved in the progres-
sion of DMD, rational therapeutic approaches can be
developed to specifically stimulate or inhibit particular
molecules or pathways to reduce the muscle degeneration,
pathological hypertrophy, myofiber necrosis, and fibrosis.
Furthermore, identifying target molecules provides a

possible biomarker, thus allowing other scientists or
clinicians to investigate the pharmacodynamics of existing
and future drug therapies.
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