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Cytoplasmic y-actin expression in diverse animal models
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Abstract

We recently showed that cytoplasmic y-actin (yyo-actin) is dramatically elevated in striated muscle of dystrophin-deficient mdx
mice. Here, we demonstrate that y.y-actin is markedly increased in golden retriever muscular dystrophy (GRMD), which better
recapitulates the dystrophinopathy phenotype in humans. y.y-Actin was also elevated in muscle from a-sarcoglycan null mice,
but not in several other dystrophic animal models, including mice deficient in B-sarcoglycan, a-dystrobrevin, laminin-2, or o7 inte-
grin. Muscle from mice lacking dystrophin and utrophin also expressed elevated y.y.-actin, which was not restored to normal by
transgenic overexpression of o7 integrin. However, v.yo-actin was further elevated in skeletal muscle from GRMD animals treated
with the glucocorticoid prednisone at doses shown to improve the dystrophic phenotype and muscle function. These data suggest
that elevated y.y-actin is part of a compensatory cytoskeletal remodeling program that may partially stabilize dystrophic muscle in

some cases where the dystrophin—glycoprotein complex is compromised.
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1. Introduction

Duchenne muscular dystrophy (DMD) is a severe,
X-linked, progressive muscle disease affecting 1 in every
3500 male births. Mutations in the 2.5 million base pair
DMD gene typically result in loss of the protein dystro-
phin [1]. Dystrophin functions as part of a larger
oligomeric protein complex named the dystrophin—
glycoprotein complex (DGC), which includes the
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dystroglycan subcomplex, the sarcoglycan/sarcospan
subcomplex, dystrobrevins and syntrophins [2,3]. The DGC
spans the sarcolemma and links the actin cytoskeleton with
the extracellular matrix of myofibers [2,3].

We demonstrated that the DGC is required for strong
mechanical coupling of costameric actin filaments to the
sarcolemma and confirmed that sarcolemmal actin is
exclusively comprised of the 7.yo-actin isoform [4].
Transgenic expression of the dystrophin homolog utrophin
restored the stable association of costameric actin with
the sarcolemma [5]. Most recently, we demonstrated that
Yeyto-actin protein levels were elevated 10-fold in striated
muscle from the dystrophin-deficient mdx mouse [6].
We hypothesized that elevated y.y,-actin levels may con-
tribute to a compensatory remodeling of the dystrophin-
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deficient costameric cytoskeleton [6]. While studies
of mdx mice have greatly advanced our understanding
of dystrophinopathies in humans, there are a number of
important pathological differences between dystrophin-
deficient humans and mice. Furthermore, mutations in
genes encoding other DGC components or associated
proteins have been implicated in clinically distinct
forms of muscular dystrophy [2,3]. Finally, the complexity
of the costameric protein network supports the
hypothesis that additional proteins may form distinct
mechanical linkages parallel to the DGC 7y ,-actin axis.
Therefore, it is of interest to determine whether the
increased 7ycyo-actin measured in mdx muscle [6]
manifests in other animal models of dystrophy or is
unique to the mdx mouse.

Here, we report that y.y,-actin was also dramatically
increased in the GRMD canine model of DMD and in a
mouse model of limb-girdle muscular dystrophy 2D, but
not in six additional mouse lines relevant to DGC
function. Moreover, daily treatment of GRMD dogs
with 2 mg/kg prednisone was previously shown to
improve muscle function and overall phenotype [7]
and is reported here to result in a further increase in
Yeyto-actin protein levels. We suggest that increased
levels of y.yo-actin may participate in remodeling the
costamere to partially reinforce the mechanically weak-
ened dystrophin-deficient sarcolemma.

2. Materials and methods
2.1. Animals

C57BL/6J (6 or 16 weeks old), C57BL/10ScSn-
DMD™/J (16 weeks old), and C57BL/6J-Lama2®
mice (6 weeks old) were purchased from The Jackson
Laboratory (Bar Harbor, ME). Mice deficient for
a-sarcoglycan, B-sarcoglycan, a-dystrobrevin or o7 inte-
grin were described previously [8—11] and were analyzed
at 14-16 weeks of age. Transgenic mice overexpressing
o7 integrin [12] were bred onto mdx, and mdx/utrophin
—/— double knockout (mdx/utrn —/—) backgrounds
and analyzed at 6 weeks of age. Muscle biopsies from
control and GRMD dogs were described previously
[7]. Where indicated, control and GRMD dogs were
treated daily with 2 mg/kg from either 1 week to 6
months or 1 week to 2 months of age.

2.2. Antibodies

Affinity purified polyclonal antibodies and monoclonal
antibodies to 7Y.yo-actin were previously characterized
[6]. Antibodies to sarcomeric o-actin were from Sigma
(St. Louis, MO). Peroxidase-labeled secondary antibod-
ies against rabbit and mouse immunoglobulins were
from Chemicon International, Inc. (Temecula, CA)
and Roche (Indianapolis, IN), respectively.

2.3. Muscle extracts and DNasel chromatography

Frozen skeletal muscle was pulverized in a liquid
nitrogen-cooled mortar and pestle, extracted in Tris-
buffered saline and enriched for soluble monomeric actin
by DNasel affinity chromatography as described [6].

2.4. SDS-PAGE and Western blot analysis

SDS-polyacrylamide gel electrophoresis, transfer to
nitrocellulose and Western blotting were performed as
described [6].

2.5. Quantitative Western blot analysis

Yeyto-Actin  immunoreactivity was detected from
Western blots by autoradiography using '*’I-labeled
goat anti-mouse IgG as secondary (Perkin-Elmer, Bos-
ton, MA) and quantified densitometrically as previously
described [6]. Statistical comparisons between groups
were performed by ANOVA followed by a non-paired
Tukey post hoc test to determine significance and data
are reported as the means + SD.

3. Results and discussion
To determine whether vy o-actin is dramatically
elevated in other dystrophin-deficient animals besides

the mdx mouse, DNasel-enriched muscle extracts from
control and GRMD dogs were compared for ycyio-actin
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Fig. 1. yeo-Actin levels in dystrophin-deficient GRMD skeletal
muscle. (a) Western blots loaded with DNasel-enriched muscle
extracts from untreated control (Con), GRMD, and prednisone-
treated control or GRMD animals were stained for 7y.y-actin and
a-actin. (b) Quantitation of y-actin immunoreactivity (OD, arbitrary
units) in DNasel eluates from muscle in control (n=4), GRMD
(n="17), prednisone-treated control (n=4), and prednisone-treated
GRMD animals (7 =6). Ycyo-Actin was significantly elevated in
GRMD muscle compared to control (p < 0.0005) and in muscle from
prednisone-treated GRMD compared to untreated GRMD animals
(p <0.05).
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