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Alterations in signaling pathway activity have been impli-
cated in the pathogenesis of Duchenne muscular dystrophy, a
degenerative muscle disease caused by a deficiency in the cos-
tameric protein dystrophin. Accordingly, the notion of the dys-
trophin-glycoprotein complex, and by extension the costamere,
as harboring signaling components has received increased
attention in recent years. The localization of most, if not all,
signaling enzymes to this subcellular region relies on interac-
tions with scaffolding proteins directly or indirectly associated
with the dystrophin-glycoprotein complex. One of these scaf-
folds is myospryn, a large, muscle-specific protein kinase A
(PKA) anchoring protein or AKAP. Previous studies have dem-
onstrated a dysregulation of myospryn expression in human
Duchenne muscular dystrophy, suggesting a connection to the
pathophysiology of the disorder. Here we report that dystrophic
muscle exhibits reduced PKA activity resulting, in part, from
severely mislocalized myospryn and the type II regulatory sub-
unit (RII�) of PKA. Furthermore, we show that myospryn and
dystrophin coimmunoprecipitate in native muscle extracts and
directly interact in vitro. Our findings reveal for the first time
abnormalities in thePKAsignal transductionpathway andmyo-
spryn regulation in dystrophin deficiency.

Themajormacromolecular protein complexwithin themus-
cle costamere is the dystrophin-glycoprotein complex (DGC).2
The DGC harbors the large, actin-binding protein dystrophin,
the absence of which results in Duchenne muscular dystrophy

(DMD), a lethal, X-linked degenerativemuscle disease (1–4). It
is undisputed that defects within the DGC are one of the major
triggers of muscular dystrophy, yet the mechanisms by which a
defective DGC leads to muscle degeneration remain unclear.
Hence, intense efforts have been put forth to molecularly dis-
sect the function of dystrophin as well as the DGC (5, 6) and to
identify novel regulators of this complex in striated muscle.
Dystrophin serves as a scaffold for numerous protein-protein

interactions with components of the DGC as well as non-DGC
proteins at the level of the costamere (7, 8). The prevailing model
suggests a structural andmechanical role fordystrophin (9), but an
additional function in signaling has been proposed (10, 11).
Although elucidating the role of dystrophin in signalinghas been a
challenging task, there is evidence of altered signaling activity in
muscular dystrophies.Alterations in calcium levels and theneuro-
nal nitric oxide synthase pathway in DMD have been known for
some time (12–14). Perturbations in the activity of additional sig-
naling molecules such as calcineurin, Akt, JNK1, and I�B kinase/
NF-�B have been linked tomuscular dystrophies (15–19).
Recently, we showed that the costameric protein myospryn

functions as a muscle-specific protein kinase A (PKA) anchoring
protein or AKAP (20). This was the first demonstration of myo-
spryn coordinating the PKA signaling pathway at the level of the
costamere. The AKAP family of scaffolding proteins is found in
every cell type, and since PKA is a ubiquitous, diffusible enzyme,
substrate specificity is achieved by localizing the activity of the
enzyme within discrete subcellular compartments through the
anchoring function of AKAPs (21). Thus, the ability of myospryn
to anchor PKA at the costamere may have profound regulatory
implicationsgiven thatdystrophinhasbeen showntobephospho-
rylated by PKA (22, 23). A potential consequence of these associ-
ations in muscle disease is implied by the observation that myo-
spryn transcripts are reduced in human DMD (24).
Regarding PKA signaling, it now appears that myospryn is one

of a growingnumber ofmuscle proteinswithin the costamere that
have the ability to anchorPKA.Two recent reports havedescribed
an association between PKA and dystrobrevin and synemin,
respectively (25, 26). Thus, the identification of PKA anchoring at
the level of the costamere and theDGCpoints to a potential novel
role for this conserved signaling pathway in regulating costameric
function. Using themdxmouse model of DMD, we demonstrate
for the first time that PKA activity is significantly reduced in dys-
trophic muscle.We also report that myospryn and the RII� regu-
latory subunit of PKA are mislocalized inmdxmuscle from their
normal location at the costamere, providing some insight into a
possible mechanism of altered PKA activity. Furthermore, we
demonstrate thatdystrophinandmyospryncoimmunoprecipitate
from native muscle extracts in vivo and directly interact in vitro.
Therefore, our results suggest thatmisregulatedmyospryn expres-
sion along with impaired PKA activity and localization in dystro-
phin-deficient muscle contribute to the pathogenesis of DMD.

EXPERIMENTAL PROCEDURES

Plasmids—Dystrophin/Dp71 (amino acids 3028–3679) (27)
was cloned in pcDNA3.1-FLAG vector. Myc-myospryn con-
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structs were described previously (20). The TRIM domain of
myospryn (Spe) (28) was cloned into pGEX-2T-KG.
Cell Culture and coIP—COS cells were grown in Dulbecco’s

modified Eagle’s medium supplemented with 10% fetal bovine
serum, 1% penicillin/streptomycin, and 1% L-glutamine. COS
cells were transfected with the appropriate plasmids using
TransIT-LT1 (Mirus), and coimmunoprecipitation (coIP)
assays were performed as described elsewhere (20).
Immunoblots—Proteins were fractionated, transferred onto

Immun-Blot polyvinylidene difluoride membrane (Bio-Rad),
and immunoblotted with primary antibodies anti-FLAG
(Sigma) or c-Myc (9E10) (Santa Cruz Biotechnology) followed
by horseradish peroxidase-conjugated secondary antibodies
and reactedwithWesternLightning chemiluminescent reagent
(PerkinElmer Life Sciences). Formyospryn analysis in wild type
and mdx muscle, extracts were separated by SDS-PAGE elec-
trophoresis, electroblotted, and probed with anti-myospryn
antibodies at 1:2,000 (28).
For endogenous immunoprecipitations, adult mouse hind

limb muscle was homogenized in radioimmune precipitation
assay (RIPA) buffer. Extracts were incubated with protein
G-Sepharose 4 Fast Flow beads (GE Healthcare) and either
anti-GAL4 or anti-myospryn antibodies for 2 h at 4 °C. Immu-
noprecipitated protein extracts were fractionated and immu-
noblotted with anti-dystrophin antibody (Sigma).
GST Pulldown Assays—GST and GST-Spe proteins

expressed in Escherichia coli (DH5�) were preincubated with
glutathione-Sepharose 4B beads (GE Healthcare) followed by
the addition of FLAG-Dp71 for an additional 2 h at 4 °C.
Washed beads were resuspended, fractionated, and immuno-
blotted with anti-FLAG to detect Dp71.
Immunohistochemistry—Hind limb muscle sections from

adult wild type andmdx (The Jackson Laboratory, Bar Harbor)
mice were prepared as before (20). PKA-RII immunodetection
was carried out as described previously (20). All other primary
antibodies were diluted 1:100 in blocking solution (3% normal
horse serum in 1� phosphate-buffered saline) incubated for
1 h, washed in 1� phosphate-buffered saline followed by sec-
ondary antibodies diluted at 1:200: chicken anti-goat FITC
(Santa Cruz Biotechnology) for anti-PKA RII and horse anti-
mouse Texas Red (Vector Laboratories) for vinculin. Primary
rabbit polyclonal anti-myospryn antibodies, mouse mono-
clonal anti-dystrophin antibodies (Sigma), and mouse mono-
clonal anti-vinculin antibodies (Sigma) were diluted 1:100 and
incubated as above. Slides were washed, and secondary anti-
bodies were applied for co-localization: goat anti-rabbit Texas
Red (Vector Laboratories) and horse anti-mouse-FITC (Vector
Laboratories) for myospryn/dystrophin or goat anti-rabbit
FITC (Vector Laboratories) andhorse anti-mouseTexas red for
myospryn/vinculin.
Real-time PCR—Pooled equimolar cDNA samples were pre-

pared from 3–6-month-old wild type andmdx hind limb mus-
cle. PCR was performed using the SYBR� Green PCR master
mix and the ABI Prism 7900 sequence detection system
(Applied Biosystems). Primers used were as follows: Gravin, 5�-
GCTGAGTCCCAAGCTAATGAC-3�, 5-GGACGGTATCT-
GACTTTTCGTT-3� (PBID 13626040a2); Akap-Lbc, 5�-GAG-
TCTGTCTGCCGATTCAAA-3�, 5�-GCTGATTACAATGG-

AGTGCCTC-3� (PBID 14192799a3); Akap15, 5�-CACCAAC-
AAAAAGGCCCAAA, 5�-TGAGCTGTCATTGGATCCCTG-
3�; makap, 5�-TTGCGTCTCACAAAGCAGGA-3�, 5�-TCTGA-
GAATCCAGCTGTGTTGC-3�; Akap79/150, 5�-AGAACCCA-
GTAATGGCATCCG-3�, 5�-TCTTTCAGATCTTCTGCCT-
GGC-3�; myospryn, 5�-GACAAGGGGAGACCTCATGGT-3�,
5�-GGTTGGTATAGTCCAGCAGAATG-3�; gapdh, 5�-TGGC-
AAAGTGGAGATTGTTGCC-3�, 5�-AAGATGGTGATGGGC-
TTCCCG-3�. Primers with PBID designationwere obtained from
the Primer Bank web site (29).
PKA Activity Assay—Three-month-old adult wild type and

mdx hind limb muscle were homogenized in Tris buffer. Pro-
tein extracts were subjected to a commercially available PKA
activity assay (Promega).

RESULTS

Degradation andMislocalization ofMyospryn inmdxMuscle—
Sincemyospryn is localized to the costamere, a structure desta-
bilized in dystrophin deficiency, we asked whether myospryn
expression and localization are affected in dystrophic muscle.
Immunoblot analysis revealed a significant 73% decrease (p �
0.03) in full-length myospryn protein inmdx hind limb muscle
(Fig. 1A, arrows and right panel). This decrease was associated
with an accumulation of smaller fragments in mdx but not in
wild type extracts (Fig. 1A, asterisks). These smaller myospryn-
immunoreactive bands suggest that myospryn is a specific tar-
get of increased protease activity, a cellular mechanism previ-
ously linked to muscular dystrophy (30).

FIGURE 1. Impaired myospryn protein expression and localization in mdx
mice. A, left panel, Western blot analysis of myospryn protein in wild type (WT)
and mdx hind limb muscle. WT (lanes 1–5) and mdx (lanes 6 –9) samples were
immunoblotted (IB) with anti-myospryn. (*, degradation products.) Right
panel, quantification of full-length myospryn. Signal intensity was quantified
by ImageQuant (GE Healthcare), and the background was subtracted for each
sample. Signal intensities for each group were averaged and normalized to
WT set at 100 � S.D. WT � 100 � 48%, mdx � 27 � 23%. GAPDH, glyceralde-
hyde-3-phosphate dehydrogenase. B, double label immunohistochemistry
on wild type and mdx mouse hind limb muscle (transverse sections). Left
panels, anti-vinculin antibody delineates the myofiber periphery. Note that
the costameric protein vinculin is largely unaffected in mdx hind limb muscle.
Middle panels, anti-myospryn antibody reveals severe mislocalization of myo-
spryn in mdx tissue. Right panels, merged images for vinculin and myospryn.
(*, myofiber cytoplasm; 1, myofiber periphery/sarcolemma; �, punctuate
foci of myospryn staining in mdx muscle.)
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Next, we sought to determinewhethermyospryn ismislocal-
ized in this dystrophin-deficient model. As depicted in Fig. 1B,
immunostaining of adult wild type hind limb muscle detected
myospryn along the myofiber periphery (see WT-myospryn,
upper middle panel) as previously published by our group and
others (28, 31, 32). In striking contrast,mdxmuscle exhibited a
discontinuous localization ofmyospryn at themyofiber periph-
ery with extensive regions devoid of myospryn (Fig. 1B; com-
pare WT-myospryn with mdx-myospryn and note the arrows
inmdx-vinculin andmdx-myospryn). This highly irregular pat-
tern was associated with an increase in myospryn in the cyto-
plasm (Fig. 1B, asterisks), particularly in discrete foci within
myofibers (see arrowheads; compare vinculinwithmyospryn in
mdx). Vinculin, a representative costameric protein, was local-
ized normally at the myofiber periphery in both wild type and
mdxmuscle (Fig. 1B). These results clearly demonstrate a spe-
cific and pronounced mislocalization of myospryn in dystro-
phin-deficient skeletal muscle.
Direct Interaction between Dystrophin and Myospryn—Given

the above results and the previously reported biochemical frac-
tionation assays demonstrating the presence of dystrophin and
myospryn inmicrosomal fractions (31), wewere prompted to test
whether a dystrophin-myospryn complex exists in vivo. Adult
mouse hind limb muscle extracts were subjected to an immuno-
precipitation assay using anti-myospryn antibodies followed by
SDS-PAGE fractionation and immunoblotting. As shown in Fig.
2A, Western blot analysis revealed the presence of dystrophin in
the anti-myospryn precipitated complex (arrowhead) but not in
theanti-GAL4complex, demonstrating the specificityof this asso-
ciation. Double label immunohistochemistry was subsequently
performed on adult hind limb muscle, which revealed a co-local-
ization of both proteins at the myofiber periphery (Fig. 2B) con-
sistent with the immunoprecipitation results.
To confirm the above observations, we tested whether myo-

spryn anddystrophin candirectly interact byGSTpulldownassay.
Wegenerated a recombinantGST fusionprotein consisting of the
carboxyl-terminal TRIM region of myospryn (Spe). In addition,
we constructed a carboxyl-terminal dystrophin expression con-
struct known as Dp71, which harbors docking sites for dystrobre-
vin, syntrophin, and dystroglycan (27). As shown in Fig. 2C, myo-
spryn (GST-Spe) effectively precipitated dystrophin (Dp71),
whereas GST alone failed to do so. To begin to delineate the dys-
trophin interaction sites on myospryn, coIP assays were initiated.
Co-transfection of Dp71 along with several myospryn deletion
constructs in COS cells revealed that dystrophin interacts within
at least two independent regions in theTRIMdomain (Fig. 2D, left
and right panels). Notably, these dystrophin interaction regions
overlap with our previously reported RII� anchoring sites (20).
The specificity of the interactionbetweenDp71 and themyospryn
TRIM region was confirmed by performing immunoprecipita-
tions in the reverse direction using anti-FLAGantibodies (supple-
mental Fig. S1). Taken together, the above results demonstrate a
novel, direct associationbetweendystrophinandmyospryn instri-
atedmuscle.
Altered PKA Activity and Anchoring in mdx Hind Limb

Muscle—Having previously established that myospryn func-
tions as a muscle-specific AKAP and now finding that it is mis-
localized and degraded in dystrophin deficiency, we evaluated

thePKAsignalingpathway inmdxmuscle.Becausemyosprynspe-
cifically binds to the RII� regulatory subunit of PKA, we per-
formed immunohistochemistry on mdx hind limb muscle with
anti-RII antibodies.We demonstrate that RII�, which is normally
present and co-localized with myospryn at the costamere (20), is
mislocalized inmdxmuscle with considerably reduced staining at
the sarcolemma (Fig. 3A, arrowheads). Moreover, a preponder-
ance of cytoplasmic staining is evident in mdx but not wild type
muscle (compare asterisks, WT-RII� versus mdx-RII�). To our
knowledge, this is the first demonstration of deregulated PKA
localization inmuscular dystrophy and is consistent with the abil-
ity of myospryn to anchor the PKA holoenzyme.
Because myospryn functions as an AKAP and because of our

observation that the RII� regulatory subunit ismislocalized, we
askedwhether PKA activity was altered in dystrophicmuscle. It
is known that PKA anchoring plays an important role in regu-
lating PKA enzymatic activity (19). Therefore, protein extracts
from adult wild type (n � 3) andmdx (n � 3) hind limbmuscle
were subjected to a PKA activity assay. As shown in Fig. 3B,
PKA activity is reduced by 50% (p � 0.003) in mdx muscle
pointing to a significant alteration of the PKA signaling path-
way in dystrophic muscle. Western analyses did not detect dif-
ferences in expression of the catalytic or regulatory subunits of
PKA inmdxmuscle (Fig. 3C). Furthermore, cAMP assays failed
to reveal differences in cAMP levels in mdx hind limb muscle
(data not shown). These results indicate that the decrease in
activity is the result of aberrant PKA anchoring and not due to
reduced expression of the holoenzyme subunits or upstream
alterations in the second messenger cAMP.

FIGURE 2. Association between dystrophin and myospryn. A, dystrophin-
myospryn complex in native hind limb muscle. Protein extracts were immu-
noprecipitated with anti-myospryn or anti-GAL4 antibodies and immuno-
blotted (IB) using anti-dystrophin antibodies (427 kDa, endogenous
dystrophin). B, myospryn and dystrophin colocalize at the muscle costamere.
Double immunohistochemistry of transverse sections from mouse hind limb
muscle is shown. Upper panel, dystrophin localizes to myofiber periphery.
Middle panel, myospryn localizes to peripheral myofiber as described previ-
ously (28). Lower panel, merged images indicating co-localization. C, direct inter-
action between myospryn and dystrophin. Western blot analysis of FLAG-dystro-
phin (Dp71) protein extracts subjected to a GST pulldown assay with myospryn
(GST-Spe) or GST alone is shown. D, mapping the dystrophin interaction regions
in myospryn. Left panel, Western analysis of coIP assays with several Myc-myo-
spryn constructs co-transfected with FLAG-dystrophin (Dp71). Right panel, sche-
matic of myospryn depicting dystrophin interaction regions.
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Myospryn Is a Uniquely Down-regulated AKAP in mdx
Muscle—Previously published data revealed down-regulated
myospryn gene expression in human DMD muscle biopsies
(24). To determine whether myospryn gene expression is also
reduced in mdx muscle, we performed quantitative RT-PCR
between pooled wild type (n � 3) and mdx (n � 3) hind limb
muscle cDNAs. Our results revealed a 40% decrease in myo-
spryn transcripts in mdx muscle (Fig. 3D) consistent with the
finding in DMD. We then asked whether this effect on myo-
spryn transcription reflects a more global phenomenon of
reduced AKAP gene expression in dystrophic muscle. By per-
forming quantitative RT-PCR on five well characterized
AKAPs, mAKAP, AKAPLbc, AKAP15, gravin, and AKAP79/
150, we found thatmyospryn is the only AKAP down-regulated
inmdx hind limb muscle (Fig. 3D). These results reinforce the
notion that the down-regulation ofmyospryn is highly specific
and not the result of a global reduction in AKAP gene expres-
sion in dystrophic muscle.
Myospryn Is Regulated by the PKA-CREB Signaling Pathway—

Given the specific reduction of myospryn gene expression in
both DMD and mdx muscle and our new finding of reduced
PKA activity, we asked whether this down-regulation may be
the consequence of altered PKA signaling. Thus, we scanned
the myospryn promoter for potential cAMP-response element

(CRE)-binding protein (CREB) binding sites. CREB is one of the
major effectors of PKA signaling (33). We found a CRE,
TAACGTTA, located at �220 bp upstream of the myospryn
transcription start site. The importance of this CRE site was
tested by co-transfecting COS cells with a luciferase reporter
construct containing 0.8 kb of the myospryn promoter along
with CREB plus constitutively active PKA. As depicted in Fig.
3E, luciferase assays revealed a 17.8 � 4.4-fold activation (p �
0.01) over myospryn promoter alone. The transcriptional acti-
vation occurred specifically through the CRE in the myospryn
promoter since a mutation within the CRE site (TCCCGGGA)
resulted in a 90% reduction (2.0 � 0.26-fold activation; p �
0.01) of PKA-CREB dependent activation. These results dem-
onstrate thatmyospryn is a novel target gene downstreamof the
PKA-CREB signal transduction pathway. Thus, reduced myo-
spryn gene expression in dystrophin-deficient muscle may also
contribute to reduced PKA activity by having less available
anchoring protein at the costamere.
To gain a better understanding of the potential broader

involvement of the PKA-CREB signaling pathway in muscular
dystrophy, we performed a comparative analysis between genes
dysregulated inmdxmuscle (Refs. 35 and 36 and supplemental
Refs. 38–41) and known CREB targets (Refs. 33 and 37 and
supplemental Ref. 42). As seen in supplemental Table S1, there
are nearly two dozen genes dysregulated in mdx muscle that
function downstream of CREB. All of these genes are cAMP-
regulated, reinforcing the notion that the PKA signal transduc-
tion pathway is defective in dystrophin-deficient muscle.

DISCUSSION

The results of our study uncover a novel defect in the PKA signal
transduction pathway in themdxmouse model of dystrophin defi-
ciency. The perturbation in this signaling cascade is consistent with
reducedexpressionof theAKAPmyosprynandthemislocalizationof
its gene product and the regulatory subunit of PKA.
The intricate costameric network is believed to be responsi-

ble for maintaining the integrity and stability of the muscle cell
membrane. The absence of dystrophin, members of the DGC,
and possibly other costameric proteins triggers a series of cel-
lular and molecular events resulting in muscle degeneration,
thereby establishing this region as a critical support system in
propermuscle function. Because of themultitude of scaffolding
proteins within the costamere, signaling components are likely
to be key participants in the pathogenesis of muscle disease. As
such, the role of signaling pathways in muscular dystrophy has
received increased attention in recent years (10–12).
We demonstrate that themuscle-specific AKAPmyospryn is

degraded and mislocalized from the costamere in mdx hind
limb muscle consistent with our finding that myospryn and
dystrophin physically interact. This is a significant finding given
that the predominant costameric components affected in dys-
trophin deficiency are those proteins directly associated with
theDGC (1–4). To our knowledge,myospryn represents one of
a limited number of non-DGC costameric proteins impaired in
dystrophin deficiency.
It is worth noting that the cumulative intensities of the degra-

dation products of myospryn in mdx muscle appear equal to or
greater than the intensity of full-lengthmyospryn in wild type tis-

FIGURE 3. Deregulated PKA signaling and regulation of myospryn gene
expression by PKA-CREB. A, double label immunohistochemistry of wild
type and mdx hind limb muscle (transverse sections). Left panels, anti-vinculin
immunoreactivity along myofiber periphery. Middle panels, anti-RII reveals
mislocalization of this PKA regulatory subunit in mdx muscle. Right panels,
merged images for vinculin and RII immunostaining. (*; myofiber cytoplasm.
∧ ; sarcolemma. �; punctuate foci in mdx muscle). B, reduced PKA activity in
mdx hind limb muscle. Protein extracts from wild type (n � 3) and mdx (n � 3)
muscle were subjected to a PKA activity assay. The difference in group means
was significant (p � 0.003). C, PKA subunit expression in wild type and mdx
muscle. Immunoblots of protein extracts from wild type (n � 4) and mdx (n �
4) hind limb muscle demonstrating the predominant catalytic (cat) and reg-
ulatory PKA subunits are shown. GAPDH, glyceraldehyde-3-phosphate dehy-
drogenase. D, quantitative RT-PCR of AKAP expression. cDNA reactions from
pooled mdx hind limb muscle mRNA (n � 3) relative to wild type were nor-
malized to 1.0. All samples were performed in triplicate, and Ct values for each
gene were averaged and normalized to glyceraldehyde-3-phosphate dehydro-
genase. E, myospryn is transcriptionally activated by PKA-CREB signaling. Tran-
sient transfection reporter assays in COS cells of the myospryn reporter contain-
ing the wild type CRE (TAACGTTA) and a myospryn reporter with a mutant (mut)
CRE (TCCCGGGA) were performed. Luciferase data were performed in triplicate,
and the difference in promoter activity was significant (p � 0.01).
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sue. This contrasts with reduced myospryn transcripts in mdx
muscle. One interpretation for this apparent discrepancy is that
myospryn protein is indeed reduced and that the observed
increase in signal intensity is the result of enhanced immunoreac-
tivity of these smaller polypeptides toward the antibody. Alterna-
tively, these collective signal intensities may reflect actual protein
levels. In this case, the lack of correlation between transcripts and
protein could be explained by the stability and low turnover of
myospryn fragments. Regardless of the mechanism, full-length
myospryn is clearly diminished inmdxmuscle.

Consistent with the ability of myospryn to bind PKA, we find
that the RII� regulatory subunit is mislocalized from the cos-
tamere. Accordingly, we see a substantial reduction in PKA
activity inmdxmuscle. This is the first, direct demonstration of
deregulated PKA activity in dystrophic muscle. It is worth not-
ing that a previous study revealed altered activity of the L-type
Ca2� channel, whose function is regulated by PKA, in mdx
muscle (34). Therefore, our findings provide a potential molec-
ular explanation for these observations.
This global reduction of PKA activity in dystrophic muscle is

also likely to affect numerous downstream PKA-dependent
pathways such as its ability to regulate gene expression. Intrigu-
ingly, we observed a reduction inmyospryn gene expression in
mdxmuscle, which prompted us to examine the potential reg-
ulation ofmyospryn expression through one of the major PKA
substrates, the CREB transcription factor. Indeed, we detected
a robust and specific activation of myospryn through PKA-
CREB signaling. Taken together, our findings suggest that per-
turbation ofmyospryn expression and localizationmay, in part,
be responsible for the altered PKA activity in dystrophic mus-
cle. These studies highlight the importance of tightly regulating
myospryn expression in striated muscle.

Of note, the major classes of genes regulated by the PKA-
CREB pathway are those involved in cellular metabolism, cell
survival, and proliferation (33). Incidentally, the gene expres-
sion profiles in dystrophin-deficient muscle underscore the
molecular hallmarks of dystrophy such asmuscle cell death, the
inability to regeneratemuscle effectively, and alteredmetabolic
activity (35, 36, 38–41). Therefore, it is formally possible that
these defects arise from the deregulation of PKA signaling
observed in mdx muscle. It is also worth noting that a recent
report described amuscular dystrophy phenotype in transgenic
mice overexpressing a dominant negative CREB in skeletal
muscle (37). Studies are in progress to examine the activity of
CREB in mdx muscle and to further dissect the PKA-CREB
signaling pathway in dystrophin deficiency.
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