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INTRODUCTION

The mdx mouse has been the most widely utilized mouse model of DMD, an
inherited X-linked neuromuscular disorder that leads to severe skeletal muscle wasting
followed by premature death in early adulthood. This model carries a loss of function
mutation in dystrophin gene. A previous study showed that mdx mice have profound
alterations in contractile properties. How dystophin deficiency affects contractility
remains poorly elucidated. We investigated the different gene expressions between the
S-month mdx and control hearts since several studies have suggested that the old mdx

might be a better model for DMD-associated cardiac disorders.

METHODS

Suppressive subtractive hybridization and ¢cDNA cloning and screening -
Reverse transcription of Poly(A)" RNA and generation of subtracted libraries were
performed using the PCR select ¢cDNA. subtraction kit (Clontech) according'to the
manufacturer s protocol. For arraying subtracted clones, identical blots were prepafed
using the PCR-Select differential Screening kit (Clontech). Three hundred (300)
randomly selected white bacterial colonies of the subtracted cDNA libraries were
screened using dot blot analysis.

Northern blot analysis - Total RNA. from control and mdx- or hypertrophied
hearts were resolved on 1.2% agarose formaldehyde gels. PCR products from inserts of
selected clones were used as probes and randomly labeled with [P*?] dCTP. The
hybridization signals were normalized to a housekeeping gene, GAPDH, to compensate
for unequal loading.

3 and 5 RACE, Reverse transcription (RT)-PCR, probe pr;paration
and sequencing - To identify the unkown clone, the cDNA were extended by 3 and 5
RACE using the specific primer and confirmed by RT-PCR. The probes for ryanodine
receptor, SERCA2a, FKBP12'.6, phospholamban and PDE4D3 were designed based on
sequences available in public databases (NCBI). All of the expected PCR prodﬁcts were
subcloned and sequenced for confirmation.

Cultured cardiomyocytes - Cultured cardiomyocytes were prepared from 2-3
day old neonatal rat hearts at 4.5 x 10° cells per 10 cm dish as described. 100 M
phenylephrine or 107 M endothelin-1 (ET-1) was added in order to induce a
hypertrophic response.

RESULTS

Identification of differentially expressed genes in S-month mdx hearts -
Scréening of 290 inserts by dot blot analysis revealed that 30 clones hybridized with
control-specific probe but not with mdx-specific probes. The sequence analysis of 30
clones showed that they corresponded to 22 different cDNAs. Northern blot analysis
demonstrated that gene expression of 5 clones were significantly lower in mdx heart
than in control. In the present study we focused on wtl7 clone, which hybridized with a
8.8 kb band. This transcript was 57% lower in mdx than .control hearts. Computer
database searches of wtl7 revealed that no significant similarity was found with any
known sequence. In attempt to identify this unknown clone, we performed 5 RACE.
We obtained a 900 bp fragment, which revealed 93% identity to a part of the 3 non-
coding region of the rat muscle anchoring A-kinase protein (mAKAP) cDNA. Therefore,
we conclude that the wt17 clone is the mouse counterpart of the rat mAKAP.

Mouse mAKAP is expressed in the cerebellum, heart and skeletal muscle -
Northern blot analysis demonsirated that this gene was expressed exclusively in the
cerebellum, heart and skeletal muscles. The transcript in skeletal muscle was slightly
lower in the size than those of the cerebellum and the heart.

mAKAP is expressed in differentiated cardiomyocytes - mAKAP was
expressed in day 3-cultures when cardiomyocytes showed a differentiated phenotype.
However, we did not see any signal in day 1-cultures when the neonatal ventriculocytes
reverted to the undifferentiated phenotype. mAKAP signals significantly appeared on 13
day-old rat hearts and were increased by 15 days of age, when differentiating
cardiomyocytes of rats declined progressively 4reaching nearly zero. Thus, these
observations suggested that mAKAP was expressed in terminally differentiated
cardiomyocytes.

Regulation of mAKAP gene expression: decreased in mdx and increased
by phenylephrine treatment - ET-1 treated cardiomyocytes showed no significant
difference in mAKAP mRNA 1evel, even if we noticed the hypertrophic feature of BT-1-
treated cardiomyocytes. Furthermore, in the heart of 16-month old mdx mice, which are
known to have the abnormal Ca’" homeostasis, mAKAP mRNA was significantly
decreased as-compared to the control although there was no observed hypertrophic
phenotype. Phenylephrine treated cardiomyocytes resulted in up regulation of mAKAP

mRNA as compared to the control.
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Decreased mAKAP coincides with down regulation of RyR2 and
SERCA2a in 5-month mdx hearts - The RyR2 mRNA level was reduced to 52% in
mdx as cofnpared to the control littennate.k We detected no difference in FKBP12.6
expression of the 5-month mdx and control hearts. SERCA2a expression exhibited a
75% reduction in the 5-month old mdx, but no difference in the expression of
phospholamban. There was no significant changed in the gene expression of PDE4D3

between mdx and control hearts.

DISCUSSION

Our results suggested that decreased mAKAP in mdx hearts is independent of
cardiac hypertrophy. On the contrary, the regulation of mAKAP gene expression may be
associated with intracellular Ca**and cAMP levels in mdx hearts. However, the
molecular mechanism of decreased mAKAP mRNA in mdx mice remains to be
elucidated. When we treated cardiomyocytes with a cAMP inducible agent,
phenylephrine, mAKAP mRNA was increased significantly as compared to the control.
One possible mechanism of increased mAKAP expression, like othcr‘AKAPs, is
through cAMP signaling. Sequence analysis of the human mAKAP 5 flanking region
(GenBank accession no. NT__026437) revealed an existence of TGATGTCA sequences
at bp —137 to —330 (relative to atg start site), similar to cAMP-responsive element
binding protein (CREB) consensus sequences (TGACGTMA). Therefore, cAMP-
induced transcription of mAKAP may be directly or indirectly through the CREB
binding site of the mAKAP promoter region.

mAKAP is a member of AKAPs family which provide a molecular
framework that orients cAMP-dependent kinase (PKA) and phosphatases through their
interaction with the specific targeted substrates. mAKAP regulated RyR function,
through PKA-dependent RyR phosphorylation, and result in efflux of Ca®* through the
RyR. The presence of AKAP maintains a signal transduction complex that may regulate
reversible phosphorylation. Conversely, a loss of function of mAKAP significantly
reduced PKA dependent RyR phosphorylation. Therefore, a decreased mAKAP in mdx

- heart may disturb PKA-dependent RyR2 phosphorylation and Ca®* release from SR.

‘Since PKA-dependent phosphorylation of single RyR2 channels increased mean open

probability, open frequency and open time the RyR2 channels. Accordingly, decreased

mAKAP may contribute to a reduction in calcium- induced positive inotrophy seen in

mdx hearts.

The decreased of SERCA22 mRNA level was more apparent than RyR2
reduction. Amnother study has revealed decreased SERCA2a mRNA level is
accompanied by a decreased in SR Ca® ATPase activity, whereas Ca®>" ATPase activity
in the SR contributes to about 70-80% of the Ca®* flux during diastole and a defect in
Ca® removal could also impair relaxation. Accordingly, down regulation of mAKAP,
RyR2 and SERCA2a mRNA in mdx hearts may result in altered relaxation, force of
contraction and Ca**pump function observed in mdx myotu.ibe and heart.

7 Taken together, we have shown the decreased mAKAP, RyR2 and SERCA2a
gene expression in S-month mdx hearts which may contribute to impairment of Ca®*

handling and excitation-contraction (E-C) coupling in the sarcoplasmic reticulum (SR).
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