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Use of western immunoblot for evaluation of
myocardial dystrophin, ␣-sarcoglycan,
and ␤-dystroglycan in dogs with idiopathic
dilated cardiomyopathy
Alan W. Spier, DVM; Kathryn M. Meurs, DVM, PhD; Daniel D. Coovert, PhD;
Linda B. Lehmkuhl, DVM, MS; Michael R. O’Grady, DVM, MS; Lisa M. Freeman, DVM, PhD;
Arthur H. Burghes, PhD; and Jeffrey A. Towbin, MD

Objective—To evaluate the potential importance of
dystrophin, α-sarcoglycan (adhalin), and β-dystroglycan, by use of western blot analysis, in several breeds
of dogs with dilated cardiomyopathy.
Sample Population—Myocardial samples obtained
from 12 dogs were evaluated, including tissues from
7 dogs affected with dilated cardiomyopathy, 4 control
dogs with no identifiable heart disease (positive control), and 1 dog affected with Duchenne muscular dystrophy (negative control for dystrophin). Of the affected dogs, 4 breeds were represented (Doberman
Pinscher, Dalmatian, Bullmastiff, and Irish
Wolfhound).
Procedure—Western blot analysis was used for evaluation of myocardial samples obtained from dogs
with and without dilated cardiomyopathy for the presence of dystrophin and 2 of its associated glycoproteins, α-sarcoglycan and β-dystroglycan.
Results—Detectable differences were not identified
between dogs with and without myocardial disease in
any of the proteins evaluated.
Conclusions and Clinical Relevance—Abnormalities
in dystrophin, α-sarcoglycan, and β-dystroglycan proteins were not associated with the development of
dilated cardiomyopathy in the dogs evaluated in this
study. In humans, the development of molecular biological techniques has allowed for the identification of
specific causes of dilated cardiomyopathy that were
once considered to be idiopathic. The use of similar
techniques in veterinary medicine may aid in the identification of the cause of idiopathic dilated cardiomyopathy in dogs, and may offer new avenues for therapeutic intervention. (Am J Vet Res 2001;62:67–71)

D

ilated cardiomyopathy (DCM) is a primary disorder of cardiac muscle characterized by systolic
dysfunction, followed by ventricular dilatation and
cardiac arrhythmias.1 Clinical progression of the disease includes development of heart failure and death.2
The disease is well documented in dogs and is
observed more commonly in Doberman Pinschers,

Boxers, Dalmatians, Great Danes, Irish Wolfhounds,
and Cocker Spaniels.3-8 Dilated cardiomyopathy also
develops in other species, including humans, cats, and
cows.1,9,10 Although DCM is well characterized clinically, the cause remains unknown in most cases.
In several species, cytoskeletal protein abnormalities have been identified in the myocardium of individuals with DCM. Mutations in the gene coding for the
cytoskeletal protein dystrophin have been implicated
in the development of X-linked DCM in humans.11-13
Mutations in the dystrophin gene are also responsible
for Duchenne muscular dystrophy (DMD) and Becker
muscular dystrophy (BMD), diseases in which cardiac
involvement may manifest with clinical signs similar to
those seen in DCM.14 In Golden Retrievers with DMD,
myocardial lesions, ventricular dilatation, and progression to systolic dysfunction and heart failure have been
described.15,16 Compromised cardiac function is also
described in dystrophin-deficient mdx mice, an experimental model for DMD.17
Abnormalities of the sarcoglycans and dystroglycans, cytoskeletal proteins associated with dystrophin,
have also been associated with cardiac abnormalities.
Deficiencies of α-sarcoglycan, also known as adhalin,
have been identified in humans with DCM associated
with muscular dystrophy, and deficiencies in α-dystroglycan have been described in a family with X-linked
DCM.18 Both α-dystroglycan and β-dystroglycan
abnormalities have been documented in a strain of
hamster with cardiomyopathy.19,20
Western blot analysis has been used to identify
deficiencies or other abnormalities in cytoskeletal proteins from humans and laboratory animals with cardiomyopathy and muscular dystrophy.12,20,21 However,
this technique has not been used to evaluate these
cytoskeletal proteins in dogs with DCM. The objective
of the study reported here was to evaluate the potential
importance of dystrophin, α-sarcoglycan, and β-dystroglycan in the development of idiopathic DCM by
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use of western blot analysis in several breeds of dogs
with cardiomyopathy.
Materials and Methods
Inclusion criteria—Myocardial samples were obtained
from 12 dogs with and without myocardial disease. These
included tissue samples from 4 Doberman Pinschers, 1 Irish
Wolfhound, 1 Bullmastiff, and 1 Dalmatian with DCM. Four
samples from dogs with no evidence of cardiac disease were
evaluated as positive control samples (1 Beagle and 3
Doberman Pinschers) because the myocardial protein in
these dogs would be considered normal. A sample from 1 dog
affected with DMD was included as a negative control for
dystrophin abnormalities. Diagnostic criteria for DCM
included echocardiographic evidence of left ventricular
dilatation and systolic dysfunction. Left ventricular dimensions were assessed relative to body size, and systolic dysfunction was defined as fractional shortening < 25% and end
systolic volume index > 30 ml/m2.22,23
Sample harvesting and protein extraction—Myocardial
samples were harvested immediately after euthanasia and
were stored at –80 C. At the time of protein extraction, left
ventricular myocardial samples were placed into liquid nitrogen and triturated using a mortar and pestle. For each 1.0 mg
of tissue, 0.5 µl of blending buffer (10% SDS, 62.5 mM Tris
pH 6.8, 5 mM EDTA, 1 mM PMSF [added fresh]) was added.
The mixture was vigorously vortexed and then centrifuged at
14,000 rpm for 2 minutes.a The supernatant was recovered
and the insoluble material was discarded. Six microliters of
supernatant was saved for protein concentration analysis.
Protein concentration of the samples was determined using a
commercially available kitb according to manufacturer’s
instructions. The remainder of the supernatant was added to
an equal volume of sample buffer (10% SDS, 62.5 mM Tris
pH 6.8, 10% glycerol, 0.4 mg bromphenol blue, and 10% 2mercaptoethanol) and heated for 2 minutes in a 100 C water
bath. Samples were stored at –80 C until analyzed. In addition, blots were probed with antinebulin monoclonal antibodyc and films analyzed by use of densitometry to ensure
that equal amounts of protein were loaded in each lane.24
Protein electrophoresis and transfer—Samples (200 µg
total protein/lane) were electrophoresed on 6% SDS–PAGE
gels as described.24 The 1-mm-thick gel consisted of a 3%
stacking gel (3% total acrylamide, 0.08% bis-acrylamide) and
a 6% resolving gel (6% total, 0.16% bis-acrylamide).
Electrophoresis was performed overnight using a vertical
electrophoresis apparatusd at 25 constant volts. The gel was
equilibrated for 5 minutes in transfer buffer (192 mM
glycine, 25 mM Tris pH 8.3, 20% methanol, and 0.1%
(wt/vol) SDS). Proteins were transferred onto a polyvinylidene fluoride (PVDF)e membrane using a stacked electrophoretic transfer apparatusf at 50 V for 2.5 hours with
cooling. Following the transfer, the PVDF membrane was
rinsed with water and air-dried.
Immunoanalysis—The membrane was probed with
antibodies as described.25 The membrane was blocked in 5%
nonfat dry milk and 1% BSA in TBS (20 mM Tris pH 7.5, 0.5
M NaCl) under gentle agitation for 1 hour. The blocking
solution was discarded and the membrane was incubated for
at least 2 hours with the primary antibody diluted in 1% milk
and 0.1% BSA in TTBS (TBS solution supplemented with
0.1% Tween-20). Primary antibodies used in this study
included MANEX1 monoclonal antibody, which was raised
against a fusion protein of exon 1 of skeletal muscle dystrophin used at 1:1,000 dilution26; antibody 9219, a sheep
antidystrophin polyclonal antibody used at 1:5,000 dilution27; NCL-b-DG monoclonal antibody directed against the
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amino terminus portion of β-dystroglycan used at 1:1,000
dilutiong; and NCL-a-SARC monoclonal antibody raised
against α-sarcoglycan used at 1:2,000 dilution.g The membrane was washed 3 times for 10 minutes with TTBS to
remove unbound antibody. The membrane was then incubated for 1 hour with the secondary antibody diluted into 1%
milk and 0.1% BSA in TTBS. Donkey anti-mouse F(ab)2
horseradish peroxidase conjugated antibody and donkey
anti-sheep IgG horseradish peroxidase conjugated antibodyh
were used at 1:5,000 dilution. The membrane was then
washed as mentioned with TTBS and developed using a commercially available chemiluminescence kiti according to manufacturer’s instructions.
Following development, the membrane was stripped for
reprobing using the following method: the membrane was
washed with 5 changes of distilled water and incubated with 40
mM glycine pH 2.4, 1 mM EGTA for 5 minutes with agitation.
The membrane was neutralized with TTBS 3 times for 1
minute. The membrane was then stripped with 2% SDS, 62 mM
Tris pH 7, 100 mM 2-mercaptoethanol at 50 C for 5 minutes.
After stripping, the blot was thoroughly rinsed with distilled
water. The blot was then blocked and probed as mentioned.

Results
Myocardial samples from 12 dogs were included
for western blot analyses, including tissues from 7 dogs
affected with DCM, 4 control dogs with no identifiable
heart disease (1 Beagle, 3 Doberman Pinschers), and 1
dog affected with DMD (negative control for dystrophin). Affected dogs included a Bullmastiff (2 years
of age; male), a Dalmatian (4 years of age; spayed
female), an Irish Wolfhound (9 years of age; female),
and 4 Doberman Pinschers (5, 6, 9, and 10 years of age;
1 spayed female, 2 castrated males, and 1 sexually

Figure 1—Western blot analysis of myocardial proteins from
dogs with dilated cardiomyopathy (affected dogs; lanes 1
through 4 and 8 through 10) and control dogs (lanes 5 through 7
and lane 11). The membrane was probed with MANEX1 monoclonal antibodies directed against the amino terminus of dystrophin, which bound to protein at approximately 427 kd. The
arrow denotes an approximately 220 kd marker in the lane (L)
containing a molecular weight ladder. There were no detectable
differences between the myocardial samples from affected
dogs, compared with control dogs. No band is present from a
dog affected with Duchenne muscular dystrophy (lane 12).

Figure 2—Western blot analysis of myocardial proteins from
affected dogs (lanes 1 through 4 and 8 through 10) and control
dogs (lanes 5 through 7 and lane 11). The membrane was probed
with an antibody against α-sarcoglycan that bound to a protein
at approximately 50 kd in all samples. The location of a 46 kd
molecular weight marker ladder is indicated. There were no
detectable differences between the myocardial samples from
affected dogs, compared with control dogs. No band is present
from a dog affected with Duchenne muscular dystrophy (lane
12).
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Figure 3—Western blot analysis of myocardial proteins from
affected dogs (lanes 1 through 4 and 8 through 10) and control
dogs (lanes 5 through 7 and lane 11). The membrane was probed
with an antibody against β-dystroglycan that bound to the protein at approximately 43 kd (marker not shown). There were no
detectable differences between the myocardial samples from
affected dogs, compared with control dogs. No band is present
from a dog affected with Duchenne muscular dystrophy (lane
12).

intact male). Fractional shortening of affected dogs
ranged from 7 to 23%. Detectable differences were not
identified between dogs with DCM and dogs without
myocardial disease in any of the 3 proteins tested.
Antibodies against dystrophin detected a protein
at approximately 427 kilodaltons in all but 1 of the
samples (dog with DMD [negative control for dystrophin]; Fig 1). Anti-α-sarcoglycan antibodies were
used to detect a protein at approximately 50 kilodaltons in all but 1 of the samples (dog with DMD; Fig 2).
Antibodies against anti-β-dystroglycan detected a protein at approximately 43 kilodaltons in all but 1 of the
samples (dog with DMD; Fig 3)
Discussion
Dilated cardiomyopathy is a primary disease of
cardiac muscle that is characterized by systolic dysfunction and ventricular dilatation.1 In most instances,
the cause of the disease is not identified and is considered to be idiopathic. In some humans, DCM has been
associated with an underlying condition, including
myocardial injury caused by ischemic events and
inflammatory processes (myocarditis).1,28 In other individuals, DCM has been observed to be inherited, and it
is estimated that up to 30% of cases are familial.12,28,29
Dilated cardiomyopathy is also seen in dogs and
affects several breeds. Doberman Pinschers, Boxers,
Great Danes, Irish Wolfhounds, Dalmatians, and
Cocker Spaniels appear to be predisposed to DCM and
have breed-specific forms of the disease.3-8 Although
DCM is clinically well characterized in dogs, the cause
is poorly understood. In the vast majority of cases, an
underlying cause cannot be determined. Those conditions that are believed to be associated with DCM in
humans, namely myocarditis and ischemic insults, are
either uncommon in veterinary medicine or are not
readily identified. Breed-associated phenotypic similarities of the disease and the propensity for close breeding of individuals within a breed render inherited
mechanisms likely. Clinical evaluation of affected dogs
and their immediate family members, in conjunction
with pedigree analysis, supports the conclusion that
there is a genetic component to this disease.30-32, j
It has been demonstrated that in some instances,
the disease-causing genes for familial DCM code for
cytoskeletal proteins that provide mechanical support
for the myocyte cell membrane.18,29 In skeletal and cardiac muscle, the cytoskeletal protein dystrophin is
associated with a large complex of sarcolemmal glycoproteins. This complex of dystrophin and dystrophinAJVR, Vol 62, No. 1, January 2001

associated glycoproteins spans the sarcolemma to provide linkage between the subsarcolemma cytoskeleton
and laminin, contributing to the extracellular matrix
and providing mechanical support.18 The central role of
these cytoskeletal proteins in the mechanical and physiologic mechanisms in the heart may account for the
considerable cardiac dysfunction associated with their
absence or alteration.18,29 Disruption of dystrophin, or
its associated proteins, may affect the extracellular
matrix or support mechanism and lead to the phenotypic appearance of ventricular dilatation and systolic
dysfunction.
Abnormalities in the dystrophin gene are responsible for the development of BMD and DMD, diseases in
which cardiac abnormalities have been described.14,33
Cardiac involvement may manifest as cardiomyopathy,
with clinical signs similar to those of idiopathic DCM.14
Mutations in the gene coding for dystrophin have also
been documented in patients with X-linked DCM, a
form of familial DCM, in which there is no skeletal
muscle involvement.11-13 Additionally, deficiencies of 2
dystrophin-associated glycoproteins (α-sarcoglycan
and β-dystroglycan) have been documented in both
humans and hamsters affected with muscular dystrophy and cardiomyopathy.18,20,34,35
The importance of dystrophin and its associated
proteins in the development of muscular dystrophy
and cardiomyopathy in humans has stimulated interest
into the role of these cytoskeletal proteins in similar
diseases of dogs. In humans and rodents, western blot
analysis has been used to detect differences in the
abundance of cytoskeletal proteins between control
subjects and individuals affected with DCM.12,19,20,36 In
humans with X-linked DCM, western blot analysis
with an antibody directed against the N-terminal portion of dystrophin detected low amounts or lack of
protein.12 Antibodies against α-sarcoglycan were used
to detect a complete lack of protein in the myocardium
of hamsters with cardiomyopathy as well as in the
myocardium of a 13-year-old boy with cardiomyopathy.18,20 Decreased expression of α-sarcoglycan and βdystroglycan was observed (by use of western blot
analysis) in 1 patient with a dystrophin duplication
mutation and X-linked DCM.19
In this study, we used western blot analysis to evaluate the potential role of dystrophin, α-sarcoglycan,
and β-dystroglycan in the development of DCM in several breeds of dogs. Western blot analysis revealed no
detectable differences in the immunoreactivity of these
myocardial cytoskeletal proteins between dogs with
DCM and control dogs. These findings indicate that it
is unlikely that deficiencies of dystrophin, or the associated cytoskeletal proteins α-sarcoglycan and β-dystroglycan, are important factors in the development of
DCM in the breeds of dogs used in this study.
Deficiencies in cytoskeletal proteins were identified
only in the dog with DMD. The lack of dystrophin in
this dog was an expected finding, because patients with
DMD are dystrophin-deficient (hence its use as a negative control for dystrophin). In addition to abnormalities
in dystrophin, some individuals affected with DMD and
BMD also have a lack of binding of other components of
the dystrophin glycoprotein complex, as detected by use
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of western blot analysis.20,29 The lack of α-sarcoglycan
and β-dystroglycan in the DMD dog in this study can be
explained 1 of 2 ways: glycoproteins contribute to the
dystrophin glycoprotein complex through their interaction with dystrophin, and the lack of dystrophin may
affect normal expression of these proteins in the
myocardium; or, in addition to a mutation in dystrophin, tissues from the dog with DMD evaluated in
this study may also have a mutation in the genes coding
for α-sarcoglycan and β-dystroglycan.
Potential limitations of this study include the
number of available dogs from which myocardial samples could be obtained and the inherent limitations of
western blotting. The number of tissue samples evaluated in this study was limited, although several breedspecific forms of DCM were represented. Evaluation of
a greater number of dogs from each breed would have
been desirable. Unfortunately, the conditions necessary
for proper sample harvesting (removal immediately
after death, snap freezing) make it difficult to acquire a
large number of samples. However, the existence of
breed-specific phenotypic characteristics of the disease
and the genetic homogeneity within each breed suggest
that similar mechanisms are responsible for the development of the disease within breeds. It is unlikely that
the same disease in a particular breed develops as a
result of separate causes.
Antibody probes are used in western blot analysis
to identify the presence of specific proteins that have
predictable migrating characteristics. Abnormalities
such as lack of protein expression or substantial
changes in protein structure would be identified as
either a loss of bands or unexpected location of bands.
Some abnormalities, including alterations in protein
function or subtle changes in protein structure, may be
undetectable using this technique. However, to our
knowledge, mutations resulting in functional abnormalities in the presence of normal protein expression
have not been described in other species with this disease, and previously described relationships between
cardiomyopathy and dystrophinopathy are characterized by substantial changes in the dystrophin molecule.11,12 Such changes would be expected to result in
either the loss of protein expression, or considerable
alteration of the migrating characteristics of the protein, both of which would be identified using western
blot analysis.
Therefore, on the basis of the results obtained in
this study, deficiencies in dystrophin, α-sarcoglycan, or
β-dystroglycan are unlikely to be associated with the
development of DCM in Doberman Pinschers,
Dalmatians, Bullmastiffs, or Irish Wolfhounds.
Abnormalities in protein function or abnormal expression of other cytoskeletal proteins should be considered in the pursuit of the cause of DCM in dogs.
a
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