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A Prospective Genetic Evaluation of Familial Dilated
Cardiomyopathy in the Doberman Pinscher

Kathryn M. Meurs, Philip R. Fox, Michelle Norgard, Alan W. Spier, Allison Lamb, Shianne L. Koplitz,

and Ryan D. Baumwart

Background: The Doberman Pinscher is one of the most common breeds of dogs to develop dilated cardiomyopathy
(DCM), a primary heart muscle disorder characterized by myocardial dysfunction, cardiac arrhythmias, and congestive heart
failure. In the Doberman Pinscher, the disease is typically adult onset, and a familial etiology has been suggested.

Hypothesis: DCM in the Doberman Pinscher, is a familial disease linked to a specific genetic marker.

Animals: The study comprised an extended family of Doberman Pinschers with a history of DCM.

Methods: Participating dogs were prospectively evaluated over an 8-year period. Phenotype of participating dogs was
determined by annual echocardiography and ambulatory electrocardiography, and the pedigree was evaluated to determine
a specific mode of inheritance. Three hundred seventy-two microsatellite markers were selected and genotyped to cover the 38
autosomal chromosomes. Phenotyping, genotyping, and pedigree information was entered into a database, and parametric, 2-
point analysis was performed. Markers were considered to be linked to the development of DCM if the logarithm of odds
LOD score was =3.0.

Results: An autosomal dominant mode of inheritance was defined by the appearance of the disease in multiple generations,
equal gender representation (P = .973) and male-to-male transmission. A maximum LOD score of 1.31 was obtained for 1
marker on chromosome 20, a score not high enough to be associated with DCM.

Conclusion: DCM in the Doberman Pinscher is a familial disease inherited as an autosomal dominant trait. The causative
gene(s) responsible for this condition remain unresolved. Association studies by means of array technology may provide new

insights into gene identification.
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he Doberman Pinscher is one of the most common

breeds of dogs to develop dilated cardiomyopathy
(DCM), a primary heart muscle disorder characterized
by myocardial dysfunction, cardiac arrhythmias, and
congestive heart failure.'”? In the Doberman Pinscher,
the disease is adult onset (median of 7.5 years at
diagnosis) and appears particularly aggressive.*> There
is no definitive treatment and therapy is at best
palliative.® Previous studies have suggested a familial
etiology.”® Unfortunately, affected dogs typically do not
develop the disease until they are beyond the age of
selection for breeding purposes. Thus, a dog may
produce several litters before it develops any clinical
signs and is determined to be affected. Early identifica-
tion of affected animals would allow for exclusion of
these dogs from breeding programs and would allow
early medical intervention, although it is not yet known
if this would have a significant impact on survival. There
is significant interest in the identification of the causative
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gene for Doberman Pinscher DCM and the development
of a DNA-based screening test.

A similar form of cardiomyopathy exists in human
beings and is inherited in at least 20-40% of the cases.’
Familial DCM in human beings can be inherited in an
autosomal dominant, X-linked, autosomal recessive or
mitochondrial pattern, but the autosomal dominant form
is reported most frequently. Although in many of these
cases the specific genetic mutation has not been identified,
causative mutations have been identified in 24 genes,
including actin, dystrophin and desmin among others.” "
The majority of these genes encode for cytoskeletal
proteins that have important structural functions in the
cell including maintaining structural integrity, preserving
cell shape, organizing the contractile apparatus, and
enabling the cell to withstand mechanical stress.'* It has
been suggested that an abnormality of a cytoskeletal
protein may be a common factor in the development of
DCM and that without the structural support provided
by these proteins, a dilated, dysfunctional heart devel-
ops.”? Mutations within different genes, or within
different areas of the gene may result in different clinical
manifestations and survival times.

Information about the human form of familial DCM
can provide insight into the Doberman Pinscher disease.
A candidate gene approach can be pursued by evaluat-
ing the genes known to cause the disease in human
beings as candidates for the Doberman Pinscher disease.
However, because there are now 24 different genes
known to cause familial DCM in human beings, the
candidate gene approach would be quite time consum-
ing.' Narrowing down the list of candidate genes might
be accomplished by determining the mode of inheri-
tance. This would allow the exclusion of certain genes
associated with specific modes of inheritance. In
addition, the list could be more focused by performing
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Fig 1. Pedigree from a Doberman Pinscher family with dilated cardiomyopathy and an autosomal dominant mode of inheritance. Mode
of inheritance was determined by the appearance of the disease in multiple generations, equal gender representation (P = .973 (affected F !
and affected M '*) and evidence of male-to-male transmission. Finally, the mating of 2 affected animals produced unaffected dogs. The

proband is indicated by an arrow. Circles represent female dogs;

squares represent male dogs. Solid black symbols represent affected

animals; an I in the symbol represents dogs classified as indeterminate; solid white symbols represent unaffected animals; a question mark in

the symbol represents animals not available for evaluation.

linkage analysis to identify a statistical relationship
between the disease and specific genetic regions or
a gene. The objectives of this study were to prospectively
evaluate an extended family of Doberman Pinschers
with DCM to determine a pattern of inheritance and to
perform genetic linkage analysis to identify a region of
the canine genome that is linked to the disease.
Ultimately, the region linked to the disease could
contain important cardiac genes that could be evaluated
as possible causes of DCM.

Materials and Methods

This study was conducted in accordance with the Position of the
American Heart Association on Research Animal Use and under
the guidelines of the Animal Care and Use Committee of the Ohio
State University.

Phenotypic Classification and Pedigree Analysis

A family of Doberman Pinschers with a history of DCM was
prospectively evaluated over an 8-year period after the initial
proband was diagnosed (Fig 1). Forty-one dogs in 4 generations
were evaluated annually with a physical examination, 24-hour
ambulatory electrocardiogram, an echocardiogram (2D and M-
mode) and a postmortem cardiovascular evaluation when possible,
to classify the phenotype. The ambulatory electrocardiogram was
recorded with a 3-channel transthoracic ambulatory electrocardio-
graphic (AECG) system® by a technique previously described.'> The
total number of ventricular premature complexes (VPCs) was
tabulated. Echocardiographic examination was performed by
transthoracic echocardiography with a GE Vivid 7 echocardio-
graphic system® and included both 2D and M-mode evaluation.
Left ventricular internal dimensions during systole (LVIDS),
diastole (LVIDD), and fractional shortening (FS%) were de-
termined from the M-mode study at the left ventricular level. The
examinations were conducted without sedation by means of
standard clinical techniques described for the dog."®

Participating dogs were classified as affected, unaffected, or
indeterminate based on the following criteria. An affected status
was assigned to dogs that had echocardiographic measurements of
an LVIDD >4.6 cm or an LVISD >3.8 with an FS% <25%."
Dogs were classified as unaffected if they reached the age of 9 with

a ventricular size within normal limits for their size and had annual
AECG recordings of less than 50 VPCs/24 hours.'"*"” Dogs were
classified as indeterminate if their ventricular dimensions exceeded
4.6 or 3.8, they had >50 VPCs/24 hours but their FS% was still
above 25%, or both, or if the FS% was <25% but the ventricular
dimensions were within normal limits. In addition, dogs with
normal echocardiograms and AECG evaluations were classified as
indeterminate until they were at least 9 years of age. Given the
adult-onset nature of the disease, all indeterminate or unaffected
dogs were evaluated annually. When possible, dogs that died
prematurely during the study were subjected to postmortem
evaluation.

Pathologic Description

Hearts were weighed and fixed in 10% phosphate-buffered
formalin. Chamber sizes were assessed as described.® Transverse,
S-mm sections were obtained perpendicular to the longitudinal axis
of the ventricular chambers at the level of chordae tendinea and
toward the apex at the level of the left ventricular (LV) papillary
muscles. Full-thickness tissue blocks were embedded in paraffin,
sectioned at a thickness of 5 um, placed on glass tissue slides,
processed by routine histologic methods, stained with hematoxylin
and eosin and Masson’s trichrome stains, and evaluated by light
microscopy. Lesions were described by means of nomenclature and
observations reported for DCM in Doberman Pinschers.?!

Pedigree Evaluation

The pedigree was evaluated to determine the familial nature of
the disease and to determine a specific mode of inheritance as
described.”

Linkage Analysis

Ten milliliters of blood were collected from each dog, and DNA
was extracted from peripheral lymphocytes as previously de-
scribed.”® With the phenotypic information from the family,
simulated linkage analysis by Slink software® with assumptions of
a fully penetrant autosomal dominant inheritance with 100
replications was performed. An average logarithm of odds (LOD)
score of 1.5 with a maximum score of 4.18 was obtained.

Microsatellite markers were selected from the 38 autosomes to
provide approximately 9 megabase (Mb) coverage and amplified as
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Table 1. Phenotypic information for a family of Doberman Pinschers with dilated cardiomyopathy.*
DCM I U DCM I DCM I U DCM I U
FS% FS% FS%  LVIDD LVIDD LVIDD LVIDS LVIDS LVIDS VPC VPC VPC
Mean 22.7 31.5 30.8 4.9 4.7 4.1 3.8 33 2.8 2602 64 19
SD 2.2 5.6 33 0.47 0.71 0.39 0.45 0.65 0.36 6065 124 21

DCM, dilated cardiomyopathy; I, indeterminate group; U, unaffected group; FS%, fractional shortening; LVIDD, left ventricular
internal dimensions during diastole; LVIDS, left ventricular internal dimensions during systole; VPC, ventricular premature complex; SD,

standard deviation.

2 A significant difference was observed for the echocardiographic (FS%, LVIDD, LVISD) parameters between the affected (DCM) and
unaffected (U) (FS% P < .001, LVIDD P < .01, LVIDS P < .001) and DCM and indeterminate (I) groups (FS% P < .001) but not between
the I and U groups. A significant difference was observed for VPC number between the DCM and U group (P = .007) but not the DCM and

I, or Uand I

described.*** After performing polymerase chain reaction (PCR),
the samples were electrophoresed on an ABI Prism 377 Sequencer.*

Allele sizes were determined by Genotyper software’ and
genotypes were entered into a database.

Statistical Analysis

Differences for age and for echocardiographic and AECG
findings between the groups were determined by 1-way analysis of
variance (ANOVA) with an alpha of 0.05. Phenotyping data,
genotyping data, and pedigree information were entered into
a database, and parametric, 2-point analysis was performed with
the assumption of an autosomal dominant mode of inheritance.
The LOD scores between DCM and each marker were tested by
Mlink as described with a recombination value of 0.1.2° Markers
were considered to be linked if the LOD score was =3.0.

Results

Based on the criteria listed above, 10 dogs (3 female
intact [F], 5 female spayed [FS], and 2 male intact [M])
dogs were classified as unaffected; 6 (2 F, 2 FS, 1 M, and
1 male castrate [MC]) were classified as indeterminate;
and 25 (7 F, 4 FS, 11 M, and 3 MC) were classified as
affected. A significant difference was noted between the
age of the 3 groups (P = .01). The mean age, +/- standard
deviation of the affected group was 8 years +/- 2, the
indeterminate group was 6 +/- 2, and the unaffected group
was 10 years +/- 1. A significant difference was observed
for the echocardiographic (FS%, LVIDD, and LVIDS)
parameters between the affected and unaffected (FS% P
< .001, LVIDD P < .01, LVIDS P < .001), and affected
and indeterminate groups (FS% P < .001) but not
between the indeterminate and unaffected groups. A
significant difference was observed for VPC number
between the affected and unaffected groups (P = .007)
but not the affected and indeterminate or unaffected and
indeterminate groups (Table 1).

Pathologic evaluation of the heart was performed in 6
of the affected dogs (2 MC, 2 M, 2 F). Causes of death
included euthanasia due to progressive heart failure (n =
5) and sudden death (n = 1). Moderate to severe dilation
of all 4 cardiac chambers were judged to be present by
inspection in 5 of the 6. The additional dog with DCM
had mild to moderate dilation of all 4 chambers. Heart
weights varied from 307 to 371 g (mean, 325.3 g;
standard deviation [SD], 23.1 g). Heart weight:body
weight ratios varied from .0008 to .0009 (mean, .0008;

SD, .0005) (normal .0007 +/- .0003 g/kg).”” Histologic
lesions were observed in all hearts and comprised
a typical complex localized to the mid mural region of
the LV free wall. This lesion complex was characterized
predominantly by marked myofiber degeneration and
atrophy, with myocardial replacement by thick bands of
collagen fibers and was accompanied by aggregates of
fat. In the interventricular septum, mild to moderate
interstitial fibrosis was present in all dogs. Components
of multifocal myocytolysis, myocardial necrosis, and
multifocal, mild fibrosis were also present in 1 or more
atrial and ventricular walls in all dogs. In addition,
chronic, degenerative myxomatous changes were ob-
served in the left and right atrioventricular valve leaflets
in all dogs.

An autosomal dominant mode of inheritance was
defined by the appearance of the disease in multiple
generations, equal gender representation (P = .973
(affected F "' and affected M '*) and evidence of male-to-
male transmission. Finally, the mating of 2 affected
animals produced unaffected dogs (Fig 1).*

Genotyping was performed for 372 microsatellite
markers covering the 38 autosomes. Seventy-two of the
markers were nonpolymorphic in this family. At least 5
informative markers were evaluated on every autosomal
chromosome with an average of 8 per chromosome
(range, 5-14). A maximum LOD score of 1.31 was
obtained for marker 3109 on canine chromosome 20;
however, flanking markers for 3109 had scores <1.0.

Discussion

The results of this study indicate that DCM in this
family of Doberman Pinschers is a familial disease
inherited as an autosomal dominant trait. These findings
support what had been previously suggested in a small
retrospective study of Doberman Pinscher DCM.” The
familial nature of the disease in this breed and the
identification of an autosomal dominant form of
inheritance is also consistent with the most common
mode of inheritance of DCM in human beings. In
addition, it supports the observation that genetic disease
may occur with high frequency in populations with
closed gene pools and in which breeding of close
relatives is used to propagate desired traits.®*?° Breeds
established from a small number of founders and
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expanded rapidly are thought to be particularly suscep-
tible.** The Doberman Pinscher is a relatively new breed
of dog with records suggesting that the breed was
established in the late 1890s in Germany.*' Importation
of dogs to the United States became popular after World
War II and by 1950, one half of the Doberman Pinscher
American Kennel Club champions were the direct
descendents of 7 closely related Doberman Pinschers
imported from Germany in 1941. Three of these dogs
are reported to have died of cardiac disease. The
proband in the family presented here is a direct de-
scendent of 1 of these dogs. Although it is possible that
different families of Doberman Pinschers with DCM
will demonstrate a different mode of inheritance, this
would seem unlikely given that the Doberman Pinscher
is a pure breed dog with a closed gene pool at least in
registered dogs. Therefore, it is more reasonable to
assume that most of the affected dogs in this breed
would share a pattern of inheritance.

The determination of the affected and unaffected
phenotype in the present study was challenging due to
the adult onset nature of DCM in this breed.* Diagnostic
criteria were based on previous studies that suggested
that both echocardiographic and ambulatory electro-
cardiographic evaluation were important for detection
of different stages of the disease.'”"® All dogs in the
present study were prospectively evaluated on an annual
basis by both echocardiography and ambulatory elec-
trocardiography. Some dogs died before reaching the
age of disease onset and were unavailable for post-
mortem evaluation. These dogs were classified as
indeterminate. The number of dogs whose clinical status
could not be definitively defined is a limitation of this
study as well as others that study adult onset diseases in
natural animal populations. Although careful attention
was paid to reevaluation of all dogs on an annual basis,
it is impossible to control premature loss of animals as
a result of death from other causes.

Pathologic findings in the hearts of the affected dogs
were consistent with cardiac lesions reported in Dober-
man Pinscher with DCM.>?! The affected dogs that
underwent pathologic evaluation were relatively old for
this breed, and the presence of myxomatous changes in
their atrioventricular valves is in keeping with the
development of these lesions in elderly dogs.*

There is substantial interest in the development of
a genetic test for familial canine DCM to allow for early
detection of affected animals. A linkage analysis
approach was previously performed in a family of
Newfoundland dogs with DCM.* It is regrettable that
statistical analysis did not identify a chromosomal
region that was statistically linked to DCM in that
Newfoundland family or the Doberman Pinscher family
presented here. A simulated linkage analysis program
with assumptions of a fully penetrant autosomal
dominant inheritance with 100 replications was per-
formed in this study to predict the likelihood of
successful linkage analysis. This predicted an average
LOD score of 1.5 with a maximum score of 4.18.
Although this analysis was used as a starting point for
the study, it has some limitations. The penetrance of

DCM in the Doberman Pinscher is unknown, but it is
incomplete in human beings.** Therefore, the calcula-
tions in this study may have been a bit optimistic. The
high LOD score of 1.31 identified here was close to the
average predicted by the simulation but we did not come
close to the maximum predicted score. In the study
performed here we completed the analysis after evalu-
ating just under 400 markers over the 38 autosomomal
chromosomes. Almost 20% of the markers were non-
polymorphic for this family. A higher LOD score might
have been identified if additional markers were evalu-
ated and if the family was more powerful (larger number
of animals, fewer animals of indeterminate status).

However, the identification of an autosomal domi-
nant mode of inheritance for DCM in the Doberman
Pinscher supports further investigation of candidate
genes that have been associated with the autosomal
dominant pattern in human beings. Causative mutations
for familial DCM in human beings have now been
identified in 24 different genes but the autosomal
dominant form of it has only been linked to 16 different
loci and several different genes including actin, desmin,
phospholamban, alpha-sarcolglycan, beta-sarcoglycan,
troponin T, beta myosin heavy chain and alpha
tropomyosin.** Evaluation of the desmin and delta
sarcoglycan genes by typing of adjacent genetic markers
in affected and unaffected Doberman Pinschers did not
support a role for these genes in Doberman Pinscher
DCM.**3¢ In addition, the promoter and coding regions
of the phospholamban gene and coding region of the
actin gene have been excluded by direct sequencing in
affected and unaffected dogs.””**

In conclusion we have demonstrated that DCM in the
Doberman Pinscher dogs is a familial disease inherited as
an autosomal dominant trait. Due to the autosomal
dominant nature, genes that have been found to be
involved in the development of X-linked DCM may be de-
emphasized in future studies. A genome wide scan with
microsatellite markers of Doberman Pinscher DCM has
limitations due to the adult onset nature of this disease
and the likely incomplete penetrance. In the future,
association studies with single nucleotide polymporphism
array technology may prove to be more valuable. Further
investigations remain necessary to identify the causative
gene(s) responsible for this condition.

Footnotes
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