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Results: 1) In the whole study population, the mutation was only found in Maine
Coon cats (prevalence = 41.5%), except for one British Longhair cat. 2) 55/164
(34%) cats from the Echo-Group carried the mutation while only 12/164 (7%; 5/48
heterozygous, 5/7 homozygous mutated, 2/109 homozygous wild-type cats) showed
HCM. MYBPC3-A31P was associated with a significant increased risk of HCM (relative

risk = 9.91).

Conclusion: The MYBPC3-A31P mutation is highly prevalent in Maine Coon cats in Eur-
ope and appears to be breed specific with potential marginal events. Young unaf-
fected mutated cats and affected homozygous wild-type cats illustrate the
phenotypic and etiological heterogeneity of feline HCM, as demonstrated in humans.
© 2010 Elsevier B.V. All rights reserved.

Introduction

Hypertrophic cardiomyopathy (HCM) is a myocardial
disorder characterized by concentric hypertrophy
of the left ventricle (LV) in the absence of an obvious
cause such as systemic arterial hypertension or
hyperthyroidism."~® Hypertrophic cardiomyopathy
is one of the most common cardiovascular diseases
in humans affecting about 1/500 people, and is
considered as familial in at least 60% of cases with an
autosomal dominant trait.*> More than 455 inde-
pendent causative mutations in 22 myofilament-
related genes have been identified up to now
(http://www.cardiogenomics.org and OMIM, Online
Mendelian Inheritance in Man, http://www.ncbi.
nlm.nih.gov/omim #192600).678 Several of these
mutated genes encode sarcomeric proteins
including the alpha and beta myosin heavy chains,
cardiac troponins T, | and C, alpha tropomyosin,
actin, titin and cardiac myosin binding protein C
(MYBPC3).%°

Hypertrophic  cardiomyopathy has been
described in several animal species, particularly in
cats and dogs.'®"" Hypertrophic cardiomyopathy is
the most common feline heart disease and is also
amajor cause of morbidity and mortality associated
with a high risk of sudden death, congestive heart
failure, and aortic thromboembolism in this
species.”?'2 Feline HCM is currently diagnosed by
two-dimensional (2D) and M-mode echocardiog-
raphy demonstrating a variety of global or regional
hypertrophic patterns, predominantly involving the
interventricular septum (IVS) and the left ventric-
ular free wall (LVFW).

In 1999, HCM was described in a family of
American Maine Coon cats as an inherited disorder
with evidence of an autosomal dominant mode of
inheritance and complete penetrance.™ In 2005,
one causative mutation was identified in the
MYBPC3 gene for inherited HCM in a Maine Coon
colony.™ The mutation was shown to be a guanine-
to-cytosine transition in MYBPC3 exon 3 (G93C),

inducing the production of an aberrant protein by
changing the conserved alanine of the 31st codon
into a proline (A31P).™

A prospective study was recently undertaken on
a worldwide panel of cats (non-diagnosed for
HCM), and the prevalence of the G93C mutation
was shown to be high in the Maine Coon breed
(34%)." However, the exact prevalence of the
mutation in European cats is still unknown. More-
over, few data are available regarding the preva-
lence of HCM in the Maine Coon breed and its
association with the genetic status.'®!’

The aims of this prospective study were there-
fore: 1) to investigate the prevalence of the
MYBPC3 mutation and its breed specificity in
a large European cohort of various feline breeds,
2) to assess the prevalence of HCM in a population
of European Maine Coon cats using conventional
echocardiography, and 3) to associate the HCM
phenotype with the mutation in MYBPC3 in a phe-
notyped sub-population.

Animals, material and methods

Animals

Cats from various breeds with or without a known
phenotypic status (i.e., with or without prior
echocardiographic examination) were screened for
the Maine Coon cat MYBPC3 mutation by the
Antagene laboratory (JM, AT) using buccal swab
kits, between 2006 and 2009. Owner’s consent was
obtained for each cat before its inclusion in the
study. Samples were provided by both European
breeders and various European veterinary clinics.

A group of Maine Coon cats (Echo-Group) was
distinguished within this study population. Maine
Coon cats examined in a single cardiology depart-
ment (Cardiology Unit of Alfort) between 2006 and
2009 for which the owner’s consent was obtained
for both DNA analysis (M\YBPC3-A31P mutation) and
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echocardiographic examination were included in
this Echo-Group. All cats from the Echo-Group
underwent echocardiography by a trained observer
(CCS, VC, VG).' Only one imaging center was
utilized in order to limit the bias in echocardio-
graphic measurements induced by inter-observer
variability.'® Pathological hypertrophy was defined
as a diastolic LVFW or IVS thickness >6 mm using
2D or M-mode echocardiography.’™® In cats >4
years old with an LV hypertrophic pattern, HCM
was diagnosed after excluding both systemic
arterial hypertension (systolic arterial blood pres-
sure <160 mmHg in unstressed cats) and hyper-
thyroidism (total thyroxin plasma levels [T4],
reference interval: 10—50 nmol/L)."’

Mutation analysis

DNA extraction

Genomic DNA was extracted from buccal swab
samples preserved in ethanol using the Nucle-
oSpin® 96 Tissue DNA Kit according to the manu-
facturer’s instructions.’

Mutation testing

Cats were screened for the G93C mutation iden-
tified in MYBPC3." Polymerase chain reactions
using especially designed primers were processed
from 20 ng genomic DNA amplified with the Euro-
bluetaq® DNA polymerase.® The PCR products
were sequenced using the BigDye® Terminator v
3.1 Cycle Sequencing Kit and run on an Applied
Biosystems 3100 sequencer."

Classification used in this study

Maine Coon cats were regarded as wild-type when
they were homozygous at the MYBPC3 locus (G/G),
homozygous mutated when they carried 2 copies of
the mutated allele (C/C), and heterozygous when
they carried one copy of the mutated allele (G/C).
The designation “mutated cats” will be used to bring
together the heterozygous and homozygous mutated
Maine Coon cats. Lastly, Maine Coon cats with HCM
will be considered as “affected cats”.

Statistical analysis
Data are expressed as mean =+ SD. Ages were

compared between groups using a one-way ANOVA
followed if necessary by a Fisher’s Protected LSD.'

f NucleoSpin 96 Tissue DNA kit, Macherey—Nagel, Hoerdt,
France.

¢ Eurobio, Courtaboeuf, France.

h Applied Biosystems, Foster City, CA.

I Systat, version12, SPSS Inc, Chicago, L.

Proportions were compared between groups using
a chi-square test. Relative risk (RR) of developing
HCM was calculated in mutated versus homozygous
wild-type cats. This calculation was performed
conventionally (i.e., without modelling), assuming
that this is a ratio of the proportion of an event
occurring in an exposed group versus a hon-exposed
group. Cl 95% was defined as RR/EF to RRxEF (Cl 95%:
confidence interval, EF: error factor). EF was calcu-
lated using the standard error (s.e.) of the log(RR):
EF = exp(1.96 x s.e.log(RR)). P values <0.05
were considered as statistically significant.

Results

Prevalence and breed specificity of the
MYBPC3-A31P mutation in the whole study
population (n = 3757)

A total of 3757 cats from 11 different countries and
from 17 different breeds were screened for the
mutation (Table 1). Samples came mostly from
France, but also from Belgium, Denmark, Germany,
Italy, Liechtenstein, Luxemburg, the Netherlands,
Poland, Spain and Switzerland. The most repre-
sented breed was Maine Coon (n = 2744), including
58.5% wild-type cats (1605/2744), 38.0% heterozy-
gous cats (1044/2744) and 3.5% homozygous mutated
cats (95/2744). The prevalence of the mutation in
the Maine Coon breed was therefore 41.5% (1139/
2744). Al cats of other breeds (n = 1013) mostly
represented by Persian (685/1013; 67.6%) and Exotic
Shorthair cats (137/1013; 13.5%), were negative for
the MYBPC3-A31P mutation, with the exception of
one of the two British Longhair cats that was
heterozygous for the mutation.

Prevalence of the HCM phenotype in the
Echo-Group (n = 164); association with the
genotype

The Echo-Group included 164 Maine Coon cats. The
genotyping and phenotyping data are compared in
Table 2. Of these 164 Maine Coon cats, 66% cats
were wild-type (109/164), 30% were heterozygous
(48/164), and 4% were homozygous mutated (7/
164). The overall prevalence of the mutation was
therefore 34% (55/164).

The prevalence of HCM in the Echo-Group was 7%
(12/164, Table 2) and was significantly different
from that of the mutation (P < 0.0001). Hypertro-
phic cardiomyopathy was diagnosed in both wild-
type and mutated cats. The penetrance was 18% at
2.6 + 2.0 years old. In the sub-population of
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Table 1  Presentation of the whole study population
including 3757 cats from 11 European countries
screened for the MYBPC3-A31P mutation.

Breed N Genotype % carriers?
G/G G/C C/C

Maine Coon 2744 1605 1044 95 41.5
Bengal 1 1 0 O 0.0
Birman 26 26 0 O 0.0
British Longhair 2 1 1 0 50.0
British Shorthair 43 43 0 O 0.0
Burmese 1 1 0 0 0.0
Chartreux 5 5 0 O 0.0
Devon Rex 4 4 0 O 0.0
European Shorthair 10 10 0 O 0.0
Exotic Shorthair 137 137 0 O 0.0
Norwegian 7 7 0 O 0.0
Forest Cat

Ocicat 1 1 0 O 0.0
Persian 685 685 0 O 0.0
Pixie Bob 7 7 0 0 0.0
Ragdoll 14 14 0 O 0.0
Scottish Fold 8 8 0 O 0.0
Sphynx 60 60 0 O 0.0
Unknown® 2 2 0 0 0.0
Total 3757 2617 1045 95 30.3
Total without 1013 1012 1 0 <0.1

Maine Coon

2 Heterozygous and homozygous mutated.

b No breed information, N: number of cats, G93C: guanine
93 to cytosine, MYBPC3: Myosin Binding Protein C 3, wild-
type homozygous: G/G, heterozygous: G/C, mutated
homozygous: C/C.

homozygous mutated cats, the penetrance was 71%.
Compared with wild-type cats, mutated cats were
significantly overrepresented in the affected (HCM)
feline group (P = 0.003, Table 2): 18% (10/55) of

Table 2 Distribution of the 164 Maine Coon cats
that underwent echocardiography (Echo-Group)
according to their genotype (MYBPC3-A31P mutation)
and phenotype (hypertrophic cardiomyopathy).

Echo-Group G/G G/C C/C Total Phenotype%
Unaffected 107 43 2 152 93

Affected 2 5 5 12 7

Total 109 48 7 164

Genotype% 66 30 4

Carriers% 34

G/G: wild-type homozygous, G/C: heterozygous, C/C:
mutated homozygous, Affected and Unaffected: cats with or
without hypertrophic cardiomyopathy respectively, Pheno-
type%: distribution between unaffected and affected cats,
Genotype¥%: distribution between homozygous wild-type,
heterozygous and homozygous mutated cats, Carriersk:
genetic prevalence of the mutation (heterozygous and
homozygous mutated cats).

mutated cats were diagnosed with HCM, repre-
senting more than 83% (10/12) of affected cats
(equally divided between heterozygous and
homozygous mutated), while only 2% (2/109) of the
wild-type cats were affected by the disease (rep-
resenting 17% of the affected cats). MYBPC3-A31P
mutation was therefore significantly associated
with an increased risk of HCM [RR = 9.91, CI
95% =2.1—46.8]. The risk increased when cats were
homozygous for the mutation [RR = 35.50, CI
95% =5.8—216.7]. Among mutated Maine Coon cats
with HCM (n = 10), the number of animals with
congestive heart failure was similar (1 homozygous
mutated and 1 heterozygous cat).

The mean age of the 164 cats from the Echo-
Group was 2.6 + 2.0 years (0.3—11.5 years, Table 3).
The age of unaffected cats carrying the MYBPC3-
A31P mutation varied between 0.3 and 11.5 years,
while the age of diseased cats varied between 0.8
and 4.6 years. Ages of affected and unaffected cats
that carried the MYBPC3-A31P mutation were not
statistically different (P=0.771). The percentage of
males in the Echo-Group was 37% (60/164) while 67%
(8/12) of the affected cats were males (Table 4).

Discussion

The present study provides data on the genetic
prevalence of the MYBPC3-A31P mutation in
a large cohort of cats with or without a known
phenotypic status. In this report, the prevalence of
the mutation and the prevalence of HCM were also
compared in order to associate the genotype and
the phenotype in a population of Maine Coon cats
(Echo-Group).

In the first step of our study, the percentage of
Maine Coon cats carrying the MYBPC3-A31P muta-
tion was 41.5%. This prevalence seems to be higher
than that estimated by Fries et al. (34%)." The
difference may be explained by the geographic
origin of the cohorts: all Maine Coon cats recruited
in our study came from Europe, whereas, in the
report by Fries et al., four continents (North Amer-
ica, Europe, Asia, and Australia) were represented
with most cases coming from the United States. In
their study, the percentage of European Maine Coon
cats that had at least 1 copy of the mutation was
37.6%. So it appears that the estimates from the two
studies with regard to prevalence of the mutationin
Europe are the same or at least similar.

Persian, British Shorthair, Sphynx, Ragdoll and
several other feline breeds are also affected by
HCM.?° This is the reason why we decided to screen
a large population of cats from 16 different breeds
other than Maine Coon (n = 1013). None of these
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Table 3
their genotype and phenotype.

Age distribution of the 164 Maine Coon cats that underwent echocardiography (Echo-Group) according to

Echo-Group Age (years) Mean =+ SD [range]
G/G G/C c/c All
Unaffected cats 2.4 + 1.7 [0.4—9.0] 3.1 +£ 2.8 [0.3—11.5] 3.3 £ 0.4 [3.0-3.6] 2.6 £ 2.1[0.3—11.5]
(n = 107) (n = 43) (n=2) (n = 152)
Affected cats 0.9 + 0.1 [0.8—1.0] 3.3 £ 0.9 [2.5—4.5] 2.4 + 1.5 [1.2—4.6] 2.6 + 1.4 [0.8—4.6]
(n=2) (n=05) (n=05) (n=12)
All 2.4 + 1.7 [0.4-9.0] 3.2 + 2.6 [0.3—11.5] 2.7 +1.3[1.2—4.6] 2.6 +£2.0[0.3—11.5]
(n = 109) (n = 48) (n=7) (n = 164)

Mean age: years, G/G: wild-type homozygous, G/C: heterozygous, C/C: mutated homozygous, Affected and Unaffected: cats with

or without hypertrophic cardiomyopathy, respectively.

1013 cats was positive for the mutation, except for
one British Longhair cat (heterozygous). Fries
et al. also found the mutation in one Ragdoll and
one Siberian cat." The presence of the mutation
in these 3 cats represents a punctual inconsistency
and may be due to fortuitous crossbreeding. Rag-
doll, Siberian, British Longhair and Maine Coon are
longhair breeds. It is possible that crossbreeding
occurred in their histories, and that these 3 cats
had a Maine Coon cat in their lineage. A de novo
mutation of the MYBPC3 gene may also explain
these 3 cases, but this hypothesis remains less
probable. A haplotype analysis might demonstrate
that the mutation found in these cats is the same.
Nevertheless, the MYBPC3-A31P mutation can be
considered as specific to the Maine Coon breed,
with some potential marginal events.

Different prevalence values, depending on the
echocardiographic ranges used, were obtained in
a Swedish study in which 42 asymptomatic Maine
Coon cats were evaluated for HCM by echocardi-
ography."” Prevalence varied from 9.5 to 26.2%
when the upper reference values of LVFW or IVS
thickness varied from 6.0 mm or 5.0 mm. Chetboul
and collaborators also reported a marked within-
day and between-day intra- and inter-observer
variability according to the observers’ experience,
and its influence on conventional echocardio-
graphic measurements in the cat.® In the present
study, the cats were deliberately screened in
a single cardiologic center involving validated
observers and methods so as to limit the influence
of intra- and inter-observer variability. Using this
diagnostic protocol, the prevalence of HCM in
Maine Coon cats with a mean age of 3 years was
shown to be less than 10%. This prevalence of 1 in
10 in Maine Coon breed is markedly higher than the
estimate of 1 in 500 people.*

In the Echo-Group, a marked difference was found
between the phenotype and the genetic status. In
the 164 Maine Coon cats from the Echo-Group, 34%
carried the mutation, while only 7% were HCM-

affected. However, the prevalence of HCM may have
been underestimated due to the young age of the
recruited cats and this is the main limitation of the
present study. Echocardiographic examinations were
indeed most often requested by breeders who
wished to screen the youngest cats in their cattery in
order to obtain an early diagnosis for HCM, and adapt
their breeding programs accordingly.

The first clinical signs of HCM were reported to
usually occur between 1.5 and 3 years of age in Maine
Coon cats with complete penetrance.’® However,
one heterozygous female did not have any symptom
of HCM at 7 years of age in the Kittleson et al.’s
colony.™ Similarly, in the present study, 42% of
unaffected mutated cats were over 3 years of age
[3.0—11.5]. In particular, 1 male and 2 females were
more than 10 years old. However, in the present
study, no difference was observed between the ages
of affected and unaffected carriers of the A31P
mutation, which suggests incomplete penetrance.
Furthermore, homozygous mutated cats have been
reported to show HCM symptoms earlier than
heterozygous ones, ' but this was not the case in the
present study. These data suggest that unaffected
mutated cats, in particular, need to be followed up to
determine whether and when HCM occurs or when
the first tissue Doppler imaging signs appear in
asymptomatic cats. 22

In humans, symptoms of HCM are heterogeneous
even when mutations occur in the same gene.?
Mutations in MYBPC3 lead mainly to truncation of
the protein which gives a relatively mild phenotype,
but mutations in MYBPC3 are also correlated with
severe phenotypes.?*?> Qur data suggest that the
G93C mutation in MYBPC3 may be associated with an
incomplete penetrance in the Maine Coon breed. As
in humans, this incomplete penetrance could be
explained by multiple genetic and/or environmental
modifiers impacting the phenotype of cats from the
Echo-Group whereas cats from Kittleson’s colony
were strongly inbred and probably lived under similar
conditions.
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In the present study, although a minority of

~— c

gn § mutated cats was affected by HCM (18%), as expec-

g © ted, mutated cats were overrepresented among the

a s diseased animals (83%). However, HCM was also
e | +H '“‘_?.3 g ) ‘2 E diagnosed in 2 homozygous wild-type Maine Coon
25T T Y = E cats with a mean age of 0.9 years. This suggests an
g 2[m= N B etiological heterogeneity for HCM in the Maine Coon
gel== == i > breed. In 2007, a novel MYBPC3 mutation, R820W,
G|l s|N S e Cla . e ys 26 1.: .

- § N = N~ ~N| > was identified in Ragdoll cats.“® This mutation occurs
g =+ + H H| 2 in a different domain to that of the Maine Coon cat
A N < O 2 .

‘g’ 2N~ & o3 ~|= mutation and the phenotype seems to be more
o 3 severe than in Maine Coon cats. In the present study,
e - ; no Maine Coon cat carried this second mutation,
gl 8 contrary to Ragdoll cats (data not shown). MYBPC3 is
> o =]
5 g‘ S one of the most commonly mutated genes in human
c| e oo . .
0| g G g HCM, and more than 140 causative mutations have
on
= ol R P S~3 g S been identified in this sarcomeric gene.® As in
< 2 2 humans, it can be hypothesized that other mutations
Sl= & ‘g in MYBPC3 or in other sarcomeric genes may also be
ol an S.3u 3|%g responsible for HCM in the Maine Coon breed.
© 2 & Finally, although few Maine Coon cats were
§ S8 affected by HCM (n = 12) in our study, most of them
s ) 'f E § (67%) were males. The overrepresentation of affected
S 0 | S o males in the feline species and in the Maine Coon
S A S |8s breed has already been discussed.?”-2 Factors lik
5 = = |&a reed has already been discussed.””“® Factors like
o) = o) 23 modifier genes or hormones may have a bearing on the
2 . ] g o .
) j ; N sexual predisposition to HCM as has been reported in
=L 0 ~ |3 g humans with HCM or other heart diseases.??*°
glY|oN N -Nmnma~ §£* In conclusion, the MYBPC3-A31P mutation is
gn £ ‘é highly prevalent in European Maine Coon cats and
S = 5 sz seems specific to this feline breed although poten-
§ = =) %E tial marginal events may occur. The majority of
< | l 29 affected Maine Coon cats carry one or two copies of
2 o4 X Ebo . .
o =3 S (6% the A31P mutation, suggesting a strong causative
& 2 R g relationship between this mutation and HCM in the
2 52 Maine Coon breed. The prevalence of HCM in cats
g i Ho|gc preva . .
g 5 N o § s _99 2 ) 29 homozygous for the mutation is m_uch higher than in
= T - e % cats heterozygous for the mutation. However, the
5 @ 2 disease penetrance at 2.6 years is incomplete.
£ oV g |2 Lastly, as several affected cats are homozygous
2 ® g Qé wild-type for the mutation, it is highly likely that
8 g g 3 g other causes (genetic or not) are also responsible
E ; ';' %"Bq\j for the disease in the Maine Coon breed.
= ~N - EQ
o H +H S =
i 2 o awv2n ~e™3 E 2 . .
C|V|FuYTNNvovTnN~—|5§ Conflicts of interest
(0] T u
< =
- E N
w T one.

c () () ‘N O
kel o U
3 5 s |°8
2 = = |os
= < ©
2 = - N % g Acknowledgement
1522 %48 %a lis .

°lews &%=w 8% (=3 This study was funded by the European Research
YIS|88 Zc98 >m |gF (R
% _8 = F8c = 58 cw|E % Pr:ogrkal;n Eudrotransclialo '((Blgmarks). T:e aut:ors atlsg

Y— y— i)

S|5ls5e8Ls5E08L 5|8 thank breeders and veterinarians who participate

in the recruitment phase of this study.



HCM in european Maine Coon cats

161

References

. Fox P. Feline cardiomyopathies. In: Fox P, Sisson D, Moise N,

editors. Textbook of canine and feline cardiology. 2nd ed.
Philadelphia: WB Saunders; 1999. p. 621—678.

. Fox PR. Hypertrophic cardiomyopathy. Clinical and patho-

logic correlates. J Vet Cardiol 2003;5:39—45.

. Fox PR, Liu SK, Maron BJ. Echocardiographic assessment of

spontaneously occurring feline hypertrophic cardiomyop-
athy. An animal model of human disease. Circulation 1995;
92:2645—2651.

. Marian AJ, Roberts R. The molecular genetic basis for hyper-

trophic cardiomyopathy. J Mol Cell Cardiol 2001;33:655—670.

. Moolman JA, Reith S, Uhl K, Bailey S, Gautel M, Jeschke B,

Fischer C, Ochs J, McKenna WJ, Klues H, Vosberg HP. A
newly created splice donor site in exon 25 of the MyBP-C
gene is responsible for inherited hypertrophic cardiomyop-
athy with incomplete disease penetrance. Circulation 2000;
101:1396—1402.

. Alcalai R, Seidman JG, Seidman CE. Genetic basis of

hypertrophic cardiomyopathy: from bench to the clinics.
J Cardiovasc Electrophysiol 2008;19:104—110.

. Mercuri E, Brown SC, Nihoyannopoulos P, Poulton J,

Kinali M, Richard P, Piercy RJ, Messina S, Sewry C,
Burke MM, McKenna W, Bonne G, Muntoni F. Extreme vari-
ability of skeletal and cardiac muscle involvement in
patients with mutations in exon 11 of the lamin A/C gene.
Muscle Nerve 2005;31:602—609.

. Sakamoto A, Ono K, Abe M, Jasmin G, Eki T, Murakami Y,

Masaki T, Toyo-oka T, Hanaoka F. Both hypertrophic and
dilated cardiomyopathies are caused by mutation of the
same gene, d-sarcoglycan, in hamster: an animal model of
disrupted dystrophin-associated glycoprotein complex. Proc
Natl Acad Sci U S A 1997;94:13873—13878.

. Solomon SD, Jarcho JA, McKenna W, Geisterfer-Lowrance A,

Germain R, Salerni R, Seidman JG, Seidman CE. Familial
hypertrophic cardiomyopathy is a genetically heteroge-
neous disease. J Clin Invest 1990;86:993—999.

. Liu SK, Maron BJ, Tilley LP. Canine hypertrophic cardiomy-

opathy. J Am Vet Med Assoc 1979;174:708—713.

. Liu SK, Tashjian RJ, Patnaik AK. Congestive heart failure in

the cat. J Am Vet Med Assoc 1970;156:1319—1330.

. Baty CJ. Feline hypertrophic cardiomyopathy: an update.

Vet Clin North Am Small Anim Pract 2004;34:1227—1234.

. Kittleson MD, Meurs KM, Munro MJ, Kittleson JA, Liu SK,

Pion PD, Towbin JA. Familial hypertrophic cardiomyopathy
in Maine Coon cats: an animal model of human disease.
Circulation 1999;99:3172—3180.

. Meurs KM, Sanchez X, David RM, Bowles NE, Towbin JA,

Reiser PJ, Kittleson JA, Munro MJ, Dryburgh K, Macdonald KA,
Kittleson MD. A cardiac myosin binding protein C mutation in
the Maine Coon cat with familial hypertrophic cardiomyop-
athy. Hum Mol Genet 2005;14:3587—3593.

. Fries R, Heaney AM, Meurs KM. Prevalence of the myosin-

binding protein C mutation in Maine Coon cats. J Vet Intern
Med 2008;22:893—896.

. Carlos Sampedrano C, Chetboul V, Mary J, Tissier R, Abitbol M,

Serres F, Gouni V, Thomas A, Pouchelon JL. Prospective
echocardiographic and tissue Doppler imaging screening of
a population of Maine Coon cats tested for the A31P mutation

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

in the myosin-binding protein C gene: a specific analysis of the
heterozygous status. J Vet Intern Med 2009;23:91—99.
Gundler S, Tidholm A, Haggstrom J. Prevalence of
myocardial hypertrophy in a population of asymptomatic
Swedish Maine Coon cats. Acta Vet Scand 2008;50:22.
Chetboul V, Concordet D, Pouchelon JL, Athanassiadis N,
Muller C, Benigni L, Munari AC, Lefebvre HP. Effects of
inter- and intra-observer variability on echocardiographic
measurements in awake cats. J Vet Med A Physiol Pathol
Clin Med 2003;50:326—331.

Brown S, Atkins C, Bagley R, Carr A, Cowgill L, Davidson M,
Egner B, Elliott J, Henik R, Labado M, Littman M, Polzin D,
Ross L, Snyder P, Stepien R. Guidelines for the identifica-
tion, evaluation, and management of systemic hypertension
in dogs and cats. J Vet Intern Med 2007;21:542—558.
Atkins CE, Gallo AM, Kurzman ID, Cowen P. Risk factors,
clinical signs, and survival in cats with a clinical diagnosis of
idiopathic  hypertrophic  cardiomyopathy: 74 cases
(1985—1989). J Am Vet Med Assoc 1992;201:613—618.
Chetboul V, Carlos Sampedrano CC, Gouni V, Nicolle AP,
Pouchelon JL. Two-dimensional color tissue Doppler
imaging detects myocardial dysfunction before occurrence
of hypertrophy in a young Maine Coon cat. Vet Radiol
Ultrasound 2006;47:295—300.

Chetboul V, Blot S, Carlos Sampedrano CC, Thibaud JL,
Granger N, Tissier R, Bruneval P, Gaschen F, Gouni V,
Nicolle AP, Pouchelon JL. Tissue Doppler imaging for
detection of radial and longitudinal myocardial dysfunction
in a family of cats affected by dystrophin-deficient hyper-
trophic muscular dystrophy. J Vet Intern Med 2006;20:
640—647.

Tardiff JC. Sarcomeric proteins and familial hypertrophic
cardiomyopathy: linking mutations in structural proteins to
complex cardiovascular phenotypes. Heart Fail Rev 2005;
10:237—-248.

Van Driest SL, Vasile VC, Ommen SR, Will ML, Tajik AJ,
Gersh BJ, Ackerman MJ. Myosin binding protein C mutations
and compound heterozygosity in hypertrophic cardiomyop-
athy. J Am Coll Cardiol 2004;44:1903—1910.

Lekanne Deprez RH, Muurling-Vlietman JJ, Hruda J,
Baars MJ, Wijnaendts LC, Stolte-Dijkstra I, Alders M, van
Hagen JM. Two cases of severe neonatal hypertrophic
cardiomyopathy caused by compound heterozygous muta-
tions in the MYBPC3 gene. J Med Genet 2006;43:829—832.
Meurs KM, Norgard MM, Ederer MM, Hendrix KP,
Kittleson MD. A substitution mutation in the myosin binding
protein C gene in ragdoll hypertrophic cardiomyopathy.
Genomics 2007;90:261—264.

Ferasin L, Sturgess CP, Cannon MJ, Caney SM, Gruffydd-
Jones TJ, Wotton PR. Feline idiopathic cardiomyopathy:
a retrospective study of 106 cats (1994—2001). J Feline Med
Surg 2003;5:151—159.

Bright JM, Golden AL, Daniel GB. Feline hypertrophic car-
diomopathy: variations on a theme. J Small Anim Pract
1992;33:266—274.

Kaab S, Schulze-Bahr E. Susceptibility genes and modifiers
for cardiac arrhythmias. Cardiovasc Res 2005;67:397—413.
Saeed M, Saleheen D, Siddiqui S, Khan A, Butt ZA,
Frossard PM. Association of angiotensin converting enzyme
gene polymorphisms with left ventricular hypertrophy.
Hypertens Res 2005;28:345—349.

Available online at www.sciencedirect.com

ScienceDirect



	Prevalence of the MYBPC3-A31P mutation in a large European feline population and association with hypertrophic cardiomyopat ...
	Introduction
	Animals, material and methods
	Animals
	Mutation analysis
	DNA extraction
	Mutation testing
	Classification used in this study

	Statistical analysis

	Results
	Prevalence and breed specificity of the MYBPC3-A31P mutation in the whole study population (n = 3757)
	Prevalence of the HCM phenotype in the Echo-Group (n = 164); association with the genotype

	Discussion
	Conflicts of interest
	Acknowledgement
	References


