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Abstract

Introduction and Objectives: Hypertrophic cardiomyopathy is the most common genetic cardiovascular disease.
Mutations have been described in at least 27 genes that can encode sarcomere proteins, mitochondrial proteins and
proteins that control calcium handling. This report shows a family with Hypertrophic cardiomyopathy in the presence
of sudden death.

Methods: We performed a clinical, genetic and molecular biology to establish the phenotypic and genotypic
commitment of this disease. We analyzed a total of 592 mutations in 16 genes spread ACTC, GLA, MYBPC3,
MYH6, MYH7, MYL2, MYL3, MYLK2, MYO6, PRKAG2, TCAP, TNN1, TNNI3, TNN2, TPM1 and TTN.

Results: We determined phenotypic and genotypic characteristics of 37 members belonging to one family in five
generations. Lys247Arg (K247R) mutation was found in 13 family members (38.23%) of which 3 had hypertrophy on
echocardiography, but two patients had hypertrophy and they did not have the mutation. Moreover, a patient carries
the mutation but the mother does not. The father (not related to the family) carries this mutation.

Conclusions: We present a Colombian family with hypertrophic cardiomyopathy and sudden death where
described causal mutations in the sarcomeric genes were evaluated. K247R genetic variant in the Troponin T type 2
gene was found with no correspondence to the phenotypic expresion of the disease in the family.

Keywords: Hypertrophic cardiomyopathy; Gene mutation;
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Introduction
Hypertrophic cardiomyopathy (HCM) is the most common genetic

cardiovascular disease with a prevalence close to 0.2% [1,2]. It is
characterized by left ventricular hypertrophy with no hemodynamic or
infiltrative cause [3]. The clinical manifestations vary from
asymptomatic patients to severe heart failure or sudden cardiac death
(SCD) [4]. The latter may be the first manifestation of the disease and
constitutes the most common cause of death among young athletes
[5].

Some of the predisposing factors for suffering SCD include:
recovery from previous SCD, syncope, family history of SCD, non-
sustained ventricular tachycardia, severe septal hypertrophy (>30 mm)
or hypotension during exercise [6].

The genetic evaluation of this disease has progressed rapidly,
leading to the description of mutations in at least 27 genes encoding
for sarcomere proteins, mitochondrial proteins and proteins that
manipulate calcium control [7].

Since a family history of SCD is a risk factor for dying, it has been
suggested that there are "malignant" genetic variations that are
responsible for such risk. It has been found that mutations in troponin
T and some mutations in the beta-myosin heavy chain are related to
SCD [8,9].

This report shows a family with HCM and a history of SCD, in
which clinical, genetic and molecular biology analyses were conducted
to establish the phenotypic and genotypic characteristics of this
disease.

Materials and Methods

Study group and clinical examination
This study was approved by the ethics committee from the faculty

of Medicine of the National University of Colombia. All the patients or
legal guardians of minors who participated in the study signed an
informed consent form.

After reading, clarifying, approving and giving their signed
informed consent, each family member was interviewed about the
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signs and symptoms of the disease, their clinical history and then
underwent a complete physical examination. Subsequently, each
patient underwent a 12-lead electrocardiogram (Cardiolin AR600adv)
and an M-mode, Doppler and two-dimensional echocardiography
(Philips Sonos 5500). These tests were evaluated by a cardiologist not
related to the research team. Finally, each family member provided a
venous blood sample, which was purified and used to isolate the
genetic material (DNA) of each family member for studying HCM-
associated mutations. Based on these data, a complete pedigree family
was performed.

DNA extraction and mutation detection
The DNA was extracted from the peripheral blood samples

obtained from each family member using a commercial DNA
extraction kit (Invitrogen - PureLink™ Genomic DNA).

Online mutation databases were used for mutation selection
(www.hgmd.org/, cardiogenomics.med.harvard.edu/home and
www.angis.org.au/Databases/Heart/heartbreak.html)  as   well     as
information from our own studies in the laboratory of about 1500
patients. We tryed to include in the study all the mutations, which at
the time of design were described as possibly responsible for
hypertrophic cardiomyopathy in some family, or as a potential
modifier of phenotype (Table 1).

Sarcomeric
genes

Mutation
s
analyzed

Mutations
with results

Other
genes

Mutation
s
analyzed

Mutations
with results

MYH7 246 232 PRKAG 10 3

MYBPC3 184 177 TCAP 2 2

TNNT2 47 40 GLA 1 0

TNNI3 35 34 MYO6 1 1

TPM1 13 11 MYLK2 2 2

MYL2 11 10

MYL3 11 11

ACTC 9 8

TTN 10 10

MYH6 5 5

TNNC1 5 5

Table 1: Mutations analyzed.

A total of 592 mutations spread over 16 genes were analyzed. Such
mutations were located in these genes: ACTC, GLA, MYBPC3, MYH6,
MYH7, MYL2, MYL3, MYLK2, MYO6, PRKAG2, TCAP, TNN1,
TNNI3, TNN2, TPM1, and TTN. Sequenom Mass ARRAY analysis
technology, which is based on mass spectrometry (MALDI-TOF mass
spectrometry - Sequenom Mass ARRAY System and Gold genotyping
IPLEX chemistry), was used for DNA sequencing, as described
previously elsewhere [10]. The presence of the gene variants was also
confirmed by conventional Sanger sequencing.

Results
The phenotypic (clinical and testing) and genotype characteristics

of 37 members belonging a family with HCM were determined. The
average age of the family members was 24.8 years (1 - 88 years) and
51.3% of them were males. No family member had hypertrophy on
electrocardiogram according to standardized criteria and validated by
Romhilt and Estes [11]. Five members (13.71%) had left ventricular
hypertrophy determined by echocardiography, two asymmetric septal
involvement, two concentric and one distal. Cardiovascular symptoms
occurred only in patients with severe hypertrophy (I - 2 and II - 9)
(Figure 1) and consisted of dyspnea and angina. No patient had
anterior movement of the mitral valve and patients with dyspnea had
mitral flow changes consistent with diastolic dysfunction. Three
members of the family had died suddenly. The other affected were
asymptomatic and no member reported syncope. It was concluded
that patients II - 7 and III - 17 had clinical features compatible with the
disease, given the history of sudden death in the second and third
decades of life, respectively.

Figure 1: Pedigree of a family affected with HCM. (+)* Obligate
gene carrier K247R en TNNT2. (+) Positive for K247R in TNNT2.
(-) Negative for K247R in TNNT2. (?) Unknown genetic status. ?
Unknown clinical status. (?)* Unknown genetic status, presumably
affected by sudden death. () )Female without HCM. ( ))Female with
HCM. ( ) Male without HCM. ( ) Male with HCM. ( ) Deceased. ( )
Index case.

We analyzed a total of 592 mutations but 41 of them failed, which
produces a genotyping success rate of 93.6%. Of the genetic variants
studied, we did not found causal mutation for phenotypic expression
of patients. However, 13 (38.23%) family members were positive for
the mutation K247R (Lys247Arg) of troponin T (NM_001001430.1),
which has been previously described as causal mutation associated
with HCM. The clinical and echocardiographic results are presented in
Table 2.

Surprisingly patients 1-2 and 3-3 had left ventricular hypertrophy
and were negative for the mutation. Moreover the patient 4-2, a 10-
year-old, carries the mutation but the mother (patient 3-2) does not
have it. Given this latter finding, the father of this child was assessed
finding that he (which is not related to the family) also carried the
mutation.

Patient Age Sex Symptoms Echocardiogram
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Hypertrophy
criteria

MTW (mm)

1 – 1 M Sudden death

2 – 2 66 F Dyspnea absent 10

2 – 4 64 F None unknown

2 – 7 M Sudden death

2 – 9 58 M Dyspnea/
orthopnea

present 32

3 – 1 M None unknown

3 – 6 35 F Dyspnea absent 11

3 – 7 41 M None present 16.3

3 – 17 M Sudden death

3 – 18 16 F None absent 7

4 – 2 11 M None absent 7.5

4 – 5 16 M None absent 4.5

4 – 8 20 M None absent 8

4 – 10 6 F None absent 8.1

4 – 11 2 M None absent 3

Table 2: Living and deceased patients presumably positive for the
K247R  mutation  in  TNNT2.   ECG:  Electrocardiogram,   positive  or
negative according to the hypertrophy criteria reported by Romhilt
and Estes electrocardiogram. n/a not applicable because they are
children. MTW: Maximum thickness of the left ventricular wall. F:
female. M: male. * Patients with hypertrophy as confirmed by
echocardiogram. NP not performed.

Discussion
This report shows a Colombian family with HCM in which the

disease onset has been SCD and genetic study found no causal
mutation. However, some members of this family had the mutation
K247R (Lys247Arg) in the troponin T gene previously described as a
cause of disease without adequate phenotype-genotype correlation.
HCM is a disease in which approximately 66% of cases, family history
can show autosomal dominant transmission and incomplete
penetrance [12].

HCM most commonly affects sarcomere proteins such as the beta
myosin heavy chain, the essential and regulatory myosin light chains,
myosin-binding protein C, cardiac troponin T, alpha-tropomyosin,
cardiac troponin I, cardiac troponin C and actin [13-19].

The most commonly reported mutations are located in the beta-
myosin heavy chain (MYH7) gene and the C protein gene the myosin
[20]. MYH7 mutations have been reported in 25% of patients with
HCM and in 40% of all the mutations identified [21].

Another important gene in the pathophysiology of HCM is the
TNNT2 gene located on chromosome 1q32, which encodes for the
cardiac troponin T located on the thin filament cardiac muscle.
TNNT2 mutations are found in 15 to 20% of patients with HCM,
although it has recently been estimated that they are found in only

4.5% [8]. It has reported that these mutations are associated with poor
prognosis with high incidence of SCD and an important decrease in
the life expectancy to 35 years [22]. Clinically, TNNT2 mutations are
not manifested as severe hypertrophy but show greater fiber "disarray",
which is possibly associated with an increased risk of malignant
ventricular arrhythmias [8,22,23].

TnT has a structural role in anchoring other troponin subunits to
the thin filament through connections to tropomyosin [24]. Its
molecular function is not fully understood; however, the association of
cTnT mutations with dilated and hypertrophic heart disease and the
risk of sudden death imply the importance of this molecule in calcium
regulation [25].

The functional consequences of cTnT mutations are varied
depending on model experimental being used. The effects have been
classified as type I (increased calcium sensitivity without altering the
maximum strength), type II (decreased calcium sensitivity without
altering the maximum strength) and type III (increase of maximum
strength without altering calcium sensitivity) [26].

The K247R mutation was described in a Spanish study of patients
and families with HCM [27], which evaluated 30 patients with
echocardiogram confirmation of the disease. These patients were
compared to 200 controls to examine mutations on troponin T and the
myosin heavy chain. The authors of this study found a novel mutation
(K247R) in a woman with severe septal hypertrophy but with no
family history of HCM or sudden death and no other family members
available to be examined.

The K247R same mutation was recently described in patients with
dilated cardiomyopathy (DCM) [28]. The authors evaluated 31
patients, of whom 22 had a family history of DCM. In a man with no
family history of DCM, this mutation was present, together with 2 new
intron variants MYH7 (IVS39 + 7C> A) and MYBPC3 (IVS25 + 13T>
A).

In the K247R mutation, the lysine is replaced by a bulky arginine in
the C-terminal alpha-helical end of TnT, which interacts with
troponin I. As this residue is close to the E244D mutation, which
interferes with sensitivity to calcium and the myosin ATPase activity
[29], it is believed that this mutation affects the troponin T/troponin I
interaction and calcium-mediated contractility control.

In bovine heart preparations, Matsumoto et al. evaluated the
functional changes in cTnT due to the K247R mutation [30]. This
study found a type III effect, which is less common in TnT mutations
and has been described only in E244D and F110I. Residue 110 is
located in the tropomyosin binding region [31] and it is believed that
the type III effect relates to TnT interactions with tropomyosin, but
residue 247 is not in contact with it. Therefore it has been suggested
that this residue is critical to the operation of the troponin center, thus
producing hydrophobic environment. However, the effect of this
mutation does not seem to be produced by changes in the residue
volume, charge or hydrophobic state. Analyses with molecular
dynamics simulations found that the hydrogen network is broken by
the mutation in position 247, but the K247R mutation only weakens
the network by increasing the distance between hydrogen donors and
recipients without actually rupturing the network itself.

Indeed, it is interesting that the same K247R mutation produces
hypertrophic cardiomyopathy and dilated cardiomyopathy, as this
would indicate phenotypic plasticity, which is very rare and has not
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been reported before for any sarcomere protein, but has been
described in metavinculin mutations [32].

This study showed a family affected with HCM and SCD in which
the K247R mutation seems not to be ultimately responsible to the
observed phenotype in the family, since it is not present in a family
member with important hypertrophy. In addition, it is present in a
child without appearing on the mother (which related to the family)
and appears in the child’s father who is not related to the family. The
literature revision shows that this mutation has been described in an
individual with no family history of HCM and another patient with
dilated cardiomyopathy, also with no family history of the disease.
Moreover, functional studies on the effect of this mutation show a type
III effect, which is the rarest, and mild functional impairment.

A mutation is considered to be pathogenic or probably pathogenic
[20] when:

1) Co-segregates with the disease in the family. Which was not
found in this family?

2) It has been reported to cause the disease. Only one individual was
reported in the literature

3) It is absent in unrelated controls with similar ethnic. Currently
there is available the exome sequencing project with data from the
exome sequencing of more than 6500 individuals worldwide [33].
K247R variant of TNNT2 gene (NM_001001430.1) was not present.

4) The protein structure and function are strongly affected by the
mutation. Functional studies of this genetic variant are only weak, and
in silico predictions using Polyphen 2 [34] classify the variant as
probably damaging

5) Changes in the amino acid sequence of the mutated region are
highly conserved through evolution in species suggesting its
importance in the basic cell. In this case it is a moderately conserved
amino acid considering 14 species.

Although most published studies are positive evidence, is important
to show studies with negative genetic evidence as these serve to better
debug databases genetic diseases. Therefore, these findings allow us to
probably rule out this mutation as final responsible for the disease in
the family, but we cannot dismiss it as a variant with possible
modulating or regulating effect of the phenotype.

Conclusions
We present a Colombian family with cardiomyopathy hypertrophy

and sudden cardiac death in which not clear causal mutations in the
sarcomeric genes were found. Nevertheless, a K247R variant in the
TNNT2 gene was found, with no phenotypic correspondence;
therefore, it could possibly correspond to a phenotipic modifier
variant or a simple neutral genetic variant with no effect on disease.
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