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Abstract

Background: Hypertrophic cardiomyopathy (HC) is the most frequent cardiac hereditary disease, caused by mutations
in sarcomere protein coding genes. Although more than 430 mutations have been identified in several continents and
countries, there have been no reports of mutations in Brazil.

Objectives: : To carry out a genetic study to identify genetic mutations that cause HC in a group of patients in Espirito
Santo, Brazil.

Methods: Using the SSCP technique, 12 exons from the three main genes involved in HC were studied: exons 15, 20, 21,
22 and 23 of the p-myosin heavy chain gene (MYH?), exons 7, 16, 18, 22 and 24 of the myosin binding protein C gene
(MYBPC3) and exons 8 and 9 of troponin T gene (TNNT2).

Results: 16 alterations were found, including two mutations, one of them possibly pathogenic in the MYBPC3 gene
(p. Glu441lys) and another pathogenic one, previously described in the TNNT2 gene (p.Arg92Trp), 8 rare sequence
variations and 6 sequence variations with allelic frequency higher than 1% (polymorphisms).

Conclusion: These data allow the conclusion that the genotyping of patients is feasible in our country. It is possible that
the isolated p.Glu441Lys variant identified in exon 16 of the MYBPC3 gene is pathogenic, promoting a milder phenotype
than that found when in association with other mutations. The p.Arg92Trp variant in the exon 9 of TNNT2 gene does
not promote such a homogeneous phenotype as previously described and it can lead to severe hypertrophy. (Arq Bras
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Introduction

The hypertrophic cardiomyopathy (HC) is a primary cardiac
disease, characterized by left ventricle (LV) hypertrophy,
without dilatation, usually asymmetrical and mainly septal,
in the absence of any other cardiac or systemic diseases that
can lead to myocardial hypertrophy'2. In addition to the
myocardial fiber hypertrophy, the histological disarrangement
of these fibers occurs and variable degrees of interstitial as
well as perivascular fibrosis, contributing to the development
of heart failure, myocardial ischemia, ventricular arrhythmias
and sudden death’.

HC is the most common genetic cardiac disease, but only
in the beginning of the 90s the causes of the genetic mutations
were identified*®. So far, 13 sarcomere protein coding genes
have been identified, which led to the definition of HC as
a sarcomere disease. However, the mutations found in the
B-myosin heavy chain (MYH7), myosin binding protein C
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(MYBPC3) and troponin T (TNNT2) genes are responsible for 60
to 80% of the HC cases*®. The only genetic study available for
HC in Brazil was conducted by Tirone et al’. It was a pioneer
study and the prevalence of HC in Brazil remains unknown;
in consequence, even less is known about the prevalence of
the disease-causing mutations. In the state of Espirito Santo,
where the estimated population, by the Brazilian Institute of
Geography and Statistics (IBGE) in 2008, was of approximately
3.500.000 inhabitants®, and considering a HC prevalence
similar to the one found in other continents (1:500), it is
probable that there are about 7,000 patients with the disease,
which justifies efforts to identify them properly, as well as the
family carriers.

Methods

Patients

The patients included in the study were selected from a
review of the echocardiography sector files in the University
Hospital Cassiano Antonio Moraes - Federal University
of Espirito Santo (HUCAM - UFES). Patients with an
echocardiographic diagnosis of HC were contacted and invited
to come to the hospital, where they were informed about
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the research objectives, in which they could be immediately
included, if agreed.

Clinical evaluation

Each individual was submitted to a clinical-cardiac
directed examination, including history, physical examination
and echocardiography, all performed by cardiologists with
experience in HC.

Doppler echocardiography

The echocardiograms were performed by an experienced
cardiologist, using an Acuson Sequoia model 512 (Mountain
View, CA, USA) equipment, with a multifrequency transducer
(2.0 to 3.5 MHz), second harmonic and tissue Doppler.
Patients were examined in left lateral position and the tracks
were recorded in unforced expiration. The echocardiographic
measurements in unidimensional-mode were obtained during
the examinations, as well as the measurements of velocity
and myocardial flow (pulsed Doppler, tissue Doppler and
continuous Doppler). The main criterion for diagnosis of
HC was the echocardiography, through the unequivocal
demonstration of myocardial thickness equal to or greater than
15 mm in any segment of the LV in the absence of another
cardiac or systemic disease that could cause ventricular
hypertrophy.

DNA Extraction

The total DNA was extracted from 2 to 5ml of peripheral
blood based on the methodology described by Miller et al°.
The extracted DNA was quantified in a Thermo Scientific
NanoDropTM ® 1000 spectrophotometer and diluted to the
concentration of 10 ng/ul with ultrapure water.

Polymerase chain reaction (PCR)

The exons 15, 20, 21, 22 and 23 from the MYH7 gene (B-
myosin heavy chain), 7, 16, 18, 22 and 24 from the MYBPC3
gene (myosin binding protein C) and 8 and 9 from the TNNT2
gene (troponin T) were amplified through PCR in an Applied
Biosystems thermal cycler, model Veriti®, using primers
described in the Cardio Genomics database®.

Screening of mutations

After amplification by PCR, the screening of mutations was
performed by the Single-Strand Conformation Polymorphism
technique (SSCP). Approximately 10ul of each PCR product
was mixed with 2ul of SSCP-loading buffer. The samples were
denatured at 94° C for 10 minutes, kept on ice and applied
to the gels. The gels were subjected to electrophoresis at
6W for 12 to 16 hours. After the run, the gels were stained
with silver nitrate, based on the methodology described by
Bassam et al'’.

Sequencing and alterations analysis

The fragments with abnormal migration on the gel were
sequenced by the DNA sequencing platform of the Embrapa
- Cenargen laboratory in Brasilia, DF, Brazil. The analysis of the
changes was made based on the reference sequence (MYH7:

NG 007884, MYBPC3: NG_007667, TNNT2: NG_007556)
available in the database of gene sequences of the National
Center for Biotechnology Information (NCBI) available
online', and compared with the changes already described
in the Cardio Genomics database, available online®.

Control group

A control group consisting of 64 unrelated adult volunteers,
with apparently normal health, no family history of
cardiomyopathies, normotensive, with normal physical
examination and normal electrocardiogram, gave blood
samples, which were submitted to the same processes as
the samples from patients with phenotypically demonstrated
HC.

Ethical considerations

This study was approved without restrictions by the
Research Ethics Committee of the Federal University of Espirito
Santo (Research Protocol No. 058/07). All patients and all
volunteers from the control group received information on
the procedures, risks and benefits of the study, and those who
agreed to participate signed the consent form, also approved
by the Ethics Committee.

Results

The study sample consisted of 20 patients, 10 males,
mean age of 45.7 years. The control group consisted of 64
patients (23 males), aged 19 to 65 years (mean 44.3 = 11.7).
Echocardiographic measurements obtained from patients
are shown in Table 1. All patients present asymmetric septal
hypertrophy > 15 mm, left atrial enlargement as a result of
the LV diastolic dysfunction (normal up to 40 mm), normal
internal ventricular diameters (range 55 mm), except in 2
patients with mild dilatation and decreased ejection fraction
in only one patient (normal = 55%). At rest, only 25% of
patients presented gradients > 30mmHg in the LV outflow
tract (obstructive HC).

The results of the analysis of the SSCP and sequencing
showed 14 alterations, including two mutations, 6 rare
sequence variations and 6 polymorphisms. The exons studied
are involved in 139 of the 441 mutations described for all the
genes, just over 31%.

In the MYH7 gene, we identified two polymorphisms in
intron 19, both substitutions A> G. The first was identified at
position ¢.13615-64 and appeared with a frequency of 25%
in patients and 19.5% in controls. The second polymorphism
was identified at position c.13615-64 and appeared with
a frequency of 100% in controls and tested patients. In
intron 22, a rare sequence variation was identified, a T> C
substitution at position ¢.14663 +32. In exon 22, one rare
sequence variation was also found, an A> C substitution at
position c.14537, which changes the codon from TCC to
TCA, both serine codons. In exon 23, two polymorphisms
characterized by a T> C substitution were found: the first
one at position c.15355, which modifies the codon GCT to
GCC, both alanine codons and appeared with a frequency
of 5% among patients and 1.56% in controls. The second, in
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position c.15431, changes the codon from CTG to TTG, both
leucine codons and were identified with a frequency of 2.5%
in patients and 0.78% in controls.

In the MYBPC3 gene, a mutation was identified, a G> A
substitution in one patient (Figure 1). The mutation is located
at position c.11642 in exon 16 and changes the codon from
GAG> AAG, thus altering the amino acid, from glutamic
acid to lysine. Furthermore, a rare variation of sequence
and a polymorphism were found in intron 22. The alteration
was identified at ¢.13999+118 position and it is a G> A
substitution. The polymorphism was characterized by a C>
G substitution and was identified at position c.15130+19.
It showed a frequency of 5% in patients and 3.125% in
controls.

A mutation, a C> T substitution in exon 9, was identified
in a patient at position ¢.8772 in the TNNT2 gene (Figure
2). This substitution changes the codon from CGG to TGG,
thus changing the amino acid from arginine to tryptophan.
In addition to the mutation, two rare sequence variations in
intron 8 and a polymorphism were identified in exon 9. The
first alteration was a G> C substitution at position c.8459+130
and the second was a C> T substitution at position ¢.8762-
20. The polymorphism identified was a C> T substitution
at position c.8816, which changes the codon from ATC>
ATT, both isoleucine codons. The polymorphism showed a

Echocardiographic measurements of the patients

frequency of 69.44% in patients and 71.88% in controls. The
summary of the results can be seen in Table 2.

Discussion

Mutations
MYBPC3 gene, exon 16

The G — A substitution found in exon 16 of MYBPC3
gene of patient P4 changes the codon from GAG, which
encodes a glutamic acid to AAG, which determines lysine.
This mutation was first described by Seidman et al'? in
compound heterozygosity, with the p.E258K mutation in
exon 7 of the MYBPC3 gene. Olivotto et al'* also described
this mutation in compound heterozygosity with the p.E258K
mutation. Although it is unlikely that the patients studied by
the researchers mentioned above are the same individual,
we cannot affirm that they are not related (personal
communication). Thus, the p.E441K mutation has not been
described alone, so it is not clear whether it is capable of
causing the disease when expressed in isolation.

Olivotto et al'* mentioned in their study that the double
mutation carriers have a more severe phenotype than those
bearing a single mutation. The Seidman group’s patient is 29
years of age and has a severe phenotype, although they did

RG LA (mm) LVDD (mm) IVS (mm) PW (mm) EF (%) Grad (mmHg)
P1 48.5 43 20.2 1.5 81.4 40
P2 48.6 49.8 20.7 8.9 729 12
P3 54 46 16 9 71 0
P4 44 44.7 23.2 12.9 74 57
P5 418 47.6 215 8 71.8 0
P6 48.9 424 16.6 12.4 75.6 38
P7 48.2 374 24.3 9.3 72.6 10
P8 55.7 48.2 20.7 15.4 60.1 12
P9 41.2 52.6 19 10.3 715 0
P10 58.9 58.1 17 10.9 49.6 0
P11 39.1 473 16.6 13.8 55 0
P12 4 39.8 25 10.1 66.7 0
P13 525 423 30.7 13.7 69.7 0
P14 40 431 22.7 12.6 69.5 12
P15 65.7 57.2 28.1 15.1 726 112
P16 332 47 16 74 79 0
P17 375 423 16 9.5 70 0
P18 50 45.7 21.9 111 71 0
P19 69 55.1 19 1 69 0
P20 44 52 16 1 63 85

LA - diastolic diameter of left atrium; LVDD - left ventricular diastolic diameter; IVS - interventricular septum diastolic thickness; PW - posterior wall diastolic thickness;
EF - ejection fraction of LV; Grad - peak systolic gradient in the LV outflow tract.
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Figure 1 - Alteration in the fragment containing the exon 16 of the MYBPC3 gene a) Screening of mutations by SSCP in a 5% polyacrylamide gel. C1, C2 and C3 with
a normal pattern and P4 showing a different pattern b) sequencing of the fragment containing the exon 16 of the MYBPC3 gene of P4, showing a G — A substitution

in heterozygosis.

not have more detailed information on the case (personal
communication). The P4 patient in the present study has
moderate hypertrophy, with no family history of sudden death,

Figure 2 - Sequencing of the fragment containing exon 8 and part of the exon 9
of the TNNT2 gene of P5, showing a C — T substitution in heterozygosis.

with no reports of syncope, and does not present nonsustained
ventricular tachycardia on dynamic ECC. The patient complained
of angina at exertion, and the coronary angiography showed
coronary arteries with no obstructive processes.

Niimura et al'* observed in their study that the survival of
patients with mutations in the MYBPC3 gene was longer than
that observed in those bearing mutations in the TNNT2 gene
or malignant changes in the MYH?7 gene. Overall, the data
indicate that mutations in the MYBPC3 gene are related to
more mild forms of HC in many patients with the disease.

In another independent study of 22 families, Richard
et al™ reported that 90% of the families carrying mutations
in the MYBPC3 gene presented a benign or intermediate
prognosis. Furthermore, they found some patients with
double heterozygous or homozygous mutations and in these
cases the phenotype was described as more severe. Thus, in
these families, the age of disease development, the degree
of hypertrophy and prognosis were related to the number of
mutations.

Thus, it is unlikely that patients from the Seidman et al'
and Olivotto et al'? groups have the more severe phenotype
due to p.E258K mutation, only. Based on the clinical data,
we suggest that the combination of the two mutations, the
p.E258K and the p.E441K, was responsible for the phenotype
and that both, in isolation, are capable of causing the disease,
but in its milder form, as is often seen with the MYBPC3 gene
mutations.

In addition to the clinical evidence, there are some data
from molecular studies that support the hypothesis that the
p.E441K mutation is pathogenic. Several described substitutions
of a glutamic acid by a lysine have shown to be involved with
HC and dilated cardiomyopathy (DC) in the Cardio Genomics
database available online®. There are 3 Glu — Lys substitutions
involved with the disease in the MYBPC3 gene alone. In the MYH?7
gene, there are 7 such substitutions involved with HC and one
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Alterations found in patients with HC and controls

Allelic frequency

Gene Exon Alteration Position Alteration type .
Patients Controls
20 ¢.13615-64A>G Intron 19 Polymorphism 25% 19.5%
20 €.13615-64A>G Intron 19 Polymorphism 100% 100%
22 .14663+32T>C Intron 22 Rare sequence variation - -
¢.14537A>C
22 TCC>TCA Exon 22 Rare sequence variation - -
MYH7 Ser>Ser
¢.15355 T>C
23 GCT>GCC Exon 23 Polymorphism 5% 1.56%
Ala>Ala
c.15431T>C
23 TTG>CTG Exon 23 Polymorphism 2.5% 0.78%
Leu>Leu
.11642G>A
16 GAG>AAG Exon 23 Mutation - -
Glu>Lys
MYBPC3 22 €.13999+118G>A Intron 22 Rare sequence variation - -
24 ¢.15130+19C>G Intron 22 Polymorphism 5% 3.125%
8 ¢.8459+130 G>C Intron 8 Rara variagao de : i
seqiiéncia
8/9 ¢.8762-20C>T Intron 8 Rara variagao de - -
seqiiéncia
TNNT2 .8816C>T
9 ATC >ATT Exon 9 Polymorphism 69.44% 71.88%
lle>lle
c.8772C>T
9 CGG>TGG Exon 9 Mutation - -
Arg>Trp

involved with the dilated form. There are two substitutions in
each the TNNT2 and the a-tropomyosin genes, and there is one
substitution in each the o-actin, the essential myosin light chain
and the myosin regulatory light chain genes.

Moreover, when comparing the amino acid sequence
of the MYBPC3 protein available in the NCBI database
in several animals, it appears that the region where the
substitution occurred is quite conserved in men (Homo
sapiens), mice (Mus musculus), rats (Rattus norvegicus), dogs
(Canis lupus familiaris), Oxen (Bos taurus) and chimpanzees
(Pan troglodytes), which suggests that this is an important
region in the protein.

To undoubtedly affirm that this mutation in the isolated
form is able to cause the disease is only possible if the
mutations in other exons of this gene and other sarcomeric
genes are discarded through family studies. Together, however,
the clinical and molecular data suggest that the p.E441K
mutation is a pathogenic one.

TNNT2 gene, exon 9

The C — T substitution found in exon 9 of patient P5
generates a change of codon from CGG to TGG, changing
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the amino acid from arginine to tryptophan. This mutation,
p-Arg92Trp or p.R92W, was first described by Moolman et al™®,
with a high frequency among the patients studied, suggesting
a founder effect. The clinical data of their patients showed a
small hypertrophy, often undetectable, the mean maximum
thickness of the wall of the patients was within the normal
range and this was reflected in the low penetrance of the
disease. However the prognosis associated with the disease
was extremely poor, particularly for male adolescents and
young adults. Furthermore, data from this study suggested that
mutations in the TNNT2 gene lead to congestive heart failure
at a lower frequency than the mutations in the MYH7 gene.

In a later study, Moolman-Smook et al'” investigated
40 unrelated patients and again the p.Arg92Trp mutation
appeared with a high frequency and clinical data were similar
to those seen in the previous study. According to the authors,
the reduced life expectancy associated with this mutation and
the well-preserved haplotype in many families, suggested a
recent mutational event.

In 2001, Varnava et al'® also published a study performed in
London, in which patients with mutations in the TNNT2 gene
presented greater myocardial disarrangement, reduced fibrosis
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and reduced heart weight in comparison to patients with
mutations in other genes. The study therefore suggests that the
risk of sudden death in patients with mutations in this gene
should be related to increased myocardial disarrangement,
regardless of the hypertrophy degree.

However, according to Ackerman et al'®, there are
exceptions to all genotype-phenotype associations and this is
the largest impediment to use genotyping alone as a clinical
and prognostic tool for individual patients. In their study, one
patient who had the p.Arg92Trp mutation presented extreme
hypertrophy and his mother, who also had the mutation,
did not present hypertrophy and there were no records of
sudden deaths in the family. The authors mentioned that
there are still many factors that may confound the phenotype,
such as phenotypic expression and variability within families,
the small size of the studied families, modifier genes, the
role of polymorphisms and other non-genetic factors. These
combined factors can weaken the premise that the risk of
sudden death is associated to a particular mutation. They
believe that the necessary knowledge to determine which HC
mutation, combination of mutations and environmental factors
may influence the clinical outcome is yet to be acquired. In
2003, Van Driest et al?® presented a study with TNNT2 gene
mutations in which the patients did not present significantly
lower hypertrophy than that in patients with mutations in other
genes and none of them had family history of sudden death.

In our patient (P5), the p.Arg92Trp mutation led to a
phenotype that can be considered severe, as the patient is
very symptomatic, presenting moderate to severe hypertrophy
and recurrence of syncope. Furthermore, we had access to
an echocardiogram of his 18-year-old son, who presents
massive hypertrophy (33 mm), corroborating the reports by
Ackerman et al".

Allele variants with frequencies lower than 1%

Each of the alterations classified as allelic variants with a
frequency lower than 1% appeared in only one individual
(patient or control) among the 84 individuals analyzed. We
found 5 alterations, 4 in intron regions and one in the exon,
a silent-type polymorphism, which does not change the
synthesized amino acid.

Changes in introns may or may not affect the protein.
To correctly identify and bind RNA sequences that encode
proteins, the exons must be differentiated from the introns.
There are several preserved motifs in nucleotides sequences
near the intron-exon boundaries that act as essential signals
for splicing. These signals are involved with pre-messenger
RNA intron excision and exon junction. Additional elements
known as promoters and silencers are required to allow a
normal splicing of the exonic sequences. These regulatory
elements may be close to (to 50-100 bp) or far from (thousands
of bp) splicing sites”".

Among the changes found, two were in regions close to the
exon boundary (+32 to -20) and two were in more distant
regions (+118 and +130). With the techniques used in this
study only, there is no evidence that these changes affect the
protein. Genomic variants that affect the splicing (or splicing-
affecting genomic variants - SpaGVs) may occur in exonic or

intronic regulatory elements and are very difficult to be defined
only by the sequence of nucleotides. However, these changes
can lead to catastrophic splicing abnormalities. In particular,
SpaGVs can induce the exclusion of exons, the activation
of alternative splicing sites, or they may alter the balance of
alternative splicing isoforms produced and thus cause disease
phenotypes. The importance of functional genomic variants
(GV) which are located far away from the splicing sites is even
more difficult to be identified than those that are adjacent.
Although they are not near any obvious regulatory sequences,
such variants can cause, for instance, the activation of a new
splicing site, which defines the boundaries of the exon?.

The other rare sequence variation found was of the silent
type. Such changes are usually disregarded because they do
not affect the synthesized protein, but studies show they may
be important.

Silent mutations are normally classified as allelic
polymorphisms and are considered neutral. These definitions
may be correct in some cases, but when they are not based
on the characterization of the mRNA level they can lead to
errors, because mutations affecting the sequence are important
for splicing modulation and may lead to a profound effect
on the translated product. Many studies have correlated
specific point mutations in coding regions to the exclusion
of the exon containing the mutation. The fact that silent
mutations theoretically cause exon exclusion is particularly
significant, as these mutations must act at the RNA level.
These mutations probably alter regulatory elements that
are important for correct splicing. Still, it is likely that these
mutations are infrequently reported, because they may be
incorrectly perceived as neutral polymorphisms that do not
deserve further characterization®.

Itis not possible to affirm that the variations found here are
pathogenic, as RNA studies would be needed in order to do
that. However, even with sensitive techniques such as direct
sequencing and the complete study of all 13 exons of the genes
involved in the HC, the detection of mutations in patients is
only successful in approximately 70% of the cases®'*. Thus,
it is possible that some splicing mutations in introns or exons
are being underestimated and that is one of the reasons why
it is important to study and publish these alterations.

Variants with allele frequencies greater than 1%
(polymorphisms)

A total of 6 polymorphisms, 3 in the intron region and 3
within the exon, were found in this study. Recently, it has
been suggested that the genetic causes for susceptibility to
complex diseases may be beyond the missense and nonsense
mutations, which are commonly studied in simple genetic
disorders. Within this spectrum, polymorphisms that alter the
gene expression are suspected to play an important role?.

One study has evaluated a frequent polymorphism (more
than 50%), characterized by a 5bp deletion in intron 3 of
the TNNT2 gene in cardiac hypertrophy and found that the
frequency of the allele was significantly higher in people with
left ventricular hypertrophy than in the normal population®*.
The study also suggests that the homozygous genotype for the
deletion may be associated with greater left ventricular wall
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thickness and increased mass in the hypertrophied population.
However, only the presence of the allele does not seem
enough to cause significant cardiac hypertrophy. The results
suggest therefore that the genotype predisposes individuals
to cardiac hypertrophy.

Several studies have shown that polymorphisms in regions
distant from the splicing site may be related to diseases,
affecting regulatory elements. Hoogendoorn et al** studied in
vitro the effect of polymorphisms on splicing promoters and
found that a surprisingly high proportion of polymorphisms,
approximately one third in their study, altered the expression
of the gene in 50% or more of the cases.

The allelic frequency of the polymorphisms identified in
this study was not statistically significant between patients and
controls in this study. This suggests that the polymorphisms
do not affect the phenotype. Furthermore, clinical data of
patients who had and who did not have the polymorphism
were similar.

Our knowledge of regulatory elements of the human
genome is still limited and functional polymorphisms of
these elements cannot be clearly distinguished from those
with no effect, if considering only its sequence?. Therefore
we have considered the study and the publication of the
polymorphisms as being relevant, even though they are in
intronic regions distant from the splicing sites.

Sensitivity of the method

In this study, mutations were identified in 2 of 20 patients,
10% of the sample. A higher proportion would be expected,
as the studied exons account for approximately 31% of the
mutations already described. Several possibilities can be
suggested to explain the sensitivity below the expected and
among them, three deserve attention.

Firstly, the method itself does not have 100% sensitivity
and it markedly decreases with the increase in fragment size®.
Studies suggest that, for fragments smaller than 200 base pairs,
more than 90% of the sequence variations will be detected.
When the fragment increases to 300 to 350 nucleotides, more
than 80% of mutations will be detected. In our study, only two
fragments had less than 350 bp. The SSCP was able to detect
several substitutions, including the in larger fragments, but the
sensitivity of the test can be improved by using smaller fragments
or by changing other conditions, such as varying bisacrylamide,
and glycerol concentrations, etc. Secondly, the sample size must
be taken into account. In the case of a pilot project, with the use
of a laborious method of genetic screening, involving several
laboratory steps, the sample was initially considered sufficient,
given the logistics available, but it has an impact when the
sensitivity of the method is evaluated.

A third possibility is the local population profile. Most
genotyping studies in patients with HC are from the northern
hemisphere and the frequencies of mutations that cause
the disease in South American countries such as Brazil
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are yet to be known; additionally, little is known about
their frequency in developing countries. Considering the
miscegenation of the Brazilian population, some similarity
with other populations worldwide is expected, but this is
speculative at present and it is possible that the prevalence
of affected genes in Brazil is different than that described for
other populations. In 1999, a study in South Africa showed
that the mutations described as predominant worldwide were
apparently rare in the country'”. A study of Spanish patients
showed that, compared to other populations, mutations in
the MYH7 and TNNT2 genes were rare among the studied
patients*® and a very low rate of mutations in the MYH7 gene
was found in a study with patients in Finland?. These data
suggest that each region may have a single mutation profile
and that may have important effects on the implementation
of population screening.

Conclusions

Given the objectives of the study, we concluded that the
genotyping of patients with HC is feasible in our country.
With respect to the mutations, we concluded that it is
possible that the p.E441K (p.Glu441Lys) mutation in exon
16 of the MYBPC3 gene is pathogenic in isolation, resulting
in a less severe phenotype than when associated to another
mutation, and the p.R92W (Arg92Trp) mutation in exon 9 of
the TNNT2 gene has a phenotype that is not as homogeneous
as previously described and may lead to severe hypertrophy.
To the best of our knowledge, this is the first time that a HC-
causing mutation has been described in Brazil. Depending on
further analysis, one of the patients in this sample population
may be carrying a novel mutation, when compared to the
available databases.
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