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Abstract

Background: Fabry disease (FD) is an X-linked lysosomal storage disorder caused by mutations in the alpha galactosidase 
A gene (GLA) that lead to the enzymatic deficiency of alpha galactosidase (α-Gal A), resulting in the accumulation of 
globotriaosylceramide (Gb3) and globotriaosylsphingosine (lyso-Gb3), causing multiple organ dysfunctions.

Objective: To perform GLA gene screening in a group of patients with echocardiographic diagnosis of hypertrophic 
cardiomyopathy (HCM).

Methods: a cross-sectional study was conducted with HCM patients from a university hospital. Patients with coronary 
artery disease and valvulopathies were excluded. Mutation analysis of the GLA gene was performed. In male subjects, 
the analysis was performed after evidence of low α-Gal A activity.

Results: 60 patients with echocardiographic diagnosis of HCM were included. Age ranged from 12 to 
85 years and 60% were women. Mean myocardial fibrosis percentage on MRI was 10.7 ± 13.1% and mean 
ventricular thickness was18.7 ± 6.7 mm. Four patients had the following GLA gene mutations: c.967C>A 
(p.Pro323Thr), not yet described in the literature; c.937G>T (p.Asp313Tyr); and c.352C>T (p.Arg118Cys).  
All patients had normal levels of lyso-Gb3 and non-ischemic myocardial fibrosis on magnetic resonance imaging; one 
patient had proteinuria and one patient had ventricular tachycardia.

Conclusion: in this study, the frequency of mutation in the GLA gene in patients with HCM was 6.7%. A novel mutation 
in exon 6 of the GLA gene, c.967C>A (p.Pro323Thr), was identified. Patients with HCM may have GLA mutations and FD 
should be ruled out. Plasma (lyso-Gb3) levels do not seem to be sufficient to attain a diagnosis and organ biopsy should 
be considered. (Arq Bras Cardiol. 2019; [online].ahead print, PP.0-0)
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Introduction
Hypertrophic cardiomyopathy (HCM) is the most prevalent 

cardiopathy of genetic origin, caused by >1400 mutations 
in genes encoding proteins that are components of cardiac 
sarcomeres and other proteins of related structures, such as 
Z-discs and intercalated discs.1–3 Due to advances in molecular 
biology techniques, the differential diagnosis of HCM has 

been extended, and other genetic disorders that present with 
ventricular hypertrophy have been reported.4

Fabry disease (FD) is a rare X-linked genetic condition. 
It is caused by inborn errors in glycosphingolipid metabolism due 
to mutations in the gene encoding the enzyme α-galactosidase 
A (α-Gal A). Total or partial deficiency of this enzyme results in 
progressive accumulation of globotriaosylceramide (Gb3) and 
globotriaosylsphingosine (lyso-Gb3) in some tissues, particularly 
in the blood vessels, kidneys, and myocardium.5–7 More than 
900 mutations with different effects on α-Gal A enzyme activity 
have been described.8,9

The incidence of FD is estimated at 1:40,000 to 117,000 
individuals, and both male homozygous and female 
heterozygous may be affected.5,6,8,9 Two phenotypes are 
recognized: a classic form that is characterized by an early-onset 
with manifestations during childhood, and a late-onset form 
that frequently affects only one organ.5,6,8 Cardiac changes 
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seem to be present in the early stages of life; however, it is 
usually not clinically detectable until the third or fourth decade 
of life. Deposits of glycosphingolipids in valves and coronary 
vessels are frequent, which may cause complete atrioventricular 
block, mitral insufficiency, left ventricular hypertrophy (LVH), 
or myocardial ischemia.10

Currently, specific mutations are associated with the 
cardiac variant showing myocardial hypertrophy that is 
clinically similar to HCM.11,12 Patients with FD are at risk for 
developing cerebrovascular disease (CVD), cardiac sudden 
death, and renal failure, and these patients can benefit from 
specific treatments.13–15

In this study, a screening for the GLA gene was performed 
in a group of patients with echocardiographic diagnosis of 
hypertrophic cardiomyopathy (HCM).

Methods

Subjects
A cross-sectional study was conducted in a convenience 

sample of patients with HCM treated at the cardiology 
outpatient clinic at a university hospital in Recife, 
Pernambuco, Brazil. All patients with an echocardiographic 
diagnosis of HCM based on the European Society 
of Cardiology16 criteria were included. Patients with 
coronary artery disease, valvulopathies and hypertensive 
cardiomyopathy were excluded.

Definitions of HCM
A Transthoracic Echocardiography (TTE) was used to 

establish the diagnosis of HCM based on the following criteria: 
unexplained maximum ventricular thickness (MVT) ≥ 15 mm 
in any cardiac segment or a MVT ≥ 13 mm in a patient with 
family history of HCM. The obstructive presentation was 
defined by a left ventricular outflow gradient ≥ 30 mmHg at 
rest or after Valsalva maneuver or in orthostatism.13,16

Echocardiographic assessment
The TTE was previously performed in all subjects to establish 

the diagnosis of HCM (Vivid 7 or Vivid E9 GE) with offline 
dataset analysis (EchoPac®, GE Healthcare, Little Chalfont, 
United Kingdom). The diameters of the interventricular septum 
and the left ventricular (LV) posterior wall, LV end diastolic 
volume, and LV end systolic volume were determined through 
M-mode or 2D imaging. The MVT of all segments were 
measured in the parasternal short axis. The ejection fraction 
(EF) and diastolic function were calculated using Simpson’s 
method and pulsatile Doppler, respectively.17,18

Magnetic resonance imaging
Magnetic resonance imaging (MRI) was performed in all 

patients with GLA mutation to assess the presence of myocardial 
fibrosis using the delayed myocardial enhancement technique 
(DMET). A 1.5-T MRI scanner (MAGNETOM Essenza, Siemens 
Healthcare, Erlangen, Germany) with an eight-channel phased 

array coil was used. The images were acquired in the cardiac 
short axis, from the base to the apex, with 8-mm slices 
and 2-mm intervals using the T1-weighted echo-gradient 
sequence. An inversion recovery prepulse and adjusted 
inversion time were used to neutralize the myocardial signal. 
Image acquisition was started at approximately 8–10 min after 
the infusion of gadolinium contrast at a dosage of 0.2 mmol/
kg. DMET increases the amount of contrast between the 
normal tissue (dark due to signal neutralization) and the 
fibrotic tissue (white due to enhancement of gadolinium in 
the T1-weighted sequence).19

Electrocardiography and Dynamic electrocardiography 
(24-h Holter)

A resting 12-lead electrocardiogram was performed in all 
patients. A continuum digital recorder (Cardio Light®, Cardio 
Sistemas Comercial Industrial, São Paulo, Brazil) was used to 
record and analyze the Holter tests for 24 h. The electrodes were 
positioned in the electrocardiographic derivations MV1, MV4, and 
MV6. The results were analyzed using the Cardiomanager 540® 
(Cardio Sistemas Comercial Industrial, São Paulo, Brazil) software 
by an independent observer searching for cardiac arrhythmias.

Molecular and enzymatic essays
All included patients underwent digit blood capillary 

puncture and blood samples were collected on filter paper. 
The samples were dried for 3–4h at room temperature, 
stored in a plastic envelop at 4°C, and sent to the Centogene 
Laboratory (Rostock, Germany).

Molecular analysis to determine GLA gene mutations 
was performed in the samples from the female subjects, 
whereas mutation analysis was performed after evidence of 
low α-Gal A activity in male subjects. The expression level 
and enzymatic activity of the biomarker lyso-Gb3 were 
identified through high-performance liquid chromatography 
and tandem mass spectrometry.

The GLA gene was analyzed using polymerase chain 
reaction (PCR) and sequencing of all coding regions and highly 
conserved exon–intron boundaries through next-generation 
sequencing with Illumina HiSeq (Illumina, California, USA). 
GLA gene analysis was performed in all patients with HCM.

Statistical analyses
Data were analyzed descriptively using the Statistical 

Package for the Social Sciences version 20.0 (IBM Company, 
Armonk, NY, USA). Before analyzing the continuous variables, 
the data sets were tested for normality by performing the 
Shapiro-Wilk test. Normally-distributed continuous variables 
were presented with measures of central tendency and 
dispersion (mean and standard deviation), and categorical 
variables were described as absolute (n) and relative (%) 
frequencies. Comparative analysis was performed using 
Pearson’s chi-square test for categorical variables. Numerical 
variables were analyzed using the paired Student’s t-test. The 
significance level was defined as 5% throughout the entire 
statistical analysis (p < 0.05).
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Table 1 – Clinical characteristics and complementary test results of patients

HCM (n=56) GLA mutation (n = 4) p-value

Age (years) 42.3 ± 17.0 58.5 ± 15.2 0.11

Gender (female) 59.9% 75% 0.53

EF (%) † 67.6 ± 8.6 65.0 ± 4.2 0.43

Cardiac symptoms

Dyspnea 8% 25%

0.80

Precordial pain 5% -

Syncope 17.5% 50%

Palpitation 5% -

Dizziness 7% -

Predominance of LVH †

Apical 5.56% 25%

0.38

Concentric 25% 25%

AS 61.1% 50%

AM 0.05% -

PMH 2.78% -

MVT (mm) † 19.1 ± 6.4 18.7 ± 0.9 0.98

Fibrosis on MRI (%) 11.0 ± 13.9 12.0 ± 11.6 0.82

ECG alteration

LVO 38.5% 100%

0.83

LAE 10.3% -

AVR 28.6% -

LBBB 10.3% 25%

AVB 5.1% 50%

QRSFrag 20.5% -

HCM: hypertrophic cardiomyopathy; EF: ejection fraction; LVH: left ventricular hypertrophy; AS: Asymmetric septal; AM: anteromedial; PMH: papillary muscle 
hypertrophy; MVT: maximum ventricular thickness; MRI: magnet resonance imaging; ECG: electrocardiogram; LVO: left ventricular outflow tract; LAE: left atrium 
enlargement; AVR: abnormal ventricular repolarization; LBBB: left bundle branch block; AVB: atrioventricular block; QRSFrag: QRS fragmentation. † measurement 
via transthoracic echocardiography (TTE).

Paired student’s t-test was used to compare the baseline 
characteristics of both HCM and GLA mutation groups, and 
Pearson’s chi-square test was used to identify any associations 
between the clinical variables.

Ethical standards
The study was approved by the Institutional Ethics 

Committee and was carried out according to Resolution 
196/96 of the Brazilian National Health Council, which deals 
with the guidelines and standards for research involving human 
subjects. The investigation was also conducted in accordance 
with the Declaration of Helsinki. Informed consent was 
obtained from all patients before inclusion in this study.

Results
We included 60 patients with an echocardiographic 

diagnosis of HCM that underwent molecular tests for FD. 
Their age ranged from 12 to 85 years (mean 42.3 ± 17), and 
60% (n = 36) were women. Four patients, three of which 
were women, had GLA gene mutations, corresponding to 
6.7% of our sample.

Syncope and dyspnea were the most frequent cardiac 
symptoms in all patients. Asymmetric septal hypertrophic 

cardiomyopathy was the most frequent type in patients 
without GLA mutations (61.5%) and in the GLA mutation 
group (50%). EF was similar in both groups. The most 
common electrocardiographic patterns of all patients were 
left ventricular hypertrophy (37.9%), atrioventricular block 
(13.8%) and left bundle branch block (10.3%). The clinical 
and epidemiological baseline characteristics of our sample 
are shown in Table 1.

Three mutations with heterozygote variants were found: 
c.967C>A (p.Pro323Thr), which is a novel mutation not yet 
described in literature (Figure 1); c.937G>T (p.Asp313Tyr); 
and c.352C>T (p.Arg118Cys). One homozygous variant was 
also found: c.352C>T (p.Arg118Cys). Five male patients 
underwent molecular analysis due to low α-Gal A enzyme 
activity; however, none of them had GLA gene mutations.  
The clinical and epidemiological characteristics of the patients 
with GLA gene mutations are described in Table 2.

Discussion
In our sample of 60 patients with HCM, we determined 

through molecular tests that the prevalence of GLA mutation 
was 6.7%. Additionally, we found a new mutation in the GLA 
gene. Enzyme replacement was started in one patient with 
GLA mutation.
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Figure 1 – Chromatogram of the novel GLA gene mutation: c.967C>A (p.Pro323Thr).

FD has X-linked inheritance. The classic X-linked disorder 
generally shows a vertical transmission, in which heterozygous 
females transmit the allele down to their offspring .  
The majority of mutations in X-linked genes result in diseases 
that will only occur in males. However, some of the X-linked 
diseases show different rates of penetrance and expressivity 
in both genders. In FD, heterozygous individuals (females) are 
usually affected, but tend to have a milder and more variable 
phenotype than homozygous ones (males).20

The prevalence of FD is estimated to be 0.02–0.09:10,000 
in the overall population, though molecular screening in 
newborns suggests a higher prevalence.21,22 Regarding the 
cardiac variant, the prevalence may be as high as 12%, 
depending on the method used.23–26

The mean maximum ventricular thickness (MVT) in 
patients with GLA mutation in our sample was greater than 
that in previous studies. The mean MVT was 11.6 ± 3.3 mm 
in the study by Koskenvuo et al.,27 and only eight patients 

Table 2 – Clinical characteristics and complementary test results of FD patients

Patient 1 Patient 2 Patient 3 Patient 4

Age (years) 69 39 72 53  

Gender F F F M

Cardiac symptoms Syncope Syncope, dyspnea No No

Extracardiac symptoms TIA Acroparesthesia , intolerance 
to heat/cold, mood changes

Acroparesthesia, arteria 
thrombosis ICVA

ECG RHR, LVO, FDAVB, LBBB RHR, LVO RHR, LVO, FDAVB RHR, LVO

24h Holter 8 episodes of VT, 677 PVC No arrhythmias Paroxysmal AFib No arrhythmias

EF † 67% 60% 70% 65%

Predominance of LVH † Apical Asymmetrical septal 
hypertrophy

Asymmetrical septal 
hypertrophy Concentric

MVT (mm) † 19 20 18 18

Diastolic disfunction † Mild Pseudonormal Mild Mild

LVOTO † No No No No

Fibrosis on MRI 6% 28% 13% 1.36%

FSD Yes Yes No No

ICD Yes Yes No No

GLA gene mutation c.967C>A (p. Pro323Thr) c.937G>T (p.Asp313Tyr) c.352C>T (p.Arg118Cys) c.352C>T (p.Arg118Cys)

High lyso-Gb3 No No No No

Low α-Gal A NM NM NM Yes

Proteinuria No No Yes No

F: female; M: male; TIA: transitory ischemic attack; ICVA: ischemic cerebrovascular accident; ECG: electrocardiogram; RHR: regular heart rate; LVO: left ventricular 
overload; FDAVB: first degree atrio-ventricular block; LBBB: left bundle branch block; VT: ventricular tachycardia, PVC: premature ventricular contraction; AFib: atrial 
fibrillation; EF: ejection fraction; LVH: left ventricular hypertrophy; MVT: maximum ventricular thickness; LVOTO: left ventricular outflow tract obstruction; MRI: magnetic 
resonance imaging; FSD: family sudden death; ICD: implantable cardioverter defibrillator; NM: not measured. † measurement via transthoracic echocardiography (TTE).
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had LVH. The mean MVT was 16.7 ± 1.9 mm in the study 
by Takenaka et al.,28 which is closer to that shown in this 
study. Patients with GLA mutation were screened from an 
HCM sample, which may explain the tendency for the 
higher mean values of MVT.

In our study, patients with GLA mutations had an older 
mean age. This finding could perhaps be attributed to the fact 
that the cardiac variant of FD has a later onset.

Regarding the hypertrophy pattern, FD is predominantly 
associated with concentric hypertrophy.29 However, some 
studies found a higher prevalence of the asymmetrical variety,25 
which was in accordance with our results. This variety is usually 
associated with severe presentations of the disease.25,29

Atrioventricular block was present in the electrocardiographic 
(ECG) findings in two patients with GLA mutation (50%), which 
is in accordance with the findings from previous studies.29 
However, repolarization abnormalities were common in 
patients with HCM, but not in patients with FD, as expected. 
These abnormalities are associated with mild concentric 
hypertrophy.30 In our study, only one patient showed 
concentric hypertrophy, which may explain the absence of 
repolarization abnormalities in the ECG results of our patients 
with GLA mutation.

The mean myocardial fibrosis percentage on MRI was 
12±11.6% and 10.5±13.7% in patients with GLA mutation 
and no mutation, respectively. However, there was no 
statistically significant differences between the compared 
groups (p = 0.85). Although the clinical presentation 
of FD has been well described, the physiopathological 
mechanism linking the intracellular accumulation of Gb3 
to tissue damage and clinical manifestations is still not well 
established.31 It is hypothesized that intracellular storage of 
Gb3 triggers important physiopathological cascades related 
to inflammatory processes, leading to myocardial cell changes 
and, over time, to fibrosis.31–33

GLA mutation was not associated with any specific 
late gadolinium enhancement (LGE) pattern on MRI. 
Patient 2 shows LGE in the basal midventricular septum, 
anterior septum, lateral inferior and apical segments of the 
left ventricle. Patient 3 shows LGE in the interventricular 
septum, inferior wall and in the right ventricle insertions. 
Patient 4 shows LGE in the basal segments of the inferior 
septum and inferior wall segments of the right ventricle. 
Information about LGE in patient 1 was not available.

One of the variants found has not been described in 
previous studies and in the Exome Aggregation Consortium, 
Exome Sequencing Project or 1000 Genomes Browser 
databases. The variant, c.967C>A (p.Pro323Thr), is located 
in exon 6 of the GLA gene. This mutation results in the 
substitution of a threonine amino acid by a proline amino 
acid at position 323 of the protein. This position shows a 
highly conserved nucleotide and a highly conserved amino 
acid, with moderated physico-chemical differences between 
the proline and threonine amino acids. It has characteristics 
of pathogenicity based on the analysis using Polyphen-2, SIFT, 
MutationTaster, and Align-GVGD software. Patient 1, the carrier 
of this mutation, had severe cardiac defects, manifested as 
arrhythmia and hypertrophy, with no other explainable causes. 

The variant 352C>T (p.Arg118Cys) in exon 2 of the 
GLA gene was initially described to be pathogenic by 
Spada et al.34 According to Ferreira et al.,35 the moderated 
enzymatic deficiency related to p.Arg118Cys may not be 
sufficient to cause major complications of FD, suggesting low 
pathogenicity.35 This mutation was found in two unrelated 
patients (patients 3 and 4), both with LVH. Patient 3 also 
showed first-degree atrioventricular block and paroxysmal 
atrial fibrillation on ECG, as well as proteinuria. Patient 4 had 
a history of ischemic stroke. Despite the controversy over 
the pathogenicity of this variant, the authors believe it may 
cause specific organ manifestations, such as cardiac and 
cerebral involvement.

With regard to the third variant found in exon 6 of the 
GLA gene, GLA c.937G>T (p.Asp313Tyr) in patient 2, 
there are also contradictory results about its pathogenicity. 
Some studies showed that genotype D313Y is not responsible 
for severe organic lesions similar to those associated with the 
well-established genotypes of classic FD.36

Lenders et al.36 and Niemann et al.,37 reported that the 
presence of this variant is potentially associated with important 
white matter lesions in the central nervous system.36,37 
The patient had severe cardiac hypertrophy, a history of 
uncontrolled systemic arterial hypertension, and complained 
of generalized pain with emotional lability. She has been 
receiving enzymatic replacement therapy for six months and 
has shown significant improvement of symptoms and blood 
pressure control.

The study of variants c.937G>T (p.Asp313Tyr) and 
c.352C>T (p.Arg118Cys) show contradictory results in 
the literature, but the authors believe they are pathogenic. 
The variant p. Asp313Tyr, found in this group, was identified 
in members of the same family and all follow the X-linked 
inheritance, with important cardiac hypertrophy and 
symptoms. Regarding the p.Arg118Cys, which has also 
shown controversial results in the literature, it was found in 
two patients from different families in this group. One is a 
homozygous male with cardiac hypertrophy and ischemic 
stroke; the other one is a heterozygous female patient also 
with cardiac hypertrophy, arterial thrombosis and proteinuria. 
The authors are currently working with the objective of 
gathering more evidence about the pathogenicity of these 
variants in the other family members. The new variant 
found, c.967C>A (p. Pro323Thr) seems to be pathogenic 
according to the analysis carried out with Polyphen-2, SIFT, 
MutationTaster and Align-GVGD software. As stated before, 
the patient is a heterozygous female with cardiac hypertrophy 
and transitory ischemic attack and investigation of the family 
members suggest pathogenicity.

Although the 352C> T (p.Arg118Cys) and c.937G> T 
(p.Asp313Tyr) variants are controversial as to pathogenicity, the 
families' heredogram confirms an X-linked inheritance. One of 
the most relevant results of the study was the identification of 
a new mutation in the GLA gene that seems to be pathogenic, 
in addition to the identification of 14 other carriers among the 
relatives of the four index patients. The probability of performing 
enzyme replacement therapy and pharmacological chaperones 
emphasizes the importance of an early diagnosis of FD38–40 and 
the search to identify the pathogenicity of the variants found.
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Limitations
The main limitations of our study were: the absence of 

sample calculation, the small sample size due to the disease 
rarity and the small number of patients with GLA mutations 
(statistical analyses were limited). Also, molecular analysis of 
sarcomeric genes in patients with HCM was not performed. 

T1 mapping was performed on MRI images only for 
patient 4. At the time of the other scans, MRI T1 mapping 
was not available at our institution.

The authors understand that a renal or cardiac biopsy could be 
performed to confirm pathogenicity for those uncertain variants.

Conclusion
In this study, the frequency of mutations in the GLA gene in 

patients with hypertrophic cardiomyopathy was 6.7%. A novel 
mutation in exon 6 of the GLA gene, c.967C>A (p.Pro323Thr), 
was identified. Patients with HCM may have GLA mutations 
and Fabry disease should be ruled out. Plasma lyso-GB3 levels 
do not seem to be sufficient to attain a diagnosis, and organ 
biopsy should be considered.
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