
Response to Juang et al.

To the Editor
We appreciate the interesting response by Juang et al.1 to

our article.2 The authors provide a completely different point
of view and argue that IVS4+919 G>A is not a disease-
causing variant per se, but just a benign marker for other
pathogenic variants that cause hypertrophic cardiomyopathy
(HCM). However, to us the mounting weight of evidence
points toward a direct involvement of the IVS4+919 G>A
variant in the pathogenesis of this form of Fabry disease. First,
the variant is in the galactosidase A gene and results in the
production of a defective enzyme. Second, patients with the
IVS4+919 G>A variant have an accumulation of glyco-
sphingolipid substrate (Gb3) in their hearts at both early and
late stages,2 including the three patients reported by Juang
et al. Third, the association of IVS4+919 G>A variant with
the later-onset phenotype of Fabry disease manifested as
HCM has been shown in multiple publications,3–7 and
patients carrying the IVS4+919 G>A variant with cardiac
symptoms are continuously being identified worldwide. Juang
et al. argued that the reported three patients only had mild
elevation of plasma lysoGb3 (3.35–4.33 ng/mL, N < 0.8) and
suggested that Fabry disease might not be the major
pathological factor for their cardiomyopathy. Nevertheless,
we consider this a premature conclusion because the classical
Fabry disease–associated pathologic changes, such as inclu-
sion bodies, do exist in the endocardial biopsies of these
patients. This argument truly reflects the difficulties in
diagnosis due to the nonspecific nature of the inclusion
bodies, yet highlights the importance of using Gb3-specific
detection methods as we suggested.2

Most likely, the disagreement whether or not IVS4+919
G>A is a major pathogenic variant stems from the different
patient cohorts used in the different studies. For example,
screening efforts focused on hypertrophic cardiomyopathy
patients found that about 1% of those screened had GLA
variants.8–10 On the other hand, in a recent publication,
Chiang et al.11 made their argument based on screening
results in patients with a much broader spectrum of heart
conditions including heart failure, ventricular tachycardia,
atrial fibrillation, and coronary artery disease, instead of
focusing on left ventricular hypertrophy or HCM, leading to
the relative paucity of clinically affected patients with the IVS4
+919 G>A variant found in their study.
In the present communication, Juang et al. discussed the

possibility that additional genetic modifiers in association
with the IVS4+919 G>A variant may have impact on the
severity of the clinical symptoms. Their exome sequencing

(ES), although limited to only three patients, revealed several
gene variations related to cardiomyopathy and arrhythmia
with unknown significance. This method is a great addition to
the current understanding of the IVS4+919 G>A pathogen-
esis and underlines the urgent need for more extensive and in-
depth studies with sufficient number of samples analyzed.
In our opinion, there could exist many modifying factors

that affect Fabry disease, especially late-onset Fabry disease.
Our unpublished results suggest that not only genetic factors
but also acquired factors, such as smoking, obesity, diabetes,
hypertension, or hypercholesterolemia, can contribute to the
severity of IVS4+919 G>A cardiomyopathy. We believe that
ES or genome sequencing (GS) will be important methods to
approach the question about genetic modifiers of Fabry
disease, and detailed analyses from many more ES/GS studies
would be invaluable to further improve our knowledge and
treatment of Fabry disease.
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