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ARTICLE INFO ABSTRACT

Atticle history: Background: Previous studies revealed a high incidence of late-onset Fabry disease mutation, [VS4 + 919G>A, in
Received 7 August 2013 Taiwan. However, the natural course is largely unclear and suitable biomarkers for monitoring disease progress
Accepted 10 September 2013 are unavailable.

Available online 19 September 2013 Methods and results: Patients carrying IVS4 + 919G>A or classical Fabry mutations were enrolled in this study.

The subjects ranged from newborn to eighty year old adults. Plasma globotriaosylceramide (Gb3) and
globotriaosylsphingosine (lysoGb3) were measured by LC-MS/MS in subjects to evaluate the sensitivity of
these two biomarkers. All adult males and symptomatic females could be distinguished from healthy controls
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LysoGb3 by an elevated plasma lysoGb3 level. The lysoGb3 level was also related to the left ventricular mass considering
Newborn screening gender and age (p < 0.01). Moreover, approximately 70% of male and 45% of female newborns already had an el-
Hypertrophic cardiomyopathy evated plasma lysoGb3 level which increased gradually as the subjects got older (p < 0.01).

Conclusions: Plasma lysoGb3 is a more sensitive and reliable biomarker than plasma Gb3. LysoGb3 also
correlated with age and left ventricular mass index in Fabry patients with IVS4 + 919G>A mutation. Be-
cause lots of infants with the IVS4 + 919G>A mutation already had elevated lysoGb3 levels at birth, that
indicates that the development of hypertrophic cardiomyopathy may require a long and insidious course
after lysoGb3 accumulation.

© 2013 Elsevier B.V. All rights reserved.

Abbreviations: Gb3, globotriaosylceramide; LysoGb3, globotriaosylsphingosine; LVMI, left ventricular mass index; LC-MS/MS, high performance liquid chromatography mass spec-
trometry; ERT, enzyme replacement therapy.
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1. Introduction

Fabry disease (MIM 301500) is a panethnic, X-linked, inborn
error of glycosphingolipid metabolism resulting from mutations in
the ai-galactosidase A gene leading to deficient activity of a lysosom-
al enzyme, a-galactosidase A (GLA, EC 3.2.1.22) [1,2]. Deficiency of
this enzyme, a-galactosidase A, which is involved in the metabolic
breakdown of globotriaosylceramide (Gb3) results in progressive
accumulation of Gb3 and related glycosphingolipids in lysosomes
of all cells in the body. Affected male patients who have little or no
GLA activity exhibit the classic phenotype of Fabry disease, presenting
acroparesthesias, angiokeratomas, hypohidrosis in early childhood or
adolescence [3], progressing to renal insufficiency, cardiomyopathy, and
cerebrovascular disease in adulthood. A wide spectrum of phenotypic ex-
pression found in heterozygous females is considered generally as effects
of random inactivation of X-chromosome during embryogenesis. Despite
the wide range of disease severity, several heterozygous females still de-
velop vital organ damages and lead to severe morbidity and mortality
[4-6]. Over the past decades, different atypical types of Fabry disease
have been identified [7,8], which have drawn the attention of more phy-
sicians. Patients with atypical Fabry disease have higher residual enzyme
activities than those of the classical type. They lack the classic symptoms
of Fabry disease and present relatively fewer or isolated symptoms such
as hypertrophic cardiomyopathy, renal failure, or cryptogenic stroke at
later stages in life [7-10]. The estimated incidence of classic Fabry disease
is 1in 40,000-60,000 males in the general population [11]. Previous stud-
ies of Fabry newborn screening, however, revealed a remarkably higher
prevalence of about 1:900 to 1:4000 in males and 1:400 to 1:2000 in fe-
males for atypical Fabry disease [12-15]. These findings indicated that
the atypical Fabry disease might represent a major neglected public
health problem in at least some ethnic groups. However, the natural
course of atypical Fabry diseases is still unclear, and suitable biomarkers
for monitoring the disease progression have not been established.

Our team first discovered a surprisingly high incidence (=~ 1 in 1600
males) of a cardiac variant GLA mutation, IVS4 + 919G>A, in Taiwanese
through newborn screening [16] and further identified this mutation in
a number of adult patients with idiopathic hypertrophic cardiomyopa-
thy [13]. Thereafter, another newborn screening center in Taiwan also
found a similar incidence (1 in 1460 males) of this mutation in their
study [14]. Higher prevalence rate (72% of males and 35% of females)
of this IVS4 + 919G>A mutation was also detected in over 40 year-
old adults with cardiomyopathy [6]. This mutation not only leads to hy-
pertrophic cardiomyopathy, but can also potentially cause mild impair-
ment of the kidneys and the eyes [17]. Recently, a DNA-based newborn
screening for this mutation revealed a higher incidence of this mutation
(1/875 in males and 1/399 in females) than our previous enzyme-based
Fabry newborn screening in Taiwan [18]. In addition to Taiwan, this mu-
tation has also been found in Japan [19], Mainland China, Singapore (Han
population), and Malaysia (Han population) by our team (unpublished
data). Therefore, we believe that [VS4 + 919G>A Fabry mutation may
be one of the most common pathogenic mutations of Fabry disease. It is
important to understand the natural course of the disease and determine
the best time to start enzyme replacement therapy (ERT).

Gb3 in plasma or urine has been used as a biomarker to monitor the
clinical course and the response to ERT in Fabry disease. However, these
biomarkers cannot truly reflect Fabry disease manifestations and
therapeutic outcomes [20-22]. Furthermore, these biomarkers, espe-
cially plasma Gb3, were not sensitive enough to detect a large pro-
portion of the heterozygous females and atypical variants [23,24].
Recently, Aerts et al. introduced a new marker for Fabry disease, namely
globotriaosylsphingosine (lysoGb3), which is dramatically increased in
the plasma of classical Fabry patients [25]. Thereafter, plasma lysoGb3
was proven to have a significantly higher diagnostic sensitivity com-
pared to plasma Gb3 [24,26,27], especially in heterozygous females
[24,28]. Because a reduction of lysoGb3 levels both in plasma and tissue
was clearly observed upon ERT, plasma lysoGb3 might be a reliable

marker for monitoring the therapeutic outcomes of ERT [26,27]. A diag-
nostic method for measuring urine lysoGb3 was recently developed and
showed the close correlation of the urinary excretion of lysoGb3 with
the genotype. That suggested a possible value of lysoGb3 for predicting
clinical severity [29].

More recently, a fast and reliable LC-MS/MS assay was also devel-
oped to analyze plasma lysoGb3 levels [29,30]. Low residual enzyme ac-
tivity is usually related to high plasma lysoGb3 levels [31]. However,
most of these studies were limited to classical Fabry disease; atypical
variants have rarely been analyzed. In our previous study, we found
that almost all adult males (including symptomatic and asymptomatic)
and symptomatic females with the IVS4 + 919G>A mutation can be
distinguished from the normal controls by an elevated plasma lysoGb3
level, but not Gb3, and some of the newborns with this mutation already
had elevated lyso-Gb3 levels [32,33]. A similar finding was also ob-
served by another newborn screening center in Taiwan [34]. In this
study, we first enrolled subjects with classical or IVS4 + 919G>A muta-
tion to evaluate the sensitivity of plasma Gb3 and lyso-Gb3 levels in
these individuals. We then further analyzed plasma lysoGb3 levels in
symptomatic and asymptomatic subjects with the [IVS4 + 919G>A mu-
tation, and evaluated the relationship between the values of plasma
lysoGb3 and left ventricular mass index (LVMI) in subjects with the
IVS4 + 919G>A mutation. Finally, we evaluated the nature course of
the manifestation of plasma lysoGb3 levels in the subjects carrying the
IVS4 4+ 919G>A mutation.

2. Materials and methods
2.1. Ethics approval

The study was approved by the institutional review board of Taipei
Veterans General Hospital (No. 2012-02-065B). Written informed con-
sents were obtained from parents of children and from adult subjects
(over 20 years old) before beginning individual examinations.

2.2. Subjects

2.2.1. Evaluating the sensitivity of plasma Gb3 and lysoGb3 levels in the
subjects with a classical or IVS4 + 919G>A mutation

A total of 75 adults (>20 years old, including 32 males and 43
females) carrying the IVS4 + 919G>A mutation and 20 Fabry patients
(including 3 newborns and 17 adults) carrying classical mutations
were enrolled in the first part of this study. Plasma Gb3 and lysoGb3
levels were measured to evaluate the sensitivity of these two bio-
markers in these individuals. Except for three infants, all the individuals
with the classical Fabry mutations were symptomatic patients. All blood
samples in this study were obtained before the initiation of ERT. Control
samples from 31 healthy adults (16 males and 15 females) were en-
rolled to establish normal reference values of plasma lysoGb3. All indi-
viduals in the normal control group were confirmed to have normal
enzyme activity and without carrying any known mutation in GLA gene.

2.2.2. Evaluation of plasma lysoGb3 levels and the relationship of plasma
lysoGb3 and left ventricular mass index (LVMI) in subjects with a IVS4 +
919G >A mutation

The objective of the second part of this study was to investigate the
relationship between lysoGb3 and clinical manifestation in the adults
(>20 years old) carrying the IVS4 4+ 919G>A mutation. In this part of
the study, our sample size was extended to 146 individuals and divided
into symptomatic and asymptomatic subjects. Another 72 healthy
adults (35 males and 37 females) were enrolled as normal controls.
The adults carrying the IVS4 + 919G>A mutation without any cardiac
symptoms and signs (such as left ventricular hypertrophy [35], left ven-
tricular diastolic dysfunction, etc.) were defined as asymptomatic
group, while individuals who have already developed cardiac symp-
toms (left ventricular mass index (LVMI) >51 g/m?*’ in males and
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