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Background. An increased prevalence of Parkinson’s disease (PD) disease has been previously reported in subjects with Fabry
disease (FD) carrying alpha-galactosidase (GLA) mutations and their first-line relatives. Moreover, decreased alpha-galactosidase
A (AGLA) enzymatic activity has been reported among cases with PD compared to controls.Objective.)e aim of our study was to
determine the prevalence of FD among patients with PD.Methods. We recruited 236 consecutive patients with PD from February
2018 to December 2020. Clinical and sociodemographic data, including theMDS-UPDRS-III scores and HY stage (the Hoehn and
Yahr scale), were collected, and in-depth phenotyping was performed in subjects with identified GLA variants. A multistep
approach, including standard determination of AGLA activity and LysoGb3 in males, and next-generation based GLA sequencing
in all females and males with abnormal AGLA levels was performed in a routine diagnostic setting. Results. )e mean age of our
patients was 68.9± 8.9 years, 130 were men (55.1%), and the mean disease duration was 7.77± 5.35 years. Among 130 men, AGLA
levels were low in 20 patients (15%), and subsequent Lyso-Gb3 testing showed values within the reference range for all tested
subjects. In 126 subsequently genetically tested patients, four heterozygous p.(Asp313Tyr) GLA variants (3.2%, MAF 0.016) were
identified; all were females. None of the 4 GLA variant carriers identified had any clinical manifestation suggestive of FD.
Conclusions. )e results of this study suggest a possible relationship between FD and PD in a small proportion of cases.
Nevertheless, the GLA variant found in our cohort is classified as a variant of unknown significance. )erefore, its pathogenic
causative role in the context of PD needs further elucidation, and these findings should be interpreted with caution.

1. Introduction

Fabry disease (FD) belongs to the group of genetically de-
termined forms of lysosome storage disorders with X-linked
inheritance, which lead to a deficiency of lysosomal enzy-
me–alpha-galactosidase A (AGLA), resulting in the accu-
mulation of glycosphingolipids, especially

globotriaosylceramide (Gb3) in vital organs [1]. Although
FD is a disease with X-linked inheritance, clinical symptoms
are very common in females as well. Some mutations cause
classic disease, while others result in a milder disease phe-
notype with later onset [2]. )e clinical spectrum of the
disease is broad. Early signs include typical neurological
manifestations, skin changes, renal involvement, and
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characteristic cardiovascular manifestations. Due to the
complexity of the disease, multidisciplinary management is
needed [3]. As for the group of lysosomal storage diseases,
the association between mutations in glucocerebrosidase
(GBA), which encodes the lysosomal enzyme glucocere-
brosidase (GCase), and Parkinson’s disease (PD) has
highlighted the importance of lysosomal function in PD
pathogenesis [4]. Since lysosomes are involved in the process
of alpha-synuclein degradation, it is thought that their
dysfunction may lead to its accumulation and subsequent
PD formation [5]. In recent years, there have been
expanding studies on the interrelationship between par-
kinsonism and the mutation of the alpha-galactosidase gene
(GLA) gene in FD. An increased prevalence of PD disease
has been previously reported in subjects with FD and their
first-line relatives [6]. Moreover, decreased AGLA enzy-
matic activity has been reported among cases with PD
compared to controls [2]. )is points to a potential rela-
tionship between these two disorders. )e function of the
AGLA enzyme represents a new therapeutic approach for
genetically determined PD, as increasing the levels of these
enzymes leads to a reduction in the levels of alpha-synuclein
[7]. Nevertheless, the prevalence of FD among PD patients
has not been systematically studied so far. )erefore, we
aimed to determine the prevalence of FD among patients
with PD in a single tertiary movement disorders centre in
Kosice, Slovakia.

2. Methods and Participants

2.1. Participants and Clinical Evaluation. Overall, from
February 2018 to December 2020, we recruited 236 con-
secutive patients with PD diagnosed based on the MDS
clinical criteria for PD [8] in a single tertiary movement
disorders center in Kosice, Slovakia, irrespective of their
ethnicity, disease duration, disease stage, age of onset, or
cognitive status. Several aspects were assessed: a—motor
examination was performed using the Movement Disorder
Society-Unified Parkinson’s Disease Rating Scale (MDS-
UPDRS) [9], including the Hoehn and Yahr (HY) scale to
assess the disease stage. )e MDS-UPDRS is a four-subscale
combined scale that comprehensively assesses the symptoms
of PD. It consists of the following: Part I—nonmotor ex-
periences of daily living, Part II—motor experiences of daily
living, Part III—motor examination, and Part IV—motor
complications. All items are scored on a scale from 0
(normal) to 4 (severe), and the total score for each part is
obtained from the sum of the corresponding item scores.

Basic sociodemographic data were recorded, as well as
the age of onset and disease duration, disease subtype
(tremor-dominant, akinetic-rigid, mixed, and PIGD [10]),
and information about family history of neurodegenerative
parkinsonism. )e presence of selected clinical parameters
was evaluated, including dementia, based on the Montreal
Cognitive Assessment (MoCA) [11] and the Parkinson’s
Disease-Cognitive Rating Scale (PD-CRS) [12], both rec-
ommended for cognitive screening in PD by the Movement
Disorder Society [13]. MoCA is a one-page cognitive im-
pairment test assessing multiple cognitive domains such as

short-term memory, executive functions, visuospatial abil-
ities, naming, attention, and working memory, language,
concentration, verbal abstraction, and orientation, with a
maximum score of 30 points and cutoffs of 25/26 points for
PD-MCI (PD-mild cognitive deficit) (sensitivity: 90%;
specificity: 75%) and 20/21 points for PD-D (PD-dementia)
(sensitivity: 81%; specificity: 95%) [14]. PD-CRS is a new
battery of cognitive scales to assess cognitive decline in PD
patients. )is battery consists of subtests to assess cortical
(naming confrontation and copying clocks) and subcortical
functions (sustained attention, workingmemory, alternating
and action verbal fluency, drawing clocks, immediate and
delayed verbal memory with free recall) using a total of 9
tasks.)emaximum subcortical and cortical function scores
are 104 and 30, with a cutoff score of ≤81 points showing a
sensitivity of 79% and specificity of 80% for PD-MCI
compared with healthy controls [15], and cutoffs of both ≤62
and ≤64 points with a sensitivity and specificity of ≥94% for
PD-D compared with healthy controls [16].

)e study was performed according to the Declaration of
Helsinki (1975); it was approved by the local ethics com-
mittee and all patients signed the written informed consent
before enrolment.

2.2. Enzymatic Activity Assay. )e following method was
applied for the determination of AGLA (alpha-galactosi-
dase) activity in DBS (dried blood spots). )e used protocol
implies extraction of the AGLA fromDBS, incubation with a
synthetic substrate for a defined amount of time, and de-
tection of the enzymatic product using fluorimetry. AGLA
enzymes are extracted from dry blood spots in sodium
acetate buffer in a 96-well plate at 37°C with agitation. On
top of the extracts, a specific synthetic substrate (4-meth-
ylumbelliferyl-α-D-galactopyranoside) is added, and the
plates are incubated at 37°C for 4–6 h. )e reaction is
stopped by adding carbonate buffer (changing the pH to
10.7). )e quantitation of the product (4-MU) was per-
formed by fluorimetry on a Victor2 Fluorometer (Perki-
nElmer) using an external calibration line of 4-
methylumbelliferone. )e results of the enzymatic activity
determination were calculated in μmol/L/h. Enzymatic
AGLA levels were not analyzed in females as previous
studies have shown an inconsistent relationship between
normal AGLA levels and GLA mutation status in FD sub-
jects. On the other hand, normal AGLA levels inmen predict
a normal GLA mutation status, and thus, further Lyso-Gb3
level determination and genetic studies were performed in
men only in the case of abnormal AGLA levels.

2.3. Determination of the Levels of Lyso-Gb3. Lyso-Gb3 levels
were determined only in men with abnormal AGLA levels.
For each sample, three 3.2mm punches from a dried blood
spot are treated with 150 μL metabolite extraction buffer
(50 μLDMSO/water 1/1 and 100 μL IS solution in ethanol) at
37°C for 30min. Potential filter card-derived debris is re-
moved in a subsequent filtration step. )e metabolite of
interest is eventually quantified by liquid chromatography
multiple-reaction-monitoring mass spectrometry (LC/
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MRM-MS) coupled with ultraperformance liquid chroma-
tography (UPLC). Absolute concentrations are calculated
based on an intraexperimental calibration line.

2.4. Genetic Studies. Genetic studies were performed in all
females and in males with abnormal AGLA levels, as shown
in the flowchart in Figure 1. )e coding sequence of GLA
along with at least 50 base-pairs of neighbouring intronic or
UTR sequence was analyzed by a diagnostically validated in
house assay as described in more detail previously [17].

2.5. StatisticalAnalysis. SPSS Inc. statistical software version
22.0 (Chicago, IL, USA) was used for statistical analysis.
First, we described the basic sociodemographic character-
istics of our study group. Subsequently, laboratory param-
eters and the prevalence of mutations in the GLA gene were
analyzed. Lastly, we described the clinical characteristics of
subjects with identified GLA variants.

3. Results

)e study included 236 PD patients with a mean age of
68.9± 8.9 years, of which 130 (55.1%) were male and the
mean disease duration was 7.77± 5.35 years. Detailed
characteristics of the PD sample are described in Table 1.
Among 130 men, AGLA levels (with an average value of
22.4± 7.57 μmol/L/h) were low in 20 patients (15%) (with an
average value of 12.25± 2.51 μmol/L/h) and subsequent
Lyso-Gb3 testing showed values within the reference range
for all tested subjects (0.9–1.7 ng/mL). In 126 genetically
tested patients (20 males with low AGLA levels and 106
females), four c.937G>T, p. (Asp313Tyr) variants were
identified. Interestingly, all of the positive patients were
women, and none of them reported a family history of PD.
)e age of onset for all subjects carrying heterozygous GLA
p.Asp313Tyr variants was >55 years, and most had a mixed
PD phenotype (3/4). All GLA p.Asp313Tyr positive subjects
had a good response to dopaminergic medication, and all of
them developed fluctuations and dyskinesia at the time of
clinical assessment. In terms of nonmotor symptoms, all
patients complained of autonomic dysfunction, especially
urinary problems (3/4 had urine urgency), and the majority
of them also complained of sleep-related issues, fatigue (3/4),
and mood disorders (3/4) such as depression and anxiety.
Cognitive status was normal in 2 GLA p.Asp313Tyr positive
subjects according to MoCA and PD-CRS, while 2 patients
scored in the PD mild cognitive impairment range. In terms
of prodromal features, all four patients carrying the
p.(Asp313Tyr) complained of increased sweating and three
patients complained of smell loss; however, none of them
reported symptoms of REM-sleep behavior disorder (RBD),
and only one reported constipation.

All patients, except one who refused, underwent brain
MRI examinations, which revealed only mild subcortical
white matter T2 hyperintensities, likely of vascular etiology.
In one of the subjects, a swallow-tail sign at the level of
substantia nigra was revealed. A DaTscan was performed on
all 4 subjects with pathological findings.

All patients carrying the p.(Asp313Tyr) variant under-
went cardiological (including echocardiography), nephro-
logical, and ophthalmological examinations, which were
without any pathological findings that would support the
diagnosis of FD. Detailed clinical characteristics of patients
harboring p.(Asp313Tyr) mutations in our cohort are
summarized in Table 2.

4. Discussion

Genetic screening of 127 PD patients for GLA variants
previously associated with FD in our cohort resulted in the
identification of 4 heterozygous GLA p.(Asp313Tyr) vari-
ants.)eGLA p.Asp313Tyr allele frequency of 1.6% found in
our PD population was significantly higher compared to the
allele frequency in the general population reported in the
major genetic databases ExAC (0.3%), gnomAD (0.3%),
TOPMed (0.3%), or 1000 Genomes Project (0.2%) [18]. To
the best of our knowledge, this is the first study surveying the
prevalence of FD among patients with PD.

)e exact etiology of PD is still not known. Several
molecular pathways have been associated with the pathology
of neurodegeneration, including mitochondrial dysfunction
[19], oxidative and proteolytic stress, immune and inflam-
mation responses [20], and the autophagy-lysosomal
pathway (ALP) [21].)e role of lysosomal dysfunction in the
pathogenesis of parkinsonism is highlighted by the link
between PD and heterozygous GBA carriers [6]. Although
there is considerable literature supporting a relationship
between GBA and synucleinopathies [4, 22, 23], not much is
known about a possible association between synucleino-
pathies and FD, which may also be common [24, 25].
Parkinsonism has been observed in patients with FD in
several studies [6, 26–29] which suggests that there may be
an increased risk of developing PD in individuals carrying
GLA mutations. Recent findings of decreased AGLA, which
are characteristic of FD in some patients with parkinsonism,
suggest a link between the two diseases [2]. Due to these
findings, we surveyed patients with PD to determine the
prevalence of FD. In four patients with PD who were ge-
netically tested for FD, the p. (Asp313Tyr) variant was
identified, the allele frequency of which was higher than in
the general population (1.6% vs. 0.2–0.3%). Interestingly, all
patients were women and were carrying the same p.
(Asp313Tyr) GLA variant. Previous studies reporting on the
clinical features of parkinsonism in the few described FD
subjects [27–30] showed a typical age of onset, mostly an
akinetic-rigid type of parkinsonism and typically a good
response to dopaminergic treatment. Prodromal and non-
motor symptoms were less described in these reports. )is is
in line with our findings showing a typical later onset of PD,
with a good therapeutic response to therapy, where non-
motor symptoms were dominated by autonomic symptoms
as described previously. None of the previous reports or our
own data, thus far, supports the presence of clinical features
of parkinsonism that would be suggestive of GLA carrier
status.

According to the existing literature, more than 900
variants in the GLA gene have been described [31], but
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the specific clinical impact of most mutations has not yet
been well explored [32]. Although substantial literature
exists, it is still under debate whether the p. (Asp313Tyr)
variant represents a disease-causing mutation, a low-
pathogenic variant, or just a polymorphism [33]. In 1993,
this mutation was reported as causative in a male patient
with a classical manifestation of FD [34]. However, 10
years later, a more detailed analysis revealed a second
missense mutation, p. (Cys172Gly), in the same patient,
which questioned the pathogenicity of the p. (Asp313Tyr)

variant [35]. Later, the mutation was identified as a
“pseudodeficient allele,” suggesting that mutant enzyme
activity is pH dependent [35, 36]. Similarly, Niemann
et al. and Oder et al. describe this variant as not clinically
relevant [37] or as nonpathogenic for FD [32], and the p.
(Asp313Tyr) variant has also been referred to as a
polymorphism [38]. )e possible pathological signifi-
cance of the p.(Asp313Tyr) variant in the GLA gene has
not been verified in the Hasholt study during the ex-
amination of members of two Danish families. His

AGLA - normal level
N = 110

130 men
(55.1%)

AGLA - low level
N = 20

106 women
(44,9%)

Lyso-Gb3
• normal level (N = 20)
• pathological level (n = 0)

Genetically tested patients
N = 126

Figure 1: Algorithm of laboratory testing in male and female subjects with PD.

Table 1: Characteristics of the PD population (N� 236).

Mean± SD (N, %) Range
Age (years) 68.9± 8.9 33–88
Gender
Male 130 (55.1%)
Female 106 (44.9%)

Age of onset 61.13± 10.35 27–85
Disease duration 7.77± 5.35 0–30
MDS-UPDRS part III score 27.58± 13.35 3–80
Presence of GLA gene mutations (N� 126) c.937G>T, p. (Asp313Tyr) 4 (3.17%)
alpha-Galactosidase level in men (N� 129)
<15.3 μmol/L/h (pathological)
Pathological level of AGLA

22.40± 7.57
20 (15%)

12,25± 2.51

5.3–57.2
5.3–15.2

Lyso-Gb3 level in men
> 1.8 ng/ml (pathological)

1,23± 0,22
0 0.9–1.7

MDS-UPDRS: Movement Disorder Society-Unified Parkinson’s Disease Rating Scale.
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findings only support the assumption that p.(Asp313Tyr)
is a rare variant without pathological significance [39].

)ese findings contradict other studies showing that the
p. (Asp313Tyr) variant may lead to FD-nervous system
manifestations [33, 39–41]. Koulousios et al. have shown the
possibility that the p. (Asp313Tyr) variant might be con-
sidered as disease causing by finding that the prevalence of
the p. (Asp313Tyr) variant among patients with FD is more
than 35%, while the frequency in the general population is
estimated to be less than 1% [41]. According to Koulousios
et al., this variant is associated with a milder phenotype and a
later onset of the disease [41]. Data in the Moulin study
showed that the p. (Asp313Tyr) GLA variant may lead to
symptoms and organ manifestations compatible with FD
[40]. Also, Zompola et al. reported two newly diagnosed
Fabry cases with nervous system manifestations related to
the p.(Asp313Tyr) variant, which strengthened the pre-
sumption of the pathogenicity of this mutation [33]. In a
recent review of Effraimidis et al., the authors stated that the
frequency of the p. (Asp313Tyr) variant in comparison to the
general population is only higher in neurologic disorders
[42]. In fact, patients carrying GLA variants may be
asymptomatic or show a spectrum of mild clinical mani-
festations, including cerebrovascular disease, such as the
recently reported cerebral hemodynamic changes in
asymptomatic FD subjects at risk for cerebrovascular events
[43]. Preclinical detection of neurovascular involvement in
FD might allow appropriate management and prevention of
future cerebrovascular complications and disability [43].
Due to the findings stated previously, patients carrying the
p.(Asp313Tyr) variant should be monitored annually, as
enzyme replacement therapy could be used if organ man-
ifestations occur [33].

In summary, this study showed a higher incidence of the
p. (Asp313Tyr) variant with a higher prevalence than in the
general population, further emphasizing the importance of
the autophagy-lysosomal pathway study in PD. None of our
four patients showed cardiac hypertrophy, renal dysfunc-
tion, acroparesthesias, or corneal opacities. MRI did not
reveal morphological or functional abnormalities specific for
FD. Overall, the results of this study suggest that the p.
(Asp313Tyr) variant leads to a nonpathological or very mild
variant of FD at most. On the other hand, this mutation may
not always be reflected in the fully expressed FD phenotype
and may not be accompanied by low levels of AGLA, as the
residual activity of this enzyme is preserved [41]. Also, in the
context of PD and FD, this variant of unknown significance
may help clinicians and researchers in questioning the
causative role of genetic variants within the daily clinical and
diagnostic settings [44]. Accordingly, as stated, its patho-
genic, causative role in the context of PD needs to be further
elucidated, and these findings should be interpreted with
caution. Observing the four female patients as the asymp-
tomatic carriers of p. (Asp313Tyr), and especially their sons,
is needed.

In addition, the range of the Fabry phenotype in women
can vary from asymptomatic to severely affected compared
to men, where the phenotype is usually more severe [2]. )e
diagnosis of this disease is challenging because the

phenotypic manifestation of FD can range from typical
manifestations of the disease to unusual and incorrect, and
late diagnosis can delay the necessary treatment [32]. Spe-
cific treatment for orally administered α-galactosidase A
inhibitor or recombinant human alpha-galactosidase (ERT)
is available, with better results if therapy is initiated before
organ damage [2]. With the perspective of potential FD
therapy as a disease modifier also for PD, screening for
prodromal symptoms of PD is appropriate.

4.1. Strengths and Limitations. One of the limitations of
this study is the lack of an ethnically-matched healthy
control group, which does not allow a direct comparison
of prevalence between Slovak PD subjects and healthy
controls, although the allele frequency of the GLA
p.Asp313Tyr variant in major genetic databases is rather
constant at the level of 0.2–0.3%. Also, as part of the
clinical lab protocol, enzymatic AGLA levels were not
analyzed in females as previous studies have shown an
inconsistent relationship between normal AGLA levels
and GLA mutation status in FD subjects. On the other
hand, normal AGLA levels in men predict a normal GLA
mutation status, and thus, genetic analyses were per-
formed in men only in the case of abnormal AGLA levels.
One other limitation is that our cohort includes a wider
range of age of onset of disease of our patients, taking into
account that most of the young-onset PD are genetic,
alternative etiologies of PD besides FD can explain the
final prevalence.

5. Conclusion

While the prevalence of the GLA p.Asp313Tyr variant seems
to be higher in PD patients compared to the general pop-
ulation, its pathogenic causative role in the context of PD
needs to be further elucidated, and these findings should be
interpreted with caution. )e clinical significance of the
variant abovementioned is still under debate. Patients car-
rying the p.(Asp313Tyr) variant should be monitored an-
nually, as enzyme replacement therapy could be used if
organ manifestations occur.
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Sánchez, B. Pascual-Sedano, and A. Gironell, “Parkinson’s
disease-cognitive rating scale: a new cognitive scale specific
for Parkinson’s disease,” Movement Disorders, vol. 23, no. 7,
pp. 998–1005, 2008.

[13] M. Skorvanek, J. G. Goldman, M. Jahanshahi et al., “Global
scales for cognitive screening in Parkinson’s disease: critique
and recommendations,” Movement Disorders, vol. 33, no. 2,
pp. 208–218, 2018.

[14] J. C. Dalrymple-Alford, M. R. MacAskill, C. T. Nakas et al.,
“)e MoCA: well-suited screen for cognitive impairment in
Parkinson disease,” Neurology, vol. 75, no. 19, pp. 1717–1725,
2010.

[15] R. Fernández de Bobadilla, J. Pagonabarraga, S. Mart́ınez-
Horta, B. Pascual-Sedano, A. Campolongo, and J. Kulisevsky,
“Parkinson’s disease-cognitive rating scale: psychometrics for

mild cognitive impairment,” Movement Disorders, vol. 28,
no. 10, pp. 1376–1383, 2013.

[16] M. Serrano-Dueñas, M. Serrano, D. Villena, and D. Granda,
“Validation of the Parkinson’s disease-cognitive rating scale
Applying the movement disorder society task force criteria for
dementia associated with Parkinson’s disease,” Movement
Disorders Clinical Practice, vol. 4, no. 1, pp. 51–57, 2016.

[17] B. Csányi, L. Hategan, V. Nagy et al., “Identification of a novel
GLA gene mutation, p.Ile239Met, in Fabry disease with a
predominant cardiac phenotype,” International Heart Jour-
nal, vol. 58, no. 3, pp. 454–458, 2017.

[18] National Center for Biotechnology Information, “ClinVar;
[VCV000010738.16],” 2021, https://www.ncbi.nlm.nih.gov/
clinvar/variation/VCV000010738.16.

[19] M. Salemi, F. Cosentino, G. Lanza et al., “mRNA expression
profiling of mitochondrial subunits in subjects with Parkin-
son’s disease,” Archives of Medical Science, 2021, in Press.

[20] S. Phani, J. D. Loike, and S. Przedborski, “Neurodegeneration
and inflammation in Parkinson’s disease,” Parkinsonism &
Related Disorders, vol. 18, pp. S207–S209, 2012.

[21] D. T. Dexter and P. Jenner, “Parkinson disease: from pa-
thology to molecular disease mechanisms,” Free Radical Bi-
ology and Medicine, vol. 62, pp. 132–144, 2013.

[22] B. Bembi, S. Zambito Marsala, E. Sidransky et al., “Gaucher’s
disease with Parkinson’s disease: clinical and pathological
aspects,” Neurology, vol. 61, no. 1, pp. 99–101, 2003.

[23] J. Neumann, J. Bras, E. Deas et al., “Glucocerebrosidase
mutations in clinical and pathologically proven Parkinson’s
disease,” Brain, vol. 132, no. 7, pp. 1783–1794, 2009.

[24] J. J. Miller, A. J. Kanack, and N. M. Dahms, “Progress in the
understanding and treatment of Fabry disease,” Biochimica et
Biophysica Acta (BBA)-General Subjects, vol. 1864, no. 1,
Article ID 129437, 2020.

[25] K. Del Tredici, A. C. Ludolph, S. Feldengut et al., “Fabry
disease with concomitant lewy body disease,” Journal of
Neuropathology & Experimental Neurology, vol. 79, no. 4,
pp. 378–392, 2019.

[26] W. Borsini, G. Giuliacci, F. Torricelli, E. Pelo, F. Martinelli,
and M. R. Scordo, “Anderson-Fabry disease with cerebro-
vascular complications in two Italian families,” Neurological
Sciences, vol. 23, no. 2, pp. 49–53, 2002.

[27] S. Buechner, M. T. R. De Cristofaro, S. Ramat, andW. Borsini,
“Parkinsonism and Anderson Fabry’s disease: a case report,”
Movement Disorders, vol. 21, no. 1, pp. 103–107, 2006.
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