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SUMMARY

Introduction/Objective Fabry disease (FD) is an X-linked lysosomal storage disease that develops as a
consequence of mutation in the alpha-galactosidase A (GLA) gene. There are more than 1080 known vari-
ants in the GLA gene. Some of them are pathogenic, but most of them are benign or represent the genetic
change that can be classified as a genetic variant of unknown significance or simply be a representation of
genetic polymorphism. There are two main features of FD, classic form and late-onset variants of disease.
The main target organs in patients with FD are the kidneys, heart, and nervous system. Bearing in mind
the fact that FD is a rare disease, the best way for active searching of patients is high-risk population
screening, after which family screening for every proband case should be performed.

Methods In this paper, we present results of a multicentric pilot study that represents findings from the
screening of hemodialysis patients for FD in six hemodialysis units in Vojvodina.

Results We have found one patient with benign mutation and 16 patients with genetic polymorphisms
in GLA gene. We have learned that genetic changes in GLA gene can be frequent, but very rarely are of
clinical significance and lead to manifestations of FD.

Conclusion Results of this screening study will give us important insights into our future work.
Keywords: Fabry disease; hemodialysis; high-risk population screening

INTRODUCTION

Fabry disease (FD) (OMIM 301500) is an
X-linked lysosomal storage disorder caused
by mutations in the GLA gene that result in
markedly reduced or absent activity of the en-
zyme a-galactosidase A (a-Gal A, EC 3.2.1.22).
This leads to the intracellular accumulation of
substrates like globotriaosylceramide (Gb3)
and also its deacylated derivative globotriao-
sylsphingosine (lyso-Gb3). Lyso-Gb3 is a valu-
able biomarker and speaks mainly about the
burden of FD, since it reflects the severity of
disease and also corresponds well with tissue
accumulation of Gb3. So, Lyso-Gb3 is of great
importance in establishing the diagnosis of
FD, but also in assessing the disease severity
and therapeutic monitoring [1-4]. Until now,
more than 1080 variants in the GLA gene have
been identified in the Human Gene Mutation
Database (HGMD) [5]. Some of them are
pathogenic but others are benign or represent
genetic change that can be classified as a ge-
netic variant of unknown significance. After the
findings of genetic change in GLA gene in each
patient, we can scroll through the HGMD and

seek information about the clinical significance
of found mutation [1, 5, 6].

Prevalence of FD is in the range of 1:40,000-
1:117,000 live male newborns, but the exact
prevalence is very hard to establish due to the
very heterogeneous nature of the disease (even
within a group of patients with the same ge-
netic variant) and lack of awareness about the
disease [7]. In contrast to other X-linked dis-
eases, in which females can only be carriers, in
FD females may be as severely affected as male
patients [8]. There are two basic phenotypes of
FD: a classic form of the disease that is mainly
associated with deletions, frameshifts and non-
sense variants in the GLA gene, and late-onset
variants of FD that are associated with missense
variants in the GLA gene [9]. The classic form
of FD starts at a younger age with earlier mani-
festations on target organs (the heart, kidneys,
nervous system) and usually with some other
clinical presentations of the disease, like cornea
verticillata, angiokeratomas and acroparesthesia
(burning sensations on hands and feet). On the
other hand, later-onset variants are becoming
clinically evident later in life, with cardiomyopa-
thy and/or nephropathy alone [1]. Diagnostic
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criteria for FD require the confirmation of low enzyme
activity and presence of genetic variants in the GLA gene
for male patients or GLA gene variants for female patients
together with characteristic clinical features of the disease
and/or a family member with the diagnosis of FD and/
or elevated plasma lyso-Gb3 level [10]. In some cases of
suspected FD target organ biopsy should be performed,
with electron microscopy analysis of the tissues, so typi-
cal cellular inclusions, “zebra bodies,” can be found [1, 2].

The current mainstay of treatment for FD patients in-
cludes the administration of enzyme replacement thera-
py. Nowadays, in clinical practice, there are two available
forms of the drug: agalsidase alpha and agalsidase beta,
with different dosage regimes (0.2 mg/kg intravenously
every other week and 1 mg/kg intravenously every other
week, respectively) but similar therapeutic efficacy. In
some countries, there is also a possibility for oral therapy
with migalastat for some types of amenable mutations [11].

There are only six established cases of FD in Serbia,
for now. The exact number of FD patients in our country
is hard to establish, but should probably be in the range
of 50-100 patients. One way of finding of FD patients is
high-risk population screening which represents an active
search for FD patients in certain patient populations like
hemodialysis patients, patients with hypertrophic cardio-
myopathy of unknown/uncertain origin or patients with
an early stroke (before the age of 55).

FD often remains undiagnosed according to the preva-
lence calculated in some studies because of the hetero-
geneous nature of its clinical manifestations. The clinical
diagnosis of both phenotypes (classic form and late-onset
variants) is challenging, since many of the main symp-
toms and signs are common in other diseases, and the time
between the first symptoms and the settling of diagnosis
can take more than ten years [1, 10]. Therefore, the pre-
cise establishment of the molecular-genetic diagnosis and
the earliest possible treatment is essential to avoid signifi-
cant disease progression. Molecular analysis of FD is also
crucial for segregation studies, enabling early diagnosis
of family members with pathogenic variants in the GLA
gene allowing monitoring before the first symptoms ap-
pear, and therefore promoting better disease management.

The aim of this study was to perform molecular-genetic
analysis of FD in the group of hemodialysis patients to
provide an early application of appropriate therapy as well
as the provision of genetic advice to families with a high
risk for the birth of a child with FD.

METHODS

After the approval of ethic committees from every institu-
tion which participated in the screening program and the
signing of full informed consent by every patient who partic-
ipated in the study, we performed a multicentric pilot study
from December 2020 until May 2021. The study was based
on a FD screening of patients in six hemodialysis centers
from different parts of Vojvodina (Stara Pazova, Pancevo,
Kikinda, Subotica, Backa Palanka and Sremska Mitrovica).
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At the time of the screening process, these hemodialysis
centers had a dialysis population of 529 patients in total (58,
135, 82, 70, 64, and 120, respectively). Patients eligible for
screening were male patients under 55 years of age and with
an unknown cause of end-stage renal disease (ESRD), as well
as female patients of all ages and unknown cause of ESRD.
Because of the variable clinical presentations of FD we ana-
lyzed the presence of other clinical manifestations, besides
ESRD, that can be a part of the clinical spectrum of FD in
our patient eligible for screening process (left ventricular
hypertrophy (LVH), stroke before the age of 55, existence
of white matter lesions, cornea verticillata, angiokeratoma,
tinnitus, hearing loss, heat or cold intolerance, postprandial
pain, acroparesthesia, hypo-, or hyperhidrosis). The screen-
ing protocol for FD was based upon genetic analysis of pe-
ripheral blood from 117 selected patients. Genetic analysis
was performed at the Institute of Molecular Genetics and
Genetic Engineering, University of Belgrade.

In patients with genetic polymorphisms or genetic
variants of unknown significance in the GLA gene, we
performed biomarker (Lyso-Gb3) analysis in Centogene
(Centogene Rostock, Germany) from the blood of our
participants through dried blood spots (DBS, CentoCard,
Centogene) analysis with the liquid chromatography mass
spectrometry method (HPLC-MS/MS; Thermo Fisher
Scientific, Waltham, MA, USA).

Detection of genetic variants in the GLA gene

Genomic DNA was isolated directly from whole peripheral
blood using QIA amp DNA Blood Mini Kit (QIAGEN, Hilden
Germany), and quantified with a Qubit® 3.0 Fluorimeter
(Thermo Fisher Scientific) and Qubit™ dsDNA HS Assay Kit
(Thermo Fisher Scientific). All seven exons and flanking in-
tron regions of the GLA gene (GenBank: NM_000169.3) were
individually PCR amplified using PCR System (Eppendorf,
Master cycler Nexus, Hamburg, Germany). Primers were
designed in the way that an average length of fragments was
between 400 and 700 bp and that all known single nucleotide
polymorphisms were avoided. We used different online avail-
able tools: single nucleotide polymorphisms Check [http://
www.ngrl.org.uk], OligoAnalyzer [http://www.idtdna.com/
pages/tools/oligoanalyze r], In silico PCR [http://genome.
ucsc.edu]. A list of all primers is given in Table 1.

Reactions were carried out in a final volume of 25 ul
containing 100 ng of genomic DNA, 1 x PCR buffer (with
Mg*), 1 x Q solution, 1.0 mM MgCl,, 0.2 mM dNTP each,
1 U of HotStarTaqg DNA" Polymerase (QIAGEN, Hilden,
Germany), 10 pmol of each primer and distilled water.
Cycling conditions for PCR were as follows: initial dena-
turation at 95°C for 15 minutes; 30 cycles at 94°C for 30
seconds, 54°C for 30 seconds, and 72°C for one minute,
followed by a final extension at 72°C for five minutes.

All PCR fragments were directly sequenced using the
Big Dye terminator cycle sequencing kit and the ABI
PRISM 310 automated sequencer (Applied Biosystems Life
Technologies, USA). Segregation analysis was performed
in families when it was possible to determine the carrier
status of detected genetic variants.
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Table 1. List of all primers used for amplification of coding and flanking
regions of alpha-galactosidase A (GLA) gene

rl:rairr::r Sequence 5'-3' Ligg)th
GLA _ex1_F 5'-AGCGGAACGTCTTACGTGAC-3

GLA_ex1_R 5 -CGGGACAGTTTGCTGGG-3" >22
GLA_ex2_F 5'-AGGGCGGGAATATTAACGGG-3'

GLA_ex2_R 5'-GTTACAGGCGTTCACCACC-3° 620
GLA_ex3_F 5'-CTAGCTCAGCAGAACTGGGG-3

GLA_ex3_R 5 -GAGATGGGAGCTCTGGCAC-3" >
GLA_ex4_F | 5-GGGAAGCTGAGACAGAAGAGTC-3°
GLA_ex4_R 5'-CCAGGTGATGGTAGCTTAGGC-3 77
GLA_ex5_F | 5 -GGTTTAGACCTCCTTATGGAGACG-3
GLA_ex5_R | 5-GCATCCTGCTCTAAGTACTCTCAC-3 420
GLA_ex6_F | 5-GTGAGAGTACTTAGAGCAGGATGC-3
GLA_ex6_R 5'-AGCAACTAGTGATAAGTGGCCC-3 >
GLA_ex7_F 5'-CAATACCAACTTTGTCTTGGGCC-3
GLA_ex7_R 5°-AGGCGGGTCTCAAAGTCC-3° o7

Table 2. Patients involved in Fabry disease screening per hemodialysis
(HD) center

= 2 = @ = s =

] fEc | sE| BE

22| E2 En <0 kS g
HD center So | 55| 85| ©d %=

ST | 85 | 25 g c <3

ET 58 28] 3% =

S = &

Backa Palanka 64 4 18 22 55.4+6.4
Stara Pazova 58 3 2 5 36.2+7.5
Kikinda 82 5 8 454 +7.1
Subotica 70 5 9 14 51.2+6.3
Sremska Mitrovica | 120 13 29 42 55.7+4.4
Pancevo 135 10 16 26 47.7 +7.5
In total 529 40 77 17 48.6 + 6.3

RESULTS

Hemodialysis, together with peritoneal dialysis and kidney
transplantation, represents methods of renal replacement
therapy. There are 16 hemodialysis centers in Vojvodina,
with around 1600 patients. From the yearly reports of

Table 3. Comorbidities in patients involved in Fabry disease screening

the Registry of Serbian Society of Nephrology, we have
learned that around 8% of patients with ESRD in Serbia
have chronic kidney disease of unknown etiology [12].

FD is a rare disease that physicians usually don’t think
about in their everyday clinical practice. Having in mind
that hemodialysis patients belong to a high-risk popula-
tion group for FD, we decided to perform a pilot study
of screening for FD patients in hemodialysis centers in
Vojvodina. According to the previously mentioned crite-
ria for screening eligibility, we have screened 117 patients
(40 females) from the aforementioned hemodialysis units
with a total dialysis population of 529 (22%) (Table 2).
The majority of screened patients had LVH (63.2%), but
stroke before the age of 55 and white matter lesions were
rare (4.3% and 2.6%, respectively). Around one-fifth of
screened patients also had tinnitus, hearing loss, heat or
cold intolerance, postprandial pain and acroparesthesia.
Complete list of comorbidities is given in Table 3.

In this study, we conducted the genetic analysis of 117
patients suspected of FD, and the GLA sequencing revealed
only one male patient (with a frequency of 0.8%) with a
variant in a coding region (p.Asp313Tyr), 16 patients
(13.7%) had only non-coding variants, while 100 subjects
had no variants in the analyzed regions (85.5%). All de-
tected genetic changes were previously described in the
literature. Five different combinations of number of cited
variants, described as complex intronic haplotypes (CIHs),
in the GLA gene were identified in our group of subjects
(Table 4 and 5). The most frequent haplotype is formed by
the four variants c.-10C>T, ¢.370-81_370-77del CAGCC,
€.640-16A>G, ¢.1000-22C>T, and was detected in eight
of 117 (6.8%) patients. Lyso-Gb3 biomarker levels were
within normal range in each tested patient, so all genetic
changes we have found could be accounted for nonpatho-
genic.

DISCUSSION

FD is a rare systemic metabolic disorder that leads to the
accumulation of lipid substrates in lysosomes in various
tissues and organs. Having in mind a fact that most im-
portant target organs in FD patients are kidneys, heart

Comorbidities Backa Palanka Stara Pazova Kikinda Subotica Sremska Mitrovica | Pancevo In total
(N=22) (N=5) (N=8) (N=14) (N=42) (N =26) (N=117)
t?ge"r‘i?;gf]‘;'ar 12 (54.5%) 2 (40%) 3(37.5%) | 6(42.8%) 28 (66.7%) (92?% ) ( 63?;‘% )
geggk)’/'e‘;‘i“”'a””c'de“ts 2 (9%) 0 1025%) | 1(7.2%) 1(2.4%) 0 5 (4.3%)
White matter lesions 1 (4.5%) 0 1(12.5%) 0 0 1 (4%) 3(2.6%)
Cornea verticillata 0 1(20%) 0 0 1(2.4%) 1 (4%) 3(2.6%)
Angiokeratoma 0 0 0 2 (14.4%) 1(2.4%) 0 3 (2.6%)
Tinnitus 3(13.5%) 1(20%) 1(12.5%) 9 (64.3%) 2 (4.8%) 7 (27%) 23 (19.7%)
Hearing loss 8 (36.4%) 0 1(12.5%) 2 (14.4%) 6 (14%) 4 (15%) 21 (18%)
Heat/cold intolerance 1 (4.5%) 2 (25%) 8(57.2%) 1 (2.4%) 8(31%) 20 (17%)
Acroparesthesia 0 2 (40%) 2 (25%) 2 (14.4%) 6 (14.3%) 13 (50%) 25 (21.4%)
Hypo-/hyperhidrosis 0 1 (20%) 0 3(21.4%) 7 (16.4%) 0 11 (9.4%)
Post prandial pain 2 (9%) 3 (60%) 1(12.5%) 2 (14.4%) 3 (7%) 16 (62%) 27 (23%)
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Table 4. The summary of complex intron haplotypes found in patients with suspicion of Fabry disease
] K Patients
Genes Alpha ehllaioietss A Variant/Haplotype
region N=117 %
Variant 1 5'UTR c-10C>T 2 1.7
complex ntronic S'UTR intron 2,intron4, | ¢ 1057, ¢370-77_-81delCAGCC, c640-16A>G, 1000-22C>T | 8 | 658
haplotype 1 intron 6
Complex intronic . . . ¢.370-77_370-81delCAGCC, c.640-16A>G,
haplotype 2 intron 2, intron 4, intron 6 €1000-22C>T 4 34
Complexintronic 5'UTR, intrond C-12G>A, 639+68A>G 1 08
haplotype 3
Complexintronic S'UTR, intron 2,intron4, | ¢ 1G>, ¢370-77_-81delCAGCC, c.640-16A>G, c.1000-22C>T | 1 | 038
haplotype 4 intron 6
Table 5. Genetic changes in alpha-galactosidase A gene in our patients
Patient | Gender | Age |Genetic change Importance
1. Q 44 Incomplete CIH (c.-10C>T (g.1170 C>T)) Polymorphism
2. ) 51 | p.Asp313Tyr (D313Y) Benign
3 o 61 CIH (c.- 10C>T (9.1170 C>T), ¢.370-77_-81delCAGCC (g.7188-7192 del5), c.640-16A>G Polymorohism
: ¥ (g.10115A>G), €.1000-22 C>T (9.10956 C>T)) ymorp
ClIH (c.- 10C>T (9.1170 C>T), ¢.370-77_-81delCAGCC (g.7188-7192 del5), c.640-16A>G .
4 ? 32 1(g.10115A5G), ¢.1000-22 C>T (10956 C>T)) Polymorphism
ClIH (c.- 10C>T (g.1170 C>T), ¢.370-77_-81delCAGCC (g.7188-7192 del5), c.640-16A>G .
> ? 32 | (9.10115A5G), ¢.1000-22 C>T (g.10956 C>T)) Polymorphism
CIH (c.- 10C>T (9.1170 C>T), ¢.370-77_-81delCAGCC (g.7188-7192 del5), c.640-16A>G .
Q
6. ¥ 47 1(9.10115A>G), .1000-22 C>T (10956 C>T)) Polymorphism
CIH (c.- 10C>T (9.1170 C>T), ¢.370-77_-81delCAGCC (g.7188-7192 del5), c.640-16A>G .
/ ? 44 1(5.10115A5G), €.1000-22 C>T (910956 C>T)) Polymorphism
8. Q 53 Incomplete CIH (c.-10C>T (g.1170 C>T)) Polymorphism
CIH (c.- 10C>T (g.1170 C>T), ¢.370-77_-81delCAGCC (g.7188-7192 del5), c.640-16A>G .
2 d 31 1(9.10115A5G), ¢.1000-22 C>T (g.10956 C>T)) Polymorphism
CIH (c.- 10C>T (9.1170 C>T), ¢.370-77_-81delCAGCC (g.7188-7192 del5), c.640-16A>G .
10. 3 46 1(3.10115A5G), €.1000-22 C>T (10956 C>T)) Polymorphism
11. Q 35 Incomplete CIH (c.-12G>A (g.1168 G>A), c.639+68A>G (9.8479>G)) Polymorphism
Incomplete CIH (c.370-77_-81delCAGCC (g.7188-7192 del5), .640-16A>G (g.10115A>G), .
12 ? 63 | ¢1000-22 C>T (10956 C>T)) Polymorphism
Incomplete CIH (c.370-77_-81delCAGCC (g.7188-7192 del5), c.640-16A>G (g.10115A>G), .
13. 3 44 1 £1000-22 C>T (g.10956 C>T)) Polymorphism
Incomplete CIH (c.370-77_-81delCAGCC (g.7188-7192 del5), c.640-16A>G (g.10115A>G), .
14. 3 29| £1000-22 C>T (g.10956 C>T)) Polymorphism
15. 3 33 CIH (c.-12 G>A (9.1168 G>A), ¢.639+68A>G (9.8479>G), ¢.1000-22 C>T (g.10956 C>T)) Polymorphism
16. Q 66 | Incomplete CIH (c.370-81_-77delCAGCC (g.7188-7192del5), c.1000-22C>T (g.10956C>T)) Polymorphism
17 o 53 Incomplete CIH (c.-12G>A (9.1168 G>A), ¢.370-81_-77delCAGCC (g.7188-7192del5), Polvmorphism
¥ €.639+68A>G (g.8479>G), ¢.1000-22 C>T (g.10956 C>T)) ymorp

and brain, most of the screening programs worldwide are
directed at patient populations on renal replacement thera-
pies, patients with LVH on unknown origin and patients
with early cerebrovascular incidents.

In this paper we have summarized the efforts from
our pilot study in the screening of hemodialysis patients
from six hemodialysis centers in Vojvodina. In different
screening studies on patients in hemodialysis units the
prevalence of GLA mutations was up to 0.87% [13, 14],
but if only pathogenic mutations were checked for, then the
prevalence of FD dropped to around 0.14-0.3% [15]. Some
screening programs are oriented just on male patients
which is unacceptable, since female patients can be as se-
verely affected as their male counterparts. Inconsistency
of genotype—phenotype correlation in females is due to
X-chromosome inactivation.

Detection of genetic variants in the GLA gene is es-
sential to confirm the clinical diagnosis of FD [16]. In the
present study, we sequenced the entire GLA gene including

‘ DOI: https://doi.org/10.2298/SARH211103037C

coding regions and flanking intron sequences to find alter-
ations that could explain observed FD-like characteristics
in our group of subjects. In 13.7% (16 of 117) of subjects,
we identified five different combinations of CIHs in the
GLA gene. The most frequent (6.8%) was the haplotype
consisting of four variants (c.-10C>T, ¢.370-81_370- 77del-
CAGCC, ¢.640-16A>G, c.1000-22C>T), which coincides
with the results of other studies, where the frequency of
this haplotype varied 8.9-3.4% in subjects with clinically
suspected FD [17, 18].

According to van der Tol et al. [19], the prevalence
of pathogenic variants in the GLA gene is 0.12%. When
variants of uncertain significance (VUS) are included, this
number increases to 0.62%. The frequencies reported in
our study do not reflect the Van der Tol data since these
intronic variants have been reported as polymorphic vari-
ants in the general population and, as in most cases, have
been observed individually rather than in haplotypes.
Furthermore, most studies perform sequencing only

Srp Arh Celok Lek. 2022 May-Jun;150(5-6):281-287
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Unexplained end-stage renal
disease +/- suggestive history

and/or physical exam

|

J <55 years Suspected Fabry >
of age disease % of any age
Alpha- . . .
galactopsidase A — ReSldllal acthlty — Alpha_
enzvme (5-10%) galactosidase A
gene analysis
L J
<5% Genetic variant of -—
unknown significance
3 A 4
Alpha- Confirmed Fabry
galactosidase disease

A gene analysis

Lyso-Gb3 levels
Organ biopsy (kidney, skin,
endocardium) with electron

microscopy analysis

Confirmed
Fabry disease

Figure 1. Diagnostic algorithm for Fabry disease patients with end-stage renal disease

through coding regions of the GLA gene and thus fail to
detect heterozygosity in intron regions [20]. Depending
on the sequencing design, CIHs often remain unidentified
since these regions are not investigated routinely by gene
sequencing; consequently, the prevalence of FD may be un-
derestimated [21]. Previous reports have found that CIHs
can be associated with different clinical manifestations
reflecting mild renal, neurological, and cardiac disorders
[22-25]. However, measuring the level of biomarker Lyso-
Gb3 in DBS showed the normal level in all tested patients
with detected CIHs in this study. Our results are in agree-
ment with the findings of Ferri et al. [18], in which are
detected seven different GLA haplotypes in control males,
indicating that these CIHs are not involved in the develop-
ment of FD manifestations. But Gervas-Arruga et al. [21]
suggest that in patients with CIHs, environmental factors,
as a pro-inflammatory state, in addition to the accumu-
lation of Gb3 may influence the symptoms. Moreover, it
has been shown that DBS lyso-Gb3 levels are not solely

Srp Arh Celok Lek. 2022 May-Jun;150(5-6):281-287

enough for defining diagnosis of FD and that secondary
analysis should be made, due to possible false-positive
or false-negative results. The estimated sensitivity of the
HPLC-MS/MS method used for measuring DBS lyso-Gb3
levels is 67%, which indicates the limits of accurate/precise
screening outcomes [26]. Hence, the lack of abnormality
in Lyso-Gb3 levels is not a reliable parameter for excluding
FD. Therefore, further analysis, such as gene expression
analysis, should be performed to confirm or reject the FD
diagnosis in subjects with detected CIHs in the GLA gene
and doubtful diagnosis of disease.

High-risk population screening program represents
the best and the easiest way of finding a new FD patient.
A diagnostic algorithm can be proposed for screening of
patients with ESRD in hemodialysis centers (Figure 1). It
is based on the appropriate usage of enzyme activity test-
ing, genetic testing as well as other types of testing that
can helped physicians in determining the significance of
tindings during screening process. This algorithm can also
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be used for patients with milder degrees of chronic kidney
disease. In male patients, first step should be enzyme test-
ing, and if needed (when enzyme levels are below normal
values), further genetic testing should ensue, while in sus-
pected female FD patients genetic testing should be the
first step due to the well-known process of X-chromosome
inactivation.

After appropriate high risk population screening is
performed, on every index case one could find 3-5 new
cases during family screening that should comprise three
generations in the family tree.

Having in mind the fact that the prevalence of a patho-
genic mutation in the GLA gene is very low in hemodi-
alysis population, there is a place for future investigations
since the total number of patients on hemodialysis in
Vojvodina is around 1600 and in Serbia around 5500-6000
patients [12].

CONCLUSION

The challenges in the establishment of the precise diagno-
sis of FD and indications for treatment are part of today’s
clinical practice. In the literature has been described that

REFERENCES

1. Ortiz A, Germain DP, Desnick RJ, Politei J, Mauer M, Burlina
A, et al. Fabry disease revisited: Management and treatment
recommendations for adult patients. Mol Genet Metab.
2018;123(4):416-27.

2. Carnicer-Céceres C, Arranz-Amo JA, Cea-Arestin C, Camprodon-
Gomez M, Moreno-Martinez D, Lucas-Del-Pozo S, et al. Biomarkers
in Fabry Disease. Implications for Clinical Diagnosis and Follow-
up. J Clin Med. 2021;10(8):1664.

3. Nowak A, Beuschlein F, Sivasubramaniam V, Kasper D, Warnock
DG. Lyso-Gb3 associates with adverse long-term outcome in
patients with Fabry disease. J Med Genet. 2022;59(3):287-93.

4. Maruyama H, Miyata K, Mikame M, Taguchi A, Guili C, Shimura M,
et al. Effectiveness of plasma lyso-Gb3 as a biomarker for selecting
high-risk patients with Fabry disease from multispecialty clinics
for genetic analysis. Gen Med. 2019;21(1):44-52.

5. Stenson PD, Mort M, Ball EV, Chapman M, Evans K, Azevedo L,
et al. The Human Gene Mutation Database (HGMD): optimizing
its use in a clinical diagnostic or research setting. Hum Genet.
2020;139(10):1197-207.

6.  Oliveira JP, Ferreira S. Multiple phenotypic domains of Fabry
disease and their relevance for establishing genotype -
phenotype correlations. Appl Clin Genet. 2019;12:35-50.

7. Vardarlil, Rischpler C, Herrmann K, Weidemann F. Diagnosis and
screening of patients with Fabry disease. Ther Clin Risk Manag.
2020;16:55-8.

8. Viggiano E, Politano L. X Chromosome Inactivation in Carriers
of Fabry Disease: Review and Meta-Analysis. Int J Mol Sci.
2021;22(14):7663.

9. Germain DP, Oliveira JP, Bichet DG, Yoo HW, Hopkin RJ, Lemay R,
et al. Use of a rare disease registry for establishing phenotypic
classification of previously unassigned GLA variants: a consensus
classification system by a multispecialty Fabry disease genotype-
phenotype workgroup. J Med Genet. 2020;57(8):542-51.

10. Biegstraaten M, Arngrimsson R, Barbey F, Boks L, Cecchi F, Deegan
PB, et al. Recommendations for initiation and cessation of enzyme
replacement therapy in patients with Fabry disease: the European
Fabry Working Group consensus document. Orphanet J Rare Dis.
2015;10:36.

11. Mintze J, Gensler D, Maniuc O, Liu D, Cairns T, Oder D, et al.

Oral chaperone therapy Migalastat for treating Fabry disease:

DOI: https://doi.org/10.2298/SARH211103037C

Celi¢ D. et al.

the enzymatic assay is diagnostic for male patients, while
female patients most often need molecular-genetic analysis
to get a definite diagnosis. Moreover, the correlation be-
tween DBS enzyme activity and GLA variants revealed that
this screening method is useful for diagnosing previously
described mutations. However, when the patient presents
CIH, although our study indicates a possible non-patho-
genicity, the diagnosis may not be conclusive and other
tools may be necessary to confirm or discard the disease.
Because the genotype—phenotype correlation often shows
inconsistency with FD manifestations and the effects of
multiple intronic variants are not yet fully understood and
seem to have individual variations, future expressional and
functional studies or research focused on the discovery of
possible modifier genes are necessary to confirm FD in
these patients.

ACKNOWLEDGEMENTS

Genetic and biomarker analysis are sponsored by Takeda,
Serbia.

Conflict of interest: None declared.

Enzymatic response and serum biomarker changes after 1 year.
Clin Pharmacol Ther. 2019;105(5):1224-33.

12. Annual Report 2015. July 2017-ERA-EDTA Registry. Available on:
https://www.era-edta-reg.org/files/annual reports/pdf/Ann Rep
2016.pdf

13. Jahan§, Sarathchandran S, Akhter S, Goldblatt J, Stark S, Crawford
D, et al. Prevalence of Fabry disease in dialysis patients: Western
Australia Fabry disease screening study — the FORWARD study.
Orphanet J Rare Dis. 2020;15(1):10.

14.  Nagata A, Nasu M, Kaida Y, Nakayama Y, Kurokawa Y, Nakamura N,
et al. Screening of Fabry disease in patients with chronic kidney
disease in Japan. Nephrol Dial Transplant. 2021;37(1):115-25.

15.  Capuano |, Garofalo C, Buonanno P, Pinelli M, Di Risi T, Feriozzi S,
et al. Identifying Fabry patients in dialysis population: prevalence
of GLA mutations by renal clinic screening, 1995-2019. J Nephrol.
2020;33(3):569-81.

16. Vaz-Drago R, Custodio N, Carmo-Fonseca M. Deep intronic
mutation and human disease. Hum Genet. 2017;136(9):1093-111.

17.  Varela P, Mastroianni Kirsztajn G, Motta FL, Martin RP, Turaca LT,
Ferrer HLF, et al. Correlation between GLA variants and alpha-
Galactosidase A profile in dried blood spot: an observational
study in Brazilian patients. Orphanet J Rare Dis. 2020;15(1):30.

18.  FerriL, Guido C, la Marca G, Malvagia S, Cavicchi C, Filumara A, et
al. Fabry disease: polymorphic haplotypes and a novel missense
mutation in the GLA gene. Clin Genet. 2012;81(3):224-33.

19. vanderTol L, Smid BE, Poorthuis BJHM, Biegstraaten M, Deprez
RHL, Linthorst Ge, et al. A systematic review on screening for
Fabry disease: prevalence of individuals with genetic variants of
unknown significance. J Med Genet. 2014;51(1):1-9.

20. Duro G, Zizzo C, Cammarata G, Burlina A, Burlina A, Polo G, et al.
Mutations in the GLA Gene and LysoGb3: Is It Really Anderson-
Fabry Disease? Int J Mol Sci. 2018; 19(12):3726.

21. Gervas-Arruga J, Cebolla JJ, Irun P, Perez-Lopez J, Plaza L, Roche
JG, et al. Increased glycolipid storage produced by the inheritance
of a complex intronic haplotype in the a-galactosidase A (GLA)
gene. BMC Genet. 2015;16:109.

22. Tanislav C, Kaps M, Rolfs A, Bottcher T, Lackner K, Paschke E,
et al. Frequency of Fabry disease in patients with small-fibre
neuropathy of unknown etiology: a pilot study. Eur J Neurol.
2011;18(4):631-6.

Srp Arh Celok Lek. 2022 May-Jun;150(5-6):281-287



Fabry disease in hemodialysis patients

23.

24.

Schiffmann R, Swift C, McNeill N, Benjamin ER, Castelli JP, Barth
J, et al. Low frequency of Fabry disease in patients with common
heart disease. Genet Med. 2018;20(7):754-9.

Vieitez I, Souto-Rodriguez O, Fernandez-Mosquera L, San Millan
B, Teijeira S, Fernandez-Martin J et al. Fabry disease in the
Spanish population: observational study with detection of 77
patients. Orphanet J Rare Dis. 2018;13(1):52.

25. Nakagawa N, Sawada J, Sakamoto N, Takeuchi T, Takahashi F,
Maruyama J, et al. High-risk screening for Anderson-Fabry disease
in patients with cardiac, renal, or neurological manifestations. J
Hum Genet. 2019;64(9):891-8.

26. Linthorst GE, Vedder AC, Aerts JM, Hollak CE. Screening for Fabry
disease using whole blood spots fails to identify one-third of
female carriers. Clin Chim Acta. 2005;353(1-2):201-3.

CKPUHUHT BUCOKOpU3UYHE nonynauuje Ha Pabpujesy bonect mehy
XemogmjanusHum 6onecHuymma y Bojsoautu

[JejaH henuh'? Cotba MaBnosuh?®, AHuta Ckakuh?, Jenuua ByueHosuh?, [iparaHa Mununosuh?®, Cotba fonybosuh'?,
TaTjaHa Crojwmh®, Onueepa Munuhesuh’, lopaH BojuHosuhe, CeetnaHa Jyanh?®, Jlaga Metposuh'?, irop Mutuh'?

'KnuHnykn ueHTap BojogunHe, KnuHika 3a Hedponorujy 1 KnuHuuky umyHonorujy, Hosu Cag, Cpbuja;
2YHuBep3uTteT y HoBom Cagy, MeanunHckn dakyntet, Hosu Cag, Cpbuja;

3YHneep3uTeT y beorpagy, IHCTUTYT 3a MONeKynapHy reHeTUKY 1 FeHETUYKO NHXerepcTBo, beorpan, Cpbuja;
‘Onwra 6onHnua Cpemcka Mutposuug, LieHTap 3a xemopgujanusy, Cpemcka Mutposuua, Cpbuja;

*[lom 3gpaema,[p MnageH CrojaHoBUR", LieHTap 3a xemopaujanu3y, bauka Mananka, Cpbuja;

¢Onwrta 6onHuua Cy6otnua, LieHTap 3a xemogujanuy, Cy6otuua, Cpbuja;

’Onwta 6onHuua KnknHga, LieHTap 3a xemopujanusy, Kukunga, Cpbuja;
0nwra 60nHuLa MaHueBo, LieHTap 3a xemogujanu3y, MaHueso, Cpbuja;

°[lom 3apaeba,JoBaH JoBaHoBMh 3Mmaj", LieHTap 3a xemopujanusy, Crapa Ma3oBa, Cpbuja

CAXETAK

YBoa/LUnmw Dabpujesa 6onect (DB) X-Be3aHa je N1n3030MHa
60necT cKnaguLTerba Koja Ce pa3Buja Kao nocneuua MyTa-
umje reHa anda-ranakrosugase A ([T1A). MocToju BuLwe o 1080
No3HaTux BapujaHTy reHa [TTA. Hekun of Hbux Cy natoreHu, anu
BehrHa ux je 6eHNrHa nny NpeacTaBbajy reHETCKY NPOMEHyY
Koja ce Moxe KJlacuduKoBaTh Kao reHeTcka BapujaHTa Heno-
3HaTOr 3Hayaja U1 jeRHOCTaBHO NPeACTaB/baTh FeHETCKN NON-
mopodrzam. MocToje ABe rnaHe KapakTepucTuke OB, KnacuuHm
061K 1 KacHuje BapujaHTe 6onecTu.

[MaBHY LU/bHY OpraHn Kop 6onecHrKa ca oBom 6onelwhy cy
6y6pesu, cpue 1 HepsHM crucTeMm. Mimajyhn y Bugly untbeHumuy
na je Ob peTtka 6onecT, HajbosbK HauVH 3a aKTUBHY NpeTpary
60J1eCHVIKa je CKPVMHMWHT NorynaLmje BUCOKOT pU3MKa, HaKoH
yera 61 Tpebano U3BPLLINTV NOPOANYHY CKPUHVHT 3a CBaKM
cnyyaj npobaHga.
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MeTope Y oBOM pagy npeacTaB/baMo pesyntate MynTULeH-
TPUYHEe NUIOT CTyAWje Koja NpeAcTaB/ba Hasla3e CKPUHUHIA
6onecHrKa Ha xemogujanvsm Ha OB y WecT XeMoAWjanu3HNX
LieHTapa y BojsoanHn.

PesynTatm VipeHTndurKoBaH je jesaH 6onecHnk ca 6eHurHom
MyTaLMjoM 1 16 6onecHMKa ca reHeTCKM NoAMMOPGr3MOM
reHa [J1A. YTBpAuAn cmo fa reHeTcke npomeHe Ha reHy 1A
Mory 6UTK YecTe, anu Cy BeOMa PETKO Of KIIMHUYKOT 3Havaja 1
peTko foBoge Ao MaHudecTaumja OB.

3akrbyu4ak Pe3yntati oBe CKpyHUHT cTyauje he Ham omoryhu-
TV yBug y npeBaneHuunjy ®b y xemogujanusHoj nonynauuju v
ycmepuTu Haw 6yayhi pag.

KmbyuHe peun: ®abpujeBa 6onecT; xeMoaujansa; CKOUHUHT
nonysnauuje BUCOKOT pUsnKa
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