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PREVALENCE OF THROMBOPHILIA AND THROMBOTIC EVENTS IN
PATIENTS WITH FABRY DISEASE IN A REFERENCE CENTER FOR
LYSOSOMAL DISORDERS IN SOUTHERN BRAZIL

Jéssica Dick', Sandra Leistner-Segal?, Filippo Pinto Vairo',
Roberto Giugliani'?, Ida Vanessa Doederlein Schwartz':3

ABSTRACT

Introduction: Venous thromboembolism (VTE) is a multifactorial genetic disorder
that occurs in approximately one in a thousand adults per year. Because there is
no laboratory test or clinical marker useful for predicting which patients with Fabry
disease may develop thrombotic events, this study aimed to determine whether there
is a hereditary predisposition to hypercoagulation in these patients.

Methods: The prevalence of p.R506Q mutation in the factor V gene and of ¢.G20210A
mutation in Factor Il (prothrombin) gene was evaluated in 39 patients with Fabry
disease from Southern Brazil and correlated with clinical findings. The DNA analysis
was performed by real-time polymerase chain reaction on genomic DNA using
TagMan probes.

Results: In this group of patients, the frequency of mutation in the prothrombin gene
was 1.28%, whereas no patient showed mutation in the factor V gene; additionally, there
was no correlation between these mutations and the incidence of thrombotic events.

Conclusion: Hereditary thrombophilia due to mutations in factor V and prothrombin
genes does not seem to be related to thrombotic events in Fabry patients in our
cohort, although studies in larger cohorts and the inclusion of additional factors may
be required to determine if a correlation exists.
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Venous thromboembolism (VTE) is a multifactorial disorder whose etiology
involves the interaction of genetic and/or acquired risk factors that affect proteins
of the coagulation system. Among the genetic factors, mutations in the factor
V and prothrombin genes are the two main causes of hereditary thrombosis™2.
The p.R506Q mutation, also known as Factor V Leiden (FVL) mutation, refers
to an alteration in the factor V gene that could result in activated protein C
(APC) resistance and subsequently in the imbalance between hemostasis and
thrombosis'*. The prothrombin ¢.G20210A mutation is a point mutation in the
3’-untranslated region of the factor Il gene, which can increase the synthesis
of prothrombin and thereby increase its concentration®. In a meta-analysis
Kim et al, showed that these two gene mutations, alone or in combination
with other risk factors can increase the occurrence / recurrence of VTE®.

Fabry disease (FD) is an X-linked disorder of glycosphingolipids that is
caused by mutations in the GLA gene leading to a deficiency of a-galactosidase
A(GLA) (EC 3.2.1.22) and is associated with dysfunctions of many cell types.
As aresult, patients have a markedly increased risk of developing small-fiber
peripheral neuropathy, stroke, myriad cardiac manifestations, and chronic renal
disease. Dysfunction of cerebrovascular circulation in FD has been shown in
a number of studies using imaging end-points such as cerebral perfusion by
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positron emission tomography and arterial spin tagging
using MRI”®. FD has historically been considered rare,
with an incidence of one in 40,000 to 117,000 male
births'®; however, a recent newborn screening study
(which did not include female subjects) demonstrated
that up to one in 3,100 boys are affected. Virtually
all complications of FD are non-specific in nature and
clinically indistinguishable from similar abnormalities
that occur in the context of more common disorders
in the general population. However, a high incidence
of thrombotic events in FD has been postulated'?13,
We therefore focused our research on the analysis
of mutations in coagulation factors which may also
be involved with such complications by changing the
state of hemostasis.

FVL heterozygosity is present in around one in
20 people, and thus the expected concurrence of FVL
and FD is from 1:62,000 to 1:2,340,000 male patients.
This combination is comparatively underreported
in the literature, with only three papers referring to
human cases and a single mouse model examining
FVL homozygosity concurrent with FD'*'7. Each of
these studies highlighted the considerable stroke
risk associated with this genetic combination. One
theoretical mechanism for this pathological association
is through the accumulation of globotriaosylceramide
(GL3) influencing the formation and function of
antithrombotic lipid rafts, and by doing so altering the
glycosphingolipid dependent inactivation of factor V
by APC, a protein that has an important role on the
regulation of hemostasis. In patients with FD and FVL,
this would lead to a decreased anticoagulant response
to APC and a procoagulant state (compared to patients
with FD but without FVL), leading to cerebral white
matter lesions and stroke'®. Conversely, to date, no
studies have investigated the association between
prothrombin mutation and FD, even though the first
is one of the most frequent mutations predisposing
to thrombophilia.

METHODS

The study was approved by the local Ethics
Committee (#08632). The sample comprised 39 patients
with FD (20 males and 19 females) from 18 families,
with a mean age of 47.82 years. All the patients were
followed at the Medical Genetics Service of Hospital
de Clinicas de Porto Alegre, Brazil (HCPA-SGM),
which is considered to be the reference center for
lysosomal disorders in the state of Rio Grande do
Sul. Patient’s clinical information was obtained from
medical records.

DNA samples were extracted by the salting out
technique and were kept frozen. DNA quantitation was
performed using a spectrophotometer (NanoDrop®1000,
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Thermo Fisher Scientific,USA) and then samples
were diluted to a standard concentration of 20 ng/uL.

For genotyping, real-time polymerase chain
reaction (PCR) was performed using the TagMan
assay, which uses a pair of PCR primers and a
TagMan probe containing minor groove binder
(MGS) at the 3’ end and fluorescent dye (FAM™ or
VIC®) at the 5 ‘end. The two different fluorescent dye
probes are complementary to either the wild-type
or the mutant allele. The reaction was performed
in a 48-well plate using the StepOne™ equipment
(Applied Biosystems™, California,USA). Negative,
homozygous mutant, heterozygous and homozygous
wild type standard controls were used in every assay
in order to allow the clustering of DNA sequences into
different genotype groups according to the TagMan
Genotyper software. Temperature cycles for real-time
PCR were those pre-established by the manufacturer,
with an extension temperature of 60 °C.

FV assay (ID _ 11975250 rs6025) contains a
p-R506Q mutation associated FAM dye-labeled TagMan
probe, featuring the amino acid glutamine (Q), while
VIC dye-labeled TagMan probe corresponds to the
normal amino acid, arginine (R). The prothrombin-assay
(ID _ 87266802-10 rs1799963) with a ¢.G20210A
mutation in the VIC probe carries adenine (A) and
FAM probe carries the codon with guanine (G).

RESULTS

The allele frequency of the ¢.G20210A mutation
was 1.28%, corresponding to only one individual
heterozygous for this mutation (2.56%) and no
homozygous mutant patients were identified. None
of the patients were shown to be either heterozygous
or homozygous for the FVL. The only patient who
was heterozygous for ¢.G20210A mutation was a
48-year-old female with the 30delG mutation in the
GLA gene. Until now, she had never experienced
any thrombotic event.

Six patients (15.4%) had at least one thrombotic
event as stroke or ischemic transient attack. The average
age of stroke was 53.5 years. From the five patients
who had an episode of stroke, three were women
and two were men. Additionally, one man had an
episode of transient ischemic attack (TIA). Hence,
in this study 50% of thrombotic events occurred in
females and 50% in males.

DISCUSSION AND CONCLUSION

Lenders et al. suggested that FVL may increase the
risk of patients with FD to develop a thromboembolic
event'®. There is controversy whether storage in the
endothelial cells and the prothrombotic state are
the origin of arterial damage or whether smooth
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muscle cell proliferation in the arterial media layer
is the initiating step in the cascade that leads to FD
vasculopathy?%:21,

Although hereditary thrombophilias are important
causes of thrombotic events, they were not associated
with an increased number of these events in our sample
of patients with FD. The only patient heterozygous
for the mutation in the prothrombin gene did not
develop any thrombotic event, while six other patients
without the analyzed mutations developed stroke
or TIA. The incidence of hereditary thrombophilia
varies between different regions and populations
but is more common in Caucasians. The global
prevalence of heterozygosity for the mutation in the
prothrombin gene is 2% on average (1.7 to 2.4%)?%,
while for the prevalence of FVL ranges from 0.45 to
5.2%%; therefore, we can consider that our findings
are within the expected range.

Studies in mice demonstrated that the presence
of FVL homozygosity and GLA deficiency greatly
increases fibrin deposition and occlusive thrombus
formation compared with either FVL homozygosity
or GLA deficiency alone. This observation suggests
that, under certain circumstances, GLA deficiency
leads to increased propensity toward spontaneous
thrombosis'®. However, heterozygosity for FVL does
not appear to increase the risk of arterial stroke,
despite its clear propensity to cause recurrent VTE?,

A published review of 388 patients with FD
showed that 13% had suffered a stroke or TIA™.

REFERENCES

1. Mathonnet F, Nadifi S, Serazin-
Leroy V, Dakouane M, Giudicelli Y.
Absence of factor V Leiden mutation
low prothrombin G20210 A mutation
prevalence in a healthy Moroccan
population. Thromb Haemost.
2002;88(6):1073-4. PMid:12529766.

2. Souza SS, Ferriani RA, Pontes AG,
Zago MA, Franco RF, Factor V. Leiden
and factor Il G20210A mutations
in patient with recurrent abortion.

Hum Reprod. 1999;14(10):2448-

50. http://dx.doi.org/10.1093/ 6. Kim RJ, Becker RC. Association
between factor V Leiden,
prothrombin G20210A, and
methylenetetrahydrofolate reductase
C677T mutations and events of 9. Hilz MJ, Kolodny EH, Brys M, Stemper
the arterial circulatory system: a
meta-analysis of published studies.
Am Heart J. 2003;146(6):948-57.
http://dx.doi.org/10.1016/S0002-
8703(03)00519-2. PMid:14660985.

humrep/14.10.2448. PMid:10527966.

3. Dahlback B. New molecular insights
into the genetics of thrombophilia.
Resistance to activated protein C
caused by Arg506 to GIn mutation in
factor V as a pathogenic risk factor for
venous thrombosis. Thromb Haemost.
1995;74(1):139-48. PMid:8578447.

http://seer.ufrgs.br/hcpa

5. Zivelin A, Rosenberg N, Faier S,
Kornbrot N, Peretz H, Mannhalter
C, et al. A single genetic origin for
the common prothrombotic G20210A 8. Moore DF, Altarescu G, Herscovitch P,
polymorphism in the gene. Blood.
1998;92(4):1119-24. PMid:9694698.

In our study, we found a similar percentage of events.
The patients in our study had stroke with a mean age
of 53.5 years while in the general population this event
is more common after age 55, showing that Fabry
patients are at risk of presenting this complication
at an earlier age.

Although other studies have already reported a
high incidence of thrombotic events in FD patients'®
with hereditary thrombophilia, this was not confirmed
in our sample. Studies in larger cohorts and the
evaluation of additional risk factors may be required
to determine if any association exists.

Disclaimer

This work has been approved by the Ethical
Committee of Hospital de Clinicas de Porto Alegre
(# 08-632), which is recognized by the Office for
Human Research Protections as an Institutional
Review Board (IRB0000921).

Conflicts of interest

None to declare.

Funding

This work received financial support from the same
Institution (FIPE-HCPA) and the authors confirm
independence from the sponsors and state that the
content of the article has not been influenced by
the sponsors.

4. Van Cott EM, Soderberg BL, Laposata 7. Moore DF, Ye F, Brennan ML, Gupta
M. Activated protein C resistance,
the factor V Leiden mutation and a
laboratory testing algorithm. Arch
Pathol Lab Med. 2002;126(5):577-82.
PMid:11958664.

S, Barshop BA, Steiner RD, et al.
Ascorbate decreases Fabry cerebral
hyperperfusion suggesting a reactive
oxygen species abnormality: an
arterial spin tagging study. J Magn
Reson Imaging. 2004;20(4):674-83.
http://dx.doi.org/10.1002/jmri.20162.
PMid:15390234.

Schiffmann R. Enzyme replacement
reverses abnormal cerebrovascular
responses in Fabry disease.

BMC Neurol. 2002;2(1):4. http://
dx.doi.org/10.1186/1471-2377-2-4.
PMid:12079501.

B, HaendI T, Marthol H. Reduced
cerebral blood flow velocity and
impaired cerebral autoregulation in
patients with Fabry disease. J Neurol.
2004;251(5):564-70. http://dx.doi.

Clin Biomed Res 2016;36(1) 25


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12529766&dopt=Abstract
http://dx.doi.org/10.1093/humrep/14.10.2448
http://dx.doi.org/10.1093/humrep/14.10.2448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10527966&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8578447&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11958664&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11958664&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9694698&dopt=Abstract
http://dx.doi.org/10.1016/S0002-8703(03)00519-2
http://dx.doi.org/10.1016/S0002-8703(03)00519-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14660985&dopt=Abstract
http://dx.doi.org/10.1002/jmri.20162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15390234&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15390234&dopt=Abstract
http://dx.doi.org/10.1186/1471-2377-2-4
http://dx.doi.org/10.1186/1471-2377-2-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12079501&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12079501&dopt=Abstract
http://dx.doi.org/10.1007/s00415-004-0364-9

Dick et al.

10.

1.

12.

13.

14.

15.

26

org/10.1007/s00415-004-0364-9.
PMid:15164189.

Mehta A, Ginsberg L. Natural history
of the cerebrovascular complications

of Fabry disease. Acta Paediatr Suppl.

2005;94(447):24-7. http://dx.doi.
org/10.1080/08035320510028076.
PMid:15895708.

Spada M, Pagliardini S, Yasuda M,
Tukel T, Thiagarajan G, Sakuraba
H, et al. High incidence of later-
onset Fabry disease revealed by

newborn screening. Am J Hum Genet.

2006;79(1):31-40. http://dx.doi.
org/10.1086/504601. PMid:16773563.

Grewal RP. Stroke in Fabry’s disease.
J Neurol. 1994;241(3):153-6. http://
dx.doi.org/10.1007/BF00868342.
PMid:8164017.

Robert J, Desnick RJ, loannou YA,
Christine ME. a-galactosidase A
deficiency: Fabry disease. In: Scriver
CR, Beaudet AL, Sly WS, Valle D,
editors. The metabolic and molecular
bases of inherited disease. 8th ed.
New York: McGraw-Hill; 1995. p.
3733-3774.

Altarescu G, Moore DF, Schiffmann
R. Effect of genetic modifiers on
cerebral lesions in Fabry disease.
Neurology. 2005;64(12):2148-

50. http://dx.doi.org/10.1212/01.
WNL.0000166000.24321.4F.
PMid:15985593.

Shen Y, Bodary PF, Vargas FB,
Homeister JW, Gordon D, Ostenso

16.

17.

18.

19.

KA, et al. Alpha-galactosidase
A deficiency leads to increased
tissue fibrin deposition and
thrombosis in mice homozygous
for the factor V Leiden mutation.
Stroke. 2006;37(4):1106-8.
http://dx.doi.org/10.1161/01.
STR.0000206442.86238.39.
PMid:16514103.

Méohrenschlager M, Pontz BF, Lanzl |,
Podskarbi T, Henkel V, Ring J. Fabry
disease: case report with emphasis
on enzyme replacement therapy and
possible future therapeutic options. J
Dtsch Dermatol Ges. 2007;5(7):594-
7. http://dx.doi.org/10.1111/j.1610-
0387.2007.06334.x. PMid:17610610.

Hemelsoet DM, Vantilborgh A, De
Bleecker JL, Schiffmann R, Moore
DF, Altarescu G. Effect of genetic
modifiers on cerebral lesions in Fabry
disease. Neurology. 2006;66(7):1113.
http://dx.doi.org/10.1212/01.
wnl.0000220160.34879.88.
PMid:16606944.

Albers GW, Caplan LR, Easton JC,
Fayad PB, Mohr JP, Saver JL, et al.
Transient ischemic stroke: proposal
for a new definition. N Engl J Med.
2002;347(21):1713. http://dx.doi.
org/10.1056/NEJMsb020987.
PMid:12444191.

Lenders M, Karabul N, Duning

T, Schmitz B, Schelleckes M,
Mesters R, et al. Thromboembolic
events in Fabry disease and

the impact of factor V Leiden.

Clin Biomed Res 2016;36(1)

20.

21

22.

23.

Neurology. 2015;84(10):1009-
16. http://dx.doi.org/10.1212/
WNL.0000000000001333.
PMid:25663229.

Desnick RJ, Brady R, Barranger J,
Collins AJ, Germain DP, Goldman

M, et al. Fabry disease, an under-
recognized multisystemic disorder:
expert recommendations for
diagnosis, management, and enzyme
replacement therapy. Ann Intern
Med. 2003;138(4):338-46. http://
dx.doi.org/10.7326/0003-4819-138-4-
200302180-00014. PMid:12585833.

. Barbey F, Brakch N, Linhart A,

Rosenblatt-Velin N, Jeanrenaud
X, Qanadli S, et al. Cardiac and
vascular hypertrophy in Fabry
disease: evidence for a new
mechanism independent of blood
pressure and glycosphigolipid
deposition. Arterioscler Thromb
Vasc Biol. 2006;26(4):839-44.
http://dx.doi.org/10.1161/01.
ATV.0000209649.60409.38.
PMid:16469946.

Lenders M, Karabul N, Duning T,
Schmitz B, Schelleckes M, Mesters
R, et al. Geographic distribution of
the 20210G to A prothrombin variant.
Thromb Haemost. 1998;79(4):706-8.
PMid:9569177.

Rosendorff A, Dorfman DM. Activated
protein C resistance and Factor

V Leiden: a review. Arch Pathol

Lab Med. 2007;131(6):866-71.
PMid:17550313.

Received: Jan 26, 2016
Accepted: Mar 29, 2016

http://seer.ufrgs.br/hcpa


http://dx.doi.org/10.1007/s00415-004-0364-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15164189&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15164189&dopt=Abstract
http://dx.doi.org/10.1080/08035320510028076
http://dx.doi.org/10.1080/08035320510028076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15895708&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15895708&dopt=Abstract
http://dx.doi.org/10.1086/504601
http://dx.doi.org/10.1086/504601
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16773563&dopt=Abstract
http://dx.doi.org/10.1007/BF00868342
http://dx.doi.org/10.1007/BF00868342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8164017&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8164017&dopt=Abstract
http://dx.doi.org/10.1212/01.WNL.0000166000.24321.4F
http://dx.doi.org/10.1212/01.WNL.0000166000.24321.4F
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15985593&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15985593&dopt=Abstract
http://dx.doi.org/10.1161/01.STR.0000206442.86238.39
http://dx.doi.org/10.1161/01.STR.0000206442.86238.39
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16514103&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16514103&dopt=Abstract
http://dx.doi.org/10.1111/j.1610-0387.2007.06334.x
http://dx.doi.org/10.1111/j.1610-0387.2007.06334.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17610610&dopt=Abstract
http://dx.doi.org/10.1212/01.wnl.0000220160.34879.88
http://dx.doi.org/10.1212/01.wnl.0000220160.34879.88
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16606944&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16606944&dopt=Abstract
http://dx.doi.org/10.1056/NEJMsb020987
http://dx.doi.org/10.1056/NEJMsb020987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12444191&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12444191&dopt=Abstract
http://dx.doi.org/10.1212/WNL.0000000000001333
http://dx.doi.org/10.1212/WNL.0000000000001333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25663229&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25663229&dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-138-4-200302180-00014
http://dx.doi.org/10.7326/0003-4819-138-4-200302180-00014
http://dx.doi.org/10.7326/0003-4819-138-4-200302180-00014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12585833&dopt=Abstract
http://dx.doi.org/10.1161/01.ATV.0000209649.60409.38
http://dx.doi.org/10.1161/01.ATV.0000209649.60409.38
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16469946&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16469946&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9569177&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9569177&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17550313&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17550313&dopt=Abstract

