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Abstract

Background. In Fabry disease, storage of globotriaosylce-
ramide (Gb3) in arterial walls is one of the main patho-
genetic factors that are thought to underlie the clinical

manifestations of the disease. Abnormalities of the ves-
sel wall, haemodynamics and pro- and anticoagulant fac-
tors may play a role, though the exact pathophysiology is
incompletely understood. In this study, we try to clarify
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inconsistencies regarding coagulation activation, fibrinoly-
sis, platelet activation and endothelial activation in 36 pa-
tients with Fabry disease.

Methods. Cell-derived microparticles, markers for coag-
ulation activation (F;,, TAT, sTF, sEPCR), fibrinolysis
(D-dimer, tPA, a;-AP), platelet activation (3-TG, PF4), en-
dothelial activation (vVWF) and acute phase response (IL-6,
CRP) were studied in relation to renal function and sever-
ity of the disease and compared to data from 36 age- and
sex-matched healthy controls (17 males).

Results. Markers for endothelial activation and fibrinolysis
were normal. Male patients had elevated levels of sTF and
B-TG, with an association between sTF and renal function
and severity of the disease. In female patients, levels of TAT,
B-TG, PF4, CD63-positive platelet-derived microparticles
and IL-6 were somewhat increased, with no correlation with
renal function or disease severity.

Conclusions. Only minimal abnormalities in markers for
platelet, endothelial activation and coagulation activation
and fibrinolysis could be established in a large cohort of
Fabry disease patients. The existing laboratory abnormali-
ties are more likely related to renal insufficiency rather than
to Fabry disease itself.

Keywords: coagulation; endothelial activation; Fabry disease;
globotriaosylceramide; renal function

Introduction

Fabry disease (McKusick 301500) is an X-linked lysosomal
storage disorder. Deficient activity of a-galactosidase A
leads to accumulation of glycosphingolipids (mainly globo-
triaosylceramide, Gb3) in lysosomes in cells throughout
the body [1,2]. Extensive storage occurs in arterial walls,
in particular in endothelial and smooth muscle cells. This
accumulation is believed to underlie the clinical manifes-
tations in Fabry disease: progressive renal insufficiency,
cardiac infarction or hypertrophy, arrhythmias and cerebral
infarctions [3], although the exact pathophysiology of the
disease is still incompletely understood, in particular the oc-
currence of brain injury. Abnormalities of the vessel wall,
blood components (pro- and anticoagulant factors) and ab-
normal haemodynamics may play a role [4]. A number of
studies performed by Moore and colleagues have shown
dysfunction of the cerebral circulation [5-12], in particular
hyper-perfusion, which may be related to abnormal periph-
eral vascular reactivity [13].

Clinical observations reveal a high incidence of throm-
bosis in Fabry disease patients [14] and in mouse models
[15,16]. In addition, based upon case histories [17-19] and a
study on mice [20], an association between a-galactosidase
A deficiency and the early development of atherosclero-
sis has been suggested, though a more recent study re-
vealed an increased carotid intima—media thickness in the
absence of atherosclerosis in Fabry disease patients [21].
Laboratory investigations that have been performed to as-
sess determinants of coagulation or endothelium are not
always in accordance. Elevated levels of soluble intercel-
lular adhesion molecule (sSICAM-1), soluble vascular cell
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adhesion molecule-1 (sVCAM-1), P-selectin, plasminogen
activator inhibitor and decreased thrombomodulin [22] sug-
gest a pro-thrombotic profile in patients with Fabry disease,
although only an elevated level of sVCAM-1 could be con-
firmed by De Muth et al. [23]. Elevated p-thromboglobulin
(B-TG) and increased platelet aggregation [24,25] as well
as a decreased level of tissue factor pathway inhibitor and
increased levels of tissue factor (TF) [26] have been de-
scribed.

Recently, elevated levels of endothelial-derived mi-
croparticles in 10 untreated paediatric Fabry disease pa-
tients have been reported [27]. Microparticles are small
vesicles released from the surface membrane of various
cell types upon activation or apoptosis. Extensive evidence
shows that they play a role in blood coagulation and in in-
flammatory processes. A thromboembolic tendency is seen
in association with increased numbers of microparticles
(heparin-induced thrombocytopaenia [28], cerebrovascu-
lar accidents [29] or acute coronary syndromes [30,31]),
while decreased numbers were found in conditions with
a bleeding tendency (Scott syndrome [32]). Also, isolated
microparticles are capable of initiating and supporting co-
agulation in vitro [33-35], and play a role in inflammatory
processes via transfer of bioactive molecules or ligand—
receptor interactions [36—39], as well as activation of the
complement system [40—43].

In the current study, we aimed to clarify existing incon-
sistencies in the literature regarding coagulation activation,
fibrinolysis, platelet activation and endothelial activation in
Fabry patients. We also analysed cell-derived microparti-
cles and measured markers of the acute phase response. All
parameters were correlated with renal function and severity
of disease in these patients.

Patients and methods

Patients and healthy controls

Thirty-six patients [17 males (median age: 47 years, range 24-67),
19 females (median age: 47 years, range 30—73)] with genetically and/or
enzymatically confirmed Fabry disease were included in this study. Twenty
of these patients (14 males and 6 females) were receiving enzyme replace-
ment therapy at the time of the study, for a duration of 15 months (range
6-39) (Table 1). Data from the Fabry patients were compared with those
from 36 sex- and age-matched healthy controls. From all patients, written
informed consent was obtained as part of previous studies.

Venous blood for all analyses except 3-TG and platelet factor-4 (PF4)
measurements was collected into 0.1 volume of 105 mmol/L trisodium
citrate. Blood cells were removed by centrifugation (1550 g, 20 min and
20°C) immediately after sample collection. The plasma samples were
snap-frozen in liquid nitrogen and stored at —80°C.

Venous blood for B-TG and PF4 analyses was collected into 0.1 volume
of anticoagulant containing 10 mmol/L theophylline, 94 nmol/L PGE/,
90 mmol/L Nay EDTA-2H, O and 0.63 mmol/L NayCOs3, without the use
of a tourniquet or vacuum. The samples were then placed on melting ice
for 15 min, and then centrifuged for 60 min at 2000 g and 4°C. Afterwards,
1 mL from the middle of the plasma layer was carefully aspirated, snap-
frozen in liquid nitrogen and stored at —80°C.

Isolation and flow cytometric analysis of microparticles

Microparticles were isolated and labelled as described previously [44]. To
identify marker-positive events, thresholds were set based on microparticle
samples incubated with similar concentrations of isotype-matched control
antibodies. Calculation of the number of microparticles per litre plasma
was based upon the particle count per unit time, the flow rate of the flow
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Table 1. Patient clinical data

A. C. Vedder et al.

Patient Sex Age(years) ERT Dose (mg/kg) Time (months)

GFR (mL/min)  Proteinuria (g/24h) MRI MSSI  LVMass (g)

1 F 43 - - -
2 F 56 - - -
3 F 47 - - -
4 F 47 - - -
5 F 50 - - -
6 F 49 - - -
7 F 60 - - -
8 F 35 - - -
9 F 35 - - -
10 F 35 - - -
11 F 25 - - -
12 F 28 - - -
13 F 60 Alfa 0.2 6
14 F 47 Alfa 0.2 9
15 F 71 - - -
16 F 47 Beta 0.2 12
17 F 43 Alfa 0.2 9
18 F 60 Beta 1.0 6
19 F 46 Beta 1.0 6
20 M 44 - - -
21 M 50 - - -
22 M 46 - - -
23 M 34 Alfa 0.2 21
24 M 42 Alfa 0.2 15
25 M 22 Alfa 0.2 15
26 M 19 Alfa 0.2 9
27 M 20 Alfa 0.2 15
28 M 20 Beta 1.0 6
29 M 47 Beta 0.2 33
30 M 45 Beta 0.2 30
31 M 61 Beta 0.2 36
32 M 64 Beta 1.0 18
33 M 50 Beta 0.2 33
34 M 45 Beta 0.2 39
35 M 47 Alfa 0.2 12
36 M 55 Alfa 0.2 30

108 0.18 0 20 369
101 0.18 1 31 354
117 0.56 1 10 213
1392 0.25 1 8 140
101 0.09 1 17 270
109 0.08 0 14 128
73 0.2 1 29 479
122 0.48 0 10 221
1112 0.1 0 0 117
117 0.13 1 17 180
75 0.06 0 0 329
1272 0.05 0 1 124
64 0.47 1 24 171
66 1.7 1 24 270
75 0.13 1 25 329
114 0.5 1 22 358
118 0.19 0 22 321
84 0.07 1 25 318
90 0.55 1 32 686
952 0.18 0 2 177
126 0.12 1 22 260
1352 0.13 0 4 184
83 0.22 0 30 310
133 0.12 1 17 317
129 0.17 0 12 na

147 0.22 0 14 220
150 0.29 0 19 na

118 0.1 0 17 253
64 0.18 1 42 336
134 0.34 0 26 334
49 0.15 1 46 470
29 4.03 1 38 196
37 0.37 1 37 174
110 0.1 1 27 283
16 1.19 1 46 424
89 0.38 1 59 502

ERT, enzyme replacement therapy; GFR, glomerular filtration rate; MRI, magnetic resonance imaging of the brain; MSSI, Mainz Severity Score Index;
LVMass, left ventricular mass; F, female; M, male; Alfa, agalsidase alfa (Replagal); Beta, agalsidase beta (Fabrazyme).
2Twenty-four-hour urine creatinine clearance values; 0, normal; 1, abnormal; na, not available.

cytometer and the net dilution during sample preparation of the analysed
microparticle suspension.

IgG1-FITC and IgG-PE were obtained from BD (Becton, Dickinson
and Company Immunocytometry Systems, San Jose, CA, USA) (both
clone X40) and from Dako (Glostrup, Denmark; both clone DAK-GO1).
CD4-PE (clone SK3) and CD8-PE (clone SK-1) were from BD, CD14-
FITC (clone CRIS-6) from Biosource (Camarillo, CA, USA), CD20-PE
(clone L27) from BD, CD61-PE (clone VI-PL2) from PharMingen
(San Jose, CA, USA), CD62p-FITC (clone CLB-Thromb/6) and CD63-
FITC (clone CLB-gran/12) from Immunotech (Marseilles, France),
CD66e-PE (clone CLB-gran/10, IH4Fc) from Sanquin (Amsterdam,
The Netherlands), CD144-FITC (cat. no. BMSI58FI) from Bender
MedSystems (Vienna, Austria) and anti-glycophorin A-PE (clone JC159)
from Dako. IgG| (clone MOPC-31C) was obtained from BD, anti-TF
(clone TF9-10H10) from American Diagnostica Inc. (Stamford, CT, USA)
and rabbit anti-mouse F(ab’),-PE (cat. no. R0439) was obtained from
Dako. The anti-EPCR 1495 monoclonal antibody was a kind gift from
Dr C. T. Esmon, Oklahoma Medical Research Foundation (OK, USA) and
Dr B. Woodhams, Diagnostica Stago (Gennevilliers, France).

Coagulation activation

Prothrombin fragment F; | 5 and thrombin—antithrombin complexes (TAT)
in plasma samples of patients and controls were measured by ELISA
(Enzygnost Fq5 cat. no. OPBDO03, and Enzygnost TAT micro, cat. no.
OWMG15, Dade Behring GmbH, Marburg, Germany).

TF and Endothelial protein C receptor (EPCR) in microparticle-
containing and microparticle-free plasma were also quantified by ELISA

(IMUBIND® TF ELISA cat. no. 845, American Diagnostica Inc.; Asser-
achrom sEPCR cat. no. 00264, Diagnostica Stago). For this, plasma sam-
ples were measured either directly or after pelleting of the microparticles.
Microparticle-bound TF and microparticle-bound EPCR were calculated
by subtracting the values obtained in microparticle-free plasma from the
values obtained in microparticle-containing plasma.

Fibrinolysis

The D-dimer was analysed on the automated clinical chemistry analyser
Modular Analytics P800 (Roche Diagnostics, Basel, Switzerland) using
Tina-quant reagents (cat. no. 11556487, Roche Diagnostics). Tissue
plasminogen activator (tPA) was measured by ELISA (tPA antigen
ELISA, cat. no. TC 11000, Technoclone GmbH, Vienna, Austria), and
ap-antiplasmin (ap-AP) was measured on a STA-R coagulation analyser
(Diagnostica Stago) using the STA antiplasmin kit (cat. no. 1776916,
Roche Diagnostics).

Platelet activation

Beta-thromboglobulin (8-TG) and PF4 were measured in the plasma sam-
ples by ELISA (Asserachrom B-TG cat. no. 11875370011, and Asser-
achrom PF4 cat. no. 11875353011, Roche Diagnostics).

Endothelial activation and the acute phase response

Von Willebrand factor antigen (VWF) was measured by ELISA as de-
scribed previously [45]. C-reactive protein (CRP) was analysed on the
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Modular Analytics P800 using Tina-quant reagents [CRP (Latex) HS cat.
no. 11972855, Roche Diagnostics]. Interleukin-6 (IL-6) in the plasma
samples was measured by ELISA (Quantikine® HS Human IL-6, cat. no.
HS600B, R&D Systems, Minneapolis, MN, USA).

Clinical evaluation

Laboratory parameters that were abnormal in patients with Fabry disease
were studied in relation to their renal function and overall severity of the
disease. Glomerular filtration rate (GFR) was assessed using simultaneous
infusion of iothalamate and hippuran. When this was not available (inn =5
of 15 untreated patients without renal insufficiency), renal function was es-
timated by calculating the creatinine clearance from plasma creatinine and
total urinary creatinine in a representative 24-h urine collection (Table 1).
Quantitative analysis of proteinuria was done. A standard brain magnetic
resonance imaging (MRI) evaluation for the presence of (lacunar) infarc-
tions was performed. Cardiac ultrasound was performed to calculate left
ventricular mass. Overall severity of the disease was assessed using the
Mainz Severity Score Index (MSSI) [46]. In brief, the MSSI is composed
of four sections that cover the general, neurological, cardiovascular and
renal signs and symptoms of the disease. Within the general section, items
such as facial appearance, angiokeratoma, oedema and diaphoresis are
listed, while in the neurological section the presence or absence of tinni-
tus, vertigo, acroparesthesia and pain, as well as cerebrovascular events,
is scored. The cardiac section encompasses left ventricular hypertrophy,
ECG abnormalities, valve insufficiencies and the presence or absence of
a pacemaker and hypertension, while the renal component scores protein-
uria up to end-stage renal failure. The total scores are reported to represent
mild (<20), moderate (20—40) or severe (>40) Fabry disease.

Statistical analyses

Data were analysed with GraphPad PRISM 3.02 (GraphPad Software, Inc.,
San Diego, CA, USA). Differences between patients and controls were
analysed with the Wilcoxon matched-pairs signed-rank test. Correlations
were determined using Spearman’s correlation test. Differences between
male and female patients were analysed with the Mann—Whitney U test.
Differences and correlations were considered significant at P < 0.05. Data
are presented as median (range).

Results

Renal function and MSSI in Fabry patients

Renal function was assessed in all patients, revealing a me-
dian creatinine clearance of 110 (range 16—150) mL/min
in males and 108 (range 64-139) mL/min in females
(Table 1). According to the K/DOQI (Kidney Disease Out-
comes Quality Initiative) classification [47], 10 males and
14 females suffered from stage 1 chronic kidney disease
(CKD), 3 males and 5 females stage 2 CKD, 2 males stage
3 CKD and 2 males stage 4 CKD. Data to calculate MSSI
were obtained through medical history and clinical evalua-
tion. MSSI in males was 26 (2—59) and that in females was
20 (0-32).

Coagulation activation

Results of the analyses are shown in Table 2. TAT com-
plexes were somewhat increased in the female patients.
Levels of soluble TF, i.e. TF in microparticle-free plasma,
were increased in male patients, which did not correlate
significantly with levels of TAT (P = 0.620). Levels of
microparticle-bound TF as determined by ELISA did not
differ between patients and controls. Similarly, concentra-
tions of TF-positive microparticles detected by flow cytom-
etry were very low in both groups, with no differences. Also,
soluble EPCR, microparticle-bound EPCR and concentra-
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tions of EPCR-positive microparticles were not different
between the two groups.

No correlation between elevated levels of TAT complexes
and renal function or MSSI could be found in the patients.
The levels of soluble TF did show a strong correlation with
the two clinical parameters in both male (renal function:
r=—0.7; P=0.02, MSSI: » = 0.7; P = 0.02) and female
patients (renal function: R = —0.8; P < 0.01, MSSI r =
0.8, P =0.01) (see Figure 1).

Fibrinolysis

Regarding levels of D-dimer, tPA and a,-AP, no differences
could be found between patients and controls. In female
patients, levels of tPA as well as a,-AP were higher when
compared with male patients, but neither male nor female
patients differed from their healthy controls (Table 2).

Platelet activation

Parameters of platelet activation are also shown in Table 2.
In male patients, levels of PF4 were lower than in female pa-
tients, while levels of -TG, platelet-derived microparticles,
and percentages of P-selectin- and CD63-positive platelet-
derived microparticles were similar (Table 2). Male pa-
tients had higher levels of B-TG when compared with their
healthy controls, but similar levels of PF4, platelet-derived
microparticles, and percentages of P-selectin- and CD63-
positive platelet-derived microparticles. On the other hand,
female patients had higher levels of B-TG, PF4, as well
as CD63-positive platelet-derived microparticles compared
with their controls.

The increased levels of B-TG in both male and female
patients and the higher levels of PF4 and CD63-positive
platelet-derived microparticles in female patients only did
not correlate with renal function or MSSI.

Endothelial activation

Levels of vWF did not differ between patients and controls,
neither did levels of endothelial cell-derived microparti-
cles. Also, no differences were observed between male and
female patients in this regard (Table 2).

Microparticles derived from cells other than platelets or
endothelial cells

Regarding concentrations of microparticles derived from
various types of leukocytes in patients and controls, we
only found a difference regarding those derived from T
helper cells, which were present at lower concentrations in
the male patients. The levels of microparticles derived from
erythrocytes, or the total concentration of microparticles did
not differ between patients and controls (Table 2).

The lower concentrations of microparticles derived from
T helper cells that were seen in male patients correlated
significantly with renal function and MSSI (r = —0.6, P =
0.01 for both parameters).
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Table 2. Differences between patients and controls (P, male patients versus male controls, P/, female patients versus female controls) analysed with
the Wilcoxon matched-pairs signed-rank test, and considered significant at P < 0.05; differences between male and female patients (P”) analysed

with the Mann—Whitney test

Male patients P™ N™ Male controls P™  Female patients P/ N/ Female controls

Coagulation

F142 (pmol/L) 151 (67-519) N.S. 16 137 (85-370) 315 (67-576) N.S. 19 264 (90-507)

TAT (pg/L) 3.5(2.4-10.9) NS. 17 3.5(2.2-6.3) N.S. 4.4(1.9-7.3) * 19 32(24-62)

Soluble TF (ng/L) 144 (78-348) * 11 106 (68-212) N.S. 117 (73-241) N.S. 9 111(60-130)

MP-bound TF (ng/L) 5(0-39) NS. 11 11(4-32) N.S. 0(0-19) NS. 9 5(0-19)

TF pos. MP (x 10°/L) 69 (0-775) N.S. 16 123 (0-533) N.S. 62 (0-347) N.S. 19 48(0-265)

Soluble EPCR (j1g/L) 130 (72-467) N.S. 11 111 (86-383) N.S. 183 (67-538) N.S. 10 128 (9-317)

MP-bound EPCR (g/L) 0 (0-6) N.S. 11 0(0-18) N.S. 0(0-3) N.S. 10 0(0-97)

EPCR pos. MP (x 106/L) 16 (0-202) N.S. 12 12 (0-66) N.S. 18 (0-223) N.S. 16 10(0-197)
Fibrinolysis

D-dimer (mg/L) 0.1 (0.1-1.9) N.S. 16 0.1(0.1-0.3) N.S. 0.1(0.1-0.6) N.S. 19 0.1(0.1-0.8)

tPA (ng/L) 0.8 (0.3-2.4) N.S. 17 0.8(0.2-8.9) 1.8 (0.8-3.0) N.S. 19 1.8(0.8-2.9)

ap-AP (%) 95 (79-112) N.S. 16 97(83-114) * 100 (89-126) N.S. 19 103 (88-119)

Platelet activation
B-TG (IU/mL)

63.9 (22.1-284.5) ¥ 16 33.8(15.0-114.9)  N.S. 76.6(23.5-400.0) o 19 38.7(20.0-86.1)

PF4 (IU/mL) 7.9 (1.0-94.2) N.S. 16 4.3(1.4-31.3) * 16.4 (3.9-200.0) * 19 7.3(1.0-24.1)
Platelet-derived MP (x106/L) 4519 (22314 889) N.S. 17 4048 (1599-15625) N.S. 3362 (248-16800) N.S. 19. 3067 (831-8441)
P-selectin pos. MP 38 (35-52) N.S. 17 40 (26-48) N.S. 38(29-55) N.S. 19 38(25-49)
(% of platelet-derived MP)
CD63 pos. MP 49 (39-66) N.S. 17 48(32-56) N.S. 51 (36-69) o 19 43 (31-56)
(% of platelet-derived MP)
Endothelial activation
vWEF antigen (%) 76 (57-150) N.S. 17 80 (55-140) N.S. 98 (52-150) N.S. 19 75 (52-150)
Endothelial cell-derived MP 49 (15-369) N.S. 15 76 (3-480) N.S. 128 (0-487) N.S. 17 53 (20-250)
(x10%/L)
MP derived from
T helper cells (x 106/L) 9 (0-32) * 17 17(3-37) N.S. 13(0-29) N.S. 19 12 (3-59)
Cytotoxic T cells (x 10%/L) 28 (0-189) N.S. 17 21(4-55) N.S. 18(0-84) N.S. 19 15(5-70)
Monocytes (x 10%/L) 15 (0-109) N.S. 17 26 (0-1008) N.S. 7(0-348) N.S. 19 5(0-50)
B cells (x 10%/L) 12 (0-50) N.S. 17 31(2-93) N.S. 26 (0-59) N.S. 19 14 (2-273)
Granulocytes (x 10°/L) 6 (0-456) N.S. 17 13(0-459) N.S. 8(0-993) N.S. 19 13 (2-435)
Erythrocytes (x 106/L) 244 (89-808) N.S. 17 184 (74-660) N.S. 296 (61-682) N.S. 19 210(73-677)
Total concentration of MP 6678 (1945-16 634) N.S. 17 5622 (2997-18 510) N.S. 6337 (1930-19 515) N.S. 19 4441 (2268-9776)
(x10%/L)
Acute phase response
IL-6 (ng/L) 1.4 (0.6-10.0) N.S. 17 1.0(0.3-3.3) N.S. 1.9(0.6-10.2) o 19 1.1(0.2-3.9)
CRP (mg/L) 1.7 (0.3-3.9) N.S. 16 1.0(0.3-13.9) N.S. 1.0(0.3-11.3) N.S. 19 0.8(0.3-8.9)

ay-AP, ap-antiplasmin; B-TG, B-thromboglobulin; CRP, C-reactive protein; EPCR, endothelial cell protein C receptor; Fq, prothrombin fragment
F1+42; IL-6, interleukin-6; MP, microparticles; N/, number of matched female pairs analysed; N™, number of matched male pairs analysed; N.S., not
significant; PF4, platelet factor 4; pos., positive; TAT, thrombin—antithrombin complexes; TF, tissue factor; tPA, tissue plasminogen activator; vVWEF, von

Willebrand factor. Data are presented as median (range).
*P < 0.05,*P < 0.01.

Acute phase response

Levels of IL-6 were significantly increased in female pa-
tients compared with their controls, while levels of CRP
did not differ. This difference was completely explained by
two outliers with IL-6 levels of 10.2 ng/L and 9.8 ng/L,
respectively. One of these two patients also had an elevated
CRP level. Male patients did not differ from their controls
regarding these two analytes.

No correlation between elevated levels of IL-6 and renal
function or MSSI was established in female patients.

Discussion

Fabry disease has been viewed as a disorder of general-
ized vasculopathy, induced by the accumulated glycosph-
ingolipids in endothelial cells, which, in the presence of

abnormal haemodynamics or blood flow, leads to endothe-
lial cell activation and subsequently to low-grade activa-
tion of coagulation as well as fibrinolysis. Outcomes re-
ported in previous studies support the assumption that a
pro-thrombotic state is present in Fabry disease. This is
substantiated by the finding of increased soluble SICAM-1,
sVCAM-1 and P-selectin, plasminogen activator inhibitor
(PAI), as well as decreased thrombomodulin concentrations
in the circulation of the patients [22]. Also, more recently,
decreased levels of a-AP were detected in patients with
Fabry disease [48], which should indicate overconsump-
tion as an indicator of enhanced fibrinolysis. Finally, ele-
vated levels of endothelial-derived microparticles have been
found in untreated paediatric Fabry patients [27]. Despite
these earlier observations, we established only minimal ab-
normalities compared to age- and sex-matched healthy con-
trols in the present study. It is possible that treatment with
enzyme replacement therapy (ERT) might have influenced
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Fig. 1. Relationship between creatinine clearance and TF (A, C) and MSSI and TF (B, D) in male (» = 11) and female (» = 9) Fabry patients.
Correlations between creatinine clearance and soluble TF and MSSI and TF: » = —0.7; P = 0.02 and » = 0.7; P = 0.02 for males and » = —0.8; P <
0.01 and » = 0.8, P = 0.01 for females. Estimated regression lines are depicted.

the outcomes in some patients, since it has been reported
that abnormalities in the cerebral circulation [8—10], a-AP
levels [48] and endothelium-derived microparticles [27]
may reverse in response to ERT, although clinical vascu-
lopathy, i.e. the occurrence of new vascular brain lesions, is
not prevented by ERT [49]. Analysis of untreated patients
only did not lead to a different outcome, and no significant
differences were established in the treated versus the un-
treated patients (data not shown). However, the untreated
group represents a subset of milder patients, leaving the
possibility open that minimal abnormalities may not be un-
masked. Markers for endothelial activation such as vVWF
antigen and endothelial-derived microparticles were not el-
evated. Also fibrinolytic activity, reflected by D-dimer, tPA
and o-AP, was normal. The only abnormalities that were
established in Fabry patients compared to controls, specif-
ically in the more severely affected male patients, were a
variable elevation in sTF and B-TG, a marker for platelet
activation, with minimal alterations in PF4. In addition, we
found evidence of enhanced coagulation in female patients
with Fabry disease as shown by higher-than-average levels
of TAT complexes. In four females, there was significant
platelet activation (3-TG and PF4). These females were not
different from others with respect to severity of the dis-
ease or use of co-medication. They did not share a common
genotype, which makes it unlikely that this activation re-

lates to a specific subgroup of Fabry patients. Only one
patient received ERT. In all, renal function was still well
preserved (creatinine clearance >100 mL/min, proteinuria
<0.6 g/24 h). Two other female patients had elevated levels
of IL-6. Although not clear from their clinical records, they
might have experienced an infection or event that triggered
an acute phase reaction.

Earlier studies have described elevated levels of B-TG
and PF4 [24,50] as well TF [26] in patients with Fabry dis-
ease. In these studies, a possible relationship with decline
in kidney function was not investigated. Although there
was no correlation between the levels of B-TG, PF4 and
creatinine clearance in the present study, this was clearly
established for sTF. An association between renal insuffi-
ciency and activation of the TF coagulation pathway has
been earlier suggested by Mercier et al. [51]. In that study
also, an association between renal insufficiency and platelet
and endothelial activation was found. Additional coagu-
lation studies in patients with chronic renal insufficiency
reveal that elevated levels of adhesion molecules can be es-
tablished, which is hypothesized to reflect inadequate clear-
ance as well as enhanced synthesis/release [52]. The authors
of that study conclude that in renal failure patients, there
is evidence of endothelial cell injury and a high degree of
hypercoagulation relative to healthy subjects. In this light, it
may also be possible that the previously observed increases

20z I1idy 9 UO Jasn WepIejswy UeA JesIaAun Ad Z08.1L81/¥20€/0 1 /72/o101e/pu/Wod dno-olWwapese)/:sdiy Woly papeojumod



3080

in factors that reflect endothelial activation such as ICAM-1
and VCAM-1 [22] are the result of advanced kidney disease
rather than Fabry disease itself. Interestingly, in the study
by Fedi et al. [26], in addition to the increased levels of
TF, elevated homocysteine levels were reported. Again, re-
nal function is a major determinant of homocysteine levels
and thus elevated levels in Fabry patients, despite normal
levels of vitamins B6, B12 and folic acid. In patients with
renal impairment or on dialysis, increased levels of both
TF and homocysteine have been reported to correlate with
each other, suggesting a similar mechanism for their ele-
vation [53]. Whether the higher levels of B-TG and PF4,
presumed to reflect platelet activation, are (also) elevated
due to reduced urinary clearance of these small proteins
in advanced kidney disease is unclear: in our cohort, we
could not establish a relationship with creatinine clearance
or with disease severity in general. It is possible that pro-
teinuria plays a role, as enhanced platelet activation is seen
in nephrotic syndrome patients [54].

In summary, in a relatively large cohort of Fabry pa-
tients, we found only minimal abnormalities in indicators
of coagulation, fibrinolysis and platelet activation as well as
endothelial activation, with the exception of more severely
affected patients with renal impairment. We suggest that
the laboratory abnormalities in Fabry disease are better ex-
plained by the renal insufficiency than by the underlying
disorder itself.
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