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Proteomic analysis reveals that apolipoprotein A1 levels
are decreased in patients with Budd–Chiari syndrome
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Background & Aims: Budd–Chiari syndrome (BCS) is a rare vascular liver disorder caused by thrombosis of the hepatic veins. In
some patients, no known thrombophilic factor can be identiﬁed.
This study aimed to identify novel factors that might play a role
in thrombosis in BCS-patients by using a proteomic approach.
Methods: The abundance of plasma clot-bound proteins was
compared between nine BCS-patients and nine controls by using
two-dimensional difference gel electrophoresis. The protein with
the most signiﬁcant decrease in patients was identiﬁed by mass
spectrometry. Plasma levels of this protein were measured and
the results were validated in a large cohort of BCS-patients.
Results: A total of 26 protein spots signiﬁcantly differed
(p <0.001). The spot that decreased with the highest statistical
signiﬁcance in patients was identiﬁed by mass spectrometry as
apolipoprotein A1 (apo A1). The mean level of apo A1 in the
plasma of these BCS-patients (0.74 g/L) was also signiﬁcantly
lower than in controls (1.45 g/L, p = 0.002). This ﬁnding was validated in a large cohort of 101 BCS-patients and 101 controls
(0.97 g/L vs. 1.32 g/L, p <0.0001). There was no major correlation
between plasma levels of apo A1 and various liver function tests.
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Conclusions: BCS-patients show decreased clot-bound protein
abundance and plasma levels of apo A1. Decreased levels of apo
A1 may play a role in the etiology of thrombosis in BCS-patients
and possibly in other patients with venous thrombosis.
Ó 2010 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction
Venous thrombosis is a frequent cause of morbidity and mortality
in the Western world, with an incidence rate of approximately one
per 1000 patient-year [1,2]. The most common manifestations of
venous thrombosis are deep venous thrombosis of the lower
extremities and pulmonary embolism. Other localizations, such
as thrombosis of the cerebral or abdominal veins, are seen infrequently. When thrombosis involves the hepatic veins or the inferior vena cava, blocking the outﬂow of blood from the liver, it is
referred to as Budd–Chiari syndrome (BCS) [3]. BCS is a rare vascular liver disorder but if left untreated, liver failure or death may
ensue [4]. As is the case with thrombosis at other locations, various inherited and acquired factors have been identiﬁed that are
associated with BCS [5–8]. Moreover, current evidence suggests
that BCS is a multifactorial disease that often develops in the presence of more than one risk factor [9]. Although one or more underlying causes can be found in the majority of patients, there are still
cases in which none of the known risk factors are present.
Fibrin clot formation is the ﬁnal step of a complex cascade of
reactions that represents the coagulation system. Dysregulation
of any of the numerous components of the clotting cascade and
the ﬁbrinolytic system can potentially disrupt the hemostatic
balance, leading to an increased tendency of either bleeding or
thrombosis. Alterations in the plasma concentration of certain
proteins inﬂuencing blood coagulation (e.g. elevated levels of factor VIII or a protein C deﬁciency) can, therefore, be involved in the
onset of venous thrombosis [10,11]. Several proteins bind to
ﬁbrin as an essential step in their mechanism of action (e.g.
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thrombin, factor XIII, plasminogen, and tissue-type plasminogen
activator) [12]. Consequently, some prothrombotic abnormalities
may also be reﬂected by changes in the concentration of proteins
that bind to a plasma clot.
In this study, we aimed to identify novel factors that may play a
role in venous thrombosis observed in patients with BCS by using a
proteomic approach. To this end, we prepared plasma clots in vitro
by addition of thrombin to freshly frozen plasma samples and compared the plasma clot composition of BCS-patients and healthy
controls using two-dimensional ﬂuorescence-based difference
gel electrophoresis (2D-DIGE) [13]. Furthermore, the speciﬁc protein found to have the most signiﬁcant decrease in abundance in
cases versus controls was identiﬁed with mass-spectrometry. Subsequently, this ﬁnding was validated in a large case-control study
using plasma samples of BCS-patients and controls.

with the labeled matched control sample and the labeled internal standard and
analyzed simultaneously to reduce gel-to-gel variations. The total volume of sample was adjusted to 185 ll with rehydration buffer, 0.9% IPG-buffer 3–10 pH
range, and 1.2% (v/v) DeStreak.
2D-DIGE
The nine pools containing the labeled samples of the BCS-patients, their matched
controls, and the internal standard were run on nine different gels. The presence
of the internal standard in each pool facilitated gel-to-gel matching. The proteins
were separated in the ﬁrst dimension with a 17 cm immobiline drystrip with a 3–
10NL pH range. The isoelectric focusing was carried out at 20 °C on the IPGphore
II with the following running protocol: 12 h at 30 V (rehydration), 1 h at 500 V,
1 h at 1000 V, and 8 h at 8000 V, with a 50 lA limit per gel.
The strips were equilibrated in equilibration buffer (6 M urea, 50 mM Tris–HCl
pH 8.8, 20% (v/v) glycerol, and 2% (w/v) SDS) with 1% (w/v) DTT for 15 min followed by a second equilibration step with equilibration buffer with 1% (w/v) iodoacetamide for 15 min. For the second dimension the strips were run on 10.5%
polyacrylamide gels (20  22.4 cm) at 12 mA/2 gels constant current for 18.5 h.

Patients and methods
Image acquisition and analysis
Materials
Urea, thiourea, CHAPS, DTT, and iodoacetamide were obtained from Fluka (St.
Louis, MO, USA). Aprotinin (Trasylol) was obtained from Bayer (Leverkusen, Germany). Tris (PlusOne), CyDyes, DeStreak, IPG buffer pH 3–10, and immobiline
strips were obtained from GE Healthcare (Uppsala, Sweden). The anchorchip
plate, a-cyano-4-hydroxycinnamic acid matrix, and the Ultraﬂex-II apparatus
were from Bruker Daltonics (Bremen, Germany). Thrombin was obtained from
Sigma–Aldrich (St. Louis, MO, USA). Colloidal blue staining kit was obtained from
Invitrogen (Paisley, UK) and Trypsin Gold was obtained from Promega Corporation (Madison, WI, USA).
Plasma samples from cases and controls used for in vitro clot formation
To examine the plasma clot composition of patients with BCS and healthy controls, blood samples were collected from nine consecutive patients with BCS
admitted to the Department of Gastroenterology and Hepatology of the Erasmus
Medical Center in Rotterdam, the Netherlands. For each patient, a healthy, nonrelated control person was recruited from department personnel. Controls were
of the same sex, ethnicity, and age (with a range of 5 years) as the patient. Furthermore, controls did not have a previous history of thrombosis or malignancy
and were not using oral contraceptives. Peripheral blood samples were obtained
from both patients and controls by means of venapuncture and collected in tubes
containing 0.11 M trisodium citrate. Platelet-free plasma was acquired by a twostep centrifugation method (10 min at 2,000g and 10 min at 20,000g) at 4 °C and
subsequently stored at –70 °C until further analysis.
This study was conducted with approval from the ethics committee of the
Erasmus University Medical Center. All patients and controls agreed to participate
by means of a written informed consent.
Sample preparation for 2D-DIGE
Clots of 500 ll citrated plasma were prepared by adding calcium chloride
(20 mM) and thrombin (1 NIH U/ml) for the initiation of coagulation and aprotinin (100 KIU/ml) to prevent proteolytic degradation [14]. After an incubation period of 2 h at room temperature, the clots were extensively washed by permeating
them with 10 ml Tris-buffered saline (50 mM Tris–HCl, 100 mM NaCl, pH 7.4)
containing aprotinin (100 KIU/ml) overnight at 4 °C. The clots were compacted
by centrifugation, washed with deionized water and noncovalently clot-bound
proteins were extracted with 150 ll rehydration buffer (7 M urea, 2 M thiourea,
4% (w/v) CHAPS, 30 mM Tris–HCl, and pH 8.5) for 1 h at room temperature. Samples of 50 ll were labeled with the N-hydroxysuccinimide esters of Cy3 or Cy5
minimal ﬂuorescent cyanine dyes. Five patient samples were labeled with Cy3
minimal dye and the other four patients with Cy5 minimal dye. The matched controls were labeled with Cy5 and Cy3 minimal dye, respectively. The samples were
randomized to Cy3 and Cy5 labeling to minimize dye-based artifacts. Labeling
was performed using 400 pmol dye per 50 ll sample, containing about 1.5 lg
protein. Samples were labeled on ice for 30 min and quenched with 0.2 mM
lysine. A pool of all nine patient and nine control samples was prepared and
50 ll was labeled with Cy2 minimal dye. This sample was used as an internal
standard. For 2D-gel electrophoresis, each labeled patient sample was pooled

After 2D-DIGE separation, gels were scanned using Typhoon 9410 (Amersham
Pharmacia Biotech) at 100-micron resolution. 2-D images from the Cy2-, Cy3-,
and Cy5-labeled protein fractions were scanned using a 488, 532, and 633 nm
laser, respectively. Gel images were cropped using ImageQuant TL software and
image analysis was performed with Decyder V6.5 software (Amersham Pharmacia Biotech). Spot detection was performed using the differential in-gel analysis
(DIA) module by setting 7500 as the estimated number of spots. The Cy2, Cy3,
and Cy5 images of each gel were merged and spot boundaries were detected.
Spots resulting from a non-protein source, like dust particles, were ﬁltered out
by removing spots with a slope greater than 1.3. The gel with the highest spotcount was assigned as the master gel, which was used as a template. Gel-to-gel
matching of the standard spot maps of each gel was performed using the biological variation analysis (BVA) software module to ensure that the same protein
spots were compared between gels. Normalized Cy3 and Cy5 spot volumes were
compared to the corresponding Cy2 standard spot volume within each gel, which
gave a standardized abundance.
Mass spectrometry
Preparative gels were run with 185 ll unlabeled internal standard following the
same procedure as described above. The gels were stained with Colloidal blue
staining kit for 3 h and destained with deionized water overnight, as recommended by the manufacturer.
For mass spectrometry, protein spots were manually excised from the preparative gel, washed in deionized water, and destained in 30% (v/v) acetonitrile
(ACN)/50 mM NH4HCO3. Destained gel pieces were washed brieﬂy with deionized
water, vacuum dried and rehydrated in 4 ll trypsin digest solution (75 lg/ml
trypsin gold in 20 mM NH4HCO3, pH 8.0) for digestion overnight at room temperature. Peptide extraction was performed with 5 ll of 50% ACN/0.1% triﬂuoroacetic
acid. The extracted sample was spotted on an anchorchip plate with saturated
a-cyano-4-hydroxycinnamic acid matrix solution in 100% ACN (1:1). Digested
peptide fragments were analyzed in a Matrix Assisted Laser Desorption/Ionization – Time of Flight (MALDI-ToF) mass spectrometer using an Ultraﬂex-II apparatus. Flexanalysis 2.4 and Biotools 3.1 software were used for data processing.
The obtained mass spectra were analyzed using peptide mass ﬁnger print spectra
with the online Matrix Science Database with MASCOT software (www.matrixscience.com). The MSDB database 20060831 (3239079 sequences; 1079594700
residues) was searched with the Mascot parameters set as follows: Taxonomy,
homo sapiens; mass tolerance, 100 ppm; maximum one missed cleavage per peptide; ﬁxed modiﬁcation of carboxymethylation of cysteine residues; variable
modiﬁcation of partial oxidation of methionine residues. Scores above MSDB
database threshold of 64 were considered signiﬁcant (p <0.05).
Plasma samples from a large case-control study
To validate ﬁndings from the proteomic study in a larger case-control population,
we used plasma samples from the EN-Vie Study. The EN-Vie Study, as described
previously, is a prospective multicenter observational study of patients with BCS
[8,15]. During the study period of two years, a total of 163 newly diagnosed
patients with BCS were included from nine European countries. Apart from
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recorded data on clinical parameters, underlying etiology, and treatment outcome, blood samples were also collected. Furthermore, each enrolled patient
was asked to provide a sex- and age-matched (with a range of ﬁve years) control
person. Controls had to be of the same race as their matched cases and had to
have no previous history of thrombosis. If patients were unable to provide a control person themselves, the national study coordinating centers attempted to ﬁnd
equally matched controls from their own resources. Blood samples were obtained
from all control subjects. As for patients, blood samples were collected through
venapuncture in tubes containing 0.11 M trisodium citrate. From all blood samples, plasma was acquired by centrifugation at 2000g for 10 min. Plasma samples
were stored at –70 °C at one central facility until analysis.
The EN-Vie Study was conducted with approval from all national and, if necessary, local ethical committees, in accordance with the nation-speciﬁc rules. All
patients and controls agreed to participate in the study by means of a written
informed consent. For this case-control study, only patients for whom stored
plasma samples and a matched control person were available were considered
eligible.
Measurement of apolipoprotein A1 and HDL cholesterol levels in plasma
In all plasma samples, those from the cases and controls used for in vitro clot formation and 2D-DIGE and those from the EN-Vie study, the concentration of apolipoprotein A1 (apo A1) was determined with a Beckman Coulter nephelometer
using commercially available monoclonal antibodies. Levels of HDL cholesterol
were measured in the samples from the EN-Vie study with an enzymatic colorimetric test (HDL-C plus 3rd generation, Roche Diagnostics, Mannheim, Germany)
and expressed as percentage of the mean level of the control group. This level
amounted to 1.0 mM, but might be somewhat underestimated because of the
use of citrate in the samples.
Miscellaneous methods

clots from controls. On the master gel, 1369 different protein
spots were detected after 2D-DIGE analysis. All other gels of
case-control pairs were matched and compared with the master
gel and this resulted in the detection of 26 protein spots that differed statistically signiﬁcantly (p <0.001) in abundance between
patients and controls (Fig. 1). The protein spot with the most signiﬁcant decrease (p = 6.6  105) was spot number 2 (Table 1).
The mean value for the standardized abundance of patient samples for this spot was 0.70 as compared to 1.65 for the controls,
corresponding to a 2.4-fold lower abundance in patient samples
(Fig. 2). This protein spot was excised from preparative gels and
analyzed using MALDI-TOF-MS. The protein was identiﬁed as
apolipoprotein A1 (apo A1) with the following identiﬁcation
details; NCBI gi|90108664, mass 28061 Da, Mascot score 76237, number of peptides matched 18–24, sequence coverage (%)
54–81, with a p-value between 3e-19 and 0.0036 (n = 4). The
other 25 spots with a statistically signiﬁcant difference in protein
abundance between patients and controls have not yet been
identiﬁed.
Plasma levels of apo A1 and HDL cholesterol
The low abundance of apo A1 in plasma clots of BCS-patients was
also seen in plasma levels. Mean (±SD) plasma level of apo A1 in
these nine cases was signiﬁcantly lower than in the controls, 0.74
(±0.21) g/L vs. 1.45 (±0.31) g/L, respectively (p = 0.002), corresponding to a 2.0-fold difference in plasma levels.

Data on plasma levels of albumin, total bilirubin, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and factor V were obtained from the ENVie Study database. All these assays were performed locally. To correct for possible variation between different laboratory assessments, values of AST and ALT
were analyzed as a fraction of the upper limit of normal, which was calculated
using the local cut-off values.
Statistical analyses
The protein abundance in plasma clots of patients with BCS and controls was
compared using the Student’s T-test within the Decyder software. Differences
in apo A1 levels in plasma were tested using the non-parametric Mann–Whitney
U Test for the nine BCS patients or the Student’s T-test for the larger cohort of
BCS-patients from the EN-Vie study. Spearman’s Rho correlation coefﬁcients were
calculated as a non-parametric measure of correlation between apo A1 levels and
liver function tests. A p-value of <0.05 was considered statistically signiﬁcant. All
statistical analyses were performed with the Statistical Package for Social
Sciences for Windows, version 15.0 (SPSS, Chicago, IL).

Results
Plasma samples used for in vitro clot formation were collected
from nine patients with BCS, seven females and two males, with
a median age at diagnosis of 35 years (range 16–54 years). Underlying etiologic factors were myeloproliferative disorders (n = 4),
homozygous Factor V Leiden mutation (n = 1), antiphospholipid
antibodies (n = 3), and oral contraceptives (n = 2). In two patients,
no risk factors could be identiﬁed and in three patients two prothrombotic factors were present. The median age of the controls
(seven females and two males) was 31 years (range 22–49 years).
Differences in plasma clot composition between BCS-patients and
controls
After in vitro plasma clot formation, the protein composition of
clots from patients with BCS was compared to that of plasma
910

Fig. 1. Image of the master gel of 2D-DIGE, displaying proteins that significantly differed in abundance between BCS-patients and controls, as analyzed
with Decyder software. The arrows on the 10.5% polyacrylamide gel indicate the
26 protein spots that display a statistically signiﬁcant difference (p <0.001)
between patients and controls. Some arrows point to a protein spot that is not
visible on this scan of the master gel, however, with Decyder software a protein
spot was detected and shown to be different between patients and controls. Spot
number 2 was identiﬁed with mass spectrometry as apolipoprotein A1 with a
mass of 28 kDa. The other 25 protein spots have not yet been identiﬁed.
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Table 1. Protein spots with a statistically signiﬁcant difference in abundance
between controls and patients with BCS as analyzed with Decyder software.

1

- 4.31

2.70E-05

2

2.35

6.60E-05

3

- 6.94

0.00013

4

- 13.19

0.00013

5
6

- 4.34
- 12.49

0.00014
0.00016

7

- 8.15

0.00016

8

- 7.27

0.00018

9

- 8.10

0.00019

10

- 3.64

0.00024

11

- 2.63

0.00030

12

- 5.10

0.00032

13

- 4.22

0.00034

14

- 9.67

0.00037

15

- 5.01

0.00037

16

- 4.96

0.00047

17

- 4.34

0.00050

18
19

- 3.70
- 2.45

0.00055
0.00061

20

- 2.73

0.00073

21

2.35

0.00076

22

3.09

0.00077

23

- 4.08

0.00079

24
25

- 5.51
- 3.21

0.00081
0.00090

26

- 3.03

0.00097

The 26 protein spots that signiﬁcantly (p <0.001) differed between patients with
BCS-syndrome and controls are displayed. The average ratio is the ratio of the
standardized abundance of controls and patients. Positive ratios indicate that the
standardized abundance in controls is higher than in patients. Negative ratios
indicate that the protein abundance in patients is higher than in controls. The pvalue is calculated using the Student’s T-test in the BVA module of the DeCyder
software.

To validate these ﬁndings we used plasma samples from the
EN-Vie Study cohort. From this study, plasma samples for measurement of apo A1 levels were available for 107 patients. However, for six patients there was no control person and these
patients were excluded from the analysis, leaving 101 eligible
case-control pairs. Mean age of the patient population was
38 years (range 16–83) and 42% were males. Results from the
apo A1 assay are shown in Fig. 3A. Patients with BCS had significantly lower apo A1 levels in plasma as compared to the controls
(mean ± SD 0.97 ± 0.36 g/L vs. 1.32 ± 0.24 g/L, p <0.0001). The
pattern of the patient values might suggest the existence of a
subgroup with low levels of apo A1. When the group of patients
with apo A1 levels below 0.85 g/L were compared to those with
higher apo A1 levels, it became clear that the subgroup of cases
with lower apo A1 levels included relatively more patients with
a myeloproliferative disorder (20 out of 36 (56%) vs. 15 out of
63 (24%), respectively, p = 0.001). No other differences in underlying etiology of thrombosis or characteristics at diagnosis were
found between these two apparent subgroups.

2.0

1.5

1.0

0.5

0.0
Controls

Patients

Fig. 2. Protein abundance of apolipoprotein A1 of BCS-patients and their
matched controls. Statistical analysis was performed using the BVA module of
DeCyder software and shows on average a 2.4-fold lower abundance for
apolipoprotein A1 in the patient plasma clots (mean abundance of 0.70)
compared to control plasma clots (mean abundance of 1.65). Individual data
points are indicated and lines connect the standardized abundance data of
patients with their matched controls that were analyzed on a single gel.

A

2.5
p <0.0001

2.0
Apo A1 (g/L)

p value

1.5
1.0
0.5
0.0
Controls

B

Patients

200
p <0.0001

HDL-C (%)

Average ratio
(controls/patients)

p = 6.6 x 10-5

Standardized abundance

Spot
number

2.5

150
100
50
0
Controls

Patients

Fig. 3. Apolipoprotein A1 levels (A) and HDL cholesterol levels (B) in plasma of
patients with Budd–Chiari syndrome and healthy controls. Individual data
points and mean values are given.

The plasma levels of apo A1 correlated with plasma levels of
HDL cholesterol (HDL-C) in BCS-patients from the EN-Vie study
cohort (Pearson’s correlation coefﬁcient of 0.863, p <0.0001).
Mean (±SD) HDL-C levels were 71% (±32) in patients as compared
to 100% (±26) in controls (p <0.0001) (Fig. 3B).
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Table 2. Correlation between apo A1 levels and parameters of liver function in
patients with BCS.

Apo A1
n

Spearman’s Rho

p

Albumin

99

0.319

0.005

Total bilirubin

97

-0.211

0.038

ALT

87

-0.197

0.067

AST
Factor V

86
28

-0.217
0.327

0.044
0.089

Apo A1, apolipoprotein A1; BCS, Budd–Chiari syndrome; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

2.5
p = 0.002

Apo A1 (g/L)

2.0
1.5
1.0
0.5
0.0
Controls

Patients

Fig. 4. Apolipoprotein A1 levels in plasma of cases with normal albumin
levels (>35 g/L; n = 34) compared to their healthy controls. Individual data
points and mean values are given.

Apo A1 levels and liver function tests
Because apo A1 is synthesized by the liver, an impaired liver
function may inﬂuence the plasma levels. To estimate the effect
of decreased hepatic synthetic function on apo A1 levels in
patients with BCS, we determined the correlation between apo
A1 and different parameters of liver function in the EN-Vie study
cohort. As shown in Table 2, there was an association between
apo A1 levels and several parameters of liver function. However,
the correlations were only weak, with correlation coefﬁcients
lower than 0.35. Furthermore, when we compared the apo A1
levels of cases with normal albumin levels (>35 g/L, n = 34) to
their matched controls, BCS-patients still had signiﬁcantly lower
apo A1 levels than their healthy controls (1.08 ± 0.36 g/L vs.
1.31 ± 0.23 g/L, p = 0.002) (Fig. 4). To assure that albumin levels
were not artiﬁcially elevated, we assessed whether patients had
received prior albumin infusion. None of the cases with albumin
levels in the normal range had been treated with albumin.
Discussion
In this study, we have used a proteomic approach to investigate
differences in proteins bound to a plasma clot in order to detect
novel players in the regulation of hemostasis that may be associated with the development of venous thrombosis in BCS. To our
knowledge this is the ﬁrst report on the analysis of plasma clot
proteins in patient samples using proteomics as a detection
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method. Previously, we have shown that this technique could
be used to identify new ﬁbrin-binding proteins in plasma [14].
In 2D-DIGE, an internal standard is run on each gel together with
a patient sample and a control sample. This allows a direct comparison of protein abundance between a series of samples without interference by gel-to-gel variation. Using 2D-DIGE, nine
samples of patients with BCS were compared with samples of
their matched controls. A total of 26 protein spots signiﬁcantly
differed (p <0.001) in abundance between cases and controls
and were either increased or decreased in the patient samples.
The protein spot displaying one of the most signiﬁcant differences between both groups was identiﬁed with mass spectrometry as apo A1. The other 25 protein spots, with a different
abundance in cases and controls, still need to be identiﬁed. The
standardized protein abundance of apo A1 was reduced by a factor 2.4 in BCS-patient samples. A similar reduction was found in
the plasma concentration of apo A1 in these nine patients. The
ﬁndings of the ﬁrst part of this study were conﬁrmed in a validation study by measuring the concentration of apo A1 in plasma in
a large cohort of 101 BCS-patients. Apo A1 was found to be significantly decreased compared to the healthy, matched controls.
HDL cholesterol levels were also found to be decreased in
patients compared to controls, and correlated well with apo A1
plasma levels, as seen before [16].
Information on speciﬁc lifestyle factors was not recorded,
however, patients and controls were of the same age and race
and were recruited from the same geographical area. In some
patients with BCS, hepatic synthetic function may be impaired
as a result of venous thrombosis, which can result in venous congestion and hepatocyte necrosis. Because apo A1, like albumin, is
one of the main proteins synthesized by the liver, the observed
differences in plasma levels of apo A1 between BCS-patients
and healthy controls could have been caused by the liver disease
in the former group. However, in our study group there was only
a weak correlation between apo A1 levels in plasma and different
liver function tests. Moreover, in a subgroup of BCS-patients with
normal albumin levels, the concentration of apo A1 was still signiﬁcantly lower as compared to their healthy matched controls.
Due to the marked clinical heterogeneity of BCS and the ﬁnding
that many patients have a more or less acute-on-chronic form
of disease presentation [15,17], it is difﬁcult to clearly distinguish
between acute and chronic forms of BCS. Still, when we compared patients with an acute onset of symptoms to those with
a more chronic development of symptoms, apo A1 levels were
comparable between both groups (data not shown). Overall, the
decreased plasma concentration of apo A1 and also the decrease
in standardized protein abundance of apo A1 found in plasma
clots of BCS-patients cannot entirely be explained by an impaired
liver synthetic function in these patients.
A low apo A1 level has previously been reported as a marker
of liver ﬁbrosis [18,19]. Therefore, we cannot exclude that ﬁbrosis
might partially explain the low levels of apo A1 found in BCSpatients. Nevertheless, we found no association between apo
A1 levels and the presence of ﬁbrosis and/or cirrhosis in a subgroup of 26 BCS-patients of whom a liver biopsy sample was
available (data not shown). Hence, we believe that low levels of
apo A1, next to other risk factors, might play a causal role in
the development of venous thrombosis in BCS, in addition to
being a consequence of venous thrombosis. It is of interest that
apo A1 levels appeared to be particularly low in BCS-patients
with an underlying myeloproliferative disorder. It has been
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shown that in myeloproliferative disorders, which represent a
major risk factor for BCS, HDL levels can be markedly decreased
due to an increased catabolism of apo A1 [20]. Further studies
are needed to clarify this association and its potential role in
the development of venous thrombosis.
The mechanism through which decreased levels of apo A1
could result in venous thrombosis in patients with BCS is not
yet clear. Apo A1 is the main protein component of the reverse
cholesterol transporter HDL. For arterial thrombosis, plasma levels of HDL are known to be inversely related with risk [21]. For
venous thrombosis, the role of HDL and apo A1 is less clear. However, there are strong indications that the same inverse relation
between plasma levels and thrombosis risk in arterial thrombosis
is seen with venous thrombosis [22–24]. Furthermore, it is
thought that arterial thrombosis and venous thrombosis share
common risk factors [24,25]. In a recent study by Eichinger
et al., low levels of apo A1 in plasma were associated with a signiﬁcantly higher risk of recurrent venous thrombosis [26]. These
data are in conﬂict with the results of a population-based prospective study that did not ﬁnd an association between HDL cholesterol and venous thromboembolism [27]. HDL can be involved
in hemostasis in several ways [28]. One way, shown by Grifﬁn
et al., is that HDL can enhance the activated protein C pathway
[29]. This pathway is part of the natural anticoagulant system
and activation results in a prolongation of the prothrombin time,
which is correlated with the plasma levels of apo A1 [29]. Consequently, when apo A1 concentration in plasma is decreased, this
may potentially result in an impaired hemostatic balance and,
thereby an increased tendency for thrombosis. Previous studies
have shown that defects in the protein C pathway may, indeed,
result in BCS, both in an experimental animal model [30] and
in humans [5]. Another potential mode of action, recently published by Dahlbäck and colleagues, is that anionic phospholipids
lose their procoagulant properties when incorporated into HDL
[31]. Still, further studies are required to elucidate the exact
mechanism through which apo A1 interacts with the hemostatic
system, including the possible role of the clot binding of apo A1.
In conclusion, using 2D-DIGE as a detection method, we have
shown that the protein composition of in vitro formed plasma
clots differs between patients with BCS and healthy controls.
Apo A1 is signiﬁcantly less abundant in plasma clots of BCSpatients and this difference is caused by lower plasma levels of
apo A1 in this group. Although the precise causative mechanism
has not yet been elucidated, this is the ﬁrst evidence that
decreased apo A1 levels may play a role in the development of
venous thrombosis in patients with BCS. Decreased apo A1 levels
may also contribute to other manifestations of venous thrombosis.
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