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Abstract

Introduction: Venous thromboembolism (VTE) is a multicausal disorder in which 
many genetic and environmental factors interact. The proportion of variance 
attributable to genetic effects (heritability) has been estimated at 60%, while at 
present in only 40% of VTE patients genetic risk factors can be detected. Therefore, 
it is presumed that other, yet unidentified hereditary risk factors for VTE exist. 
However, their discovery is greatly impeded by the lack of an intermediate phenotype 
for VTE. In search of this phenotype, coagulation and fibrinolysis parameters have 
been extensively investigated. Except for the endogenous thrombin potential, none 
of these parameters were found useful hitherto. We therefore evaluated whether 
discriminatory proteins can be identified by proteomic techniques. Methods: Sera of 
491 individuals (VTE: n=65, unaffected family members including spouses: n=426) 
selected from 29 families with a family history of venous thrombosis were analysed 
by surface enhanced laser desorption/ionisation-time of flight mass spectometry. 
Furthermore, a heritability analysis was performed in Sequential Oligogenetic 
Linkage Analysis Routines (SOLAR). Results: Of the 69 peak clusters detected, 3 
differed significantly in expression between VTE and non-VTE (univariate analysis; 
p<0.05). However, none of the peaks were found to be significant discriminative in 
the multivariate analysis. Heritability analysis of the peak clusters showed that peak 
clusters were mostly influenced by genes and household. Conclusions: This family 
study was unable to detect a discriminative proteomic pattern for VTE. 
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Introduction

Venous thromboembolism (VTE) is a prevalent disease, affecting approximately 1 
per 1000 individuals each year, and causing considerable morbidity and mortality. 
1 It is a multicausal disorder, in which genetic and environmental factors interact. 
Deficiencies of antithrombin, protein C and protein S were the first inherited risk 
factors discovered in 1965, 1981 and 1984, respectively. 2-4 In the past 15 years these 
were followed by the discovery of two gain-of-function mutations (Factor V Leiden 
and prothrombin 20210A) and several risk factors that are at least in part heritable 
(e.g. mild hyperhomocysteinemia, elevated levels of clotting factors VIII, IX and XI). 5 
However, while the proportion of variance attributable to genetic effects (heritability) 
has been estimated at 60%, only approximately 40% of VTE patients have genetic risk 
factors. 6;7 Other, yet unidentified hereditary risk factors are therefore presumed to 
contribute to the risk of VTE. Their discovery by for instance genetic linkage studies is 
greatly impeded by the lack of an “intermediate phenotype” for VTE. An intermediate 
phenotype, such as hyperinsulinemia or mild hyperglycemia in diabetes, could give 
more information on the true risk of developing disease, because it is more proximal to 
gene action than the complex disease itself. 8 In search of an intermediate phenotype, 
coagulation and fibrinolysis parameters have been extensively investigated. However, 
except for the endogenous thrombin potential, none of these parameters were found 
sufficiently discriminatory. 9-11 
In the last decade, the focus has been redirected from the human genome to the human 
proteome, i.e. the proteins in any given cell including all protein isoforms, modifications 
and their interactions. 12 Compared with the genome, the proteome provides a more 
realistic representation of a biological status and may therefore be more useful than 
gene analysis for evaluating disease risk. 13 The introduction of surface-enhanced laser 
desorption and ionisation time-of-flight (SELDI-TOF) mass spectrometry has made it 
possible to rapidly study protein profiles in serum, plasma or tissue. A landmark study 
on proteomic patterns was performed on serum of patients with and without ovarian 
cancer using SELDI-TOF mass spectrometry with the purpose of detecting disease at 
an early stage. 14 Since then, this technique has been used in several other conditions 
such as different types of cancer, but also in Alzheimer’s disease and cardiovascular 
diseases. 15-19
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In VTE, protein profiles have recently been studied in a protein C deficient family in order 
to distinguish individuals with a history of VTE from those without. 20 Furthermore, 
protein profiles have been investigated as a diagnostic tool in hospitalized patients 
suspected to have VTE. 21 We aimed to identify a possible intermediate phenotype for 
VTE in families with a tendency for VTE, using SELDI-TOF mass spectrometry.

Materials and methods

Study population
The GENES study has been described previously. 10 In short, probands with a strong 
family history of VTE (defined as at least one first degree or two second degree 
relatives with VTE) but without a known thrombophilic defect and their extended 
pedigrees including spouses were identified. Patients with a personal history of 
VTE were tested for factor V Leiden, deficiencies of protein C, S and antithrombin, 
and the prothrombin-G20210A-mutation. History was taken using a standardized 
questionnaire. 22

Individuals on anticoagulant treatment or platelet aggregation inhibitors were excluded 
from the present analyses. 

Blood collection 
Blood samples were collected in plain glass tubes (Becton Dickinson, ref 367615) in 
the morning after overnight fasting and 12 hours cessation of smoking, and allowed to 
clot at room temperature for 30 minutes after which these were preserved on ice. All 
samples were centrifuged within 2 hrs after withdrawal at 2000 g for 20 minutes at 4°C, 
after which the sera were aliquoted and stored at -70°C. All samples were collected 
after obtaining informed consent and with approval of the Central Committee on 
Research Involving Human Subjects (CCMO). 

Chemicals
All used chemicals were obtained from Sigma, St. Louis, MO, USA, unless stated 
otherwise. 
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Serum protein profiling
Serum protein profiling was performed using the ProteinChip SELDI (PBSIIc) 
Reader (Bio-Rad Labs, Hercules, CA, USA). Various array chemistries, binding- and 
washing-procedures and sample pretreatments were initially evaluated to determine 
which affinity chemistry and sample pretreatment procedure provided the best serum 
protein profiles in terms of number and resolution of proteins. Immobilized Metal 
Affinity Capture (IMAC30) arrays were selected for further analysis. Throughout 
the assay, arrays were assembled in a 96-well bioprocessor, which was shaken on a 
platform shaker at 350 rpm. Sample processing was manual, and all serum samples 
were randomly attributed to one of seven measurement series (batches) before 
analyses. Each batch was measured in duplicate on one day and samples were allocated 
randomly to the arrays. 
IMAC30 arrays were charged twice with 50 ml 100 mM NiSO4 (Merck, Darmstad, 
Germany) for 15 min, followed by three rinses with deionised water (Braun, 
Emmenbrücke, Germany) and two equilibrations with 200 µl Phosphate Buffered Saline 
(PBS; 10 mM) pH 7.4 / 0.5 M sodium chloride / 0.1% TritonX-100 (binding buffer; 
sodium chloride from Merck) for 5 min. Unfractionated serum samples were thawed 
on ice and denatured by 1:10 dilution in 9 M ureum / 2% 3-[(3-cholamidopropyl)
dimethylammonio-]-1-propanesulfonic acid (CHAPS). Pretreated samples were 
diluted 1:10 in binding buffer and randomly applied in duplicate to the arrays. One 
serum (QC) sample was spotted randomly to 42 spots throughout the seven batches to 
monitor the reproducibility of the assay. After 30 min incubation, arrays were washed 
twice with binding buffer and twice with PBS pH 7.4 / 0.5 M sodium chloride for 
5 min. Following a quick rinse with deionised water, arrays were air-dried. A 50% 
sinapinic acid (SPA; Bio-Rad Labs) solution in 50% acetonitrile (ACN; Biosolve, 
Valkenswaard, The Netherlands) / 0.5% trifluoroacetic acid (TFA; Merck) was applied 
twice (1.0 µl) to the arrays as the matrix. Following air-drying, the arrays were analysed 
using the ProteinChip SELDI (PBSIIc) Reader. Using the ProteinChip Software v.3.1 
(Bio-Rad Labs), data were collected between 0 and 100 kDa, averaging 96 laser shots 
with intensity 155 (arbitrary units), detector sensitivity 5 (arbitrary units), and laser 
focusing at 10 kDa. For mass accuracy, the instrument was calibrated on each day of 
measurements with the All-in-One peptide standard (Bio-Rad Labs). 
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Statistics and bioinformatics
The distribution of the patient characteristics over the VTE and non-VTE group were 
compared using the Chi-square test for categorical variables (gender) and the Mann-
Whitney U (MWU) test for continuous variables (subjects’ age and sample storage 
duration).
Spectra of serum samples were processed per batch by the ProteinChip Software v3.1 
(Bio-Rad Labs). Following baseline subtraction, spectra were normalised to the total 
ion current. Spectra with normalisation factors < 0.5 or > 2 were excluded from further 
analysis. After spectrum pre-processing, the Biomarker Wizard (BMW) software 
package was applied for peak detection. Peaks were auto-detected when occurring 
in at least 10% of spectra and having a signal-to-noise ratio (S/N) of at least 3. Peak 
clusters were completed with peaks with a S/N of at least 1.5 in a cluster mass window 
of 0.3%. Peak information was subsequently exported as spreadsheet files, and peak 
intensities from the duplicate analyses were averaged. The batches were analysed in 
seven days, a parameter known to influence spectral data. 23;24 As such, merging peak 
intensity data of the different batches would lead to spurious results. To this end, the 
intensities of peaks were converted to standard Z-values per batch, by subtracting the 
mean and dividing by the standard deviation. The Z-transformed data of the seven 
batches were subsequently merged in one file. 
To investigate the relationship between a combination of the Z-transformed peak 
intensities and VTE status, crude odds ratios for each of the peak intensities (as 
continuous variables) were estimated in an univariate and multivariate logistic 
regression model using generalized estimation equations to account for family 
relationships with the inclusion of each peak cluster detected. Peak clusters found to be 
borderline significant (p<0.10) or significant (p<0.05) related to VTE status following 
the univariate logistic regression analyses were used in the multivariate logistic 
regression model. To investigate whether the relationship between peak intensities 
and VTE status could be explained by subjects’ age (categorised according to tertiles), 
gender or sample storage duration (categorised according to tertiles), the odds 
ratios were adjusted for these parameters. The parameters were considered potential 
confounders if the adjusted odds ratios were > 10% different from the crude odds 
ratios. The classification performance of the logistic regression model was evaluated 
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by estimation of the area under the Receiver Operating Characteristic (ROC) curve 
(AUC) and accompanying 95% confidence interval (95% CI).
The reproducibility of the assay was determined by calculation of the pooled 
coefficient of variation (CV) over 10 representative peaks (< 15 kDa) in all spectra of 
the randomly spotted QC sample. All statistical analyses were performed using SPSS 
statistical software, version 13.0 (SPSS Inc., Chicago, IL, USA). 
A heritability analysis of all peak clusters following the spectrum wide analysis 
was performed in every individual using Sequential Oligogenetic Linkage Analysis 
Routines (SOLAR). 25 All analyses were adjusted for age, gender, oral contraceptive 
use and household effects. A proband ascertainment correction implemented in 
SOLAR was performed to obtain unbiased parameter estimates relevant to the general 
population. 26;27

Results

Study population
In total, sera from 491 individuals (VTE: n = 65, unaffected family members including 
spouses: n = 426) selected from 29 families with a strong family history of VTE 
were selected. Individuals on anticoagulant treatment (n=31) or platelet aggregation 
inhibitors (n=19) were excluded. In total 441 individuals remained, 34 individuals 
with a history of VTE and 407 unaffected family members. Patient and sample 
characteristics are summarized in Table 1. VTE patients were older than non-VTE 
subjects at time of blood withdrawal (MWU; p < 0.001), and the VTE group contained 
significantly more female subjects than the non-VTE group (Chi square test; p = 
0.002). Sample storage duration was equal for both groups (MWU; p = 0.4). 
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Table 1. Patient and sample characteristics of the family members including spouses (n=65). 
VTE 

(n = 34)
Non-VTE 
(n = 407)

Age (years), median 
[IQR] 

53.7
[48.0 – 62.8]

39.7
[26.6 – 54.8]

Gender (N)
Male
Female

9
25

216
191

Sample storage time (months), 
median [IQR]

37.1
[19.6 – 43.7]

34.4
[26.4 – 38.5]

Abbreviations: IQR: interquartile range, VTE: venous thromboembolism

Serum protein profiling
Following serum protein profiling and spectrum pre-processing by the ProteinChip 
Software v3.1, spectra of 33 VTE patients and 391 non-VTE subjects were left for 
analyses in the seven batches. Spectrum-wide, the Biomarker Wizard detected a total of 
69 peak clusters. Intensities of peak cluster m/z 3779, 8148 and 11734 were significantly 
different between VTE and non-VTE, i.e. OR 1.30 (95% CI 1.04-1.63), OR 0.70 (95% 
CI 0.49-0.99) and OR 1.38 (95% CI 1.06-1.79) respectively. The intensities of peaks at 
m/z 3962, 4444, and 7977 were borderline significantly different, i.e. OR 1.20 (95% CI 
0.98-1.48), OR 1.25 (95% CI 0.98-1.61) and OR 0.70 (95% CI 0.48-1.01) respectively. 
The intensities of 10 representative peaks in all QC spectra had a pooled CV of 22.6%. 
Next, multivariate logistic regression analyses were performed. All six peaks that were 
(borderline) significantly different between VTE and non-VTE were incorporated in 
the model, resulting in an AUC of 0.782 (95% CI: 0.715-0.850) (Table 2). None of the 
peak clusters included in this model had an adjusted odds ratio that differed more than 
10% from the crude odds ratio. The multivariate model classified the samples with a 
sensitivity and specificity of 24.2% and 97.2%, respectively. 
 



Analyses of protein profiles in thrombophilic families

57

Table 2. Multivariate logistic regression analyses by forward entry inclusion of all peak clusters 

detected, before and after adjustment for subjects’ age, gender, and sample storage duration. 
Univariate Multivariate model Multivariate model, adjusted

Variable OR OR (95% CI) p-value OR (95% CI) p-value
m/z 3779 1.30* 1.24 (0.72-2.14) 0.436 1.25 (0.71-2.21) 0.437
m/z 3962 1.20** 1.00 (0.56-1.77) 0.089 0.98 (0.53-1.81) 0.946
m/z 4444 1.25** 1.18 (0.82-1.71) 0.370 1.08 (0.76-1.54) 0.675
m/z 7977 0.70** 1.02 (0.55-1.90) 0.960 1.05 (0.45-2.45) 0.909
m/z 8148 0.70* 0.67 (0.35-1.28) 0.224 0.67 (0.27-1.62) 0.368
m/z 11735 1.38* 1.51 (1.16-1.97) 0.002 1.45 (1.09-1.92) 0.010
Performance
ROC AUC 0.782 (0.715-0.850)
Sensitivity 24.2%
Specificity 97.2%

* p<0.05, ** p<0.10. ROC AUC, receiver operating characteristic area under the curve.

Heritability analysis 
The proportion of variance attributed to heritability, household effects and covariates 
was calculated for all peak clusters (Table 3). Moderate to significant heritabilities were 
found in 24 out of 68 peak clusters with proportions of variance ranging from 12 to 
57%. The highest heritability (57%) was found for peak cluster m/z 8938. Household 
effects attributed 17% of the variance of 8938. In 10 peak clusters significant household 
effects were found ranging from 14 to 24%. Covariates showed to attribute marginally 
(0.5 to 14%) in the proportion of variance of 35 peak clusters. 
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Table 3. Proportion of variance of all peak clusters attributed to covariates (age, gender), 

heritability and household effects.
Peak cluster (m/z ratio) Proportion of variance (%)

Heritability (h2) Household effects (c2) covariates
h2 SE p c2 SE p

2548 - - - - - - 1
2674 - - - - - - 1
2760 - - - 17* 9 0.021 4
2959 - - - 0.29 7 0.113 -
2731 - - - - - - 1
2967 - - - - - -
3092 - - - - - - 1
3164 - - - 23* 9 0.006 -
3279 6 10 0.236 2 9 0.412 -
3293 - - - 1 9 0.431 -
3687 14 10 0.064 11 12 0.174 -
3779 - - - - - - 8
3819 - - - 13 9 0.051 3
3893 18* 10 0.012 - - - -
3962 31* 10 0.000 - - - 13
3978 12 10 0.158 5 10 0.299 2
3994 3 10 0.388 17* 11 0.047 -
4063 33* 11 0.000 19* 10 0.021 -
4217 25* 9 0.000 4 9 0.309 1
4289 35* NA 0.022 2 11 0.405 -
4307 22* 13 0.024 3 10 0.380 -
4422 22* 10 0.004 - - - 3
4444 16* 10 0.035 - - - -
4460 13* 9 0.039 - - - -
4478 36* 10 0.000 - - - 0.5
4650 - - - 7 9 0.205 3
4797 19* 8 0.002 - - - -
5072 19* 11 0.025 6 11 0.276 3
5088 10 11 0.169 17* 10 0.038 1
5249 13 9 0.053 0.66 9 0.471 -
5272 6 7 0.171 - - - 1
5344 1 7 0.447 16 12 0.094 1
5359 2 8 0.373 4 12 0.371
5549 5 NA 0.270 8 NA 0.228 -
5569 - - - 13 11 0.118 -
5809 - - - 11 13 0.192 7
5893 - - - 19 12 0.053 -
5911 12 10 0.099 7 11 0.239 -
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Table 3. Continued

5927 - - - 9 11 0.197 -
5952 3 8 0.360 18 12 0.061 -
5979 - - - 24* 11 0.021 -
6095 - - - 9 10 0.187 -
6117 - - - 13 12 0.121 -
6133 - - - 12 12 0.149 -
6435 - - - 4 7 0.275 2
6566 - - - 11 12 0.190 3
6676 10 11 0.168 12 10 0.096 3
6954 22* 10 0.004 13 9 0.071 1
6983 12 11 0.112 12 9 0.095 3
7770 11 9 0.092 14* 9 0.040 -
7934 27* 11 0.003 10 13 0.197 -
7977 12 NA 0.119 8 NA 0.196 2
8148 18* 10 0.021 11 8 0.084 -
8938 57* 10 0.000 17* 8 0.011 -
9291 6 9 0.242 9 9 0.141 1
9504 7 9 0.186 7 9 0.180 1

10262 39* 10 0.000 - - - 2
11093 10 9 0.116 24* 11 0.013 -
11735 6 10 0.270 10 9 0.129 10
11819 - - - 3 10 0.367 3
13905 27* 10 0.001 19* 10 0.037 14
14105 25* 10 0.003 15 10 0.051 7
15158 16* 10 0.033 0.97 12 0.469 -
15886 17* 11 0.029 9 12 0.214 -
28145 8 10 0.191 4 9 0.308 -
33373 18* 9 0.005 - - - 3
43096 24* 12 0.006 3 9 0.359 3
66611 12* 8 0.026 - - - 3
79701 10 8 0.091 - - - 1

SE, standard error; Calculations were made with a proband ascertainment; NA, not applicable
* significant, i.e. p<0.05.

Peak cluster (m/z ratio) Proportion of variance (%)
Heritability (h2) Household effects (c2) covariates

h2 SE p c2 SE p
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Discussion

In this study, we aimed to evaluate the discriminative value of protein profiles in 
families with a tendency to VTE, using the proteomic SELDI-TOF MS platform. 
We investigated the discriminative value of protein profiles in a large number of 
thrombophilic families. The univariate analysis showed 6 (borderline) significant 
peaks that discriminated individuals with VTE from those without. One of these peaks, 
m/z 11375, was found to be significantly different between VTE and non-VTE family 
members in the multivariate analysis. However, using ROC curves, the classification 
performance of the multivariate model was insufficient to have discriminative value 
for VTE. 
An interesting finding is that the heritability analysis showed that many peak clusters 
were influenced by both genes and household effects, and marginally by sex and age. 
The highest heritability (57%) of all peak clusters was estimated for peak cluster m/z 
8938. Since no peptide purification and identification has been performed in this 
study, we can only assume that the identity of peak cluster m/z 8938 is C3a des-Argine 
anaphylatoxin (C3adesArg) based on the mass and type of chip used,. 28 Complement 
C3adesArg is the biologically inactive form of anaphylatoxin C3a, a split product of C3 
that is generated through complement activation. 29 C3adesArg is formed by cleavage of 
anaphylatoxin C3a through active thrombin-activatable fibrinolysis inhibitor (TAFIa) 
and carboxypeptidase N. 29;30 Interestingly, high TAFI levels have been described as 
a risk factor for venous thrombosis, but there remain conflicting results. 31-33 In one 
study a high level of C3adesArg in solvent detergent plasma was found to be a cause 
of thrombogenicity, possibly through platelet activation. 34;35 The suggestion of a 
relationship between inflammation and thrombosis has been described, although an 
inflammatory reaction as a consequence of thrombosis cannot be ruled out. 36-38 
Interestingly, we assume the m/z 8148 peak cluster, found in the univariate analysis, to 
be a fragment of C3adesArg, i.e. C3adesArg∆8 (based on its mass and the chiptype used). 28

Do our findings mean that future research in the field of proteomics to discover 
novel risk factors for VTE is futile? Despite the large sample size, the power of our 
study is limited by the fact that many cases had to be excluded because of concurrent 
anticoagulant treatment, whereas the protein profiles of these individuals may be the 
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most informative. Unfortunately, exclusion of cases on anticoagulant treatment was 
inevitable, since protein profiles were influenced by anticoagulants (data not shown). 
The sensitivity of our approach may also be reduced by the presence of unknown 
mutations in several susceptibility genes in the thrombophilic families, which may 
cause different proteomes, thus diluting the finding of one or more discriminative 
proteomic patterns. 39 
Strengths of our study are the large sample size and strong thrombophilic character 
of the families. Furthermore, the standardized blood collection and stringent sample 
conditions minimized noise. This is also shown by the good reproducibility of the 
samples, i.e. a pooled CV of 22.6%, which is in agreement with previous reports. 40 
In conclusion, this large family study was unable to establish a discriminative proteomic 
profile for VTE. To our knowledge, there is only one other study using SELDI-TOF 
profiles in venous thrombosis, which was able to distinguish VTE (occurring before 
the age of 40) from non-VTE subjects by their proteomic pattern. 20 Thus, proteomics 
in population-based case control or cohort studies of patients with VTE may still be 
worthwhile. There remains a need for analysis beyond the genotype to accurately 
assess thrombotic risk. 41
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