
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Atherosclerosis; aspects of a multicultural disease

Gerdes, V.E.A.

Publication date
2004

Link to publication

Citation for published version (APA):
Gerdes, V. E. A. (2004). Atherosclerosis; aspects of a multicultural disease. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/atherosclerosis-aspects-of-a-multicultural-disease(f71973c8-7d71-4c73-9e18-532dc819e8ec).html


Chapterr 7 

Factorr XI gene analysis in thrombophilia and factor XI deficiency 
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Abstract t 
Background:: An increased plasma factor XI level is a risk indicator for venous thrombosis, 
butt it is unknown whether this has a genetic basis. 
Methodss and results: The sequence of all exons, flanking sequences, and 350 bp of promoter 
sequencee of the factor XI gene was determined in 22 probands from thrombophilic families, 
inn 9 patients with arterial disease and high factor XI levels, and in 3 patients with a proven 
deficiency.. A rare sequence variant (G204T) was found in intron 11. This variant was present 
inn one of the probands, and in 1 out of 244 individuals with arterial disease. Six common 
polymorphismss were observed, all of which were reported before. There was no relation with 
factorr XI level. In the deficient patients we observed two novel mutations. One patient (FXI 
<1%)) was compound heterozygous for a novel L332P mutation in apple domain 4, and the 
frequentlyfrequently described F283L mutation. Another patient (FXI 31%) was mildly affected, and 
wass heterozygous for a novel G79R missense mutation in exon 4 (apple domain 1). 
Conclusion:: We did not find novel candidate risk indicators for thrombotic disease. In the 
deficientt patients two novel missense mutations were identified. 
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Introduction n 
Uponn vascular injury the coagulation system becomes activated in order to stem the 

bleeding.. Intricate anticoagulant networks that protect from unnecessary and excessive clot 
formationn counteract this procoagulant mechanism. Under normal circumstances the 
procoagulantt and anticoagulant systems are quiescent and in balance, and profuse bleeding or 
runawayy coagulation are therefore rare events1. Only in unusual circumstances (oral 
anticoagulantt treatment, septic shock, hereditary coagulation defects, etc) do major 
coagulationn problems occur. In addition, apparently unprovoked thrombus formation may 
occur,, particularly in older persons. Examples of this are deep venous thrombosis of the leg 
andd pulmonary embolism1. 

Suchh venous thrombotic events do not occur randomly, and both acquired and genetic risk 
factorss play a determining role. Classical acquired risk factors include advancing age, cancer, 
prolongedd bed rest and surgery'. In approximately 25 % of patients genetic risk factors are 
found.. These genetic risk factors can be divided in two categories2. The first category 
comprisess loss-of-function mutations in natural anticoagulants like protein C, protein S, and 
antithrombin.. Heterozygosity for such mutations (haploinsufficiency) leads to an increase in 
thromboticc risk in adults, whereas homozygosity goes with extremely severe perinatal 
thrombosis.. The second category comprises gain-of-function mutations in procoagulant 
clottingg factors, of which factor V Leiden and prothrombin 20210 are the most prominent 
representatives2. . 

Thee prothrombin 20210 mutation predicts relatively high plasma prothrombin 
concentrationss and is associated with a 2-3 fold increased thrombotic risk3. Also high 
concentrationss of other procoagulant factors have been claimed to increase thrombotic risk, 
butt the genetics of these raised levels has not been defined. Examples are factors VIII , DC and 
XI4"6.. In addition to a risk association in venous thrombosis, elevated levels of factor XI have 
beenn associated with coronary artery disease7'8. 

Factorss XI is a homodimer, consisting of two polypeptide chains of 607 aminoacids (80 
kD)9.. When factor XI is activated, it is cleaved yielding a heavy chain and a light chain. The 
heavyy chain contains four so-called apple domains (figure 1). The first apple domain contains 
thee binding site for (pro)thrombin and high-molecular weight kininogen °'11, the third apple 
domainn contains the binding site for factor IX and platelets12'13, while the fourth apple domain 
iss responsible for dimerization14. Originally factor XI was suspected to function mainly in the 
intrinsicc arm of the coagulation system. However, in vivo factor XI is activated by thrombin, 
leadingg to additional thrombin formation, which may be important for activation of TAFI 
(thrombin-activatablee fibrinolysis inhibitor) resulting in attenuation of fibrinolysis . 

Thee primary aim of this study was to search for DNA markers in the factor XI gene as 
potentiall  determinants of increased factor XI level, which may serve as indicators of 
thromboticc risk. A second objective was to establish the genetic basis for factor XI deficiency 
inn patients from our outpatient clinic. 

Methods s 
Studyy subjects 

Probandss from thrombophilic families were selected from our outpatient clinic for vascular 
medicine.. All probands had at least one objectively confirmed episode of venous 
thromboembolismm and were younger than fifty  years. In addition, all probands had at least 
twoo additional affected individuals in the first or second degree. We only selected probands 
withoutt an established risk factor (protein C deficiency, protein S deficiency, AT III 
deficiency,, factor V Leiden mutation, prothrombin 20210 mutation). 
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Consecutivee patients with arterial disease were recruited in two teaching hospitals. Patients 
withh a recent myocardial infarction, patients with a recent ischaemic stroke and patients with 
peripherall  arterial disease were selected. Diagnosis of the qualifying event had to be 
confirmedd (ECG and positive enzymes, CT-scan to rule out hemorrhage, ankle-arm brachial 
pulsee index and/or vascular bypass surgery). Venous blood samples were drawn three months 
afterr the qualifying event. Patients with the highest factor XI levels (>140%) were selected for 
sequencing. . 

Inn addition, three patients with a proven factor XI deficiency were selected from the files of 
ourr outpatient clinic. 

Thee study was approved by the medical ethics committees and all patients gave informed 
consentt to participate. 

Factorr XI analysis 
Bloodd was obtained from the antecubital vein and collected in siliconized vacutainer tubes 

(Bectonn Dickinson, Franklin Lakes, NJ, USA) containing 0.105 mol L"1 sodium citrate. All 
bloodd samples were centrifuged at 1000 g for 15 min at 4 °C and plasma samples were stored 
att -70 °C until assays were performed. Factor XI antigen levels were determined with 
antibodiess from Affinit y Biologicals (Kordia, Leiden, The Netherlands), according to the 
instructionss of the manufacturer. Factor XI levels in the study subjects are given as percentage 
off  the level in a plasma pool of 150 healthy hospital personnel. 

Sequencingg of the factor XI gene and its promoter 
Thee factor LX gene has 15 exons. Primers were selected to amplify 350 basepairs of the 

promoterr region and to amplify each of the exons plus about 50 basepairs of flanking 
sequence.. The primers that we used are available on request. Amplified DNA fragments were 
purifiedd using a Qiagen kit (Qiagen, Hilden, Germany). Both strands of the amplified product 
weree sequenced using the same primers that were used for the amplification. Sequence 
reactionss were done with commercial reagents and analyzed on a ABIPrism 3100 Genetic 
Analyzerr (reagents and apparatus from Applied Biosystems, Capelle aan de IJssel, The 
Netherlands). . 

Statisticall  analysis 
Forr each genotype the mean and standard deviation of the plasma level was calculated. The 

significancee of differences between genotypes were evaluated using Student's t-test. 

Results s 
Indicatorss of factor XI concentration and thrombotic risk 

222 probands of thrombophilic families were included in the study. The mean age of these 
individualss was 40 years, 17 of them were women. 

2444 patients with established atherosclerotic disease were included. 75 had a recent 
myocardiall  infarction, 86 had a recent ischaemic stroke whereas 83 had peripheral arterial 
disease.. The mean age of these patients was 63 years and 83 (34%) were women. 9 patients 
withh arterial disease had a factor XI level higher than 140%, and these were selected for 
sequencing. . 

Thee median factor XI level of the probands was 107% (range 79 - 224%). The median 
factorr XI level of the 9 selected patients was 150% (range 143 - 189%). We observed a rare 
sequencee variant in intron 11,9 nucleotides upstream of the splice acceptor site (G204T). This 
variantt was present in one patient, a proband, with a factor XI level of 104%. However, the 
variantt was only present in one out of 244 individuals with atherosclerotic disease. 
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Wee observed six polymorphisms among the probands and all persons with atherosclerotic 
disease:: GAC125GAT, ACA249ACG, GGT379GGC, CGG596CGT, GAG595GAA and 
flankk exon 15 A54G. All these polymorphisms have been described previously. The latter 
threee polymorphisms are tightly linked. No statistically significant differences in factor XI 
levelss in carriers of these polymorphisms compared to non-carriers were observed (Table 1). 
Ann indepth analysis among subgroups of combined genotypes also yielded no evidence for 
thee notion that these polymorphisms explain part of the biological variation in factor XI levels 
(dataa not shown). 

Tablee 1 Factor XI levels according to factor XI genotype 

GAC125GAT(exon5) ) 

ACA249ACGG (exon 8) 

GGT379GGCC (exon 11) 

CGG596CGT, , 
GAG595GAA A 
andd flank exon 15 

Wildd type 

11 (n=193) 

) ) 

) ) 

11 (n=218) 

,, number of individuals between brackets 

Factorr XI deficiencv 

Carrier r 

33 (n=19) 

) ) 

22 (n=57) 

33 (n=26) 

P P 

0.99 9 

0.78 8 

0.88 8 

0.30 0 

Thee first patient is a 78 year old Ashkenazi Jew with 7-10% factor XI clotting activity. 
Anamnesticallyy he had a relatively insignificant bleeding disorder, with only occasionally 
mildd epistaxis. This patient appeared to be homozygous for the Phe283Leu mutation. This 
mutationn is highly prevalent among Ashkenazi Jews and generally referred to as the type in 
mutation. . 

Thee second patient is 37 year old female with less than 1% factor XI clotting activity. She 
hass a moderate to severe bleeding disorder, with recurrent epistaxis, menorrhagia and 
bleedingg complications after childbirth. Only occasionally she has spontaneous gingival 
bleedingg and haematoma formation. In this patient a compound heterozygosity was shown. 
Wee observed the Phe283Leu mutation (type IU) and a novel Leu332Pro mutation, also in the 
fourthh apple domain. 

Thee third patient is a 52 year old female with factor XI clotting activity varying from 31 to 
54%% and a factor XI antigen level of 51%. Her son has also a factor XI deficiency with 32 to 
39%% factor XI clotting activity and an antigen level of 41%. Both patients have a severe 
haemostaticc disorder, with recurrent epistaxis, gingival bleeding, easy bruising, menorrhagia 
(thee mother), gross blood in the urine or stool and excessive bleeding complications during 
andd after invasive procedures and childbirth, which necessitates administration of fresh frozen 
plasmaa (FFP) and antifibrinolytic drugs. These patients appeared to have a novel Gly79Arg 
mutationn in the first apple domain. 

Discussion n 
Indicators s 

Amongg the probands of thrombophilic families and patients with established atherosclerotic 
diseasee we were not able to identify determinants of increased factor XI level or indicators of 
thromboticc risk. We observed a rare sequence variant in one proband, but this patient had a 
normall  factor XI level. In addition, the six observed polymorphisms in the factor XI gene 
weree not related with factor XI level. 
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Thesee results indicate that mutations in thee factor XI gene are not a common cause of 
thrombophilia.. We can not exclude the possibility that certain gain of function mutations in 
thee factor XI gene exist, but their frequency must be low. 

Thrombuss formation in responsee to rupture of the atherosclerotic plaque is the essential 
eventt in acute ischemic syndromes in patients with atherosclerotic disease16. Although initial 
thrombinn generation is caused by tissue factor, the feedback activation of factor XI is 
probablyy important for additional thrombin formation and local regulation of fibrinolysis1718. 
Patientss with cardiovascular disease have higher factor XI levels compared to healthy control 
persons7'88 and Minnema et al showed that factor XI is activated during acute myocardial 
infarction11 . However, we could not identify a genetic basis for increased factor XI levels. 
Factorr XI levels increased after endotoxin administration in healthy volunteers20, suggesting 
thatt the relationship between factor XI levels and thrombotic disease may be the result of 
inflammatoryy processes. Which other factors influence factor XI levels has not been 
establishedd yet. 

Deficiency y 
Inheritedd factor XI deficiency is a rare autosomal recessive bleeding disorder in most 

populations.. The disease is more common in Ashkenazi Jews and also a cluster of cases was 
identfiedd among French Basques21'22. In recent years a number of mutations have been 
reportedd "25. These are all loss of function mutations like missense, nonsense, and splice 
junctionn mutations. We observed two novel mutations and the previously described 
Phe283Leuu type HI mutation. 

Thee third patient and her son are heterozygous for a novel Gly79Arg replacement in the 
firstt apple, caused by a missense mutation in the fourth exon. Both mother and son have 
factorr XI levels of approximately 30 to 50%. We can not explain why these patients have a 
relativelyy severe bleeding tendency, compared to for instance the first patient with the type HI 
mutation,, with relatively high factor XI antigen and activity levels. However, a thorough 
analysiss of all clotting and thrombocyte factors in these patients did not yield other 
abnormalities. . 

Inn the second, compound heterozygote patient we observed the Phe283Leu mutation as 
welll  as a novel Leu332Pro mutation, also located in exon 9, encoding the fourth apple. 
Leu3322 is a non-conserved aminoacid, however the neighboring aminoacids (lysine and 
leucine)) are highly conserved (figure 1). Since a replacement of leucine for proline is usually 
associatedd with conformational changes, we assume that these lead to a defect in the 
dimerizationn process and a dramatic reduction in the secretion of the mutant protein. Zivelin 
ett al showed this phenomenon for the Cys38Arg mutation, a mutation responsible for factor 
XII  deficiency in French Basques22. 

Thee type HI mutation is located in exon 9, which encodes for a part of the fourth apple 
domain.. The Phe is a conserved amino acid among the four apple domains (figure 1). The 
fourthh apple domain is essential for the dimerization of the two identical subunits. Meijers et 
all  described that due to a defect in the dimerization die mutant protein is secreted at reduced 
levelss (approximately 8%)u. This corresponds with the factor XI levels in our homozygous 
patiënt. . 

Inn conclusion, this survey of the factor XI gene has not (yet) yielded novel candidate risk 
indicatorss for venous or arterial thrombotic disease. In the deficient patients one known and 
twoo novel missense mutations were identified that are probably responsible for the deficiency 
phenotype. . 
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Figuree 1 Factor XI molecule, location of the mutations and conservation of altered 
aminoacidss among the apple domains. 

Applee 3 

Firstt patient: 
Phe283Leuu mutation in apple 4 

Applee 1 ....KDTC F EGGD. 
Applee 2 ....VDLD M KGIN. 
Applee 3 ....PNTV F ADSN. 
Applee 4 ....HDTD F LGEE.. 

L L 

Secondd patient: 
Novell  Leu332Pro mutation in apple 4 

Applee 1 ....CVLK D SVTE 
Applee 2 ....CLLK H TQTG 
Applee 3 ....CLLK T SESG 
Applee 4 ....CYLK L SSNG 

P P 

Thirdd patient: 
Novell  Gly79Arg replacement in apple 1 

R R 
Applee 1 .... AAIS G YSFK 
Applee 2 ....GVVS G FSLK 
Applee 3 ....KALS G FSLQ 
Applee 4 ....GGIS G YTLR 
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