1102 Letters to the Editor

15 White RH, Romano PS, Zhou H, Rodrigo J, Bargar W. Incidence and
time course of thromboembolic outcomes following total hip or knee
arthroplasty. Arch Intern Med 1998; 158: 1525-1531.

16 Rabinov K, Paulin S. Roentgen diagnosis of venous thrombosis in the
leg. Arch Surg 1972; 104: 134-144.

17 Lensing AW, Buller HR, Prandoni P, Batchelor D, Molenaar AH,
Cogo A, Vigo M, Huisman PM, ten Cate JW. Contrast venography,
the gold standard for the diagnosis of deep-vein thrombosis:
improvement in observer agreement. Thromb Haemost 1992; 67: 8—
12.

18 Collins R, Scrimgeour A, Yusuf S, Peto R. Reduction in fatal pul-
monary embolism and venous thrombosis by perioperative adminis-
tration of subcutaneous heparin. Overview of results of randomized
trials in general, orthopedic, and urologic surgery. N Engl J Med 1988;
318: 1162-1173.

19 Mismetti P, Laporte S, Darmon JY, Buchmuller A, Decousus H.
Meta-analysis of low molecular weight heparin in the prevention of
venous thromboembolism in general surgery. Br J Surg 2001; 88: 913—
930.

20 Eriksson BI, Lassen MR. Duration of prophylaxis against venous
thromboembolism with fondaparinux after hip fracture surgery: a
multicenter, randomized, placebo-controlled, double-blind study.
Arch Intern Med 2003; 163: 1337-1342.

21 Bucher HC, Guyatt GH, Cook DJ, Holbrook A, McAlister FA.
Users’ guides to the medical literature: XIX. Applying clinical trial
results. A. How to use an article measuring the effect of an intervention
on surrogate end points. Evidence-Based Medicine Working Group.
JAMA 1999; 282: 771-778.

22 Kearon C. Noninvasive diagnosis of deep vein thrombosis in post-
operative patients. Semin Thromb Hemost 2001; 27: 3-8.

The protective effect of the factor Xlll Val34Leu mutation on the
risk of deep venous thrombosis is dependent on the fibrinogen

level

C.Y. VOSSEN* and F. R. ROSENDAAL*§

*Clinical Epidemiology, Leiden University Medical Center, Leiden, the Netherlands, §Haematology, Leiden University Medical Center, Leiden,

the Netherlands

To cite this article: Vossen CY, Rosendaal FR. The protective eect of the factor XIIl Val34Leu mutation on the risk of deep venous thrombosis is

dependent on the fibrinogen level. J Thromb Haemost 2005; 3: 1102-3.

Blood coagulation factor XIII (FXIII) cross-links fibrin on
activation (i.e. cleavage) by thrombin to stabilize a fibrin clot.
The common Val34Leu mutation in the FXIII A subunit is
located only three amino acids from the thrombin cleavage site,
and could thus potentially alter the clot-stabilizing propensity
of FXIII. Previously, it has been shown that thrombin activates
FXIII 34Leu more rapidly and at lower concentration than
34Val [1,2]. Early activation of FXIII leads to early cross-
linking of fibrin, which seems to inhibit lateral aggregation of
the fibrin fibres, and renders the fibrin clot less porous and
made up of thinner fibers than a clot cross-linked by 34Val.
Plasma clots consisting of thin fibrin fibers are relatively
resistant to plasma degradation [3]; however, studies which
determined the risk of venous thrombosis of carriers relative to
non-carriers reported either a protective effect or no effect of
the FXIII Val34Leu mutation on the risk of venous disease
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[4-8]. In the LETS study, carriers of the 34Leu allele showed
higher FXIII activity, but no higher FXIII subunit levels. At
most a weak protective effect for venous thrombosis was found
for the 34Leu allele (OR 0.9; 95% CI 0.7-1.1), which was
completely restricted to men, with a higher protective effect in
homozygotes (OR 0.7; 95% CI 0.4-1.3) [9].

High fibrinogen levels lead, like the factor 34Leu variant, to
a less porous and therefore less permeable fibrin clot with thin
fibres, which is associated with an increased risk of myocardial
infarction and premature coronary artery disease [10,11]. These
effects seem contradictory, however, as Lim ez al. [12] found
that 34Leu homozygous patients form fibrin clots with lower
permeability than 34Val homozygotes at low fibrinogen
concentrations, but that the permeability was similar for both
genotypes at intermediate fibrinogen levels and even higher for
the 34Leu homozygotes at high fibrinogen levels. This would
predict a protective effect of 34Leu at high fibrinogen levels.
Therefore, we decided to determine the influence of fibrinogen
levels on the effect of the FXIII Val34Leu mutation on venous
thrombotic risk.

This study was performed using plasma samples from a large
population-based case—control study on risk factors for venous
thrombosis, the Leiden Thrombophilia Study (LETS) [13]. In
this study, 474 consecutive patients with an objectively diag-
nosed first episode of deep venous thrombosis and 474 age- and
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Table 1 Risk of venous thrombosis associated with the FXIII 34Leu
mutation according to fibrinogen levels

Fibrinogen
levels FXIII OR* overall OR men OR women
Normal Val34Leu 1.0 (0.7-1.3) 0.9 (0.6-1.4) 1.0 (0.7-1.5)
(< =4.11) Leu34Leu 0.6 (0.3-1.2) 0.4 (0.1-1.4) 0.8 (0.3-1.9)
Val34Leu/ 0.9 (0.7-1.2) 0.8 (0.5-1.3) 1.0 (0.7-1.4)
Leu34Leu
High Val34Leu 0.4 (0.2-0.9) 0.2 (0.1-0.7) 0.7 (0.3-1.9)
(> 4.11) Leu34Leu 0.7 (0.2-3.1) 0.2 (0.0-2.1) 1.8 (0.2-18.4)
Val34Leu/ 0.5 (0.2-1.0) 0.2 (0.1-0.7) 0.8 (0.3-2.1)
Leu34Leu

*Risks are calculated with individuals carrying Val34Val as reference
group.

sex-matched friends or partners of these patients were included.
For this analysis, we included all patients and controls tested for
the FXIII Val34Leu variant (genotype information was missing
for three patients). FXIII Val34Leu genotyping was performed
using an allele-specific polymerase chain reaction as described
previously [9,14]. Fibrinogen levels were measured with the
Clauss method using Dade® thrombin (Baxter, Miami, FL,
USA). We calculated odds ratios (ORs) and 95% confidence
intervals (CI) for venous thrombosis associated with the 34Leu
variant for those with high and normal levels of fibrinogen
(using a 90th percentile cut-off point).

The mean age at the time of the blood draw was 45 years in
the patients and the controls (range patients 15-68, range
controls 15-71). Of the patients, 202 (43%) were men compared
with 202 controls (43%). The allele frequency of the Val34Leu
mutation was 0.20 in the 471 patients (165 carriers; 20 were
homozygous) and 0.24 in the 474 controls (201 carriers; 27
homozygotes). The mean fibrinogen levels were 3.4 g L' (range
1.5-8.0) for cases and 3.3 g L™" (range 1.7-6.3) for controls.

Table 1 shows the odds ratios for venous thrombosis for the
Val34Leu variant stratified by normal (below the 90th
percentile) or high (above the 90th percentile) levels of
fibrinogen. The 34Leu variant does not confer a protective
effect in heterozygote carriers of the 34Leu variant with normal
fibrinogen levels, either overall or in men or women separately.
In homozygote 34Leu carriers with normal fibrinogen levels we
did find a protective effect, especially in men. A protective effect
of 34Leu was present for individuals with high fibrinogen
levels, again particularly for men (Table 1).

Earlier we found in the LETS that the risk of venous
thrombosis associated with high levels of fibrinogen was
increased mainly in individuals older than 45 years [15].
Stratification by age in the current analysis (below and above
45 years) did not change the ORs at normal fibrinogen levels in
carriers, heterozygotes and homozygotes for the 34Leu variant
(OR was 0.9 for those below and above the age of 45 years).
However, at high fibrinogen levels the OR in carriers was 0.8
(95% C10.2-3.0) below 45 years old and 0.4 (95% CI 0.2-1.0)
above 45 years old.

Our findings show clinical evidence for the observations of
Lim et al. [12] suggesting that the protective effect of the 34Leu
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variant at high fibrinogen levels may be accounted for by the
formation of more permeable fibrin clots at high fibrinogen
concentrations than at low fibrinogen concentrations.

Acknowledgement

This work was supported by the Netherlands Heart Founda-
tion 89.063 (F.R. Rosendaal).

References

1 Ariéns RA, Philippou H, Nagaswami C, Weisel JW, Lane DA, Grant
PJ. The factor XIII V34L polymorphism accelerates thrombin acti-
vation of factor XIII and affects cross-linked fibrin structure. Blood
2000; 96: 988-95.

2 Trumbo TA, Maurer MC. Examining thrombin hydrolysis of the
factor XIII activation peptide segment leads to a proposal for
explaining the cardioprotective effects observed with the factor XIIT
V34L mutation. J Biol Chem 2000; 275: 20627-31.

3 Carr ME Jr, Alving BM. Effect of fibrin structure on plasmin-medi-
ated dissolution of plasma clots. Blood Coagul Fibrinolysis 1995; 6:
567-73.

4 Catto AJ, Kohler HP, Coore J, Mansfield MW, Stickland MH, Grant
PJ. Association of a common polymorphism in the factor XIII gene
with venous thrombosis. Blood 1999; 93: 906-8.

5 Corral J, Gonzalez-Conejero R, Iniesta JA, Rivera J, Martinez C,
Vicente V. The FXIII Val34Leu polymorphism in venous and arterial
thromboembolism. Haematologica 2000; 85: 293-7.

6 Franco RF, Reitsma PH, Lourengo D, Maffei FH, Morelli V, Tavella
MH, Aratjo AG, Piccinato CE, Zago MA. Factor XIII Val34Leu is a
genetic factor involved in the etiology of venous thrombosis. Thromb
Haemost 1999; 81: 676-9.

7 Renner W, Koppel H, Hoffmann C, Schallmoser K, Stanger O, Toplak
H, Wascher TC, Pilger E. Prothrombin G20210A, factor V Leiden, and
factor XIII Val34Leu: common mutations of blood coagulation fac-
tors and deep vein thrombosis in Austria. Thromb Res 2000; 99: 35-9.

8 Margaglione M, Bossone A, Brancaccio V, Ciampa A, Di Minno G.
Factor XIIT Val34Leu polymorphism and risk of deep vein throm-
bosis. Thromb Haemost 2000; 84: 1118-19.

9 Van Hylckama Vlieg A, Komanasin N, Ariéns RA, Poort SR, Grant
PJ, Bertina RM, Rosendaal FR. Factor XIII Val34Leu polymorph-
ism, factor XIII antigen levels and activity and the risk of deep venous
thrombosis. Br J Haematol 2002; 119: 169-75.

10 Fatah K, Silveira A, Tornvall P, Karpe F, Blombiack M, Hamsten A.
Proneness to formation of tight and rigid fibrin gel structures in men
with myocardial infarction at a young age. Thromb Haemost 1996; 76:
535-40.

11 Fatah K, Hamsten A, Blombéck B, Blombick M. Fibrin gel network
characteristics and coronary heart disease. relations to plasma
fibrinogen concentration, acute phase protein, serum lipoproteins and
coronary atherosclerosis. Thromb Haemost 1992; 68: 130-5.

12 Lim BC, Ariéns RA, Carter AM, Weisel JW, Grant PJ. Genetic
regulation of fibrin structure and function: complex gene—environment
interactions may modulate vascular risk. Lancet 2003; 361: 1424-31.

13 van der Meer FJ, Koster T, Vandenbroucke JP, Briét E, Rosendaal
FR. The Leiden Thrombophilia Study (LETS). Thromb Haemost
1997; 78: 631-5.

14 Saiki RK, Gelfand DH, Stoffel S, Scharf SJ, Higuchi R, Horn GT,
Mullis KB, Erlich HA. Primer-directed enzymatic amplification of
DNA with a thermostable DNA polymerase. Science 1988; 239:
487-91.

15 Van Hylckama Vlieg A, Rosendaal FR. High levels of fibrinogen are
associated with the risk of deep venous thrombosis mainly in the
elderly. J Thromb Haemost 2003; 1: 2677-8.



