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The Role of Factor XIII Val34Leu Polymorphism in
Thrombotic Disease
Die Rolle des Faktor XII I Val34Leu Polymorphismus bei thrombotischen Erkrankungen

Silke Ehrenforth1, M. von Depka2

Summary: Activated blood coagulation factor (F)
XIII (FXIIIa), a transglutaminase comprised of two A
and two B subunits in a tetrameric structure (A2B2) of
320 kd, has a central role in the haemostatic system by
cross-linking fibrin monomers in the final step of
blood coagulation, thus stabilizing the fibrin clot and
increasing its resistance to fibrinolysis. In addition,
FXIIIa is implicated in the cross-linking of several
other proteins, such as a-2-antiplasmin, fibronectin,
and collagen. The impact of genetic variations of
FXIII in thrombotic disorders has not been studied
until recently, when a common polymorphism was de-
scribed as a new candidate genetic factor influencing
the risk of thrombotic diseases. This polymorphism re-
sults from a G to T transition in codon 34 of exon 2 of
the catalytic FXIII A-subunit gene, leading to the sub-
stitution of leucine for valine (FXHIVal34Leu) close to
the thrombin activation site. Genotype at this poly-
morphism is closely related to FXIII fibrin cross-link-
ing activity, and FXIIILeu is associated with increased
thrombin activation of FXIII with associated changes
in fibrin structure. Initially, FXIII Val34Leu was
shown to be significantly less common in British pa-
tients with a history of myocardial infarction than in
controls, suggesting for the first time a new role for
FXIII in a polygenic thrombotic disease. In addition to
its proposed protective effect against thrombotic heart
diseases, the Leu34 allele has also been correlated
with protection against venous thromboembolism and
thrombotic cerebral artery occlusion, whereas it seems
to confer an increased risk for intracerebral haemor-
rhage. Because this genetic variation is associated with
a higher activity of the enzyme, the mechanism ac-
counting for the putative anti-thrombotic effect of
FXIII Val34Leu is not well understood. However, it
has been hypothesized that increased rates of FXIII ac-
tivation could lead to ineffective cross-linking, or that
the kinetics of the cross-linking reactions may be dis-
rupted because of the effects of FXIIIa on other pro-
teins. Previous s'tudies have demonstrated that the
FXIII Val34Leu polymorphism is highly prevalent in
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several Caucasian populations, with reported Leu34
allele frequencies of around 0.25, whereas it is less
prevalent in populations of African and Asian origin.
The known significant ethnic heterogeneity linked to
the FXIII Val34Leu polymorphism is of relevance
when analyzing its role in vascular diseases. In sum-
mary, published studies indicate that blood coagulation
FXIII is involved in the multifactorial pathogenesis of
vascular diseases and suggest a contribution of FXIII
Val34Leu in determining the risk of myocardial in-
farction, stroke and venous thromboembolism.
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Zusammenfassung: Der Blutgerinnungsfaktor (F)
XIII (fibrinstabilisierender Faktor), welcher ein Mole-
kulargewicht von 320 kDa besitzt, liegt im Plasma als
tetramerer Komplex vor, bestehend aus je zwei Unter-
einheiten A (katalytisch wirksam) und B (Carrierfunk-
tion) (A2B2). Das Zymogen A2B2 wird durch Throm-
bin zur aktiven Transglutaminase aktiviert (FXIIIa),
welche über die Ausbildung von intermolekularen
Amidbindungen die End-zu-End-polymerisierten Fi-
brinmonomere kovalent miteinander vernetzt, so daß
ein stabiles Fibringerinnsel entsteht. Neben dem
Hauptsubstrat Fibrin sind verschiedene andere Protei-
ne identifiziert worden, die durch FXIIIa quervernetzt
werden können, wie beispielsweise a-2-Antiplasmin,
Fibronektin und Kollagen. Über die mechanische Sta-
bilisierung des gebildeten Fibringerinnsels und Ver-
stärkung dessen fibrinolytischer Resistenz durch den
Einbau von Fibrinolyseinhibitoren in das Gerinnsel,
kommt dem FXIIIa eine zentrale Rolle im komplexen
hämostatischen System zu. Trotz seiner vielfältigen
Funktionen erlang, die Bedeutung von FXIII Genvari-
anten im Rahmen thrombotischer Erkrankungen erst
kürzlich ein zunehmendes Interesse, nachdem ein häu-
fig vorkommender FXIII Polymorphismus als potenti-
eller thrombo-protektiver Parameter beschrieben
wurde. Dieser Polymorphism resultiert aus einer G zu
T Transition im Codon 34 des Exon 2 der katalyti-
schen -Region des FXIII-Gens, welcher zu einem
Austausch von Leucin gegen Valin (FXIIIVal34Leu)
nahe der Thrombinschnittstelle führt. Der prozentuale
Anteil der Mutationsträger an der gesunden Bevölke-
rung variiert zwischen 32 % und 52 %, wobei für die
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kaukasischen Populationen eine durchschnittliche
Leu34 Allelfrequenz von 0,25 angegeben wird. Patho-
genetisch weist der Val34Leu Genotyp eine enge Ver-
bindung mit der Fibrin-vernetzenden FXIII-Aktivität
auf, wobei FXIIILeu mit einer erhöhten thrombinindu-
zierten FXIII-Aktivierung sowie einer veränderten Fi-
brinstruktur assoziiert ist. In einer initialen Studie
wurde bei britischen Patienten mit Myokardinfarkt
eine gegenüber Kontrollpersonen signifikant geringere
FXIII Val34Leu Prävalenz beobachtet, was zum ersten
Mal auf eine Bedeutung des FXIII im Rahmen der
Thrombogenese hinwies. Neben dem daraufhin postu-
lierten protektiven Effekt hinsichtlich kardiovaskulärer
Erkrankungen, wurde für den FXIII Val34Leu Geno-
typ anschließend auch eine protektive Wirkung ge-
genüber venösen Thrombosen und atherothrombotisch
bedingten Schlaganfallen sowie andererseits ein er-
höhtes Risiko für intrazerebrale Blutungen beschrie-
ben. Der dem anti-thrombotischen Effekt zugrunde lie-
gende. Wirkungsmechanismus bleibt bis dato jedoch
ungeklärt. Hierbei wurde u.a. hyothetisiert, dass die
mit dem Val34Leu einhergehende erhöhte FXIII Akti-
vierung zu einer ineffektiven Quervernetzung der Fi-
brinmonomere führt oder aber, dass die entsprechende
Reaktionskinetik über die Wirkung von FXIIIa auf an-
dere Proteine maßgeblich gestört wird. Zusammenfas-
send ist festzuhalten, dass zahlreiche Studien auf eine
neu Rolle des Gerinnungsfaktors XIII in der multifak-
toriellen Pathogenese thrombotischer Gefäßverschlüs-
se hinweisen und dem prevalenten FXIII Val34Leu Po-
lymorphismus möglicherweise eine klinisch relevante
Bedeutung bei der Risikoabschätzung bezüglich Myo-
kardinfarkt, ischämischer Apoplexie und venös-throm-
botischer Ereignisse zukommt.

Schlüsselwörter: Gerinnungsfaktor XIII; Faktor
XIII Val34Leu Polymorphismus; Cardiovaskuläre Er-
krankungen; Venöse Thrombose/Genetik; Risikofakto-
ren.

Over the last years, several genetic defects of pro-
teins regulating blood coagulation have been es-

tablished as risk factors predisposing for vascular
thrombosis, most notably resistance to activated pro-
tein C due to-the factor (F) V G1691A mutation (FV
Leiden), the prothrombin gene G20210A variant, and
protein C, S, and antithrombin deficiency. More re-
cently, there is a growing interest in the role of FXIII
in thrombotic vascular diseases, after several studies
have provided evidence that ä"common variation of the
FXIII gene might be protective against arterial and ve-
nous thrombosis.

Structure and Function of Factor XIII
Blood coagulation FXIII is a protransglutaminase
found in plasma as a 320 kd tetramer of two catalytic
A-subunits which circulate in plasma in an inactive
form bound to two B-subunits (AaB2), which serve a

carrier function for the A subunit in plasma [1,2; see
also Fig.l]. Transformation of the pro-enzyme FXIII
into an active transglutaminase (FXIIIa) during the ter-
minal phase of the coagulation cascade is induced by
the proteolytic action of thrombin, which cleaves the
peptide bond between Arg37 and Gly38 of the A sub-
unit [1, 3], resulting in the release of an amino-termi-
nal activation peptide. This is followed by the dissoci-
ation of the A-subunit dimer from the B-subunit in a
reaction facilitated by fibrin and calcium ions [4, 5J.
Activated FXIII (FXIIIa) plays an important role in
the final stage of the blood coagulation pathway by
catalyzing the covalent cross-linking of two g-glu-
tamyl with two e-lysine residues of the g-chain of fib-
rin followed by polymerisation of the a-chain [6-8].
The resulting formation of crosslinked fibrin from
(soluble) fibrin monomers is pivotal to the develop-
ment of a stable thrombus with increased resistance to
chemical, mechanical, and proteolytic insults. In addi-
tion, several other proteins in the coagulation and fib-
rinolytic system are substrates for activated FXIII,
such as a2-antiplasmin [9, 10], thrombin-activable fib-
rinolysis inhibitor (TAFI) [11], von Willebrand factor
[12], thrombospondin [13], and fibronectin [14, 15].
Cross-linking of these substrates into the clot further
contributes to the mechanical strength and resistance
to proteolysis of fibrin. By these mechanisms, FXIIIa
is essential for maintaining hemostasis, and deficiency
of FXIII, a rare autosomal recessive disorder, is char-
acterized by bleeding diathesis and defective wound
healing.

The Factor XIII Gene Val34Leu Poly-
morphism
The FXIII A-subunit gene is localized on chromosome
6, spans more than 160kb and contains 15 exons sepa-
rated by 14 introns [16]. Whereas several mutations of
the FXIII A-subunit gene have been related to FXIII
deficiency [10,17-20], the role of FXIII gene variants
in thrombotic diseases has not been studied until re-
cently, when a common FXIII polymorphsim was sug-
gested to decrease the risk of myocardial infarction
[21, 22] and thrombotic cerebral artery occlusion [23].
This polymorphism results from a G to T transition in
exon 2 of the FXIII A-subunit gene, coding for a va-
line (Val) to leucine (Leu) change at amino acid posi-
tion 34 (FXIII Val34Leu) near the cleavage site of the
FXIII activation peptide [17]. This genetic variation is
very common in Caucasian populations, with reported
Val34Leu carrier frequencies ranging from approxi-
mately 32 % to 52 % (averages about 44 %), and Leu
allele frequency of around 0.25 (range 0.17-0.29), re-
spectively [21-35]. However, information upon its dis-
tribution in different ethnic groups is scarce. In a re-
cent study reported by Anie-Castro et al. [34], FXIII
Val34Leu was detected in 44.3% of Caucasians
(Brazilians of European descent and Portuguese), in
28.9% of Blacks (Brazilians, and Africans from
Cameroon, Zaire, and Angola), in 2.5 % of Asians
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Figure 1 FXIII pathway and possible effects on clot formation by genotype.
After activation by thrombin, a small activation peptide is cleaved from the A-subunit. In a further step, the FXIII tetramer dissociates by
separating the B subunits (carrier protein) from both A subunits. The active site of FXIII is now ready for the crosslinking reaction. The
rate of FXIII activtion and therefore cleavage of the activation peptide is influenced by FXIII genotype with an increase in kcat but a de-
crease in Km in possession of the Leu allele. These changes lead to premature depletion of FXIII-Val34Leu and a decrease in cross-
linking reaction. Fibrinogen is activated by thrombin to form soluble fibrin. In a further step, soluble fibrin is cross-linked by FXIII to form
a stable, insoluble fibrin network. Plasminogen activation by tissue plasminogen activator (t-PA) and therefore initiation of fibrinolysis is
inhibited by plasminogen activator inhibitor-1 (PAI-1), a strong marker of insulin resistance.
Reprint from Kohler HP. Role of blood coagulation factor XIII in vascular diseas. Swiss Med Wkl 2001; 131:31-34 [51] with kind permis-
sion of HP. Kohler and EMH Schweizerischer Ärzteverlag AG.

(Japanese descendents), and in 51.2 % of Amerindians.
These data demonstrate that FXIII Val34Leu exhibits a
significant ethnic heterogeneity, a finding that is rele-
vant for studies analyzing the role of this polymor-
phism in vascular diseases.

The Factor XIII Val34Leu Polymorphism
in Arterial Occlusive Disease
Because of the high allele frequency and the proximi-
ty of the amino acid change to the thrombin activation
site, FXIII Val34Leu was a candidate factor involved
in the pathogenesis of thrombotic events. In a first
case-control study of Caucasian patients with angio-
graphically proven coronary artery disease and a his-
tory of myocardial infarction, the mutant Leu34 allele
was reported to be significantly less common in cases
than in controls, suggesting for the first time a new
role for FXIII in polygenic thrombotic vascular dis-
ease [21]. Subsequently, the proposed cardioprotective
effect of FXIII Val34Leu, which has been shown to be

particularly strong in homozygous carriers, while het-
erozygosity conferred moderate protection, has been
confirmed in other studies [22, 36, 37]. It is also inter-
esting to note, that the frequency of Val34Leu carrier-
ship in different ethnic groups has been shown to be
inversely related to the prevalence of coronary artery
disease in different ethnic groups [25], leading to the
hypothesis that this polymorphism might contribute to
the contrasting cardiovascular risk in different popula-
tions. It has been suggested that possession of the mu-
tant Leu allele might favour the formation of weaker
fibrin structures, thereby conferring a protective effect
against arterial thrombosis [21] or predisposing to he-
morrhagic stroke [26]. Two published studies evaluat-
ed the association between FXIII Val34Leu and a his-
tory of stroke [23,.26]. The first study revealed no sig-
nificantly different frequencies of the Val34Leu muta-
tion among British patients with thrombotic cerebral
infarction as compared to (not individually matched)
healthy controls, though there was a marginally signif-
icant increase in Leu34 in subjects with a diagnosis of
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primary intracerebral hemorrhage [26]. By contrast, a
subsequent large multi-centre case-control study of
French patients showed a significantly negative asso-
ciation of FXUIVal34Leu with atherothrombotic
stroke (OR 0.58, 95 %CI 0.44-0.75), suggesting that
the Leu34 allele also has a protective effect against
thrombotic cerebral artery occlusion [23]. Further
prospective studies are therefore wanted to clarify pre-
cisely the role of FXIII Val34Leu in cerebrovascular
disease.

Factor XIII Val34Leu in Venous
Thrombosis
Fibrin cross-linking by FXIU is also important in the
development of d£ep venous thrombosis (DVT). Ac-
cordingly, there have been several studies analyzing
the possible association of the FXIII Val34Leu poly-
morphism with DVT. providing rather controversial
data [27, 29, 31-33, 35, 38-41; see also Table 1]. Ini-
tially, Catto et al. showed a significantly lower fre-
quency of FXIII Val34Leu among relatively old pa-
tients (median age 62 years) with venous thromboem-
bolism (VTE) than in healthy controls (OR 0.56, 95
%CI 0.38 to 0.82), indicating for the first time that the
Leu34 allele confers also protection against VT [27].
However, a subgroup analysis revealed that this pro-
tective effect is restricted to DVT, whereas no signifi-
cant association between FXIII Val34Leu and the oc-
currence of pulmonary embolism (PE) could be
demonstrated in this study [27]. Since no separate in-

formation were given for the particular subgroup of
patients with PE, it remains an open question whether
the lack of association between FXIII Val34Leu and
PE reported by Catto et al. might be affected by selec-
tion of patients (e.g. coexistance of cadiovascular risk
factors). In a second report, no association of the het-
erozygous Val34Leu change with a history of DVT
was found in a group of younger patients (mean age 41
years), but the hompzygous Leu34 carrier status was
strongly associated with a protective effect (OR, 0.16;
CI, 0.05 to 0.5) [29]. Further evidence for a mildly
protective effect against the development of VT asso-
ciated with FXIII Val34Leu carriership has been pro-
vided by two large case-control studies, the Leiden
Thrombophilia Study (LETS) [38] and the Paris
Thrombosis Study (PATHROS) [40], whereas in a
Hungarian study, the Leu34 allele frequencies among
young patients with a first thrombotic episode before
the age of 45 years (mean age at first onset 27.7 years)
and healthy controls did not differ significantly, nei-
ther in the age-group between 30 and 45 years, nor in
those younger than 30 years [31]. The discrepancies
between the published data may reflect differences in
criteria used to select the groups and in the statistical
power of the studies, among others. In a meta-analysis
of five case control studies [27, 29, 32, 38, 40] per-
formed by Alhenc-Gelas [40], the OR (95 %CI) asso-
ciated with the presence of the Leu allele in the whole
population (1,340 cases, 2,211 controls) was 0.80
(0.69-0.94), while the ORs (95 % CI) associated with
the Val/Leu and Leu/Leu genotypes were 0.86

Table 1 Factor XIII Val34Leu and the Risk of Venous Thromboembolism

Carrier Frequency %
Study

Catto 1999
United Kingdom

Franco 1999
Brazil

flosendaa/1999
LETS, The Netherlands

Corra/2000
Spain

Alhenc-Gelas 2000
France

Meta-analysis
according to
Alhenc-Gelas 2000

Ehrenforth 2000
Germany

BaloghZWO
Hungary

MargagtioneZOQO
Italy

Patients
(n)

226

189

474

97

354

1340'

430

273

427

Controls
(n)

224

187

474

97

1229

2211

430

288

1049

Patients vs Controls OR(95%CI)

V/L UL V/L UL

31 vs 42

37vs31.6

34.8 vs 36.7

35.1 vs 28.9

32.4 vs 35.6

33 vs 38.6

40.7 vs 38.5

30.5 vs 28.8

12vs22

1.6 vs 9.6 1.1(0.7-1.7) 0.16(0.05-0.5)

4.2 vs 5.7 0.91 (0.69-1.19) 0.71 (0.39-1.29)

2,1 vs 3.1

3.9 vs 5.2 0.81 (0.63-1 .05) 0.69 (0.38-1 .26)

0.86 (0.74-0.99) 0.58 (0.41-0.82)

4.9 vs 7 0.78 (0.61-1 .03) 0.68 (0.32Ã1 .46)

6.6 vs 6.6 1.04(0.53-2.06)

4.7 vs 6.6 1.1 (0.7-1.2) 1.4 (0.9-2.3)

V/L+L/L

0.63 (0.38-0.82)

0.9(0.6-1.4)

0.8 (0.69-0.94)

0.76 (0.5&-0.95)

1.09(0.78-1.52)

1.0(0.8-1.3)
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(0.74-0.99) and 0.58 (0.41-0.82), respectively, sug-
gesting that this polymorphism may contribute to de-
termining the risk of VTE.

Another interesting study was reported by Franco et
al. who evaluated the effect of FXIU VaI34Leu on the
risk of VTE conferred by the FV Leiden mutation in a
retrospective blinded study, by determining its preva-
lence in 352 FVL carriers, who were first-degree rela-
tives of 132 thrombotic porositi carrying the FVL mu-
tation |42], The overall annual incidence of a first
episode of VTE in FVL relatives was 0.31 % in Leu34
carriers and 0.44 % in non-carriers, yielding a relative
risk (RR) for thrombotic episodes of 0.7 (95 %CI:
0.3-1.5.). The relative risk for VTE in the age group of
15-30 years was 1.0 (95% CI 0.3-3.2), suggesting
that, in younger FVL carriers, FXIII Val34Leu does
not confer protection against venous thrombosis. Fur-
ther age-specific RR for VTE in FVL relatives were
(for Val34Leu carriers and non-carriers, respectively):
0.4 (95 % CI 0.05-3.0) in the age group of 30-45
years, 0.6 (95 %CI 0.1-2.9) in the group aged 45-60
years and 0.5 (95 % CI 0.06 .̂5) in subjects older than
60 years. Thus, a trend towards a decreased risk for
VTE related to FXIII Val34Leu was observed in FVL
carriers older than 30 years. However, prospective
studies will reveal if routine screening for FXIII
Val34Leu in FVL carriers, in order to identify carriers
that will remain asymptomatic over life, is justified.

Taken together, the here mentioned clinical obser-
vations indicate that FXIII Val34Leu confers a protec-
tive effect against venous thromboembolism, albeit
seemingly weak in heterozygous Leu34 carriers. How-
ever, vascular thrombosis represents a multifactorial
disorder, and as such, the risk for the disease may vary
in different human populations as a result of different
combinations of genetic and acquired risk factors,
Val34Leu being only one of them. It is possible that
the only moderate or even lacking association between
the FXIII Val34Leu polymorphism and VT observed
in some of the above mentioned studies may be due to
gene-gene or gene-environment interactions with re-
spective risk factors not taken into account. In other
words, the protective effect against VT episodes con-
ferred by FXIII Val34Leu might be negated by coexis-
tent hemostatic abnormalities or overshadowed by the
concurrent presence of other thrombogenic risk fac-
tors, as it has been hypothesized e.g. for features of the
insulin-resistance syndrome, diminished fibrinolysis
related to high levels of the fibrinolytic inhibitor PAI-
1 (plasminogen activator inhibitor-1), and the presence
of the PAI-1 promoter 4G/4G genotype, respectively
[21, 43, 44]. Furthermore, the findings reported in the
above mentioned studies on FXIII Val34Leu in VT are
in part difficult to assess since some of the study
groups are only scantily characterized, e.g. no detailed
information on clinical settings or characteristics of
the thrombotic tendency were given. The impact of
certain variant alleles of the genes encoding proteins
regulating blood coagulation, however, may differ
with respect to various clinical manifestations of ve-

nous thrombophilia. including age at onset as well as
type and site of the thrombotic event. Until now, most
research of the role of FXIII Val34Leu in venous
thrombotic diseases has been done with patients hav-
ing deep leg VT.

This fact and the partial discrepancy of the above
results tempted us to investigate the distribution of the
FXIII Val34Leu genotype in a group of patients with
thrombotic manifestations at unusual sites (e.g. viscer-
al or cerebral veins) and isolated pulmonary embolism,
respectively, in which the etiology remains unex-
plained in a significant number of patients [33, 39,
45]. We therefore determined the prevalence of FXII-
IVal34Leu in 342 Caucasian patients who suffered a
first idiopathic and objectively confirmed isolated
deep leg VT, or DVT combined with PE, or isolated
PE (lacking clinical and/or radiological signs of DVT
or STP) before the age of 45 years [45]. None of the
patients had deficiencies of antithrombin, protein C/S
or APA, nor malignancies, autoimmune or cardiovas-
cular disorders. The 46 % prevalence of the Val34Leu
polymorphism found among 430 apparently healthy
controls was similar to that previously reported for
other Caucasian populations. As compared to the age-
and gender matched controls, the FXIII variant was
equally prevalent in patients with isolated deep leg VT
(Val/Leu 38.3 %, Leu/Leu 6.8 %) and only slightly less
frequent in combined VTE (Val/Leu 35 %, Leu/Leu
5 %). Our findings observed in patients with a history
of juvenile DVT or VTE are in agreement with recent
data suggesting that the factor XIII variant decreases
thrombotic risk mainly in older individuals [27, 29,
42].

In contrast, the Val34Leu variant was significantly
under-represented (Val/Leu 25%, Leu/Leu 2.5%)
among young patients with primary PE as compared to
matched controls (p<0.005), giving an OR of 0.49 (95
%CI 0.24-0.77) [45]. These data indicate that the mu-
tant Leu allele confers a protective effect against the
early development of primary PE, or vice versa, that
thrombi in carriers of the Val/Val genotype are more
likely to embolize to the lungs. It might be possible
that FXIII genotype related differences in fibrin cross-
linking may affect the clinical presentation in terms of
embolization, that the thrombus structure in Leu34
carriers is more adherent to the vessel wall and thus
less prone to embolise, respectively. Alternatively, in-
effective TAFI incorporation by FXIIIa into the fibrin
clot could enhance · fibrinolytic activity, leading to a
less stable clot in the venous system, which embolises
more easiliy into the pulmonary vessels [50]. Interest-
ingly, we also found a significantly lower FXIII
Val34Leu carrier frequency (32%) among patients
with an objectively confirmed history of juvenile vein
thrombosis at unusual sites (upper extremity VT, cere-
bral VT or abdominal VT) than in healthy controls
[39]. Taken together, our findings provide first, further
evidence that FXIII Val34Leu is involved in the multi-
factorial pathogenesis of venous thromboembolic dis-
orders and secondly, underline the view that the aeti-
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ology of primary PE, deep leg VT and VT at unusual
sites markedly differs from each other. Accordingly,
the impact of FXII1 Val34Leu seems to be significant-
ly different with respect to various clinical· manifesta-
tions of venous thrombophilia, 'which might have in-
fluenced the discrepant observations previously report-
ed. In other words, the lacking protection against
thrombotic events observed in previous studies might
be restricted to patients with a history of deep leg VT.
The role of the Val34Leu variant as a candidate factor
influencing the risk of venous occlusive disease should
therefore be further determined in more specified
study groups, separately in patients with deep leg VT
vs VT at unusal sites vs primary PE, respectively.

The Putative Protective Effect Conferred
by Factor XIII Val34Leu
The proposed protective effect against vascular throm-
bosis conferred by the FXIII Val34Leu polymorphism
is yet not well understood and indeed puzzling. In
view of the close proximity of the Val34Leu change to
the thrombin cleavage site, however, it seems reason-
able to suppose that this polymorphism alters the acti-
vation rate of FXIII by thrombin and hence its fibrin-
cross-linking activity or, alternatively, affects cross-
linking of other coagulation proteins [24, 26, 28, 46].
Indeed, analysis of FXIII A-subunit proteolysis
demonstrated that FXin 34Leu was activated by
thrombin more rapidly and by lower doses than 34Val
[47, 48]. In addition, the.Va!34Leu variant has shown
to increase the specific transglutaminase activity of
FXlIIa, with Leu homozygotes having the higher ac-
tivities compared with Val homozygotes, and Leu het-
erozygotes having intermediate activities [24, 28, 46].
By contrast, the FXIIIVal34Leu polymorphism has
only little or even no effect on protein concentrations
as measured by enzyme-linked immunosorbent assay
(ELISA) technique [46, 49, 50]. In principle, faster ac-
tivation and higher enzyme activity of FXIII Leu34
would be expected to result in enhanced fibrin cross-
linking and increased fibrinolytic resistance of the fib-
rin clot, and thus could hardly be associated with its
presumed protective effect against thrombotic events.
It has been hypothesized, however, that increased rates
of FXIII activation could lead to ineffective cross-link-
ing or that the kinetics of the cross-linking reactions
may be considerably disrupted as a result of the effects
of FXIIIa on other proteins [46]. Indeed, by using tur-
bidity and permeability measurements to analyse fib-
rin clots prepared from plasma of different subjects, it
has recently been demonstrated that the Val34Leu
polymorphism.affects the function of FXIII by altering
the molecular structure of the cross-linked fibrin clot
to one with reduced mass/length ratio of the fibres and
altered permeation characteristics [47]. Electromicro-
scopical analysis of the clot showed much thinner fib-
rin strands and a more fragile fibrin net (a finer mesh-
work) in carriers of the mutant Leu allele compared to
the wild type group [47], Furthermore, Factor XIII

V34L was hypothesized to be susceptible to wasteful
conversion of zym gen to activated enzyme [48J. Pre-
mature depletion of the mutant protein from circula-
tion may also contribute to the protective effects
against cardiovascular disease [48]. The potential con-
sequences of increased thrombin activation of FXIII as
well as the increase in its specific activity and the
structural differences of fibrin cross-linked by FXIII
34Leu on clinical outcome, however, remain to be elu-
cidated.

Factor XIII Assays
As mentioned above, the Val34Leu polymorphism has
a strong effect on FXIII activation rates. This func-
tional effect can be detected with FXIII activity as-
says, whereas the polymorphism has little effect on
antigen levels measured by ELISA. However, as yet,
only limited data are available about FXIII levels in
subjects with vascular diseases and about the ability of
different FXIII assays to detect (routinely) functional
differences related to the Val34Leu polymorphism in
vivo. Very recently a commercially available colori-
metric assay based on incorporation of S-(biotinamido)
pentylamine (ÂÁÑÁ) into fibirin or fibrinogen has been
developed which has been demonstrated to be very
specific and sensitive to FXIII Val34Leu [50]. By
using the incorporation assay, significant lower FXIII
activities in wild-type subjects compared to mutants
(mean ± 2S.D., Val/Val 64.9 ± 37.3 % vs. Val/Leu 99.5
± 33.6% and Leu/Leu 158.2 ± 37.7%) have been
shown [50]. The findings of a statistically highly sig-
nificant stepwise increase in FXIII activity with pos-
session of the Leu allele confirm previous observa-
tions [46] and indicate that the newly optimised incor-
poration might be a future tool in the assessment of
thrombotic risk. However, as yet, measurements of
FXIII levels themselves do not allow a definite con-
clusion to be drawn on the presence or absence of the
Val34Leu mutation, thus DNA analysis has to be em-
ployed to determine the FXIII genotype.

Genotyping Methods
In most studies published to date, determination of the
FXIII A-suburiit genotypes (FXIIIVal34Leu) was per-
formed either by polymerase chain reaction (PCR) and
single-stranded conformational polymorphism (SSCP)
technique, original or slightly modified according to
Kohler et al. [21, 26, 27, 47]; or by PCR-restriction
fragment length polymorphism genotyping
(PCR/RFLP) using a mis-match primer method, as
originally described by Kangsadalampai et al. [24, 29,
31-34]. In addition, solid-phase minisequencing [22]
or allele specific PCR methods have been applied [30].
The allele specific PCR technique in particular repre-
sents a simple method for a rapid detection of the
FXIII A-subunit genotype, which is useful for screen-
ing of the FXIII Val34Leu in large series of individu-
als, to assess. more easily the role of this polymor-
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phism in ihrombotic disorders, respectively. In the first
step, all individuals can be screened for the T allele
(Leu34), while a second step must be performed to
distinguish between homozygous and heterozygous
carriers of this allele by screening for the absence or
presence of the G allele (Val34).

Conclusion
According to published in vitro studies and 'clinical
observations, it seems reasonable to view FXIII as one
of the factors contributing to the multifactorial interac-
tions involved in the pathogenesis of vascular dis-
eases, and evidence for a protective effect against
myocardial infarction, stroke and deep venous throm-
bosis conferred by the FXIII Val34Leu polymorphism
has been demonstrated in several studies. In view of
the high prevalence of the Leu allele in the general
population, the attributed protection conferred by
FXIII Val34Leu against vascular thrombosis is high,
even if the magnitude of such an effect was modest in
some subgroups of patients. Analysis of
FXIlIVal34Leu genotype might therefore help to esti-
mate the individual risk for both primary and recurrent
thrombosis, although prospective studies are needed to
evaluate precisely the use of its routine laboratory
screening in thrombotic diseases. Furthermore, the
exact mechanisms by which this polymorphism exerts
its proposed anti-thrombotic effect remains to be elu-
cidated, and several studies are currently being carried
out to gain an understanding of the true in vivo effects
of FXIII Val34Leu on clot formation and stabilisation.
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