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Summary lhe inconsistent hindings among  association
studies that have examined the relationship between tactor
NIIA Val3dLeu and thrombosis may be owing to (1)
poputation difterences m the prevalence of other risk fac-
tots that moditv the assocation with Val3dleu or (2)
linhage disequuilibrium with other functional factor XIIIA
polymorphisims  We therefore performed genotvping for
tactor XIIA Val34leu [vr204Phe and Pro564leu m «
population-based studv of myocardial infarction (M} and
1schaemic stroke among white women <45-vears of age
and 345 demographically similar controls and examined
potential interactions with other risk factors The presence
of the factor \IIA Teu34 aliele was associated with a
shght decreased risk of MI [odds ratio (OR) = 0 80] that
wds most pronounced among women with traditional
cardiovascular risk factors Paradoxically women carrying

two coples of the Leu34 allele had a nearly fourfold
imcreased rish of 1schaemuc stroke relative to the Val34/
Val34 genotvpe Heterorygosity for factor XIIA Phe204
wds dssoctated with a milder increased risk of 1schaemic
strohe and analysis of a kindred with congenital dysfibry
nogenaemia suggested that co-inheritance of the factor
NIITA Phe204 allele mav mmcrease susceptibility to ischae
mic strohe QOur results suggest that the factor XIHA
Val34Leu variant may be associated with a decreased rish
of MI among young women with other risk factors The
relationship of factor XIIIA polymorphisms to cerebrovas
cular disease requires further study

Keywords: factor XII myocardial nfarction stroke
thrombo-embolic disease

Coagulation factor XIII circulates as a tetramer composed ot
two catalytic A subunits and two carner B subunits and
participates durmng the final step of the coagulation cascade
Thrombin cleavage of a 37-ammo-acid N-terminal peptide
from factor XIHA results m formation ot activated factor
NI a transglutaminase that forms y-glutamyl-g-lysyl
bonds between adjacent fibrin molecules The intermolec-
ular cross-linking of fibrn as well as the cross-linking of
as-antiplasmin to the fibrm dot by activated factor XIII
mncreases (ot stability and resistance to  fibrinolysis
{(Musrbek et al 1999)

A common Val34Leu polymoiphism ot the factor XIIIA
subunit results in an accelerated rate of conversion ot factor
NI to activated factor XII by thrombin and an altered
cross-hnked fibiin dot structure {(Ariens et al 2000 Balogh
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et al 2000 Trumbo & Maurer 2000 Wartiovaara o al
2000) In some epidemiological studies the Leu34 allele has
been associated with decreased risk of myocardial mnfarction
(MI) (Kohler ¢t al 1998 Wartiovaara et al 1999 Franco
et al 2000} and 1schaemuc stroke (Elbaz et al 2000} but
other studies have found no association (Canavy et al 2000
Corral et al 2000) We hypothesized two possible reasons for
these inconsistent findings Tirst the association of factor
XIIA Val34Leu with decreased risk of arteral thromboti
disease may be demonstrable only withm certain populd
tions such as younger mdividuals or those with othr
genetic or acquired rish factor(s) that operate at least i pdrt
through the coagulation/fibrinolytic system Second \al34
Leu 1s in partial linkage disequibbrium with other tadior
XIIIA coding sequence polymorphisms (Kohler et al 1999
Remer et al 2001a) that contribute to phenotypic v drtatioh
1 tactor X1 (Anwar et al 1999 Gallivan et al 1999 Sah
et al 2000) Thus association studies that examme onh
Val34Leu do not account for the possible confoundmng i
of these other factor XUIA variants
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Factor XIII Polymorphisms, MI and Ischaemic Stroke 377

To test these hypotheses we examined the association
between three functional factor XIITA polymorphisms
(Val34leu Tyr204Phe and Pro564Leu) and the risk of
All and 1schaemic stroke in women under 45 years of age
As we previously demonstrated the potential importance of
the interactions between several inherited prothrombotic
variants (factor V. Arg506Gin  prothrombin G20210A
platelet glycoprotemn IIb Ile84 3Ser and platelet glycoprotemn
fa C807T) and traditional cardiovascular risk factors in this
study population (Rosendaal et al 1997ab Remer et al
2000 2001b) we also explored the factor XIIIA polymor-
phisms mn the context of gene environment and gene-gene
mteraction

PATIENTS AND METHODS

Study subjects and data collection Because of the rare
occurrence of artertal thrombotic disease in young women
we designed a population-based case—control study that
indluded two case groups (acute MI and 1schaemic stioke)
compdred with demographically similar control subjects free
of cardiovascular or cerebrovascular disease (Rosendaal
et al 1997a b) The study population consisted of women
18—44 years of age residing 1n three contiguous counties in
western Washington state between 1991 and 1995 which
represented approximately 2 2 million women-years at risk
MI and 1schaemic stroke cases were mitially 1dentiied by
chart review of discharge diagnoses from all 34 hospitals
and emergency medical service incident reports in the study
region The diagnosis of MI was based on symptoms
electrocardiographic changes and elevated cardiac ensymes
Stroke was defined as new focal neurological deficit(s) with
no other apparent cause lasting > 24 h and the classifica-
tion of arterial 1schaemic stroke was based on review of
brain 1maging studies and lumbar puncture results by the
study neurologist Six hundred and ecighty-four ehgible
control subjects 1dentified by random digit dialiing were
frequency matched to the age distribution of the cases

Of the ehgible study subjects 107 out of 161 (66 5%)
patients with non-fatal MI 58 out of 84 (75 3%) patients
with non-fatal i1schaemic stroke and 526 out of 684
(76 9%) ehgible control subjects were willing to participate
In an in-person nterview which mvolved ascertainment of
demographic charactenistics and traditional cardiovascular
risk factors Smokers were defined as subjects who reported
smoking both currently and regularly (at least five ciga
rettes per week for at least six consecutive months) Obesity
was defined as body mass index (BMI) > 27 3 kg/m* A
woman was classified as hypertensive diabetic or hyper-
cholesterolaemic if she reported ever recerving the diagnosis
by a physician

Venous blood samples were collected into EDTA-treated
vacutainers from a subset of the study participants (78 MI
cases 41 ischaemic stroke cases and 391 participating
control subjects) To minimize the possibility of confound
g owing to population admixturc we confined our
analysis to the 68 MI cases 36 1schaemic strokc cases
and 345 control subjects with blood samples who were
white

Factor XM qgenotyping Genomic DNA - samples werc
prepared from blood leucocytes as describud previoush
(Rosendaal ¢t al 1997a b) Genotyping for the tactor XIII
Val34leu Tyr204Phe and Pro564! eu polymorphisms the
factor V Arg506GlIn and prothrombin G20210A mutations
and the platelet gly coprotem 1Ib lle&43Ser and glvcoproten
Ta C807! polymorphisms were performed by pohmerase
cham 1eaction (PCR) amphiication of genomic DNA {ol
lowed by restiiction fragment length polyvmorphism (RI'TP)
analysis as previously desctibed (Rosendaal ¢t al 1997ab
Remer et al 2000 2001ab) Taboratories performing the
genotyping were blinded to the case or control status and
other characteristics of the subjects from whom the samples
were obtained

Statistrical analysis  The assoaation ot each factor XIH
genotype with MI or stroke was cxamined by logistic
regression adjusted for age and expressed as odds 1atios (OR)
and 95% confidence mtervals (95% Cl) (moded A}
Homorgosity for the common allele (1e Val34/Val34
[yr204/1yr204 or Pro564/Pro364) was used as the
reference group m the regression models and the hetero
7ygous and rare homosygous genotypes were modelled
sepdarately usmg dummy variables We also fitted 4 mult-
variate logistic modcl that mmdluded all three factor XIIA
polvmorphisms simultancously to adjust for potential con-
founding owing to hinkage disequilibrium (model B) The
extent to which associations with factor XIITA genotypes
were modibed by other medical lifestyle or genetic cardio
vascular rish factors were asscssed through analyses strat-
thed on these other risk factors In these subgroup analyses
the three dummy variables representing the common
homos gous heterosy gous and rare homozy gous genoty pes
were collapsed mnto a bmdry variable based on post hoc
analvsts of the data To test for the presence of interaction
multiplicative terms werc mtroduced into the logstic
regression model and the P-value was computed for the
likelihood ratio test compdring the model containing the
interaction term with the model lacking the mteraction
term All statistical testing was two sided and performed at
the o= 005 level

Tanuly study In a separate analysis we petformed
genotyping for the three factor XIIIA polymoiphisms
among 14 family members of a kindred with congenital
dysfibrinogenaemia 1in whom 4 father and daughter had
suffered 1schaemic  strohe at ages 57 and 42 vears
respectively  This family was ascertained through a thud
familv member who presented at age 40 years with
recurrent venous thrombo embolic disease and was found
to be heterosygous for a fibrinogen y-chamn Arg275Cvs
mutation (I menberger et al 2000) Informed consent was
obtained for all famly studies using protocols approved by
the Human Subjects Committee at the University ol
Washington

RFSUT IS

Charactaristics of the study subjocts
Lhe characteristics of the Ml cases ischaemic stiohe cases
and controf subjccts are summadrized in Table I The mean

© 2002 Blackwell Saence 1td British Journal of Hacmatology 116 376-3582



378 A. P. Reiner et al

Table 1. Characteristics of myocardial mfarction (M1 cases. iscbaemic strohe cases and control subjects.

MI cuses
no= b8
Age nvears)
\Mean 398
\Median 410
Runge 2344
Premenopausal (o) 897
Current oral conlraceptive use ("o} 44
Current smokers ("0) 06
Obesity ("0 515
Hypertension (%) 353
Diabetes {"6) 147
Hypercholesterolaemia 70) IN2

Ischaenmice stroke cases Control subjects

n= 36 n = 345
379 377
39-5 390
2144 19—44
91-7 959
11+ 109
333 208
4741 265
333 97
222 2:9
83 157

age of the study subjects was 380 vears. and ranged from
18 10 <4 years, The majority of the women were premeno-
pausal and were not current users of oral contraceptives.
Traditional atherosclerotic risk factors such as smoking,
obesity, hypertension and diabetes were more common
among both Ml patients and ischaemic stroke patients than
controls. An increased prevalence of hypercholesterolaemia
was conlined to the MI cases.

Factor XIIA polymorphisms and risk of M

The proportion of individuals carrving at least one copy of
the Leu3d allele was slightly lower among MI patients
139-7%) than among control subjects (43-8%) (Table II).
However. the confidence intervals around the MI risk
estimates for the Val3d/Leu34 genotype (odds ratio.
OR = 0-80) and the Leu34/Leu3d genotype (OR = 0:77)
were compatible with the null hypothesis of no association

(model A). As indicated in Table II model B. the estimates
of MI risk associated with each Val34Leu genotype were
essentially unchanged after multivariate adjustment for
the factor XIITA Tyr204Phe and Pro564Leu polymor-
phisms. The age-adjusted OR associated with carrying at
least one copy of the Leu34 allele compared with the
Val34/Val34 genotype was 0-80 (95%CI 0-47-1-37).
Among the control subjects, current smoking was slightly
more common among the Leu34-positive women (26%)
than the Leu34-negative women (17%), but the distribu-
tion of other traditional cardiovascular risk factors (obesity,
hypertension. diabetes, hypercholesterolaemia, menopausal
status) did not differ according to the presence or absence
of the factor XINA Leu34 allele (data not shown). There
was no association between either the factor XIIA
Tyr204Phe or Pro564Leu polymorphisms and risk of Ml
(Table T1).

Table H. Factor NIIA genotypes in myocardial infarction (MD) cases. ischaemic stroke cases and controls.

Ml cases (n = 68)
Controls - _

th = 345}

(% i ("ot

Model A*
OR (95 Cl)

Val34Leu

Model Bt
OR (95% CD %

Ischaemic stroke cases (n = 36)
Model A*
OR (95% Ch)

Model BT
OR (95% CI)

Val/Val 187 (542  41(60:3) 1 1 16 (+4-4) 1 1
Val/Leu 138 ¢10-0) 24 (353 080 (046-14M 81 (O46-142) 14 (38'9) 19 (0-56-2-52) 1-27 (0-39-2-72)
Leu/Leu 20(5-8) 344 077 10:21-2-77) 076 (0:21-2:74) 6(167) 359 (1-25-10-28)  3-88 (1-33-11-34
Tyr204Phe
Tyr/Tyr 3244939y 64941 ] 1 32 (889) 1 1
Tyr/Phe 21 (61 +(59) 102 (033-31h 1-01 (0:32-3:16) 4 {111 195 (0-63-6-05) 2:25 (0-70-7-25}
Phe/Phe 0 (0} 0 () 0 (0)
Pros64Leu
Pro/Pro 218 1(63:2)  45(662) 1 1 23 (639 1 1
Pro/Leu 115333y 2029H  O-80 (045-14h 080 (045-1-44) 12 (33:3) (099 (0-47-2-05) 104 (0-49-2-20)
Leu/Leu 12(33) 3 (44 12540 33474 1-:20 (0-32-458) 1(2:8) 080 (0-10-6-453) 0:79 (0-10-6:52)

"Model A is adjusted for age only.

+Model B is adjusted for age and the two remaining {actor XA polymorphisms.
OR. odds ratio; Cl. contidence interval. Reference group for OR is women homozygous for the more common allele {i.e. Val34/Val34

Tyr204/Tyr204 or Pro364/Pro564).

© 2002 Blackwell Science Lid, British Journal of Haematology 116: 376382
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One of our a priori hypotheses was that the decreased risk
of Mi associated with factor XIHIA Val34Leu may be confined
1o individuals with other risk factors. Therefore. the risk of
M associated with carrying at least one copy of the factor
XA Leu34 allele was stratified according to subgroups
defined by traditional cardiovascular risk factors or genetic
mutations that have been previously associated with MI risk
in this study population (Rosendaal et al. 1997a.b; Reiner
et al, 2001b) (Table III). These data suggest that the
decreased risk of MI associated with the Leu34 allele may
be confined to subgroups of women with other risk factors
{cigarette smoking, obesity. hypertension, menopause or the
glycoprotein IIb Ser843 variant). The risk of MI associated
with carrying at least one copy of the Leu34 allele was
particularly low in the subgroup of women who were obese
{age-adjusted OR = 0-33, 95%CI 0-13-0-83). The P-value
for interaction between factor XIl Val34Leu and obesity was
0-006. The P-values for the interactions between factor XIII
and the remaining risk factors in Table III were all > 0-05.
There was no evidence of interaction between Val34Leu and

either the Tyr204Phe and Pro564Leu polymorphisms on
the risk of MI (data not shown).

Factor XIIIA polymorphisms and risk of ischaemic stroke

In contrast to the MI cases. the proportion of subjects who
carried one or more copies of the Leu34 allele was higher
among the ischaemic stroke cases than the control subjects
(Table 1I). There was a particularly high prevalence of the
Leu34/Leu34 genotype among women with ischaemic
stroke (16-7%} compared with the control subjects (5-8%).
This resulted in a nearly fourfold increased risk of ischaemic
stroke associated with the Leu34/Leu34 genotype compared
with women with the Val34/Val34 genotype. The age-
adjusted OR associated with the Leu34/Leu34 genotype
compared with women who carried either the Val34/Val34
or Val34/Leu34 genotypes was 333 (95%CI 1-23-898).
The factor XIITA Tyr204/Phe2()4 genotype was associated
with a ~twofold increased risk of ischaemic stroke. but the
confidence interval around this risk estimate was wide
owing to the relatively low prevalence of the Phe204 allele,

Table [I1. Factor XIII Leu34 in myocardial infarction (MI) cases and controls stratified by other environmental

and genetic risk factors.

MI cases (11 = 68)

Controls (n = 345)

\74% V/L + L/L

Risk factor \"74% V/L + L/L OR* (95%CT
Overall 41 27 187 158 080 (046-1-40)
Current smoking
No 12 8 156 117 0:94 (0-37~2:39)
Yes 29 19 31 41 049 (0:23~1-05)
Obesity
No 14 19 138 115 1-68 (0-80-3-51)
Yes 27 8 49 41 0-33 (0°13-0-83)
Hypertension
No 26 18 173 142 0:86 (0r45-1-65)
Yes 15 9 4 16 0-34 (0-18-1-62)
Diabetes
No 39 19 182 151 61 (033-110)
Yes 2 8 4 7 2-32 (0-31-17-68)
Hypercholesterolaemia
No 25 17 155 131 084 (0-43~1-64)
Yes 16 10 30 26 072(028-1-86)
Menopausal status
Pre 35 26 180 151 0-90 ((52-1-57)
Post 6 1 7 7 0-18 (0-01-2-25)
Factor V Leiden or
prothrombin G20210A
Both negative 34 23 173 148 0-80 (0-45-1-43)
Either positive 7 4 12 9 87 (X184 10)
Glycoprotein IIb
Ser843
Negative 8 10 74 65 143 (:53-3-87)
Positive 33 113 93 0:65 (0 34-1-25)

OR, odds ratio: CI, confidence interval. Data are missing on obesity m two controls, on diabetes in one
control, on hypercholesterolaemia in three controls. and on factor V Leiden or prothrombin G20210A in three

controls.

*OR and 95% CI calculated for presence of Leu allele {homozygous or heterozygous) compared with Val/Val

genotype, and adjusted for age.

© 2002 Blackwell Science Ltd, British Journal of Haematology 116: 376-382



380 A. P. Reiner et al

Table V. Co-inheritance of factor XIlIA Phe204 and occurrence of 1schaemic stroke in a family with congenital dysfib-

rinogenaemia.

Heterozygosity for Heterozygosity for factor

Number of family

Number of family members with

y-ibrinogen Arg275Cys XIIA Tyr204Phe members 1schaemic stroke
- - 7 0
+ - 4 0
- + 0 0
+ + 3 2

and compatible with the absence of an association. The
distribution of factor XIIIA Pro564Leu genotypes did not
differ between ischacmic stroke cases and controls. As with
the MI cases. there was no evidence that the risk estimate
for stroke associated with any individual factor XIIIA
polymorphism was significantly altered by multivariate
adjustment for the two remaining polymorphisms (Table II.
model B).

We have previously observed an association between risk
of ischaemic stroke among these young women and the o,
integrin C807T polymorphism of the platelet collagen
receptor (Reiner et al. 2000). When stratified according to
genotypes defined by the o integrin C807T polymorphism,
all six factor XIIIA Leu34 homozygous ischaemic stroke
cases were carriers of the o, integrin 807T allele. Thus, the
increased risk of ischaemic stroke associated with the factor
XMIA Leu34/Leu34 genotype was present among 807T
carriers, but not among women with the 807C/C genotype
(P-value for interaction = 0-10).

Factor XIIIA Phe204 co-inheritance and ischaemic stroke

in a family with congenital dysfibrinogenaemia

The potential role of the factor XIIIA Ty204Phe polymor-
phism in occurrence of ischaemic stroke was further
supported by genotype analysis of 14 family members from
a previously described kindred with congenital dysfibrino-
genaemia caused by an Arg275Cys mutation within the
gene encoding the fibrinogen y-chain (Linenberger et al,
2000). A man who suffered a fatal ischaemic stroke at age
57 years and his daughter who suffered a non-fatal arterial
ischaemic stroke at age 42 years were both doubly hetero-
zygous for the rare y-fibrinogen Arg275Cys mutation and
the common factor XIIIA Phe204 variant. The wife of the
man who died of ischaemic stroke at age 57 years was
homozygous wild type at both the y-fibrinogen and factor
XIIIA loci. In addition to the affected daughter. the couple
had two other children. A 41-year-old son who has suffered
recurrent venous thrombo-embolic events also co-inherited
the father's y-fibrinogen Arg275Cys mutation and factor
XIITA Tyr204Phe variant, but has not suffered any arterial
thrombotic events while being maintained on therapeutic
warfarin since the age of 40 years. A 37-year-old daughter
had inherited the father’s factor XIIIA Phe204 allele but not
the y-fibrinogen mutation, and was clinically unaffected.
The affected father had five siblings (ranging in age from 55
to 64 years), two of whom were heterozygous for the
v-fibrinogen mutation, but none carried the factor XIIIA

Phe204 allele. One of the five siblings was a man who was
homozygous wild type at both the y-fibrinogen and factor
XIIIA loci. but suffered an acute MI at the age of 60 years in
the setting of traditional cardiovascular risk factors (smok-
ing, hypertension) and documented coronary atherosclero-
sis. The affected father's five siblings had a total of four
children (age range 34-45 years); two carried the
y-fibrinogen mutation, none carried the factor XIII
Phe204 allele, and all were clinically asymptomatic. Thus,
two of three family members who carried both the
v-fibrinogen mutation and the factor XIIIA Phe204 allele
had suffered early onset ischaemic stroke, while the third
member (who had suffered multiple venous thrombotic
events) was chronically treated with warfarin. In contrast,
none of the 11 family members who either carried the
v-fibrinogen mutation alone or were homozygous wild type
at both loci, have developed ischaemic stroke (Table IV).
There was no evidence of a relationship between genotype
at either the factor XIIIA Val34Leu or Pro564Leu loci and
occurrence of ischaemic stroke among members of this
family (data not shown).

DISCUSSION

Our findings from a population-based association study of
women under the age of 45 years provide further support
for the importance of genetic variation of factor XII in
susceptibility to arterial thrombotic disease. Overall, women
who carried at least one copy of the factor XIIIA Leu34
allele had a slightly decreased risk of MI, and the decreased
risk was most pronounced among women with other risk
factors. Unexpectedly, women who carried two copies of the
Leu34 allele had a nearly fourfold increased risk of
ischaemic stroke. We also provide evidence that co-inher-
itance of the factor XIII Phe204 variant may increase the
risk of ischaemic stroke among subjects with congenital
dysfibrinogenaemia.

A decreased risk of MI associated with the factor XIIIA
Leu34 variant has been reported in studies from Great
Britain (Kohler et al, 1998), Finland (Wartiovaara et al.
1999) and Brazil (Franco et al, 2000) involving predomi-
nantly middle-aged or young men, among whom the
reported ORs were in the range of 0-5-0-6. In contrast.
other studies involving predominantly men from Southern
France (Canavy et al, 2000) and Spain (Corral et al, 2000
found no association between the factor XIII Leu34 variant
and risk of MI. Our data suggest that the inconsistent results

© 2002 Blackwell Science Ltd, British Journal of Haematology 116: 376-382
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among studies may be related to population differences m
the underlying prevalence of other athero-thrombotic risk
factors Franco et al (2000) also noted that the decreased
rnisk of non-fatal MI among relatively young men and
women assoclated with factor XIITA Leu34 was most
apparent mn the presence of traditional cardiovascular risk
factors such as hypertension obesity dyshpidaemia and
diabetes compared with the absence of these risk factors
The British mvestigators observed that the decreased risk of
MI associated with factor XIITA Val34Leu was only present
among patients who did not carry the PAI 1 4G/4G
genotype (Kohler et al 1998) or did not have features of
the msulin resistance syndrome (Kohler et al 1999b)
Stratification of the risk of MI associated with factor XIIIA
Val34Leu according to other risk factors was not performed
m the two negative studies from Southern France and Spain
(Canavy etal 2000 Corral et al 2000) Perhaps the
decreased risk of MI associated with factor XIIIA Leu34
1s clinically non-apparent m Mediterranean populations
already protected from arterial thrombotic disease by other
mechanisms (Muszbek 2000) Taken together these results
suggest that the decreased risk of MI associated with factor
XII Val34Leu 1s modified by other genetic and environ
mental determinants of cardiovascular risk

We also hypothesized that the nconsistent findings
among studies that have examined the relationship of
Val34Leu with risk of thrombotic disease could arise from
partial linkage disequilibrium between Val34Leu and
another factor XIIIA polymorphism that 1s the actual
‘causative’ mutation This scenario would be particularly
likely 1if the strength of linkage disequilbrium between the
two sites varies among different ethnic populations Add:
tional factor XIITA genotype analyses from our study and
the study of Kohler et al (1999a) provide no evidence that
the association between Val34Leu and risk of MI 1s
confounded by hnkage disequilibrium with several other
known factor XIIIA coding sequence polymorphisms

Our finding of a possible association between Leu34
homozygosity and mcreased risk of 1schaemic stroke at a
young age was unexpected and appears to contradict the
presumed ‘antithrombotic® effect of this genetic variant
based on previous studies of MI as well as a recent French
study that indicated that carrying at least one copy of the
Leu34 allele was associated with a decreased risk of
1schaemic stroke (OR = 058 95%CI = 0 44-0 75) (Elbaz
et al 2000) Because of our small sample size owmng to the
rare occurrence of 1schaemic stroke mn young women 1t 1s
possible that our finding represents a chance or spurious
result It 1s unbkely that our results are biased by the
exclusion of fatal cases because the case fatahty rate for
1schaemic stroke m our study population was only 10%
Corral et al (2000) reported no association between Leu34
and risk of ischaemic stroke but it 1s interesting to note that
the prevalence of the Leu34 allele i their study was higher
among stroke cases (42 3%) than among controls (31 7%)
Fmally the icreased risk of ischaemic stroke associated
with the Leu34/Leu34 genotype mn our study was present
only among young women who carried the o, mtegrin
807T allele a prothrombotic genetic susceptibility marker

that has been associated with the occurrence of 1schaemic
stroke at a young age (Carlsson et al 1999 Reiner et al
2000) This possible gene—gene interaction requires confir-
mation 1n larger studies of ischaemic stroke m young adults

The Tyr204Phe polymorphism of factor XIITA results in
reduced factor XIII specific fibrin cross-linking activity and
has been associated with increased risk of recurrent
muscarriage (Anwar et al 1999) Our results suggest a
possible association with mcreased risk of early onset
ischaemic stroke which requires confirmation i larger
studies We also describe co-inheritance of factor XIIA
Phe204 with a rare fibrinogen y chain Arg275Cys muta-
tion m two family members who suffered 1schaemic stroke
and i a third family member with recurrent venous
thrombo-embolic  disease The fibrinogen vy chamn Arg
275Cys mutation results mn an abnormal fibrin clot struc-
ture and mcreased clot resistance to fibrinolysis but appears
to be assouiated with clinical thrombo-embolic events only
among subjects who carry additionadl genetic prothrombotic
risk factors (Linenberger et al 2000 Siebenlist et al 2000)
A more common fibrinogen Thr312Ala « chain mutation
that mvolves 4 region mmportant for factor XIII-dependent
cross-linking has been associated with venous and arterial
thrombo-embolic disease and an interaction has been
reported between o fibrmmogen Thr312Ala and factor XIII
Val34Leu on the rnisk of pulmonary embolism {Carter et al
1999 2000) Taken together these data suggest that factor
XHIA polymorphisms warrant further mvestigation as
possible genetic modifiers of disease susceptibility conferred
by other thrombophilic mutations

In conclusion our results suggest that the factor XIITA
Val34Leu polymorphism is associated with decreased risk of
MI m young women with other cardiovascular risk factors
such as obesity Larger sample sizes will be required to
formally test the hypotheses of effect modification with
respect to specific genetic Iifestyle and metabolic athero
thrombotic risk factors Finally the potential role of the
factor XIITA Val34Leu and Tyr204Phe polymorphisms in
the occurrence of cerebrovascular disease warrants further
mechanistic and epidemiological study of these mutations
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