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Summary

A polymorphism in the coagulation factor XIII gene (FXIII
Val34Leu) has been recently described to confer protection for arterial
and venous thrombosis and to predispose to intracerebral hemorrhage.
At present it is known that FXIII Val34Leu is prevalent in Caucasians,
but information upon its distribution in different ethnic groups is 
scarce. We investigated the prevalence of FXIIIVal34Leu in 450 unre-
lated subjects of four ethnic groups: 97 Caucasians (Brazilians of Euro-
pean descent and Portuguese), 149 Blacks (Brazilians, and Africans
from Cameroon, Zaire and Angola), 40 Asians (Japanese descendents)
and 164 Amerindians from South America. PCR amplification of exon
2 of FXIII gene followed by MseI restriction-digestion was employed
to define the genotypes. FXIIIVal34Leu was detected in 44.3% of the
Caucasians, in 28.9% of the Blacks, in 2.5% of the Asians and in 51.2%
of the Amerindians. These data confirm that FXIII Val34Leu is highly
prevalent in Caucasians and indicate that it is rarer in populations of 
African origin. The very high frequency among Amerindians indicates
that FXIII Val34Leu is not absent among Asians, and since it has a very
low prevalence in Japanese, a heterogeneity in its distribution in Asia
may be inferred. Taken together, our data showed that FXIII Val34Leu
exhibits a significant ethnic heterogeneity, a finding that is relevant 
for studies relating this polymorphism with thrombotic and bleeding 
disorders.

Introduction

Recently, a polymorphism in exon 2 of the coagulation factor XIII
A-subunit gene (FXIII Val34Leu) was reported (1). This genetic 
variation results in increased transglutaminase activity (2) and, para-
doxically, appears to be associated with decreased risk of myocardial 
infarction (3–5) and venous thromboembolism (6, 7) and with in-

creased risk of intracerebral hemorrhage (8). The putative anti-
thrombotic effect of FXIII Val34Leu is not well understood, but the
mutant allele seems to be linked to increased activation of FXIII and 
enhanced fibrin cross-linking (2, 9).

At present it is known that FXIII Val34Leu is prevalent in Cauca-
sians, but information upon its occurrence in different ethnic groups is
scarce. As FXIII ValLeu34 may have a heterogeneous geographic 
and ethnic distribution, we investigated its prevalence in subjects of 
different ethnic backgrounds.

Subjects, Materials and Methods

Subjects

Blood samples were obtained after consent from 450 unrelated and appar-
ently healthy adult individuals belonging to four ethnic groups: 97 Caucasians
(49 Brazilians of predominantly European descent and 48 Portuguese); 
149 Blacks, including 50 Brazilians and 99 Africans (34 from Cameroon, 33
from Zaire and 32 from Angola), 40 Asians, 112 Amerindians from Amazon
and 52 Peruvian Indians. Subjects were selected in the context of population 
genetics studies, and denied any degree of racial admixture for at least three 
generations. Caucasian and Black Brazilians came from the town of Ribeirão
Preto, State of São Paulo, Southeastern Brazil, and were blood donors recruited
at the Regional Blood Center. Portuguese Caucasians came from Lisbon and
participated as healthy controls in studies of genetic diseases carried out in the
Human Genetics Center of Lisbon. African Blacks from Angola, Cameroon and
Zaire were selected as controls for genetic population studies at local Uni-
versity Hospitals. The 40 Asians were first or second generation descendants of
Japanese immigrants living in the state of São Paulo, Brazil. The Amerindians
came from seven different tribes located in the Brazilian Amazon region 
(5 Wayampi, 22 Wayana-Apalai, 26 Kayapo, 21 Arara, 21 Yanomami, 7 Potu-
rujara, 10 Katuena). The 52 Peruvians lived in the towns of Pasco (28 individu-
als) and Lima (24 individuals). 

Methods

Genomic DNA was extracted from blood leukocytes by standard methods.
Genotyping was performed by PCR amplification of exon 2 of the FXIII A-sub-
unit gene followed by restriction digestion with MseI, as reported (7).

Statistical Analysis

Allele frequencies were calculated by counting genes from observed 
genotypes. Exact tests using a Markov chain were performed to assess Hardy-
Weinberg equilibrium in each population and interpopulation differentiation
(software ARLEQUIN). 
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Results

Table 1 shows the distribution of carrier and allele frequencies of
FXIII Val34Leu in the ethnic groups examined. In Caucasians, FXIII
Val34Leu was found in 43 individuals [33 heterozygotes (Val/Leu) and
10 homozygotes (Leu/Leu)], yielding a carrier frequency of 44.3% 
(allele frequency 0.273). Specific allele frequencies were 0.306 in 
Brazilians and 0.240 in Portuguese Whites. The mutant FXIII was 
found in 43 out of 149 Blacks (36 heterozygotes and 7 homozygotes)
yielding a carrier frequency of 28.9% (allele frequency 0.168). Allele
frequencies of 0.140 and 0.182 were observed in Brazilian and African
Blacks, respectively. One heterozygote was observed among the 
40 Asians (carrier frequency: 2.5%; allele frequency 0.013). Among the
112 Amazon Amerindians, 57 individuals carried FXIII Val34Leu 
(49 heterozygous, 8 homozygous), yielding a carrier frequency of
50.9% and an allele frequency of 0.290. In Peruvian Indians, 23 hetero-
zygotes and 4 homozygotes were found (carrier frequency 51.9%; 
allele frequency 0.298). All the four major population samples were 
found to be in Hardy-Weinberg equilibrium (data not shown). The 
genotype distribution was clearly affected by ethnicity, as indicated by
an exact population differentiation test (Table 2). The only pairwise
comparison which did not reach the 95% confidence level was between
Caucasians and Amerindians. 

Discussion

We report on a significant ethnic heterogeneity linked to the FXIII
Val34Leu polymorphism. Other polymorphisms causally related to
vascular thrombosis are known to exhibit a significant ethnic hetero-

geneity (10, 11). Therefore, to determine whether FXIII Val34Leu 
frequency differs between ethnic groups is of relevance to adequately
interpret the finding of the mutant allele in patient and control samples
analyzed to investigate its role in vascular diseases.

We found that FXIII Val34Leu has a high prevalence in Brazilian
and Portuguese Caucasians (allele frequencies 0.306 and 0.240, respec-
tively). Previous studies reported allele frequencies ranging from 0.11
to 0.30 in Caucasians (12). Together, these data confirm that the Leu 34
allele has reached high frequencies in several Caucasian populations.

A recent report suggested that the Leu34 allele is rarer in Blacks, but
the number of Blacks analyzed did not allow a definitive conclusion
(7). Furthermore, the sample previously investigated was not selected
in the context of a population genetics study. The data from the present
study confirm and extend the previous findings by demonstrating a 
significantly lower prevalence of FXIII Val34Leu in Blacks as com-
pared with Whites. The data also indicate that FXIII Val34Leu is an old
mutation, which must have appeared in human evolution before the 
African/Nonafrican racial divergence.

Among Asians, only one individual was found to be heterozygote
for FXIII Val34Leu. This finding agrees with previous studies sug-
gesting that FXIII Val34Leu is absent or has a very low prevalence
among Japanese (12). On the other hand, this polymorphism is highly
prevalent in Amerindian populations, reaching allele frequencies not
significantly different from those found among Caucasians (Table 2).
The high prevalence in Amerindians cannot be explained by racial 
admixture, since the Amerindian tribes here investigated exhibit mini-
mal degree of racial admixture. Thus, the finding of an allele frequency
of 0.293 in Amerindians is an indication that FXIII Val34Leu may 
be present in other Asian populations, an observation that should 
encourage the search for a heterogeneous distribution of this poly-
morphism inside Asia.

On the basis of the known heterogeneous distribution of venous and
arterial thrombosis in different ethnic groups and geographic regions,
one might suggest a contribution of FXIII Val34Leu in determining this
differential thrombotic risk. However, it should be pointed out that 
vascular thromboses are multifactorial disorders and as such the risk for
the disease may vary in different human populations as a result of 
different combinations of genetic and environmental risk factors,
Val34Leu being only one of them. Thus, caution is necessary before
making firm statements upon the relation of FXIII Val34Leu with 
ethnic diversity of the occurrence of thrombosis. For instance, one
might argue that the very low prevalence of the Leu34 allele in 
Japanese (in association with other risk factors for arterial disease) is in
keeping with the elevated risk for stroke in this population, since
Val34Leu seems to determine the risk for stroke (13). However, the 
same finding contrasts with the low prevalence of venous thrombosis 
in Japanese, most likely because other factors (for instance, virtual 
absence of factor Leiden and FII G20210A mutations) counterbalance
the effect of the low frequency of Val34Leu in this population.

Table 1 Prevalence of FXIII Val34Leu genotypes in different ethnic groups

Table 2 Population pairwise differentiation test at the FXIII Val34Leu poly-
morphic locus: exact probability of nondifferentiation
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In conclusion, the findings from the present study revealed a signifi-
cant ethnic and geographic variation in the FXIII Val34Leu prevalence.
The data here presented may be of value to design and interpret studies
dealing with the role of FXIII Val34Leu in thrombotic and bleeding 
disorders. 
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