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Summary  Polymorphism of the B subunit of human coagulation factor 
XIII was investigated in a total of 119 plasma samples from unrelated 
adult Japanese using agarose gel electrophoresis followed by immunofixa- 
tion. Three common phenotypes were observed, which corresponded to 
the types 1, 1-3 and 3 reported by  Board (1980) in Australians. The 
estimated allele frequencies of F13B*I  and F13B*3 were 0.303 and 0.697, 
respectively. The observed numbers of the phenotypes were in good 
agreement with those expected on the basis of Hardy-Weinberg's law. 
These results are not inconsistent with the hypothesis that these phenotypes 
are controlled by a pair of autosomal, codominant alleles. 

INTRODUCTION 

Factor XIII (fibrin stabilizing factor) is the precursor of the transamidating 
enzyme which acts in the final step of the blood coagulation process. After acti- 
vation by thrombin, in the presence of Ca 2+, activated factor XIII catalyzes the 
formation of r-glutamyl-s-lysine crosslinks between fibrin monomers to produce 
insoluble fibrin (for review see Folk and Finlayson, 1977). It is generally con- 
sidered that factor XIII from plasma is a tetramer composed of two A subunits 
and two B subunits (A2B~) (Schwartz et al., 1973). The B subunits have no enzy- 
matic activity. There have been a few suggestions concerning the function of the 
B subunit for which experimental support was presented, namely, control of the 
rate of activation by thrombin (Chung et al., 1974), regulation of calcium-dependent 
activation (Lorand et al., 1974) and preventing rapid catabolism of plasma factor 
XIII (Lee and Chung, 1976). 

Genetic polymorphism of the A subunit was recently described in Australian 
(Board, 1979), Japanese (Nishigaki et aL, 1981; Kera and Nishimukai, 1982) 
and a few populations from the Pacific region (Board and Coggan, 1981). Also, 
polymorphism of the B subunit was first described by Board (1980) in Australian 
Caucasians by agarose gel electrophoresis followed by immunofixation. The pheno- 
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types were shown to be controlled by three codominant alleles on an autosomal 
locus (Board, 1980). 

Recently, Kera et al. (1981) investigated a sample of Japanese using isoelectric 
focusing followed by immunofixation. They reported three phenotypes which they 
referred to as type F, FS and S on the basis of the nomenclature which differs from 
that of Board (1980). In this paper, we report the results of our investigation in 
which the method for typing and the nomenclature were the same as in Board 
(1980). 

MATERIALS AND METHODS 

A total of 119 ACD plasma samples from unrelated blood donors living in 
Tokyo were used for population study. Samples were stored in liquid nitrogen 
until use. 

Agarose gel electrophoresis was carried out using the method of Board (1979) 
with slight modifications as previously described (Nishigaki et al., 1981). Electro- 
phoresis was carried out until a hemoglobin marker migrated about 8 cm from 
the origin. 

After electrophoresis, the B subunits were localized on the gel by immuno- 
fixation with a 30% (v/v) solution of rabbit anti-human factor XIII subunit S anti- 
serum (Behringwerke AG, Marburg, West Germany), essentially following the 
method described by Board (1979). "S" and "B" refer to the same subunit. 

RESULTS 

Three different patterns were observed by the present electrophoretic survey 
of plasma samples from blood donors living in Tokyo (Fig. 1). These patterns 
may be readily explained by the presence of polymorphism based on a pair of 
alleles, one determining a fast and the other a slow migrating double-banded com- 
ponent. Two bands of each pair were spaced at intervals of 0.6 cm. When a 
hemoglobin marker migrated at 8 cm, the fast pair was located at 2 cm and the 
slow pair was located at 3.5 cm behind the marker. One or more minor bands 
which migrated on the anodal side of each major component were occasionally 
observed. Judging from relative position of each component, the three phenotypes 
observed in the present study were considered to be identical with 1, 1-3 and 3 
reported by Board (1980) in Australian Caucasians. 

The distribution of phenotypes in 119 unrelated samples are presented in Table 
1. The allele frequencies of F13B*l  and F13B*3 were estimated at 0.303 and 0.697, 
respectively. 

DISCUSSION 

In Australian population, besides F13B*I and F13B*3, another allele F13B*2 
which controls the intermediate component between two components controlled 
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Fig. 1. Immunofixation patterns of factor XIII-B following agarose gel electrophoresis. 

Table 1. Distribution of factor XIII-B phenotypes and allele frequencies in a Japanese population. 

Phenotypes 

1 1-3 3 
Total 

Obs. No. 11 50 58 119 

~oo 9. 2 42.0 48.8 100.0 

Exp. No. 10. 9 50. 3 57. 8 119.0 

X2=0.003. d.f.=l. 0.9<p. 
allele frequencies: F13B*l=0.303, F13B*3=0.697. 

by F13B*I and F13B*3 was reported by Board (1980), and the phenotype 1-2 and 
2-3 were observed (Board, 1980). In the present study, however, phenotype 1-2, 
2 and 2-3 were not observed. In Japanese, it appears that the allele F13B*2 is 
absent or that the frequency of F13B*2 is very low. 

In comparison with Australian population, the allele frequency of F13B*3 is 
much higher and that of F13B*I is much lower in Japanese population (Table 2). 
On the other hand, only a small differences in the allele frequency of the A subunit 
among various populations is observed (Table 3). It  poses an interesting problem 
as to whether the allele frequencies of the B subunit which has no enzymatic activity 
are much more variable among different populations than those of the A subunit 
which has enzymatic activity, although sample number thus far reported is still very 
small. 
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Table 2. 

Australian 

Japanese 

Comparison of allele frequencies of factor XIII-B between two populations. 

N F13B*I F13B*2 F13B*3 

245 0. 747 0.084 0. 169 Board (1980) 

119 0. 303 - .  0. 697 present study 

Table 3. Allele frequencies of factor XIII-A in various populations. 

Population N F13A*I FI3A*2 F13A*4 Authors 

179 0.21 -- Australian 0.79 

Fiji 

Melanesian 127 0. 783 0. 269 

Indian 127 0. 768 0. 232 

Loyalty Is. 

Melanesian 133 0. 925 0. 075 
Cook Is. 

Polynesian 100 0. 980 0. 020 

Japanese 561 0. 887 0. 113 

0. 008 

Board (1979) 

Board and Coggan (1981) 

Nishigaki et al. (1981) 

As to the mode of inheritance of a congenital factor XII I  deficiency, possibility 
of a sex-linkage was suggested (Hampton et al., 1966; Ratnoff and Steinberg, 1968, 
1972; Steinberg and Ratnoff, 1970), while recent reports indicated an autosomal 
recessive inheritance (McDonagh eta l . ,  1971, 1974; Barbui eta l . ,  1978). Each struc- 
tural locus of the A and B subunits of the factor XII I  was recently shown to be on 
an autosomal chromosome by the investigation of their genetically controlled electro- 
phoretic variation (Board, 1979, 1980; Nishigaki et al., 1981; Kera et al., 1981; 
Kera and Nishimukai, 1982). The observed numbers of phenotypes in the 
present study were in good agreement with those expected under Hardy-Wcinberg 
equilibrium (Table 1). This result is also consistent with the hypothesis that the 
polymorphism of the B subunit is controlled by a pair of codominant alleles at an 
autosomal locus. 

It has been described that in the case of deficiency of the A subunit, the B 
subunit is also decreased or absent (Barbui et al., 1978; Girolami et al., 1978; Board 
et al., 1980). In the present study, no significant difference of staining intensity 
was observed among the different combination of phenotypes of two subunits. The 
staining intensity of  the F13B*3 products, however, tended to be lower than that 
of  the F13B*I  products as described by Board (1980) (Fig. 1). 

Recently, Kera et al. (1981) reported genetic polymorphism of the B subunit 
in Japanese using isoelectric focusing followed by immunofixation. They observed 
three phenotypes in Japanese population which they called F, FS and S. They 
described that each phenotype contains three types which differ in the intensity of 
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bands due to the contents of  sialic acid (e.g. F : F1, F2, F3) and that the patterns of  
F1 (or F2) and S~ are similar to those of  1-2 and 2-3 reported by Board (1980), 
respectively. However, it is not known whether the phenotypes typed by two 
different methods are identical, because no photograph of agarose gel electropho- 
retic patterns of F1, F~ and S~ was presented by Kera et aI. (1981). In the present 
survey by agarose gel electrophoresis, phenotypes 1-2, 2 and 2-3 were not observed. 
Further studies seem to be necessary to confirm whether phenotype 1-2 and 2-3 
reported by Board (1980) are attributable to postsynthetic sialidation. The allele 
frequencies reported by Kera et al. (1981), F - X I I I B F = 0 . 3 3 6  and F - X I I I B S = 0 . 6 6 4 ,  

are not statistically different from those o f  the present study, namely, F 1 3 B * I =  

0.303 and F 1 3 B * 3 = 0 . 6 9 7  (Z~=0.837, d . f . = l ,  0 .3<p<0 .4 ) .  Therefore, type F, 
FS and S reported by Kera  et al. (1981) seem to correspond to type 1, 1-3 and 3 
in the present study, respectively. 

Genetic polymorphism of the B subunit as well as the A subunit of  factor 
XI I I  is a useful marker  in human genetics for population studies. The hetero- 
geneity of  factor XI I I  deficiency was previously suggested (Ukita et al., 1976; For- 
man et al., 1977). The electrophoretic examination provides with a useful technique 
for its analysis (Stenberg and Stenflo, 1979; Board et  al., 1980; Castle et al., 1981). 
Using two-dimensional immunoetectrophoresis, Barbui et al. (1974) reported a case 
of  factor XI I I  deficiency with the B subunit differing from that of  normal control. 
In such investigations, it seems to be necessary that genetic polymorphisms of these 
subunits are taken into consideration. 
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