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GENETIC POLYMORPHISM OF HUMAN
PLASMINOGEN IN JAPANESE: CORRESPONDENCE OF
ALLELES THUS FAR REPORTED IN JAPANESE AND
DIFFERENCE OF ACTIVITY AMONG PHENOTYPES
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Summary Genetic polymorphism of human plasminogen in Japanese
was investigated in 373 plasma samples from blood donors using polyacryl-
amide gel isoelectric focusing followed by immunofixation. It was con-
firmed that two alleles which had not been described in Caucasoid and
Negroid populations exist in Japanese. The correspondence of the alleles
thus far described also was examined by comparison runs. As a result, it
was revealed that PLG* described by Nakamura et al. (1980a) is identical
with PLG? described by Nishimukai ef a/. (1981) and that PLGC reported as
a rare variant by Nishimukai ef a/. (1982) corresponds to PLG? described
by Hobart (1979). Allele frequencies were estimated as follows: PLGN*=
0.958, PLGN*2=0.004, PLGN*3=0.023, PLGN*4=0.015.

Caseinolytic activities per milligram antigen protein of different pheno-
types were measured, and that of type 1-3 was about half of others. There-
fore, the products of PLGN*3 seem to have no or much lower activity than
those of other alleles.

INTRODUCTION

Plasminogen is a zymogen in plasma which is converted into proteolytic enzyme,
plasmin by plasminogen activators. It is known that the main function of plasmin
is the degradation of fibrinogen and the fibrin blood clot.

Genetic polymorphism of plasminogen was first investigated in English and
Gambians by Hobart (1979) using isoelectric focusing followed by zymogram tech-
nique, and two alleles PLG? and PLG? were described. Raum et al. (1979, 1980)
investigated Black, White and Oriental in U.S.A. and also reported two alleles,
PLGN*A4 and PLGN*B, and some rare alleles.

Genetic polymorphism of plasminogen in Japanese population was recently
reported by Nakamura et al. (1980a, b), Nishimukai et a/. (1981) and Nakamura and
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Abe (1982). Besides two alleles reported in Caucasoid and Negroid populations,
Nakamura et al. (1980b) described two alleles PLGY and PLG?, and Nishimukai
et al. (1981) described an allele PLGE. Subsequently, Nishimukai et al. (1982)
reported three variants PLG3, PLGM and PLGC in Japanese. However, two groups
reported their study independently and adopted different nomenclature. In the
present study, we investigated the polymorphism of plasminogen in Japanese and
examined the correspondence of the alleles thus far reported.

Nekamura et al. (1980b) and Nishimukai ef al. (1982) described that one of
the phenotypes observed in Japanese is not distinguishable from PLG 1 by caseinolytic
patterns, and Nakamura and Abe (1982) measured plasminogen activity by a fibrino-
Iytic radial diffusion technique using fibrin plate and reported that the products of
PLGY have no or less plasminogen activity. Caseinolytic activities per milligram
antigen protein of different phenotypes were also measured in the present study.

MATERJALS AND METHODS

Samples. A total of 373 plasma samples from unrelated blood donors were
used for population study. Samples were obtained in ACD, and stored at —30°C
until use.

Samples of 15 pl were treated with 5 x4l neuraminidase at 1U/ml (Sigma, type V,
St. Louis, Mo.) in phosphate-buffered saline at pH 6.8 for 10 hr at 37°C.

Isoelectric focusing electrophoresis. 2.2%, Ampholine (LKB) (6 parts pH 6-8,
1 part pH 3.5-10) was incorporated into 5.0% polyacrylamide gel (thickness 1 mm)
with 0.2 M taurine (Hobart ef af., 1975). The gel was photopolymerized with ribo-
flavin. After prefocusing at 500 V constant voltage for 1 hr (electrode distance 9 cm),
ca. 7 pl of plasma samples were applied with pieces of filter paper at anodal side of
the gel, and the voltage was raised to 650 V. After 1 hr, filter paper pieces were
removed and the voltage was raised and kept constant at 900 V for 3 hr.

Immunofixation. After electrophoresis, plasminogen was localized by immuno-
fixation with a 50% (v/v) solution of rabbit anti-human plasminogen antiserum
(Atlantic Antibodies, Scarborough, Me.), essentially following the method described
by Raum et al. (1980).

Assay for plasminogen activity. Plasma plasminogen was assayed by the
caseinolytic method (McNicol and Douglas, 1976). 0.5 ml of the test plasma was
mixed and incubated with 0.5 ml of 1/6 N HCI for 15 min at room temperature and
neutralized with 0.5ml 1/6 v NaOH and 1 ml of phosphate-buffered saline (0.1 M
phosphate, 0.9%; NaCl, pH 7.6). Then, 0.5 ml of 2,000 U/ml streptokinase (Sigma,
St. Louis, Mo.) and 2 ml of 5% casein (acc. Hammarsten,, Wako Pure Chemical,
Osaka, Japan) were added. The mixture of acid-treated plasma with streptokinase
and casein was incubated at 37°C. After 2 min 2 ml was withdrawn and mixed with
3 ml of 159 trichloroacetic acid. This mixture served as the control. After 62 min
incubation of the original mixture a further 2 ml sample was added to 3 ml of 159
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trichloroacetic acid. Each mixture was allowed to stand for 30 min at room tem-
perature and then the precipitates were removed by centrifugation, and the optical
density of each solution was measured at 280 nm. The results were expressed in
casein unit defined as the amount of enzyme which liberated 450 pg of trichloroacetic
acid-soluble tyrosine in 1 hr under the condition of assay (Remmert and Cohen,
1949; Robbins and Summaria, 1976).

Assay for plasminogen concentration. Plasminogen concentration was measured
by the single radial immunodiffusion technique of Mancini er al. (1965). Five
microliters of plasma sample was placed in a hole (2 mm diameter) in the 1.8 mn
thick layer of 1.5%] (w/v) agarose gel made with 0.05 M barbital buffer (pH 8.6,
containing 0.05%, sodium azide) containing 0.5, anti-plasminogen antiserum.
After incubation at room temperature for 72 hr, diameters of the immunoprecipitate
rings were measured. Protein Standard Plasma (Behringwerke, Marburg, W.
Germany) was used for calibration.

RESULTS AND DISCUSSION

Six different immunofixation patterns were observed by the present survey of
373 plasma samples from blood donors living in Tokyo (Fig. 1). The samples which
produced immunofixation patterns in Fig. 1 were subjected to neuraminidase treat-
ment and examined by isoelectric focusing electrophoresis (pH 3.5-10) (Fig. 2). The
number of bands of each phenotype reduced by neuraminidase treatment, however,
each neuraminidase-treated sample contained genetic variation which was not
attributable to postsynthetic sialidation (Fig. 2). In order to identify the phenotypes
with those reported by Hobart (1979), plasma samples from Caucasoid individuals
living in Tokyo were used in comparison runs. As a result, two of six phenotypes
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Fig. 1. Photograph and diagram showing plasminogen phenotypes obtained by isoelectric
focusing and subsequent immunofixation.
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Fig. 2. Photograph (A) and diagram (B) showing immunofixation patterns of neu-
raminidase treated plasma samples. (A) a, d and h, PLGN 1; b, PLGN 4; c,
PLGN 1-4; e, PLGN 1-2; f, PLGN 3; g, PLGN 1-3.

were identical with type 1 and 2-1 reported by Hobart (1979). Judging from each
pattern of untreated and neuraminidase-treated samples (Figs. 1 and 2), other four
phenotypes were considered to be two homozygotes of two kinds of allele and two
heterozygotes of PLGN*I and these two alleles. We referred to two new alleles as
PLGN*3 and PLGN*4 on the basis of nomenclature proposed by Hobart (1979).
According to the patterns of untreated and treated samples (Figs. 1 and 2), PLGN*3
seems to be more basic variant than PLGN*I, while PLGN*4 secems to be more
acidic variant than PLGN*].

Plasma samples typed 1-1’, 2-1 and 2'-1 by Dr. Nakamura and those typed 1-B,
2-1 and 1-C by Dr. Nishimukai were also used in comparison runs to confirm the
correspondence of four alleles observed in the present study to those thus far reported
in Japanese population (Nakamura ef al., 1980a, b; Nishimukai et a/., 1981; Naka-
mura and Abe, 1982; Nishimukai ef al., 1982). As a result of comparison runs,
it is showed that plasma samples which Nishimukai et a/. (1981) had described to be
identical with PLG 2-1 reported by Hobart (1979) were not identical with it and
that type 1-C reported by Nishimukai ef al. (1982) was actually identical with it.
Type 2-1 reported by Nishimukai (1981) and type 2'-1 reported by Nakamura et al.
(1980a, b) and Nakamura and Abe (1982) were identical with type 1-4 in this paper,
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and type 2-1 reported by Nakamura ef al. (19802, b) and Nakamura and Abe (1982)
was identical with PLG 2-1 reported by Hobart (1979). On the basis of these
results, the correspondence of four alleles in this paper to those thus far reported is
presented in Table 1. It is not clear whether any of the rare acidic and rare basic
variants reported by Raum et al. (1980) corresponds to either PLGN*3 or PLGN*4,
since the photograph of their patterns was not presented by Raum et al. (1980).

The nomenclature proposed by Nishimukai et al. (1981) and Nishimukai ef al.
(1982) was not correct as described above, and in the nomenclature proposed by
Nakamura et al. (19802, b) the relationship between PLG! and PLG! and that be-
tween PLG? and PLG? were uncertain. Therefore, we proposed another nomen-
clature described above on the basis of Hobart’s nomenclature (1979).

The results of the population study are presented in Table 2. A homozygous

Table 1. Correspondence of four alleles in this report to those thus far described.

PLGN*I PLGN*2 PLGN*3 PLGN*4

Hobart (1979) PLGY PLG*

Raum er al. (1980) PLGN*A PLGN*B

Nakamura et al. (1980a, b) PLG* PLG? PLGY PLG¥
Nakamura and Abe (1982)

Nishimukai er al. (1981) PLG* PLGB PLG?
Nishimukai et al. (1982) PLGC

Table 2. Distribution of plasminogen phenotypes and allele frequencies
in a Japanese population.

Phenotype Obs. No. VA Exp. No.

1 344 92.2 342. 65
1-2 3 0.8 2.88
1-3 15 4.0 16.29
1-4 9 2.4 10.54
2 0 0 0.01
2-3 0 0 0.07
2-4 0 0 0.04
3 1 0.3 0.19
3-4 0 0 0.25
4 1 0.3 0.08
Total 373 100.0 373.00

Allele frequencies: PLGN*1=0,958
PLGN*2=0.004
PLGN*3=0.023
PLGN*4=0,015
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Table 3. Allele frequencies of plasminogen in various populations.

Population N PLGN*! PLGN*2 PLGN*3 PLGN*4 PLGN*R Authors

English 327 0.71 0.29 — — —  Hobart (1979)

Gambians 89 0.86 0.14 — — —

Black 127 0.795 0.193 0.0122 Raum ef al. (1980)

White 102 0.686 0.299 0. 0152

Oriental 69 0.962 0.029 0. 007+

Japanese 258  0.958 — 0.022 0. 020 - Nishimukai et al. (1981)
Japanese 750 0.9560 0.0113 0. 0233 0. 0094 —  Nakamura and Abe (1982)
Japanese 373 0.958 0. 004 0.023 0. 015 —  present study

a All rare alleles were grouped together as PLGN*R.

Table 4. Plasminogen activity in individuals of known phenotypes.

Specific activity (U/mg)a

Phenotype No.
Mean+SE Range
1 16 15.1+2.4 12.2+£19.2
1-2 2 14.6 14,2, 15.0
1-3 4 6.5+0.8 5.6— 7.4
1-4 1 15.8

2 Caseinolytic activity per milligram antigen protein.

type 3 and homozygous type 4 were observed (Fig. 1). The allele frequencies of
PLGN*I, PLGN*2, PLGN*3 and PLGN*4 were estimated to be 0.958, 0.004, 0.023
and 0.015, respectively. According to Table 1, the allele frequencies of plasminogen
in various populations were compared (Table 3). In comparison with Caucasoid
or Negroid population, the allele frequency of PLGN*1 is high and that of PLGN*2
is much lower in Japanese, while PLGN*3 and PLGN*4 which have not been ob-
served in other populations exist in Japanese at a high level. It is presumably due to
the low frequency of PLGN*2 in Japanese that Nishimukai es al. (1981) did not
observe PLGN*2. The frequency of PLGN*2 in the present study is seen to be
lower than that reported by Nakamura and Abe (1982), however, the difference
between two reports is not statistically significant (32=3.01, d.f.=1, 0.07<p<0.1).
It is thus far described that the product of the allele which corresponds to
PLGN*3 in this paper have no or less activity. In the present study, caseinolytic
activity per milligram antigen protein was measured, and the results are presented
in Table 4. The means of specific activity of each phenotype were as follows: PLGN
1, 15.1 U/mg; PLGN 1-2, 14.6 U/mg; PLGN 1-3, 6.5 U/mg; PLGN 1-4, 15.8 U/mg.
Four heterozygotes, PLGNI1-3, of which activities were measured in the present study
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had the same level of plasminogen antigen concentration as other types, and no
compensatory increase of plasminogen was observed. These results that caseinolytic
activity per milligram antigen protein of type 1-3 was about half of others (Table 4)
are quite similar to those reported by Nakamura and Abe (1982), and although the
activity of type 3 was not measured in the present study, the products of PLGN*3
seem to have no or much lower activity than those of others.

The allele frequency of PLGN*3 in Japanese is polymorphic, and a homo-
zygote of PLGN*3 was observed in the present population study of plasma samples
from blood donors. Abnormal plasminogen with low activity was previously found
in Japanese patients with recurrent thrombosis (Aoki et al., 1978, Sakata and Aoki,
1980; Kazama et al., 1981), however, it is not known whether the products of
PLGN*3 are identical with abnormal plasminogen thus far reported. Further investi-
gations on the relation between the phenotypes with lower activity and diseases
seem to be necessary, and the surveys of genetic polymorphism of plasminogen in
other populations are also necessary to solve the question whether the distribution
of PLGN*3 is only in Japanese population or expands into all Mongoloid populations.
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