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ABSTRACT A patient who suffered a recurring
thrombosis over the last 15 yr has been investigated.
The only abnormality found in this patient was a
significantly depressed level of plasminogen activity in
plasma. In spite of the depressed plasminogen activity,
the patient was found to have a normal level of
plasminogen antigen concentration. It was calculated
that the activity per milligram of plasminogen of the
patient was approximately one-half the values of
normal subjects. The same discrepancy between
biological activity and antigen concentration was found
in the other members of the kindred. A niece was found
to have practically no plasminogen activity but
possessed a normal concentration of plasminogen
antigen. Both her parents were found to have
approximately half the normal plasminogen activity
and normal antigen levels. These studies suggested
that the molecular abnormality was inherited as an
autosomal characteristic, and the family members who
had half the normal levels of activity with normal plas-
minogen antigen were heterozygotes whereas the one
with practically no plasminogen activity was homozy-
gote. Subsequent studies showed that the pattern of gel
electrofocusing of purified plasminogen of the hetero-
zygotes consisted of 10 normal bands and 10 additional
abnormal bands, each of which had a slightly higher iso-
electric point than each corresponding normal com-
ponent. This indicates that plasminogen of the
heterozygote is a mixture of normal and abnormal
molecules in an approximately equal amount, which
was substantiated by active site titration of purified
plasminogen preparations obtained from the propositus
and a normal individual. The gel electrofocusing
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pattern of the homozygote consisted of abnormal bands
only. The defect is a hereditary abnormality of plas-
minogen.

INTRODUCTION

Plasminogen is a zymogen in plasma that is
converted to active protease plasmin by plasminogen
activators released from various sources including
vascular walls. This plasminogen-plasmin system is
a major part of the fibrinolytic mechanism in vivo and
is believed to play an important role in limiting
the extent of fibrin deposition. The reduction of fibri-
nolytic activity, whatever the mechanism of the reduc-
tion may be, may provoke a thrombotic tendency by
allowing the growth and development of thrombi
after an initiating thrombotic event. This prediction
is supported by reports of animal studies (1, 2), as well
as by clinical reports (3-6), in which development
of thromboembolism follows suppression of fibrinoly-
tic activity by the administration of antifibrinolytic
agents or the increase of natural inhibitors of fibri-
nolysis. Inadequate release of plasminogen activator
resulting in reduced fibrinolytic activity is also thought
to be an accelerating factor for the development of
venous thrombosis (7). A thrombotic tendency caused
by an impaired fibrinolysis due to a plasminogen de-
ficiency, however, has not been documented. In the
present study, a patient with recurring thrombosis
was shown to have abnormally low plasminogen activ-
ity but normal levels of immunoreactive plasminogen.
The abnormality of plasminogen was found to be
inherited.

METHODS
Plasma. Blood was collected from antecubital veins into

Y10 vol of 3.8% sodium citrate and was centrifuged at 2,000 g
for 20 min to prepare plasma. Plastic syringes, centrifuge
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tubes, and storage containers were used. Plasma was stored
at —80°C until use.

Normal subjects. 23 normal adults served as controls
for the study of plasminogen.

Patients with liver cirrhosis. Plasminogen from 15 pa-
tients with liver cirrhosis of varying severity was studied.
The diagnosis was based on the pathological appearance of
the tissue specimens obtained by liver biopsy performed
under laparoscopy as well as on laboratory examinations.

Purification of plasminogen. Plasminogen was prepared
from human fresh plasma or plasma that had been stored
at —80°C in 1 mM protease inhibitor, phenylmethyl sul-
fonylfluoride (Sigma Chemical Co., St. Louis, Mo.). Plasma
was first subjected to affinity chromatography according
to the method of Brockway and Castellino (8). Plasminogen
fractions I and II, which were eluted from lysine-coupled
Sepharose were combined, and further purified by DEAE-
Sephadex chromatography (9).

Assay for plasminogen activity. Plasma plasminogen was
assayed by the caseinolytic method (10). Plasma (0.5 ml)
was mixed and incubated with 0.5 ml of % N HCI for 15 min
at room temperature to destroy plasmin inhibitor (11) and
then neutralized with 0.5 ml of % N NaOH and 1 ml of phos-
phate-buffered saline (0.1 M phosphate, 0.9% NaCl, pH 7.6).
To plasma thus treated 0.5 ml of 2,000 U/ml streptokinase
(Varidase, Lederle Laboratories, Pearl River, N. Y.) was added
together with 2 ml of 5% casein (Hammarsten, AG Merck,
Darmstadt, W. Germany). The mixture was incubated at
37°C. After 2 min 2 ml was withdrawn and mixed with 2 ml
of 15% trichloroacetic acid. This served as the control.
After 62 min incubation of the original mixture a further
2-ml sample was withdrawn and mixed with 2 ml of 15%
trichloroacetic acid. The mixtures were allowed to stand for
30 min at room temperature. The precipitates formed were
removed by repeated centrifugation, and the optical density
of each solution was measured at 280 nm. The results were
expressed in Remmert and Cohen casein units (12). The
casein unit used in the present study, however, should be
regarded as an arbitrary unit, because it was not calibrated
against a CTA (Committee on Thrombolytic Agents) unit or
an international standard in which the assay is carried out
with a-casein as a substrate (13, 14). To insure the results,
500 U/ml urokinase was also used instead of streptokinase.
Both methods using streptokinase or urokinase gave nearly
identical results.

A euglobulin fraction of plasma was also used for the assay
of plasminogen. Plasma (0.5 ml) was diluted with 9.5 ml of
cold 0.016% acetic acid, and left in an ice-water bath for 30
min. The precipitate formed was collected by centrifugation,
dissolved with 2.5 ml of phosphate-buffered saline, and sub-
jected to the assay for plasminogen by the method described
above for acid-treated plasma. This method gave values
roughly 10% less than those obtained by activating acid-
treated plasma. The results obtained by streptokinase activa-
tion of acid-treated plasma were used for plasminogen activity
unless otherwise indicated.

Purified plasminogen was assayed also by an esterolytic
method. Plasminogen was first activated in 25% glycerol
solution with 2,000 U/ml streptokinase at 25°C for 5 min.
Plasmin formed was assayed by the potentiometric method
(15) using N-acetyl-glycyl-L-lysine methyl ester (Protein
Research Foundation, Osaka, Japan) as a substrate. 1 U was
defined as the activity catalyzing the hydrolysis of 1 umol
of substrate/min.

Assay for plasminogen concentration. Plasminogen
(antigen) concentration was measured by the single radial
immunodiffusion technique of Mancini et al. (16). 10 ul of
antigen solution (purified plasminogen or plasma) was placed
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in a hole (2.4-mm diameter) in the agarose layer (0.8% agarose
in barbital buffer, pH 8.6, 0.05 M, containing 0.05% sodium
azide, and 1.8-mm thickness) containing 0.5% of antiplas-
minogen antiserum on a glass plate, and was left in a moist
chamber for 72 h. Diameters of the resulting rings of immune-
precipitates were measured. Dilutions of known amounts of
purified plasminogen were made with 0.9% NaCl containing
3% bovine albumin and used for calibration. There was a
linear relationship between the diameter? of the rings and
amounts of antigen applied up to 50 mg/100 ml (Fig. 1).
Purified plasminogen used for calibration was prepared by
the method of Brockway and Castellino (8) and was a single
component when analyzed by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (17). The antiplasminogen
antiserum used was the one described previously (18), and
was monospecific when analyzed by immunoelectrophoresis
as well as by double immunodiffusion technique on agarose.
Protein concentration of purified plasminogen used for
calibration was determined by measuring the absorbance of
the plasminogen solution (pH 7.4) at 280 nm and convert-
ing absorbance to protein concentration using E, .,'% = 17.0
for purified plasminogen (19).

Active site titration. Active sites of plasmin were titrated
with p-nitrophenyl p’-guanidinobenzoate HCI (ICN Nutritional
Biochemicals Div., International Chemical Nuclear Corp.,
Cleveland, Ohio) according to the method described by
Chase and Shaw (20).

Amino-terminal analysis. The amino-terminal group
of plasminogen molecules was analyzed using dansyl chlo-
ride (21). Dansylated amino acids were identified by thin-
layer chromatography on polyamide sheets (21).
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FIGURE 1 Linear relationship between squares of each
diameter of the precipitin rings and the concentrations of
plasminogen applied in a single radial immunodiffusion.
Closed circles, purified plasminogen. Open circles, normal
standard plasma.
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Gel electrophoresis. Sodium dodecyl sulfate (SDS)!
polyacrylamide gel electrophoresis was performed with
5% polyacrylamide gels according to the method of Weber
and Osborn (17).

Analytical gel electrofocusing. Analytical thin-layer gel
electrofocusing in polyacrylamide (5%) gel was performed
with Ampholine (LKB Produkter AB, Bromma, Sweden)
(6.7%), pH range 5-8.5, using LKB Multiphor apparatus
(LKB Produkter AB, Bromma, Sweden) according to the
methods described by Vesterberg (22) and those in the
instruction manual supplied by the company. Electrophoresis
was carried out at 400 V for 1 h and then at 900 V for an addi-
tional 2 h at 4°C.

Preparative isoelectric focusing. Separations by iso-
electric focusing methods were carried out according to
methods described by Vesterberg (23), with the LKB model
8100 jacketed column (440-ml capacity). Fractions of 3.8 ml
were collected by gravity flow at a regulated flow rate of
1.5 ml/min. The protein content and plasminogen antigen
content of each fraction were determined from its absorbance
at 280 nm and by the single radial immunodiffusion tech-
nique described above, respectively. Plasminogen activity
was assayed by an esterolytic method. The pH of each
fraction was measured at room temperature using a Radiom-
eter TTTIa pH-meter (Radiometer Co., Copenhagen, Den-
mark).

Assay for concentration of proteinase inhibitors. Con-
centrations of proteinase inhibitors in plasma such as a,-
macroglobulin, a;-antitrypsin, and a,-plasmin inhibitor
(a,PI) were determined by single radial immunodiffusion
technique (16). Partigen plates (Behring-Werke AG, Marburg/
Lahn, West Germany) were used for a,-macroglobulin and
a;-antitrypsin. a,PI was measured as described above for
measurement of plasminogen antigen concentration using
anti-a,PI antiserum (24) and purified a,PI (24) as a reference.

Antithrombin 1II assay. Antithrombin III activity of

! Abbreviations used in this paper: a,Pl, a,-plasmin inhibi-
tor; pl, isoelectric point; SDS, sodium dodecyl sulfate.
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plasma was assayed by the method of Monkhouse (25) and
expressed as a percent of normal pooled plasma.

Antithrombin III (antigen) concentration was measured
by the single radial immunodiffusion technique using Parti-
gen plates (Behringwerke AG).

Routine coagulation and fibrinolysis tests. Prothrombin
time was performed by the method of Quick (26). Activated
partial thromboplastin time was performed by the method
described by Denson (27). Fibrinogen content of plasma
was assayed by the method of Ratnoff and Menzie (28). Plate-
lets were counted by a Coulter Counter (Coulter Electronics
Inc., Hialeah, Fla.). Platelet aggregation studies were per-
formed by the turbidimetric method of Born (29) using an
Aggregometer (Bryston Co., Canada). Concentrations of
fibrinogen/fibrin degradation products were estimated by
hemagglutination inhibition test of Merskey et al. (30).

Euglobulin clot lysis time was performed by the method
of von Kaulla and Schultz (31).

Statistical analyses. Comparisons of the samples were
performed using Cochran’s modification of Student’s ¢ analy-
sis (32), and other statistical analyses were done by the
standard methods.

RESULTS

Case history. The propositus (subject II-10 in
Fig. 2) is a 31-yr-old male who had been in excellent
health until the age of 15, when he developed severe
thrombophlebitis in his left leg after sustaining a bruise
on his left calf. Thrombophlebitis recurred several
times over the next 2 yr, and secondary varicose veins
gradually developed in his left leg. At the age of 19
he developed thrombophlebitis in his right leg, which
recurred within a year. Varicose veins gradually de-
veloped in his right leg as well. At the age of 21, he
suffered a sudden onset of tinnitus, dizziness, head-
ache, nausea, vomiting, and transient unconscious-
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FIGURE 2 Pedigree of family Y with abnormal plasminogen. Each subject may be located in the
pedigree by a roman numeral indicating generation and an arabic numeral indicating position
within the generation. Subjects possessing approximately 5-6 U/mg plasminogen were considered
to be heterozygotes. Subject 11I-4 was considered to be homozygote because of her very low
activity per milligram plasminogen (<1 U/mg). An arrow indicates the propositus.
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ness. After admission to a hospital, intracranial hyper-
tension was diagnosed. The cause of intracranial hyper-
tension was not determined in spite of extensive
examinations. The possibility of intracranial venous
thrombosis was considered. Intracranial hypertension
gradually subsided. During this hospitalization, he
suddenly suffered dyspnea, slight chest pain, and
cough with hemoptysis, and pulmonary embolism
was diagnosed. He also suffered superficial thrombo-
phlebitis caused by local trauma from intravenous
drip infusion of various solutions. At the age of 25 he
suffered the sudden onset of chest pain, dyspnea, and
hemoptysis. Signs of thrombophlebitis of both legs
were noted. Pulmonary infarction was diagnosed by
chest X-ray, pulmonary angiography, hemodynamic
studies, and lung perfusion scan using !*'I-labeled
macroaggregated albumin. At the age of 27 he suffered
cramping abdominal pain and was hospitalized. He
underwent laparotomy; approximately the upper half
of the small intestine was found to be swollen and
discolored, and the superior mesenteric vein was
occluded with thrombi which extended to the portal
vein. Hemorrhagic ascites were noted. The mesenteric
artery appeared to be free of thrombi. The affected
part of the small intestine was resected. Histological
examination of the resected intestine showed markedly
dilated veins packed with red cells and partly with
fresh thrombi. There was no thickness of the intima.
There were no findings suggestive of angitis such as
fibrinoid necrosis, leukocyte infiltration, or disrup-
tion of the elastica.

At the age of 30 he suffered generalized urticaria
associated with aggrevation of thrombophlebitis of
both legs. In July of the same year, 1976, he was first
admitted to Jichi Medical School Hospital with a diag-
nosis of acute abdomen and underwent laparotomy.
A perforated duodenal ulcer was found, and a gastro-
jejunostomy was performed. Histological examination
showed a chronic duodenal ulcer that was perforated
and the presence of intimal fibrosis of small veins in
the major omentum suggestive of the presence of
organized thrombi. After convalescence the patient
was subjected to a thorough investigation to find the
cause of his thrombotic tendency. In November 1976,
prophylactic treatment with oral anticoagulant war-
farin was instituted.

Family history. Because of the striking thrombotic
tendency of the patient, his family members were
subjected to study except for one of his maternal uncles
and one of his nephews, neither of whom were available.

None of these family members reported any episode
suggestive of thrombosis. Two sisters had had two
miscarriages each. There was no history of consan-
guinity.

Laboratory evaluations. The propositus was eval-
uated for evidence of coagulation/fibrinolysis abnor-
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malities. The results are presented in Table 1. The
only abnormality found was a low activity of plasmino-
gen. This low plasminogen activity was also found
when assayed by urokinase activation of acid-treated
plasma as well as urokinase or streptokinase activation
of euglobulin fraction. The initiation of anticoagulant
therapy did not affect the level of plasminogen activity
and it remained constantly low. Other laboratory tests,
including liver function tests, serum electrophoresis,
C-reactive protein, antinuclear antibody, and other
parameters of the presence of inflammatory processes
or collagen disease, were all normal or negative.

Evaluation of plasminogen. The plasminogen
abnormality found in the propositus was further inves-
tigated. Plasminogen caseinolytic activities and anti-
gen concentrations in plasma samples obtained from
the propositus on three different occasions over 3
mo during which there was no sign of thrombosis
were 0.69, 0.72, 0.67 U/ml and 14.6, 13.4, 13.5 mg/100
ml, respectively.

When 23 normal, healthy Japanese adults were
studied, plasminogen caseinolytic activities and anti-
gen concentrations were found to be 1.68 = 0.14
(mean=SE) U/ml and 15.7+x1.3 (mean+SE) mg/100
ml, respectively. From these values, it was con-
cluded that plasminogen activity in plasma of the
propositus was abnormally low although the con-
centration of plasminogen antigen was within the
normal range. Caseinolytic activity per milligram
plasminogen (antigen) in plasma of the propositus

TABLE I
Coagulation/Fibrinolysis Studies in the Propositus

Studies Propositus Normal or control
Prothrombin time, s 12 11-12
Activated partial

thromboplastin

time, § 25 24-32
Antithrombin II1

Activity, % 95 90-110

Antigen concentra-

tion, mg/100 ml 27 17-30

Fibrinogen, mg/100 ml 190 150-400
Platelet count, per ul 150,000 150,000-400,000
Platelet aggregation Normal
Plasminogen activity,

U/ml 0.69 1.3-2.1
Euglobulin lysis

time, h 5 2-4
a,-Plasmin inhibitor,

mg/100 ml 5.05 5-7
a,-Macroglobulin,

mg/100 ml 210 150-300
a;-Antitrypsin,

mg/100 ml 215 150-300
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was calculated to be 5.03 U/mg on average, which
is approximately half the normal control value
(10.68+0.79 U/mg). Caseinolytic activities as well
as antigen concentrations of plasminogen in plasma
of the family members were also examined. The results
are presented in Fig. 2 and Table II. Subjects whose
caseinolytic activity per milligram plasminogen was
below the normal mean minus 3 SE (8.31 U/mg) were
provisionally regarded as abnormal. The father and
paternal uncles of the propositus were all normal, and
the abnormality appeared to have been inherited from
the maternal side. Caseinolytic activity per milligram
plasminogen of the abnormal family members, except
for one niece (II1-4), was calculated to be 5.39+0.51
U/mg (mean=SE, n =12), which is approximately
half that of normal control. The difference between
the means of normal control and the abnormal mem-
bers was significant (P < 0.001).

To make sure that the low caseinolytic activity
of plasminogen in plasma of the abnormal family mem-
bers was not due to impaired liver function, the rela-
tionship between caseinolytic activity and antigen
concentration was studied in patients with liver cir-
rhosis in whom production of plasminogen in liver is
reported to be reduced, and the result was compared
with that of the abnormal family members (Fig. 3).
In liver cirrhosis, caseinolytic activity is reduced in
proportion to the decrease of antigen concentration,
and the ratio of caseinolytic activity to antigen con-

TABLE II
Plasminogen Activity in Family Y

Pedigree position* Plasminogen antigen

Uiml mg/100 ml Ulmg

1-2 0.68 13.8 4.93
-4 1.65 16.2 10.19
-5 0.78 15.3 5.10
II -1 1.48 15.3 9.67
-2 1.29 21.8 5.90
-3 1.79 15.8 11.30
-5 0.87 17.0 5.12
-6 1.04 18.3 5.68
-7 0.96 19.2 5.00
-8 0.95 19.2 4.95
-10 0.67 13.5 4.96
IIT -1 0.84 16.7 5.01
-2 1.72 16.0 10.73
-3 0.83 134 6.17
-4 0.10 16.4 0.61
-5 0.91 15.3 5.97
-6 0.96 15.5 6.19
-8 0.68 12.7 5.35

* Pedigree position refers to the pedigree in Fig. 2.
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FIGURE 3 Relationship between caseinolytic activity and
antigen concentration of plasminogen. O, Normal subjects;
0O, patients with liver cirrhosis; @, affected family members
except subject I11-4; r, correlation coefficient; b, regression
coefficient. An arrow indicates the propositus.

centration remains approximately the same as that of
normal healthy controls (Fig. 3). This is represented
in Fig. 3 by a good correlation (r = 0.91) observed
between caseinolytic activity and antigen concentra-
tion in plasma of a group consisting of patients with
liver cirrhosis and normal subjects. In the abnormal
family members, the ratio of caseinolytic activity to
antigen concentration was quite different from that
of a group of the normal control and liver cirrhosis,
and was approximately half that of normal control and
liver cirrhosis. This is represented in Fig. 3 by the
difference of sample regression coefficient: 0.114
+0.0098 (95% confidence limits) for normal control
and liver cirrhosis, and 0.053+0.0212 for the abnormal
family members.

One of the nieces (III-4) of the propositus was
found to have exceptionally low caseinolytic activity
of plasminogen (0.1 U/ml) when examined by either
way of streptokinase or urokinase activation of acid-
treated plasma or euglobulin fraction, although the
level of her immunoreactive plasminogen (16.4 mg/100
ml) was within normal limits (15.7+1.3 mg/100 ml).
Caseinolytic activity per milligram plasminogen of
this 5-yr-old girl was calculated to be 0.61, which
was about %s of the average normal control (10.68 U/
mg) and about % of the average value (5.39 U/mg)
of other abnormal family members. Consequently,
plasminogen of her father was also investigated
and was found like her mother to have the same low
degree of caseinolytic activity per milligram plas-
minogen (5.68 U/mg) as that (5.39+0.51 U/mg) found
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in the propositus and his abnormal family members
other than III-4. These results indicate that subject
I11-4 is a homozygote, and her parents, as well as other
abnormal family members, are heterozygotes.
Molecular abnormality of plasminogen. Plasma
samples of the propositus, his mother, and a normal
healthy control were separately subjected to affinity
chromatography on lysine-coupled Sepharose. Protein
elution profiles are shown in Fig. 4. The peak of absor-
bance of plasminogen fraction I (Glu-1-form) which
was eluted first was generally lower than that of frac-
tion II (Glu-2-form) in normal control, whereas in the
case of the propositus and his mother the peak of ab-
sorbance of fraction I was higher than that of fraction II.
Plasminogen fractions I and II were separately con-
centrated by lyophilization. Each lyophilized material
was dissolved with 2 ml of distilled water, dialyzed
against Tris 0.05 M-NaCl 0.15 M, pH 7.4, and subse-
quently analyzed for activity and antigen concentra-
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FIGURE 4 Elution profiles of affinity chromatography of
plasminogen on lysine-coupled Sepharose. 10 ml of fresh
plasma of normal control or the propositus was applied to a
column of lysine-coupled Sepharose (1.4 X 5.9 c¢m) equil-
ibrated with Tris-saline (0.15M NaCl, 0.05M Tris-HCI,
1 mM EDTA, pH 7.4). The column was washed first with
50 ml of Tris-saline and then with 150 ml of Tris-saline con-
taining 2 M NaCl at a low rate at 8 ml/h. After washing, the
adsorbed proteins were eluted with a linear gradient with
the reservoir containing 100 ml of 25 mM 6-aminohexanoic
acid in Tris-saline and the mixing chamber containing 100 ml
of Tris-saline. The flow rate was maintained at 8 ml/h, and
fractions of 3.6 ml each were collected. The procedures were
carried out at 4°C. Fractions I and II, indicated by brackets,
were separately concentrated and subjected to analyses.
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TABLE III
Analyses of Plasminogen Fractions by Affinity
Chromatography
Caseinolytic Antigen Specific
Fraction activity concentration activity*
Uiml mg/100 ml Ulmg
Propositus
1 1.14 (1.19)% 16.8 6.8 (7.1)
11 1.43 (1.44) 19.2 7.5(7.5)
Normal control
1 2.73 (3.31) 17.7 15.4 (18.7)
II 2.82 (3.70) 17.2 16.4 (21.5)

* Activity per milligram antigen protein.
1 Esterolytic activity in parentheses.

tion. The results are presented in Table III, which
shows that both caseinolytic and esterolytic activities
per milligram plasminogen in each fraction of the pro-
positus were less than half (roughly 40%) of those of
corresponding fractions of normal control. These
fractions were combined and analyzed by SDS gel
electrophoresis and immunoelectrophoresis. No dif-
ference of patterns of SDS gel electrophoresis and
immunoelectrophoresis was observed between plas-
minogen of the propositus and that of the normal con-
trol, and the results of SDS gel electrophoresis are
presented in Fig. 5.

Plasminogen of a normal control and that of the
propositus were activated separately with urokinase,
and each plasmin formed was analyzed by SDS gel
electrophoresis (Fig. 5). The patterns show the char-
acteristic heavy and light chains of plasmin, and no
significant difference was observed between the
samples. The specific activities of the plasmin of nor-
mal control and the propositus were 16 and 7.3 casein
U/mg protein, respectively.

Active sites of plasmin of normal control and the
propositus were titrated with p-nitrophenyl p’-guan-
idinobenzoate HCI. Plasminogen preparations of a
normal control and the propositus at three different
concentrations ranging from 0.2 to 1.2 mg/ml were
separately activated with 10,000 U/ml streptokinase
at 25°C for 1 h in 0.05 M Veronal (Wako Pure Chemical
Industries, Osaka, Japan) buffer containing 25%
glycerol (pH 8.3). The plasmin formed was then titrated
for active sites. Active site concentrations of normal
control and the propositus were found to be 0.83 and
0.36 active sites on average per mole of protein,
respectively.

The fractions obtained by another run of the chroma-
tography were combined and further purified by
DEAE-Sephadex chromatography. DEAE-Sephadex
chromatography was necessary to remove contami-
nants often revealed by SDS gel electrophoresis in
the preparations after the affinity chromatography.
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FIGURE 5 SDS polyacrylamide gel electrophoresis of plas-
minogen and plasmin. P and C represent plasminogen/
plasmin of the propositus and those of normal control, respec-
tively. Plate A: approximately 15 ug of plasminogen was
applied to each gel column. Plate B: 400 ug/ml of plasminogen
was activated with 1,000 U/ml of urokinase at 37°C for 20 min
in Tris-saline (0.05 M Tris-HCI, 0.15 M NaCl, ] mM EDTA,
pH 7.4) containing 0.02 M lysine and 15% glycerol. Approx-
imately 20 ug of the resulting plasmin/plasminogen mixture
was subjected to electrophoresis after reduction with 5%
B-mercaptoethanol.

DEAE-Sephadex chromatography of the plasminogen
preparation originated from Cohn’s fraction III re-
sults in separation of two fractions; namely, DE-A
fraction containing native plasminogen and DE-B
fraction containing partially degraded forms (9). In
the present study, the preparation after the affinity
chromatography of plasma was applied to DEAE chro-
matography and the plasminogen was eluted almost
exclusively as DE-A fraction. Little was eluted as
DE-B fraction. The yield of plasminogen in DE-A
fraction was approximately 70%. The specific activities
of a normal control and the propositus were 17.4 and
8.0 casein U/mg protein, respectively. These were
approximately 10% higher than the specific activi-
ties of the materials before DEAE chromatography.
The purified plasminogen preparations thus obtained
were analyzed by amino-terminal analysis and thin-
layer gel electrofocusing. The amino-terminal group
was identified as glutamic acid. No lysine was detected
as an amino-terminal group.

Remarkable differences of thin-layer gel electro-
focusing pattern were constantly observed between
plasminogen of the propositus or his mother and that
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of a normal control. As shown in Fig. 6A, the pattern
of plasminogen of the normal control consisted of 10
clearly separated major bands, whereas the pattern
of plasminogen of the propositus and his mother con-
tained an additional 10 bands, each of which was lo-
cated to the basic side and closely parallel to each
corresponding normal band, giving an appearance of
splitting each normal band. When the plasminogen of
the propositus or his mother was run very closely side
by side with normal plasminogen, one of each pair
of bands located to the acidic side fused with each
corresponding normal band. This may indicate that the
plasminogen is heterozygous and is a mixture of nor-
mal components and abnormal components with
slightly higher isoelectric point (plI) values than nor-
mals. In contrast to these results obtained with hetero-
zygous plasminogen, the pattern of electrofocusing
of homozygous plasminogen (III-4) consisted of 10
instead of 20 bands of heterozygous plasminogen and
the pattern itself was similar to that of normal control
as shown in Fig. 6 B. The pattern of the mixture of
homozygous and normal plasminogens in approxi-
mately equal amounts was similar to that of hetero-
zygous plasminogen (Fig. 6 B), indicating that all the
components of homozygous plasminogen separated
by electrofocusing represent the abnormal components
of heterozygous plasminogen.

Fractionation of plasminogen by isoelectric focus-
ing. Plasminogen of the propositus was fractionated
by preparative isoelectric focusing methods. Plasmino-

A B
A B c A B

O

FIGURE 6 Analytical thin-layer gel electrofocusing of plas-
minogen. Approximately 30 ug each of plasminogen was
applied. The pH gradient from 5 to 9 was from the top to the
bottom. Plate A: analysis of heterozygotes; A, propositus;
B, mother of propositus; C, normal control. Plate B: analysis
of homozygote; A, homozygote (I11I-4); B, mixture of homo-
zygote and normal; C, normal control.

N. Aoki, M. Moroi, Y. Sakata, N. Yoshida, and M. Matsuda



gen (50 mg) prepared by affinity chromatography on
lysine-Sepharose and without DEAE chromatography
was electrofocused in the 440-ml column in 4% Am-
pholine, pH range 5-7, at 900V for 72 h at 4°C. The
absorbance pH patterns are shown in Fig. 7. Six pro-
tein peaks were obtained with pl ranging from pH
6 to 6.7. However, each protein peak was rather broad,
and separation of abnormal components from normal
components was not visible. Consequently, the frac-
tions in the range of pH 5.9-6.8 (fraction no. 35-73)
were combined and directly rerun by isoelectric fo-
cusing in the 440-ml column at 900 V for 144 h at 4°C.
The concentration of Ampholine was approximately
1.4%. The essential part of the absorbance pH pattern
together with plasminogen activity and antigen con-
centration of each fraction are shown in Fig. 8. There
were three pairs of protein peaks. The peak of each
pair that had the lower pI value was associated equally
with plasminogen antigen and activity. The other peak,
the one that had the higher pl value, was associated
with plasminogen antigen but not associated with
much plasminogen activity. The former peaks may
represent the normal components, whereas most of the
protein comprising the latter peaks may be abnormal
components. The difference of pI values between nor-
mal and abnormal peaks was 0.03-0.04.

DISCUSSION

The case presented in this paper suggests that low
fibrinolytic activity caused by the low level of plas-
minogen activity predisposes to the thrombotic ten-
dency once the initial thrombotic event has occurred.
The severe thrombophlebitis the propositus suffered
after trauma at age 15 initiated a series of thrombotic
events over the subsequent 15 yr. This propensity
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FIGURE 7 Isoelectric focusing absorbance pH pattern of
plasminogen of propositus. The fractions indicated by a
bracket were combined and rerun by isoelectric focusing
as shown in Fig. 8. For details, see text.

Hereditary Molecular Abnormality of Plasminogen

2

thance at 280 nme—)
2

o
I

Activitye---9 (U/ml)

Antigen—ang/100m) Abso

Q= Nwa
>

100 1o 120 130 L)
Fraction Number

FIGURE 8 Isoelectric focusing of the combined fractions
indicated by a bracket in Fig. 7. Isoelectric forms with pl
values 6.4,6.6,and 6.7 in Fig. 7 were not separated and formed
a large single peak in the region of fraction numbers 160-180
which is the edge region of the linear pH gradient, and are
not shown in this figure. For details, see text.

for thrombosis may be at least partly due to decreased
fibrinolytic potential which works as a protecting
mechanism against the development of thrombosis.
Another factor contributing to the recurrence of
thrombosis in this patient may have been the lack of
sufficient treatment with anticoagulant therapy he
had received for the initial several thrombotic events,
which might have allowed the spreading of thrombi
and accelerated development of varicose veins. Vari-
cose veins in turn became loci where activation of
clotting occurred and helped the development of a
hypercoagulable state. A venous anomaly favoring the
development of thrombi also cannot be ruled out in
this patient. A low level of plasminogen activity cannot
be the sole cause of the development of thrombosis
as evidenced by the fact that none of the affected mem-
bers in the kindred other than the propositus expe-
rienced any thrombotic events. It is interesting, how-
ever, that plasminogen activity of the propositus was
the lowest among the family members (Fig. 3 and Table
IT) and was approximately 40% of the mean of normal
control.

The inference that a deficiency of a protecting mech-
anism against development of thrombosis cannot cause
thrombosis by itself may be applied also to antithrom-
bin III deficiency, which is known to constitute a
thrombotic tendency although not all the individuals
who have the defect develop thrombosis. Many of the
affected individuals developed thrombosis after such
triggering events as childbirth, surgery, or trauma
after adolescence (33-37).

Subject I1I-4 who is now age 6 was found to possess
practically no plasminogen activity but has thus far
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experienced no thrombotic event. The only physical
abnormality she now has is a tendency to form indura-
tion in subcutaneous tissues after minor trauma.
Whether or not this has anything to do with deficiency
of plasminogen is not known at the present time.

The biochemical defect in family Y is apparently
transmitted by an autosomal gene and has an incom-
plete recessive character. The defect found was the
production of altered plasminogen molecules. In the
affected members in the kindred, biological activity
per unit of quantity of plasminogen determined by
immunochemical method was found to be nearly half
of a normal control. Furthermore, the analyses by
electrofocusing of plasminogen purified from plasma
of heterozygotes or homozygotes suggested that the
plasminogen in the heterozygotes is a mixture of nor-
mal molecules and altered nonfunctioning molecules
in about equal amounts. Active-site titration of plasmin
of a normal control and the propositus suggested that
plasminogen of the propositus consisted of abnormal
and normal molecules in a ratio of 57 and 43%, respec-
tively. These results are in accordance with the gen-
erally accepted rule of autosomal genes that the hetero-
zygote produces one-half normal protein and one-half
mutant protein.

Plasminogen analyzed was a mixture of Glu-1- and
Glu-2-forms. Normal control plasminogen consisted
of 10 major components with different plI values (Fig.
6). Summaria et al. (38) also found a total of 10 iso-
electric forms with different pl values in Glu-1- plus
Glu-2-forms by acrylamide gel electrophoresis in the
presence of e-aminocaproic acid. Multiple molecular
isoelectric forms of plasminogen were explained by
the difference of their sialic acid content (39). Abnor-
mal plasminogen molecules also consisted of 10 major
components, each of which had a slightly higher pl
value than each corresponding normal component.
When heterozygous plasminogen was fractionated
by preparative isoelectric focusing methods with pH
range 5-7, six isoelectric forms with pl values 6, 6.15,
6.3, 6.4, 6.6, and 6.7 were obtained (Fig. 7). These
isoelectric forms are essentially the same as those
obtained by Wallen and Wiman (9), and the four acidic
forms among these six forms were identified as Glu-
plasminogen (9, 40). These fractions of Glu-plasmino-
gen were electrofocused again using the narrower
pH range 5.9-6.8. By this second isoelectric focusing,
each of three isoelectric forms with pl values 6, 6.15,
and 6.3 in Fig. 7 was separated into two components
(Fig. 8). The difference of pl values of the two com-
ponents of each pair was rather constant, being 0.03-
0.04. The acidic component of each pair was associated
with plasminogen activity as well as plasminogen
antigen, whereas the basic component of each pair
was associated with no or less plasminogen activity
but possessed plasminogen antigen (Fig. 8). The latter
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components may represent nonfunctioning, altered
components of heterozygous plasminogen, whose pl
values are higher than each corresponding normal
component by 0.03-0.04. Plasminogen of the homo-
zygote seems to be composed of abnormal components
only (Fig. 6 B), but detailed studies on homozygote
plasminogen have not yet been possible due to a lack
of material because the homozygote is a 6-yr-old girl.
The question as to whether the altered molecular forms
resulted from an amino acid substitution or from the
variance of carbohydrate content is the interesting
subject to be solved in the future studies.

Apart from the structural alteration, it is interesting
to note that an amount of Glu-2-form was less than
that of Glu-1-form in plasma of the affected individuals
(Fig. 4) in contrast to normal control. This is reflected
in patterns of electrofocusing as the comparatively
low density of basic bands as seen particularly in the
middle pattern of Fig. 6 A.

Subject I1-2 was found to be heterozygote in spite
of the relatively high plasminogen activity (1.29 U/ml).
This is ascribed to abnormally increased amounts of
plasminogen antigen in plasma (21.8 mg/100 ml vs.
the normal control values 15.7+1.3 mg/100 ml). A
compensatory mechanism which accelerates the pro-
duction of plasminogen might be operating in this
particular subject.

Subject II-6, who is heterozygote and the father
of subject II1-4 (homozygote), came from a family that
has lived for generations in the same region (Utsun-
omiya) as family Y. This might suggest the possibility
of the prevalence of the gene responsible for abnormal
plasminogen at least in this particular geographical
region. An alternative is that this coupling of hetero-
zygotes was indeed the unusual chance of the rare
gene. The development of a rapid screening method
for the detection of the abnormal plasminogen would
make it possible to elucidate the frequency and dis-
tribution of this gene.
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