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Interaction between Human Tissue Thromboplastin and Human Antithrombin III
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It is known that antithrombin III (ATIII) activity is inhibited by tissue thromboplastin (TP) in the presence of
heparin. In our study on the mechanism of the inhibition, however, TP was found to inhibit ATIII activity even in the
absence of heparin, indicating an interaction between ATIII and TP. We then studied effect of ATIII on the interaction
between factor VII (FVII) and TP using FVII-depleted human plasma. When the mixture of FVII + ATIII 4+ TP was
incubated at 37 °C and mixed with FVII-depleted plasma, the interaction between FVII and TP was inhibited. Possible
complex formation was examined by electrophoretic techniques.

In the immunoelectrophoresis, ATIII shifted toward the cathode in the presence of TP and the substance which had
changed the mobility of ATIII showed TP activity after zone electrophoresis. The results indicated that TP had shifted
toward the anode due to ATIII while ATIII had shifted toward the cathode due to TP. In the immunoblotting analysis,
ATIII was separated into several bands in the presence of TP. ATIII antigenicity was altered in the presence of both

heparin and TP but not in the presence of TP al¢ne.

Our results strongly suggest that TP modulates ATIIH activity in the initiation of the TP-mediated coagulation
cascade and that in progressing coagulation ATIII participates in the inhibition of the coagulation cascade by blocking
not only thrombin activity but also the interaction between TP and FVII.
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Antithrombin IIT (ATIII) is one of the most important of
the physiological protease inhibitors which control and
modulate the blood coagulation cascade. Its in vivo effect is
considered to be mainly the inhibition of thrombin activ-
ity."* Heparin is known remarkably to enhance the inhibi-
tion rate of ATIII against coagulating enzymes in vitro.>
ATIII is unable to inhibit completely the activity of coagu-
lation factor Xa which has formed complexes with phos-
pholipids and Ca’*.* Furthermore, ATIII activity is
inhibited by fatty acids, tissue thromboplastin (TP) in the
presence of heparin, etc.> =7 We have also confirmed in our
previous study that the heparin cofactor activity of ATIII is
inhibited by TP,® and in the course of the study we have
obtained a preliminary result that the progressive thrombin
inhibition activity of ATIII was depressed by the presence
of TP.

On the other hand, ATIII has also been reported to
combine with endothelial cells via heparin-like substance
(Stern et al.)® and non heparin-like substance (Bartha et
al.).'® Both Stern’s and Bartha’s groups have pointed out
that the dissociation of ATIII from endothelial cells occurs
within a few minutes. However, these phenomena were
observed only with intact cells and, as Nemerson indicat-
ed,'" the participation of the endothelium in the initiation
of coagulation seems less under normal physiological con-
ditions; it is presumed that exposure of the endothelium to
interleukin and/or tumor necrosis factor at inflammation
sites and/or bacterial infection-induced lipopolysaccharide
(endotoxin) or the combination of all three produces TP on
the surface of endothelial cells.'?!* In this way TP binds
to FVII/FVIIa. This interaction increases the rate of activa-
tion of FX by FVII/FVIIa, initiating blood clotting by the
extrinsic pathway.'*-'*’ ATIII does not affect FVIIa activity
in the presence or absence of heparin under physiological
conditions.'”'® We have reported in the preceding study
that the TP-mediated coagulation cascade in plasma was
hardly affected by the presence of heparin and/or ATIIL®
Ofosu et al. have reported that TP partitions ATIII-hepa-
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rin complexes because of formation of complexes with
heparin.'® Based on the facts that (1) ATIII combines with
fatty acids,>® glycolipids,?® steroids,?!) erc., (2) TP has
lipoprotein character and (3) the progressive activity of
ATIII is inhibited by TP, we first undertook an examina-
tion of the interaction between human TP and human
ATIIIL.

Materials and Methods

Materials Bovine thrombin, human fibrinogen, human placental TP
(Thromborel-S®), human placental phospholipid (Pathromtin®), highly
purified human ATIII, FVII-depleted human plasma, agarose and anti-
human ATIII serum (rabbit) were from Behringwerke AG (FRG).
Glycine, tris(hydroxymethyl)aminomethane, veronal and its sodium salt
were purchased from Wako Pure Chemicals Co., Ltd. (Japan), human
FVII from Sigma Chemical Company (U.S.A.), heparin from Green Cross
Ltd. (Japan), electrophoresis substances for immunoblotting from Bio
Rad Laboratories (U.S.A.), and polyacrylamide gel for electrophoresis
from Daiichi Chemicals Co., Ltd. (Japan). Solutions of fibrinogen,
heparin, ATIII, thrombin and TP were prepared with veronal buffer
solution (25mMm, pH 7.6) containing 0.29, bovine serum albumin. The
purity of human ATIII was calculated to be above 999, from the sodium
dodecyl sulfate (SDS)—polyacrylamide gel electrophoretic pattern. The TP
used here did not contain thrombomodulin detectable by our protein C
assay method.®

Measurement of ATIII Activity We modified the method of Hensen
and Loeliger.?® A 25-ul portion each of ATIII (18 um) and heparin
(1U/ml), 50 pl of thrombin (1.5 U/ml) and 50 zl of 50-fold dilution of TP
were mixed and incubated at 37°C for 1min. Immediately after the
incubation, 50ul of CaCl, (25mm) and 50ul of human fibrinogen
(10 mg/ml) were added to the reaction mixture and the clotting time was
measured with a fibrin timer (Behringwerke AG).

Influence of ATIII on the Interaction between FVII and TP We
modified the method of Nemerson and Clyne for the measurement of FVII
activity.> A 50-ul portion of human FVII (0.4 ug/ml), 50 ul of TP usually
used for prothrombin time measurement and 50 ul of ATIII (3 or 18 um)
were mixed and incubated at 37°C for 1 min. After the addition of 50 ul
each of FVII-depleted human plasma and CaCl, (25 mwm), the clotting time
was measured with a fibrin timer. Then, a mixture of 50 ul each of ATIII (3
or 18 um) and TP was incubated at 37 °C for 1 min. To the mixture, 50 ul
each of FVII (0.4 ug/ml) and FVII-depleted plasma and then 50 ul of
CaCl, (25 mm) were added to measure the clotting time. The clotting times
of the preincubated mixture of FVII and TP and that of FVII and ATIII
were also measured in a similar manner, to serve as the controls.
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Analysis by Immunoblotting Mixtures of equal volumes of ATIII
(90 um) and TP (x4, x 8, x 16 dilution) were subjected to polyacrylamide
gel electrophoresis (PAGE) and then immunoblotting. The procedure of
PAGE followed the manual of Daiichi Chemical Co. Immunoblotting was
done according to the method of Renart er a/.>* except that Horize Blot®
(ATTO Co., Japan) was used as the blotting apparatus and that the
electrophoretic run was done at a fixed voltage of 11V for 2 h.

Immunoelectrophoresis We followed the method of Grabar and
William.?® A 5 ul sample of each of the following was placed in wells of a
1%, agarose plate: 1, ATIII (30 um); 2, ATIII (90 um) + phospholipid +
veronal buffer; 3, ATIII (90 um) + TP + veronal buffer; 4, ATIII (90 um) +
heparin (100 U/ml) + veronal buffer; 5, ATHI (90 M)+ TP + heparin (100
U/ml); 6, ATIII (90 um)+ phospholipid + heparin (100 U/ml): 7, ATIII
(30 um). After an electrophoretic run at 3mA/cm for 90 min, rabbit anti-
human ATII serum was added to each groove and allowed to react at
room temperature for 18 h to examine the precipitation lines.

Detection of TP Activity in the Extracts from Zone Electrophoresis Gel
After the zone electrophoresis of a mixture of ATIII and TP, the gel was
cut in 0.5-cm slices and each slice was immersed in saline solution to
extract proteins. The TP activity of the extract was determined. The
electrophoretic conditions were same as those stated under “immunoelec-
trophoresis,” and 15-ul samples of the equi-volume mixture of ATIII (90
um) and TP were put in the wells. The TP activity was measured by the
method of Hirahara ez al.®’; 50 ul of plasma was added to mixtures of 50 ul
of CaCl, (25mm) and 50 ul of the extract from each of the 0.5-cm slices,
then the clotting time was measured.

Ouchterlony’s Method Samples used in the immunoelectrophoresis
were tested according to the method of Nakamura and Sugiura.?® The
antigen well was 3 mm in diameter and each sample was applied to a well
in a volume of exactly 6 ul with a microsyringe. The wells were allowed to
stand at room temperature and observed at 4 and 12 h.

Results

Inhibition of ATIII Activity by TP The inhibition of
ATIII activity by TP was examined in the presence or ab-
sence of heparin. ATIII activity was strongly suppressed by
TP in the presence of heparin. In the absence of heparin,
suppression was also seen (Table I).

This result raised the possibility that TP might affect
ATIII directly, so the effect of ATIII on the interaction
between FVII and TP was examined with FVII-depleted
human plasma. As shown in Table 11, incubation of ATIII
(18 uM) and TP depressed the interaction of TP with FVII,
which resulted in prolongation of clotting times. The
prolongation was significantly different between the incu-
bation of FVII and ATIII (18 um) before the addition of
FVII-depleted plasma with TP and incubation of ATIII (18
uM) with TP (¢-test, p <0.05). With 3 um ATIII, however, no
inhibitory effect was seen. ATIII by itself at 18 uM prolong-
ed the clotting time.

These results suggested the formation of a complex of TP
with ATIII, especially since ATIII possesses a binding site
for glycolipids, and steroid hormones and fatty acids are
known to combine with ATIIL?¢-2%21) We employed elec-
trophoretic techniques to confirm the interaction between
TP and ATIIL

Analysis of Interaction between ATIII and TP by Electro-
phoresis The ATIII-TP mixture was analyzed by immuno-
electrophoresis. As Fig. 1 shows, ATIII shifted toward the
cathode in the presence of TP and absence of heparin and,
in the presence of heparin, separated into 2 fractions with
high or low mobility. On addition of TP to this system, the
ATIHI fraction with low mobility shifted toward the cath-
ode but the one with high mobility was not affected by TP.

Next, zone electrophoresis was done to identify the
material which had changed the mobility of ATHI with TP.
After an electrophoretic run, we cut the gel in 0.5-cm slices,
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Tapie 1. Effect of Tissue Thromboplastin on Antithrombin I11 Activity

Clotting time (s)

Sample n
Mean S.D.
ATHI +heparin+TP 5 69.9 14.9
ATIII + heparin 5 >240 -
ATIII+TP 4 103.1 10.2
ATIN 4 136.6 17.1

A test sample was added to thrombin solution and fibrinogen solution was added
to the mixture to measure the clotting time.

TasLe II. Effect of Antithrombin 11 on the Interaction between Factor
VII and Tissue Thromboplastin

Clotting time (s)

Sample n  ATIII (18 um)  ATIII (3 M)

Mean S.D. Mean S.D.
ATHI+FVII+TP—D-plasma 4 433 6.1 146 1.1
FVI1 + TP + medium— D-plasma 4 141 1.1 — -
ATII+TP—-FVII + D-plasma 3 430 5.6 145 0.2
FVII+ ATHI-TP + D-plasma 3 35.0 2.3 14.1 1.1

D-Plasma, FVII-depleted human plasma.

Fig. 1. Immunoelectrophoresis

1, ATIIL; 2, ATI +phospholipid: 3, ATIII + tissue thromboplastin; 4, ATIII
+heparin + phospholipid: 5. ATHI + heparin +tissue thromboplastin; 6, ATHI +
heparin; 7, ATIIL Anti human ATIII serum was added to each groove.

extracted the substances from each slice, and measured the
activity. As Fig. 2 shows, fraction No. 4 showed a signifi-
cant difference in TP activity from the control (TP alone),
which indicated the TP had shifted toward the anode due to
ATIII while ATIII had shifted toward the cathode due to
TP. The coagulation activity of each fraction was also
confirmed to be due to TP because the clotting time of the
sample using FVII-depleted plasma was equal to that of the
control.

Whether ATIII and TP had formed complexes or not was
cxamined by PAGE and immunoblotting. As Fig. 3 shows,
three bands (—) appeared in the presence of TP. These
results suggested that the inhibition of ATIII activity by TP
might be caused by the depressed reactivity of ATIII with
thrombin due to the binding of ATIII to TP.

Since ATIII changes to a so-called ““open mouth™ in the
presence of heparin because of a structural change,?”’ there
is a possibility that ATIII in the presence of heparin might

NII-Electronic Library Service



2986
300
2 200
Y
E
an
R
2100
@)
0 =
123456789
Fraction number
Fig. 2. Detection of Tissue Thromboplastin Activity in the Extracts

from Zone Electrophoresis Gel

@. tissue thromboplastin; O, tissue thromboplastin+ATIH. The dotted line
denotes the absence of FVII in plasma.
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Fig. 3.

1, ATIHI+tissue thromboplastin (x4); 2, +tissue thromboplastin (x8); 3,
+ tissue thromboplastin ( x 16); 4, ATIII alone; 5, tissue thromboplastin alone ( x 4).

Immunoblotting Analysis of Tissue Thromboplastin-ATIII

bind to TP in a different manner from the binding in the
absence of heparin. Therefore, we examined the antige-
nicity of ATIII in the presence of TP with heparin.

Reactivity of ATIII with Anti-human ATIII Antibody in
the Presence of TP The reactivity of the ATIII+TP+
heparin mixture with anti-human ATIII serum was com-
pared with those of ATIII alone and the ATIII+TP and
ATIII + heparin mixtures. As shown in Fig. 4, the reactivity
of ATIII changed only in the presence of both TP and
heparin and was hardly different from that of ATIII alone
in the presence of either of the two separately. Loss in
reactivity in the presence of TP and heparin was slightly
restored by further incubation up to 12 h.

Discussion

Ofosu et al.'® have reported that tissue factor (tissue
thromboplastin) has the greatest anti-heparin activity, par-
titions heparin from ATIII and prevents full expression of
the ATIII-dependent anticoagulant activity of heparin. In
our previous experiments, on the other hand, the TP-
mediated coagulation could be controlled not only by
ATIII alone with heparin at physiological concentrations

Vol. 37, No. 11

Fig. 4. Reactivity of ATIII in the Presence of Heparin and Tissue
Thromboplastin against Anti-Human ATIII Antibody

1. ATII: 2. ATII + heparin: 3, ATIIL: 4, ATIII + tissue thromboplastin + heparin:
5. ATIIL: 6. ATIII +tissue thromboplastin: 7. antihuman ATHI serum. A. obser-
vation after 4-h incubation: B. observation after 12-h incubation.

but in the presence of activated protein C. and the ATIII-
heparin cofactor activity was inhibited by TP.® Further-
more, the progressive antithrombin activity was also inhibit-
ed by TP (Table I). Heparin forms complexes with phospho-
lipids,?® lipoproteins.*” and Vitamin K-dependent clotting
factors.>® Reportedly, complex formation with these sub-
stances affects the interaction between ATIII and heparin.
Furthermore, ATIII itself binds to fatty acids, steroids and
glycolipids.®-*-22" These facts raise the possibility. that the
heparin cofactor activity may be inhibited by neutralization
of heparin activity by TP and by the interaction between
ATIII and TP. If ATIII combines with TP, the interaction
between TP and FVII may be inhibited. As shown in Table
I1, 18 um ATIII suppressed the interaction between FVII
and TP and prolonged the clotting time. With 3 ym ATIII,
however, no inhibitory effect was seen; these results suggest
that the interaction between FVII and TP is not inhibited
until more than a definite amount of ATIII combines with
TP. According to Heimburger, in coagulation, ATIH mi-
grates to the coagulation site and is localized there at far
higher concentrations than the normal level in blood.*"
This might indicate that in the TP-mediated coagulation TP
binds ATIII to facilitate coagulation at the injured site of
vascular walls and plays a role so that ATIII may not
inhibit thrombin activity immediately after thrombin for-
mation even in the presence of heparin or heparin-like
substances. On the other hand, the localized ATIII at high
concentrations may spuppress the interaction between TP
and FVII (Table II). We therefore analyzed the interaction
by use of electrophoretic techniques. In the immunoelectro-
phoresis, ATIII shifted toward the cathode in the presence
of TP: from the TP activity of the extract from the gel
obtained by zone electrophoresis, TP appeared to shift
toward the anode in the presence of ATIII, and ATIII, to-
ward the cathode in the presence of TP. In the immuno-
blotting we detected several bands, which corresponds with
Rao’s report that anti-TP monoclonal antibody yields three
bands against human brain TP.*?’ The electrophoretic data
obtained in the present study (Figs. 1-—3) suggest that the
inhibition of ATIII activity by TP might be caused by the
depressed reactivity of ATIII with thrombin due to the
binding of ATIII to TP. The binding of TP to ATIIH
observed hereé is considered to be an interaction between the
phospholipid moiety of TP and the hydrophobic moiety of
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ATIII based on the fact that fatty acids, steroid hormones,
etc. combine with ATIIL.>-%?! It has already been establish-
ed that TP is usually absent in circulating blood but is
expressed on the membrane of many cells including the
endothelium.'?~ ¥ Several papers report the binding of
ATIII to endothelial cells: a heparin-like substance and
others have been proposed as binding sites.”! In addition
to those binding sites, TP may also be a binding site for
ATIII on the surface of perturbed cells.!®

As Fig. 4 shows, the reactivity of ATIII with anti-human
ATIII antibody was lowered in the presence of TP with
heparin, suggesting that TP may control the effect of ATIII
in the initiation of TP-mediated coagulation in relation to
the presence of heparin or heparin-like substances, since
thrombin inhibition by ATIII and heparin normally occurs
instantaneously. The alteration of antigenicity may support
the view that TP suppresses ATIII activity in the presence
of heparin.

Since many patients with leukemia, however, have been
reported to show disseminated intravascular coagulation
(DIC) with increases in the levels of TP from leukemic cells
in blood,>*3 ATIII activity in the plasma of those patients
may be decreased as follows: (1) inhibition of progressive
activity and/or heparin cofactor activity by TP; and (2)
rapid consumption of ATIII for the excess coagulation.
Since the decrease of ATIII activity in plasma causes DIC,
treatment of DIC patients with ATIII has been the most
effective medication.*

Though the results presented here need to be confirmed
by further experiments using perturbed endothelial cells,
the finding that the effect of ATIII or ATIII + heparin is
controlled by TP so as to facilitate the coagulation cascade
initiated by FVII and TP and then suppress the excess
coagulation presents a useful area for the investigation of
the fine mechanisms of blood coagulation in the human
body.
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