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Abstract:

The effects of gel-filtered platelets on euglobulin clot lysis time (ECLT) were analyzed to elucidate the possible role of platelets in

thrombolysis. Gel-filtered platelet-supplemented ECLT (plt-ECLT) was significantly shorter than ECLT without platelets (regular

ECLT). Abciximab, anti-glycoprotein IIb/IIIa (GPIIb/IIIa) antibody, and cytochalasin B nullified the enhancement of ECLT by

platelets, and increased plt-ECLT beyond regular ECLT. When gel-filtered platelets were used after disruption, ECLT was not short-

ened but rather became longer than regular ECLT, probably due to natural fibrinolysis inhibitors released from platelets. Therefore,

for platelets to enhance fibrinolysis, intact cell structure and cytoskeletal reorganization after thrombin stimulation is required. Vari-

ous GPIIb/IIIa antagonists prolonged plt-ECLT. The concentrations of GPIIb/IIIa antagonists required to prolong plt-ECLT, were

varied. Interestingly, the effects of these antagonists were independent of their ability to inhibit thrombin-induced platelet aggrega-

tion, but dependent on their ability to induce clot retraction. T-250, a GPIIb/IIIa antagonist, had the smallest effect on plt-ECLT.

These drugs do not affect regular ECLT or tissue plasminogen activator (tPA)-catalyzed Glu-plasminogen activation in the presence

of thrombin-activated platelets. Although their overall effect on thrombolysis is inhibitory, platelets could promote fibrinolysis

through a GPIIb/IIIa-dependent mechanism.
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Abbreviations: ECLT – euglobulin clot lysis time, FDPs – fi-

brin degradation products, GPIIb/IIIa – glycoprotein IIb/IIIa,

PAI-1 – plasminogen activator inhibitor type 1, plt-ECLT –

platelet-supplemented euglobulin clot lysis time, PPP –

platelet-poor plasma, PRP – platelet-rich plasma, tPA – tissue

plasminogen activator

Introduction

Platelet-rich thrombi are considered resistant to fibri-

nolytic therapies [10]. The cross-linkage of fibrin

monomers or fibrin and �2-AP [4] by activated factor

XIII and/or clot retraction are suggested mechanisms

for the formation of rigid, platelet-rich thrombi. The

release of plasminogen activator inhibitor type 1

(PAI-1) from activated platelets [1], which regulates

fibrinolytic activity both in plasma and in vascular en-

dothelial cells [16], seems to be another underlying

mechanism for clot lysis resistance. In contrast, plate-

lets are known to accelerate plasminogen activation

by providing specific binding sites for both plasmino-

gen and tissue plasminogen activator (tPA) [9, 13].

Platelets, therefore, may play paradoxical roles and

regulate fibrinolysis differently under a variety of
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physiological and pathological conditions. Indeed, we

recently found that the extent of activation of platelets

differs in thrombi observed in vivo [8]. In addition,

platelets aggregate by binding to fibrin(ogen) through

glycoprotein IIb/IIIa (GPIIb/IIIa) and create mechani-

cal stretching forces on fibrin(ogen) after clot retrac-

tion. Thus, fibrin clot lysis in the presence of platelets,

especially peri-platelet fibrinolysis, likely undergoes

a different mechanism of regulation. In the present

study, we employed the euglobulin clot lysis time

(ECLT), and analyzed the effects of gel-filtered plate-

lets in either the presence or absence of GPIIb/IIIa an-

tagonists. We found that gel-filtered platelets can also

enhance fibrinolysis, during which GPIIb/IIIa-de-

pendent clot retractile forces are essential.

Materials and Methods

Reagents

T-250 ((S)-(-)-4-{3-[4-(aminoiminomethyl)phenoxy]pro-

pyl}-2,3-dioxo-�-(3-pyridinyl)-1-piperazinepropanoic

acid), tirofiban (N-(butylsulfonyl)-O-[4-(4-piperidi-

nyl)butyl]-L-tyrosine hydrochloride), and SC-54701A

((3S)-3-[(4-{[4-(aminoiminomethyl) phenyl]amino}-1,4-

dioxobutyl)amino]-4-pentynoic acid monohydrochlo-

ride) were synthesized at Toyama Chemical Co., Ltd.,

Tokyo, Japan. The following materials were pur-

chased from the indicated sources: abciximab (Eli-

Lilly, Indianapolis, IN, USA), aspirin (Bayer,

Leverkusen, Germany), human �-thrombin (Mitsubi-

shi Welpharma Co., Osaka, Japan), plasmin (KABI

now Chromogenix AB, Mölndal, Sweden), car-

boxypeptidase B (porcine pancreas origin) (Sigma, St.

Louis, MO, USA) and chromogenic substrate S-2251

(H-D-Val-Leu-Lys-p-nitroanilide × 2HCl) (Chro-

mogenix AB, Mölndal, Sweden). Single-chain tPA

(sctPA) was kindly provided by Dai-ichi Pharmaceuti-

cal Co. (Osaka, Japan). Glu-plasminogen was pre-

pared from freshly frozen plasma by lysine-Sepharose

affinity chromatography. Human fibrinogen was pur-

chased from Enzyme Research Laboratories (South

Bend, IN, USA), and trace amounts of plasminogen

and plasmin contaminants were removed by passage

through a lysine-Sepharose column. A polyclonal an-

tibody against human fibrinogen was raised in a rabbit

immunized with purified human fibrinogen.

Preparation of gel-filtered platelet and plasma

euglobulin fraction

Blood was withdrawn from the ante-cubital vein of

healthy volunteers and was mixed immediately with

a 1/10 volume of 3.8% (w/v) sodium citrate. Platelet-

rich plasma (PRP) was prepared by centrifugation of

whole blood samples at 80 × g for 10 min at room

temperature. The PRP was passed through a Sepha-

rose-2B column equilibrated with 15.4 mM Tris–HCl

(pH 7.4), 141 mM NaCl, 53 mM KCl, 0.1 mM

MgCl2, 0.006 mM CaCl2, and 59 mM glucose [20],

and the gel-filtered platelets were eluted within the

void volume. The numbers of platelets were deter-

mined by an automatic blood cell counter (Celtiac

a MEK-6158P, Nihon Kohden Co., Tokyo, Japan),

and adjusted to 1.0 × 108 cells/ml with the Tris-HCl

buffer described above. When necessary, gel-filtered

platelets were disrupted by a French press at a pres-

sure of 18,000 PSI. PAI-1 antigen levels both in the

euglobulin fraction and in the disrupted platelets solu-

tion were assayed by ELISA (ZYMUTEST PAI-1 an-

tigen, HYPHEN Biomed, France). Platelet-poor

plasma (PPP) was obtained by centrifugation of the

remaining blood at 1500 × g for 10 min at 4°C. The

euglobulin fraction of plasma was obtained as previ-

ously reported [20].

Euglobulin clot lysis time (ECLT) assay

Platelet-supplemented euglobulin clot lysis time (plt-

ECLT) was assayed using the standard procedure for

measuring regular ECLT [20, 21]. Samples (20 µl) of

GPIIb/IIIa antagonists dissolved in 50 mM Tris-HCl

buffer, pH 7.4, containing 100 mM NaCl (TBS) at dif-

ferent concentrations, and 20 µl of human thrombin

(10 U/ml) were placed in a 96-well microtiter plate,

and euglobulin clots were formed by the addition of

100 µl of the plasma euglobulin fraction and 60 µl of

the gel-filtered platelet suspension. The same volume

of the corresponding buffer was also added to regular

ECLT. Clot lysis was monitored by measuring the

change in absorbance at 405 nm (A405). When de-

sired, either abciximab or cytochalasin B was added

to the platelet suspension and incubated at 37°C for

10 min before the initiation of clot formation. The clot

lysis time was determined as the mid-point during an

abrupt decline in A405. The effects of drugs on plt-

ECLT were expressed as a percentage of the plt-ECLT

(100%).
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Measurement of fibrin degradation products

(FDPs)

To evaluate the extent of fibrinolysis, FDPs were as-

sayed by western blot analysis. At desired time-points

after clot formation, aprotinin was added at 1667

U/ml and the supernatant was taken after removal of

the residual clot by centrifugation at 6000 × g for 10 min

at 4°C. A 100-µl sample of the supernatant was incu-

bated with Sepharose-conjugated anti-fibrinogen IgG,

and the bound proteins were eluted and subjected to

SDS-PAGE followed by western blot analysis. To ob-

tain standard fibrin degradation products, human fi-

brinogen (10 mg/ml) was digested by plasmin

(0.1 unit/ml) for 90 minutes at 37°C.

Plasmin generation assay

tPA-catalyzed activation of Glu-plasminogen in the

presence of thrombin-activated platelets was assessed

using a chromogenic assay [3] composed of 1 µM

Glu-plasminogen, 4 nM single-chain tPA, gel-filtered

platelets (5.0 × 107 cell/ml), 1 U/ml of thrombin, 0.5 mM

S-2251 and each test drug. The amounts of S2251 hy-

drolyzed by thrombin were subtracted, even though

they were negligible. When necessary, carboxypepti-

dase B was added to evaluate the role of the C-

terminal lysine at the platelet surface in plasminogen

activation.

Gel-filtered platelet aggregation

Platelet aggregation was measured according to

Born‘s method, using an aggregometer (Hematraser,

SSR Engineering, Co., Ltd.). An 80-µl suspension of

gel-filtered platelets was warmed for 1 min at 37°C

before the addition of 10 µl of thrombin to a final con-

centration of 1 U/ml. When desired, a series of differ-

ent concentrations of 10 µl of GPIIb/IIIa antagonists

were incubated with washed platelets before the addi-

tion of thrombin. Platelet aggregation was expressed

as a percentage of absorbance, with the buffer used to

prepare gel-filtered platelets representing 0% absor-

bance. The percentage inhibition was calculated from

the control aggregation.

Clot retraction assay

Clot retraction was quantified by a time-dependent

decrease in the surface area of the plasma clot formed

in each well of the microtiter plate in the presence of

platelets (1.0 × 108 cells/ml). 160 µl of PRP (1.25 × 108

cells/ml) was added to a well containing 20 µl of

thrombin (10 u/ml) and 20 µl of the desired

GPIIb/IIIa antagonists. The plasma clot surface area

was calculated by Image J (Wayne Rasband: NIH)

from a digital image taken at 0, 60 and 120 min after

clot formation. The percent inhibition was calculated

using clot retraction in the absence of a GPIIb/IIIa an-

tagonist as a control.

Results

plt-ECLT

The trace for the absorbance change of the euglobulin

fraction after clot formation is shown in Figure 1. In

the absence of platelets, absorbance remained high,

and declined abruptly when the clot was dissolved.

When gel-filtered platelets were added to the euglobu-

lin fraction at a concentration of 3.0 × 107 cells/ml,

a similar change in absorbance was observed. A slight

increase in the absorbance that peaked just before its

decline likely reflects shape changes in the platelets or

to weak clot retraction, which did not interfere with

the evaluation of clot lysis time (Fig. 1). When plate-

lets were added at higher concentrations, the absor-

bance of the clot declined very early (data not shown),

even when a condensed, non-dissolved clot remained
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in the side-wall of the wells. An abrupt decline in ab-

sorbance in such a case likely does not reflect clot ly-

sis, but consolidation and translocation of the fibrin

clot due to clot retraction. When platelets were added

at a lower concentration (3.0 ×107 cells/ml), clot lysis

was monitored successfully by measuring the absor-

bance.

ECLT was shortened significantly by the addition

of gel-filtered platelets. Abciximab, an anti-GPIIb/IIIa

antibody, or cytochalasin B, an inhibitor of actin po-

lymerization, attenuated the enhancement of euglobu-

lin clot lysis by platelets. In the presence of these rea-

gents, the plt-ECLT was longer than the regular ECLT

obtained in the absence of platelets.

To confirm clot lysis, FDPs in the lysate were as-

sayed by western blot analysis at different time-points

(Fig. 2). Lanes E, P and CB indicate the euglobulin

clot, platelet-supplemented euglobulin clot, and cyto-

chalasin B-applied platelet-supplemented euglobulin

clot, respectively. At points when absorbance of the

wells was high, no FDP band was detected. When the

absorbance of the platelet-supplemented euglobulin

clot declined, FDP bands were observed only in lane

P. At this time-point, no positive staining was ob-

served in either lane E or lane CB, while positive

bands appeared when the corresponding absorbance

declined. These results suggest that the decrease in

absorbance reflects clot lysis, even in the presence of

platelets at this concentration, and that gel-filtered

platelets enhance euglobulin clot lysis. The enhance-

ment of euglobulin clot lysis by gel-filtered platelets

was reversed by either cytochalasin B or abciximab.

Effects of GPIIb IIIa antagonists on plt-ECLT

We then analyzed the effects of GPIIb/IIIa antagonists

on plt-ECLT. We first evaluated the efficacy of these

GPIIb/IIIa antagonists on thrombin-induced platelet

aggregation. All of the GPIIb/IIIa antagonists tested,

tirofiban, SC-54701A, the active metabolite of xem-

lofiban, and T-250 inhibited thrombin-induced plate-
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 �� ����� ������� �	 �� �����+��
��� ����& :� ��� ���������� ��������� +� +����� ����0 ������ ���
()*# ���� ���������� �	 ��� ���� 0��� �+������ ��� 0��� �+�
'����� �� ����
:6( 	����0�� +� 0����� +������� �� ������ 8�
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����������� - ��� ��0� +� ��� ���� ������� ��� 	����� ������ ��� ���
���� 4���� �� ��� ����� ������ ��� +� (� 
 ��� )- �� ��� ��0��
�����& � ��� � ( �������� 	������� � ��� � (� ������
������� 0���� 0��� �������� +� ��������� ��& 8�
 ��0 ��� ����
���� +��� �	 	�+������� ������� +� ������� 0���� 0� ������ +�
)������ -���

Tab. 1. )�������� �	 ��� �		��� �	 6
77+3777� ��������� �� ����
()*#� �������� ������������ ��� ���� ����������

Drugs ED alues for
prolongation of

p-ECLT

IC alues for
inhibition of

platelet
aggregation

IC alues for
inhibition of clot

retraction

60 min 120 min

T-250
(nM)

400 71 151 354

Tirofiban (nM) 222 80 71 141

SC-54701A
(nM)

163 57 92 213

Abciximab
(µg/ml)

2 5.7 2 2

������ �		������ ��� .(� / ����� ��� ������ ����+����� �������
������� .7) / ����� 0��� �������� +� ����� ������& (� ����� 	��
��������� ����()*# 0��� ���������� � � ���������� �	 ��� �����
	�� ������� .�A/ ��� �	 ��� 2�3�� �	 ����������� - .���A/



let aggregation at a similar concentration ranges. Suf-

ficient inhibition was obtained at 100 nM for both

T-250 and Tirofiban and at 50 nM for SC-54701A

(Fig. 3, Tab. 1). Abciximab also inhibited aggrega-

tion, and sufficient inhibition was obtained at a con-

centration of 8 µg/ml, whereas the same concentration

of mouse IgG did not show any inhibition.

Hundred nM of T-250 was sufficient to inhibit

thrombin-induced platelet aggregation, but did not af-

fect plt-ECLT (Fig. 4). However, 400 nM of T-250

was sufficient to prolong plt-ECLT. In contrast, tirofi-

ban and SC-54701A at a concentration of 100 nM

prolonged plt-ECLT significantly. For abciximab,

a concentration of 2 µg/ml was not sufficient to in-

hibit platelet aggregation (Fig. 3), but this prolonged

plt-ECLT. The concentrations required to prolong

plt-ECLT varied among tested drugs, and were differ-

ent from those required to inhibit thrombin-induced

platelet aggregation (Tab. 1). These GPIIb/IIIa an-

tagonists appeared to affect plt-ECLT differently.

We next looked at the effect of these GPIIb/IIIa an-

tagonists on clot retraction. GPIIb/IIIa antagonists dif-

ferentially affected clot retraction (Fig. 5) with T-250

having the smallest effect and abciximab having the

greatest effect (Tab. 1). The percent inhibition of clot

retraction obtained by GPIIb/IIIa antagonists corre-

lated with values from plt-ECLT (Spearman’s rank

correlation coefficient Rs = 0.809, p < 0.01 at 60 min

and Rs = 0.779, p < 0.01 at 120 min). These results

suggest that clot retraction is deeply involved in the

enhancement of ECLT by platelets, and the

lengthening of ECLT by GPIIb/IIIa is dependent on

its ability to inhibit clot retraction. Moreover,

cytochalasin B, which is known to inhibit cytoskeletal

reorganization as well as clot retraction, strongly

prolonged plt-ECLT.
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Fig. 4. (		��� �	 6
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��� �	 ��� ������� .����()*#$ ��(/& (���
������ �������� ��� ���� ; �(� �	
��� ��������� ���+�� �	 �����������
�,��������� ���� �	 0���� 0� ����
���� �� ��������� �� ����������& ($ �������
()*# .� B C/� ��($ ����()*# .� B C/� )-$
��� 2�3�* �	 ����������� - .� B C/�
���D$ �&1A ���D .������ 	�� �����
������� -/� �����$ ()*# �� ��� ����
���� �	 � 0���� 	������� �	 ����	�������
�������� �������� +� � 8����� ��� .�
B �/� 7�6$ �C 2�3�* �	 ����������5��
���� 7�6� (�D�$ �&�A ������� .���
���� 	�� ������� � B �/& 6
77+3777� ���
������� 0��� ������� �� #-�



ECLT in the absence of platelets

To analyze the possible effects of these drugs on fibri-

nolysis by a platelet-independent mechanism, we in-

vestigated their effects on regular ECLT. Abciximab

and cytochalasin B prolonged ECLT slightly (Tab. 2),

but this effect was far less than observed for plt-

ECLT. Other GPIIb/IIIa antagonists tested did not af-

fect regular ECLT (Tab. 2).

In order to confirm the importance of cytoskeletal

reorganization in platelets with intact cell membranes,

we assayed ECLT in the presence of gel-filtered

platelets disrupted by a French press. The addition of

disrupted platelets, which contain both platelet

granules and cell membrane fragments, prolonged

ECLT to a value seen in the presence of both platelets

and cytochalasin B, suggesting that an intact cell

membrane is necessary for platelets to enhance ECLT.

Since the disrupted platelet solution (3.0 × 107

cells/ml) contained a higher concentration of PAI-1

(7.9 ± 0.9 ng/ml, the mean ± SD) than the euglobulin

fraction (3.4 ± 0.2 ng/ml, the mean ± SD), the prolonged

ECLT observed under these conditions suggest that

active PAI-1 contained in �-granules play a role in

this process.

Glu-plasminogen activation by tPA

To elucidate how platelets enhance ECLT, we ana-

lyzed the effects of non-activated or thrombin-

activated platelets on Glu-plasminogen activation by
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Tab. 2. (		��� �	 6
77+3777� ���������� ����������� - ��� ������
�� ������� ()*#

Drug Concentration Clot lysis time

T-250 400 nM 99.9 ± 0.2 (n = 3)

Tirofiban 400 nM 100.1 ± 0.8 (n = 3)

SC-54701A 400 nM 102.0 ± 0.9 (n = 3)

Abciximab 16 µg/ml 105.3 ± 3.6 (n = 3)

Mouse IgG 16 µg/ml 103.5 ± 2.2 (n = 3)

Cytochalasin B 100 µg/ml 118.0 ± 8.5 (n = 3)

DMSO* 0.5% 115.5 ± 7.2 (n = 3)

Aspirin 100 µM 104.7 (n = 2)

EtOH** 0.2% 105.8 (n = 2)

#�� ����� ��� �,����� � ��� ���������� �	 �������& #�� ����
��0 ��� ���� ; �(� �	 ��������� ���+�� �	 ����������� �,�����
����� ���� �	 0���� 0� ������� �� ��������� �� ����������& E �&1A
���D ��� EE �&�A (�D� 0��� ��� �� ������ ����������� - ���
������� ������������ 0����� ����� ��� ������� 0��� ������� ��
#-�

Fig. 6. (		��� �	 �����+������������ ��� ������������� 0����
�������� �� �
:�������5�� ���������� ����������& D��� ������$
�������� .F/ ��� �����+�� .F/� 	����� ������$ �������� .F/ ��� �����+�� .G/�
���� 4����$ �������� .G/ ��� �����+�� .F/� 	����� 4����$ �������� .G/
��� �����+�� .G/& #�� �������� �	 ������ ���������� 0� ����������
	��� ��� ���� �	 �+��+���� �� ��1 �� ������ ���� 4����� .7���/

Tab. 3. (		��� �	 6
77+3777� ��������� ��� ����������� - �� 6���
���������� ���������� +� �
: �� ��� ������� ��� �+���� �	
�����+������������ ��������

Drug Concentration Ratio of �abs./t�

platelet (+) and
thrombin (+)

platelet (–) and
thrombin (–)

T-250 400 nM 0.98 ± 0.01 0.89 ± 0.05

Tirofiban 400 nM 0.96 ± 0.02 0.89 ± 0.11

SC-54701A 400 nM 0.94 ± 0.02 0.84 ± 0.04

Abciximab 16 µg/mL 0.93 ± 0.04 1.20 ± 0.01

Mouse IgG 16 µg/mL 0.97 ± 0.08 1.15 ± 0.01

Cytochalasin B 100 µg/mL 0.72 ± 0.05 0.78 ± 0.05

DMSO* 0.5% 0.71 ± 0.06 0.98 ± 0.02

Carboxypeptidase B 1.0 U/ml 0.53 ± 0.08 0.99 ± 0.04
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tPA. Non-activated platelets enhanced tPA-catalyzed

Glu-plasminogen activation approximately four-fold,

and thrombin-activated platelets enhanced it 15-fold

(Fig. 6). Fifty percent of the enhancement by acti-

vated platelets was suppressed by carboxypeptidase B

and appeared to be C-terminal lysine dependent,

whereas the enhancement by non-activated platelets

was independent of C-terminal lysine. GPIIb/IIIa an-

tagonists did not affect Glu-plasminogen activation

by tPA in either the presence or absence of thrombin-

activated platelets (Tab. 3).

Discussion

In the present study, we showed that supplemented,

washed platelets enhanced ECLT, and this effect was

reversed by GPIIb/IIIa antagonists. Cytochalasin B

treatment and disruption of platelet membranes by

a French press, also prolonged ECLT. Enhanced fibri-

nolysis by platelets required GPIIb/IIIa-dependent

skeletal reorganization after thrombin stimulation and

an intact cell membrane. We also showed that the ex-

tent of inhibition by GPIIb/IIIa antagonists is different

among reagents and is dependent on their efficacy in

inhibiting clot retraction. Although the net effect of

platelets on thrombolysis is inhibitory, they also pro-

mote fibrinolysis under certain conditions.

Since a platelet-rich thrombus is considered resis-

tant to thrombolysis, the inhibitory characteristics of

platelets have been exaggerated in fibrinolysis. The

overall effect of platelets on fibrinolysis is inhibitory

as demonstrated by the increased ECLT in the pres-

ence of disrupted platelets. Intact washed platelets,

however, enhanced fibrinolysis under our conditions

after activation by human thrombin. When washed

platelets were added to a euglobulin fraction and clot

formation was initiated by thrombin, the clot dis-

solved faster than in the absence of platelets. This

shortening of ECLT by platelets was reversed by ei-

ther GPIIb/IIIa antagonists or cytochalasin B, the lat-

ter of which inhibits actin polymerization and cyto-

skeletal reorganization [19]. Once GPIIb/IIIa is acti-

vated, platelets aggregate using fibrinogen as a bridge,

followed by changes to platelet shape and clot retrac-

tion, both of which require cytoskeletal reorganiza-

tion. Inhibition of fibrinogen binding to activated

platelets by abciximab or GPIIb/IIIa antagonist in-

deed inhibited platelet aggregation and cytoskeletal

reorganization. Taken together, a change in platelet

shape, or clot retraction induced by the interaction be-

tween fibrin(ogen) and GPIIb/IIIa after thrombin

stimulation appears to be a prerequisite for spontane-

ous euglobulin clot lysis. This is in agreement with

a previous report that found clot retraction facilitates

clot lysis [17]. As we recently demonstrated in an in

vivo model, the magnitude of the activation of plate-

lets is different even in platelet thrombi [8]. Thus even

under physiological conditions, platelets play para-

doxical roles on fibrinolysis to control thrombus size.

Fibrinolytic activity at the cell surface is controlled

by the amount of plasminogen and tPA bound to the

cell surface. The bindings of these molecules to the

platelet surface increases after thrombin stimulation

[13, 14], which is induced likely through protease ac-

tivated receptors (PAR) 1 or 3 at the platelet surface

[5], as is shown for vascular endothelial cells [15].

Consistent with this data, we found that tPA-catalyzed

plasminogen activation was enhanced 4-fold by gel-

filtered platelets and approximately 15-fold by

thrombin-activated platelets. Since fibrinogen or fi-

brin bound to GPIIb/IIIa is a candidate plasminogen-

binding molecule at the platelet surface, especially af-

ter treatment with thrombin [12], we analyzed the

possible inhibitory effects of GPIIb/IIIa antagonists.

Enhancement of plasminogen activation by thrombin-

activated platelets, however, was not quenched by ei-

ther abciximab or GPIIb/IIIa antagonists. This was in

contrast to the results obtained in plt-ECLT. Thus,

tPA-catalyzed plasminogen activation and subsequent

fibrin dissolution do not appear to be equivalent phe-

nomena in conditions where platelets exist, and

GPIIb/IIIa antagonists appear to target the latter

event. For enhanced plasminogen activation, other

membrane proteins bearing C-terminal lysines on

platelets rather than GPIIb/IIIa bound fibrin [12, 15]

also appear to be involved. Indeed, approximately

half of the enhancement by activated platelets was

abolished by the treatment of carboxypeptidase B.

The enhancement of fibrinolysis by thrombin-

activated platelets shown in this study may play a role

in the coagulation-associated enhancement of fibri-

nolysis. The physiological or pathological signifi-

cance of this phenomenon appears to be represented

in Glanzmann’s thrombasthenia patients [6, 7, 18],

who present impairments in GPIIb/IIIa-dependent ag-

gregation and associated clot retraction. Insufficient

clot-retraction-dependent enhancement of fibrinolytic
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activity after thrombus formation through this mecha-

nism might be responsible for thrombosis in Glanz-

man’s thrombasthenia.

Here, we demonstrate that thrombin activated plate-

lets enhance ECLT through a GPIIb/IIIa dependent

mechanism. This does not necessarily contradict the

favorable outcome of the use of GPIIb/IIIa antago-

nists together with fibrinolytic reagents as an adjuvant

therapy for thrombosis [2, 11]. Prevention of sus-

tained platelet aggregation by GPIIb/IIIa antagonists

during thrombolytic therapy may be beneficial for

thrombotic patients. We believe that our findings pro-

vide new insight into understanding the role of plate-

lets in fibrinolysis in physiological settings.
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