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ABSTRACT
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Background and Objectives. The effect of local and
circulating thrombin on platelet adhesion onto vas-
cular surfaces was explored in the absence of plas-
ma adhesive proteins using flow conditions.

Design and Methods. To study the local effects of
thrombin, denuded rabbit aorta segments were incu-
bated with thrombin concentrations of 0.001, 0.01
and 0.1 U/mL. To evaluate the effects of circulating
thrombin, the same concentrations were added to
perfusates consisting of washed platelets and
washed red blood cells suspended in a human albu-
min solution (5%). In some experiments, purified von
Willebrand’s factor (vWF) (Haemate-P) was added
to the perfusates (0.8 U/mL of vWF, final concen-
tration). A humanized chimeric antibody to the GPI-
Ib-IIIa complex (Reopro) was used to determine the
role of this glycoprotein on platelet adhesion under
the conditions described. The effect of blocking
GPIb was also assessed. Perfusions were carried
out at 800 s–1 for 10 min. The interaction of platelet
with the vessel surface was morphometrically eval-
uated and expressed as percentage of surface cov-
erage (%SC). Changes in the surface expression of
the major platelet antigens were also analyzed by
flow cytometry.

Results. Incubation of subendothelial surfaces with
thrombin enhanced platelet deposition with respect
to control levels (increases in SC of 64%, 79% and
86% with 0.001, 0.01 and 0.1 U/mL of thrombin,
respectively). Low concentrations of thrombin
(0.001 and 0.01 U/mL) incorporated in the per-
fusates resulted in a similar pro-adhesive effect
(increases in SC of 64% and 71%, respectively)
while the highest concentration (0.1 U/mL) failed to
produce a pro-adhesive effect due to the augment-
ed formation of platelet aggregates with subsequent
thrombocytopenia (15±1 vs. 160±5 x109 plt/L in
the perfusates). Similar results were obtained when
VWF was present in the perfusate. Reduction of
platelet deposition by blockade of GPIIb-IIIa (to
5.3±0.7%) was partially restored by thrombin. Block-
ade of GPIb prevented platelets from adhering even
when thrombin was present (%SC of 2.0±0.8%). No
significant changes in the distribution of platelet

membrane glycoproteins during perfusion experi-
ments were detected.

Interpretation and Conclusions. Our results suggest
that thrombin facilitates primary platelet adhesion
onto vascular surfaces even in the absence of plas-
ma adhesive proteins. This effect seems to be main-
ly dependent on the GPIb/vWF axis.
©2000, Ferrata Storti Foundation
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Vascular subendothelium is a collagen-rich
adhesive surface onto which platelets adhere,
spread and aggregate. The initiation of these

events implies the presence of functional glycopro-
teins in the platelet membrane. Studies with circu-
lating blood have provided evidence that GPIb,
through its interaction with subendothelial von
Willebrand’s factor (vWF), plays a fundamental role
by supporting platelet adhesion.1,2 GPIIb-IIIa partic-
ipates in platelet spreading3 and platelet aggregate
formation.4 Once activated, platelets provide a pro-
coagulant surface on which thrombin is generated,
stabilizing the growing thrombi.5-7

The major body of evidence arising from studies
into thrombosis models, or from investigations of
experimental perfusion systems with circulating
blood, suggests that thrombin facilitates platelet
interaction with the damaged subendothelium.
Subendothelial tissue factor promotes platelet adhe-
sion and hemostasis by increasing local thrombin
formation at sites of vascular damage.8,9 Local
thrombin synthesis facilitates platelet recruitment on
collagen surfaces10 or damaged vessel walls11 and
fosters platelet thrombus growth.7 Thrombin binds
to the extracellular matrix,12 remains biologically
active and would act as a potent inducer of platelet
deposition and thrombus formation in a non-anti-
coagulated whole blood perfusion system.13 It has
been suggested that an increased formation of fibrin
could play a role in the increased platelet deposition
mediated by thrombin.13,14

In contrast, investigations performed on washed
platelet suspensions have generated evidence of a
decreased presence of GPIb on the platelet surface
after activation by thrombin.15,16 According to these
in vitro studies, exposure of platelets to thrombin
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results in the mobilization of 60 to 70% of the GPIb
receptors from the surface towards the internal mem-
branes of the open canalicular system.17-19 The inter-
nalization of GPIb by thrombin could be a mecha-
nism through which thrombin downregulates platelet
adhesion.20,21 The decreased platelet adhesion pre-
dicted from in vitro studies on platelet suspensions is
in sharp contrast to the fostering effects of thrombin
on platelet adhesion suggested from studies with cir-
culating blood. Therefore, it would be useful to eval-
uate the consequences that a diminished surface
expression of GPIb, supposingly produced by throm-
bin, may have on platelet adhesion.

The present study was designed to evaluate the spe-
cific effects of local and circulating thrombin on
platelet adhesion onto subendothelial surfaces. To
investigate the basic mechanisms involved in the
effects of thrombin, blood was experimentally deplet-
ed of plasma adhesive proteins and coagulation fac-
tors. In some experiments, an intermediate-purity fac-
tor VIII concentrate (Haemate-P) was added to the
perfusates, as previously described,22 in order to
assess the effect of vWF as a main adhesive protein.
To determine the roles of GPIb and GPIIb-IIIa recep-
tors, studies were also performed in the presence of
specific monoclonal antibodies. Modifications in the
presence of platelet membrane glycoproteins GPIb,
GPIIb-IIIa, GPIV and platelet activation markers dur-
ing the perfusion studies were monitored with flow
cytometry techniques.

Design and Methods

Experimental design
Studies were designed to evaluate the specific

effects of thrombin on platelet adhesion to exposed
subendothelial surfaces in flowing blood. For this
purpose, experiments were performed with blood
which had been experimentally depleted of coagula-
tion factors. To test the local effects of thrombin,
vascular segments were incubated with different con-
centrations of thrombin (human plasma thrombin,
Sigma Chemical Co, St. Louis, MO, USA), 0.001,
0.01 and 0.1 U/mL, for 15 minutes before being per-
fused with reconstituted blood samples. To test the
effects of circulating thrombin, thrombin was added
to the perfusates, within 1 min of initiating the per-
fusion, at the same concentrations as used previous-
ly. In some experiments, purified vWF (Haemate-P,
Centeon GmbH, Germany) was added to the per-
fusates (0.8 U/mL of vWF, final concentration). The
effect of blocking GPIb and GPIIb-IIIa was evaluated
in both experimental situations.

Preparation of the perfusates
Blood was obtained by venipuncture from healthy

volunteers who had not taken any drug known to
affect platelet function for at least ten days. Blood
samples were collected in citrate/phosphate/dextrose
buffer (CPD) at a final concentration of 9 parts of
blood to 1 part of anticoagulant. Platelet-rich plas-
ma (PRP) was separated by centrifugation of citrate-
anticoagulated blood for 20 minutes at 100� g. Plas-
ma was discarded and platelets were washed twice
with equal volumes of citrate/acid citric/dextrose (93

mM sodium citrate, 7 mM citric acid and 140 mM
dextrose) pH 6.5, containing 5 mM adenosine and 3
mM theophylline. The final pellet was resuspended in
Hanks’ balanced salt solution (136.8 mM sodium
chloride, 5.3 mM potassium chloride, 0.6 mM sodi-
um hydrogen phosphate anhydrous, 0.4 mM potas-
sium dihydrogen phosphate, 0.2 mM sodium dihy-
drogen phosphate 2-hydrate, 0.37 mM magnesium
sulphate heptahydrate, 0.5 mM magnesium chloride
hexahydrate, 1.26 mM calcium chloride). Red cells
were washed three times with saline buffer contain-
ing glucose. Perfusates consisted of washed platelets
suspended in a 5% human albumin solution,22 at a
final concentration of 160�109 plt/L, and washed
red blood cells (RBC) adjusted to give a rise in hema-
tocrit equivalent to 40%.

When required, and before adding the platelet sus-
pension and the RBC volume, purified vWF (Hae-
mate-P, Centeon GmbH, Germany) was added to
achieve a final concentration of vWF of 0.8 U/mL, as
previously described.22

Effect of antibodies to GPIb or GPIIb-IIIa
In some experiments, platelets were incubated with

a monoclonal antibody (AP1) to block GPIb. The
platelet suspension was incubated before reconsti-
tution with a concentration of AP1 of 1 µg/mL, which
was able to block completely ristocetin-induced
platelet aggregation.

The effect of incubating platelets with an anti-GPI-
Ib-IIIa monoclonal antibody (7E3, Reopro, Lilly) was
assessed. When required and before reconstitution,
platelet suspensions were incubated with Reopro, for
30 minutes before reconstitution, at a final concen-
tration of 4 µg/mL in blood. This concentration was
calculated from the therapeutic dose of Reopro used
in humans.

Perfusion studies
Perfusions were performed through an annular

chamber over rabbit aorta segments previously evert-
ed and denuded.23 In some experiments, the vascular
segments were previously incubated with different
concentrations of thrombin for 15 minutes before
initiating the perfusion. In those experiments per-
formed to test the effect of circulating thrombin, the
different concentrations of thrombin were added to
the perfusates 1 minute after initiating the perfusion.
Flow was maintained by means of a peristaltic pump
(Watson-Marlow, 502S) at a shear rate of 800 sec–1

for 10 minutes at 37°C. In some experiments aliquots
of perfused blood samples were collected, for flow
cytometry analysis, at different time points during the
perfusion and fixed with paraformaldehyde (0.3%
final concentration). After perfusions, segments were
removed, fixed with 2.5% glutaraldehyde, embedded
in JB-4 compound (Polysciences, Warrington, PA),
thin-sectioned for light microscopy and stained with
a 0.02% solution of toluidine blue.24

Morphometric evaluation
Interaction of platelets with subendothelial sur-

faces was evaluated according to Baumgartner and
Muggli.25 Platelets or groups of interacting platelets
were classified as follows:26 Contact (C), platelets
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that were attached but not spread on the suben-
dothelium; Adhesion (A), platelets that were spread
on subendothelium or formed layers of less than 5 µ
in height; and Thrombi (T), platelet aggregates of 5
µ or more in height. Under the experimental condi-
tions used in these studies in which no plasma pro-
teins were present, the formation of large aggregates
was practically absent. Therefore, the total surface
covered (SC) by platelets was obtained by adding
C+A, and expressed as a percentage with respect to
the total surface of the vessel screened.

Flow cytometry studies
A study of platelet surface glycoproteins and acti-

vation-dependent antigens was carried out on 500
µL aliquots of perfused blood samples collected in
paraformaldehyde (final concentration 0.3%) at dif-
ferent times during the perfusion (before starting and
at 1, 2, 5 and 10 minutes).

Immunolabeling of platelets with monoclonal anti-
bodies (MoAbs) was performed in blood samples
using dual-color analysis.27 Briefly, after collection of
samples, 5 µL of blood were added to polypropylene
tubes preloaded with 50 µL phosphate buffered
saline (PBS). The following MoAbs (purchased from
Immunotech, Marseille, France) were used for label-
ing: anti CD41a-PE, anti CD62P-FITC, anti CD63-
FITC, anti CD36-FITC, anti CD42b-FITC and a IgG1-
FITC as a negative control. Samples for dual-color
analysis were first incubated for 15 min with satu-
rating concentrations of anti CD41a-PE in the dark
and at room temperature, without stirring, followed
by the addition of FITC-conjugated MoAbs and incu-
bation for 15 minutes. Samples were then diluted
with 1 mL PBS and analyzed.

Blood samples were analyzed with a FACScan flow
cytometer (Becton-Dickinson, Mountain View, CA,
USA) at an excitation wavelength of 488 nm. Fluo-
rescence and scatter signals were calibrated with 2
mm Calibrite beads (Becton-Dickinson). FITC and
PE fluorescences were detected with a 530/30 and
575/26 nm band pass filter, respectively, and overlap
in the emission spectra of FITC and PE was correct-
ed. Blood samples were diluted in such a way that the
flow rate through the laser beam was less than 3,000
events per second. Platelets were differentiated from
red and white cells by their specific membrane
immunofluorescence.

Histograms were composed from fluorescence data
obtained in the logarithmic mode; 5,000 particles
were analyzed in each sample. Mean fluorescence
intensities (MFI) corresponding to antibody binding
(GPIb, GPIIb-IIIa and GPIV) were expressed using
LYSYS II 1.1 conversion software (Becton-Dickinson)
in an arithmetic mode on a Hewlett-Packard H-P 217
computer (Palo Alto, CA, USA). In order to analyze
the data corresponding to MoAbs anti CD42b, anti
CD41a and anti CD36, the mean fluorescence inten-
sity during the perfusion was expressed as a percent-
age of the value existing at the beginning of the per-
fusion. To analyze CD62P and CD63, results were
expressed as the percentage of positive platelets for
these MoAbs. An analytical marker was set in the
green fluorescence channel to define the 2% of the
platelet population with the highest membrane fluo-

rescence at the baseline level. This marker was used as
a threshold to determine the proportion of platelets
exhibiting immunofluorescence above this level in all
subsequent samples.28

Statistics
Statistical analysis was performed using paired Stu-

dents’ t-test and a p<0.05 was considered statistical-
ly significant.

Results

Effect of thrombin bound to subendothelium on
platelet interactions

Control experiments consisted of blood perfusates
containing adjusted numbers of platelets (160�109

plt/L) and washed red blood cells (40% hematocrit)
which were perfused at 800 sec–1, for 10 min, through
an annular chamber containing denuded rabbit aor-
ta segments (Figure 1A). Results of these control stud-
ies showed an average surface covered by platelets
(%SC) equivalent to 11.7±1.2% (mean±SEM, n=8).
Platelet counts at the end of the perfusion studies
were slightly below the initial values, but differences

Figure 1. Micrographs (x400) showing platelet adhesion
onto subendothelium of vascular segments perfused at 800
s–1 for 10 min. Perfusates consisted of washed platelets
(160�109 plt/L) and red blood cells (40% hematocrit)
resuspended in human albumin solution (5%). Images cor-
respond to perfusions of reconstituted blood samples over
subendothelial surfaces (A) non-treated or (B) previously
incubated with 0.1 U/mL of thrombin; in some experiments
perfusates containing platelets previously incubated with
Reopro (anti GPIIb-IIIa chimeric antibody) were perfused
over subendothelial surfaces (C) non-treated or (D) previ-
ously incubated with 0.1 U/mL of thrombin.
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never reached levels of statistical significance.
As shown in Figure 2A, incubation of vascular seg-

ments with increasing concentrations of thrombin
(0.001, 0.01 and 0.1 U/mL) resulted in an increase in
the surface covered by platelets (64%, 79% and 86%
of increase respectively, considering control values as
100%). The increase in the surface coverage promot-
ed by thrombin bound to subendothelium was sta-
tistically significant with respect to controls (p<0.001)
(Figure 2A), although it seemed to reach a plateau
with no statistically significant differences among the
different concentrations of thrombin used (%SC of
19.1±3.4%, 20.9±2.2% and 21.5±2.2%, respectively).
Incubation of vascular segments with the different
concentrations of thrombin did not significantly alter
platelet counts with respect to the initial values in
reconstituted blood samples before perfusion.

Addition of vWF to the perfusates significantly

increased the percentage of surface covered by
platelets from 11.7±1.2% (in controls) to 19.6±1.8%
(p<0.01) (Figure 2B). In this experimental situation,
when vascular segments were incubated with 0.001,
0.01 and 0.1 U/mL of thrombin, values of %SC
increased to 22.5±3.1% (p<0.01), 23.8±2.3%
(p<0.001) and 25.0±2.2% (p<0.001), respectively
(see Figure 2B).

Effect of circulating thrombin on platelet-
subendothelium interactions

In parallel experiments the effects of circulating
thrombin (0.001, 0.01 and 0.1 U/mL of perfusate) on
platelet adhesion were also evaluated. In these exper-
iments, thrombin was added 1 min after the perfusion
was initiated. The addition of the lower concentra-
tions of thrombin, 0.001 and 0.01 U/mL, significantly
increased platelet deposition onto the subendotheli-

Figure 2. Bar diagrams show the effect of thrombin bound
to subendothelium on platelet interactions. Subendothelial
surfaces were incubated for 15 min before initiating perfu-
sions with increasing concentrations of thrombin (T): 0
(CONTROL), 0.001, 0.01 and 0.1 U/mL. Perfusates con-
sisted of washed platelets (160�109 plt/L) and red blood
cells (40% hematocrit) resuspended in human albumin solu-
tion (5%) in the absence (A) and in the presence (B) of puri-
fied von Willebrand’s factor (vWF) (0.8 U/mL, final con-
centration). Perfusions were carried out at 800 s–1 for 10
min at 37°C. Data are expressed as percentages with
respect to the total surface screened. Mean±SEM, n=8,
*p<0.01 and **p<0.001 vs. control data.

Figure 3. Bar diagrams show the effect of circulating throm-
bin on platelet-subendothelium interactions. Concentrations
of thrombin (T) of 0 (CONTROL), 0.001, 0.01 and 0.1 U/mL
were added to the perfusates after 1 min of initiating the
perfusion over non-treated subendothelial surfaces. Per-
fusates consisted of washed platelets (160�109 plt/L) and
red blood cells (40% hematocrit) resuspended in human
albumin solution (5%) in the absence (A) and in the pres-
ence (B) of purified von Willebrand’s factor (VWF) (0.8
U/mL, final concentration). Double-dashed bars indicate a
decrease in platelet counts below 50%. Perfusions were
carried out at 800 s–1 for 10 min at 37°C. Data are
expressed as percentages with respect to the total surface
screened. Mean±SEM, n=8, *p<0.01 and **p<0.001 vs.
control data.
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um with values of surface coverage equivalent to
19.1±2.1% (mean±SEM) and 19.5±1.9%, respective-
ly (p<0.001). These values represent relative increas-
es of 64% and 71% with respect to the control (Figure
3A). Platelet counts after perfusion were slightly below
those obtained in the initial sample (157±10 and
149±5�109 plt/L, with thrombin 0.001 and 0.01
U/mL, respectively) though differences did not reach
the levels of statistical significance. The addition of
0.1 U/mL of thrombin dramatically reduced the
degree of platelet deposition onto the perfused suben-
dothelial surfaces. The %SC dropped to values of
3.01±0.5% (relative decrease of 75% with respect to
the control values; p<0.001). A dramatic reduction in
the platelet count (15±1�109 plt/L) was observed in
the post-perfusion samples with this high concentra-
tion of thrombin (0.1 U/mL).

In the presence of vWF (Figure 3B), addition of

0.001 U/mL of thrombin to the perfusates increased
the surface coverage with respect to control values
(18.0±0.8% vs. 11.7±1.2%, p<0.001), although the
coverage did not differ significantly when compared
with the %SC reached in the presence of vWF itself
(%SC of 19.6±1.8%). However, higher concentrations
of thrombin, of 0.01 and 0.1 U/mL, did cause a drop
in the platelet counts from 160�109 (in controls) to
75±15 and 13±2�109 plt/L, respectively. The decrease
in platelet counts observed resulted in a reduction of
the surface coverage to 11.3±1.9% and 2.8±1.0%,
respectively.

Effect of local or circulating thrombin on
platelet adhesion in the presence of specific
antibodies to glycoprotein Ib or IIb-IIIa

Blockade of GPIb resulted in an almost complete
inhibition of platelet adhesion (2.0±0.8%, mean±
SEM, n=4, p<0.001 vs. control) (Figures 4A and 4B).
Incubation of segments with thrombin or the addi-
tion of thrombin to the perfusates did not modify the
results obtained with the anti-GPIb antibody.

Platelet membrane GPIIb-IIIa was blocked by incu-
bation of platelet suspensions with 4 mg/mL of Reo-
pro (final concentration in the perfusates). Blockade
of GPIIb-IIIa by the specific chimeric antibody reduced
platelet deposition in control experiments (Figure 1C)
(from 11.7±1.2% to 5.3±0.7%, p<0.05). This inhibito-
ry effect (about 50% with respect to control values)
was partially restored by thrombin, either locally incu-
bated on the subendothelium (Figure 1D) or added to
the perfusate. Results of these studies, using the same
experimental design described before, are summarized
in Figures 5A and 5B. The concentration of 0.001
U/mL of thrombin was not used in these experiments
since its effect either incubated on the vascular seg-
ments or added to the perfusates was similar to that
observed with the concentration of 0.01 U/mL. 

Perfusion of denuded vascular segments, previous-
ly incubated with 0.01 and 0.1 U/mL of thrombin,
with perfusates containing the anti-GPIIb-IIIa result-
ed in %SC of 7.5±1% and 9.9±1.7%, respectively,
reaching %SC values of 70% and 89% with respect to
control values, considered as 100% (Figure 5A).

Addition of 0.01 and 0.1 U/mL of thrombin 1
minute after initiation of perfusion to the perfusates,
previously incubated with the anti GPIIb-IIIa anti-
body, restored platelet deposition onto the suben-
dothelial surface to values of 9.4±1.5% and 7.8±1.3%
(85% and 70% of control values) (Figure 5B). The
decreases in platelet counts observed in the post-per-
fusion samples exposed to circulating thrombin (0.01
and 0.1 U/mL) were partially corrected when the anti
GPIIb-IIIa antibody was incorporated in the per-
fusates, but remained low (35±5�109 plt/L) with the
highest concentration of thrombin (0.1 U/mL).

Changes in the expression of platelet 
membrane glycoproteins during perfusion
experiments

There were no changes in the expression of the anti-
gens studied during control perfusions. However, in
experiments in which thrombin was added to the per-
fusates at a final concentration of 0.1 U/mL we
observed significant changes in the expression of

Figure 4. Bar diagrams represent surface covered by
platelets on subendothelial surfaces perfused with recon-
stituted blood samples containing platelets before (CON-
TROL) and after treatment with a monoclonal antibody to
GPIb (AP1). In A) experiments were performed using suben-
dothelial surfaces previously incubated with 0, 0.01 or 0.1
U/mL of thrombin for 15 min. In B) non-treated subendo-
thelial surfaces were perfused with blood samples to which
0, 0.01 or 0.1 U/mL of thrombin were added 1 min after ini-
tiating the perfusion. Results are expressed as percentages
of surface covered by platelets with respect to the total
surface screened. Mean±SEM, n=4; *p<0.001. 



most of the antigens analyzed. After 1 minute of
adding thrombin, the percentage of platelets express-
ing activation-dependent antigens (CD62P and
CD63) increased from 2±0.8% and 2.2±0.3% (initial
values) to 18.9±2.6% and 19.5±1.3%, respectively. In
the same samples, we detected increases in the inten-
sity of fluorescence for CD36 and CD41a of 164±5%
and 34.6±4.1%, respectively. No changes were
observed in the expression of CD42b. The presence
of 0.1 U/mL of thrombin in the perfusates induced
platelet aggregation with an important decrease in
the platelet counts, which caused a reduction in
platelet adhesion, as mentioned before.

We did not observe significant changes in the
expression of the antigens analyzed in those experi-
ments in which vessel segments were incubated with
thrombin. A slight increase of 6.5±0.1% was observed
for GPIIb-IIIa expression.

Discussion
Results of the present study indicate that thrombin

promotes platelet adhesion to subendothelial sur-
faces under flow conditions, and this effect also
occurs in the absence of plasma adhesive proteins.
Previous studies have shown that thrombin binds to
the extracellular matrix and remains biologically
active. After binding, thrombin seems to undergo
configuration changes that prevent antithrombin
III/heparin from affecting its catalytic activity.12 It has
been suggested that thrombin would cause internal-
ization of GPIb and subsequent reduction in platelet
adhesion. However, our present data, obtained
under experimental conditions in which adhesion was
mainly dependent on the GPIb-vWF axis, suggest that
thrombin increases platelet adhesion. Moreover,
thrombin was capable of moderately improving
adhesion in experiments in which GPIIb-IIIa recep-
tors had been blocked by specific antibody frag-
ments. The latter evidence suggests that other recep-
tors or adhesive proteins expressed during platelet
activation could partially overcome the blocking
effects of anti-GPIIb-IIIa therapy. 

Several studies have suggested that GPIb becomes
internalized in the open canalicular system when iso-
lated platelets are exposed in suspension to throm-
bin.16,17,19,21 This clearance of GPIb from the external
membranes has been proposed as a mechanism to
regulate platelet adhesive function.20 A similar effect
of thrombin on GPIb receptors could be expected
locally at the subendothelial environment when
platelets initiate primary hemostasis.15 In our experi-
ments, incubation of vascular segments with low con-
centrations of thrombin (0.001 to 0.01 U/mL) was
followed by a marked increase of platelet attachment
onto the perfused subendothelial surface. The fact
that an antibody to GPIb inhibited the pro-adhesive
effect of thrombin indirectly suggests that this glyco-
protein was mainly responsible for the adhesion of
platelets observed under our experimental situation.

Our experiments demonstrate that thrombin, local
or circulating, has a pro-adhesive effect on platelets.
Should thrombin decrease surface GPIb, this phe-
nomenon will have little relevance on platelet adhe-
sion onto subendothelium under flow conditions.29

It should be noted that in the vast majority of exper-
iments in which an important down-regulation of
GPIb was seen, platelets had been exposed to high
concentrations of thrombin while suspended in
buffers containing EDTA.15,16,19,20,21 Although a cer-
tain degree of internalization has been observed with
concentrations of thrombin equivalent to 0.05
U/mL,16 the down-regulation seems to be maximal
with concentrations ≥ 1 U/mL.17 The internalization
of GPIb seems to be quantitatively lower in the pres-
ence of Ca2+, as measured by flow cytometry,21

although differences in the extent of this down-regu-
lation between different laboratories persist.30 Our
present data suggest that the negative effects of
thrombin on platelet adhesion predicted in previous
studies20 may not be relevant when studies are per-
formed under more physiologic conditions (i.e shear
stress and thrombin concentrations).

Platelet adhesion decreased significantly after the
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Figure 5. Bar diagrams represent surface covered by
platelets on subendothelial surfaces perfused with recon-
stituted blood samples containing platelets before (CON-
TROL) and after treatment with a chimeric anti GPIIb-IIIa
antibody (REO). In A) some experiments were performed
using subendothelial surfaces previously incubated with 0,
0.01 or 0.1 U/mL of thrombin for 15 min. In B) non-treated
subendothelial surfaces were perfused with blood samples
to which 0, 0.01 or 0.1 U/mL of thrombin were added 1 min
after initiating the perfusion. Results are expressed as per-
centages of surface covered by platelets with respect to the
total surface screened. Mean±SEM, n=4; � = p<0.05 Reo-
pro vs. Control, *p<0.05 vs. Reopro.



addition of higher concentrations of thrombin to the
perfusates. Data from our flow cytometry studies sug-
gest that the decrease in platelet adhesion observed
under such experimental conditions is likely related to
the severe thrombocytopenia caused by recruitment
of platelets into aggregates31 or to platelet micro-
vesiculation. This pro-aggregating effect of thrombin
was also seen in the presence of vWF although this
phenomenon occurred with a ten-fold lower con-
centration of thrombin. We should consider that per-
haps one of the problems of the flow cytometric
determinations performed in our study is that on
many occasions they are performed on platelets that
have failed to interact with the subendothelium or
with other platelets and, therefore, they are not rep-
resentative. However, results obtained from experi-
ments in which blood platelets suspended in buffers
are exposed to high concentrations of thrombin,
while subsequent platelet aggregating responses are
chemically blocked,16-20 produce an even more dra-
matic distortion of normal platelet function. There-
fore, conclusions in our study are mainly derived from
those results obtained from the adhesion studies.

Chimeric antibodies to GPIIb-IIIa have been suc-
cessfully used to prevent vascular restenosis.32,33 Our
present studies confirm that such a therapeutic
approach effectively inhibits platelet deposition,
probably by blocking residual platelet spreading sup-
ported by GPIIb-IIIa receptors. However, in our stud-
ies thrombin could partially overcome the effect of
GPIIb-IIIa blockade. Studies by different groups have
suggested that vWF and fibrinogen34,35 released dur-
ing the activation of platelets binds, to GPIIb-IIIa pre-
sent in the open canalicular system. Internal pools of
glycoproteins located in the open canalicular system
or �-granules would be less available to therapeutic
antibodies present in the plasma environment. Anoth-
er possible explanation is that thrombin could act
synergistically with the collagen-rich subendothelial
surface thus facilitating platelet adhesion. Glycopro-
tein IV (GPIV or CD36) accelerates platelet interac-
tions with collagen surfaces36 and it has been sug-
gested that thrombin increases the expression of this
glycoprotein.37

Data from this study may have therapeutic impli-
cations. The controversy about the relative roles of
antiplatelet or antithrombin strategies is still ongo-
ing.38-42 In those situations in which deep vascular
damage occurs (e.g. angioplasty), there is exposure of
tissue factor resulting in thrombin generation. In fact,
the experimental conditions used in the present study
resemble those occurring in deep vascular damage.43

The thrombogenicity of the collagen-rich surface
resulting from enzymic digestion of a vascular seg-
ment in this study was further enhanced by exposure
to thrombin. Our data support the concept that gen-
eration of thrombin at sites of deep vascular damage
facilitates platelet interaction. Therapeutic approach-
es with anti-thrombin drugs have been shown to be
effective in preventing platelet deposition in experi-
mental thrombosis models.38,43

Modulation of the vWF/GPIb axis is perceived as a
promising therapeutic approach aimed at prevent-
ing excessive platelet interactions with damaged ves-
sels.44-47 If GPIb disappeared from the platelet sur-

face, as predicted from studies on platelets activated
in suspension, the rationale for strategies targeting
the vWF/GPIb axis would be lost. Our present results
indirectly suggest that the beneficial effects of thera-
peutic strategies aimed at modulating GPIb/vWF, or
perhaps GPIa-IIa, GPIV and GPVI/collagen should be
explored in the near future.

In summary, data from the present study show that
preactivation by thrombin facilitates primary platelet
adhesion onto collagen-rich vascular surfaces in an
experimental system which is mainly dependent on
the GPIb/vWF axis. Though GPIIb-IIIa/fibrinogen
mechanisms may play a role, the effects of thrombin
are clearly manifested in the absence of fibrinogen or
are still noticeable when GPIIb-IIIa receptors are
specifically blocked.

Contributions and Acknowledgments
All the authors participated in the conception and design

of the present study, in the analysis and interpretation of
data, and in drafting and revising the manuscript. MD-R was
primarily responsible for the conception of this investigation
and production of the article. EE and JA-S carried out the
perfusion and blocking experiments and ML performed the
flow cytometry analyses. JGW and AO participated in the
discussion of the results. GE was involved in the conception of
the study, discussion of the data and correction of the manu-
script. The order of authorship has been a joint decision of the
co-authors based on their participation in the design of the
study, the experimental tasks and in the discussion of the
results.

Funding
This work was supported by Fondo de Investigaciones San-

itarias de la Seguridad Social, Ministerio de Sanidad (FIS
98/321, 99/0110, 99/0106); Dirección General de Inves-
tigaciones Ciéntificas y Técnicas, Ministerio de Educación y
Ciencia (DGICYT, PM95/0103), and CIRIT (SGR97-
133), Spain.

Disclosures
Conflict of interest: none.
Redundant publications: no substantial overlapping with

previous papers.

Manuscript processing
Manuscript received June 24, 1999; accepted November

25, 1999.

References

1. Weiss HJ, Tschopp TB, Baumgartner HR. Impaired
interaction (adhesion-aggregation) of platelets with
the subendothelium in storage-pool disease and after

M. Díaz-Ricart et al.286

Haematologica vol. 85(3):March 2000

Potential implications for clinical practice

� It has been suggested that thrombin causes
internalization of platelet GPIb. However, expo-
sure of platelets to surface-bound thrombin
does not reduce platelet interaction but it pro-
motes adhesion and aggregation. This effect is
not blocked by antiplatelet strategies directed
at GPIIb-IIIa.
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