
509

© 2001 Schattauer GmbH, Stuttgart Thromb Haemost 2001; 85: 509–13

Contribution of Platelet-derived Factor Va to
Thrombin Generation on Immobilized Collagen-
and Fibrinogen-adherent Platelets

Jacob J. Briedé1, Johan W. M. Heemskerk1, 2, Cornelis van ‘t Veer3,
H. Coenraad Hemker1, Theo Lindhout1

Departments of 1Biochemistry, 2Human Biology and 3Surgery, Cardiovascular Research Institute Maastricht,
Maastricht University, Maastricht, The Netherlands

Key words

Fibrinogen, collagen, platelets, platelet factor V, prothrombinase

Summary

Adhesion of platelets to immobilized collagen induces the expression
of anionic phospholipids, e. g. phosphatidylserine (PS), in the outer
leaflet of the plasma membrane of these platelets. In contrast, of the pla-
telets that adhere to immobilized fibrinogen only a small sub-popula-
tion representing 10 ± 3% of the total population of the fibrinogen-
adherent platelets has exposed PS as probed by annexin V binding.
Although the presence of PS is thought to be critical for thrombin
generation at the platelet surface, no information is available about the
effect of this differential PS exposure on the ability of adherent platelets
to support thrombin generation. Perfusion of the fibrinogen- or colla-
gen-adherent platelets with solutions containing factor Xa and pro-
thrombin resulted in thrombin generation that i) increased linear during
the first perfusion minutes, ii) was about two-fold faster at collagen-
adherent than at fibrinogen-adherent platelets and iii) was for more than
98% restricted to the surface of the adherent platelets. It appeared that
the lower thrombin generating capacity of fibrinogen-adherent platelets
is not due to a lower overall surface density of PS, but is caused by
lower amounts of platelet-bound factor Va. Firstly, in both cases throm-
bin generation could be completely attenuated with antibodies against
human factor Va, and secondly, in the presence of an excess of exoge-
nous plasma-derived factor Va similar initial rates of thrombin forma-
tion were measured for collagen- and fibrinogen-adherent platelets. Our
findings suggest a unique role for immobilized collagen in maintaining
haemostasis.

Introduction

After vessel wall damage, collagen fibers present in the sub-endo-
thelium become exposed to the blood stream. Thrombus formation is
initiated by platelets that adhere to these collagen fibers. Interactions
between these adherent platelets and other platelets then result in the
formation of a haemostatic plug [reviewed in (1)]. At the same time
thrombin, a plasma protease, is generated which converts the soluble
plasma protein fibrinogen into insoluble fibrin strands. The fibrin
network then stabilizes this primary haemostatic plug. Sufficient

amounts of thrombin to accomplish fibrin formation are only generated
when the serine protease factor Xa is assembled with the non-enzyma-
tic cofactor Va at a membrane that contains anionic phospholipids
(2, 3). In blood, approximately 20% of the non-activated form of this
essential cofactor, factor V, is stored in the alpha-granules of platelets
(4) and becomes released and activated when platelets are exposed to a
sub-nanomolar concentration of thrombin (5); the other 80% is found in
plasma. Yet, patients with normal plasma factor V levels, but reduced
platelet-derived factor V content, appear to have an increased bleeding
tendency (6, 7), which might point at an important role of platelet
factor V in maintaining normal haemostasis. It is postulated that the
ratio of platelet-derived factor V over plasma-derived factor V within a
platelet-rich thrombus increases to about 100-fold (8). The validity of
this assumption remains, however, to be proven.

Activated platelets are also an important source of procoagulant
anionic phospholipid membranes. In resting platelets negatively char-
ged phospholipids are solely present in the inner leaflet of the plasma
membrane, but when platelets in suspension are exposed to a combina-
tion of thrombin and collagen they appear at the outer leaflet of the
plasma membrane (9). However, whether anionic phospholipids are
the sole binding and catalytic sites for the prothrombinase complex at
activated platelets is still a matter of debate. Studies that compared the
regulation of thrombin generation on synthetic phospholipids with that
on activated platelets indicate that in addition to the anionic phospholi-
pid membrane constituents specific receptor-like membrane compo-
nents for factor Va (10), factor Xa (11, 12) and prothrombin (13) are
likely to play a role in prothrombin activation.

We note that in spite of the detailed information that has been gathe-
red on prothrombin activation in platelet suspensions much less is
known about the factors that determine thrombin generation at the
surface of adherent platelets in a flow-through system. The latter expe-
rimental set up is probably more relevant to the in vivo situation.
Previous studies from our group have indicated that the procoagulant
response of platelets as triggered by adhesion to immobilized fibrino-
gen and collagen quantitatively differs. Whereas adhesion of platelets
to immobilized collagen induced PS exposure and release of P-selectin
in the absence of thrombin, these reactions were almost absent in plate-
lets that adhere to immobilized fibrinogen (14). The objective of this
study was to assess whether these marked difference in procoagulant
responses have consequences for the ability of these platelets to support
thrombin generation and if so, whether this could be attributed to a
difference in PS exposure or platelet factor V release and activation.
The experimental set up to address these questions consists of a flow-
through system in which washed platelets were adhered to immobilized
collagen or fibrinogen prior to their exposure to a flowing buffer con-
taining factor Xa and prothrombin, but no factor Va. 
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Materials and Methods

Reagents. Bovine serum albumin (BSA), bovine fibrinogen (fraction I,
type IV), and apyrase were from Sigma (St. Louis, USA). S2238, a chromo-
genic substrate for thrombin, was obtained from Chromogenix (Mölndal,
Sweden). Human factor Xa and human prothrombin were prepared and quanti-
fied as described (15). Human factor Va was kindly donated by Dr. G. Tans,
Department of Biochemistry, Maastricht University, Maastricht, The Nether-
lands. Human �-thrombin was prepared as described elsewhere (16). Horm
collagen was a product of Nycomed (Munich, Germany). Oregon Green 488-
labeled annexin V (OG-annexin V) was a product of NeXins Research
(Hoeven, The Netherlands). Sheep anti-human factor V IgG and nonimmune
purified sheep IgG were purchased from Kordia (Leiden, The Netherlands).
The synthetic peptide S123PGKPGNQNSKNEPP137 duplicating the factor Xa
binding site of the effector cell protease receptor-1 (EPR-1) (18) and a mouse
mAb directed against this peptide were a kind gift of Dr. N. Senden (Depart-
ment of Surgery, Maastricht University, Maastricht, The Netherlands). FITC-
labeled goat anti-mouse IgG was obtained from Molecular Probes (Leiden, The
Netherlands).

Isolation of platelets. Suspensions of washed platelets were prepared as
described before (14). Briefly, blood was drawn from healthy donors, who had
not taken anti-platelet drugs in the preceding two weeks. Platelet-rich plasma
was prepared by centrifugation. The platelets were then sedimented from
plasma by another centrifugation step, washed twice with HEPES buffer (10 mM
HEPES, 136 mM NaCl, 5 mM glucose, 2.7 mM KCl, 2 mM MgCl2, pH 6.6),
containing 0.5 mg/ml BSA and apyrase (0.1 U/ml). Finally, the platelets were
resuspended in HEPES buffer of the same composition, but adjusted to
pH 7.45. Platelets were counted on a Coulter counter (Coulter, Miama, USA),
and suspensions were adjusted to 5 � 107 platelets/ml.

Preparation of fibrinogen- and collagen-coated cover slips with adherent
platelet. Fibrinogen-coated glass cover slips were prepared as previously
described (19). Cleaned cover slips were exposed for 15 min at room tempera-
ture to 10 mg/ml fibrinogen in saline solution (154 mM NaCl). Collagen-coated
cover slips were prepared by spraying a solution of 100 �g/ml Horm collagen
using a 100-GFX airbrush (Badger, Franklin Park, USA). The collagen-coated
cover slips were allowed to dry on air before use. Fibrinogen- and collagen-
coated cover slips were rinsed and incubated for 15 min with HEPES buffer
(pH 7.45) to shield uncovered patches of glass with BSA before they were
exposed to a platelet suspension. Non-adherent platelets were removed by
rinsing 5 times with 250 �l HEPES buffer (pH 7.45).

Phase contrast and epifluorescence microscopy. A cover slip with adherent
platelets mounted in a rectangular flow chamber was placed on the stage of an
inverted microscope (Diaphot 200, Nikon, Tokyo, Japan). The images were
recorded with a VPM 6132 monochrome high-resolution charge-coupled device
camera from Vista (Norbain, UK) that was connected to the arm of a 1:1 beam
splitter. Quanticell 900 software (Visitech, Sunderland, UK) was used for ana-
lyzing the phase contrast images. Fluorescence images were made using light
from a Xenon lamp passing a computer-controlled excitation and neutral density
filter wheel, and reaching the objective of the inverted microscope through an
UV-transparent liquid light guide and a dichroic long-pass filter. The emission
light collected by 40� quartz oil-immersion objective passed, via the second
arm of the 1:1 beam splitter, a computer controlled emission filter wheel, and
finally reached a low-light level intensified, charge-coupled device camera
working at standard video rate (Photonic Sciences, Robertsbridge, UK).
Oregon Green 488 and FITC fluorescence were observed with a 485 nm exci-
tation filter (bandpass of 40 nm), a 505 nm dichroic long-pass filter, and a
530 nm emission filter (bandpass of 30 nm). Fluorescence images were digiti-
zed and averaged after subtraction of background images, and the resulting
images were stored. The fluorescence images were off-line analyzed using
Quanticell 700 software. Results represent the mean and standard deviation of
three experiments.

Thrombin generation. Experiments under flow conditions were performed
using a rectangular flow chamber that was described before (19). The flow
chamber (60 �l), that contained a cover slip with immobilized collagen or
fibrinogen, was filled with a suspension of washed platelets and incubated at
room temperature for 40 minutes. Non-adherent platelets were removed by

rinsing the chamber with HEPES buffer (pH 7.45) at a flow rate of 300 �l/min
for 10 min. The flow chamber was then perfused (100 �l/min; wall shear rate
of 50/s) with HEPES buffer (pH 7.45) containing 3 mM CaCl2, factor Xa, pro-
thrombin and, where indicated, factor Va. Samples (100 �l) were collected
from the outlet of the flow chamber and added to cuvettes, containing 350 �l
Tris-EDTA buffer (50 mM Tris-HCl, 175 mM NaCl, 20 mM EDTA and
0.5 mg/ml BSA, pH 7.9) and assayed for thrombin using the chromogenic sub-
strate S2238 as previously described (20). The rate of thrombin generation in
the flow reactor, vt (pmol/min), was calculated from vt = [IIa]t Q, in which [IIa]t

is the thrombin concentration (pmol/ml) in the timed sample taken at the outlet
of the flow reactor and Q the volumetric flow rate (ml/min). To measure throm-
bin formation in the fluid phase, which could be associated with microparticles,
samples of 50 �l were collected at the outlet and incubated for an additional
10 min before Tris-EDTA buffer was added to stop prothrombin activation. The
rate of thrombin formation in the fluid phase, vf (pmol/min), was calculated
from vf = [IIa]f V/t in which [IIa]f (pmol/ml) is the amount of thrombin that was
formed during the 10-min incubation time, V the volume of the flow chamber
(0.06 ml) and t the incubation time (10 min). The rate of thrombin generation at
the surface of the adherent platelets, vs (pmol/min), was then calculated from
vs = vt – vf.

Statistics. Data are shown as mean ± SD (n = 3) unless otherwise stated.

Results

Extracellular calcium-induced translocation of anionic phospholi-
pids in the membranes of fibrinogen- and collagen-adherent platelets.
Washed platelets in HEPES buffer (pH 7.45) were exposed to fibrino-
gen- or collagen-coated glass cover slips mounted in a flow chamber as
described in “Material and Methods”. Platelets in contact with fibrino-
gen developed pseudopodia, and a majority of them became fully
spread. In contrast, platelets in contact with a collagen-coated cover slip
all spread. After 40 min of incubation no further morphological chan-
ges were observed in both cases. The adherent platelets were exposed to
a CaCl2-containing HEPES buffer (pH 7.45) and platelet shape changes
and PS exposure were analyzed by phase contrast microscopy and by
the capability to bind OG-annexin V, respectively. In accordance with
previous observations (21) most of the platelets did not change in mor-
phology (Fig. 1A), but 10 ± 3% of the fibrinogen-adherent platelets
responded by vesiculation of the plasma membrane and binding of OG-
annexin V (Fig. 1B). In contrast, most of the collagen-adherent platelets
responded to the addition CaCl2 with a dramatic shape change. Within
10 min the platelets transformed from a fully spread to a balloon-
shaped appearance (Fig. 1C) and all platelets bound annexin V (Fig. 1D).
These data thus confirm our earlier observations (14) that extracellular
calcium induces in some fibrinogen-, but virtually all collagen-adherent
platelets translocation of PS from the inner leaflet to the outer leaflet of
the platelet plasma membrane.

The influence of PS exposure on platelet-dependent thrombin gene-
ration. Flow chambers with adherent platelets were perfused at a flow
rate of 100 �l/min with HEPES buffer (pH 7.45) containing factor Xa
(0.05 nM), prothrombin (100 nM) and CaCl2 (3 mM). Fig. 2A shows
that during the first 10 min of the experiment the rate of thrombin pro-
duction at the surface of collagen-adherent platelets increased about
twofold faster than at the surface of fibrinogen-adherent platelets.
However, the steady state rates of thrombin production in the flow
chamber with fibrinogen- or collagen-adherent platelets were about the
same (1.0 and 1.2 pmol/min, respectively). It is apparent that initially
more prothrombinase is assembled at the collagen- than at the fibrino-
gen-adherent platelets. Yet, the question whether this difference is
solely caused by the different overall surface density of PS cannot be
answered at this point. One should think of the possibility that part of
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the prothrombinase activity is associated with microparticles shed into
the solution by adherent platelets. However, whereas the rate of throm-
bin production in the chamber increased up to 1 pmol/min, the average
rate of thrombin production in the perfusion solution was less than
0.01 pmol/min. It is evident that thrombin production is almost totally
confined to the surface of the adherent platelets (Fig. 2A). Alternatively,
the overall surface density of PS on fibrinogen-adherent platelets could
increase during the time of the experiment because of the platelet
activating capability of in situ generated thrombin. However, during
thrombin generation no gross increase in the number of annexin V-bin-
ding platelets was measured. We found that the percentage of platelets
exposing PS in their outer leaflet of the plasma membrane increases
from 10 ± 3% before thrombin generation to 28 ± 7% after 50 min of
thrombin production. We recall that in contrast to fibrinogen-adherent
platelets, all collagen-adherent platelets bound annexin V prior to their
exposure to in situ generated thrombin.

Dependency of platelet-dependent thrombin generation on platelet
factor Va. Because of the absence of exogenous factor Va in the perfu-
sion solution in the previous experiments, the differential thrombin
generating abilities between fibrinogen- and collagen-adherent plate-
lets could be the result of limited amounts of platelet-bound factor Va.
To examine this possibility, a similar experiment as shown in Fig. 2A
was performed but with added plasma-derived factor Va (0.5 nM).
Fig. 2B shows the rate of thrombin production in flow chambers with
collagen- or fibrinogen adherent platelets (closed symbols) and the rate
of thrombin production in the perfusion solution (open symbols). It is
seen that for collagen-adherent platelets, addition of plasma factor Va
had no effect on the rate of thrombin production (compare Figs. 2A and
2B). In the absence and presence of plasma factor Va the rate of throm-
bin production linearly accelerated at the same rate (0.09 ± 0.02 and
0.10 ± 0.01 pmol/min2, respectively). In contrast, addition of plasma
factor Va initially accelerated the rate of thrombin generation on fibri-
nogen-adherent platelets about twofold: from 0.04 ± 0.01 to 0.08 ±
0.02 pmol/min2. It is clearly seen in Fig. 2B that also in the presence of
exogenous factor Va virtually all thrombin produced in the flow cham-
ber originates from the surface of the fibrinogen- and collagen-adherent
platelets. Thus, in the presence of plasma factor Va the rate of thrombin
generation at the surface of fibrinogen-adherent platelets approaches
the rate of thrombin production at the surface of collagen-adherent
platelets in the absence of exogenous factor Va.

It is of interest to note that all courses of thrombin generation 
showed about similar steady state rates of thrombin production. The
steady state of thrombin production could result from a transport-limi-
ted situation in which the rate of prothrombin activation is faster than
the rate at which prothrombin is transported to the catalytic platelet sur-
face. If true, then the steady state rate of thrombin production will
depend on the prothrombin concentration in the perfusion solution.
In accordance with an earlier observation (19) we found a linear in-
crease in the steady state rate of thrombin production when the pro-
thrombin concentration was increased from 20 to 200 nM.

To confirm our notion that platelet-bound factor Va is critical in
factor Xa-catalyzed prothrombin activation, experiments with anti-
human factor V antibodies were performed. Fibrinogen- and collagen-
adherent platelets were pre-activated for 15 min with human �-throm-
bin (10 nM) to activate platelet factor V. Thrombin was then removed
by a 5-min perfusion with CaCl2-containing HEPES buffer (pH 7.45)
and the platelets were incubated during 45 min with 0.4 mg/ml anti-
factor V IgG. After unbound antibodies were removed from the flow
chamber by flushing for 5 min with CaCl2 containing HEPES buffer,
a perfusion was performed with factor Xa (0.05 nM), prothrombin

(100 nM) and CaCl2 (3 mM). We found that incubation of thrombin-
activated fibrinogen- and collagen-adherent platelets with anti-factor V
IgG completely blocked thrombin generation. When the same experi-
ment was performed with purified nonimmune sheep IgG (0.4 mg/ml)
thrombin generation was comparable with that measured in the absence

Fig. 1 Morphology and OG-annexin V binding capacity of fibrinogen-
and collagen-adherent platelets. Washed platelets in HEPES buffer (pH 7.45)
were exposed to immobilized fibrinogen or collagen and incubated with 28 nM
OG-annexin V and 3 mM CaCl2 as described in “Materials and Methods”.
Panels A and B represent phase contrast images and OG-fluorescence images,
respectively, of fibrinogen-adherent platelets. Those of collagen-adherent
platelets are depicted in panels C and D. The fibers in panel C are collagen

Fig. 2 Thrombin formation on fibrinogen- or collagen-adherent platelets.
A flow chamber containing collagen- or fibrinogen-adherent platelets was per-
fused with HEPES buffer (pH 7.45), supplemented with 3 mM CaCl2, 0.05 nM
factor Xa, and 100 nM prothrombin in the absence (Panel A) or in the presence
of 0.5 nM factor Va (Panel B). The rate of thrombin generation at the surface of
fibrinogen- (�) and collagen-adherent platelets (�) was calculated from the
rate of thrombin generation in the flow chamber and the rate of thrombin gene-
ration in the perfusion solution passing by the fibrinogen- (�) and collagen-
adherent platelets (�) as described in Materials and Methods
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of IgG. To verify that anti-factor V IgG specifically neutralized fac-
tor Va activity thrombin generation, experiments were performed in a
well-defined buffer system. The reaction mixture consisted of synthetic
phospholipid vesicles composed of 25 mol% 1,2-dioleoyl-sn-glycero-
3-phosphoserine and 75 mol% 1,2-dioleoyl-sn-glycero-3-phospho-
choline (0.7 �M), human factor Va (0.4 nM), 1 pM human factor Xa,
200 nM human prothrombin and 3 mM CaCl2 in HEPES buffer, pH 7.5.
Prior to the start of the reaction with prothrombin the reaction mixture
was incubated for 45 min at 37° C with either nonimmune sheep IgG
(0.4 mg/ml) or sheep anti-human factor V IgG (0.4 mg/ml). The rate of
thrombin generation in the presence of the control IgG was 2.6 nM/min,
whereas no thrombin generation was detectable in the presence of anti-
factor V IgG. 

Recent studies have indicated that the factor Xa binding site on
thrombin-activated platelets could be a heterodimer that consists of
factor Va and EPR-1 (11). Although the complete neutralization of
platelet factor Va activity by anti-factor V IgG already points at an
essential role of platelet factor Va in the assembly of the prothrombinase
complex, it cannot be ruled out that platelet EPR-1 is, by an as yet
unknown mechanism, involved in thrombin generation. To detect EPR-1
on the surface of fibrinogen- and collagen-adherent platelets we used a
mouse mAb raised against the peptide S123PGKPGNQNSKNEPP137,
which corresponds to the sequence of EPR-1 that interacts with fac-
tor Xa and that inhibits prothrombin activation (18). The binding of the
monoclonal antibody was visualized utilizing FITC-labeled goat anti-
mouse IgG. Control experiments showed no binding of this fluorescent-
labeled antibody in the absence of mouse mAb against the EPR-1 pept-

ide S123-P137. Only after incubation with thrombin (10 nM) a sub-popu-
lation of fibrinogen-adherent platelets expressed EPR-1 as detected by
the mouse mAb against the EPR-1 peptide S123-P137 (Fig. 3). Collagen-
adherent platelets, however, showed expression of EPR-1 prior to their
incubation with thrombin (data not shown). In contrast with earlier
reports (11, 18) we could not detect an effect of the peptide S123-P137

(10 �g/ml) and the mouse mAb against the EPR-1 peptide S123-P137

(80 �g/ml) on cell-surface associated thrombin generation. It is our
conclusion that EPR-1 is likely not involved in prothrombin activation
at the surface of fibrinogen- or collagen-adherent platelets.

Discussion

The findings of this study indicate that fibrinogen-adherent platelets
are less supportive than collagen-adherent platelets in the assembly of
the prothrombin-converting enzyme complex. The initially lower rate
of thrombin production at the surface of fibrinogen-adherent platelets
could be attributed to a lower overall surface density of platelets that
have exposed anionic phospholipids. However, in the presence of exo-
genous plasma-derived factor Va the initial rate of thrombin production
at fibrinogen-adherent platelets approached that found at the surface of
collagen-adherent platelets. This finding indicates that the surface den-
sity of PS exposing platelets is not necessarily a limiting factor when
sufficient amounts of (plasma) factor Va are available. It is apparent
that the amount of factor V(a) released by fibrinogen-adherent platelets
is too low to compensate for the lower PS surface density. This is in
well agreement with earlier observations that the secretion reaction is
much more pronounced in collagen- than in fibrinogen-adherent plate-
lets (14). In this respect it is interesting to note that in situ formed
thrombin had almost no effect on further thrombin formation. That is,
the relatively small increase in the number of platelets that had exposed
PS during the time course of thrombin generation did not enhance the
rate of thrombin generation. 

Optimal assembly of the functional prothrombinase complex at syn-
thetic phospholipid membranes requires only the presence of anionic
phospholipids. In contrast, several studies indicated the existence of
specific membrane proteins that are involved in the assembly of pro-
thrombinase on platelets (10-13, 22). In the present study we investiga-
ted the role of EPR-1 in platelet-dependent thrombin generation. It was
postulated that both EPR-1 and membrane-bound factor Va are requi-
red to mediate factor Xa binding to activated platelets to form a func-
tional prothrombinase complex (11, 12). We could confirm the critical
role of platelet factor Va in platelet-dependent thrombin generation, but
not that of EPR-1. That is, neutralizing antibodies against human fac-
tor Va completely blocked thrombin generation when adherent platelets
were exposed to the perfusion solution that contained factor Xa and
prothrombin. We also could confirm the presence of EPR-1 at the sur-
faces of collagen-adherent platelets utilizing a monoclonal antibody
against the factor Xa-binding region of EPR-1. In contrast, fibrinogen-
adherent platelets only expressed EPR-1 when they were activated with
thrombin. Thrombin generation at the surface of thrombin activated
platelets adhered to immobilized fibrinogen was, however, not inhibi-
ted by the monoclonal antibody directed against the factor Xa binding
site of EPR-1 nor by the peptide S123-P137 that duplicates the factor Xa
binding site of EPR-1. These results are not compatible with a signifi-
cant contribution of platelet EPR-1 to the assembly of a functional
platelet prothrombinase complex as suggested by others (11, 12).

While this work was undertaken, Alberio et al. (23) reported that a
single agonist, e. g. thrombin, collagen or ionophore A23187, was
unable to produce functionally relevant levels of surface-bound platelet

Fig. 3 Binding of anti-EPR-1 monoclonal antibody to unstimulated and
thrombin-stimulated fibrinogen-adherent platelets. Platelets were adhered to
immobilized fibrinogen, as described in “Materials and Methods”. The ad-
herent platelets were incubated with 3 mM CaCl2 in the absence or presence of
10 nM human �-thrombin during 15 min. Subsequently, the platelets were in-
cubated with 80 �g/ml mouse anti-EPR-1 mAb. After rinsing, FITC-labeled
anti-mouse IgG (20 �g/ml) was added for 45 min. Excess of the second anti-
body was removed, and phase contrast as well as FITC-fluorescence images of
the same microscopic field were recorded from unstimulated (A and B) and
thrombin-stimulated platelets (C and D)
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factor V up on incubation with platelets in suspension. However, colla-
gen in conjunction with thrombin did generate a sub-population of
platelets, representing 30% of the total population, that expressed very
high levels of surface-bound factor V. In addition, only this very same
sub-population of platelets expose PS at their surface. We note intri-
guing differences between Alberio’s and our study. Firstly, this study
has demonstrated that virtually all platelets in direct contact with colla-
gen bound annexin V, indicating that all platelets expose PS. Secondly,
also fibrinogen-adherent platelets, in spite of the existence of a small
sub-population of PS exposing platelets, fully support platelet-depen-
dent thrombin generation when supplied with exogenous factor Va. It is
uncertain whether the reported difference between platelets in suspen-
sion and those adhered to immobilized collagen are of significant phy-
siological relevance. However, it is of interest to note that adherent
platelets apparently do not need a dual stimulation by thrombin to
function as sites for the assembly of functional prothrombinase. Colla-
gen-adherent platelets, in addition, apparently have sufficient high
levels of surface expressed factor V to make thrombin generation in-
dependent on thrombin-activated plasma factor V. These properties of
collagen-adherent platelets could be of critical importance for the deve-
loping of a growing thrombus.
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