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To the editor:

No evidence for tissue factor on platelets

Blood coagulation is initiated in vivo by formation of a tissue factor
(TF)/factor VIIa (FVIIa) complex.1 Under physiologic conditions, TF is
sequestered from blood and coagulation is initiated only after vascular
injury. This paradigm has been challenged by studies suggesting that
platelets express active TF after de novo synthesis,2,3 transfer from
monocytes,4 or release from �-granules.5 In other studies,6,7 however,
the existence of platelet TF could not be demonstrated.

To resolve this ongoing controversy, experiments were per-
formed with specific, inhibitory anti-TF antibodies8 using well-
defined TF antigen and activity assays.6,8 Flow cytometric analyses
indicated that no TF was expressed by protease-activated receptor
(PAR)1- and PAR4-activated platelets (1.6% � 1.2%) compared
with unactivated platelets (1.5% � 0.6%; Figure 1A) despite
maximal �-granule release (� 98% P-selectin–positive platelets),
consistent with previous studies demonstrating a lack of platelet TF
expression after A23187-induced platelet activation and �-granule
release.6 Consistent with studies performed in whole blood,6,7 no
TF antigen (� 0.2pM) was detected by immunoassay8 after
prolonged stimulation of platelets with lipopolysaccharide (LPS).
In contrast, LPS-stimulated THP-1 cells expressed 6.6 plus or
minus 2.0pmol/L TF/106 cells. These observations were confirmed
in 2 TF-dependent activity-based assays.6 No factor Xa (FXa)
(� 0.1pmol/L FXa/second) was generated by extrinsic FXase
using unstimulated or stimulated platelets as a possible TF source.
Similarly, no clot was formed in a plasma-based clotting assay
(� 999 seconds). In contrast, FXa generation (1.6pmol/L FXa/
second) and clot formation (� 71 seconds) were observed using
LPS-stimulated THP-1 cells, but not unstimulated cells. Both were
TF-dependent as an inhibitory anti-TF antibody8 decreased the rate
of FXa generation to approximately 0.5pmol/L FXa/second and
prolonged the clot time to 255 seconds, which corresponds to
approximately 90% inhibition of activity. These observations
contradict studies suggesting that platelets synthesize and express

TF de novo in a time-dependent manner in response to platelet
activation2,3 and preclude the notion that TF is stored in and
released from platelet �-granules.5

Figure 1. Search for TF on platelets by flow cytometry. (A) Washed platelets were
activated with PAR1 (100�M) and PAR4 (500�M) agonist peptides (2 hours, 37°C).
(B) Platelet-rich plasma was incubated with THP-1 cells in the presence or absence
of 250 ng/mL LPS (4 hours, 37°C). For all experiments, TF expression on platelets
was determined by immunostaining with an anti-TF antibody8 (0.5�M) in 20mM
Hepes, 0.15 M NaCl (pH 7.4) containing 10 �g/mL human Fc, followed by either
(A) goat anti–mouse IgG-PE (1:10 dilution) or (B) goat anti–mouse IgG–Alexa Fluor
488 (1:400 dilution) in 10% goat serum. Platelets (10 000) were analyzed by flow
cytometry using a Becton Dickinson LSR II flow cytometer. The positive analyses
regions were defined such that approximately 2% of the platelets stained with
secondary antibodies alone were positive. The gray histograms depict anti-TF
antibody staining of platelets activated with PAR peptides (A) or incubated with THP-1
cells and LPS (B). The black histograms depict immunostaining of unactivated
platelets (A) or platelets incubated with THP-1 cells alone (B). The data shown are
representative of 2 experiments performed in triplicate.
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Other experiments tested the hypothesis that TF is transferred to
platelets from monocytes in a P-selectin/P-selectin glycoprotein
ligand-1 (PSGL-1)–dependent manner.4 Platelet-rich plasma iso-
lated from contact pathway suppressed blood9 was incubated with
THP-1 cells in the presence or absence of LPS. Hirudin and a FXa
inhibitor, C921-78,10 were included to prevent thrombin generation
without inhibiting a P-selectin/PSGL-1 interaction. Expression of
cell surface– and microparticle-associated TF by LPS-stimulated
THP-1 cells was confirmed by flow cytometry (data not shown).
The percentage P-selectin–positive platelets that stained positively
for TF when incubated in the presence of THP-1 cells and LPS
(1.2% � 0.6%) was virtually identical to that observed in the absence of
LPS (2.4% � 1.1%; Figure 1B), confirming previous observations
made in whole blood6,7 and suggesting that TF on monocytes or
monocyte-derived microparticles is not transferred to platelets.

Based on these observations, we conclude that platelets do not
express detectable TF antigen or activity. Discrepancies between
our data and those published by others may be a result of the assays
used to quantify TF antigen and activity in different laboratories.8,11

Our assays use specific and highly sensitive anti-TF monoclonal
antibodies and physiologically relevant standards and controls,
whereas other reported assays use combinations of monoclonal and
polyclonal antibodies, which may recognize TF fragments or
cross-react with other proteins.8 Furthermore, the majority of the
studies reporting the presence of TF in platelets used commercial,
poorly validated assays, whereas our assays were developed and
validated in-house.6,8 Indeed, it was recently reported that a
commercially available TF activity assay sometimes leads to an
assignment of TF-independent activity to TF.11
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To the editor:

ClotBase: a knowledgebase on proteins involved in blood coagulation

Blood coagulation proteins (BCPs) play a major role in hemosta-
sis.1 Except for a few that have their own dedicated databases,
information on most BCPs are scattered across various disparate
data sources in multiple formats. This information has been
compiled, manually curated, and assembled into a knowledgebase
called ClotBase with the aim of accelerating clinical diagnosis and
research in the area of coagulation disorders (Table 1). It presents
up-to-date information on all aspects of BCPs ranging from
sequence and structure information, source organisms, function,
subcellular location, tissue specificity and related literature. Links
to external databases such as PubMed, European Molecular
Biology Laboratory, Protein Information Resource, Protein Data
Bank, and Online Mendelian Inheritance in Man are also provided
for retrieval of additional information on BCPs. The interactive
search features permit easy retrieval of the information available in
ClotBase.

The deficiency of BCPs leads to various diseases such as
hemophilia, thrombosis and increased risk of myocardial infarc-
tion.2-4 Identification of these disease-causing mutations in patients
can help in genetic testing to confirm or rule out a suspected
syndrome or help determine a person’s chance of developing or
passing on a genetic disorder. Presently, more than 2796 mutations
have been identified in BCPs. These data have been compiled from
various data sources and are presented in ClotBase as information
on protein sequence, position of mutation, wild-type and mutant
residues, domain involved, codon and exon/intron position, associ-
ated diseases, and relevant literature links.

Evolutionarily conserved residues are known to be crucial for
maintaining the structural stability and function of the protein.5 The
availability of vast sequence information on BCPs makes it ideal to
explore data mining tools to identify their conserved residues.
Consensus sequence represents the result of a multiple sequence
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