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Detection of tissue factor in platelets: why is it so troublesome? 

 

Tissue factor (TF) is the most important trigger for the extrinsic coagulation pathway. TF, earlier 

denoted as thromboplastin, has always been a mystery since its discovery due to its abundant 

presence in most human tissues but not blood. The latter has been extensively studied in a vast 

quest for possible sources of blood-borne TF yielding many conflicting findings and confusing 

conclusions regarding the presence of TF mRNA, protein or functional procoagulant activity in 

virtually all blood cells. Platelets, in particular, have been heavily scrutinized by investigators 

eager to demonstrate expression of TF. However, some investigators including our own groups 

have not found evidence for TF in platelets. This article discusses notable reports and possible 

reasons for erroneous detection of platelet TF antigen and activity including artificially hyper-

stimulated platelets, suboptimal purity of cell preparations, flaws in study design or choice of 

reagents. 
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Introduction 

Blood clotting is governed by a finely tuned system composed of cells, proteins, phospholipids 

and calcium (Ca) ions. Damage to a blood vessel triggers this system through exposure of tissue 

factor (TF) to the blood. In the initiation phase, TF serves as a cellular receptor and cofactor for 

plasma FVII/FVIIa in the early event of FX and FIX activation in the presence of phospholipids 

[1]. Once trace amounts of FXa have been formed, it interacts with phosphatidylserine (PS) on 

collagen-activated platelets and FV/FVa released from platelet α-granules. An interaction of FXa 

with FVa and PS forms the prothrombinase complex, which cleaves prothrombin (FII) and 

results in thrombin (FIIa) generation [2]. FXa also activates additional platelet-derived FV to 

FVa [3, 4]. The initial generation of minute amounts of thrombin is essential for further feedback 

activation of plasma-derived FVIII and FV [5], platelets [6] and ultimately FXI [7]. 

The major wave of thrombin generation following the initiation event is not associated 

with the TF-bearing cells, due to an almost instant shut down of the TF-dependent pathway by 

tissue factor pathway inhibitor (TFPI) [8]. As soon as FXa has been generated, a quaternary 

complex of TF-FVIIa-TFPI-Xa is formed whereby TF-FVIIa is inactivated. The activation of 
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FVIII and FV by thrombin results in more efficient FXa formation and subsequently more 

thrombin, which in turn activates FXI in the presence of activated platelets [7, 9] in a reaction 

shown to be accelerated by short chain polyphosphates similar to those derived from platelets 

[9]. These reactions lead to a burst of thrombin and formation of fibrin.  

 

Blood-borne TF and platelet TF? 

 

Reports of TF expression in platelets 

The events described above lead to formation of a stable fibrin clot at sites of vascular injury 

during normal hemostasis. In contrast, the events leading to thrombosis are more complex, and 

TF present in the intravascular space has been anticipated to play an important role. However, 

using CAT and PPL assays it has become more and more evident that it is PS rather than TF that 

is the driving force in thrombosis whereas TF appears to be essential in the initiation of the 

coagulation system and is then turned off by TFPI-FVIIa-TF-Xa complex formation (Osterud, 

unpublished observations).   

In 1999 it was suggested that active TF was present in circulating blood, which was 

named blood-borne TF [10]. The basis for this assumption was the observation that when whole 

blood of healthy individuals is allowed to pass along a collagen-coated glass slide or over pig 

arterial media ex vivo, a TF-dependent thrombosis is formed [10]. In a follow-up study, it was 

shown that monocytes and possibly polymorphonuclear leukocytes might be involved in the 

transfer of TF to platelets [11]. Thus, the origin of the blood-borne TF appeared to be leukocytes 

expressing TF. In contrast, Zillman et al. [12] proposed the presence of TF on circulating 

platelets. In this study, TF antigen and activity appeared on platelets adhering to leukocytes after 

a five minute stimulation of whole blood with collagen. An extension of this study revealed TF 

activity exposed on platelet membranes after activation of platelets with either collagen or 

thrombin [13]. TF was found to be stored within the α-granules and the open canalicular system 

of platelets. Siddiqui and colleagues also found the presence of TF antigen on both resting and 

activated platelets [14]. TF associated with the platelet surface was biologically inactive and it 

was claimed that platelets contain an inactive form of TF that may develop functional activity 

following its release and expression. 
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Another study adding to the controversy of the presence, synthesis and functional activity 

of TF in platelets was the report that TF is present in quiescent platelets and upregulated by 

thrombin receptor-activating peptide activation [15]. New biosynthesis of TF in resting and 

activated platelets was also reported. Later the same research group proposed that only von 

Willebrand factor in combination with ristocetin rapidly induces TF activity in platelets, and that 

cell membranes needed to be intact (not lysed) in order to detect TF activity [16]. Curiously, the 

TF activity appeared to be independent of added FVII and was not affected by an anti-TFPI 

antibody. 

Consistent with the above observations, Camera and coworkers in several reports [17-19] 

claimed the presence of functionally active, membrane-associated and immune-reactive TF in 

activated platelets of healthy individuals, and detectable TF mRNA in non-stimulated platelets. 

More recently, the same group reported that functionally active TF is expressed by human 

megakaryocytes and then transferred to a subset of shed platelets [20]. Both TF pre-mRNA and 

mature mRNA were identified in the shed platelets. TF pre-mRNA in platelets was reported for 

the first time by Schwertz et al. in 2006, but it remains unclear whether it plays any role in 

normal physiology or pathophysiology [21].  

 

Lack of TF expression in platelets 

In contrast to the numerous reports of expression of TF antigen and/or activity in quiescent or 

activated platelets, several studies by Butenas and Mann [22-25] and Osterud and colleagues [26, 

27] were unable to detect TF antigen or activity even after prolonged platelet stimulation using 

well-characterized antibodies and activity assays. Likewise, no TF mRNA was present in human 

or mouse platelets using RNA-seq [28]. 

 

Transfer of TF to platelets 

Other observations suggest that platelet-associated TF originates from extravascular vesicles 

(EVs) derived from activated monocytes or TF-expressing tumor cells [27, 29, 30]. In a study by 

del Conde, shed EVs from activated monocytes bound and fused to activated platelets, 

transferring both protein and lipid to the platelet membrane [29]. This interaction between EV-

derived TF and activated platelets was blocked by either annexin V or an antibody to P-selectin 
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glycoprotein ligand-1 (PSGL-1) pointing to a PS-dependent, P-selectin-mediated 

interaction. The role of activated platelets in the regulation of TF expression and activity in 

monocytes is well-studied, and mediated through interactions between monocytes, platelets and 

neutrophils in a P-selectin-PSGL-1 dependent reaction [31].  

 

How can the discrepancy of TF detection in platelets be explained? 

In our opinion, the conflicting results regarding the presence or absence of TF in platelets can be 

explained by: 1) contamination of platelet preparations with monocytes, 2) non-specific TF 

antibodies, and/or 3) TF activity assays lacking both sensitivity and specificity.  

 

Platelet preparation 

In a recent study showing the presence of substantial amounts of TF in both resting and activated 

platelets, the authors discuss the controversy around TF expression in platelets due to 

methodological differences in platelet isolation [32]. The authors argue that only large platelets 

express functionally active TF antigen, whereas TF activity in small platelets is quenched by 

TFPI and therefore undetectable. They highlight the importance of using lower centrifugal forces 

for platelet-rich plasma preparation to separate the platelets from the monocyte-containing buffy 

coat, and the use of the lower fractions of platelet-rich plasma preparations, which contain the 

larger platelets. However, since the larger platelets are juxtaposed with the buffy coat this could 

lead to possible contamination of platelets by monocytes that contain TF antigen/activity and 

mRNA. Given the high sensitivity of PCR-based and TF activity detection methods, small 

amounts of contaminating monocytes may give rise to substantial TF mRNA and activity levels 

in platelet preparations. In addition, monocyte contamination may also give rise to TF-bearing 

EVs when the platelet preparations are subjected to activation. These EVs may subsequently fuse 

with platelets yielding detection of TF antigen on the platelet surface by ELISA or flow 

cytometry. Although the platelet preparations in this study contained less than 5 leukocytes/105 

platelets, attempts to remove remaining monocytes to avoid detection of counterfeit activity by 

monocyte-derived TF is crucial. Contaminating monocytes can be removed using microbeads 

coupled to anti-CD14 antibody, but most studies in this field have failed to do this [26]. 
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Flow cytometric analysis  

Many studies utilizing flow cytometric analysis show the presence of TF antigen in both resting 

and activated platelets. These findings cannot be explained solely by monocyte contamination of 

platelet preparations. 

Conflicting reports showing TF platelet positivity, apart from differences due to isolation 

procedures, could partially be explained by the choice of anti-TF antibody and/or the antibody 

concentrations utilized for flow cytometry. It is well recognized that at high concentrations some 

antibodies bind cells non-specifically. Using flow cytometry, CLB/TF-5 and VIC7 anti-TF 

antibody clones appeared to bind and detect large amounts of TF in resting and activated 

platelets, as well as in non-stimulated monocytes and EVs isolated from the platelet-free plasma 

of healthy individuals [33]. A clear dose-dependent but non-specific binding to resting platelets 

was observed with these two clones.  Although a third anti-TF antibody, VD8, showed no 

binding to resting platelets, there was a significant increase in binding to Ca ionophore-

stimulated platelets, but to a much lesser extent than VIC7 and CLB/TF-5. As Ca ionophore–

stimulated platelets and EVs from platelet-free plasma or LPS-stimulated monocytes are 

characterized by a high exposure of PS on the surface, one may question the specificity of VIC7, 

CLB/TF-5 and VD8 antibodies and consider that they cross-react with cell membrane PS [33].  

In another study, it was concluded that the total expression of TF on platelets was more 

than 1000-fold higher than that on monocytes per microliter of blood [34]. This study relied on 

the usage of an anti-TF antibody later proven to be highly non-specific [33]. Given this 

observation to be correct, one may further speculate that severe thrombosis would have 

progressed under conditions when platelets are activated in vivo. 

 

TF Western blot  

Western blotting is another method frequently used for detection of TF antigen in cells. Some 

studies show TF protein band as a wide band [35, 36] at just below 50 kDa consistent with its 

variable degree of glycosylation [37, 38], whereas other investigators claim TF protein is a 

narrow band in the same region [15, 39, 40]. One may speculate that the discrepancy in findings 

can be explained by non-specific binding of the secondary antibodies in the absence of 

appropriate controls. One may also anticipate that the narrow band at 50 kDa is the heavy chain 

of IgG, which appears as a much narrower band than TF protein. Use of highly specific 
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antibodies at lower concentrations as well as relevant controls can restrict these speculative 

findings.  

 

TF activity measurements 

It is widely accepted that TF activity in plasma of healthy individuals is so negligible that it will 

never lead to a pathological activation of thrombosis [41]. However, measurements of TF 

activity in patients’ plasmas have been more variable [41, 42] suggesting that the assays used in 

these studies need closer inspection.  

Since TF is a cofactor for FVIIa in the activation of FX, the most frequent assay used in 

TF activity measurements is based on the proteolytic cleavage of FX to FXa followed by the 

quantification of FXa by chromogenic substrate. Unfortunately, this assay requires a long 

incubation time (60-120 minutes) as the catalytic conversion of the substrate is slow. In addition, 

TF-independent activation of FX may take place. One alternative reaction is the activation of FX 

by FVIIa in the presence of PS exposed on the cell surface [43-45]. Although this reaction is 

relatively slow, it is capable of generating substantial amounts of FXa. Any FXa formed will 

greatly amplify the activation of more FX to FXa through its interaction with PS [46]. Thus, only 

a minor part of the measured FXa may be due to TF.  Another aspect of this assay is the 

requirement of PS for the activation of FX by the enzyme complex TF/FVIIa, where increasing 

amounts of PS may amplify the activity of trace amounts of TF. Although TF may be required, 

as perceived by its neutralization by anti-TF antibodies, the FXa formed may represent auto-

activated FX [46]. Thus, the FXa-based assays are neither sensitive nor specific for detection of 

TF activity in cells/EVs due to the inevitable presence of membranes rich in PS. The availability 

of PS is a stringent limiting factor of the assay, whereby activated platelets may falsely provide 

PS as a cofactor in the assay rather than high TF activity. Indeed studies using anti-TF antibodies 

to neutralize expression of high TF activity in platelets [15] or eosinophils [39, 40] may simply 

reflect inhibition of trace amounts of TF during the initial phase of FX activation preventing 

further activation of FX by FXa independent of TF in later stages.  

It can be speculated that TF activity assays based on recalcification of plasma are non-

specific given the large content of PS in the test samples, which appears to be a limiting factor of 

the assay. This is not only relevant for recalcification of plasma and measurement of clotting 

time, but also for the CAT assays based on quantification of thrombin in a plasma system [47]. 
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While the partial attenuation of thrombin generation by anti-TF antibodies has been interpreted 

as evidence of the presence of high amounts of TF, the high activity more likely reflects 

availability of substantial amounts of PS rather than trace amounts of TF. In the presence of 

inhibitors of FXIIa, such as CTI, non-TF-dependent activation pathways are still not blocked 

because when traces of FXa are generated by tiny amounts of TF, the presence of FVa and PS in 

the system will produce more FVIIa and, thus, will amplify the activity of the TF.  

Studies have also demonstrated that a commercially available TF activity kit, 

ACTICHROME® (Sekisui Diagnostics), frequently used for detection of TF in patient plasma 

samples is non-specific. Bogdanov and colleagues assessed the presence of TF in plasma of 

healthy controls and subsets of patients using an in-house, well-characterized assay and 

ACTICHROME® [42]. High levels of TF were detected in patients with coronary artery disease 

as compared to controls using ACTICHROME®. Additional analyses indicated that the FXa 

activity measured using ACTICHROME® occurred independent of added FVIIa and TF [42]. 

Furthermore, there was an inverse correlation between the two assays.  

 

ELISA assays 

ELISA has most often been regarded as a specific assay for the measurement of TF protein 

concentrations, and many monoclonal and polyclonal antibodies for these assays have been 

raised against various TF epitopes. However, the specificity, selectivity and affinity of these 

commercially available antibodies should be questioned.  

In recent studies by Cohen et al. [48], two different commercial TF ELISA kits failed to 

detect differences in EV-associated TF and soluble TF antigens in platelet-poor plasma obtained 

from patients with ovarian cancer compared to healthy subjects [48]. Interestingly, TF antigen 

measured in plasma obtained from ovarian cancer patients before and after ultracentrifugation 

remained essentially unchanged. As significant TF procoagulant activity was measured in EVs 

isolated from the plasma of the same patients, it can be concluded that TF antigen and TF 

procoagulant activity measured in EVs are not correlated. One of these commercially available 

ELISA kits also failed to show the correlation of TF concentration in plasma of patients with 

venous thrombosis and the likelihood of having venous thrombosis [49, 50]. Thus, the question 

of whether TF antigen measured with ELISA can be truly correlated with TF activity in plasma 

of patients with hypercoagulability is still unknown. The major failure to see any correlation may 



9 

 

be caused by the cross-reactivity of TF antibodies with alternatively-spliced (soluble) TF present 

in plasma, as this form of TF does not possess any procoagulant activity in the absence of 

phospholipids [51, 52].  

 

TF in megakaryocytes? 

In the studies by Zillman and colleagues [12] described above (“Reports of TF expression in 

platelets”), isolated bone marrow megakaryocytes were shown to have TF antigen values below 

the detection limit of the assay. In addition, no TF mRNA was detected in these cells. In contrast 

to this report, TF pre-mRNA, mRNA and active protein were identified in the megakaryoblastic 

cell line (Meg-01), although the authors claim that similar results were obtained using 

megakaryocytes derived from CD34+ cells [20]. It was further demonstrated that functionally 

active TF antigen, its pre-mRNA and full length TF mRNA were transferred to a subset of shed 

platelets. However, caution should be taken when interpreting these results, as various 

transformed cells are known to express TF [53-56]. Thus, the same cell type in vivo or freshly 

isolated ex vivo (i.e. bone marrow-derived megakaryocytes [12]) in a non-transformed state may 

actually fail to synthetize functionally active TF antigen.  

 

Transfer of TF from cells expressing TF to other cells than platelets 

There have also been reports of TF expression by neutrophils and eosinophils [39, 40, 57, 58]. 

Interestingly, a lack of TF mRNA was observed in a mouse model when clusters of TF-positive 

cells detected in the spleen were predominantly granulocytes [57]. Based on this observation and 

the presence of TF-positive granulocytes detected after splenectomy, it was hypothesized that 

granulocytes take up TF for transport to other locations.  

Further evidence for lack of TF expression in neutrophils was obtained by the use of 

small interfering RNA and overexpressed TF fluorescent protein fusion in human monocytes and 

granulocytes isolated by immunoaffinity [59]. The use of this approach demonstrated a direct 

transfer of TF from activated monocytes to granulocytes in whole blood. Similarly, isolated 

eosinophils possessed no TF mRNA in resting or activated cells [60], contrary to other reports 

[39]. 

These reports further underscore the issues surrounding the assays and reagents available 

for detection of TF as discussed above. But it is important to emphasize that under pathological 
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conditions TF-rich EVs derived from monocytes and tumor cells may play an important role in 

thrombosis.   

 

Conclusions and future considerations  

It is our opinion that studies using well-characterized reagents and employing well-controlled 

immune and functional assays do not show either TF activity or TF antigen in platelets. In order 

to develop a specific TF activity test, one has to consider why the current assays are non-specific. 

A major problem in the most used TF activity assay is the slow cleavage of the 

chromogenic/fluorescence substrates for FXa, making it necessary to incubate the test sample 

with FVIIa and FX for at least 60 min. Since there are simultaneous FX activation reactions 

independent of TF going on, including reactions that are not blocked by anti-TF antibodies, 

artificial high TF activity values are obtained, even when there may not be any TF present or 

only trace amounts. To make the system more sensitive, the generated FXa activity in the 

incubation mixture, has to be amplified by including prothrombin, FVa and phospholipids 

followed by the measurement of thrombin with a chromogenic substrate. As a result, the 

incubation time is reduced to 3-4 min minimizing the contributions of the TF-independent 

reactions to close to zero. One of the authors (B.Ø.) has used such an assay for more than 30 

years, and we believe this to be the most specific and reliable assay for measuring TF activity 

[61].  

We believe that in vivo TF may be associated with platelets by a direct transfer of TF 

from TF–producing cells. Activated platelets and platelet-derived EVs are extremely 

procoagulant independent of the presence of TF due their expression of PS on their membranes. 

In contrast to the rapid inactivation of TF by its inhibitor, TFPI, PS is functioning as a very stable 

template and cofactor for the enzyme complexes tenase, prothrombinase and the single enzymes 

such as FXa, FVIIa, and thrombin in the activation of FXI. Not surprisingly, activated platelets 

are strongly associated with arterial thrombosis as well as venous thromboembolism.    
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