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1. ABSTRACT 
 

It is generally believed that only a small fraction of 
the tissue factor (TF) found on cell surfaces is active whereas 
the vast majority is cryptic in coagulation. It is unclear how 
cryptic TF differs from the coagulant active TF or potential 
mechanisms involved in transformation of cryptic TF to the 
coagulant active form. Exposure of phosphatidylserine (PS) in 
response to various chemical or pathophysiological stimuli has 
been considered as the most potent inducer of TF decryption. 
In addition to PS, TF self-association and association with 
specialized membrane domains may also play a role in TF 
decryption. It has been suggested recently that protein disulfide 
isomerase regulates TF decryption through its oxidoreductase 
activity by targeting Cys186-Cys209 disulfide bond in TF 
extracellular domain or regulating the PS equilibrium at the 
plasma membrane. However, this hypothesis requires further 
validation to become an accepted mechanism. In this article, 
we critically review literature on TF encryption/decryption 
with specific emphasis on recently published data and provide 
our perspective on this subject.  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. INTRODUCTION 
 

Tissue factor (TF), a plasma membrane anchored 
glycoprotein, is the primary initiator of the coagulation in 
both physiological and pathological conditions. TF 
functions as the allosteric cofactor for plasma clotting 
protease factor VIIa (FVIIa), and TF-FVIIa complex 
initiates the coagulation cascade by activating clotting 
proteins factors IX and X through limited proteolysis. 
Interestingly, only a small fraction of TF expressed at the 
cell surface is capable of supporting the coagulation 
whereas majority of the TF remains non-functional, 
which is generally referred to as the cryptic TF. Cryptic 
TF could be transformed to procoagulant TF in a variety 
of pathophysioloigcal conditions. At present, it is not 
entirely clear how cryptic TF differs from coagulant 
active TF and mechanisms by which cryptic TF 
transforms to coagulant active TF.  This review critically 
evaluates recent and key early literature on TF 
encryption/decryption, including the authors’ findings 
interjected with the authors’ perspective.  
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Figure 1. Lack of correlation between expression of TF-FVIIa procoagulant activity and FVIIa binding to TF on cell surfaces. 
Monolayers of OC-2008 cell line expressing TF were incubated in parallel sets with 10 nM of unlabeled or 125I-labeled FVIIa. In 
one set, active site-inhibited FVIIa (FVIIai, 10 nM) was added for 1 min and the cells were washed quickly three times with ice-
cold Ca2+-containng buffer before adding FVIIa.  In all cases, at the end of specified incubation period, the cells were washed six 
times with ice-cold Ca2+-containing buffer and TF-FVIIa procoagulant activity at the cell surface was determined in factor X 
activation assay or FVIIa bound to TF was determined by measuring the radioactivity of 125I-FVIIa bound to cells. 
 
3. TISSUE FACTOR EXPRESSION ON CELL 
SURFACES: EVIDENCE FOR CRYPTIC TISSUE 
FACTOR 
  

Tissue factor is expressed constitutively on cell 
surfaces of many extravascular cells, including fibroblasts 
and pericytes in and surrounding blood vessel walls and 
epithelial cells (1,2). Although cells that come in contact 
with blood do not typically express TF, but some of them, 
e.g., monocytes and endothelial cells, do express TF in 
response to pathologic stimuli (3,4). As early as 1975, 
Maynard et al. reported that TF on cell surfaces exits in a 
latent form and the activity of TF on intact cells could be 
increased by many fold (>50-fold)  by treating the cells 
with trypsin or other proteases (5). Restricted formation of 
TF-FVIIa complex on cell surfaces is not the reason for TF 
latency as numerous studies performed later to that 
observation showed that TF expressed on a variety of cell 
types was capable of binding to FVII and FVIIa (6-11). 
Correlation of FVIIa binding to TF and expression of TF-
FVIIa procoagulant activity in fibroblasts revealed that a 
direct linear relationship exists between FVIIa binding to 
TF and TF-FVIIa procoagulant activity at low level of 
FVIIa binding, but with higher amounts of FVIIa bound to 
TF, the relationship became nonstoichiometric, i.e., less 
factor Xa was formed per mole of FVIIa (11). Bach and 
Rifkin showed that intact bovine fibroblasts, pericytes and 

kidney cells manifested significantly less TF activity 
compared to their disrupted counter parts, supporting the 
hypothesis that TF activity on unperturbed cells is not fully 
active (12). Discordant expression of TF protein and 
procoagulant activity was also described in monocytes 
where treatment of LPS-stimulated monocytes with 
cycloheximide inhibited TF protein synthesis but increased 
the TF procoagulant activity (10). Le et al., by correlating 
FVIIa binding to TF and the subsequent expression of TF-
FVIIa procoagulant activity on an ovarian carcinoma cell 
line that constitutively express TF, provided a clear 
evidence for the existence of two different populations on 
TF on cell surfaces (8). These investigators reported a 
striking discrepancy between the time required to express 
maximum TF-FVIIa coagulant activity and the time 
required for maximum TF-specific binding of FVIIa to 
monolayers. TF-FVIIa coagulant activity was fully 
manifested on intact monolayers after only 1 min of 
incubation of cells with FVIIa whereas 30 to 60 min was 
required for FVIIa to bind all available TF sites on the cell 
surface.  When TF-FVIIa proteolytic activity towards factor 
X is fully expressed on intact monolayers at 1 min, only 10 
to 15% of all available TF sites at the cell surface were 
occupied by FVIIa.  Prolonging FVIIa exposure time to 
cells to allow further binding of FVIIa to remaining TF on 
the cell surface failed to increase TF-FVIIa coagulant 
activity (Figure 1). Based on this and other supporting 
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evidence, the authors postulated that two populations of 
TF-FVIIa complexes were formed on cell surfaces, one a 
minor population (<20%) that was formed readily within a 
short time of incubation with FVIIa which accounted for all 
TF-FVIIa activity toward factor X on intact cells, and a 
major population that was inactive in activating factor X on 
intact monolayers. The later form of the TF population 
constitutes cryptic TF. At present, it is not entirely clear 
whether cryptic TF is completely devoid of procoagulant 
activity or express a low procoagulant activity. Lack of 
antibodies or any other specific reagents that specifically 
blocks procoagulant TF and not the cryptic TF makes it 
difficult to answer this question objectively at present. 
 
4. CRYPTIC TISSUE FACTOR – THE DEFINITION 
MATTERS 
 

There is a general consensus in the field that most 
of the TF expressed on cell surfaces is in a cryptic state and 
an activation step (decryption) is required for the maximum 
expression of TF potential procoagulant activity.  However, 
opinions may vary on what exactly constitutes cryptic or 
procoagulant TF, molecular differences between these two 
forms, and mechanisms that are responsible for 
transformation from one to the other form. Some of the 
disagreements in the field probably stem from non-
descriptive or non-discriminatory use of the terminology.  
Cells could express no or low TF procoagulant activity for 
many reasons, including lack of TF protein at the cell 
surface, impairment of TF to bind or to form stable 
complex with FVII/FVIIa or inability of TF-FVIIa 
complexes formed at the cell surface to activate factors X 
and IX. In the strict sense, only the last form of TF fits with 
the definition of cryptic TF. When cells are transfected with 
TF variants, they may exhibit low procoagulant activity 
because they fail to express TF protein properly and/or the 
expressed TF may have an impairment of binding to FVIIa. 
Broadening the use of term cryptic TF to describe all TF 
forms that exhibit low procoagulant activity, irrespective of 
their nature, creates unnecessary confusion and controversy 
in the field and hampers our progress in understanding 
mechanisms that regulate TF encryption and decryption. In 
our own studies, we adhere to the  classic definition to  
cryptic TF, i.e., cell surface TF molecule that binds FVII or 
FVIIa, but the  resultant TF-FVIIa complexes fail to 
activate its macromolecular substrates, factors IX and X 
(8,13). In this definition, true determination of cryptic 
status of TF requires measuring TF activity at saturating 
concentrations of FVIIa.  
 
5. DIFFERENCES IN CRYPTIC AND 
PROCOAGULANT TF IN THEIR ABILITIES TO 
BIND FVIIA AND TFPI  
 

Although it is quite difficult to differentiate 
cryptic and procoagulant TF based solely on their 
interaction with FVIIa or TFPI, they do exhibit some 
differences on how they interact with FVIIa and TFPI.  
First, procoagulant TF, compared to cryptic TF, binds 
FVIIa relatively fast, within few seconds to a minute or two 
(8). It is also likely that FVIIa binds to procoagulant TF 
with a higher affinity than it binds to cryptic TF. However, 

it is difficult to demonstrate this convincingly.  Analysis of 
equilibrium binding studies of 125I-labeled FVIIa binding to 
TF on a variety of cell types failed to show that FVIIa binds 
to TF on cell surfaces with two different affinities (6-
8,11,14,15). Although the reported Kd values for the 
binding varied from 80 pM (6) to 3 nM (15), most of these 
studies reported a single high affinity binding site for 
FVIIa. It is possible that radioligand binding studies fail to 
detect very high affinity binding of FVIIa to procoagulant 
TF as this constitutes very small fraction. Binding kinetic 
parameters obtained with radiolabeled FVIIa largely 
reflects FVIIa binding to cryptic TF as this constitutes the 
predominant portion of TF at the cell surface. Analysis of 
FVIIa concentration-dependency of FX activation, which 
reflects FVIIa binding to procoagulant TF, generally show 
that FVIIa binds to procoagulant TF with very high affinity, 
20 to 100 pM (16-19). Although comparison of these data 
with that of radioligand binding studies suggests that 
procoagulant TF exhibits much higher affinity to FVIIa 
than cryptic TF, one should exercise caution in comparing 
them as there are significant differences on how the binding 
constants were measured in these two assays. In the 
radioligand binding studies, cells had to be washed multiple 
times to remove free FVIIa from the cell-bound FVIIa and 
this step is not included generally in evaluating FVIIa 
binding to TF in FX activation assay. This difference would 
markedly affect the binding measurements as we have 
observed recently (19). Overall the evidence suggests that, 
despite the potential differences between them in their 
ability to interact FVIIa, both the cryptic and coagulant 
active TF form stable high-affinity associations with FVII 
and FVIIa at the plasma concentration of FVII.  
 

A Kunitz-type protease inhibitor, tissue factor 
pathway inhibitor (TFPI), after forming complex with FXa, 
binds to TF-FVIIa and inhibits its procoagulant activity 
(20,21). TFPI-FXa complex appears to distinguish between 
procoagulant and cryptic TF-FVIIa complexes. TFPI-FXa 
readily binds to the procoagulant TF-FVIIa complexes with 
high affinity and effectively inhibits TF-FVIIa activity 
(8,22).  In contrast, the TFPI-FXa either fails to bind to 
cryptic TF-FVIIa (22) or has 10-fold lower affinity than 
that was noted for procoagulant TF-FVIIa (8). At present 
there is no information on whether other plasma inhibitors 
of TF-FVIIa, such as antithrombin and plasminogen 
activator inhibitor-1, could also differentiate between 
procoagulant TF-FVIIa and cryptic TF-FVIIa complexes.   
 
6. MODELS OF TISSUE FACTOR 
ENCRYPTION/DECRYPTION 
 

Although the phenomenon that TF exists in two 
different populations, cryptic and coagulant active 
(nonfunctional/functional) forms is well recognized, the 
molecular characterization of these forms and mechanisms 
of their conversion from one from to other form is still 
elusive. It is generally believed that both cryptic and 
coagulant active TF bind FVII or FVIIa relatively well, 
below the plasma concentration of FVII; the resultant TF-
FVIIa complexes are catalytically active towards small 
peptide substrates but not protein substrates; cryptic TF-
FVIIa does not interact with the substrates factors IX and 
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X; and the transformation of cryptic to active TF probably 
requires a change in TF-FVIIa complex that lead to 
exposure of the substrate factor X (or factor IX) binding 
site in the complex. In the absence of specific reagents that 
exclusively recognize and inhibit the function of cryptic 
and active forms of TF, it is not feasible to make a clear 
demarcation between cryptic and active TF pools. Thus, at 
present it is unclear the exact proportions of cryptic and 
active TF that exist on various cell types. This also makes it 
difficult to investigate potential mechanisms involved in TF 
decryption more objectively and obtain clear-cut data. 
Despite these limitations, a number of models for TF 
decryption have been presented, some with more 
convincing data than others.  

 
 6.1. Phospholipid asymmetry: Exposure of 
phosphatidylserine 

 Membrane phospholipid asymmetry is 
considered to be a general property of biological 
membranes. The outer leaflet of cell surface membrane 
bilayer is rich in choline-phospholipids, whereas anionic 
phospholipids are abundant in the inner leaflet. Studies 
with platelets and erythrocytes have shown that these 
asymmetries are not maintained when the cells are 
activated by various stimuli, and the resultant loss of 
membrane phospholipid asymmetry leads to increased 
exposure of negatively charged phosphatidylserine (PS) at 
the outer surface (23). It has been known for many decades 
that TF procoagulant activity requires its association with 
phospholipids (24,25). Studies thereafter showed that the 
presence of anionic phospholipids, such as PS in the 
phospholipid mixture greatly accelerates TF procoagulant 
activity (12,26-30). Almost all stimuli that are known to 
increase procoagulant activity of cryptic TF on cell 
surfaces, i.e., freezing and thawing, sonication, nonionic 
detergents, proteases, phospholipases, apoptosis, 
complement, calcium ionophores, oxidizing agents and 
sulfhydryl reactive compounds, also increase invariably the 
exposure of PS on the outer cell surface (5,8,12,22,31-37). 
Although the coincidence of PS exposure and TF 
decryption does not necessarily prove that the increase in 
PS is solely responsible for TF decryption, the critical and 
proven role of PS in supporting TF procoagulant activity 
and the observation that blocking PS by annexin V reduces 
the procoagulant activity of decrypted TF in many cell 
types strongly implicate that PS plays a critical role in TF 
decryption. Thus, it is now generally accepted that whether 
TF is cryptic or procoagulant depends primarily on the 
availability of anionic phospholipids in the vicinity of TF 
on the outer cell surface membrane, and the increased 
availability of anionic phospholipids at the cell surface is 
responsible for the transformation from cryptic TF to 
procoagulant TF. Although few reports have suggested that 
TF could undergo decryption independent of PS since 
annexin V treatment failed to block completely calcium 
ionophore-induced TF decryption  (32,34), one should 
exercise caution in interpreting these data on their face 
value. Annexin V may not be very effective in blocking all 
PS on the cell surface and/or may require much higher 
concentrations to inhibit PS on cell surfaces than is needed 
to inhibit PS in liposomes (38). Further, PS that is 
associated with TF at the cell surface may not be readily 

accessible to annexin V (39). In our opinion, at present 
there are no convincing data in the literature that 
demonstrate TF could undergo activation without any 
increase in PS at the outer cell surface membrane. 

 
The mechanism through which the increased 

anionic phospholipids convert cryptic TF to procoagulant 
TF is not entirely clear. The kinetics of TF-FVIIa catalyzed 
activation of FX on unperturbed and perturbed cells 
provides some insights in to the mechanism of PS effect. 
Bach and Rifkin showed that stimulating pericytes with 
Ca2+ ionophore increased TF-FVIIa activation of FX and 
this increase stems from an increase in the Vmax and a 
decrease in Km of the reaction (12). However, the 
increased catalytic activity of TF-FVIIa toward FX 
activation following treatment of fibroblasts with 
sulfhydryl reactive compound N-ethylmaleimide was found 
to come primarily from an increase in Vmax without an 
accompanying decrease in the apparent Km (33). A 
possible difference between these two studies is the extent 
of microvesicle generation, which was not investigated in 
these studies. Ca2+ ionophore treatment of fibroblasts was 
shown to induce TF bearing microvesicles (40,41).  
Therefore, it is possible that the presence of microvesicles 
in Ca2+ ionophore stimulated cells could have accounted for 
the decrease in Km. The more relevant for our present 
discussion is the consistent finding that TF decryption 
increases the Vmax of TF-FVIIa activation of FX, which is 
very similar to that observed with inclusion of PS to TF 
containing phospholipid vesicles (12,33). This suggests that 
formation of an increased number of catalytically active 
(towards factor X) TF-FVIIa complexes explains the 
increase in TF procoagulant activity. Despite having 
different binding characteristics, in the presence of excess 
FVIIa, the formation of TF-FVIIa complex per se is not the 
determinant factor in the increased number of catalytically 
active TF-FVIIa complexes as FVIIa binds to both 
encrypted and decrypted TF (8). It is also unlikely that PS-
induced conformational change in the active site of FVIIa 
bound to TF is involved in the decryption of TF since 
FVIIa catalytic site is too far away from the membrane 
surface (42-44).  

 
It has been proposed that encrypted TF-FVIIa is 

completely inactive with respect to protein substrate (FX 
and FIX) hydrolysis and decryption of TF involves 
conversion of inactive TF-FVIIa to proteolytic and 
coagulant functional TF-FVIIa (13). In this model, 
exposure of PS at the outer cell surface increases the 
number of TF-FVIIa functional and catalytic sites without 
changing total number of TF-FVIIa complexes formed. 
Data from our laboratory and others provide strong 
evidence for this hypothesis (8,12,22,33). Overall, these 
data strongly imply that TF activation involves a direct 
interaction between PS and TF, which would result in 
structural changes in TF that exposes macromolecular 
substrate binding site for factors X and IX on TF (Figure 
2). At present, it is not entirely clear about what are the PS-
induced structural changes in TF. One of the PS-induced 
proposed changes in TF structure may involve the 
interactions between PS polar head groups and 
Lys165/Lys166 in the TF extracellular domain (13,22). It 
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Figure 2.  A hypothetical model for tissue factor decryption. On unperturbed cells expressing TF, FVIIa binds to all available TF 
sites, however majority of these complexes unable to interact with substrate factor X. Upon cell perturbation that exposes anionic 
phospholipids at the outer cell surface membrane, TF or TF-FVIIa complexes interact with anionic phospholipids, leading to a 
conformational change in TF-FVIIa that facilitate its interaction with factor X, thus transforming cryptic TF to coagulant active 
form.  

 
has been suggested that possible electrostatic interactions 
between PS polar head groups and Lys165/Lys166 could 
change TF quaternary structure by altering the orientation 
of extracellular domain relative to the membrane surface, 
which may facilitate the precise alignment of TF-FVIIa 
activity site to the scissile bonds of the membrane bound 
factors X and IX (13,22). Such precise alignment could 
also be achieved by FVIIa binding to exposed PS on the 
cell surface via its Gla domain, which restricts the 
orientation of TF-FVIIa complex relative to the membrane 
surface. This interaction may complement direct interaction 
between TF and PS to fix the distance from the membrane 
surface to the catalytic site.  

 
It is possible that exposure of PS on the outer cell 

surface membrane could decrypt TF, independent of its 
interaction with cryptic TF or TF-FVIIa complexes, 
through the contribution of substrate factor X binding to the 
cell membrane.  However, this seems unlikely as the 
increased catalytic activity of decrypted TF-FVIIa 
complexes stems mainly from an increase in Vmax without 
an accompanying decrease in the apparent Km. Further, 
prothrombin fragment 1, which inhibits FX binding to PS, 
failed to attenuate increased procoagulant activity of 
decrypted TF (33). Overall, it appears that direct interaction 
between TF or TF-FVIIa complexes with anionic 
phospholipid, independent of substrate binding may play an 
important role in TF decryption.   Further work is needed to 
obtain direct evidence for this and to identify potential 
changes in TF (or TF-FVIIa complexes) conformation 
following its interactions with anionic phospholipids.  
 
 6.2. Tissue factor self-association: Dimers vs. 
monomers 

Chemical cross-linking studies showed that a 
minor fraction of TF on unperturbed cells exists as dimers 
and multimers, suggesting self-association of TF on cell 
surfaces (22,45). Both the cytoplasmic and transmembrane 
domains appear to be necessary for optimal self-association 
of TF as the cross-linking is reduced in case of TF variant 
lacking cytoplasmic domain or eliminated entirely in case 
of TF variant harboring non-homologus transmembrane 
domain (45).  Interestingly, stimulation of TF expressing 
cells (HL60 cells) with Ca2+ ionophore that triggers the 

activation of TF also prevented the self-association of TF 
(22). The failure to cross-link TF following the treatment of 
cells with Ca2+ ionophore was taken as evidence that 
calcium influx into the cytosol produces a change in TF 
quaternary structure (22). Based on these and other 
supporting data, it had been proposed that TF exists as 
dimers on the surface of unperturbed cells and the dimer 
form of TF is the cryptic form, and calcium influx into 
cytosol triggers a calmodulin-dependent process, which 
converts inactive TF dimers to procoagulant TF monomers 
(22). In this model, the FX/FIX docking site on TF are at 
the interfaces of homodimers, and thus not readily 
accessible for the substrate binding, and the dissociation of 
TF dimers into monomers is thought to expose the binding 
site on TF for FX/FIX, and thus converting cryptic TF to 
procoagulant TF (13).  

 
 Although this model does not exclude a role for 
PS in ionophore-induced TF activation, it is unclear 
whether exposure of PS and dissociation of TF dimers into 
monomers following the ionophore treatment are 
coordinated responses that are essential for TF activation. It 
is conceivable that PS direct interaction with TF could alter 
TF quaternary structure, but there was no direct or indirect 
evidence such an interaction plays a role in the dissociation 
of TF dimers following ionophore treatment. There are a 
number of caveats in the above proposed model. First, the 
predominant species of TF seen in every cell type that 
expresses TF is the monomeric form. If the cryptic TF is 
supposed to be in the dimeric form, then one expects to see 
most of the TF should exist in the dimeric form. Second, 
the observation that calcium ionophore treatment 
dissociates TF dimers to monomers was limited, as far as 
the authors are aware of, to a single report using one 
specific cell type, HL60 cells (22). There is no information 
on whether other stimuli that are known to activate TF also 
dissociate TF dimers to monomer in these cells or the 
ionophore-treatment causes dissociation of TF dimers in 
other cell types. Third, although it is difficult to compare 
the data obtained with TF in solution and membrane 
anchored TF, TF dimerization, by attaching a leucine 
zipper motif to the carboxy terminus of soluble TF, was 
shown not to inhibit TF procoagulant activity (46). A 
review article by Bach provides an in-depth discussion on 
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the evidence for and against this proposed model of TF 
decryption (13). 
 
6.3. Protein disulfide isomerase: Disulfide bond 
switching 

Disulfide bond formation plays an important role 
in the protein folding process and stabilizing the structure 
of subdomains (47). Inhibition of disulfide bond formation 
as a consequence of cellular stress or mutations would 
result in misfolding of the protein, and the misfolded 
proteins have a tendency to form aggregates or get 
destroyed by the ubiquitin proteosome system (48,49). The 
extracellular domain of TF contains 4 cysteines, which 
could form two disulfide bonds, one at the amino-terminal 
half (Cys49-Cys57) and one proximal to the membrane 
domain (Cys186-Cys209). Cys186-Cys209 disulfide bond 
has RHStaple configuration and thus has potential to be an 
allosteric disulfide bond (50). Analysis of human TF 
purified from brain or transfected mammalian cells showed 
that four cysteines in the extracellular domain participate in 
forming two disulfide bonds and there were no free 
sulfhydryl groups existing in TF protein (51,52). 
Mutagenesis studies showed that preclusion of the disulfide 
bond between Cys49 and Cys57 had no effect on TF 
function, whereas ablation of the allosteric bond between 
Cys186 and Cys209 severely impaired the procoagulant 
activity (34,53,54). The later observation was used to 
hypothesize that cryptic TF contains unpaired cysteine 
thiols that were depleted upon activation and the mutant 
lacking Cys186-Cys209 disulfide bond, in fact, mimics the 
cryptic form of TF (34). 

 
To investigate the above hypothesis, Chen et al. 

treated HL60 cells with thiol-oxidizing agent, HgCl2, and 
tested for TF activation and disulfide bond formation (34). 
HgCl2 treatment increased the cell surface TF activity of 
HL60 cells by 15-fold. Similarly, dithiol cross-linkers also 
activated HL60 TF activity up to 5 to 7-fold. 
Monofunctional thiol alkylators that block unpaired 
cysteine residues reduced HgCl2-induced TF activation. 
Although these data were consistent with the proposed 
hypothesis that cryptic TF may contain unpaired cysteine 
thiols and the activation requires the disulfide bond 
formation, these investigators failed to demonstrate that TF 
in HL60 cells actually contains free thiols and that HgCl2 
treatment facilitates the disulfide bond formation with 
HgCl2 (34).  Although evidence for the presence of free 
thiols and the depletion of free thiols following HgCl2 
treatment was shown in BHK cells stably transfected with 
human TF, these data are not fully convincing. In these 
cells, either calcium ionomycin or HgCl2 treatment 
increased TF activity by only two-fold and depleted the 
free thiols to different extents. The depletion of free thiols 
in HgCl2-treated cells could be an artifact as this treatment 
not only prevented the incorporation of free thiol-directed 
probe into TF but also into all cellular proteins (34). A 
more problematic loophole in the above study is that both 
calcium ionophore and HgCl2 treatments were shown to 
increase PS on the outer leaflet of the plasma membrane, a 
known and potent inducer of TF activation (12,22,32,55-
57). Although Chen et al. concluded that TF activation they 
observed in HL60 cells could not be explained by exposure 

of PS on the cell surface membrane, the data shown in this 
report does not support this conclusion convincingly (34). 
Recently we showed clearly that HgCl2 treatment in HL60 
cells and other cell types induces PS exposure at the outer 
cell surface, and blocking PS with annexin V attenuated the 
HgCl2-induced TF activation (56,57).  

 
The hypothesis that status of Cys186-Cys209 

disulfide bond dictates whether TF is cryptic or coagulant 
active and the disulfide switching regulates TF 
procoagulant activity and signaling has gained much 
attention from studies published by Ruf and colleagues 
(54). These investigators demonstrated by mutational 
studies that the formation of Cys186-Cys209 disulfide is 
required to generate TF with high affinity for FVIIa and to 
express full coagulant activity but is not necessary for TF-
FVIIa-mediated cell signaling via PAR2. These studies also 
revealed that protein disulfide isomerase (PDI), an enzyme 
capable of catalyzing all of the reactions involved in 
disulfide bond formation, cleavage and isomerization, 
associates with TF extracellular domain on the cell surface 
of HaCaT keratinocytes under growth conditions that lead 
to low TF procoagulant activity (58). Further studies 
showed that exposure of cells to HgCl2, the oxidizing agent 
that was shown to activate TF, dissociated PDI from TF. 
Inhibition of PDI expression by siRNA was found to 
increase TF procoagulant activity. Overall these studies 
indicate that disulfide bond cleavage by PDI acts 
allosterically to switch TF function. The hypothesis that 
PDI activates TF by disulfide isomerization was further 
supported by Reinhardt et al. (59).  These investigators 
detected the presence of free thiols in soluble and cell 
surface TF, and exposure of soluble TF to supernatants 
from activated platelets or recombinant PDI was shown to 
decrease number of thiols. These studies also suggest that 
cysteine 209 of TF was constitutively glutathionylated, 
which maintains TF in a cryptic state, and PDI converts 
cysteines from glutathionylated to disulfide state.   

 
The hypothesis that PDI regulates TF activation 

received further support from in vivo thrombotic models. A 
time-dependent increase in PDI was observed in murine 
thrombus following injury, and infusion of blocking 
monoclonal antibody against PDI or the PDI inhibitor 
bacitracin inhibited platelet thrombus formation and fibrin 
generation in different murine models of thrombus 
formation (59,60). Although these studies provide strong 
evidence that PDI plays a critical role in local thrombin 
generation following the vascular injury, they do not show 
that PDI promotes coagulation by switching disulfide bond 
in TF. There was no direct evidence that TF actually exists 
in the reduced form in vivo, that PDI decrypts TF by 
forming the Cys186-Cys209 disulfide bond, and that the 
decrypted TF is responsible for thrombus formation. PDI 
may influence thrombin generation and fibrin formation by 
its known actions on platelet activation and integrin ligation 
(61,62).   

 
Although the proposed mechanism of PDI-

mediated disulfide isomerization regulating the activity 
status of TF is novel and very interesting, and on the face 
value the published data appear to provide strong support 
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Figure 3.  PDI is localized intracellularly in endothelial cells and not secreted in response to thrombin. Upper panel: Cellular 
localization of PDI by immunofluorescence confocal microscopy. HUVEC transfected with TF adenovirus were stimulated with 
thrombin for 10 or 30 min (0.5 U/ml) or left unperturbed. After the treatment, the cells were fixed and permeabilized with 
0.025% Triton X-100. Both the intact and permeabilized cells were immunostained with rabbit anti-human TF IgG and 
monoclonal PDI antibody (RL90), followed by Oregon Green-labeled anti-rabbit IgG and Rhodamine Red-conjugated anti-
mouse IgG as secondary reporter antibodies. Lower panel: HUVEC cultured in 24-well plate were treated with 500 micro litres of 
control serum-free medium or serum-free medium containing thrombin (0.5 U/ml) for varying time periods. At the end of the 
treatment, the whole supernatant medium was collected and concentrated by 25 times (to ~ 20 micro litres) by ultrafiltration and 
the cells were lysed in 100 micro litres of lysis buffer. Equal volumes (10 micro litres) of cell lysates and the concentrated 
supernatant media were subjected to SDS-PAGE and immunoblotted with anti-PDI antibodies.  

 
for this hypothesis, at present these data remain at best 
circumstantial. A main draw back in these studies is that 
they failed to provide unequivocally convincing evidence 
that disulfide switching and not other potential changes, 
such as exposure of anionic phospholipids following 
perturbation of cells to activate TF in vitro or after vessel 
wall injury in vivo, are responsible for observed activation 
of TF. The primary evidence for the postulate that 
activation of TF involves the disulfide bond formation of 
Cys186-Cys209 comes from two key observations. First, 
the observation that TF mutant, in which Cys186-Cys209 
disulfide bond formation was precluded by site-specific 
mutagenesis, exhibits very low or no TF coagulant activity 
(34,53,54).  Second, TF contains free thiols and the thiol 
oxidizing agent HgCl2 or oxidoreductase enzyme PDI 
facilitates the disulfide bond formation and increase TF 
procoagulant activity. We have critically evaluated the 
validity of these two postulates.  

 
Careful analysis of HgCl2-mediated TF activation 

in a variety of cells (MDA-MB-231, fibroblasts, stimulated 
endothelial cells and HL60 cells)  showed that increased 

availability of PS at the cell surface, and the PS is 
responsible for the increased TF activity following TF 
activation (56,57).  No evidence was found for the presence 
of free thiols in TF expressed at the cell surface (57). 
Further, there was no evidence even for the presence of 
PDI let alone an association of TF with PDI at the cell 
surface (57). Even if there is undetectable amount of PDI 
present on cell surfaces and this PDI associates with TF, 
the PDI levels would be far below the stoichiometric levels 
of TF, thus it would have no significant consequences on 
the status of the disulfide bond of TF. PDI is predominantly 
localized in ER, and in the absence of a classical membrane 
attachment site, it would seem probable that, at best, only 
traces of PDI would be present on cell surfaces (63). 
Although a number of earlier reports, including a recent 
report suggest that PDI is secreted from platelets and 
endothelial cells upon their activation (64), other studies 
found no evidence for secretion of PDI (65-67). In a recent 
study, PDI in platelets was shown to be exclusively located 
in the dense tubular system and remains confined to the 
intracellular dense tubular system and neither released nor 
targeted to the cell surface following platelet activation by 



Mechanisms of TF decryption  

1520 

various stimuli (65). Similar results were obtained in 
endothelial cells (Figure 3) and other cell types (65-67). 
Finally, inhibition of PDI by PDI neutralizing antibodies or 
gene silencing, or addition of rPDI exogenously had no 
effect on TF coagulant activity (57). Overall these findings 
undermine the hypothesis that PDI-mediated disulfide 
exchange plays a role in regulating TF procoagulant and 
cell signaling functions. To explain variance between our 
data (57) and the earlier published data (34,54), Liang and 
Hogg (68) suggested that some cell lines, such as MDA-
MB 231 cells are not appropriate for studying TF 
decryption as they believe TF is constitutively active in this 
cell line.  However, this suggestion may not be valid. 
Although it is possible that the amount of active TF could 
be higher in MDA-MB231 cells compared to other cell 
types, as in other cell types the majority of TF on MDA-
MB231 cells also appears to be in the cryptic form (69).  

 
Recently, we also evaluated critically the concept 

that the status of Cys186-Cys209 disulfide bond dictates 
whether TF is cryptic or coagulant active and the formation 
of Cys186-Cys209 disulfide bond is essential for its 
decryption (56). We found, as reported earlier (34,54,70) 
that cells transfected with TF mutants that preclude 
Cys186-Cys209 bond formation expressed very little 
procoagulant activity at the cell surface. However, this 
study also revealed that very little TF protein was present at 
the cell surface in these transfected cells. Detailed analysis 
of FVIIa and TF activity in HUVEC expressing similar 
levels of wild-type TF and TFC186S/C209S showed that 
the TF mutant had severe impairment in binding to FVIIa, 
but once it binds to FVIIa, the mutant TF-FVIIa complexes 
exhibited a similar coagulant activity as that of wild-type 
TF-FVIIa complexes. As discussed in the preceding 
section, cryptic TF forms a stable high-affinity association 
with FVII/FVIIa well below plasma concentrations of FVII, 
increasing the FVIIa concentration does not transform 
cryptic TF to procoagulant TF. TF disulfide mutants that 
exhibit low procoagulant activity because they have 
diminished affinity for FVIIa do not fit with this definition 
and therefore should not be viewed that the TF mutant 
lacking Cys186-Cys209 disulfide bond as a mimic of 
cryptic TF.  More importantly, our data also revealed that 
treatment of human umbilical vein endothelial cells 
(HUVEC) expressing TFC186S/C209S with the thiol-
oxidizing agent HgCl2  or ionomycin increased the cell 
surface TF activity to the same extent as that of the wild-
type TF. These data clearly illustrate that although the 
Cys186-Cys209 disulfide bond is critical for TF 
synthesis/processing and for FVIIa binding, it is not 
essential for TF decryption per se.  As with natural and 
wild-type TF, TF disulfide mutant expressed on cell 
surfaces also exist in two forms, cryptic and coagulant 
active. However the disulfide mutated coagulant active TF 
exhibits low procoagulant activity because it binds FVIIa 
poorly, but the procoagulant activity of this form could be 
restored completely using high concentrations of FVIIa. 
Cryptic disulfide mutant TF could undergo decryption 
process in same manner as that of wild-type TF.  

 
In addition to the above experimental data that 

raised critical questions on validity of the hypothesis that 

assign a critical role for disulfide switching for TF 
encryption and decryption processes, other investigators 
raised theoretical concerns on the validity of this hypothesis 
(71,72). Bach and Monroe (72) points out that the half-
cystines are buried deep within complex when FVIIa binds 
to the extracellular domain of TF and therefore, Cys186 
and Cys209 are not available to interact with PDI or even 
participate in the proposed reactions. In light of several 
experimental and theoretical inconsistencies, further 
support and clarification are needed to validate the 
hypothesis that PDI-mediated disulfide switching induces 
TF decryption.   

 
6.4. Protein disulfide isomerase: Regulation of TF 
activity by modulation of lipid environment  

As discussed earlier in this chapter, exposure of 
PS in response to a variety of stimuli has been 
considered the primary mechanism responsible for TF 
decryption. PS is normally sequestered in the inner 
leaflet of the plasma membrane.  The asymmetric 
distribution of PS in the plasma membrane of quiescent 
cells is maintained by ATP-dependent 
aminophospholipid translocase (catalyzes the transport of 
PS from outer to inner membrane leaflet) and Ca2+-

dependent phospholipid scramblase (catalyzes rapid 
transbilayer movement of phospholipids between 
membrane leaflets) (73-75). The translocase activity is 
dependent on a free thiol group and thus modification of 
the thiol group by alkylation or oxidation by the 
sulfhydryl-reactive agents such as NEM or diamide 
results in cell surface exposure of PS (76-78). Thiolation 
also significantly lowers the threshold for Ca2+ required 
to activate outward PS transport by the scramblase and 
may directly activate a stress response that leads to a 
surge in Ca2+ into the cytosol (78). Therefore, it is 
possible that oxidoreductase, such as PDI, could 
modulate changes in PS dynamics. Consistent with this 
possibility, Popescu et al. (79) showed recently using an 
endothelial cell model system that inhibition of cell 
surface PDI by PDI mAb induced a marked increase in 
TF procoagulant function. Increased TF procoagulant 
activity in cells treated with anti-PDI antibody was 
correlated with the increased prothrombinase activity and 
inhibited by annexin V, suggesting exposure of PS at the 
cell surface upon treatment with the antibody. PS 
exposure was confirmed by direct annexin V binding and 
the dynamics of fluorescent analogs of PS. Overall these 
data suggest that PDI affects coagulation at least in part 
through changes in lipid asymmetry of the plasma 
membrane and PDI acts as a negative regulator of 
coagulation. In our own studies, we have observed a 
small increase in TF procoagulant activity in cells treated 
with PDI mAb, the same isotype used by Popescu et al. 
(79).  However, we also found that the effect of the 
antibodies was lost if the antibodies were dialyzed before 
using them in the treatment. Initial analysis suggests that 
glycerol present in the antibody stock could have 
contributed to the increased PS exposure (Figure 4), but 
this needs to be confirmed independently. Additional 
studies utilizing different cell model systems are required 
to validate PDI-induced changes in lipid environment 
plays a role in TF decryption
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Figure 4. The effect of PDI mAb, before and after dialysis, 
on tissue factor procoagulant activity in endothelial cells.  
PDI mAb (clone #34b) was obtained from BD Biosciences, 
which was supplied at 250 micro grams/ml concentration in 
glycerol. A portion of the antibody was dialyzed overnight 
against 10 mM Hepes buffer to remove the glycerol. 
Confluent monolayers of HUVEC were treated with pre 
and post-dialyzed PDI mAb (10 micro grams/ml) for 30 
min at room temperature.  In parallel wells, HUVEC were 
also treated with glycerol (2 and 5%). At the end of 30 min 
treatment, FVII (10 nM) and FX (175 nM) were added to 
cells and the rate of FX activation was measured in a 
chromogenic assay.   

 
 

6.5. Protein disulfide isomerase: Regulation of TF 
activity by chaperone function 

Versteeg and Ruf (80) reported that PDI 
selectively acts, independent of its oxidoreductase activity, 
upon cryptic TF to facilitate ternary complex formation and 
macromolecular substrate turnover. These investigators 
showed that PDI enhances the activity of FVIIa-dependent 
activation of factor X in the presence of wild-type, oxidized 
soluble TF (sTF) but not TF mutants that contain an 
unpaired Cys186 or Cys209. PDI was also shown to 
enhance TF coagulant activity on microvesicles shed from 
cells. PDI-accelerated factor Xa generation was blocked by 
bacitracin. However, inhibition of vicinal thiols, reduction 
of PDI or other modifications that specifically abolish PDI 
oxidoreductase activity but not chaperone activity failed to 
block PDI-mediated enhancement of FX activation. Based 
on these data it had been suggested that PDI plays a role as 
an activating chaperone for circulating cryptic TF. 
Interestingly, PDI had no effect on full-length TF that had 
been reconstituted in negatively charged phospholipids or 
cell surface TF (80).  In contrast to these data, we found no 
significant effect of PDI on the activity of sTF (81). The 
main difference between these two studies was that the 
earlier study employed commercially obtained purified 
bovine PDI whereas we used recombinant human PDI. 
Comparative studies with purified bovine PDI and 
recombinant human PDI revealed that PS contaminant in 
the bovine PDI reagent could have contributed to the 
enhancing effect of PDI.  These observations have been 

confirmed independently by others (82).  Thus, it appears 
that PDI had no stimulatory chaperone effect on FX 
activation by sTF-FVIIa and the effect observed with 
bovine PDI could have been the result of contaminant PS-
like material in the bovine PDI.  However, in a recent study 
Raturi and Ruf (83) reported that extraction of bovine PDI 
with acetone to remove any potential contaminant did not 
diminish the potency of the rate-enhancing effect of PDI in 
the soluble TF system whereas depletion of the bPDI 
preparation with anti-PDI antibody completely abolished 
the rate-enhancing effect of bPDI. It is possible that PS or 
an unknown component that structurally bound PDI, which 
is responsible for the rate enhancing effect of soluble TF, 
could have been depleted along with PDI when bovine PDI 
was passed through the anti-PDI antibody column. 
Although it is unlikely that the chaperone activity of PDI 
plays a role in TF decryption, in light of the recent 
observations (83), further studies are needed to determine 
that PDI actually increases TF activity via its chaperone 
activity.  

 
6.6. Caveolae, lipid rafts and cholesterol: Modulation of 
tissue factor procoagulant activity 

Distribution of TF on cell surfaces is not a 
random process. Ultrastructural localization of TF in a 
variety of cell types showed that a fraction of the TF in 
these cells is associated with caveolae, a specialized 
membrane domain rich in cholesterol- and sphingolipid-
rich rafts. (84-87). Mulder et al. (84) speculated that the 
caveolae-associated TF represents the encrypted form, 
which can rapidly be activated at sites in which vessel wall 
integrity is lost. Ruf and colleagues (88) demonstrated that 
TF translocates to caveolae following ternary complex 
formation with FVIIa, TFPI, FXa. TF translocated to 
caveolae exhibited a lower procoagulant activity even in 
the presence of anti-TFPI antibodies. These data are 
consistent with the hypothesis that TF localized in caveolae 
is less active or cryptic.  Further supporting this hypothesis, 
treatment of HEK293 cells or dermal fibroblasts with 
methyl beta-cyclodextrin, which disrupts caveolar structure 
by removing membrane cholesterol, increased the TF 
procoagulant activity by 2 to 3-fold (89). However, 
opposite results were reported in other cell model systems. 
Disruption of caveolae by removal of cholesterol with 
methyl beta-cyclodextrin treatment was shown to decrease 
TF procoagulant activity in fibroblasts and tumor cells 
(87,90). Interestingly, filipin treatment, which also disrupts 
caveolae, increased TF procoagulant activity (90). 
Disruption of caveolae by silencing of caveloin-1 had no 
effect on TF coagulant activity at the cell surface (87). 
Overall these data indicate that caveolae are not negative 
regulators of TF procoagulant activity, as previously 
thought.  It is possible that the increased TF-FVIIa 
procoagulant activity observed in cells following caveolae 
disruption may arise independent of caveolae. For example, 
increased TF procoagulant activity associated with filipin 
treatment of fibroblasts (90) could have been the result of 
the increased concentration of cholesterol in membrane 
patches due to the fact that filipin sequesters the membrane 
cholesterol by forming complex with it (91).  The 
observation that depletion of membrane cholesterol reduces 
the cell surface TF activity and increasing the cholesterol 
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concentration in the membrane by loading the cells with 
cholesterol increases the cell surface TF activity (90) fits 
with the concept that cholesterol regulates TF activity. 
Cholesterol modulation of TF activity on cell surfaces 
appears to be independent of PS.  FVIIa binding studies 
suggest that membrane cholesterol may modulate TF 
affinity to FVIIa (90). At present it is unclear whether 
cholesterol modulates TF procoagulant activity by direct 
interaction between cholesterol and TF or as a critical 
component necessary to form lipid rafts. Interestingly, del 
conde et al. (92) found that TF-bearing microvesicles 
selectively arise from lipid raft regions from the membrane, 
and these vesicles readily fuse with the activated platelets 
and thus increasing the catalytic efficiency of TF-FVIIa 
procoagulant activity.  Further studies are needed to sort 
out the importance of caveolae, lipid rafts, and cholesterol 
in TF encryption and decryption.  

 
7. CRYPTIC TF AND TF-FVIIA SIGNALING  
 

The formation of TF-FVIIa complexes on cell 
surfaces not only triggers the coagulation cascade but also 
transduces cell signaling via activation of protease-
activated receptors (PARs) (93,94). Interestingly, in 
contrast to sub-nanomolar concentration of FVIIa needed to 
from TF-FVIIa coagulant active complexes maximally, a 
much higher concentration of FVIIa (5 to 10 nM) was 
needed to express TF-FVIIa signaling complexes 
(17,54,93).  The FVIIa concentration required for TF-FVIIa 
cell signaling is quite similar to that of FVIIa binding to all 
the available TF sites on cell surfaces (95), suggesting that 
cryptic TF-FVIIa complexes are capable of activating 
PAR2. The observation that a TF monoclonal antibody that 
presumably binds to cryptic TF inhibited the TF-FVIIa 
signaling without inhibiting the TF procoagulant activity 
has provided further evidence for that cryptic TF-FVIIa is 
capable of activating PAR2 (54). Ahamed et al. (54) 
showed that Cys186-Cys209 disulfide bond is not required 
for TF-FVIIa-induced PAR2-mediated cell signaling as a 
TF mutant (TF C209A) with an unpaired Cys186 retains 
TF-FVIIa signaling. Further it had been shown that TF 
associates with PDI extracellularly and disulfide/thiol 
exchange is required for TF-PAR2 complex formation and 
TF-FVIIa signaling (54).  Based on these data, it has been 
postulated that TF-FVIIa-mediated coagulation and cell 
signaling involves two distinct cellular pools of TF - the TF 
with intact Cys186-Cys209 disulfide bond is the coagulant 
active/cell signaling inactive and the TF with the reduced 
Cys186-Cys209 disulfide bond is cryptic/cell signaling 
active. The disulfide exchange mediated by PDI acts as a 
regulatory mechanism that switches TF function from 
coagulation to signaling and vice versa.  

 
The notion that cryptic TF is functional in TF-

FVIIa signaling seems valid and consistent with early 
observations that showed FVIIa binds to cryptic TF and the 
resultant TF-FVIIa complexes are catalytically active (8). It 
also correlates well with dose-dependent kinetics of FVIIa 
binding to TF and TF-FVIIa signaling (95). However, it is 
doubtful at present whether the status of Cys186-Cys209 
bond actually determines whether TF can be active either in 
coagulation or cell signaling and PDI-mediated disulfide 

isomerization switches TF from coagulation to cell 
signaling or vice versa. There is no compelling evidence 
that only cryptic TF and not the coagulant active TF 
supports the TF-FVIIa-mediated cell signaling. Further, as 
discussed earlier, PDI association with TF and its effect on 
either TF-FVIIa signaling or the coagulation is not evident 
in all cell types (57).  

 
8. TF ENCRYPTION AND FVII ACTIVATION 
 

As plasma contains only traces of FVIIa (96), 
most of the complexes formed, either intravascularly (if 
any), or extravascularly, are TF-FVII complexes. 
Therefore, FVII bound to TF has to be converted to FVIIa 
first before it could activate factors X and IX.  FVII bound 
to TF can be converted to FVIIa via an autocatalytic 
reaction (97).  Since plasma already contains traces of 
FVIIa, traces of TF-FVIIa will be formed on cell surfaces 
along with TF-FVII, and if both the complexes are close 
enough to interact TF-FVIIa can convert FVII bound to TF 
to FVIIa  (98,99). Alternatively traces of FVIIa bound to 
coagulant active TF can activate traces of FX to FXa, and 
this FXa can readily activate FVII bound to TF (28). 
Activation of TF bound FVII by FXa is much more 
efficient than autocatalytic activation of FVII (100). It is 
unclear at present whether FVII bound to cryptic TF could 
be converted to FVIIa either autocatalytically or by FXa or 
TF had to undergo decryption process before it could 
support FVII activation. We are not aware of any studies in 
the literature that examined this directly. Since the 
encrypted TF-FVIIa does not interact efficiently with 
substrates FX/FIX (8,13,22), it is logical to believe that 
FXa also does not bind well to encrypted TF-FVII.  
Therefore, FVII bound to encrypted TF would be resistant 
to activation by FXa. However, analysis of FVII activation 
bound to cell surface TF showed that FVII bound to TF 
was readily activated by FXa (100). Although these studies 
were not designed specifically to address whether FXa 
activates the FVII bound to cryptic TF, since most of the 
FVII bound to TF is converted to FVIIa in these 
experiments, it is likely that FVII bound to cryptic TF may 
also be activated by FXa. However, further experiments are 
needed to validate this possibility. Whether encrypted or 
decrypted TF-FVIIa can autocatalytically activate 
encrypted TF-FVII or decryption of TF-FVII is required 
before it is activated by decrypted TF-FVIIa remains 
unknown. Either case, since both the substrate TF-FVII and 
the enzyme TF-FVIIa are anchored to the membrane, the 
rate of autoactivation would be highly dependent on surface 
density of TF and the membrane mobility (13). As the 
activation of FVII bound to TF is an essential step in the 
initiation of TF-dependent blood coagulation (101) and 
there were no specific studies that examined the role of TF 
encryption and decryption in regulating FVII activation, 
further studies are warranted in this direction.  

 
9. CONCLUSIONS 
 

Although at present it is not entirely clear how 
cryptic TF differs from procoagulant TF and mechanisms 
responsible for TF decryption, the predominant evidence in 
the literature point out that availability of anionic 
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phospholipids, such as PS, on the membrane is the critical 
modulator of TF procoagulant activity. There is a wider 
acceptance for the hypothesis that exposure of PS on the 
outer surface of cell membrane decrypts TF. However, a 
role for PS does not automatically exclude the involvement 
of other mechanisms in TF decryption.  However, if these 
other mechanisms also result in exposure of PS, then it is 
fair to scrutinize them more critically and vigorously to 
determine whether the proposed mechanism (s) and not the 
exposure of PS are responsible for TF decryption. 
Validating the potential mechanism in several cell types 
with different activating stimuli would be required to 
establish it as a general regulatory mechanism for TF 
decryption. The most challenging task for future is to 
decipher how PS transforms cryptic TF to procoagulant TF.  
This may require development of specific reagents that 
recognize different forms of TF, development of new 
technologies and innovative experimental approaches.  
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