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Recognition and characterization of individual coagulation factors led to 

the conceptualization of coagulation as a process in which these factors, 

circulating in an inactive form, were serially activated to produce a clot. In 1964, 

MacFarlane (1) coined the term "Cascade" and Ratnoff (2) used "Waterfall" to 

describe coagulation as a sequential activation of the inactive precursor forms 

(of the clotting factors) by limited proteolytic cleavage of specific peptide bonds 

thereby exposing an active site on the precursor. This cor~cept provided a basis 

for the amplification of intermediates (each zymogen acting as both substrate 

and enzyme) needed for successful clot formation, a basis for feedback "brakes" 

on the system, and an explanation for bleeding in a variety of factor deficient 

(hemophilias) states (3). Indeed, it was this latter aspect that led to a tl.u..al. but 

inter-related mechanism of activation, termed the "intrinisic" and "extrinsic" 

systems. The "extrinsic" pathway "turns on" when tissue injury produced a 

"tissue extract" to activate Factor VII in the sequence. The "intrinsic" pathway 
involved "contact activation" that activated the kallikrein system, high molecular 
weight kininogen and so-called contact activating factors (XII and XI). This 

dominant part of the coagulation cascade was used to expl~in clinical 
hemostasis and hemophilia. 

. Schematic representation of the clotting cascade, divided arbitrarily 
into those sequences involved in surface (contact) activation, intrinsic and extrinsic 
activation, and the final common pathway. Solid lines indicate direct activation of 
precursor zymogen to enzyme; interruputed lines show paths of both positive and 
negative feedback. PL indicates phospholipid, which would be provided by platelet 
membranes in vivo. 
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Coleman et a l: (4) 
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The segregation of the known coagulation factors into these two pathways 

("intrinsic" and "extrinsic") and the availability of simple tests (PTT for the former 

and PT the latter) has provided an excellent and convenient differential 

diagnostic approach to patients with hemorrhagic problems. 

However, this concept, however, failed to explain several issues; these 

include: 

1.) Why do patients deficient in prekallikrein and high molecular weight 

kininogen .ru21 bleed? 

2.) Why do patients with a deficiency of the prime contact factor, Factor 

XII (Hagemin Factor) not bleed; and, why in fact, do they have a high incidence 

of thromboembolic disease? 

3). How (why) do hemophiliac patients bleed and why is the clinical 

picture in Factor XI deficiency so different from that of Factor VIII (hemophilia A) 

and Factor IX (hemophilia B; Christmas disease)? 

4. Why do (some) patients with Factor VII deficiency bleed, if an 

"intrinsic" rescue pathway exists and is intact? 

5. What is the nature of the tissue "trigger"? 

I. The Factor VII (F VII) Deficient Patient 

.Q.J...., a 15 year old female was referred for continuity of care by her 

physicians in Paris, France during her interval residence in Dallas. At birth, a 

massive cranial ecchymosis had led to coagulation studies which demonstrated 

a prolonged prothrombin time and complete correction with a 1 :1 addition of 

aged serum. Further characterization had demonstrated the failure of Factor VII 

deficient plasma to correct her defect. The diagnosis of Congenital Factor VII 
Deficiency was made. She was the only affected family member. 

Recurrent hemarthrosis of the knees and elbows were treated during 

infancy with infusions of fresh frozen plasma. In the early 1980's, a F.~tor VII 

concentrate was developed in France. She was subsequently treatP<'i with it, 
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and both the patient and her clinical team felt the management of her 

symptomatic joint bleeds was much easier. Its availability led to prophylactic 

home therapy as well as specific symptom-related treatment. It is of interest that 

she had not reached menarche. Her primary persistent clinical problem was 

severe "hemophilia-related arthropathic" changes in the right elbow which 

measured several times normal size. 

While in Dallas she continued to be treated with the French Factor VII 

preparation with excellent symptomatic efficacy. She moved to Los Angeles 

where corrective elbow surgery was performed with the supportive cover of the 

French Factor VII concentrate; she had an excellent functional and cosmetic 

result. 

Although the first description of a patient with a hemorrhagic diathesis 

considered to be due· to Factor VII deficiency was made by Alexander, et al in 

1951 (5) it was more than a decade before diagnostic specifity allowed the 

correct diagnosis in many patients. Indeed, many patients are recorded 

multiple times in the literature, often with a revised diagnosis (6). 

Clinical Features 

1. The only clotting factor deficiency that causes an isolated prolonged 

prothrombin time (PT) with a normal partial thromboplastin time (PTT) (7). 

2. Autosomal Recessive: variable expression and high penetrance 

consanguinity common in early reports. 

high incidence northern Italy 

3. Hemorrhagic manifestations: highly variable. Some correlation of severity 

with coagulant (Factor VII C) levels below 3% of normal (8), but clinical 

manifestations are variable, and only partially relate to coagulant levels 

(6,9). Only approximately 1/2 of patients have clinical manifestations and 

a diagnosis made by age 15. 

Neonatal Bleeding: - umbilical cord 

- CNS hemorrhage 
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[Spontaneous] ecchymosis 

Epistaxis, gingival bleeding and bloody tears. 

Hemarthrosis: ankles > elbows > knees > shoulder 

Menorrhagia: very common, often very severe, and may be major 

presenting symptom and only clinical expression. 

Post-partum Hemorrhage: With coagulant levels below 20%. 

4. Some patients have presented with venous thrombosis (6, 1 0, 11 ). 

Laboratory Features 

1. Prolonged prothrombin time; usually normal PTT. Heterozygotes may 

have only 1-3 second prolongation of PT. 

2. Molecular heterogeneity is very common with significant Factor VII antigen 

content variation has been identified (12, 13, 14, 15). 

- Many of the variants have been identified by virtue of different 

clotting activation patterns to different substrates (rabbit, human, ox brain) 

(12, 13, 14, 15). 

-Population studies have now identified asymptomatic 

heterozygotes who only had a mild prolongation of their prothrombin 

time; their Factor VII activity varied between 45-61% of normal (14). 

-Recent population survey in Georgia has identified Factor VII 

deficiency variants in African-Americans characterized by reduced 

Factor VII C levels with significant antigen excess (i.e. dysfunctional 

Factor VII ) (16). 

Clinical-Laboratory Correlative Observations 

Recent clinical laboratory correlative studies using a highly specific 

radioimmunoassay to measure antigen activity and a panel of thromboplastins 

to measure functional activity have demonstrated (9) : 

- there is a high degree of complexi.ty in the interaction of Factor VII 

and thromboplastin. 
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- discordant activation patterns (i.e. more than 15% variation 

between various thromboplastins). 

- coagulant:antigen concentrations are commonly discordant, 

defining ~-Factor VII (i.e. a functionally altered molecule). In fact, most 

coagulant deficient patients had normal antigen content. No patient has 

been identified with undetectable Factor VII antigen. 

- racial origin appears to be an important determinant of bleeding 

in Factor VII deficient/defective patients: Hemorrhagic episodes appear to 

be virtually non-existent in African American patients (9, 16). 

Other clinical-laboratory correlative observations have included: 

- an association of Factor VII deficiency and the Dubin-Johnson syndrome 

(17). 

- an association with Gilbert's syndrome (18). 

-an association with trisomy 8 (19). 

THERAPY 

Increasing the functional Factor VII level to 20-25% is appropriate, safe 

and satisfactory in the management of hemorrhagic problems or for surgery. In 

general, fresh frozen plasma, 1 0-20 ml/kg is used for induction followed by 1/2 

that amount every 10-12 hours. In spite of the relatively short half life 

(approximately 3 hours), this approach has provided consistent effective 

hemostasis. Some Factor IX concentrates are contaminated with prothrombin 

complex substitute (e.g. F VII) and have been used, but have problems with viral 

disease transmission and induction of thrombo-embolic complications. Purified 

Factor VII is now entering clinical trials; an excellent Factor VIla is in the clinical 

use (see below). 

II. FACTOR VII 

Factor VII is one of the vitamin K dependent clotting and regulatory 

proteins. 
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Vitamin K Dependent Factors 

Prothrombin 

Factor VII,. IX, X 

Protein S and C 

vitamin K -dependent • 
carboxylase carboxylaied 

C02 ~ prozymogen 

OH~ 0 

ex>::"· ·e¢:=· 
OH 0 

vitamin K Hamin K ~ ..... ~ 0 ..... -···~ 
CH3 

I 
R 

0 

Fig 1. Vitamin K cycle. Vitamin K. ingested as part of the 
normal diet. is converted to the vitamin K hydroquinone by a 
vitamin K reductase. The reduced form of vitamin K. vitamin KH2• 

is tha substrate for the vitamin K-dependent carboxylase/vitamin 
K epoxidase. With the carboxylation of glutamic acid residues on 
the protein substrate. vitamin K epoxide is formed. C02 and 
molecular oxygen are also requisite substrates . The vitamin K 
epoxide is recovered by a reaction catalyzed by the vitamin K 
epoxide reductase. and vitamin K is generated. The major site of 
warfarin action (hatched) is the vitamin K epoxide reductase. 
Some vitamin K reductase& are also inhibited 

All of these factors require a number of post-translational modifications to yield 

the biologically active forms of these protein. Furie and Furie (20) have 

provided a concise review of the molecular basis for this activation. As secreted 

proteins, these all require the typical processing (i.e. signal peptide cleavage, 

propeptide cleavage, disulfide bond formation and glycosylation). In addition, 

they require a unique modification involving the conversion of specific glutamic 

acids to gamma - carboxyglutomic acid, a reaction dependent upon Vitamin K. 
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· 24 ·18 · 10 ·1 +1 

Factor IX His 
ProthrOITt>i n Ser Leu Val Hi s Ser Pro 
Factor X Leu Leu Leu Leu Gly Arg 
Protein C Thr Pro Ala Pro Leu Ser 
Factor VII Trp Lys Pro Gly Pro Glu 
Protein S Val Leu Pro Val Leu Arg 
Bone Gla protein Ser Gly Ala Glu Ser Lys 

_ Sequence homology of the propeptides of the vitamin K-dependent proteins. The size of the propeptide has been established for 
factor IX31

"
00 and protein C.41 Homologous regions of other vitamin K-dependent proteinl are aligned. Residues that demonstrate sequence 

homology are boxed and shaded: regions with conservative amino acid substitutions era boxed. Copyright 1988 by Cell Press. Reprinted 
with permission. 7 

PROZYMOGEN 

_ Model of the interaction of the vitamin K-dependent 
carboxylase with the precursor form of the vitamin K-dependent 
proteins. The carboxylase is an integral membrane protein. One 
domain includes the active site. responsible for the conversion of 
glutamic acid to ")'-carboxyglutamic acid and vitamin KH2 to vitamin 
K epoxide. Another adjacent section of the extended substrate 
binding site is a complementary surface to the ")'-carboxylation 
recognition site (")'- CRS) on the propeptide. The propeptide as
sumes a helical structure when localized near the membrane 

surface. 
Furie and Furie (22) 

.Furie and Furie (22) 
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From this it is evident that the differential diagnosis in a suspected case of 

Factor VII deficiency is quite simple and limited: 

Factor VII Gene {21) 

Liver Disease 

Coumadin ingestion 

Vitamin K deficiency 

Factor VII deficiency 

Familial multiple factor deficiency Type Ill 

(prothrombin VII, IX, X) 

- Is 13 kb in length and is located on the long arm of chromosome 13 

(immediately adjacent to Factor X gene), the q 34 band (23). 

VIII 

Factor VII 
VIII 

Factor IX 
VIII 

Factor X 
VIII 

Protein C 
VII VIII IX X XI XII XIU XIV 

Prothrombin 
V VI VII VIII IX X XI XII XIII XIV XV 

Factor XI 
X XI XII XIII XIV 

Factor XII 

Figure 3. Exon- lntron Structures of the Genes Encoding the Blood Coagulation Serine Proteases 

.- . .. 

D SIGNAL PEPTIDE 

D PROPEPTIDE-GLA DOMAIN 

I AROMATIC AMINO ACID ST 

II EGF 

~ KRINGLE 

I ACTIVATION 

D CATALYTIC 

~ REPEAT 

~ FIBRONECTIN TYPE I 

0 FIBRONECTIN TYPE II 

Furie and Furie (22) 



- The coding region is found on 9 separate exams. 

Pre-profactor VII is synthesized in two forms: 

Exon 18 encoding for the signal peptide, Factor VII arises 

from a gene with organization identical to Factor IX gene. 

Exon 1 A can direct signal peptide coding resulting in a 
polypeptide extension of the NH2 terminus elongating the signal 

peptide/propeptide from 38-60 residues. 

Exon II encodes propeptide and gamma carboxyglutamic 
acid-rich domain. 

Exon Ill encodes the short aromatic amino acid stock 
domain which is a segment common to all the vitamin K-dependent proteins. 

peptide. 

Exon IV and V each encode one of the EGF domains. 

Exons VI encodes the catalytic domain and the activation 

Exon VII and VIII encode the catalytic domain. 

The mANA for Factor VII is about 2.4 kb in length (with an 3' untranslated 

region of 1.0 -kb length and a poly (A) tail located after the stop codon). 

Table 1. Properties of the Genes. mRNAs, and Gene Products of the Components of the Blood Coagulation Cascade 

Plasma 
Molecular Gene mANA Concentration 

Component Weight (kb) Chromosome (kb) Exons (11g/ml) Function 

Prothrombin 72,000 21 11p11-<j12 2.1 14 100 Protease zymogen 
Factor X 56,000 22 13q34 1.5 8 10 Protease zymogen 
Factor IX 56,000 34 Xq26-27.3 2.8 8 5 Protease zymogen 
FaClor VII 50,000 13 13q34 2.4 8 0.5 Prolease zymogen 

Faclor VIII 330,000 185 Xq28 9.0 26 0.1 Cofactor 
Factor V 330,000 7.0 10 Cofactor 

Factor XI 160,000 23 " 15 5 Protease zymogen 

Factor XII 80,000 12 5 2.4 14 30 Protease zymogen 

Fibrinogen 340,000 3000 Structural 

Aa chain 66,500 4q26-q28 5 
B~ chain 52,000 4q26-q28 8 
y chain 46,500 4q26-q28 9 

Protein C 62,000 11 1.8 8 4 Protease zymogen 

ProteinS 80,000 2.4 25 Cofactor 

vWF 225,000 x n• 175 12pter-p12 8.5 >42 10 Adhesion 

TissU'l! factor 37,000 • 1pter-p12 2.1 0.0 Cofactor/initiator 

Chromosome assignments are taken from Royle et al. (1987). 
lf22 • n denotes number of subunits, where the subunit M, is 225,000. REF. 

F~atur~s Qf Fa~tQr VII: 

1. In congenital Factor VII deficiency, Vitamin K administration does D.Q1 

increase either Factor VP r- m Factor VII Ag levels. 
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2. In vivo Factor VII C survival displays a two component decay curve; the 

half-life (calculated from the fitted slopes) are 35 minutes and 300 minutes (6). 

A common in vivo functional T 1/2 is approximately 3 hours. 

3. The half-life of Factor VII after administration of coumadin to a normal 

volunteer and the half-reappearance time after vitamin K administration are 

both approximately 280 minutes. The decay of Factor VIJ in a normal individual 

after coumadin therapy is identical to that in congenitally deficient patients (6). 

Human 
<b Gamma-carboxyglutamic acid 

- Glycosylation sites 

- Activation site 

c Catalytic site' -residues 

4. Factor VII: Molecular weight 50,000. 

Factor VII 

a glycoprotein that circulates as a single chain with 406 amino 

acid residues. 
because of its short in vivo half life it is the first of the vitamin K

dependent clotting factors to disappear with the institution of 

Vitamin K deficiency. 
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5. Since it is now evident that Factor VII polymorphism has commonly 

resulted in a dysfunctional coagulant protein, recent studies have focused on 

this aspect. 

Studies of several patients with variant deficient and dysfunctional Factor 

VII (Padua, Detroit, Uttle Rock, and Verona) have substitution of Arg 304 by Gin, 

and in each case an A replaced C at position 10,828 of the Factor VII gene, 

suggesting that this substitution is at a "b..Ql ~" for point mutation (24). A 

second simultaneous study examined 8 Polish kindreds with Factor VII 

deficiency and a bleeding diathesis (25). They demonstrated that an Arg353 to 

Gin substitution represented a common Factor VII polymorphism; and, in fact 

resulted in a modest reduction of Factor VII coagulant activity (and Ag) in as 

many as 10% of "normal" Individuals in the U.K. and U.S. They believe 

significant lowering of Factor VII activity is the result of added mutations to this 

common substitution site in the gene. 

Ill. TISSUE FACTOR (TF) 

The remarkable two century pursuit of the basis of thromboplastic activity of 

tissues has recently been reviewed by Bach, one of the contemporary laborers 

in the field (26). Although Nemerson and Spaet first utilized the term Tissue 

Factor (27) to define thromboplastin(s) from cells, most investigators considered 

the term to apply a non-specific property of cells, until Bach in 1981 isolated and 

purified to homogeneity bovine TF (28); human TF was similarly characterized 

by Broze in 1985 (29). This integral membrane protein has a molecule weight 

of approximately 45,000 and acts as a cell surface receptor for Factor VII. It has 

an extended surface domain, a small transmembrane domain and a short 

cytoplasmic domain. 

1. Structural Characteristics of the Human TF Gene: 

The complete primary ·structure of the hutT~an TF gene, mRNA and protein 

have been recently established from work in s~veral laboratories (30-34). · 
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Primary structure of the TF Gene, mANA and protein 

Chromosome 1 
o Kb 5 Kb 

Protein~ ..;y 
Membrane Glycoprotein ~ 

~ 

10 Kb 

The TF gene spans 12.4 kb, excluding the promoter and regulatory 

enhancer elements. There is a single gene organized into six exons separated 

by five introns, all of which have typical consensus intron-exon boundaries (33). 

Exon organization is straight forward with the 5' region of exon 1 encoding 

translational initiation; and 3' region encoding the 32 residue leader sequence. 

The second through fifth exons encode the extra cellular domain of the protein 

and the sixth exon provides both the transmembrane and cytoplasmic domains, 

as well as the long 3' untranslated region of the mANA (34). The receptor has 

rather novel features. It does, however, have significant homology with two 

interferon receptors and shares regions with other members of the cytokine 

family. 

Transcription of the TF gene results in a 2.2/2/3 kb mANA and frequently 

some larger TF RNA species also; the latter perhaps due to incomplete splicing 

of introns (30, 31, 32, 34). 

2. Chromosome Localization of TF: 

The location of the human ;«:!ne was mapped by Carson, et al (35). They 

used a novel mouse-human ~o rna·tic cell hybridization which exploited the 
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advantage of species specificity; that is, mouse TF does not clot human or 

bovine plasma. They mapped the gene to the short arm of human chromosome 

1, and this has been confirmed and more specifically localized to p 21-22 (32). 

3. Regulation of TF gene: 

Since TF is now clearly identified as 1.h.a initiator of coagulation, 

mechanisms of critical regulation are important. Immediate availability is 

needed when a physiologic hemostatic response is required. At least in some 

cells (monocyte/macrophages) TF appears to require transcriptional initiation as 
the first event producing a low level of expression that is followed by immediate 
amplification. In unstimulated (unperturbed cells) TF mRNA was essentially 
undetectable. With stimulatiion TF mRNA is very rapidly induced (34). 

There does appear to be constitutive expression of the TF gene. Certainly 

expression of TF is known to be very responsive to exposure to a variety of 

extracellular agonists and cytokines. Thus, endotoxin, immune complexes, 

interleukin-1, tumor necrosis factor all induce TF production; and, when 

produced it is primarily on the albuminal surface of the cell. 

As an effective hemostatic regulator, TF must be immediately available for 

effective initiation, and it must disappear when the physiologic need no longer 

exists. To provide for this there must be efficient "shut down" of transcription 

and a rapid decay of both TF and mRNA (34). The required downstream 

changes of transcriptional regulation are not known. It is known that the mature 

2.2 kb TF mRNA is inherently unstable in endothelial cells and has a half-life of 

48-90 minutes (36); and, the larger TF-mRNA species may exert feedback 

control of RNA processing (34). 

4. Cell Involvement: 

Synthesis and expression of TF has largely been examined in cultured 

cells and the issues of activation represent a problem. TF protein has been 

clearly defined in cells that provide an "envelope" pattern aq')und blood vessels, 

a site making it readily available for hemostatis but encrypted from the 
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circulation in the steady state. TF expression has been identified in the foam 

cells of atherosclerotic plaques (37); this has provided an interesting focus 

relative to the mechanism of propagation of such plaques. 

In the absence of a stimulus, few cells express TF. When grown in a 

serum-containing media, many cell types (e.g. fibroblasts, smooth muscle cells, 

etc.) express measurable amounts of TF (26). 

Substances which Induce Tissue Factor 

Endotoxin 

lnterleukin-1 

Tumor Necrosis Factor 

Activated Complement System Sequence 

Immune Complexes 

? other cytokines 

Some cells, such as cardiac myocytes and glomerular epithelial cells, are 

constitutively positive. Some cells can be "activated" (e.g. 

monocytes/macrophages, endothelial cells) to produce TF. Although 

lymphocytes do not produce TF, dendritic cells in stimulated lymphoid germinal 

centers do produce TF. Stimulated moncytes produce TF. 

TF is expressed by a variety of tumor cell lines; again, the role of serum in 

the growth media confounds our understanding of the true biologic expression 

of TF in neoplasia. 

IV. FACTOR VIla - TISSUE FACTOR INTERACTION 

Although the zymogen, one-chain Factor VII has some intrinsic protease 

activity, its conversion to the two-chain Factor VIla results in a 123-fold increase 

in enzymatic activity (38). This activation has been shown to be catalyzed by 

factor IXa and Xa, with the latter being the most patent activator (26). 

In a marvelous series of studies over th~ -~ast 5 years Rapaport (39, 40, 

43) has been able to define the signal role of ph)lsiologic activation of Factor VII 

to Factor VIla and its interaction wnh TF as the ~ri~nary mechanism for 
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hemostasis. Simultaneously Edgington (31 ,33, 34,37,41 ,42) has characterized 

its biochemical and molecular interactions. 

An important early question was whether the Factor VII - Tissue factor 

complex that forms in tissue factor dependent coagulation requires activation to 

Factor VIla - Tissue Factor before it can activate its substrates, Factor X and 

Factor IX. Rapaport (39,40) provided evidence that native human Factor VII - TF 

does not activate measurable amounts of Factor X. Vessel wall injury leads to 

activation of Factor VII to VIla. Although some binding of the available Factor VII 

to TF occurs, its the initial small burst of activated Factor VII (i.e. Factor VIla) 
interacting with TF that results in Factor X ~ Factor Xa activation with further 

amplification of the process. 

Tissue factor binds to Factor VIla and initiates the coagulation protease 

"cascade" by forming a catalytic cofactor- enzyme complex. Interactive sites in 

the amino-terminal (residues 44-84) and the carboxyl-terminal (residues 129-

169) aspect of the eXtracellular domain of TF (41) are critical. 

It is now clear that the conversion of Factor VII to Factor VIla and the highly 

efficient hydrolysis of the protein substrate Factor X to Factor Xa resides in 

residues 157-167 of TF (42). 

174 

151 

FrG. 1. Schematic representation of residues 151-172 in 
TF. Alignment to strand C according to Bazan (11) is indicated, and 
the functionally important residues are highlighted. The single-letter 
code for amino acids is used. 

Studies of the kinetics of Factor VIla binding to cell surface TF, (a calcium 

dependent step) have shown a discrepancy between the time required to 

achieve maximum TF-specific binding of recombinant Factor VIla to cell 
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surfaces ("relatively slow") and the time required for the cells to express 

maximum Factor VIla- TF catalytic activity ("rapid") (43). 

Factor VII auto-activation mechanism has been identified. When trace 

amounts of FVIIa are made there is rapid activation of tissue-factor bound VII by 

limited proteolysis, thereby turning on a burst of activity (44). 

Interaction of Factor VIla and TF fixed Q.ll cell membrane surface (rather 

than fluid phase) results in a marked increase (approximatley 1 o5 - fold) in 

catalytic efficiency for the activation of Factor IX and Factor X (45). 

From these and related observations it is now evident that the cellular 

initiation of coagulation is carried out by TF with the cognate molecules factor 

VII/VIIa and protein substrates Factor X and Factor IX resulting in a structured 

assembly on a charged phospholipid or comparable cell membrane in the 

presence of calcium ions (34). 

VII+ TF VIla+ TF 

IX 

TF • VII -----J~TF • VIla ·~ /IX, 
VIlla • IXa 

/" 
Xa -4----- X 

Activation oft he coagulation cascades by TF. 

The binding of Factor VII to cell surface TF results in a binary complex 

which is rapidly activated by trace amounts of Factor Xa. 
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Cell Surface 

Assembly of the TF initiation complex. 

The TF- Factor VIla complex efficiently activates not only Factor X but Factor IX 

as well, thus serving as the initiator of both "intrinsic" and "extrinsic" coagulation 
pathways. 

Model of the Surface Domain of TF 

Module 1 Module 2 

Finally, it is now established that the preferred substrate for TF-VIIa Factor 

is Factor X associated with the charged phospholipid surface (e.g. cell 

membrane) rather than fluid phase Factor X (34). Indeed, the assembly of the 

reactants on a charged surface increases the generation of Xa 2000 to 3000-

fold. 
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V. REGULATION OF TISSUE FACTOR - DEPENDENT BLOOD 

COAGULATION: The Extrinsic Pathway Inhibitor 

Second only to the recognition of Factor VII - Tissue factor as the 

hemostatic hub, was the elucidation of mechanisms that regulate this reaction. 

Although it was long known that the addition of serum to tissue extracts could 

inhibit the coagulation process (46), it was the brilliant studies of Sam Rapaport 

(47) that identified a protease inhibitor in plasma that serves as the "brake" for 

the hemostatic thrust This inhibitor has been variously termed anti-convertion, 

extrinsic coagulation pathway inhibitor (EPI), lipoprotein - associated 

coagulation inhibitor (LACI), tissue factor inhibitor and most recently tissue 

factor pathway inhibitor (TFPI). A recent international agreement has been 

made to use TFPI as the formal name. Again: the physiologic events relating to 

this regulatory protein have been largely delineated by Rapaport (47,49,50,51) 

and the biochemical and molecular changes have been defined by George 

Braze, Jr. ( 48,53,54,56,57). 

1. Historical Findings: Tissue Factor Pathway Inhibitor (TFPI): 

A plasma protein that inhibited Factor VIla - TF activation of Factor IX 

required the presence of Factor X (51). 

Factor Xa exerts negative feedback control over its own activation and 

activation of Factor IX by F VIla- TF (52). 

Factor Xa does not inhibit TF, but does inhibit the complete F VIla - TF 

complex (52). 

TFPI can bind to Factor Xa and neutralize its enzymatic activity (47). 
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2. Structure & Properties: TFPI 

eDNA coding for TFPI has been cloned and characterized (53). The 

mature molecule has m.w. of 32 kD. The molecule undergoes post-translational 

modifications and in the plasma its molecular weight is 34 kD (54). 

Kunitz-2 Kunitz-3 

Kunitz-1 

+ 

Fig. 5. The structure o~ EP~. The arrows d~n~t~ the active site clefts for each of the Kunitz-type inhibitory domains. 

TFPI is a protease which is consistent with its dual (or triple) inhibitory 

specificities containing three tandem Kunitz-type domains (55,56): 

1st domain: functions in the inhibition of the Factor VII -tissue factor 

complex. 
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2nd domajn: mediates Factor Xa binding and inhibition. 

3rd domajn: function not certain, but it appears to be involved in 

interaction with heparin (and perhaps other polyonions). 

3. Mechanism of Action: 

a). Inhibition of Xa: involves formation of an immediate encounter 

complex with subsequent "slow" isomerization of the complex to a "tightened" 

form (56). 

I 

" 

Endothelium 

b). Inhibition of Factor VII - TF: the proposed mechanism involves 

formation of a quaternary Factor Xa-TFPI Factor VIta/tissue factor complex. 
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Proposed mechanism for the inhibition of the factor 
Vlla/TF complex by TFPI.-

This inhibitory complex could result from the initial binding of the Factor 
Xa-TFPI complex to Factor Vlla/TF or alternatively, TFPI could bind to a 

performed Factor Xa - Factor Vlla/TF complex. It is of interest that an 

amplification control exists: thus, Factor Xa is not absolutely required for the 

inhibition of Factor Vrta/TF by TFPI; but when Xa is absent a greater than 50 told 

increase in concentration of TFPI is needed to produce an equivalent inhibition. 

4. Biologic Features of TFPI: 

a). Lipoprotein association: Although a small amount (approximately 

1 0%) circulates free, most TFPI that circulates (90%) is bound to plasma 

lipoproteins: LDL> HDL>> VLDL (52,54,55,57). Multiple forms of TFPI exist in 
the plasma: predominantly proteins with molecular weights of 36,000 and 

43,000. The size heterogeneity appears based on formation of mixed disulfide 

complexes between TFPI and a polipoprotein All (54,55,58). The mechanism of 

lipoprotein association is not clear. 

b). Platelet Associated TFPI : Approximately 10% of total blood TFPI is 

carried by platelets. Physiologically this may be a very important amount since 

platelet aggregation ~t wound site could provide an unusually high local 

concentration of TFPI (55). 

c). Heparin related TFPI: Another source of available TFPI is thought to be 

the endothelium, since a heparin infusion results in a rapid increase in plasma 

lo·.:~ !s of TFPI. 
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d. · Site of Cellular Synthesis: In tissue culture TFPI is synthesized by many 

cell types: liver, monocytes, lung, bladder, kidney, and endothelium. 

Endothelium appears to be the most important physiologic source (55,56). For 

instance, plasma levels do not change in severe hepatocellular disease (54), 

and human hepatocyte tissue culture studies have helped confirm this (60). 

e. TFPI as a Natural Anticoagulant: Studies in rabbits immunodepleted of 

TFPI suggest that a reasonable postulate is "TFPI serves as an essential natural 

anticoagulant protecting humans from potential thrombotic complications of 

events that are part of the experiences of normal living" (50): 

1. Human observations: 

- TFPI activity in normal individuals is remarkably stable with no 

diurnal or day to day variation (55). Activities in men and women are the same. 
(approximately 100 ng/ml). 

- TFPI levels in newborns are low, in the range of the activity of 

other coagulation inhibitors (activity 40-50 ng/ml) (55). 

- Activity is slightly greater in the elderly and with pregnancy. 

Patients with hypercholesterolemia have elevated levels. The age dependent 

increase appears to correlate with an increase in total cholesterol (and LDL) 

with aging (55). 

- Low levels are found in patients with abetalipoproteinemia (61 ). 

To date no humans with absent TFPI have been identified. 

-Si nee neither patients with hypercholesterolemia nor 

abetalipoproteinemia have a special propensity to thrombosis, it appears 

reasonable that the fraction of TFPI associated with lipoproteins is not unusually 

biologically active and that carrier-free TFPI in plasma, platelet bound or 

endothelial bound serve as the true in vivo "anticoagulant factor". 

2. Animal Studies: when picomolar concentrations of TF - apoprotein 

are infused into rabbits, the animals became defibrinated due to disseminated 

intra vascular coagulation (DIC); yet, plasma TFPI fell only slightly (62}. Only 
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limited amounts of TFPI - Factor Xa complexes were cleared from the circulation 

during the TF infusion. It appears that at these low levels a continued 

generation of Factor Xa occurred allowing the defibrination despite the 

relatively normal plasma level of TFPI. 

These studies have posed the postulate that: DIC progresses in most 

patients J1Q.L because TFPI levels are exhausted, but because Factor VIla - TF 

complexes continue to be formed at concentrations that normal plasma levels of 

TFPI can N.QI inhibit rapidly (50). 

When very low TF infusion rates were given to rabbits, little change 

occurred in fibrinogen levels (62). When TFPI was immune-depleted, increased 

sensitivity to induction of DIC occurred (63). 

In summary, it appears likely that traces of TF may enter the circulation 

of humans periodically during normal parturition, a variety of moderate 

illnesses, after procedures such as dental surgery, cystoscopy or general 

surgery, and similar circumstances and that the existent level of TFPI serves to 

protect us from these potentially dangerous events. 

5. Clinical correlates relative to TFPI: 

a.) Activity is stable in pneumonia, a time when a variety of acute phase 

reactants increase (64); thus, TFPI is .DQ1 an acute phase reactant. 

b.) During surgery, the activity declines to the same extent as other 

physiologic coagulation inhibitors (55). 

c.) Levels are normal with severe hepatocellular disease and are not 

affected by coumadin. DDAVP does not increase the activity (50). 

d.) Activity is normal when Factor VIla was infused (in a hemophiliac 

patient with Factor VIII inhibitor) (65). 
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e.) Increased activity has been identified: in patients with acute coronary 

artery disease (66), and in pregnancy (55). 

f.) Findings in Disease States: 

Levels are variable in DIC (55). Sudden massive DIC (e.g. acute brain 

injury) does result in a rapid decrease in activity (50). In the usual case of DIC 

(due to sepsis, carcinoma etc.), the levels are normal and the DIC can continue 

in the presence of normal TFPI activity. (62, 67). In addition, serial 

measurements during worsening of DIC failed to show depletion of TFPI (50). 

From these clinical observations it appears that TF induced DIC 

progresses in the majority of patients N.QI because plasma TFPI is exhausted 

but because Factor VIla - TF complexes continue to be formed in sufficient 

concentration to prevent their rapid inhibition by a normal or even elevated level 
of plasma TFPI (50). -

g.) Recombinant TFPI has been prepared and examined (68,69). The 

long term goal of the preparation is to treat selected thromboembolic diseases. 

VI. Other Regulator(s) of Tissue Factor Dependent 
Coagulation: Antithrombin Ill 

Regulation of TF interaction has been extensively examined (70). 

Presently only antithrombin Ill (AT Ill) has had a defined regulatory role (71 ). 

Rapaport and colleagues examined the observation that free Factor VIla was 

not significantly inactivated even in the presence of heparin. They 

demonstrated that Factor VIla - TF complex is readily inactivated by AT Ill in the 

presence of heparin (71 ). It appears that the binding of Factor VIla to TF 

markedly enhances the ability of the reactive site of Factor VIla to interact with 

the reactive center of AT Ill in the presence of heparin. These studies suggest 

that AT Ill may serve as an "auxiliary" or second physiologic regulator of Factor 

VIla - TF activity. 

Such a "physiologic" (rather than "therapeutic") role is further emphasized 

by the Aviuence that AT Ill interacts with the glycosaminoglycans on cell 
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surfaces that express TF (e.g. tumor cells, etc.) and can have an effect similar to 

that of AT Ill- heparin (72). 

In certain pathophysiologic circumstances this mode of regulation might be 

the primary rather than the "auxiliary" one (71 ). Thus, Trousseau's syndrome (a 

complication of cancer expressed as continued low grade DIC with repeated 

thromboembolic episodes) appears to be the result of the exposure of 

circulating blood to TF expressed on tumor cells. Anticoagulation with heparin 

has been clinically effective in these patients; coumadin has not. 

VII. The Contemporary Coagulation Cascade 

These observations make clear the critical primary physiologic role of 

Tissue Factor in hemostasis. Nevertheless, the puzzle has remained as to why 

hemophiliac patients bled and the specific role of Factor XI in physiologic 

hemostasis (49, 50, 56, 72, 73, 74). Braze (56, 73, 74) has provided a cogent 

sequence that fits our current knowledge of the coagulation cascade: 

A, lnjtjatjon: 

1. Exposure of tissue factor to Factor VII: 

- results in activation of Factor VII (i.e. Factor VIla) 

and 

- Factor VIla - Tissue Factor complex. 

2. Factor Vlla-TF complex activates: 

- Factor X to Factor Xa 

and 

- Factor IX to Factor IXa 

(these are both produced in limited quantities) 

B, Initial Regulation: 

1. Generation of Factor Xa results in: 

- activation of the inhibitor effect of TFPI. 

2. Inhibitory effect of TFPI prevents further production of: 
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Factor Xa and Factor IXa .B.Y. the Factor VIla - TF complex. 

C. Amplification: 

There is a continued requirement for Factor Xa: 

This can be met ~ by the alternative pathway of Factor IXa and 

Factor VIII: 

D. Consolidation: 

Factor IXa is generated by the initial trigger: Factor VIlA - TF 

complex. 

Its continued and in vivo generation appears to result from 

Factor IXa. 

The putative role of Factor XI is to supplement the Factor IXa produced by 

Factor VIla- TF and then limited by TFPI. 

The Braze model predicts that Factor XI activation would be 1at.e. in the 

sequence. The true in vivo mechanism of activation is not yet certain. In vitro, 

thrombin activates Factor XI to Factor Xla and auto-activation of Factor XI has 

been documented. 

In this sequence the TFPI-induced feedback inhibition of the Factor VIla-TF 

complex explains the interaction and the requirements for the "extrinsic" and 

"intrinsic" portions of the coagulation mechanism. 

In addition, patients with hemophilia (Factor VIII deficiency [hemophilia A] 

and Factor IX deficiency [hemophilia B]) bleed because the initial Factor Xa 

generated thru the Factor VIla - TF complex is limited by TFPI and is thus 

insufficient to sustain hemostasis. Adequate hemostasis requires further 

amplification by the action of Factor IXa and Factor VIII. 

27 



VIII Clinical Correlates of Indeterminate Significance 

A. Changes in Factor VII coagulant activity have been related to a variety 

of clinical alternations: 

1. Decrease in Factor VII levels: 

- with strenuous exercise (75) 

- with allogenic and autologous bone marrow transplant it where it 

predicted for vena-occlusive disease (76) 

- in sickle cell anemia patients (77) 

2. Increase in Factor VII levels: 

- associated with increased risk of cardiovascular disease (78) 

- in post menopausal women (79) 

IX. Recombinant Factor VIla: A New Therapeutic Modality 

L.K. (u 71189949) a 40 year old man with known hemophilia (Factor VIII 

deficiency) and an associated inhibitor to Factor VIII was transferred to Zale

Lipshy University hospital because of an uncontrolled progressive massive 

retro-peritoneal bleed and associated gross hematuria. 

His current bleeding episode began as hematuria and became massive 

following a cystoscopy. His bleeding could not be controlled with large doses 

Factor VIII and then Factor Eight Inhibitor Bypass Activity (FEIBA) [Immune] and 

Amicar. A progressive retroperitoneal bleed developed, identifiable as a 

larger flank mass on physical examination and which by CT scan delineated as 

a large hematoma obliterating the left kidney. 

His hemoglobin was 9 g/dl. PTT was 63 sec. Factor VIII level was less than 

1%. Factor VIII inhibitor titer was 28 Bethesda units to human factor VIII and 8 

Bethesda units to porcine factor VIII. . 

Porcine Factor VIII was used to "bypass" his inhibitor, but massive 

quantities were required to achieve even a modest increment in Factor VIII 
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activity, and he continued to have hematuria. The Factor VIII levels did 

increase, but he developed bilateral ileofemoral thrombosis with phlegmasia 

cerulea dolens and a compartment syndrome that threatened his lower 

extremities; emergent fasciotomies were required. 

Post-operatively he continued to bleed from his surgical sites, and into his 

retroperitoneal mass as well as into high urine in spite of continued porcine 

Factor VIII at very high levels. 

Recombinant Factor VIla ( gamma Factor VJJa) was begun. His bleeding 

progressively decreased and was completely stopped at all sites by 

approximately 48 hours. Under continued therapy with gamma Factor VIla he 

was able to tolerate skin grafts and, physical therapy; he made a progressive 

recovery and was discharged home with no further problems. 

1. Rationale to development of Human recombinant Factor VIla (gamma 

Factor VIla: 

For the past two decades a variety of prothrombin complex concentrates 

have been available for the treatment of complications associated with 

deficiencies of prothrombin, Factor VII, Factor IX or Factor X. Preparatory issues 

precluded individual factor preparation and the concentrates actually contained 

all of the factors in the "prothrombin complex". Although the individual deficient 

states are quite rare, these concentrates were commonly used in two other 

clinical settings. The first was in patients with significant liver dysfunction who 

were to have a liver biopsy or surgery. The other was in patients with 

hemophilia of the Factor VIII deficient type who developed inhibitors to Factor 

VIII; an event occurring in approximately 15% of hemophiliacs. The presence of 

such an inhibitor, particularly of high titre, can preclude establishment of 

adequate hemostasis in spite of massive quantities of Factor VIII. The rationale 

to the use of the prothrombin complex concentrates in this circumstance was 

based on "by-passing" the need for Factor VIII by virtue of the Factor IX present 

in these preparation. 

Unfortunately the prothrombin compiPx concentrates were beset with two 

problems. The first, that of viral infecti'1rl.s (hepatitis C, AIDS, etc.) was 
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unfortunately true of all types of concentrates. A second problem was specific to 

the prothrombin complexes; there was a significant incidence of 

thrombophlebitis, pulmonary emboli, various arterial and venous thrombii and 

DIC due to activated coagulation factors present in the material (80}. [These 

sequelae were seen in the patient transferred to Dallas and were almost 

certainly enhanced by the Amicar. 

The rationale to the development of a pure Factor VIla was stimulated by 

these latter problems. The considered goal was the use of Factor VIla in 

circumstances of hemostatic need, since it was thought that it should "wend its 

way, unabated to the site of trauma. Thereby interacting with tissue factor, it 

could initiate thrombin generation and clot formation (81 }. Indeed, the Swedish 

team was able to prepare microgram quantities of Factor VIla and successfully 

generate hemostasis in two patients with hemophilia of the Factor VIII type with 

high titre inhibitors (81 }. 

Obviously, producing recombinant factor would eliminate the risk of viral 

infections. 

2. Recombinant Human r Factor VIla (r F VIla): 

Recombinant Factor VIla has been produced by Novo Nordisk in Denmark 

and is commercially available as Novo Seven ™. 

a}. Drug characteristics (82): The r F VIla in produced in mammalian cell 

culture. The r VII secreted into the culture media is then converted into the 

active proteolytic form VIla during purification. r F VIla is a two chain form 

generated by cleavage at position 152; the two chains are held together by a 

single disulfide bond. 

Human r F VIla is identical to human plasma Factor VIla with two minor 

exceptions. The glut amic acid in position 35 is gamma-carboxylated in plasma 

FVII, but only partly gamma-carboxylated in FVIIa. r F VIla has been found to be 

only partially glycosylated at position 14.5 in contrast to plasma Factor VIla. 
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b). Animal Studjes: Novo Nordisk carried out a variety of in vitro and in 

vivo studies. One, in rabbits, is of particular interest in that when r E VIla was 

compared to plasma derived Factor VIla (in doses up to 5,000 u/kg BW), lli2 

systemic activation of the coagulation system was seen (82). 

c.) Pharmacokinetics of r E VIla: 
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Eleven haemophiliacs, 10 haemophilia A patients with or without inhibitors against FVIII and 
one haemophilia B patient with inhibitors against FIX received a single bolus injection of each 
of three doses of rFVIIa, 17.5, 35 and 70 p.g/kg bw in escalating order. 
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Thus, the pharmacokinetics of r FVIIa is linear in the dose range of 17.5 -

70/~g I kg. 

Other data includes: 2.9 hrs. 

This t 1/2 is significantly shorter than that for Factor VII (10 -12 hours) and 

Factor IX (33 - 35 hours). 

d.) Related Studies: Brinkhous and colleagues (83) utilized r F VIla and 

demonstrated remarkable efficacy in correcting the hemostatic defect in dogs 
with hemophilia A (Factor VIII deficiency) and hemophilia B (Factor IX 

deficiency). It did nQ1 correct the hemostatic defect in dogs with von Willebrand 
disease. 

e.) Clinical Studies: Since 1988, r F VIla has been used under an IND in 

the USA and CTX in the UK. Over 200 patients have now been treated, many 
on multiple occasions. These have included patients with a variety of critical 

bleeds due to hemophilia with high titre inhibitors to Factor VIII and Factor IX, 

one with an inhibitor to antithrombin, and Factor VII deficiency (82). Clinical 

effectiveness has been incredibly impressive. The bleeds have included CNS, 
retroperitoneal, para-laryngeal and orbital. 

The lesions learned related to dose: 70 - 90/ug/kg must be given; 

administer by bolus over 2-5 minutes; and, the treatment interval needs to be 

frequent: q 2 - 3 hours. 

To date no antibodies to r F VIla have been identified, although the 

patients treated have been serially screened. 

Adverse side effects have been carefully defined. Most related to the 

bleeding diathesis and do not appear related to r F VIla. However, three 
episodes of decreased renal function (two in the same patient), one episode of 

ataxia, and an episode of anaphylactic shock in a woman in Sweden treated 

with r F VIla for the first time in a study of its effect on the bleeding time in 

patients with thrombocytopenia (82) have been seen. 
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f.) Other Effects of Recombinant Factor VIla: r F VIla had been shown to 

shorten the bleeding time in rabbits with induced thrombocytopenia as well as 

in two patients with severe thrombocytopenia following intensive therapy for 

malignant lymphoma. Kristensen et al (84) from Uppsala, Sweden have now 

shown that a single bolus of r F VIla (either 50/ug or 100 ug/kg) reduced the 

(Surgicut) bleeding time in 50% of patients with thrombocytopenia due either to 

impaired platelet production or immune destruction. The most significant 

reductions was in those patients with platelet counts over 20,000/Jlg. The 

higher dose was no more effective than the 50/ Jlg/kg dose. The reduction in 

bleeding time was slightly greater (mean 14 min.) in patients with decreased 

production then immune destruction (mean 5 min); however, hemostasis was 

effectively achieved in the bleeding patients. 

X. Some of the Unsolved Issues and Questions: 

? What is the physiologic role of the constant (low) circulating level of 

Factor VIla? 

? How do infusions of r Factor VIla result in an elevation of Factor 

VIta/Tissue Factor complexes in sufficient quantities to amplify the generation of 

Factor Xa to the level needed to overcome the inhibitors that inactivate Factor 

Xa in vivo? 

? Why are "industrial" doses of r Factor VIla needed for an effect in the 

therapeutic setting? 

? Does (patho) physiologic depletion of TFPI in humans sensitize to DIC 

with endotoxin or tumor necrosis factor? 

? What would be the phenotypic expression of an TFPI deficient 

individual? 

? How are the "brakes" actually applied in vivo to delimit clotting and 

maintain the event at the site of injury? 

? What is the true "brake" (i.e. regulator)? 
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? Why is menorrhagia so common is circumstances of Factor VII deficiency 

or dysfunctional Factor VII? 

? Can a modified TFPI generate an anticoagulant by using the 1st Kuntz 

domain that binds Factor VIla- TF complex? 

? What regulates the expression of Factor XI? 

? Why is the clinical hemostatic expression so variable in Factor XI 

deficient patients even with levels of less than 1%? 

? Is there a threshold requirement for Factor XI? 
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