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REGULATON OF CYTOKINE SYNTHESIS AND 
RELEASE 

TECHNICAL FIELD 

[0001] The invention relates to the use of Tissue Factor 
Pathway Inhibitor (TFPI) to inhibit the synthesis and release 
of neutrophil elastase, IL-8 and plasmin. 

BACKGROUND OF THE INVENTION 

[0002] Tissue Factor PathWay Inhibitor (TFPI) inhibits the 
coagulation cascade in at least tWo Ways: preventing forma 
tion of factor VIIa/tissue factor complex and by binding to 
the active site of factor Xa. The primary sequence of TFPI, 
deduced from cDNA sequence, indicates that the protein 
contains three KunitZ-type enZyme inhibitor domains. The 
?rst of these domains is required for the inhibition of the 
factor VIIa/tissue factor complex. The second KunitZ-type 
domain is needed for the inhibition of factor Xa. The 
function of the third KunitZ-type domain is unknoWn. TFPI 
has no knoWn enZymatic activity and is thought to inhibit its 
protease targets in a stoichiometric manner; namely, binding 
of one TFPI KunitZ-type domain to the active site of one 
protease molecule. The carboxy-terminal end of TFPI is 
believed to have a role in cell surface localiZation via 
heparin binding and by interaction With phospholipid. TFPI 
is also knoWn as Lipoprotein Associated Coagulation Inhibi 
tor (LACI), Tissue Factor Inhibitor (TFI), and Extrinsic 
PathWay Inhibitor (EPI). 

[0003] Mature TFPI is 276 amino acids in length With a 
negatively charged amino terminal end and a positively 
charged carboxy-terminal end. TFPI contains 18 cysteine 
residues and forms 9 disulphide bridges When correctly 
folded. The primary sequence also contains three Asn-X 
Ser/T hr N-linked glycosylation consensus sites, the aspar 
agine residues located at positions 145, 195 and 256. The 
carbohydrate component of mature TFPI is approximately 
30% of the mass of the protein. HoWever, data from pro 
teolytic mapping and mass spectral data imply that the 
carbohydrate moieties are heterogeneous. TFPI is also found 
to be phosphorylated at the serine residue in position 2 of the 
protein to varying degrees. The phosphorylation does not 
appear to affect TFPI function. 

[0004] TFPI has been isolated from human plasma and 
from human tissue culture cells including HepG2, Chang 
liver and SK hepatoma cells. Recombinant TFPI has been 
expressed in mouse C127 cells, baby hamster kidney cells, 
Chinese hamster ovary cells and human SK hepatoma cells. 
Recombinant TFPI from the mouse C127 cells has been 
shoWn in animal models to inhibit tissue-factor induced 
coagulation. 
[0005] A non-glycosylated form of recombinant TFPI has 
been produced and isolated from Escherichia coli coli) 
cells as disclosed in US. Pat. No. 5,212,091. This form of 
TFPI has been shoWn to be active in the inhibition of bovine 
factor Xa and in the inhibition of human tissue factor 
induced coagulation in plasma. Methods have also been 
disclosed for puri?cation of TFPI from yeast cell culture 
medium, such as in Petersen et al, J.Bi0l.Chem. 18:13344 
13351 (1993). 

[0006] Recently, another protein With a high degree of 
structural identity to TFPI has been identi?ed. Sprecher et al, 
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Proc. Nat. Acad. Sci, USA 91:3353-3357 (1994). The 
predicted secondary structure of this protein, called TFPI-2, 
is virtually identical to TFPI With 3 KunitZ-type domains, 9 
cysteine-cysteine linkages, an acidic amino terminus and a 
basic carboxy-terminal tail. The three KunitZ-type domains 
of TFPI-2 exhibit 43%, 35% and 53% primary sequence 
identity With TFPI KunitZ-type domains 1, 2, and 3, respec 
tively. Recombinant TFPI-2 strongly inhibits the amidolytic 
activity of factor VIIa/tissue factor. By contrast, TFPI-2 is a 
Weak inhibitor of factor Xa amidolytic activity. 

[0007] TFPI has been shoWn to prevent mortality in a 
lethal Escherichia coli c0li) septic shock baboon model. 
Creasey et al, J. Clin. Invest. 91:2850-2860 (1993). Admin 
istration of TFPI at 6 mg/kg body Weight shortly after 
infusion of a lethal dose of E. coli resulted in survival in all 
?ve TFPI-treated animals With signi?cant improvement in 
quality of life compared With a mean survival time for the 
?ve control animals of 39.9 hours. The administration of 
TFPI also resulted in signi?cant attenuation of the coagu 
lation response, of various measures of cell injury and 
signi?cant reduction in pathology normally observed in E. 
coli sepsis target organs, including kidneys, adrenal glands, 
and lungs. 

[0008] Due to its clot-inhibiting properties, TFPI may also 
be used to prevent thrombosis during microvascular surgery. 
For example, US. Pat. No. 5,276,015 discloses the use of 
TFPI in a method for reducing thrombogenicity of microvas 
cular anastomoses Wherein TFPI is administered at the site 
of the microvascular anastomoses contemporaneously With 
microvascular reconstruction. 

[0009] Neutrophil elastase release is linked to acute 
in?ammatory diseases including ARDS and multiple organ 
failure. Idle, et al, (1985) Am. Rev. Respire. Ids. 132:1098. 
Joshua, M., et al, (1994) Am. J. Respire. Crate. Care Med. 
150:S123. Acute in?ammatory reactions, including ARDS, 
reperfusion injury (including lung reperfusion injury), 
arthritis, and sepsis are also associated With the production 
of cytokines such as IL-8. IL-8 is thought to play an 
important role in the recruitment and activation of PMNs at 
in?ammatory sites. 

[0010] Currently, there is no single agent Which might 
effectively inhibit both thrombosis due to activation of the 
extrinsic pathWay of coagulation and the release of in?am 
matory mediators such as neutrophil elastase. 

SUMMARY OF THE INVENTION 

[0011] It has noW been found that coagulation activation 
and LPS (the active moiety of bacterial endotoxin) synergiZe 
for elastase release and that TFPI inhibits elastase release 
induced by coagulation activation and by coagulation in the 
presence of LPS. Further, TFPI has been shoWn to inhibit 
plasmin activity at therapeutically relevant doses. Therefore, 
TFPI has been shoWn to be relevant and is useful in disease 
states involving in?ammation resulting from elastase 
release. Accordingly, TFPI may be used to treat such clinical 
indications as severe acute pancreatitis, emphysema, rheu 
matoid arthritis, multiple organ failure, cystic ?brosis, Adult 
Respiratory Distress Syndrome (‘ARDS’) and sepsis. 

[0012] It has also been found coagulation activation/clot 
ting induces IL-8 production in normal human Whole blood 
cultures. Moreover, it has been found that coagulation 
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activation/clotting and LPS together in Whole blood cultures 
synergiZe for increased IL-8 production. TFPI is able to 
block the IL-8 production induced under both circum 
stances. Thus, TFPI may be used to treat such clinical 
indications as ARDS, reperfusion injury (including lung 
reperfusion injury), sepsis and arthritis,. 

[0013] Finally, the observation that TFPI inhibits the syn 
thesis and release of neutrophil elastase, plasmin and IL-8 
alloW the use of assays for elastase, plasmin and IL-8 to be 
used to determine the patient’s response to TFPI. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 shoWs production of neutrophil elastase in 
undiluted Whole blood cultures under the folloWing condi 
tions: control (clot); TFPI (10 pig/ml); LPS (1 ng/ml)(clot); 
TFPI +LPS and heparin (50 u/ml). 

[0015] FIG. 2 shoWs production of neutrophil elastase in 
coagulating 1:10 Whole blood culture containing various 
concentrations of hirudin. 

[0016] FIG. 3 shoWs production of neutrophil elastase in 
diluted (1:10) Whole blood cultures containing various con 
centrations of TFPI and hirudin or heparin. 

[0017] FIG. 4 shoWs production of neutrophil elastase in 
diluted (1:10) Whole blood cultures containing 1 ng/ml LPS 
in addition to various concentrations of TFPI and hirudin or 
heparin. 
[0018] FIG. 5 displays the results of experiments shoWing 
that TFPI inhibits plasmin activity. 

[0019] FIG. 6 displays the results of experiments shoWing 
that IL-8 levels in Whole blood culture are drastically 
reduced in the presence of TFPI. 

[0020] FIG. 7 shoWs the synergistic effect of coagulation 
activation/clotting and LPS in Whole blood cultures on IL-8 
levels. 

[0021] FIGS. 8 and 9 shoW the results of time course 
experiments measuring IL-8 levels in Whole blood cultures 
in the absence (FIG. 8) and the presence (FIG. 9) of LPS. 

[0022] FIG. 10 shoWs the effect of TFPI on cytokine 
production in Whole blood cultures containing 5 U/ml Hiru 
din and 1 ng/ml LPS. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] A. De?nitions 

[0024] As used herein, “TFPI” refers to mature Tissue 
Factor PathWay Inhibitor. As noted above, TFPI is also 
knoWn in the art as Lipoprotein Associated Coagulation 
Inhibitor (LACI), Extrinsic PathWay Inhibitor (EPI) and 
Tissue Factor Inhibitor (or TFI). Muteins of TFPI Which 
retain the biological activity of TFPI are encompassed in this 
de?nition. Further, TFPI Which has been slightly modi?ed 
for production in bacterial cells is encompassed in the 
de?nition as Well. For example, a TFPI analog have an 
alanine residue at the amino-terminal end of the TFPI 
polypeptide has been produced in Escherichia coli. See US. 
Pat. No. 5,212,091. Analogs of TFPI having portions of 
TFPI and TFPI-2, fragments of TFPI comprising the ?rst 
and second KunitZ-type domains, as Well as fragments of 
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TFPI comprising the ?rst and second KunitZ domains and a 
heparin binding region may all be useful in the method of the 
invention. Such analogs and fragments are described in US. 
Pat. No. 5,106,833 as Well as US. Ser. No. 08/286,521. One 
such fragment is TFPI(1-160) having the ?rst 160 amino 
acids of mature TFPI. 

[0025] As used herein, “pharmaceutically acceptable com 
position” refers to a composition that does not negate or 
reduce the biological activity of formulated TFPI, and that 
does not have any adverse biological effects When formu 
lated TFPI is administered to a patient. 

[0026] As used herein, “patient” encompasses human and 
veterinary patients. 
[0027] B. General Methods 

[0028] TFPI may be prepared by recombinant methods as 
disclosed in US. Pat. No. 5,212,091, the disclosure of Which 
is herein incorporated by reference. Brie?y, TFPI is 
expressed in Escherichia coli cells and the inclusion bodies 
containing TFPI are isolated from the rest of the cellular 
material. The inclusion bodies are subjected to sul?tolysis, 
puri?ed using ion exchange chromatography, refolded by 
disul?de interchange reaction and the refolded, active TFPI 
puri?ed by cation exchange chromatography. TFPI may also 
be produced in yeast as disclosed in co-pending U.S. Ser. 
No. 08/286,530. 

[0029] Whole Blood Culture 

[0030] The Whole blood culture system can be carried out 
as folloWs. Blood is collected from normal donors into 
anticoagulant. Venous blood from normal health donors Was 
collected directly into clinical heparin or EDTA vacu 
tainers (Baxter). Alternatively, venous blood Was collected 
into sterile polypropylene syringes and immediately trans 
ferred into microtiter Wells containing indicated concentra 
tions of various additives including: 

[0031] a. 20-50 U/ml heparin (blood fully anticoagu 
lated, even With 10><dilution) 

[0032] b. 50-60 U/ml hirudin (recombinant yeast, 
American Diagnostica) 

[0033] c. 10 hg/ml TFPI 

[0034] d. 1 U/ml heparin (ESI) 

[0035] e. 10 mM EDTA (for isolated neutrophils) 

[0036] f. 1 ng/ml LPS c0li Rc) (Sigma, St. Louis, 
Mo.) 

[0037] g. 3.8% citrate (for isolated PBMC). TFPI Was 
formulated at 11 mg/ml in 2M urea, 20 mM sodium 
phosphate pH 7.2 and 0.14M NaCl. Blood collected 
into vacutainers Was quickly transferred into 
polypropylene tubes prior to addition into culture 
Wells. 

[0038] Whole blood Was cultured in 96 Well microtiter 
plates (Corning) at a volume of 200 pl per Well at 37 C., 5% 
CO2 for 2-48 hours in a humidi?ed atmosphere. The blood 
Will typically be at a ?nal dilution of 1:8 to 1:10 in RPMI 
1640 medium +01% “loW-endotoxin” fetal calf serum 
(FCS) (Hyclone, Logan, Utah). The cultures Were then spun 
doWn at 400><g for 1 minute at 4° C. Supernatant liquids 
Were then removed at various time points (typically 2-2.5 
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hours) for analysis of soluble mediators. In the event that 
clotting occurred during culturing, the contents of clotted 
Wells and comparative groups Were transferred to polypro 
pylene microfuge tubes and brie?y spun to pellet cells and 
?brin clot prior to harvesting supernatants. Soluble media 
tors Were measured in supernatants by ELISA or other 
bioassay. 
[0039] Peripheral Blood Mononuclear Cell (PBMC) Cul 
tures 

[0040] Whole blood Was collected into EDTA vacutainers 
Was layered over a ?coll gradient (NIM medium, Cardinal 
Assoc.) at a mixture of 7-8 ml blood onto 5 ml NIM medium 
in 15 ml polystyrene tubes. The tubes Were spun at 500><g for 
30 minutes and the mononuclear cell layer Was isolated as 
the top band in the gradient. In some experiments, PBMC 
Were also isolated using citrated Cell Preparation Tubes 
(Becton-Dickinson, Mountain VieW, Calif.) Wherein blood is 
collected and fractionated in the same tube. Identical results 
Were obtain utiliZing PBMC isolated in either manner. 
Follovging a sterile saline Wash, PBMC Were cultured at 
~1><10 cells per Well in RPMI/0.1% FCS as described above 
for Whole blood cell cultures. 

[0041] Assay for Soluble Mediators 

[0042] ELISA assays for elastase, IL-8,IL-6 and TNF Were 
conducted as folloWs. 96 Well microtiter plates Were coated 
overnight With the appropriate antibodies. Plates Were 
Washed and samples Were added to each Well along With 
biotin-labelled antibody and serum. The plates Were then 
incubated and Washed. Streptavidin-horseradish peroxidase 
Was then added to the Wells and alloWed to incubate. The 
Wells Were again Washed and developed With TMB, sodium 
acetate and peroxide. The reaction Was stopped by the 
addition of 2M sulfuric acid and plates read at OD. 450 nm. 
When assaying for elastase, there is an incubation period 
betWeen the addition of the samples and the biotinylated 
anti-elastase antibodies. For TNF, poly-streptavidin-horse 
radish peroxidase and milk are used instead of Strep-HRP 
and serum. 

[0043] SpectroZyme Plasmin assay kits Were obtained 
from American Diagnostica. Quantikine IL-1[3 ELISA kits 
Were purchased from R&D Systems. The manufacturers’ 
instructions Were folloWed in completing the assays. 

[0044] Coagulation Activation 

[0045] Measurement of the extent of coagulation activa 
tion Was performed in a qualitative manner by observation 
of clotting and, quantitatively, via immunodetection of 
thrombinzantithrombin (TAT) complex and ?brinopeptide A 
levels according to manufacturer’s protocols (Diagnostica 
Stago, France). Supernatants Were also routinely analyZed 
for chromogenic activity against various substrates includ 
ing SpectroZyme Xa and TH (thrombin) (American Diag 
nostica) for correlation With the above metrics as Well as to 
con?rm activity of puri?ed factors added to isolated PBMC 
cultures including prothrombin, ot-thrombin, and factor Xa. 

EXAMPLES 

Example 1 

[0046] A culture system utiliZing normal human blood 
Wherein coagulation activation and clotting could be con 
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trolled and in?ammatory mediator responses could be evalu 
ated in the presence or absence of LPS Was established. 
Essentially, blood is collected in concentrations of antico 
agulant, such as the irreversible thrombin inhibitor hirudin. 
When cultured at ?nal blood dilutions of 1:10, coagulation 
activation and clotting could be observed. The extent of 
coagulation activation and clotting can be controlled by 
appropriate additions of anticoagulants upon blood dilution. 

[0047] While most examinations of the effect of coagula 
tion activation/clotting on elastase release have been per 
formed in 1:10 diluted blood, the phenomena Was observed 
in undiluted Whole blood as indicated in FIG. 1. The 
incubation Was carried out for tWo hours. Clotting the Whole 
blood resulted in signi?cant elastase release in the superna 
tant as compared to blood treated With 50 U/ml heparin. In 
undiluted Whole blood, the addition of LPS resulted in only 
a small increment in elastase production, probably because 
the coagulation signal itself is so strong in the culture. TFPI 
addition at t=0 abrogates the coagulation and coagulation+ 
LPS induced elastase release. 

[0048] As shoWn in FIG. 2, dilution of hirudin such that 
coagulation activation/clotting through thrombin can pro 
ceed is accompanied by elastase release Which is most 
marked at loW hirudin concentrations (5 & 10 U/ml) 
Wherein clotting can be observed the time of harvest (t=2 
hours). The addition of loW concentrations of TFPI to 
hirudin-treated blood cultures (5 U/ml hirudin) blocks 
elastase release in a dose-dependent manner (FIG. 3). 
Addition of LPS in the loW-hirudin culture results in sig 
ni?cantly more elastase production (FIG. 4). Nonetheless, 
TFPI markedly inhibits the elastase released. 

[0049] In contrast to anticoagulated blood collected in 
heparin, blood collected into TFPI fails to exhibit the 
synergistic elastase release observed upon culture With LPS. 
Moreover, the coagulation/LPS-induced elastase release in 
heparin-anticoagulated blood can be inhibited by the addi 
tion of TFPI to the culture at t=0 (FIG. 4). 

[0050] Finally, the effect of the presence of TFPI in the 
cultures on synthesis and release of plasmin Was determined. 
FIG. 5 shoWs that increasing concentrations of TFPI result 
in decreased detection of plasmin activity in the cultures. 
The inhibitory effect of TFPI on plasmin activity may 
therefore serve as a marker for ef?cacy of TFPI in patients. 

Example 2 

[0051] Using the culture system described above, it has 
been found that IL-8 production increases as a result of the 
coagulation activation/clotting. Also, coagulation activation/ 
clotting and LPS appear to have a synergistic effect for IL-8 
synthesis and release. 

[0052] Dilution of hirudin in the blood cultures alloWs 
thrombin ampli?cation of the coagulation cascade resulting 
in signi?cant coagulation activation and observable clotting. 
Coincident With coagulation activation/clotting is the pro 
duction of IL-8 into culture supernatants detectable by 
ELISA (FIG. 6). TFPI inhibits the coagulation activation/ 
clotting-induce IL-8 production in a dose dependent manner 
(FIG. 6). 
[0053] When LPS (1 ng/ml) is included in the hirudin 
treated blood cultures, a synergistic increase in IL-8 pro 
duction is observed under conditions Where signi?cant 
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coagulation activation/clotting occurs (i.e. 5-10 U/ml hiru 
din) (FIG. 7). The response is synergistic because coagula 
tion activation/clotting results in ~350 pg/ml IL-8 and LPS 
induces ~450 pg/ml IL-8 under fully anticoagulated condi 
tions (50 U/ml hirudin or 5 U/ml heparin), but the combi 
nations of coagulation activation/clotting and LPS results in 
~2500 pg/ml IL-8 production. As shoWn in FIG. 7, TFPI 
inhibits the synergistic IL-8 production in a dosedependent 
manner. 

[0054] The ability of TFPI to abrogate IL-8 production 
induced by coagulation activation/clotting or the combina 
tion of coagulation activation/clotting+LPS is not due to 
altered kinetics of cytokine production (FIGS. 8 and 9). 
TFPI inhibits induced IL-8 production at all time points 
evaluated. 

[0055] The described IL-8 response to the combination of 
coagulation activation/clotting+LPS is someWhat unique as 
the combination does not result in synergistic production of 
TNFot, IL-6 or IL-1[3 (FIG. 10). Moreover, production of 
TNFO. or IL-1[3 induced in loW-hirudin+LPS cultures is not 
signi?cantly inhibited by added TFPI concentrations to 10 
pig/ml. While IL-6 production is slightly inhibited by TFPI, 
the IL-8 response is most signi?cantly reduced by TFPI. The 
mechanism for the TFPI effect on induced IL-8 production 
in these cultures has not been determined. Without being 
bound to any particular theory, it may be that the ability of 
TFPI to inhibit coagulation activation by direct inhibition of 
factor Xa and the inhibition of factor VIIa/tissue factor in a 
Xa-dependent manner. HoWever, it may be that TFPI has 
some ability to directly inhibit LPS activity. 

Example 3 

[0056] Adult Respiratory Distress Syndrome (ARDS) is 
an acute in?ammatory process characteriZed by neutrophil 
accumulation and edema in the lungs, as Well as progressive 
hypoXemia. Repine, (1992) Lancet 339:466-469. ARDS is 
an in?ammatory disease occurring as a complicating factor 
in a number of diseases including sepsis. Patients diagnosed 
With ARDS can be treated by administration of an effective 
amount of TFPI. The dosage of TFPI Will vary according to 
a number of factors including progress of ARDS (soon after 
onset to late stage disease), patient siZe and other factors 
knoWn to and appreciated by those skilled in the art. 

[0057] Patients at risk for developing ARDS may be 
identi?ed by chest X-ray. Opaqueness of the radiogram lung 
area is indicative of neutrophil migration into the lung and 
is an accepted clinical diagnostic hallmark of ARDS. 

Example 4 

[0058] The inhibitory effect of TFPI on the synthesis and 
release of neutrophil elastase, IL-8 and on plasmin may be 
used to assess the ef?cacy of treatment in patients With 
thrombosis disorders, patients With diseases associated With 
increased neutrophil elastase and in patients With diseases 
associated With increased IL-8. It is believed that the levels 
of neutrophil elastase, IL-8 and plasmin may be predictive 
of patient responsiveness to TFPI and prognosis. Patients 
Who have received TFPI Will have blood draWn and assayed 
for neutrophil elastase levels, for IL-8 levels, for plasmin 
activity or for any combination of these indicators. Levels 
for each of these indicators may be compared to an estab 
lished historical baseline, as determined by sampling of 

Jan. 17, 2002 

populations of normal human volunteers. Alternatively, the 
level of neutrophil elastase, IL-8 or plasmin per patient may 
be folloWed over time prior to and after administration of 
TFPI. In the event that levels of the indicator or indicators 
tested have not decreased, additional dosing With TFPI may 
be required. 

1. Amethod of treating a disease selected from the a group 
consisting of: 

(a) severe acute pancreatitis; 

(b) emphysema; 
(c) rheumatoid arthritis; 

(d) multiple organ failure; and 

(e) cystic ?brosis; 
comprising the step of: 

administering an effective amount of an agent to a 
patient displaying symptoms of said disease, Wherein 
the agent is a protein Whose sequence is at least 95% 
identical to the sequence of TFPI or ala-TFPI, 
Whereby one or more symptoms of the disease is 
improved. 

2. The method of claim 1 Wherein the agent is a protein 
Whose sequence is at least 98% identical to the sequence of 
TFPI. 

3. The method of claim 1 Wherein the agent is a protein 
Which differs from TFPI in having a one amino acid residue 
substitution. 

4. The method of claim 1 Wherein the agent is ala-TFPI. 
5. The method of claim 1 Wherein the agent is TFPI. 
6. The method of claim 1 Wherein the agent is a protein 

Which is at least 95% identical by sequence to ala-TFPI, 
Whereby one or more symptoms of the disease is improved. 

7. The method of claim 1 Wherein the agent is a protein 
Which is at least 98% identical by sequence to ala-TFPI. 

8. The method of claim 1 Wherein the agent is a protein 
Which differs from ala-TFPI in having a one amino acid 
residue substitution. 

9. The method of claim 1 Wherein the disease is emphy 
sema. 

10. The method of claim 2 Wherein the disease is emphy 
sema. 

11. The method of claim 3 Wherein the disease is emphy 
sema. 

12. The method of claim 4 Wherein the disease is emphy 
sema. 

13. The method of claim 5 Wherein the disease is emphy 
sema. 

14. The method of claim 6 Wherein the disease is emphy 
sema. 

15. The method of claim 7 Wherein the disease is emphy 
sema. 

16. The method of claim 8 Wherein the disease is emphy 
sema. 

17. The method of claim 1 Wherein the agent is rheuma 
toid arthritis. 

18. The method of claim 2 Wherein the agent is rheuma 
toid arthritis. 

19. The method of claim 3 Wherein the agent is rheuma 
toid arthritis. 

20. The method of claim 4 Wherein the agent is rheuma 
toid arthritis. 
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21. The method of claim 5 wherein the agent is rheuma 
toid arthritis. 

22. The method of claim 6 Wherein the agent is rheuma 
toid arthritis. 

23. The method of claim 7 Wherein the agent is rheuma 
toid arthritis. 

24. The method of claim 8 Wherein the agent is rheuma 
toid arthritis. 

25. The method of claim 1 Wherein the agent is multiple 
organ failure. 

26. The method of claim 2 Wherein the agent is multiple 
organ failure. 

27. The method of claim 3 Wherein the agent is multiple 
organ failure. 

28. The method of claim 4 Wherein the agent is multiple 
organ failure. 

29. The method of claim 5 Wherein the agent is multiple 
organ failure. 

30. The method of claim 6 Wherein the agent is multiple 
organ failure. 

31. The method of claim 7 Wherein the agent is multiple 
organ failure. 

32. The method of claim 8 Wherein the agent is multiple 
organ failure. 

33. The method of claim 1 Wherein the agent is cystic 
?brosis. 

34. The method of claim 2 Wherein the agent is cystic 
?brosis. 

35. The method of claim 3 Wherein the agent is cystic 
?brosis. 

36. The method of claim 4 Wherein the agent is cystic 
?brosis. 

37. The method of claim 5 Wherein the agent is cystic 
?brosis. 

38. The method of claim 6 Wherein the agent is cystic 
?brosis. 
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39. The method of claim 7 Wherein the agent is cystic 
?brosis. 

40. The method of claim 8 Wherein the agent is cystic 
?brosis. 

41. A method of preventing at least one symptom of a 
disease selected from the group consisting of: 

(a) severe acute pancreatitis; 

(b) emphysema; 
(c) rheumatoid arthritis; 
(d) multiple organ failure; and 
(e) cystic ?brosis; 
comprising the step of: 

administering an effective amount of an agent to a 
patient at risk of developing a symptom associated 
With said disease or contracting said disease, Wherein 
the agent is a protein Which is at least 95% identical 
by sequence to TFPI or ala-TFPI, Whereby the risk of 
developing the symptom is reduced. 

42. The method of claim 41 Wherein the agent is a protein 
Which is at least 98% identical by sequence to TFPI. 

43. The method of claim 41 Wherein the agent is a protein 
Which differs from TFPI in having a one amino acid residue 
substitution. 

44. The method of claim 41 Wherein the agent is ala-TFPI. 
45. The method of claim 41 Wherein the agent is at least 

95% identical by sequence to ala-TFPI. 
46. The method of claim 41 Wherein the agent is a protein 

Which is at least 98% identical by sequence to ala-TFPI. 
47. The method of claim 41 Wherein the agent is a protein 

Which differs from ala-TFPI in having a one amino acid 
residue substitution. 

48. The method of claim 41 Wherein the agent is TFPI. 

* * * * * 


