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Inhibitionn of the tissue factor-factor Vila pathway does not 
influencee outcome in murine pneumococcal pneumonia 





TISSUEE FACTOR- FACTOR VIl A 

Thee tissue factor-factor Vil a (TF-FVIIa) complex is essential for activation of blood coagulation 
duringg bacterial sepsis. Inhibition of TF-FVIIa in non-human primate models of experimental 
sepsiss not only prevents disseminated intravascular coagulation, but also attenuates systemic and 
pulmonaryy inflammation, and improves survival. Streptococcus (S.) pneumoniae is the most 
importantt causative organism in community-acquired pneumonia (CAP) and a major cause of 
sepsis.. In an attempt to define the role of TF-FVIIa in host defense against pneumococcal 
pneumonia,, the following results were obtained: (1) patients with unilateral CAP demonstrated 
elevatedd concentrations of FVIIa, soluble TF and thrombin-antithrombin complexes (TATc) in 
broncho-alveolarr lavage fluid (BALF) obtained from the infected site compared to the 
uninfectedd site; (2) mice with S. pneumoniae pneumonia displayed increased TF expression in 
lungg tissue together with elevated TATc levels in BALF and fibrin depositions in lung tissue; (3) 
inhibitionn of the TF-VIIa pathway by treatment with recombinant Nematode Anticoagulant 
Proteinn c2 attenuated the procoagulant response in the lung during murine pneumococcal 
pneumonia,, but did not impact on host defense, as reflected by an unaltered outgrowth of 
pneumococcii  and an unchanged survival. These data suggest that TF-FVIIa activity contributes 
too activation of coagulation in the lung during pneumococcal pneumonia, but does not play an 
importantt role in the antibacterial host defense in this murine model. 

Introduction n 
Thee blood coagulation system is activated during sepsis and inflammation, resulting in the 
depositionn of fibrin within intra- and extravascular spaces.1"3 The proteins that are generated 
duringg activation of the coagulation system (i.e. factor (F) Xa, thrombin, fibrin) can provoke a 
pro-inflammatoryy response by their effects on chemotaxis, vascular permeability, inflammatory 
celll  activation and cytokine release.4 

Thee TF-FVIIa dependent pathway is responsible for the initiation of coagulation in 
inflammatoryy diseases. Under physiological conditions, TF cannot be detected on vascular cells 
andd only in very low quantities on circulating blood cells.5"8 However, TF can be induced on 
vascularr cells and alveolar macrophages by several pro-inflammatory cytokines following a 
systemicc inflammatory challenge such as bacterial infection.9 Several lines of evidence support 
thee in vivo relevance of TF: 1) Infusion of TF in rabbits results in disseminated intravascular 
coagulationn (DIC).10 2); Inhibition of TF-FVIIa in the setting of endotoxemia or bacteremia 
resultss in a reduced procoagulant response and/or prevention of DIC.10"18 ; 3) During clinical 
sepsiss circulating levels of TF have been shown to be elevated compared to non-septic patients.19 

Takenn together, the TF-FVIIa complex appears an important component involved in the 
inductionn of coagulopathy in sepsis. 

Activationn of the coagulation system has also been implicated in the pathogenesis of 
pulmonaryy bacterial infections resulting in the formation of fibrin in the interstitial and alveolar 
spacess of the lung. ' Under physiologic conditions, fibrin deposition in the alveolar 
compartmentt is regulated by the fibrinolytic system where urokinase type plasminogen activator 
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(uPA)) and its inhibitor, plasminogen activator inhibitor type-1 (PAI-1) function as the primary 
profibrinolyticc and anti-fibrinolytic components, respectively.22 During the acute respiratory 
distresss syndrome (ARDS), interstitial lung diseases and pneumonia, changes in the alveolar 
hemostaticc balance in favor of a procoagulant response have been observed, characterized by an 
increasee in TF, FVII and PAI-1, and a concurrent decrease in uPA activity.21, 23"27 When 
coagulationn is blocked at the TF-FVIIa level during experimental sepsis or acute lung injury, the 
pulmonaryy inflammatory response is attenuated2830, suggesting that TF-FVIIa complex 
contributess to acute lung injury in sepsis. 

Againstt this background the current study was undertaken to investigate the role of the TF-
FVIIaa complex in the host defense against bacterial pneumonia. For this, we first determined 
solublee TF, FVIIa and TAT complexes (TATc) in the infected lung of patients with unilateral 
communityy acquired pneumonia (CAP). Furthermore, we evaluated the role of the TF-FVIIa 
complexx in host defense during pneumonia caused by Streptococcus pneumoniae, the most 
frequentlyy found pathogen in CAP31, by treating mice with recombinant Nematode 
Anticoagulantt Protein c2 (rNAPc2), a potent and selective small protein inhibitor of the TF-
FVIIaa pathway.32'33 

Materiall and Methods 
Patientt study 
StudyStudy population. Four patients, three men and one woman (mean age 41  5 yr (mean  SEM), 
withh a unilateral CAP were enrolled in the study. They fulfilled the following criteria: fever 
(>37.7°C),, new unilateral infiltrate on chest roentgenogram within two days after admission, no 
antibioticc pre-treatment and Pa02 >7.5 kPa while breathing room air. Patients were excluded 
whenn they were hospitalised within two weeks prior to this admission or when they used 
immunosuppressivee drugs. Ten healthy volunteers, not taking any medication (mean age 32  8 
yr)) served as controls. The protocol was reviewed and approved by the Medical Ethics 
Committeee of the University of Amsterdam and written informed consent was obtained from all 
subjects. . 

Broncho-alveolarBroncho-alveolar lavage (BAL). Within 12h after admission, BAL was performed in a 
standardizedd fashion according to the guidelines of the American Thoracic Society, using a 
flexiblee fiberoptic video-bronchoscope. Seven successive 20 ml aliquots of prewarmed 0.9% 
salinee were instilled in a subsegment of the lung and each aspirated immediately with low 
suction.. BAL was performed at the uninfected side first in a subsegment of the middle lobe or 
lingula.. This was followed by lavaging a subsegment of the infected lobe. Generally, 10-15 ml 
off  each 20 ml aliquot was recovered. The recovery from the infected and uninfected sides did 
nott differ. 

SpecimenSpecimen processing. BAL fluid (BALF) was kept at 4°C until processing, which was 

performedd within 30 minutes. The specimen was centrifuged at 3000 rpm for 15 minutes at 4°C. 

136 6 



TISSUEE FACTOR- FACTOR VIl A 

Thee first three recoveries of both sites were sent to the microbiology department for culture. The 
remainingg supernatant was stored at -80°C until assays were performed. 

Assays.Assays. TATc and soluble TF were measured using commercially available ELISAs 
accordingg to the manufacturers recommendations, i.e. TATc (Behringwerke AG, Marburg, 
Germany),, and soluble TF (American Diagnostics, Greenwich, CT). FVIIa was measured by an 
enzymee capture assay as described in detail previously.34 

Mousee studies 
Animals.Animals. All experiments were approved by the Institutional Animal Care and Use Committee of 
thee Academic Medical Center, Amsterdam, the Netherlands. For all experiments 10 to 12 week 
oldd female BALB/c mice were used (Harlan Sprague Dawley Inc., Horst, the Netherlands). 

InductionInduction of lung inflammation. Pneumococcal pneumonia was induced as described 
previously.. ' In brief, S. pneumoniae, serotype 3, obtained from American Type Culture 
Collectionn (ATCC 6303; Rockville, MD), were grown for 6h to midlogarithmic phase at 37°C 
usingg Todd-Hewitt broth (Difco, Detroit, MI), harvested by centrifugation at 1500 x g for 15 
minutes,, and washed twice in sterile isotonic saline. Bacteria were then resuspended in sterile 
isotonicc saline at approximately 4 x 106 colony forming units (CFU)/ml as determined by 
platingg serial 10-fold dilutions onto sheep-blood agar plates. 50 ul (2 x 105 CFU) was given 
intranasally. . 

rNAPc2.rNAPc2. rNAPc2 (Corvas International, Inc, San Diego, California, USA) was produced as 
describedd previously.33 rNAPc2 was given subcutaneously every 6h after induction of 
pneumoniaa at a dose of 10 mg/kg of body weight (in 100 ul sterile phosphate buffered saline, 
PBS),, starting at the time of inoculation. This treatment schedule was based on kinetic studies in 
micee in which a single subcutaneous rNAPc2 dose of 10 mg/kg was found to induce a four fold 
prolongationn of the activated partial thromboplastin time (aPTT) at 0.5h after rNAPc2 
administration,, with a gradual return to baseline aPTT values at 8h postinjection (data to be 
presentedd in a separate manuscript). Controls received PBS (100 ul) subcutaneously every 6h. 

PreparationPreparation of lung homogenates. At 30 or 42 hours after inoculation mice were anesthetized 
byy intraperitoneal injection with Hypnorm® (Janssen Pharmaceutica, Beerse, Belgium) and 
midazolamm (Roche, Mijdrecht, the Netherlands), and blood was collected from the inferior vena 
cava.. Whole lungs were harvested and homogenized at 4°C in 5 volumes of sterile isotonic 
salinee with a tissue homogenizer (Biospect Products, Bartlesville, OK) which was carefully 
cleanedd and desinfected with 70% ethanol after each homogenization. Serial 10-fold dilutions in 
sterilee saline were made from these homogenates (and blood), and 50 ul volumes were plated 
ontoo sheep-blood agar plates and incubated at 37°C. CFU were counted after 16h. For cytokine 
measurementss lung homogenates were lysed in lysisbuffer (300 mM NaCl, 15 mM Tris, 2 mM 
MgCl,, 2 mM Triton (X-100), Pepstatin A, Leupeptin, Aprotinine (20 ng/ml), pH 7.4) and 
spinnedd at 1500 x g at 4°C for 15 minutes; the supernatant was frozen at -20°C until assayed for 
cytokinee levels. 
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Broncho-alveolarBroncho-alveolar lavage. The trachea was exposed through a midline incision and cannulated 
withh a sterile 22-gauge Abbocath-T catheter (Abbott, Sligo, Ireland). BAL was performed by 
instillingg two 0.5 ml aliquots of sterile saline. 0.9-1 ml of lavage fluid was retrieved per mouse, 
andd total cell numbers were counted from each sample in a hemacytometer (Emergo, 
Amsterdam,, the Netherlands). BALF differential cell counts were determined on cytospin 
preparationss stained with modified Giemsa stain (Diff-Quick; Baxter, McGraw Park, 111). 

HistologicHistologic examination. After 24h fixation of lungs in 10% formaline and embedding in 
paraffin,, 4 urn thick sections were stained with hematoxylin and eosin. All slides were coded 
andd scored by a pathologist without knowledge of the type of mice and treatment. 

Immunostaining.Immunostaining. Immunohistochemical staining for TF and fibrin were performed on paraffin 
slidess after deparaffmization and rehydration using standard procedures. Primary antibodies used 
weree rabbit anti-mouse TF polyclonal Ab (produced in our laboratory) for the detection of TF, 
andd biotinylated goat anti-mouse fibrinogen Ab (Accurate Chemical & Scientific Corporation, 
Westbury,, NY) for the fibrin staining. As secondary antibody biotinylated swine anti-rabbit Ab 
(DAKO)) was used for the TF staining. For both stainings endogenous peroxidase activity was 
quenchedd using 1.5% H2O2 in PBS, and ABC solution (DAKO) was used as the detection 
enzyme.enzyme. 0.03% H202 and 3,3'-diaminobenzidine tetrahydrochloride (DAB, Sigma) in 0.05 M 
Triss pH 7.6 was used as substrate for visualization. Examination of immunohistochemical slides 
wass performed on coded samples. For TF and fibrin, the presence or absence of positive TF cells 
orr fibrin staining in 25 fields at a magnification x 40 was determined. 

Assays.Assays. The activated partial thromboplastin time (aPTT) was measured using a one-stage 
clottingg assay using citrated plasma diluted 3x with saline containing 0.1% fibrinogen (CLB, 
Amsterdam,, the Netherlands). Briefly, diluted plasma was incubated with actin FS (Dade 
Behring,, Buckinghamshire, UK) for 5 minutes at 37°C followed by the addition of 20 mM CaCl2 

andd determination of the fibrin clot formation using a KC10 analyser. TATc levels were 
measuredd in BALF with an ELISA-based method using rabbit anti-mouse antithrombin 
antibodiess for capture and detection. Visualization of the bound digoxigenin-conjugated 
detectionn antibody was accomplished using horseradish peroxidase labeled sheep anti-DIG 
F(ab)-fragmentss (Boehringer Mannheim GmbH, Germany) and o-phenylene-diamine 
dihydrochloridee (OPD, Sigma). Dilutions of mouse serum (Sigma) were used for the standard 
curve,, yielding a lower detection limit of 0.3 ng/ml.37 Cytokine and chemokine levels were 
measuredd using commercially available ELI SAs, in accordance with the manufacturers 
recommendations:: Tumor necrosis factor-a (TNF), interleukin-6 (IL-6) (Pharmingen, San 
Diego,, CA), macrophage inflammatory protein-2 (MIP-2) and KC (R&D systems, Abingdon, 
Unitedd Kingdom). Detection limits were 50 pg/ml (TNF), 37 pg/ml (IL-6), 47 pg/ml (MIP-2) and 
122 pg/ml (KC), respectively. 

StatisticalStatistical analysis. Data are expressed as means  SEM, unless indicated otherwise. 
Comparisonss between groups were conducted using the Mann Whitney U test. Survival curves 
weree compared by log-rank test. In the clinical study infected lung BALF was compared to non-
infectedd lung BALF and healthy controls using the Mann Whitney U test. P-value <0.05 was 
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consideredd to represent a statistically significant difference. 

Tablee 1. 

Subject t 
1 1 

2 2 
3 3 

4 4 

Characteristicss of CAP patients. 

Sex x 
M M 

F F 
M M 

M M 

Agee (yr) 

42 2 
47 7 
40 0 

36 6 

Fever r 
38.6 6 
38.9 9 
39.1 1 
37.8 8 

(°C) ) X-ray y 

Rightt middle lobe 
Rightt middle lobe 
Rightt upper lobe 
Rightt middle and lower lobe 

Clinicall  and microbiological parameters of four CAP patients with a 
X-rayy shows the site of the infiltrate or chest t roentgenogram m 

BALFF culture 

S.S. pneumoniae 
--
S.S. pneumoniae 

--
unilaterall  infiltrate on chest X-ray. 

Results s 

Alveolarr coagulation activation in pneumonia patients. Patient characteristics are presented 

inn Table I. Al l patients underwent bilateral BAL within 12h after admission, first at the 

uninfectedd site followed by the area with the infiltrate determined from the chest roentgenogram. 

BAL FF from healthy subjects served as control. Soluble TF and FVIIa levels were increased in 

BAL FF of infected lungs compared with the levels in BALF from uninfected lungs and healthy 

controlss (Figure 1). In addition, soluble TF and FVIIa concentrations were higher in BALF from 

uninfectedd lungs of CAP patients than in BALF from healthy controls. Elevated soluble TF and 

FVII aa levels were associated with increased alveolar TATc concentrations, which were higher in 

infectedd lungs of patients compared to uninfected lungs and healthy individuals. 

40n n 

30 0 
I I 

55 20-

10 0 

0 0 

10.0 0 

7.5 5 

1 1 
f>> 5.0 

Figuree 1. Coagulation markers in patients with community-acquired pneumonia. Coagulation 
markerss (sTF, FVIIa, TAT complexes) were measured in BALF from four patients with CAP with a 
unilaterall  infiltrate on the chest roentgenogram, from the area of the infiltrate (A) and from the uninfected 
sitee (B). 10 healthy volunteers served as controls (C). Horizontal lines express medians. * PO.05 versus 
healthyy controls. * P<0.05 versus uninfected lung. 

Expressionn of tissue factor in lung tissue during murine pneumonia. To obtain insight into 

thee potential role of TF in experimental respiratory tract infection, we determined whether 

pneumoniaa resulted in enhanced lung tissue TF expression. Intranasal administration of S. 

pneumoniaepneumoniae to mice increased TF expression 42h after inoculation mainly in the interstitium of 

thee lung (Figure 2). Hence, these data demonstrate that pneumococcal pneumonia results in local 

expressionn of tissue factor. 
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rNAPc22 inhibits coagulation activation systemically and in the lung. To evaluate the role of 
thee TF-FVIIa pathway during pneumonia, we treated mice with rNAPc2 and compared 
coagulationn activation and host defense mechanisms with control treated mice after induction of 
pneumococcall  pneumonia. To determine whether rNAPc2 inhibits coagulation activation in the 
systemicc compartment, we measured the aPTT in plasma after induction of pneumococcal 
pneumonia.. A two-fold increase of aPTT was found 30 and 42h after administration of S. 
pneumoniaee in rNAPc2 treated mice compared to control treated mice (data not shown). Both 
measurementss were 6h after the last administration of rNAPc2. TATc concentrations in BALF 
weree 5 fold higher in S. pneumoniae infected mice compared to non-infected mice, 
demonstratingg that the development of pneumococcal pneumonia is associated with alveolar 
thrombinn generation in this model (Figure 3). Treatment with rNAPc2 significantly decreased 
BALFF TATc levels during pneumonia but not completely back to the levels in uninfected 
animalss (PO.05 vs. control treated mice with pneumonia [Figure 3]). 

Figuree 2. Increased TF expression in lungs of mice during pneumococcal pneumonia. TF 
immunostainingg of lung 42h after intranasal inoculation with saline (A) and with S. pneumoniae in 
controll  treated mice (B). Magnification x 50. Representative slides are shown. 

Histopathology.. Both groups of mice displayed similar lung inflammation characterized by 
interstitiall  inflammation, small areas of pneumonia, andpleuritis 30 and42h following infection. 
Inn the lungs of rNAPc2 treated mice, less vascular thrombi were observed than in control treated 
micee (data not shown). 

Mortality.. To investigate the role of TF-factor Vil a inhibition on the outcome of pneumococcal 
pneumoniaa infection, we performed a survival study. Mice were treated with rNAPc2 or control 
everyy 6h until 42h after infection. No difference was seen in mortality after rNAPc2 treatment 
comparedd with control treatment (Figure 4). 

Bacteriall outgrowth. To assess the impact of inhibition of TF-FVIIa at earlier phases of the 
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1 1 
0Ü Ü 
c c 
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ll< < 
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# # 

T T 

.# # 

Controll  rNAPc2 Uninfected 

Figuree 3. rNAPc2 decreases generation of TATc in the 
alveolii during murine pneumococcal pneumonia. TATc in 
BALFF 42h after intranasal administration of S. pneumoniae. 
rNAPc22 (closed bar) was given subcutaneously every 6h after 
inductionn of pneumonia (10 mg/kg of body weight) starting 
att timepoint 0. The control group (open bar) received PBS 
subcutaneouslyy every 6h. Uninfected mice were intranasally 
inoculatedd with saline (stripes). Data are mean + SEM of 6 
micee per group. *P<0.05 vs. PBS. #P<0.05 vs. uninfected 
mice. . 

12 2 

10 0 

|| 8 

11 6 

<** 4 
2H H 

-o-- Control 
—— rNAPc2 

% % 
255 50 75 100 
HH after inoculation 

Figuree 4. Mortality did not differ between groups. 
Survivall  after S. pneumoniae inoculation in control 
treatedd (open circles) and rNAPc2 treated mice (closed 
squares).. Mortality was assessed twice daily. N = 11-12 
perr group. 

infection,, we determined the outgrowth of S. pneumoniae in lungs 30 and 42h after infection. At 

bothh time-points rNAPc2 and control treated mice contained the same number of S. pneumoniae 

CFUss in their lungs (Figure 5). At 30h postinfection 5/8 (62.5%) of rNAPc2 treated mice had a 

positivee blood culture, whilst at that time point blood cultures displayed no growth of 

pneumococcii  in control treated mice. After 42h all mice in both groups had positive blood 

culturess (not significant). 

Immunee responses. Cell recruitment to the site of infection is an important part of host defense 

againstt pneumococcal pneumonia. For this reason we compared cell influx in the alveolar spaces 

off  rNAPc2 and control treated mice after inoculation with S. pneumoniae. The number of 

recruitedd granulocytes in the BALF did not differ between groups 42h after inoculation (Table 

Tablee II. Effect of rNAPc2 on cellular composition in BALF 

Totall  cells 

Granulocytes s 

Alveolarr macrophages 

Lymphocytes s 

Control l 

15.44 6 

5.99 4 

9.22 2 

0.33 + 0.2 

rNAPc2 2 

11.55 + 3.4 

8.88 + 2.6 

2.55 + 0.8 

0.22 + 0.1 

Dataa are mean  SEM (x 10 /ml BALF) of 6 mice per group, 42h after inoculation with S. 

pneumoniaepneumoniae CFU. 

141 1 



CHAPTERR 9 

Control l rNAPc2 2 Controll  rNAPc2 

Figuree 5. rNAPc2 does not influence bacterial outgrowth in lungs. S. pneumoniae CFU's in lungs of 

controll  treated (open bars) and rNAPc2 treated mice (closed bars) 30 (A) and 42h (B) after inoculation. 

Dataa are mean  SEM. N = 8. 

II) .. Cytokines and chemokines are involved in the early immune responses against infection. ' 

andd proteins produced during coagulation activation affect production of these mediators. 

Locallyy produced cytokine levels were not altered after treatment with rNAPc2 compared to 

controll  treated mice (data not shown). However, CXC chemokine (KC and MIP-2) levels were 

bothh increased 30h after infection in rNAPc2 treated mice compared to control treated mice. 

Chemokinee levels in lung homogenates were similar 42h following infection (Figure 6). 

25000i i 

20000 0 

11 15000 
OB B 

^10000 0 

5000 0 

25000n n 

20000 0 

BB 15000 

^ I O O O O O 

PBSS rNAPc2 PBS rNAPc2 

30hh 42h 

5000 0 

0 0 

MIP-2 2 

U i r l l 
PBSS rNAPc2 PBS rNAPc2 

30hh 42h 

Figuree 6. CXC chemokine levels in lung homogenates increased after 30h. KC (A) and MIP-2 (B) 
levelss in lung homogenates of control (open bars) and rNAPc2 (closed bars) treated mice, 30 and 42h 
afterr inoculation with S. pneumoniae. Data are mean  SEM. N = 8. *P<0.05 vs. control group. 

Discussion n 
Thee TF-FVIIa pathway plays an essential role in the activation of the blood coagulation system 

duringg inflammatory challenges such as systemic bacterial infection. Evidence indicates that TF 

alsoo is important for a procoagulant response in the pulmonary compartment. Indeed, TF is 

presentt at multiple sites in the lung, including the vascular adventitia, on airway epithelial cells 

andd on alveolar macrophages, and inhibition of the TF-FVIIa pathway completely abrogated 

intrapulmonaryy fibrin deposition and diminished lung inflammation after intratracheal delivery 

off  endotoxin in rats.20'29 In addition, TF inhibition has been shown to reduce lung inflammation 

andd injury in experimental endotoxemia and bacteremia.43'44 To the best of our knowledge, the 
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currentt investigation is the first to address the role of TF in the host response to pneumonia. We 
heree demonstrate that activation of the TF-FVIIa pathway can be detected in patients with CAP 
att the site of the infection. In accordance, TF expression and local coagulation activation could 
bee demonstrated in the lungs of mice with experimentally induced pneumococcal pneumonia. 
Inhibitionn of the TF-FVIIa complex with rNAPc2 reduced activation of coagulation in the lungs, 
butt did not influence antibacterial defense mechanisms. These findings suggest that rNAPc2 
functionss primarily as an anticoagulant during murine pneumococcal pneumonia and that TF is 
likelyy not involved in the pulmonary inflammatory response to pneumoccocal infection in this 
setting. . 

Ourr findings in patients with CAP confirm and extend earlier studies.26,45 In a recent study, 
patientss with severe pneumonia were reported to display increased procoagulant activity in their 
BALF,, which was attributable to tissue factor activity.26 In this report, we have demonstrated 
increasedd levels of soluble TF, FVIIa and TATc in BALF obtained from the site of the infection. 
Comparisonn with BALF from the uninfected side clearly established that activation of the 
coagulationn system occurs in a compartimentalized fashion during CAP. Although our study 
involvedd only four patients, overlap with the data obtained from BALF derived from the 
uninfectedd side or from lungs of healthy volunteers did not occur. Thus, our human data, 
togetherr with the demonstration of TF in mouse lungs during pneumococcal pneumonia indicate 
thatt coagulation is activated locally in the lung during lower respiratory tract infection. 

Inn the present study rNAPc2 was used to inhibit the TF-FVIIa pathway. This small protein 
wass originally isolated from the hematophagous nematode hookworm Ancylostoma caninum, 
andd subsequently produced in recombinant form using the yeast Pichia pas tons.33 rNAPc2 
inhibitss TF-FVIIa mediated coagulation by high affinity binding to zymogen factor X or factor 
Xaa prior to the formation of an inhibitory complex with TF-FVIIa.32 This contrasts with the 
mechanismm of action of TF pathway inhibitor (TFPI), which binds only to factor Xa at its 
catalyticc center, followed by the formation of the quaternary TFPI/FXa - TF/FVIIa complex. 
Thee utilization of zymogen FX as an inhibitory scaffold by rNAPc2 obviates the need for 
formingg FXa prior to the inhibition of the TF-FVIIa complex. The efficacy of rNAPc2 in 
attenuatingg coagulation in vivo has been demonstrated in several earlier investigations, where 
rNAPc22 completely prevented endotoxin-induced coagulation activation in chimpanzees18, and 
stronglyy reduced the incidence of acute deep vein thrombosis in patients undergoing unilateral 
kneee arthroplasty compared to the best current prophylactic regimens.46 

Thee importance of TF in the pathogenesis of sepsis has been well recognized. Treatment with 
DEGR-FXaa (an inhibitor of thrombin generation) strongly reduced the coagulopathy related to 
experimentall  sepsis in baboons, but did not increase survival.47 In contrast, in the same primate 
modell  of sepsis, inhibition of the TF-FVIIa complex by either a monoclonal antibody against 
TF11,, or recombinant TF pathway inhibitor (rTFPI)1417 or active site inactivated FVIIa48,49 was 
associatedd with both anti-coagulant and anti-inflammatory effects, and an increased survival. 
Furthermore,, blocking TF-mediated coagulation in experimental sepsis or acute lung injury 
modelss attenuated the inflammatory response in the lung, including neutrophil infiltration, and 
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edemaa formation.29,30,44 In addition, co-infusion of rTFPI together with TF into rabbits, 
suppressedd the TF mediated fibrin deposition in the lung.50 Together, these findings indicate that 
thee TF-FVIIa complex plays a prominent role in the procoagulant and inflammatory response of 
thee lung to sepsis. In contrast, the present study did not show a role for TF in the pulmonary 
inflammatoryy response during bacterial pneumonia when inhibited by rNAPc2 in this model. In 
linee with this, we recently showed that although intravenous infusion of rTFPI attenuates 
coagulationn activation following low dose endotoxin administration to volunteers, it did not 
influencee inflammatory pathways.16'51 However, there are several instances where TF has been 
shownn to have a direct inflammatory effect in vivo. These include: 1) recombinant human TF 
injectedd intra-articularly induced morphological signs of arthritis and infiltration of mainly 
mononuclearr cells in synovia52; 2) leukocyte infiltration was reduced after treatment of rabbits 
withh anti-TF antibody in an acute myocardial injury model53; 3) treatment with anti-TF antibody 
orr TFPI diminished glomerular inflammation and glomerular fibrin deposition in experimental 
modelss of glomerulonephritis54,55 and spinal cord ischemia.56 Taken together, these studies 
suggestt a role for TF in the regulation of inflammation in addition to its procoagulant function 
andd that this role may be dependent on the experimental model and/or inflammatory challenge or 
targett organ. 

Thee potential role of TF-mediated signalling in leukocyte activation and augmented cytokine 
productionn has been demonstrated in several earlier investigations.14,48,57 On the contrary we 
foundd modestly elevated chemokine concentrations in the lungs of rNAPc2 treated mice at 3 Oh 
postt inoculation, but not at later time points during the infection. The relatively elevated 
chemokinee concentrations at 30h after the infection could be related to the modestly (albeit not 
significantly)) higher bacterial loads in rNAPc2 treated mice. Interestingly, at this early time 
pointt only rNAPc2 treated mice displayed positive blood cultures, suggesting that local 
coagulationn contributes to the containment of the infection. 

Eliminationn of TF activity has gained interest because of its potential beneficial effects in 
severee bacterial sepsis based on a number of experimental studies. In addition, TF has been 
implicatedd in the pathogenesis of lung injury during severe bacterial sepsis and after pulmonary 
exposuree to endotoxin. Our present findings using a murine model of pneumococcal pneumonia 
suggestt that TF mediated coagulation activation is present in the lung, but that the role of TF-
FVIIaa complex in antibacterial host defense may be limited. 
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