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Chapterr 3 

Abstract t 

Duringg endotoxemia blood coagulation becomes activated due to tissue factor 
expressionn on leukocytes and/or endothelial cells. We investigated the influence 
off  blood cell-derived tissue factor on murine endotoxemia. 
Wee generated mice that lack tissue factor on their blood cells by transplanting 
tissuee factor deficient hematopoietic stem cells into lethally irradiated wildtype 
recipients.. Control mice were also irradiated but were injected with stem cells 
fromm wildtype littermate embryos. Seven weeks after transplantation, the mice 
receivedd 250 ug of endotoxin intraperitoneally. Three hours later, the mice were 
bledd and plasma and organs were collected to assess inflammation, coagulation, 
andd apoptosis. 
Micee that lack tissue factor on their blood cells still reacted to endotoxemia, but 
markedlyy less than wildtype controls. Blood cell-derived tissue factor deficient 
micee showed significantly less clinical symptoms than control mice. Levels of 
circulatingg inflammatory mediators and thrombin-antithrombin complexes were 
lowerr in blood cell-derived tissue factor deficient mice than in controls. 
Surprisingly,, inflammation was seen more often in blood cell-derived tissue factor 
deficientt mice than in control mice, but signs of apoptosis were more pronounced 
inn controls. 
Inn summary, our data clearly indicate that endotoxin-induced coagulation and 
inflammationn are strongly influenced by blood cell-derived tissue factor. 

Introductio n n 

Tissuee factor (TF) is a membrane bound glycoprotein, which on exposure to 
bloodd activates coagulation, via formation of an enzymatic complex with factor 
Vil aa (FVIIa), leading to thrombin activation and fibrin deposition.1'2 Its 
constitutivee expression by mesenchymal cells residing in the adventitial lining of 
bloodd vessels normally precludes its interaction with FVIIa in plasma but allows 
rapidd activation of coagulation when blood vessel barriers are disrupted.~ 
Intravascularr cells do not express TF constitutively, but TF expression in some 
intravascularintravascular cells can be induced. Monocytes are generally considered to express 
TFF upon injury,6 in vitro contact with glass or plastic, oxygen deprivation,8 

stimulationn with lipopoly-saccharide,7 products of complement activation, 
cytokiness or homocysteine.7,9"11 Reports about granulocytes are less consistent. 
Todorokii  et al.u describe induction of TF mRNA and protein levels in neutro-
philss upon endotoxin administration to baboons, while 0sterud et al. claim that 
granulocytess do not express TF themselves, but "purchase" TF activity through 
platelet-dependentt interaction with monocytes.14 Endothelial cells also express TF 
uponn ex vivo stimulation with cytokines or other inflammatory stimulators, " but 
whetherr endothelial cells express TF in vivo remains controversial. 
Researchh in recent years has taught us that TF has additional biological functions 
independentt from its well-established role in blood coagulation. TF may be 
importantt for processes like embryogenesis,1819 tumor progression and 
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neovascularization,, and chemotaxis. In addition, a role for TF in cell adhesion 
hass been suggested. During inflammation, mononuclear phagocytes cross the 
lymphaticc endothelium in the basal-to-apical direction (i.e. reverse migration), a 
processs dependent on the expression of TF on the surfaces of these cells.3 TF does 
nott have chemotactic properties by itself but adheres to an unknown binding site 
exposedd on the endothelium, suggesting that mononuclear phagocytes use TF as 
ann adhesive protein to exit the site of inflammation.3 

Evidencee for TF's role in sepsis-induced coagulation and inflammation is derived 
fromm in vivo models in which animals are challenged with live bacteria or 
lipopolysaccharidee (LPS or endotoxin). For instance, administration of anti-TF 
antibodiess to baboons results in the attenuation of coagulopathy and protects 
againstt death after injection of a lethal amount of Escherichia coli {E.coli)}2 

Moreover,, administering tissue factor pathway inhibitor (TFPI) to baboons 
alreadyy infused with a lethal amount of E.coli also turned out to be highly 
protective.23,244 Baboons injected with E.coli alone showed a mean survival time of 
400 hours, while E.coli I TFPI treated animals survived for the full seven days of 
thee experiment. Furthermore, TFPI caused decreased serum levels of markers of 
hypoxia,, acidosis and cell injury and protected against inflammation, thrombosis 
andd necrosis of lung, liver and kidney. Interestingly, administration of TFPI also 
impairedd the IL-6 response to endotoxin, whereas TNF-a levels were not 
influencedd by TFPI treatment. Interventions with active-site inhibited FVIIa 
(DEGR-FVIIa)) diminish both the IL-6 and IL-8 responses in baboons injected 
withh LDioo E.coli, whereas the LPS-induced TNF-a response was insensitive to 
DEGR-FVIIa.255 In addition, like TFPI, DEGR-FVIIa administration reverses the 
lethall  consequences of E.coli in a baboon model. 
Additionall  evidence for the role of TF in endotoxin-induced inflammation comes 
fromm experimental endotoxemia, in which a low dose of endotoxin is 
administeredd intravenously to human volunteers and/or chimpanzees, resulting in 
TF-dependentt coagulation.26,27 The endotoxin-induced activation of the TF system 
andd subsequent activation of coagulation appears to be mediated by pro-
inflammatoryy cytokines like TNF-a, IL-1 and IL-6. TNF-a administration to 
healthyy volunteers elicited rapid activation of coagulation which was similar to 
thatt evoked by endotoxin. Whereas interventions with TNF-a specific 
monoclonall  antibodies prove unsuccessful in preventing endotoxin-induced 
coagulationn activation,28 monoclonal IL-6 antibodies do completely block this 
activation.299 In addition, IL-1 receptor antagonists also attenuate activation of 
coagulationn either by a direct mechanism or by inhibiting IL-1 induced cytokine 
production.30 0 

Thee prominent role of TF in sepsis and the beneficial effects of blocking the 
initiationn of coagulation by TF on survival in experimental models warrant 
studyingg the role of TF in more detail. A major question concerns the relative 
contributionn of leukocyte-derived TF to the initiation and development of blood 
coagulationn and inflammation. Already in the early seventies Niemetz and co-
workers31'322 recognized the importance of endotoxin-induced leukocyte-derived 
coagulantt activity. Peritoneal leukocytes from rabbits that were treated with 
endotoxinn showed considerable procoagulant activity. Intravenous infusion of 
thesee leukocytes into other rabbits caused pulmonary embolisms and death, while 
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infusionn of leukocytes from untreated rabbits did not produce thrombi. In the 
presentt paper, we provide in vivo evidence for the notion that blood cell-derived 
TFF is of major importance for the propagation of coagulation and inflammation, 
butt not for the initiation of these processes, by showing that mice that lack TF on 
theirr hematopoietic cells still react to endotoxemia, but markedly less than 
wildtypee controls. 

Material ss and Methods 

MouseMouse strains 

Recipientt C57Bl/6J01aHSD mice were purchased from Harlan (Horst, The 
Netherlands).. Donor mice were offspring of heterozygous TF knockout mice,34 on 
aa C57B1/6 background. These mice were a gift from Dr. G. Broze Jr. and were 
bredd and maintained at the animal care facility at the Academic Medical Center. 
Al ll  mice were housed according to institutional guidelines, with free access to 
foodd and water. Animal procedures were carried out in compliance with the 
Institutionall  Standards for Humane Care and Use of Laboratory Animals. 

FetalFetal liver preparation3536 

TF*7""  breeding pairs were put together in the late afternoon and were checked for 
vaginall  plugs the following morning. The morning on which a vaginal plug was 
observedd was designated as 0.5 days postcoitum (dpc). Embryos were harvested 
att 12.5 dpc. Livers were dissected from the embryos, and single cells were 
preparedd by pulling the tissue clumps three times through a 25-gauge needle. 
Cellss were suspended in phosphate buffered saline (PBS, NPBI, 
Emmercompascuum,, The Netherlands) containing 10% fetal calf serum (FCS, 
Bioo Witmaker, Heidelberg, Germany), 100 U/mL penicillin (BioWitthaker), and 
1000 (xg/mL streptomycin (BioWitthaker), centrifuged for 10 minutes at 250 x g, 
aspiratedd and resuspended in freezing medium (RPMI (BioWitthaker), 25% FCS 
andd 10% DMSO (Merck, Darmstadt, Germany). The cells were frozen in 2 mL 
cryotubess (Nalge Nunc, Roskilde, Denmark) to -80 QC in a rate-controlled 
freezingg device (-1 ^C/min, Nalge Nunc). The cells were then stored at less than 
-1500 eC in gaseous nitrogen. On the day of transplantation, the cryopreserved cells 
weree thawed rapidly in a 37 QC water bath, mixed with 10 mL of Hanks' Balanced 
Saltt Solution (HBSS, BioWitthaker) containing 25% FCS, centrifuged at 250 x g 
forr 10 minutes, aspirated, washed, and resuspended in PBS. 

GenotypingGenotyping of the embryos 

Afterr dissection of the liver, the remaining embryo was lysed at 55 QC in lysis 
bufferr (100 mM Tris pH 8.5, 5 mM EDTA, 0.2% SDS, 200 mM NaCl, 100 
H-g/mLL proteinase K (all Merck)). The lysate was centrifuged at 10,000 x g for 10 
minutes.. DNA was subsequently isolated using phenol/chloroform extraction, 
precipitatedd with 2-propanol and dissolved in 0.2 M Tris/0.02 M EDTA pH 8.0. 
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Genotypingg was performed by a one-tube polymerase chain reaction using the 
followingg primers (TF primers derived from the murine TF sequence published by 
Mackmann et a/.37): forward PI 5'-GTGATCGATCTAGAAACTGGA-3' and 
reversee P2 5'-GCTACTTACTGTCTCGGTAAGG-3' yielding a 228 bp product 
forr the wild type 3rd exon of the TF gene, and forward Pneo 5'-GGAAGACAATA 
GCAGGCATGCTGG-3'' and the above mentioned reverse P2 yielding a 185 bp 
productt for the mutant locus. 

BoneBone marrow transplantation 

Seven-week-oldd C57B1/6 mice received a split total body irradiation of 9.5 Gy 
(lethall  dose) using a X-ray source at a dose rate of 0.88 Gy/min. Embryonic liver 
homogenatess containing hematopoietic stem cells of either the TF+1|,+ or the TFA 

genotypee were injected intravenously at a dose of 0.1 embryo-equivalents per 
recipientt (n=8 per genotype). Normal syngeneic spleen cells (2xl05) were co-
injectedd to ensure short-term survival of the recipients.39 To prevent the 
immunocompromisedd recipients from infections, the mice were supplied with 
autoclaved,, acidified (pH 2.5) drinking water containing 0.16% neomycin (Sigma 
Chemicall  Co, St.Louis, MO, USA) from one week before until six weeks after 
transplantation,, and they were housed in filter top cages in a laminar flow 
chamber. . 

EndotoxemiaEndotoxemia model 

Sevenn weeks after transplantation, the mice were injected intraperitoneally (i.p.) 
withh 200 |xl sterile PBS containing 250 |Xg of endotoxin (10-12.5 mg/kg; LPS 
fromm E.coli 055:B5, Fluka Chemie GmbH, Buchs, Switzerland). Since we only 
obtainedd eight blood cell-derived TF knockout mice, we decided to study one 
timee point after endotoxin injection, i.e. 3 hours. This time point was chosen 
becausee former experiments using wildtype mice showed that 3 hours after 
endotoxinn injection mice are visibly ill and several markers of coagulation 
activationn and inflammation are measurable. At this time point, symptoms of 
diseasee were scored by a biotechnician who was unaware of the genotype of the 
mice,, according to the following rating: 0: healthy, 1: pilo-erection, 2: hunched 
appearancee and shivering, 3: shivering, not moving, but still responsive, 4: not 
moving,, not responsive. The mice were bled from the vena cava inferior after 
beingg anesthetized by i.p. injection of FFM (1:1:2 hypnorm (Janssen 
Pharmaceutical,, Beerse, Belgium), dormicum (Roche, Mijdrecht, The 
Netherlands),, H20 (sterile water for injection, Braun Melsungen AG, Melsungen, 
Germany);; 0.1 mL per 10 grams body weight). Blood, organs (kidney, liver, and 
lung)) and bone marrow were harvested and processed for further analysis, as 
describedd below. 

SampleSample preparation 

Bloodd was drawn into tubes containing heparin (Becton Dickinson, Franklin 
Lanes,, NJ, USA) and was centrifuged twice at 1,000 x g for 10 min. The plasma 
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layerr was carefully removed, and stored at -20 °C until subsequent analysis. The 
remainingg pellet was resuspended in 200 jl l PBS. DNA was isolated from these 
cellss using a QIAamp DNA blood mini kit (Qiagen, Hilden, Germany). 
Bonee marrow was isolated from the femurs and tibia by flushing the bones with 
PBS.. The cell suspension was centrifuged at 250 x g for 10 min at 4QC, aspirated 
andd resuspended in lysis buffer. DNA was isolated using the phenol/chloroform 
protocoll  as described above for the embryonic tissue. 
Proteinn extracts were obtained essentially as described by Weiler-Guettler and 
Tabrizi.40'411 Briefly, tissue extracts were made from snap-frozen kidney and liver 
off  known weights. Tissue was homogenized in extraction buffer (10 mM sodium 
phosphatee (pH 7.5)), 0.1 M e-amino-caproic acid (Sigma), 5 mM EDTA, 10 
U/mLL aprotinin (Roche Diagnostics GmbH, Mannheim, Germany), 10 U/mL 
heparin,, 2 mM AEBSF (Pefabloc® SC, Merck). The homogenate was agitated 
overnightt at 4 QC, sedimented by centrifugation at 10,000 g for 10 minutes, 
resuspendedd in 10 mM sodium phosphate buffer, sedimented again, and the pellet 
wass dissolved at 659C in reducing SDS sample buffer (10 mM Tris (pH 7.4), 2% 
SDS,, 5% glycerol (Sigma), 5% v/v (3-mercaptoethanol (Sigma), bromophenol 
bluee (Fluka)). Extracts were stored at -80 QC until usage. 

ReconstitutionReconstitution analysis 

Thee genotype of leukocytes from mice transplanted with TFA cells was analyzed 
usingg PCR analysis as described above. 

CytokineCytokine measurement 

Cytokinee and chemokine levels were determined in plasma as a measurement for 
thee inflammatory response to endotoxin administration. Interleukin-2 (IL-2), IL-4, 
IL-5,, EL-6, IL-10, IL-12p70, interferon-y (IFN-y), monocyte chemoattractant 
protein-11 (MCP-1), and tumor necrosis factor-oc (TNF-oc) were measured using 
Mousee Cytometric Bead Array (CBA) Kits (Becton Dickinson). KC (mouse 
growthh regulated oncogene-alpha (GRO-cc)) was measured using an enzyme-
linkedd immunosorbent assay (ELISA, R&D Systems, Minneapolis, MN, USA). 
Bothh CBA and ELISA were performed according to the recommendations of the 
manufacturer.. Detection limits were 5 pg/mL except for KC that had a detection 
limi tt of 7.8 pg/mL. 

MeasurementMeasurement of coagulation activation 

Thrombin-antithrombinn (TAT) complexes were determined in plasma as a 
measurementt of activation of the coagulation cascade. TAT complexes were 
measuredd with a mouse-specific, ELISA-based.42 Briefly, rabbits were immunized 
withh mouse thrombin or rat antithrombin. Anti-thrombin antibodies were used as 
capturee antibody, digoxigenin (DIG)-conjugated anti-antithrombin antibodies 
weree used as detection antibodies, horseradish peroxidase (HRP) labeled sheep 
anti-DIGG F(ab)-fragments (Boehringer Mannheim GmbH, Germany) were used as 
stainingg enzyme, and o-phenylene-diamine dihydrochloride (OPD, Sigma) was 
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usedd as substrate. Dilutions of mouse serum (Sigma) were used for the standard 
curve,, yielding a lower detection limit of 1 ng/mL. 

HistologyHistology and immunohistochemistry 

Shortlyy after sacrificing the mice, kidney, liver, and lung were removed, fixed in 
4%% formaldehyde, dehydrated, and embedded in paraffin. 5-um-thick sections 
weree stained with hematoxylin and eosin. All slides were coded and scored by a 
pathologistt for the presence or absence of blood clots, and for the degree of 
inflammation.. Inflammation was characterized by the influx of granulocytes and 
byy the presence of endothelialitis (i.e. sticking of leukocytes to the vessel wall). 
Observationss were rated 0 if absent, 0.5 if seen only once or twice, 1 if present, or 
22 if omnipresent. 
Immunohistochemicall  staining was performed for the presence of granulocytes or 
fibrin.. All stainings were performed on paraffin slides after deparaffinization and 
rehydrationn using standard immunohistochemical procedures. Primary antibodies 
usedd were FITC-labeled anti-mouse Ly-6-G Ab (PharMingen, San Diego, CA, 
USA)) for the granulocyte staining and biotinylated goat anti-mouse fibrinogen Ab 
(Accuratee Chemical & Scientific Corporation, Westbury, NY, USA) for the fibrin 
staining.. As secondary antibodies biotinylated rabbit anti-FITC antibody (DAKO, 
Glostrup,, Denmark) were used for the granulocyte staining. For both stainings 
endogenouss peroxidase activity was quenched using 1.5% H202 in PBS, and ABC 
solutionn (DAKO) was used as staining enzyme. 0.03% H202 and 3,3'-
diaminobenzidinee tetrahydrochloride (DAB, Sigma) in 0.05 M Tris pH 7.6 was 
usedd as substrate. For the granulocyte staining, slides were digested using a 
solutionn of 0.25% pepsin (Sigma) in 0.01 M HC1, before incubation with the first 
antibody.. Examination of immunohistochemical stained slides was performed on 
codedd samples. For granulocytes, the number of positively stained cells was 
countedd in 25 fields at a magnification of 40 x. For fibrin, the presence or absence 
off  fibrin staining in 25 fields at a magnification of 40 x was determined. 

WesternWestern blotting 

TF,, fibrin and activated caspase-3 protein levels were measured in protein extracts 
fromm liver and kidney by Western blotting. To correct for unequal loading, 
obtainedd values were divided by ERK-2 expression levels.43 

Briefly,, samples were subjected to SDS-polyacrylamide gel electrophoresis 
(10%),, and transferred to a polyvinylidine difluoride membrane (Immobilon-P, 
Millipor ee Corp, Bedford, MA, USA) by electroblotting. Proteins levels were 
visualizedvisualized using the following primary antibodies: horseradish peroxidase labeled 
mousee anti-human fibrin II beta chain antibody (NYB-T2G1 HRP, Accurate 
ChemicalChemical & Scientific group) for the detection of fibrin, rabbit anti-mouse TF 
(producedd in our laboratory ) for the detection of TF, rabbit anti-active caspase-3 
(Aspp 175, Cell Signaling Technology Inc., Beverly, MA, USA) for the detection 
off  active caspase-3, and goat anti-mouse p44-MAPK (Santa Cruz Biotechnology 
Inc,, Santa Cruz, CA, USA ) for the detection of ERK-2. In case of a non-labeled 
primaryy antibody, HRP-labeled secondary antibodies were used (HRP-labeled 
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swinee anti-rabbit or HRP-labeled rabbit anti-goat, respectively, DAKO). Primary 
antibodiess were incubated for 16 hours at 4SC, secondary antibodies during one 
hourr at room temperature. After enhanced chemiluminescence using Lumilight 
pluss Western Blotting substrate (Roche Diagnostics), antibody binding was 
visualizedd using a GeneGnome (Syngene Bio Imagine, Cambridge, England) and 
quantifiedd using Gene Snap and Gene Tools software (Syngene Bio Imagine). 

Statistics Statistics 

Resultss are presented as mean  SEM. Statistical significance of differences 
betweenn the two genotypes was determined by use of the unpaired Student's t-test 
inn case of parametric data or a Mann-Whitney test in case of the non-parametric 
histologicalhistological data. A probability (P) of < 0.05 was considered statistically 
significant. . 

Results s 

GenerationGeneration of blood cell-derived TF deficient and TF wildtype mice 

Inn order to obtain homozygous deficient embryos, timed matings with TF*7" mice 
weree performed. At 12.5 dpc, 2% turned out to be homozygous, whereas 69% 
weree heterozygous and 29% were wildtype (see figure 1A for the genotyping 
resultss of a litter containing a TF"/_ embryo). Vaginal plugs were only observed in 
42%% of the TF+/" females, aged between 8 and 16 weeks, within four days after 
beingg put in one cage with a TF+/" male, whereas less than 55% of the plugged 
micee indeed carried a litter at 12.5 dpc. 

A A 
+/-- +/+ -/- +/+ +/- +/+H20 . „ , . . . ,__, . , „ . 
—— mm mm — » w t Figure 1: Analysis of TF genotype of offspring 

 *" '  inur  0f Tp*' - breeding pairs and of bone marrow 
andd blood of transplanted mice. A. Example of 

BB the genotyping of offspring from TF*'" breeding 
'' pairs. Indicated is the TF genotype (-/-: 

mutt  homozygous TF deficient, +/-: TF heterozygous, 
pp +/+: wildtype). Genotype of bone marrow (B) and 

bloodd (C) from mice transplanted with TF 
deficientt hematopoietic stem cells. 

mut t 
Too obtain blood cell-derived TF deficient and wildtype mice, eight irradiated 
C57B1/66 recipient mice were transplanted with TF_/" fetal liver cells and eight 
micee with TF+/+ cells. Without co-administration of adult recipient-type spleen 
cells,, none of the recipients survived upon 14 days post-transplantation. With co-
administrationn of adult spleen cells all mice survived the seven-week-recovery 
period,, and no differences between the two groups were observed. 
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Endotoxemia Endotoxemia 

Too study the relative contribution of blood cell-derived TF to blood coagulation 
andd inflammation during endotoxemia, mice were subjected to endotoxin 
injection.. Since we only had eight blood cell-derived TF knockout mice, we 
decidedd to study one time point after endotoxin injection, i.e. 3 hours. This time 
pointt was chosen because 3 hours after endotoxin injection mice are visibly ill 
andd several markers of coagulation activation and inflammation are measurable. 
Ass a primary endpoint, we assessed endotoxin-induced clinical symptoms. As 
shownn in table 1, blood cell-derived TF deficient mice have a significant lower 
diseasee score than wildtype mice subjected to endotoxin (2.1 vs. 3.6). 

Tablee 1: Disease scores and systemic responses to endotoxin administration are 
lowerr in blood cell-derived TF deficient mice compared to wildtypes. 

WTT TF deficient P value 

Clinicall  svmptoms 

Diseasee score 

Inflammation n 

IFN-YY  (pg/mL) 

IL-55 (ng/mL) 

IL-66 (ng/mL) 

IL-100 (ng/mL) 

IL-12p700 (ng/mL) 

KCC (ng/mL) 

MCP-11 (ng/mL) 

TNF-aa (ng/mL) 

Coagulation n 

TATT (ng/mL) 

3.66  0.3 

977 + 9 

0.233  0.03 

5655 4 

0.255 1 

0.999 8 

177 1 

0.288 1 

6.66  0.6 

188 + 3 

2.11 4 

366 2 

0.122 3 

3177 6 

0.177 5 

0.466 4 

9.44 2 

0.133 6 

3.88 1 

111 2 

<0.01 1 

<0.01 1 

<0.05 5 

<0.05 5 

<0.05 5 

<0.05 5 

<0.01 1 

<0.05 5 

<0.05 5 

<0.05 5 

Valuess represent mean  SEM of eight mice per genotype. 
Diseasee scores were scored three hours after endotoxin administration on an arbitrary scale (0: healthy, 1: pilo-
erection,, 2: hunched appearance and shivering, 3: shivering, not moving, but still responsive, 4: not moving, not 
responsive). . 
Cytokinee and TAT levels were measured in plasma collected three hours after endotoxin administration. 

ReconstitionReconstition analysis 

Threee hours after injection of endotoxin, the mice were sacrificed and the TF 
genotypee of DNA isolated from bone marrow was determined. This showed that 
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bonee marrow of the blood cell-derived TF deficient mice was 100% TF knockout 
(figuree IB), suggesting that the transplantation procedure was successful. In all 
eightt blood cell-derived TF deficient mice trace amounts of wildtype DNA were 
detectedd (figure 1C) in blood. On average 9. 5  1.3 % of the DNA existed of the 
wildtypee genotype. 

CirculatingCirculating TAT complexes 

Too assess coagulation activation in the circulation, thrombin-antithrombin 
complexess were measured in plasma. As shown in table 1, the obtained TAT 
levelss were significantly higher in control mice than in TF deficient mice. 

CirculatingCirculating cytokines and chemokines 

Too assess systemic signs of inflammation, we measured cytokine and chemokine 
levelss in plasma. These levels correlated well with the disease scores. As shown 
inn table 1, KC, IFN-y, IL-5, IL-6, IL-10, IL-12p70, MCP-1, and TNF-oc levels 
weree about twice as high in control mice compared to blood cell-derived TF 
deficientt mice. IL-2 and IL-4 levels were in both groups below the detection limit 
off  5 pg/mL. 

InflammationInflammation at tissue level 

AA  „ 

ii  , 

thromb ii  inflammatio n 

Figuree 2: Histological analysis of liver, lung and 
kidneyy shows increased inflammation in blood cell-
derivedd TF deficient mice compared to wildtype 
controls.. Graphical representation summarizing 
histologicall  scores in liver (A) and lung (B). Graphical 
representationn of leukocyte influx in lung, liver, and 

nn kidney as was observed by immunohistochemistry 
usingg anti-granulocyte antibodies (C). Mean +/- SEM 
(n=88 mice per genotype) for scores of blood cell-
derivedd TF deficient mice are shown as white bars and 
forr wildtype controls as black bars. * P <0.05. 

Too examine inflammation in individual tissues, we scored H&E stained tissue 
slidess for influx of leukocytes and for sticking of leukocytes to the vessel wall. As 
iss shown in figure 2B, lungs of wildtype mice showed less signs of inflammation 
thann lungs of blood cell-derived TF deficient mice. This effect is less pronounced 
inn liver (see figure 2A), while kidneys show no signs of inflammation either in 
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wildtypee mice or in blood cell-derived TF deficient mice (data not shown). In 
addition,, we performed a granulocyte staining, which confirms the observation 
fromm the H&E staining: more granulocytes are present in lungs and liver of blood 
cell-derivedd TF deficient mice than in lungs and liver of wildtype control mice 
(seee figure 2C). 

CoagulationCoagulation activation at tissue level 

Usingg routine H&E staining and immunohistochemistry, thrombi or fibrin 
depositionn could hardly be observed in lung, liver or kidney (figure 2). The lack 
off  end-stage coagulation does not exclude early signs of coagulation activation to 
bee present. Since early stage coagulation activation is not visible on tissue slides, 
wee determined relative TF and fibrin levels in liver and kidney homogenates 
usingg Western blotting. As shown in figure 3, very low amounts of fibrin are 
presentt in liver homogenates of blood cell-derived TF deficient mice; this level is 
increasedd in homogenates of wildtype controls. Furthermore, as shown in figure 
3,, blood cell-derived TF deficient mice have the same relative TF levels in either 
kidneyy or liver as wildtype mice. 

ApoptosisApoptosis at tissue level 

Inn order to examine endotoxin-induced apoptosis, relative protein levels of 
activatedd caspase-3 were determined using Western blotting. As shown in figure 
3,, tissue levels of activated caspase-3 are decreased in blood cell-derived TF 
deficientt mice compared to wildtype controls, both in kidney and in liver. 

AA 10 

S S 
c < < 
OO O c 

aa » 5 

mimi 4) li i L^ L^ 
BB 3 

5" " 
c < <  - 2 *->*-> — oo o a » » mm 1 
_ ::  a> I 

-- " o J n n a a 
TF F fibri n n TF F fibri n n activate d d 

caspase- 3 3 
activate d d 
caspase- 3 3 

Figuree 3: Protein levels of fibri n and activated caspase-3 are decreased in tissue homogenates of blood cell-
derivedd TF deficient mice compared to wildtype controls. Relative protein levels of TF, fibrin, and activated 
caspase-33 in liver (A) and kidney (B) homogenates 3 hours after endotoxin administration. Blood cell-derived TF 
deficientt mice are shown as white bars and wildtype controls as black bars. Depicted are mean +/- SEM of eight 
micee per group. * : P < 0.05. 

Discussion n 

Inn order to clarify whether blood cell-derived TF influences the outcome of 
endotoxemia,, we set-up experiments in which we generated blood cell-derived TF 
deficientt mice, which we subsequently enrolled in an endotoxemia model. Blood 
cell-derivedd TF deficient mice were less susceptible to endotoxin administration 
thann control mice. This was reflected in disease score, in levels of inflammatory 
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andd apoptotic mediators, and in the extent of coagulation activation in the 
circulationn and at the tissue level. 
Itt was not easy to obtain TFA embryos. Firstly, only 55% of the plugged females 
indeedd were pregnant at 12.5 dpc, possibly due to frequent spontaneous abortion 
inn matings between TF heterozygous mice. Secondly, TFA embryos were only 
rarelyy encountered % of the litter), which confirms the observation of Toomey 
etet al. that TFA embryos do not easily make it past mid-gestation.19 Several times 
wee observed severely deformed embryos in a state of decay that are putatively 
TF"AA embryos that died in the uterus just prior to their isolation. This had as a 
consequencee that we could only generate eight blood cell-derived TF knockout 
mice. . 
Analysiss of DNA isolated from blood showed that approximately 9.5% of the 
DNAA of blood cells was of the wildtype genotype. This raises the obvious 
questionn whether our transplantation procedure resulted in (almost) complete 
absencee of TF wildtype hematopoietic stem cells. This seems to be indeed the 
casee because bone marrow-derived DNA only showed a mutant PCR fragment, 
indicatingg that all bone marrow cells are of the mutant genotype. Consequently, 
thee wildtype DNA in whole blood preparations is to be expected from the post-
transplantt survival of the spleen cells that were co-administered to ensure a better 
outcomee of the transplantation procedure. However, hematopoietic cells present 
inn spleen mainly consist of lymphocytes and erythrocytes. These cells do not 
contributee to TF expression7, ' and thus co-administration of wildtype spleen 
cellss does not interfere with the outcome of the endotoxin experiment. 
Alternatively,, the detected wildtype DNA might be derived from long-living 
lymphocytess that have not died yet, but again, these cells do not express TF and 
wouldd therefore not interfere with our study. 

Withh respect to the role of blood cell-derived TF in endotoxemia, the results are 
ratherr straightforward. Endotoxin administration induces inflammation, 
coagulationn and apoptosis in both wildtype and blood cell-derived TF deficient 
mice.. The extent of induction of these processes is however, reduced about two-
foldd in the blood cell-derived TF deficient mice. In wildtype mice binding of 
endotoxinn to CD 14 results in the production of cytokines like TNF-cc and 
IL-6,47'488 and leads to upregulation of TF on leukocytes and (possibly) endothelial 
cells.499 Endotoxin-induced upregulation of TF enhances coagulation and cytokine 
production,, thereby aggravating inflammation and apoptosis. This aggravated 
responsee to endotoxin is impaired in blood cell-derived TF deficient mice three 
hourss after endotoxin administration. Future experiments are warranted to 
determinee whether blood cell-derived TF is essential for endotoxin-induced 
lethalityy or whether it just accelerates endotoxin-induced coagulation and 
inflammation. . 
Normall  mice have TAT levels of about 1 ng/mL (data not shown). The blood cell-
derivedd TF deficient mice show levels about ten-fold higher at three hours after 
endotoxinn administration, which means that also in these mice there is significant 
coagulationn activation. In fact, this level is only 61% of the level observed in 
endotoxin-treatedd wildtypes. Obviously, blood cell-derived TF cannot be 
responsiblee for this activation. Endotoxin has been reported to cause stripping of 
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thee endothelial layer, thereby predisposing subendothelial TF to plasma FVIIa 
resultingg coagulation activation, which leads to the production of TAT complexes 
andd fibrin.50"3 Alternatively, as mentioned before, endotoxin might upregulate 
endotheliall  TF resulting in coagulation activation, although, the in vivo expression 
off  TF by endothelial cells remains controversial. 
Lesss well understood are the histological data we obtained. Based on the disease 
scoress and the cytokine and chemokine data we had expected a less pronounced 
influxx of inflammatory cells, in particular of granulocytes, into the tissues of 
bloodd cell-derived TF deficient mice. To our surprise, the opposite was the case. 
However,, the tissue levels of activated caspase-3 were about two-fold reduced in 
tissuess of endotoxin challenged blood cell-derived TF deficient mice as compared 
too wildtypes, suggesting diminished apoptosis to be responsible for enhanced 
granulocytee numbers in tissues of blood cell-derived TF deficient mice. 
Alternatively,, our data might be explained by recent results from Randolph et al? 
thatt show that mononuclear phagocytes in vitro need TF for reverse migration 
acrosss vascular or lymphatic endothelium. This might indicate that the increased 
numberss of granulocytes are not the result of increased influx and enhanced 
inflammationn but rather come from decreased reverse migration as resulting of the 
endotoxin-inducedd inflammation. It would be interesting in the future to establish 
thee exact time course of these histological findings in order to understand the 
paradoxx of increased leukocyte numbers and lower circulating cytokine levels. 
Alternatively,, TF appears to be important for the generation of cell complexes 
betweenn monocytes, platelets and granulocytes.54 When incorporated in such a 
complex,, granulocytes are less likely to penetrate into the extravascular tissue. 
Therefore,, our results might indicate that TF also in vivo plays an important role 
inn cell aggregation. 

Itt has recently been proposed that both microparticles and platelets express TF.55" 
577 However, neither microparticles nor platelets are capable of de novo tissue 
factorr synthesis and therefore shedding (microparticles) or internalization 
(platelets)) of TF from TF expressing cells is supposed to be responsible for such 
intravascularr expression. The fact that monocytes are the only blood cells capable 
off  de novo TF synthesis14 strongly suggests that leukocyte derived TF is the 
sourcee of TF on both platelets and microparticles. Some reports describe the 
presencee of endothelial derived TF positive microparticles58"60 but the controversy 
aboutt endothelial TF expression in vivo argues against endothelial cells as 
potentiall  TF source of intravascular microparticles. Hence, it is conceivable that 
thee transplantation of TF deficient hematopoietic stem cells results in mice 
lackingg TF on leukocytes, platelets and microparticles, but future experiments 
shouldd address this important issue. 
Inn conclusion, we have shown that it is possible to generate mice with TF 
deficientt bone marrow. These mice appear normal, but react less to 3 hours of 
endotoxemia,, which strongly suggests a central role for blood cell-derived TF in 
inflammationn and sepsis. 
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