HEMOSTASIS, THROMBOSIS, AND VASCULAR BIOLOGY

The in vivo kinetics of tissue factor messenger RNA expression during human

endotoxemia: relationship with activation of coagulation

Rendrik F. Franco, Evert de Jonge, Pascale E. P. Dekkers, Janneke J. Timmerman, C. Arnold Spek, Sander J. H. van Deventer,
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Triggering of the tissue factor (TF)-
dependent coagulation pathway is consid-
ered to underlie the generation of a
procoagulant state during endotoxemia.
To determine the in vivo pattern of
monocytic TF messenger RNA (MRNA)
expression during endotoxemia, 10
healthy volunteers were injected with
lipopolysaccharide (LPS, 4 ng/kg) and
blood was collected before and 0.5, 1, 2,
3, 4, 6, 8, and 24 hours after LPS admin-
istration. Total blood RNA was isolated
and amplified by NASBA (nucleic acid
sequence-based amplification), followed
by quantitation of TF mRNA by an electro-
chemiluminescence (ECL) assay. To com-

pare the pattern of coagulation activation
with the kinetics of monocytic TF mRNA
expression, we measured plasma levels
of markers of thrombin generation, throm-
bin-antithrombin (TAT) complexes, and
prothrombin fragment 1
Baseline value (mean == SEM) of the
number of TF mMRNA molecules per mono-

cytic cell was 0.08 = 0.02. A progressive
and significant ( P < .0001) increase in TF
expression was observed after LPS injec-

tion (+0.5 hour: 0.3 =0.1, +1 hour:
1.3 £ 0.9, +2hours: 4.1 = 0.9), peaking at
+3 hours (10 = 1.9 TF mRNA molecules
per monocyte). As TF mRNA levels in-

creased, thrombin generation was aug-

+ 2 (F1 + 2).

mented. Peak levels of TAT and F1 + 2
were reached later (at t +4 hours) than
those of TF mRNA. TF mRNA, TAT, and
F1 + 2 levels returned to baseline after 24
hours. In conclusion, we used a NASBA/
ECL-based technique to quantify TF
mRNA in whole blood during human
endotoxemia and observed a 125-fold
increase in TF mMRNA levels. Our data
demonstrate a pivotal role for enhanced
TF gene activity in the activation of
coagulation after LPS challenge. (Blood.
2000;96:554-559)
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Introduction

Tissue factor (TF) is a membrane-bound glycoprotein that factor VII/Vlla resulted in attenuation of the activation of coagula-
considered to be the main initiator of the coagulation cascade tign in models of endotoxemia and septicemia in primatés.
acting as a cofactor of activated factor Vlin fact, factor Vila Based largely on in vitro data, both monocytes and endothelial
itself bears limited procoagulant activity, but in complex with TFcells are assumed to be the sites of induced intravascular TF
factor Vlla is capable of proteolytic activation of factors IX and Xgexpression, but direct experimental evidence for enhanced TF gene
which leads to thrombin formation and conversion of fibrinogeactivity in these cells in humans is lacking. Endothelial cells are not
into fibrin. It is assumed that TF is not normally expressed on cebiecessible for TF quantitation. In addition, though some groups
in direct contact with blood, but TF expression may becomigave reported increased TF antigen expression in whole Bfddd,
expressed on intravascular cells (mainly monocytes and endothéefialv cytometric analysis of circulating leukocytes has been nega-
cells) by the action of inflammatory stimuli, including lipopolysactive as reported by othet8.The latter finding contrasts with the
charide (LPS, endotoxir).This augmented TF expression isrelative ease with which it is possible to follow TF expression on
thought to be responsible for the thrombotic manifestations biman endothelial cells and on leukocytes in ex vivo experi-
various inflammatory statés. mentst®-27 The reason(s) for this discrepancy are poorly under-
Endotoxemia triggered by intravenous injectiorEsicherichia  stood, but may be related to plasmatic factors that obscure TF
coli LPS into humans is a powerful model to investigate the patteapitopes in vivo. To help resolve this issue, we have looked for
of inflammatory responses and hemostatic changes that ocaliernative assessment of TF induction during endotoxemia. We
during gram-negative seps§.Human endotoxemia is associatedused a sensitive method to accurately quantify TF messenger RNA
with a well-documented state of cytokine activation, transiefinRNA) expression by blood leukocytes, based on the amplifica-
activation of fibrinolysis, and sustained activation of coagulatiotiopn of RNA by a nucleic acid sequence-based amplification
resulting in a net procoagulant stat€There is good evidence for a (NASBA) system® and precise mRNA quantitation by an electro-
role of the extrinsic TF-dependent coagulation pathway in elicitinghemiluminescence (ECL) ass@yWe used this methodology to
the procoagulant state during endotoxemia and gram-negatdetermine the kinetics of TF mRNA expression in healthy volun-
sepsis. In particular, the use of antibodies directed against TFteers after exposure to intravenous endotoxin. Additionally, we
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measured plasma levels of markers of thrombin generation totting onto a filter and subsequent hybridization with a labeled oligonucleotide
directly relate the pattern of coagulation activation with the kinetiggobe was also carried out. These experiments confirmed the presence of specific

of monocytic TF mRNA expression during human endotoxemia. amplification products for TF mRNA. NASBA reactions were storee-20°C.
Electrochemiluminescence assajthe ECL method has been previ-

ously adapted for the detection of amplified nucleic acids using ECL-
. labeled oligonucleotides in sandwich hybridization asg&y3Amplified
Patients and methods RNA was detected using a 1-step probe hybridization method, followed by
Patients detection and quantitation in an ECL reader, which automatically separates
free from bound label. The subsequent detection of bound probes uses ECL.
Ten healthy male volunteers (mean age, 24 years, range 19-29 yegise computer linked to the instrument directly calculates results. In our
received an intravenous (IV) injection &fcoli LPS (Lot G, 4 ng/kg body experiments, fresh separate mixtures of TF capture probe with TF wild-type
weight, United States Pharmacopeial Convention, Rockville, MD). Aljetection probe (1:1 ratio) and TF capture probe with TF Q-ECL detection
subjects were in good health, as documented by history, physical examipgspe, specific for the internal calibrator RNA, (1:1 ratio) were prepared.
tion, and hematologic and biochemical screening. All individuals Wergligonucleotide sequences of the probes were TF capture probe: 5
admitted to the Clinical Research Unit (Academic Medical Center, UniVe[Biotine] GCCTCCGGGATGTTTTTGGCAAGGA-S(posmons 596-620
sity of Amsterdam) and remained under the supervision of trained medi¢al ,\rnA sequence, GenBank accession number M16553), TF wild-type

staff during the whole period of the study. Clinical parameters (oral bquetection probe: S[ECL label] GTTCAGGAAAGAAAACAGCCA-3
temperature, arterial blood pressure, pulse rate, score of symptoms) w, ISsitions 656-676 in MRNA sequence, GenBank accession number
regularly recorded. Blood (nucleic acid extraction, coagulation activati

. 1|6553), and TF Q detection probe:-fECL label] AAGTAAAGTCGA-
markers measurements, and leukocyte counts, discussed later) was ffAGCACAG-? (replaced sequence at the position of the TF wild-type
t

lected from the antecubital vein immediately before endotoxin injection an . . L . e
at0.5, 1, 2, 3,4, 6, 8, and 24 hours thereafter. The institutional Ethics an% ection probe). Five microliters NASBA reaction (1:5 diluted) was added

Research Committees approved this study, and written informed consg)ngo ML prqbe mlxturg (10 pL capture anq 10 WL detection probe; the 2
was obtained from all study subjects. probe combinations in separate tubes) in ECL tubes. Samples were

incubated 15 minutes at 60°C, and tubes were mixed by vortexing every 5
minutes. Three hundred microliters assay buffer (100 mmol/L tripropyl-
amine, pH 7.5, Organon Teknika, Boxtel, The Netherlands) was then added
Nucleic acid isolation. Total nucleic acids were isolated from whole bloodto tube reactions and ECL counts were read in an Origen 1.5 ECL Analyzer
according to a solid-phase extraction method described by Boom3&t a(Organon Teknika). During ECL detection, we included a water control for
Briefly, 100 uL whole blood was mixed with 900 L lysis buffer (50 mmol/Leach probe combination tested; these ECL signals were used as background
Tris-HCI [pH 6.4], 20 mmol/L EDTA, 1.3% [wt/vol] Triton X-100, 5.25 levels for the other reactions analyzed with the same probe combinations.
mol/L guanidine thiocyanate). For quantification purposes, in vitro synth@&he quantitation of mRNA levels is based on the ECL signals and the
sized internal calibrator RNA (Q-RNA) was designed to be identical to themount of Q-RNA spiked per reaction. Specific activities of the wild-type
wild-type with only a small region of the sequence replaced with a sequen@T) and Q-ECL probes are known. WT ECL and Q-ECL signals are
enabling specific detection of this RNA. Twenty microliters of a Q-RNAneasured over a range of WT RNA input at a fixed Q-RNA concentration.
solution (prepared by dissolving a freeze-dried Q-RNA sphere in 220 [therefore, the ratios of WT and Q-NASBA amplificates could be deter-
elution buffer) was added to each tube containing lysed whole blooghined from the signal ratios of the respective probes and the initial amount
Specifically, 2x 10* molecules of TF Q-RNA were present in the 20 uLof WT RNA calculated. All ECL signals were corrected for the background
solution that was added to the sample. Next, 50 pL of activated siligfore performing the quantitation. Final quantitation of TF mRNA was
suspension (1 g/mL) was added to the lysis mixture. After washing apgtained according to the following formula: log BF0.88 % (log TF WT
drying the silica, nucleic acid was eluted with 50 UL elution buffer and storgec — log TF Q ECL) + 4.57. This formula corrects for differences in
at—70°C. This material was used as input in the amplification reactions. amplification rate between WT and internal standard (Q-)RNA, for

Nucleic acid sequence-based amplificatioNNASBA reactions were  gitterences in hybridization efficiencies of nucleotides and for differences in
carried out according to Kievits et3lwith modifications. Briefly, 5 pL of activity of the detection probes (P.v.D. et al, unpublished data).

nucleic acid sqlutzign was a_dded_to 10 pL NC’I)\SBA Vmixtgre.(;l;he figal Markers of coagulation activation.Blood was drawn from the antecu-
i;ncentrillflc,i/lnscl:n 70“" rea;EOQCTlfg(;e wellre LIL DTAngoo LlT”s'HUL' pH h'5r)ital vein and collected in tubes containing buffered 3.2% citrate solution.
mmol/L MgCh, 70 mmo » 1970 VOIVO » L MMOVL €aCN Activation of coagulation was assessed by plasma measurements of

dNTP, 2 mmol/L each NTP, 0.2 umol/L of each TF primers (TF-1 and . . -
TE-2), and 2x 10* molecules of TF Q-RNA. TF oligonucleotide primers markers for thrombin formation, TAT complexes (ug/L) and prothrombin

: . e ) ) F1+ 2 (nmol/L), with specific enzyme-linked immunosorbent assays
were designed for specific amplification of a 213-nucleotide long fragme{éLlSAs) (Behringwercke AG, Marburg, Germany).

of TF mRNA. The TF primer sequences were TF-EARTTCTAATAC- 8 . .
GACTCACTATAGGGAGAGGGCTGTCTGTACTCTTCGGTTTAAT? Leukocyte responsesGIol_)aI and differential white c_eII counts were
promoter part underlined) and TF-2:6AAGGAACAACACTTTCCTA-3' performed by flow cytometry in blood samples collected in tubes containing
(positions 788-765 [TF-1] and 575-594 [TF-2] of TF mRNA sequencéDTA' Mgnocyte counts were usgd to correct the absolute log values of TF
GenBank accession number M16553). The reactions were incubated fdt52ined in the ECL assay (described below). _

minutes at 65°C to destabilize secondary structures in the RNA and then for !N Vitro whole blood stimulation with lipopolysaccharideWe per-

5 minutes at 41°C (primer annealing temperature). Subsequently, 5 “Lf@fmed in vitro assays involving whole blood stimulation with different
the NASBA enzyme solution (1.28 U/UL AMV-reverse transcriptaséonce“trations of LPS, followed by both measurement of TF mRNA levels
[Seikagagu America, ljamsville, MD], 0.016 U/uL RNAse H [Pharmacia], 6.4Y NASBA/ECL technique and of TF antigen expression on monocytes by
U/UL T7-RNA polymerase [Amersham Pharmacia Biotech, Rosendaal, NethBw cytometry (FACscan analysis, described later). Blood samples ob-
lands] and 0.43 g/L bovine serum albumin (BSA) [Roche Diagnostics, Aimerkained from several volunteers were collected into tubes containing 100 uL
Netherlands]) was added to each reaction tube to initiate amplification, atRPO IE) endotoxin-free heparin per 10 mL whole blood. LPS preparations
reactions were incubated for 90 minutes at 41°C. Hence, isothermal nucleic agfgre shaken continuously for 30 minutes before the addition to whole blood
amplification was accomplished by the simultaneous activity of the 3 enzym&@mples. Samples were diluted 1:1 with HBSS, and whole blood stimula-
To check for possible contamination, we included a tube containing watéen was performed in the absence or presence of LPS at 37°C and 5% CO
instead of nucleic acid solution in each set of amplification reactions. NASBfar 4 hours. The following concentrations of LPS were added to whole
products were visualized on a 2% electrophoresis agarose gel containbigod obtained from 2 volunteers: 0, 0.01, 0.1, 1, 10, and 100 ng/mL.
ethidium bromide. To exclude the possibility of nonspecific amplification in the  One hundred microliters of LPS-stimulated whole blood (diluted 1:1
initial experiments, separation of amplified RNA on an agarose gel, followed hyith HBSS) was mixed with 900 pL lysis buffer, and this material was used

Methods
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for RNAisolation and amplification and ECL detection, as described above fp 250 yeer— g~
Subsequently, the remaining volume of each LPS-stimulated sample was A 4500
placed immediately on ice and erythrocytes were lysed for 20 minutes with
ice-cold isotonic NHCI solution (155 mmol/L NHCI, 10 mmol/L KHCG;,
0.1 mmol/L EDTA, and pH 7.4). Leukocytes were centrifuged atgsad
10 minutes at 4°C and residual erythrocytes were lysed for 5 minutes. They 1504
remaining cells were washed with phosphate-buffered saline (PBS) an@.
subsequently resuspended in PBS containing 1% BSA (wt/vol) at a fina%
concentration of 10cells/mL. This suspension was used in FACScan <=
analysis of TF expression.

FACScan analysis.Fifty microliters cell suspension at a concentration
of 107 cells/mL was incubated with 50 pL primary antibody (concentration
10 pg/mL) for 60 minutes at 4°C. The mouse monoclonal IgG1 antihuman 04
TF antibodies used we®G9 (kindly donated by Dr T. S. Edgington, The 0 0.01 0.1 1 10 100
Scripps Research Institute, La Jolla, CA309(American Diagnostica Inc, LPS (ng/mL)

Greenwich, CT), andTFE (Kordia/Enzyme Research Laboratories Inc,

Leiden, The Netherlands). Thereafter, cells were washed with ice-cold PB
containing 0.1% BSA (wt/vol). Subsequently, a secondary RPE-conjugate

rabbit antimouse antibody was diluted in PBS containing 1% BSA and the

cells were incubated for 60 minutes at 4°C. After washing, cells were < 6
resuspended in PBS containing 1% BSA and analyzed using a FACscargp
(Becton Dickinson, Mountain View, CA). The monocytes were gated by &
their specific forward and side-scatter pattern. Furthermore, the monocytey_ 5 4
population was identified by high CD14 expression. A total of 20 000 k=
events was recorded for each file. After subtracting control IgG1 mean &
fluorescence, specific antibody binding was expressed as mean fluorescencgl *
intensity (MFI).

Tissue factor antigen levelsCirculating TF antigen was measured 3
using a commercially available assay at time poin6s5, 0.5, 1, 2, 3, 4, 6, 0 0.01 01 1 10 100
8, and 24 hours in citrated blood samples according to the instructions of the ’ :
manufacturer (American Diagnostica). LPS (ng/m L)

200 4

units)

100 o

i
E 50 4

L . Figure 1. TF expression by LPS-stimulated whole blood cells in vitro. (A)
Statistical analysis FACScan analysis of TF antigen expression on monocytes from 2 volunteers. Values

i . refer to mean fluorescence intensity (MFI). (B) Log values of TF mRNAin 1 volunteer,
Values are shown as meansSEM. Changes of variables over time were y (MFI). (B) Log

. ) . . using LPS concentrations between 0 and 100 ng/mL.
analyzed using 1-way analysis of variance (ANOVRMalue over time). A

P = .05 was considered statistically significant. o .
TF expression in human endotoxemia

TF antigen levels on monocytes (measured by FACs analysis with
Results the monoclonal antibody 4509) tended to increase in 8 of the 10
subjects (data not shown). However, in accordance with our
previous findingd8 it was not possible to establish a significant
increase of TF levels after LPS infusion, because of the high
In an initial in vitro experiment, we examined whether TF mRNAnterindividual variation in TF surface antigen levels and the
levels reflect TF protein expression on the cell membrane. THi#ferences in time at which peak levels were reached.
indeed appeared to be the case. LPS concentrations between 0.0ln addition to FACscan analysis, we used an ELISA that
and 100 ng/mL were used. A dose-dependent increase, as showm@asures soluble circulating tissue factor as a surrogate marker for
Figure 1, was found for both flow cytometric antigen levels (using
3 different antibodies) and TF mRNA levels. The increase is 300
particularly impressive for the mRNA levels. Log TF levels (log
molecules per milliliter) were 3.7 at baseline and were raised to 6.2
ie, 316-fold increased, after 4 hours incubation with 100 ng LPS:‘é‘
Figure 2 shows a linear plot of TF mRNA levels against MFI as 5 3¢g-
detected with monoclonal antibody 4509. The relationship betweer®
antigen and mRNA levels appears to be linear up to a dose of 1
ng/mL LPS. This is well within the range of LPS levels attainable 8
in human volunteer studies, in which 4 ng/kg is administeredgmo_
intravenously.

TF mRNA (NASBA/ECL) and TF antigen (FACscan) analysis in
LPS-stimulated whole blood cells

i
=

Clinical and hematologic parameters in human endotoxemia

Administration of LPS was associated with a transient rise in body 0
temperature, peaking after 3 hours (38.®.5°C, P < .05). All 0 560 10'00 15'00 2000
subjects experienced flu-like symptoms, such as headache, nausea,

and myalgia. LPS injection also induced a biphasic change in TF mRNA (molecules/uL)
IeUKOCyte counts, inV0|Ving early nel'ltror*)eniaY followed by neu"%gure 2. TF mRNA and antigen levels in LPS-stimulated whole blood cells.
philia, monocytopenia, and lymphopenia (Table 1). Antigen levels refer to those detected with monoclonal 4509 in FACScan analysis.
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Table 1. Changes in leukocyte counts and differential after LPS A 0.75
administration to healthy subjects
Time point (h) Leukocytes Granulocytes Monocytes Lymphocytes = /I
-0.5 52+ 11 29+07 05 +0.1 1.6 + 0.3 3 0.50
+0.5 49+09 29+07 0.3=0.1 1.5+0.2 : ’
+1 20+03 0.9 +03 0.05 + 0.02 09 =01 ;4
+2 52+ 14 44+14 0.05 + 0.02 07=0.1 g
+3 49+13 45+13 0.03 = 0.02 0.4+0.1 5 0.254
+4 78+ 15 74+14 0.07 + 0.04 03=0.1 =
+6 111+ 14 105+ 1.4 0.2 =0.1 0.4 =01
+8 13.0 + 2.9 120+ 2.9 0.5 =0.1 05=0.1
+24 9.7+27 71+26 0.6 = 0.1 1.7+03 0.00 ' 0
Data shown are mean += SEM. Values refer to number of cells X103/uL. Time o 4 8§ 12 20 30
points refer to intravenous LPS injection (t = 0). LPS, lipopolysaccharide.
Time (h)
intravascular tissue factor expression. As shown in Table 2, plasma
levels of TF antigen did not change over time after LPS infusion
(P>.9).
After LPS injection into healthy volunteers, log TF values at
t +0.5 hour (3.4+ 0.7) and+1 hour (3.0+ 1.0) were similar to 4.5+
baseline value (3.3 0.6). An evident and sustained increase of TF
mRNA expression was detected at time poiishours (4.0t 0.6), &
+3 hours (4.3 0.2),+4 hours (4.5 0.2),+6 hours (4.2= 0.5), g>
and+8 hours (4.2+ 0.3). Hence, an approximate 10-fold increase I 3.54
in TF mRNA expression was detected between 2 and 8 hours after
LPS injection (Figure 3B). At 24 hours after LPS injection, TF \I
levels were reduced to the baseline value (3.2.8).
Itis important to consider the fact that changes in the number of . .
circulating leukocytes over time after LPS injection might bias 2.5 0 :‘ é 1'2 '_;';—30

these levels of TF mRNA. Therefore, we corrected the log TF

results for the monocyte count at each time point of the study, Time (h)
because monocytes are the circulating blood cells known to express
TF. These analyses (in which the number of TF molecules per
monocyte was calculated for each time point) are shown in Figure £
(lower part). The baseline value of the number of TF mRNA
molecules per monocytic cell was 0.680.02. A progressive and p<0.0001
significant £ < .0001) increase in TF expression was observed 10
after LPS injection 0.5 hour: 0.3+ 0.1, +1 hour: 1.3+ 0.9, +2
hours: 4.1+ 0.9), peaking at+3 hours (10+ 1.9 TF mRNA
molecules per monocyte), and TF mRNA levels returned to E
baseline after 24 hours (0.07 0.03). These data also show that the =
actual increase of TF mRNA expression per monocyte during
human endotoxemia is in the order of 125-fold, ie, about 3-fold
lower than obtained in vitro with 100 ng LPS. 0+ -
) 1 ) 1J 10 LJ
Coagulation activation markers in human endotoxemia 0 4 8 12 20 30

l
o

olecules/
monocyte

F
[<,]
1

Although TF mRNA levels increased, augmented thrombin genera- Time (h)

tion (as measured by progressive elevation in TAT andtFA  Figure 3. TF mRNA levels in relation to monocyte counts over time in human
endotoxemia. Top: monocyte counts (number of cells X 103/uL). Middle: values of
log (MRNA)TF. Bottom: number of MRNA TF molecules/monocyte. Error bars refer to

Table 2. Circulating tissue factor antigen levels after LPS administration
SEM, n = 10.

to healthy individuals

Time point (h) TF antigen (pg/mL) . . . .
levels) was observed. As shown in Figure 4, a progressive increase

-0.5 165 + 33 . N .
o5 146 + 23 in TAT complexes was detected after LPS injection from baseline
‘1 163 « 38 plasma concentrations of 7:31.1 pg/L (t —0.5 hour) to peak
+2 170 + 27 concentrations of 84.5 31.1 pg/L (at t+4 hours), decreasing
13 179 + 28 thereafter and reaching levels of 9:62.3 pg/L at time point+-24
+4 162 = 13 hours P < .025 in time). A similar pattern was observed for
+6 127+ 9 prothrombin F1+ 2 after LPS injection (Figure 4); plasma levels
+8 157 = 23 increased from 0.& 0.1 nmol/L (at t—0.5 hour) to peak values at

+24 160 = 26 t +4 hours (10.2= 2.8 nmol/L), with subsequent decreased levels

Data shown are mean = SEM. Time points refer to intravenous LPS injection bemg observed thereaftgr, r_eachlng Ieve_ls o_fﬂ'@"z nmol/L at
(t = 0). LPS, lipopolysaccharide; TF, tissue factor. +24 hours P <.0001 in time). The kinetics of TF mRNA
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whole blood. This is in contrast with the in vitro data that show

detectable TF antigen over a wide range of LPS concentrations.
The reason for this discrepancy remains unclear. In this respect, it is
important to note that activated monocytes will adhere to the

vascular endothelium, as is evident from the monocytopenia that is
characteristic of the human endotoxemia model. This does not
occur in vitro. If tissue factor expression is related to the adhesive

properties of monocytes, preferentially, monocytes with poor TF
antigen expression will remain in the blood sample. Such an
explanation would also imply that the induction of mMRNA expres-
sion of tissue factor in the retained monocytes might be even higher
than shown in our data and that we are detecting monocytes with a
relatively poor response to LPS.

Alternatively, it is possible that flow cytometry did not detect
TF antigen because it is retained within the cells and not fully
expressed on the monocyte membrane. Another possibility is that
conformational changes in TF during endotoxemia prevented it
from being detected by antibodies used in FACscan analysis.
Alternatively, TF might become rapidly shed from monocytes in
the form of microvesicles that are not detected in our FACscan
procedure. Finally, it might be speculated that there is indeed
increased TF mRNA expression but with no detectable protein, as
was recently reported for LDL-induced TF expression in smooth
muscle cells$?

The shedding of TF from monocytes in a soluble form does not
seem to be a probable explanation for the failure to detect
consistent TF expression by flow cytometry. This became evident
from measurements of TF antigen levels using an ELISA on
citrated plasma. Such antigen levels do not change after LPS
administration and thus did not correlate with TF mRNA induction
or coagulation activation. This seems to imply that the routing of
expression was closely related to the activation of coagulatiGiwn-regulating surface expression of TF is through internaliza-
observed in human endotoxemia; the rise in plasma concentratitios rather than shedding from the surface into the circulation.
of markers of thrombin generation followed the elevation of TF The availability of monocyte counts at each time point of the
mRNA levels. In general, the peak levels of TAT andFR2 were experiment permitted us to estimate the number of TF molecules
reached later (at+4 hours) than peaks of TF mRNA-@ hours). being expressed per monocyte at different stages after LPS
Interestingly, this was not the case for 2 subjects, who exhibitégjection (Figure 3). The data showed that increased TF mRNA
maximum TAT and F1+ 2 levels at+0.5 hour and+1 hour after expression on monocytes in vivo is a rapid event that is detectable
LPS injection, whereas peak TF mRNA levels in these individuags early as 30 minutes post-LPS injection. Our findings concerning
were observed at 1 hour andt-4 hours, respectively. the pattern of mMRNA TF expression agree well with those derived
from studies investigating the LPS-induced TF expression on
monocytes in vitro: increasing amounts of mMRNA TF are quickly
generated, peak levels are observed between 2 and 4 hours after
exposition to LPS, followed by a progressive decline thereafter.

We have successfully used a NASBA-based method for RNA We took only monocyte numbers into account for these
amplification, followed by an ECL-based detection system toalculations because among white blood cells the monocytes are
investigate the kinetics of TF mRNA expression in vivo, in a modelonsidered to be the main cell type expressing TF. Recent data
of human endotoxemia induced by IV injection of LPS. Weaised the possibility that neutrophils are also capable of expressing
observed a maximum 125-fold increase of TF mRNA levels ifF34 Even if this is the case, neutrophils probably do not
monocytes that was directly related to activation of the coagulatiamportantly contribute to increased TF expression in endotoxemia,
system. The combined NASBA/ECL technology has been preldecause the late neutrophil increase was not associated with
ously used for accurate quantitation of viral copies in blood ahcreased TF mRNA expression in the current investigation (data
HIV-infected patient$%31Our data confirm the usefulness of thes@ot shown).

techniques for mRNA measurements and extend their application Several lines of evidence indicated that the TF/VIla-mediated
to the field of hemostasis. Indeed, this methodology may haveute drives activation of the coagulation system during endotox-
numerous applications to accurately quantify TF mRNA expressi@mia and sepsis. Indeed, with a number of different strategies it
in clinical situations in which TF is known to play a role, includingis possible to prevent activation of the common pathway of
gram-negative septicemia, atherosclerosis, autoimmune diseaseagulation in endotoxemic chimpanzees and septic baboons.
adult respiratory distress syndrome, and cancer. These strategies include antibodies directed against TF or factor

The in vivo data show a clear pattern of TF mRNA expression ill/VIla, active site inhibited factor Vlla (Dansyl-Glu-Gly-Arg
the absence of detectable TF antigen expression on monocyteshiloromethylketone or DEGR-VIla) and TFR111235As predicted

N
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p < 0.0001
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Figure 4. Markers of coagulation activation in human endotoxemia. Top: plasma
levels of thrombin-antithrombin complexes (TAT). Bottom: plasma levels of prothrom-
bin fragment 1 + 2 (F1 + 2). Error bars refer to SEM, n = 10.

Discussion
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by these studies, we found that the kinetics of TF mR&gression TF mRNA expression was directly related to biochemical evidence
was closely related to the activation of coagulation. This wasf thrombin formation, as indicated by the elevation of plasma
evident from a rise in plasma concentrations of markers @dvels of activation coagulation markers. These findings add further
thrombin generation. As expected, peak levels of TAT and-FA  evidence to the concept that TF plays a critical role in the activation
were reached later (at+4 hours) than those of TF MRNA-3  of coagulation after LPS challenge. The availability of this NASBA
hours). However, it must be emphasized that we measured fifethod of TF mRNA quantitation may become useful in clinical
mMRNA in circulating cells, and therefore the relative contributiogettings in which enhanced TF expression plays an essential role.

of other cells producing TF, in particular endothelial cells, was not
evaluated in the current investigation. In fact, early endothelial TF

might explain the finding that, in 2 subjects, the peak values of TAT

and F1+ 2 preceded TF peak levels. Alternatively, one CO“'?\cknowIedgments
speculate that some degree of intrinsic pathway coagulation

activation occurred in these 2 subjects. Finally, one might arg\ée are grateful to Angelique Groot for her help with TF antigen
assays, and to Michel de Baar and Suzanne Jurriaans (Department
In summary, we report for the first time the in vivo kinetics ofof Human Retrovirology, Academic Medical Center, Amsterdam)

that activation of preformed TF took place.

TF mRNA expression after LPS administration to healthy subject®r helpful discussions regarding the ECL experiments.
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