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Induction of monocyte tissue factor expression by antibodies to heparin—platelet
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factor 4 complexes developed in heparin-induced thrombocytopenia
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The pathogenesis of thrombosis in hepa-
rin-induced thrombocytopenia (HIT) was
studied by investigating whether antibod-
ies to heparin-platelet factor 4 (H-PF4)
induced tissue factor (TF) synthesis by
monocytes. Plasma from 5 patients with
HIT containing IgG to H-PF4 was incu-
bated with peripheral blood mononuclear
cells without or with purified PF4 and
heparin. Significant TF-dependent proco-
agulant activity (PCA) expressed by

monocytes, measured with a factor Xa-
based chromogenic assay, was induced
after incubation of each HIT plasma
sample. This monocyte PCA required the
presence of PF4 and was inhibited by
high concentrations of heparin. Further-
more, purified HIT IgG added to whole
blood with PF4 and heparin also pro-
voked significant synthesis of TF mRNA
by monocytes, demonstrated by RT-PCR,
and this effect was not observed with

normal IgG. These findings strongly sup-
port the hypothesis that antibodies to
PF4 developed in HIT trigger the produc-
tion of tissue factor by monocytes, and
this effect could account in vivo for hyper-

coagulability and thrombotic complica-

tions in affected patients. (Blood. 2001,
97:3300-3302)
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Introduction

Heparin-induced thrombocytopenia (HIT) is a common complicdeparin-dependent platelet activation in serotonin release assay {SRA).
tion of unfractionated heparin (UFH) therapy, often associated witéprmal human plasma without antibodies to H-PF4 complexes (mean
arterial or venous thrombosisSuch thrombocytopenia resultsA492 < 0.2) was collected from 5 healthy volunteers not receiving he_parin.
from platelet activation caused by antibodies specific for cordll samples were heated at 56°C for 1 hour, centrifuged for 30 minutes

. twice at 1500, filtered through 0.45.m Millex-GV (Millipore, Molsheim,
plexes composed of heparin and platelet factor 4 (EP4jhe France), and stored at80°C until study.

platelet activation involves the t?”?d'“g of HIT 'QG to specific FC The IgG fraction from each HIT plasma sample was purified by affinity
receptors (FgRIIA),° partly explaining why HIT differs from most chromatography using a Hi-Trap protein G column (Pharmacia LKB
other types of drug-induced immune thrombocytopenia, which aggytechnology, Uppsala, Sweden), and antibody purity was evaluated by
mainly complicated by hemorrhage. sodium dodecyl sulphate—polyacrylamide gel electrophoresis. Each IgG
The most frequent manifestation in HIT is thrombosis, soméraction was tested by enzyme-linked immunosorbent assay and serotonin
times associated with disseminated intravascular coagulation, aeldase assay to check that heparin-dependent antibodies were effectively
one of the mechanisms proposed to explain the hypercoagulabiltyified and retained their ability to activate platelets in the presence of
in HIT is the production of phospholipid platelet microparticle§‘epafi”- Normal 1gG was s?milarly purified from the ‘plasma of 2 healthy
after platelet activatiof However, HIT antibodies might also bind Volunteers, and all IgG fractions were kept at 4°C until tested.
to endothelial cells and trigger the synthesis of tissue factor
(TF)*82a transmembrane glycoprotein that initiates the coagul&hromogenic assay for procoagulant activity of monocytes

tion pathvya;&ovll TF can ,be producgd by mgnocytes when alCt'l5eripheral blood mononuclear cells (PBMCs) were obtained from healthy
vated by lipopolysaccharides, cytokines, or immune complékesyonors by venipuncture, using EDTA as an anticoagulant. PBMCs were
and it can be triggered in the presence of activated platél#¥e.  isolated by Ficoll-Hypaque density gradient centrifugation (MSL 1077;
therefore investigated whether antibodies to PF4 developed Huorobio, Les Ullis, France)f washed in 5 mM phosphate-buffered saline
patients with HIT to induce the synthesis of TF by humaPBS) EDTA, and resuspended in endotoxin-free RPMI-1640 medium
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monocytes. (Gibco, Paisley, United Kingdom) supplemented with 2 mM L-glutamine
(ICN Biomedicals, Irvine Ayrshire, Scotland), 100 IU/mL penicillin, 100
rg/mL streptomycin (Boehringer Mannheim, Mannheim, Germany), and
. 25 mM HEPES (Eurobio).
SIUdy deSIQn After isolation, PBMCs (5x 10* cells per well of a microtiter plate)

were incubated with each HIT or control plasma sample diluted to 10% in
culture medium. Each sample was tested in the absence and in the presence
Plasma from 5 patients with definite HIT complicated by venous ) of human PF4 (Hyphen Biomed, Andresy, France) atgfmL supple-

and arterial (n= 1) thromboses was studied. Every sample containedented or not with unfractionated heparin (0.0125 IU/mL or 1.25 IU/mL).
significant levels of antibodies to H-PF4 complexes (meap,A.7; range, Each test was performed in duplicate, and cells were incubated for 4 hours
1.0-2.1) (Asserachrom HPIA, Stago; Asrde, Francé)f able to induce at 37°C in an atmosphere of 95% air and 5%,C®positive stimulation

Plasma and purification of immunoglobulin G
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control was performed for each experiment witp.g/mL lipopolysaccha- A (1) (2)

ride (LPS) fromEscherichia coliserotype 026:B6 (Sigma Aldrich Chimie,

St Quentin Fallavier, France). Procoagulant activity of monocytes was then PF4: 0 0.5 pg/mL
evaluated by an amidolytic assay adapted from a previously described ~ Heparin: 0 0.0125 IU/mL

procedure, and the results were expressed as mU factor Xa/well. 0.5

Detection of monocyte TF mRNA synthesis by RT-PCR

HIT or normal IgG (135-170.L to obtain a final concentration of 500
wrg/mL) was added either with or without heparin (0.25 IU/mL) and PF4 (10 0.4
rg/mL) to 1 mL whole blood collected from healthy donors on 0.129 M
sodium citrate (9:1). LPS was also tested aigImL as a positive control in
each experiment, and heparin and PF4 without IgG were incubated in whole
blood as a negative control. 0.3 - Pa®

After 90 minutes of incubation at 37°C in Teflon tubes (Skatron tubes;
Polylabo, Strasbourg, France), whole blood cooled to 4°C was added to 1
mL cold PBS with fetal calf serum (FCS; 2%) and then incubated with
16 X 10f Dynabeads CD14 (Dynal France, Conwie, France) for 30
minutes at 4°C with gentle shaking. Dynabeads-monocyte complexes were
then isolated and washed with cold 2% FCS-PBS, monocytes were lysed,
and Dynabeads CD14 were removed.

mRNA tissue factor synthesis was detected using a sensitive reverse
transcription—polymerase chain reaction (RT-PE€Rerformed with hu 0.1+ T
man TF-specific primer¥® Human glyceraldehyde-3-phosphate dehydroge P‘E Pz% " P5 28 cs% cs§

P4

mUXa/well

nase (GAPDH) expression was analyzed as a control.

0 Jcid P3® 4 L:ciQ caQ

Statistics

Paired Studenttest was performed using Stat View (SAS Institute, Cary, B g g
NC) for Power Macintosh. 4

Results and discussion

UXalwell

We first looked for the expression of monocyte PCA induced by
HIT plasma using a TF-specific and -sensitive chromogenic assay. E
HIT plasma was incubated with PBMCs in the presence of heparin
at 0.0125 IU/mL and with 0.h.g/mL PF4, and these concentrations
were chosen for a ratio recognized as optimal for the binding of
HIT antibodies (ie, 1 IU heparin to 4Qug PF4)3 In these
conditions, a significant increase in the generation of FXa was
measured B = .006; pairedt test) (Figure 1A), supporting TF
expression on the basis of the high specificity of the aksay.
contrast, no significant monocyte PCA was measured when norriigpre 1. Monocyte procoagulant activity.  (A) Monocyte procoagulant activity
. L - induced by samples of HIT (®) or control (O) plasma diluted to 10% without (1) or with
plasma was added to PBMCs in similar conditions. When test purified PF4 and heparin. Error bars indicate mean * 1 SEM of 3 separate
alone, plasma from the 5 patients with HIT did not inducexperiments. (B) Monocyte procoagulant activity induced by samples of HIT plasma
significant monocyte PCA; thus, factor Xa generation remained beld to P5) or n.ormal plasma ('Cl an.d C2), tested anng (@) orin the. presence of PF4
0.1 mu Xa/weII, with values identical to those measured when PBM 5 pg/mL) without (E) or with 2 different concentrations of hgp_ann (0.0125 !U/mL,
N N , and 1.25 IU/mL, H). Data correspond to the mean of triplicate values in one
were incubated with normal plasma. Monocyte PCA was thus ondyperiment.
induced by patient plasma and was dependent on PF4, strongly
indicating that this effect is specific to HIT antibodies. We demonstrated in separate experiments that monocyte PCA
In addition, when heparin concentration was 100-fold highevas also triggered by HIT plasma in the presence of PF4, but
(ie, 1.25 IU/mL) with identical amounts of PF4 (04bg/mL), without heparin, and that it remained unchanged with a low
monocyte PCA was no longer induced by HIT plasma. Thisoncentration of UFH (0.0125 IU/mL) (Figure 1B). The role of
inhibition, which was not observed when monocytes were stimghondroitin sulphate proteoglycans can be evoked to explain this
lated by endotoxin (Figure 1B), is a typical feature of HITresult because these molecules, which are expressed in large
antibodies, probably resulting from the dissociation of macromamounts in human monocyt&yrepresent specific receptors for
lecular heparin/PF4 complexé&s. tetramer PF# and might allow the membrane binding of HIT
Immune complexes have never been detected in patients wathtibodies if relatively high concentrations of PF4 are present.
HIT,% and cell activation induced by antibodies could result from a The synthesis of tissue factor by monocytes could also be
process mainly occurring in the microenvironment of the cettiggered by activated platelets, and this prompted us to study the
surface, as suggested by Newman and Chérg for platelets, effect of HIT purified IgG added to whole blood on TF gene
cell activation might also involve the direct binding of HIT 1gG toexpression. When HIT IgG were incubated in whole blood together
monocytes through the interaction of IgG Fc fragments wittvith PF4 and heparin, a single band of the expected size (ie, 282
specific receptors. bp) was clearly visualized after RT-PCR performed on mRNA

0.4

0.2

C1 C2 P1 P2 P3 P4 P5 LPS
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GAPDH were obtained as a single band of 265 bp, and the
expression of this control gene in monocytes was never modified
by HIT or control IgG in the presence of PF4 and heparin.

TF mRNA synthesis was thus only elicited by HIT IgG, and, in
agreement with the findings recorded on chromogenic assay, this
effect was dependent on the presence of PF4 at relatively high
concentrations. Plasma PF4 levels are also probably increased
in patients with HIT and thus are compatible with the formation
of heparin/PF4 complexes able to bind IgG antibodies before
cell activation?!

Heparin was also necessary in whole blood with PF4 to allow
HIT IgG to trigger TF monocyte mRNA synthesis (Figure 2B).
This result apparently disagreed with findings obtained with the

Figure 2. Monocyte TF in RNA synthesis.
immunopurified monocytes after the incubation of normal (C1-C2) or HIT I1gG (P1-P5)
in whole blood at 500 p.g/mL in the absence () or the presence of PF4 (10 pg/mL)
with heparin (0.25 IU/mL) (H/PF4). Whole blood was also incubated in the presence
of H-PF4 complexes without IgG or in the presence of LPS as a positive stimulation
control (LPS). (B) Effects of IgG purified from one sample of normal plasma (C1) and

(A) Tissue factor mRNA synthesis in

of monocytes3

chromogenic assay, but the role of activated platelets during HIT
IgG-induced TF synthesis might be critical in whole blood and
involve P-selectin, which interacts with PSGL-1 on the surfaces

from 2 selected patients (P2 and P3) tested alone (¢) or in the presence of PF4

without (PF4) or with (H/PF4) heparin.

In conclusion, our study clearly demonstrates that HIT antibod-
ies can trigger TF synthesis by monocytes, and this process could
contribute to the thrombotic complications observed in our patients in
vivo. However, this hypothesis warrants further studies including a

isolated from purified monocytes. This band, corresponding to Targer HIT patient population, both without and with thrombosis.
cDNA, was similar to bands obtained after the stimulation of cells
with LPS (Figure 2A) and either could not be detected or was very
faint (with IgG from R and RB) when HIT 1gG was added to whole Acknowledgments
blood without PF4 and heparin. In contrast, no significant TF-

specific PCR product was obtained when normal IgG was addedie thank Hendra Setiadi (University of Oklahoma Health Sciences
whole blood, regardless of whether PF4 and UFH were preséénter, Oklahoma City) for valuable suggestions and Doreen Raine

(Figure 2A). In all experiments, RT-PCR products specific fofor editing the English version of this paper.
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