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Abstract — Platelets form heterotypic complexes with cirdnigtmonocytes, inducing the expression of the pagotant
Tissue Factor (TF) that leads to thrombin genenatiie investigated the potential preventive effgfainelagatran, a direct
anti-thrombin drug, on TF expression by plateletiowyte heterotypic complexes (PMHC) from healthy hondonors.
Flow cytometry and western blot analysis were pemnfml to characterize surface and total TF protepression in PMHC
in venous blood samples drawn in the presence périre or heparin and melagatran (4uM). Additionnoélagatran
significantly lowered the percentage of TF positRMHC (2.60.3 vs. 5.9t0.7 %, p<0.01). This was not due to a
melagatran-induced decrease in activation of thtefdts associated with monocytes in PMHC. Indeathgatran effect on
TF expression was accompanied by an increase Irsgghce P-selectin expression in PMHC (24.8 vs. 48t18 %,
p<0.001), suggesting that platelet were actually morevattd in PMHC from the melagatran-treated samplesstévn blot
analysis of PBMC extracts suggested that melagaaaifically targeted a (54kD) form of TF in monoegt Although
further investigation is warranted, these data sagthat melagatran decreases TF expression in PMHC.
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or renal ischemia-reperfusion injury (IRI) (8, 14).
Under specific pathophysiological conditions
such as myocardial ischemia, coronary

Tissue factor (TF, CD142), a single chairftherosclerosis or sepsis, active TF becomes
transmembrane glycoprotein, is the main triggéfetectable at the surface of monocytes and
of the coagulation proteolytic cascade. TF acts &8dothelial cells (7, 11, 29). Although the precise
a receptor for coagulation factors Vlla and xSeguence of events leading to the expression of
leading to FXa formation and generation ofctive TF is not fully understood, cellular
active thrombin from prothrombin proteolysis. Inintéractions play a central role in the expression
the vessel, this activation of the coagulatioff TF activity in circulating monocytes (2, 22).
cascade by TF plays a major role in developingighly relevant in the clinical setting of
inflammatory lesions after myocardial infarction iSchemia-reperfusion injury is the induction of
TF expression in monocytes triggered by
Abbreviations: EDTA, Ethylenediaminetetraacetic acid; activated  platelets (3, 6, 13). Indeed,
FACS, Fluorescence-activated cell sortingFITC, platelet/monocyte heterotypic complexes

Fluorescein isothiocyanatemAb, Monoclonal antibody; (PMHC) typically form in the blood stream
PAR-1, 4, Protease activated thrombin receptor-1, 4. . . . .
PBMC. Peripheral blood mononuclear cellsPBS. during cardiovascular ischemic events (1, 16),

Phosphate buffer salin®E, PhycoerythrinPercP-Cys.5 Which could lead to increased TF expres_sic_m.
Peridinin chlorophyll proteirtyanine dye Cy™5.82MHC, Hence, the development of new strategies aiming
Platelet/monocyte heterotypic complexe®P, Platelet rich  at preventing TF expression is of the up most

plasma, ~SDS-PAGE, Sodium = dodecyl sulfate jnterest in ischemic diseases and transplantations.
polyacrylamide gel electrophoresis, Tissue factor.

INTRODUCTION
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Melagatran is the active molecule of the proCD62P) and PerCP- Cy5.5-labeled mAb for monocyte
drug Ximelagatran (Astra Zeneca). Derived fronyP14 (endotoxin receptor) and corresponding isotype

. e . - . controls (all mAb were purchased at Becton Dickinson
the site of fibrinogen that binds the active site c]:rance). After 20 minutes of incubation with andi®s in

thrombin, melagatran selectively and reversiblye dark at room temperature, the samples werd fivith a
inhibits free and clot-immobilized active5% formaldehyde/PBS solution. Flow cytometry was
thrombin (15). There have been reports dferformed on a FACS Canto device (Becton Dickinson,
S SA). A minimum of 5,000 CDI4events were acquired
mdlreCt.eﬁeCt.Of melagatran a.‘s well, such as r each analysis. The percentage of PMHC expresBing
prevention ofin-vivo and ex-vivo PAR-1 and a5 determined by the relative number of co-exjwassf
PAR-4 -dependent thrombin-induced platelethe CD14 monocyte marker, the constitutive plateiatker
activation (21, 24). To our knowledge, theCD4la, and TF/CD142 (CDI€DA41d/CD142 %).
potential effect of melagatran on TF eXpreSSiOﬁCtivated platelets level in PMHC was characteribgdhe

; . . percentage of CD62ZP in the CD14 population
in human PMHC has not been investigated. (CD14/CD62P, %). FITC and PE positive events

Thus, the aim O_f the present study was tgercentage were obtained from Diva software, BD.
assess the potential preventive effects of _ _
melagatran on TF total and surface expression ffgctrophoresis and Immunoblotting _
freshly prepared human PMHC. Using flow PBMC suspensions (2.5-5%)@vere prepared in RIPA

lysing solution (ImM EDTA, 150mM NaCl, 1% Sodium-
cytometry, we found that melagatran decrease@oxycholate, 0.1% SDS, 1% Triton, 50mM Tris-HCI, pH

TF surface expression in PMHC. Western blat.4) with an anti-protease cocktail
analysis suggested that melagatran exposupdenylmethylsulfonylfluoride ~ 170ug/ml,  aprotinin
depleted a 54kD form of TF in PMHC. 16ug/ml, benzamidin 16upg/ml, phenanthrolin  10ug/ml,

pepstatin A 5ug/ml, leupeptin 4pug/ml, Sigma-Aldrich
France) and sodium orthovanadate (1mM). Protein

MATERIALS AND METHODS concentration was measured using the bicinchouicit kit
(Sigma-Aldrich, France). To control for platelet-PFotein
Blood collection expression, a platelet suspension from sodiumteitrdole

Blood was collected by venopuncture from thePlood platelet rich plasma (PRP) was prepared asqursly
antecubital vein of informed healthy volunteerse(agnge described (23), lyzed in RIPA solution as mentioabdve.
23-55 years) who had not taken antiplatelet druigsim14 PBMC or isolated platelet lyzates containing 20ng.ong
days prior to donation. Whole blood was drawn vatg1- ©f Protein, respectively, were boiled 5 min in Laetn
gauge needle into lithium heparin-containing tuggp®  Puffer (Sigma-Aldrich, France) and loaded on a 1585
Vacutainer plasma tube, Becton Dickinson, Francehen PAGE gel. Electrophoresis was performed with two
presence or absence of 4uM melagatran (ﬁnaglf'ferent buffers (anode buffer: 0.2M Tris, pH 8&hd

concentration). Melagatran drug was provided byrast cathode buffer: 0.1IM Tris, 0.1M Tricine, 0.1% SDSH
Zeneca. 8.25). Proteins were transferred onto an ECL nitlolose

membrane (Amersham bioscience, France). The membran

Preparation of the Peripheral Blood Mononuclear CellWaS incubated with 1:1,000 diluted purified rabbit
Suspension polyc[onal .antl-hulman brain TF ”ant|body (2pg/ml,

PBMC were isolated from approximately 24 mi ofAmerican Dlagn_ostlc_:a, Frar]ce). S_pecmc prot_emctmwere
freshly drawn blood. Blood was diluted in sterileopphate révealed following incubation with a peroxidase pied
buffer saline (PBS) and then carefully layered om &6 a anti-rabbit mouse IgG antibody (1:10,000 in TBS/0.5%
commercially available solution (Histopaque, 1.07fg |Ween/5% Milk) for 1h at room temperature (Amersham
Sigma). After centrifugation for 25 min at 700g28°C, the ~Biosciences, France). After further washing, theopelase
interphase containing PBMC was collected and suggendchemical signal was developed using ECL substra@. (E
in PBS/EDTA 1mM buffer. Cell suspension was pelldbgd Plus Wgste(n Blotting Detectlon' Reagents, Amersham
centrifugation at 350g for 5min and supernatant wagharmacia biotech, France) for 5 min.
replaced by fresh buffer and again centrifuged Sglto . )
remove loosely associated plateldes those that were not Statistical Analysis

engaged in complexes with PBMC). Results were obtained with blood samples from 8
different subjects. Data are expressed as re8&EM and
Flow cytometry were compared for statistical significance by urgzhit-test

To evaluate the percentage of platelet/monocyt?¥here & value <0.05 was considered significant.
complexes and platelet activation in PBMC suspensioas
used dual staining flow cytometry. Specifically, RESULTS
CD14/CD414d (index of total PMHC) and CDIACD62P

(index of activated platelets in PMHC) populationsrev To test whether melagatran reduces TF
analyzed and compared in suspensions from heparin o

heparin/melagatran drawn blood. Approximately 400,0 eXp_reSS'on In PHMC’ we prepared monocyt(_e-
cells were stained with saturating concentratiofisthe €nriched suspensions from blood collected in
following fluorochrome-conjugated monoclonal antiles heparin- or heparin/melagatran- coated tubes
(mADb): FITC-labeled mAb for the constitutive platel (18). In this cell system, nearly all monocytes

marker CD41a (GPIIb glycoprotein of the platele¢afic "
complex GPIIb/lila), PE-labeled mAb for TF (CD14pE. Were recovered as PMHC for all conditions

labeled mAb for the platelet activation marker Restn
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tested, as shown by CD14/CD41la stainingffect of melagatran on PMHC P-selectin
approaching 100% of the PBMC suspensiorsurface expression
(data not shown). To determine whether melagatran decreased
TF expression by decreasing platelet activation,
Effect of melagatran on PMHC TF surfaceve compared the percentages of PMHC
expression expressing P-selectin (a marker of platelet
TF expression in PMHC was evaluatedictivation) in blood samples collected in the
using flow cytometry in samples prepared angresence or absence of melagatran (Fig.2). As
labeled as described in Methods. As illustrateshown in figures 2A and 2B, melagatran
by the representative cytograms of figure 1A dreatment did not result in a decrease in platelet
the compiled data shown in figure 1B, TFactivation in PMHC. Rather, the proportion of P-
expression was detectable in 89 % of selectii PMHC was increased in the
PMHC in heparin-drawn blood. This percentagbeparin/melagatran group compared to the
was significantly decreased to 2®B3 % heparin group (95#L.9vs 48t18 %,p<0.00J).
(p<0.01) when melagatran was added to heparin.

Heparin + melagatran 81
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Figure 1. Melagatran-dependent modulation of TF surdice expression in PMHC Representative cytograms of PMHC
isolated from heparin (left panel) and heparin+matean (4uM) (right panel) treated-blood samples & expression in
PMHC present in PBMC isolated from heparin- or heparimelagatran-drawn blood (B). Each individual vaige
represented as a dot. Bars represent means + SEM)(rt p<0.05 and** p<0.01
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Figure 2. Melagatran-dependent modulation of P-setgin surface expression in PMHC Representative cytograms of
PMHC isolated from heparin (left panel) and hepamietagatran (4uM) (right panel) treated-blood sam(fe. P-selectin
expression in PMHC present in PBMC isolated from hepar heparin + melagatran-drawn blood (B). Eaatiividual
value is represented as a dot. Bars represent me®EM (n = 3 or 4). $<0.05,** p<0.01and *** p<0.001
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Melagatran depleted a 54 kD TF form intreatment specifically affected a 54kD form of
monocytes engaged in PMHC TF expressed by PBMC.

To establish whether melagatran-induce@he results of the flow cytometry analysis we
decrease in TF expression in PMHC was due tocanducted in  human PMHC support the
decreased in total expression, immunodetectidtypothesis that melagatran decreases TF
studies were performed on PBMC whole celéxpression while activating platelets as indicated
lyzates using a purified polyclonal antibodyby increased P-selectin. Although somewhat
against human TF. Beta actin was used asuaexpected, this result is not in contradiction
loading control. As shown in immunoblots inwith earlier studies. First, the co-regulation ef P
figure 3B, a 54 kD band was detected in PBMGelectin and TF membrane expressions is still
lyzates obtained from heparin-drawn blood, iminclear. For example, the two proteins have been
addition to the 47 kD expected band for TF. Thehown co-induced on platelet surface (19, 25),
amount of the 54 kD TF detected was lowered ibut they have also been found regulated
samples from heparin/melagatran treated bloaddependently of each other during epinephrine
samples (TF 53+54 kD/beta actin ratio: Ov&4 stimulation (5). Second, the effect of melagatran
0.05, p<0.01) (Fig. 3B, bar graph) whereas thdtself in platelet aggregation may explain this
47kD TF was detected as a very minor band imesult. For example, although melagatran has
both heparin and heparin/melagatran PBMG&hown potent, dose-dependent inhibitory effect
samples. Another, 53 kD TF band was weaklgn thrombin-induced platelet aggregation (21,
detected, but no detectable change in intensidd), Soslau et al. have also reported a direct pro-
occurred in the presence of melagatran (Fig. 3B)latelet aggregation effect at low dose (28).

Two control experiments were performed tc A
confirm the origin of the 53 and the 54 kD bands Platelet  PEMCALPS

First, a platelet extract was prepared and lyzed - ‘_r:;i%
described in Methods. As expected, only a 53 k «— TF 53 kD
TF band was detected in absence of the 47kD ~ B o
form (Fig. 3A). The 53 kD TF band has beel _
previously shown in resting platelet extracts, an ——
identified as the platelet-associated human T B

variant by Siddiquiet al (27). However, the 54 HEEQ:E H;‘iﬂﬁm A
kD TF protein band was not detectédcontrast, T S

the 54 kD TF band was clearly detected in LP «— TF 53 kD
stimulated PBMC, in addition to the expected 4 | ‘ ‘ ‘

kD form known to be induced in monocytes

under LPS stimulation (Fig.3AJ aken together, ‘_| ‘_‘ -actin
this data suggest that the 54 kD TF form detectt
in PMHC (that is regulated by melagatran) is c
monocytic origin.

TF 47 kd

fo]
1

—

[
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1

DISCUSSION

]
m
1

In the present study, we show for the first tim
that melagatran modulates TF expression on t
surface of freshly isolated blood PMHC in
human. Indeed, the addition of melagatran t
heparin-drawn blood decreased TF expression
PMHC, as detected by flow cytometry. The _
decreased TF expression in PMHC induced Hydure 3: Melagatran-dependent modulation of 53/54D

. protein expression in PBMC. Representative
melagatran was not attributed to a decre'Elsf'?]cﬂmunoblots showingl'F 53/54 kD bands as well as the
activation of the platelets engaged in PMHG7kD expected band detected or not in fresh pdrifie
interactions with monocytes. Instead, PMHQ®latelets extract and LPS-stimulated PBMC (4h with
platelets expressed significantly more of thélelgggi‘gﬂl(rg)lao;tr:r‘] Pd?eﬁﬁ i;ﬁ)liged(BgrorEasﬁpair(i:rtzreoris
activation marker P-selectin in melaga_tralge;?resentativegof 3-4 independent expe.riments. Eﬁmh}
treated-blood samples. Western blot analysis @i means + SEM of 4 experiments. p<0.01L M:
whole cell lyzates suggested that melagatranelagatran

o
]
1
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—

Heparin + Melagatran

53+54 kD TF/p-actin ratio
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o
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