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1. ABSTRAKT

P-selektin je znam.jako adhezivni glykoprotein se vztahem k zanétlivé reakci organismu.
Prvni prace 0 mozném vztahu P-selektinu ke krevnimu sraZeni byly publikovany v poloviné
devadesatych let. Popisovaly pokusy, kde inhibujici protilatky P-selektinu zpisobily
blokovani vzniku fibrinu a potlacily rist krevnich srazenin. Bylo prokazano, ze P-selektin
zvySoval expresi tkanového faktoru (TF) na monocytech. K potvrzeni tlohy P-selektinu
vV hemostaze také prisp€lo nase zjisténi, ze nadprodukce solubilniho P-selektinu (sP-sel)
vede K hyperkoagula¢nimu stavu krevni plazmy. Ve své diserta¢ni praci jsem se zabyvala
patofyziologii sP-sel a funkci mikropartikuli s navazanym TF.

Podrobnou studii u¢inku sP-sel jsme zjistili, Ze za hyperkoagula¢ni stav plazmy
jsou zodpovédné prokoagula¢ni mikropartikule (MPSs), z nichz ¢ast nese na svém povrchu
TF. Potvrdili jsme, Ze nedavno popsany ,,blood-borne TF*, tj. cirkulujici aktivni TF, mtze
byt indukovan sP-sel. Produkce MPs byla potlacena ,,inhibujici* protilatkou proti PSGL-1,
coZ je transmembranovy receptor P-selektinu pfitomny na monocytech a granulocytech.
Tim jsem prokazala, ze MPs se rekrutuji z monocytarnich bunék pii vazbé P-selektinu na
receptor PSGL-1. Zjisténych skutecnosti, Ze sP-sel produkuje MPs, jsem vyuzila u pokusi,
které mély zvratit krvacivé projevy u transgennich zvifat s defektnim genem pro FVIIIL. Po
intravenozni aplikaci sP-sel doslo u mys$i s hemofilii A k signifikantnimu zkraceni
krvacivosti ve srovnani s kontrolami. Vyrazn¢ se také zkratil ¢as srazeni plné krve. In vitro
pokusy skrvi pacientid s tézkou formou hemofilie A prokazaly signifikantni zvySeni
mnozstvi MPs a aktivity TF. Sledovala jsem také, co se déje s MPs, které vznikly
pisobenim sP-sel. Mikropartikule, které jsem separovala zkrve mysi, jsem obarvila
fluorescenénim barvivem a injikovala i.v. Oznaené MPs se okamzité inkorporovaly do
rostouciho trombu, ktery byl uméle indukovan v mikrocirkulaci m.cremaster mysi.

Pietrvavajici  zvySena koncentrace sP-sel byla prokdzana u pacientd s
kardiovaskularnim onemocnénim. Proto jsem se také zabyvala kvantifikaci MPs a TF u
pacientl s koronarnim syndromem. Ve studii bylo prokazano signifikantné niz§i mnozstvi
MPs a aktivity TF u pacientli s akutnim stavem koronarniho syndromu ve srovnani s
nemocnymi ve stabilnim stavu, nebo s jinou kardiovaskularni poruchou. Vysledek vyrazné
destickové agregaty, které jsou velmi casté U akutniho koronarniho syndromu

Vysledky mé disertacni prace piispély k vysvétleni funkce sP-sel v hemostaze a
staly se podkladem dalsich studii, které na ni navazaly a vysvétlily intraceluldrni

mechanismus vzniku monocytarnich MPs piisobenim P-selektinu.



2. UvoD

2.1. P-SELEKTIN — KRATKY PREHLED

P-selektin je ¢len rodiny selektinii, adhezivnich receptort, které se véazou na
specifické cukerné zbytky glykoproteinti, napt. PSGL-1. GPIba(Ley, 2003)
Transmembranovy glykoprotein P-selektin (P-sel) se nachazi v alfa-granulech
krevnich desticek a ve Weibel-Paladeho téliscich endotelovych bunék (Johnston
and McEver,1989). Pii aktivaci buriky napf. trombinem nebo histaminem je rychle
translokovan do plazmatické membrany, kde se ucastni adheze leukocytl
Z krevniho ob&hu. P-sel sprosttedkuje rolovani leukocytli po povrchu aktivovaného
endotelu a jejich extravazaci, coz je ¢ast obranného mechanismu organismu pti
zanétlivé reakci (Madyas and Wagner, 1993). Solubilni forma P-sel (sP-sel) vznika
odstépovanim plazmatické Casti P-sel z membranového povrchu a byla detekovana
Vv lidské i mysi plazmé (Dunlop and Berndt, 1992; Hartwell and Wagner, 1998).
Enzym, ktery to zpusobuje, dosud nebyl popsan. U lidi byla téZ popsana
alternativni forma P-selektinu, kterd je exprimovana bez transmembranové oblasti.

Zvysena hladina sP-sel byla nalezena u mnoha konsump¢nich destickovych
onemocnéni jako napf. u DIC(diseminovana intravaskularni koagulace),
TTP(tromboticka trombocytopenicka purpura) a HIT (heparinem indukovana
trombocytopenie) (Chong and Chesterman, 1994). Zvysena hladina byla popsana u
dalSich onemocnéni, jako jsou kardiovaskuldrni onemocnéni, diabetes a hypertense.
Bylo prokéazéano, ze zvySend hladina sP-sel je rizikovym faktorem pro infarkt
myokardu a iktus (Ridker, 2001). Uloha P-sel v hemostaze zacala byt evidentni pii
vyzkumu transgennich mysi, které nemély Zadny P-sel. Zvifata méla prodlouzeny
Cas krvacivosti, tvofila nedostateéné mnozstvi fibrinu v krevnich srazeninach a
desticky v krevnich sraZeninach byly jinak uspotfddany nez u kontrolnich zvitat
(Subramaniam and Wagner, 1996).

Ackoliv je cirkulujici sP-sel potencidlné aktivni, protoZze lektinova i EGF
(epidermal growth factor-like) vazebné domény jsou zachovany (Mehta and
McEver, 1996), nebylo do pocatku 21.stoleni téméf nic znamo o jeho biologické

aktivité. Impuls k vyzkumu sP-sel daly poznatky ze studie transgenni mysi bez



intracelularni casti proteinu, proto byla nazvana ,delta-cytoplasmic tail“ my$
(DCT). Endotel této mySi konstitutivné exprimoval P-sel, ktery byl nésledné
uvoliiovan do krevniho fecisté. DCT mys méla trvale 3-4x vétsi koncetraci sP-sel
nez kontrolni mysi.

2.2. TKANOVY FAKTOR- INICIATOR A REGULATOR KOAGULACE

Tkanovy faktor (TF) je také zndm jako trombokindza, tromboplastin, CD142 nebo
FIII. Je transmembranovy glykoprotein, ktery je vysoce exprimovan v mozku, srdci,
ledvinach, déloze, placenté a v matrix cévni stény. TF je hlavni inicidtor koagulaéni
kaskady. Tvoti s faktorem VI(FVII), ktery aktivuje FX a FIX. Nasleduji slozité
komplexni mechanismy, jejichz kone¢nym produktem je trombin, ktery pfeménuje
koagulacni faktor fibrinogen na fibrin, aktivuje krevni desticky a ucastni se dalSich
procest, které jsou pro- i protikoagulaéni. Povrch endotelu cévni stény a monocyty
za normalnich podminek TF neexprimuji. Mnoho let se pfedpokladalo, Ze malé
mnozstvi TF detekované v krevnim obéhu nebylo biologicky aktivni. Pritkopnicka
prace skupiny Yale Nemersona (Giesen and Nemerson, 1999) prokazala, ze existuje
,blood born TF“-aktivni TF, ktery je trvale pfitomny v krevnim obéhu. ,,Blood
born-TF* je tkanovy faktor, ktery je vazany na mikropartikule (MPS). Tyto MPs
s navazanym TF (TF-MPs) byly prokazany v krevnich srazeninach a pfitomnost
TF-MPs je nutné pro spravny a organizovany rust krevni srazeniny. Predoklada se,
ze vétSina TF-MPs pochazi z perifernich monocyt. V posledni dobé byly takeé
prokazany TF-MPs se znaky endotelovych bunék i krevnich desticek (Zillmann
etall, 2001). O funkci TF-MPs se stale diskutuje. Z vysledku studii je ale
evidentni, ze TF-MPs maji nezaménitelnou roli pfi ristu tromba v situacich, kde je
malo aktivovanych endotelovych bunck nebo je endotel pokryt krevnimi destickami
a fibrinem (Myers and Wakefield, 2003). Velké mnozstvi TF-MPs bylo nalezeno
v aterosklerotickych placich (Mallat and Tedgui, 1999; Marmur and Taubman,
1996). TF-MPs jsou cirkulujici rezervoar vzdy ptitomného aktivniho TF, ktery
vyrazné dramaticky vzroste u onemocnéni s protrombotickymi symptomy.

TF je jedinny koagula¢ni faktor, jehoZ kompletni deficit nebyl nikdy popsan.
Kompletni deficit TF u transgennich mysi je letalni, ,Jow TF“mysi (1% TF) maji

t€zké, Casto letalni krvaceni.



2.3. MIKROPARTIKULE V HEMOSTAZE

Mikropartikule (MPs), malé membranové vesikuly lipoproteinové povahy, které
méii 0,1 az 1,0 um v praméru, byly poprvé popsany Wolfem v roce 1967. Mluvilo
se 0 nich jako o ,,prachu®, ,,bunééném odpadu", coz vyjadfovalo tehdejsi nahled na
jejich uzite¢nost. MPs se odd¢€luji z endotelialnich bunék, monocytl, granulocytd,
lymfocytl, erytrocyti a krevnich desticek po jejich aktivaci nebo pfi apoptose.
ProtoZe si na svém povrchu nesou znaky svého ptivodu, je mozné predpokladat, ze
jsou produkovany k zachovani jejich informace, kvalitativné i kvantitativné. MPs, i
kdyZz maji stejny ptivod, mohou mit jiné slozeni proteind, lipidi a antigenti. MPs
mohou na svém povrchu nést 1 patogenni ¢éstice. Matetska buiika kontroluje pocet
a slozeni MPs (Hugel and Freyssinet, 2005). Navazanim do bunétné membrany
mohou stimulovat butiku k produkeci latek, které bézn¢ neprodukuje, napt. cytokiny,
adhesivni molekuly, ristovy faktor a TF.

MPs pochézejici z krevnich desticek obsahuji receptor GP IIb-Illa, ktery
je schopen vazat fibrinogen, pokud jsou desticky aktivované trombinem nebo
kolagenem. V piipadé, Zze jsou desticky aktivované komplexem C5b-9, MPs
fibrinogen nevazou (Morel and Freyssinet, 2004).

Pti tvorbé MPs dochazi k urcité asymetrii v membrané bun€k a negativné
nabité fosfolipidy, hlavné fosfatidylserin (PS), z vnitini strany membrany se objevi
na vnéjsi. Proto jsou MPs silné prokoagula¢ni. Nekteré MPs pochazejici z endotelu
nebo monocytt jsou ale i fosfatidylserin negativni.

MPs jsou pfitomny v normalni plazmé, zvySené mnozstvi mikropartikuli 1ze
nalézt u fady onemocnéni. Jsou to srpkovita anémie, preeklampsie, sepse, diabetes
typu 11 2, hypertenze, lupus anticoagulans, lupus erythematodes a dalsi. Pii velkém
zvySeni mnozstvi MPs v plazmé mohou nastat trombotické problémy (Morel and
Toti, 2008).

Kromé¢ MPs uvoliuji krevni desticky po aktivaci jesté 10x mensi Céstice,
které se nazyvaji exosomy. Zdrojem exosomul jsou nejcastéji multivezikuldrni
téliska uvnitt desticky. Jsou obtizné sledovatelné, protoze jsou pod rozliSovaci
schopnosti pratokového cytometru. Bylo prokazano, Ze obsahuji vétsi koncentraci

tetraspan proteinu CD63 a P-sel.



3. CILE PRACE

Cilem mé disertacni prace bylo postupné¢ objasnit n¢kolik otdzek:
1. Jakou roli hraje sP-sel pfi vzniku hyperkoagulaé¢niho stavu;
2. Co zpusobuje hyperkoagula¢ni stav.
Odpovédi na tyto otazky jsou v prvni uvedené publikaci.
Na zékladé zjisténych vysledkt byl mtj dalsi cil zjistit
3. Jaky je receptor sP-sel, zodpovédny za indukci exprese TF-MPs a
MPs,
4. Zda je mozné ovlivnit krvacivy stav aplikaci vysoké davky sP-sel.
Vysledky byly publikovany ve druhé uvedené publikaci.
V posledni publikaci jsem se zabyvala protrombotickym potencialem sP-sel, MPs a
TF-MPs u pacientt s kardiovaskuldrnim onemocnénim.
Cilem bylo zjistit zda:
5. Mohou byt TF nebo TF-MPs byt markerem zavazZnosti
kardiovaskularniho onemocnéni.

6. Jaka je uloha TF- MPs a MPs v kardiovaskularnim onemocnéni.



4. \/YSLEDKY

4.1. SOLUBILNI P-SELEKTIN A HYPERKOAGULACE

Andre,P., Hartwell,D., Hrachovinova,l., Saffaripour,S., and Wagner,D.D.(2000)
Pro-coagulant state resulting from high levels of soluble P-selectin in blood.
PNAS. 97(25).13835-13840.

Koncentrace solubilnich adhezivnich receptori vzrusta za patologickych podminek,
ale jejich vyznam je zatim neznamy. Solubilni P-selektin (sP-sel) se odstépuje z
povrchu aktivovanych desti¢ek a endotelidlnich bun¢k. Geneticky upravené mysi
bez cytoplazmické ¢asti P-selektinu (DCT) produkuji 3-4x vice sP-sel v plazmé nez

mys$i normalni.

Metodika a vysledky: Pozorovali jsme, ze DCT mysi tvofi fibrinova vlakna rychleji
a ve vétsim mnozstvi. V ex vivo perfuzni komtirce doslo k vétsimu depozitu fibrinu
v misté vytvofeného trombu neZ u normalni mysi (WT) a Zadny fibrin se neobjevil
u mysi, které byly geneticky upraveny tak, ze nemély zadny P-selektin. Stejné in
vivo, pii Shwartzmanové reakci doslo k vyrazné mensimu krvaceni u DCT mysi nez
u WT. Krvaceni bylo naopak mnohem vétsi u mysi deficitnich na P-selektin. Infuze
P-sel-Ig chiméry méla ten samy protektivni efekt na WT mys, jako byl pozorovan u
DCT mysi. To ukazovalo na skuteCnost, ze tento efekt je zpisoben sP-sel mysi,
kterym byla aplikovana sP-sel-Ig chiméra nebo DCT mys$i mély mnohem vyssi
koncentraci prokoagula¢nich mikropartikuli a jejich plazma koagulovala v priméru
o 1 minutu rychleji nez plazma WT mysi. Tento prokoagulaéni fenotyp DCT mysi
byl potlacen ¢tytdenni aplikaci PSGL-1(inhibitor P-selektinuy).

Zaver: Myslime si, ze sP-sel by nemél byt povaZzovan jenom za marker zanctu a
aktivace krevnich desticek. NaSe vysledky prokézaly, Ze miize pfimo indukovat

prokoagulacni  aktivitu vazanou na cévni a trombotické choroby.



Pro-coagulant state resulting from high levels of soluble P-selectin in blood

Patrick Andre’*1}, Daqing Hartwell*11, Ingrid Hrachovinova *t, Simin Saffaripour*, and Denisa D.

Wagner*1§

*The Center for Blood Research, and TDepartment of Pathology, Harvard Medical School, 800 Huntington

Avenue, Boston, MA 02115
iP.A. and D.H. contributed equally to this work.

Abbreviations: sP-sel, soluble P-selectin; P-sel-lg, P-selectin-1g fusion protein; TF, tissue factor; WT, wild-
type; P2/2, P-selectin-deficient; DCT, mice that express P-selectin lacking the cytoplasmic domain; PPP,

platelet-poor plasma; PSGL, P-selectin glycoprotein ligand.

The plasma concentration of soluble adhesion
receptors is increased under pathological
circumstances, but their function remains
enigmatic. Soluble P-selectin (sP-sel) is shed
from activated platelets and endothelial cells.
Mice genetically engineered to express P-
selectin without the cytoplasmic tail (DCT)
constitutively show a 3- to 4-fold increase of sP-
sel in plasma. We observed that the DCT mice
formed fibrin very readily. In an ex vivo
perfusion chamber, there was more fibrin
deposited at the site of platelet thrombus
formation than in wild type (WT), whereas no
fibrin deposits were detected using P-selectin-
deficient blood during the same interval.
Similarly, in vivo, the hemorrhage produced by
local Shwartzman reaction was smaller in the
DCT mice than in WT. In contrastwe
previously showed hemorrhage to be more
prominent in P-selectin knock-out mice.
Infusion of mouse P-sel-Ig chiméra produced
the same protective effect in WT mice as seen in
the DCT mice, indicating that the effect was due
to increased levels of sP-sel. Mice infused with
P-sel-lg showed significantly more fibrin
deposited on the luminal face of the injured
vessels than kontrol mice. Plasma from DCT
mice or mice infused with P-sel-lg contained
higher  concentration of  pro-coagulant
microparticles and clotted one minute faster
than WT. This pro-coagulant phenotype of
DCT mice could be reversed by a 4-day
treatment with PSGL-Ig, a P-selectin inhibitor.
We propose that sP-sel should no longer be
considered only as a marker of inflammation or
platelet activation, but also as a direct inducer
of pro-coagulant activity associated

P-selectin is a member of the selectin family
localized in the membranes of a-granules of
platelets and the Weibel-Palade bodies of
endothelial cells (1). A soluble form of P-selectin
can be found in the plasma as a circulating protein
(2). In vivo, two main physiological roles are

attributed to the integral membrane form of P-
selectin. First, in inflammation, P-selectin is
redistributed onto the surface of activated
endothelial cells where it mediates the rolling of
leukocytes (3). Second, in thrombosis,P-selectin
expressed on activated platelets present in a
thrombus supports the recruitment of leukocytes
(4). Soluble P-selectin  (sP-sel) of healthy
individuals has been suggested to originate from
the alternatively spliced form found in endothelial
cells and platelets (5). Alternatively, elevated
levels of sP-sel may reflect platelet activation (6)
because P-electin is proteolytically shed from the
plasma membrane in vivo shortly after activation
(7, 8). Therefore, plasma levels of sP-sel have been
considered a useful tool to predict thrombotic
consumptive platelet disorders (9-12), but they can
also reflect endothelial cell activation (13, 14).
Although the circulating form of P-selectin is
potentially active because only the lectin and
epidermal growth factor (EGF) domains are
required to bind its receptor, P-selectin
glycoprotein  ligand-1  (PSGL-1) (15), the
biological role of sP-sel and similarly that of other
soluble adhesion receptors circulating in blood is
not known (16). Previous work in our laboratory
has shown that P-selectindeficient mice exhibit a
slightly prolonged bleeding time, as well as an
increased hemorrhagic response in a local
Shwartzman reaction (17), suggesting that P-
selectin could play a role in hemostasis. To further
evaluate this possibility, we studied the hemostatic
properties of mice genetically engineered to
expressP-selectin without the cytoplasmic domain
(DCT mice) (18). In these mice, P-selectin is
constitutively expressed on the surface of the
endothelial cell and shed from the plasma
membrane, leading to a 3- to 4-fold increase of sP-
sel in plasma. We now report that the increased
levels of sP-sel accelerate hemostasis in these
mice. Similarly, wild-type (WT) animals infused
with a P-selectin-lg fusion protein (P-sel-1g)
chimera entered a procoagulant state.



Materials and Methods

Reagents. Human IgG1 was from Sigma, and P-
sel-lg was from PharMingen. The P-sel-lg is
composed of N-terminal fragment of mouse P-
selectin including the first two complement-
binding domains fused to the Fc region (hinge, C1
and C2) of human IgG1 (19). PSGL-Ig (a generous
gift from Genetics Institute, Cambridge, MA) is
composed of the first 47 aa from the N-terminal
end of mature human PSGL-1 fused to the Fc
region of human IgG1 (20). The control protein
(control-1g, Genetics Institute) is a murine 1gG2a
produced in Chinese hamster ovary (CHO) cells.
The protein has been mutated in the FcgRI and
C91q binding sites to inhibit Fc binding and
complement directed cytolysis. The same sites
were mutated in the human PSGL-Ig molecule.
Mice. C57BLy6Jy129Sv mice, WT and DCT, (18)
were compared. C57BLy6J mice were used as
recipient for the injection of P-sel-Ig, human IgG1,
PSGL-Ig, and control-lIg. Animals were housed at
the Center for Blood Research, Harvard Medical
School. Experimental procedures were approved
by the Animal Care and Use Committee of the
Center for Blood Research.

Ex Vivo Perfusion Chamber. Glass capillary
tubes (0.56 mm inner diameter) were coated with 1
mgyml type Il fibrillar collagen (Sigma) as
described (21). Mice were nesthetized with 2.5%
tribromoethanol ~ (0.15 mlyl0 g). Non-
anticoagulated blood was collected from the vena
cava by using a 25G butterfly needle, and perfused
through the collagen-coated perfusion chamber via
silastic tubing. A flow rate of 220 mlymin was
established for 2 min by a syringe pump mounted
distal to the chamber, resulting in a 212 s21 shear
rate. Immediately after the blood perfusion, the
thrombotic deposits formed on the collagen surface
were rinsed for 20 s with PBS and fixed in ice-cold
2.5% acodylatebuffered glutaraldehyde (pH 7.4)
at the same shear rate. The perfusion chamber was
then removed and fixed in a freshly prepared
fixative for 24 h at 4°C. En face visualization of
thethrombotic deposits was performed under light
microscopy after epon embedding.

Determination of sP-sel and Fibrinogen Levels
in Plasma. Determination of the level of sP-sel
was performed by using a modified sandwich
ELISA procedure previously described (18).
Calculations of the amount of sP-sel in the serum
samples were made by comparing the specific sP-
sel values with a standard curve of titrated P-sel-
Ig. The plasma level of fibrinogen was measured
according to Sigma Diagnostics Procedure No.
886.

Local Shwartzman Reaction. Twelve- to
fourteen-week-old agematched WT and DCT male
mice were primed on day 0 by a s.c. injection of
Escherichia coli LPS 055:B5 (Difco) at 100 mgy
mouse in 0.1 ml of sterile PBS. Twenty-four hours
later (day 1), recombinant murine TNF-a
(Genzyme) at 0.3 mgymouse was injected at the
same site (17). On day 2, the hemorrhagic lesions
were examined and scored on a scale of 0 to 4
without knowledge of genotypes. Hematoxylin-
eosin-stained paraffin sections were prepared from
the lesion site, and the degree of inflammatory cell
infiltration as well as hemorrhage were scored
microscopically, on a scale of 0 to 4 (17).
Immunohistology. Paraffin sections from the
Shwartzman lesion site were de-paraffinized,
sequentially blocked with avidin D solution and
biotin blocking solution (Vector Laboratories) and
stained with a rabbit anti-human fibrinogen
(1:1000 dilution; Dako), which crossreacts with
mouse fibrin fibrinogen. Sections were then
sequentially treated with a biotinylated goat anti-
rabbit antibody (Zymed), and an ABC mix
solution (Vector Laboratories). Development was
done by treating the sections with an AEC
substrate kit for horseradish peroxidase (Vector
Laboratories). Sections were counterstained with
hematoxylin.

Plasma Clotting Time Assay. One milliliter of
blood was drawn from the retro-orbital enous
plexus by using plain microhematocrit capillary
tubes (VWR Scientific) and collected into
polypropylene  tubes  (Eppendorf; Marsh
Biochemical Products, Rochester,NY) containing
10% final volume of acid-citrate-dextrose (ACD;
38 mM citric acidy75 mM trisodium citratey100
mM dextrose). Platelet-poor plasma (PPP) was
prepared by centrifugation at 1,500 3 g for 25 min.
PPP was centrifuged once more for 2 min at
15,000 3 g to remove contaminating cells from the
plasma. Plasma clotting was induced under stirring
conditions (800 rpm) at 37°C in an aggregometer
(Sienco, Inc., Wheat Ridge, CO) by adding a
volume of prewarmed 20 mM CacCl2 solution to an
equal volume of plasma in a siliconized tube. The
time (in seconds) needed to clot was determined.
Flow Cytofluorometry of Plasma Micro-
particles. PPP was prepared as above. Three
hundred microliters was obtained per mouse. PPP
from three mice was pooled, diluted 1:3 with a
Hepes buffer [10 mmol/L Hepesy5 mmol/L
KCLy1 mmol/L MgCl2y136 mmol/L NaCl (pH
7.4)], and centrifuged for 1.5 h at 100,000 3 g. The
supernatant was removed, and the pelleted
microparticles were resuspended in 120 ml of a 10



mM Hepes, 136 mM NaCl (pH 7.4) buffer. Flow
cytometric analysis was performed on a Becton-
Dickinson FACSCalibur with CELLQUEST
software (Becton- Dickinson). The light scatters
and fluorescent channels were set at logarithmic
gain (forward scatter was E00 with a threshold of
12 and sideward scatter was 300). To count the
total microparticle population, 30-ml aliquots were
incubated for 15 min in the dark with 0.25 mgyml
calcein AM (Molecular Probes). The total number
of events was counted for a set interval of 10 s
Samples were stained for 20 min at room
temperature with a rat monoclonal anti-murine
Mac-1 (CD11lbyCD18, 10 mgyml; Boehringer
Mannheim) and with a sheep anti-rabbit tissue
factor 1gG (5 mgyml; American Diagnostica,
Greenwich, CT), which recognizes mouse tissue
factor. A phycoerythrin-conjugated goat anti-rat-
1gG (1:200; Immunotech-Coulter, Marseille) and
FITC-conjugated rabbit anti-sheep 1gG (1:1000;
Zymed) were second antibodies. Rat 1gG (Sigma)
and FITC-conjugated sheep 1gG (Caltag
Laboratories, South San Francisco, CA) were
control antibodies. For analysis of microparticles
in plasma of DCT mice treated with PSGL-Ig, 200
ml of blood was collected by retro-orbital puncture
on day 0. PPP was obtained, and 40 ml was diluted
in 260 ml PBS and immediately analyzed for
microparticle number by FACS. Mice were then
infused i.v. (days 0 and 2) with 10 mg/kg PSGL-Ig
or control-lg. On day 4, 200 ml of blood was
collected from the other eye, and the number of
microparticles was determined.

Tissue Factor Actvity in PPP. PPP was prepared
from pooled plasma of WT and DCT mice. A first
centrifugation step at 12,000 3 g was performed to
remove contaminating cells. The supernatant was
then diluted in 20mMHepes, IMMEDTA (pH 7.2)
solution and ultracentrifuged at 200,000 3 g for 1.5
h. The pelleted microparticles were resuspended
(1y2 of the initial volume) as described above.
Determination of tissue factor activity of the
microparticles solution was evaluated by its ability
to promote the activation of factor X (150 nM) by
factor Vlla (5 nM) in the presence of 1 mMCacCl2.
A chromogenic substrate of factor Xa,
Spectrozyme fXa, was added (0.3 mM). The linear
changes in absorbance at 405 nM were recorded by
using a plate reader equipped with Kkinetics
software (DYNEX Technologies, Chantilly, VA).
The changes directly correlate with the
concentration of factor Xa generated in the assay.
Results

Excessive  Fibrin  Deposition on Platelet
Thrombi Formed in a Flow Chamber Perfused

with DCT Blood. We compared the thrombotic
process in WT, P-selectin-deficient (P2/2), and
DCT mice by perfusing non-anticoagulated blood
through glass capillaries coated with fibrillar
collagen type Ill. Platelet deposits were observed
in all capillaries with no significant differences in
size, but, surprisingly, we observed striking
differences in the amount of deposited fibrin
(Table 1, Fig. 1). Perfusion of WT blood showed
microscopically visible depositions of short fibrin
tails in only 4y11 cases. We did not observe any
fibrin tails when blood from P2/2 mice was
perfused under identical conditions. On the other
hand, long fibrin tails distal to the thrombi were
found in eight of nine chambers perfused with
blood from DCT mice. It should be noted that,
when fibrin was detected, it always originated
from the adhering platelets (Fig. 1), confirming
that the collagen surface is not pro-coagulant by
itself (22). Because the activated platelets from
WT and DCT mice have similar P-selectin
expression on the plasma membrane (18), we
hypothesized that the difference in fibrin formation
at the platelet thrombi most likely reflected a
function of sP-sel in plasma. As described
previously (18), plasma of DCT mice contains
elevated levels of a 100-kDa P-selectin fragment.
We determined by comparison to known
concentrations of P-sel-1g that the concentration of
sP-sel is approximately 1 mgyml in DCT mice and
0.3 mgyml in WT mice. We also checked that
there were no significant differences in fibrinogen
levels betweenWT and DCT mice (367 + 24 and
344 + 14 mgydl, respectively, for each group,bn=
13).

sP-sel Reduces Hemorrhage and Affects Fibrin
Deposition in a Local Shwartzman Reaction.
The local Shwartzman reaction is a hemorrhagic
and necrotic lesion that can be induced by
endotoxin and cytokines and is attributed to a
multitude of interactions between platelets,
neutrophils, and endothelium (23). P2/2 mice
display increased hemorrhage in this model (17).
To evaluate a potential role for sP-sel in
hemostasis, local Shwartzman reaction was studied
in DCT mice, as well as WT mice of similar
genetic background. Macroscopic evaluation of the
injection sites revealed that, in contrast with P2/2
mice, the average size of the hemorrhagic lesion in
DCT mice was reduced to about 50% of WT
(Table 2). This reduction in hemorrhage was also
observed by microscopic examination of paraffin
sections (Table 2). To determine whether sP-sel
was the cause of this protective effect, we studied
the local Shwartzman reaction in C57yBL6J WT



mice injected with 1.2 mgyg body weight of either
P-sel-1g or control 1gG1 1 h before the challenge
dose of tumor necrosis factor-a (TNFa) was
administered. Infusion of P-sel-lg significantly
reduced the size of hemorrhagic lesions measured
both macroscopically and evaluated
microscopically (Table 2). Immunohistological
staining for fibrin at the lesion site revealed that
the P-sel-lg-treated mice had more vessels in the
lesion withfibrin deposited on the luminal surface
of the vessel wall than did 1gG1-infused mice (Fig.
2 A and B). In animals treated with 1gG1, the
fibrin was preferentially deposited outside the
injured vessel (Fig. 2 A and B). This suggested
that the reduction in the hemorrhage was probably
due to an increased or more rapid deposition of
fibrin on the damaged vessel. The degree of
inflammatory cell infiltration was the same in WT
and DCT animals. A slight reduction in infiltration
was observed in the P-sel-Ig-treated group
compared with the 1gG1-treated group (Table 2).
This reduction might be explained by the
occupancy of PSGL-1 receptors by the injected P-
sel-1g chimera, which could affect the leukocyte
rolling. The infused P-sel-lg concentration in
plasma could be higher than the level of sP-sel
found in the plasma of DCT mice.

Shorter Plasma Clotting Time in DCT Mice and
in Mice Infused with P-sel-lg. To evaluate
whether the pro-coagulant activity seen in DCT
mice or mice infused with P-sel-lg is intrinsic to
plasma of these mice, we have measured the
plasma clotting time. Plasma clotting time of DCT
mice (214 6 7 s) was significantly shorter than that
of WT mice (276 6 8 s) (Fig. 3A). Adding P-sel-1g
to the plasma ofWT mice just before the clotting
assay did not change the clotting time (not shown),
showing that sP-sel does not directly affect
coagulation. On the other hand, injection of P-sel-
Ig into WT mice 22 h before collecting the blood
samples reduced the clotting time by 1 min, i.e., to
218 6 14 s, a time similar to DCT plasma (Fig.3B).
This time was also significantly shorter than that
obtained with the plasma from the IgG1-treated
mice (369 6 21 s). Our results indicate that the
presence of high levels of sP-sel in mice increases
the coagulability of their plasma. Interestingly,
when plasmas of WT and DCT mice were ultra-
centrifuged at 200,000 3 g for 1 h, clotting times of
both supernatants were dramatically increased and
were no longer different (DCT, 1064 =79 s, n = 4;
WT, 1033 + 141 s, n = 3; P=0.84). This indicated
that the pro-coagulant activity found in DCT mice
was probably associated with the microparticles
that were removed by ultracentrifugation.

Elevated Levels of sP-sel Induce an Increase in
Pro-Coagulant Microparticles.To  nvestigate
further the possibility that the observed pro-
coagulant  activity is  associated  with
microparticles, we measured the number of
microparticles present in the plasma ofWT and
DCT mice by FACS analysis (Table 3). Plasma
from DCTmice presented a 2-fold increase in the
total number of microparticles compared with WT.
As observed in the plasma clotting time assay,
infusion of P-sel-lg iNWT mice induced a
phenotype similar to that of the DCT mice,
increasing the number of microparticles by 4-fold
compared with the 1gG1-treated mice (Table 3).
We identified a population of Mac-1 (aMb2
integrin) positive microparticles in WT mice,
which showed their leukocyte origin (Fig. 4). This
population was increased in DCT mice, and,
interestingly, 13 + 3.5% of all microparticles (n=
3) stained for both Mac-1 and tissue factor (TF)
(Fig. 4).

PSGL-Ig Reduces the Pro-Coagulant Activity of
DCT Mice. We further evaluated whether infusion
of a soluble form of the P-selectin receptor PSGL-
1 (PSGL-Ig) would prevent the generation of the
pro-coagulant state in DCT mice. We found that a
4-day treatment with PSGL-Ig significantly
reduced the amount of microparticles and
increased the plasma clotting time of DCT mice.
Control-1g had no such effect (Fig. 5 A and B).
The clotting time of the PSGL-1g-treated DCT was
slightly longer than that of WT mice of similar
age, indicating that the excess of microparticles
observed in DCT mice was indeed due to sP-sel
action.

Discussion

The presence of soluble adhesion receptors in
plasma has been widely reported, and it is often
increased in pathological or stress conditions (24,
25). The physiological importance of these soluble
receptors is not known. Until now, only
speculations existed about the function of sP-sel. It
was proposed that it may have an anti-
inflammatory function by preventing leukocyte-
vessel wall interactions because sP-sel can bind
PSGL-1 on leukocytes (26, 27). This hypothesis is
also supportedby the fact that sP-sel binding to
PSGL-1 activates leukocytes (28), and activated
leukocytes may have a reduced ability to adhere to
endothelium in vivo (29). It was also proposed that
sP-sel could limit the extent of thrombosis by
preventing additional leukocyte recruitment. On
the other hand, sP-sel was shown to induce tissue
factor expression on monocytes in vitro (30),
indicating that it could have such an activity in



vivo. Interestingly, infusion of anti-P-selectin
antibodies in vivo, reduced fibrin deposition on
dacron graft implanted within an arteriovenous
shunt in baboons (4).

In this study, we found that sP-sel constitutes an
endogenous activator of the coagulation process
through the generation of circulating micro-
particles in plasma. Low levels of microparticles
derived from platelets, leukocytes, and endothelial
cells have been found in plasma of healthy
individuals (31-34), and elevated numbers of
microparticles circulate in the blood of patients
with acute coronary syndromes and meningitis (35,
36). There are several explanations for a role of
microparticles in modulating the coagulation
process in vivo. First, microparticles carry pro-
coagulant activity notably through the expression
of prothrombinase activity on their membrane
(37). Second, monocyte- derived microparticles
were shown to activate endothelial cells in vitro,
leading to expression of TF (32). In our study, we
have found that elevated amount of sP-sel in DCT
mice enhanced the generation of leukocyte-derived
microparticles (Mac-11), some of which also
expressed TF (Fig. 4). Functional TF activity in
microparticles in whole blood from normal
individuals has been recently reported (38, 33). In
certain clinical conditions, such as meningococcal
sepsis, the amount of pro-coagulant micro-particles
originating from either platelets or granulocytes is
increased 10- to 100-fold (36). In DCT mice, only
13% of microparticles expressed tissue factor,
which may explain why these mice do not show
symptoms  of  disseminated intravascular
coagulation [the differential cell count (18) and the
fibrinogen level were normal].

In the perfusion chamber model, it appeared that
the procoagulant microparticles were preferentially
recruited to thrombi, probably via a Mac-
lyfibrinogen interaction (39), or via a CD15yP-
selectin  interaction  (40). An increased
concentration of leukocyte-derived micro-particles,
especially when bound to platelets, would further
accelerate the coagulation process on activated
platelets (41, 42), via the TFyFVIla pathway, as
reported by Giesen and colleagues (33). A second
line of evidence for an increased pro-coagulant
activity at the site of injury comes from the local
Shwartzman reaction model. An intense staining
for fibrinyfibrinogen was found frequently on the
luminal surface of the vessels in the lesions of WT
mice infused with P-sel-lg but not in control
animals. This may be explained again by the
recruitment of micro-particles to activated platelets
as described above.

Thus, we have found a role for sP-sel in plasma in
promoting coagulation that is different from its
usual role as surface receptor involved in
leukocyte recruitment and transmigration (43).
High levels of sP-sel observed in thrombotic
consumptive  platelet  disorders  such as
disseminated intravascular  coagulation and
thrombotic thrombocytopenic purpura could be in
part responsible for the generalized
hypercoagulable state associated with these
diseases (9). In addition, sP-sel could contribute to
the formation of fibrin tails, which are often
associated with thrombi formed under high shear
rates (44). Moreover, elevated levels of sP-sel
might be involved in the recurrent thrombotic
process of angina (45) and in restenosis (46). Our
findings support and provide an explanation for the
promising results of antithrombotic therapies
directed against P-selectin in various thrombotic
models such as stroke (47), or deep vein
thrombosis (48). A reduction in numbers of
circulating pro-coagulant microparticles by PSGL-
Ig could explain its efficacy in accelerating
thrombolysis (20) and reducing venous thrombosis
in vivo (49). On the other hand, sP-sel could be
also considered as an adjunctive treatment for
patients with congenital bleeding disorders such as
hemophilia, for example, to enhance hemostasis
before a surgical procedure. We would like to
propose that sP-sel in plasma should no longer be
viewed as a simple marker of platelet or
endothelial activation, but rather as a direct inducer
of a pro-coagulant state. It is possible that other
adhesion receptors may have new yet unsuspected
functions when present in their soluble form.
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4.2. MODULACE KRVACIVEHO STAVU POMOCI SP-SELEKTINU

Hrachovinova, |., Cambien, B., Hafezi-Moghadam, A., Kappelmayer, J.,
Camphausen, RT., Widom, A., Xia, L., Kazazian, HH Jr, Schaub, RG., McEver,
RP., Wagner, DD.(2003) Interaction of P-selectin and PSGL-1 generates
microparticles that correct hemostasis in a mouse model of hemophilia A. Nat
Med., 9(8),1020-1025.

Vysoka hladina sP-sel je vdzané na trombotické onemocnéni a miiZze byt rizikovym
markerem pro kardiovaskularni onemocnéni. Mysi se zvySenou hladinou sP-sel

maji zvySené mnozstvi prokoagulacnich mikropartikuli v plazmé.

Metodika a vysledky: Prokazali jsme, ze sP-sel-Ig chiméra ptes sviij receptor PSGL-
1 indukovala tvorbu prokoagula¢nich mikropartikuli v lidské krvi. Nasledné, ze
transgenni mysi bez PSGL-1 receptoru (Psgl-1-/-) produkuji mensi mnozstvi MPs a
po aplikaci sP-sel nedoslo k nartstu MPs, jak tomu bylo u kontrolnich zvitat. Pfi
aplikaci mikropartikuli do mista vznikajiciho trombu doslo k jejich okamzitému
navazani a navyseni generace trombinu v misté. Pti infuzi SP-sel-1g do
hemofilickych mysi doslo k 20nasobnému nardstu poc¢tu MPs spolu s nardstem
aktivity TF. To signifikantn¢ urychlilo kinetiku tvorby fibrinu v hemofilické mysi a

normalizovalo krvacivost.

Zaver: Lécba P-sel-lg mtze predstavovat novy pristup ke kontrole krvacivych

komplikaci u hemofilie A.
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Abstract

High plasma levels of soluble P-selectin are
associated with thrombotic disorders and may
predict future cardiovascular events. Mice with
high levels of soluble P-selectin have increased
numbers of microparticles in plasma. We now
show in  human blood that P-selectin-
immunoglobulin  chimeras (P-sel-lg) induced
formation of procoagulant microparticles through
P-selectin  glycoprotein ligand-1 (PSGL-1). In
addition, Psgl-1”~ mice produced  fewer
microparticles after P-sel-lg infusion and did not
spontaneously increase their microparticles count
in old age as do wild-type mice. Injected
microparticles specifically bound to thrombi and
thus could be involved in thrombin generation at
sites of injury. Infusion of P-sel-lg into
hemophilia A mice produced a twenty-fold
increase  over control  immunoglobulin in
microparticles containing tissue factor. This
significantly improved the kinetics of fibrin
formation in the hemophilia A mice and
normalized their tail-bleeding time. P-sel-Ig
treatment could become a new approach to
sustained control of bleeding in hemophilia.
Introduction

P-selectin is a member of the selectin family
localized in the membranes of «-granules of
platelets and the Weibel-Palade bodies of
endothelial cells’. P-selectin supports adhesion of
leukocytes to activated platelets present in
thrombus? or to activated endothelial cells, where
it mediates leukocyte rolling®. A soluble form of P-
selectin found in plasma® is potentially active
because it possesses the lectin and epidermal
growth factor (EGF) domains required to bind its
receptor, P-selectin glycoprotein ligand -1 (PSGL-
1)°. A high level of shedding of soluble P-selectin
in mice expressing P-selectin without the
cytoplasmic domain (ACT mice)® is associated
with a procoagulant state in these animals’.
Higher levels of soluble P-selectin in blood are
observed also in thrombotic consumptive disorders

such as disseminated intravascular coagulation ,
thrombotic thrombocytopenic  purpura , and
heparin-induced thrombocytopenia, all known for
generalized hyper-coagulable states®. On the other
hand, prophylactic infusion of monoclonal
antibody to P-selectin reduces the extent of fibrin
deposition on dacron grafts in baboons? and
diminishes  experimentally  induced venous
thrombosis in baboons?, rats or cats'’.

The cause of the hyper-coagulable state in ACT
mice and mice infused with recombinant P-
selectin-lg chimera (P-sel-lg) is a higher level of
circulating microparticles, some of which contain
tissue factor’. Tissue factor is a trans-membrane
protein that initiates hemostasis'. The tissue factor
positive microparticles also express the integrin
aMpB2 (Mac-1) indicating that they originate from
leukocytes’.

The mechanisms through which P-selectin induces
the formation of tissue factor-containing micro-
particles are not known. PSGL-1 is a potential
candidate receptor for this process as it is a known
physiological ligand for P-selectin. PSGL-1 is a
homodimeric mucin expressed on the majority of
leukocytes'. Binding of P-selectin to PSGL-1
initiates signaling in leukocytes such as protein-
tyrosine phosphorylation, MAP kinase activation
and increased «Mp2 binding activity***3, In the
present study we demonstrate that the P-selectin-
induced generation of pro-coagulant microparticles
is also mediated by its interaction with PSGL-1. In
addition we show that the generation of tissue
factor-containing micro-particles through the P-
selectin/PSGL-1 interaction could potentially be
used to treat bleeding disorders resulting from
defective coagulation, such as hemophilia.

Results

P-sel-lg induces microparticles in human blood
We previously observed that infusion of P-sel-Ig
in mice induces the formation of procoagulant
microparticles’. In order to investigate the
molecular  mechanisms involved in  the
procoagulant function of P-sel-lg, we studied the



process in vitro using human cells. Human blood
was treated with human P-sel-lg, which was made
by fusing the extracellular portion of P-selectin
and the Fc portion of human 19G,*, or control 1gG
(control-1g) (Fig.1a). Whole blood clotting time in
the P-sel-lg treated group was progressively
shortened in comparison to blood treated with
control-1g. The response was also dose-dependent.
While Fig. 1 shows results with 15 pg/ml of the
proteins, significant differences were also observed
with 1 or 5 pg/ml, but the time required for the
effects to be apparent was longer (not shown).
Blood treated with 15 pg/ml P-sel-Ig for 8 h
clotted 3 times faster than control blood (Fig.1a).
Thus the procoagulant activities of P-sel-lg
directly involve the blood cells and do not require
the vessel wall or other organs.

In order to see the effect of P-sel-Ig on
microparticle generation (released into plasma), we
measured clotting time of plasma obtained from P-
sel-lg-treated and control-lg-treated whole blood.
Fibrin formation in plasma of P-sel-Ig-treated
samples became significantly faster after 6 h
incubation, consistent with P-sel-lg generating
procoagulant microparticles (Fig.1b).
Microparticles bear tissue factor in vivo"';
therefore we asked whether an increase in tissue
factor could be responsible for the P-sel-Ig-
mediated  reduction  of  clotting  time.
Microparticles pelleted by high spin centrifugation
were tested for tissue factor activity by measuring
their capacity to activate factor X and determining
the activity of the resulting active enzyme (Xa).
The Xa activity of microparticles obtained from P-
sel-Ig-treated samples was higher than from
control-lg-treated samples indicating that they
contained more active tissue factor (P-sel-l1gG-
treated samples 17.3 £ 1.8 mOD/min, control-1g-
treated samples 9.4 + 2.4 mOD/min, n =5, P <
0.04). This indicates that P-sel-lIg promoted the
formation of tissue factor-positive microparticles
from human cells in vitro.

PSGL-1 mediates the microparticle formation
PSGL-1 is a well-recognized receptor for P-
selectin®. We investigated its role in P-sel-Ig-
mediated microparticle generation. Inhibitory
monoclonal antibody PSG3, binding to the
sulfotyrosine domain of PSGL-1, completely
inhibited the shortening of whole blood clotting
time (Fig. 1c) and of the plasma clotting time (Fig.
1d) induced by P-sel-1g. This indicates that PSGL-
1) was the main receptor for P-sel-lg-mediated
generation of procoagulant activity. Control
antibody had no effect on coagulation.

In order to show that the engagement of PSGL-1
also mediates the procoagulant activity of P-sel-Ig
in vivo, we injected mouse P-sel-lg, containing the
lectin domain, the EGF-like repeat, and the first
two complement-binding domains of mouse P-
selectin fused to the Fc region of human 1gG;*,
into 2-3 month old mice lacking PSGL-1 and their
wild-type siblings. The number of microparticles
before injection in these mice was similar between
the two genotypes (Table 1a). Twenty-two h after
infusion of P-sel-lg, the total number and the
percentage of tissue factor-positive microparticles
in plasma were determined by flow cytometry.
Both the total number of microparticles and the
percentage of microparticles bearing tissue factor
were significantly higher in the wild-type than in
the Psgl-17" mice after P-sel-Ig treatment (P <
0.03 and P < 0.02, respectively, Table 1b)
indicating that PSGL-1 is necessary for the
procoagulant microparticles production.

Older mice tend to have more circulating
microparticles and higher soluble P-selectin levels
than younger mice (Hrachovinova and Wagner,
unpublished observation). This was the case also
for wild-type Psgl-1""* mice (Table 1a). Doubling
the age of the wild-type mice more than doubled
the concentration of circulating microparticles,
while no significant increase was observed in the
Psgl-17~ mice. This suggests that PSGL-1 is
involved in the age-dependent spontaneous
increase in procoagulant activity in animals. Age is
a known risk factor for thrombotic events®’.
Microparticles incorporate in a growing
thrombus

Our results point to a P-selectin/PSGL-1-
dependent pathway for the generation of
procoagulant microparticles both in vitro and in
Vivo. However, little is known about the
physiologic function of these microparticles and
whether they contribute to thrombus formation in
live animals. Using intravital microscopy we
examined the interaction of microparticles with a
growing thrombus in ferric chloride injured
vessels'®.  We isolated microparticles from the
plasma of JCT mice®. These mice have higher
concentrations of soluble P-selectin and higher
numbers of circulating procoagulant
microparticles’. The microparticles were labeled
with calcein AM, washed and introduced into the
microcirculation of the mouse-cremaster muscle'®,
concomitant to induction of injury and thrombus
formation.  The specific accumulation of the
fluorescently-labeled  microparticles in  the
thrombus (Fig. 2) demonstrated the preferential
binding of the free-flowing microparticles onto



activated platelets/fibrin in comparison to areas of
the vessel free of thrombus. These results provide
support to the notion that procoagulant
microparticles contribute their activity to the
growing thrombus.

P-sel-lIg improves phenotype of hemophilia A
mice

Infusion of sP-sel-Ig reduces plasma clotting time
in wild-type mice’. We asked whether the
generation of procoagulant microparticles through
the P-selectin/PSGL-1 interaction could improve
the phenotype of an animal with a major bleeding
disorder such as hemophilia A. Factor VIII-
deficient mice (FVIII ) were injected with P-
sel-Ig or control-1g and mice were bled six h later.
Platelet poor plasma was prepared to determine
partial thromboplastin time (APTT) which is
prolonged in Factor VIlI-deficiency®® and plasma
clotting time. APTT in FVIII-deficient mice was
not modified by control-lg-treatment (37.9 £ 1 s
vs. 38 £ 1.5 s) but it was significantly reduced by
P-sel-Ig-treatment to 31.5 £ 0.7s,n=7 and 11, P
< 0.02. Wild type value was 23.2 + 0.5 s. Plasma
clotting time of control-lg-treated mice was 316 +
16.5 sec and that of P-sel-Ig-treated mice was
shorter, 249.5 £ 9.5 s, P < 0.006. Wild-type value
was 263.5 + 12 s. Thus infusion of P-sel-lg
partially corrected APTT in the hemophilia A mice
and shortened plasma clotting time to wild-type
values.

To study the parameters of whole blood clotting in
the hemophilia A mouse model, the mice were
treated as above and blood collected 6 or 72 h
later. The onset of clotting (Clotting time) and the
rate of clotting were determined (Table 2a and
Fig. 3a). While infusion of control-lg did not
affect these parameters, P-sel-Ig rapidly improved
both parameters and their values became similar to
wild type 72 h after infusion. The numbers of
microparticles in platelet poor plasma of
hemophilia A mice treated for 6 h was determined
by flow cytometry (Fig. 3b). There were three
times as many microparticles in the plasma of P-
sel-Ig-treated mice and the percentage of
microparticles positive for tissue factor was
increased seven fold over control mice.

To evaluate whether excessive bleeding in the
hemophilia A mouse % could be prevented by
infusion of P-sel-lg, tail bleeding time was
measured 6 h after treatment with P-sel-Ig or
control-1g (Fig. 4). Since the majority of Factor
VIlI-deficient mice could not arrest their bleeding,
their tails were cauterized at 15 min. Treatment
with P-sel-Ig normalized the bleeding time of

hemophilia A mice and none of the treated mice
needed cauterization.

P-sel-lg affects human hemophilia A blood To
verify that patients with hemophilia A can also
respond to soluble P-selectin by producing
procoagulant microparticles from their blood cells,
we obtained blood samples from three patients
with FVIII levels < 1% of normal. The blood was
incubated with 15 pg/ml P-sel-Ig or control-1g for
6 h. Platelet poor plasma (PPP) was then prepared
and numbers of microparticles and their tissue
factor activity determined (Table 2b). Both
microparticle number and FXa generation were
significantly higher in the samples treated with P-
sel-lg (P < 0.04 and P < 0.05, respectively),
indicating that patients with hemophilia A might
also respond to P-sel-1g treatment.

Discussion

Previous studies in our laboratory demonstrated
that infusion of P-sel-lg into a wild-type mouse
generates procoagulant microparticles’. In this
study we reproduced these results in vitro using
human blood. This indicates that the stimulus to
generate microparticles is directly from P-selectin
onto the blood cells and not through some
intermediate cell type such as the endothelium.
The appearance of procoagulant activity in the
plasma (microparticles) was slightly delayed
compared to that in the whole blood (Fig. 1a and
b). This could be consistent with induction of
tissue factor synthesis and its subsequent release
into plasma as a component of cell membrane-
derived microparticles. The tissue factor-
containing microparticles are likely of leukocyte
origin because they also contain the leukocyte-
specific integrin Mac-17 and they are generated
through P-selectin binding to PSGL-1 (Fig. 1d)
which is primarily a leukocyte receptor. The
monocyte  synthesizes  tissue  factor  after
stimulation with various inflammatory agents®,
which may include P-selectin®,

Crosslinking of PSGL-1 molecules on the
leukocyte by dimeric or oligomeric forms of P-
selectin may be needed for signal transduction**2*
and therefore for microparticles generation. In our
experiments, the infused P-sel-lg is dimeric as it
contains the lg backbone. The transmembrane
form of P-selectin on platelets and endothelial cells
is dimeric %, The valency of circulating P-
selectin is less clear. Recombinant forms of
soluble P-selectin that lack the transmembrane
domain are monomeric in aqueous buffers®. P-
selectin may be monomeric in plasma although
calcium dependent lectin-like domains, such as
found in the selectins, commonly associate with



each other to form dimers and trimers?’. At least
part of the P-selectin in human plasma is an
alternatively spliced secreted molecule that lacks
the transmembrane domain®, and at least part of
the P-selectin in mouse plasma results from
proteolytic shedding of the extracellular domain
without the transmembrane domain®. Activated
platelets shed microparticles which contain P-
selectin. In plasma, such microparticles might
present multivalent  P-selectin  that could
effectively signal through PSGL-1 on leukocytes.
Similarly, P-selectin on stimulated endothelium
might signal to the leukocytes. To determine
whether  plasma  P-selectin  lacking  the
transmembrane domain is sufficient for signaling,
we are preparing a transgenic mouse producing the
extracellular fragment of the protein from liver
cells.

Two different approaches were used to show that
PSGL-1 is the crucial receptor for generation of
procoagulant activity by P-selectin. First, the
formation of procoagulant activity by P-selectin in
vitro was inhibited fully by an inhibitory antibody
to PSGL-1 (Fig. 1c and d). This antibody binds to
the sulfated region of PSGL-1 that is recognized
by the P-selectin lectin domain'. The antibody
blocks binding of platelets to leukocytes but does
not induce leukocyte aggregation or stimulate the
cells to release IL-8. The second line of evidence
came from studies with PSGL-1-deficent mice?®.
Infusion of P-sel-lg into wild-type littermates
generated five times more tissue factor-positive
microparticles than infusion into mice of the same
age lacking PSGL-1 (Table 1b). More
interestingly  the  spontaneous increase in
microparticle number seen in mice with old age
was prevented by the lack of PSGL-1 (Table 1a).
Thus  P-selectin/PSGL-1 interaction  likely
modulates coagulation at two levels: 1) P-selectin
may regulate the overall procoagulant state of an
animal. The level of the constitutively produced
microparticles may reflect the health and age of the
animal. Soluble P-selectin is increased in many
diseases including  atherosclerosis®®*®t,  In
atherosclerosis, soluble P-selectin is mostly
derived from endothelial cells®’. High levels of
soluble P-selectin are predictive of future
cardiovascular events 3% Tissue factor-
containing microparticles could be at least in part
responsible for these clinical observations. 2) P-
selectin may further increase procoagulant activity
of an animal after injury, perhaps to further
stabilize the fibrin clot and the platelet plug. This
delayed effect of P-selectin/PSGL-1, requiring
formation of new tissue factor-containing

microparticles, would be proportional to the extent
of injury, i. e. the numbers of activated platelets
and/or endothelial cells which shed their P-
selectin®®®. This may explain why anti-P-selectin
therapy promotes dissolution of thrombi®®%,

For the microparticles to be active in thrombus
stabilization, they have to be recruited into the
forming platelet plug. This was first demonstrated
by Nemerson and colleagues in a flow chamber in
vitro®® and we now show the same phenomenon in
vivo (Fig. 2). Tissue factor was observed in
thrombi formed in vivo but its origin from plasma
or vessel wall was uncertain®., We show that
purified  fluorescently-labeled  microparticles
specifically accumulated in the growing thrombus.
In vitro, this recruitment was shown to be
mediated by P-selectin®.  Thus the adhesion
mechanisms of recruitment of the procoagulant
microparticles derived from leukocytes are likely
very similar to those of leukocytes themselves.
Therefore, P-selectin/PSGL-1 interaction may
have a dual function, first in generation of the
procoagulant microparticles and second in their
recruitment to the growing thrombus.

The data discussed in the previous sections suggest
that in old and/or diseased animals or humans
elevated levels of soluble P-selectin point to a poor
prognosis as they indicate a procoagulant state.
However, there may be instances where such an
elevated thrombotic potential may have therapeutic
benefit. One such instance may be in patients with
defective intrinsic coagulation such as the
deficiencies of Factor VIII or Factor IX in
hemophilia A and B. In these individuals,
constitutively higher levels of soluble P-selectin
may improve the capacity to generate thrombin
through the extrinsic pathway and alleviate the
bleeding tendency. We tested this hypothesis using
an animal model of hemophilia A%. Infusion of P-
sel-lg, in contrast to control-lg, improved all
clotting/bleeding parameters tested. Within a few
hours of infusion, blood of the P-sel-lg-treated
animals began to clot sooner and the rate of
clotting was higher than in the control-lg-treated
hemophilia A mice (Fig. 3a and Table 2a). This
was because tissue factor-containing
microparticles were being generated (Fig. 3b). As
a result, the infinite bleeding time found in the
majority of the hemophilia A mice was shortened
to wild-type length within 6 h after infusion of P-
sel-lg (Fig. 4). The template-induced skin
bleeding time used in humans mostly measures
platelet adhesion. Since platelet adhesion is not
substantially modified by the absence of FVIII, the
bleeding time in humans with hemophilia A is



normal. Bleeding time in mice, measured after
snipping part of the tail while transecting both
veins and arteries, is a much more severe injury,
sensitive to levels of coagulation factors*’.
Currently, human hemophilia A patients are
treated  with  recombinant  Factor  VIII.
Unfortunately a significant fraction (20-50%) of
hemophilia A patients develops antibodies to the
factor making further treatment difficult*2*3, while
a smaller fraction (2-5%) of hemophilia B patients
develop inhibitors*. In these hemophilia patients
treatments that bypass Factor VIII or IX, such as
recombinant activated Factor VII are being used.
At the recommended dose and the necessary
frequency of treatment, due to the short half life of
the factor, the cost of a single episode of bleeding
can exceed $ 50,000, The activity of P-selectin
would also bypass Factor VIII or IX by producing
tissue factor. Perhaps the much longer half life of
P-sel-1g (1-3 weeks) would reduce the cost of
treatment significantly so that it could become
more generally available. Also, since hemophilia
patients would not perceive P-selectin as foreign,
they would be less likely to develop antibodies to
the protein. The in vitro studies we performed on
blood samples from 3 severe hemophilia A
patients (Table 2b) show both an increase in
microparticle production and microparticle —tissue
factor activity after P-sel-lg treatment. These
preliminary results suggest that administration of
P-sel-lg to hemophilia patients might also
generate procoagulant microparticles.Our results
indicate that interactions between P-selectin and
PSGL-1 play an important role in regulating
coagulation by inducing the release of
procoagulant microparticles from leukocytes. This
procoagulant  activity = could be either
therapeutically reduced’ with inhibitors of P-
selectin/PSGL-1 binding, or enhanced by infusion
of P-sel-lg. This unexpected function of P-
selectin/PSGL-1 provides new possibilities to treat
disorders of coagulation.

Methods

Mice. Mice deficient for P-selectin glycoprotein
ligand-1 (Psgl-17) and their littermate controls
(Psgl-1*"")?°, mice expressing P-selectin without
the cytoplasmic domain (ACT)® and Factor VIII-
deficient mice (less than 1% Factor VIII activity)
with targeted disruption of exon 16 were
described?. Experimental  protocols  were
approved by the Animal Care and Use Committees
of the Center for Blood Research and the
Oklahoma Medical Research Foundation.

Blood sampling and in vitro incubation. We
obtained informed consent from healthy donors

and hemophilia A patients and approval from the
Institutional Review Board of the Center for Blood
Research and Institute of Hematology and Blood
Transfusion. Patients (aged 38, 45 and 58 years)
were at least three days without treatment with any
FVIII concentrate, had normal platelet counts and
FVIII activity was < 1%. Blood was collected into
10 ml Vacutainer glass tubes containing 1.5 ml
ACD (Becton Dickinson) and 0.8 ml was aliquoted
into 2.0 ml sterile plastic tubes. Incubation was
performed with either 15 pg/ml of human P-
selectin-lg chimera (P-sel-1g)** or human 1gG;
(Sigma). Samples were inverted two times every
30 min. Blood was aliquoted for whole blood
clotting time assay (see below) or recentrifuged
platelet poor plasma (RPPP) was prepared by
centrifugation at 1,500g for 25 min and then at
10,000g for 5 min..

Determination of clotting times. Whole blood
clotting time was measured in a Sonoclot (Sienco).
280 pl of the whole blood was added to 20 pl of
150 mM CacCl, in 37 °C cuvettes. Clotting time (T)
was determined as the time until fibrin formation,
clotting rate (R) as a percentage of the peak
amplitude per min. Plasma clotting time was
determined in an aggregometer(Sienco)’.
Microparticles preparation and flow cytometry.
40 pl of RPPP was added to 260 pl PBS and
analyzed by flow cytometry. The total number of
events was counted for 10 s (ref. 7). Washed
microparticles were prepared by
ultracentrifugation of RPPP and resuspended in
PBS in 1/3 of initial volume as described’.
Microparticles from mice were stained with sheep
anti-rabbit tissue factor IgG (5 pg/ml, American
Diagnostica), which recognizes mouse tissue
factor, or with sheep IgG (5pg/ml, Sigma) and
fluorescein-conjugated  donkey anti-sheep-1gG
(Cortex Biochem).

Tissue factor activity of microparticles. Activity
was evaluated by ability to activate Factor X
(150nM) by Factor Vlla (5 nM) in the presence of
1 mM CaCl,. Chromogenic substrate of Factor
Xa, Spectrozyme FXa, was added (0.3 mM). The
linear changes in absorbance at 405 nm were
recorded with a plate reader with kinetic software
(DYNEX  Technologies). The changes in
mOD/min directly correlated with Factor Xa
generated.

Anti-PSGL-1 treatment. PSG3 is a human
monoclonal antibody to human PSGL-1 generated
by Wyeth Research (Cambridge, USA) and
Cambridge Antibody Technology (Melbourn,
United Kingdom). This inhibitory 1gG1 antibody
was mutated to reduce Fc receptor binding and



complement activation. PSG3 was expressed in
CHO cells. The purified antibody is highly specific
for human and non-human primate PSGL-1. PSG3
does not induce production of IL8 from leukocytes
in vitro nor in vivo after infusion into primates.
PSG3 was added to human blood (15 pg/ml) and
incubated 30 min at 37 °C before treatment with
human P-sel-Ig.

PSGL-1 7~ mice evaluation. Number of
procoagulant microparticles was measured by
FACS in diluted plasma from Psgl-1** and Psgl-1-
" mice 9-12 and 17-20 weeks old. The younger
mice were then injected i.v. with 1.2 mg/kg of
mouse P-sel-Ig . Twenty-two h later blood was
taken, plasma isolated, and washed microparticles
prepared. The number of microparticles was
determined by FACS and microparticles were
stained for tissue factor.

Intravital  microscopy  of  microparticle
recruitment. Washed microparticles isolated from
blood from ACT mice were stained with calcein
AM (Molecular Probes), washed two times by
ultracentrifugation and resuspended in PBS.
C57BI6/J mice were anesthetized with Avertin
(2.5%). The cremaster muscle was prepared®*. A
heparinized catheter was placed into the proximal
part of the right femoral artery’® and the
microparticles were infused over 5 min using a
syringe pump (Harvard Apparatus). Ferric chloride
(30 01 of a 250 mM solution) was applied
topically*® and venules (diameters 25-45 um) were
recorded®.

Hemophilia A mice phenotype correction
analysis. Mice were injected i.v. with 1.2 mg/kg of
mouse P-sel-Ig or human 1gG; (Sigma). Whole
blood clotting time and tissue factor-bearing
microparticles in plasma were measured as above.
Tail bleeding time was as described'®, For APTT
test, mice were bled to ACD (1/10). PPP was
prepared and APTT was determined with APTT
reagent (IL).

Endotoxin screening. Endotoxin in reagents and
buffers was found < 10 pg/ml with CoaTest
(Chromogenix, Haemochrom Diagnostica).
Statistical analysis. Results are expressed as mean
+ SEM and analyzed using the unpaired Student's
t-test. In Figure 1, ANOVA test was applied with
Tukey-Kramer post test.
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4.3.TF A MIKROPARTIKULE U PACIENTU S KORONARNIM SYNDROMEM

Maly, M., Hrachovinova, I., Tomasov, P., Salaj, P., Hajek, P., Veselka, J.( 2009) Patients
with acute coronary syndromes have low tissue factor activity and microparticle
count, but normal concentration of tissue factor antigen in platelet free plasma : a
pilot study. Eur.J.Haematol., 82(2), 148-153.

Tkanovy factor (TF) je hlavni iniciator koagula¢ni kaskady. Stanoveni TF v piipadé
akutniho koronarniho syndromu je logisticky komplikované. Z tohoto divodu jsme métili
paralelné antigen a aktivitu TF spole¢né s prokoagula¢nimi mikropartikulemi v plazmeé
pacientt s akutnim koronarnim syndromem.

Metody: Krev 40 pacientt byla odebrana jak z koronarniho sinu tak z periferni
zily(femoralni zila). Aktivita TF byla méfena expresi FXa za pritomnosti FVIIa. Mnozstvi
MPs bylo detekovano prutokovou cytometrii. Koncenrace TF byla stanovena ELISA

testem.

Vysledky: AktivitaTF u skupiny pacientt se stabilni anginou pectoris se nelisila od
kontrolni skupiny (18.12 £ 3.35 mOD/min vs. 17.72 + 4.05 mOD/ min, respectively), ale
byla signifikantné vyssi nez u skupiny s nestabilni anginou pectoris (7.62 = 4.19 mOD/
min) a infarktem myokardu(MI) (3.56 + 3.85 mOD/min), (P < 0.05). Vysledky nabéru z
koronarniho sinu a femoralni zily se neliSily. Mnozstvi MPs klesalo shodné¢ s tizi akutniho
koronarniho syndromu: kontrolni skupina, 520 + 172; stabilni angina pectoris, 532 + 167,
nestabilni angina pectoris, 392 + 142; a MI skupina, 165 + 30 (P < 0.05). Nenasli jsme

zadné rozdily v mnozstvi TF méfen¢ho ELISA metodou.

Zaver: Nase vysledky ukazuji na fakt, ze prokoagula¢ni MPs s navazanym TF jsou
pravdépodobné v ptipadé akutniho koronarniho syndromu vychytavany z plazmy interakci

s krevnimi burikami..
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Abstract:

Objectives: Tissue factor is a main initiator of
coagulation cascade. It’s determination in
conditions of acute coronary syndrome is
logistically difficult. Hence, in our study, the
activity and the concentration of tissue factor and
the count of microparticles in the platelet free
plasma were determined.

Methods: Blood was drawn from both coronary
sinus and femoral vein circulation in a cohort of 40
patients. Tissue factor activity was measured by
activation of factor X in the presence of factor
Vlla, whereas microparticles were detected using
flow cytometry. Tissue factor antigen coken-
trations were determined using the ELISA test.
Results: Tissue factor activity in the stable angina
subgroup was not significantly different from the
control group (18.12 + 3.35 mOD/min vs. 17.72 +
4.05 mOD/min, respectively), but it was
significantly lower in the unstable angina (7.62 +
4.19 mOD/min) and myocardial infarction (3.56 +
3.85 mOD/min) subgroups (p < 0.05). Results
from the coronary sinus and femoral vein
circulations were not significantly different. The
count of microparticles decreased according to the
severity of the acute coronary syndrome: control
group, 520 + 172; stable angina subgroup, 532 +
167; unstable angina subgroup, 392 + 142; and
myocardial infarction subgroup, 165 £ 30 (p <
0.05). There were no significant differences in
concentrations of tissue factor antigen in four
subgroups.

Conclusions: These results suggest that the
procoagulant tissue factor-bearing microparticles
could be recruited from platelet free plasma by
interaction with platelets and blood cells in the
conditions of acute coronary syndrome.
Introduction

Tissue factor (TF) is considered to be the major
regulator of normal hemostasis and thrombosis (1,
2). Recent evidence highlights the role of the
blood-borne pool of TF (3). This TF fraction is
bound to the procoagulant microparticles (MPs).
The main source of circulating MPs is the
membrane of activated platelets (4). Increased
levels of MPs with procoagulant potential were
identified in the peripheral circulating blood of
patients with acute coronary syndromes (ACS) (5).

In addition, high levels of shed apoptotic MPs and
TF activity were found in the extracts from
atherosclerotic plaques (6, 7). Microparticles are
able to transfer their procoagulation potential to
the target cells by binding on its cell membrane
and cause the initiation and propagation of the
thrombus formation (8).

Determination of TF in whole blood is
methodologically difficult. There is necessity of
immediate processing of the samples to avoid the
artificial ~activation of the platelets with
nonphysiological sequestration of the
microparticles. In the conditions of ACS is
impossible to plan out the timing of sampling.
Hence, in our study, the activity of TF, the count
of microparticles, and the concentration of TF
antigen in the platelet free plasma (PFP) - which
allows the storage of frozen samples - were
determined. According to our knowledge, study
determining TF activity in PFP in patients with
ACS is not yet published.

Materials and methods:

Forty prospectively selected patients (22 men, 18
women, 64.5 + 10.71 years) who were undergoing
coronary angiography in the Department of
Cardiology, University Hospital Motol, Prague,
were enrolled in this study. Cardiovascular risk
factors (diabetes, hypertension, smoking, and
hypercholesterolemia) were determined. The blood
from both the coronary sinus and femoral vein in
four matched subgroups of patients with the
following symptoms were sampled: 1) no
significant coronary artery disease and no
symptoms of angina pectoris, defined as normal
coronary angiogram (control), 2) stable angina
pectoris (SAP), 3) unstable angina pectoris—
Braunwald class Il (UAP), and 4) myocardial
infarction (MI) with ST elevations, undergoing
primary percutaneous coronary intervention (PCI).
Blood was sampled as follows: from the coronary
sinus using Amplatz coronary catheter (AL1, F4,
Cordis Corporation, FL, USA) and from the
femoral vein just before coronary angiography. All
patients with coronary heart disease received
standard antithrombotic therapy within one hour
before blood sampling, i.e. low-molecular-weight
heparin to the subgroup with UAP and a bolus of
unfractioned heparin to the subgroup with MI



undergoing primary PCI. Patients received 100 mg
aspirin daily and were not pretreated with
clopidogrel. GP Ilb/Illa blockers were not used.
PCI was performed in six patients (60%) in the
SAP subgroup. Seven patients (70%) in the UAP
subgroup were treated with PCI, whereas 3
patients (30%) of this subgroup underwent surgical
revascularization. There were ten patients (100%)
treated with primary PCI in the MI subgroup of
patients. In the control group, eight patients (80%)
underwent coronary angiography due to chest pain
that was confirmed not to be of ischemic origin,
one patient (10%) had severe aortic stenosis, and
one patient (10%) had pulmonary hypertension.
All the patients provided their informed consent
before participation in the study. The study was
approved by the institutional Ethics Committee on
human research.

Preparation of the samples:

All the samples were prepared and assayed without
the knowledge of their respective subgroups.
Within 30 min of sampling, a volume of 10 ml of
citrated blood (3.2%) from the coronary sinus and
femoral vein samples was centrifuged twice for 15
minutes at 3,000xg to remove the platelets present
in plasma. PFP was prepared and was immediately
aliquoted in eppendorf tubes. Samples in aliquots
were stored at —75°C until they were used for
ELISA tests, microparticles counting, or
preparation of washed microparticles. Samples for
ELISA tests and microparticles counting were then
warmed for 10 min in 37°C and were immediately
diluted to working concentration and used. For
each assay, a previously unthawed aliquot was
used. Washed microparticles were prepared by
centrifugation of PFP (diluted 1:10 in a HEPES
buffer) for 1 hour at 100,000xg. Supernatant was
discarded. The pelleted microparticles were
resuspended in 2 ml of the HEPES buffer and were
centrifuged again. Washed microparticles were
resuspended in HEPES in 1/3 initial volume of
plasma. This suspension of microparticles was
used for the measurement functional activity of
TF.

TF activity:

The TF activity was evaluated by its ability to
activate factor X (150 nM) through the limited
amount of factor Vlla (5 nM) in the presence of 1
mM CaCl, using spectrophotometric method. A
chromogenic substrate of factor Xa, Spectrozyme
FXa, was added (0.3 mM; American Diagnostica,
CT, USA). The linear changes in absorbance at
405 nm were recorded using an ELISA plate
reader. The changes in mOD/min directly

correlated with the amount of FXa generated as we
have published previously (9).

Microparticles:

The number of microparticles was analyzed using
flow cytometry. To count the total microparticle
population, 40 pl aliquots were incubated for 15
min in the dark with 0.25 pg/ml calcein AM
(Molecular Probes). Forty microliters of plasma
sample was diluted with 260 pl of a 0.2-pm
filtered phosphate buffered saline (PBS), and it
was immediately analyzed for number of
microparticles by Fluorescent Activated Cell
Sorting (FACS) (10). Flow cytometric analysis
was performed on a  Becton-Dickinson
FACSCalibur ~ with  CELLQUEST  software
(Becton-Dickinson). The light scatters and
fluorescent channels were set at logarithmic gain
(forward scatter was EOO with a threshold of 12,
and sideward scatter was 300). The total number of
events was counted for a set interval of 10 s.

TF antigen:

TF antigen was measured. A commercially
available enzyme-linked immunosorbent assay
(ELISA) kit (ImubindTM; American Diagnostica,
Greenwich, CT, USA) was used according to the
manufacturer’s instructions to measure TF antigen
in plasma. In brief, samples were diluted in the
ratio of 1:4 in PBS (pH 7.4) containing 0.1%
Triton X-100 and 1% (w/v) bovine serum albumin
and incubated overnight in the wells of a microtiter
plate precoated with murine antihuman TF
monoclonal antibody for antigen capture. After
detection of bound antigen by biotinylated
polyclonal anti-TF ~ F(ab’)2,  streptavidin
conjugated horseradish peroxidase was added to
complete formation of the antibody fragment-
enzyme detection complex. Following the stepwise
addition of tetramethylbenzidine chromogenic
substrate and sulfuric acid stopping solution,
absorbance of yellowish colored solutions were
read at 450 nm. Mean optical densities of duplicate
incubations were referred to a standard curve
obtained by serial concentrations (0-1,000 pg/ml)
of nonlipidated, full-length recombinant human
TF. Normal range of TF antigen in human plasma
was established on 45 normal donors of plasma.
Statistical analysis:

The repeated measures ANOVA model with group
(control, SAP, UAP, and MI), subject, and type of
matrix  (coronary sinus and femoral vein
circulations) as factors and group vs. matrix
interaction followed by Bonferroni multiple
comparisons were used for evaluation of
differences between the groups, subjects, and types
of matrix. The results are expressed as mean of



values. Statistical significance was assumed at the
level p < 0.05. Statistical software Statgraphics
Plus version 5.1 from Manugistics (Rockville,
MD, USA) and NCSS (Kaysville, UT, USA) was
used for the analysis.

Results:

There were no significant differences between
groups in their age and the status of
hypercholesterolemia, diabetes mellitus,
hypertension, and smoking (Table 1). Significantly
lower levels of TF activity and the microparticles
in subgroups of the patients with ACS were found,
whereas no statistically significant differences in
the same between their coronary sinus and femoral
vein circulations were observed. No significant
differences in the concentration of TF antigen
across the subgroups were observed.

TF activity:

In the PFP from coronary sinus samples of patients
with SAP, the TF activity was not significantly
different from the patients in the control group
(18.12 + 3.35 mOD/min vs. 17.72 * 4.05
mOD/min, respectively). However, the TF activity
was significantly lower in the UAP (7.62 + 4.19
mOD/min) and MI (3.56 + 3.85 mOD/min)
subgroups compared with the control (p < 0.05)
and SAP groups (p < 0.05). There were no
significant differences in the TF activity in patients
with UAP vs. MI (Fig. 1).

In the PFP from femoral vein samples, the TF
activity (17.22 + 2.91 mOD/min) in the control
group was not statistically different from that
(17.52 + 2.41 mOD/min) in the SAP subgroup.
However, again, the TF activity was significantly
lower in the UAP (8.28 £ 4.75 mOD/min) and MI
(2.55 + 3.56 mOD/min) subgroups compared with
the control (p < 0.05) and SAP groups (p < 0.05).
There were significant differences in the TF
activity in patients with UAP vs. M1 (p < 0.05).
Microparticles:

Plasma microparticles in the PFP were analyzed by
the FSC and SSC scale, gate analysis was used to
quantify the large microparticles that were, as we
previously reported (10), found to be linked to
procoagulant activity. In the control group, there
were 520 + 172 MPs; in the SAP subgroup, 532 +
167; in the UAP subgroup, 392 + 142; and in the
MI subgroup, 165+30. Among these, the last value
was statistically significant compared with the
control group (Fig. 2).

TF antigen:

In the PFP from coronary sinus samples, the
concentrations of TF antigen were 47.07 + 21.57
pg/ml in control group, 79.24 + 65.29 pg/ml in

SAP group, 50.72 + 19.29 pg/ml in UAP group,
and 69.68 + 90.76 pg/ml in MI group. In the PFP
from femoral vein samples, the concentrations of
TF antigen were 48.24 + 32.76 pg/ml in control
group, 41.33 + 20.7 pg/ml in SAP group, 47.44 +
25.88 pg/ml in UAP group, and 59.5 + 75.43 pg/ml
in MI group. The differences were not significantly
different among all four subgroups of patients in
both the coronary sinus and femoral vein
circulation.

Discussion

The present study shows five times less TF activity
in the PFP prepared from the whole blood samples
of the patients with ACS than in the patients with
SAP, which correlates with a three-fold decrease
of microparticles in patients presenting with MI.
The results should be interpreted very cautiously,
since PFP was not yet used for measurements of
TF activity in patients with ACS, and the numbers
of each group participants are limited. However,
despite the mentioned limitations, it appears to be
in accordance with the current concept of cell-
based coagulation (3). The model assumes that the
active TF that is bound to MPs is recruited from
the circulating blood by binding onto the surface
of activated cells (platelets, monocytes, and
endothelial cells), where it forms a highly
procoagulant thrombogenic core (11).

The main source of circulating MPs is the
membrane of activated platelets (4). The additional
sources of MPs are leukocytes, erythrocytes, and
endothelial cells (8). The interaction between MPs
bearing TF and platelets is provided by the
interaction of P-selectin glykoprotein ligand-1 and
P-selectin on the surface of the activated platelets.
A platelet adhesion molecule P-selectin is neceséry
for TF accumulation and its incorporation into the
thrombus after endothelial injury (11). Also, the
accumulation of hematopoietic cell-derived TF in
the developing thrombus correlates with the
kinetics of MPs accumulation before the
leukocyte—-thrombus interaction (8). Because of the
absence of the main pool of the TF Bering cells in
the PFP, the decrease of MPs and TF aktivity in
PFP of the patients with ACS appears to support
this model.

In addition, unlike TF activity, TF antigen does
not, show significant differences when its
concentration in the PFP of patients presenting
with SAP and ACS are compared. The potential
explanation is based on the presence of various
types of TF molecules in the circulation (active
and non-active) (12, 13), all of which can be
detected using antibodies in a commercial
immunoassay and are the potential source of the



absence of signifiant differences in the TF antigen
in ACS settings, as we have reported previously
(14). In the study of Morange (15), where was
investigated the prognostic value of TF antigen, on
admission similarly no significant differences in
TF levels were observed between SAP and ACS
patients.

Further investigation aims to focus on the
identification of specific subpopulations of
microparticles. In a recent study (16), it was shown
that there is a difference in the origin of
microparticles in an atherosclerotic plaque
(originates mainly from the smooth muscle cells)
and in the blood (originates mainly from the
thrombocytes). It would be of great interest to
prove the decrease of these specific subpopulations
of microparticles in patients with ACS.

There is a limitation in subgroup of ACS patients —
the influence of heparin therapy and the heparin-
induced release of TF pathway inhibitor (TFPI).
This TFPI release can mitigate the TF
consumption. It is established that TFPI, free or
associated with microparticles, could naturally
inhibit TF activity. Nevertheless, it was reported
that this inhibition reached almost about 50% (17).
Because five times less TF activity in the ACS
group compared with the SAP group has been
observed in this study, it seems that TFPI
inhibition of TF is only partial.

Despite above mentioned limitations, the results of
this study are a piece of knowledge in patho-
physiology of blood coagulation and may support
the concept of close interactions of TF
procoagulant MPs with platelets and other blood
cells in the settings of ongoing thrombus formativ
as a substrate of ACS.

The results of the investigation in the field of TF-
mediated coagulation led to the development of
novel therapeutic strategies. The clinical trial was
completed with Sunol-cH36, which is the chimeric
monoclonal antipody to TF. In this PROXIMATE-
TIMI 27 trial — focused on the safety profile — was
found, that there is a direct dosedependent
antiocoagulant effect of this agent and was
postulated, that mucosal bleeding may reflect the
antiplatelet effect resulting from networking
between the coagulation cascade and platelets
pathways (18). This concept implies very
promising further direction of the strategies in the
antithrombotic treatment in ACSs.
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5. DISKUSE A ZAVER

Vysledky jednotlivych studii, které jsou soucasti mé disertacni prace, prokazaly, ze
P-sel hraje dulezitou roli v hemostaze. Solubilni P-sel generuje prokoagula¢ni a TF-
pozitivni mikropartikule. Receptorem P-selektinu je pii tomto procesu P-selektin
glykoprotein ligand (PSGL-1).

Recentni prace (Del Conde, 2005; Bernimoulin, 2009), které se podrobné
zabyvaly pusobenim P-sel na monocyty, prokazaly, ze vazba P-sel-PSGL-1
indukuje exposici fospatidylserinu na povrchu monocytt a Ze vzniklé MPs se 1isi
podle typu induktoru. MPs, které vznikly ptisobenim LPS (liposacharid) se
kvalitativng liily od téch, které byly indukované P-sel. Tyto vysledky potvrdily
specifickou funkci MPs vzniklych piisobenim P-sel. Neni ale mozné odlisit, zda se
jedna o sP-sel nebo P-sel, ktery je stale soucasti povrchu krevnich desticek.

Hyperkoagula¢ni potencidl ziskany zvySenou koncentraci sSP-sel byl vyuZit
pro potlaceni krvacivych projevil u transgenich mysi s hemofilii A. K této studii nés
vedlo také nase zjisténi, ze pacienti s t¢Zzkou formou hemofilie A maji na rozdil od
kontrol bez krvacivého onemocnéni signifikantné niz§i mnozstvi TF-MPs. I kdyz
naSe vysledky na mysich byly pfesvédcivé a doslo k normalizaci nékterych
koagula¢nich parametri, z hlediska pouZiti v lidské medicin€ existuje n€kolik
zavaznych prekazek. Napt. mechanismus vzniku prokoagula¢nich mikropartikuli je
zdlouhavy - trva n€kolik hodin. Solubilni P-sel mtze slouzit pouze jako podpirny
mechanismus pro snizeni krvacivé schopnosti.

Vétsi vyznam pro medicinskou praxi mé vysvétleni mechanismu
inkorporace MPs do vznikajiciho trombu, ktery hraje vyznamnou roli pii dodavani
TF do destickové srazeniny. Popsani tohoto mechnismu mélo logicky vystup
V testovani latek, které by této inkorporaci zabranily. Tim by se potlacil rist trombi,
ptipadné vznik reokluzi. Nekolik ptiznivych vysledkt pouziti rekombinantniho
PSGL-1, pfimych inhibitort P-sel nebo petidi blokujicich vazbu P-sel - PSGL-1. jiz
bylo publikovano (Myers and Wakefield, 2002).
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