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Measurement of Il VIVO activated platelets as a thrombotic marker
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1. Electron dense granules
ADP, serotonin, calcium

2. O granule

3. Lysosome
Hydrolytic enzymes
4. Peroxisomes

catalase

fibrinogen, factor V, platelet derived growth factor
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B—thromboglobulin, albumin, fibronectin, thrombospondin
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(Measurement of in VIVO activated platelet)

MNMIFNINTARNUIN wu:inﬁmﬁamsmm}u
Pe9inaatdendzdnisiUd suutastAad wlaun
mnﬂ?iwuﬂaagﬂ%wwaamﬁmﬁa@mﬂgﬂ%waﬂamﬂuﬁ
pseudopod fuaanan ﬁn'lil,ﬂ'lzﬂajmaol,ﬂ%lﬁa@
LLa:mwél'amiﬁagjmﬂlw,ﬂg@lﬁa@ FinwnINas
mwmﬂ%mmmﬁ@Lﬁaﬂ‘ﬁlqﬂﬂi:{uluéwmzJ
Vlaﬁwﬂcﬂﬂ@mﬂgﬂéwﬁmﬁﬂmmm HIDNIATIAN
mﬁgn%é‘i’aaanmﬁnnmﬁwﬁamﬁgnmz@zuﬁmmsn
la LL@iaﬂ"mvl,iﬁmmms%ﬂ%’mﬁLﬂfé"ummaavl,mfia
m§<ﬂLﬁa@gﬂﬂszéufugaaa’lﬁmfs'mﬁ']mmuuazslﬂgngaa
ﬁﬁqmmwga \7% electron microscope'* ADUTWL
§1U93 (marker) Awndafauszaunsansinsiia
mﬁmﬁa@ﬁgnm:@zﬂui‘wmﬂ‘l@; fa MIATIAM
msﬁgn%é"aaaﬂmmmﬁmﬁa@ﬁgﬂm:{u lag
munsnasvlaludeanielaan: i platelet fac-
tor 4, [3 thromboglobulin L8z thromboxane A2'*'®
AsuunmsasemsesnanasiiUslomulunuise
walulasuanutouinanlslunmaedsin iesen
2BIINANIIAIRINATA 1T% G waawlunILAY
59890379, N30T ARBAIRTIITNNTIATIZR
ﬂbga

auﬁaﬂaqﬂ'ﬂ@yﬁmsﬁnmmﬂmmﬁmﬁ'u
mﬁmﬁa@ﬁgnm:@fu W21 M3AAABNUIZHINg
mﬁ@Lﬁa@LLa:Lmaggwﬁa%aaﬂLﬁa@ (endothelial cell)
6'1’}\1Lﬂu'«g@ﬁ;m?wummnﬁ@'ﬁluLaa@ﬂ?m:mﬁ'ﬂimaqa
ﬁaéuuﬁ’smﬁmﬁa@m adhesion molecule ﬁﬂzLLa@\‘l
aamfiamﬁmﬁa@gnmz{u wazladnsauny acti-
vated marker mﬁwﬁaﬁmmsnﬂa%ﬁLﬁmmsﬂs:@zu

I A a & ! o ! o
INaqataaalna ului’mﬂﬂﬂ INLﬂqﬂﬂﬁﬂﬂqjaﬁﬂ

P-selectin 5@Lﬂu1ﬂiauﬁ’s%'ﬂuﬂ§im selectin family"’
flJ’l\‘lﬂ%Z\‘lL%fJﬂ Platelet activation dependent granule
external membrane protein %38 GMP140 (granule
membrane protein) I@Uﬂnmmaqaﬁmﬁna:agjﬁﬁa
ya3U8aWIUNIYR (O granule) uazifianu Weibel-
Palade bodies maamagqmﬁal,ﬁ;ul,ﬁa@m” Wie
mﬁﬂL’é‘amgﬂm:{uwuiwzﬁmnﬂﬁ'wu,ﬂmmi
ugadnanzaslulana P-selectin ‘[ma:ﬂy’mmagj
umﬁaﬁumﬁmﬁa@zw é’aﬁf’mﬁmﬂﬁmﬁa@gnﬂiwb
azfiniuaasaanvadluiana P-selectin ﬁLﬁB‘I@T&J
infatdaaiiarimunfidudu (receptor) sy
imaadadanuarfiaiaInsfauas Tulwlon? e
mmamaaﬂﬁLﬁluﬁumaﬂmaqa P-selectin 391
ﬁaﬁa%’htﬂﬁmﬁaﬂgnﬂszﬁuﬂ msmmi’w‘[maqa
P-selectin au13naatalalasly Tululaanos
LOuAUDE S12 war KC4®* Eneias1iniy
Wagnulasda Tusdn GP lib/llla complex LSt
L’E‘]aﬁwm%mLﬁamLﬁaﬁ’mﬁ']ﬁ,ﬂuﬁﬁué’m%’u"LWU’%IuLaJu
(fibrinogen receptor) Lﬁaﬂs:mumum:ﬂﬁimaa
IndaLEan N13UAoRLUaILAZILEAIBaNTBIRITL
swnsulnusTuen ssnanitausaaratalalas
Tolalulnauos woudvad PAC-122
miﬁﬂmﬂa@ﬁuwuﬁﬂmimwzmjmmmﬁmﬁa@
NULNAL§aaY1? (platelet-leukocyte aggregate) fanw
5NWWRELLaZﬁG°Ey5WﬁLﬂﬂq@]Lﬁa@QjﬂﬂiZ@f%Lﬁ@]{%
Tus9nne? I@]ﬂLLama”ﬂwm:ﬂ'mm:nq'mad
mﬁ(ﬂLﬁa@ﬁ'mﬁmﬁamnﬁdgﬂﬁ 4 1@ flow cytometry
wuinﬁamﬁmﬁaﬂgnniwfﬂml{mauﬁu ANY
13U WUB9 monocyte-platelet aggrgegate LAz neu-
trophil-platelet aggregate vL@T&I’]ﬂﬂ'i’]Lﬂﬁ@lLﬁa@ﬁvl&igﬂ

Y A v o
ﬂi:@luﬁnalmLﬂumaﬂauqu



£

BCATTE

ORI AL

=).

i

=V)]

LN GPIb-lle FLUONES

HEUTROPHL PLATELET

ALGRETATES

HiRER

L

)]

CENCE —————ilin

4 LRAIANEUZTINILNG monocyte-platelet aggregate LLa neutrophil-platelet aggregate 1um§m§a@1ﬁgﬂ

ﬂs:@lﬂ@ﬂhmauﬁu Lﬂ’%'zmLﬁﬂuﬁ'umﬁmﬁa@ﬁvlugﬂm:@!uza

msuilas g inwun éﬂa ofiJu acute coro-
nary syndrome lulgsuavzdnmsindunes homo-
typic aggregation ®38 mnmznémaamﬁmﬁa@
peh LL@iwuiﬂﬂ'aﬁmﬂm:ﬂtcjmmiwmﬁmﬁa@ﬁu
WalRaaw? (heterotypic aggregation) Lﬁ&l%u@:’aillu
nyzuElRaa (;sﬂﬂ?i' 5) mnm:mﬁmmmﬁmﬁaﬂﬁu
\adananil azLﬁﬂﬁuLﬁamﬁ@LﬁamgﬂnsziuLLa:
ﬂéaymiﬁag‘iu granule 8aNaN MNTNFALE AR
imsdadiaidanunlunszusiion amnmiisuaamn
Wuiﬂmﬂmzmg“m:mﬁmﬁmﬁa@ﬁmﬁmﬁamn
Fanamdsmunsniiedulunzmssniay (inflamma-
tion) A% I@Uwui%ﬂﬁmﬁaﬂﬁgﬂﬂi:{u MY
HEQIBaNYBN P-selectin fl_luﬂ'smgmaaﬂgfm P-selectin
22IUNUAITUAD P-selectin glycoprotein ligand-1
(PSGL-1) A Uga988nUBAILTas LT ALE 8N
ma‘%’uﬁué’aﬂéna:ﬁﬂﬂgjmnﬁu%umaammamaaﬂ
289 CD11b/CD18 (Mac-1) uniiaidanu17® Gaas
sLEUMIIURWeINaadantUadoau RNt

LAZANUFATYVBINITINZNANTBINAALRBANL

Waliaau2 (platelet-leukocyte aggregates) lulsa
fifganunaandon (vascular disease) AREDSIEI
Tagsnud9ufin nslw recombinant PSGL-1 lugaand)
vascular injury G'fiaa:%'uﬁ'u P-selectin UkiNAALAaA
vL&iﬁ’leLﬁyLﬁ@ platelet-leukocyte aggregate LLaz®1UNIN
aalanansiia myocardial reperfusion injury v[@T
ﬁdﬁ?uﬁdl,ﬂuvlﬂv[@y’nlﬁ platelet-leukocyte aggregates
wiaziilu marker N3anulhdmiuaTIIMN platelet
activation mﬂﬂﬁmﬂmmaaﬂmaa P-selectin
ftasailasnindadanfiinsmasmieanunasd
nmsgayFslaiana P-selectin fifiwas F9n13iey
AINAIIFEAAN BINUNNTAN®IVEY Michelson
waza e Fawu monocyte-platelet aggregates L1
marker ﬁfjmmvl’m'amim’aﬁ]m platelet activation
&J’mmlﬂ surface P-selectin WazN3ANENVE Sarma

2 \fganu platelet-leukocyte aggregates

LLRSA TS
lul’dﬂ’m atherothrombosis La¢ acute coronary
syndromes 1o ﬂﬁ’m’liﬁm&ﬂuﬁdﬂ’a a1 acute coro-

nary syndrome Lﬂ%ilmﬁiluﬁ'mdﬂ’mﬁﬂu noncardiac



M —

LS

DSITIVE G
-

TING %% P

CIFRLLILA

i

_ |

Plasakel Sufaca Monooyta:Flataiel Meutrophi-Planis

Promslidenim

Aggregasss

st s WSsuifisuy3unmwes P-selectin UMAILNAALADA, monocyte-platelet aggregate W&z neutrophil-

platelet aggregate 35W4r18 coronary artery disease (NTWUNIEAN) ULazauNG (N3 MUNIFLN)

1at3T flow cytometry vayauaadLdn mean?SEM, 31uan 19 au’

chest pain Tasly flow cytometry 31AN170379
platelet-leukocyte aggregates Wll'a’lluaﬂ’m acute
coronary syndromes Jszauvad platelet-monocyte
R a
aggregate (R ugsd ulunizusifaaunzazanas
spnfinpsagilalulalulasuas wondvefiae
PSGL-1 §99z8U9 P-selectin WHAIbALAUIN
. c a o . X ,
myduvenaatieanulululoniiaduann P-selectin
U PSGL-1
A9 HINNANNI LA BN UANNEIA Y VDS
INAaLREANDNNTZAL ﬁa@ﬁuﬁuﬁgaﬂaﬁﬂmﬁﬁ%mi
o = A a Y oA oa & !
anviaindaiaangnnizquiiiadulusienie
“ﬁll’q’: oA oA A v g .
InlatsuazunseiionalouiTa1ie prethrombotic
state WAy thrombotic state TIUI1WITIN5LAG

WEJ']%E‘IJ’]']WTENISQV]'N%E]G@L%G@

1PNEN391984

1. Kamath S, Blann AD, Lip GYH. Platelet activa-
tion: assessment and quantification. Eur Heart
J. 2001; 22: 1561-1571.

2. Wencel-Drake JD, Dahlback B, White JG,

Ginsberg MH. Ultrastructural localization of

coagulation factor V in human platelets. Blood.
1986; 68: 244-249.
http://referencelab.clevelandclinic.org (Access
02/01/2006).

Willoughby S, Holmes A, Loscalzo J. Platelets
and cardiovascular disease. Eur J Cardiovasc
Nurs. 2002; 1: 273-288.

Hoak JC. Platelet and atherosclerosis. Semin
Thromb Hemost 1988; 14: 202-205.

Mustard JF, Packham MA. The role of blood
and platelets in atherosclerosis and the
complications of atherosclerosis. Throm
Diathesis Haemmorhage 1975; 33: 444-456.
Mustard JF, Packham PM, Rowsell HC,
Jorgensen L. The role of thrombogenic factors
in atherosclerosis. Ann NY Acad Sci 1968; 149:
848-859.

Duguid JB. Thrombosis as a factor in the
pathogenesis of coronary atherosclerosis.
J Pathol Bacteriol 1946; 58: 207-212.

Cahill MR, Newland AC. Platelet activation in



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

coronary artery disease. Br J Biomed Sci 1993;
50: 221-234.

Grau AJ, Ruf A, Vogt A, Lichy C, Buggle F,
Patscheke H, €t al. Increased fraction of
circulating activated platelets in acute and
previous cerebrovascular ischemia. Thromb
Haemost 1998; 80: 298-301.

White JG. Platelets and atherosclerosis. Eur J
Clin Invest 1994; 24: 25-29.

Falk E, Fernandez-Ortiz A. Role of thrombosis
in atherosclerosis and its complications. Am J
Cardiol 1995; 75: 3B-11B.
http://www.kup.at/journals/abbildungen/gross/
749.html (Access 02/01/2006).

Holmsen H. Significance of testing platelet
functions IN VItr0. Eur J Clin Invest 1994; 24:
3-8.

Catella F, Healy D, Lawson JA, FitzGerald G.
11-Dehydro-thromboxane B2: A quantitative
index of thromboxane A2 formation in the
human circulation. Proc Natl Acad Sci USA 1986;
8: 5861-5865.

Fitzgerald DJ, Catella F, Roy L, FitzGerald GA.
Marked platelet activation in vivo after
intravenous streptokinase in patients with acute
myocardial infarction. Circulation 1988; 77:
142-150.

Johnston Gl, Bliss G, Newman PJ, McEver RP.
Structure of the human gene encoding granule
membrane protein-140, a member of the selectin
family of adhesion receptors for leukocytes.
J Biol Chem 1990; 265: 21381-21385.

Larsen E, Celi A, Gilbert GE, Furie BC, Erban
JK, Bonfanti R €t al. PADGEM protein: a receptor
that mediates the interaction of activated platelets
with neutrophils and monocytes. Cell 1989; 59:
305-312.

McEver RP. The clinical significance of platelet

20.

21.

22.

23.

24.

25.

26.

27.

28.

membrane glycoproteins. Hematol Oncol Clin
North Am 1990; 4: 87-105.

McEver RP. Properties of GMP-140, an
inducible granule membrane protein of
platelets and endothelium. Blood Cells 1990;
16: 73-80.

Johnston GI, Kurosky A, McEver RP. Structural
and biosynthetic studies of the granule
membrane protein, GMP-140 from human
platelets and endothelial cells. J Biol Chem 1989;
264: 1816-1823.

Crovello CS, Furie BC, Furie B. Rapid
phosphorylation and selective dephosphoryla-
tion of P-selectin accompanies platelet
activation. J Biol Chem 1993; 268: 14590-14593.
Hsu-Lin SC, Berman CL, Furie BC, August D,
Furie B. A platelet membrane protein expressed
during platelet activation and secretion. Studies
using monoclonal antibody specific for
thrombin-activated platelets. J Biol Chem 1984;
259: 9121-9126.

McEver RP, Martin. MN. A monoclonal antibody
to a membrane glycoprotein bind only to
activated platelets. J Biol Chem 1984; 259:
9799-9804.

Shattil SJ, Hoxie J, Cunningham M, Brass LF.
Changes in the platelet membrane glycoprotein
lIb-Illa complex during platelet activation.” J Biol
Chem 1985; 260: 11107-11114.

Shattil SJ, Brass LF. Induction of the fibrinogen
receptor on human platelets by intracellular
mediators. J Biol Chem 1987; 262: 992-1000.
Freedman JE, Loscalzo J. Platelet-monocyte
aggregates: bridge thrombosis and inflamma-
tion. Circulation 2002; 105: 2130-2132.
Furman MI, Benoit SE, Barnard MR, Valeri CR,
Borbone ML, Becker RC €t al. Increased

platelet reactivity and circulating monocyte-



29.

30.

platelet aggregates in patients with stable
coronary artery disease. JACC 1998; 3:
352-358.

Arber N, Berliner S, Pras E, Arber L, Fishelson
Z, Kahn'Y €t al. Heterotypic leukocyte aggrega-
tion in the peripheral blood of patients with
leukemia, inflammation and stress. Nouv Rev
Fr Hematol 1991; 33:251-255.

Neumann FJ, ZohInhofer D, Fakhoury L, Otto I,
Gawaz M, Schomig A. Effect of glycoprotein IIb/
Illa receptor blockade on platelet —leukocyte
interaction and surface expression of the

leukocyte integrin Mac-1 in acute myocardial

31.

32.

infarction. J Am Coll Cardiol. 1999; 34:
1420-1426.

Michelson AD, Barnard MR, Krueger LA, Valeri
CR, Furman MI. Circulating monocyte-platelet
aggregates are a more sensitive marker of in
vivo platelet activation than platelet surface
P-selectin: studies in baboons, human coronary
intervention and human acute myocardial
infarction. Circulation 2001; 104: 1533-1537.
Sarma J, Laan KA, Alam S, Jha A, Fox KA,
Dransfield I. Increased platelet binding to
circulating monocytes in acute coronary

syndromes. Circulation. 2002; 105: 2166-2171.



