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MicroMicro--ParticlesParticles andand FibrinolysisFibrinolysis

 Are two major biological systemsAre two major biological systems objectivatingobjectivating
and regulating the state of bodyand regulating the state of body’’s functions.s functions.

 MicroparticlesMicroparticles, consequence and cause of, consequence and cause of
disease, contribute to itsdisease, contribute to its «« evolutionevolution »»..

 FibrinolysisFibrinolysis is ais a «« multimulti--functionfunction »» system, ofsystem, of
difficult laboratory evaluation, involved in :difficult laboratory evaluation, involved in :
brain/knowledge; fertility; malignancy;brain/knowledge; fertility; malignancy;
thrombosis/reperfusion.thrombosis/reperfusion.

Edinburgh March, 2009Edinburgh March, 2009

Form AH100 
03-2009

Toshiba
Footer



FibrinolysisFibrinolysis FunctionsFunctions

FIBRINOLYSISFIBRINOLYSIS

NeurologyNeurology ((brainbrain))

MalignancyMalignancy
((metastasismetastasis))

ThrombosisThrombosis

FertilityFertility

CellCell RemodellingRemodelling
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FibrinolysisFibrinolysis

 Fibrinolysis is a key system in life, probably
still under evaluated.

 Important (but occult?) function in regulating
many biological functions.

 Diagnostic and prognostic value for the major
parameters (tPA, PAI-1, uPA, uPAR…).

 Diagnostic potential of other factors (TAFI,
PAI-2, MMPs, TIMPs,….).
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Blood Clot: TheBlood Clot: The FibrinolysisFibrinolysis TargetTarget

Form AH100 
03-2009

Toshiba
Footer



FIBRINOLYSIS IN BODYFIBRINOLYSIS IN BODY

 IntraIntra--vascularvascular:: MainlyMainly triggeredtriggered byby tPAtPA

Plasmin  Clot dissolution

Body defence against thrombosis, Recanalisation, Thrombolytic
therapy.

 ExtraExtra--vascularvascular:: MainlyMainly triggeredtriggered byby uPAuPA

Plasmin  MMPs

Matrix degradation and Tissue Remodelling or Neovascularisation
(Cancer/Metastasis, Fertility, Cognitive functions of brain).
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FIBRINOLYSIS REGULATIONFIBRINOLYSIS REGULATION

 HighlyHighly regulatedregulated biologicalbiological systemsystem

Early Progenitors
release tPA

Cells in later stages
secrete uPA

 EquilibriumEquilibrium betweenbetween ActivatorsActivators andand InhibitorsInhibitors

Intravascular
tPA-uPA/PAI-1
Plasminogen/2AP/TAFI/HRGP/
MMP2-MMP-9/TIMP1-2

Extravascular
uPA-uPAR/PAI-1
MMPs/TIMPs
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FIBRINOLYSIS ACTIONSFIBRINOLYSIS ACTIONS

tPA

IntraIntra--vascularvascular

ExtraExtra--vascularvascular

2AP/Plg
HRGP

Pm-2AP

uPATAFI PAI-1

PAI-1

uPA

Plg

Pm

MMPs PAI-1

tPA

Clot

TIMPs

uPA-R
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SchemaSchema ofof FibrinolysisFibrinolysis
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tPA concentration in the microtPA concentration in the micro--environmentenvironment
and inand in bloodblood circulationcirculation

tPA


2AP, 2M, C1-INH

PLT

PAI-1
(liver)

PAI-1
(IN)

tPA

PAI-1

2AP
2M

C1-INH

tPA-PAI-1

Trace
Amounts
Free tPA

ClotClot
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PAIPAI--1 in1 in bloodblood vesselsvessels

uPA tPA
PAI-1 PAI-1

tPA-PAI-1
uPA-PAI-1

Latent PAI-1
PAI-1 (VTN)

(liver)
PAI-1 (IN)

PLT
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MAJOR DIAGNOSTIC FIBRINOLYSISMAJOR DIAGNOSTIC FIBRINOLYSIS
ANALYTESANALYTES

INTRAVASCULAR (PLASMA)

 tPA
 PAI-1
 uPA
 MMP-2
 MMP-9
 TIMP-1

EXTRAVASCULAR (Tissues)

 uPA
 uPA-R
 PAI-1
 MMPs/TIMPs
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FIBRINOLYSIS IN BRAINFIBRINOLYSIS IN BRAIN

 tPAtPA involvedinvolved inin knowledgeknowledge andand protectsprotects
fromfrom AlzheimerAlzheimer diseasedisease ((tPAtPA knockknock outout micemice
model).model).

WhenWhen excessive inexcessive in brainbrain,, cancan contributecontribute toto
matrixmatrix degradationdegradation andand anevrysmanevrysm..

 ReactiveReactive fibrinolysisfibrinolysis toto cerebralcerebral thrombosisthrombosis
contributescontributes toto brainbrain damage in strokedamage in stroke..
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Yin and YanYin and Yan effecteffect of tPA inof tPA in brainbrain

tPA

Matrix degradation (negative)

Reperfusion (positive)

tPA
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ClinicalClinical applications ofapplications of FibrinolysisFibrinolysis

 MetabolicMetabolic Syndrome (XSyndrome (X--Syndrome)Syndrome)

 DiabetesDiabetes, Type II (not, Type II (not affectedaffected by Type I)by Type I)

 CardiovascularCardiovascular diseasesdiseases ((predictivepredictive value ofvalue of tPAtPA,,
PAIPAI--1?,1?, ……))

 MalignancyMalignancy ((BreastBreast Cancer,Cancer, ……),), etcetc ……
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ISSUES IN EVALUATING FIBRINOLYSISISSUES IN EVALUATING FIBRINOLYSIS

 ItIt isis a sitea site targetedtargeted activityactivity,, promptlypromptly
inhibitedinhibited out ofout of thisthis location.location.

 PromotedPromoted andand inhibitedinhibited byby locallylocally
secretedsecreted factorsfactors,, presentpresent atat highhigh
concentrationsconcentrations «« onlyonly atat thesethese sitessites »»..

 VeryVery lowlow residualresidual activeactive factorsfactors inin bloodblood
circulation, andcirculation, and atat lowlow concentrations.concentrations.
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Microparticles as diagnostic markersMicroparticles as diagnostic markers

EndotheliumEndothelium

PlateletsPlatelets

R B CR B C

W B CW B C

HypercoagulabilityHypercoagulability

InflammationInflammation

InfectionInfection

MalignancyMalignancy

BLOOD
BLOOD CELLS

CELLS
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MicroparticlesMicroparticles

 LongLong shelfshelf lifelife (( 66 daysdays))

 BindBind to Annexin Vto Annexin V

 ReleasedReleased fromfrom manymany bloodblood cellscells

 BearBear CDs, TF, TM, GPCDs, TF, TM, GP IIIIbb--IIIIIIaa,, ……
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CellularCellular originorigin of microparticlesof microparticles

 PlateletsPlatelets (activation of coagulation)(activation of coagulation)

 EndothelialEndothelial cellscells (auto(auto--immuneimmune
diseases,TTP, activation of coagulation)diseases,TTP, activation of coagulation)

 MonocytesMonocytes (inflammation, infection,(inflammation, infection, ……))

 LeucocytesLeucocytes (inflammation,(inflammation, ……))

 LymphocytesLymphocytes ((diabetesdiabetes mellitusmellitus,,……))

 TumoralTumoral cellscells
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GENERATION OF MICROPARTICLESGENERATION OF MICROPARTICLES

Edinburgh March, 2009Edinburgh March, 2009

Form AH100 
03-2009

Toshiba
Footer



PlateletPlatelet activationactivation

Resting Activated
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PlateletPlatelet activationactivation

Resting Platelet Activation Adhesion and spreading
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Haemostasis and cell membrane remodeling

Microparticles = in vivo cell activation
markers

Pro-inflammatory,
Pro-apoptotic,

cytopl.

ext.

Procoagulant
...

Stimulus

E S

Vesiculation

[Ca 2+]
i

Ca2+Ca 2+

C

Thrombin

IIase

MP

Cytoskeleton proteolysis
« flippase » activity
« floppase » activity
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Characteristics of MPsCharacteristics of MPs

 The general consensus is that MPs are small:The general consensus is that MPs are small:
0.1 to 10.1 to 1µµm.m.

 MicroparticleMicroparticle membranes consist mainly ofmembranes consist mainly of
lipids and proteins.lipids and proteins.

 Expose the anionic phospholipids: PS.Expose the anionic phospholipids: PS.

 Express membrane antigens that reflect theirExpress membrane antigens that reflect their
cellular origin and the cellular processescellular origin and the cellular processes
triggering their formation.triggering their formation.
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PATHOLOGICALPATHOLOGICAL MICROPARTICLESMICROPARTICLES

Martinez et al.,Am. J. Physiol (2005)

Microparticles

platelets

Paroxystic Haemoglobinemia
CancerMyocardial

infarction

Diabetes

Hypertension

type I Diabetes Anticoagulant

Preeclampsia

type II
Diabetes

sepsisHIVLupus
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Cause and consequence of disease statesCause and consequence of disease states

ProcoagulantProcoagulant
ProPro--inflammatoryinflammatory

DISEASEDISEASE

MicroparticlesMicroparticles
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Clinical usefulness of MPs studyClinical usefulness of MPs study

 Modulate theModulate the HemostaticHemostatic balance and can cause its disruption.balance and can cause its disruption.

 Procoagulant MPs in ImmuneProcoagulant MPs in Immune--mediated Thrombosis.mediated Thrombosis.

 Procoagulant MPs in Atherothrombosis.Procoagulant MPs in Atherothrombosis.

 Angiogenesis and MPs.Angiogenesis and MPs.

 Circulating MPs : Effectors in the Tuning of Thrombotic PropensiCirculating MPs : Effectors in the Tuning of Thrombotic Propensityty
Associated with Cardiovascular Risk.Associated with Cardiovascular Risk.

 Pharmacological Modulation of Circulating MPs.Pharmacological Modulation of Circulating MPs.
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ClinicalClinical applications ofapplications of MPsMPs

 PrognosisPrognosis ofof myocardialmyocardial infarctioninfarction..

 FollowFollow--up and therapy monitoring ofup and therapy monitoring of
patientspatients withwith myocardialmyocardial infarctioninfarction..

 PrognosisPrognosis ofof reccurrencereccurrence riskrisk..

 DiabetesDiabetes,, MalignancyMalignancy,, PregnancyPregnancy..
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PathologicalPathological variations of microparticlesvariations of microparticles

 Elevated in M.I.Elevated in M.I. (x2 to x10)(x2 to x10)
 Elevated in cancerElevated in cancer (predictor of metastasis?)(predictor of metastasis?)
 When Elevated, can predict vascularWhen Elevated, can predict vascular

complications in diabetescomplications in diabetes

 Elevated inElevated in haemophiliahaemophilia (x10)(x10)
 DuringDuring NovosevenNovoseven ((VIIaVIIa) therapy) therapy

 Correlates with severity of hypertensionCorrelates with severity of hypertension

NoteNote:: responds to therapy efficacyresponds to therapy efficacy
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Leroyer AS, et al. J Am Coll Cardiol 2007;49:772

MPsMPs cancan bebe
measuredmeasured inin
atheroscleroticatherosclerotic
plaquesplaques……

…… and in Blood!and in Blood!
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Evaluation of MicroparticlesEvaluation of Microparticles

 FlowFlow CytometryCytometry::
 OnlyOnly «« large microparticles (> 0.4large microparticles (> 0.4 µµ) are) are

measuredmeasured (size, content).(size, content).
 CharacterisedCharacterised byby antibodyantibody/label/label usedused..

 ActivityActivity//ImmunoImmuno--AssayAssay::
 AllAll MPsMPs areare measuredmeasured ((includingincluding < 0.4 or 0.1< 0.4 or 0.1 µµ))
 MeasurementMeasurement ofof associatedassociated procoagulantprocoagulant

activityactivity (PS(PS equivalentequivalent).).
 Identification ofIdentification of cellcell originorigin withwith MoAbs.MoAbs.
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Microparticle measurementMicroparticle measurement

Different methodologies are available forDifferent methodologies are available for
MPs determination:MPs determination:

 Flow cytometry relies on the antigenicFlow cytometry relies on the antigenic
composition of MPs and allows them to becomposition of MPs and allows them to be
enumerated according to their cellularenumerated according to their cellular
origin.origin.

 ELISA capture with Annexin V or antibodyELISA capture with Annexin V or antibody
and determination of procoagulant activityand determination of procoagulant activity
of MPs.of MPs.
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MicroparticlesMicroparticles inin FibrinolysisFibrinolysis

 ElevatedElevated PAIPAI--11 inducesinduces an important release ofan important release of
endothelialendothelial MPsMPs withwith procoagulantprocoagulant activityactivity..

 CancerCancer cellscells releaserelease microparticlesmicroparticles exposingexposing TF,TF,
oror uPARuPAR--uPAuPA..

 ChemotherapyChemotherapy generatesgenerates microparticlesmicroparticles fromfrom
tumoraltumoral cellscells,, possiblypossibly inducinginducing fibrinolysisfibrinolysis
((ovarianovarian,, prostaticprostatic malignanciesmalignancies,, accuteaccute
promyelocyticpromyelocytic leukemialeukemia,,……) and/or) and/or thrombosisthrombosis..
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Taraboletti et al. Am J Pathol 2002

Endothelial MPs
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FibrinolyticFibrinolytic Markers andMarkers and MicroparticlesMicroparticles
in Cancerin Cancer

 CancerCancer cellscells promotepromote fibrinolysisfibrinolysis forfor
migratingmigrating,, producingproducing metastasismetastasis ((uPARuPAR--uPAuPA
andand MMPsMMPs mediatedmediated).).

 FibrinFibrin protectsprotects fromfrom tumortumor growthgrowth, but, but alsoalso
protectsprotects malignantmalignant cellscells fromfrom hosthost defencedefence..

 FibrinFibrin attractsattracts EC andEC and favorsfavors angiogenesisangiogenesis..
 CancerCancer cellscells generategenerate TF andTF and MPsMPs exposingexposing

TF,TF, inducinginducing «« hypercoagulabilityhypercoagulability »»..
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EmergingEmerging markers ofmarkers of tumortumor
invasioninvasion

TheyThey bringbring complementarycomplementary information oninformation on diseasedisease activityactivity
toto usualusual cancer markers:cancer markers:

 MeasuredMeasured in tissuein tissue extractsextracts::
uPAuPA
PAIPAI--11
uPAuPA--PAIPAI--1 complexes1 complexes

TFTF

Breast Cancer, many tumors

 MeasuredMeasured in plasma:in plasma:
MMPMMP--22
MMPMMP--99
TIMPTIMP--11
MMPMMP--99--TIMP complexesTIMP complexes

Many Tumors (lung, panceatic, gastric,….)

Tumors invasiveness
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ConclusionsConclusions
 FibrinolysisFibrinolysis and Microand Micro--ParticlesParticles areare emergingemerging oror

««rediscoveredrediscovered»» bodybody’’ss functionsfunctions withwith multiplemultiple
impacts and implications inimpacts and implications in diseasesdiseases..

 TheirTheir laboratorylaboratory explorationexploration cancan contributecontribute toto
management ofmanagement of pathologypathology andand therapytherapy
monitoring.monitoring.

 UnderstandingUnderstanding theirtheir mechanismsmechanisms of actionof action isis
usefuluseful for newfor new drugdrug developmentsdevelopments..

 HighHigh potentialpotential, in, in clinicalclinical practice,practice, providedprovided thatthat
prepre--analyticalanalytical variables arevariables are wellwell controlledcontrolled..
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