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Oversikt

Tva forelasningar:

1. Primar hemostas:
* Trombocytfunktion

2. Sekundar hemostas:
* Koagulation
* Fibrinolys
e antikoagulation
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Hemostas — primar och sekundar

Kroppens formaga att kunna stoppa bloédning och samtidigt
undvika blodproppar

— samspel mellan endotel, trombocyter och koagulationskaskaden

1. Primar hemostas — trombocytfunktion — bildning av primar
tromb

2. Sekundar hemostas — koagulation och fibrinolys — bildning av
organiserad tromb och dess nedbrytning
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Primar hemostas - trombocytfunktion

trombocyter

Kalla: Michelson, Platelets 2nd edition

Aktiverade
trombocyter

Trombocyter (blodplattar)

* Sma diskformade celler

* Saknar cellkarna

* Formforandring vid aktivering
* Kortlivade
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Primar hemostas - trombocytfunktion

trombocyter

Kalla: Michelson, Platelets 2nd edition

Aktiverade
trombocyter

B-Trombocyter (TPK)
Kvinnor: 165-387 x 10°/L
Man: 145-348 10°/L
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Traditionella trombocytroller

* Primar hemostas (trombbildning)

Trombocyter binder till skadat omrade och aggregeras — stoppar blédning

* Trombos (patologisk koagulering)

Clot

forming a

Blood Vessel
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Nedsatt primar hemostas

*  Trombocytopeni
* Trombocytfunktionsrubbningar

* Von Willebrands sjukdom
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Trombocytlivslangden ar kort och regleras av apoptos

Trombocytlivslangden ar kort
7-10 dagar

Trombocytkoncentrat ~5 dagar
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Trombocyter bildas fran megakaryocyter

Megakaryocyt

Megakaryocyter

e Stora celler

* Polyploid cellkarna

* Finns framst i benmarg, mjalte och
lunga

Haematoxylin & Eosin

Debrincat, Josefsson, James et al. 2012 Blood
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Trombocytbildning fran megakaryocyter

——— Differentiation {l Maturation ——
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Trombocytbildning fran megakaryocyter
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Megakaryocyt som bildar protrombocyter in vitro

Time-lapse video microscopy

Josefsson et al. 2011 J Exp Med
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Trombocytbildning in vivo - trombopoes

FITC-dextran
EYFP

BM sinusoidal vessels

Megakaryocytes

Junt et al., 2007 Science Zhang et al., 2012 J Exp Med
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Endotelceller motverkar trombocytaktivering

* Trombocyter cirkulerar i en
oaktiverad (vilande) form

* Endotelceller motverkar
trombocytaktivering via PG,
och NO.

e Skada i endotel

* Trombocyter binder till skadat
omrade, aktiveras, frisatter
granula och rekryterar fler
trombocyter

Activated platelet  Resting platelet

] -
- -
-
L 4

p NO ©
PGl, NO bl
PGl, e
- detect injury site
e e P activate and form a

platelets circulate o - thrombus

in resting state

[llustration: Stephanie Hyslop
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Primar hemostas — vasokonstriktion

Vasokonstriktion — blodkarlet drar ihop sig vid skada for att minska blodflodet

Endothelium  Basement membrane Arteriole smooth muscle

Endothelin release Reflex ECM (collagen)
causes vasoconstriction vasoconstriction

Kalla: Robbins, Basic Pathology, 2018
Robbins & Cotran, Pathological basis of disease 2021
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Primar hemostas - trombocytaktivering och aggregering

Bindning till vWF/kollagen
Formforandring
Granula-frisattning
Rekrytering

Aggregering — primar tromb

\ (3 Granule release

(ADP, TXA,) )
o Aggregation

' (hemostatic

Lk wh e

Endothelium Basement
membrane

Collagen

Kalla: Robbins, Basic Pathology, 2018
Robbins & Cotran, Pathological basis of disease 2021
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Primar hemostas - trombocytaktivering och aggregering

subendothelial matrix

endothelial cells

1. Bindning till VWF/kollagen
cilbf3 2. Formforandring
(5 X9, 3. Granula-frisattning
ailbfs &5 "= 4. Rekrytering
(3) 5. Aggregering — primar tromb
ROLLING f -
- \@ ADHESION | filopodia
Trombocytreceptorer:

*  GPVI= glykoprotein 6; ligand kollagen
*  GPIba= glykoprotein 1ba; ligand VWF
* allbB3 integrin = GPllb-llla; ligand fibrinogen

lllustration: Josefsson EC vWF= Von Willebrand Faktor, Fg=Fibrinogen
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Primar hemostas - trombocytaktivering och aggregering

Granula-frisattning

ADP

% @ o
| 2° oo
® X
® Granule
1 — ) secretion
= —_
Thrombin Y )) . g
P a P2Y1/P2Y:, /(’?’ &° R Fibrinogen (/‘

|

N, \4 A

{r — - > 4 ‘k
‘&;‘ PART/PAR4 ——,  Platelet - __— ﬁleS

\ @ TXA; receptor M (‘%‘wygf’ \\zgziz}‘ ﬁ \')/,s Agg rege ri n g

Kalla: Biorender
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Primar hemostas — GPlb binder vWF

Deficiency:
Bernard-Soulier
syndrome

Deficiency:
Glanzmann Gplh
Platelet

thrombasthenla

GPIb
Del av GPIb-IX-V komplex

Kallas aven vWF receptor
Binder vVWF

Gpllb -llla
complex

|br|nogen

Endothelium

ADP induces
conformational

(Brist av GPIb leder till Bernard-Soulier syndrom)

von Willebrand
factor l

Deficiency: ,
von Willebrand
disease

Subendothelium

Kalla: Robbins, Basic Pathology, 2018
Robbins & Cotran, Pathological basis of disease 2021
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Primar hemostas — trombocyter binder till varandra via fibrinogen

Deficiency:
Bernard-Soulier
syndrome

Deficiency: i

Gplb
Glanzmann
thrombasthenia Platelet
Gplib-lila Fibrinogen

complex \§

Endothelium @ %9 a
ADP induces

conformational

von Willebrand
factor l

Deficiency: ,
von Willebrand
disease

Subendothelium

Kalla: Robbins, Basic Pathology, 2018
Robbins & Cotran, Pathological basis of disease 2021

Integrinreceptor GPIlb-llla (allb33)
* Konformationsforandring
* Aktiv integrin binder fibrinogen

* Mojliggbr aggregering

* (Brist av integrinreceptor leder till
Glanzmanns thrombasthenia)
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Trombocytfunktion pa klinisk kemi — born aggregometri

Lighttransmission aggregometry (LTA)

Y./

Platelet rich plasma (PRP)

* Inactive integrin ;{é Fibrinogen
\ \‘(m’ f e — A
n-‘? < | Stirring i b e Active integrin
! o
Agonist ‘l

Exempel pa agonister:

Kollagen

ADP

TRAP — (thrombin receptor activating peptide)
Ristocetin

Adapted from Jackson SP, 2007 Blood
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Trombocyter kan frisatta minst 300 olika proteiner vid aktivering

Vilande trombocyt innehaller granula

Mitochondrion

a-granula

Lysosome

Cytoskeleton .
Elektrontata

granula (dense)

Plasma membrane

Created with BioRender.com
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Trombocyter kan frisatta minst 300 olika proteiner vid aktivering

Vilande trombocyt innehaller granula adhesion proteins (e.g. P-Selectin)

growth factors and cytokines
(e.g. PDGF, TGFp)
Mitochondrion =N \
g . a-granula

Activated platelets
granule contents —>» fibrinolytic proteins

are released (e.g. plasminogen)
angiogenic factors
(e.g. VEGF) —

Lysosome

Cytoskeleton .
Elektrontata

granula (dense)

Plasma membrane

pro- and anti-coagulants (e.g. Factor V)

Immune mediators (e.g. CD40L) and
microbicidal proteins

Created with BioRender.com
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Trombocyter kan frisatta minst 300 olika proteiner vid aktivering

Vilande trombocyt innehaller granula adhesion proteins (e.g. P-Selectin)

growth factors and cytokines
(e.g. PDGF, TGFp)
Mitochondrion . \
a-granula

Activated platelets
granule contents fibrinolytic proteins

are released (e.g. plasminogen)
angiogenic factors
(e.g. VEGF) —

Sekundar hemostas

Lysosome

Cytoskeleton .
Elektrontata

granula (dense)

Plasma membrane

pro- and anti-coagulants (e.g. Factor V)

Immune mediators (e.g. CD40L) and
microbicidal proteins

Created with BioRender.com
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Trombocyter har aven roller utanfor hemostasen

e Sarlakning
« Aterbildande av lever
* Immunforsvar (anti-microber)

e (Cancertillvaxt och metastas
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Sammanfattning

 Hemostasen delas in i primar och sekundar hemostas

* Hemostasen ar kroppens férmaga att kunna stoppa blédning och samtidigt undvika
blodproppar —samspel mellan endotel, trombocyter och koagulationskaskaden

* Megakaryocyter i benmargen bildar trombocyter

* Trombocyter har en nara interaktion med endotelceller vilka frisatter NO och
prostaglandiner vilket haller trombocyterna vilande

* Vid karlskada (endotelskada) sker 1 vasokonstriktion och 2 trombocytaktivering och
aggregering
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Sammanfattning

* Primar hemostas — trombocytaktivering och aggregering

Bindning till vWF/kollagen
Formforandring
Granula-frisattning
Rekrytering

Aggregering — primar tromb

uhwWwNE

* Bindning av fibrinogen till integrinreceptorn mojliggor aggregation
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