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Buktop MeTposuy Banyaa (1924 — 2002)



3uHoBuun ConomoHoBMY bapkaraH
(1925— 2006)



Ncngop Abpamosund OnsuH (1909 — 1972)



Endothelin release
by activated endothelium

Reflex
vasoconstriction

Site of vascular injury
(denuded endothelium)

Vascular smooth muscle

Basement membrane

Endothelial cells

1. Subendothelial matrix

2. Platelet adhesion &, PooUTe

and activation

6. Platelet aggregation
(hemostatic plug)

5. Platelet recruitment

4. Platelet shape change

3. Platelet granule release
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1. Tissue factor expression
on activated

4. Fibrin polymerization

3. Thrombin activation Koa ryn ﬂ Ll I/I O H H aﬂ

2. Phospholipid complex expression m a3a

1. Release of t-PA (bM6DMHOnM3

(fibrinolysis)

2. Thrombomodulin
(blocks coagulation cascade)

3. Release of prostacyclin (inhibits
platelet aggregation and vasoconstriction)

4. Surface heparin-like molecules
(blocks coagulation cascade)
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Vascular phase ¢ Vessel injury with tissue thromboplastin activation of coagulation cascade

Platelet adhesion to VWF <DefeCtiV9 in VWD, Bernard-Soulier disease)

Platelet release of aggregating agents (ADP)

Platelet phase
Platelet synthesis of TXA, <Gnhibited by aspirin)

v Temporary platelet thrombus <Defective in Glanzmann's disease)

Coagulation phase ¢ Formation of stable platelet thrombus < Defective in factor deficiencies)

\

Dissolution of platelet thrombus

Fibrinolytic phase
Reestablishment of blood flow
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l . . . platelet-endothelial cell adhesion molecula.e (PECAM-1;'%
1 «bare» nuclei

1. megakaryoblasts (group I megakaryocytes)

2. promegakaryocytes (group Il megakaryocytes)

3. granular megakaryocytes (group III megakaryocytes)
which produce platelets

4. ‘bare’ nuclei.
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normal distribution of all three haemopoietic lineages
megakaryocyte adjacent to a sinusoid
Resin - embedded, H & E x 20
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Table 15.1 Genetic mutations in myeloproliferative

diseases and other myeloid neoplasms.

Disease Gene mutations
Chronic myeloid ABL1

leukaemia

Polycythaemia vera JAK2

Primary myelofibrosis JAK2, CALR, MPL

Essential JAK2, CALR, MPL
thrombocythaemia
Mastocytosis KIT

Myeloid neoplasm with ~ PDGFRA, PDGFRB, FGFR1
eosinophilia

Polycythemia Essential Primary
vera thrombocythemia myelofibrosis

JAK2 V617F JAK2 Exoni2 MPL CALR JAK2/MPL/CALR
mutation " mutations mutations mutations unmutated




Thrombopoietin-Receptor Agonists for Primary Immune Thrombocytopenia
NEJM. 2011

* Eltrombopag

A i
— Oral thrombopoietin (TPO) g ;::*- Qﬂ
receptor agonist r\‘ (1
— /‘\ ™
— Interacts with transmembrane e e ‘/*,
domain of human TPO receptor ( ) U T }}
— Induces megakaryocyte s it e "
proliferation and differentiation -
from bone marrow progenitor ——
cells

* Romiplostim ‘

— An Fc-peptide fusion protein Bl AN
(peptibody)

— Increases platelet production

through binding and activation of e

the thrombopoietin (TPO) .
. . . Ircreaied plasiet protuctas
receptor — similar mechanism to

endogenous TPO




Platelets

-yalomere
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Granulomere

Platelets
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Platelet functions
a.

Stabilize the vascular endothelial-cadherin complex at intercellular adherens junctions,

particularly in postcapillary venules

(1) The process is accomplished by platelet release of cytokines and growth factors stored
within the platelet granules.

(2) Stabilizing these junctions prevents the leakage of RBCs into the interstitium.

(3) If the platelet count falls below critical levels, these junctions disassemble, causing
extravasation of RBCs into the interstitium.

o 'This induces formation of petechiae, a hallmark of thrombocytopenia.
Important in the formation of the hemostatic plug (fibrin thrombus) in small vessel
injury
PDGF stimulates smooth muscle hyperplasia.

« Important in the pathogenesis of atherosclerosis (refer to Chapter 10)



ATOHHUCT Penentopsl

TpomOuH AKTUBUPYEMBIC TIPOTEA3aMHU PELEI-
Topel PAR1, PAR4; I'TI Ib-V-IX

Komnaren I'TI VI, I'TI Ia-1la

AJ1D P2Y12, P2Y2

TpomOokcan A2 TP peuentop

AnpeHaanH 0.2-agpEHOPELETTOP

(daxTop BunneOpana ['TI Ib-V-IX

A Takxe: 5-HT2A, CD 39, CD 110, FcyRIIA ,C - type lectin
receptor (CLEC — 2) u np.




Haemostasis and Maintenance/
thrombosis 2 > regulation of
vascular flow

Adhesion

Spreading Uptake of 5-HT by
Secretion non-activated cells
Aggregation Release of 5-HT,
Procoagulant activity thromboxane,
Clot retraction prostaglandins

Tissue repair

A

Tissue repair/ < >  Tumour biology

development

Tumour growth

Liver Tumour killing
Stem cell recruitment Tumour metastasis

Lymphatic development

Platelet
functions

l

Inflammation | Host defence
Atherosclerosis Phagocytosis/internalization
Allergic asthma of viruses and bacteria
Renal disease Killing of bacteria and malarial
Chemotaxis parasites in red blood cells
Platelet-leucocyte Release of microbicidal proteins

interactions Superoxide production



YyacTtne TpomMooLUTOB B reMocTase
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INJURY

vWEF binds to exposed
collagen upon
endothelial damage

=

2)

ADHESION ACTIVATION AGGREGATION

Platelets bind vWF via Gplb ADP binding to receptor ™% Fibrinogen binds Gplib/llla receptors and links platelets

receptor at the site of injury induces Gpllb/Illa Balance between

only (specific) Sl)jff;ecseSIOH ahiplatetet Pro-aggregation factors:  Anti-aggregation factors:
. TXA, (released PG, and NO (released

Platelets release ADP and by platelets) by endothelial cells)

Ca®* (necessary for U bloodflow T blood flow

coagulation cascade) T platelet aggregation | platelet aggregation

¥

ADP helps platelets adhere Temporary plug stops bleeding

to endothelium



gpllb/lllg
(CD41/61)

Alpha granule
(VWF, FG, PF4,
PTG, TSP, PDGF)

PF3 (dbochonunnabl
Circulating ~ mMemOpaHbl) - cBsA3bIBaeT
platelet KapBOKCUIIMPOBAHHbIE

Dense granule doakTopbl CBEPTLIBAHUA

(ADP, Ca2+,
CD42)
ATP pyrophosphate, (
serotonin) PF4 (CXCL4) -
heparin-neutralizing
ACTIVATION factor
3. SECRETION

(Dense and alpha granules)

HAoTennarnbHas

Exposed
subendothelium akT0-ADPa3sa (CD39)



Fibrin (stable platelet plug)

—

Aggregation Aggregation
Thrombin Fibrinogen (TXA»)

o)

Fibrinogen (unstable plug)

Gpllb/llla fibrinogen receptor
(ADP makes it functional)

& Gplb receptor
Von Willebrand factor
A\

Platelet adhesion

Disrupted endothelial surface



Endothelium

Collagen

Platelet o ven

von Willebrand
factor

Collagen (subendothelium)

Endothelium

Collagen

Resting platelet
/

‘ Tissue f:

Activated endothelium Collagen

von Willebrand
factor




Activated platelets
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GPVI/ G-protein-coupled
v-chain receptor

11 Integrin
u GF’Ib-I}(-V’ (resting)



Activated spread Activated contracted
platelet platelet

Puc. 27. Ctagun KOHTAaKTHOM aKkTUBaLMN TPOMOOLIMTOB: A - HEaKTMBHbIM TPOMOOUUT (ANCKOLWT, NacTuHKa); b - TpombounTbl
B oBpaTtnmMon CTagum KOHTaKTHOM akTuBauun (LuapoBmaHble oopMbl ¢ ncesgonogusmin); B - Tpombount B HeobpaTtumon ctagum
agresuu (pacnnactaHHas oopma 0es3 BHYTPEHHEro CoOAePXXNMMOro - «TEHb TPOMOOLMTaY)




OyHKumm VWE:

1. nomoraet Tpombouuntam: agresma (aomeH A vWF + GPIb-V-1X), B MeHbLLEN

cteneHu, arperauusa (gomeH C vVWF + GPIIb/llIa)
2. nomoraet daktopy VI

ocnabneHue
B3ammogeunctems VWF + X X3

goaktop VIl nmeetr mecto MV
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Collagen
FVIII  Gplb Collagen Gpllb/Illa

N
bl | :
>

5

P

; - |
)

Dimer Multimer in Multimer in
globular form filamentous form
after shear stress

¥

i

PIateIet

=
i

y
a




g )’ ?

PLATELET
MEMBRANE

GPlib GPllla

aggregation,
von Willebrand's

& fibrinogen
/\ binding site

adhesion site
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collagen binding site

| SUBENDOTHELIUM
| (COLLAGEN
MICROFIBRILS)
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transglutaminase

CEPUNHOBbLIE MNMPOTEAa3bl
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TD-23BMCM 37 MHMUMIUMA Ornoxenmne dubpiHa

KOar ynaumm Amnnmdpmrauma
KOAr yNnAUMOHHOI O K3cKa 43

Pucynok 1. CoBpemeHHas cxema cBepTbIBaHWA KpoBU (us Mackman N, Tilley RE, Key NS:
Role of extrinsic pathway of blood coagulation in hemostasis and thrombosis. Arterioscleros
Thromb Vasc Biol 27:1688, 2007).



Resting
endothelial Activated

cells endothelial
cells

'Prothrombin (1))
Va
Xa Ca2+
PL Restlng
. _ platelets

| Thrombin (lla) (,
s
Fibrinogen Activated
axn platelets
Xl Xllla

Fibrin polymer Crosslinked
fibrin polymer




EXTRINSIC PATHWAY INTRINSIC PATHWAY

TF
VIS~ > TF:Vila X1 X1l Pre-Kallikrein
C32+
Kallikrein
FibI:rI‘_ATELETS 5.8
‘gﬂbnmgen
PF1.2 )
.9
A
EXTRINSIC PATHWAY INTRINSIC PATHWAY
TF
VIS TF: Vila Pre—KaIIIKrein
ca2t ) -
#‘\ Kallikrein
PLATELETS t‘\x"
a
Fibrin & Fibrinogen
PF 1.2
B
EXTRINSIC PATHWAY INTRINSIC PATHWAY
TF ‘
V“&_y TF: Vila Plre-kalllkreln
Ca2+ :
k\ Kallikrein
PLATELETS
Fibrin X_!!a Protein C
Fibrlnogen Thrombomodulin
¥ —~ati—1Y . T e :
HC-111 . Protein S
PF 1.2



Tabnuua 1 (no HOonroey B.B. u Ceupuny M.B., 2005)
MnasmeHHble (haKTopbl CBEPTLIBAHUA KPOBMU

Cum | HasBaHue Bpems KoHueHTpauus | 'emoctatn- | 3aBucu-

-BON nony- B nnasme 4YEeCKUN MOCTb OT

(hak- XN3HN, MWUHUMYM BUTaMUHA

Topa Y K

1 2 3 4 5 6

I DnbpunHOreH 64-96 2-4 r/n 0,5-1,0 r/n -

1 [MpoTpoMBKH 48 —’ 100-150 Mr/n | 40% +

Vv [MpoakuenepuH 12 7-10 mr/n 10-15% -

VII [TpOKOHBEPTUH —’ 4-6 0,4 mr/n 5-10% +

VIl AHTUreMOMUNBLHLIA rNO6yNMH A 15-20 0,7 30-35% 8

IX AHTUreMouneHbln pakTop B 24 3-5 mr/n 20-30% +

X ®akTop CrioapTta-lpayspa 32 8-10 mr/n 10-20% +

Xl AHTUreMounbHbIN TNOGyNnH C, 60-80 3-6 mr/n 10-20% B
thakTop PoseHTans

Xl dakTop XaremaHa 50-70 25-35 mr/n <1% -

X1l OunbpuH-cTabunmnanpyrowmin  daxkrop,| 40-50 25-35 mr/n <1% -
TpaHcrniTamMmmnHasa

MK [NpekannukpewnH, gaktop dnetyepa 30-50 mr/n <1% -

BMK | BbicoKOMONeKynapHbln KUHWHOIEH, 60-80 mr/n <1% -
thakTop dPutuxepanbga




NO. FACTOR RMM (DALTONS) HALF-LIFE CONCENTRATION IN PLASMA
rg/mi nmol/|
I Fibrinogen 340 000 90 h 1.5-4 x 10 -
I Prothrombin 70 000 60 h 100-150 1400
vV - 330000 12-36 h 5-10 20
VI - 48 000 6 h 0.5 10
VIl - 200 000 12 h 0.2 0.7
VWEF - 800 000-140 000 000 | 10-24 h® 10 -
I IX - 57 000 24 h 4 90
X - 58 000 40 h 10 170
Xl - 158 000 60 h 6 30
I Xl - 80 000 48-52 h 30 375
Prekallikein - 85000 48 h 40 450
HMWK - 120 000 6.5 days 80 700
Xl - 32 000 3-5 days 30 (AB) 900 (tetramer)

RMM, relative molecular mass (molecular weight); h, hours; HMWK, high molecular weight kininogen; VWF, von Willebrand factor.
The half-life of VWF varies according the ABO blood group, being shortest in O, longest in AB and intermediate in A and B.



Non-functional Functional
prozymogens zygomens

N
COOH

KapbOKCUNUPOBAHHLIE
doakTopebl cBsa3biBaOT Ca n PF3

y-glutamyl
carboxylase

OH O
CH, CHj
reduced Vitamin K Vitamin K oxidized Vitamin K O
cycle
R R
OH O

(VKORC1)
vitamin K NADH

reductase

X

L4 \
'I
CPYs 1A, < .
1A2, 3A4/- R-warfarin S-warfarin -\CYP209

NAD

6-OH, 8-OH and 7-OH-warfarin
10-OH warfarin

warfarin

Source: Brunton LL, Chabner BA, Knollmann BC: Goodman &
Gilman’s The Pharmacological Basis of Therapeutics, 12th Edition:
www.accessmedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.



@ European Heart Journal ESC GUIDELINES

nnnnnnnn doi:10.1093/eurheartj/ehw210

OOOOOOOOO
CARDIOLOGY ®

2016 ESC Guidelines for the management of atrial
fibrillation developed in collaboration with EACTS

9.5.6 Genetic testing

In addition to food and drug interactions, multiple genetic variations
affect the metabolism of VKAs.*”” The systematic use of genetic in-
formation for adjustment of VKA dosage has been evaluated in sev-
eral controlled clinical studies.*”® % Genetic testing has little effect
on TTR or bleeding risk on warfarin, and is not recommended for

. 501
clinical use at present.



TABILE4-3 Some Pharmacologic Substrates, Inhibitors, and Inducers of Cytochrome P450 Enzymes (contint

P450 ENZYME SUBSTRATES INHIBITORS INDUCERS
P450 2C19 Antidepressants Proton pump inhibitors Norethindrone

Clomipramine Omeprazole Prednisone

Imipramine Others Rifampin

Proton pump inhibitors Fluoxetine

Lansoprazole Ritonavir

Omeprazole Sertraline

Pantoprazole

Others

Clopidogrel

Propranolol

R-Warfarin
P450 2C9 Angiotensin Il receptor antagonists Antifungal agents (azoles) Rifampin

Irbesartan Fluconazole Secobarbital

Losartan Miconazole

Nonsteroidal anti-inf ammatory drugs Others

(NSAIDs) Amiodarone

Ibuprofen Phenylbutazone

Suprofen

Others

S-Warfarin

Tamoxifen
P450 1A2 Antidepressants Quinolones Char-grilled meat

Amitriptyline Ciprofloxacin Cruciferous vegetables

Clomipramine Enoxacin Insulin

Clozapine Norfloxacin Omeprazole

Imipramine Ofloxacin Tobacco smoke

Others Others

R-Warfarin Fluvoxamine

Tacrine
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FIGURE 22-14 ACDR-related cutaneous necrosis: warfarin Bilateral areas of cutaneous infarction with
purple-to-black coloration of the breast surrounded by an area of erythema occurred on the fifth day of warfarin
therapy.
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OcHoBHble MexaHuambl unbpuHonuTuyeckon cuctemsl (A.A.KuwkyH, 2007)
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Intrinsic Extrinsic

activation activation
Factor Xlla tPA
Kallikrein | | urokinase-like A
Fibrin
Plasminogen — Plasmin l

Fragments Y + D

!

FragmentsE + D

Streptokinase



Plasminogen Molecular Plasma Concen-  Plasma Concentra-
Activators Weight (kd)  Chains tration (mg/dL) tion Half-Life (t;/5) Substrates
Endogenous
Plasminogen 92 2 20 2.2 days (Fibrin)
Tissue-type PA (t-PA) 68 (59) 1-2 5x 10-4 5-8 min Fibrin/plasminogen
Single-chain urokinase- 54 (4¢6) —2 2-20 x 104 8 min Fibrin/plasmin(ogen)
type PA (scu-PA)
Urokinasetype PA (u-PA) 54 (4¢) 2 8x10-4 9-12 min Plasminogen
Exogenous
Streptokinase 47 ] 0 41 and 30 min Plasminogen,
fibrin{ogen)
Anisoylated plasmin- 131 Complex 0 70-90 min Fibrin(ogen)
ogen-streptokinase
activator complex
(APSAC)
Staphylokinase 16.5 0 Plasminogen
Molecular Plasma Concentration  Plasma Concentra- Inhibitor
Inhibitor Weight (kd) Chains (mg/dL-1) tion Half-Life (t;/,) Substrates
Plasmin inhibitors
ap-Antiplasmin 65 1 7 3.3 min Plasmin
ap-Macroglobulin -~ 740 4 250 Plasmin (excess)
Plasminogen activator inhibitors (PAls)
PAI-1 48-52 I 5x 102 / min i-PA, u-PA
PAI-2 47,70 ] <h % |0 24 hr i-PA, u-PA
PAI-3 50 u-PA, +-PA

tPA, fissuetype p|asminogen activator; u-PA, urokinasetype plasminogen activator.
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K npoTnBocBepTbIBaOLWUM (PakTopam nnasmbl KPOBU
OTHOCATCA: aHTUTPOMOUH (AT), renapuHoBbin KodakTop Il (ITK
II), npoteunn C (IC), npotenH S (IS), HIMBUTOP TKAHEBOTO
daktopa (UTP), npoteasa HekcuH 2 ([NH-2), npotenH Z (I2)
n MNZ-3asncumblin nurnoutop, C1-nHrmMdbutop, al-aHTUTPUNCUH
(a1-AT), a2-makpornodynuH (a2-M).

[To MexaHn3my OencTBust UHIMOUTOPbLI CBEPTbIBAHUA KPOBU
OTHOCSTCA K rpynam :

1- cepnuHbl - AT, TK I, INZ, C1-uHrmoutop , a1-AT
(briokupyeTtca cybcTpaTcBA3bIBaOWMN LEHTP CEPUHOBON
npoTteasbl 1 aKTop CBEPTbLIBAHUA HE BCTYMNaET B
NPOTEOSITUYECKYIO peaKkumio) ;

2- KYHUHbI — T, T1H2, nekapcTBO anpoTUHUH
(NaHKpeaTU4eCKUin MHIMOUTOP TPUMNCUHA);

3- apyrue: MNC, IS, a2-makpornodynuH, UHIMbUTop
“MycopLmK’ (He cBA3bIBaeTCHA CO cneundunyecknmMm akTUBHbBIM
LLEHTPOM NpoTeasbl)



Common name Abbreviation ~ Subunit  Gene Gene No. of  Amino M, of Plasma Plasma ty, (hours) Main action
symbol location exons  acids monomer  level level
(mature)  (kDa) (ug/mL) (nmol/L)
Tissue factor TF F3 1p22- 6 263 44 NA NA NA Cofactor for FVII/
p21 FVIIa
Prothrombin FII F2 11pll.1 14 579 72 90 1400 65 Clots FBG, activate:
PC, FXI, TAFI
Factor V FV F5 1923 25 2196 330 10 30 15 Cofactor for FXa
Factor VII FVII F7 13q34 8 416 50 0.5 10 3 Activates FIX and
FX
Factor VIII FVIII F8 Xq28 26 2332 330 0.1 0.3 10 Cofactor for FIXa
Factor IX FIX F9 Xq27 8 415 56 5 90 25 Activates FX
Factor X FX F10 13q34 8 445 59 8 135 40 Activates
prothrombin
Factor XI FXI F11 4935 15 607 80* 5 30 45 Activates FIX
Prekallikrein PK KLKBI 4q35 15 638 86 50 580 35 Anti-angiogenic,
profibrinolytic
Factor XIII FXIII A FI13Al 6p25.3— 15 731 75 10 30 200 Cross-links fibrin
(A chain) p24.3
Factor XIII' FXIII B FI3B 1931 12 641 80° 10 30 200 Cross-links fibrin
(B chain)
Fibrinogen FGN o FGA 4q28 6 866 68 3000 9000 90 Mechanical
(o-chain)? stabilization of
clot
Fibrinogen FGN B FGB 4q28 8 491 5% 3000 9000 90 Mechanical
(B-chain)* stabilization of
clot
Fibrinogen FGN Y FGG 4q28 10 453 49* 3000 9000 90 Mechanical
(y-chain)? stabilization of
clot
von Willebrand VWF VWF 12p13.3 52 2050 255 10 40 12 Cell adhesion and
factor FVIII carrier
Thrombomodulin TM THBD 20pll1.2 1 557 60 NA NA NA Cofactor in PC/

*EXI circulates as a 160-kDa homodimer of two 80-kDa monomers.
TEXIII circulates as a 326-kDa tetramer of two A- and two B-chains.
*Fibrinogen circulates as a 340-kDa complex of two each of A-, B- and C-chains.

TAFI activation
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activation
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and FVIIIa
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and FVIIla
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coagulation
initiation

Inhibits thrombin,
FIX, FX, FXI

Prevention of
arterial
thrombosis?

Dissolution of clot
in wound repair
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Tissue activator of
plasminogen

Inhibition of tPA
and uPA
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IameHeHne napamMeTpoB remocTasa
npn bepemMeHHOCTH

Platelet count
Platelet aggregation
Fibrinogen
Prothrombin
Factor V

Factor VII

Factor VIII

von Willebrand factor
Factor IX

Factor X

Factor XI

Factor XIII

No consistent change but often falls

Progressive enhancement
Progressive rise up to 400% basal

No consistent change
No consistent change
Progressive rise up to 300% basal

Progressive rise up to 200% basal

Progressive rise up to 250% basal

Variable, no consistent change
No consistent change
Variable, no consistent change
Progressive fall to 50% basal



IameHeHne napamMeTpoB remocTasa
npn bepemMeHHOCTH

Antithrombin

Tissue factor pathway
inhibitor

Protein C

Protein S
Plasminogen
tPA
0,,-Antiplasmin
PAI-1

PAI-2

No consistent change
Progressive rise

No consistent change, but APC
resistance increases

Progressive fall to 50% basal

Progressive rise up to 300% basal

No consistent change
Progressive rise up to 300% basal

Progressive rise up to 300% basal

Progressive marked rise



