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Blood coagulation and thrombus formation
2

D.L. Bhatt Nature Reviews Cardiology 15:71–72(2018)

P.E.J. van der Meijden & J.W. M. Heemskerk Nature Reviews Cardiology 16:166–179(2019)

During thrombus 
formation 

platelets have 
multiple activators 

and 
platelets perform 
multiple functions
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Aims: to decipher platelet ‘coding’ and ‘decoding’ 

mechanisms 
for integrin activation (pro-aggregation response) and 
phosphatidylserine exposure (procoagulant response)
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Aims: to decipher platelet ‘coding’ and ‘decoding’ 

mechanisms 
for integrin activation (pro-aggregation response) and 
phosphatidylserine exposure (procoagulant response)

Procoagulant 
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Principles of signal transduction

signal
= ligand Intracellular secondary 

messenger

Reactions cascade

S2 = fR(S1)

S1

S3 = gc(S2)

S2



Scheme of platelet intracellular signalling
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Example: Procoagulant response

Hypothesis: mitochondria calcium 
overload leads to platelet cell death
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N.J. A. Mattheij et al. 
J Biol Chem 288(19):13325–13336, 2013
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 Stimulus -> IP3
 IP3 -> Cytosolic calcium
Cytosolic calcium –> 

Mitochondria collapse
 Plasma membrane 

channels support platelet’s 
steady state in the 
absence of activation

Model construction in modular fashion
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𝑃𝑃𝑃𝑃𝑅𝑅𝑃∗

𝑘𝑘 𝑃𝑃𝑃𝑃𝑅𝑅𝑃 SF − 𝑘𝑘𝑚𝑚 𝑃𝑃𝑃𝑃𝑅𝑅𝑃∗ , PM 𝑘𝑘 = 0.03 𝑛𝑛𝑛𝑛 � 𝑠𝑠 −1 [Lenoci 2011],
 𝑘𝑘𝑚𝑚 = 0.00𝑃𝑠𝑠−1[Lenoci 2011], 
[PAR1]0=11 mol./um2 [Zahedi 2013]

𝑃𝑃𝑃𝑃𝑅𝑅𝑃∗ → 𝑘𝑘 𝑃𝑃𝑃𝑃𝑅𝑅𝑃∗ , PM 𝑘𝑘 = 20𝑠𝑠−1 (tuning)

PLC

Mechanistic model for each module
10
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Model validation

J Thromb Haemost, 2016



‘Coding’ at the level of calcium signaling
IP
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Sveshnikova et al. Mol Biosyst 2015

Stochastic calcium spiking in the model leads to accumulation
 of cytosolic calcium in mitochondria and their collapse



The dual receptor combination is critical to produce pronounced procoagulant respons
  PAR1  activity determine the level of the procoagulant response 
  PAR4  activity determine the dynamic s of procoagulant response 

Thrombin 100 nM

Thrombin 10 nM



Regulation mechanisms of platelet 
responses

‘Coding’: 
Receptor: 
step-like -> peak-like
Calcium:
step-like -> oscillations

‘Decoding’: 
A couple of proteins: 
a calcium-sensitive 
“activator” and 
a calcium-independent 
“inhibitor”

IP3, calcium mobilization
CalDAGGEFI

Gradual response                 

Activation

Matrix calcium, 
integrins

Mixed response                 

Activation

Cell death

Activation

Step-like response                 



Interim conclusion

Personalization could be 
achieved by assessing the 
number of proteins per platelet
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Workflow

Raw LC-MS/MS files MaxQuant Software Excel files

iBAQ 
to 

copy number per platelet

Combine 
data per 

group

Analyze



Calculation of protein copy numbers

Julia M. Burkhart et. al. The first comprehensive and quantitative analysis of human platelet protein composition 
allows the comparative analysis of structural and functional pathways. Blood 2012; 120 (15): e73–e82. 
https://doi.org/10.1182/blood-2012-04-416594

https://doi.org/10.1182/blood-2012-04-416594




Single cell responses

10 µм

Inverted calcium Fibrinogen

Typical  platelets

J Thromb Haemost, 14(9):1867–1881, 2016; Биол. мембраны, 35(4):1–13, 2018; ВМУ Серия 3, 2018(5):63–
70; RPTH, 3(supp. 1), 2019; Biophys J, 118(11):2641–2655, 2020; BMC Biol, 20: 32, 2022. 



Fibrinogen from 
suspension binds to 

platelets

Flow cytometry

[Ca2+]↑



Scheme of model personalization
Single platelet calcium Transformation: [IP3] = f([Ca2+])

Recalculation of 
suspension data[IP3][Ca2+]

[PIP3]

Determination of 
personal enzyme 

turnover rates



Balance in calcium 
signaling
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Decoding: integrin activation

Franke et al The EMBO Journal 
Vol.16 No.2 pp.252–259, 1997
Hisashi Kato, et all 2017 BLOOD



Simulation of integrin activation in single 
platelets

1 µМ PAR1AP



‘Decoding’ by proteins

𝑑𝑑
𝑑𝑑𝑑𝑑

𝑅𝑅𝑎𝑎𝑎𝑎𝑃𝑎𝑎𝑎𝑎𝑃𝑃 = 𝛾𝛾
𝑅𝑅𝑎𝑎𝑎𝑎𝑃𝑎𝑎𝑅𝑅𝑃𝑃 𝐶𝐶𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐2+ 2

𝐾𝐾2 + 𝐶𝐶𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐2+ 2 − 𝑘𝑘 𝑅𝑅𝑎𝑎𝑎𝑎𝑃𝑎𝑎𝑎𝑎𝑃𝑃
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Conclusions

• Platelet proteomics allows personalization of the 
Virtual Platelet computational model

• Copy numbers of each enzyme varies greatly in 
healthy population

• In each biochemical module the “drivers” and 
“leaks” appear to be balanced
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