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Supplementary Tables 

Table S1. Characteristics of ITP patients 

Gender Age Plt 

count 

Bleeding Therapy at the 

time of the analysis 

History of therapy Type of 

ITP 

Subgroup 

m 5 29 1 IVIG + 

dexamethasone 

IVIG, glucocorticoids Persistent HFB 

m 9 25 2 None IVIG, IFN alpha2b, glucocorticoids Chronic HFB 

m 8 150 1 None prednisolone Chronic HFB 

f 12 36 2 Romiplastim IFN alpha2b, romiplastim Persistent HFB 

f 9 209 0 None IVIG. glucocorticoids, IFN alpha2b Chronic HFB 

m 11 32 0 None IVIG Chronic HFB 

m 15 86 0 None None Chronic HFB 

m 2 74 1 None IVIG Acute HFB 

m 5 14 2 IVIG IVIG, glucocorticoids, IFN alpha2b Chronic HFB 

f 15 72 0 None None Chronic HFB 

f 15 128 0 None None Persistent HFB 

m 2 67 1 None prednisolone, IVIG Chronic LFB 

m 10 93 0 IFN alpha2b 

1000000 ME once 

a week 

IVIG, methylprednisolone, 

dexamethasone, IFN alpha2b 

Chronic LFB 

m 16 31 1 None glucocorticoids, IFN alpha2b Chronic LFB 

f 7 58 2 None IVIG, glucocorticoids Persistent LFB 

f 4 41 1 None glucocorticoids, IVIG Chronic LFB 

f 14 8 1 None etamsylate, tranexamic acid, 

glucocorticoids 

Chronic LFB 

f 10 27 1 prednisolone 25 

mg/day 

glucocorticoids, IVIG Persistent LFB 

m 7 36 0 None IVIG, glucocorticoids Persistent LFB 

f 10 67 2 None IVIG, glucocorticoids Chronic LFB 

m 15 72 1 None IVIG, glucocorticoids Acute LFB 

f 2 342 0 None IVIG Persistent LFB 

m 2 109 1 None IVIG Persistent LFB 

f 6 25 1 None prednisolone, IVIG Persistent LFB 

f 7 70 0 None IVIG Persistent LFB 

m 8 41 2 None glucocorticoids, IVIG, romiplostim, 

rituximab, splenectomy 

TPO1 LFB 

f 11 254 0 IFN alpha2b 

1000000 

ME/week 

prednisolone, dexamethasone, IVIG, IFN 

alpha2b 

TPO1 LFB 

f 7 327 0 eltrombopag, IVIG  IVIG, glucocorticoids, eltrombopag TPO1 LFB 
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m 8 41 2 None glucocorticoids, IVIG, romiplostim, 

rituximab, splenectomy 

TPO1 LFB 

f 9 155 1 None IVIG Chronic LFB 

m 6 9 1 romiplostim 5 

mkg/kg №2 

IVIG, glucocorticoids, romiplostim Persistent LFB 

m 8 19 1 None glucocorticoids Persistent LFB 

f 2 19 1 romiplostim IVIG, glucocorticoids, romiplostim TPO1 LFB 

m 5 151 2 None IVIG, glucocorticoids Chronic NC 

m 17 103 2 None glucocorticoids, IVIG, splenectomy Chronic NC 

f 12 174 0 glucocorticoids, 

IVIG 

etamsylate, IVIG, glucocortiicoids Acute NC 

1 Agonists of thrombopoietin receptor in the medical history 

 

Table S1a. Characteristics of GT patients 
  

Gender Age Plt 

count 

Therapy at the time of the 

analysis 

History of therapy 

f 31 29 None None 

f 2 
No 

data 
Maltofer, folic acid 

Maltofer, folic acid 

f 7 264 Maltofer, folic acid Maltofer, folic acid 

m 5 303 Eptacog alpha Eptacog alpha 

f 7 344 None None 

f 6 
No 

data 
Tranexam, Maltofer 

Tranexam, 

Maltofer 

f 10 180 Tranexam, Ferrum Lek 
Tranexam, Ferrum 

Lek 

f No data 
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Table S2. Reactions and parameters for the integrin activation module 

Name Reaction Flux, compartment Parameters Referenc
e 

Activation 
of PI3Kγ 

PI3Kγ ↔ PI3Kγ∗ 𝑘1·𝑉𝑐𝑦𝑡[𝐺𝛽𝛾][PI3Kγ]

(𝐿1+[𝐺𝛽𝛾])·𝑆𝑝𝑚
+

𝑘2·𝑉𝑐𝑦𝑡[PI3Kγ]

𝑆𝑝𝑚
−

𝑘3 · [PI3Kγ∗], PM 

𝑘1 = 0.001 𝑠−1, 𝑘2 =
0.001 𝑠−1, 𝑘4 = 0.03 𝑠−1, 

𝐿1 = 2 ∙ 10−18  
𝜇𝑚𝑜𝑙

𝜇𝑚2  

Adapted 
from 
[1,2] 

PI3Kγ 𝑃𝐼𝑃2 → 𝑃𝐼𝑃3 𝑘[𝑃𝐼𝑃2][PI3Kγ∗]

𝐾𝑀+[𝑃𝐼𝑃2]
, PM 𝑘 = 100 𝑠−1, 𝐾𝑀 = 6.4 ∙

10−16  
𝜇𝑚𝑜𝑙

𝜇𝑚2  

[3,4] 

𝑃𝐼𝑃1(4) → 𝑃𝐼𝑃2(3,4) 𝑘[𝑃𝐼𝑃1(4)][PI3Kγ∗]

𝐾𝑀+[𝑃𝐼𝑃1(4)]
, PM 

PTEN 𝑃𝐼𝑃3 → 𝑃𝐼𝑃2 𝑉[𝑃𝐼𝑃3]2

𝐾2+[𝑃𝐼𝑃3]2, PM 𝑉 = 2 ∙ 10−20  
𝜇𝑚𝑜𝑙

𝜇𝑚2 ∙ 𝑠−1, 

𝐾 = 2 ∙ 10−17  
𝜇𝑚𝑜𝑙

𝜇𝑚2  

[3,5] 

𝑃𝐼𝑃2(3,4) → 𝑃𝐼𝑃1(4) 𝑉[𝑃𝐼𝑃2(3,4)]
2

𝐾2+[𝑃𝐼𝑃2(3,4)]
2, PM 

SHIP 𝑃𝐼𝑃3 → 𝑃𝐼𝑃2(3,4) 𝑉[𝑃𝐼𝑃3]

𝐾+[𝑃𝐼𝑃3]
, PM 𝑉 = 5.8 ∙ 10−18  

𝜇𝑚𝑜𝑙

𝜇𝑚2 ∙ 𝑠−1, 

𝐾 = 1 ∙ 10−17  
𝜇𝑚𝑜𝑙

𝜇𝑚2  

[3,6] 

𝑃𝐼𝑃2 → 𝑃𝐼𝑃1(4) 𝑉[𝑃𝐼𝑃2]

𝐾+[𝑃𝐼𝑃2]
, PM 

Activation 
of 
CalDAGGE
FI 

𝐶𝐷𝐺𝐸𝐹1 + 𝐶𝑎𝑐𝑦𝑡
2+

↔↔ 𝐶𝐷𝐺𝐸𝐹1_𝐶𝑎 
𝑘1[𝐶𝑎𝑐𝑦𝑡

2+ ][𝐶𝐷𝐺𝐸𝐹1] −

𝑘−1[𝐶𝐷𝐺𝐸𝐹1_𝐶𝑎], cytosol 

𝑘1 = 1.6(𝜇𝑀 ∙ 𝑠)−1, 𝑘−1 =
0.01 𝑠−1 

[3,7,8], 
adjusted 

𝐶𝐷𝐺𝐸𝐹1_𝐶𝑎
+ 𝐶𝑎𝑐𝑦𝑡

2+ ↔

↔ 𝐶𝐷𝐺𝐸𝐹1∗ 

𝑘1[𝐶𝑎𝑐𝑦𝑡
2+ ][𝐶𝐷𝐺𝐸𝐹1_𝐶𝑎]

𝑆𝑝𝑚

𝑉𝑐𝑦𝑡
−

𝑘−1[𝐶𝐷𝐺𝐸𝐹1∗]
𝑆𝑝𝑚

𝑉𝑐𝑦𝑡
, cytosol 

RASA3 
inhibition 

RASA3 + N*PIP3 ↔
𝑅𝐴𝑆𝐴3𝑖 

𝑘1[𝑅𝐴𝑆𝐴3][𝑃𝐼𝑃3]𝑁 −
𝑘−1[𝑅𝐴𝑆𝐴3𝑖], PM 

𝑁 = 10, 𝑘1 = 1 ∙

10−4 ((
𝜇𝑚𝑜𝑙

𝜇𝑚2 ∙ 1017)
𝑁

𝑠)
−1

, 

𝑘−1 = 6.15 ∙ 102 𝑠−1 

This work 

Activation 
of Rap1 

𝑅𝑎𝑝1𝐺𝐷𝑃
↔ 𝑅𝑎𝑝1 + 𝐺𝐷𝑃 

(𝑘2 +
𝑘1[𝐶𝐷𝐺𝐸𝐹1∗])[𝑅𝑎𝑝1𝐺𝐷𝑃] −
𝑘−1[𝑅𝑎𝑝1][𝐺𝐷𝑃], PM 

 𝑘1

= 1.8

∙ 10−15  (
𝜇𝑚𝑜𝑙

𝜇𝑚2
𝑠)

−1

, 𝑘2

= 1.5 ∙ 10−4 𝑠−1,  𝑘−1

= 1.5 (𝜇𝑀 ∙ 𝑠)−1 

[3,9,10], 
adjusted 
 

𝑅𝑎𝑝1𝐺𝑇𝑃
↔ 𝑅𝑎𝑝1 + 𝐺𝑇𝑃 

𝑘2[𝑅𝑎𝑝1𝐺𝐷𝑃] − 𝑘−1[𝑅𝑎𝑝1][𝐺𝑇𝑃], 
PM 

𝑅𝑎𝑝1𝐺𝑇𝑃
→ 𝑅𝑎𝑝1𝐺𝐷𝑃 

(𝑘1 + 𝑘2[𝑅𝐴𝑆𝐴3])[𝑅𝑎𝑝1𝐺𝑇𝑃], PM 𝑘1 = 5 ∙ 10−4 𝑠−1,

𝑘2 = 10−17  (
𝜇𝑚𝑜𝑙

𝜇𝑚2
∙ 𝑠)

−1

 

Integrin 
activation 

𝐼𝑛𝑡 ↔ 𝐼𝑛𝑡∗ 𝑘1
[𝑅𝑎𝑝1𝐺𝑇𝑃]2

𝐾+[𝑅𝑎𝑝1𝐺𝑇𝑃]2
[𝐼𝑛𝑡] − 𝑘−1[𝐼𝑛𝑡∗], 

PM 

𝑘1 = 10𝑠−1, 𝐾 = 0.2 ∙

1034 ∙
𝜇𝑚𝑜𝑙2

𝜇𝑚4 , 𝑘−1 = 56 𝑠−1 

This work 

Integrin 
clustering 

𝑁 ∗ 𝐼𝑛𝑡∗ ↔ 𝐶_𝐼𝑛𝑡 𝑘1[𝐼𝑛𝑡]𝑁 − 𝑘−1[𝐶_𝐼𝑛𝑡], PM 𝑁 = 10, 𝑘1 = 0.5 ((
𝜇𝑚𝑜𝑙

𝜇𝑚2 ∙

1017)
𝑁−1

𝑠)
−1

, 𝑘−1 = 1.25 ∙

10−4 𝑠−1 

This work 
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Supplementary Figures 

 
Figure S1. Continuous flow cytometry-based assessment of intracellular calcium concentration, fibrinogen binding 

and shape change in platelets upon activation with TRAP (a-с), CRP (d-f) and fucoidan (g-i). Envelopes of the mean 

SSC (left: a,d,g), cytosolic calcium (center: b,e,h) and fibrinogen binding (right: c,f,i) curves of patients with ITP (n = 36, 

red curves), Glanzmann thrombasthenia (n = 8, blue curves) and healthy donors (n = 10, green curves) upon activation 

by TRAP (1 µM), CRP (1 µg/ml) or fucoidan (100 µg/ml). 
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Figure S2. Identification of subgroups of ITP patients for stimulation with TRAP (a-с), CRP (d-f) and fucoidan (g-

i). (left: a,d,g) Histograms of fibrinogen binding to platelets of patients with ITP (ITP, red), Glanzmann thrombasthenia 

(GT, blue) and healthy donors (green). (b,c,e,f,h,i) Cluster analysis of ITP patients by H-DBSCAN clustering algorithm 

did not reveal subgroups. The same characteristics for GT (purple triangles) and healthy donors (black stars) are given 

for comparison purposes. Activation by TRAP (1 µM), CRP (1 µg/ml) or fucoidan (100 µg/ml). 
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Figure S3. Characterization of HFB and LFB subgroups of ITP patients for stimulation with TRAP (a-с), CRP (d-f) 

and fucoidan (g-i). Mean values ± SEM for the analyzed groups upon platelet stimulation with TRAP (1 µM), CRP (1 

µg/ml) or fucoidan (100 µg/ml) for maximal calcium concentration (a,d,g), fibrinogen binding (b,e,h), and shape change 

(c,f,i). Statistics was calculated by Mann-Whitney test, * - p < 0.05, ** - p < 0.01, *** - p < 0.001 

  

 

 

 

Figure S4. Variation of computational model parameters. (a) Increased cytosolic calcium as a result of platelet 

increased cell plasma membrane calcium conductivity. Initial IP3 concentration (not shown) was assumed to be 
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the same as in the initial model, while higher basal calcium concentration (PM, solid red) was sustained by 

increased calcium influx through the plasma cell membrane without significant integrin activation (PM, solid 

blue). Stimulation with ADP (2 µM at 50 s) lead to the increased maximal calcium concentration and integrin 

activation compared to the initial model (N, dashed curves). (b) Increased cytosolic calcium as a result of platelet 

pre-activation. Initial IP3 concentration (not shown) was same as in HFB model on Fig. 3d due to increased PLC 

activity in the quiescent state; this lead to higher basal calcium concentration (solid red) without significant 

integrin activation (solid blue). Stimulation with CRP (1 µg/ml at 50 s) lead to higher maximal calcium 

concentration and integrin activation compared to initial model (N, dashed curves). 

 

 

 

 

Figure S5. Thrombus growth kinetics. (a-c) Typical non-growing thrombi with the PMN crawling around them 

at 5 minutes (a), 10 minutes (b) and 15 minutes (c) after the start of the assay. (d-f) typical growing thrombi with 

the PMN crawling around them at 5 minutes (d), 10 minutes (e) and 15 minutes (f) after the start of the assay. 

Average PMN crawling velocity is significantly decreased in ITP: LFB group at 10 minutes, while GT patients had 

an increased PMN crawling velocity both at 10 and at 20 minutes. 

 

 
Figure S6. Impact of ITP plasma on healthy donor platelet reactivity. (a-c) Typical cytosolic calcium 

concentration and fibrinogen binding (d-f) responses upon activation by 2 µM of ADP after pre-incubation 

without healthy donor or ITP plasma (black curves), after pre-incubation with healthy donor plasma (red curves) 

or after pre-incubation with ITP (three different ITP patients) patient plasma (blue curves). 
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Figure S7. Fibrinogen binding in response to ADP as a function of patients’ parameters. 

Bleeding (a) and platelet count (b) as a function of fibrinogen binding in response to ADP, solid squares – healthy, 

grey squires – GT. 

 

 

 
Figure S8. Impact of varying dilution of healthy donor LRP on platelet reactivity. (A-C) Typical cytosolic 

calcium concentration (a), fibrinogen binding (b), shape change (c) curves upon activation by 2 µM of ADP after 

30 µl (black), 60 µl (red), 100 µl (blue) PRP dilution in tyrode’s buffer. (d-f) No statistically significant changes in 

maximal calcium concentration (d), fibrinogen binding (e) and shape change (f) after activation by 2 µM ADP of 

differently diluted plasma was obtained (n = 5; ns: p > 0.05; statistical significance was calculated using Mann-

Witney criteria). 
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Computational model development and analysis 
The detailed model description with rate constants can be found in Table S2. The scheme of the reactions and 

signaling pathways incorporated into the model is given in Figure 3a. Activation of PAR1, PAR4, P2Y1 and P2Y12 was 

considered essentially as described previously [11–14]. Activation of GPVI and the corresponding signaling cascade 

was taken from our previous work [15]. The number of P2Y1 receptors per platelet was assumed to be 200 [3]. The 

unknown parameters for the new reactions were adjusted based on the original experimental data (Fig. S9, see below). 

The model with fixed parameters was validated against experiments with activation of platelets with several receptors 

(Fig. S10, see below). Detailed descriptions of algorithms and strategies for parameter estimation were described earlier 

[12,16]. The set of ordinary differential equations was integrated using the COPASI software (http://www.copasi.org) 

[17]. For tuning the model, estimation of parameters and comparison between models the deterministic simulations 

were used (LSODE solver). 

The system of ODEs for the integrin activation module was reduced to one equation to decrease the 

calculation time for the model. First, all the variables (Table S2) were made dimensionless with values in the order of 

1 ( O(1) ). This procedure lead to the following system of ODEs: 

  

 

  
where x1 denotes inactive CalDAGGEFI, x2 – half-active CalDAGGEFI, x3 – active CalDAGGEFI, x4 – active RASA3, x5 

– inactive RASA3, x6 – Rap1-GDP, x7 –Rap1-GTP, x8 – Rap1, xi – inactive integrins, xa – active integrins, P3 – PIP3, Ca – 

free calcium ions in cytosol. The following reduction was based on the observation that Ca is the fast variable, while 

P3 is more slow and x1 – x8 are even more slow. The final equation for integrin activation is: 

𝑑

𝑑𝑡
[𝑅𝑎𝑝1𝐺𝑇𝑃] = 𝛾

[𝑅𝑎𝑝1𝐺𝐷𝑃][𝐶𝑎𝑐𝑦𝑡
2+ ]

2

𝐾2+[𝐶𝑎𝑐𝑦𝑡
2+ ]

2 −
𝑘

1+[𝐺𝛽𝛾] 𝑙⁄
[𝑅𝑎𝑝1𝐺𝑇𝑃],       

where [Rap1GD(T)P] denotes the Rap1GD(T)P concentration, [Gβγ] – denotes Gβγ concentration. The parameters 

were adjusted to describe experimental data (Fig. S7) and were the following. γ = 0.035 1/s, K = 0.146 µM, k = 5.15 1/s, l 

= 1,8e-7 µM. 
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   (c)       (d) 

 

   (e)       (f) 
 

      

   (g)       (h) 
Figure S9. Parameter estimation for the integrin activation module of the computational model for healthy donors. 

(a,b,e,f) Continuous flow cytometry of the activation of platelets from healthy donors with ADP at 0.5-4 µM (a,b) and 

CRP at 1-5 µg/ml (e,f). (c,d,g,h) Deterministic simulation of the activation of a normal platelet with ADP at 0-4 µM (c,d) 

and CRP at 0-5 µg/ml (g,h) at 50 s. (a,c,e,g) Calcium concentration, nM; (b,d) integrin activation, fraction; (f,h) integrin 

activation, %. 
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Figure S10. Validation of computational model. Validation of integrin activation module of the computational model 

for healthy donors. Left: continuous flow cytometry of the activation of platelets from healthy donors with TRAP at 1 

µM or TRAP and ADP at 1 µM. Right: deterministic simulation of the activation of normal platelet with TRAP at 1 µM 

or TRAP and ADP at 1 µM.  
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