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Abstract

Immune thrombocytopenia (ITP) is an acquired 
bleeding disorder of autoimmune pathophysiology. 
The causes of ITP could be related to other pathology 
(viral, bacterial, or systemic), or ITP could develop 
without any apparent reason. While the immune 
system dysregulation mechanisms in ITP were 
described, its etiology remains unclear. Moreover, 
all existing treatment approaches are not specific 
for ITP, and its action is highly patient- specific. 
Here we describe recent findings in the origins and 
development of ITP and discuss novel experimental 
and theoretical approaches to diagnosing ITP and 
predicting therapy effects.
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Introduction
Immune thrombocytopenia (ITP) is an 

acquired autoimmune disease, characterized by 
thrombocytopenia with platelet count lower than 
100x109 plt/l without obvious causes for this [1]. 
ITP manifests as hemorrhagic syndrome of various 
severity with such symptoms as ecchymosis, 
petechiae, spontaneous or post-traumatic bleedings, 
epistaxis, meno- and metrorrhagias, and rarely with 
gastrointestinal bleedings and hematuria [1]. ITP is 
a common disorder with international incidence of 
1.6 – 3.2 cases per 100.000 people a year [1–3]. ITP 
can manifest independently of age, though pediatric 
patients are more likely to be fully cured [4]. About 
two-thirds of pediatric patients are fully recovered 
from ITP through the first year of disease even without 
any kind of therapy received [4].

A hallmark of ITP is anti-platelet antibodies in 
patient’s plasma [5]. They are specific for platelet 
glycoproteins [6]. However, the causes of the 
emergence of antibodies can be either primary or 
secondary [7]. So, primary and secondary ITP are 

distinguished [1]. Primary ITP is diagnosed when 
a separated decrease in platelet count without any 
predisposing etiology is observed [8]. The secondary 
ITP is diagnosed when some affecting platelet 
production or consumption cause was identified [9]. 
For example, some systemic diseases (systemic lupus 
erythematosus [10], antiphospholipid syndrome [11]), 
chronic infections (hepatitis C [12], HIV infection [13], 
H. pylori [14]), and lymphoproliferative diseases (CLL 
[15]) are known to affect platelet counts. Also, some 
therapy agents could affect platelets and thus cause 
ITP (for example, heparin-induced thrombocytopenia 
is considered to be one of ITP variants) [16].

Generally, ITP progresses through three phases: 
acute, persistent and chronic. Newly diagnosed ITP 
(acute ITP) is the first period of the disease occurring 
in first three months from clinical manifestation of 
symptoms; the persistent ITP has a duration of 3-12 
months from establishing the diagnosis, and the 
chronic form of ITP is diagnosed when clinical or/and 
laboratory markers are present for more than a year 
[1]. About 75-80% of pediatric patients recover during 
the first 12 months from the diagnosis, about 15% 
develop the chronic form, and 0.1% of patients may 
decease because of severe hemorrhages [3]. The 
adults are more prone to develop the chronic form of 
ITP, than children [17].

There is no consistent treatment strategies 
for ITP, however, there are several recommended 
lines of therapy, based on the assumption that 
ITP was developed due to the presence of anti-
platelet antibodies or platelet-targeted T-cells 
[1,18]. The first therapy line consists of injections 
of glucocorticosteroids (GCS) or intravenous 
immunoglobulins (IVIGs) [19]. GCS are widely used 
to reduce the overall immune response [20]. The 
mechanism of IVIGs action is not yet clear, but it is 
believed that they competitively inhibit macrophage 
Fc-receptors and thus reduce antibody-mediated 
platelet clearance in spleen [21]. Additionally, IVIGs 
activate T-regulatory cells and inhibit differentiation 
and functioning of Th17s [22]. The efficacy of the first 
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line therapy is about 70-80% with high probability of 
a relapse [23]. When GCS does not show significant 
efficacy, second line therapy could be used. There 
are different options for the second line. In some 
cases, an immune-suppressive therapy is used, 
i.e. mycophenolate mofetil [24] or cyclosporine 
[25]. Also, the suppressing B-cellular response 
anti-CD20 monoclonal antibody, rituximab, is 
efficient in ITP treatment [26]. Additionally, platelet 
production in ITP could be increased by agonists of 
thrombopoietin receptors (TPO-RAs), those stimulate 
the thrombopoiesis [18,27]. As the last resort, 
platelet clearance could be significantly reduced by 
the resection of the spleen (splenectomy) [28,29]. 
Unfortunately, even the splenectomy might fail to 
recover a patient’s platelet count [30], and it remains 
unclear whether the particular treatment approach 
would be effective.

It is noteworthy that primary ITP being a diagnosis 
of exclusion, it takes a long period of time to exclude 
all possible causes and that is why no straightforward 
diagnostic approach exists. Theoretically, any form of 
ITP could be diagnosed based on the presence of anti-
platelet antibodies in patient’s blood [31]. However, 
the availability of antiplatelet antibody assay is limited 
[32]. The transition of acute ITP to the chronic form 
is of high interest for clinicians as the probability of 

recovery from the chronic ITP is substantially lower 
than from the acute form [33]. However, there are still 
no definite predictors for such course of the disease, 
although several known risk factors include older 
age of manifestation, higher platelet count, and pre-
manifestation vaccination [34].

Systems biology approach might prove useful 
to develop diagnostic and predictive criteria for 
manifestation and progression of ITP and to evaluate 
the efficacy of the therapy options based on the 
phenotype of the patient. Here we discuss known 
mechanisms of ITP development and the in vitro, in 
vivo and in silico methods to study them.

Mechanisms of Immune thrombocytopenia
The molecular mechanisms of ITP development 

are poorly understood as there is no determined 
reason for the autoimmunity to unroll. Nevertheless, 
60% of pediatric patients had a history of pre-
manifestation viral infection [35], or pre-manifestation 
vaccination against influenza [36], measles virus, 
rubella virus, and mumps [37]. Though the starting 
point of acute ITP is uncertain, the mechanisms of 
autoimmune response were widely studied in chronic 
patients. Here, the dysregulations in both the humoral 
(B-cell) and the cellular (T-cell) parts of the immune 
system have been reported (Figure 1).

Figure 1. Schematic of immune thrombocytopenia mechanisms. The thrombocytopenia in patients could be caused 
by both T-cells cytotoxicity (CTLs are more active because T-regulatory cells and T-helpers provide dysregulated stimuli) 
and B-cells antibody production (plasma cells are producing antiplatelet antibodies of IgG and IgM classes; B-regulatory 
cells provide more activating signals to B-cells to produce antibodies). CTLs specifically attack platelets and induce their 
apoptosis. Antibodies from plasma cells opsonize platelets. Consecutively, opsonized platelets are eliminated through 
the spleen. CTLs – cytotoxic T-lymphocytes; Treg – T-regulatory cell; Th – T-helper; Breg – B-regulatory cell; BAFF – 
B-cell activating factor.
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B-cells involvement in ITP

Most ITP patients have high plasma levels of 
antibodies against platelet and megakaryocyte 
cell membrane glycoproteins. The most commonly 
met ones are anti-GPIbα and anti-GPIIb-IIIa [31]. 
Antibodies of IgG and IgM classes are more 
frequently found than the IgA class [31,38,39]. It 
is well established that in ITP, the opsonization of 
platelets with the antibodies causes their elimination 
through the spleen in an Fc-dependent manner [40].

It is well-known that B-cells are responsible for 
the production of antibodies [41]. There are 100-900 
naïve B cells in 1 µl of human blood and much more 
in lymphatic vessels and nodes [42]. All of them have 
specific B-cell receptors (BCRs) specific for some 
antigens. When a BCR meets its specific ligands 
and B cell receives additional signals from helper T 
cells, toll-like receptor ligands and other factors the 
differentiation of the naive B cells into PCs may start 
the differentiation of the naïve B-cell into a plasma 
cell [43]. The plasma cells produce specific antibodies 
against the recognized antigen [44]. Normally, naïve 
B-cells with BCRs reactive to autologous proteins 
are driven to be anergic to avoid the autoimmune 
reaction [45], but in ITP the mechanism of “turning 
off” the autoreactive B-cells is somehow disrupted. 
Fang et al. [46] have shown that patients with ITP 
have higher B-cells (CD19+) counts than healthy 
donors, as well as less regulatory B-cells, responsible 
for the suppression of an autoimmune response [41], 
and more memory B-cells, those are specific for 
previously met antigens [47]. Therefore, it could be 
stated, that ITP patients with antiplatelet antibodies 
have disrupted regulation of B-cellular immunity. 
Taking into account that the B-cells activating factor 
(BAFF) and its mRNA are also elevated in ITP 
patients [48], the autoreactive B-cells survive better.

T-cellular mechanism of ITP

Some ITP patients do not have anti-platelet 
antibodies [31]. Zhai et al. [49] have shown that the 
concentrations of the anti-platelet antibodies in the 
blood of patients with chronic ITP are significantly 
lower than for the ones with newly diagnosed 
or persistent ITP. Therefore, it can be expected 
that not only humoral immunity contributes to the 
ITP pathogenesis. Indeed, T-cellular immunity 
dysregulation ITP was earlier described [50,51]. 
T-cellular mechanism of ITP is assumed to constitute 
in T-killers’ action against platelet specific antigens, 
and the T-helpers and T-regulatory cells are also 
actively involved in the ITP pathogenesis. 

T-killers (cytotoxic T-cells, CTLs) are the CD8+ 
T-cells that are responsible for the cytotoxic immune 
response [52]. All T-cells recognize specific antigens 
through their receptors, TCRs (T-cell receptors) 

[53]. A high-affinity binding of a specific TCR to 
MHC-peptide complex induces IL-2-dependent 
proliferation of T-cell with this TCR structure [54]. The 
mature CTL induces apoptosis in the target cell by 
means of its secreted perforins and granzymes [52]. 
Perforins are the proteins that bind to the target cell’s 
membrane and induce a pore formation to let the 
serine proteases granzymes (especially granzyme B) 
enter the cell and thus induce apoptosis [55] through 
the intrinsic pathway [56]. 

In order to support the hypothesis of In order to 
support the hypothesis of CTLs involvement in ITP, 
Zhang et al. analyzed gene expression in CD8+ 
cells of patients with chronic ITP [57]. have shown 
that c Patients had elevated expression of perforins, 
granzyme B, TNFα, FasL and TRAIL protein – 
markers of the CTL activity and ongoing apoptosis. 
In line with this, Zhu et al. have demonstrated an 
increased level of IL-21, which is produced upon CTL 
activation [58]. In another study platelets from patients 
with chronic ITP demonstrated enhanced markers of 
apoptosis such as increased mitochondrial collapse, 
phosphatidylserine exposure, and amounts of pro-
apoptotic proteins [59,60]. Altogether, these data 
points at the active role of CTLs in ITP pathogenesis.

T-helpers (Th) are CD4+ cells that modulate 
both the B-cellular and the T-cellular responses [61]. 
Different populations of T-helpers have diverse effects 
due to their secretory profile: Th1 produces IL-1, Th17 
secretes IL-17, etc. [62]. ]. Naïve T-helpers, as well 
as CTLs, are activated upon exposure to the antigen 
[63]. Activity of the mature T- helpers is diverse: 
while Th1 promotes the proliferation of cytotoxic 
lymphocytes, Th2 stimulates the humoral immunity 
to produce more immunoglobulins [64]. Thus, both 
Th1 and Th2 can contribute to autoimmune diseases, 
such as ITP. Th17 [65] and Th22 [66–68] also can be 
involved in the ITP pathogenesis. Imbalance between 
Th1 and Th2 is considered to be a marker of immunity 
dysregulation [69] ]. In line with this, ITP patients 
have increased levels of Th1 [58]. Increased levels 
of Th17 and Th22 also were observed in ITP patients 
together with increased plasma concentration of IL-1, 
IL-17, and IL-22 [70,71].

Regulatory T-cells (Tregs) are a subpopulation of 
T-helpers those are characterized by high expression 
of Foxp3 gene [72,73]. Tregs regulate proliferation of 
the B- and T-cells, reducing their activity in case of 
overreactive immune response [73]. Tregs counts, 
as well as Foxp3 expression are decreased in ITP 
patients [74]. And the balance between Th1, Th17, 
and Treg is disrupted in ITP ], probably due to the 
overproduction of the IL- 17A [71] and IL-21 [58] , 
which are negative regulators of Treg differentiation 
[73].
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Basic research approaches to study Immune 
thrombocytopenia

The approaches to the determination of 
fundamental ITP mechanisms are diverse with both 
in vivo, ex vivo, in vitro and in silico assays reported. 
Here we briefly describe the existing methods of 
ITP mechanisms evaluation with specific accent on 
animal models on the one hand and systems biology 
studies on the other.

In vivo approaches to study ITP pathogenesis

Rodent-based animal studies, especially murine 
ones, have become the “golden standard” for the 
studies of the disease pathology in mammals. Murine 
models of ITP can be roughly divided into acute ITP 
and chronic ITP models. Acute models are based on 
the direct injection of the antiplatelet antibodies into 
animals, while chronic models are mostly based on 
transgenic mice (Figure 2). Thus, both B- and T-cell 
dependent mechanisms of ITP development can be 
mimicked using mice.

Generally, acute ITP is modeled using antiplatelet 
antibodies-based approaches targeted approaches, 
which are the most commonly used techniques to 
study ITP in vivo. The mice are injected with rabbit- 
produced or rat-produced anti-CD61 or anti-CD41 
antibodies once or repeatedly, with MwReg30 anti-
CD41 antibody being the most widely used [75]. 
As no active autoimmune reaction is ongoing in the 
organism, such models are called “passive” and is 
among the most trivial model of murine ITP. Antibody 
injection causes opsonization of platelets and their 
subsequent elimination by macrophages in spleen or 
liver [76]. It is noteworthy that anti-CD61 antibodies 
cause more severe thrombocytopenia than the anti-

CD41 antibodies [76], probably due to the fact that 
anti-CD61 antibodies are responsible for the Fc- 
dependent elimination of platelets through the spleen 
[77].

The “passive” ITP models are useful for the studies 
of therapy impact on the pathology development [78]. 
This approach allowed to identify the mechanism of 
action of IVIG in ITP: it appeared that IVIG inhibited 
the Fc-dependent elimination of platelets through 
the spleen [77]. However, “passive” models of ITP in 
mice with single antibody injections are not suitable to 
study the mechanisms of the transformation of acute 
ITP to its chronic form as no autoimmune process 
is ongoing in antibody-injected mice. However, 
development of the specific regimes of repeated 
injections of antiplatelet antibodies with escalating 
dosage regimen can mimic chronic ITP. For this 
injections of anti-CD41 antibodies (MwReg30) daily 
with escalating the dose from 7 μg/ml at Day 0 to 21 
μg/ml at Day 5 into mice have been done [75]. In these 
circumstances platelets are constantly consumed 
what resembles processes ongoing in chronic ITP in 
human patients. Indeed, such approach is still rather 
incorrect in contrast to more sophisticated models of 
chronic ITP in mice [75].

Development of chronic ITP in mice can be 
reached with repeated injections of antiplatelet 
antibodies with escalating dosage regimen. The 
other way to form the chronic ITP is to sensitize the 
mice to the platelet CD61. In the first model the mice 
receive the anti-CD41 antibodies (MwReg30) daily 
with escalating the dose from 7 μg/ml at Day 0 to 21 
μg/ml at Day 5 [75]. In this model the platelets are 
destroyed all of the time, so it seems to be closer 
to the human disease. Nevertheless, the studies of 
this model are limited to 1 week for performing the 

Figure 2. Existing murine models of primary immune thrombocytopenia. There are several approaches to develop 
ITP in a mouse. The first one is based on antiplatelet antibodies injections into WT mouse. The second model is based 
on perfusion of CD25 depleted regulatory T-cells into nude mice, causing a dysregulation in the immune system. On the 
other hand, an autoimmune reaction can be caused upon transfusion of normal platelets into a CD61-knockout mouse. 
CD25 depleted Tregs – CD25 depleted regulatory T-cells; anti-CD41 – antibodies against platelet CD41; MwReg30 – rat 
monoclonal antibody against mice CD41.
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experiments [75].
The other approach to the development of the 

chronic ITP is based on some sensitization of the 
animal to CD61. For this, a CD61 knockout (CD61 
KO) mice are perfused with platelets from WT mice 
[79,80]. This causes activation of immunity what 
results in the both clinical and laboratory symptoms 
of ITP: profound thrombocytopenia, hemorrhagic 
syndrome up to fatal bleedings [79]. This type of 
in vivo model is more likely to imitate the “natural” 
course of ITP from the first manifestation until 
the clinical outcome. However, even though such 
model is closely resembling ITP in human patients, 
sensibilized to CD61 mice do not recover from ITP, 
while patients can overcome the disease [33].

T-cellular models are less common than 
B-cellular due to their complexity. The most elegant 
one is based on the CD25 depleted mice. The CD4+ 
cells from well characterized CD25 depleted mice 
[81] are transfused into nude mice. 36% of recipients 
develop severe isolated thrombocytopenia on the 
3rd and consecutive weeks [82,83]. That model 
is a reflection of a classical ITP manifestation with 
spontaneous hemorrhagic syndrome and isolated 
thrombocytopenia. Unlike the CD61-sensibilization 
based model, Treg-based one does not cause fatal 
consequences. Despite all of the advances in the 
in vivo studies, murine immunity significantly differs 
from human, what severely limits applicability of 
rodent models [84].

In silico approaches to studies of ITP

In silico approach is a convenient tool for 
studying the biological and physiological systems 
[85,86]. Computational models of intracellular 
signaling or intercellular interactions can predict the 
response of the system to different stimuli. Patient-
based computational models could predict treatment 
efficacy and help the clinician to choose the dosage 
regimen to improve the quality of life of the patient. 
Thus, computational modeling could be of use for ITP 
research. However, there are only two computational 
models related to ITP. 

The first model is designed by Wire et al. [87]  
for evaluating the dosage regimen for eltrombopag 
in immune thrombocytopenia patients. This 
model describes pharmacokinetics (PK) and 
pharmacodynamics (PD) of the drug and thus allows 
correction of the therapy dosage in personalized 
mode. Age and race are among the parameters 
that define the optimal dosage of eltrombopag in 
that model. Interestingly, it appeared that the body 
weight is insignificant to the PK/PD of this TPO-RA. 
It remains unpredictable if the platelet count would 
increase effectively, so it is still necessary to monitor 
the platelet count. Nevertheless, the patient-based 
regimen of eltrombopag administration is more 
convenient to be selected and adapted, with this 

model. This model might be implemented in studying 
the PK/PD of other types of pharmacology treatment 
options for immune thrombocytopenia as well.

The second model was published by our group 
to describe two platelet phenotypes in immune 
thrombocytopenia [88] . Platelets of ITP patients have 
been shown to bind to fibrinogen in different ways. 
Platelets of one group of patients bind fibrinogen 
less fibrinogen than healthy donors (comparable to 
Glanzmann’s thrombasthenia patients). The platelets 
of the other of ITP patients have increased fibrinogen 
binding. Furthermore, the platelets of ITP patients are 
pre-activated in the quiescent state which is detected 
with the increased cytosolic calcium. The cause of the 
formation of different subtypes of platelets remains 
unclear. The authors hypothesize that antiplatelet 
antibodies of different specificity might be the reason. 
Considering that anti-GPIb antibodies are able to 
activate platelets, the model can be extended for 
predicting the platelet phenotype of activation based 
on the results of the antibody testing in a concrete 
patient. So that more specific therapeutic approach 
might be considered. 

Finally, models of different phenomena can also 
be applicable for the studies of ITP. Stepanyan et 
al. [89] have developed a stochastic computational 
model of platelets’ life cycle which takes into the 
account the consumption of platelets due to COVID-19 
thrombosis. Briefly, the platelets are produced in 
the megakaryocytes from the bone marrow with a 
TPO level dependent manner. The newly produced 
platelets circulate in the blood for 7-10 days if no 
event occurs. Then the platelets are either eliminated 
through the liver what results in TPO level rise, or 
can be consumed due to ongoing thrombosis in lung 
microvasculature. This model can be implemented 
into studying the ITP mechanisms by adding any 
cells or events that can affect the platelet life cycle. It 
is of additional interest, how the addition of cytotoxic 
T-lymphocytes would affect platelet lifespan in such 
model.

Conclusion
ITP is a complex disease with diverse and 

poorly characterized initiation mechanisms and 
complex diagnostics. Generally, the treatment of 
ITP is aimed at suppressing the immune system 
function, increasing platelet production or decreasing 
platelet consumption by splenectomy, but there is 
no treatment aimed at the origin of the decease. 
Besides, the ITP therapy itself can induce transition 
from acute to chronic phase of ITP. 

Basic science ITP research has flourished in the 
last couple of decades with a lot of new approached 
being developed. The murine models are the most 
common option to study the effects of various novel 
therapies, while computational modeling might be 
productive in describing the patient’s phenotype 
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based on the clinical and laboratory parameters. So, 
the computational modeling might be a useful tool to 
construct a tool for personalized predictions of the 
disease progression and therapy efficacy. 

Acknowledgments
The study was supported by a grant 

from the endowment foundation “Science for 
Children”. Images were created using BioRender  
(https://biorender.com/).

Author Contributions
O.I.A. planned the study and wrote the paper; 

A.A.M. analyzed the data and edited the paper; 
M.A.P. supervised the study, analyzed the data and 
edited the paper. All authors have read and agreed to 
the published version of the manuscript. The authors 
declare no conflict of interests.

References
1. Provan D, Stasi R, Newland AC, Blanchette VS, Bolton-

Maggs P, Bussel JB, et al. International consensus 
report on the investigation and management of primary 
immune thrombocytopenia. Blood 2010;115:168–86. 
https://doi.org/10.1182/blood-2009-06-225565.

2. Neunert C, Lim W, Crowther M, Cohen A, Solberg L, 
Crowther MA. The American Society of Hematology 
2011 evidence-based practice guideline for immune 
thrombocytopenia. Blood 2011;117:4190–207. https://
doi.org/10.1182/blood-2010-08-302984.

3. Fogarty PF. Chronic Immune Thrombocytopenia 
in Adults: Epidemiology and Clinical Presentation. 
Hematology/Oncology Clinics of North America 
2009;23:1213–21. https://doi.org/10.1016/j.
hoc.2009.08.004.

4. Yong M, Schoonen WM, Li L, Kanas G, Coalson J, 
Mowat F, et al. Epidemiology of paediatric immune 
thrombocytopenia in the General Practice Research 
Database: Paediatric ITP in the GPRD. British Journal of 
Haematology 2010;149:855–64. https://doi.org/10.1111/
j.1365-2141.2010.08176.x.

5. Beardsley, M.D., Ph.D DS, Ertem, M.D M. Platelet 
Autoantibodies in Immune Thrombocytopenic Purpura. 
Transfusion Science 1998;19:237–44. https://doi.
org/10.1016/S0955-3886(98)00037-X.

6. van Leeuwen EF, van der Ven JT, Engelfriet CP, von dem 
Borne AE. Specificity of autoantibodies in autoimmune 
thrombocytopenia. Blood 1982;59:23–6.

7. Shulman NR, Marder VJ, Weinrach RS. Similarities 
Between Known Antiplatelet Antibodies and the Factor 
Responsible for Thrombocytopenia in Idiopatic Purpura. 
Physiologic, Serologic and Isotopic Studies. Annals of 
the New York Academy of Sciences 2006;124:499–542. 
https://doi.org/10.1111/j.1749-6632.1965.tb18984.x.

8. Arnold DM, Nazy I, Clare R, Jaffer AM, Aubie B, Li N, et 
al. Misdiagnosis of primary immune thrombocytopenia 
and frequency of bleeding: lessons from the McMaster 
ITP Registry. Blood Advances 2017;1:2414–20. https://
doi.org/10.1182/bloodadvances.2017010942.

9. Cines DB, Liebman H, Stasi R. Pathobiology of 
Secondary Immune Thrombocytopenia. Seminars in 
Hematology 2009;46:S2–14. https://doi.org/10.1053/j.
seminhematol.2008.12.005.

10. Zhao H, Li S, Yang R. Thrombocytopenia in patients with 
systemic lupus erythematosus: significant in the clinical 

implication and prognosis. Platelets 2010;21:380–5. 
https://doi.org/10.3109/09537101003735564.

11. Tomasello R, Giordano G, Romano F, Vaccarino 
F, Siragusa S, Lucchesi A, et al. Immune 
Thrombocytopenia in Antiphospholipid Syndrome: Is 
It Primary or Secondary? Biomedicines 2021;9:1170. 
https://doi.org/10.3390/biomedicines9091170.

12. Zhang W, Nardi MA, Borkowsky W, Li Z, Karpatkin S. 
Role of molecular mimicry of hepatitis C virus protein 
with platelet GPIIIa in hepatitis C–related immunologic 
thrombocytopenia. Blood 2009;113:4086–93. https://
doi.org/10.1182/blood-2008-09-181073.

13. Li Z, Nardi MA, Karpatkin S. Role of molecular mimicry 
to HIV-1 peptides in HIV-1–related immunologic 
thrombocytopenia. Blood 2005;106:572–6. https://doi.
org/10.1182/blood-2005-01-0243.

14. Takahashi T, Yujiri T, Shinohara K, Inoue Y, Sato Y, 
Fujii Y, et al. Molecular mimicry by Helicobacter pylori 
CagA protein may be involved in the pathogenesis of H. 
pylori -associated chronic idiopathic thrombocytopenic 
purpura: H. pylori Infection Induces Chronic ITP by 
Molecular Mimicry. British Journal of Haematology 
2004;124:91–6. https://doi.org/10.1046/j.1365-
2141.2003.04735.x.

15. Kaden B, Rosse W, Hauch T. Immune thrombocytopenia 
in lymphoproliferative diseases. Blood 1979;53:545–51. 
https://doi.org/10.1182/blood.V53.4.545.545.

16. Aster RH, Bougie DW. Drug-Induced Immune 
Thrombocytopenia. N Engl J Med 2007;357:580–7. 
https://doi.org/10.1056/NEJMra066469.

17. George JN, El-Harake MA, Raskob GE. Chronic 
Idiopathic Thrombocytopenic Purpura. N Engl J 
Med 1994;331:1207–11. https://doi.org/10.1056/
NEJM199411033311807.

18. Suntsova EV, Maschan AA, Mironenko ON, Baydildina 
DD, Kalinina II, Korsantya MN, et al. Thrombopoietin 
receptor agonists for the treatment of severe persistent 
and chronic immune trombocytopenia in children: clinical 
data of Dmitry Rogachev National Medical Research 
Center of Pediatric Hematology, Oncology, Immunology. 
Voprosy Gematologii/Onkologii i Immunopatologii v 
Pediatrii 2021;20:12–25. https://doi.org/10.24287/1726-
1708-2021-20-3-12-25.

19. Mithoowani S, Arnold DM. First-Line Therapy for Immune 
Thrombocytopenia. Hamostaseologie 2019;39:259–65. 
https://doi.org/10.1055/s-0039-1684031.

20. Barnes PJ. Corticosteroids: The drugs to beat. European 
Journal of Pharmacology 2006;533:2–14. https://doi.
org/10.1016/j.ejphar.2005.12.052.

21. Leontyev D, Katsman Y, Ma X-Z, Miescher S, Käsermann 
F, Branch DR. Sialylation-independent mechanism 
involved in the amelioration of murine immune 
thrombocytopenia using intravenous gammaglobulin: 
NONSIALYLATED IVIg AMELIORATES ITP. 
Transfusion 2012;52:1799–805. https://doi.org/10.1111/
j.1537-2995.2011.03517.x.

22. Wang S, Yang KD, Lin C, Huang AY, Hsiao C, Lin M, 
et al. Intravenous immunoglobulin therapy enhances 
suppressive regulatory T cells and decreases 
innate lymphoid cells in children with immune 
thrombocytopenia. Pediatr Blood Cancer 2020;67. 
https://doi.org/10.1002/pbc.28075.

23. Borst F, Keuning JJ, van Hulsteijn H, Sinnige H, 
Vreugdenhil G. High-dose dexamethasone as a first- and 
second-line treatment of idiopathic thrombocytopenic 
purpura in adults. Ann Hematol 2004;83:764–8. https://
doi.org/10.1007/s00277-004-0908-1.

24. Hou M, Peng J, Shi Y, Zhang C, Qin P, Zhao C, et 
al. Mycophenolate mofetil (MMF) for the treatment of 
steroid-resistant idiopathic thrombocytopenic purpura: 



7O.I. An et al. SBPReports 2021

MMF for the treatment of ITP. European Journal of 
Haematology 2003;70:353–7. https://doi.org/10.1034/
j.1600-0609.2003.00076.x.

25. Choudhary DR, Naithani R, Mahapatra M, Kumar R, 
Mishra P, Saxena R. Efficacy of cyclosporine as a single 
agent therapy in chronic idiopathic thrombocytopenic 
purpura. Haematologica 2008;93:e61–2. https://doi.
org/10.3324/haematol.13481.

26. Khellaf M, Charles-Nelson A, Fain O, Terriou L, 
Viallard J-F, Cheze S, et al. Safety and efficacy of 
rituximab in adult immune thrombocytopenia: results 
from a prospective registry including 248 patients. 
Blood 2014;124:3228–36. https://doi.org/10.1182/
blood-2014-06-582346.

27. Lozano ML, Mingot-Castellano ME, Perera MM, 
Jarque I, Campos-Alvarez RM, González-López 
TJ, et al. Deciphering predictive factors for choice 
of thrombopoietin receptor agonist, treatment 
free responses, and thrombotic events in immune 
thrombocytopenia. Sci Rep 2019;9:16680. https://doi.
org/10.1038/s41598-019-53209-y.

28. Friedman RL, Fallas MJ, Carroll BJ, Hiatt JR, Phillips 
EH. Laparoscopic splenectomy for ITP: The gold 
standard. Surg Endosc 1996;10:991–5. https://doi.
org/10.1007/s004649900221.

29. Rodeghiero F, Ruggeri M. Short- and long-term risks 
of splenectomy for benign haematological disorders: 
should we revisit the indications? Br J Haematol 
2012;158:16–29. https://doi.org/10.1111/j.1365-
2141.2012.09146.x.

30. Bourgeois E, Caulier MT, Delarozee C, Brouillard M, 
Bauters F, Fenaux P. Long-term follow-up of chronic 
autoimmune thrombocytopenic purpura refractory to 
splenectomy: a prospective analysis: Long-term Follow-
up of Chronic ITP Refractory to Splenectomy. British 
Journal of Haematology 2003;120:1079–88. https://doi.
org/10.1046/j.1365-2141.2003.04211.x.

31. Schmidt DE, Heitink‐Polle KMJ, Porcelijn L, Schoot CE, 
Vidarsson G, Bruin MCA, et al. Anti‐platelet antibodies 
in childhood immune thrombocytopenia: Prevalence 
and prognostic implications. J Thromb Haemost 
2020;18:1210–20. https://doi.org/10.1111/jth.14762.

32. McMillan R. Clinical Role of Antiplatelet Antibody 
Assays. Semin Thromb Hemost 1995;21:37–45. https://
doi.org/10.1055/s-2007-1000377.

33. Pang SJY, Lazarus AH. Mechanisms of platelet 
recovery in ITP associated with therapy. Ann Hematol 
2010;89:31–5. https://doi.org/10.1007/s00277-010-
0916-2.

34. Heitink-Pollé KMJ, Nijsten J, Boonacker CWB, 
de Haas M, Bruin MCA. Clinical and laboratory 
predictors of chronic immune thrombocytopenia in 
children: a systematic review and meta-analysis. 
Blood 2014;124:3295–307. https://doi.org/10.1182/
blood-2014-04-570127.

35. Kühne T, Buchanan GR, Zimmerman S, Michaels LA, 
Kohan R, Berchtold W, et al. A prospective comparative 
study of 2540 infants and children with newly diagnosed 
idiopathic thrombocytopenic purpura (ITP) from the 
intercontinental childhood ITP study group. The Journal 
of Pediatrics 2003;143:605–8. https://doi.org/10.1067/
S0022-3476(03)00535-3.

36. David P, Shoenfeld Y. ITP following vaccination. 
International Journal of Infectious Diseases 2020;99:243–
4. https://doi.org/10.1016/j.ijid.2020.07.085.

37. Black C, Kaye JA, Jick H. MMR vaccine and idiopathic 
thrombocytopaenic purpura: MMR vaccine and 
idiopathic thrombocytopaenic purpura. British Journal 
of Clinical Pharmacology 2003;55:107–11. https://doi.
org/10.1046/j.1365-2125.2003.01790.x.

38. He R, Reid DM, Jones C, Shulman NR. 
Spectrum of Ig Classes, Specificities, and Titers 
of Serum Antiglycoproteins in Chronic Idiopathic 
Thrombocytopenic Purpura n.d.:9.

39. Kiefel V, Freitag E, Kroll H, Santoso S, Mueller-
Eckhardt C. Platelet autoantibodies (IgG, IgM, IgA) 
against glycoproteins IIb/IIIa and Ib/IX in patients with 
thrombocytopenia. Annals of Hematology 1996;72:280–
5. https://doi.org/10.1007/s002770050173.

40. Norris PAA, Segel GB, Burack WR, Sachs UJ, 
Lissenberg-Thunnissen SN, Vidarsson G, et al. 
FcγRI and FcγRIII on splenic macrophages mediate 
phagocytosis of anti-glycoprotein IIb/IIIa autoantibody-
opsonized platelets in immune thrombocytopenia. 
Haematol 2020;106:250–4. https://doi.org/10.3324/
haematol.2020.248385.

41. Mauri C, Bosma A. Immune Regulatory Function of B 
Cells. Annu Rev Immunol 2012;30:221–41. https://doi.
org/10.1146/annurev-immunol-020711-074934.

42. Morbach H, Eichhorn EM, Liese JG, Girschick HJ. 
Reference values for B cell subpopulations from infancy 
to adulthood: Age-dependent reference values for B 
cell populations. Clinical & Experimental Immunology 
2010;162:271–9. https://doi.org/10.1111/j.1365-
2249.2010.04206.x.

43. Herzog S, Reth M, Jumaa H. Regulation of B-cell 
proliferation and differentiation by pre-B-cell receptor 
signalling. Nat Rev Immunol 2009;9:195–205. https://
doi.org/10.1038/nri2491.

44. Shapiro-Shelef M, Calame K. Regulation of plasma-cell 
development. Nat Rev Immunol 2005;5:230–42. https://
doi.org/10.1038/nri1572.

45. Gay D, Saunders T, Camper S, Weigert M. Receptor 
editing: an approach by autoreactive B cells to 
escape tolerance. Journal of Experimental Medicine 
1993;177:999–1008. https://doi.org/10.1084/
jem.177.4.999.

46. Fang J, Lin L, Lin D, Zhang R, Liu X, Wang D, et al. The 
imbalance between regulatory memory B cells reveals 
possible pathogenesis involvement in pediatric immune 
thrombocytopenia. Hematology 2019;24:473–9. https://
doi.org/10.1080/16078454.2019.1622292.

47. Maruyama M, Lam K-P, Rajewsky K. Memory B-cell 
persistence is independent of persisting immunizing 
antigen. Nature 2000;407:636–42. https://doi.
org/10.1038/35036600.

48. Zhu X, Shi Y, Peng J, Guo C, Shan N, Qin P, et al. 
The effects of BAFF and BAFF-R-Fc fusion protein in 
immune thrombocytopenia. Blood 2009;114:5362–7. 
https://doi.org/10.1182/blood-2009-05-217513.

49. Zhai J, Ding M, Yang T, Zuo B, Weng Z, Zhao Y, et al. 
Flow cytometric immunobead assay for quantitative 
detection of platelet autoantibodies in immune 
thrombocytopenia patients. J Transl Med 2017;15:214. 
https://doi.org/10.1186/s12967-017-1317-2.

50. Wen R, Wang Y, Hong Y, Yang Z. Cellular 
immune dysregulation in the pathogenesis of 
immune thrombocytopenia. Blood Coagulation & 
Fibrinolysis 2020;31:113–20. https://doi.org/10.1097/
MBC.0000000000000891.

51. Lee E-J, Bussel JB. Immune Thrombocytopenia: A 
Complex Autoimmune Disease. The Autoimmune 
Diseases, Elsevier; 2020, p. 911–21. https://doi.
org/10.1016/B978-0-12-812102-3.00048-8.

52. Barry M, Bleackley RC. Cytotoxic T lymphocytes: all 
roads lead to death. Nat Rev Immunol 2002;2:401–9. 
https://doi.org/10.1038/nri819.

53. Kane LP, Lin J, Weiss A. Signal transduction by the 
TCR for antigen. Current Opinion in Immunology 
2000;12:242–9. https://doi.org/10.1016/S0952-



8O.I. An et al. SBPReports 2021

7915(00)00083-2.
54. Pearce EL. Metabolism in T cell activation and 

differentiation. Current Opinion in Immunology 
2010;22:314–20. https://doi.org/10.1016/j.
coi.2010.01.018.

55. Voskoboinik I, Whisstock JC, Trapani JA. Perforin 
and granzymes: function, dysfunction and human 
pathology. Nat Rev Immunol 2015;15:388–400. https://
doi.org/10.1038/nri3839.

56. Sutton VR, Davis JE, Cancilla M, Johnstone RW, 
Ruefli AA, Sedelies K, et al. Initiation of Apoptosis by 
Granzyme B Requires Direct Cleavage of Bid, but Not 
Direct Granzyme B–Mediated Caspase Activation. 
Journal of Experimental Medicine 2000;192:1403–14. 
https://doi.org/10.1084/jem.192.10.1403.

57. Zhang F, Chu X, Wang L, Zhu Y, Li L, Ma D, et al. 
Cell-mediated lysis of autologous platelets in chronic 
idiopathic thrombocytopenic purpura. Eur J Haematol 
2006;76:427–31. https://doi.org/10.1111/j.1600-
0609.2005.00622.x.

58. Zhu X, Ma D, Zhang J, Peng J, Qu X, Ji C, et al. 
Elevated Interleukin-21 Correlated to Th17 and Th1 
Cells in Patients with Immune Thrombocytopenia. J 
Clin Immunol 2010;30:253–9. https://doi.org/10.1007/
s10875-009-9353-1.

59. Deng G, Yu S, Li Q, He Y, Liang W, Yu L, et al. 
Investigation of platelet apoptosis in adult patients 
with chronic immune thrombocytopenia. Hematology 
2017;22:155–61. https://doi.org/10.1080/10245332.20
16.1237004.

60. Levy-Mendelovich S, Aviner S, Sharon N, Miskin 
H, Yacobovich J, Kenet G, et al. Pediatric immune 
thrombocytopenia: apoptotic markers may help in 
predicting the disease course. Pediatr Res 2021;90:93–
8. https://doi.org/10.1038/s41390-020-01355-9.

61. Schmitt N, Ueno H. Regulation of human helper T cell 
subset differentiation by cytokines. Current Opinion in 
Immunology 2015;34:130–6. https://doi.org/10.1016/j.
coi.2015.03.007.

62. Luckheeram RV, Zhou R, Verma AD, Xia B. CD4 + 
T Cells: Differentiation and Functions. Clinical and 
Developmental Immunology 2012;2012:1–12. https://
doi.org/10.1155/2012/925135.

63. Corthay A. A Three-cell Model for Activation of Naïve 
T Helper Cells. Scandinavian Journal of Immunology 
2006;64:93–6. https://doi.org/10.1111/j.1365-
3083.2006.01782.x.

64. Liew FY. TH1 and TH2 cells: a historical perspective. Nat 
Rev Immunol 2002;2:55–60. https://doi.org/10.1038/
nri705.

65. Korn T, Bettelli E, Oukka M, Kuchroo VK. IL-17 and Th17 
Cells. Annu Rev Immunol 2009;27:485–517. https://doi.
org/10.1146/annurev.immunol.021908.132710.

66. Azizi G, Yazdani R, Hamid K, Razavi A, Mirshafiey A. IL-
22 Produced by T helper Cell 22 as a New player in the 
Pathogenesis of Immune Thrombocytopenia. EMIDDT 
2015;15:242–50. https://doi.org/10.2174/18715303156
66150331154733.

67. Zhan F, Li J, Fang M, Ding J, Wang Q. Importance of 
Th22 Cell Disequilibrium in Immune Thrombocytopenic 
Purpura. Med Sci Monit 2018;24:8767–72. https://doi.
org/10.12659/MSM.912528.

68. Cao J, Chen C, Li L, Zeng L, Li Z, Yan Z, et al. 
Effects of High-Dose Dexamethasone on Regulating 
Interleukin-22 Production and Correcting Th1 and 
Th22 Polarization in Immune Thrombocytopenia. J 
Clin Immunol 2012;32:523–9. https://doi.org/10.1007/
s10875-012-9649-4.

69. Charlton B, Lafferty KJ. The Th1/Th2 balance in 
autoimmunity. Current Opinion in Immunology 

1995;7:793–8. https://doi.org/10.1016/0952-
7915(95)80050-6.

70. Hu Y, Li H, Zhang L, Shan B, Xu X, Li H, et al. Elevated 
profiles of Th22 cells and correlations with Th17 cells 
in patients with immune thrombocytopenia. Human 
Immunology 2012;73:629–35. https://doi.org/10.1016/j.
humimm.2012.04.015.

71. Rocha AMC, Souza C, Rocha GA, de Melo FF, 
Clementino NCD, Marino MCA, et al. The levels of IL-17A 
and of the cytokines involved in Th17 cell commitment 
are increased in patients with chronic immune 
thrombocytopenia. Haematologica 2011;96:1560–4. 
https://doi.org/10.3324/haematol.2011.046417.

72. Roncarolo M-G, Levings MK. The role of different 
subsets of T regulatory cells in controlling autoimmunity. 
Current Opinion in Immunology 2000;12:676–83. 
https://doi.org/10.1016/S0952-7915(00)00162-X.

73. Sakaguchi S, Miyara M, Costantino CM, Hafler DA. 
FOXP3+ regulatory T cells in the human immune 
system. Nat Rev Immunol 2010;10:490–500. https://doi.
org/10.1038/nri2785.

74. Ahmed HA, Fahmy EM, Nagiub Abdelsalam EM. 
Regulatory T cell CD4 &CD25 expression and 
chemokine C-X-C ligand 13 level before and after 
corticosteroid therapy in pediatric ITP patients. Pediatric 
Hematology Oncology Journal 2019;4:39–43. https://
doi.org/10.1016/j.phoj.2019.08.177.

75. Neschadim A, Branch DR. Mouse Models 
for Immune‐Mediated Platelet Destruction or 
Immune Thrombocytopenia (ITP). Current 
Protocols in Immunology 2016;113. https://doi.
org/10.1002/0471142735.im1530s113.

76. Nieswandt B, Echtenacher B, Wachs F-P, Schröder J, 
Gessner JE, Schmidt RE, et al. Acute Systemic Reaction 
and Lung Alterations Induced by an Antiplatelet Integrin 
gpIIb/IIIa Antibody in Mice. Blood 1999;94:684–93. 
https://doi.org/10.1182/blood.V94.2.684.

77. Webster ML, Sayeh E, Crow M, Chen P, Nieswandt 
B, Freedman J, et al. Relative efficacy of intravenous 
immunoglobulin G in ameliorating thrombocytopenia 
induced by antiplatelet GPIIbIIIa versus GPIbα 
antibodies. Blood 2006;108:943–6. https://doi.
org/10.1182/blood-2005-06-009761.

78. Deng R, Balthasar JP. Pharmacokinetic/
Pharmacodynamic Modeling of IVIG Effects in a 
Murine Model of Immune Thrombocytopenia. Journal of 
Pharmaceutical Sciences 2007;96:1625–37. https://doi.
org/10.1002/jps.20828.

79. Chow L, Aslam R, Speck ER, Kim M, Cridland N, 
Webster ML, et al. A murine model of severe immune 
thrombocytopenia is induced by antibody- and CD8ϩ T 
cell–mediated responses that are differentially sensitive 
to therapy 2010;115:7.

80. Ma L, Simpson E, Li J, Xuan M, Xu M, Baker L, et al. 
CD8+ T cells are predominantly protective and required 
for effective steroid therapy in murine models of immune 
thrombocytopenia. Blood 2015;126:247–56. https://doi.
org/10.1182/blood-2015-03-635417.

81. Sakaguchi S, Sakaguchi N, Asano M, Itoh M, Toda M. 
Immunologic self-tolerance maintained by activated 
T cells expressing IL-2 receptor alpha-chains (CD25). 
Breakdown of a single mechanism of self-tolerance 
causes various autoimmune diseases. J Immunol 
1995;155:1151.

82. Nishimoto T, Satoh T, Takeuchi T, Ikeda Y, Kuwana M. 
Critical role of CD4+CD25+ regulatory T cells in preventing 
murine autoantibody-mediated thrombocytopenia. 
Experimental Hematology 2012;40:279–89. https://doi.
org/10.1016/j.exphem.2012.01.001.

83. Nishimoto T, Numajiri M, Nakazaki H, Okazaki Y, 



9O.I. An et al. SBPReports 2021

Kuwana M. Induction of immune tolerance to platelet 
antigen by short-term thrombopoietin treatment in 
a mouse model of immune thrombocytopenia. Int J 
Hematol 2014;100:341–4. https://doi.org/10.1007/
s12185-014-1661-4.

84. Mestas J, Hughes CCW. Of Mice and Not Men: 
Differences between Mouse and Human Immunology. 
J Immunol 2004;172:2731–8. https://doi.org/10.4049/
jimmunol.172.5.2731.

85. Dunster JL, Panteleev MA, Gibbins JM, Sveshnikova 
AN. Mathematical Techniques for Understanding 
Platelet Regulation and the Development of New 
Pharmacological Approaches. In: Gibbins JM, Mahaut-
Smith M, editors. Platelets and Megakaryocytes, vol. 
1812, New York, NY: Springer New York; 2018, p. 255–
79. https://doi.org/10.1007/978-1-4939-8585-2_15.

86. Panteleev M. Systems approaches meet biology 
and physiology: why do we need yet another 
journal? SBPR 2021;1:1–2. https://doi.org/10.52455/
sbpr.01.202101011.

87. Wire MB, Li X, Zhang J, Sallas W, Aslanis V, Ouatas T. 
Modeling and Simulation Support Eltrombopag Dosing 
in Pediatric Patients With Immune Thrombocytopenia. 
Clin Pharmacol Ther 2018;104:1199–207. https://doi.
org/10.1002/cpt.1066.

88. Martyanov A, Morozova D, Sorokina M, Filkova A, 
Fedorova D, Uzueva S, et al. Heterogeneity of Integrin 
αIIbβ3 Function in Pediatric Immune Thrombocytopenia 
Revealed by Continuous Flow Cytometry Analysis. IJMS 
2020;21:3035. https://doi.org/10.3390/ijms21093035.

89. Stepanyan M, Martyanov A, An O, Boldova A, 
Roumiantsev S, Rumyantsev A, et al. A strong 
correlation exists between platelet consumption and 
platelet hyperactivation in COVID-19 patients. Pilot 
study of the patient cohort from CCH RAS Hospital 
(Troitsk). SBPR 2021;1:1–10. https://doi.org/10.52455/
sbpr.01.202102011.



10

On calcium fluorophore’s impact in platelet signaling studies
by Sofia V. Galkina1, and Fedor A. Balabin2,3#

1. Faculty of Physics, Lomonosov Moscow State University, 1/2 Leninskie gory, Moscow, 119991, Russia 
2. Center for Theoretical Problems of Physico-Сhemical Pharmacology, Russian Academy of Sciences, 30 

Srednyaya Kalitnikovskaya str., Moscow, 109029, Russia 
3. National Medical Research Centеr of Pediatric Hematology, Oncology and Immunology named after Dmitry 

Rogachev, 1 Samory Mashela St, Moscow, 117198, Russia

# Сorrespondence: fa.balabin@physics.msu.ru

Received: 15.12.2021    Accepted: 29.12.2021           Published: 30.12.2021
DOI: 10.52455/sbpr.01.202104012

Abstract
Observation of calcium signaling in  

platelets - blood cells designed to be involved in 
stopping bleeding and forming blood clots - is an 
important part of fundamental research in hemostasis. 
However, such a study is possible only with the use of 
calcium fluorophores - small molecules that penetrate 
the platelet membrane due to their hydrophobic -AM 
part, which is then hydrolyzed by cytosol esterases. 
In this work, we consider the phenomenon of 
inhomogeneous loading of calcium fluorophores into 
platelets.

We used platelets from healthy adult donors 
loaded with various fluorescent probes (CalBryte590, 
DiOC6 (3), Fura Red, Fluo-4 and CellTracker Violet 
BMQC) and immobilized on antibodies to CD31 in 
parallel plane flow chambers. Total internal reflection 
fluorescence (TIRF) microscopy was used for 
observations.

We demonstrated that all studied probes are 
loaded heterogeneously, with 30% platelets being 
loaded with a probe 2-6 times higher than the 
population median value. Using the CalBryte590 probe 
as an example, we have shown that a decrease in the 
incubation temperature, the addition of Pluronic 127 
to the incubation medium, or membrane cholesterol 
depletion significantly reduces the heterogeneity of 
the probe distribution in the population. By looking at 
platelet activation from the surface, we have shown 
that the probability of experiencing strong activation, 
as measured by the intensity of calcium oscillations, 
correlates with the amount of probe in the platelet.

Thus, we conclude that the type of fluorophore 
used and the conditions of its loading into platelets 
can significantly affect the results of experiments on 
the observation of calcium signaling in platelets.

Keywords: intracellular signaling; fluorescent 
phrobes; membrane; calcium fluorophores; platelets 
 

Introduction
Blood is an important component of the human 

body, however, a system for maintaining its integrity 
is needed - a hemostasis system, roughly divided 
into plasma and vascular-platelet links [1]. Platelets, 
small non-nuclear blood cells, are designed to stop 
bleeding when a vessel is damaged by forming an 
aggregate and providing its surface to accelerate the 
work of the plasma hemostasis link [2]. To accomplish 
this task, platelets enter the so-called activated state. 
When activated, platelets adhere to the surface and 
aggregate with each other [3], change their shape, 
secrete the contents of granules [4] and, in some 
cases, become procoagulant [5,6]. Eventually, a 
blood clot forms. [7]. 

A feature of platelet activation is its quick reaction 
to damage - with characteristic times of the order of 
one second [8]. Probably, the platelet intracellular 
signaling system provides such a response rate due 
to calcium ions. In resting cells, the concentration of 
free calcium in the cytosol is maintained at a lower 
level (approximately 10-20 nM) [9] than in blood 
plasma (1-2 mM), and in the endoplasmic reticulum, 
which is considered the main store of calcium in the 
platelet, its concentration is about 100 - 800 μM [10]. 
Platelet activation, like many other cells, is controlled 
by the concentration of calcium ions in the cytosol 
due to the fact that calcium ions are cofactors for 
many enzymes mediating platelet activation [11–13]. 

As such an important component of platelet 
activation, calcium signaling has been studied for 
a long time both in cell suspension [14,15] and 
in single platelets [16–18]. The study of calcium 
signaling is carried out using intracellular fluorescent 
probes - small organic molecules-fluorophores, the 
parameters of excitation and / or fluorescence of 
which significantly change when binding calcium ions 
[19]. However, without damaging the cell membrane, 
fluorescent probes can be introduced into it only by 
diffusion, and for this the molecules are modified 
by the addition of an acetomethyl residue, which is 
hydrolyzed inside the cell by nonspecific esterases 
[20]. 
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In this work, using single human platelets, we 
investigated the issues of the possible influence of 
the used fluorescent probe and the conditions of its 
entry into the cell on the observed calcium signal. As 
a result of this work, we conclude that the intensity 
of calcium mobilization in the platelet in response 
to activation correlates positively with the level of 
fluorescence of the fluorophore in the platelet.

Materials and methods
The following materials were obtained from 

the parenthesized sources: Human Thrombin 
(Hematologic Technologies, Essex Junction, 
Vermont, USA), Calbryte 590 AM, Fura Red AM, Fluo-
4 AM, and DiOC6 (3) (Molecular probes, Eugene, 
State Oregon, USA), CellTracker Violet BMQC Dye 
(Invitrogen), S-Monovette Hirudin 1.6 ml hirudin 
tubes (SARSTEDT AG Co. KG, Germany), 4.5 ml 
citrate (3.8%) tubes (IMPROVACUTER, China). 
Potato apyrase, ADP and solution reagents were 
obtained from Sigma-Aldrich. VM64 antibodies were 
given as a gift to Prof. A.V. Mazurov (Federal State 
Budgetary Institution of National Medical Research 
Center of Cardiology, Moscow, RF). Materials for the 
manufacture of flow chambers were produced by 
GemaKor (Moscow, RF) and MedSil (Mytishchi, RF).

The whole blood of healthy volunteers (11 
persons, 18-45 years of age) within 3 hours of the 
collection was used for all experiments. Blood was 
collected into 9 ml tubes containing 3,8% sodium 
citrate (1:9 v/v), or into 1.6 ml tubes containing 
R-hirudin (S-Monovette®, Sarstedt, Germany). 
Investigations were performed in accordance with 
the Declaration of Helsinki and approved by the 
CTP PCP RAS ethics committee (decision #1 from 
12.01.2018), written informed consent was obtained 
from all donors.

9 different protocols (A-I) for loading calcium 
sensitive probes into platelets were used for this 
study. Protocols A-E are based on the sodium citrate-
anticoagulated (3.8 % v/v) blood, while in protocols 
F-H hirudin (> 525 antithrombin units / ml) was used as 
the anticoagulant. 2 µM of Calbryte590-AM was used 
as a probe for protocols A, B, D, E, and H, protocol C 
used DIOC6, protocol F - Fluo4-AM (2 μM), protocol 
G - Fura Red- AM (2 μM), and protocol I – CellTracker 
Violet BMQC Dye (2 μM and 4 μM). Apyrase (0.3 U/
ml) was used to prevent platelet pre-activation due to 
ADP, secreted by the red blood cells. Protocol D also 
contained Pluronic F-127 (0.04%) and in protocol E, 
5 mM of MβCD (methyl-β-cyclodextrin) was added 
after 15 min of blood incubation with calcium probe. 

Figure 1. Overall scheme of the assay. First, whole pre-processed blood is perfused through the flow chamber for 
2.5 minutes. Then Tyrode’s buffer is perfused through the chamber for 5 minutes to wash away unattached cells. Then, 
depending on the protocol, the microscopy video is recorded for 5-10 minutes.
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The resulting mixture was incubated for 30 minutes 
(A, B, D, E, F, G, H) or for 5 minutes (C) at 37°C (A, D, 
E, F, G, H) or at 25° C (B, C). Thus, protocol A can be 
used as a control for the CalBryte590 dye, protocol 
C for the DiOC6 dye, F for the Fluo4 dye, G for the 
Fura Red dye, and I – CellTracker Violet BMQC dye. 
Protocols A, B, D and E use different conditions for 
loading the CalBryte590 probe into platelets: B is 
characterized by a reduced temperature, D by the 
presence of Pluronic (a reagent to facilitate the entry 
of a hydrophobic AM probe into the cell), and Protocol 
E is characterized by the presence of MβCD (reagent 
for depletion platelet membrane with cholesterol).

Parallel-plate flow chambers, used here, were 
described earlier [21]. Monoclonal antibody to CD31 
covered glass coverslips were used for platelet 
immobilization. Anti-CD31 antibody was isolated 
same as in [22]. Platelets were isolated from the 
whole blood upon perfusion through the flow chamber 
and interaction with the antibody covered glass. 
Unattached cells were washed away using tyrode’s 
calcium buffer and then platelet activation was 
monitored upon perfusion of the buffers, containing 
platelet activators. Nikon Eclipse Ti-E microscope 

with a CFI Apochromat TIRF 100XC Oil objective with 
100-fold magnification and a numerical aperture of 
1.49 was used in this study. Fluorescent probes were 
excited by laser at 405, 488 and 561 nm wavelength. 
Images were recorded using an Andor iXon3 EMCCD 
camera. The scheme of the experiment is given in 
Figure 1.

ImageJ-Fiji was used for the analysis of the 
experimental data. Regions of interest (ROIs) of 
2µm diameter were selected inside of the cells. At 
each timestep averaged fluorescence intensity was 
measured inside these ROIs. Based on this data, 
fluorescence intensity profiles were built (Fig. 2). 
Pre-activation of platelets has been assessed by 
identification of specific platelet types within the field 
of view (FOV) as has been previously described [23]: 
(1) weak activation (less than five random single 
peaks per minute), (2) activation (multiple stochastic 
peaks, which usually do not form clusters ), (3) strong 
activation (clusters of peaks in the profile) and (4) 
a stably high response (changes in fluorescence 
intensity are mainly caused by bleaching or leakage 
of the fluorescent probe) (Fig. 2).

Figure 2. Observed fluorescence intensity profiles of individual platelets and their classification. (A) Group 1: the 
cell shows less than five random single peaks in 60 seconds of observation. The red line shows the baseline fluorescence 
intensity level; (B) Group 2: platelets are weakly activated, there are multiple stochastic peaks, which usually do not 
form clusters; (C) Group 3: platelet activation is intense, peaks are so frequent that individual peaks coalesce into 
clusters; (D) Group 4: Presumably, the cells show a persistently high concentration of calcium, any observed changes 
in fluorescence intensity are mainly caused by bleaching or leakage of the fluorescent dye; Orange boxes are clusters 
of peaks (clusters). Green shaded areas are persistent high calcium levels.
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The amount of fluorophore, “loaded” into the 
platelet, was calculated as the average fluorescence 
of 10% of the points with the lowest fluorescence 
intensity (Fig. 3).

Results and Discussion

Platelets are loaded heterogeneously by different 
fluorescent dyes

Different dyes load to platelets heterogeneously. 
The amount of dye in platelets of the same donor 
varies between the cells. To study this phenomenon, 
we determined the specificity of each probe. Platelets 
were immobilized on VM64 (anti-CD31). The amount 
of the probe in the platelet was assessed by the profile 
in the first 15 seconds of the experiment. Platelets 
from the same donor were loaded with four different 
fluorescent probes: CalBryte 590-AM (Protocol H), 
DiOC6(3) (Protocol C), Fura Red-AM (Protocol F) and 
Fluo-4-AM (Protocol G) (Fig. 4). For all dyes, there 
was a heterogeneity of the base platelet fluorescence 

Figure 3. Example of selecting the 10% of the points 
with the lowest intensity in a fluorescence intensity 
profile.

intensity with a deviation of the fluorescence intensity 
from the median value by 2-6 times for 30% of the 
population. Interestingly, Calbryte 590-AM (Fig. 4А) 
and Fluo-4-AM (Fig. 4C) load more homogeneously 
than DiOC6 (Fig. 4B) and Fura Red-AM (Fig. 4D). 

The observed phenomenon of specific loading of 
different probes may be related to the size and polarity 
of the fluorescent probe molecules. The presence of 
a difference in a potential of the platelets membrane 
[24,25] facilitates the entry of cationic probes and 
hinders the anionic ones. However, heterogeneity of 
potential in a population can lead to heterogeneity of 
loading. Since DiOC6 (3) is a voltage-sensitive probe 
that does not contain the -AM part, its distribution 
in the platelet population precisely reflects this 
property of the platelet. (Fig. 4B). It has already been 
shown that Fluo-4 distributes heterogeneously in the 
platelets [26] and it has been primarily associated with 
the compartmentalization of the dye. However, the 
causes for this heterogeneity are not fully understood. 
Perhaps, the compartmentalization of the dye may 
cause heterogeneity. Furthermore, it is known that 
low temperature of incubation and the usage of 
surfactants reduce the compartmentalization of the 
probes [27].

In order to find out the cause for the uneven 
loading of platelets with fluorescent probes, we used 
the CellTracker Violet BMQC dye (Figure 5). Our 
purpose was to visualize the position of the cell in 
space. This substance is a derivative of coumarin, 
it can freely enter the cell and remain inside it for a 
long time because of binding with glutathione. We 
have no data that the fluorescence intensity of this 
dye depends on the concentration of calcium in the 
cytosol, hence it follows that the state of the plasma 
membrane plays the main role in the ingress of the 
dye into the cell. 

Figure 4. Baseline fluorescence intensity histograms for CalBryte 590 AM, DiOC6 (3), Fluo-4 AM and Fura Red. 
The fluorescence of the probes is normalized to the median. Each histogram is based on data analysis of n = 270 
platelets from m = 3 healthy donors
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Figure 5. Histograms of baseline fluorescence 
intensity for the CellTracker Violet BMQC probe for 2 
μM and 4 μM, normalized to median.

Platelet loading with a fluorescent probe depends on 
the experimental conditions

The loading of the fluorescent dye may be affected 
by the conditions of incubation. To test this, we 
compared the amount of probe in the platelet under 
different loading conditions: at room temperature 
(protocol B, see Methods), in the presence of a 
hydrophobic agent (protocol D) or when cholesterol 
is depleted from the membrane (protocol E) (Fig. 
6). The statistical significance of differences in the 
number of “loaded” probe was calculated using the 
Mann-Whitney and Kolmogorov-Smirnov tests (Table 
1). 

All three samples do not belong to the same 
distribution law as the control one. Samples MβCD 
and 25 ° C for both tests give a p-value of less 
than 0.01, a sample with Pluronic F-127 for the 

Figure 6. Dependence of the level of basic fluorescence 
intensity on the conditions of the experiment. Green 
arrow - mean value, orange bar - median value, “box” - from 
25% to 75% of the population, “wiskers” - 95% confidence 
interval. МβCD increases the fluorescence intensity of 
the Calbryte 590 AM probe compared to the control. A 
decrease in the activation temperature from 37 ° C to 25 ° 
C slows down the loading of cells with the probe. Pluronic 
F-127 forces the probe to spread more evenly throughout 
the cells than under control conditions, but does not affect 
the platelet membrane itself. Data are given for n = 360 
platelets from m = 10 healthy donors.

Kolmogorov-Smirnov test gives a p-value of less than 
0.01, and for the Mann-Whitney test gives a p-value 
of less than 0.05.

Table 1. Comparison of the parameters of the control 
group with the rest.

Incubation at room temperature, compared 
with incubation at 37 ° C, reduces the average and 
median fluorescence intensities of cells by more than 
100%. This result is consistent with the data that the 
permeability of the cell membrane is dependent on 
temperature [28]. 

Pluronic F-127 reduces the average amount of 
the probe in the platelet (by 240%) and the median 
(by 23%). The upper limit of the 95% confidence 
interval is decreased by more than 550%. Pluronic is 
a surfactant that increases the solubility of probes in 
the AM form [29]. Thus, the distribution of the probe 
in the cell becomes more uniform, and the number 
of overloaded platelets decreases (mean value 
decreases, the median value does not change).

Incubation with МβCD increases the mean 
(by 17.7%) and median (by 72.9%) values of the 
fluorescence intensity in comparison with the control 
sample. MβCD increases platelet membrane fluidity 
by decreasing cholesterol concentration [30], while 
not leading to cell activation [31,32]. The observed 
values of the amount of the probe show that MβCD 
promotes the dye to pass into the cell. That leads to a 
suggestion that the amount of the probe depends on 
the state of the membrane.

MβCD shortens the time of loading cells with a 
fluorescent probe

Cholesterol of the membrane affects the loading 
of the platelets with a probe. To investigate this, the 
platelet loading rate was monitored with a Calbryte 
590-AM fluorescent probe without MβCD (Protocol 
A) and in presence of MβCD (Protocol E) (Fig. 7). 
MβCD increases the rate of entry of the probe into 
the cell by approximately 2 times. And the increase 
in fluorescence intensity in the cytosol begins 2 times 
faster than under control conditions.

The amount of the probe in the platelet correlates 
with its response to stimulation

The fluorescent probe does not evenly enter 
platelets in the population regardless of the dye 
and loading conditions. But it remains unclear 
whether this phenomenon is for the study of calcium 
signaling in platelets. To investigate this, we checked 
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Figure 7. Comparison of median fluorescence intensity versus time in the presence and absence of MβCD. 
Orange - with MβCD, blue – without MβCD. Light orange and light blue are the interquartile ranges respectively. Data 
are presented for n = 90 platelets from m = 3 healthy donors.

if the baseline fluorescence intensity of the probe 
and activation of platelet are related (Fig. 8). The 
amount of the probe in the platelet was assessed 
according to the profile in the first 15 seconds of the 
experiment. The division of platelets into groups by 
activation was proceeded according to the profiles 
taken within 5 minutes. Figure 8 shows the obtained 
dependence of the activation group on the amount of 
probe (the “lower limit” of the fluorescence intensity 
of CalBryte590 in the cell). It turned out that platelets 
from the fourth activation group had, on average, 10 
times more probe than platelets from the third group. 
This can be explained by the possible activation 
of platelets of the fourth group at the time of the 
beginning of observation. However, platelets from the 
third activation group also had 7 times more probe 
than platelets from the second group. The second 
group had 1.5 times more probe than platelets from 
the first group. Since platelets of groups 1-3 have a 
pronounced baseline level (Fig. 2), we conclude that 
the degree of platelet activation correlates with the 
amount of fluorophore.

To clarify the observed phenomenon, we decided 
to estimate the probability of obtaining a platelet with 
a given value of baseline fluorescence in each of the 
activation groups using the available sample (Fig. 9). 
A platelet with a high baseline fluorescence intensity 
is more likely to undergo “strong” activation than a 
platelet with a low baseline fluorescence intensity.

Thus, it can be argued that evaluation of 
the response of platelets by measuring calcium 
concentration (by means of flow cytometry or 
spectrofluorimetry) is shifted in suspension. This 
shift occurs because the platelets, that are strongly 
activated, come to the fore. Thus, the overall response 

of the suspension appears to be stronger than under 
physiological conditions.

Conclusion
We have shown that platelets load 

heterogeneously with CalBryte 590 AM. This 
heterogeneity is not accidental. It was found that the 
probability of experiencing “strong” activation for a 
platelet with a high baseline fluorescence intensity 
is higher than for a platelet with a low baseline 
fluorescence intensity. The heterogeneity of platelet 
loading with a probe, as well as the loading process 
itself, can be influenced by various agents and 
experimental conditions. We observed this with the 
CalBryte 590 AM fluorescent dye. Incubation of the 
cells with the probe on 25°C instead of on 37°C slows 
down the loading. Pluronic F-127 makes the probe 
distribute more homogeneously throughout the cells 

Figure 8. Dependence of the cell response group 
number on the intensity of its base fluorescence. 
Green arrow - mean value, orange line - median value, 
“box” - from 25% to 75% of the population, “whiskers” - 
95% confidence interval. In total, n = 122 platelets from m 
= 9 healthy donors were analyzed.
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Figure 9. The probability of a platelet getting into the 
activation group, depending on the “lower limit” of the 
fluorescence intensity. The probability is calculated on 
the basis of data on n = 122 platelets from m = 9 healthy 
donors.

and it does not affect the platelet membrane. MβCD 
increases the fluorescence intensity of the probe in 
the cytosol compared to control. It also increases the 
rate of platelet loading by the probe.

Heterogeneous cell loading is not unique to 
the CalBryte 590 AM probe. We have shown that 
fluorescent probes DiOC6 (3), Fura Red AM, Fluo-
4 AM also load heterogeneously into platelets. The 
heterogeneity of DiOC6 loading is comparable to 
that of other probes and it indicates that there is a 
noticeable heterogeneity of the potential difference 
on platelet membranes. It is assumed that this 
partially explains the phenomenon of heterogeneity 
of cell loading in general.

However, our data are insufficient to determine 
the cause for the heterogeneity of platelet loading to 
occur. A further investigation is required to study the 
combinations of the effects of the parameters that we 
used. Furthermore, size of the probe molecule, its 
quantum-chemical properties are of high interest to 
be investigated. However, it is possible to identify a 
number of factors that significantly affect the amount 
of a fluorescent probe in a living cell. First of all, the 
composition of the plasma membrane is important. 
We showed that hydrophobic low molecular weight 
substances pass through the membrane when it 
contains more unsaturated fatty acids. The amount 
of the loaded dye depends on the temperature of 
incubation. Secondly, the physicochemical state of 
the probe outside the cell has an effect. Moreover, the 
activity of nonspecific esterases, which cut off the AM-
“tails”, is important. There are also two more factors 
that are sensitive to cell activation: the presence of 
nonspecific channels or carriers for both the AM-form 
of the probe and the working form, and the sensitivity 
of one of the probe forms to the potential difference 
on the membrane as a result of its charge.
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Whу did we create SBPReports?
In silico methods have become a versatile and 

effective tool for studying natural phenomena at 
multiple levels. However, unlike economics and 
physics, biology and physiology have always been 
slightly reluctant to accept the novel systemic 
approaches. Since scientific articles are among the 
critical metrics for the modern scientific society, the 
number of scientific journals devoted to some topic 
can be an excellent marker to evaluate the impact 
on society. Indeed, there are esteemed journals, 
such as PLOS Computational Biology or Journal 
of Theoretical Biology. Still, they focus mainly on a 
common biological phenomenon, while questions of 
physiology and pathophysiology are often overlooked.

On the other hand, the amount of work on 
computational biology is steadily growing, with 
~12000 results published in 2010 and ~28000 in 
2020 with the keyword “computational model”, 
according to PubMed. With all this being said and 
our significant experience in the different aspects of 
computational physiology, our team has decided that 
it would be a mistake to lose an opportunity to cover 
this niche. Likewise, as a group of fellow scientists, 
at the end of 2019, we decided to create our venture 
and launch our scientific journal – Systems Biology 
and Physiology Reports (SBPReports) [1]. This 
publisher’s note would be an attempt to underline our 
first hectic year of open access scientific publishing.

The first year of journal operation. Are we 
successful?

The only effective way to check whether your 
venture is doing any good is to compare yourself to your 
successful competitors’ performance in the first year 
of operation. For example, one of the most esteemed 
systems biology journals – PLOS Computational 
biology - has published more than 75 articles during 
its first year. It is an impressive number, in contrast to 
which our 15 articles appear to be relatively modest. 
However, PLOS Comp. Biol. is backed up by one of 
the pioneers in Open Access publishing – the Public 
Library of Science. Having such a powerful “investor” 
within your “venture” significantly facilitates your 
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smooth start in the new field. On the other hand, the 
International Journal of Molecular Sciences – the 
flagship open-access journal of the MDPI Publishing 
– has also started rather modestly with 14 papers 
in four issues. It is also important to mention that in 
those years, MDPI was a very young publisher with 
barely any experience. Nowadays IJMS and MDPI 
are one of the most recognizable names in scientific 
publishing. Thus, it is safe to say that in terms of 
article numbers, our start has been rougher than we 
expected, yet some space for reasonable optimism 
is still present. 

The birth of the journal and its first steps 
through the first year of existence

Our strategy

Before starting a new journal, SBPReports editors 
had a set of important choices to make. Above all 
was the selection of the journal publishing model 
and searching for the publisher. The answer to the 
first question was relatively simple. Only the open 
access publishing model is viable as no paywalls can 
be present in modern science. The second question, 
though, was much more complicated. On the one 
hand, major publishing houses, such as Elsevier or 
Wiley, provide significant support and give a tangible 
boost to a young journal. On the other hand, large 
companies do not like experiments. So, editors were 
afraid that they would not be able to imply all of 
the ideas into our journal with the support of such 
significant publishers. At that moment, SBPReports 
and Globustar Formaat have made contact, and our 
publishing team has guaranteed SBPReports editors 
reasonable freedom in terms of the development 
strategy of a journal. After one year of SBPReports 
existence, we cannot say that this was the most 
straightforward choice, yet we believe that certain 
independence is the key to the sustainable growth of 
the journal.

From the very beginning

So, as an editorial board was formed and 
partnership agreement was made with the publisher, 
SBPReports was ready to go. Initially, we had five 
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sections in the journal and aimed to publish at least 
a paper in each section quarterly. However, no one 
said that launching a journal from scratch would 
be easy, and we started to face difficulties from the 
first moments as we planned to publish at least five 
papers in every issue. However, it appears that there 
are not that many enthusiasts that would send their 
work to the unknown journal without an impact factor 
and not present in the Scopus or Web of Science. 
Furthermore, the list of the requirements of these 
databases is strict, and above all, we would have 
to be operational for more than two years to apply. 
On the other hand, we had to be very accurate in 
selecting the works we would publish as we aim to 
the upper level of journals. After one year, not much 
can be said on how effectively we cope with all of the 
difficulties as only citations and overall recognition 
in the society would give us the desired answers. 
Unfortunately, these are long-term markers, but we 
need to stay optimistic and remain firmly on our 
principles. Our ambition remains to create a forum 
for in-depth discussions between physiologists, 
physicians, biologists, biochemists, biophysicists, 
and mathematicians that would be understandable 
and meaningful for all those fields. This does not allow 
us to make any compromises in terms of selecting 
what to publish. Initially, we aimed to be eligible for 
inclusion into all databases within the two years of 
publishing. We still desire this to happen, but we have 
to be realistic and agree that this is an excessively 
optimistic scenario with the current tempo of paper 
publishing. However, we believe that inclusion into 
the Russian Science Citation Index database would 
give us an additional boost and increase the inflow 
of manuscripts. Alongside RSCI, we aim into the 
Directory of Open Access Journals, which requires 
20 articles from the new journal. We believe that 
these steps would be of essential importance for us 
on our path to Scopus and the Web of Science.

SBSP conferences and a platform for supporting the 
conferences

It would be a significant omission not to mention 
creating a conference platform based on SBPReports. 
The starting point was the beginning of cooperation 
with the organizers of the virtual conference Systems 
Biology and Systems Physiology (SBSP) in December 
2020. At that time, we only published the abstracts 
of the forum. In the summer of 2021, the organizers 
decided to hold the SBSP 2021 conference dedicated 
to the Anniversary of Fazly Ataullakhanov in a hybrid 
format, which required the creation of a multifunctional 
platform. Based on SBPReports, a platform was 
created that allowed to track the schedule of reports, 
take a look at conference materials (texts of abstracts, 
video recordings of oral communications) etc.

Conclusion
All of these excellent research and review studies, 

alongside the topics addressed during Systems 
Biology and Systems Physiology conferences, are 
the core that shapes the scope of the SBPReports 
for the following years. Undoubtedly, the first year 
was tough, and much has not been following our 
initial strategic plans. However, we believe that our 
dedication and commitment should be the basis 
for the future flourishing of the SBPReports. In the 
following year, we aim to at least double the number of 
published papers and hold one more SBSP congress 
on the intracellular signaling in platelets. Among other 
vital targets is increasing our social media presence 
and entering the first scientific databases – RSCI and 
DOAJ. 

On behalf of the SBPReports publishing team
Globustar Formaat CEO 
Yuri V. Artamonov
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Dear All,

I am happy to greet all readers, editors, reviewers, 
staff members and publishers of SBPReports on the 
eve of year 2022. I thank all of you for your efforts in 
creating this journal and making it work despite all 
the challenges faced by a new independent journal 
in the age dominated by huge publishers, research 
societies and citation systems. Please accept my 
best wishes for the year 2022 in your professional 
and personal undertakings!

Where do we stand now, and what are our goals for 
2022?

The scope and the style of the journal have 
become somewhat crystallized over this year. After 
a year of development, SBPReports boasts a highly 
professional and dedicated editorial board formed 
by experts in the systems biology field from Belarus, 
Canada, China, India, Russia, UK and USA. The 
three major sections of the edition are related to the 
three major levels of understanding of the biological 
systems: molecular [1,2], cellular [3,4], and organism 
[5,6] levels. The papers published in the four issues 
during this year include original articles [1,2,4,6], 
reviews [5,7–9], and methodological studies [10,11]. 
In addition, two large abstract collections Systems 
Biology and Systems Physiology Congress 2021 and 
International Congress devoted to the Memory of 
the Founders of Biophysics Department of Physics 
Faculty of Lomonosov Moscow State University – 
professor L.A. Blumenfeld and professor S.E. Shnoll 
have been published during this year as proceedings 
of two important international conferences in our 
field; the journal also served as a platform for the 
conference planning. 

The following goals could be indicated for 2022.

1. We need to work on increasing the diversity 
of the subjects (which are presently dominated by 
immunology and hematology) and of the geography 
of the submissions. 

2. The first essential steps towards inclusion in the 
citation systems (first of all, Russian Science Citation 
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Index and Directory of Open Access Journals) need 
to be undertaken.

3. finally, and most importantly, SBPReports will 
continue to publish novel and significant research to 
contribute to the knowledge of the complex biological 
systems.

Thank you for being with us this year, there is so 
much more to come.

On behalf of the SBPReports editorial board,
Mikhail Panteleev
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