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Section: Regulation of physiological processes 

 

Identification of MSC secreted proteins regulating fibroblast differentiation 

М. А. Kulebyakina1, D. А. Butuzova1, N. А. Basalova2, E. S. Voynova1,  
О. I. Klychnikov3, М. S. Arbatsky1, А. Yu. Efimenko1,2 

1. Faculty of Fundamental Medicine, Lomonosov MSU, Moscow, Russia 
2. Institute of Regenerative Medicine, Lomonosov MSU, Moscow, Russia 
3. Biology Faculty, Lomonosov MSU, Moscow, Russia 

Multipotent mesenchymal stromal cells (MSCs) regulate tissue repair after injuries secreting a 
large amount of biologically active compounds where proteins are responsible for a notable part 
of biological effects. In human body, the most common outcome of tissue healing is fibrosis with 
the key cellular mechanism represented by fibroblast to myofibroblast differentiation. Recently 
we demonstrated that the separation of the MSC conditioned medium (CM) into fractions 
containing extracellular vesicles (EV) and soluble factors (SF) significantly increases the 
antifibrotic effect of given secretome fractions in the model of TGF-β-induced fibroblast to 
myofibroblast differentiation [1]. We supposed that fractionation procedure enriches EV and SF 
with antifibrotic components and leads to depletion in profibrotic components. To test this 
hypothesis and reveal possible mechanisms of action of the MSC secretome on fibroblast 
differentiation, we conducted a comparative proteomic analysis of MSC secretome samples. 
Isolation of EV and SF fractions as well as concentration of total CM fraction of the secretome of 
immortalized human adipose tissue MSCs (hTERT-ASC, ATCC) was performed by 
ultrafiltration. Tryptic peptides were prepared and subjected to chromato-mass-spectrometric 
analysis on a Q Exactive HF-X instrument. Bioinformatic analysis was performed using 
MaxQuant and Perseus software. The results were verified by Western blotting. A total of 563 
proteins were identified with 343 proteins significantly differed in abundance between MSC 
secretome fractions. EV and SF fractions were found to be enriched in proteins interacting with 
components of TGF-β, Notch, and Wnt signaling pathways. The antifibrotic effect of the EV and 
SF fractions can be presumably realized due to their effect on these signaling pathways. 
Moreover, CM is found to be enriched with 107 proteins, ten of which (F10, MIF, SDF-1, etc.) 
can activate the inflammatory transcription factor NF-κB. These proteins supposedly impede 
antifibrotic effect of the MSC secretome. Using real-time PCR, we confirmed that CM but not EV 
or SF increases expression of NF-κB target genes (such as CXCL1, IL1B, IL6, etc.) in human 
dermal fibroblasts. Thus, fractionation increases the antifibrotic properties of the MSC 
secretome components particularly by depletion with proteins stimulating the expression of pro-
inflammatory factors. 

Funding: The study was supported by RSF (#19-75-30007). 

References: 

1. Secretome of Mesenchymal Stromal Cells Prevents Myofibroblasts Differentiation by 
Transferring Fibrosis-Associated microRNAs within Extracellular Vesicles. N. Basalova, 
G. Sagaradze, M. Arbatskiy, E. Evtushenko, K. Kulebyakin, O. Grigorieva, Z. Akopyan, 
N. Kalinina, A. Efimenko. Cells, 2020, 1272, 9, 10.3390/cells9051272 
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In silico analysis of thrombus stability in arterial blood flow 

E. Bershadskiy1, D. Nechipurenko1,2, М. Panteleev1,2 

1. CTP PCP RAS, Moscow, Russia 
2. Lomonosov MSU, Moscow, Russia 

Thrombus growth on a damaged vessel wall can lead to formation of stable 
occlusive/subocclusive thrombus or unstable embolizing thrombus. Both outcomes can cause 
significant health damage. Still, it is not clear which mechanisms regulate maximum possible 
thrombus size, thrombus stability and embolization in both micro- and macrocirculation. We 
investigated the impact of flow and intrathrombus forces on the stability of homogeneous and 
heterogeneous thrombi in a wide range of thrombus geometries, platelet activation levels, 
vessel diameters and hydrodynamic conditions. Using previously developed particle-based 2D 
model and a novel 3D model we show that force balance between hydrodynamic forces acting 
on a thrombus and intrathrombus mechanical forces determines stability of thrombus. Moreover, 
we found a robust quantitative parameter, which we termed a ‘force balance ratio’, capable to 
predict whether a homogeneous thrombus (or the shell of a heterogeneous thrombus) with 
given level of platelet activation level will embolize or not under given hydrodynamic conditions. 
Using the dependency between the force balance ratio and flow drop in a vessel obstructed by 
a thrombus, we inferred the critical levels of interplatelet forces, which are associated with a 
stable thrombus causing significant flow drop in both arterioles and arteries. We also show that 
formation of a stable thrombus, significantly reducing flow in vessel, is less likely in the artery 
compared to the arteriole, as it requires much higher level of platelet activation in order to 
withstand the hydrodynamic forces. Additionally, we show that longer subocclusive thrombi are 
more stable than the shorter ones. This result reinforces the idea that injury size might be a 
critical factor affecting the outcome of the local hemostatic response in terms of vessel 
occlusion. Taken together, our results give a new insight in the interplay between critical 
interplatelet forces, local hydrodynamics and overall thrombus stability against the flow. The 
developed approach can be further applied in a wide range of problems, including analysis of 
the stability of thrombi formed on the atherosclerotic plaques, stability of the hemostatic plugs 
and other types of clinically relevant scenarios. 

Funding: The work was supported by the Russian Foundation for Basic Research grant 22-24-
01028. 

References: 

1. Modeling Thrombus Shell: Linking Adhesion Receptor Properties and Macroscopic 
Dynamics. V. Kaneva, J. Dunster, V. Volpert, F. Ataullahanov, M. Panteleev, D. 
Nechipurenko. Biophysical Journal, 2021, 334-351, 120, 10.1016/j.bpj.2020.10.049 

2. Hierarchical organization in the hemostatic response and its relationship to the platelet-
signaling network. T. Stalker, E. Traxler, J. Wu, K. Wannemacher, S. Cermignano, R. 
Voronov, S. Diamond, L. Brass. Blood, 2013, 1875-1885, 121, 10.1182/blood-2012-09-
457739 

3. Analysis of microvascular thrombus mechanobiology with a novel particle-based model. 
A. Masalceva, V. Kaneva, M. Panteleev, F. Ataullakhanov, V. Volpert, I. Afanasyev, D. 
Nechipurenko. Journal of Biomechanics, 2022, 110801, 130, 
10.1016/j.jbiomech.2021.110801 
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Investigation of the possible influence of oxidative modification on the structure and 
functional activity of plasminogen 

А. D. Vasilyeva1, E. S. Gavrilina1, L. V. Yurina1, V. Ivanov1, D. Gusarova1, М. I. Indeykina2, 
А. Е. Bugrova1, А. S. Kononikhin2, Е. N. Nikolaev3, М. А. Rosenfeld1 

1. N.M. Emanuel Institute of Biochemical Physics (IBCP RAS), Moscow, Russia 
2. Moscow Institute of Physics and Technology, Dolgoprudny, Russia 
3. Skolkovo Institute of Science and Technology, Moscow, Russia 

The effect of HOCl/–OCl- and H2O2-induced oxidation of Glu-plasminogen on damage to its 
primary structure and biological activity of plasmin formed from the oxidatively modified 
proenzyme has been studied for the first time in this paper. Results obtained with the aid of 
MS/MS, electrophoresis, and colorimetry demonstrated that none of the oxidized amino acids 
residues found in the proenzyme treated with 25 µM HOCl/–OCl or 100 µM H2O2 were 
functionally significant for plasminogen. However, the treatment of plasminogen with increasing 
concentrations of HOCl/–OCl from 25 to 100 μM, or H2O2 from 100 to 300 µM H2O2 promoted 
a partial loss in the plasmin activity. Modified methionine amino acid residues (Met57, Met182, 
Met385, Met404, Met585, and Met788) have been found. The oxidation of this amino acid 
residues does not lead to a decrease in the activity of plasmin formed from oxidized 
plasminogen. Some of the detected modifications in functionally significant aromatic amino acid 
residues (Trp235, Trp417, Trp427, Tyr672, and Trp761) may be responsible for diminishing the 
biological activity of plasminogen in this case. As Trp235 and Trp417 have been subjected to 
oxidative modification under the action of both oxidants (100 μM HOCl/–OCl or 300 µM H2O2) a 
loss in the activity of oxidized Glu-plasminogen is most likely to be associated with the damage 
to these residues. Taken together, the current results along with the data from previous studies 
indicate that the disturbances in the fibrinolytic system associated with oxidative stress are 
unlikely to be associated with a loss of plasminogen activity. 

Funding: The study was supported by the Russian Science Foundation (project №21-74-
00146) 
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Search for markers of endothelial genesis in elderly people with cognitive impairment 

P.I. Popova1, I.V. Kudryavtsev2, А.S. Golovkin3, М.К. Serebryakova2,  
P.P. Avdonin4, I.А. Dobrylko5, А.Yu. Tokarev6, F.S. Velikonivtsev3, P.V. Avdonin4,  
N.V. Goncharov5,6 

1. City polyclinic No.112, St. Petersburg, Russia 
2. Institute of Experimental Medicine, St. Petersburg, Russia 
3. Almazov National Medical Research Centre of the Ministry of Health of Russia, St. 

Petersburg, Russia 
4. Koltsov Institute of Developmental Biology of the Russian Academy of Sciences, 

Moscow, Russia 
5. Sechenov Institute of Evolutionary Physiology and Biochemistry, RAS, Saint-Petersburg, 

Russia 
6. Research Institute of Hygiene, Occupational Pathology and Human Ecology of the 

Federal Medical Biological Agency, Leningrad Region, Russia 

The concept of "endothelial dysfunction" was proposed in 1960 by Williams-Kretschmer to 
denote morphofunctional changes in the endothelium in various pathological processes. This 
concept reflects a generalized change in the endothelial lining, manifested by a disorder in the 
regulation of regional and / or systemic circulation, an increase in the procoagulant, 
proaggregant, antifibrinolytic activity of the blood, and an increase in the pro-inflammatory 
potential of the body. Endothelial dysfunction is observed in a variety of pathological conditions - 
in diseases of the organs of the cardiovascular and respiratory systems, kidneys, 
gastrointestinal tract, metabolic and hormonal disorders, rheumatological, oncological, infectious 
and other diseases. Nowadays, one of the most important for practical medicine is a range of 
problems associated with the development of cognitive dysfunctions and cerebrovascular 
diseases. Among acute neurological disorders associated with damage to endothelial cells (EC) 
of cerebral vessels, the most well-known are stroke, epilepsy, traumatic lesions of the brain and 
spinal cord. Dysfunction of the blood-brain barrier is a characteristic feature of both ischemic 
and hemorrhagic stroke. Damage to the EC enhances dysregulation of blood flow and leads to 
the development of subcortical vascular dementia (SVD). Most of the risk factors for small 
vessel disease are risk factors for SVD and cognitive impairment. The available achievements 
do not solve the problem of risk stratification of neurodegenerative diseases and cognitive 
disorders in the early stages of their development, and even at later stages, the development of 
cheaper and more accessible diagnostic methods with good metrological characteristics 
(sensitivity, specificity, prognostic significance, etc.) is of high relevance. The aim of this study 
was the immunological and biochemical profiling of elderly people (60-78 years according to the 
WHO classification) with acute or chronic cerebrovascular accidents (ACVA and CCVA, 
respectively), as well as people with prediabetes or untreated type 2 diabetes (DM). Mental 
status was assessed using the MMSE technique and the MOCA test. Patients with Alzheimer's 
disease served as a positive control group. One of the main tasks was to identify markers of 
endothelial genesis, indicating dysfunction of the endothelium in general and the endothelium of 
cerebral vessels in particular. The data obtained indicate a change in the mental status along 
with significant changes in immunological and biochemical parameters in elderly patients with a 
history of stroke (ACVA), CCVA and DM. A significant part of the revealed indicators reflects the 
morphofunctional state of EC. The largest number of deviations was found in the DM group, the 
smallest - in the ACVA group. 

Funding: This work was supported by the Russian Science Foundation grant 22-15-00155.  
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Study of the oxidation influence on the fibrinogen structure and functions 

D. Gusarova1, L. V. Yurina1, А. D. Vasilyeva1, Е. S. Gavrilina1, S. I. Obydenniy2,  
А. S. Kononikhin3, М. А. Panteleev2, М. А. Rosenfeld1 

1. N.M. Emanuel Institute of Biochemical Physics RAS (IBCP RAS), Moscow, Russia 
2. Dmitry Rogachev NMPC PHOI, Moscow, Russia 
3. Skolkovo Institute of Science and Technology, Moscow, Russia 

Fibrinogen is a high molecular weight soluble plasma protein responsible for the formation of 
fibrin. Being an extremely vulnerable target for oxidants, fibrinogen undergoes post-translational 
modifications that disrupt the structure and function of the protein. The objects of the current 
study were the static structure and the kinetics of plasmin hydrolysis of a fibrin clot in normal 
and oxidized conditions. Both fibrinogen and plasminogen were fluorescently labeled with FITC. 
The process was studied by confocal laser scanning microscopy. The static structure of fibrin 
gels treated with peroxide was changed insignificantly. Clots oxidized by hypochlorite had thin 
fibrils and a reduced pore diameter (25 μM of hypochlorite). Plasmin lysis was accompanied by 
a gradual loss of fibrin content and accumulation of plasminogen in the fibers. The fibrin network 
remained immobile; there was a slight loss of the fibrin-containing composition of the fibers after 
the addition of plasminogen. Then the clot began to change its geometry, the mobility of the 
structure increased, and the length of the fibers shortened leading to complete lysis of the fibrin 
gel. Plasminogen gradually accumulated on immobile fibers and remained with the mobile and 
partially disconnected clot until it was completely cleaved. At the last stage of lysis, both fibrin 
and plasminogen were concentrated on the clot fragments, presumably as a result of the 
reduction in the fiber's size and/or the aggregation of disparate fragments of the fibrin network. 
The described effects are typical for both native and oxidized gels. The lysis process of 
hypochlorite oxidized fibrin was slowed down, compared with the native gel. This may be related 
to the increased density of the modified clot structure. Fibrinogen treatment by hydrogen 
peroxide did not affect the rate of clot lysis up to an increase in the oxidizer concentration to 300 
μM. The data were compared with fibrinogen oxidative modifications. A number of methionine 
residues were modified at low concentrations of hydrogen peroxide (10–25 µM). These oxidant 
concentrations were not affected the gel structure and the rate of the clot self-assembly and 
lysis. The modified amino acid residues were caused no changes of biological activity, so we 
assumed that detectable methionine residues fulfill antioxidant function. 

Funding: The study was supported by the Russian Science Foundation (project no.21-74-
00146). 
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Potential anti-platelet agents and their influence on human platelets 

О.V. Demina1, N.I. Belikov1, Е.I. Sinauridze2,3, М.А.Panteleev2,3, F.I. Ataullakhanov2,3,  
S.D. Varfolomeev1, А.А. Khodonov1 

1. N.M. Emanuel Institute of Biochemical Physics RAS (IBCP RAS), Moscow, Russia 
2. Dmitry Rogachev NMPC PHOI, Moscow, Russia 
3. CTP PCP RAS, Moscow, Russia 

The presence of a large number of side effects and the insufficient effectiveness of currently 
used antiplatelet agents and the growing population of elderly people with a set of chronic 
diseases stimulate the search for new chemical compounds as prototypes of new generation 
antiplatelet agents for the complex therapy of cardio-vascular diseases. Platelet membrane 
prostanoid receptors are actual targets.The aim of this study was to identify spatial restrictions 
for bulk substituents in the position 5 of a series of 5-substituted 3-(3-pyridyl)isoxazoles and 
their 4,5-dihydro derivatives, as well as to identify the role of pyridine fragment in the position 3 
in the platelet aggregation suppression using a selective thromboxane A2 receptor mimetic 
U46619 as the platelet aggregation inducer.The Huisgen reaction of [3+2]cycloaddition of nitrile 
oxides to terminal alkynes or alkenes was used for 5-substituted 3-(3-pyridyl)isoxazoles and 
their 4,5-dihydro derivatives preparation. The acylation of pyridine-3-carboxamidoxime by 
benzoylchloride with followed cyclization was used for 3,5-bisubstituted 1,2,4-oxadiazole 
production. NMR spectroscopy and mass spectrometry were used. Laser aggregometer “Biola” 
(Russia) based on the Born turbidimetric method and washed platelets suspensions were used 
for the anti-aggregatory acivities assay. Arachidonic acid and U46619 were used as the 
inductors of human platelet aggregation.For the development of new antiplatelet agent 
prototypes based on our scaffold, 3-pyridylisoxazole we studied spatial restrictions for bulk 
substituents in the position 5 of isoxazole ring. Series I of compounds based on 3-(3-
pyridyl)isoxazole and its 4,5-dihydro derivatives show the antiplatelet activity in the range of 
IC50 values from 8×10-6 to 4.2×10-4 mol/L. To reveal the role of pyridine fragment in the 
position 3 in the suppression of U46619-induced platelet aggregation, we used 3-(3-pyridyl)-5-
phenylisoxazole, its positional isomer and bioisoster: all compounds suppressed this 
process.For the first time, obtained data for compounds of a series I showed their promise for 
the development of new antiplatelet drugs. It was shown that the positional isomer has 
antiplatelet activity, suppressing the human platelets aggregation induced by U-46619 or 
arachidonic acid, and the scaffold - 3-(3-pyridyl)isoxazole is more active. 

Funding: This work was partly supported by the Russian Foundation of Basic Research (grant 
No 20-03-00139_a). 
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Impact of collagen fibres orientation on thrombi formation  

Е. А. Melnikova1,2, D. Yu. Nechipurenko1,2, М. А. Panteleev1,2 

1. Dmitry Rogachev NMPC PHOI, Moscow, Russia 
2. CTP PCP RAS, Moscow, Russia 

It is known that collagen fibres in blood vessels are oriented, but no data exists on its impact on 
hemostasis. Using a microfluidic approach, we show that there are differences in thrombi 
formation on collagen fibres oriented parallel and perpendicular to the blood flow. The 
differences in surface coverage and thrombi height become more pronounced as the blood flow 
rate rises above venous. At high shear rates thrombi tend to be higher and cover a larger area 
on lengthwise fibres. To uncover the mechanisms of this effect, a high-speed epifluorescence 
microscopy and immunostaining were used. These methods allowed us to compare the first 
stages of aggregate formation and point out that platelets interact longer and translocate farther 
during their primary adhesion to lengthwise fibres. We also found out that only a small portion of 
collagen fibres binds vWf and sustains platelet adhesion at high shear rates. 

Funding: This work was supported by Russian Science Foundation grant 22-24-01028.   
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Hybrid computer model of hemodynamic changes in damage to the vascular network of 
the human hand  

G. А. Bykov1,2, М. А. Panteleev1-3 

1. Lomonosov MSU, Moscow, Russia 
2. CTP PCP RAS, Moscow, Russia 
3. Dmitry Rogachev NMPC PHOI, Moscow, Russia 

Hemodynamics plays a critical role in the regulation of a number of links in the hemostasis 
system: the flow removes active forms of coagulation factors from the injury site, delivers blood 
components there, changes the conformation of adhesive proteins and platelet receptors, and 
separates adherent platelets from the platelet clot. To understand the reasons leading to 
pathological or physiological outcomes of the hemostasis system, it is necessary to investigate 
the hemodynamic conditions that change during the operation of the hemostasis system. We 
have developed a hybrid multiscale computer model that describes the hemodynamics of the 
human arm vascular system using global parameters (blood pressure, blood volume), and the 
hemodynamics of the damaged part of the system (puncture, catheterization, dissection, 
stenosis of the vessel) in detail using velocity and pressure fields in the wound area. Using the 
model, it is shown that in the area of the puncture of the median cubital vein, near the border of 
the wound, shear rates of the order of tens of thousands of reciprocal seconds are observed, 
and in the area of the puncture of the radial artery - about hundreds of thousands of reciprocal 
seconds. The dependence of the shear rate on the radius of the vessel lumen during stenosis 
and on the radius of damage during a puncture has a bell-shaped shape. At the same time, the 
height of the peak in the radial artery (700,000 s-1 radial artery and 110 s-1 for the median 
cubital vein). The presence of a catheter in comparison with a puncture reduces the height of 
the peak and increases its width, which, at certain ratios of the length of the catheter and the 
radius of the pierced vessel, will lead to different rheological conditions in different patients 
when using the same needle and piercing an anatomically similar vein. Similar changes are 
observed for the dependences of fluxes and pressures on radii. The model predicts that when 
cutting or puncturing the median cubital vein or radial artery with a needle of different diameters, 

a significant change in pressures (10%) extends no further than one adjacent vessel, but a 

change in flows ( 10%) will be noticeable in all vessels downstream. flow than damaged. The 
influence will spread upstream to all vessels of the same type as the damaged one (artery / 
vein). The developed model will help to understand the causes that cause pathological or 
physiological outcomes of hemostasis, and to develop a therapy that specifically affects the 
mechanisms of thrombosis and does not affect hemostasis. 

Funding: The work was supported by a grant from the Ministry of Science and Higher 
Education of the Russian Federation 075-15-2022-242. 
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Features of neutrophil chemotaxis in patients with Shwachman-Diamond and Kazabakh-
Merritt syndrome 

D. P. Lazutova1, А. А. Boldyreva2, Е. А. Deordieva3, I. P. Tesakov3, J. D. D. Korobkina2,  
А. А. Martyanov2,3, L. А. Khachatryan3, А. Yu. Scherbina3, М. А. Panteleev2,3,  
А. N. Sveshnikova2,3 

1. Sechenov University, Moscow, Russia 
2. CTP PCP RAS, Moscow, Russia 
3. Dmitry Rogachev NMPC PHOI, Moscow, Russia 

Introduction: Shwachman-Diamond Syndrome (SDS) is a rare (1:50,000–1:76,000) genetic 
disorder characterized by mild thrombocytopenia (<150*109), neutropenia (<1.5*109), and 
impaired neutrophil chemotaxis. Kazabach-Merritt phenomenon (KM) is a thrombocytopenic 
coagulopathy associated with kaposiform hemangioendothelioma and characterized by severe 
thrombocytopenia (<50*109) and hypofibrinogenemia. Features of the behavior of immune cells 
in these diseases are poorly understood. 

Objectives: To analyze the features of thrombus formation and movement of neutrophils in the 
area of a growing thrombus ex vivo in patients with SDS and FCM. 

Methods: 4 patients with SDS and 4 patients with FCM were included in the study and 
compared with age-matched healthy pediatric donors. The ex vivo behavior of neutrophils was 
observed in a plane-parallel flow chamber. Data analysis, including measurement of thrombus 
areas, as well as the speed of movement of neutrophils, was performed using software 
implemented in Python. 

Results: Patients with SDS had lower values of neutrophil movement speed and thrombus area 
compared to the control group. In FCM, on the contrary, differences in the speed of movement 
of neutrophils were not statistically significant, and differences in thrombus formation can be 
detected only after the 30th minute. 

Conclusion: Observation of immune cells in a plane-parallel chamber makes it possible to 
monitor the speed and direction of neutrophil movement, the area and intensity of thrombus 
growth. The speed of movement of neutrophils does not depend on blood flow, which suggests 
that the observed movement is indeed chemotaxis and this model is suitable for studying it in 
patients with hematological disorders. 

Funding: The work was supported by grant 20-45-01014 
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Systemic regulation of physiological processes: what the theory of functional systems 
P.K. Anokhin 

А. Ye. Umryukhin1 

1. Sechenov University, Moscow, Russia 

An important aspect of the analysis of physiological processes is the representation of the body 
as a passive element that perceives and responds to influences in order to maintain the 
constancy of the internal environment, or as an active participant with its own purposeful activity 
carried out in external and internal conditions based on the prediction of future events, taking 
into account the effectiveness of the individual experience (1). The system-forming factor in 
physiological interactions is a useful purposeful result of the activity of a living organism, to 
achieve which the interaction of physiological reactions available to the body is organized (2). 
Purposeful activity of the body is subject to the dominant motivational excitation on the basis of 
physiological mechanisms of active achievement of goals that are relevant for the body, taking 
into account the result that is more important for the body, achieved through the interaction of 
the previously formed strategies and elements of individual experience that are available to it 
and are continuously formed taking into account the effectiveness.The physiological processes 
of the body have a hierarchical distribution according to the level of their effectiveness in 
proportion to the volume of implemented reactions, in accordance with which they are regulated 
at the appropriate levels. Modern ideas about the neurobiology of motivations and their 
implementation in behavior make it possible to reveal the mechanisms of physiological reactions 
of various temporal orders in the structure of continuous life activity. Dopaminergic 
neurotransmission ensures the implementation of both fast phasic processes that are important 
for coordinating predictive support of activity and for learning, and long-term tonic functions that 
are important for long-term maintenance of activity and motivational support (3,4). The features 
of dopaminergic neurotransmission can be interpreted on the basis of an analysis of the 
experimental animal's goal setting, its prediction of the probability of achieving a result, and an 
assessment of the compliance of the achieved result with the expected one (5).Thus, in a 
systematic analysis of physiological processes and their regulation, it is critical to take into 
account the following factors: the purposeful organization of the studied life processes, the 
effectiveness of their interaction, taking into account the initial goal-setting, the dominant 
interaction of various physiological processes based on their importance for the purposeful 
activity of the body, the hierarchical distribution of the scope of functions organism and the 
structure of their regulation at different levels. Accounting for systemic regularities in the 
regulation of physiological functions makes it possible to interpret the results of studying 
processes in isolated conditions and evaluate the features of their implementation in the whole 
organism. 

References: 

1. Neuronal metabolism in learning and memory: The anticipatory activity perspective. Y. 
Alexandrov, M. Pletnikov. Neuroscience &amp; Biobehavioral Reviews, 2022, 104664, 
137, 10.1016/j.neubiorev.2022.104664 

2. Biology and Neurophysiology of the Conditioned Reflex and its Role in Adaptive 
Behavior. PETER K. ANOKHIN. None, 1974, None, None, 10.1016/C2013-0-02871-X 

3. What does dopamine mean?. J. Berke. Nature Neuroscience, 2018, 787-793, 21, 
10.1038/s41593-018-0152-y 

4. Prolonged dopamine signalling in striatum signals proximity and value of distant 
rewards. M. Howe, P. Tierney, S. Sandberg, P. Phillips, A. Graybiel. Nature, 2013, 575-
579, 500, 10.1038/nature12475 
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Effects of enriched environment or social isolation on somatic pain sensitivity in rats 
under normal conditions and pathology (diabetes) 

N. I. Yarushkina1, О. P. Komkova1, Т. Т. Podvigina1 

1. Pavlov Institute of Physiology, Russian Academy of Sciences, St. Petersburg, Russia 

Pain plays an important role in protection of the body against noxious stimuli. However, 
excessive or persistent pain for long time leads to pathological events. Stress preconditioning 
can modulate pain, inducing hyperalgesia or analgesia depending upon the nature, duration and 
magnitude of the stressor as well as pain stimulus. Here we studied effects of stress 
preconditioning on somatic pain sensitivity in rats under normal conditions and pathology 
(diabetes). Enriched environment (EE) or social isolation for 1 month were used as stress 
preconditioning. The rats aged 30 days were divided into groups and placed 6 rats per standard 
cage (control) or 1 rat per standard cage (isolation) or 6 rats per enriched cage. Because 
voluntary wheel running is one of key EE elements, we studied effect of running on somatic pain 
sensitivity by itself. Two types of running were applied: a single forced treadmill running (9 
m/min, 15 min or 15 m/min, 20 min) and repeated voluntary wheel running for 5 days (2 h/day). 
Somatic pain sensitivity was evaluated by hot plate or tail flick test. Under normal conditions 
both forced treadmill and voluntary wheel running attenuated somatic pain sensitivity, which 
was accompanied by elevation of plasma corticosterone levels. EE keeping led to a decrease of 
somatic pain sensitivity (an increase of paw licking latency (PLL)) compared to control animals. 
Isolation had a dual effect on somatic pain sensitivity: it caused both PLL increase (in 50% rats) 
and PLL decrease (in 50% rats) compared to control. Diabetes induced by streptozotocin 
administration (60 mg/kg, i.p.) augmented somatic pain sensitivity (hyperalgesia). EE prevented 
the hyperalgesic effect of diabetes, whereas isolation not only prevented hyperalgesia caused 
by diabetes, but resulted in the attenuation of somatic pain sensitivity (hypoalgesia). Data 
obtained indicate the dependence of the effects of stress preconditioning on the state of the 
body. 

Funding: Supported by the Ministry of Science and Higher Education of the Russian Federation 
(agreement No. 075-15-2020-921 for the creation and development of the world-class scientific 
center "Pavlov Center "Integrative Physiology - to medicine, high-tech healthcare and 
technologies of stress resistance "). 
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Gastroprotective role of corticotropin-releasing factor: involvement of glucocorticoids 

L. P. Filaretova1, О. Yu. Morozova1 

1. Pavlov Institute of Physiology, Russian Academy of Sciences, St. Petersburg, Russia 

Corticotropin-releasing factor (CRF) is a central mediator of the body’s ability to respond to 
stress. CRF plays a crucial role in the maintenance homeostasis through the hypothalamic-
pituitary-adrenocortical axis stimulation. Type 1 CRF receptors on the pituitary corticotrophs are 
the primary receptors mediating an increase in ACTH levels in stress. Activation of the CRF 
signalling system is involved in stress-related disorders, including gastrointestinal disorders. At 
the same time, there are findings demonstrating protective effect of exogenous CRF on the 
gastric mucosa against injury caused by cold-restraint (CR) stress. Additionally, we found 
gastroprotective action of CRF against indomethacin (IM)-induced gastric injury. However, it 
remained unknown whether glucocorticoids released in response to CRF injection contribute to 
its gastroprotective effect. In our work we studied whether exogenous CRF may protect the 
gastric mucosa against ulcerogenic action of 3 h CR stress as well as IM administration (35 
mg/kg, s.c.) through involvement of glucocorticoids. CRF administration markedly, dose-
dependently, increased plasma corticosterone level and significantly, dose-dependently, 
suppressed the occurrence of gastric erosion. To estimate the role of glucocorticoids in CRF-
induced gastroprotection, the effects of CRF (1.25 µg/kg) on 3 h CR stress- and IM-induced 
gastric erosion was studied after acute reduction of corticosterone release by metyrapone (30 
mg/kg, i.p., 30 min before CRF administration) or by CRF receptor type 1 antagonist NBI 27914 
(10 mg/kg, i.p., 15 min before CRF administration) and also after occupation of glucocorticoid 
receptors by their antagonist RU-38486 (20 mg/kg, i.p., 2 h before CRH administration). The 
effects were compared with those in control rats without acute reduction of corticosterone 
release or occupation of glucocorticoid receptors. Both metyrapone and NBI 27914 injected 
shortly before CRF administration caused an inhibition of CRF-induced corticosterone response 
and prevented protective effect of CRF on the gastric mucosa against CR stress- and IM-
induced injury. The gastroprotective effect of CRF was also eliminated by the pretreatment with 
glucocorticoid receptor antagonist RU-38486. In conclusion, the results obtained suggest that 
CRF may protect the gastric mucosa against CR stress- and IM-induced injury through 
involvement of glucocorticoids. 

Funding: Supported by grant of Russian Science Foundation (RSF) № 19-15-00430
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Biophysical characteristics of human dermal fibroblasts in the composition of a 
biomedical cell product 

А. G. Butenka1, S. V. Pinchuk1, I. D. Volotovskiy1 

1. Institute of biophysics and cell engineering NAS of Belarus, Minsk, Belarus 

The problem of treatment of burns is extremely relevant. Usually, burn patients receive general 
and local treatment which includes patches with various drugs. In recent years, methods of 
treatment of burns based on cellular technologies have attracted close attention of 
combustiologists.The Institute of Biophysics and Cell Engineering of the National Academy of 
Sciences of Belarus, together with the Belarusian Academy of Postgraduate Education, has 
developed a biomedical cell product (BMCP) based on human skin fibroblasts and 
keratinocytes. BMPK represents keratinocytes and fibroblasts of the human dermis immobilized 
in a ratio of 1:4 in 1% collagen Collost-gel, that are applied in layers on a chitosan wound patch 
[1]. Data was obtained based on the main morphological and phenotypic characteristics of cell 
cultures: their proliferative activity and viability, genotoxicity, and biocompatibility of fibroblasts 
with organic matrices [2]. Collost gel is widely used in medicine to fill in defects in the skin, 
bones, wound surfaces, etc. A review of the literature showed that studies on the utilization of 
Collost gel were aimed at studying its toxicity, compatibility, lack of immunogenicity and the 
effectiveness of wound healing. The aim of our study was to study the biophysical state of 
human skin fibroblasts in Collost gel as a part of BMCP to obtain data on the content of 
intracellular calcium, reactive oxygen species (ROS) and the fluidity of the lipid layer of 
membranes. Fibroblasts were placed in Collost gel, incubated for 30 and 60 minutes, and then, 
using the Fluo-3AM probe, the concentration of intracellular ions of calcium was determined, 
ROS were determined using 2,7-dichlorofluorescein acetate, followed by modeling oxidative 
stress with 100 μM hydrogen peroxide; the fluidity of the lipid layer of the membranes was 
studied using diphenylhexatriene. The data showed that Collost gel does not induce oxidative 
stress in fibroblasts, the cell membrane is not damaged and there is no increase in intracellular 
calcium concentration, membrane fluidity does not change. 
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Study of peroxidase activity of plants differing in salt tolerance at the early stages of 
ontogenesis under salinity 

B.A. Dzhafaradze1, V.B. Abdyev1, S.М. Ismailova1, N.F. Alyeva1, А.М. Gasanova1 

1. Baku State University, Baku, Azerbaijan 

The problem of plant adaptation to changing of environmental conditions is at the center of 
attention of modern physiology and biochemistry. One of the negative environmental factors is 
soil salinity, an important problem that leads to a decrease in biodiversity and plant productivity. 
The growing interest is explained by the fact that about 25% of the world's soils are more or less 
saline, and more of the surface of our planet is covered by the waters of the World Ocean, 
where the salt content /mainly NaCl/ reaches 3-4%, and chloride compounds are 88.8%. 
Forecasts for 2050 is that more than 50% of cultivated areas may be exposed to significant 
salinization. In addition, the unskilled use of reclamation and irrigation systems often leads to 
the so-called secondary soil salinization, which is one of the serious reasons for the decline in 
crop yields.Consequently, the knowledge of the mechanism of action of salts on plants and the 
adaptive reactions of plant organisms is not only of theoretical but also of great practical 
importance. Therefore, all over the world, the problem of salt tolerance of plants is given special 
attention. Salt soils in our republic occupy vast areas, so the development of various methods to 
increase the salt resistance of various organisms is very relevant and essential.For this 
purpose, before sowing, the seeds were soaked in solutions of potassium permanganate, 
hydrogen peroxide, and nitrate salts at a concentration of 1 mM for 15 hours. It was established 
that the soaking of barley and cotton seeds in the above solutions contributed to increased 
germination, energy germination in conditions of high salinity of the soil (0.8-1.0% NaCl).The 
intensification of metabolic processes in germinated seeds under the action of these drugs 
affects their growth processes, since the growth of the aerial parts of the seedlings increases by 
2-3 times.To elucidate the negative effect of salinity on plants, the study of enzymatic processes 
in the plant cell that occurs immediately after exposure to salts is of particular importance, since 
it is the primary processes that are decisive for further changes in intracellular metabolic 
reactions in the plant body.It was revealed that the activity of peroxidase of underground and 
aboveground organs in aquatic cultures is higher than in soil ones. In addition, the activity of 
peroxidase under the influence of salts of 4-6-8-10 day old seedlings of barley and cotton 
increases linearly.As is known, when plants are exposed to high concentrations of salts in the 
cell, accumulation of excess peroxides is observed, which is a manifestation of the toxic effect 
of the noted factor on the plant organism. It is assumed that the increase in plant peroxidase 
activity under the action of salts is associated with the protective mechanism of cellular 
metabolism. 
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The effect of COVID-19 on the microrheology of erythrocytes in capillaries was studied in 149 

patients with different severity of the condition. The filterability of erythrocytes through filters with 

pores of 3.5 μm was measured. An increase in the erythrocyte count, hematocrit and blood 

concentrations of hemoglobin, albumin, and total protein significantly increased the filterability of 

erythrocytes, which was oppositely to their effect on the erythrocyte deformability and general 

blood macrorheology. Filterability decreased significantly with increasing in C-reactive protein, 

indicating that inflammation affects blood microreology in the capillaries, as well as with the 

increasing severity of the patient’s condition. A fast dynamic decrease in filterability during 

hospitalization was an indicator of a poor prognosis. Moreover, the group of patients with the 

lowest filterability (≤ 0.65) showed a 100% mortality. Thus, the filterability of erythrocytes can be 

used to study the severity of the patient’s condition and his prognosis in COVID-19.  
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Influence of the distance between membranes in the mitochondrial cristae on the rate of 
diffusion of cytochrome C to the binding site III of the respiratory complex. Brownian 
dynamics model 

А. М. Abaturova1, G. Yu. Riznichenko1 

1. Biology Faculty, Lomonosov MSU, Moscow, Russia 

 

Cryoelectron tomography [1] showed that in patients with Leigh's syndrome, the difficulty in ATP 
production is associated with an increase in the thickness of the mitochondrial lumen cristae 
(TLC) from 12±3.2 nm to 16.4±5.9 nm. The decrease in ATP production is associated with a 
slowdown in electron transport in the respiratory electron transport chain. In the lumen of the 
crista, the only site of the mitochondrial chain where electron transport is carried out by a mobile 
carrier is the transfer of an electron from complex III to complex IV by cytochrome c (cytC). CytC 
is a small (about 12 kDa) heme-containing protein.Using the Brownian dynamics program 
ProKSim [2], we constructed a model of the diffusion of the cytC molecule in the crista region 
containing the immobile dimer III of the respiratory complex (III2). The PDB coordinates of the 
atoms of the dimer III of the bovine 1BGY complex and cytC 6FF5 were used. CytC was 
considered in the oxidized state, cytochrome C1 (cytC1) of the P III2 subunit - in the reduced 
state. Modeled cases of TLC 12 nm and 16 nm, the value of the reaction volume remained 
constant, the length of the membrane 26-30 nm. Trajectories of cytS movement were calculated 
from the initial position between respiratory complexes III and IV; the time step in the model was 
100 ps. It has been shown that CytC preferentially occupies two regions near CytC1 during 
diffusion. One is located at a distance of 1-2 nm above the surface of cytC1 in the heme region. 
In this region, the smallest distance between Fe atoms of cytochromes from the most probable 
3 variants is 3 nm. This position corresponds to complex III2C1-cytC, in which a redox reaction 
occurs after conformational rearrangements. The second region is displaced by 1.5 nm from the 
heme in a plane parallel to the membrane, forming a “depot” of cytoC molecules potentially 
involved in electron transport. With an increase in the distance between the membranes from 12 
to 16 nm in the model, the average diffusion time of Cyt C into region “1” increases from 7.9 μs 
to 8.5 μs, and the average diffusion time into region “2” decreases from 15 μs to 13 μs. Thus, 
with an increase in the distance between the mitochondrial crista membranes, the presence of a 
second electrostatically favorable region for cytC slows down electron transport. 

Funding: The study was supported with the framework of the scientific project of the state task 
of Moscow State University No. 121032500060-0. 
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The role of aging-associated secretome components in the development of insulin 
resistance in multipotent mesenchymal stromal cells 

Е. S. Voynova1, К. Yu. Kulebyakin1,2, О. А. Grigorieva2, Е. S. Novoseletskaya2,  
N. А. Basalova2, N. А. Alexandrushkina2, М. S. Arbatskiy2, М. А. Vigovskiy2,  
А. А. Zinoveva1, Е. Bakhchinyan1, P. А. Tyurin-Kuzmin1, А. Yu. Efimenko2 

1. Faculty of Fundamental Medicine, Lomonosov MSU, Moscow, Russia 
2. Institute of Regenerative Medicine, Lomonosov MSU, Moscow, Russia 

One of the most significant reasons for the development of diseases during aging is a disruption 
of tissue renewal. In particular, impaired renewal of adipose tissue can lead to obesity, 
metabolic syndrome, diabetes mellitus and other diseases. Multipotent stromal cells (MSCs) are 
responsible for the renewal of adipose tissue. During aging, the pool of these cells is depleted, 
and they gradually lose their reparative, regenerative and homeostatic functions. Insulin is 
responsible for the induction of adipogenic differentiation and proliferation of MSCs. 
Disturbances in MSC insulin sensitivity could negatively affect adipose tissue renewal. The aim 
of our work was to find out how the adipogenic potential of MSCs decreases with aging and 
what is the role of changes in insulin sensitivity in this process. We used MSCs of the 
subcutaneous adipose tissue of the abdomen obtained from young and elderly (over 65 years 
old) donors, as well as MSCs induced to accumulate signs of senescence during prolonged 
cultivation (replicative aging).To initiate adipogenic differentiation, the cells were treated with a 
mixture of insulin, dexamethasone, and isobutylmethylxanthine. The efficiency of differentiation 
was assessed by cytofluorescent staining with NileRed dye. In addition, differentiation was 
assessed by real-time PCR based on the expression of key differentiation markers. To obtain 
extracellular vesicles, conditioned medium was added for 2 days to cells planted at a density of 
80-90%. Then it was removed and centrifuged through centrifugal ultrafilters-concentrators with 
a porous filter. The upper reservoir contained a fraction enriched with EVs.The activity of insulin-
dependent intracellular signaling cascades was assessed by immunoblotting.  

Results: 

1. During aging there was a significant decrease in the adipogenic potential of MSCs. 

2. With aging, the basal level of activation of insulin receptors at the level of Erk and Akt 
increased. 

3. The addition of EVs from young MSCs to senescent cells restored the adipogenic potential, 
while the addition of EVs from senescent MSCs to young cells reduced it. 

4. The addition of EVs from senescent cells to young MSCs led to an increase in their response 
to insulin. 

5. Senescent MSCs produced EVs with an increased content of miRNAs, the targets of which 
was components of insulin-dependent signaling cascades.  

Thus, with aging, there is a decrease in the adipogenic potential of MSCs, associated with the 
induction of insulin resistance by the extracellular vesicles of senescent cells. 

Funding: The study was supported by RFBR (№19-29-04172)  
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Functional effectiveness of erythrocytes depends on their high deformability that allows them to 
pass through narrow tissue capillaries. The erythrocytes can deform easily due to discoid shape 
provided by the stabilization of an optimal cell volume at a given cell surface area. We used 
mathematical simulation to study the role of transport Na/K-ATPase and transmembrane Na+ 
and K+ gradients in human erythrocyte volume stabilization at non-selective increase in cell 
membrane permeability to cations. The model included Na/K-ATPase activated by intracellular 
sodium ions, Na+ and K+ transmembrane ion gradients, and took into account contribution of 
glycolytic metabolites and adenine nucleotides to cytoplasm osmotic pressure. We found that 
this model provides the best stabilization of the erythrocyte volume at non-selective increase in 
the permeability of the cell membrane, which can be caused by an oxidation of the membrane 
components or mechanical stress during circulation. The volume of the erythrocyte deviates 
from the optimal value by no more than 10% with a change in the non-selective permeability of 
the cell membrane to cations from 50 to 200% of the normal value. If only one transmembrane 
ion gradient is present (Na+), the cell loses the ability to stabilize volume and even small 
changes in membrane permeability cause dramatic changes in the cell volume. Our results 
reveal that the presence of two oppositely directed transmembrane ion gradients is 
fundamentally important for robust stabilization of cellular volume in human erythrocytes.  
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Sensitization of alpha1A-adrenergic receptors in multipotent mesenchymal stromal cells: 
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Multipotent mesenchymal stromal cells (MSCs) are located perivascularly in the stroma of most 
tissues of the human body. MSCs are involved in the regulation of tissue homeostasis by 
secreting a number of growth factors and cytokines, forming the tissue stroma, and also by 
differentiating into various cell types. At the same time, the MSC niche is under strict 
neuroendocrine control [1]. And the violation of its work is associated with the development of a 
number of diseases. Obesity is one of the most common diseases associated with impaired 
MSC activity. The increase in the volume of adipose tissue may occur as a result of an increase 
in the number and size of fat droplets in existing adipocytes. This leads to the development of a 
metabolically unhealthy hypertrophic type of obesity. Another mechanism for the growth of 
adipose tissue is the differentiation of MSCs in the adipogenic direction, in which there is an 
increase in the number, rather than size, of adipocytes. In this scenario, the emerging 
adipocytes have a healthy phenotype and actively secrete adipokines, hormones of adipose 
tissue [2]. Previously, we found that one of the key hormonal regulators of MSCs, 
norepinephrine, triggers the process of sensitization of α1A-adrenergic receptors, which is 
unique for adult cells. Under the action of noradrenaline on MSCs, an increase in the 
expression of functionally active α1A-adrenergic receptors occurs, mediated by β3-adrenergic 
receptors. Moreover, this phenomenon is transient, and the expression of α1A-adrenergic 
receptors reaches a maximum 6 hours after norepinephrine stimulation, and after 12 hours 
returns to the basal level. This signaling switch leads to an increase in glucose entry into MSCs, 
activates anaerobic metabolism and increases the synthetic function of cells. With further 
differentiation of MSCs in the adipogenic direction, there is an increase in proton leakage in the 
respiratory chain and an increase in the respiratory reserve. Anaerobic glycolysis is one of the 
most important characteristics of stem cells, and the synthetic activity of MSCs is necessary for 
the renewal and healthy growth of adipose tissue. Increased proton leakage during 
differentiation into adipocytes is likely a mechanism that protects cells from excessive 
accumulation of fat droplets and the formation of an unhealthy adipocyte phenotype. Thus, we 
discovered a new mechanism of norepinephrine-mediated regulation of the metabolic status of 
stem cells in MSCs. 
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Malignant tumors are characterized by a shift in metabolism from oxidative phosphorylation to 
aerobic glycolysis (the Warburg effect) [1],[2]. Pyruvate is one of the key players in this 
metabolic switch. During cancerogenesis pyruvate transport to mitochondria and its inclusion in 
the Krebs cycle are suppressed, while glycolysis and pyruvate reduction are activated in the 
cytoplasm, followed by export of lactate to the extracellular space. This type of metabolism 
allows proliferating cells to quickly obtain energy and intermediates for biosynthetic processes, 
suppresses the immune response [3], and stimulates the epithelial-mesenchymal transition and 
the development of multidrug resistance [4]. Pyruvate secretion by tumor cells is important for 
extracellular matrix remodeling [5] and angiogenesis [6]. 

On the contrary, stimulation of oxidative metabolism can slow down the growth of tumors. To 
evaluate the impact of mitochondrial metabolism on cancer cells we developed a genetically 
encoded tool for generating pyruvate in the mitochondrial matrix based on D-amino acid 
dehydrogenase (DadA) from Pseudomonas aeruginosa. This enzyme oxidizes D-alanine to 
pyruvate and ammonia [7]. Since D-alanine is practically absent in mammalian cells, DadA 
activity is controlled by the addition of an external substrate. We named DadA with 
mitochondrial localization Grubraw (Warburg in reverse). 

Grubraw activity in tumor cells increased mitochondrial membrane potential, oxygen 
consumption rate, and intracellular amounts of Krebs cycle intermediates compared to baseline 
and control (Grubraw-mut mutant lacking enzymatic activity). At the same time, Grubraw activity 
did not affect the pH and the concentration of hydrogen peroxide in the mitochondrial matrix, as 
well as the rate of glycolysis and the concentration of pyruvate in the cytoplasm and 
mitochondria. On the other hand, in a panel of cancer cells tested, Grubraw activity increased 
extracellular pyruvate concentration without affecting extracellular lactate. Using 13C-labeled 
substrates, it was shown that accumulated extracellular pyruvate is formed from D-alanine. At 
the same time, Grubraw activity did not affect the rate of division of cancer cells in culture. To 
evaluate the effect of Grubraw activity on tumor development, the Lu451 human melanoma 
subcutaneous xenograft model in immunodeficient Nude mice was used. Melanoma cells 
expressed Grubraw and luciferase. Animals received D-alanine with water. Grubraw activity 
slowed tumor growth, while D-alanine consumption did not affect tumor growth in the control 
group of mice expressing Grubraw-mut. 

The findings indicate that Grubraw activity accelerates mitochondrial metabolism. In this case, 
tumor cells use a compensatory mechanism that allows them to remove excess pyruvate from 
the matrix into the extracellular space. However, the resulting metabolic change is sufficient to 
slow tumor growth in vivo. 
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Introduction: TR57 is an experimental antitumor drug whose only molecular target is the 
mitochondrial matrix caseinolytic protease ClpP, which makes it relevant to study the molecular 
mechanisms of its action associated with mitochondria. 

Objective: To study the effect of TR57 on various mitochondrial parameters in cultured human 
breast cancer cells SUM159 and BT474. 

Materials and methods: SUM159 and BT474 cells were cultured and treated with TR57 in 
DMEM/F12 medium in a cell incubator. The average mitochondrial size, the number of 
mitochondrial nucleoids, and the mitochondrial membrane potential were estimated using 
confocal and fluorescent microscopy followed by image analysis using ImageJ software. The 
level of protein content was assessed by the Western blot method. The activity of the respiratory 
chain in a suspension of digitonin-permeabilized cells was measured using an oxygen-sensitive 
fluorescent sensor. 

Results: It was shown that 72-hour treatment of SUM159 cells with 150 nM TR57 drug induces 
a two-fold decrease in the average size of mitochondria, and also causes a decrease in the 
number of mitochondrial nucleoids by 75%, which is accompanied by a decrease in the level of 
TFAM and TFUM proteins associated with mtDNA. Treatment of cells with TR57 suppressed 
the activity of the mitochondrial respiratory chain already after 24 hours and completely inhibited 
it after 72 hours of incubation, while no drop in membrane potential was observed during 24-48 
hours of incubation, and after 72 hours its decrease was 42%. Using Western blot analysis, we 
showed that incubation of cells with 150 nM TR57 reduced the content of proteins involved in 
respiration (ATPase b subunit, cytochrome c), did not affect the level of proteins involved in the 
transport of proteins (Tom20) and metabolites (VDAC1) and caused the complete 
disappearance of IF1, a natural inhibitor of the hydrolase activity of ATP synthase, already after 
24 hours of incubation with TR57. In addition, we have shown that the FoF1-ATPase inhibitor 
oligomycin induces mitochondrial depolarization in TR57-treated cells by 64%. In the BT474 
culture, the TR57 preparation causes similar effects: a decrease in the average size of 
mitochondria, a decrease in the number of mitochondrial nucleoids, and the formation of 
membrane potential sensitivity to oligomycin. 

Conclusion: TR57 causes mitochondrial fragmentation, mtDNA loss, and downregulation of the 
respiratory chain in breast cancer cells. However, inhibition of the respiratory chain does not 
result in loss of mitochondrial membrane potential in cells treated with TR57. Elimination of the 
ATP synthase inhibitor IF1 and depolarizing effect of oligomycin on membrane potential in 
TR57-treated cells suggest possible reversal of mitochondrial FoF1-ATPase and use of 
extramitochondrial ATP to maintain membrane potential. 
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Antioxidant role of methionine in intra- and extracellular proteins 

М. А. Rosenfeld1 
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Biological systems are constantly exposed to a wide variety of reactive oxygen species (ROS). 
Proteins are highly vulnerable target for ROS attack resulting in damage in the structure and 
protein functioning. The conversion of methionine into methionine sulfoxide (MetO) is one of the 
most common oxidative modifications in proteins due to the special susceptibility of methionine 
to oxidative conditions. Most cells contain methionine sulfoxide reductases (MSRs) which 
catalyze a thioredoxin-dependent reduction of methionine sulfoxide back to the original 
methionine. There is a large amount of data supporting the hypothesis that reversible 
methionine oxidation provides a reliable mechanism capable of scavenging reactive species, 
thus creating a cycle with catalytic efficiency to counteract or mitigate the detrimental action of 
ROS on other functionally important amino acid residues of a protein. It was established that 
mutations leading to a decrease in MSR activities are associated with a decrease in resistance 
of some cells to oxidative stress and to a shortening of the maximal life span, whereas 
mutations leading to overproduction of MSR activities lead to an increase in resistance to 
oxidative stress and a significant extended life span. It has been shown that a number of 
intracellular proteins, such as glutamine synthetase, 15-lipoxygenase, recombinant proteins, 
interferon α-2b, tissue plasminogen activator, human stem cell factor, etc., contain antioxidant 
methionines, which are involved in the regulation of the antioxidant defense of these proteins.In 
contrast to intracellular proteins, the oxidation of methionine in plasma proteins is an irreversible 
process due to the absence of methionine sulfoxide reductases in blood plasma. However, the 
data obtained from the induced oxidation of a number of proteins (alpha-2-macroglobulin, 
albumin, antithrombin, fibrinogen, coagulation factor XIII, plasminogen) indicated that these 
proteins contained antioxidant methionines, the oxidation of which had no effect on functional 
activity of the protein or effect was minor. However, until now, antioxidant methionines 
containing in the structure of most blood plasma remain to be determined. Oxidized methionines 
have been identified in some plasma proteins in healthy and diseased people.The quantify 
redox changes in methionines should facilitate the identification of circulating biomarkers 
suitable for predicting the development or progression of human diseases. 

Funding: The study was performed with the budgetary support of state assignment (subject no. 
0084-2014-0001 and 0084-2014-0005). 

  



 

 

27 

Section: Calcium and GPCR signaling 

 

Noncanonical signal molecules of the phototransduction cascade 

N. О. Erofeeva1, М. V. Belyakov1,2, D. А. Meshalkina1, М. L. Firsov1 

1. Sechenov Institute of Evolutionary Physiology and Biochemistry, RAS, Saint-Petersburg, 
Russia 

2. Research Institute of Hygiene, Occupational Pathology and Human Ecology of the 
Federal Medical Biological Agency, Leningrad Region, Russia 

In the photoreceptors of the vertebrate retina, absorption of a quantum of light triggers a number 
of processes, called phototransduction, starting with activation of the visual pigment molecule, 
rhodopsin, and ending with changes in the permeability of the plasma membrane and 
photoreceptor hyperpolarization. In vertebrates, the secondary messenger of phototransduction 
is cGMP, the level of which in the cytoplasm is relatively high in the dark and decreases during 
light stimulation. It is known that the operation of the phototransduction cascade is regulated by 
calcium, but numerous phenomenological data indicate that there may be other regulatory 
signaling pathways in the phototransduction cascade for which there is no corresponding 
mechanism in the classical phototransduction scheme. Several indirect data indicate that cyclic 
adenosine monophosphate (cAMP), inositol triphosphate (IP3), and diacylglycerol (DAG) could 
also have a regulatory effect on the phototransduction cascade. Obviously, a necessary 
condition for the presence of such a regulatory effect is a change in the concentration of the 
signaling molecule during the development of the regulated process. It was shown earlier that 
the concentration of cAMP and IP3 in photoreceptors can vary in response to changes in light 
conditions with characteristic times of more than one hour, which points to the involvement of 
these signaling molecules in the regulation of circadian rhythms and slow light or dark 
adaptation processes. However, it remains unclear whether cAMP, IP3 and DAG are involved in 
the regulation of the phototransduction cascade during the development of the photoreceptor 
response to a short light stimulus or the response to switching on or off a long light stimulus. 
The characteristic times of these processes are less than a second. Considering that traditional 
fluorescence methods cannot be applied to the measurement of concentrations of any signal 
molecules in the retina, we have created a setup allowing to perform cryofixation of retinal 
samples at the required rate. The complex allows to fix up to 6 samples in one series with a 
delay of less than 100 ms after light stimulation. The concentration of signal molecules is 
measured by high-performance liquid chromatography with high-resolution tandem mass 
spectrometry. Pilot experiments show an increase in the concentration of all three signal 
molecules studied within 400 ms after the presentation of a saturating light stimulus of 10 ms or 
2000 ms; These data suggest the involvement of cAMP, IP3, and DAG in the regulation of the 
phototransduction cascade at the timescale corresponding to the development of a rapid 
photoresponse. 

Funding: Supported by Russian Scientific Foundation grant RSF #22-25-00656 
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Electrophysiological properties and regulation of activity of endogenous calcium-
activated chloride channels in HEK293 cells 

D.О. Kolesnikov1, Е. R. Grigorieva1, М.А. Nomerovskaya1, D. S. Reshetin1,  
Е.V. Kaznacheeva1, А.V. Shalygin1 
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Calcium-activated chloride channels (CaCC) formed by proteins of the anoctamine family are 
involved in the regulation of many intracellular processes. Anoctamines are a family of calcium-
activated phospholipid scramblases and ion channels. The most interesting member of the 
family is ANO6, which combines the functions of scramblase and ion channel [1]. Dysfunctions 
in the functioning of this protein lead to disorders in blood coagulation [2], bone tissue formation 
[3], and disruption of cell cycle control [4]. Despite the significance of CaCC, including 
anoctamine 6, for the body, the electrophysiological properties of endogenous CaCC are 
currently not well understood. Data on the conductivity and selectivity of these channels are 
rather contradictory [2], [5], [6]. In addition, it is known that CaCCs are permeable to calcium 
ions [2], but it remains unclear whether calcium entering through the channels can participate in 
the self-maintenance of their activity.One of the main sources of calcium in electrically non-
excitable cells are depot-gated channels [7]. Disruptions in the operation of depot-operated 
channels and CaCC lead to the development of similar pathologies. Recent studies point to the 
colocalization of CaCC and depot-gated channels [8]. However, the functional conjugation of 
CaCC activations and depot-gated channels is currently not well understood.Previously, 
currents through endogenous CaCC were described in our laboratory in HEK293 cells, similar in 
their electrophysiological properties to anoctamine-6 [9]. We used these channels as a model 
object for our study. The work is devoted to the study of the regulation and electrophysiological 
properties of endogenous CaCC in HEK293 cells. Using the method of local potential fixation, 
we studied the change in the electrophysiological properties of endogenous CaCC depending 
on the ionic composition of the conducting solutions, studied the mechanisms of self-
maintenance of CaCC activity, the effect of calcium chelators BAPTA and EGTA on the activity 
and properties of CaCC channels, and also showed the functional conjugation of CaCC 
activations and depot- gated channels in HEK293 cells. 

Funding: The work was supported by the Russian Science Foundation grant No. 22-24-00761 
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Nonspecific action of PI3K inhibitor PI828 

P. D. Kotova1, Е.А. Dymova1, S.S. Kolesnikov1 
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Many GPCRs are associated with Ca2+-signaling, which is regulated by a number of enzymes, 
including PI3K. To reveal the role of PI3K in Ca2+-responses to acetylcholine in HEK-293 cells, 
we used Ca2+-imaging and inhibitory analysis. We have encountered opposite effects of PI3K 
inhibitors, Wortmannin have not affected the Ca2+-responses to acetylcholine, while PI828 have 
completely suppressed them. For monitoring PI3K activity we used monoclonal lines of HEK-
293 cells, which stably expressed genetically encoded sensors for PIP3 (PH(Akt)-Venus) and 
cytosolic Ca2+ (R-GECO1). The experiments showed that stimulation with acetylcholine 
triggered Ca2+-transients, but not PIP3 generation. It means that PI3K is not involved in cellular 
response to acetylcholine. But stimulation of the same cells with insulin led to an increase in 
PIP3 concentration. At the same time, in the presence of Wortmannin or PI828, insulin 
stimulation did not lead to an increase in PIP3 concentration, which indicates that these 
compounds are effective inhibitors of PI3K activity. However, PI828, in addition to inhibiting 
PI3K, has an effect on some other cellular target, as a result of which it suppresses 
acetylcholine-induced Ca2+ signaling. Looking for a target that PI828 acts on to block HEK-293 
Ca2+-responses to acetylcholine, it was found that this compound does not affect on Ca2+-
responses to ATP. HEK-293 use the phosphoinositide pathway to generate Ca2+-responses to 
both of these agonists, it means that the elements of this pathway are not the target of PI828. 
There is a possibility that PI828 acts directly on muscarinic acetylcholine receptors. It is 
indirectly confirmed by the fact that PI828 suppresses Ca2+-responses upon its simultaneous 
application with acetylcholine, while inhibition of intracellular targets usually requires time for the 
inhibitor to penetrate through the plasmalemma and accumulate in the cytosol. Thus, it was 
shown that stimulation HEK-293 with acetylcholine leads to the generation of a Ca2+-response 
via the phosphoinositide pathway, while such stimulation does not lead to the activation of PI3K. 
Wortmannin and PI828 are indeed effective inhibitors of PI3K. However, PI828 also acts on 
another cellular target, as a result of which it blocks Ca2+-responses to acetylcholine, and this 
target may be directly muscarinic acetylcholine receptors. 

Funding: This work was supported by the Russian Science Foundation grant 19-75-10068. 
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Parathyroid hormone (PTH) is one of the key regulators of calcium and phosphate metabolism 
in the body, controlling bone metabolism and ion excretion by the kidneys. At present, attempts 
to use PTH as a therapeutic agent have been associated with side effects, the nature of which 
is not always clear and predictable. In addition, it is known that in vivo impairment of PTH post-
receptor signaling is associated with atypical differentiation behavior not only of bone cells, but 
also of connective tissues, including adipose tissue. In this work, we studied the functional 
responses of multipotent mesenchymal stromal cells (MSCs) to the action of PTH at the level of 
single cells. We used MSCs isolated from the periosteum and subcutaneous adipose tissue to 
compare character-istics of cell responses to PTH. We found that the hormone can activate 
three key responses via its receptor located on the surface of MSCs: single transients of 
calcium, calcium oscillations, and hormone-activated smooth increase of intracellular calcium. 
These types of calcium responses led to principally different cellular responses of MSCs. cAMP-
dependent smooth increase of intra-cellular calcium was associated with pro-osteogenic action 
of PTH, whereas phospholipase C dependent calcium oscillations led to a decrease in 
osteogenic differentiation intensity. Different variants of calcium responses are in dynamic 
equilibrium. Suppression of one type of response leads to increased activation of another type 
and, accordingly, to a change in the effect of PTH on cell differentiation. 

Funding: The study was supported by Russian Science Foundation grant 19-75-30007 (studies 
of intracellular signaling in MSCs) and sup-ported by Lomonosov Moscow State University 
Grant for Leading Scientific Schools “Depository of the Living Systems” in the frame of MSU 
Development Program (biomaterials). 

  



 

 

32 

Dynamics of desensitization and resensitization of G protein-coupled platelet receptors 
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Background: Platelets are small non-nuclear blood cells that are responsible for the prevention 
of blood loss upon vessel wall damage. Platelets have a plethora of receptors expressed on 
their membrane that mediate platelet activation, granule release and adhesion at the sites of 
vascular damage. Among G-protein coupled receptors (GPCRs) are receptors to thrombin 
(PAR1 and PAR4) and ADP receptors (P2Y1, P2Y12 and P2X receptors). One of the specific 
features of GPCR signaling is its ability to desensitize upon activation with their agonists in 
normal and pathologic conditions e.g. in patients with severe COVID-19 [1]. 

Aims: Here we aimed to determine whether GPCR desensitization occurs upon gradual addition 
of the agonist or in a step-wise manner. 

Methods: Whole blood of 10 healthy donor was collected into hirudin-containing tubes according 
to the declaration of Helsinki. Platelets were loaded with Fura-Red in order to assess the 
cytosolic calcium level [2] and analyzed by means of flow cytometry. To study PAR-receptor 
desensitization, computational model was constructed. Model was based on a system of 
ordinary differential equations and was solved in COPASI. 

Results: By means of flow cytometry we have obtained that desensitization of PAR1 is 
irreversible even upon activation by a reversibly-binding peptide SFLLRN. Furthermore, 
complete desensitization of PAR1 is proportional to the concentration of SFLLRN in the sample. 
Computational model has demonstrated that, even concentrations noticeably smaller than the 
SFLLRN dissociation constant for binding PAR1 have eventually led to total desensitization of 
PAR1. 

Conclusions: PAR1 desensitization is irreversible independently on the type of activator. 

Funding: The study was supported by RSF grant No. 21-74-20087. 
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Agonists of Gi-coupled receptors - a promising antiepileptic drugs 
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Epilepsy is one of the most abundant neurological diseases, affecting 1-1.5% of the world 
population. Pharmacological treatment reduces the frequency of seizures, but the used 
antiepileptic drugs cause numerous side effects. Hence, the search for the most selective and 
effective drugs is an urgent task of modern pharmacology and medicine. Agonists of various Gi-
coupled metabotropic receptors, such as adenosine (A1Rs and A3Rs), cannabinoid (CB1Rs), 
adrenergic (α2-ARs), serotonin receptors (5-HT1Rs), can be considered as promising 
antiepileptic drugs. Here we evaluated the effects of agonists of these receptors on the activity 
of neurons in different in vitro models of hyperexcitation.All experiments were performed using 
mixed neuron-glial cell cultures (13-14 DIV) prepared from the hippocampi of newborn Wistar 
rats of both sexes. Hyperexcitation of neuronal networks was induced with NH4Cl (8 mM) and a 
GABA(A) receptor (GABA(A)R) antagonist, bicuculline (10 µM). These exposures evoke the 
synchronous high-amplitude oscillations of intracellular Ca2+ concentration ([Ca2+]i) in neurons 
and insignificantly affect glial cells. The changes in [Ca2+]i were evaluated by fluorescence 
microscopy using Ca2+-sensitive fluorescent probes Fura-2 or Fluo-4.We found that agonists of 
A1Rs and CB1Rs completely suppressed [Ca2+]i oscillations in neurons in both models of 
hyperexcitation. Agonists of α2-ARs suppressed the oscillations induced by NH4Cl, but were 
ineffective against the bicuculline-induced oscillations. In turn, 5-HT1Rs and A3Rs agonists 
were ineffective in both models. The activation of α2-ARs induced a biphasic [Ca2+]i elevation in 
astrocytes mediated by Gißγ-PLC cascade and leading to the GABA release by these glial cells. 
We believe that astrocytic GABA release significantly contributes to the suppression of NH4Cl-
induced [Ca2+]i oscillations in neurons. The absence of the effects of α2-ARs agonists on 
bicuculline-induced oscillations is explained by the fact that in this model of hyperexcitation 
GABA(A)Rs are blocked, while the contribution of GABA(B)Rs is apparently insufficient. In the 
case of A1Rs and CB1Rs agonists the biphasic response was not observed, and suppression of 
oscillations may be explained by inhibition of glutamate secretion due to activation of 
presynaptic A1Rs and CB1Rs in neurons.  

Funding: The work was carried out within the framework of the state assignment of PSCBR 
RAS #075-01512-22-02/004-00 ("Neuroprotective drugs of a new generation"; code of the topic 
FMRM-2022-0034; head Berezhnov A.V.). 
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Type III taste cells are the only taste bud cells which express voltage-gated (VG) Ca2+ channels 
and employ Ca2+-dependent exocytosis to release neurotransmitters, particularly serotonin. The 
taste bud is a tightly packed cell population, wherein extracellular Ca2+ is expected to fluctuate 
markedly due to the electrical activity of taste cells. It is currently unclear whether the Ca2+ 
entry-driven synapse in type III cells could be reliable enough at unsteady extracellular Ca2+. 
We assayed depolarization-induced Ca2+ signals and associated serotonin release in isolated 
type III cells at varied extracellular Ca2+. It turned out that the same depolarizing stimulus 
elicited invariant Ca2+ signals in type III cells irrespective of bath Ca2+ varied within 0.5 – 5 mM. 
The serotonin release from type III cells was assayed with the biosensor approach by using 
HEK-293 cells co-expressing the recombinant 5-HT4 receptor and genetically encoded cAMP 
sensor Pink Flamindo. Consistently with the weak Ca2+ dependence of intracellular Ca2+ 
transients produced by VG Ca2+ entry, depolarization-triggered serotonin secretion varied 
negligibly with bath Ca2+. The evidence implicated the extracellular Ca2+-sensing receptor in 
mediating the negative feedback mechanism that regulates VG Ca2+ entry and levels off 
serotonin release in type III cells at deviating Ca2+ in the extracellular medium. 

Funding: This work was supported by the Russian Science Foundation grant 19-75-10068. 
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Background:Mitochondria play pivotal roles in the regulation of platelet lifespan and activation-
induced platelet necrosis. Mitochondrial membrane potential is a major indicator of 
mitochondrial activity and it could be measured using potential-dependent fluorescent probes. 
Oligomycin is an F0F1-ATPase inhibitor, which induces hyperpolarization of mitochondria, thus 
it is a useful tool for validation of the protocol of mitochondrial membrane potential 
measurement. However, platelet responses on the oligomycin are poorly investigated.Aims: To 
investigate effects of oligomycin on the human platelets.Methods:Using continuous flow 
cytometry (BD FACS Canto II) of platelets from healthy donors, loaded with calcium-sensitive 
dye Fura Red (2 µM) and potential-sensitive dye DiOC3(6) (40 nM), we monitored cytoplasmic 
level of calcium, platelet shape, size and mitochondrial membrane potential (DiOC3(6)) after 
addition of oligomycin (5, 1.25, 0.625, 0.31 and 0 µg/mL). Two sets of experiments with 3 
healthy donors in each set were performed. All experiments were performed in accordance with 
the Declaration of Helsinki.Results: We set a protocol for simultaneous measurement of 
intracellular calcium and mitochondrial membrane potential in suspension of platelets. In the first 
set of experiments oligomycin dose-dependently induced elevation of DiOC3(6) fluorescence. 5 
µg/mL induced approximately 30% increase of fluorescence within 180 seconds after addition, 
1.25 µg/mL induced approximately 20% increase with slower kinetics, lower doses of oligomycin 
did not induce an increase in DiOC3(6) fluorescence. Unexpectedly, we observed a bell-shaped 
dose-dependent increase in cytoplasmic calcium, in response to oligomycin with a maximal 
response at concentration 0.62 µg/ml - 1.85±0.81-fold increase in Fura Red ratio. Along with 
that we observed 1.98±0.49-fold increase in Forward Scatter and a 10±9% decrease in the Side 
Scatter for 0.62 µg/mL oligomycin. In the second set of experiments oligomycin induced a 
similar dose-dependent increase in the DiOC3(6) fluorescence, however any changes in 
intracellular calcium, size and shape were not observed.Conclusion: Although oligomycin 
reproducibly hyperpolarized mitochondria, effects of oligomycin on intracellular calcium, platelet 
shape and size did not reproduce between sets, which requires additional research. 

Funding: All parts of this study were supported by the Russian Science Foundation grant 21-
74-20087. 

  



 

 

36 

Comparison of different methods to measure cytosolic calcium concentration in platelets 

А.А. Tarakanova1, А.А. Martyanov2,3, А.N. Sveshnikova2,3 

1. Sechenov University, Moscow, Russia 
2. Dmitry Rogachev NMPC PHOI, Moscow, Russia 
3. CTP PCP RAS, Moscow, Russia 

Background: Non-nuclear blood cells platelets functioning is governed by intracellular calcium 
signaling. Therefore, correct measurements of the cytosolic calcium concentration responses to 
activation can provide essential information on platelet functionality. Calcium concentration in 
low molecular calcium sensitive probe-loaded platelets is commonly measured by means of 
spectrafluorimetry, flow cytometry, or fluorescent microscopy. 

Aim: To compare the accuracy and effectiveness of different approaches for high-throughput 
platelet cytosolic calcium measurements. 

Methods: Calcium-sensitive fluorescent probes Fura-Red and Fura-2 were used to measure 
cytosolic calcium in platelets by means of flow cytometry (BC NovoCyte/BD FACS Canto) and 
spectrafluorimetry (Agilent Cary Eclipse). Platelets were analyzed either in platelet rich plasma 
(PRP) or upon washing by sequential centrifugations. The mean fluorescence intensities of 
platelet suspension were recalculated into cytosolic calcium concentration using Grynkiewicz 
formula [1] after sequential addition of 1 µM of Ionomycin and 10 mM of EGTA. 

Result: Calcium concentration in resting platelets of healthy donors varied from 5 to 30 nM for 
flow cytometry and from 10 to 100 nM for spectrafluorimetry, which corresponded to the 
literature data. Shape of the calcium concentration curve in response to weak platelet activation 
(ADP) was peak-like both in flow cytometry and spectrafluorimetry. However, while for the flow 
cytometry its maximum was between 50 and 150 nM, for spectrafluorimetry the peak results 
varied from 50 to 500 nM. Similar results were obtained for platelet activation with thrombin. 

Conclusions: Spectrafluorimetry has long been the golden standard in the field of calcium 
measurements, being simple and reliable. However, it appeared that flow cytometry provides 
more consistent results. 

Funding: The work has been supported by the RSF Grant 21-74-20087 
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In epilepsy, special synchronous fluctuations in electrical activity occur in the brain, recorded by 
the EEG. Brain cells isolated from epileptic foci generate periodic high-amplitude 
hypersynchronous discharges, which are based on a trigger mechanism of unknown nature. 
This phenomenon is considered as a cellular correlate of the epileptiform activity of the neuronal 
network and is called the paroxysmal depolarization shift (PDS). Since the discovery of PDS in 
the 1960s, the existence of an unusual pattern of neuronal electrical activity in the neural 
network has been shown not only in epilepsy, but also in ischemia and a number of other 
neurodegenerative diseases.At least three oscillatory systems are involved in the formation of a 
PDS cluster (Fig. 1) Action potential (AP) oscillations (1A), PDS oscillations (1F) and PDS 
cluster oscillations (1B). All three systems have an autowave nature. The autowave nature of 
PD has been studied in sufficient detail. The pacemaker cell generates periodic AP autowaves, 
constantly depolarizing the membrane (1A). Signs of an autowave are: the constancy of the 
amplitude of the pulses, the presence of a slow phase between the PD pulses, positive 
feedback that amplifies the signal of the generator, the presence of an excitation inhibitor, the 
presence of an energy source. With an increase in depolarization, the frequency of AP 
generation can either increase monotonically, or a regime of AP burst activity is formed, which is 
called burst. Outwardly, bursts are similar to PDS clusters, but differ in the amplitude of the 
control depolarization. In a PDS cluster, the maximum depolarization amplitude can exceed the 
reactivation potential of the Na+ channel (1D,E).It is assumed that the initial formation of an AP 
burst occurs due to a depolarization pulse generated by low-threshold Ca2+ channels. And the 
transformation into a PDS cluster occurs due to the loss of GABA-dependent inhibition and 
hypersynchronization of AP bursts and Ca2+ impulses. At the same time, periodic PDS clusters 
(1E,F) and accompanying Ca2+ pulses (1C) have all the signs and properties of an autowave. 
The behavior of PDS in a cluster also has an oscillatory character (1F). An unknown mechanism 
opens the PDS channel, which provides a rapid depolarization to a level exceeding the 
reactivation potential of the Na+ channel (1F). At a high rate of depolarization at the leading 
edge of the PDS, often only one AP (1E,F) has time to be generated. Thus, the PDS controls 
the frequency of PD generation in a burst. PDS fluctuations also have the characteristics of an 
autowave indicated above. Unlike the first two oscillatory systems, neither the nature of the 
channels nor the mechanisms of their regulation are known for PDS. Establishing the nature of 
ion channels involved in the formation of PDS clusters is an important task, the solution of which 
is necessary to identify new targets for the treatment of neurological diseases associated with 
hyperexcitation. The complexity of the problem lies in the fact that different ion channels can 
simultaneously participate in the formation of PDS cluster autowaves. 
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Figure 1. Formation of an AP burst (A) and a PDS cluster (B, D, E) upon depolarization (A) and 
upon the removal of GABA-dependent inhibition (B). Vibrations of Ca2+ (C). Cluster PDS (D, E) 
consists of three oscillatory systems. PDS fluctuations (F). 
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Multipotent mesenchymal stromal cells (MSCs) are stromal stem cells capable of differentiating 
into osteoblasts, myocytes, chondrocytes, adipocytes, and paracrine self-regulation [1]. 
Previously, we discovered a phenomenon inherent in MSCs, in which norepinephrine and 
serotonin cause an increase in the sensitivity of the same cells to norepinephrine, which was 
called heterologous sensitization. The purpose of this work: to determine the contribution of 
paracrine factors to the development of heterologous sensitization of MSCs.We first showed 
that changing the environment reduces the rate of development of hormone-induced 
sensitization. To do this, we preincubated the cells with norepinephrine or serotonin, followed by 
a change in the medium in some of the wells. As a result, an increase in the number of calcium-
responsive cells that underwent prolonged incubation after exposure to hormones was 
observed compared to cells that were washed away from the medium containing paracrine 
factors, which means that not only intracellular factors, but also secreted paracrine factors are 
involved in the formation of heterologous sensitization. factors.Then we showed that the 
mechanism of sensitization depends on the factors secreted by the cells into the environment, 
and these factors are able to stimulate naive cells to increase their sensitization. To do this, we 
transferred the medium from cells stimulated by hormones to naive cells. As a result, it was 
observed that in cells incubated in a medium containing paracrine factors, an increase in the 
number of calcium-responsive cells was observed, compared with naive cells, which indicates 
the contribution of paracrine factors to sensitization.Thus, we can conclude that paracrine 
factors play a significant role in the development of heterologous sensitization of MSCs. 

Funding: The study was supported by the Russian Science Foundation under project No. 21-
15-00311. 

References: 

1. Mesenchymal stem cell perspective: cell biology to clinical progress. M. Pittenger, D. 
Discher, B. Péault, D. Phinney, J. Hare, A. Caplan. npj Regenerative Medicine, 2019, 
None, 4, 10.1038/s41536-019-0083-6 

 

  



 

 

40 

Section: Cytoskeleton and mechanosensing 

Interaction of platelets with immobilized von Willebrand factor 
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The formation of a thrombus consists of the following steps: 

1) Platelet adhesion to the injury site; 

2) Activation and formation of platelet aggregate; 

3) Coagulation, stabilization and contraction of the thrombus. 

Platelet adhesion is mediated by von Willebrand factor, a large multimer secreted into the blood 
by vascular endothelial cells. The von Willebrand factor is sensitive to the mechanical impact of 
the flow and is able to reverse depending on the shear rate. It mediates the interaction between 
platelet receptors for von Willebrand factor (a complex of glycoproteins Ib-IX-V and integrin 
αIIbβ3) and collagen present at the site of vessel injury, thus performing the function of slowing 
down and adhesion of platelets. Once near the site of damage to the vessel, the platelet 
interacts with its physiological activators, collagen and ADP, leading to activation by different 
signaling pathways. The contribution of mechanical action, as well as different signaling 
pathways, to the process of platelet adhesion to the injury site is not clear. 

Aim: to reveal the effect of mechanical action (flow with different shear rates) on platelet 
adhesion. 

Methods: Whole blood collected in a hirudin tube was pumped in a plane-parallel channel with 
immobilized von Willebrand factor at various shear rates. Photographs of platelets moving along 
the substrate were made using video microscopy. 

Results: An exponential dependence of the average speed of platelet movement along the 
substrate with von Willebrand factor on the shear rate was found. In the range from 75 to 1500 
s-1, the platelet migration rate was stable and was less than 5 µm/min. With an increase above 
1500 s-1, an exponential increase in the rate of platelet movement along the substrate was 
observed. 

Conclusions: The rate of movement of platelets according to the von Willebrand factor is stable 
in a wide range of shear rates from 75 to 1500 s-1, which is necessary for successful adhesion 
and activation of platelets. Further study of the mechanisms of these interactions and 
identification of specific signaling pathways involved in the primary adhesion of platelets is 
required. 

Funding: This work was supported by grant MK-4997.2022.1.4 
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Calcium-activated potassium channels (KCa) are one of the important participants in the 
processes of calcium signaling and signal transduction, as they are able to be activated with an 
increase in the intracellular concentration of free calcium in the cell. KCa channels are classified 
according to unitary conductivity values: channels with high (BK), intermediate (IK) and low 
(SK): SK1, SK2, SK3 - conductivities. It was shown that KCa channels are involved in the 
regulation of various processes in blood cells, such as maintenance of cell volume, participation 
in calcium-regulated processes, etc. Previously, using the patch clamp method, we registered 
KCa activity in the plasma membrane of K562 human myeloid leukemia cells. Under conditions 
close to physiological, the conductivity of the KCa channels was close to IK and SK. For 
unambiguous identification of KCa channels, we applied a whole-cell protocol of 
electrophysiological experiments using highly selective channel inhibitors SK-apamine (300 nM) 
and IK-TRAM-34 (1 μM). We also performed experiments aimed at separating the activity of SK 
channel types based on the different sensitivity of SK to a selective blocker. Also, using RT-
PCR, we confirmed the expression of SK2, SK3 and IK channels in K562 cells at the mRNA 
level, while SK1 mRNA was not detected.Literature data indicate increased expression of KCa 
channels in various cancer cells. We hypothesized that the identified SK and IK channels may 
be involved in the proliferation, migration, and invasion of K562 cells. When cells were 
incubated in a culture medium containing 300 nM apamine or 5 μM TRAM-34, we observed a 
significant decrease in the number of cells compared to the control, while not observing 
changes in the level of viability of K562 cells. To reveal the role of SK and IK channels in the 
migratory and invasive activities of cells, semipermeable inserts (Transwell assay) without 
modification (migration) and with Matrigel coating (extracellular matrix imitation, invasion) were 
used. The presence of selective inhibitors significantly reduced both the migratory and invasive 
ability of K562 cells, which may indicate the important role of SK and IK channels in the 
processes under study. 

Funding: This work was supported by the Russian Science Foundation grant No. 22-74-10037. 
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Introduction. Hemin (coordinating ion is a chloride) and hematin (coordinating ion is a hydroxide 
ion) are the products of hemoglobin degradation and their concentration in blood is generally 
maintained low via detoxification systems including hemin-binding proteins (albumin and 
hemopexin) and hemin-degrading enzyme heme oxygenase. In pathologic conditions (malaria, 
intravascular hemolysis, hemoglobin- and membranopathy) the concentration of toxic heme 
derivatives can exceed the neutralizing capacity of the detoxification system, which may 
potentially lead to severe cell damage. It is known that heme derivatives cause significant 
damage of erythrocyte structure, but there is a lack of data on the mechanisms and 
concentrations of hemin and hematin that may lead to these disruptions. Therefore, here we 
used an original method of laser diffraction to assess quantitatively the effects of hemin and 
hematin on human red blood cells (RBCs). 

Aim of the study. Investigate the effects of hemin and hematin on erythrocytes using the laser 
diffraction method. 

Material and methods. Human RBCs were collected from healthy donors after obtaining written 
consent. Washed RBCs were obtained by centrifugation of whole blood and double washing in 
HEPES buffer. Hemin and hematin working solutions were prepared using the molar extinction 
method. Cell transformation under the action of hemin/hemin was analyzed according to the 
changes in the light scattering intensity (LSI) of stimulated RBCs. Spherization of erythrocytes 
was registered as a decrease in the LSI at a scattering angle of 2.5°, and as an increase of LSI 
at an angle of 12°. From these data, the sphericity coefficient was calculated to analyze the 
changes in the RBC shape and the percentage of hemolysis to describe lysis. 

Results. Hematin and hemin triggered diphasic RBC transformation. The low concentrations 
(0.005 - 1 μM), dose-dependently triggered cell spherization with the following half maximal 
effective concentrations: EC50 (hematin) 0.023 ± 0.003 μM; EC50 (hemin) 0.041 ± 0.008 μM. 
The further increase in the concentration of the effectors (1 – 5 μM) induced hemolysis with the 
following parameters: EC50 (hematin) 1.53 ± 0.10 μM; EC50 (hemin) 2.24 ± 0.18 μM). At the 
same time, it was found that the rates of hematin-induced spherization and hemolysis were 
significantly higher than that of hemin. 

Conclusion. Thus, hemin and hematin caused spherization and lysis of RBCs in a dose-
dependent manner. At the same time, the rates of these processes induced by hematin were 
significantly higher. Further investigation is required for a better understanding of the 
mechanisms involved in heme derivatives' effects on RBCs. 

Funding: This research was supported by the research program of the Sechenov Institute of 
Evolutionary Physiology and Biochemistry RAS [project No. 075-0152-22-00]. 
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The primary morphogenetic gradient of the early Drosophila embryo (bicoid transcription factor 
gradient, bcd) is the most studied, so it serves as an experimental model for the study of other 
morphogenetic gradients, up to those in mammalian and human embryogenesis. The formation, 
maintenance and functioning of the bicoid gradient involves the integration of several key 
cellular processes and mechanisms, such as active transport by motors through the elements of 
the cytoskeleton, cytoplasmic currents, reorganization of the Golgi apparatus and the 
endoplasmic reticulum. My colleagues and I analyzed the behavior of the bicoid gradient under 
hypoxic conditions (when many processes are inhibited) and upon treatment with known 
chemical agents that affect the stability of cytoskeletal elements. The behavior of bcd mRNA, 
bicoid protein and Staufen, Stau factor (RNA-binding protein involved in mRNA transport and 
localization) was studied. The results of quantitative processing of confocal images of such early 
embryos were used for statistical analysis and for computer modeling using 2D reaction-
diffusion models and 3D agent models. My colleagues and I have shown the sensitivity of bcd 
mRNA redistribution and bicoid factor redistribution to the integrity of cytoskeletal elements. 
Based on the results of the analysis, we came to the conclusion that periodic redistribution of 
the bcd+Stau complexes during early embryonic development is one of the key characteristics 
of the active transport of bicoid mRNA [Shlemov et al., 2021]. For the first time, such periodic 
redistributions along the main axis of the embryo are observed at the stage of crushing, then at 
the stage of cellularization. At the same time, our observations on living gfp-Bcd embryos 
confirmed the well-known conclusions of classical studies that periodic “fountain” currents of the 
cytoplasm in the head part of the embryo are observed in early embryogenesis, and the time 
and direction of the currents coincide with those for redistributions of bcd+Stau. Therefore, it is 
natural to expect that these currents can also participate in bcd+Stau displacements. 
Comparison of our findings with the results of other authors (cf. [Cai et al., 2019]) suggests that 
bcd+Stau are able to bind to some cellular structures, apparently through microtubules (MTs). In 
particular, we suggest that the redistributions of bcd+Stau at the stage of early cleavage are 
associated with the reorganization and functioning of the Golgi apparatus in the head of the 
early embryo. The proposed molecular biological machinery can be borrowed from known 
processes in oogenesis (MT, microfilaments, PAR networks, and cytoplasmic currents in mRNA 
transport). We believe that a number of observed processes of formation, maintenance, and 
functioning of the morphogenetic gradient of bicoids are conservative and, in one form or 
another, can be traced back to those for the morphogenetic gradients of mammals and humans. 

Funding: RFBR grant №20-04-01015 
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Extracellular vesicles are now considered to be an important channel of intercellular information 
transfer in and between different organisms ranging from archaea [1] to humans in physiological 
and pathological states [2,3]. Nevertheless, there is a lack of understanding of necessary and 
sufficient mechanisms of extracellular vesicles biogenesis that could be used for making 
predictions. Microvesicles are a subclass of extracellular vesicles with a size of ~150-1000 nm 
and outer cell membrane origin. The knowledge about them is especially lacking. Meanwhile, 
there are a lot of processes described in literature that have an influence on microvesiculation 
[4]. The motivation for the current review is to answer, what microvesiculation mechanisms are 
known today and how can the missing information be addressed. There is a superficial 
resemblance between microvesiculation and other membrane process such as blebbing. This 
process consists from repeating expansions and retractions of plasma membrane blebs [5]. As 
far as vesicle shedding from a membrane bud requires contraction of its neck, the analogy with 
yet another membrane process asks for consideration: in one way of plasma membrane repair a 
similar constriction of edges of a cellular wound also takes place. This review shows that 
parallels of this processes mechanisms go deeper. They include the roles of such regulatory 
and effector systems and players as Ca2+ signaling, small GTPases, Rho and ROCK in 
particular, actomyosin filaments, intracellular hydrostatic pressure, membrane-bending proteins, 
such as members of ESCRT sphingolipids (which are cone-shaped) and sphingomyelinase 
phospholipid membrane asymmetry and it's breaking. Moreover, this processes often happen 
simultaneously. They also have common stochastic and forced nature dependent on cellular 
envelope structures disruption of different extent. This predicates speculations about the 
reasons for numerous functions of vesiculation and blebbing not only in physiological, but also 
in pathological conditions. The accumulated biological and biophysical information about 
blebbing and membrane repair mechanisms gives the directions for further investigations and 
experimental approaches, which could help to acquire the missing information about 
microvesiculation mechanisms and distinguish the key factors to consider in modelling. 
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Contraction of the myocardium results from the interaction of myosin molecules with actin of the 
thin filament and is controlled by Ca2+ regulatory proteins: troponin (Tn) and tropomyosin (Tpm). 
In addition, cardiac myosin-binding protein-C (cMyBP-C) is involved in the activation of 
contraction [1]. The 140–150 kDa cMyBP-C molecule consists of 8 immunoglobulin and 3 
fibronectin domains, from C0 at the N-terminus to C10 at the C-terminus [1]. The C0–C2 
domains contain myosin binding sites, including its regulatory light chain (RLC), actin, and Tpm 
[1]. Atrial and ventricular myosin differ in the isoform composition of heavy and light chains. 
Using the in vitro motility assay (IVMA), we compared for the first time the influence of the N-
terminal domains of cMyBP-C on Ca2+ regulation of the interaction of atrial and ventricular 
myosin with actin. Both types of myosin and Tn were isolated from porcine myocardium and 
actin from m. psoas of the rabbit. The C0, C0-C1, and C0-C2 fragments of human cMyBP-C 
and α-Tpm were expressed in E. coli. We assessed the influence of the cMyBP-C fragments by 
the calcium dependence of the sliding velocity of thin filaments reconstructed from actin, Tn, 
and Tpm, on myosin in IVMA [2]. This dependence was fitted by the Hill equation h and 
determined the maximum velocity of the filaments, Vmax, measured at a saturating Ca2+ 
concentration, Ca2+ sensitivity, i.e., the pCa value at which the half-maximal speed is achieved, 
and the Hill cooperativity coefficient. The comparison was performed by the Mann–Whitney U 
test (p<0.05). We found that the N-terminal fragments of cMyBP-C differently affect the 
characteristics of the Ca2+ dependence of the thin filament velocity over atrial and ventricular 
myosin (Fig. 1). The С0-С2 fragment decreased Vmax and h by approximately 2 times but 
significantly increased the Ca2+-sensitivity of the filament velocity over ventricular myosin, which 
is consistent with previously obtained data [3]. However, on atrial myosin, the C0-C2 fragment 
significantly reduced Vmax and its Ca2+ sensitivity. This result can be explained by the 
difference in the interaction of the C0-C2 fragment of cMyBP-C with the myosin RLC, which is 
different in atrial and ventricular myosin. Features of the interaction of different isoforms of 
contractile and regulatory proteins in the ventricles and atria need to implement the specific 
contractile function of different chambers of the heart. 

Funding: This research was supported by RSF grant №22-14-00174 and performed on 
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The important role of the microtubules in interphase animal cell is to provide the pathways for 
vesicular traffic by means of motor proteins. The efficiency of intracellular transport is largely 
determined by the architecture of the microtubule system, which in turn, depends on the 
functioning of MTOC. Over the past decade, a lot of research has been done on non-
centrosomal MTOCs, in particular, Golgi membranes, which determine the architecture of 
microtubules not only in neurons, but also in many other cell types. The molecular mechanisms 
of the Golgi functioning as a microtubule-organizing center are still unclear. In this work we 
compared the microtubule-organizing activity in two related cell lines of the green monkey 
kidney, and found that the role of Golgi as a MTOC differs significantly in such cells. We found 
also that these differences are not related to the most well-studied proteins whose role in 
microtubule organization on the Golgi has been shown previously. Finally, we identified a 
several poorly explored proteins apparently involved in this process. 
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Focal junctions (FCs) are specialized macromolecular structures that are required to ensure cell 
attachment to a substrate. In motile cells, FA are assembled and disassembled during cell 
migration. We studied FC dynamics in A549 and U118 cell lines by in vivo fluorescence 
microscopy after transduction of cells with talin coupled to RFP or transfection with vinculin 
coupled to GFP.FCs that appear at the leading cell edge have a half lifespan (about 60 minutes) 
compared to FCs that arise in the cell body and at the trailing edge (150 minutes), but they are 
similar in size and integral brightness. Most (over 90%) of long-lived FA in A549 cells move 
towards the center of the cell. The amount of displacement is from one to several microns and 
correlates with the life span of the PC. The periods of growth and disassembly phases of all FC 
groups do not differ. The assembly and disassembly time of FC varies and averages about 10 
minutes, which corresponds to the half-recovery time of talin fluorescence determined by the 
FRAP method (5-10 minutes). The process of disassembly of FA immediately before the 
detachment of the rear part of the cell or during cell scoring in mitosis also does not differ from 
disassembly at the leading edge of the cell. The lifetime and integral brightness of FC at the 
leading edge of the cell increases upon stabilization with paclitaxel or depolymerization of 
microtubules with nocodazole, however, the duration of the phases of growth and disassembly 
of FC does not change. Inhibition of actin polymerization (cytochalasin D, latrunculin B at a 
concentration of about 1 μM) leads to complete disassembly of actin filament bundles, 
suppresses the assembly of new FCs, and leads to a change in cell morphology. In the first and 
second cases, the dismantling of existing FCs is not accelerated in any way and takes about 30 
minutes. The assembly of new FAs is also partially suppressed when non-muscle myosin II is 
inhibited by blebbistatin. At the same time, the disassembly of the FC is also not accelerated. 
New FAs that appear in the presence of blebbistatin have a smaller area and integrated 
brightness than FAs in control cells. We believe that the regulation of FC in the cell includes the 
following elements: stimulation of assembly during the extension of lamellipodia, rapid 
exchange of FC at the leading edge of the cell due to interaction with the ends of microtubules, 
stabilization of FC under the action of tension from actin fibrils, and gradual movement of FC 
towards the center of the cell. FC disassembly is a stochastic process; it can be induced by 
destruction of actin bundles, but its rate is not regulated by the cell. 

Funding: Grant of the Ministry of Higher Education and Science of the Republic of Kazakhstan, 
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Endothelial cells (endotheliocytes) are specialized cells that line the inner surface of all blood 
vessels in the body. Normally, endotheliocytes have a flattened shape and fit tightly to each 
other, connecting through specialized VE-cadherin contacts. This allows them to perform the 
main, barrier, function of the endothelium, which consists in the regulation of vascular tone and 
permeability of the vascular wall, which ensures a regulated exchange between blood 
circulating in the vessels and tissue fluid. The endothelial barrier is dynamic and extremely 
sensitive to various stimuli. Violation of the barrier function of endothelial cells (endothelial 
dysfunction) leads to unregulated movement of the fluid in the lumen of the vessels into the 
surrounding tissues, which disrupts the functioning of the corresponding organs, leading to 
various pathologies, even death. It is generally accepted that the actin cytoskeleton is the main 
player responsible for the reduction of endothelial cells during the development of barrier 
dysfunction, and for their return to normal form when the barrier function is restored. However, 
the data obtained in recent decades, including our own, allow us to state that microtubules are 
the “first violin” in this process – they are the first to respond to signals that initiate a cascade of 
reactions leading to disruption of the endothelial barrier. Microtubules interact differently with 
various cytoskeletal structures formed by β- and γ-cytoplasmic actins. Primary cilia formed by 
microtubules also respond to factors that provoke changes in endothelial permeability. Common 
regulatory molecules (small GTPases) and binding proteins coordinate the interaction of all 
fibrillar structures of the endotheliocyte, and intermediate filaments are also involved in this 
process. Adhesive structures of the cell are full-fledged members of the cytoskeletal orchestra, 
they are reorganized as barrier dysfunction develops and are controlled both by the fibrillar 
components of the cytoskeleton and by common regulatory molecules, and VE-cadherin 
contacts themselves play an important regulatory role. Thus, all cytoskeletal structures present 
in the endotheliocyte are involved in the implementation of the main - barrier - function of these 
cells, they are interconnected, and this connection is coordinated at the structural and 
regulatory levels. Such a common "orchestra", coordinated by means of common linker proteins 
and conducted by common regulatory molecules, is able to maintain the shape of 
endotheliocytes and, in general, the endothelial barrier function, as well as their recovery after 
damaging effects.  

Funding: The work was supported by a grant from the Russian Science Foundation (No. 22-25-
00663). 
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It is known that ezrin (EZR), being a linker between the membrane and the cytoskeleton, is 
involved in carcinogenesis. Changes in its level are associated with metastasis in various types 
of cancer [1]. However, data on the contribution of EZR to tumor progression are largely 
contradictory. The role of the EZR in the progression of highly aggressive head and neck 
squamous cell carcinoma (HNSCC) has not been determined. Therefore, the aim of the work 
was to study the participation of erin in the progression of HNHS. 

Materials and Methods: The study included 29 patients with HNSS (T1-4N0-2M0) who did not 
receive antitumor treatment. ELISA was used to determine the level of EZR in the blood serum 
of patients with HNCH (ELISA Kit for Cytovillin (Ezrin), Cloud-Clone Corp). The level of EZR 
mRNA was assessed in the paired tissue by real time RT-PCR using the 2ΔΔCT method in 
relation to the GAPDH reference gene. The number of EZR-expressing circulating tumor cells 
(EZR+CTC) was determined by flow cytometry on a BD FACS CANTO II flow cytometer (BD, 
USA). The number of tumor cells (Ezr_op) and cells of the microenvironment (T and B-
lymphocytes, macrophages, fibroblasts) in the primary tumor was determined by TSA-modified 
immunohistochemical analysis. The proportion of cells with EZR expression from all tumor cells 
for IHC and in % of the CTC pool was estimated. Statistical processing of the results was 
carried out using IBM SPSS and Statistics v.20.0 programs. 

Results: The content of EZR in serum was significantly higher by 30% in patients with HNCH 
who had progression of the tumor process after antitumor treatment for 12 months (p=0.02). At 
the same time, the level of EZR mRNA in the tumor tissue decreased by almost 3 times, but the 
changes were at the trend level (p=0.09). There were more EZR+CTCs than EZR+ leukocytes 
(p=0.001), and there were more Ezr_op than other microenvironment cells (p=0.04). ROC 
analysis showed that among EZR-containing cells, EZR+fibroblasts (AUC=0.69, Se=71%, 
Sp=70%) were the most suitable for predicting relapses, and EZR+T-lymphocytes (AUC= 0.75, 
Se=88%, Sp=70%). 

Conclusion: Thus, EZR is involved in the metastasis and progression of HNCH. Moreover, not 
only tumor cells expressing it, but also cells of the microenvironment can have diagnostic value. 
In general, the results are consistent with the literature data [2]. Erin is important for tumor 
progression, possibly by participating in more complex signaling systems [1; 2]. 
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In the photoreceptors of the vertebrate retina, absorption of a light quantum triggers a 
phototransduction cascade. The secondary messenger of this process is cGMP, the level of 
which in the cytoplasm is relatively high in darkness and decreases during light stimulation. It is 
well known that the operation of the phototransduction cascade is regulated by calcium, but 
some indirect data indicate that cyclic adenosine monophosphate (cAMP), inositol triphosphate 
(IP3) and diacylglycerol (DAG) may also have a regulatory effect and represent a highly efficient 
biological enhancer of reactions between mediators and membrane receptors of photoreceptor 
cells. The characteristic time of these processes is less than a second. Considering that 
traditional methods of fluorescence cannot be applied to measure the concentration of any 
signal molecules in the retina. For this reason, we created a setup that allows cryofixation of 
retinal samples at the required speed and developed a methodology for the analysis of non-
canonical signaling molecules. As part of research of regulatory compounds interactions in the 
retina, analytical methods for their mass concentration measuring in the retina have been 
developed. According to the hypothesis being tested, cyclic adenosine monophosphate (cAMP), 
inositol triphosphate (IP3) and different diacylglycerols (DAG), as possible participants in the 
regulatory mechanism of retinal photoadaptation, were chosen as analytes. The complexity of 
the task, which consists in determining low analyte concentrations in multicomponent matrix 
system, as well as in an extremely small amount of sample (no more than 1 mg), imposes 
additional requirements for analysis procedure, which determines the accuracy and 
reproducibility of measurements. Methods for measuring and identifying test compounds are 
based on one of the most accurate, selective, and highly sensitive methods for the analysis of 
multicomponent biological samples at present - high-performance liquid chromatography with 
high-resolution tandem mass spectrometry (HPLC-MS/MS HR). The high selectivity of HPLC-
MS/MS analysis makes it possible to overcome the interfering effects of matrix components 
extracted into the solvent, which makes this method usable for analysis of biological matrices. 
Measurement accuracy is achieved using isotopically labeled internal standards. The result was 
the developed methods for the identification and determination of cAMP, IP3 and diacylglycerols 
in the retina, the detection limit for all compounds is no more than 1.0 ng/ml of the extract. 
Procedures were applied as part of a pilot study of the effect of intensity, duration, and cyclicity 
of illumination on the content of photoadaptation regulators in the retina of frogs. 
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Epilepsy is one of the most common neurological diseases characterized by sudden onset of 
seizures. It is believed that epilepsy is based on disturbances in the balance of inhibition and 
excitation of neuronal networks, leading to a complex spatio-temporal structure of 
synchronization and desynchronization of large neuronal ensembles. The cellular correlate of 
epileptiform activity recorded by EEG is paroxysmal depolarization shift (PDS). PDS is a 
positive shift in the membrane potential of a neuron, reaching -15 mlV and lasting up to 400 ms, 
against which one to several action potentials can occur. To date, several mechanisms have 
been proposed that could explain the phenomenon of neuronal hypersynchrony during epilepsy, 
such as: high concentrations of extracellular potassium, decreased extracellular space, and/or 
ephaptic connections. Along with this, there is evidence that hypersynchronization can occur 
due to the endogenous electric field, which is confirmed by several mathematical models, 
however, experiments on the role of the electric field in the occurrence of PDS have not been 
carried out. Thus, we assumed that if the power of the endogenous electric field is sufficient to 
depolarize the membrane, then we could register such a field using the local potential fixation 
method. For experiments, we used a mixed neuroglial culture of the hippocampus of the Wistar 
rat line. Activation of epileptiform discharges was induced by bicuculin at a concentration of 10 
μM. To register the signal, we used the patch-clamp method (with pClamp10.2 software) in the 
whole-cell configuration, and after the benchmarks were recorded (two clusters of PDS), we 
went to the outside-out configuration, recorded two clusters and diverted electrode 1.25 µm, 
etc., until the amplitude of the PDS was distinguishable against the noise background. Data 
analysis was performed using the python3 programming language using the numpy, 
scipy.signal, and pyABF packages. As a result of the experiments, we have shown that using 
the patch-clamp method in the outside-out configuration, it is possible to register neuronal 
network PDS in rat neuroglial culture induced by bicuculin. The results obtained can be used in 
the study of epilepsy at the cellular level. 
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Styryl dyes belong to a subclass of hemicyanins, a class of cyanine dyes widely used in biology 
[1]. A feature of the structure of such dyes is the presence of a heterocycle on one side of the 
polymethine chain and an electron donor fragment on the other. Unlike classical cyanine dyes, 
they have a large Stokes shift and are more photostable, which allows them to be considered as 
promising compounds for the development of reagents for fluorescent labeling in biology.In this 
work, a series of mono- and bisstyryl dyes was developed (Scheme 1), where pyridine was 
chosen as the heterocyclic fragment, and various amino and oxo derivatives were chosen as 
the donor fragment. All dyes absorb in the region of 400-500 nm and fluoresce at 580-650 nm. 
In aqueous solutions, dyes have a low fluorescence quantum yield; however, in viscous media 
and in the environment of biomolecules (DNA/RNA/albumin), the fluorescence intensity 
increases many times over. Optical studies of asymmetric bisstyryl dyes have shown that 
resonant energy transfer (FRET) is realized in the obtained bischromophore systems. 

 

Scheme 1. Structures of monostyryl dyes (A) and bisstyryl dyes (B). 

Biological localization experiments showed that methyl derivatives of monostyryl dyes (1-6) are 
localized in the mitochondria of A549 cells. Modification of dyes with carboxyl and NHS-ester 
groups allowed the use of dyes for covalent labeling of antibodies. Studies of bisstyryl dyes (7-
8) on the selectivity of DNA/RNA binding in vitro showed a high affinity of the compounds for 
DNA.  

Funding: This work was supported by the Russian Science Foundation (RNF no. 21-73-20158). 
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Platelets are small anuclear cells that play a key role in the processes of hemostasis, as well as 
participating in inflammatory and immune reactions of the body. The mechanisms of platelet 
activation are numerous and depend on the type of physiological or pathological stimulus. When 
platelets are activated, the conductivity of ion channels and the value of the transmembrane 
potential can change, but little is known about the role of these changes. In present work, we 
study ion channel currents of the plasma membrane and the kinetics of the membrane potential 
of platelets activated by thrombin. We built a unique model of ion transport in platelets during 
activation of the thrombin PAR-1 receptor. Modeling of the processes of intracellular platelet 
signaling was carried out in the Wolfram Mathematica 11.2 program. The main reactions and 
their parameters were taken from literature [1,2] and experimental data obtained in this work. 
The study of electrophysiological parameters of ion channels and platelet membrane potential 
was done with the patch-clamp method [3]. When platelets were activated by thrombin, we 
observed oscillations of the transmembrane potential. In the cell-attached configuration, 5 types 
of platelet ion channels were registered when cells were activated by thrombin. Registered 
channels with the conductivities of about 2 pSm, 10 pSm and 21 pSm are channels of 
potassium conductivity, and channels with conductivities of about 4 pSm and 14 pSm are 
probably channels of chlorine conductivity. The potassium channel with a conductivity of 21 
pSm is apparently a KCa 3.1 channel, which is confirmed by the calculated typical open and 
closed times. WE built a mathematical model of ion transport through the platelet plasma 
membrane, which included a signaling module containing activation of the thrombin receptor 
PAR-1, a calcium signaling module and a module for the transport of sodium, potassium and 
chlorine ions through the plasma membrane. Modeling of potassium ion transport through KCa 
3.1 channels was done using a continuous Markov model with the parameters obtained in the 
experiment. We show that when PAR-1 is activated, oscillations of the membrane potential 
occur, caused by gating of the KCa 3.1 channel. Platelet activation by thrombin is accompanied 
by the opening of ion channels of the plasma membrane of potassium and chlorine conductivity 
and oscillations of the transmembrane potential. Using a mathematical model, we show that the 
observed oscillations can be a PAR-1 – mediated activation of the KCa 3.1 channel. 

Funding: The work was done with the financial support of the BRFFI (B23RNF-162). 
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Cells of various organisms and tissues in the course of life are constantly exposed to various 
mechanical influences, which, in particular, leads to the generation of electrical signals on the 
plasma membrane - a key link in cellular mechanotransduction. The use of the 
electrophysiological method of local potential clamping (patch-clamp), which provides unique 
opportunities for monitoring the activity of ion channels in real time, made it possible to discover 
a new type of channels, the activity of which depends on the mechanical state of the cell. These 
channels were called mechanosensitive (MC, mechanosensitive) or mechano-controlled 
(mechanogated). From the point of view of cell signaling processes, of particular interest are MP 
channels that can provide entry of cations into (including divalent) ions in response to changes 
in the mechanical status of cells. It is the cation entry channels that are supposed to mediate 
fast mechanodependent responses in cells and tissues, and their permeability for calcium ions, 
universal second messengers, makes them key participants in signal transduction processes 
from the cell surface to cytoplasmic structures.For a long time, the molecular identity of calcium-
permeable MP channels remained questionable. A real breakthrough was the discovery in 2010 
by Pataputian's group A of previously unknown Piezo1/2 cation channels, which turned out to 
be unique in terms of molecular structure in the absence of homology with previously known 
channel proteins. 11 years later, in 2021, Ardem Pataputyan won the Nobel Prize for his 
fundamental discovery, which formed the latest stage in the study of mechanotransduction 
processes and cell mechanics. In our electrophysiological studies, the phenomenon of coupled 
activation of MP/Piezo1 channels and calcium-dependent potassium (KCa) channels in the 
plasma membrane of various cell types was shown for the first time. We found that the local 
entry of calcium through the calcium permeable channels of MPs stimulates the activity of 
functionally colocalized KCa channels of various molecular nature with them. 
Mechanodependent functional complexes of MP and KCa channels colocalized in the 
membrane region can play a decisive role in the key physiological reactions of living cells. 
Important issues remain the identification of cellular and membrane structures that mediate the 
functional interaction of ion channels in mechanically controlled clusters. 

Funding: The work was supported by the Russian Science Foundation grant No. 22-74-10037 
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ASIC channels, which are activated by extracellular protons, are widely distributed in central 
neurons and are capable of generating large depolarizing currents. It is well documented that 
ASICs are involved in various physiological and pathological processes, including synaptic 
transmission and synaptic plasticity. Indeed, synaptic ASICs can be activated during 
transmission due to the acid content of synaptic vesicles. However, the ASIC-mediated synaptic 
currents recorded in experiments are too small to explain their physiological role in vivo. This 
paradox has not yet been resolved, and thus the physiological role of ASICs in the central 
nervous system remains unclear. To explain the existing data, two hypotheses can be 
considered. The first suggests that there is an unknown endogenous ASIC ligand that 
potentiates the ASIC response. This pharmacological hypothesis has a clear analogy with the 
role of glycine in the activation of NMDA receptors. The second hypothesis uses the well-known 
effect of inhibition of the glutamate receptor by extracellular protons. Thus, postsynaptic ASICs 
can play a compensatory role in glutamatergic transmission in the case of severe acidification in 
the synaptic cleft. 
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Cyclic nucleotides (cAMP and cGMP) that activate the respective protein kinases (PKA, PKG) 
are the main mechanisms responsible for platelet inhibition. Vascular endothelial cells secrete 
prostacyclin and NO, which, in turn, activate adenylate and guanylate cyclases, which leads to 
the synthesis of cAMP and cGMP and the activation of PKA and PKG. The report will discuss 
the mechanisms and pathways of PKA activation, including the canonical cAMP-dependent 
pathway and cAMP-independent mechanisms associated with the activation of nuclear factor 
kB (NFKB) and the activation of apoptosis in platelets. There are conflicting data regarding the 
cGMP/PKG system in platelets. Thus, the questions still remain unanswered whether NO 
synthase is expressed in platelets, whether platelets themselves produce biologically active NO, 
whether erythrocytes can express NO, which will activate guanylate cyclase and inhibit 
platelets. Also, data appeared in the literature that the cGMP/PKG system does not inhibit, but 
participates in platelet activation, which contradicts all clinical data. A detailed analysis of these 
contradictions will be considered in the report. 
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Diseases caused by ion channel dysfunction have been collectively referred to as 
"channelopathies". Currently, there is a rapid growth of known channelopathies. More precisely, 
the role of certain ion channels in various pathologies becomes clear, which in this case 
complete the list of examples of channelopathies. In the report, I will try to talk about the current 
state of research in the field, taking a closer look at cases of improper operation of voltage-
sensitive sodium channels. These proteins, causing the ascending phase of the action potential, 
underlie excitability, and therefore mutations in their genes are associated with various 
neurological, neuromuscular diseases, and cardiac arrhythmia. A number of approaches are 
being developed for the treatment of channelopathies, one of which is associated with the use 
of special corrector compounds that can act on mutant forms of channels in such a way that 
their activity approaches wild-type channels. The original class of such compounds are natural 
toxins. It turns out that in some cases the action of toxins on mutant ion channels leads to the 
desired correction effect. 
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Being one of the main proteins in the human body and many animal species, albumin plays a 
decisive role in the transport of various ions, electrically neutral molecules and in maintaining 
the colloid osmotic pressure of the blood. However, albumin is not only passive, but also an 
active participant in pharmacokinetic and toxicokinetic processes. Its activity is not limited to 
interaction with other molecules that enter the blood: the interaction of albumin with blood cells, 
blood vessels, and also with tissue cells outside the vascular bed is of great importance. It has 
the properties of a number of enzymes, as well as a ligand of some receptors. Interaction with 
endothelial glycocalyx and vascular endothelial cells largely determines the integrative role of 
albumin.For transcytosis of albumin through the endothelium of dermal microvessels, a 
necessary and sufficient condition is the expression of CD36 glycoprotein, which is known as a 
scavenger receptor class 3B (SR-B3), platelet membrane glycoprotein IV (GPIV), glycoprotein 
IIIb (GPIIIb), receptor thrombospondin, collagen receptor, fatty acid translocase (FAT), and even 
as an innate immune receptor. Upon ligand binding, CD36 triggers a signaling cascade that 
mediates a wide range of pro-inflammatory responses.Glycation end products (AGEs) cause 
multiple metabolic disturbances in the vascular wall and can lead to endothelial dysfunction. A 
significant part of AGE is represented by glycated albumin. AGE receptors (RAGE) play an 
important role in the pathogenesis of lung diseases such as fibrosis, pneumonia, and acute 
respiratory distress syndrome (ARDS). Overexpression/hyperactivation of RAGE enhances the 
negative effect of mediators of the renin-angiotensin system on chronic diseases, which are the 
main risk factors for coronavirus infection: diabetes, kidney and cardiovascular diseases. AGEs 
make the main contribution to damage to brain microvessels and disruption of the blood-brain 
barrier (BBB).Brain cells turned out to be extremely vulnerable to the action of albumin due to 
the presence of a receptor on astrocytes, which until recently was considered specific for TGF-
β, one of the minor cytokine proteins that regulate cell differentiation and apoptosis. The 
difference in affinity for the receptor is offset by the potential superiority in the number of 
albumin molecules that can access astrocyte receptors if the integrity of the BBB is 
compromised. In this regard, the cytotoxic characteristics of redox-modified and glycated 
albumin are of great interest not only in relation to the endothelial cells of blood vessels, but 
also in relation to the cytokine receptors of astrocytes. 

Funding: The work was supported by the State Assignment No. 075-0152-22-00. 
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The existing principles of therapeutic correction involve the impact on individual molecules 
based on the outdated hypothesis "one gene - one phenotype". More than twenty years ago, the 
principles of phenomics were outlined and the research paradigm began to change from the 
phenotype-genotype-genome axis to the phenome-genome-proteome axis. In this regard, the 
relevance of methodological studies with the aim of developing and substantiating new methods 
and algorithms for assessing apoptosis and other mechanisms of cell death is increasing. 
Currently, two terms are mainly used for the qualitative and quantitative assessment of the 
cytotoxic effect of substances. One of them is "apoptotic potential". Its value, as a rule, is limited 
to a statement of the ability of a substance to induce apoptosis: low or high. An "apoptotic index" 
is used to quantify cell death from apoptosis. The concept of "apoptotic potential" is a kind of 
simplified version of the "apoptotic index", which does not have the ontological features of 
fundamental natural science. We substantiate the idea of the biological meaning and 
quantitative characteristics of the cytotoxic potential as a generalizing alternative to the existing 
concepts characterizing apoptosis and other types of cell death, and also propose an algorithm 
for calculating the cytotoxic effect of substances using the example of hydrogen peroxide in 
relation to endothelial cells (EC) of the umbilical vein in culture.The development of a new 
algorithm actually turned out to be associated with the development of a new concept. The data 
obtained on the dynamics of expression of CD molecules and correlations under the influence 
of hydrogen peroxide on EC received an original interpretation and seem important from the 
point of view of the methodology for studying the mechanisms of cell death and functional 
responses under conditions of oxidative and other types of stress, creating an adequate in vitro 
model for cell phenotyping. The concept is important for improving the methodology of 
cytophysiological screening of drugs that have a toxic effect on some cells and do not have 
such an effect on other cells, moreover, in the same dose range, justified either by the range of 
their physiological concentrations (e.g., in the case of hydrogen peroxide), or doses potentially 
therapeutic/toxic drugs. The concept and the presented data can be used in experiments in vitro 
and in vivo for a comparative analysis of the effectiveness of antioxidants and anticancer drugs, 
interpretation of clinical diagnostic parameters. 

Funding: The work was supported by the State Assignment No. 075-0152-22-00. 
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Viruses have different transmission routes and target cells and cause infectious diseases of 
various duration and severity. In addition, new, previously unknown viral infections such as 
COVID-19 may occur; therefore, it is challenging to create direct anti-viral therapeutics due to 
differences in the structures and functions of viral targets. Thus, pathogenetic therapy can be 
used to treat severe viral diseases. Despite significant distinctions in the etiopathogenesis of 
viral diseases, they are often associated with the substantially altered immune response. As a 
result, the immune system cannot eliminate viruses effectively, which influences disease 
severity, duration, and development of secondary infections. Thus, it is crucial to identify 
common pathogenetic mechanisms and the most promising targets for different viral infections 
because it is beneficial for the development of new efficient pan-viral medicines.Our study aims 
at analysis of the transcriptomics data for acute and chronic viral diseases causing or increasing 
immune dysfunction as an essential part of their pathogenesis. We compared the transcription 
profiles in blood cells between pathologies caused by nine different viruses: cytomegalovirus, 
Ebstein-Barr virus, human T-cell leukemia virus type 1, Hepatitis B and C viruses, human 
immunodeficiency virus, Dengue virus, SARS-CoV, and SARS-CoV-2. We compared 
transcriptional profiles for nine viral infections with the application of enrichment and network 
analysis and revealed common pathways, cellular processes, and master regulators. We found 
that all nine viral infections cause immune activation, exhaustion, cell proliferation disruption, 
and increased susceptibility to apoptosis. An application of network analysis allowed us to 
identify receptors – master regulators of immune cells that are the proteins at the top of 
signaling pathways, which may be responsible for the observed transcription changes, and, 
thus, accountable for the observed immune dysfunction. The identified relationships between 
some of them and virus-induced immune disfunction are new, with little or no information in the 
literature, e.g., receptors for autocrine motility factor, insulin, prolactin, angiotensin II, and 
immunoglobulin epsilon. The revealed receptors may be investigated as potential targets for 
treating severe viral infections. 

Funding: The study was performed in the framework of the Program for Basic Research in the 
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Importance of docking became clear with the onset of the COVID-19 pandemic, when a large 
number of publications appeared on the search for inhibitors of SARS-CoV-2 target-proteins. 
Database of drug-like low-molecular weight compounds of the department of organic chemistry 
of Voronezh State University was screened using the SOL docking program [1] followed by 
quantum-chemical post-processing to select best candidates inhibitors of the main protease 
(Mpro) of SARS-CoV-2. In total, about 41000 ligands were used for the virtual screening, 
representing various 3D conformations of about 19 000 compounds. The atomistic model of 
Mpro was constructed on the base of the 6W63 complex from Protein Data Bank. In the post-
processing for one thousand ligands with best docking score, the enthalpy of protein-ligand 
binding was calculated using the PM7 quantum-chemical semiempirical method. The most 
promising 20 compounds with best docking score and most negative values of the protein-
ligand binding enthalpy were selected for the experimental testing [2]. The experimental testing 
revealed several Mpro inhibitors and several compounds suppressing the SARS-CoV-2 
replication in cell culture [3]. Several libraries of analogs of best inhibitors have been generated, 
they were screened again, best compounds were synthesized and 10 of them have been 
confirmed experimentally as inhibitors of SARS-CoV-2 in cell culture [4]. These compounds 
belong to three chemical classes. The best inhibitor demonstrates in Vero E6 cell culture EC50 
= 0.51 μM, SI 412, were SI = CC50/EC50 is the selectivity index. This result is in line with the 
best published non-covalent inhibitors. These 10 compounds did not show any inhibitory activity 
against; the SARS-CoV-2 Mpro. 

Funding: This research was financially supported by the Russian Science Foundation, 
Agreement no. 21–71–20031. 
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Deformability is an essential feature of red blood cells (RBCs). Healthy RBCs are extremely 
labile to shear stress thus effectively enabling respiration in tissues and surviving the large 
deformations in the microcirculation. In such pathologies as sickle cell anemia, diabetes 
mellitus, etc., RBC deformability is known to be decreased, leading to intravascular or 
intracapillary hemolysis, which can lead to hypoxia and tissue necrosis and complicate the 
course of the disease. However, the mechanisms involved in RBC deformability regulation are 
not fully developed yet as well as the exact role of protein kinase C (PKC). One of the 
biomarkers of RBC membrane deformability is its resistance to osmotic stress. Therefore, in this 
study, we applied a hypoosmotic stress model to investigate the role of PKC activation RBC 
deformability.Venous blood was collected from healthy volunteers after obtaining written 
informed consent. Washed RBCs were obtained by triple centrifugation in HEPES buffer. The 
active PKC was detected by Western blotting according to PKC substrate phosphorylation. PKC 
was stimulated by phorbol-12-myristate-13-acetate (PMA, 0.1, 1 μM). Thrombin-activated 
human platelets were taken as a positive control. Changes in RBC membrane deformability 
were determined by osmotic stress test in HEPES buffer containing 2 mM Ca2+ or 2 mM EGTA 
by laser diffraction method.PMA stimulation lead to the phosphorylation of several proteins 
mainly with a molecular weight of about 120 kDa indicating the active PKC in RBCs. Analysis of 
the erythrocyte proteome identified the most likely proteins with a molecular weight of about 120 
kDa as alpha-adductin [1] and fragments of ankyrin-R or spectrin [2]. To study the effects of 
PKC activation on RBC deformability, calcium-free and calcium-containing HEPES buffers were 
used. In a calcium-free medium, RBC osmotic fragility dose-dependently decreased with PMA 
concentration increase, i.e., the cells became more rigid. In a calcium-containing medium, a 
dose-dependent inverse dependence on PMA concentration was observed, 0.1 μM PMA 
significantly decreased RBC fragility to hypoosmotic stress, while 1 μM significantly increased it, 
restoring it to a level close to that of control.Therefore, here the dose-dependent effects of PKC 
activation on RBC deformability under hypoosmotic stress were highlighted in the presence and 
absence of calcium. These data suggest an important role of PKC in the modulation of 
mammalian RBCs deformability. Further studies are required for a detailed analysis of PKC 
involvement in deformability regulation and exact signaling pathway reveal. 

Funding: The study was supported by RFBR grant No. 19-315-60015. 

  



 

 

65 

Investigation of the role of the STING molecular pathway in triggering apoptosis 

I.А. Nevzorov1, N.А. Barlev, А.А. Dax1 

1. Institute of Cytology Russian Academy of Science, St. Pteresburg, Russia 

The interferon gene stimulator (STING), encoded by the TMEM173 gene, is a sensor and 
adapter protein that is activated when foreign or damaged DNA is detected in the cell 
cytoplasm. The signaling cascade triggered by the STING protein activates the expression of 
numerous pro-inflammatory genes - type 1 interferons (IFNs) and pro-inflammatory cytokines. 
Also, the classical pro-inflammator signaling pathway STING interacts with the NF-kB protein, 
which in turn enhances the pro-inflammator signal.In addition to the classical response 
(activated by the cGAS protein), STING is known to be activated by other proteins. A number of 
studies have shown that, with alternative activation, STING is able to take part in such cellular 
processes as proliferation, cell cycle regulation, tumor transformation, and apoptosis.STING is 
known to phosphorylate the TBK1 protein, which in turn activates interferon 3 and 7 regulators 
(IRF3, IRF). As transcription factors, IRF3 and IRF7 activate the expression of immune 
response genes and a number of other targets. We hypothesized that these factors may affect 
the expression of genes involved in the regulation of programmed cell death.The choice of 
target genes for analysis was carried out on the basis of literature data, while the promoter and 
enhancer sequences were selected from the GeneCards, Ensembl, and EPDnew databases. 
Using the MEME suite software, a comparative analysis of 131 enhancer and promoter regions 
of proapoptotic genes and 66 similar regions of antiapoptotic genes was carried out, for which a 
total of 59 unique binding sites for transcription factors IRF3 or IRF7 are known. As a result of a 
comparative analysis, we found that IRF3 and IRF7 can potentially regulate genes encoding 
TP53 as a transcription factor, which is the main human oncosuppressor protein. and its targets 
- PUMA, NOXA, BIM. Similarly, binding sites for IRF3 and IRF7 with other proapoptotic and 
antiapoptotic genes were found.We also suggested that, being a master regulator of pro-
apoptotic pathways in cells, p53 may be involved in the regulation of the STING cascade. 
Indeed, using Western blot analysis and real-time quantitative RT-PCR, we have shown that 
p53 status influences the activation of key participants in the STING signaling pathway in 
response to genotoxic stress induced by the topoisomerase II inhibitor doxorubiucin.Thus, 
based on our data, we can conclude that the STING signaling cascade is involved in the 
regulation of pro-apoptotic regulatory pathways in cancer cells in response to genotoxic stress, 
and this regulation is closely related to the activity of the p53 transcription factor. 

Funding: The work was supported by the Russian Science Foundation grant No. 19-75-10059. 
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Background. Wiskott-Aldrich syndrome (WAS) is an X-linked recessive disorder caused by the 
WAS gene mutations resulting in hematopoietic/immune cells defects. Microthrombocytopenia 
is a universal feature of WAS patients. It leads to high morbidity/mortality due to bleeding. 
Recent studies reported accelerated death of WAS platelets, as well as T and B lymphocytes, 
yet the data on megakaryocyte (MK) pathophysiology and its role in thrombocytopenia 
development in WAS is limited. 

Objectives. The aim of this study was to evaluate WAS MK viability and morphology, as well as 
the effect of treatment by romiplostim, thrombopoietin receptor agonist, on the MK 
characteristics. 

Methods. MK were captured from bone marrow aspirates by (F(ab')2 fragment of anti-GP IIb-IIIa 
monoclonal antibody immobilized on transparent plastic surface. Maturation stage and size of 
MK were determined by May-Grünwald-Giemsa staining and light microscopy. Confocal 
microscopy of live surface-attached MKs was employed for viability evaluation by 
phosphatidylserine (PS) externalization and/or mitochondrial membrane potential. 

Results. We examined the bone marrow aspirates of 25 WAS patients and 14 healthy donors. 
The MK maturation in WAS patients differed significantly from that of normal controls. 40 ± 22% 
of WAS megakaryocytes vs 23 ± 11% of normal megakaryocytes were at the mature stage 3 
(p=0.02), whereas 24 ± 20% in WAS and 39 ± 14% in normal controls were at the 
megakaryoblast stage (p=0.05). Romiplostim treatment of WAS patients reverted the 
megakaryocyte maturation to normal. The fraction of immobilized phosphatidylserine-positive 
(PS+) MK in WAS was significantly higher (21±21%, mean ± SD) than in healthy donors (2±4%, 
mean ± SD), p=0.01. Among WAS patients, the PS-positive MK fraction was significantly higher 
in patients with more damaging truncating WAS mutations and higher disease severity score 
(Pearson C=0.6, p=0.003). Parallel time lapse imaging of MK PS exposure and mitochondrial 
membrane potential demonstrated PS exposure in the WAS MK as immediately preceded by a 
sharp loss of the mitochondria functionality. 

Conclusions. The WAS megakaryocytes have increased tendency for cell death that could lead 
to their abnormal maturation and contribute to thrombocytopenia. 

Funding: This work was supported by Russian Science Foundation grant 21-75-00109.  
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Infection caused by human immunodeficiency virus (HIV) progressively damages immune 
system and, being untreated, leads to the development of various comorbidities. HIV infection 
progression hits many different signal transduction pathways and processes including regulation 
of apoptosis, autophagy, oxidative phosphorylation, antigen processing and presentation. 
Regulation of the cell cycle and apoptosis represent is essential for viability of immune cells and 
may influence the velocity of HIV infection progression. The purpose of our study is to perform 
in silico analysis of the apoptosis regulation in peripheral blood mononuclear cells (PBMC) using 
the investigation of their transcriptome combined with automated analysis of scientific abstracts. 
We analyzed the data on transcriptomic profiles in PBMC obtained from NCBI Gene Expression 
Omnibus (NCBI GEO). The data included samples of patients with HIV-infection before the start 
of antiretroviral therapy (ART), ART-naïve patients, and seronegative individuals. We identified 
differentially expressed genes and performed pathway enrichment analysis. As a result, we 
found that hyper-expressed genes associated with apoptosis regulation, natural killer cell 
mediated cytotoxicity, and oxidative phosphorylation were observed in the group of samples 
collected from patients with successful outcome of ART, but were not associated with the group 
belonging to poor outcome of ART. These results may indicate the impact of apoptosis on the 
progression of HIV-infection at early stages and on effect of therapeutic outcome. An analysis of 
abstracts texts was used to verify results of transcriptomic data processing. We collected texts 
relevant to HIV infection progression at the first stage of disease (acute HIV-infection) and 
extracted from them the names of proteins and genes. Verification of the extracted protein and 
genes names was performed using automated queries to Uniprot database. Thus, we identified 
the most common proteins that can be considered as being involved in the regulation of 
apoptosis at the first stage of HIV-infection, including interferon-induced helicase C domain-
containing protein 1, exportin-1, ubiquitin D. These molecules can be considered as the key 
targets in development of novel therapeutic strategies for HIV-infection treatment and cure. 
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Mesenchymal stromal cells (MSCs) are key regulators of tissue regeneration and repair after 
injury. The MSCs secretome, and the extracellular vesicles (EVs) fraction, have a well-known 
antifibrotic effect, mainly based on the ability to suppress fibroblasts to myofibroblasts 
differentiation. But inside developing tissue fibrosis, under the influence of transforming growth 
factor TGFβ-1 and remodeled extracellular matrix (ECM), local MSCs can lose their antifibrotic 
potential, while acquiring signs of senescent cells, which we were able to identify in an in vitro 
model. Single cell transcriptome analysis of human adipose derived MSCs cultured on ECM 
produced by fibroblasts and in the presence of TGFβ-1 showed changes in the expression of 
genes responsible for the cell cycle arrest, metabolic rearrangements, switching of epigenetic 
programs, and changes in the nuclear membrane composition, which indicates senescent 
phenotype. Expression of CDKN2A (p16) gene was increased by 4.3 times with a slight 
increase in CDKN1A (p21) compared with the control. According to the literature, the increase 
of p21 during the senescence can be transient in the initial stages, while the presence of p16 is 
a sign of deep senescence. Immunocytochemical labeling of p21 revealed an increase in the 
percent of p21+ cells compared to control, while EV lost their ability to suppress TGFβ-1-
induced differentiation of myofibroblasts in vitro, which indicates the loss of antifibrotic potential 
of MSCs under induction of the senescent phenotype. In an in vivo model, EV of senescent 
MSC administered to mice with bleomycin-induced pulmonary fibrosis did not reduce the 
severity of fibrosis according to the Ashcroft scale when exposed to old 2-year-old mice, but not 
to young mice, which indicates the role of systemic changes in the therapeutic effect of EV. 
Growth medium replacement after senescence induction and further cultivation for 14 days led 
to a decrease of p21+ cells, and EVs restored antifibrotic ability in vitro. But in the reference 
model of senescence induced by hydrogen peroxide, senescence was not transient, and the 
antifibrotic potential of EV MSCs was not restored during long-term cultivation. Thus, we 
suppose that the senescent phenotype of MSCs induced by ECM and TGFβ-1 can be reversed 
upon removal of inducing factors, but it’s required a stronger or acting longer stimulus to 
consolidate deep senescence. 

Funding: The study was supported by the Russian Foundation for Basic Research (No. 19-29-
04172). 
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BDNF/TrkB pathway is one of key cascades in depression mechanism [1], leading to several 
proposed approaches aiming to restore or enhance neurotrophin signaling, an interaction with 
TrkB receptor. Orally available homodimeric dipeptide GSB-106 (bis-(N-monosuccinyl-L-seryl-L-
lysine) hexamethylenediamide), which resembles the part of BDNF loop 4, has been recently 
developed at the Zakusov Institute of Pharmacology. GSB-106 has been previously reported to 
exert beneficial antidepressant effect in a battery of behavioral tests and models [1]. However, 
there were no studies before, that have been characterized the activity profile of GSB-106 as 
TrkB ligand and carried out in the translationally relevant depression animal model upon per os 
chronic GSB-106 administration.In vitro experiments were conducted on human SH-SY5Y cells 
in serum-free conditions. Cell viability was measured by MTT. To examine the protein levels of 
BDNF, TrkB site-specific phosphorylation (pTyr706/707, pTyr515, pTyr816) under K252a 
(500nM), PP2 (100 µM) pretreatment in cells or in the different brain regions a Western blotting 
was performed. Antidepressant-like effect of chronic per os administration of GSB-106 (1 mg/kg, 
26 days) was evaluated in unpredictable chronic mild stress (UCMS) model in Balb/c mice. 
Obtained data indicate that survival of serum-deprived cells is dependent onthe intrinsic trophic 
activity of GSB-106 solely. Competition analysis revealed that GSB-106 in the presence of 
saturated concentration of BDNF inhibited the maximum effect of BDNF by 39.02 ± 1.8%, 
suggesting that GSB- 106 could function as partial agonist. GSB-106 induced the transient and 
similar to BDNF pTyr706/707, time-dependent Tyr816 and Tyr515 phosphorylation which were 
nearly completely suppressed by K252a. PP2 preferentially reduced both BDNF and GSB-106-
mediated of Tyr816 and Tyr515 phosphorylation suggest that TrkB activation by GSB-106 was, 
at least, partially dependent on Src kinases-implicated TrkB transactivation. In mice exposed to 
prolonged UCMS (54 days), concomitant chronic GSB-106 treatments decreased the 
immobilization periods by 2.9 folds (Porsolt’s test). Furthermore, continuous UCMS 
concomitantly with long-term GSB-106 treatment resulted in a BDNF content increase in the 
prefrontal cortex and the hippocampus and induction of phosphorylation of Tyr706/707 and 
Tyr816 sites, but not at Tyr515 site, in this way mimicking the pattern attributed for the most of 
the conventional antidepressants [3,4]. 
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The ability of mesenchymal stromal cells (MSCs) to produce biologically active mediators and 
extracellular matrix (ECM) allows formulating the basic principles of MSCs participation in 
physiological and reparative processes. Plasminogen activator inhibitor-1 (PAI-1) is a 
multifunctional protein that has the ability not only to regulate fibrinolysis, but also signaling 
events in cells that directly affect their functional activity. Recent studies show that cell 
senescence is associated with increased PAI-1 concentration in the conditioned medium. The 
aim of our study was to assess the accumulation of PAI-1 and functionally related proteins in 
the ECM of senescent MSCs.To induce MSC senescence (line ASC52telo) we used mitomycin 
C (MmC). After 10 days of cultivation, necessary for MSCs “aging” and ECM formation, 
monolayers of “young” (MmC-) and senescent (MmC+) MSCs were decellularized with Triton-
X100+NH4OH. Next, mass-spectrometric analysis of proteins in the extract of decellularized 
ECM (dcECM), cell lysates, and conditioned medium was performed.Quantitative analysis 
carried out by the method of spectral counting made it possible to statistically significantly 
determine the increased amount of PAI-1 both in the conditioned medium and in the extract of 
dcECM of senescent MSCs. There was also an increasing and accumulation a number of other 
molecules in the ECM. These molecules are involved in the regulation of the activity of plasmin 
(PAI2, GDN, A2M) and vitronectin (VTN), which interacts with PAI-1 and stabilizes it in active 
form. Analysis of cell lysates shows that receptors for urokinase plasminogen activator (PLAUR) 
and MRC2, which controls the extracellular level of PLAUR/PLAU, were identified in MmC+ 
MSCs only.Thus, an increased protein level of the PAI-associated cascade was found in the 
ECM of senescent MSCs. This may increase the probability of cell senescence activation during 
recellularization to senescent dcECM. Further studies of cells will expand the understanding of 
the contribution of ECM as a component of the MSC niche in the aging process. 

Funding: This work was supported by project of RSF № 21-75-10117. 
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Cycloprolylglycine (cPG) was found in the brain as an endogenous nootropic factor. cPG 
derived from the IGF-I (insulin-like growth factor 1) is neuroprotective in the treatment of 
hypoxic-ischemic brain injury in rats [1]. cPG has the structural elements similar to those of 
Noopept (N-phenylacetyl-L-prolyl-glycine ethyl ester) which is approved in Russia as cognitive 
enhancer [2]. Recently Noopept has been shown to interfere with HIF1-dependent pathway [3]. 
To establish the mechanisms of cPG neurotropic effects we have focused on the HIF-1 – 
dependent pathway is a target to counteract neurodegeneration, ischemia and cognition deficit 
in some neurodegenerative diseases [4]. For this purpose, SH-SY5Y cells were transiently 
transfected by luciferase reporter construct containing hypoxia – response element (HRE-Luc) 
and reporter expressing C-terminal oxygen degradable domain (ODD) of HIF1α (ODD-Luc) to 
monitor the transcription factor stabilization. Deferoxamine was used as pharmacological 
mimetic of in vitro hypoxia. mRNA levels of HIF-1a gene and HIF-1-regulated genes were 
evaluated by qRT-PCR. Western-blot analysis was applied to detect HIF-1a, PHD2 (HIF prolyl 
hydroxylase 2) and FIH1 (factor inhibiting HIF-1) protein levels. Statistical significance was 
ascertained by Wilcoxon test. We have found the cPG (0.1 mM, 24 hours) as a moderate 
activator of the HIF1-DNA binding in normoxia and over hypoxia conditions respectively. When 
assessing the effect of cPG on the HIF1-ODD-Luc, the increase of the reporter’s luminescent 
signal up to 45% with a maximum effect has been shown. Insight to mechanisms of HIF-1 – 
positive effects of cPG revealed a decrease of mRNA for HIF-1a gene in SH-SY5Y in hypoxia. 
Furthermore, the elevation of HIF-1a protein level up to 30% was detected under the same 
experimental circumstances. It was also shown that cPG contributed to a decrease in the 
relative level of PHD2 both under normoxia and hypoxia modeling. Under similar conditions, 
cPG decreased the relative amount of the FIH1 protein. Accordingly, several HIF-1 - regulated 
genes such as EPO, VEGF and PDK1 were also induced by cPG upon modeled hypoxic 
conditions. Together these findings suggest that cycloprolylglycine is interacting with HIF-1 
signaling pathway by HIF-1 stabilization, likely through the inhibition of HIF1 prolyl hydroxylases 
resulting in increased HIF-dependent gene expression. 
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Introduction: Kaposiform hemangioendothelioma (KGE) is a rare vascular tumor that in 70% of 
cases can lead to the development of Kasabach-Merritt syndrome (KMS): thrombocytopenia 
and hypercoagulability. Platelets are actively involved in the pathogenesis of CGE/SCM: it has 
been shown that CGE can "capture" platelets, exposing podoplanin into the bloodstream, which 
binds to the platelet receptor CLEC-2. It is assumed that this leads to the secretion of platelet 
granules containing a large number of growth factors that promote tumor growth and 
proliferation. Analysis of the mechanisms of influence of CGE/SCM on the functioning of 
platelets will make it possible to identify new approaches for the treatment of coagulopathy in 
this rare disease. 

Objectives: To analyze the mechanisms of CGE/SCM influence on intracellular signaling and 
platelet function. 

Methods: 7 patients with CGE/SCM were included in the study and compared with age-matched 
healthy pediatric donors. Platelets from patients with CGE/SCM were analyzed by flow 
cytometry as well as immunofluorescence microscopy of blood smears. To analyze the results 
obtained, a computer model of platelet activation through CLEC-2 receptors from [1] was used. 

Results: The analysis of calcium signaling in platelets showed that there are no significant 
deviations in the activation of platelets in patients with CGE/SCM when using conventional 
agonists: ADP, CRP, TRAP-6. On the other hand, platelet activation by rhodocytin, a platelet 
receptor agonist CLEC-2, was found to be significantly attenuated in patients' platelets. Since 
most of the elements in the signaling cascades of platelet receptors CLEC-2 and GPVI are 
similar, it was suggested that platelets from patients with CGE/SCM have a defect directly in the 
functioning of the CLEC-2 receptor. This result was also predicted by the model and then 
confirmed by immunofluorescence microscopy of blood smears: it was shown that the number 
of CLEC-2 receptors on patients' platelets was significantly reduced.  

Conclusion: The activation of platelets in patients with CGE/SCM through the CLEC-2 receptor 
is significantly weakened due to its deficiency on their surface. Presumably, the patient's tumor 
"filters" platelets with normal expression, which leaves only platelets with low receptor 
expression in the bloodstream. 

Funding: The study was supported by RSF grant 21-74-20087. 
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The HER2 protein (along with EGFR, HER3 and HER4) is a tyrosine kinase receptor in the 
epidermal growth factor receptor family (EGFR or ErbB family). HER2 differs from other 
members of this family of proteins in that it has no known ligand, but is the preferred 
heterodimerization partner with activated binding to EGF receptors HER3 and HER4. 
Dimerization induces the activation of multiple downstream signaling cascades, including the 
MAP kinase and PI3 kinase molecular pathways responsible for cell proliferation, survival, 
migration, invasion, and differentiation. Overexpression of HER2, mainly caused by 
amplification of the ERBB2 gene encoding this receptor, is observed in 20-30% of cases of 
invasive breast cancer. At the same time, HER2-positive form of breast cancer is characterized 
by an aggressive course, poor prognosis, and an increased likelihood of developing resistance 
to standard chemotherapy drugs. Currently, HER2-targeted antibodies (eg, trastuzumab) and 
small-molecule inhibitors of HER2 tyrosine kinase activity, neratinib, afatinib, and lapatinib, are 
used in clinical practice.We have found that a positive HER2 status is associated with increased 
expression of the lysine-specific methyltransferase Set7/9 in breast cancer cells. This enzyme is 
directly involved in such cellular processes as regulation of the cellular response to genotoxic 
stress, cell cycle and apoptosis. Set7/9 methylates histone H3 as well as many transcription 
factors such as p53, E2F1, YAP, estrogen receptor ER, NFκB, and others. We also showed that 
both a decrease in the expression level of Set7/9 and suppression of the methyltransferase 
activity of this enzyme contribute to the formation of resistance of breast cancer cells to therapy 
with tyrosine kinase inhibitors. As a result of bioinformatic analysis, they found that an increased 
level of Set7/9 expression is a favorable prognostic marker for patients with HER2-positive BC, 
while in the case of HER2-negative BC, a high level of Set7/9 is associated with a less 
favorable prognosis. We also demonstrated that the use of genotoxic therapy in combination 
with tyrosine kinase inhibitors helps to overcome the resistance of Set7/9 knockdown cells to 
afatinib and neratinib.Thus, our data allow us to consider Set7/9 as a biomarker, the expression 
analysis of which can contribute to the selection of more effective drug therapy regimens for 
HER2-rich forms of breast cancer. 
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It is believed that the epidermal growth factor tyrosine kinase receptor (EGFR) is involved in the 
regulation of a number of important intracellular programs, such as embryogenesis, 
proliferation, differentiation, cell motility, and apoptosis. These programs, often opposing, imply 
that the same receptor is able to somehow diversify the signals it generates, for example, by 
cross-talk with other signaling systems. In addition, the plasticity of EGF receptor signaling can 
be provided both by interaction with other receptors of the c-ErbB family, and by the features of 
receptor activation by its ligands, which differ, in particular, in the affinity and pH dependence of 
the formed ligand-receptor complexes. The latter factor is considered essential for determining 
the intracellular fate of the receptor, since internalized EGFR enters endosomes that are 
intralumenally acidified on the way from early to late endosomes and lysosomes. We compared 
the behavior of EGFR upon exposure to high-affinity ligands EGF and TGF-α and low-affinity 
amphiregulin (AREG) on HeLa carcinoma cells. It was shown that EGF and TGF-α stimulated 
the internalization of the receptor into the early EEA1-positive endosomal compartment, 
however, TGF-α led to the recycling of the receptor, while EGF complexed with the receptor 
was delivered to lysosomes and degraded there. Interestingly, the third ligand, AREG, while 
activating the receptor tyrosine kinase, did not lead to internalization of the ligand-receptor 
complex. Although immortalized cell lines of tumor origin are widely used for the analysis of 
EGFR-dependent signaling, neither EGF nor TGF-α stimulated HeLa cell proliferation, unlike 
non-internalized AREG, but activated the main signaling cascades. Using human endometrial 
MSCs (enMSC) and human dental pulp (MSC-DP) as a model of non-transformed proliferating 
cells, we analyzed the effects of the three EGFR ligands. It was found that AREG, as in the 
previous case, does not lead to the internalization of the receptor, while EGF and TGF-α in 
enMSC deliver the receptor to lysosomes and stimulate the proliferation of these cells during the 
first 5 days after the addition of growth factors. Interestingly, in both MSC lines, the receptor was 
detected in small endosomes that did not colocalize with EEA1 for several hours after 
internalization, but eventually got into Lamp1-positive lysosomes. If in HeLa the EGF-dependent 
down-regulation of the receptor was reversible, then in enMSC the EGFR level dropped under 
the influence of both EGF and TGF-α and did not recover over the next few days. These data 
suggest that the plasticity of EGFR-dependent signaling can be provided both by different 
properties of receptor ligands and by regulation of the endocytic stage of EGFR processing. 

Funding: This work was funded with grant RFBR#20-04-00927.  
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The multitude of signaling molecules provides for network organization of the cellular signaling 
system. The feedback and crosstalk wires allow cells to maintain the responses and adapt them 
to the continuously altered external stimuli over time. We illustrate how signaling from platelet-
derived growth factor (PDGF) receptors engages a feedback mechanism involving NADPH 
oxidases and hydrogen peroxide to maintain chemotactic signaling and accelerate migration of 
fibroblasts and mesenchymal stromal cells (MSCs). Ceasing H2O2 production by apocynin or 
PEG catalase eliminates the activating effect of PDGF on PI3-kinase cascade and cell 
migration, but does not affect activation of Erk1/2 MAP kinases. Unlike PDGF, epidermal growth 
factor (EGF) does not stimulate H2O2 production, does not activate PI3-kinase pathway, and 
does not accelerate fibroblast or MSCs migration, despite it similarly activates Erk1/2. Using an 
intracellular dual sensor for the product of PI3-kinase reaction (PIP3) and H2O2, we find that 
local activation of PI3-kinase and accumulation of H2O2 at the leading edge of migrating 
fibroblasts maintains lamellipodial activity and pseudopodia growth in the direction of cell 
movement by prolonging signaling from PDGF receptors to PI3-kinase and PIP3 formation. 
Selective knockdown of NADPH oxidases by sh-RNAs or CRISPR-Cas9 damps the ability of 
fibroblasts to generate H2O2 and accelerate migration in response to PDGF. Thus, NADPH 
oxidases mediate a specific feedback/crosstalk that involves H2O2 to maintain PI3-kinase 
activity, localized PIP3 generation, and migration of fibroblasts and MSCs. 
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