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MOLECULAR BIOMARKERS
AND MOLECULAR TARGETS OF HUMAN DISEASES

ACUTE KIDNEY INJURY
AND RENOPROTECTIVE MECHANISMS ARE AFFECTED BY PREGNANCY

Vasily A. Popkov'?, Nadezda V. Andrianova?, Vasily N. Manskikh', Zorova L.D.'? Pevzner 1.B.'?,
Egor Y. Plotnikov'** & Dmitry B. Zorov'”

'A.N. Belozersky Institute of Physico-Chemical Biology, Lomonosov Moscow State University, Moscow, Russia
’Research Center of Obstetrics, Gynecology and Perinatology, Moscow, Russia

SFaculty of Bioengineering and Bioinformatics, Lomonosov Moscow State University, Moscow,
Russian Federation

“Sechenov First Moscow State Medical University, Moscow, Russia

Pregnancy is a major factor, which affects all systems of mother organism, including kidney function. Kidney
pathologies are quite common (up to 10% of all pregnancies) complication, during pregnancy and are very
dangerous for both mother and child life (up to 40% mortality rate is some countries). However, there are studies,
which report increased capacity for regeneration during pregnancy of some tissues, such as muscles, liver, and
spinal cord. Other studies reported changes in oxidative status and altered vulnerability to oxidative stress, which
is well known to play a crucial role in tissue damage during ischemia. All these facts together suggest that kidney
susceptibility to acute kidney injury can be strongly affected by pregnancy. This study aimed to address acute
kidney injury during pregnancy directly and to elucidate underlying mechanisms. We have shown, that pregnancy
indeed dramatically affect kidney functions and damage during AKI: number of function and damage markers
(such as serum creatinine and blood urea) has shown, that AKI during pregnancy is much less severe. From the
other hand, we found decreased basal level of ROS generation and increased one after ischemia/reperfusion. Also,
we have addressed fibrosis formation, mitochondria functions, oxidative stress, proliferation, and hypertrophy
during the post-ischemic period, and suggested 2 hypothesis, explaining observed phenomena. In summary, our
results indicated increased tolerance of kidney during pregnancy.

The study was partially supported by RSF grant 18-15-00058.

APPROACHES TO INCREASING THE DOCKING ACCURACY

V. B. Sulimov *, D. K. Kutov ", A. V. Sulimov *?
“Dimonta, Ltd, Nagornaya Street 15, bldg 8, Moscow 117186, Russia

bResearch Computer Center, Lomonosov Moscow State University, Leninskie Gory 1, bldg 4, Moscow 119992,
Russia

v.sulimov(@srcc.msu.ru

Molecular modeling, especially docking, is increasingly used in the development of medicines. With the help of
docking, the molecule (ligand) of the test substance is positioned in the active center of the target protein and the
protein-ligand binding energy is estimated: the more this energy, the more effective the drug. Reviews mention more
than 60 docking programs in which a great variety of different simplifications are realized, because many decades
docking programs are developed in the paradigm of «faster and faster» to dock many thousands of ligands on a
laptop. But the calculation «on the lap» in Russian has a meaning: rough, slapdash, etc., and this reveals itself in the
widespread use of docking programs. The positioning of ligands is performed satisfactorily by docking programs, but
they tend to give large errors in binding energies.

The report discusses sources of docking errors, and approaches to their elimination, recently implemented in
supercomputer programs FLM and SOL-P. The SOL-P program successfully docks flexible ligands to proteins with
several dozen mobile atoms in the conformational space with an unprecedentedly large number of dimensions due to
the application of a new method of global optimization - the tensor trains method. The conclusion is made that almost
all existing simplifications that limit the accuracy of docking can be overcome, and a new generation of docking
programs can be created, the use of which for the drug development should significantly increase its efficiency. The
work was financially supported by the Russian Science Foundation, Agreement no. 15-11-00025.
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ENRICHMENT OF VIRAL NUCLEIC ACIDS BY SOLUTION HYBRID SELECTION
WITH GENUS SPECIFC OLIGONUCLEOTIDES

Andrei A. Deviatkin'?, Alexander N. Lukashev'?,
Mikhail L. Markelov?, Larisa V. Gmyl* & German A. Shipulin®

!Institute of Molecular Medicine, Sechenov First Moscow State Medical University, Moscow, Russian Federation.
2esearch Institute of Occupational Health, Moscow, Russian Federation.

SMartsinovsky Institute of Medical Parasitology, Tropical and Vector Borne Diseases, Sechenov First Moscow
State Medical University, Moscow, Russian Federation.

‘Chumakov Federal Scientific Center for Research and Development of Immune and Biological Products of
Russian Academy of Sciences, Moscow, Russian Federation.

'Federal Budget Institute of Science Central Research Institute for Epidemiology, Moscow, Russian Federation.

andreideviatkin@gmail.com

Rapid and accurate identification of the infectious agent is a critical stage of epidemiologic surveillance. Most
of the currently available molecular diagnostic tools, such as Polymerase Chain Reaction (PCR), Nucleic Acid Se-
quence-Based Amplification (NASBA), Loop Mediated Isothermal Amplification (LAMP), are based on specific am-
plification of nucleic acids. Meanwhile, most of the global virome remains undiscovered, resulting in a lack of reference
sequences for novel pathogen identification. Using sequence-independent sequencing methods, such as high-throughput
sequencing (HTS), can overcome this limitation; but, due to the extremely low fraction of pathogen genetic material
in clinical samples, its application is only cost-effective in special, rather than routine, cases. Here we report a method
for the enrichment of conservative pathogenic sequences by hybridization in solution with degenerate oligonucleotides.
This approach has increased viral cDNA content for two distinct flaviviruses (yellow fever virus and Japanese enceph-
alitis virus) by hybridization of HTS-ready libraries with pan-flavivirus oligonucleotides by three orders of magnitude.
Moreover, it was possible to enrich the content of enterovirus (family: Picornaviridae, genus: Enterovirus) cDNA using
an oligonucleotide designed to the FMDYV virus (family: Picornaviridae, genus: Aphthovirus).

The proposed technique can enrich the share of pathogen genome fragments in a library, even if the nucleic acid
sequence of a pathogen is currently unknown. It can also significantly enhance the utility of HTS for routine diagnostics.

INFLUENCE OF DIETARY RESTRICTION
ON THE SEVERITY OF ACUTE KIDNEY INJURY IN YOUNG AND OLD ANIMALS

Andrianova N.V.!, Jankauskas S.S.2, Zorova L.D.%, Pevzner 1.B.2,
Popkov V.A."%, Silachev D.N.%, Zorov D.B.%, Plotnikov E.Y.2

'Faculty of Bioengineering and Bioinformatics, Lomonosov Moscow State University, 119992,
Leninskye Gory, 1, Building 73, Moscow, Russia

’A.N. Belozersky Institute of Physico-Chemical Biology, Lomonosov Moscow State University, 119992,
Leninskye Gory, 1, Building 40, Moscow, Russia

E—mail: andnadyal2@yandex.ru

Acute kidney injury (AKI) is a widespread disease affecting approximately one in five hospitalized patients.
Revealing the mechanisms of AKI in aging organisms remains considerable problem while the mean age of patients
with this diagnosis is 64 years. One of the approaches that prevents development of a wide range of age-related pa-
thologies is dietary restriction (DR).

The aim of this research was to study the nephroprotective effect of DR on AKI in young and old animals.

We performed the model of ischemic AKI and revealed that in young rats after DR levels of AKI markers were 3.5
times lower than in young rats which were fed ad libitum. In old rats there was no effect of DR on AKI severity. To
evaluate DR-mediated activation of autophagy we stained vital kidney slices with LysoTracker Green and also measured
LC3II/LC3I ratio in kidney. A significant increase in LysoTracker Green fluorescence intensity and LC3II/LC3I ratio
was observed in young rats after DR, but there were no such alterations in old rats underwent DR. We also evaluated the
intensity of mitophagy by the level of PINK-1 in mitochondria, and it was decreased in young rats after DR.

Thus, DR has a nephroprotective effect on AKI reducing its severity, but only in young rats. This protective effect
could be explained by more significant activation of autophagy in kidney tissue of young animals compared to old,
as well as by more intensive elimination of the damaged mitochondria.

Supported by RSF grants 18-15-00058 (analysis of AKI) u 14-15-00147 (study of mitochondria).
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RAPID DIAGNOSTICS OF HUMAN INFECTIONS AND AUTOIMMUNE DISEASES USING NOVEL
OLIGONUCLEOTIDE HYBRIDIZATION PLATFORMS

Jesper Uhd, Sangita Khatri, Maria Taskova and Kira Astakhova*
Technical University of Denmark, Kongens Lyngby, Denmark
* E-mail: kiraas@kemi.dtu.dk

Minimal interference with a biological sample, or bioorthogonality, is crucial for reflection of genuine biol-
ogy. Besides providing a way for the absolute quantification of a biomarker, bioorthogonal hybridization assays
are free of amplification-related bias and do not require extensive work flow or computational data analyses.!

The hybridization platforms to be presented in this talk allow for enzyme-free, quantitative detection of di-
verse nucleic acid targets with advantages of robustness, high speed (< 2 h), previously unachievable sensitivity
and specificity. Specifically, microfluidic platform for the detection of microRNA (miRNA) and viral RNA will
be discussed (Fig. 1).? miRNA are a broad group of regulatory molecules playing an important role in biology
and clinical diagnostics. In particular, several miRNAs are of considerable significance in the study of cancer
and human autoimmune diseases due to post-transcriptional regulatory function of gene expression.® Similar
approach has been applied to establish an assay for rapid detection of viral RNA in human blood (Fig. 1B).*
As a final aspect, a new IT tool that enables the translation of the microfluidic platform to modern patient care,
IBIO MED, will be presented.
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Figure 1. A) Key steps of the amplification-free diagnostics using microfluidic hybridization platform;
B) Detection of EBOLA RNA from human blood using novel assay, vs. Influenza A negative controls (origin:
BEI Resources, USA).

' Klamp, Camps et al. Sci Rep. 2013; 3: 1852.

2 Uhd, Astakhova, et al. Proc. Natl. Aced. Sci. USA 2018, in press.
? Viatte, Plant et al. Nat Rev Rheumatol. 2013 Mar; 9(3): 141-153.
4 Taskova, Uhd, et al. Anal. Chem. 2017, 28, 4363-4366.
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SPECTROSCOPY AND IMAGING OF MALIGNANCIES
IN TERAHERTZ FREQUENCY RANGE

Chernomyrdin N.V. 2, Gavdush A.A. %, Beshplav Sh.-L.T. 3,Malakhov K.M. !, Dolganova L.N. "4,
Schcedrina M.A. 5, Komandin G.A. 2, Reshetov I.V. ° and Zaytsev K.I. 1.2~

I Bauman Moscow State technical University (Moscow, Russia)
2 Prokhorov General Physics Institute of RAS (Moscow, Russia)
¥ Burdenko Neurosurgery Institute of RAS (Moscow, Russia)
* Institute of Solid State Physics of RAS (Chernogolovka, Russia)
’ Sechenov First Moscow State Medical University (Moscow, Russia)
kirzay@gmail.com

In this talk, we briefly discuss modern progress in terahertz (THz) diagnosis of malignancies. We pay special
attention to the methods of early non-invasive diagnosis of skin neoplasms, as well as intraoperative diagnosis
of brain tumors, being rapidly developed nowadays. We discuss our original contribution to this research area,
which is associated with (i) studying in vivo the dielectric response of normal tissues, ordinary and dysplastic
nevi of the skin at THz frequencies;

(1) studying ex vivo the THz dielectric permittivity of gelatin-embedded human brain tumors, including glio-
mas and meningiomas with different WHO grades, (iii) analyzing an ability for differentiation between normal
and pathological tissues relying on the methods of THz spectroscopy and imaging, and, finally,(iii) developing
novel THz instruments for the intraoperative detection of malignant tissues. The results of this study highlight
potential of THz technology in non-invasive, least-invasive and intraoperative diagnosis of malignancies in
various localizations.

THE ESTABLISHMENT OF HIV-1 PERSISTENCE: IMPLICATIONS FOR A CURE

Kai Deng
Institution: Zhongshan School of Medicine, Sun Yat-sen University, China

The latent reservoir for HIV-1 in resting memory CD4+ T cells is the major barrier to curing HIV-1 infection.
Studies of HIV-1 latency have focused on regulation of viral gene expression in cells in which latent infection is
established. However, it remains unclear how infection initially becomes latent. Here we demonstrate that a unique
set of properties of CD4+ T cells undergoing effector-to-memory transition allow completion of steps in the viral life
cycle through integration, but suppress HIV-1 gene transcription, thus allowing the establishment of latency. CD4+ T
cells in this stage are significantly more permissive for HIV-1 latent infection than other CD4+ T cells. Establishment
of latent HIV-1 infection can be inhibited by viral-specific CD8+ T cells, a result with implications for prevention and
elimination of latent HIV-1 infection.
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UNRAVELLING IMMUNOGENICITY
OF NECROPTOSIS IN ANTI-TUMOR IMMUNITY

Krysko Dmitri V.

Department of Basic Medical Sciences, Cancer Research Institute Ghent (CRIG), Ghent University,
De Pintelaan 185, 4B3, 9000 Ghent, Belgium,

Dmitri.Krysko@ugent.be

The discovery of immunogenic apoptosis underlines the importance of tumor-host interaction, in which the
activation of an immune response, specifically toward malignant cancer cells, results in a potent and long-lasting
anti-cancer immunity (1). However, in order to overcome apoptosis resistance, which is often observed in tumors,
it is of great importance to find other ways to kill tumor cells by triggering cell death modalities different from
apoptosis. Necroptosis is one form of regulated necrosis and is mediated by RIPK1, RIPK3, and its substrate
mixed lineage kinase domain-like and has been reported to contribute to inflammation under pathological condi-
tions (2). Necroptosis is commonly induced by ligand- dependent activation of certain members of the TNFR and
TLR families. To circumvent the use of cell death-inducing ligands or other immune active molecules that would
not allow us to evaluate the immune response resulting uniquely from necroptosis induction, we opted for the use
of inducible Tet-On systems for the expression of the downstream necroptotic effector proteins, allowing us to
induce necroptosis independently of any receptor activation. In our genetic model a direct dimerization of FADD
combined with inducible expression of RIPK3 promotes necroptosis. We report that necroptotic cancer cells re-
lease DAMPs and promote maturation of dendritic cells, the cross-priming of cytotoxic T cells, and the production
of IFN-y in response to tumor antigen stimulation. Using both FADD-dependent and FADD- independent RIPK3
induction systems, we demonstrate the efficient vaccination potential of immunogenic necroptotic cells. Our study
broadens the current concept of immunogenic cell death and opens doors for the development of new strategies in
cancer therapy.

References:
1. Krysko DV, Garg AD, Kaczmarek A, Krysko O, Agostinis P, Vandenabeele P. Nat Rev Cancer. 2012.
2. Moreno-Gonzalez G, Vandenabeele P, Krysko DV. Am J Respir Crit Care Med. 2016.
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A NEW NON-TRAUMATIC ALCOHOLISM STAGE III DIAGNOSIS METHOD

Letounovski A.V., Mikashinowich Z.I.
Rostov State Medical University. Rostov-on-Don, Russia.
andrejletounovski@yandex.ru

Chronic alcoholism and related diseases — one of the important medical and social problems. In recent years,
more and more researchers’ attention is attracted to the saliva investigation as clinical and laboratory object [1].
Atraumaticity, repeated sampling possibility, the absence of inconvenience to the patient make salivadiagnos-
tics very promising. For many years, attempts have been made to develop reliable laboratory methods for diag-
nosing alcoholism based on blood tests. It should be assumed that the determination of biochemical parameters
in saliva can serve as an additional criterion for the alcoholism diagnosis.

The aim of this study — development a non-traumatic diagnostic method for the alcoholism stage III estima-
tion.

The material for the study was mixed saliva. Saliva was taken in the morning, on an empty stomach, after
teeth brushing and rinsing the mouth with distilled water. Sampling of the material was taken without stimula-
tion — by free stacking in a test tube for 10 minutes. The obtained mixed saliva was centrifuged for 15 minutes
at 3000 r/min. For further work we used the supernatant. The activity of superoxide dismutase (SOD) was de-
termined by H.P. Misra and J. Fridovich method [2]. Enzyme activity was expressed in units of activity (EA)
per mg of protein in the sample.

Statistical processing was carried out with the definition of arithmetic mean, average error using MS Excel.
The reliability of the differences between the control and clinical groups was judged by the magnitude of the
Student’s t-test after checking the dispersion of normality. Statistically significant differences were considered
to correspond to the estimation of the probability p<0.05 error.

100 male patients aged 40 to 60 years with suspected chronic alcoholism were examined by SOD activity
estimation in mixed saliva. 30 men with episodic alcohol drinking served as control group. A decrease of SOD
activity by 50% or more In patients, suspected for the chronic alcoholism, of the age norm was revealed, which
was accompanied by data of clinical and laboratory studies confirming the stage III of alcoholism.

The obtained data indicate the possibility salivadiagnostics using in patients with chronic alcoholism [3].

Literature.
1. Muxkammnosuu 3.1., Jlerynosckuit A.B., Benoycosa E.C., Bomkun O.0. Bruoxumuueckue uccieqoBaHus
CJIIOHBI B KIIMHMYECKOH mpakTuke. — PoctoB-Ha-Jony. 2004. — 80 c.
2. Misra H.P. Fridovich J. The Role of Superoxide Anion in the Autoxidation of Epinephrine and a Simple Assay
for Superoxide Dismutase. // Journal of Biological Chemistry. — 1972. - Ne25. — P. 3170-3175.
3. Muxkamunosuuy 3.1., Jlerynosckuii A.B., Bopoukun I.A. u ap. Cioco6 IMarHOCTHKH TPEThEN CTauK ajIKo-
roiu3Ma. // U3o6perenus. [lonesnpie momemm. — 10.05.2012. — brom. Ne 13.

11
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AUTOANTIBODIES AGAINST VISUAL ARRESTIN
AS BIOMARKER OF RENAL CELL CARCINOMA

Baldin Alexey V. !, Grishina Alena N. %, Korolev Dmitry O. 3, Golovastova Marina O. 4,
Varshavsky Vladimir A. %, Vinarov Andrey Z. 3, Philippov Pavel P. 4, Andrey A. Zamyatnin Jr.'*

ISechenov First Moscow State Medical University, Institute of Molecular Medicine, 119991, Moscow, Russia;
’Sechenov First Moscow State Medical University, Anatomic Pathology Department, 119991, Moscow, Russia;

ISechenov First Moscow State Medical University, Institute of Uronephrology and Human Reproductive Health,
119991, Moscow, Russia;

‘Lomonosov Moscow State University, Department of Cell Signaling, Belozersky Institute of Physico-Chemical
Biology, 119991, Moscow, Russia

Background

Renal cell carcinoma (RCC) is the second most common cancer among uronephrological cancers that charac-
terizes as highly aggressive and invasive with high frequency of metastasis. RCC is also lack in specific symp-
toms, therefore it is difficult to detect and it is usually diagnosed at late stage of disease in routine screening
or during examinations for another pathology. Methods of early specific RCC diagnostic are poorly developed.
Recent advances in diagnostic biomarkers of RCC are based on detection of tumor-associated proteins (TAAs)
or nucleic acids in blood flow or in tumor itself. However, tumor heterogeneity and complexity of the biopsy
procedure may be limiting factors. Contrariwise, blood is less invasive to obtain, but biomarkers undergo deg-
radation by circulating nucleases and proteases, thereby their signals is damped in blood assays. Another type of
biomarkers that could be applied for RCC diagnosis is autoantibodies against aberrantly expressed proteins. In
contrast to TAAs and nucleic acids, antibodies are far more stable in blood and antibody response is early and
enduring. The basis for antibody response against tumor is aberrant expression of TAAs by that tumor. Several
TAAs were proposed to be aberrantly expressed in RCC and cancer-retinal proteins are one of that group of
proteins. In this study, we analyzed whether aberrant expression of cancer-retinal protein visual arrestin can be
detected in RCC and whether autoantibodies against visual arrestin will be produces.

Methods

Blood sera from 33 patients with diagnosed RCC and tumor tissue samples from 39 patients with diagnosed
RCC or renal oncocytoma were collected. Western blot analysis was performed to detect autoantibodies against
visual arrestin in patients’ sera. To reveal the presence of vusual arrestin in renal tumor cells, immunohisto-
chemical assay of tumor sections was performed.

Results

Western blot analysis revealed, that serum samples from 25 out of 33 (75,7%) patients with RCC produces
immunostaining of band corresponding to visual arrestin. Immunohistochemical assay of 39 renal tumor tis-
sue samples revealed arrestin-positive reaction in 3 out of 11 (27,3%) samples of clear cell RCC, in 4 out of
5 (80%) samples of chromophobe RCC, in 4 out of 6 (66,6%) samples of papillary RCC, and in 9 out of 10
(90%) samples of renal oncocytoma. Overall, 62,5% of tested by immunohistochemistry renal tumor tissue
samples have shown arrestin-positive reaction, among which RCC sections were arrestin-positive in 50% of
their cases.

Conclusion

Expression of visual arrestin can be detected frequently in different malignant renal tumor cells. Moreover, it
was found that RCC patients often produce autoantibodies against aberrantly expressed visual arrestin. Taking
in account such findings and advantages of antibodies over TAAs and nucleic acids as biomarkers, autoantibod-
ies against visual arrestin could be promising biomarker for diagnostic and/or early RCC detection.
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BEHAVIOURAL CHARACTERISTICS OF MICE WITH GENETIC DEFICIENCY OF ST3GALS,
THE KEY ENZYME IN BRAIN-SPECIFIC GANGLIOSIDE SYNTHESIS

Veniaminova E.'?, Kopeikina E.’, Shawn Zheng Kai Tan*, Sharafuddin Khairuddin*, Klaus-Peter Lesch'?,
Lee Wei Lim*, Ponomarev E.3, Strekalova T. !

'Laboratory of Psychiatric Neurobiology, Institute of Molecular Medicine, Sechenov University, Moscow, Russia
’Department of Neuroscience, School for Mental Health and Neuroscience, Maastricht University, Maastricht, Netherlands
3Laboratory of Neuroinflammation, School of Biomedical Sciences, Chinese University of Hong Kong, Hong Kong, China

“School of Biomedical Sciences, Li Ka Shing Faculty of Medicine, University of Hong Kong, Hong Kong, China

The lactosylceramide alpha-2,3-sialyltransferase (ST3GALS) is a key enzyme in the biosynthesis of brain-specific
gangliosides which are critical in many CNS functions. Genetic aberrations of ST3GALS in humans are associated
with intellectual disability, epilepsy, blindness, anxiety, mental retardation, and altered neuroinflammation. Here,
we studied the impact of genetic ST3GALS deficiency on motor, emotional and cognitive behaviour using a newly
generated a mouse model lacking the ST3GALS gene (ST3ko). Young male and female ST3ko mice and wild type
littermates were subjected to previously validated battery of behavioural tests for motor, emotional and cognitive
behaviours. ST3ko mice demonstrated deficient motor functions in the wire and pole tests as well as increased anx-
iety-like behaviour in the open field test, which was also found specifically in females in other anxiety-related tests.
Male ST3ko mice had increased locomotion. Moreover, ST3ko mice showed subtle changes in cognitive and social
behaviour. We conclude, that genetic ST3GALS deficiency affects motor, emotional and cognitive behaviour sug-
gesting validity of this mouse model in mimicking clinical aspects ST3GALS dysfunction.

BRAIN BIOPSY AS ANEW TECHNIQUE TO ADDRESS DYNAMICS OF GENE EXPRESSION
DURING STRESS IN MICE: THE ROLE OF SEROTONERGIC SYSTEM

Bazhenova N.'%, Gorlova A.'*3, Ortega G.%, Markova N.'2, Bonapartes D.5, Strekalova T.'?3, Lesch K.P.2*#, Anthony D.C.$
!Institute of General Pathology and Pathophysiology, Moscow, Russia
’Laboratory of Psychiatric Neurobiology, Sechenov First Moscow State Medical University, Moscow, Russia
3Department of Neuroscience, Maastricht University, Maastricht, the Netherlands

‘Division of Molecular Psychiatry, Clinical Research Unit on Disorders of Neurodevelopment and Cognition,
Center of Mental Health, University of Wuerzburg, Germany

SInstituto de Medicina Molecular, Faculdade de Medicina de Lisboa, Universidade de Lisboa, Lisboa, Portugal
®Department of Pharmacology, Oxford University, Oxford, United Kingdom

Introduction: The aim of the study was to apply a newly developed method of biopsy of prefrontal cortex in wildy
type male C57 BL6J mice and mice with genetically compromised expression of TPH2, tryptophan hydroxylase
two, the neuronal-specific enzyme of serotonin synthesis, during rat exposure stress. As serotonin is known to play
a crucial role in the regulation of stress response and associated with neuronal plasticity and emotional behaviour,
including aggression, we studied the expression of several elements of serotonergic system in the prefrontal cortex of
mice prior and following rat exposure rat in mice.

Material and methods: TPH2 heterozygous male mice bred on C57BL6J background and their wild type lit-
termates we subjected to a 20-min stereotactic microsurgery, where a small amount of tissue was retrieved from a
prefrontal cortex via customized needle. Thereafter they were subjected to a 5-day rat exposure predation stress,
studied in the resident-intruder test, and killed for a routine dissection of the prefrontal cortex. RT PCR was run to
study expression of genes of interest that are involved in stress response, neuroplasticity and serotonergic regulation.

Results and Discussion: TPH2 heterozygous mice displayed markedly increased scores of aggressive behaviour,
while wild type showed their reduction. Stressed mutant mice had significantly upregulated AMPA receptor gene and
diminished 5-HT6 receptor expression in comparison to wild type mice. We also found difference in expression of
GSK3b and c-fos genes in between stressed and non-stressed groups of mice. Expression of 5-HT1a, 5-HT2a did not
differ between two genotypes.

Conclusions: Our findings point to the involvement AMPA and 5-HT6 receptors in the mechanisms of excessive
aggression associated with partial genetic reduction of brain serotonin synthesis that is triggered by stress. They
also suggest the utility of brain biopsy as a new technique that enables to study dynamics of gene expression in the
prefrontal cortex of small rodents.
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DEVELOPMENT OF THE UNIVERSAL MIRNA PANEL FOR DIAGNOSTIC AND PROGNOSIS OF
TUMOURS OF DIFFERENT LOCALIZATION

Bure 1.!, Zaletaev D.V.'?

'Medical genetics laboratory, Institute of Molecular Medicine, I. M. Sechenov First Moscow State Medical
University (Sechenov University), Moscow, Russia

2aboratory of Epigenetics, Research Centre for Medical Genetics, Moscow, Russia

Availability of DNA microarray techniques for micro RNA (miRNA) profiling demonstrated their tissue- and de-
velopment specificity as well as differential expression in normal and tumor samples. The functional analyses suggest
that miRNAs play role in cancer initiation, invasion and progression and, therefore, may be informative biomarkers
of detection, diagnosis and prognosis. The expression patterns of miRNAs are even more informative and accurate
than messenger RNAs, and due to their small size are less susceptible to degradation in formalin-fixed and paraf-
fin-embedded tissue, allowing miRNA profiling for wider application. Moreover, miRNAs are detectable in plasma
and other body fluids, which make possible to use them as non-invasive diagnostic tool.

Some miRNAs are deregulated in multiples cancers and with each miRNA able to target many genes involved in
different oncogenic pathways. We proposed that a single panel of properly selected miRNAs could be used as bio-
marker in several cancers. Therefore, the aim of our study is to find such miRNAs.

To this end, we have analyzed the literature data and chosen five miRNAs known or suggested to play role in
tumorigenesis for further investigation, namely miR-155, miR-10b, miR-34b, miR-204 and miR-18a-5p. To quantify
their expression level in breast and gastric cancer patient samples, the real-time PCR was performed upon extraction
of the total RNA from both tumour and normal tissue surrounded it. The differential expression was confirmed.

The further investigation requires estimation of practical applicability of the miRNA panel for non-invasive diagnostics.

DIFFERENTIAL OPTICAL VISUALIZATION OF TUMOR TISSUE AND INFLAMMATORY FOCUS
WITH UPCONVERSION NANOPARTICLES

Sholina N.V.!5, Khochenkov D.A.!, Generalova A.N.>* Nechaev A.V.3, Khaydukov E.V 45,

T'FSBI “N.N. Blokhin National Medical Research Center of Oncology” of Ministry of Health of the Russian
Federation, 24 Kashirskoye shosse, Moscow, Russia

2 Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry of the Russian Academy of Sciences, 16/10 Miklukho-
Maklaya, Moscow 117997, Russia

3 Institute of Fine Chemical Technologies, Moscow Technological University, 86 Prospect Vernadskogo, 119571
Moscow, Russia

* Federal Scientific Research Centre ““Crystallography and Photonics” of Russian Academy of Sciences, Leninsky pr. 59,
Moscow, Russia

3 Institute of Molecular Medicine, Sechenov First Moscow State Medical University, Trubetskaya 8, 119991 Moscow, Russia
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Photoluminescent nanoparticles are a promising material for modern interventional diagnostics. Such nanoparticles are
able to specifically label the tumor and provide tumor tissue visualization. Upconversion nanoparticles (UCNPs) are a class
of luminescent nanoparticles with the ability to convert low-energy photons into photons with higher energy. UCNPs are
inorganic nanocrystals (NaYF4) doped with lanthanide ions. Modification of the surface of UCNPs with biocompatible
polymer coatings allows to reduce nonspecific cell uptake and provides a long-term visualization of marked structures in
the depth of the tissue. The excitation wavelength and the photoluminescence of UCNPs located into the near-infrared
window, providing tissue visualization up to several centimeters. The particle size (75+5 nm) determines the possibility of
preferential accumulation in tissues with increased permeability of the vascular system, due to the EPR-effect.

We have established that UCNPs, coated with PEG, can circulate up to 10 hours in the bloodstream of C57BL/6
mice. C57BL/6 are efficiently accumulated in mice both bearing Lewis lung cancer and an inflammatory focus in-
duced by a subcutaneously implanted collagen sponge. 24 hours after intravenous administration of nanoparticles, a
stable uniform luminescence signal from the tumor and inflammation focus is recorded. When the walls of the vessels
are normalized in the inflammatory focus (3-4 days), the signal from UCNPs significantly decreases, in relation to the
tumor. On the 5th day after the administration of UCNPs, the inflammatory focus is not visualized, unlike the tumor.
Widespread fensters in the vascular wall and lack of lymphatic drainage delay nanoparticles in tumor tissue for a long
time, which makes it possible to differentiate it from the focus of inflammation and normal tissues.
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EFFECTS OF ICV ADMINISTRATION OF NEURO-CELLS AND RILUZOLE ON MOTOR
FUNCTIONS, BEHAVIOR AND INFLAMMATORY RESPONSE OF FUS-TRANSGENIC MICE,
NEW MODEL OF AMYOTROPHIC LATERAL SCLEROSIS

Babayevskaya D.!, Strekalova T.'23, Pavlov D.'2, Gorlova A."?, Veniaminova E."?, Johannes de Munter??

!Laboratory of Psychiatric Neurobiology, Institute of Molecular Medicine, Sechenov First Moscow State Medical
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Amyotrophic Lateral Sclerosis (ALS), also known as Lou Gehrig’s disease, motor neuron disease or Charcot’s
disease, is a devastating fatal disease that is characterized by a progressive muscle paralysis due to the degeneration
of motor neurons in the spinal cord and leading to death within about 2-5 years after the onset. Up to know, no ef-
fective disease-modifying therapy of ALS is known and the only generally approved drug Riluzole was reported to
prolong life span expectancy of the ALS patients only by 10%. Given that Hematopoietic (HSCs) and Mesenchymal
(MSCs) stem cells were shown to modify neuro-inflammatory processes that one of the causes motor neuron degen-
eration, we used Neuroplast’s Neuro-Cells composition, an autologous bone marrow derived stem cell preparation
containing both types of stem cells, to assess therapeutical of this pathology, on new mouse model of ALS.

We used a novel transgenic mouse line, which is based on the mutation of Fused in sarcoma protein (FUS), DNA/
RNA-binding factor, a cause of familial form of ALS. We investigated motor, behavioral and basic physiologic pa-
rameters of FUS-transgenic (FUS-tg) male mice and their wildtype littermates during six weeks. Subgroups of mice
received chronic dosing with riluzole via drinking water (8mg/kg/day), or single intracerebroventricular (i.c.v.) ad-
ministration of human stem cells (Neuro-cell, 500 000 in 10 mkl), or i.c.v. treatment with vehicle.

Starting from Day 7 from the treatment onset, weekly monitoring of body weight, motor scores in Pole and Wire
tests, novel cage and rotarod was performed. In a subgroup of mice, blood levels of cytokines IL1beta and IL6 were
studied. On day 42, water- and food-intake, weight of muscles was assessed.

We found motor aberrations and impaired physiological parameters, alone with signs of systemic inflammation in
FUS-tg mice. Positive effects of applied treatments on motor and basic physiological functions were shown in FUS-
tg mice, where more pronounced effects of Neuro-cells were found and the effects of riluzole appeared to be limited.

EXPERIENCE IN DEPLETING COMPLEX GROWTH MEDIA FOR CHALCOPHYLIC ELEMENTS
TOWARDS STUDYING KERATOCONUS PATHOGENESIS AS A VARIANT OF METAL-DEPENDENT
ENZYMOPATHY

A.M. Subbot, I.A. Novikov, Kh.M. Asabaeva
Research Institute of Eye Diseases, Moscow, Russian Federation

kletkagb@gmail.com

Relevance

Confirmation of keratoconus development hypothesis predicting it to be caused by inactivation of copper-depen-
dent lysyl oxidase in corneal stromal cell culture model required method of depleting growth medium for chalco-
phylic elements. After adapting basic method of metal-depleted media preparation with use of ion-exchange resin for
different cationite medium was tested for its ability to sustain cell viability.

Material and methods

DMEM with 10% FBS was passed through a column with ion-exchange resin «Lewatit MonoPlus C249». After
correcting pH and osmolarity, and regaining necessary ions, the medium was added into the cell culture. Elemental
content was determined using ICP-MS and EDXS.

Results

Method allows depleting for metal cations by 50-300 times. According to MTS-test, cell survivability amounted
to 50-60% during one week when the depleted medium was added to cell monolayer and 13% when passaged. Stain-
ing with Calcein-AM showed 90% and 20% of functionality. Cell viability remained high after 10-day incubation in
the depleted medium. However, mitosis did not occur during the period.

Conclusion

Method of depleting growth mediums for chalcophylic elements may be carried out using «Lewatit MonoPlus C249».
Further research is required for appropriate selection of the conditions necessary for sustained cell proliferation; it will
allow future application of the method for modelling pathologic conditions of corneal stromal cells in keratoconus.



16

[.M. SECHENOV FIRST MOSCOW STATE MEDICAL UNIVERSITY
21.05 - 23.05.2018, MOSCOW, RUSSIA

LANTHANIDE-BASED NANOPARTICLES WITH ANTI-STOKES LUMINESCENCE AS
THERANOSTIC AGENTS

Demina P.A.2'%, Khaydukov E.V. 23, Sholina N.V.>5, Rocheva V.V. 2, Nechaev A.V. 42, Krilov L.V. ¢,
Khochenkov D.A. 5, Akasov R.A. %, Generalova A.N. !?
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Theranoctics is a new interdisciplinary research area, which is integration of therapy and diagnostics. Lantha-
nide-based upconversion nanoparticles (UCNPs) are promising nanoplatform for theranostics, which provide means
for imaging biomolecular processes in broad physiological context. UCNPs are composed of inorganic crystalline
ceramic host matrix, co-doped with pairs of different trivalent lanthanide ions (Ln*"). Its distinctive feature is the abil-
ity to convert near-infrared (NIR) light into visible or ultraviolet light, known as Anti-Stokes luminescence. UCNPs
are characterized by excellent photoluminescent properties and low cytotoxicity. Moreover, UCNPs being excited by
NIR light enable detection of signal in conditions devoid of autofluorescence and provide deeper penetration of the
excitation radiation into biosamples with no tissue damage.

The most common mechanism for passive nanoparticle delivery into solid tumors is the enhanced permeability
and retention effect (EPR) which enables UCNP diffusion and accumulation in tumor tissues. The efficiency of the
EPR-effect at UCNP delivery into the tumor is associated with circulation lifetime in blood. Thus, the surface modi-
fication leading to long UCNP presence in circulatory system remains the challenge.

Here, we report a new surface modification approach of UCNPs by using colominic acid (CA). CA is endogenous
non-immunogenic, biodegradable, non-toxic compound with low serum protein adsorption. These peculiarities govern
a long circulation time in living organism providing in vivo visualization of solid tumor. We developed two-stage UCNP
modification method utilizing CA and evaluated their chemical and photophysical properties. Effective accumulation and
photothermal therapy of tumor in LLC-bearing mice were observed due to prolonged blood circulation time (up to 3 hours).

MESOTHELIAL-TO-MESENCHYMAL TRANSITION: POTENTIAL THERAPEUTIC TARGET IN
POST-SURGICAL PERITONEAL ADHESIONS

Nekliudov N.A.
1. M. Sechenov First Moscow State Medical University

Background Post-surgical peritoneal adhesions (PA) are a leading cause of bowel obstruction, chronic abdominal
and pelvic pain and secondary female infertility, which makes them a serious clinical concern. Since they are difficult
to diagnose, it is essential to search for prophylactic treatment methods; however, lack of clarity of PA pathophysiol-
ogy impedes their development. There is a very limited number of studies concerning the role of mesothelial-to-mes-
enchymal transition (MMT) in PA pathogenesis, which substantiates the significance of this review.

Aim Establishing major steps of PA formation and assess the role of MMT in each of them.

Materials and Methods Systematic review of original research studies from 2001 to 2017 using PubMed, Embase
and Scopus databases.

Results Pathogenesis of adhesions can be divided into inflammatory phase, fibrin deposition and matrix remod-
elling. Upon disruption of mesothelial monolayer, some mesothelial cells migrate from intact surfaces to epithelize
the peritoneal defect; however, the absence of contractile proteins in quiescent mesothelial cells points to necessity
of MMT for healing of the peritoneum. A decrease in number of functional mesothelial cells due to myofibroblastic
conversion leads to insufficiency of anti-adhesive factors, produced by the peritoneum. Additionally, upregulation of
fibrinolysis inhibitors, angiogenic factors and collagen I / III aids PA formation at every step. Finally, the presence
of fibroblasts positive for epithelial markers on immunohistochemistry within the connective tissue of PAs provides
additional evidence for MMT.

Conclusions Current knowledge of PA pathophysiology provides enough to validate MMT inhibition as an appro-
priate method of preventive therapy.
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MOLECULAR BIOMARKER OF THE ACTIVITY OF THE VIRAL PROCESS IN ATYPICAL CHRONIC
ACTIVE EBV INFECTION
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University of the Ministry of Health of the Russian Federation (Sechenov University), Moscow, Russia
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Introduction. Nowadays an atypical chronic active infection caused by the Epstein-Barr virus (ACA EBVI) is
difficult to diagnose and little-studied disease. Often the ACA EBVI is not diagnosed and/or the degree of active viral
infection is not determined.

Aim. Detection of molecular biomarker of the activity of persistent ACA EBVI.

Materials and methods. Under our supervision, there were 98 people of both sexes aged between 23 and 60 years
suffering from ACA EBVI.

In addition to traditional clinical methods a PCR method used to detect EBV was using to detect the genome of
virus in biomaterials (blood, saliva, urine, scraping from the tonsils and the posterior pharyngeal wall).

Results. We have established the detection rate of EBV genome in various biomaterials in patients suffering from ACA EBVIL.

The highest detection rate of EBV DNA is characteristic for such biomaterials as saliva (76.3%), scraping at the
back of the pharynx (63.8%) and tonsils (52.7%).

Conclusion. The necessity of compulsory research of these biomaterials is determined by two factors: the place of
repeated reproduction of the virus and the fact that the virus circulates less frequently in the blood and a rather limited
time. Determination of the activity of a viral infection is necessary to establish a correct diagnosis of ACA EBVI and the
appointment of adequate therapy.

MOTOR DEFICITS, ABNORMALSOCIAL BEHAVIOR AND COGNITIVE DISORDERS IN MICE
HOUSE ON WESTERN DIET

Oplatchikova M.2, Veniaminova E.!2, Gorlova A.2%, Pavlov D.'>3, Bazhenova N.%, Pomytkin 1.4,
Lesch K.P.'>5, Anthony D.5, Strekalova T.!?

!Department of Neuroscience, School for Mental Health and Neuroscience, Maastricht University, Maastricht, Netherlands;
’Laboratory of Psychiatric Neurobiology, Institute of Molecular Medicine, Sechenov University, Moscow, Russia,
SFaculty of Biology, Lomonosov Moscow State University, Moscow, Russia;

‘Department of Advanced Cell Technologies, Institute of Regenerative Medicine, Sechenov University, Moscow, Russia;

SDivision of Molecular Psychiatry, Laboratory of Translational Neuroscience, Department of Psychiatry, Psychoso-
matics and Psychotherapy, University of Wuerzburg, Wuerzburg, Germany,

SDepartment of Pharmacology, Oxford University, Oxford, UK.
oplatchikova@gmail.com

Introduction. The “Western diet” is a diet enriched with fat and cholesterol. This type of diet can be an environ-
mental factor that modulates behavior and metabolic processes. Our study has great importance for modern society,
since the preference for this diet is increasing in the world.

Aims. We sought to investigate the effects of an insulin sensitizer on the behaviour in female C57B16J mice after
the consumption of a western diet for three weeks.

Methods. In our study we used the model of non-alcoholic fatty liver disease (NAFLD) that was induced in
3-month-old female C57BL/6J mice by feeding with Western-type diet during 3 weeks.

Social interactions of mice were evaluated in a home cage and in a test for food competition. Cognitive functions
were determined by the object exploration test and in the pellet displacement tube-test. The motor function was eval-
uated using rotarod and wire tests. We also investigated whether dicholine succinate (DS), a mitochondrial complex
II substrate that potentiates the effects of insulin on its receptor, can interfere with the effects of Western-type diet.

Results. Housing on Western diet changes normal pattern of social contacts in food competition test and when
kept in a home cage, an increase in the indices of locomotor activity. Mice housed on Western diet displayed motor
deficits and deficits hippocampus-dependent performance. Dosing with insulin receptor sensitizer dicholine succinate
neutralizes the identified changes.

Conclusions. Three-week maintenance of mice on the “Western diet” leads to suppression of social interactions,
hyperactivity, strengthens dominant behavior, causes motor disorders, and is accompanied by changes in cognitive
functions. These changes can be reversed with an insulin sensitizer.
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NOVEL MUTATIONS OF GASTRIC CANCER IN RUSSIAN PATIENTS IDENTIFIED BY NGS
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This study is aimed to identify somatic and germline variants in Russian gastric cancer (GC) patients by
NGS. To evaluate GC mutation profile, we conducted NGS for 52 tumor samples using lon AmpliSeq Cancer
HotSpot panel (CHP) and our custom 6-gene (BMPRI1A, SMAD4, CDH1, TP53, STK11, PTEN) hereditary GC
(HGC) panel. Variant alleles were verified by Sanger sequencing to clarify their somatic or germline origin.
Prediction of pathogenicity for novel variants was obtained using SIFT, PolyPhen2, SNPs&GO and Muta-
tionTaster software. Using CHP detected 38 variants in 22 genes, and 33 variants in 6 genes were found with
our HGC panel. We’re identified 8 novel mutations, one (47M:p.Glu3022=) is synonymous, 1 is frameshift
(STK11:p.Ser283fs), 1 affects splicing (CDH1:¢.1320+2T>@G), and the remaining 5 (SMAD4:p.Vall58Ala,
STK11:p.Met289Lys, CDHI:p.Thr303Pro, RB1:p.Leu564Phr, RBI:p.His686Asn) are missense. Notably, 2 of
the novel variants (RB1:p.Leu564Phr & CDHI:p.Thr303Pro) are germline and are predicted damaging and
disease-causing by bioinformatic tools. Somatic genetic variants profiling will help to identify GC driver
mutations. Novel genetic variants may serve as new targets for future therapies and help in understanding the
pathobiology of GC.

PLATELET GLUTATHIONE REDUCTASE AND GLUTATHIONE-S-TRANSFERASE
ACTIVITY IN FIRST-EPISODE PATIENTS WITH SCHIZOPHRENIA AND
SCHIZOAFFECTIVE DISORDER

Savushkina O.K., Tereshkina E.B., Boksha 1.S., Prokhorova T.A., Omel’chenko M.A.,
Pomytkin A.N., Kaleda V.G., Burbaeva G.S.

Mental Health Research Centre, Moscow, Russia;
neurochem06(@mail.ru

Background. First-episode psychosis is the most important time range for antipsychotic treatment and prevention
of repeated psychoses, relapses, and further disease progression.

Aim. Comparative assessment of platelet glutathione reductase (GR) and glutathione-S-transferase (GST) activ-
ities in first-episode psychoses and in control group, and search for link between these activities and clinical assess-
ments of the patients.

Methods. PANSS scores and platelet GR and GST enzymatic activities in the first-episode patients (men) with
schizophrenia (SZ, n=21) or schizoaffective disorder (SZA, n=32) were assessed before and after the treatment
course with antipsychotics and recorded in database. Control group consisted of 33 men volunteers. Non-parametric
statistics was used for between-group comparisons (Mann-Whitney U-test), and search for correlations (Spearmen
rank order correlations).

Results. Significantly reduced GR activities were found in SZ or in SZA group, both before and after the treatment
course, as compared with the control group. Significantly reduced GST activities were found in SZA group, both be-
fore and after the treatment course, as compared with the control group. Negative correlation was found between GST
activity measured before the treatment course and PANSSneg, PANSSpsy, and PANSStotal assessed in SZ group
after the treatment course (R=-0.48, p<0.05).

Conclusion. Reduction of GR and GST activities may evidence for decreased glutathione antioxidant defense in
first-episode psychoses, correlation between GST activity and PANSS may have a prognostic value for antipsychotic
treatment efficacy.
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POSSIBLE OF ATOMIC FORCE MICROSCOPY IN THE BIOMEDICAL RESEARCH
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Modern atomic force microscopy (AFM) plays an important role in biomedical research. By selecting different
scanning modes and corresponding probes, AFM allows investigation of the structure of both fixed histological sec-
tions and living biological objects, as well as very soft adhesive structures, such as natural hydrogels.

Here, we present recently introduced methods in AFM, developed specifically for the biomedical research.

PeakForce Tapping® is a relatively new mode introduced by Bruker. The mode based on the processing of
force-distance curves in each point of measurement allows combination of a mild force load on the sample and a
high resolution, which is especially important for imaging soft biological samples such as cells.

PeakForce QNM® (Quantitative NanoMechanics, by Bruker) is a scanning mode with the simultaneous mea-
surement of topography and different material properties, such as Young’s modulus, adhesion, deformation etc.,
at the nanoscale. Using PeakForce QNM®, we studied a variety of biological objects using a Multimode 8 atomic
force microscope by Bruker. For example, we studied vocal fold tissues of rabbit — normal tissues, scar tissue and
the scar tissues after the treatement with autologous mesenchymal stem cells (MSC). We have shown the differ-
ences between the normal and scar tissues in the packing of collagen fibrils, their thicknesses and Young’s moduli.
Besides, we have shown that, after the MSC treatment, both the collagen packing and Young’s modulus resemble
those of the normal vocal fold tissue that indicates the restoration of the original tissue’s elasticity.

The Fast Force Volume regime allows mapping of Young’s modulus and stiffness with the preset number of
points on the object’s surface. It is convenient for very soft materials, such as hydrogels and certain live cells,
where imaging with the Peak Force QNM® regime is not possible.

- In Figure 1, we display how PeakForce Tapping® - Peak-
Force QNM® on air was used to study the pathology of rib car-
tilage in children aged 8-17 years with congenital deformations
of the chest — pectus excavatum (PE) and pectus carinatum (PC).
We characterized three new types of amianthoid transformation
(AT) of the costal cartilage collagen fibers in children: a “clas-
sic”, a “fine-fibred” and an “intertwined” type. All the AT types
represent different stages of extracellular matrix transformation
and have different packing and structure of collagen fibers.

Figure 1. AFM of native matrix and the AT types: a) native matrix
of rib cartilage; b) “classic” type of AT; ¢) “fine-fibred” type of AT;
d) “intertwined” type of AT. All images have a scan size of 3x3 um.

In Figure 2, we demonstrate application of PeakForce Tapping®
for imaging live cells in their own cell medium, using a Bio-
scope Resolve AFM (Bruker).

'a'
B 600.0 nm
——

Figure 2. AFM images of live cells in
the cell media. a) human MSC, scan size
60x60 um; b) Two types of human eryth-
rocytes: spherocyte and discocyte, scan B
size 14x14 um. noa
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PRO-INFLAMMATORY CNS CHANGES AND ALTERED EMOTIONALITY
AS PRODROMAL PHASE OF THE AMYOTROPHIC LATERAL SCLEROSIS SYNDROME:
A STUDY ON FUS TRANSGENIC MOUSE MODEL
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Genetic mutations in FUS (Fused in sarcoma), a DNA/RNA-binding protein, are associated with inherited and
some sporadic forms of frontotemporal lobar degeneration (FTLD) and amyotrophic lateral sclerosis (ALS). A line
of transgenic mice with neurospecific expression of truncated highly aggregate-prone form of human FUS, FUS[1-
359], has been used in this study as a new paradigm of ALS. Taking into account current views that FTLD and ALS
can share pathological features and ALS syndrome might affect the brain before the spinal cord, we used this model
to study potential changes in emotionality and inflammation during the pre-symptomatic period of ALS. FUS[1-359]
transgenic (FUS-tg) female mice and their wild type (WT) littermates were investigated for depression- and anx-
iety-like behavior, exploration, hippocampus-dependent performance, and expression of markers of inflammation
and plasticity under normal conditions, as well as after LPS challenge, prior the manifestation of motor deficits.
FUS-tg mice displayed increased scores of behavioural despair in the forced swim test, elevated signs of anxiety in
the O-maze and dark-light box, lowered exploration of new environment and new objects, and impaired hippocam-
pus-dependent performance in the food pellet displacement in the tube test. A cohort of mice that was challenged
with a bolus intraperitoneal injection of low dose of lipopolysaccharide (0.1 mg/kg) displayed markable increase of
floating behavior in the forced swim test and a decrease in sucrose preference, while no such changes in wild type
controls were found. Other behaviours, including measures of anxiety, novelty exploration and food displacement in
the tube test, as well as expression of inflammatory factors, were not significantly affected in LPS-challenged FUS-tg
mice in comparison to naive transgenic animals, that is likely due to ceiling effects of profound changes in the latter
cohort. No signs of motor deficits were found in FUS-tg mice in the rotarod, Pole test, Wire test, thus, confirming that
tested animals had the presymptomatic phase of the ALS syndrome. mRNA levels of IL-1p in the prefrontal cortex
(PFC) after LPS treatment, when compared to vehicle-treated group, increased only in WT mice. The elevation of
COX-1 expression after LPS treatment was found to be significantly higher in WT animals compared with FUS-tg
mice. Regardless the genotype, elevation of Timpl/Mmp?9 ratio in the PFC was identified after LPS injection com-
pared to vehicle-treated mice. This proteolytic system in WT mice was found to be more sensitive to LPS treatment:
the expression of both genes increased after LPS in comparison with vehicle-treated, while in FUS-tg mice no statis-
tically significant change in mRNA levels of these genes was shown, however their ratio is changed in both WT and
FUS groups. Together, our study revealed profound emotional deviations and pro-inflammatory changes prior the
manifestation of ALS syndrome in employed here animal model and suggest the use of anti-inflammatory therapy for
the prevention of familial forms of this disorder.
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PROTECTIVE EFFECTS OF TREATMENT WITH THIAMINE (VITAMIN B1) AND BENFOTIAMINE
IN THE MODEL OF EMOTIONAL STRESS INDUCED BY ULTRASOUND
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“Emotional stress” is a state of distress which is triggered by perception of saddening or adverse information but
not any organic or physical disturbances. It is regarded characteristic for humans leading to depression and associated
with increased brain peroxidation. In a new model of emotional stress, mice are exposed to ultrasonic frequencies that
mimic their natural sounds of fear/anxiety (20-25Hz) that unpredictably change with “neutral” stimuli (25-45Hz).
We studied whether treatment with thiamine (vitamin B1) or its precursor benfotiamine, as antioxidant molecules,
counteract behavioral and neurochemical outcome in mouse ultrasound model of emotional stress. Parameters of
aggression, anxiety and brain oxidative metabolism were investigated in mice exposed to this paradigm and chronic
treatment with thiamine or benfotiamine.

Male BALB/c mice were subjected to a 3-week ultrasound stress and dosing with thiamine or benfotiamine (200
mg/kg/day, p.o.) and studied in the Open field, O-maze and Resident-Intruder tests. Total glutathione and protein
carbonyl contents were taken as markers of oxidative stress and determined in different brain structures by the fluo-
rometric assays. Stressed animals showed increased signs of anxiety-like behavior and aggression and elevated total
glutathione and protein carbonyl contents in the CNS. Treatment with either drug precluded most of these stress-in-
duced changes. The administration of thiamine or benfotiamine counteract behavioral effects of emotional stress
presumably by antagonizing oxidative processes.

STUDY OF INTERACTION OF THE CHAPERONE CELL SYSTEM WITH PRION PROTEIN

Stroylova Y.Y.!?, Kudryavtseva S.S.’, Muronetz V.I.?
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A number of serious diseases are caused by the accumulation of protein aggregates in the nervous tissue, for
example, Parkinson’s disease or prion diseases. In case of accumulation of erroneously folded proteins, the cellular
system of chaperones receives an alarm signal and begins to interact with the assembled protein formations. How-
ever, the result of such interaction between chaperones and amyloid proteins has not been fully clarified and can be
important for efficient strategies of drug development and treatment of such diseases.

Thus, the aim of our work was to study the interaction of chaperones (eukaryotic chaperonin TriC and bacterial
chaperonin complex GroEL14/GroES7) with amyloidogenic prion protein in a normal state and in case of protein
glycation taking place in case of diabetes. We also modified prion protein by methylglyoxal in order to show how the
metabolic disorder could affect the protein of interest.

Furthermore, we investigated the effect of different forms of prion protein on the activity of chaperonin complex.
Chaperonin-dependent reactivation of GAPDH was blocked by the monomeric form of the PrP, more significantly in
case of glycated protein. PrP oligomers only slowed down chaperone-dependent reactivation of GAPDH, and the PrP
fibrils practically did not affect that process.

The presented data show that both eukaryotic chaperonin TriC and bacterial complex GroEL14/GroES7 bind
different forms of prion protein with better affinity than denatured GAPDH. This significantly alters the efficiency of
amyloid transformation and can affect the development of amyloidosis.

The work was supported by Russian Scientific Foundation, project No 16-14-10027.
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THIAMINE SUPPLEMENTATION ALLEVIATES
INFLAMMATON INDUCED BY ALUMINUM CHLORIDE

Pavlov D."*** Gorlova A."?, Sambon M.}, Lesch Klaus-Peter 5, Inozemtsev A.%, Strekalova T.", Bettendorff L.}
'Laboratory of Psychiatric Neurobiology, Institute of Molecular Medicine, Moscow, Russia;
’Lomonosov Moscow State University, Moscow, Russia,
3GIGA-Neurosciences, University of Liége Liege, Belgium;

*Department of Neuroscience, School for Mental Health and Neuroscience, Maastricht University, Maastricht, Netherlands,
SDepartment of Psychiatry and Psychotherapy, University of Wiirzburg, Wiirzburg, Germany

Aluminum chloride (AICI,) has broad applications and became an important environmental risk factor. Since
AICI, can upregulate glycogen synthase kinase-3 (GSK3), a marker of distress and inflammation, we sought to estab-
lish a model of environmental toxicity of AICI, and examine potential effects of thiamine as anti-inflammatory agent.

Aim of the study: Investigate anti-inflammation effects of thiamine in models of environmental toxicity associated
with AICI, in vivo and in vitro.

Methods: Male Sprague-Dawley rats were exposed to AICI, (100 mg/kg/day) as well as to thiamine (25 mg/kg/
day) for 30 days. Thereafter animals were tested in the open field and Barnes maze. Subsequently, RT-PCR analysis
of a- and f- isoforms of glycogen synthase kinase 3 (GSK-3) and interleukin 1 beta (IL-1p) in brain and ELISA plas-
ma corticosterone (CORT) were carried out. We chose tissue protein carbonyl content as marker of oxidative stress.
Neuro2a cells in thiamine-deficient media were treated with AICI, (1.25 mM) as well as thiamine (50 uM) during 24
hours. Thereafter cell survival rate as well as content of 8-OHdG, a marker of DNA damage, were examined.

Results: Chronically intoxicated rats with a dose 10-fold in excess of the maximum allowed intake, showed
memory impairments and increased anxiety as well as a significant increase of GSK-3a/p and IL-18 mRNAs, CORT
and protein carbonyl contents. AICI, decreased cell survival of Neuro2a cells and increased 8-OHdG content. These
AlCl,-induced alterations were mostly antagonized by thiamine in vivo but not in vitro.

Conclusion: Thiamine supplementation of animals could be an effective way to counteract inflammatory process-
es induced by environmental toxins whose cellular mechanisms of its effects remain to be investigated.

AGING MARKERS IN THE CELLS OF PATIENTS WITH THE COCKAYNE
SYNDROME. FEATURES AND DIFFERENCES

Slizhov P.A."**, Dolinina T.L.>5, Pleskach N.M.2, Zherebtsov S.V.2, Bulatnikova M.L.3, Mikhelson V.M.>",
Spivak I.M.245

! Herzen State Pedagogical University of Russia, 191186,
2 Institute of Cytology RAS, St.Petersurg, 194064,
3 Pokrivsky Bank of Stem Cells, St.Petersburg, 199106,
* Saint-Petersburg State University, 199034, and
3 Peter the Great St.Petersburg Polytechnic University, 195251

*e-mail: maidel@bk.ru
**e-mail: mikhels@jincras.ru

The Cockayne syndrome is a rare autosomal recessive disease, described in the 1930s by Edward Alfred Cock-
ayne. Patients suffer from cachexia dwarfism (when the weight is lowered compared to the norm even more than the
growth), photosensitivity, deafness, various visual impairments: optic atrophy, cataracts, degeneration of the corneal
epithelium, retinal injuries, as well as neurodegenerative symptoms, such as partial demyelination of subcortical
structures, increase in ventricular size, cerebral atrophy, calcification of basal ganglia. The average life expectancy of
patients with the Cockayne syndrome is 12 years. In the cells of patients with the Cockayne syndrome, the process
of nucleotide excision repair (NER), its branch transcribed coupled with transcription (transcription coupled repair,
TCR, TC-NER) is disrupted. We have established that all the aging markers studied are strongly expressed in the cells
of patients with the Cockayne syndrome. Thus, the idea of the Cockayne syndrome as a syndrome with expressed
cellular signs of accelerated aging is confirmed. This allows us to consider the Cockayne syndrome as a segmental
progeria and use cell lines obtained from patients as model objects for studying the processes of aging and testing
geroprotectors.
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ANALYSIS OF ECTOPIC DYSFERLIN EXPRESSION EFFECT ON THE PROLIFERATIVE
ACTIVITY OF HEK293A CELLS AFTER ELECTROPORATION

Starostina I.G., Solovyeva V.V., Shaimardanova A.A., Agliullina D.R., Isaev A.A.,
Deev R.V., Rizvanov A.A.

Kazan (Volga region) Federal University, Kazan, Russia
fairin@mail.ru

Mutations in human dysferlin gene (DYSF) lead to the development of dysferlinopathies. Accumulation of
dysferlin protein in the muscle cells-sarcolemma’s sites of damage has been described. Therefore, participa-
tion of this protein in sarcolemma repair processes can be assumed. Synthesis of a non-functional protein or its
insufficiency due to mutations in DY SF gene leads to sarcolemma recovery processes and vesicular transport
disruption.

To achieve ectopic dysferlin expression, HEK293A cells were transfected with the previously obtained
plasmid vector pPCMV-DYSF encoding cDNA of human dysferlin gene. Transfection was performed using Tur-
boFect according to the procedure recommended by the manufacturer. To evaluate the efficiency of transfec-
tion and comparative analysis, HEK293A cells were transfected with the plasmid vector pEGFP-N2. Damage
to the cell membrane by cell electroporation was performed 48 h after transfection at 200 V and pulse time of
25 ms in a 0.4 m cuvette.

Mitochondrial dehydrogenase activity was evaluated using the MTS test 48 h after electroporation. Af-
ter electroporation, the proliferative activity of HEK293A cells transfected with plasmid pCMV-DYSF (HE-
K293A-DYSF) decreased by 20% compared to HEK293A-DYSF cells without electroporation. Interestingly,
electroporation decreased the proliferative activity of HEK293A cells transfected with plasmid pEGFP-N2
(HEK293A-EGFP) by 40% compared to HEK293A-EGFP cells without electroporation. Thus, after electro-
poration, the proliferation activity of HEK293A-DYSF cells was 20% higher than HEK293A-EGFP cells.
These results may indicate a positive effect of wild-type dysferlin expression on membrane repair processes
in human cells. However, further studies using other cell types and membrane damaging effects are needed to
confirm this theory.

ANALYSIS OF THE BIOLOGICAL PROPERTIES AND THE ANTITUMOR
ACTIVITY OF MESENCHYMAL STEM CELLS PRIMED WITH CISPLATIN AND PACLITAXEL
ANTITUMOR DRUGS IN VITRO

Tazetdinova L.G., Gilazieva Z.E., Chulpanova D.S.,
Solovyeva V.V, Rizvanov A.A.

Tumor microenvironment consists of various cell types such as endothelial cells, fibroblasts, immune cells and
mesenchymal stem cells (MSCs). MSC tropism to damaged tissues and tumor sites makes them a promising vector
for therapeutic agent delivery to tumors and metastatic niches. In this study the biological properties and the antitu-
mor activity of MSCs primed with CDDP and PTX were analyzed in vitro.

Nontoxic concentrations of CDDP and PTX have been previously selected for MSC priming. For electron micros-
copy, hADSCs were primed with CDDP and PTX for 24 h. Ultrastructure of hADSCs were examined with Hitachi
HT7700 transmission electron microscope. Native hADSCs demonstrated nucleus of irregular shape and cytoplasm
rich in various organelles. Incubation of hADSCs with CDDP at the concentration of 5 mg/ml did not result in sub-
stantial changes in the cell ultrastructure. Incubation of hADSCs with PTX at non-toxic concentration (30 mg/ml)
resulted in significantly increased number of the cell pseudopodia and the number of autophagic vacuoles in the
cytoplasm.

After 48 h of incubation of primed hADSCs conditioned medium was collected and applied on SH-SY5Y and
HeLa cells. SH-SY5Y and HeLa cell viability decreased by 20% and 15% correspondingly after incubation with
conditioned medium in comparison to control.

It was shown that hADSCs were not significantly affected by PTX and CDDP at studied concentrations and these
drugs can be used for MSC priming for potential use in targeted anti-cancer therapy.

This study was supported by grant from the RFBR Ne18-34-00738.
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ASSOCIATION OF LEVELS OF CALCIUM AND PYRIDINE NUCLEOTIDES IN SEMINAL PLASMA
WITH QUALITY OF EJACULATE IN IDIOPATHIC INFERTILITY

Galimova E.F., Mochalov K.S., Galimov S.N., Pavlov V.N.
Bashkir State Medical University, Ufa, Russia

Objective: The purpose of the research was to regard the interrelation of the levels of calcium, cAMP and the
redox state of pyridine nucleotides in seminal plasma and ejaculate quality in cases of idiopathic infertility.

Design and methods: 170 infertile males and 46 fertile males aged 20-43 were examined. The analysis of ejac-
ulate was undertaken according to the WHO protocol. The content of calcium in the seminal plasma was detected
with the help of optical emission spectrometry, the cAMP level was found out by enzyme immunoassay. The
redox state of pyridine nucleotides was judged from the ratio of pyruvate to lactate, which was determined by the
enzymatic method.

Results: an essential decrease of calcium, cAMP, pyruvate and the oxidation-reduction potential of pyridine
nucleotides was detected in the seminal plasma of infertile males with pathospermia. This corresponds to the an-
aerobic inversion of oxidative conversions and metabolism disadaptation. The level of cAMP reliably correlated
with the number of progressively mobile spermatozoa, but not with the number of their pathological forms. A
positive correlation between the concentration of cAMP and calcium was discovered as well. Pathospermia was
characterized by the positive relation between the value of the [NAD"] / [NADH] coefficient and the spermatozoa
concentration that was not present in fertile donors.

Conclusion: thus, the study revealed distinct changes in the concentration of secondary messengers and redox
state of pyridine nucleotides in the seminal fluid that can act as molecular predictors for the development of idio-
pathic infertility.

FEATURES OF THE INFLUENCE OF TOTAL RNA FROM MONONUCLEAR BMCS
ON THE DAMAGED LIVER RECOVERY PROCESSES

Gonikova Z.Z., Nikolskaya A.A., Kirsanova L.A., Shagidulin M.Y., Onishchenko N.A. Sevastianov V. L.

V.I. Shumakov National Medical Research Center of Transplantology and Artificial Organs of the Russian Ministry
of Healthcare, Moscow, Russia

The reprogramming of the BMCs genome at the start of regenerative processes is associated with the recently
discovered class of non-coding RNAs and namely, with micro-RNAs. Meanwhile, RNA in BMCs, like in other body
cells, is a system of signal molecules of various classes of RNA, regulatory effect of which is achieved by their in-
teraction.

The study aim was the research of the ability of total RNA from mononuclear BMCs to induce the regenerative
processes in the damaged liver.

Materials and methods: The liver damage was modeled on male Wistar rats (n=72) by 70% hepatectomy — se-
ries 1, and by chronic toxic CCl, influence — series 2. Each series included 3 groups: control (introduction of saline
solution), introduction of mononuclear BMCs (2.5-5.0x10° cells), and introduction of total RNA from mononuclear
BMCs (30 ug/100g) of healthy animals. The results of therapy were evaluated: in series 1 - by determining the mi-
totic and proliferative activity of hepatocytes within 48 and 72 hours; in series 2 — by dynamics of restoration of liver
biochemical and morphological indices within 6 months.

Results: In all groups of series 1 the increase in mitotic and proliferative activity of hepatocytes was determined,
which was reliable only after the introduction of total RNA. In series 2, the more pronounced positive dynamics of
liver recovery processes was also noted after the introduction of total RNA.

Conclusion: The total RNA from mononuclear BMCs provides for the transfer of regenerative signals into the
damaged liver tissue, inducing its recovery processes.
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MOLECULAR-GENETIC AND MORPHOLOGICAL DIAGNOSTIC OF GRAVITY ENDOMETRIUM
AND CHORIAL TISSUE IN EARLY PREGNANSY LOSS

Kagramanova J.A.!, Lanschakova P.E.!, Paramonova N.B.!, Malinovskaya V.V.2, Vyzhlova E.N.2, Kuznetsova E.B.!

L .M. Sechenov First Moscow State Medical University of the Ministry of Healthcare of Russia
(Sechenov University), Moscow, Russia

2 FPSU N.F. Gamaleyi Scientific and Research Centre of Epidemiology and Microbiology of the Ministry
of Healthcare of Russia Moscow, Russian Federation

Summary: The results of clinical, molecular-genetic and morphological diagnostics of gravity endometrium and chori-
onic tissue in three types of non-developing pregnancy, identified by using ultrasound criteria, are presented. The obtained
data can be improved the efficiency of the treatment and pre-conception training after suffering early pregnancy loss.

Non-developing pregnancies account for 45-80% of the total number of early reproductive losses. In order to im-
prove the reproductive health of a woman it is critical to improve the therapy efficiency after early pregnancy loss, tak-
ing into account ultrasound examination results and of morphological assessment of gravity endometrium and chorial
tissue. We examined and treated 70 women with the diagnosis of non-developing pregnancies during early pregnancy
(less than 12 weeks). The patients ages was from 18 to 40 years old admitted to the Gynaecology Department of Uni-
versity Clinical Hospitals No. 4 of .M. Sechenov First Moscow State Medical University of the Ministry of Healthcare
of Russia (Sechenov University). A molecular - genetic research of chorial tissues was carried out in 42 women with
AN I for the search for aneuploidy on the chromosomes X, Y, 13, 14, 16, 18, 21 and 22. Test method: multilocus quan-
titative fluorescent PCR (Amel, DXS6809, DXS6803, DXS8377, SBMA, D13S258, D13S634, D13S742, D18S535,
D18S386, D18S391, D21S11, D21S1411, IFNAR, D14S122, D14S127, D14S128, D16S534, D16S476, D16S690,
D22S683, D22S691, D22S873) followed by fragment analysis on the genetic analyzer ABI 3100. 43% of patients had
embryonic miscarriage (EM) (no heart beat of the embryo), 44% of cases were - Empty sac (ES) (no embryo and yolk
sac). 9 patients (13%) had -Yolk sac (YS) (no embryo with yolk sac present) (Kolte A.M., et all.,2015). The average ob-
stetrical stage in EM and ES were diagnosed made 9 £ 2.0 and 8 = 2.0 weeks, respectively. Upon admission, 45 patients
(64%) noted scarce bleeding, 25 patients (36%) did not have any bleeding at all. For surgical treatment of NP, manual
vacuum extraction aided by video hysteroscopy was used. After gestational sac extraction, all patients had their diagno-
sis confirmed morphologically. During gravidy endometrium examination, attention was paid to the nature and rate of
inflammatory changes. Chromosomal abnormalities were detected in 40% observations on chromosomes X, Y, 13, 14,
16, 18, 21 and 22. Structure of the revealed pathology: triploidy — 6 (14.2%) of cases, trisomy 16, 21,22 -2 (4.7%) each
cases, respectively, but trisomy 13, 14, 18, monosomy X, monosomy 21 were detected in 1 (2.3%) each, respectively.
Morphological examination revealed that 7 (10%) of patients with ES were without any bleeding. Endometrium was
edematous, with focal haemorrhage, small areas of necrosis, slight leukocytic infiltration in 29% and lack of lymphoid
cell infiltration. 63% of women with bleeding in ES had moderate and marked infiltration with polymorphonuclear
leukocytes in their endometrium, even with foul foci formation; 17% of women had focal lymphoid cell infiltration. In
YS, 3 (33.3%) patients out of 9 had no bleeding, but their endometrium demonstrated slight leukocytic infiltration; 67%
of patients had lymphoid cell infiltration. Patients with EM had lymphoid cells and did not have any bleeding (33%)
or had bleeding (40%); more pronounced the phenomenon was in women with blood type A (II). Where bleeding was
present, patients with EM had moderate and marked infiltration with polymorphonuclear leukocytes, even with foul
foci formation, 1.5 times rarer than patients with ES. When chorial tissue was assessed it was found out that 47 (67%)
women out of 70 patients had dystrophic and necrobiotic changes in their chorionic villi. In EM, dystrophic, necrotic
and sclerotic changes in villi were more frequent than in patients with ES (33% and 26%, respectively). In general,
most marked morphological signs of an acute inflammation process in endometrium (heavy leukocytic infiltration, foul
foci formation) were more common for women with bleeding typical of miscarriage. Therefore, in ES where patients
did not complain of scarce bleeding, inflammatory changes in endometrium were less pronounced compared to those
having bleeding. In YS and EM, most common is lymphocitic infiltration both with and without bleeding. Lymphocitic
infiltration which is more typical of patients with EM was accompanied with inactive viral inflammation in endome-
trium. Morphological examination are shown the need for ultrasound screening at week 8-9 in order to timely identify
non-developing pregnancy. Early hospitalisation into an inpatient unit and timely minimally invasive extraction of dying
gestational sac facilitates prevention of complications, e.g. acute and chronic endometritis. Analysis of morphological
examinations (taking into account the non-developing pregnancy type) requires personalised approach to antibacterial
(fluoroquinolones, macrolides) and antiviral therapy (viferon 1,000,000 IU rectal suppositories, viferon gel 40,000 U
for local therapy) after minimally invasive therapeutic and diagnostic extraction of a pathological gestational sac. Mul-
tilocus quantitative fluorescent PCR method is used for research of numerical chromosomal abnormalities of the first
trimester and provides a frequency of chromosomal abnormalities in 40% patients with non-developing pregnancy.
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PCA3 AND TMPRSS2:ERG GENES EXPRESSION ANALYSIS IN URINE SEDIMENT
OF THE PATIENTS WITH ADENOCARCINOMA, BENIGN PROSTATE HYPERPLASIA
AND OTHER PATHOLOGICAL CHANGES OF PROSTATE

Mikhaylenko D.S."?, Grigoryeva M.V.%, Efremov G.D.?, Nemtsova M.V.!
!Institute of Molecular Medicine of the Sechenov University, Moscow, Russia

°’N. Lopatkin Research Institute of Urology and Interventional Radiology — branch of the National Medi-
cal Research Center of Radiology, Moscow, Russia

dimserg@mail.ru

Prostate tumor cells and nucleic acids slip into the lumen of the urinary tract and are present in the urine
sediment, in which mutations and changes of gene expression can be determined. The aim of the our study
was to analyze PCA3 and TMPRSS2:ERG expression in urine sediment with benign prostate hyperplasia
(BPH) and prostate cancer (PCa) to determine the diagnostic significance of the combined expression
level of these genes as PCa marker. The study included 51 patients with BPH and/or prostatitis (control),
59 patients with PCa. After prostate massage, RNA was extracted from the of urine sediment, reverse tran-
scription was performed, then gene expression was analyzed in real-time PCR and the deltaCt value (Ct
PCA3-KLK3) was calculated. Medians were 4.09 in the control and -0.20 in the PCa. Using ROC analysis
the optimal deltaCt threshold was found to be 1.23. The accuracy of the PCA3 overexpression was 82, sen-
sitivity 76, specificity 88%. Expression of the chimeric oncogene TMPRSS2: ERG was absent in the control
and was detected in 59% of the PCa. DeltaCt does not differ in patients with BPH, low and high grade PIN,
prostatitis, while significantly increased in PCa with respect to any of the control subgroups listed above
(p<0.01). Thus, the PCA3 overexpression and the TMPRSS2:ERG are characteristic of PCa. Analysis of
these genes expression with the proposed modification of RT-PCR in urine sediment allows to diagnose
PCa with accuracy 82%.

PECULIARITIES OF MITOCHONDRIAL MEMBRANE POTENTIAL ASSESSMENT
IN C6 GLIOMA CELL LINE

Silachev D.N.!%, Goryunov K.V.2, Zorova L.D."?, Pevzner 1.B."?, Demchenko E.A.!, Popkov V.A.'2,
Plotnikov E.Y.!2, Zorov D.B.!?

!A.N. Belozersky Institute Of Physico-Chemical Biology (Lomonosov Moscow State University, 119991 Moscow, Russia)
VI Kulakov National Medical Research Center for Obstetrics, Gynecology, and Perinatology, 117997 Moscow Russia

Studying the mechanisms by which tumor cells in general and their mitochondria in particular retain or eject xe-
nobiotic compounds remains a relevant problem being a basis for development of diagnostics methods and malignant
tumor therapy.

The present study was aimed at assessing mitochondrial membrane potential of C6 glioma cells using various
fluorescent probes and at comparing their accumulation with that of normal astrocytes. We used C6 glioma cells and
rat astrocytes, which were loaded with fluorescent mitochondrial probes: TMRE, JC-1, Mitotrackers Red and Green.
Fluorescence was detected with LSM700 laser confocal microscope. Potential independent dye Mitotracker Green
demonstrated a classical mitochondrial network with no signs of fragmentation both in glioma cells and in astrocytes.
Loading with potential dependent dyes (TMRE, JC-1 and Mitotracker Red) demonstrated high heterogeneity of mi-
tochondrial membrane potential in C6 glioma cells. The most illustrative results were obtain using the JC-1 probe:
the culture contained glioma cells with low-energized mitochondria (green) as well as cells with mitochondria with
high potential (red). Variation coefficient for JC-1 fluorescence intensity was more than 2-fold higher in glioma cells
compared to astrocytes. We also studied the changes in mitochondrial potential in the presence of uncoupler CCCP
in concentrations of 0.2, 1 and SuM. The cells were loaded with 200nM TMRE 10min after adding CCCP. Flow
cytometry analysis of TMRE fluorescence intensity in astrocytes showed it’s drop in CCCP dose-dependent manner,
whereas in C6 cells it rises. We attribute this phenomenon to a more active accumulation of TMRE in glioma cells
followed by dye self-quenching. However, when we reduced the TMRE concentration to 50 nM fluorescence inten-
sity also increased. Therefore, glioma cells have certain peculiarities compared to normal astrocytes. They are related
to the functioning of mitochondria and accumulation of hydrophobic cationic compounds which possibly underlie the
mechanisms of tumor drug resistance.

The research is supported by the Russian Foundation for Fundamental Research grant 18-04-01034.
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THE ROLE OF MAST CELLS IN ALLERGIC REACTIONS OF IMMEDIATE TYPE

Tsapko D.S.
Sechenov University, Moscow, Russia
dashadsp@ya.ru

Introduction: Mast cells (MC) are highly specialized immune cells of vertebrate connective tissue. Mast cells
play a huge role in the development of an allergic reaction at the location of the pathogen by isolating mediators of
inflammation.

Objective: To study the mechanism of IgE-dependent MC activation and inflammatory mediators released by
these cells.

Materials and methods: The articles for the period from 2012 to 2017 were analyzed. The search was performed
in the databases PubMed, Embase, Scopus. The words used are “mast cells”, “allergic reactions”, “clinical”.

Results: During the analysis of literature data, the mechanisms of IgE-dependent activation of MC were studied.
It was found that with IgE-dependent activation, the antigen must bind to at least two IgE molecules on the surface
of the mast cell, which leads to the development of an allergic reaction of immediate type. IgE is able to bind firmly
to receptors to the Fc fragment on the surface of mast cells and stay here for up to six weeks. Binding of IgE to obese
cells leads to their degranulation with the release of mediators (heparin, histamine, prostaglandins and leukotrienes),
which cause the symptoms of allergy and inflammation.

Conclusions: The mechanism of IgE-dependent activation depends on the attachment of antigen molecules to the
surface of the mast cell. The interaction of IgE with mast cells releases mediators and the appearance of symptoms
of an allergic reaction.
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CURRENT DRUG DESIGN

KEY ENABLING TECHNOLOGIES IN DRUG DISCOVERY
AND PHARMACEUTICAL PRODUCTION

Giancarlo Cravotto
Department of Drug Science and Technology, University of Turin, Turin 10125, Italy
giancarlo.cravotto@unito.it

Introduction

In September 2003, Aboud Leila and Scott Henry wrote an article for the Wall Street Journal that
was entitled: “New prescription for drug makers: Update the plants”. In a rather eloquent sentence
they stated that: “The pharmaceutical industry lags behind potato chips and laundry detergent mak-
ers in the use of modern manufacturing systems”.

Things have changed greatly over the last decade and that is due, in particular, to the dynamic and
cost-effective generic drug market that has increased competition between manufacturers. While the
inventor of a socially valuable patented drug may request high prices, according to each country’s
market, subsequent competition from substitute therapies, even those that are patented, can push
these prices down over time. The entry of generics into the market after patent expiration pushes
down prices even further and stimulates a thorough revision of production costs and technologies
for process intensification.

The transdisciplinary approach taken by pharmaceutical chemists, biotechnologists and engineers
is capable of expediting the process of drug discovery and invigorating the design of improved pro-
duction procedures from the lab scale to pilot tests and industrial production. I envisage that inno-
vation and the ability to demonstrate the huge potential of enabling technologies in pharmaceutical
production will be driving forces for competitiveness, business and social impact.

Materials and methods

Of the many enabling technologies for drug discovery and development that are available, micro-
waves (dielectric heating) have undoubtedly provided the most impressive contribution [1, 2]. This
efficient energy source has led to compound libraries for lead generation and optimisation being
assembled in a fraction of the time required by classical methods and in higher yields (multi-func-
tionalized structures, long peptides etc.). Microwaves are the technique of choice for the preparation
of biocompatible carbon-based materials (carbon nanotubes, reduced graphene oxide etc.) [3], that
can influence stem cell attachment, proliferation and differentiation towards specific target cells or
tissues.

Natural bio- and chemo-diversity offer an inexhaustible library of natural products that can act
as sources of new lead bioactive compounds. A fine example of this is the field of cancer, from the
1940s to the end of 2014, in which about 50% of the 175 small molecules approved were either nat-
ural or naturally-derived products. Natural product research needs to continually make use of new
technologies to quicken the screening, isolation, and structure elucidation processes if it is to stay
competitive with other drug discovery methods.

The new concept of green extraction in flow-mode reactors has revolutionized production meth-
ods. The use of cavitational reactors (power ultrasound and hydrodynamic cavitation) enables the
orthodox concepts of solvent and extract to be bypassed [4]. The fast cell wall disruption caused
by intense cavitation in a flow reactor can easily dissolve or simply disperse/emulsify primary and
secondary metabolites in a liquid (generally water). These non-thermal techniques guarantee the
full natural composition of the original plant by averting degradation, and thus pave the way for
large commercial scale-up and significant payback on capital investment. Improvements in phar-
maceutical processing that have been granted by new technologies, such as sonocrystallization,
ultrasound-aided filtration, dispersion and emulsification under high shear homogenizers and hydro-
dynamic cavitation are also highly relevant.

Results
Substantial improvements in product quality, process enhancement and cost reduction have been
achieved using currently-available techniques, both on the lab scale as well as in, after careful studies, pilot
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ent-Gyorgyi: “discovery is seeing what every-
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else has thought. Many pages about drug discovery and pharmaceutical production can be written thanks
to key enabling technologies. Exciting new possibilities and the large potential for high-tech intellectual
property will be highly attractive for a wide range of companies and stakeholders.
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[4] Cravotto, G.; Binello, A. Low-frequency, high-power ultrasound-assisted extraction of food components, in
Innovative Food Processing Technologies. (2016) - Woodhead Publishing (Elsevier), Sawston, Cambridge.

[5] Calcio Gaudino, E.; Manzoli, M.; Wu, Z.; Cravotto, G. et al. Sonochemical preparation of alumina-sphere
loaded Pd nanoparticles for multi-litre alkyne semi-hydrogenation in a continuous flow microwave reac-
tor” RCS Advances 2018, 8, 7029-7039.

A SCALABLE FABRICATION PROCESS OF POLYMERIC
DISSOLVING MICRONEEDLES FOR TRANSDERMAL DRUG DELIVERY

Chuanbin Wu, Peipei Yang, Beibei Yang, Guilan Quan, Yi Huang, Chune Zhu, Xin Pan
School of Pharmaceutical Sciences, Sun Yat-sen University, Guangzhou 510006, PR China
chuanbin_wu@126.com, wuchuanb@mail.sysu.edu.cn

Microneedles are designed to create temporary channels on the skin without reaching to the dermis to enhance the
drugs transport across the skin barrier. Dissolving microneedle array (DMNA) fabricated from biodegradable poly-
mers can release the encapsulated drugs by dissolving in the skin without any biohazardous waste. In recent years,
remarkable progress has been achieved in developing DMNA for successful transdermal delivery of biological small
molecules, macromolecular drugs and vaccines.

High-temperature molding, UV photo-polymerization curing, and aqueous solution casting have been used for
molding DMNA from dissolving materials. However, these methods are rather complicated involved with several
processes, and the radiation source, polymerizing reagents or elevated temperatures may impair the stability of the
biomacromolecular drugs and cause skin irritation. Although two-step molding has been widely utilized for the fabri-
cation of DMNA, insufficient drug loading in the needle portion and lack of practicable industrial preparation method
have severely impeded their further application.

A modified two-step method using different solvents for needle and base portions under mild conditions was de-
veloped by our group, and a series of DMNA containing various model drugs such as levonorgestrel, thymopentin,
and salmon calcitonin were successfully prepared. Insertion assessment, stability test, and drug release study were
conducted in vitro. The therapeutic efficiency was confirmed via in vivo pharmacodynamic study. In addition, a nov-
el automatic microneedles array fabrication system (AMAFS 1.0) was initially developed by our group, which can
continuously manufacture microneedles with a simple and reproducible operation to control mechanical parameters.

*Present author. 132 East Circle at University Town, Guangzhou 510006, China. Tel/fax: (86)-20-39943120
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ASSEMBLING CHEMOMES TO CREATE PHARMACEUTICAL MOLECULES AGAINST DRUG TARGETS

Jun Xu
Research Center for Drug Discovery, Sun Yat-Sen University, 132 East Circle at University City,
Guangzhou, 510006
junxu@biochemomes.com

This talk introduces a de novo chemotype (substructure) generation algorithm (DSGA) that derives frequent substruc-
tures in order to avoid the subjectivity of empirical method, and avoid the meaningless substructures generated from algo-
rithmic approaches by statistical analyses. DSGA derives frequent chemical substructures (FCS) from a large compound
library. In a FCS, substructures are not inter-included. When the library is big enough to represent the chemical diversity,
such as ZINC database (27 million medicinal compounds), the resulting FCS is termed as the FCS dictionary (FCSD) for
drug-like compounds. For a focused compound library (FL), DSGA can derive a focused FCS (fFCS) from FL. fFCS can
be used as structural descriptors for focus library SAR studies.

Six focused libraries against targets PDE4D, mTOR, HDAC1, DPP4, BACE and ALR2 were tested with DSGA
approach. Using the fFCSs as structural descriptor sets, six virtual screening models were generated to predict ligands
against the targets, the prediction accuracies are greater than 90%.

Three methods were proposed to assembly drug-like molecules from substructures: (1) using the laws in the
nature, such as isoprene rule; (2) organic synthesis rules, such as retro-synthon rules proposed by E. J. Corey; (3)
pharmaceutical rules derived from a focused compound library against a specific target. We use DSGA to figure out
rules that are used to compose privileged scaffolds by assembling FCS.

It can be chemically challenging to make the compounds proposed by these assembling approaches. By com-
bining DSGA method, bioisoterism method and click chemistry, we generated privileged chemome (substructures/
chemotypes) from Hsp90 inhibitor library, then find out available chemical fragments with bioisoterism rules. With
SPR technology, we confirmed the fragments that interacted with Hsp90. Finally, we used click chemistry to assem-
bly the substructures, and produced nanomolar selective Hsp90 inhibitors.

DEVELOPMENT OF A PHARMACOLOGICAL COMPOSITION TO INDUCE A LONG, STABLE AND
REVERSIBLE HYPOMETABOLIC AND HYPOTHERMIC STATE IN RATS IN TERMONEUTRAL CONDITIONS

Zakharova N.M.!, Tarahovsky Yu.S.!”, Komelina N.P.!, Fadeeva L.S."?, Khrenov M.O.!, Glushkova O.V.},
Prokhorov D.A.!2, Kutyshenko V.P.'2, and Kovtun A.L3.

!Institute of Cell Biophysics, Russian Academy of Sciences, Pushchino, Russia
’Institute of Theoretical and Experimental Biophysics, Russian Academy of Sciences, Pushchino, Russia
SFoundation for Advanced Research, Moscow, Russia

n.m.zakharova@gmail.com

One of the most important tasks of modern biology and medicine is a development of technologies for inducing in
humans a state of artificial hypobiosis with a possibility to control metabolism and core body temperature. Such tech-
nologies may become a solution for such problems as long-term human survival in a confined space under hypoxic
conditions, low temperature exposures, deficiencies of a life-support resources, complicated surgeries lasting for many
hours, and also prolongation of the “Golden Hour” for wounded soldiers in the field. We have developed an efficient
technology for production of a stable liquid mixture of some known pharmaceutical compounds saturated with xenon.

After intravenous injection in rats, the pharmacological composition induced a fast decrease in heart rate followed by 1.5-2
hour stable decline in animal body temperature by about 7°C-8°C that may last 8 hours at the ambient temperature of 21-22°C.

According to our data, after the effect of the composition was declined, the body temperature spontaneously re-
turned to its initial values. At a maximum decrease of the body temperature, oxygen consumption may be two-fold
reduced, herewith, blood saturation remained unaltered.

It is shown that the absence in the experimentally-based pharmaceutical composition of one of the components
significantly reduces its effectiveness.

When animals exited from hypometabolia and hypothermia, they revealed no changes in their behavior, retaining
previously developed skills.

According to the preliminary data, the suggested composition greatly increases resistance of organism to external
cooling and hypoxia. It allows to temporarily lower the oxygen and energy demands of the organisms and subsequent
recovery of vital functions.
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DOPAMINE AND NITROETHANOLAMINE BEXAROTENE DERIVATIVES FOR
GLIOMA TREATMENT

Akimov M.G.!, Ashba A.M.!, Akasov R.A.!2, Gretskaya N.M.!,
Bezuglov V.V.!, Markvicheva E.A.!

! Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of Sciences, Moscow, Russia
2 Institute of Molecular Medicine, Sechenov First Moscow State Medical University, Moscow, Russia

akimovmike@yandex.ru

Bexarotene (BXR), a perspective drug candidate for the lethal brain tumor glioblastoma treatment, has a
limited cytotoxicity. To enhance it, we modified BXR with a NO donor nitroethanolamine (Bxr-NEA) and do-
pamine (Bxr-DA), both of which are known to induce NO-dependent cell death for various tumor cell lines, and
evaluated their using monolayer cell culture and multicellular tumor spheroids.

Rat glioma C6 and human glioma U-87MG cell lines were used as tumor cells, while human fibroblasts BJ-
Sta were proposed as control. Tumor spheroids, which are considered as 3D in vitro model of tumors in vivo,
were obtained by RGD-induced cell assembly [Akasov et al, Int J] Pharm. 2016; 506(1-2):148-57].

Both Bxr-DA and Bxr-NEA were more toxic for glioma cells than BXR. Thus, after 24 h incubation with
monolayer C6 cells, IC, values were 311 pM, 23+1 uM, and 12242 pM for Bxr-DA, Bxr-NEA, and BXR,
respectively. Cell death occurred via apoptosis according to annexin and propidium iodide staining. Tumor
spheroids demonstrated higher resistance to treatment, and the IC, values for C6 cells in spheroids after 24 h
incubation were 512 uM, 40+2 puM, and 148+3 uM for Bxr-DA, Bxr-NEA, and BXR, respectively. The selec-
tivity index of the compounds increased from 1.3-1.5 for Bxr to 1.7-3.1 for Bxr-DA.

In summary, BXR modification with NO donors and NO inducers is promising to increase the drug cytotox-
icity, while Bxr-DA and Bxr-NEA derivatives could be proposed for glioblastoma treatment. The study in part
of spheroids was supported by RFBR (18-04-01087).
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FOLATE-ASSOCIATED CATIONIC LIPOSOMES
FOR TARGETED DOXORUBICIN DELIVERY

Sapach A.'?, Gileva A.2, Shmendel E.?, Koloskova O.3, Markvicheva E.?
I'D. Mendeleyev University of Chemical Technology of Russia, Moscow, Russia
2 Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, RAS, Moscow, Russia
3 Moscow Technological University (campus MITHT), Moscow, Russia
anastsapach@gmail.com

Targeted drug delivery systems are promising, since they allow to protect drugs as well as to prolong their cir-
culation, to localize and to target them to tumor cells. Liposomes were first nanoparticles proposed as drug delivery
systems in the middle of 1960" due to their bilayer lipid structure.

Liposomes can be delivered into cancer cells by so-called Enhanced Permeability and Retention (EPR) effect
(passive targeting) as well as using cell-specific ligands that allow them to specifically bind to cell via a complemen-
tary membrane receptor (active targeting ). Cationic liposomes are supposed to easily penetrate into tumor cells due
to their rather high positive membrane charge. To provide targeted drug delivery to tumor cells, cationic liposomes
could be modified with folic acid.

The aim of the study was to obtain doxorubicin (DOX)-loaded folate-associated cationic liposomes (FLPs)
and to study their cytotoxicity in vitro both in monolayer cell culture (2D) and multicellular tumor spheroids
(3D).

To prepare FLPs, two types of lipid compositions were used as bases, namely cationic lipopeptide (1) and
a mixture of polycationic amphiphile (2) with 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE). Both
bases were combined with two different folate ligands: (3) and (4). Thus, four types of DOX-loaded liposomal
dispersions were obtained (Table 1). Physical-chemical FLPs parameters, such as mean diameter, stability and
{-potential were measured. MTT-test was used for cytotoxicity assay with HeLa (a human cervical cancer),
MCF-7 (a human breast adenocarcinoma), U-87 MG (human brain glioma) and C6 (rat brain glioma) cell lines
which are known to differ in a number of folate receptors. The FLPs accumulation and localization both in
monolayer culture and tumor spheroids were evaluated by confocal microscopy and flow cytometry. Cytotox-
icity of various FLPs was studied by MTT-test. The liposomes without DOX (a control) did not possess any
cytotoxic effect.

Thus, DOX-loaded folate-associated cationic liposomes were found to be promising for targeted drug delivery.

Table. 1. Physical-chemical parameters of the obtained liposomal dispersions

Lipid composition, % w/w D, nm Pl, % (- potential, mV
(1) +(3) 98:2 254 87 +47
(1) + (4) 98:2 135 93 +51
(2) + DOPE + (3) 32,5:65,5:2 238 94 +16
(2)+ DOPE + (4) 32,5:65,5:2 270 98 +28

This study was supported by Russian Foundation for Basic Research (grant 18-34-00919 in part of liposomes, grants
17-54-33027 and 18-04-01087 in part of 3D tumor spheroids).
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NOVEL APPROACH FOR ROS MEASUREMENTS IN CANCER CELLS TREATED
WITH PHOTOSENSITIZERS

Alova A.', Akasov R.%%, Vaneev A.!, Gorelkin P.'7, Erofeev A.!, Korchev Y., Sholina N.>>¢, Khochenkov D.5,
Generalova A.>¢, Khaydukov E.>¢

I Lomonosov Moscow State University, Moscow, Russia
2 M. Sechenov First Moscow State Medical University, Moscow, Russia
3 Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of Sciences, Moscow, Russia
* Imperial College London, London, UK

> FSBSI “N.N. Blokhin Russian Cancer Research Center” of Ministry of Health of the Russian Federation, Mos-
cow, Russia

® Federal Scientific Research Center “Crystallography and Photonics”, Russian Academy of Sciences, Moscow,
Russia

"Medical Nanotechnology LLC, Moscow, Russia

annaalova@gmail.com

Photodynamic therapy (PDT) is a promising technique for antitumor treatment, which is based on administration
of a photosensitizer and subsequent tumor irradiation that leads to generation of reactive oxygen species (ROS).
Since the antitumor efficacy of ROS depends on cell-specific antioxidant defense system and tumor microenviron-
ment, it is important to develop methods for high-throughput screening of ROS generation of different photosensi-
tizers inside cells.

We proposed a novel tool for single cell ROS measurements and have shown that this approach has the potential
to be used to study the photosensitizer toxicity. We have developed a stable electrochemical probe for measuring
intracellular ROS using platinized carbon nanoelectrodes with a cavity on the tip. In the current research, we choose
well-known natural photosensitizer riboflavin (RF) as a model agent for photodynamic therapy. Human melanoma
A-375 cells were incubated with 100 pM of RF for 30 min, and ROS production under UV light was measured both
inside single A-375 cells and outside the cells. We observed that UV photoactivation of RF accumulated in the cells
led to the ROS production. Our results show a significant difference for intracellular levels of ROS measured during
UV irradiation of A-375 cells treated with RF in comparison with non-treated cells.

In summary, we have developed a label-free method for assessing intracellular activity of photosensitizer using
the rapid measurements of ROS with a novel nanoelectrode. The work has been supported partly by Grant RSF No.
16-13-10528, partly by Grants RFBR No. 17-00-00122 (K) (17-00-00118) and No. 16-04-00318\18.
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QSAR STUDY OF TOXICICITY OF ORGANIC COMPOUNDS BASED ON 2D SIMPLEX
REPRESENTATION OF MOLECULAR STRUCTURE

Tinkov O.!, Polishchuk P.2, Kuz’min V.}?

'I. M. Sechenov First Moscow State Medical University, Institute for Translational medicine and Biotechnology,
Laboratory of Bioinformatics, Moscow, Russia, oleg.tinkov.chem@mail.ru

’Institute of Molecular and Translational Medicine, Faculty of Medicine and Dentistry, Palacky University
and University Hospital in Olomouc, Olomouc, Czech Republic

SA.V.Bogatsky Physico-Chemical Institute NAS of Ukraine, Department on molecular structure and
chemoinformatics, Odessa, Ukraine

During recent decades different theoretical approaches, such as QSAR (Quantitative Structure Activity Rela-
tionship), have been used to facilitate and accelerate the process of new drugs creation [1]. The aim of the study
is to create QSAR models that allow virtual screening of acute toxicity of compounds in the development of new
drugs and identify molecular fragments that steadily increase acute toxicity (toxicophores).In this work, the data
set of compounds with acute oral toxicity in rats was obtained from the Toxicity Estimation Software Tool (TEST)
[2]. The investigation of influence of the molecular structure of 7205 organic compounds on acute toxicity (LD, )
has been carried out with the usage of 2D simplex representation of molecular structure and support vector ma-
chine (SVM), random forest (RF), gradient boosting machine (GBM). The developed approach has been imple-
mented in the SPCI software [3] tool, which is publicly available at http://gsard4u.com/pages/sirms_gsar.php.

The obtained QSAR models had reasonable predictive ability estimated by 5-fold cross-validation (Q? =
0.54-0.61). Fragment contributions to toxicity were calculated from these models. Known toxicophores were
top ranked fragments. We analyzed the contributions of other highly contributing fragments in order to find new
potential toxicophores. Additionally, the influence of molecular context of some toxicophores was revealed.

1. V. M. Bezhentsev, D. S. Druzhilovskii, S. M. Ivanov, D. A. Filimonov, G. N. Sastry, and V. V. Poroikov. Web resourc-
es for discovery and development of new medicines. Pharmaceutical Chemistry Journal, 2017, 51(2): p. 91-99

2. http://www2.epa.gov/chemical-research/toxicity-estimationsoftware-tool-test

3. P. Polishchuk, O. Tinkov, T.Khristova, L. Ognichenko, A. Kosinskaya, A.Varnek, V.Kuz’'min, Structural and
Physico-Chemical Interpretation (SPCI) of OSAR Models and Its Comparison with Matched Molecular Pair
Analysis. Journal of Chemical Information and Modeling, 2016, 56(8): p. 1455-1469.

STRUCTURAL PECULIARITIES AND MOLECULAR MECHANISMS DETERMINING SPECIFICITY
OF WHEAT PAPAIN-LIKE CYSTEINE PROTEASE TRITICAIN-A

Petushkova A.L.L, Golovin A.V.2, Gorokhovets N.V.3, Kuznetsova N.V.}, Makarov V.A .3, Savvateeva L.V.3,
Zalevsky A.O.2, Zernii E.Y.*, Zamyatnin A.A .Jr.>*

!Faculty of Biology, Lomonosov Moscow State University, Moscow
’Faculty of Bioengineering and Bioinformatics, Lomonosov Moscow State University, Moscow
3Institute of Molecular Medicine, Sechenov First Moscow State Medical University, Moscow

‘Belozersky Institute of Physico-Chemical Biology, Lomonosov Moscow State University, Moscow

Triticain-a is a papain-like cysteine protease (PLCP) from wheat (Triticum aestivum L). Similar to the majority of
proteolytic enzymes, Triticain-a is expressed in the form of a zymogen, the autocatalytic activation of which leads to the
maturation of an active protease exhibiting pronounced glutenase and collagenase activities at low pH values. Analysis
of gluten and collagen cleavage sites revealed that similar to other plant PLCPs, the substrate specificity of Triticain-a
is determined by the hydrophobic amino acid within the P2 position of the substrate. However, a comparative study of
kinetics of the cleavage mediated by Triticain-o on the pH range 3.6 to 6.5 using distinct fluorogenic peptide substrates
showed a pH-dependent specificity determined by the amino acid residue located in the P1 position of the substrate. Mo-
lecular docking of substrates in the catalytic domain of Triticain-a obtained by homological modeling allowed to reveal
glutamate at position 62 and aspartate at position 160 in the S1 binding pocket, which can interact with substrate through
electrostatics. Sequence alignment of the protease domains of Triticain-a and other PLCP detected variability of these
residues. Thus, it was concluded that in the papain-like cysteine proteases of plants in addition to the S2 binding site
responsible for the protease specificity S1 binding site also contributes in determination of the specificity of enzymes.

The work is supported by the Russian Science Foundation (Ne 16-15-10410).
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THE PHARMACOLOGICAL DIFFERENCE BETWEEN HUMAN AND RAT ACID-SENSING ION
CHANNELS TYPE 3

Osmakov D.I.12* Koshelev S.G.%, Andreev Y.A."?, Dubinnyi M.A.2, Kublitski V.S.2,
Sobolevsky A.L.* and Kozlov S.A.?

!Institute of Molecular Medicine, Sechenov FirstMoscow State Medical University, Moscow, Russia
2Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of Sciences, Moscow, Russia
SDepartment of Biochemistry andMolecular Biophysics, Columbia University, New York, NY, USA
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Human and rat acid-sensing ion channels type 3 (hASIC3 and rASIC3, respectively) are expressed mainly in
peripheral sensory neurons and play an important role in pain perception and inflammation development. In the
same time, in our study, we found that hASIC3 and rASIC3 have a number of principal pharmacological differ-
ences. Firstly, at physiological resting pH 7.3—7.4 hASIC3 is in the desensitized state, while rASIC3 responds
normally to proton stimuli. Secondly, we discovered compounds, such as a bisbenzylisoquinoline alkaloid,
lindoldhamine (LIN), from laurel leaves, as well as endogenous isoquinoline alkaloids (EIAs), that have a dif-
ferent effects on human and rat ASIC3 channels: a) at pH 7.4 or higher, LIN and EIAs more effectively activated
a sustained, proton-independent, current through hASIC3 than through rASIC3; b) LIN and EIAs potentiated
proton-induced transient currents in human, but not rat, ASIC3 channels. These unique, species-selective, li-
gands of ASIC3 channels, open new avenues in studies of ASIC structure and function, as well as providing
new approaches to drug design.

This study was supported by the Russian Science Foundation (grant no. 18-14-00138).

ANALYSIS OF THE EFFECT OF CONDITIONED MEDIUM HARVESTED FROM MESENCHYMAL
STEM CELLS WITH INTERLEUKIN 2 OVEREXPRESSION
ON TUMOR CELL VIABILITY IN VITRO

Chulpanova D.S. , Solovyeva V.V,, Tazetdinova L.G., Gomzikova M.O., Rizvanov A.A.
Kazan (Volga Region) Federal University, Kazan, Russia
daryachulpanova@gmail.com

Nowadays, cell and gene therapy are ones of the most promising approaches for cancer treatment. Mesen-
chymal stem cells (MSCs) are non-hematopoietic progenitor cells, which can be isolated from different types of
adult tissues. Due to their tropism to the tumor niche, MSCs are promising vectors for the delivery of various
antitumor agents. One of this agents is [L2 — immunomodulating cytokine, which regulates the activities of
white blood cells.

In this study human MSCs were isolated from adipose tissue. MSCs were transduced with recombinant len-
tiviruses encoding IL2 gene and blue fluorescence protein (BFP) gene. Resulting cell lines were selected with
blasticidin S (5 pg/ml) for 10 days. The IL2 gene overexpression was confirmed by quantitative PCR.

The influence of the conditioned medium (CM) harvested from native MSCs, MSC-BFP or MSC-IL2 on
SH-SYS5Y, SNB19 and A549 tumor cells in vitro was investigated. CM was harvested after 24, 48 and 72 hours
of cultivation. The viability of SNB19 and A549 tumor cells cultured for 48 h in CM was below the viability
of cells cultured in fresh medium. However, there was no significant difference between the SNB19 or A549
samples cultured in CM harvested from native MSCs or MSC-BFP/MSC-IL2. The viability of SH-SY5Y was
significantly higher in samples cultured in CM harvested from MSC-IL2 (24 and 72 hours).

Variable effect of MSCs with IL2 overexpression on tumor cell cultures requires further investigations be-
fore usage of MSC-IL2 in clinical practice is achieved. This study was supported by grant from the RFBR 18-
04-01133.

35



36

[.M. SECHENOV FIRST MOSCOW STATE MEDICAL UNIVERSITY
21.05 - 23.05.2018, MOSCOW, RUSSIA

BIODEGRADABLE POLYELECTROLYTE CAPSULES: ENZYMATIC DESTRUCTION
AND THERMO-INDUCED SHRINKING

Borodina T.N.*® Burova A.S.>¢, Shepelenko D.A.*¢, Trushina D.B.*"¢, Bukreeva T.V. ¢

4 A.V. Shubnikov Institute of Crystallography of Federal Research Centre “Crystallography and Photonics”
of Russian Academy of Sciences, Russian Academy of Sciences, Moscow, 119333, Russia

b .M. Sechenov First Moscow State Medical University, Moscow 119991, Russia
M. V. Lomonosov Moscow State University, 119991, Moscow
4 National Research Centre “Kurchatov Institute”’, Moscow, 123098, Russia

Promising direction of nanotechnologies is development of drug delivery systems, where encapsulation plays a
leading role due to several advantages, such as protection of encapsulated material, its prolonged release, separation
of different bioactive components in one formulation etc.

We propose the biodegradable capsules based on polypeptide (poly-L-arginine) and polysaccharide (dextran
sulfate) with encapsulated DNA and evaluate their thermo-driven shrinking and enzymatic destruction. The
degradation of the capsules was demonstrated by the influence of the nonspecific enzyme — pronase, which
decomposes almost all polypeptides. Scanning electron microscopy (SEM) investigations provide an evidence
of the capsule destruction: their shell became thinner and porous. DNA release from the capsules additionally
proves the degradation of the system. We demonstrate a possibility of the capsule shrinking by their heating
at 90°C for 1 hr. The capsule size decreases from 5 um to 2 pm, which was shown by SEM and dynamic light
scattering (DLS).

This work was performed using the equipment of the Shared Research Center FSRC “Crystallography and Pho-
tonics” RAS and was supported by the Russian Ministry of Education and Science”. This research was supported by
the Federal Agency of Scientific Organizations (Agreement No 007- I'3 /Y4 3363/26).

CARBON NANOPARTICLES AS NOVEL CARRIERS FOR RADIOPHARMACEUTICALS

Yakovlev R.Y.'*3, Garashchenko B.L.!, Ostapenko V.S.!, Korskakova V.A.!,Ivanova M.K.!, Babenya J.S.!,
Vinokurov S.E.!, Kalmykov S.N.!3, Myasoedov B.F.!

! Vernadsky Institute of Geochemistry and Analytical Chemistry of RAS, Moscow, Russia
2 Ryazan State Medical University, Ryazan, Russia;
3 Lomonosov Moscow State University, Moscow, Russia
yarules@yandex.ru

At present, nuclear medicine is becoming more and more relevant in the developed countries of the world
and finds new practical applications for the diagnosis and treatment of socially significant diseases. One of the
main requirements for radiopharmaceuticals (RFs) is accumulation in the target organ. Directed transport of
the radiopharmaceutical is provided by the interaction of two components: transport nanocarriers delivering
a radioactive isotope to the target organ; and the isotope. Due to the variety of radionuclides and so much of
potential nanocarriers capable of delivering the isotope to the target organ, today we can create the RFs for the
diagnosis or treatment of any system of the body. Basic requirements of nanocarriers in RFs are biocompati-
bility, non-toxicity, selective accumulation in targeted organs, radiation resistance and a significant ability to
complexation with radionuclides.

In this work, to solve the problem of delivering a radioactive isotope to a specific organ, it is promising to use
new carriers — carbon nanomaterials: nanodiamond, multiwall carbon nanotube and graphene oxide. They possesses
suitable physicochemical properties: nanoscale, developed free surface (which is likely to determine high sorption
capacity), chemical and radiation resistance, biocompatibility, non-toxicity and the possibility of surface modifica-
tion by creating certain functional groups by gas and liquid-phase chemical reactions, as well as grafting of various
substances to hold radionuclides of different nature.

Sorption experiments of radioactive ions *Tc and ?''Pb on the surface of carbon nanomaterials were carried out
under strictly controlled conditions, in which the time to achieve the mobile equilibrium, the dependence of sorption
on pH, the total sorbate concentration, etc. were investigated. Sorption parameters and capacity of carbon nanocarri-
ers were determinated.

This work is supported by the Russian Science Foundation (project Ne 18-13-00413).
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ENZYMATIC SYNTHESIS OF NEW NUCLEOSIDES - FLEXIMERS
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Drugs based on modified nucleosides have proved to be effective antiviral (Ribavirin, Azidotimidin, Vidarabin)
and antitumor (Cladribine, Fludarabine, Citarabine) drugs in medical practice. One of classes of modified nucleosides
is so called “fleximers”.

In fleximers, nitrogen-containing heterocyclic bases are connected via a single C—C bond (see Fig. 1). As a result,
a rigid fused bicyclic system transforms into flexible heterocyclic system. Those compounds were designed as bio-
probes for enzymes, but showed good activity against corona- and filoviruses [1, 2].

We developed an approach to synthesis of ribo- and 2’-deoxyribonucleosides by a transglycosylation reaction
using purine nucleoside phosphorylase (PNP) E. coli. This enzyme transfers a carbohydrate moiety from natural
nucleoside to modified heterocyclic base (Fig. 1). This method of synthesis is regio- and stereospecific and allows
obtaining new fleximer nucleosides, which usually cannot be synthesized by classical chemical methods.
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Fig. 1. Transglycosylation reaction
(Ura - uracil; UP - uridinephosphorylase; PNP - purinenucleosidephosphorylase)

We have found that conversion of fleximer base into corresponding nucleoside depends on number of nitrogen
atoms in a base. The conversion grows from 49% to 98 % while increasing of this number.
All compounds were characterized by HPLC, LC-MS, and NMR-spectroscopy.

1. Yates, M.; Raje, M.; Chatterjee, Soloveva, V.; Bavari, S.; Seley-Radtke, K. L. Bioorg Med Chem Lett 2017,
27,2800-2802.

2. Peters, H. L.; Jochman, D.; Posthuma, C. C.; de Wilde, A.; Snijder, E.; Neyts, J.; Seley-Radtke, K. L.; Bioorg
Med Chem Lett 2015, 25, 2923-2926.
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IDENTIFICATION OF NOVEL HUMAN DIPEPTIDYL PEPTIDASE-IV
INHIBITORS OF PEPTIDE ORIGIN
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Nowadays drug discovery is based on the analysis of information about pathological mechanisms, macromo-
lecular targets and their ligands [1, 2]. Our study aimed to identify short peptide as a potential natural inhibitor
of dipeptidyl peptidase IV (DPP-1V) to optimize the control of type 2 diabetes. We present the results of compu-
tational prediction of biological activity spectrum for new peptide lysyl-a-glutamyl-tryptophan (Lys-Glu-Trp),
followed by the subsequent molecular docking for analysis of peptide binding with its protein target.

Computer system PASS 2014 (Prediction of Activity Spectra for Substances) predicts several thousand kinds
of biological activity with average accuracy about 95%. Predicted activity spectrum for Lys-Glu-Trp was ana-
lyzed by computer program PharmaExpert, which contains data on more than 12,000 established relationships
between the pharmacotherapeutic effects and mechanisms of action. According to the PASS prediction, Lys-
Glu-Trp may exhibit the following biological activities: Metabolic syndrome treatment (Pa=81%), DPP-IV
inhibition (79%) and Glucagon-like peptide (GLP-1) inhibition (79%).

For molecular docking, DPP-1V structure was taken from the PDB database (PDB code 3F8S). The co-crys-
tallized ligand (PF2) in the DPP-IV structure was removed. Molecular docking calculations were carried out to
simulate the interaction mode between some of the FDA approved drugs (Sitagliptin, Vildagliptin, Alogliptin,
Denagliptin, Gemigliptin, Saxagliptin, Linagliptin) and DPP-IV using the AutoDock Vina. The top low energy
structures of all DPP-IV inhibitors had docking energies ranging from — 8.91 to —6.3 kcal/mol. A more negative
score indicates that a molecule (ligand) is more likely to dock with the structure (enzyme) and achieve more
favorable interactions. Docking score for Lys-Glu-Trp -7.6 kcal/mol that reflects the plausible high inhibitory
potential of present studied Lys-Glu-Trp compound with DPP-IV domain.

Thus, the results of molecular docking confirmed the activity against DPP-IV for Lys-Glu-Trp initially
predicted by PASS. Results obtained by in silico analysis suggest that Lys-Glu-Trp may modulate activities of
essential regulatory incretin peptide hormones DPP-IV and GLP-1, which was confirmed by the subsequent
biological testing.
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IN VITRO CYTOTOXICITY OF DOXORUBICIN-LOADED POLYSACCHARIDE/POLYPEPTIDE
MULTILAYER CAPSULES
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Polymer-based containers became very promising carriers proposed for drug delivery, during the last de-
cades especially nanoscale systems are in demand. The aim of the research is to develop polymer capsules using
combination of layer-by-layer shell assembly and its subsequent thermo-induced shrinking, and to study their
interaction with tumor cells.

Capsules were composed of 3 bilayers (dextran sulfate/poly-L-arginine), and loaded with doxorubi-
cin (DOX). Heating of the capsules suspension under the optimised conditions leads to a decrease in the
average size of the capsules (280 = 90 nm) together with simultaneous sterilization of the sample. Cell
internalization and accumulation of shrunken capsules exhibit a clear time-dependent manner for both,
MCF-7 and drug resistant MCF-7/ADR cell lines. DOX-loaded 300 nm capsules are localised mainly in
cell membrane and partly in cytoplasm. After 72 h of incubation IC, values for free DOX and DOX-loaded
300 nm capsules are 0.22 and 31.49 uM, respectively. The result of MTT-test proves the DOX activity in
the shrunken capsules.

This work was performed using the equipment of the Shared Research Center FSRC “Crystallography and
Photonics” RAS and was supported by the Russian Ministry of Education and Science”. The study was support-
ed by the Presidential Research Stipend, awarded by the President of the Russian Federation in part of shrinking
procedure development, Russian Foundation for Basic Research (Project No. 17-33-80141 mol _ev_a) in part of
in vitro studies and capsule characterization.
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MECHANISMS OF POSSIBLE ANTIBIOTICS ACTION POTENTIATING USING SECONDARY
METABOLITES FROM PLANTS
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Background: Multidrug resistance is worldwide problem of 21* century. It occurs in microbial cell and results
from activation of different mechanisms in cell structures. Secondary metabolites from plants are synthesized during
the photosynthesis. Their release results from activation of intrinsic protective mechanisms.

Aim: To clarify possible mechanisms of antibiotic action potentiating using secondary metabolites from plants.

Materials and methods: We analyzed experimental papers and scientific reviews on the subject using NCBI Med-
Line, Scholar.Google, and Elsevier databases.

Results: Main antibiotic potentiating mechanisms of secondary metabolites from plants aimed on disturbing struc-
tures which are responsible for multidrug resistance forming. In bacterial cell secondary metabolites are able to in-
hibit B-glucane synthesis, depress efflux. Along with that in fungal cells much more mechanisms occur. For instance,
secondary metabolites can inhibit ergosterol synthesis.

In the other hand, secondary metabolites can depress different life processes in pathogen cell: inhibition of nu-
cleinic acid synthesis, DNA-gyrase and glycosidase activity, spindle apparatus forming and mitochondrial electron
transport chain.

Conclusion: Wide biological activities of plant secondary metabolites makes them be considered as an effective
aid for antibiotic action potentiating in the case of multidrug resistance. Our plan calls for further experimental re-
search on optimal proportions of secondary metabolites for that.
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METHODOLOGICAL FLAWS OF RESEARCH ARTICLES ON CELL-BASED THERAPIES
COMPLICATE PERFORMANCE OF HIGH-QUALITY SYSTEMATIC REVIEW

Krasilnikova O.A., Klabukov L.D., Balyasin M.V., Lyundup A.V.
Sechenov First Moscow State Medical University, Institute for regenerative medicine, Moscow, Russia

olivial001@yandex.ru

Systematic review and meta-analysis of research articles in the new emerging fields of science, such as cell-based
medicine or clinical molecular diagnostics face particular obstacles. In course of performing systematic review ded-
icated to the cell-based therapies used for the treatment of diabetic foot ulcers (DFU), the most general flaws of the
research papers were detected.

Methods. Comprehensive (“shotgun’) search query was formulated to find all studies relevant to the subject of
systematic review. The database of 5455 abstracts was created. After primary examination relevant studies were se-
lected and submitted to a full-text review (Fig. 1).

Not relevant papers

Preliminary
Publications
Animal research
Review articles
| Editorias
v
First step Administered with other substitutes
Publications (e.g. Dermagraft, Apligraf)

Mixed samples

Submitted to skin grafting, angioplasty, and other
procedures, not related to cell-based therapy

Duplicated results

= Neuropathic ulcers
Final Publications » - = |schemic ulcers
*  Not specified ulcers

Fig. 1. Sample of Systematic Reviews and Meta-Analyses (PRISMA) scheme.

Results. Reviewing displayed the most general omissions in articles devoted to the cell-based therapies used for
DFU treatment:

1. Unspecified nature of treated DFU (neuropathic/ischemic/neuroischemic);

2. Lack of measurement data regarding wound area, number of administered cells;

3. Results of DFU healing are not separated from other chronic wound healing results.

4. Failure to report adverse events, related to the cell transplantation.

Conclusion. Omissions peculiar to the articles on cell-based technologies aggravate data collection/analysis and
substantially complicate performance of a high-quality systematic reviews.
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CONFORMATIONAL POLYMORPHISM AS NEW METHOD CREATION HIGHT EFFECTIVE DRUGS

Yakovlev R.Y.'?, Selezenev N.G.%, Kuzmin A.A.%, Gubanok A.I.3
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2 Ryazan State Medical University, Ryazan, Russia;
3 CJISC «Almaz Pharmy, Moscow, Russia
yarules@yandex.ru

The end of the XXth century is celebrated by the active structural changes in the worldwide pharmaceutical
industry. Since 2000 the volume price of transactions on merging and mutual absorption of pharmaceutical compa-
nies, creation of strategic scientific alliances as well as conclusion of commercial agreements on the joint product
promotion, has exceeded USD more than 100 bln. No doubt, active implementation of structural reforms, as a me-
chanism for the enterprises’ efficiency enhancement, testifies to a certain loss of such efficiency by industrial sectors
involved in «New Quality» development of the products under manufacture. The studies carried out on the basis
of fifty major pharmaceutical companies for the dynamics of new chemical/molecular entity (NCE) introduction for
the market, testifies to the enormous volume of material resources, purposed for the pharmaceutics RD-sector, not
providing the branch for the steady growth rate. That seems to be a serious argument in favour of the specialists’
position, requiring new interpretation of traditional approach to drug creation, and getting over the difficulties by
change of scientific paradigm. The pharmaceutics of the XXth century is an extensive type pharmaceutics. Since the
beginning of 1940s the larger number of medicinal substances have been introduced into medical practice compared
to that of the multithousand-year history of the mankind. Such kind of approach has been providing for the solution
of medical problems by putting into therapeutic practice the newer and newer xenobiotics. Notwithstanding the fact,
that data about more complex and subtle structure of a substance, as well as on biological effects arising from the use
of molecules of specific geometry have been available since 1950s, a long period of time the research of the new mo-
lecules, but not the new molecular conformations, was considered to be economically proved. Starting since 1980s,
the research dominants of the new substances and original medicinal forms are beginning to tend towards the study of
dispersity effects area, use of polymorphic modifications, selection of molecules by their optical activity and so on.

The proposed original principle of NCE creation, based on the study of conformational polymorphism effects,
opens the new technological, medical, patenting, as well as financial opportunities. Introduction of physically firm
metastable modifications of biologically active substances consisting of conformationally distorted molecules into
the sphere of industrial operation will make it possible not only to obtain drugs of a new high-quality level by their
pharmacological and toxicological properties, but will also celebrate a revolutionary turn from the extensive prin-
ciples to the intensive ones in NCE research industry.
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RADICAL-CATCHING ACTIVITY OF FLAVONOIDS

Kadochnikov V.V.!2, Tlyasov I.R.!, Beloborodov V.L.!, Porozov Yu.B.!?
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Comparison of the experimental data on the amount of radicals trapped by one molecule (N) of dihydroquercetin,
quercetin, naringenin, apigenin, rutin, kaempferol, luteolin and morin with the results of computer chemistry calcu-
lations, modeling of the most probable ways of radical-catching activity of flavonoids. The N values are obtained
in vitro using decolorization, kinetic methods and spectrophotometric titration with respect to the radical cations
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) diammonium salt (ABTSe+), extinction of the radical cation
ABTSe + at a wavelength of 730 nm (solutions of PBS) or 747 nm (ethanol solutions) was assumed equal to 15000
1/(mol * cm). The N values for the above methods is in the range of 4.6-12.0, 2.7-4.7 and 0.9-8.0 respectively. Geo-
metric optimization calculations carried out in the Jaguar package (program Schrodinger) in a gas

phase and in an water phase with the PBS model and the method M06-2X with a basic functions set 6-31+G**
. Calculations are obtained: a) homolytic cleavage of the first O-H bond (these calculations were carried out both in
the gas phase and in the water, further calculations were carried out only in gas phase); b) homolytic cleavage of the
second bond O-H; ¢) homolytic cleavage of the third O-H bond; d) formation of quinoide structure; e) stabilization of
quinoide structure due to dimerization with the formation of a new CC-connection with the ring A or ring B; f) stabi-
lization due to the solvent attachment. The most probable ways of radical-catching activity by flavonoids are shown.

THERMO-INDUCED SHRINKING OF POLYSACCHARIDE/POLYPEPTIDE MULTILAYER
CAPSULES DECORATED WITH MAGNETIC NANOPARTICLES

Trushina D.B.**¢, Burova A.S.%%, Shepelenko D.A.“%, Borodina T.N.>¢, Bukreeva T.V.**
@ National Research Centre “Kurchatov Institute”’, Moscow, 123098, Russia
b .M. Sechenov First Moscow State Medical University, Moscow 119991, Russia

¢ A. V. Shubnikov Institute of Crystallography of Federal Research Centre “Crystallography and Photonics”
of Russian Academy of Sciences, Moscow, 119333, Russia

¢ M.V. Lomonosov Moscow State University, 119991, Moscow

Design of drug delivery systems is the one of a priority task for biomedical science. One of the most promising
strategies is the development of targeted delivery vehicles. Magneto-responsive capsules could be effective for tar-
geting the drug of the interest to a specific area of the organism, and to promote its controlled release. The purpose
of our study was to investigate the effect of heating on capsule size, stability, and loading of biodegradable capsules
modified with magnetic nanoparticles.

Capsules assembled from poly-L-arginine/dextran sulfate (PArg/DS) and magnetic nanoparticles (NP) exhibit
size reduction and profound compaction regardless of number of polymer layers and polymer layer sequence. Mod-
ification of capsule shell with magnetic nanoparticles does not affect the shrinking efficiency: the average capsule
size is reduced by 62+7% and 60+9% for (PArg/DS), and (PArg/DS), /NP/(DS/PArg), ; capsules, respectively. The
compaction of capsule shells as a result of heating was used to load capsules with a low molecular weight model
compound - thodamine 6G (479 Da). The loading procedure was optimized, and achieved loading efficiency estimat-
ed as 79+5% and 96+5% for intact and shrunken capsules, respectively. Difference in shell density of the intact and
shrunken rhodamine-loaded capsules was observed by confocal microscopy. Well-dispersed capsules indicate good
colloidal stability of the system in water medium even with quite small Z- potential (-18 and -15 mV for intact and
shrunken capsules, respectively).

This work was performed using the equipment of the Shared Research Center FSRC “Crystallography and Pho-
tonics” RAS and was supported by the Russian Ministry of Education and Science”. The study was supported by the
Russian Foundation for Basic Research (Project No. 17-33-80141 mol ev a) in part of capsules design and by the
Federal Agency of Scientific Organizations (Agreement No 007-1'3/43363/26) in part of samples characterization.
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BIOMATERIALS IN REGENERATIVE MEDICINE

A COMPREHENSIVE IN VITRO STUDY OF STRUCTURAL AND FUNCTIONAL ALTERATIONS
OF ACELLULAR COLLAGENOUS MATRICES FOLLOWING CROSS-LINKING

Ivukina E.A.!, Istranov L.P.!, Istranova E.V.!, Churbanov S.N.", Shavkuta B.S."?, Veryasova N.N.!,
Kotova S.L.2, Melnikov P.A.3, Vishnevskiy D.A.%, Kurkov A.V.!, Shekhter A.B.!, Timashev P.S.!

!Institute for Regenerative Medicine, Sechenov First Moscow State Medical University, Moscow, Russia.
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Russian Academy of Sciences, Moscow, Russia.

3 V. Sebsky National Medical Research Center for Psychiatry and Narcology, Moscow, Russia.
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Bioplastic materials made of decellularized tissues are widely used in reconstructive surgery. In most cases these
materials require chemical treatment to suppress immunogenicity and biodegradation. Bovine pericardium tissue is of
particular interest in virtue of its facile accessibility and attractive hemodynamic properties. Several modifications of
bioplastic materials based on decellularized bovine pericardium have manifested themselves in tissue engineering ther-
apy. However, the consequences of these modifications have not been systematically investigated. In our work we have
performed a complex in vitro study of structural and functional alterations of decellularized bovine pericardium fol-
lowing cross-linking with different chemical agents including genipin, isocyanate, carbodiimide and epoxy compound.

Ultrastructural studies employing a set of cutting-edge techniques indicated the diversity of the structural reorganization
following cross-linking. According to the results of mechanical trials all the cross-linkers reduced the value of Young’s
Modulus to a different extent. Carbodiimide and genipin-treated matrices exhibited the lowest anisotropy of mechanical
properties. In turn, the epoxy compound group demonstrated the lowest shrinkage temperature regardless of the highest
cross-linking index. The collagenase susceptibility was an order of magnitude higher for the carbodiimide group compared
to the others. The most protective cross-linker in regards to the collagenase stability was the epoxy compound. The genipin
and isocyanate protection against collagenase digestion was remarkable, yet significantly lower compared to epoxy com-
pound. Cytotoxicity studies demonstrated satisfactory biocompatibility of the matrices suitable for clinical implementation.

Acknowledgements. This work is supported by the Russian Foundation for Basic Research under grant #18-33-00982.

BIOFABRICATION AND PHENOTYPING OF CHONDROSPHERES FOR CARTILAGE REPAIR

Gryadunova A.'2, Koudan E.2, Parfenov V.2, Karalkin P.2, Kurishef A.?, Vakhrushev 1.2, Bulanova E.%,
Khesuani Y.2, Mironov V.!?

! Institute for Regenerative Medicine, Sechenov University, Moscow, Russian Federation
? Private Laboratory for Biotechnological Research “3D Bioprinting Solutions”, Moscow, Russian Federation

agryadunova@bioprinting.ru

Introduction. The effective treatment of cartilage defects is an essential clinical problem for which a solution has
yet to be found. The most promising strategy for cartilage repair represents scaffold-free approach, based on the use
of self-assembling living building blocks, also known as chondrospheres (CSs). In order to optimize and improve
this technology we have developed the reproducible method for scalable biofabrication of viable chondrospheres of
standard size, shape, and material properties.

Materials and methods. Primary bovine chondrocytes, Cytochalasin D, Nocodazole, immunohistochemical and
biomechanical analyses were used for biofabrication and phenotyping of chondrospheres.

Results. The increasing elasticity of chondrospheres correlates with the growing deposition and accumulation of
extracellular matrix, confirmed by expression of collagen type Il and aggrecan. Moreover, perturbation of cytoskele-
ton using Cytochalasin D dramatically reduces material properties of chondrospheres, whereas Nocodazole does not
affect their rigidity.

Conclusions. Our data demonstrate the role of cytoskeleton and gradually accumulating extracellular matrix in the
material properties of chondrospheres. Tissue spheroids rigidity determines their tissue fusion kinetics but does not
correlate with their spreading kinetics. Such estimation will be useful in the prediction of post-printing behavior and
integrative capacity of chondrospheres after implantation in vivo.
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BONE TISSUE ENGINEERING: THE ROLE OF SEEDED CELLS
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Currently there are three key elements in tissue engineering to treat bone defects: cells, scaffolds and growth
factors (1. The cell approach consists of the preliminary seeding of cells onto scaffolds before these matrices are
implanted. Several cell types can potentially be used as cellular material, but mesenchymal stem cells (MSCs)
are thought to be the most attractive for making a bone repair **. However there is much that is unknown about
MSCs and which needs to be established before this treatment can be widely applied in clinical situations. The
purpose of the present work was to study the involvement of seeded allogeneic MSCs in bone formation, in
vivo, using the model of transgenic mice and genetically labeled cells.

The scaffolds were sterilized, individually seeded with MSCs from the bone marrow of male 5-week-old
GFP(+) transgenic C57/B16 or GFP(-) male C57/B16 mice. Critical-sized defects were created on the calvarial
bone of each animal. Scaffolds with or without seeded cells were implanted into the injury sites. The cranial
bones were harvested at either 6 or 12 weeks after implantation. All samples were stained with Hoechst and
observed using fluorescence microscopes. GFP(+) transgenic mice having scaffolds with non-labeled MSCs
were used for the observation of host cell migration into the scaffold. GFP(-) mice having scaffolds with GFP(+)
MSCs were used to assess the functioning of the seeded MSCs. The control group comprised GFP(+) transgenic
mice having scaffolds without any cells.

The data demonstrated that allogeneic MSCs were found on the scaffolds 6 and 12 weeks later. Moreover
by week 12 there was newly formed bone tissue from the seeded cells without requiring osteogenic pre-dif-
ferentiation. What is more important, host cells did not appear, and the control scaffolds without seeded cells
remained empty. Also the possibility was shown for vessel formation from seeded MSCs without preliminary
cell cultivation under controlled conditions. Although the exact mechanisms of the involvement of the seeded
allogeneic MSCs in bone formation need further investigation, our data contributes to the understanding of the
positive results of MSC transplantation.

References:
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siderations. Eur Spine J 17:467—479.
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EXTENSION OF MAXIMAL LIFE SPAN AND HIGH BONE MARROW CHIMERISM AFTER
NONMYELOABLATIVE SYNGENEIC TRANSPLANTATION OF BONE MARROW FROM YOUNG
TO OLD MICE

Kovina M.V., Karnaukhov A.V., Krasheninnikov M.E., Kovin A.L., Gazheev S.T., Sergievich L.A.,
Karnaukhova E.V. Bogdanenko E.V., Balyasin M. V, Khodarovich Yu. M. Dyuzheva T. G. Lyundup A.V.

The increase in MLS is the most significant indicator of hitting the basic mechanisms of aging, in particular, with
regard to age-related loss of stem cells. At old age, the content of stem cells in the bone marrow falls by more than
10 times, and their substitution by the transplanted material can occur without the myeloablative conditioning of the
recipients. The aim of this work was to determine the effect of nonablative syngeneic transplantation of young bone
marrow (BM) to laboratory animals (mice) of advanced age upon maximum duration of their life. To do this, trans-
plantation of 100 million nucleated cells from bone marrow of young syngeneic donors to an old nonablated animal
was performed at the time when half of the population had already died (15 months old). Cells were injected in a
volume of 200-300 ml per animal via the tail vein six times within 3 months, with 10-20 day intervals.

As a result, the maximum life span (MLS) defined as the average life span of 10% of the longest-living mice,
increased by 31+-3% in the experiment comparably to control group, and the survival time from the beginning of
the experiment increased 3+-0.3-fold (fig.1). This significant effect on maximal life span, unlike the median life
span fluctuations, indicates that BM transplantation affects the intrinsic aging mechanism. The life-extending effect
was significantly stronger than in earlier works with similar design (no irradiation or chemotherapy, no hereditary
pathologies in recipients, advanced age at the start of the BM administration) because of (i) the larger amount of
transplanted material and (ii) a close relation of the donors and recipients.

The chimerism of the bone marrow 6 months after the transplantation was 28% , as we determined using fluores-
cent donors of age 3-15 weeks, heterozygous for the green protein transgene (expressing GFP), of the same B10-GFP
line and the same mice family as non-fluorescent old mice recipients. This high and permanent chimerism indicates,
that rejuvenation is caused not only by paracrine effect, but also by direct cell replacement.

The observed life span extension is accompanied with the extension of active and healthy life period. Transplant-
ed mice were active, had an even spine and shiny even hair (video https://www.dropbox.com/s/zbxnf9vqyxxrczd/
ExperimentSDC11916.AVI?dl=0) at the same age of 19 months when the last mouse of the control group was
dying), sedentary almost immobile and hunchback with poor hair: https://www.dropbox.com/s/54s35sx6gopbm4y/
Contr20160617 _191830.mp4?d1=0

The result is encouraging for clinical adaptation for aged humans (70-80-years old). With good and excellent
histocompatibility, not only freshly isolated but also cryopreserved bone marrow and peripheral blood cells could be
effective. The richest sources of highly proliferative mesenchymal stem cells are the umbilical cord and menstrual
blood [Kovina M.V., Krasheninnikov ME., Dyuzheva TG., Danilevsky MI., Klabukov ID., Balyasin MV., Chivil-
gina OK., Lyundup AV. (2018) Human endometrial stem cells: high-yield isolation and characterization. Published
on-line in Cytotherapy https://www.sciencedirect.com/science/article/pii/S1465324918300045 ]. Mass cryobanking
of stem cells of young people would solve
the issue of donation, which is very acute 10 +—
already now and might become even more
complicated in the future, especially in view
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SHP-1 REGULATES HEMATOPOIETIC STEM CELL QUIESCENCE
BY COORDINATING TGFB SIGNALING

Linjia Jiang'¥, Xue Han'*#, Jin Wang'**5*, Chen Wang?>*, Xiaoqiang Sun?, Jiayi Xie'?, Guojin Wu?*,
Hiep Phan*, Zhenguo Liu?, ChengCheng Zhang**, Xunlei Kang>* Meng Zhao'>%*
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Cell cycle quiescence is critical for hematopoietic stem cell (HSC) maintenance. TGFf signaling in bone
marrow niche has been identified in regulating HSC quiescence, however the intrinsic regulatory mecha-
nisms remain unclear. This study reports that Shp-1 knockout HSCs have attenuated quiescence and impaired
long-term self-renewal. SHP-1 activated HSCs are surrounded by megakaryocytes, which regulate HSC qui-
escence by producing TGFB1. Mechanistically SHP-1 interacts with the immunoreceptor tyrosine-based inhi-
bition motif (ITIM) on TGFp receptor 1, and is critical for TGFp signaling activation in HSCs. Functionally
Shp-1 knockout HSCs do not respond to TGFf enforced HSC quiescence regulation, both in vitro and in vivo.
Therefore, we identify TGFB-SHP-1 as a novel intrinsic regulatory mechanism for HSC quiescence mainte-
nance.

SOLUTIONS FOR CELL TECHNOLOGIES IN CLINICAL PRACTICE: DEVICES FOR ADIPOSE
TISSUE PROCESSING AND CELL FRACTION EXTRACTION

Veremeev A.V., Petkova M.A.

Adipose tissue is the most convenient and rich source of cell material for regenerative medicine due to the
high content of progenitor cells, which number exceeds in many times the number of them in the bone mar-
row and other tissues. The stromal-vascular fraction of adipose tissue (SVF), containing different populations
of stem progenitor cells, can be easily isolated by an enzymatic method and used for various pathological
conditions.

Isolation of SVF from adipose tissue is a multi-stage laboratory process that requires qualification and
certain skills in working with cell cultures and biological objects. However, all manual methods are char-
acterized by high time and organizational costs and assume the presence of the so-called “human factor”.
Therefore, the separation technologies are evolving towards the automatization of the process. Automatic
and semiautomatic systems of SVF extraction have been created in last decade: PNC’s Multi Station, CHA
Biotech Cha-Station, Cytori Celution 800 / CRS System, Medi-Khan’s Lipokit MaxStem, JTC’s miniSTEM
and NeoGenesis’s UNiStation.

Based on the requirements for clinical efficacy and safety, it is possible to formulate the basic principles
on which an optimal protocol for the production of stem cells must be built in strict compliance with safety
requirements (no possibility of contamination of a sample of biological material); adequate criteria of effi-
ciency and preservation of the regenerative potential of the cell fraction; simplicity of use (the possibility of
conducting a stage of allocation by clinical specialists, minimum requirements for the qualification of per-
sonnel in the field of cell technology and maintenance) and economic efficiency. Solving this problem will
increase the confidence of specialists in the use of cell technologies on a wider scale, and they will become
more accessible to patients.
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SYNTHESIS OF LINEAR AND STAR-SHAPED BIODEGRADABLE (CO)POLYMERS
FOR BIOMEDICAL APPLICATIONS

Kostjuk S.V."?, Vasilenko 1.V.!, Timashev P.

! Research Institute for Physical Chemical Problems of the Belarusian State University, 14 Leningradskaya St.,
220030 Minsk, Belarus

? Sechenov First Moscow State Medical University, Institute for Regenerative Medicine, Moscow, 119991, Russia
kostjuks@bsu.by

In this work, the strategy for the synthesis of methacrylate-terminated star-shaped polyesters (poly(D,L-lac-
tide), poly(e-caprolactone) or its copolymers) and preparation of biodegradable 3D scaffolds from these
polymers will be presented. This strategy consists of bulk ring-opening (co)polymerization of corresponding
cyclic ester using multifunctional initiator followed by end-capping of resulting star-shaped polymer with
methacryloyl chloride. The influence of the catalyst nature and monomer to initiator ratio on the resulting
polymers properties will be reported here. These star-shaped polyesters were then used for the preparation
of biodegradable scaffolds with a 3D microscopic architecture using method of two-photon polymerization.
The relationship between the nature of polyester and scaffold properties will be also discussed. It has been
demonstrated that the fabricated scaffolds are able to provide a beneficial microenvironment for the osteo-
genic differentiation of mesenchymal stem cells in vitro and support de novo bone formation in vivo, which
shows them as very promising 3D microstructured implants for bone regeneration applications.! Finally, the
synthesis of the series of random copolymers of D,L-lactide and e-caprolactone and their application for the
preparation of scaffolds by foaming in supercritical carbon dioxide will be also reported.

References

1. P. Timashev, D. Kuznetsova, A. Koroleva, N. Prodanets, A. Deiwick, Yu. Piskun, K. Bardakova, N. Dzhoyash-
vili, S. Kostjuk, E. Zagaynova, Y. Rochev, B. Chichkov, V. Bagratashvili, V. Nanomedicine, 11 (2016), 1041-
1053.

CHONDROGENIC DIFFERENTIATION OF HUMAN ADIPOSE-DERIVED MESENCHYMAL STEM
CELLS IN A PERFUSION BIOREACTOR

Basok Yu. B., Grigoryev A. M., Kirsanova L. A., Sevastianov V. L.

Academician V.I.Shumakov Federal Research Center of Transplantology and Artificial Organs,
Moscow, Russia
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In vitro tissue-engineered constructs (TECs) are created using a perfusion bioreactor — a multicomponent system
which provides the conditions for cell differentiation and proliferation to form tissue equivalent.

The aims of the present work were to culture TEC of human cartilage in a dynamic environment of a perfusion
bioreactor during culturing of human adipose-derived mesenchymal stem cells (hADSCs) on the biopolymer micro-
structured collagen-containing hydrogel (BMCH) in a chondrogenic medium.

Materials and methods. Each cell-engineered construct (CEC) of cartilage tissue consisting of BMCH (ZAO
«Biomir service», Krasnoznamensk, Moscow Region) and hADSCs was placed in a culture chamber of a bioreactor
of an original design. The chambers with CEC were cultured for one day in the growth medium under static condi-
tions, then for three days in the flow conditions at a speed of 1.0 ml/min, after which the growth medium was replaced
with a differentiation medium. Cell viability was monitored by means of fluorescent staining with «Live/Dead». The
analysis of morphology was carried out using histological methods.

Results. A significant increase in cell mass and cell incorporation into the bulk of BMCH were observed after 72
hours of CEC culturing in the growth medium. The cells with lacuna-like structure, young chondrocytes, were pres-
ent in the histological specimens on the 25th day of the experiment. The spontaneous generation of microsphere-like
structures was detected. The generation of ECM with positive stain for glycosaminoglycans was accompanied by the
BMCH resorption.

Conclusion. The possibility of TEC development from the appropriate CEC in a perfusion bioreactor was demon-
strated.
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DEPOSITION OF CHITOSAN AND COLLAGEN ONTO POLYLACTIDE FILMS

Sotnikova Yu.S.!, Piskarev M.S.!, Akovantseva A.A.2, Kulagina D.A.%, Demina T.S.!2, Istomin A.V.!,
Frolova A.A.%, Kotova S.L.%, Istranova E.V.2, Bardakova K.N.2, Gilman A.B.!, Timashev P.S.2, Akopova T.A.!
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Polylactide is biodegradable polymer which is widely used for fabrication of scaffolds for tissue engineer-
ing, but the surfaces of such scaffolds are hydrophobic and have a lack of specific sites for cell adhesion and
growth. Deposition of bioactive components, such as proteins and polysaccharides, onto polylactide surfaces
is highly desired to control their biocompatibility. This work is aimed to explore various methods of depo-
sition of collagen (type I) and chitosan onto polylactide films, such as chemical entrapment (pre-treatment
of polylactide by solvent mixture); plasma surface activation of polylactide prior incubation in collagen or
chitosan solutions; and electrospray deposition. The coated films were studied in terms of surface morphol-
ogy (scanning electron and atomic-force microscopy), chemical structure (FTIR and X-ray photoelectron
spectroscopy) and hydrophobic/hydrophilic balance (goniometry). Coating of hydrophobic polylactide with
collagen and chitosan led to a decrease of angles of wettability in all cases, except chemical entrapment meth-
od, which led to significant changes in surface morphology. According to X-ray photoelectron spectroscopy
electrostatic deposition method was found to be more effective in terms of content of nitrogen (i.e. chitosan)
in surface layer.

The reported study was funded by RFBR according to the research project Ne 18-32-00901.

DESIGN OF A MICROFLUIDIC DEVICE FOR THE INVESTIGATION OF AXO-AXONAL
INTERACTIONS IN VITRO

Kutyina D.!, Antipova O.!, Pigareva Y.!, Kolpakov V.!, Gladkov A.!?, Tarabykin V.!, Mukhina L.2,
Kazantsev V.!, Pimashkin A.!

1 Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
2 Privolzhskiy Research Medical University, Nizhny Novgorod, Russia

Complex neuronal connectivity between different brain regions is one of a key aspects of information
processing and cognitive functions. It is important to understand how neurons in different layers and areas of
the cerebral cortex can form very precise networks in the brain and send its axons to distant target areas such
as spinal cord. Neurites of neighboring cells are used by neurons as guiding support for their migration and
axon navigation. Here we propose a new method of using to adapt the known methods of using microfluidics
to study axon navigation.

Polydimethylsiloxane (PDMS) microfluidic chips contained four chambers (A-D) and microchannels in-
tersected at right angles. Cortical neuronal cells from E18 mice were plated in one chamber A of the micro-
fluidic chips. The axons had to grow straight into an opposite empty chamber B without turning to the neigh-
boring chambers D and C. After 7 days new cells from another mice were plated in neighboring chambers D
and C.

We evaluated the axonal navigation of neocortical cells when they met the axons of other cells of the same
area of the brain. Axons grew along the axons of other cells both toward the bodies of the cells, and from the
bodies of the cells.

The reported study was funded by RFBR according to the research project Ne 18-34-00639.
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DIRECT COMPARISION OF CHONDRO-GUIDE® AND CHONDROTEK COLLAGEN MEMBRANES
REVEALED NO DIFFERENCES IN RELATION TO RESTORATION OF ARTICULAR CARTILAGE
DEFECTS IN RATS

Afanasyevskaya E.V. !, Medvedeva E.V.!, Gazimieva B.M.!, Kurenkova A.V.!, Kytko O.V.2, Panyushkin P.V.2,
Istranov L.P.!, Istranova E.V.!, Shekhter A.B.!, Chagin A.S.!, Telpukhov V.L.!
! Laboratory of regeneration skeletal tissues, Institute for Regenerative Medicine, Sechenov University,
Moscow, Russia
2 Department of Operative Surgery and Surgical Anatomy (Sechenov University), Moscow, Russia
Corresponding author: E.V. Afanasyevskaya;
el.afanasyevskaya@gmail.com

Background: Cartilage has a poor regenerative capacity and currently there is no an effective treatment for pro-
moting cartilage repair. Accordingly, large trauma-associated cartilage defects are often treated surgically by cover-
ing with synthetic collagen membranes.

Purpose: To compare the healing capacities of two types of synthetic collagen membranes employing a rat model.

Materials and methods: Full thickness cartilage defects were made surgically in rat patellofemoral groove and im-
mediately covered with one of the two collagen membranes: Chondro-Gide® (Switzerland) or Chondrotek (Russian
Federation). Control group was left without coverage. The International Cartilage Repair Society (ICRS) score and
histological analysis were carried out in 2 and 4 months after implantation.

Results: Both collagen membranes have a positive effect on cartilage repair since the thickness of newly formed
tissue was significantly higher than in control group. However, formation of fibrocartilage but not hyaline cartilage
was observed in all groups. No significant difference was observed between Chondro-Guide® and Chondrotek mem-
branes repair capacity.

Conclusion: Both collagen membranes have comparable repair capacity and both failed to facilitate formation of
hyaline cartilage.

MITOCHONDRIA TARGETED ANTIOXIDANT SKQ1-CONTAINING EYE DROPS PREVENTS
ANESTHESIA-INDUCED DRY EYE SYNDROME

Tiulina V.V.12, Zernii E.Yu.!, Gancharova O.S.!, Baksheeva V.E.!, Golovastova M.0.!, Kabanova E.L.!?2,
Savchenko M.S.!, Sotnikova L.F.?, Zamyatnin A.A."?, Philippov Jr. P.P.!, Senin LL'

" A.N. Belozersky Institute of Physico-Chemical Biology, Lomonosov Moscow State University,
Moscow 119992, Russia

? Federal State Budgetary Educational Institution of Higher Education “Moscow State Academy of Veterinary
Medicine and Biotechnology — MVA by K.1. Skryabin”, Moscow, Russia

Institute of Molecular Medicine, Sechenov First Moscow State Medical University, Moscow 119991, Russia
tyulina_nika@list.ru

Dry eye syndrome (DES) is an age-related condition increasingly detected in younger people of risk groups, in-
cluding patients who underwent ocular surgery or long-term general anesthesia. Being a multifactorial disease, it is
characterized by oxidative stress in the cornea and commonly complicated by ocular surface inflammation. Polyetio-
logic DES is responsive to SkQ1, a mitochondria-targeted antioxidant suppressing age-related changes in the ocular
tissues. Here, we demonstrate safety and efficacy of topical administration of SkQ1 at a dosage of 7.5 uM for the
prevention of general anesthesia-induced DES in rabbits. The protective action of SkQ1 improves clinical state of
the ocular surface by inhibiting apoptotic and prenecrotic changes in the corneal epithelium. The underlying mech-
anism involves the suppression of the oxidative stress supported by the stimulation of intrinsic antioxidant activity
and the activity of antioxidant enzymes, foremost glutathione peroxidase and glutathione reductase, in the cornea.
Furthermore, SkQ1 increases antioxidant activity and stability of the tear film and produces anti-inflammatory effect
exhibited as downregulation of TNF-¢ and IL-6 and pronounced upregulation of IL-10 in tears. Our data suggest nov-
el features of SkQ1 and point to its feasibility in patients with DES and individuals at risk for the disease including
those subjected to general anesthesia.

Acknowledgments: This study was supported by the Russian Science Foundation (Project no. 161500255).
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MORPHOLOGICAL COMPARATIVE STUDY OF OPEN-WOUND AND SKIN POCKET RABBIT
MODELS FOR IMPLANTATION OF BIOMATERIALS

Kapitannikova A., Fayzullin A., Shekhter A.
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Introduction. Modern morphological studies of tissue reaction to implantation of biomaterials lack information on
differences between experimental models.

Aim. To study and compare tissue reaction to biomaterial implantation in open-wound and skin pocket rabbit
models.

Materials and methods. Polycaprolactone meshes were implanted into rabbit ears for 30 and 60 days. Meshes were
fixated on open wounds (d = 1cm) or surgicaly inserted into skin pockets on ventral ear surface. Autopsy materials of
four experimental rabbits (each carried twelve implanted meshes) and six control rabbits with intact ears were fixated
in 10% neutral formaline. Histological slides were stained with haemotoxilyn-eosin and picrosirius red and studied
with LEICA DM4000 B LED microscope, equipped with a LEICA DFC7000 T digital camera. LAS V4.8 software
(Leica Microsystems, Switzerland) was used for the examination and imaging of the samples. Morphological study
was performed with semi-qualitative (score system) and qualitative (morphometry) methods. Results were analyzed
with 2-way ANOVA in GraphPad 7.

Results. Polycaprolactone meshes implanted in rabbit ear open wounds lose structure integrity and cause more
excessive inflammation and capsule formation in comparison with skin pocket models. The capsule’s width in open-
wound model is larger than in skin pocket model.

Conclusions. Experimental model should be considered as a causing factor for some histological findings in tissue
reaction to implanation.

OPTICAL PROPERTIES OF MATERIALS BASED
ON CHITOSAN AND CARBON NANOTUBES

Fedorova Yu.0.!, Vasilevsky P.N.!, Savelyev M.S.!%, Gerasimenko A.Yu.!?
!National Research University of Electronic Technology, Moscow, Russia,
’I.M. Sechenov First Moscow State Medical University
79806388107 @yandex.ru

The creation of three-dimensional tissue-engineered structures using laser printing methods is a promising line of
research in the modern medicine. Such structures can be used as materials for replacing damaged areas of biological
tissues. One of the most frequent and dangerous diseases relate to cardiovascular system. Great number of works are
devoted to the use of chitosan for accelerating the healing process of damage to the heart tissue. The use of carbon
nanotubes enhances the electrically conductive and mechanical properties of the resulting materials. These properties
are especially important in the restoration of muscle tissue.

To study the binding of chitosan with single-walled carbon nanotubes, IR and Raman spectra were obtained and
analyzed. Also, to study the nonlinear characteristics of dispersions, a scheme was developed with a nanosecond
pulsed laser operating at a wavelength of 532 nm. According to the results of the study by spectroscopy, it was found
that components were bound due to noncovalent interactions that appeared as a winding of the amino sugars chain
on carbon nanotubes.

With an increase in energy, there is a sharp decrease in the past energy of a single pulse due to the optical nonlinear
effects appearance near the nanotubes.

The stability of the dispersion components to heating by laser radiation makes it possible to use them for the fab-
rication of tissue-engineered structures using laser printing methods.
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PHOTO-CROSSLINKED HYDROGEL SCAFFOLDS BASED ON HYALURONIC
ACID DERIVATIVE FOR TISSUE ENGINEERING
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3D hydrogel-based scaffolds with predesigned structures and functionality has gained a lot of interest in tissue
engineering. Scaffolds should imitate physical-chemical properties of replaced tissue for the best implant survival
rate. This fact requires prerequisite scaffold material properties, such as biocompatibility, biodegradability, adhesion
properties of surface, high porosity. Hyaluronic acid is considered to be one of the most advantageous material. How-
ever, scaffolds based on non-modified hyaluronic acid possess relatively limited mechanical properties and can be
vulnerable to rapid degradation and contraction.

Here, we demonstrate a method of scaffold production based on hyaluronic acid modified with glycidyl methacrylate
(HAGM). UV or visible light irradiation of solution, containing HAGM and photoinitiator, induced photo-crosslinking,
resulting in production of tough and insoluble hydrogel. Photoinduced gelation is possible due to radical reaction of
double bond moieties of glycidyl methacrylate in HAGM. The role of photoinitiator played endogenous compound:
riboflavin mononucleotide (vitamin B2). Scaffolds were fabricated via 3D printing by using home-built 3D printer.

HAGM-based scaffolds were produced for in vitro and in vivo applications. The lack of cytotoxicity and good
cell adhesion were demonstrated in MTT assay and in proliferation of immortalized human fibroblasts BJ-5ta on
hydrogel surface. Biocompatibility was confirmed by the lack of significant inflammation processes at subcutaneous
positioning of scaffold in mice.

RELEASE OF IMPREGNATED PROTEIN FROM POLYLACTIDE AND CHITOSAN GRANULES,
DEPENDING ON THEIR SIZE, POROSITY AND THE PRESENCE OF A CROSS-LINKING AGENT

Kuznetsova V.S.!, Vasilyev A.V.!, Bukharova T.B.%, Zagoskin Yu.D.}, Grigoriev T.E.3, Chvalun S.N.3,
Goldstein D.V.2, Kulakov A.A.!

!Central Research Institute of Dental and Maxillofacial Surgery, Moscow, Russia
’Research Centre of Medical Genetics, Moscow, Russia
SNRC “Kurchatov Institute” , Moscow, Russia
tilia7@yandex.ru

Background. The ability to set the peak of growth factors release from osteoplastic materials at the end of an
inflammation stage (3-5 days after implantation), is an important task for modern pharmacology and bioengineering.

Aim. Determine the parameters of chitosan and polylactide beads provide optimal kinetics of thBMP-2 release.

Materials and methods. Chitosan and polylactide (PLA) particles were produced by spray freeze-drying method.
Chitosan beads were treated with glutaraldehyde to form covalent bonds between the polymer chains. thBMP-2 was
impregnated in situ in chitosan particles, in PLA particles - after fabrication. The concentration of released rhBMP-2
at the DMEM /F-12 culture medium with 10% bovine serum was measured by ELISA. The experiment was carried
out for 5 days in 3 replicates.

Results. Chitosan large size particles provided the maximum release of thBMP-2 (80 + 13%) to the 3rd day (min-
imum sufficient time for effective osteoinduction in the postoperative period). The small particles left 100% of the
protein at the 2nd day. The crosslinked chitosan beads released up to 18 + 10% of the impregnated proteins with the
maximum peak (10 £+ 3%) on the 6th day. A statistically significant difference in the release thBMP-2 between large
and small polylactide particles with different porosity was not detected. The release of 100% protein was revealed at
2nd day. The effectiveness of impregnation in polylactide granules was 15% of the total protein weight compared to
chitosan beads, where this index was 92 + 7%.

The research was supported by the Russian Science Foundation [grant number 16-15-00298].
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STUDY OF COMPOSITE MATERIALS BASED ON CARBON NANOTUBES
ON THEIR VOLUME STRUCTURE USING X-RAY MICROTOMOGRAPHY
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Recently, 3-D composites have been widely used in tissue engineering. To replace lost biotissues, composites
must have a certain porosity (pore sizes, specific pore volume, ratio of voids to the solid part of the material). The
porous structure of the composites ensures the germination of blood vessels when the structure of the tissue is
restored.

To study the structure of 3-D composites, a complex analysis was performed by X-ray microtomography. Complex
analysis of the structure of 3-D composites consisted of scanning, reconstruction of images of shadow projections,
two-dimensional and three-dimensional visualization of reconstructed images and quantitative analysis of solid and
hollow samples. Samples of the composites were formed by laser evaporation of an aqueous dispersion of proteins
and single-walled (SWCNT) / multilayer (MWNT) carbon nanotubes. A laser system was developed, which moves
a continuous laser beam (800-970 nm) along three axes. In the manufacture of composites, technological parameters
varied: the time, power, and the path of irradiation when the laser beam was moved along the layer of the initial liquid
dispersion of proteins and nanotubes.

It was found that 3-D composites based on SWCNT and MWNT are uniform throughout the volume. The 3-D
MWNT-based composite has a higher porosity (28.31%) than the 3-D composite based on SWCNT (16.44%). The
average pore size of 3-D composites based on SWCNT and MWNT is 45 um and 93 um, respectively. Created 3-D
composites will be used in the tissue engineering of bone and cartilaginous tissues.

The work was carried out within the framework of the project of the Ministry of Education and Science of the
Russian Federation (14.578.21.0221, RFMEFI57816X0221).

THE PATTERING OF BIOSTRUCTURES
WITH CARBON NANOFRAME IN PROTEIN MATRIX

Zhurbina N.!, Gerasimenko A."?, Glukhova O.3, Slepchenkov M.3, Savelyev M.!2, Ichkitidze L.!, Podgaetskii V.!,
Selishchev S.!, Kitsyuk E.*, Pavlov A.

! National Research University of Electronic Technology, Russia, Moscow
2 [ M. Sechenov First Moscow State Medical University, Russia, Moscow
3 Saratov State University, Russia, Saratov
* Scientific-Manufacturing Complex “Technological Center”, Russia, Moscow
3 Institute of Nanotechnology of Microelectronics of the RAS, Russia, Moscow
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The results of pattering of biostructures with a carbon nanoframe in a protein matrix are presented. The
mechanism of binding of single-walled carbon nanotubes under the influence of laser radiation is revealed.
It was shown that the insertion of defects into the nanotubes structure makes it possible to obtain a strong
heating in these regions. Uneven absorption of laser radiation in defective areas promotes the binding of
nanotube surfaces. Synthesized samples of a frame nanomaterial based on the branched structure of carbon
nanotubes are presented. The change in energy during the formation of o bonds in time (within 8 ps) varies in
the range -7.43 - 7.36 eV / atom. The creation of a tree-like branched structure of a nanoframe from carbon
nanotubes in a protein matrix under the influence of laser radiation has been demonstrated experimentally.
It was also experimentally confirmed that laser pulse of nanosecond duration has a structuring effect on an
array of CNTs. The dependence of the alignment degree of the carbon nanotubes array on the energy of the
laser pulse was observed.
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BIOCOMPATIBILITY EVALUATION OF ACELLULAR DERMAL MATRICES OBTAINED FROM
PORCINE DERMIS

Gumenyuk L.S., Kuevda E.V., Nakokhov R.Z., Gubareva E.A., Verevkin A.A., Sotnichenko A.S.,
Redko A.N., Alekseenko S.N.

Kuban State Medical University, Krasnodar, Russia.

Dermal equivalents are widely admitted around the world as a safe and effective method for treating extensive skin
defects. This was the reason for the development of a method for obtaining a dermal matrix from the porcine skin.

Materials and methods. Fresh porcine dermis was harvested from 3 months old pig using the dermatome. Dermis
was cut into fragments with the size of 10x10 mm. Samples were washed with PBS buffer for 4 hours. To decellular-
ize porcine dermis we’ve developed detergent-enzymatic protocol consisting of: 24 hours - 1M NaOH, 4% sodium
deoxycholate (Sigma Aldrich, USA), 2 hours - PBS buffer, 2 hours - DNase-I (2,000 Kunitz units). After decellular-
ization process samples were rinsed with PBS buffer for 4 hours.

DNA in scaffolds was quantified using DNeasy Blood and Tissue Kit (Qiagen, Germany) and spectrophotometer
(Nanodrop, Saveen&Werner, Sweden). The cytotoxic properties and the viability of the rat MSC cells on recellular-
ized scaffolds were evaluated by XTT test. Subcutaneous tests were also performed with heterotopic transplantation
to 6 Wistar rats. Samples were transplanted subcutaneously. The explantation was performed on 7, 14, 21, 28 days
after transplantation.

Results. The results obtained indicate the effectiveness of the developed protocol and the relatively low cytotox-
icity of the samples (CI = 10%). This protocol provides satisfactory metabolic activity and a high proliferation factor
(255.67%). Histological evaluation of explants revealed a weak immune response and development of single blood
vessels at the periphery of the sample by 14 days.

COMPARATIVE MORPHOLOGICAL AND BIOCHEMICAL METOD
DECELLULARIZATION PARENCHYMAL ORGANS ANIMALS WITH NORMAL AND OPPRESSION
OF LIPOPEROXIDATION

Bobkov A., Lundup A.

Department of Advanced Cell Technologies, Institute of Regenerative Medicine, Sechenov University,
Moscow, Russia

seniorzas@gmail.com

Introduction: Recent studies ongoing intravascular coagulation do not contain information on the impact of op-
pression lipoperoxidation (LPO) on the process and quality of decellularization of parenchymal organs by the method
of perfusion.

Objective: To investigate and compare the morphological and biochemical methods decellularization parenchy-
mal organs animals with normal and depressed lipid peroxidation.

Materials and methods: The experiment was carried out on 10 laboratory rats . The first test group ( 6 rats ) for
15 days along with the viscousconsistency feed was given Mercazolil (daily, 12 mg / kg). The second group (4 rats )
did not receive any supplements to the food. At 3, 7, and 15 days of the experiment in rats, LPO was determined for
the ratio of tiroborbituric acid and the activity of thrombocytes n about the level of P3 and P4 in blood plasma . De-
cellularization was carried out according to a standard protocol. A morphological and biochemical evaluation of the
resulting decellularized extracellular matrix was carried out. The results were statistically processed with a 2-way
ANOVA in GraphPad 7.

Results: On day 15, the first group had a significant inhibition of LPO and reduced platelet activity. After eval-
uation of the obtained material, morphological and biochemical differences between the first and second groups
were found . According to the main criterion of decellularization in the first group, the quality of the material ob-
tained was higher than in the organs of the second group.

Conclusions: Oppression of lipoperoxidation affects the quality of the resulting extracellular matrix after decel-
lularization method of perfusion.
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EVALUATION OF A NEW NON-HUMAN HEART DECELLULARIZATION PROTOCOL

Sotnichenko A.S.!, Gubareva E.A.!, Kuevda E.V.!, Gumenyuk L.S.!, Nakohov R.Z.!, Karal-Ogly D.D.2,
Redko A.N', Alekseenko S.N.!

! FSBEI HE Kuban State Medical University, Krasnodar, Russia
2 FSBSI “SRI MP”’RAMS, Sochi, Adler, Russia
alex24.88@mail.ru

One of directions of tissue engineering is development of methods for inner organs bioengineered scaffolds cre-
ation similar to native organs in major biological characteristics.

The objective of the research is specification of modified detergent-enzymatic protocol involving sodium deoxy-
cholate and DNAse for non-human primate heart decellularization. The total duration of decellularization was 120
hours.

Morphological methods of research demonstrated total absence of cells and cells nuclei in heart and intactness of
the major proteins of the extracellular matrix after decellularization. Immunohistochemical study demonstrated ab-
sence of intracellular contractile protein tropomyosin but positive staining of collagen I, collagen IV, laminin, elastin
and fibronectin, suggesting preservation of the extracellular matrix in the decellularized heart tissue and coronary
vessels. Immunofluorescence negative staining of vVWF and MHC I showed absence of endothelial and muscle cells
in decellularized matrix.

Our modified detergent-enzymatic protocol of decellularization allowed to save the basic proteins of the ECM of
the heart and intact vascular architecture. This protocol may be used in researches for recellularization of biological
scaffolds with allogenic and autologous stem cells of non-human primates.

HYALURONIC ACID IN TISSUE REGENERATION:
REDISCOVERING A MAJOR PLAYER

Popova E.Y.
The head of Pathological anatomy department, Sechenovskiy University, professor, MD E.A. Kogan
Sechenov University, Moscow, Russia
ne_machina@mail.ru

Introduction: Tissue regeneration has always been a specific focus point of the medical science. Nowadays
hyaluronic acid is considered as not only a bulk component of dermis, but as the main mediator during all stages
of tissue regeneration due to it’s unique properties in high- and low-polymeric forms.

Aim: To elucidate the modern concept of wound healing process providing the pivotal role of hyaluronic acid
in each particular stage.

Materials and methods: We have carried out the review of scientific papers using NCBI Medline and Scopus
and conducted immunohistochemical tests of skin samples with their further analysis.

Results: Now hyaluronan is considered to be a very biologically active substance. High molecular weight
hyaluronic acid as an integral component of extracellular matrix has anti-inflammatory properties by itself. The
most striking observation to emerge after skin damage is that low molecular weight fragments of hyaluronic
acid, on the contrary, tend to induce immune response. In these conditions hyaluronic acid gets involved in
various metabolic and signaling pathways thus modulating neovascularization process and attracting immuno-
competent cells.

Conclusions: Hyaluronic acts as a “major player” in tissue regeneration due to it’s wide spectrum of bio-
logical activities in high- and low- polymeric forms. This observation is critical for searching new concepts of
effective wound healing.
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IMMUNOLOGICAL MARKERS OF REMODELING OF NERVOUS TISSUE AT
FOCAL TRAUMATIC INJURIES OF THE BRAIN

Galashina E.A., Ulyanov V.Yu., Vygodchikova G.U.

Research Institute of Traumatology, Orthopaedics and Neurosurgery, Saratov State Medical University,
Saratov, Russia

koniuchienko1983@mail.ru

Objective: To study of dynamics of the content of markers remodeling of neural tissue in patients with
focal traumatic brain injury.

Material and Methods: Research object was 40 patients both males and females aged 43+7,5 years with
traumatic injuries of the brain and 40 conditionally healthy persons correlated according to sex and age.
Quantitative content of the protein S-100, CNTF in blood serum were determined by ELISA test. Statistical
analysis of the findings was carried out with the help of the software packages IBM SPSS 20 Statistics.

Results. Protein S-100 level on the first day from the moment of obtaining an injury increased by 27,05
times in comparison with the control (p<0,001). In the rest observation periods index concentration gradually
decreased (p, ,<0,001), but was authentically higher than the control (p<0,001).

CNTF level on the first day from the moment of obtaining an injury increased by 64,67 times in compar-
ison with the control (p<0,001) and remained high in the rest examination period.

Conclusion: Dynamics of the content of neurospecific proteins in patients with focal traumatic brain in-
jury allows to estimate separate mechanisms of neural tissue remodeling process selectively.

IN VIVO EVALUATION OF POLYCAPROLACTONE AND VATERITE SCAFFOLD
BIOCOMPATIBILITY

Ivanov A.N., Saveleva M.S., Kurtukova M.O., Parakhonskiy B.V., Gorin D.A., Norkin L.A.

Research Institute of Traumatology, Orthopaedics and Neurosurgery, Saratov State Medical University,
Saratov, Russia

lex558452@gmail.com

Particularities of bone tissue cause the necessity of several additional properties of the scaffolds for stimulation its
regeneration including the relevant mechanical characteristics. The modification by inorganic materials, particularly
CaCO,, imparts osteoconductive properties to a polymeric scaffold and will be beneficial for designing bone recon-
struction materials.

The aim of the study was to examine the biocompatibility of the Polycaprolactone (PCL) and Vaterite (CaCO3)
scaffold after its subcutaneous implantation in experimental animals.

The study was carried out on 10 white rats, in which PCL/CaCO3-scaffolds were implanted subcutaneously. For
histological study the rats were withdrawn from the experiment on the 21st day. The sections were stained with May-
er’s Hematoxylin and Eosin solution.

It was found that, the PCL/CaCO3 scaffold was intensively populated by fibroblasts 21 days after subcutaneous
implantation. On the background of fibroblastic elements predomination in cellular populations only single lympho-
cytes and macrophages were detected in the scaffold area. Another important hallmark was a great number of well
blood-filled microvessels in the scaffold area.

Thus, the results of histological study demonstrated the capability of the PCL/CaCO3 scaffold to be colonized by
fibroblastic elements and vascularized without promoting an inflammatory response in the surrounding tissues in the
course of subcutaneous implantation tests in white rats that proved its biocompatibility.
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MORPHOLOGICAL EVALUATION OF TISSUE REACTION TO SUBCUTANEOUS IMPLANTATION
OF DECELLULARIZED MATRICES

Sotnichenko A. S., Nakokhov R. Z., Gubareva E. A.,
Kuevda E. V., Gumenyuk I. S. Redko A.N, Alekseenko S.N.

Kuban State Medical Univercity, Krasnodar, Russia

The purpose of this work - a comparative study of biocompatibility, biodegradability, local tissue reaction
to the implantation of decellularized extracellular matrices of intrathoracic organs.

Methodology. The work was performed on 10 male Wistar rats weighing 210 + 40 g. Decellularization of
the diaphragm, lung, rat heart was performed by modified protocols using sodium deoxycholate and DNase.
The samples were implanted subcutaneously in the interscapular region. Rats were derived from experiment
on days 7 and 14. We made a qualitative assessment of the composition of the cellular infiltrate around
the implant using immunohistochemistry. Reactions were performed with the following primary antibodies:
anti-CD3 (ab16669, Abcam, USA), anti-CD20 (ab85809, Abcam, USA), to the Mannose receptor of macro-
phages (ab64693, Abcam, USA).

Results. Based on the morphological analysis, a histological evaluation of rat tissue response to subcuta-
neous implantation of the decellularized heart matrices was performed. The qualitative cellular composition
of the inflammatory infiltrate was studied with an assessment of the dynamic changes in the macrophages,
T- and B-lymphocytes amount on days 7 and 14 after the beginning of the experiment. It is shown that the
tissue response to implantation depends not only on the quality of decellularization and the efficiency of
antigen molecules removal, but also on the initial histological architectonics and quality of preimplantation
preparation of the sample.

The results obtained allow considering subcutaneous implantation of decellularized matrices as an import-
ant step in vivo assessment of tissue response reactions of the recipient organism in response to the implan-
tation of tissue-engineering structures.

POLYLACTIDE MICROPARTICLES VIA OIL/WATER SOLVENT EVAPORATION TECHNIQUE:
COMPARISON OF EMULSIFICATION METHODS

Zubayraeva A.A.', Kilyashova L.A.2, Kulagina D.A.%, Sotnikova Yu.S.>?, Demina T.S."*3,
Timashev P.S.'#, Akopova T.A.}

!Institute for Regenerative Medicine, Sechenov University, Moscow, Russia
?Moscow Aviation Institute (National Research University), Moscow, Russia
SEnikolopov Institute of Synthetic Polymer Materials RAS, Moscow, Russia
Institute of Photonic Technologies, Research center “Crystallography and Photonics”, RAS, Moscow, Russia
albinazubayraeva@mail.ru

Polylactide-based nano- and microparticles are widely proposed as drug and/or cell delivery systems. How-
ever, the biomedical application of polylactide particles requires a well-defined control over their size distribu-
tion during the fabrication process as well as advanced surface chemistry to promote cell adhesion and growth.
This work was aimed to evaluate an effectiveness of chitosan modified by 2,2-bis(hydroxymethyl)propionic
acid as emulsifier in aqueous phase as well as to investigate an effect of various emulsification methods on size
distribution of polylactide microparticles fabricated via oil/water solvent evaporation technique. The micropar-
ticles were prepared by long-term emulsification of oil phase, i.e. polylactide solubilized in methylene chloride
as core material, and an aqueous phase, which consisted of water solutions of poly(vinyl alcohol) or modified
chitosan as stabilizing agents. The emulsification was carried out using either (1) mechanical four-blade pro-
peller stirrer or (2) ultrasonic bath (FisherBrand FB 15046). The microscopic observations of microparticles
stabilized with poly(vinyl alcohol) showed that mechanical stirring provided bigger mean particle size, than
ultrasound process: 150 um and 16.5 pm, respectively. Application of modified chitosan allowed to control total
yield and size distribution of prepared microparticles as a function of amino group degree substitution. Thus,
variation of emulsification methods and chemical structure of emulsifier in aqueous phase allows us to control
mean size and size distribution of the prepared microparticles.
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REGENERATION OF RAT SKELETAL MUSCLE INDUCED BY MSC-POPULATED
COLLAGENOUS SCAFFOLDS

Novokreshchenova A.!'*, Butorina N.!, Payushina O.!, Sheveleva O.!, Domaratskaya E.!
' Koltzov Institute of Developmental Biology of RAS, Moscow, Russia
* e-mail: a.novokresh@mail.ru

Application of mesenchymal stem cells (MSCs) for tissue regeneration is a well-developed practice in regenera-
tive medicine. Delivering MSCs on biocompatible scaffolds provides the best survival rates of MSCs after implanta-
tion. Many scaffolds are made of collagen that is non-immunogenic and biodegradable. This study aims to compare
the influence of three collagen-based scaffolds on skeletal muscle regeneration in the presence of adipose-derived
MSCs.

MSCs obtained from rat adipose tissue were cultivated on 3 different collagenous scaffolds for 14 days in 10°
cells/ml concentration. Each scaffold was placed into musculus soleus laceration site immediately after the injury
and sealed with sutures. Histological examination was performed 14 days later. The scaffolds used were Belkosin
(BLK), porous collagen scaffold (PCS) and small intestinal submucosa (SIS). For comparison MSCs were delivered
by injection of the cell suspension into the injury site.

All the grafts caused inflammation at the implantation site. SIS+tMSC and PCS+MSC seemed to induce slightly
more active muscle regeneration and vascularization than Belkosin and MSC suspension. Muscles regenerating with
engrafted PCS+MSC exhibited the most positive result. BLK showed the least biocompatibility, as it barely disin-
tegrated in the tissue. SIS and PCS allowed better permeation by recipient cells. Evidently, PCS provides the best
structural organization for tissue regeneration due to its porous structure.
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BIONIC TECHNOLOGIES AND ENGINEERING

WEARABLE ARTIFICIAL KIDNEY
Bazaev N.A.!, Putrya B.M.2, Zhilo N.M.?
! Zelenograd Innovative-Technological Centre, I. M. Sechenov First Moscow State Medical University, Moscow,
Russia, bazaev-na@yandex.ru
2 Zelenograd innovative-technological Centre, Moscow, Russia
3 Zelenograd Innovative-Technological Centre, National Research University MIET, Moscow, Russia

Aim. Renal replacement therapy is the main way to maintain the lives of patients with chronic renal failure. At
present time, in the world the work is underway to create a prototype of wearable artificial kidney (WAK).

Materials and methods. Experimental WAK sample has been developed, manufactured and tested. The apparatus
implements the method of peritoneal dialysis with the regeneration of spent dialysate in the extracorporeal circuit
and consists of a hydraulic circuit that implements recirculation and regeneration of the dialysate and an electrical
circuit that implements the control of the procedure, the system as a whole, and communication with the smartphone
displaying the user interface.

Aceumdstr |—wl  Conbl sl fs—l—e  Smarphone

Functional scheme of WAK

The dialysate solution is regenerated by combining the sorption method and electrolysis. FAS is used as a
sorbent; two sorption columns are used in the circuit, each of which contains 35 g of sorbent. The electrolyzer
includes 24 titanium electrodes with platinum coating with a total area of 1200 c¢m?.

Results. Medical and biological tests of WAK were performed on the animal model. Tests on a healthy an-
imal showed that the apparatus does not have a pathological effect on the biochemical parameters of blood,
which makes it possible to eliminate metabolites from the solution for peritoneal dialysis. During the tests on
the animal with acute renal failure, the following parameters of dialysate purification were achieved: the mass
rate of urea removal of from the consumed solution for peritoneal dialysis was 0.15 g/h, creatinine and uric
acid — 0.3 mg/h.

Discussion. Despite the good test results, need for additional studies should be noted. In particular, it is
necessary to conduct additional in-depth studies of the electrolysis of the consumed dialysate solution, to con-
tinue the search for materials for the preparation of electrodes for precious metals replacement, and to continue
research of the possibilities of greater pH stabilization and ionic composition of the solution for peritoneal
dialysis.

This work was partly financed by the Ministry of Education and Science of the Russian Federation (project
ID RFMEFI57917X0152, Contract Ne 14.579.21.0152, 26.09.2017).
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ELECTRICAL STIMULATION OF GROWTH OF HUMAN CONNECTIVE TISSUE CELLS
ON LAYERS OF COMPOSITE BIOCOMPATIBLE NANOMATERIAL

Privalova P.Yu., Gerasimenko A.Yu.
National Research University of Electronic Technology, Moscow, Russia
privalova polina@rambler.ru

The aim of the work is to research the effect of electrical stimulation on the growth of cells of human con-
nective tissue on layers of a composite biocompatible nanomaterial (CBN).

The main components of CBN were single-walled carbon nanotubes (SWCNTs), bovine serum albumin
(BSA) and distilled water. The formation of layers of CBN was carried out by evaporation of the liquid compo-
nent from the aqueous dispersion of SWCNTs and BSA under the action of laser radiation in the near infrared
region of the spectrum.

The main elements of the developed installation for electrical stimulation were a culture plate, silver U-shaped
electrodes and a power unit. The architecture of the installation was constructed in such a way that:

e  Silver electrodes were in contact with the layers of CBN.

e  An electric field was formed between two differently polarized silver contacts.

e The electrical signal passed directly through the layers of CBN on the surface of which the cells are
adhered.

The time of the experiment was divided into two time intervals: the first 24 h the initial incubation period
without the electric signal, the next 5 h the time of continuous electrical stimulation. The voltage between the
electrodes was 0,1 V.

The developed technique of electrical stimulation of cell growth on the layers of CBN made it possible to
improve the adhesion of cells to the layers of CBN, to increase proliferative cellular activity.

HIGH-SPEED VISUALIZATION IN AXTAL FLOW VENTRICULAR ASSIST DEVICE
WITH MISROSHPERES

Kudinov F.A.
Biomedical Engineering, National Research University of Electronic Technology, Moscow, Russia
kudinov.fed@gmail.com

Introduction. Investigation of fluid flow in the systems of auxiliary blood circulation allows to detect potentially
dangerous zones such as areas with high risk of thrombus formation inside the pump and determine the flow charac-
teristics for a given mode of operation. One of the progressive methods for estimating fluid flow is the method which
based on tracer visualization of flow by adding to the investigation liquid different particles which can luminesce at
a certain wavelength.

Aim of study. To get a picture of velocities distribution and construct various histograms of the main parameters
such as speed and vectors of luminescent particles and choose the best one luminescent particles with right liquids.

Materials and methods. Different algorithms for particle image visualization in the programming environment
MATLAB, luminescent microspheres with diameters 5, 20 and 50 pm which correspond to the uniform elements of
the blood: erythrocytes, platelets and monocytes, different liquids for this research, high-speed camera for detection
and registration particles in liquid.

Results. The best one algorithm for MATLAB is fast Fourier transform because of more analyzed data. In the one
hand, researching liquid must be similar to human blood, in the other hand this liquid must be fully transparent for
better registration by high-speed camera. The best one liquid for investigation is glycerol solution with alcohol inas-
much as its density which can be compared to density of human blood and distribution of particles occurs throughout
the volume.

Conclusions. This research can help people to find areas in ventricular assist devices which can be predisposed
to the appearance of thrombus. Results of this research can provide how to change construction of this devices to
prevent this problem which appears because of movement of the pump blades.
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INVESTIGATION OF THE ELECTROMAGNETIC INTERACTION
OF THE STATOR AND THE ROTOR IN THE DEVICE OF MECHANICAL REPLACEMENT
OF THE HEART FUNCTION

Pskhu T.!
!National Research University of Electronic Technology, Moscow, Russia

pshu_timur@mail.ru

Introduction. Due to the high rate of heart disease and a shortage of donor hearts, every year the need for
more reliable and durable mechanical replacement of the heart grows. Despite the fact that the donor heart
transplant is the “gold standard” in the treatment of chronic heart failure, every year the demand for blood
circulation support devices (CSP) only increases.

Modern trends in the development of CSP put before the engineers the task of increasing the efficiency,
reliability and durability of implantable devices. To achieve the best performance in the design of modern
CSP as a working part used electrical machines. The principle of their work is based on the technology
of brushless DC motors. The efficiency of these types of motors is determined by such parameters as the
number of slots in the stator, the size of the air gap between the rotor and the stator, the maximum value
of current and voltage.

Aim of study. The aim of the work is to increase the efficiency and optimize the electric motor used in
the apparatus of the auxiliary blood circulation “Sputnik”. The chosen goal has a high practical value, be-
cause as a result of optimization, it is possible to increase the efficiency of the engine, which will favorably
affect a number of parameters, such as, for example, energy consumption and weight.

Result. As a result of the work, the selected electric motor was optimized. The dependence of the output
parameters on the geometry of the stator and rotor was determined, the number of windings and the method
of winding them. Simulation was performed as a result of which the values of the efficiency of each cal-
culation model were obtained.
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MECHANICAL TRAUMA OF BLOOD COMPONENTS IN THE PEDIATRIC
VAD OF THE AXIAL TYPE

Frolova E.A., Telyshev D.V.
National Research University of Electronic Technology, Moscow, Russia
ekaterina frolova 94@bk.ru

Background. The ventricular assist device (VAD) is designed to maintain the circulatory system until the
moment of donor heart transplantation. There are cases when implantation of VAD leads to restoration of
heart functions. Despite the effectiveness, there are side effects associated with damage to blood components,
for example hemolysis. These complications are associated with shear stress (SS) and exposure time (ET).

Aim. Investigation of numerical modeling of the flow of blood through the VAD. Using the program of
computational fluid dynamics ANSYS 16.2 Inc., it is necessary to analyze the results of the main mechanical
parameters of hemolysis and calculate the hemolysis index (HI).

Methods. Internal elements of the VAD: static straightener at the input; impeller with internal magnet;
stationary diffuser at the output. The design mesh of the model is divided into three zones connected through
interface zones. The flow under the given conditions corresponds to the regime of turbulent flow. Blood is
accepted as a Newtonian fluid with constant parameters: viscosity — 0,0045 (Paes); density — 1 057 (kg/m?).
The boundary conditions are determined with respect to the physiology of the patients: the inlet pressure is 0
Pa, the excess static pressure is output, while the blood flow is calculated.

Results. In the simulation of the blood flow in a stationary setting, H-Q curves of the VAD were obtained
for the impeller rotation speed range. According to the H-Q curves graph, the working point of the VAD is
determined: the impeller rotation speed is 13 000 rpm; head pressure - 80 mm Hg; the mass flow rate is 2,5
I/min. It is established that the SS decreases linearly on all surfaces of the VAD elements with an increase
in pressure, but the regions of the blades of the straightener and the diffuser remain critical. The maximum
values of SS are observed on the impeller blades, which can cause damage to RBC up to the rupture of the
membrane and the release of hemoglobin into the blood plasma. It was found that a significant volume of
blood is damaged by von Willebrand factor (9 Pa). A slightly lower proportion of damage, corresponding to
the platelet activation (50 Pa) and the potential level of hemolysis (150 Pa). The flow field inside the VAD
is also modeled. It was found that with increasing head pressure the flow velocity decreases, hence, the ET
increases. After obtaining the values of SS and ET, HI is calculated. It was found that with increasing values
of SS and ET, the probability of hemolysis increases.

Conclusion. The range of HI values was 0 to 14 %, the average HI value was 4 %, the standard deviation
was 3 %. As expected, the HI increased nonlinearly. The study showed the dependence of HI on SS and ET.
Visualization of the blood flow through the VAD revealed problem zones in the pump design: vortex zones in
the region of the rectifying apparatus, stagnant in the impeller region. The obtained values of flow character-
istics allowed to study erythrocyte damage and formation of thrombi, and also to obtain HI values.
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RESEARCH OF THE PROBLEM OF HEAT GENERATION AND RECORDING
OF BLOOD CLOTS IN THE ROTARY PUMP OF BLOOD

Porfiryeva O.0.

Key words: HEART FAILURE, LEFT VENTRICULAR ASSIST DEVICE, THROMBUS FORMATION, TEM-
PERATURE DISTRIBUTION.

Work objective—to research of the problem of heat generation and recording of blood clots in the rotary pump
of blood.

An increase in the number of patients with heart failure (HF) and limitation of donor hearts led to the spread of
left ventricular assist devices (LVADs). The application of these pumps has a positive dynamics of survival, im-
provement of functionality and quality of life. However, there are unpredictable consequences: infections, bleed-
ing and thrombus. One of the limitations of LVADs is the risk of blood clots, the probability of formation of which
depends on the heat generation in the pump.

Identification of the pattern of heat generation in axial LVADs has been studied by realization experiments at
the mock circulatory loop. Rotary LVAD Sputnik was used to perform the experiments. The mock consisted of a
hydraulic circuit, a control unit and devices for fixing the temperature. During the experiments the pump housing
was placed inside a viscoelastic Ecoflex silicone with a volume of 1400 cm?, which limited the spread of heat to
the environment during the tests. A different working liquid was used: distilled water (0.85 cP at 23 ° C), a water
solution of glycerol with a blood viscosity (3 cP at 23 © C), a water solution of glycerol with a twice viscosity of
blood (6 cP at 23 ° C). The reference speed of the pump was set at 5000, 7000 or 9000 rpm. The hydraulic fluid
flow rate was 6.15 L. The experiment was conducted for 90 minutes with a fixed temperature every 2 minutes.

The experiments were carried out at room temperature and with heating of the working fluid to 37 ° C. A throm-
bus with a volume of 1 cm?, located directly on the diffusing or on straightening, was made of silicone The graphs
of the temperature variation in the stator and output regions are obtained for different system configurations. Ther-
mal cards of the surface of the heart pump were obtained using an infrared thermal imager. Plots of temperature
distribution along the pump axis, processed in the TNT Link software, are constructed.

Graphs of temperature distribution depending on the temperature of the working fluid have a similar structure,
which allows to determine the presence or absence of thrombus formation, as well as its location. The value of the
power consumption corresponds to a certain viscosity of the working fluid. This feature allows you to determine
the viscosity of the patient’s blood without special sensors.

Application area - software development for LVAD.

ARTIFICTAL MUSCLES: POSSIBILITY OF APPLICATION IN MEDICAL PRACTICE

Ichkitidze L.P."%, Selishchev S.V.!, Gerasimenko A.Yu.!?, Demidenko N.A.!
!National Research University of Electronic Technology, Moscow, 124498 Russian Federation
’[.M. Sechenov First Moscow State Medical University, Moscow, Russian Federation
ichkitidze@bms.zone, leo852@inbox.ru

From the analysis of the results obtained by us and other authors we can draw the following conclusions:

e artificial muscles (AM) based on the laws of the dynamics of gases and liquids develop the highest values of
specific power (P> 4kW/kg) and are suitable for robotics, as well as for external prosthetics of humans limbs;

e AM from ionic electroactive polymers (EAP) give the following indicators: power (P~ 1.0 kW/kg), energy
(E ~ 530 J/kg) and efficiency (CE < 20 %) at the level of human muscle tissue (P_~ 0.33 kW/kg, E_~ 39 J/kg,
CE ~ 20);

e AM based on the laws of conversion of electrical energy into mechanical (nylon-new and polyethylene fibers,
nio-fiber nanofibres, materials for shape memory effects have operating temperatures > 60 °C and, undoubt-
edly, their use as a medical invasive implant is unacceptable;

e carbon nanotubes (CNT) or layers of them in the electrolyte due to chemical reaction deform and generate a
mechanical movement similar to what happens in muscles of mammals.

Thus, active research and development, especially in the field of improving the characteristics of drives based on
ionic EAP and composite nanomaterials in the composition of CNT, will make it possible to create invasive muscle
for medical invasive purposes. The solution of this question is claimed by the modern state of medicine and especially
in the treatment of heart diseases.
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MAGNETIC PARTICLES IN BIOLOGICAL OBJECTS AND OPPORTUNITIES
FOR THEIR REGISTRATION
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At present, magnetic particles (MPs) and their systems are being actively investigated for their application in bio-
logical research and medical practice. Usually MPs are spheres of iron oxides (magnetite or hematite), the surfaces of
which are coated with different substances. Often they are used to isolate DNA and RNA from biological materials.
Also, a new non-invasive method is developing dynamically with the use of MPs. The so-called magnetic partial
imaging.

The possibility of noninvasive detection of magnetic particles in biological objects has been investigated. It has
been found that magnetic particles, including magnetite, hematite, and catalytic iron particles in carbon nanotubes,
can be detected by high-sensitivity magnetic field sensors (MFS) with resolutions of 108-10"1° T.

It was established that MPs with a specific magnetization of 50 A-m?%kg, concentration 10'> m= and an average
diameter of 50 nm can be detected by SQUIDs or combined MFS at distances of <0.1 m. Here SQUID is Supercon-
ducting Quantum Interference Devices and combined MFS consists of a superconducting magnetic flux concentrator
and a magnetosensitive element based on a structure of spintronics.

It was mentioned that superparamagnetic iron particles and carbon nanotubes containing catalytic iron particles
can only be detected by SQUIDs or nanostructured combined MFS with their resolution of about 101 T.

Thus, the high-sensitivity magnetic field sensors with a resolution of < 10" T make it possible to detect magnet-
ic particles in biological objects and can be used for noninvasive control of organs, implants, prostheses, and other
elements in biological objects.
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PERSONALIZED MEDICINE

APPLICATION OF BAYESIAN NETWORKS FOR PREDICTING THE CHRONIC HEPATITIS C
DEVELOPMENT

Sulimov A.V."%, Samokhodskaia L.M.!, Starostina E.E.!, Krasnova T.N.!, Savkin I.A.!2, Sulimov V.B.!?
I Lomonosov Moscow State University, Moscow, Russian Federation
2 Dimonta, Ltd., Moscow, Russian Federation

sulimovv(@mail.ru

There are 130-170 million people infected with hepatitis C in the world, and annually re-infected 3 — 4 million
people. The development of the chronic form of the infection and the disease outcome are subject to considerable
individual differences. We have developed probabilistic forecasting models based on Bayesian networks for individual
prognosis of the disease. In these studies, we used the database containing 253 patients with chronic hepatitis C and
the liver cirrhosis which were observed during 5 years. There are about 40 clinical and genetic parameters for each
patient. Bayesian networks with naive topology are used for forecasting of the end point state. The Bayesian networks
optimization with respect to the number of nodes is performed to increase the reliability of the forecasting and to
decrease the number of prognostic parameters. The area under the ROC-curve (AUC) is the target function in this
optimization.

It is shown that reliability of the forecast (the AUC value) is increased in the course of the optimization up to
0.90 and the number of Bayesian networks nodes (prognostic parameters) determining the probability of prediction
of patient states decreases after the optimization from 40 to 14. The risk histograms are plotted. These histograms
connect the conditional probability of the patient prognosis with a priory probability of prediction for a certain patient
risk group. The reliability of predictions is tested at the control patients group. The work was financially supported
by the Russian Science Foundation, Agreement no. 14-50-00029.

COMPUTATIONAL MODELING OF HEMODYNAMICS IN INTRACRANIAL ANEURYSM:
IMPORTANCE OF BOUNDARY CONDITIONS

Fuyou Liang

School of Naval Architecture, Ocean and Civil Engineering, Shanghai Jiao Tong University,
Shanghai 200240, China

fuyouliang@sjtu.edu.cn

Intracranial aneurysm (IA) is a common vascular disease. In recent years, computational hemodynamic
methods were increasingly being applied to provide biomechanical information for assessing the risk of an-
eurysm rupture or optimizing clinical treatments. Given that high-fidelity geometrical models of IAs can be
readily reconstructed from medical images, the prescription of boundary conditions (BCs) becomes a key factor
determining the reliability of hemodynamic computation. In this talk, we compared intra-aneurysmal hemo-
dynamic parameters predicted by models whose BCs were prescribed in different ways. Results showed that
three-dimensional (3-D) modeling of the entire cerebral arterial network provided the most reliable repre-
sentation of the inflow/outflow conditions of a local aneurysm model. Applying flow waves predicted by a
reduced-order model of the cerebral arterial network to prescribe the outflow BCs of a local aneurysm model
brought some improvements over traditional free outflow BC, but did not guarantee a complete reproduction
of the results obtained by the global 3-D model. Moreover, we examined how flow waveform variations during
normal aging affect blood flow patterns in [As. Obtained results revealed that aging-associated flow waveform
variations had a tendency of elevating oscillatory shear index at the aneurysm wall, but induced little changes
in time-averaged wall shear stress. Finally, the hemodynamic impacts of the dynamic motion of aneurysm wall
were investigated by integrating wall motion parameters derived from 4D-CTA into hemodynamic models. It
was found that incorporating wall motion did not alter the major features of intra-aneurysmal hemodynamics,
although moderate hemodynamic changes were observed in some local regions.
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EFFECTS OF CYP2D6 GENETIC POLYMORPHISMS ON THE EFFICACY AND SAFETY OF FLUVOXAMINE
IN PATIENTS WITH DEPRESSIVE DISORDER AND COMORBID ALCOHOL USE DISORDER
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Background: Fluvoxamine therapy is often ineffective and some patients suffer from dose-dependent adverse
drug reactions, reducing the efficacy of the therapy of depressive disorder comorbid with alcohol use disorder. The
presence of some polymorphic markers of CYP2D6 increases the amount of isoenzyme to be expressed or enhances
its activity, and some polymorphisms reduce the isoenzyme activity resulting in the changes biotransformation and
elimination rates of medication.

Objective: To investigate the effects of CYP2D6 genetic polymorphisms on the efficacy and safety of fluvoxamine
in patients with depressive disorder and comorbid alcohol use disorder.

Methods: The study involved 45 male patients (average age: 36.44+9.96 years) with depressive disorder and
comorbid alcohol use disorder. A series of psychometric scales were used in the research. Genotyping of CYP2D6
(1846G>A) was performed using real-time polymerase chain reaction.

Results: According to results of U-test Mann-Whitney, statistically significant differences between the efficacy
and safety of fluvoxamine were obtained on 9" and 16™ days of therapy in patients with GG and GA genotypes (The
Hamilton Rating Scale for Depression: 10.0 [10.0; 23.0] vs 25.0 [24.0; 16.0] (P<0.001) on 9" day and 4.0 [2.0; 5.0]
vs 6.0 [6.0; 7.0] on 16" day; Udvald for Kliniske Undersogelser Side Effect Rating Scale: 6.0 [4.0; 6.0] vs 9.0 [9.0;
10.0] (P<0.001) on 9" day and 5.0 [1.0; 9.0] vs 19.0 [18.0; 22.0] on 16" day.

Conclusion: This study demonstrated the lower efficacy and safety of fluvoxamine in patients with depressive
disorder and comorbid alcohol use disorders with GA genotype in CYP2D6 1846G>A polymorphic marker.

Keywords: pharmacogenetics, SSRIs, fluvoxamine, biotransformation, personalized medicine, CYP2D6, depres-
sive disorders, alcohol addiction.
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INDUCTION OF MYOGENIC DIFFERENTIATION IN SPHEROIDS FROM ORAL MUCOSA DERIVED
MESENCHYMAL STROMAL CELLS

Pulin A.A., Kosheleva N.V., Gorkun A.A., Zurina I.M., Eremin L.I., Korsakov I.N., Repin V.S., Saburina I.N.
Federal State Budgetary Scientific Institution “Institute of General Pathology and Pathophysiology”
8, Baltiyskaya Str., Moscow, Russia, 125315
andreypulin@gmail.com

Three-dimensional cell cultures (3D cultures) are more stable and demonstrate a longer lifespan than 2D cell cul-
tures. 3D cultures can be maintained in culture for a long time - more than a month, unlike monolayer cultures, which
quickly reach high confluence and require permanent replating. Therefore, 3D cultures are used in long-term studies,
for example, when studying the delayed effects of drugs [1]. Currently, cellular spheroids are most widely used model
of 3D cultures ex vivo. Spheroids are self-organizing spherical clusters of cells that can be obtained from one or several
types of cells. During the formation of spheroids from the suspension of single cells, not only intercellular contacts are
formed, but also contacts with the newly synthesized extracellular matrix, resulting in a organized structure which is
close to the tissues in vivo [2]. Many cell types have a natural tendency to aggregate. Due to aggregation cells in spher-
oids can restore intercellular contacts and create a microenvironment that supports their native phenotype.

When cultured under non-adherent conditions, cells form a sphere, synthesize the extracellular matrix and stop
proliferation. Extracellular matrix helps the cells to move within the spheroid, like the movement of cells in the living
tissue. Spheroids, therefore, are an adequate model of cell migration, differentiation, survival and growth in vivo.

In our previous studies the possibility of myogenic differentiation of oral alveolar mucosa derived multipotent
mesenchymal stromal cells (AMC) was demonstrated for the first time at both early and late passages [3].

In accordance with developed earlier protocols for the production of spheroids from human somatic cells [4, 5], opti-
mum conditions and terms of cultivation were obtained to create spheroids from the AMC and from the attached gingiva
stromal cells (AGC) taken as control. The terms of 3D cultivation varied from 1 to 10 days, the optimal time for the
formation of spheroids with given properties was 5-7 days. Spheroids were successfully formed in 3D cultures of both
AMC and AGC. Different cell concentrations for production of spheroids were tested (0,5-5%10° cells/ml). Loose and
non-compact spheroids were formed when concentrations of cells were less than 1x10° cells/ml. Concentration greater
than 4x10° cells/ml led to the formation of highly compact spheroids with signs of necrotic changes in the central region,
probably due to a lack of nutrient diffusion. Therefore, to obtain spheroids from AMC with subsequent differentiation
in the myogenic direction, the optimal cells concentration was 2-3x10° cells/ml. The optimal time for the formation of
compact spheroids was 5-7 days. Until the fifth day the spheroids were loose, did not have time to undergo compaction.
After 5-7 days of cultivation in 3D culture, the degree of compactization of the formed spheroids and their structure re-
mained practically unchanged. Therefore, 5-7 days in 3D culture were chosen as the minimum acceptable time interval
for obtaining compact spheroids from cells of different anatomical regions of the oral mucosa (AMC and AGC).

For induction of myogenic differentiation, a differentiation medium was used: DMEM low glucose + 2% Horse
Serum (Biolnd). Spheroids from the AGS neither spontaneously nor under induction did not differentiate in the myo-
genic direction and served, as in the case of monolayer cultures, negative control. The spheroids from AMC success-
fully differentiated in the myogenic direction with the formation of myotubes. In the differentiated AMC spheroids
there were no early progenitor cells, MyoD was not synthesized. Moreover not only myotube-like structures were
present in AMC spheroids, but more differentiated well-formed myofibers with specific nuclei location at the periph-
ery and the transverse striations, detected by antibodies against sarcomeric alfa-actin.

Thus, the possibility of 3D cultivation of stromal cells of the oral mucosa is shown. It was found that the main
difference of this method of cultivation from a monolayer culture is the greater efficiency of myogenic differentiation
with the fusion of myotubes into myofibrils.

Our results indicate that AMC cultured in spheroids and differentiated in myogenic direction are perspective can-
didates for bioprinting and clinical usage in patients with muscle disorders.

The study was funded by Russian Science Foundation (project # 17-75-30066).
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OPTICAL COHERENCE TOMOGRAPHY OF MALIGNANT BRAIN TUMORS:
PERSPECTIVES FOR INTRAOPERATIVE DIAGNOSIS

Dolganova L.N.'*3, Aleksandrova P.V. 3, Malakhov K.M.3, Beshplav S.T.%, Schcedrina M.A.%, Kosyrkova A.V.4,
Lapshin E.A.3, Reshetov 1.V.2, Zaytsev K.I.2*5

!Institute of Solid State Physics of RAS (Chernogolovka, Russia)
’Sechenov First Moscow State Medical University (Moscow, Russia)
’Bauman Moscow State technical University (Moscow, Russia)
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We demonstrate experimental study iz vitro of brain malignant tissues by means of optical coherence tomography
(OCT). Applying image processing and statistical analysis, we studied differences between OCT signals for intact
and malignant glioma tissues of various grades. All the examined samples were excised according to the initial med-
ical diagnosis. They were explored no later than 4 h after its resection. We used gelatin films for covering samples in
order to fix them, prevent hydration/dehydration, and sustain structure and composition. We suggested using signal
slope as a characterized feature for our analysis. Moreover, to mitigate scattering noise and retain signal artifacts, we
applied signal de-noising algorithm based on wavelet analysis. Our pilot experimental results demonstrate perspec-
tives for using OCT technique for differentiation of brain tissues and types of malignant tissues, including intraoper-
ative diagnosis.

PERSONALIZATION OF DRUG WHICH HAS NOT BEEN INVESTIGATED IN THIS WAY YET:
IN SILICO, IN VITRO AND CLINICAL PHARMACOGENETIC STUDIES OF PHENAZEPAM

Ivashchenko D.V.!, Grishina E.A.!, Rudik A.V.2, Poloznikov A.A.%, Nikulin S.V.%, Tonevitsky A.G.,
Smirnov V.V.*5, Savchenko L.M.!, Bryun E.A."%, Sychev D.A.!

! Russian Medical Academy of Continuous Professional Education, Moscow, Russia
2 Institute of Biomedical Chemistry
?SRC “Bioclinicum”
* National Research Center Institute of Immunology Federal Medical-Biological Agency of Russia
> .M. Sechenov First Moscow State Medical University

8 Moscow Research Practical Center of Narcology

AIM. To estabilish pathways of phenazepam’s liver metabolism. To determine associations of adverse drug
reactions to Phenazepam with polymorphisms of CYP3AS, CYP2C9, CYP2C19, CYP2D6 and ABCBI.

MATERIALS AND METHODS. Metabolic pathways of phenazepam were investigated by in silico (PASS,
GUSAR software) and in vitro (cell cultures) studies. 102 male patients with non-comlicated alcohol withdrawal
syndrome (F 10.3 by ICD-10) were involved into the study in 24 hours after their admission to hospital and were
prescribed Phenazepam for 6 days. 5 ml of venous blood was collected from each participant for genotyping
to detect CYP3A5*3, CYP2C9*2, CYP2C9*3, CYP2C19*2, CYP2C19*3, CYP2C19*17, CYP2D6*4, ABCB1
3435C>T polymorphisms by real-time polymerase chain reaction. CYP3A isoenzyme activity was measured by
cortisol/6-beta-hydroxycortisol urine test.

RESULTS. According to in silico and in vitro analysis results, the most probable metabolizer of phenazepam
was CYP3A4. By the in vivo study results, CYP3A activity decreased sufficiently (from 3.8 (95%CI - 2.94-4.65)
t0 2.79 (95%CI - 2.02-3.55), p=0.017) between start and finish of treatment in patients which were prescribed just
phenazepam.

Polymorphisms CYP3A5*3, CYP2C9*3, CYP2C19*2 and ABCBI1 3435C>T were significantly associated
with several adverse reactions.

CONCLUSION. Experimental in silico and in vivo studies confirmed that Russian original benzodiazepine
phenazepam was the substrate of CYP3A4 isoenzyme. Results determined leading role of CYP3A5*3, CYP2C9*3,
ABCBI 3435C>T polymorphisms as biomarkers of phenazepam’s safety in patients with alcohol withdrawal
syndrome.
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Introductions. Benzodiazepines are used in the therapy of anxiety disorder and comorbid alcohol depen-
dence. Benzodiazepines have a sedative, anxiolytic and anticonvulsant effect. These effects are due to the in-
teraction of drugs with GABA-receptors. In order to avoid cross-tolerance with alcohol, it is recommended to
appoint benzodiazepines in doses exceeding the average therapeutic. In this regard, Phenazepam therapy may
lead to an adverse drug reaction.

Glycoprotein P - is an ATP-phase pump, localized on cytoplasmic membranes of various cells and carrying
out release into the extracellular space of various xenobiotics, including more than 80% of drugs. Glycopro-
tein-P is coded by the ABCB1 gene, which has a high degree of polymorphism, which affects the degree of
glycoprotein-P activity and, as a consequence, the release rate of drug substrates from the body. This can affect
the patient’s individual response to drugs, change the profile of effectiveness and safety.

The aim of our study was study the effect of the polymorphism of the ABCB1 gene on the efficacy and safety
index of bromodihydrochlorphenylbenzodiazepine (Phenazepam) for patients with anxiety disorder and comor-
bid alcohol use disorder.

Materials and methods. The study was conducted on 58 patients suffering anxiety disorder and comorbid
alcohol dependence.

Efficiency and safety assessment was carried out using psychometric scales and scale of adverse drug reac-
tion (ADR): 1. Scale VAS. 2. Scale HADS. 3. Hamilton Anxiety Rating Scale (HARS). 4. The Zung Self-rating
Anxiety Scale (ZARS). 5. UKU Side-Effect Rating Scale (UKU).

Patients were tested the day before the start of therapy, including phenazepam, and after 5 days of therapy.
Genotyping ABCB1 gene was carried out by the method of polymer chain reaction in real time with allelespe-
cific hybridization. For determination of differences between statistical data of patients without polymorphism
3435C°T of a gene of ABCB1 and with its existence used the Kruskal — Wallis test.

Results. On the scale VAS on the first day of therapy were calculated: 44,0£9,9 (CC), 44,8+11,0 (CT),
50,2+9,6 (TT), p=0,19. And also on the 5" day: 6,07+2,7 (CC), 6,7+2,3 (CT), 6,0+2,8 (TT), p=0,56. On the scale
HADS on the first day of therapy the scores were calculated: 25,5+4,4 (CC), 27,3+£3,4 (CT), 27,58+3,6 (TT),
p=0,22. And also on the 5" day: 3,6+22 (CC), 4,9+1,3 (CT), 4,0+1,39 (TT), p=0,11. On the scale UKU on the
first day of therapy the scores were calculated: 1,28+0,46 (CC), 1,3+0,48 (CT), 1,17+£0,39 (TT), p=0,53. And
also on the 5" day: 8,7+0,6 (CC), 8,5+0,5 (CT), 8,5+0,5 (TT), p=0,59.

Conclusions. Based on the results of the study, there were no statistically significant differences in the effica-
cy and safety of bromodihydrochlorphenylbenzodiazepine (Phenazepam) in patients with anxiety disorder and
comorbid alcohol dependence. Thus, it has been shown that the polymorphism of the ABCB1 gene can not in-
fluence the safety and effectiveness indices of Phenazepam therapy. Probably there is no statistical significance
due to insufficient research volume. It is necessary to continue research to solve this problem.
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THE INFLUENCE OF THE POLYMORPHISM ABCB1 GENE ON THE EFFICACY AND SAFETY
OF MIRTAZAPINE IN PATIENTS WITH ALCOHOL DEPENDENCE
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Sorokin A.S.!, Savchenko L. M.2, Brun E. A.'%, Sychev D.A.?
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Introductions. Mirtazapine is used in the treatment of patients with alcohol dependence who are in a state of
exacerbation of the pathological desire by the affective type. Glycoprotein P - is an ATP-phase pump, localized
on cytoplasmic membranes of various cells and carrying out release into the extracellular space of various
xenobiotics, including more than 80% of drugs. Glycoprotein-P is coded by the ABCBI1 gene, which has a
high degree of polymorphism, which affects the degree of glycoprotein-P activity and, as a consequence, the
release rate of drug substrates from the body. This can affect the patient’s individual response to drugs, change
the profile of effectiveness and safety.

The aim of our study was study the effect of the polymorphism of the ABCB1 gene on the efficacy and
safety index of mirtazapine in patients with alcohol dependence.

Materials and methods. The study was conducted on 58 patients with alcohol dependence. Efficiency and
safety assessment was carried out using psychometric scales and scale of adverse drug reaction (ADR): 1.
Scale VAS. 2. Scale PACS. 3.UKU Side-Effect Rating Scale (UKU). Patients were tested the day before the
start of therapy, including mirtazapine , and after 16 days of therapy. Genotyping ABCB1 gene was carried out
by the method of polymer chain reaction in real time with all elespecific hybridization. For determination of
differences between statistical data of patients without polymorphism 3435C°T of a gene of ABCB1 and with
its existence used the Kruskal — Wallis test.

Results. On the scale VAS on the first day of therapy were calculated: 41,0+11,2 (CC), 47,7+11,5 (CT),
51,248,9 (TT), p=0,18. And also on the 16™ day: 6,08+2,5 (CC), 6,3+£1,9 (CT), 5,9+2,3 (TT), p=0,56. On the
scale PACS on the first day of therapy the scores were calculated: 8,31+1,55 (CC), 8.27+1,27(CT), 7,92+1,7
(TT), p=0,22. And also on the 16" day: 1,6+2,2 (CC), 2,3+1,3 (CT), 1,8+1,39 (TT), p=0,11. On the scale UKU
on the first day of therapy the scores were calculated: 1,22+0,43 (CC), 1,3+£0,46 (CT), 1,16+0,36 (TT), p=0,53.
And also on the 16" day: 8,5+0,6 (CC), 8,3+0,5 (CT), 8,6+0,6 (TT), p=0,59.

Conclusions. Based on the results of the study, there were no statistically significant differences in the
efficacy and safety of mirtazapine in patients with alcohol dependence. Thus, it has been shown that the poly-
morphism of the ABCB1 gene can not influence the safety and effectiveness indices of mirtazapine therapy.
Probably there is no statistical significance due to insufficient research volume. It is necessary to continue
research to solve this problem.
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We developed a method allowing noninvasive assessment of fractional flow reserve (FFR_. ) by a one-
dimensional mathematical model construction.

Aim: For the first time in Russia, to apply the developed method of FFR ., in a patient with severe coronary
artery calcification.

Methods: A 76-year-old male patient with Canadian Cardiovascular Society class III angina underwent coronary
CT angiography performed on a 640-slice CT scanner Toshiba Aquilion ONE. CT revealed pronounced coronary
calcification, Agatston score — 1256, which made it impossible to assess stenotic lesions at the CT laboratory level.
CT images were processed by our working group with further FFR . assessment. The patient was admitted to the
cardiac surgery department for the invasive assessment of FFR as a reference standard. Stenoses were considered
functionally significant for FFR/FFR .. <80. Examination revealed functionally significant stenosis of the left
anterior descending artery (LAD), so the patient underwent percutaneous coronary intervention with drug-eluting
stent «Synergy» 4.0x20 mm.

Results: FFR . was assessed for two stenoses by means of mathematical modeling. Stenosis of the middle
segment of the LAD — up to 90%: FFR . — 0.31; stenosis of the proximal segment of the right coronary artery
(RCA) —up to 60%: FFR .. — 0.80. According to the invasive FFR assessment: stenosis of the middle segment of
the LAD —up to 90%, FFR — 0.42; stenosis of the proximal segment of the RCA — up to 60%: FFR — 0.83.

Conclusion: The developed technique can reproduce invasive FFR measurements in patients with high
calcification index with sufficient precision, which significantly improves the diagnostic value of CCTA.
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CHONDROGENIC POTENTIAL OF MESENCHYMAL STROMAL CELLS FROM VARIOUS SOURCES
AND THEIR APPLICABILITY FOR ARTICULAR REGENERATION UTILIZING SCAFFOLD-FREE
TISSUE ENGINEERING TECHNIQUES
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Cartilage tissue engineering remains a challenging problem. Optimal protocols for treating or replacing damaged
articular joints are yet to be developed. Limitations include: the need to culture cells quickly in large amounts and to
organise and shape cells. Our aim was to evaluate the chondrogenic potential of three mesenchymal stem cell (MSC)
cultures within various scaffold-free tissue engineered constructs.

MSCs from dental pulp, Wharton’s jelly of umbilical cord and adipose tissue were initially expanded in 2D cul-
tures. Cells were then subjected to chondrogenic differentiation in 3D cultures formed by pellet culture and spheroid
culture methods.

Pellets were prepared by centrifuging cells in conical bottom 96-well plates (250,000 cells per well). Spherical
aggregates were formed in 96-well ultra-low attachment plates (8,000 cells per well). Primary human chondrocytes
served as positive controls.

The three MSCs types showed the ability to form spheroids and pellets. Chondrogenesis was evaluated by the
presence of glycosaminoglycan-rich extracellular matrix (ECM) and cartilage-specific markers including aggrecan
and collagen II. Cell proliferation was measured by lactate dehydrogenase activity. Spheroid fusion assay was per-
formed to assess the viability and motility of cells after prolonged 3D culture.

The data obtained suggest that both the pulp of deciduous teeth the Wharton’s jelly are efficient and easy acces-
sible sources of chondrogenic progenitors. Commonly used 3D culture techniques allow cells to differentiate into
functional ECM-producing chondrocytes. Combination of various 3D culture approaches provides great adaptability
of cartilage bioprinting techology.

This work was supported by the Russian Foundation for Basic Research (grant Nel16-29-07322).
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ELECTROPHYSIOLOGICAL ASSESSMENT OF HUMAN INDUCED PLURIPOTENT STEM
CELLDERIVED SEROTONERGIC NEURON MODEL

Svirin E.'%, Kollert S.'2, Jansch C.!, Wischmeyer E.!, Strekalova T.!23, Lesch K.-P.!:%3
Division of Molecular Psychiatry, Center of Mental Health, University of Wiirzburg, Germany
’Laboratory of Psychiatric Neurobiology, Institute of Molecular Medicine, Sechenov University, Moscow, Russia

SDepartment of Translational Psychiatry, School for Mental Health and Neuroscience (MHeNS), Maastricht Uni-
versity, Maastricht, the Netherlands

svirin.ep@ 1 msmu.ru

The serotonergic system of the brain plays a crucial role in regulating brain functions and has been implicated in
various psychiatric disorders, including ADHD and other neurodevelopmental disorders. Thus, studying the role of
risk genes in functional properties of human serotonergic neurons is of fundamental importance for understanding
their pathogenesis. However, human serotonergic neurons are not readily available for in vitro studies. Here, we elec-
trophysiologically assessed previously established in vitro serotonergic neuron model derived from human induced
pluripotent stem cells (hiPSC). This model can be useful for evaluation of the impact of risk genes in a patient-spe-
cific manner.

Serotonergic neurons were differentiated from a hiPS cell line. Whole-cell patch clamp recordings were performed
weekly within 5 weeks and typical electrophysiological properties of the serotonergic neurons were determined, e.g.,
half-high width (HHW) > 1.2 ms, firing rate < 12 Hz and absent/low after-hyperpolarisation.

We recorded repetitive firing elicited by current injections, as well as spontaneous firing in neurons over the whole
measurement period. Starting with a maximum frequency on week one (2.08 + 0.64 Hz), repetitive firing decreased
significantly and reached characteristic frequencies on weeks three to five (from 0.45 = 0.24 to 0.77 = 0.42 Hz).
Action potentials with amplitude and HHW typical for serotonergic neurons were recordable during all five weeks.

The hiPSC-derived serotonergic neurons exhibited an electrophysiological signature characteristic for raphe se-
rotonergic neurons as previously reported from in vivo studies. However, further validation e.g. by using specific
serotonergic agonists/antagonists is ongoing.
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FUTURE OF HEALTHCARE: TOWARDS IMPLEMENTATION OF DIGITAL MEDICINE

Mironov V.A., Ostrovsky A.Yu., Khesuani Y.J., Rukavishnikov A., Lebedev G.S."2, Vasiliev T.V.3,
Mishina I.E.}, Tomilova I.LK.3

3D Bioprinting Solutions, 'Sechenov Medical University,
’Central Research Institute of Organization and Informatization of Healthcare,
‘Ivanovo State Medical Academy

Digital medicine is an integral part of digital economy which will revolutionize healthcare. Digital medicine is
not just a paperless healthcare. Digital medicine in essence is everything related with healthcare information. How-
ever, implementation of the digital medicine could not be based only on more optimal use of medical information.
Moreover, medical information must be also generated in the new most effective way maximally optimal for its se-
quential digitalization and real time integration into databases. It requires the development of new types of digitalized
diagnostic devices and biosensors, novel therapeutic modalities based on patient specific medical information and
sophisticated softwares. The systematic analysis of existing ways of providing healthcare service demonstrates that
digitalization could be implemented on practically all traditional steps of providing healthcare starting from patient
registration, diagnostics, medical treatment and sequential rehabilitation.

Using infographics we presented the integrated concept of implementation of digital medicine in national health-
care. The development of so-called “virtual patient” integrating all personalized medical information and medical
data and records instead of traditional paper-based history of diseases is the the central idea of proposed integrated
concept of implementation of digital medicine. The seamless integration of personalized medical information and
medical records in “virtual patient” will need, of course, the development of novel sophisticated softwares. The cer-
tain examples of using digital medical information integrated into virtual patients for novel modalities of medical
treatment using robotic 3D bioprinting as well as in vivo robotic bioprinting are also provided.

Finally, we formulated 5 basic principles of successful implementation of digital medicine in Russian healthcare
system which include:

1. The Russian government must lead healthcare reform based on implementation of digital economy by formulat-
ing vision and execution the integrated approach including the development of national standards, regulations, laws
and, ideally, by providing the sufficient financial support.

2. The foreign experience in ongoing successful implementation of digital medicine in different national health-
care systems and especially international standards and best practice in this field must be carefully investigated,
monitored and maximally used.

3. Collaborations with world leading research and development organizations as well as with foreign and national
private companies which demonstrate strong expertise in the area of information technology and digital medicine is
essential and critically important.

4. Russian private companies and start-ups must be maximally involved in the development of necessary infra-
structure for implementation the concept of digital medicine including both hardwares (digitalized sensors, devices,
biomonitors and so on) and softwares.

5. Medical educational institutions and organizations such as national medical universities and academies must
develop new educational programs, courses and may be even new departments for training specialists in new profes-
sion - [T-medics.
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MATHEMATICAL MODELING OF THE INTERACTIONS OF THE CARDIOVASCULAR SYSTEM
WITH THE VENTRICULAR ASSIST DEVICE

Rubtsova E.N., Telyshev D.V., Chernovolenko A.I.

Background. Modeling allows studying the biotechnical system in various physiological states, to shorten the
development time of the technical system and to reduce costs, by partially replacing in-vivo tests.

Aim. Modeling aims to reproduce the circulatory features with a given accuracy: the distribution of pressure and flow as
a function of time, the zone of stagnation, the zone of increased pressure, the distribution of volumes in the vascular system.

Methods. An important role in the development of the ventricular assist device (VAD) is played by mathematical
modeling of the cardiovascular system. According to the requirement of the international standard for moving im-
plants, VAD must undergo tests not only on animals, but also on models.

The model represents the cardiovascular system in the form of one or several sections, depending on the purposes
of modeling, to simulate the operation of the diseased heart and the help provided by the VAD.

Results. Models are needed both at the design stage of the device, and already immediately before its implantation
for a successful adjustment to the characteristics of each patient. Thanks to the personified model, it is possible to
select the optimal pump operation mode for each patient individually, taking into account the level of heart failure,
which will favorably affect the patient’s quality of life.

Conclusion. For reliable accuracy in the mathematical model of the cardiovascular system, it is necessary to take
into account the laws: Poiseuille, Frank-Starling, baroreflex and ventilation of the lungs and the Navier-Stokes equation.

NEUROVAZAL UNIT IN THE PERIVENTRICULAR AREA OF THE BRAIN WITH PATIENTS WITH
IDIOPATHIC NORMAL PRESSURE HYDROCEPHALUS

Paramonova N.M.!, Surkov A.L.%, Gavrilov G.V.2, Svistov D.V.2, Shpakov A.O.!
!Institute of Evolutionary Physiology and Biochemistry I. M. Sechenov,
?Military Medical Academy S.M. Kirov, Saint-Petersburg, Russia.
natapa@bk.ru

Idiopathic normal pressure hydrocephalus (iNPH) is characterized by a slow (chronic) expansion of the ventricu-
lar system of the brain against a background of formally normal intracranial pressure and a gradual development of
the clinical manifestations. Researches shows that hydrocephalus causes changes at different levels of brain structure,
including the blood-brain barrier.

Aims. Identify ultrastructural changes and features of neuro-glial and neuro-vasal interrelations in the periventric-
ular zone of the brain in patients with iNPH.

Methods. Subjects of the study were brain biopsies of patients with iNPH, obtained during a ventriculosurgery
operation, conducted on the basis of the Military Medical Academy S.M. Kirov. Using the FEI Tecnai G2 Spirit
BioTWIN transmission electron microscope (Netherlands), provided by the IEFC Center for Collective Use 1.M.
Sechenov, morphological changes of neurons, glial cells and elements of the blood-brain barrier were studied. Sam-
ple preparation was carried out by traditional method for electron microscopy.

Results. Among the researchers there is a popular theory of neurovascular units, the primary purpose is to maintain
homeostasis of the brain microenvironment (M. Zonta, et al 2003; C. Iadecola, 2004; G.J. DelZoppo, 2009;). It is based
on the structural and functional relationship of neurons, perivascular glia, and microvessel structures that feed these
cells. Exploring the periventricular region of the brain of patients with iNPH, we found the destruction in all parts of
the neurovascular unit. The most of the neurons were hyperchromic with necrotic and apoptotic signs. The role of
perivascular glia in this area of the brain was more often performed by oligodendrocytes, and sometimes by microglio-
cytes. These cells in 80% of cases were at different stages of apoptosis and aslo often hypertrophic. The nuclei of the
oligodendrocytes were irregular in shape and contained clumps of condensed heterochromatin distributed throughout
the entire karyoplasm. The cytoplasm is often vacuolated and, as in neurons, could contain large clusters of lipofuscin
and hemosiderin. The basal membrane of the vessels is unevenly thickened, sometimes encrusted with calcifications,
sprouted with collagen and other fibrous structures. Endothelium, as a rule, is dystrophic, locally edematous. Pericytes
also with pathology signs, contained destructively altered organelles and granules of toxic granularity. Local edemas of
vascular wall structures were supplemented with often expressed edemas of the perivascular space.

Conclusion. The results of the study showed a lot of ultrastructural changes in the neurovascular relationships,
which have specific features in the periventricular zone. Thus, brain dysfunction in iNPH is caused by destruction of
the neurovascular unit of the periventricular zone of the brain in addition to the causes of its causing.
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TISSUE-ENGINEERED BIOEQUIVALENT FOR URETHRAL RECONSTRUCTIVE SURGERY

Zurina 112, Shpichka A.!, Gorkun A."?, Kosheleva N.2, Grebenik E.!, Istranov L.!, Istranova E.!,
Shekhter A.!, Zharikova T.!, Timashev P."*, Saburina 1.2, Butnaru D.!

!Institute for Regenerative Medicine, Sechenov University, Moscow, Russia
’Institute of General Pathology and Pathophysiology, Moscow, Russia
SInstitute of Photonic Technologies, Research Center Crystallography and Photonics RAS, Moscow, Troitsk, Russia
izurina@gmail.com

To date, the common way to treat urethral stricture is substitute urethral reconstruction using a buccal mucosa
graft or an acellular matrix seeded with cell suspensions. However, many studies showed that the use of these ap-
proaches could lead to the development of fibrosis, recurrent stricture, necrosis, and graft rejection. This occurs be-
cause of insufficient cell number, possible changes in cell phenotype (due to epithelial-mesenchymal transition), and
absence of blood supply in a graft. Therefore, we sought to develop a tissue-engineered urethral wall bioequivalent,
which can be used to treat urethral strictures longer than 2 cm.

To do this we fabricated a bioequivalent of the urethral wall using spheroids from autologous buccal epithelial
cells and a hybrid matrix that consisted of reconstituted collagen and reinforcing polylactoglycolide fibers, and
showed no cytotoxic effects. Using buccal epithelial cells from the oral mucosa, we developed a novel approach to
recover and maintain the stable cell phenotype and to form a multilayered epithelial lining in vitro via the 2D/3D cell
self-assembling. The multilayered epithelial lining formation was achieved after placing spheroids for 7 days onto
a hybrid matrix due to cell migration and proliferation. This autologous tissue-engineered bioequivalent showed its
safety and efficiency on rabbit animal model and allowed us to reconstruct the urethra. While achieved these success-
ful results of preclinical trials, we initiated clinical trials (NCT03205670) and performed first operation on human to
treat the urethral stricture.

ANALYSIS OF CELL VIABILITY IN A THREE-DIMENSIONAL CO-CULTURE
UNDER THE ACTION OF AN ANTITUMOR DRUG CISPLATIN

Prudnikov T.S. Kitaeva K.V. Solovyova V.V.

In this work we are investigate the effect of cisplatin on the joint culture of tumor and stromal cells in co-culture
on the extracellular matrix.

Materials and methods. To create co-culture, cells mixed in a 1:1 ratio (10x103 cells/well) in 96-well plates.
DMEM medium with 10% FBS at 37 °C 5% CO2 was used for cultivation. Each well of the 96-well plate placed
with 50 pl of Matrigel. To analyze the viability of MSCS and SH-SYS5Y, after 24 h of incubation the medium was
replaced and cisplatin was added in the concentration from 0.04 pg/ml to 10 pg/ml (n=5) After 24 h of incubation
with cisplatin, MTS-test performed using CellTiter 96 AQueous Cell analyzer.

Research result. Analysis of results showed that the concentration of cisplatin in 10 pg/ml, show 77 % viability
of MSCS, 70 % SH-SYS5Y, 81% co-culture compared with untreated cells. At a concentration of cisplatin 5 pg/
ml, the viability of MSCS was 89 %, SH-SY5Y 83 %, co-culture 99% compared to untreated cells. At this con-
centration, a statistically significant (p < 0.01) increase in the viability of co-cultured cells was also determined, in
contrast to the MSC and SH-SYS5Y monocultures, by 10% and 16%, respectively.

Discussion. cisplatin concentrations from 0.04 to 2.5 pg / ml stimulated viability of co-cultured cells by an
average of 13% compared to untreated co-cultured cells.

Summary. MTS test analysis showed that the viability of tumor cells was the lowest in all groups, MSCS were
slightly higher and the highest rates were in co-culture. This work was supported by the RFBR grant No 16-34-
60201
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LIVER REGENERATION

Usalka O.G.
Sechenov University, Moscow, Russia
ousalka@mail.ru

Introduction: Liver transplantation remains the only option for treating liver failure but is only available for a
small number of patients. Alternative methods of treatment can expand the number of patients receiving effective
treatment.

Objective: To study the features of the process of liver regeneration.

Materials and methods: The articles for the period from 2012 to 2017 were analyzed. The search was performed in
the databases PubMed, Embase, Scopus. The words used are “liver regeneration”, “stem cell-derived hepatocytes”,
“engineered liver”.

Results: tumor necrosis factor (TNFa), interleukin-6 (IL-6), hepatocyte growth factor (HGF) cause hepatocytes
to pass from GO to the S-phase of the cell cycle. Chronic liver damage causes a canal reaction in which liver pro-
genitor cells (LPC) participate. Normally LPC show the ability of bipotential differentiation to both hepatocytes and
cholangiocytes. Cell therapy by repopulation with transplanted hepatocytes is a safe and effective method, but only
leads to a short-term partial correction of metabolic disorders, it is necessary to optimize engraftment and spreading.
Liver diseases at the final stage are incompatible with cellular therapy due to the lack of a suitable environment for
cell engraftment and repopulation. It is important to prove that the bioengineering liver is clinically safe, the network
of the vasculature is not damaged to provide functional vascularization.

Conclusions: Replication of hepatocytes is dependent on the effect of growth factors and cytokines - TGF-a, HGF
and IL-6, LPC can differentiate to both hepatocytes and cholangiocytes, the best solution is the use of induced plu-
ripotent stem cells.

METHOD OF 3D BIOPRINTING
OF TUMOR MODEL

Kitaeva K.V., Prudnikov T.S., Khaliullin M.R., Rizvanov A.A., Solovyeva V.V.

3D bioprinting is a promising method for biofabrication and tissue engineering with further applications in
regenerative medicine and personalized medicine. To fabricate a three-dimensional tumor model, we used hu-
man neuroblastoma cells SH-SYSY and stem cells isolated from human adipose tissue (ADSCs). We put these
cells in two different types of hydrogels. The tumor cells were mixed with sodium alginate-based CELLINK
A hydrogel (7x10°¢cells in 1ml gel), ADSC were mixed with alginate and highly hydrated cellulose nanofibrils
based CELLINK gel (3 x 10° cells in 1 ml gel). Blender software was used to create 3D STL model, then the
model was pre-processed for printing in the SLIC3R program. Tumor model itself is basically tumor cylinder
encapsulated in ADSC cylinder. This type of model was chosen to study the processes of invasion of tumor
cells in nearby matrix, as well as direct intercellular interactions. The model was fabricated with CELLINK
INKREDIBLE bioprinter. To start the process, a number of manipulations were carried out in accordance with
the manufacturer’s instructions. During the printing process, we encountered several problems of regarding the
calibration of the printer, the working out of the model, and nozzle obstructions. We also found that precise
pressure calibration is crucial for tissue construct quality. Ultimately, 6 samples with different size, shape, and
metabolism were fabricated. Potentially, this tissue construct could be used for anti-tumor drug screening, but
the method requires further calibration.

Work was funded by the RFBR grant No. 16-34-60201
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PERSONALIZED MEDICINE AS ANEW DAWN IN THE BATTLEFIELD

Nqobakonke Ndaba
South Africa
Ngobandaba@gmail.com

For years medicine has being practice under general rules of symptoms and disease classification that
looked at a general population rather than people as individuals. Late discoveries and breakthroughs have
shown that we can not use the “one size fits all” approach anymore. With the approach of genome sequenc-
ing, data and informatics, and wearable technology, we have come to a concept of “personalized medicine”.

Our health is determined by our genetic make up, lifestyle, and environment.By combining and analyz-
ing information about our genome, with clinical and diagnostic information and then comparing that with
data from others, patterns can be identified. Those patterns can be used to evaluate one’s risk of developing
disease earlier, provide accurate diagnosis, and formulate a specific-targeted treatment plan.

For the longest time, diseases have been formulated around general symptoms and organs system, and
diagnosis were formulated through such approach and process. The genome analysis have shown that the
disease pathway is deeper than organs. The Slightest DNA change can cause serious problems.

The current blockbuster approach to drug development assumes that all patients with a particular con-
dition respond similarly to a given drug. All patients with the same condition receive the same first line
treatment even though it may be only 30 to 60% effective.

With personalized medicine we can appreciate the disease subtype and treat accordingly. This new dawn
in medicine will enhance patient care.

PRODUCTION OF MESENCHYMAL STEM CELL CULTURES WITH LUCIFERASE
AND GFP REPORTER GENE EXPRESSION

Chulpanova D.S., Tazetdinova L.G., Kitaeva K.V., Rizvanov A.A., Solovyeva V.V.
Kazan (Volga Region) Federal University, Kazan, Russia
daryachulpanova@gmail.com

Mesenchymal stem cells (MSCs) are non-hematopoietic progenitor cells. MSCs exhibit a homing behavior
toward sites of inflammation, damaged tissues and tumor sites. Thus MSCs can be used for directed delivery of
chemotherapeutic drugs or other anti-cancer agents. Labeling MSCs with reporter gene genetically provide a
method for tracking the fate of MSCs in vivo.

In this study mouse MSCs that express the luciferase reporter gene from the firefly Photinus pyralis (ffLuc)
or Green Fluorescent Protein (GFP) were produced. Mouse MSCs were isolated by enzymatic digestion with
Crab Collagenase. The cells were largely positive for mesenchymal stem cell surface markers including CD44,
CD90, CD29, CD105, CD73 and Sca-1 and negative for hematopoietic stem cell surface markers.

Recombinant lentiviruses LV-ffLuc and LV-GFP were produced by co-transfection of the HEK293T pack-
ing cell line with three plasmids: encoding gene vector plasmid (pLX302 Luciferase-V5puro or pWPT-GFP,
Addgene); encoding gag/pol genes and additional viral genes packaging plasmid (psPAX2, Addgene); and en-
coding glycoprotein G of the vesicular stomatitis virus gene plasmid (pCMV-VSV-G, Addgene). The produced
lentiviruses were concentrated by ultracentrifugation for 2 hours at 26,000 rpm. The viral titer was determined
by flow cytometry of cells transfected with lentiviruses carrying gfp gene. Mouse MSCs were transduced with
recombinant lentiviral vectors encoding ffLuc or gfp gene. Resulting cell line was selected with puromycin for
10 days.

The resulting cell culture will be further primed with various chemoitherapeutic drugs in vitro. This study
was supported by grant from the RFBR 18-34-00738.
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KJIOHAJBbHO-HAITPABJIEHHAS IIEPCOHAJIM3UPOBAHHAS XUMUOTEPAITUS ITPU PAKE
MOJIOYHOM KEJIE3bI

Hoparumosa MLK."?, Ilpiranos M.M.!?, Jlepromesa U.B.!, Cironumckan E.M.!3, JIursikos H.B.!?
'HHH onxonozuu Tomcxuti HUMI], 2. Tomck Poccus
’HU Tomckuti 20cyoapcmeennulil yrueepcumem, 2. Tomck, Poccus
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*imk1805@yandex.ru

AkTtyanpHOCTh. COmTacHO pe3ysibTaTaM MpeAbIyIIAX UCCIeI0BaH A, ObLIO MTOKa3aHO, YTO TIPU MPOBEICHUH He-
oasrbroBaHTHON xuMuotepanuu (HXT) oy BiusHUEM XMMUOTIPENApaTOB MPOUCXOAUT KIIOHAIbHAS YBOJIFOIMS OITY-
XOITH, IPU KOTOPOH MPOMCXOAMT M3MEHEHHE OIyXosieBbIX KIoHOB (OK) — momHoe/ 4acTHYHOE MCUE3HOBCHUE HIIH
TIOSIBJICHHE HOBBIX KJIOHOB. HoBBIE KITOHBI, 00pa3oBanHbIe nof AeiictBueM HXT, coneprkar aMIumnduKaiy B Cleay-
IOIUX JIOKycax: 5p, 6p, 7q, 8q, 13q, 9p, 9q, 10p, 10q21.1, 16p, 19p, 18chr. Ilpu >TOM, BEISIBIICHO, YTO ITOSIBIICHHE B
OCTaTOYHOH pe3uayanbHoi omyxomnn B poriecce HXT mo0bIx 1ByX n Gojee aMImuUKaIi 3THX PErHOHOB, MPH-
BomuT K 100% remMaToreHHOMY METacTa3MpPOBAaHHUIO, Y BCEX OCTAIBHBIX 0ONbHBIX ¢ anumuHanueln OK, oTcyTcTBHEM
JCHCTBHUS XUMUOTEPAITMU HA KIIOHBI WIX Y OOJBHBIX C TOSBICHUEM JICJICIMOHHBIX KIIOHOB HE ObLIO TeMaTOTeHHBIX
METAacTa30B B 5-Tu JieTHUH nepuoa HabmoneHus (o meroay Karuana-Maiiepa, p = 0,00001 Log-rank test). Llesibro
HACTOSIIIET0 UCCIIE0BaHus ssBuiIach otieHka s ¢exkruBHocTr HXT u 2-jeTHei# 6e3MeTacTaTudeCKOl BBKMBAEMOCTH
OOJBHBIX C AMATHO30M pak MOIouHOM kene3bl (PMIK) Ha ocHOBe M3ydeHHS HaIWM4YWs aMIUT()UKAINOHHBIX KIIOHOB
B MIEPBUYHO OITyXOJH OOJFHBIX M OIIEHKE HKCIIPECCHUHU TEHOB COMATO-CTBOJIOBOTO TIEpeXoia.

Marepuai u MmeTosbl. MarepualioM st HCCIEeIOBAHUS CITY KHITH 00pa3iibl OMOTICHIHHOTO MaTepualia J0 JCUeHHS
Y OITyX0JIeBOTO MaTepuaia rocie nposeneHus HXT mns xaxaoro u3 nanuenToB. Hanmnyue amrumdukanuii onpene-
JISUTOCH B BBINIEYKa3aHHBIX PErHOHAX ¢ MCTosb30BaHneM MukpoMarpuibl CytoScan HD Array (Affymetrix, USA).
Beuto chopmupoBaHo 3 rpymibl HAlMEHTOB. 1-asi: OOJIbHBIC, B OMYXOJIM KOTOPBIX OMPEICIISIOCh HATMYUE JTHOOBIX
2-x ammmudukanmid. M HazHavanack nepconanuszupoBanHas HXT (B coorBercTBuu ¢ mareHToM RU 2594251). Bo
2-10 rpymITy ObIUTH BKJIFOUEHBI TTAIIMEHTHI, Y KOTOPBIX N3HAYAIILHO B OITyXoiu 06110 0-1 aMrumndukannoHHbIN KIIOH U
JieueHNe HAaYMHAIM C OTepaTuBHOTO 3Tamna. [larmenram 3-if rpynmsl Takke UcXomaHo umerormmM 0-1 KIToH, TedeHne
HaunHaH ¢ iepconanm3upoBanHoii HXT. OcranpHble 3Tanbl JICUCHUsT ObUTH CTaHIAPTHBIMH. 110 OCHOBHBIM KITMHU-
KO-MOP(}OJIOTHYECKUM ITapamMeTpaM rPyIIbl He pa3inyaiuch.

Pesynbrarel. 86% mannenToB 1-i rpymmsl (n=29) AOCTUINIO MOJHBIX WM YaCTUYHBIX PErpeccuii ocie nmpoBee-
uus HXT, 2-netHss BBDKMBAaEMOCTh B Tpytie coctaBuia 97% (28/29).

Bo 2-it rpymnmie BepKHBaeMocTh coctasmia 93% (13/14). B 3-ii rpynme addextuBHOocTh HXT cocraBuma 84%
(16/19), HO mpH ATOM MOKa3aTeNny BBDKMBAEMOCTH ObUIM CTAaTUCTHYECKH 3HAYMMO HIDKE, 4eM B 1-if rpymme - 68%
(13/19) (p=0,011). OTTankuBasch OT IOKA3aTEIbCTBA MPOUCXOKIACHUS OIMYXOJIA U3 OIyXOJIEBBIX CTBOJIOBBIX KJIe-
TOK, HAMHU OBLJIO BBIJBUHYTO HPEIIOIOKEHUE O CYIICCTBOBAHUHU IMPOIPaMMbl COMATO-CTBOJIOBOTO IMEPEXojia Mpu
Bo3HukHOBeHHH OK. Criemyromnum 3tarnomM padoThl ObLJIO U3yYEeHUE SKCIIPECCUH TEHOB COMATO-CTBOJIOBOTO MEPEX0-
nma (TERT; OCT3; SMO; MYC; SNAI2; MOB3B; TGFBR1; KLF4; BMI1; VIM; FLT3; LAT; SMAD2; LMNB2;
KLF1; TGFb). beuto moka3aHo, 4To y OONBHBIX 0€3 METacTa3oB JIO JISYEHUs] THIIEPIKCIIPECCUPOBAHHEBI 5 TEHOB -
OCT3; BMI1; LMNB2; TGFbl u FLT3;, y 60ibHBIX ¢ MeTacTa3aMu JI0 JISYEHHUS THIIEPIKCIIPECCUPOBAHBI 7 TEHOB
- OCT3; BMI1; LMNB2; TGFbl; TERT; SNAI2; TGFbR1. [Tocne nposeaenus HAXT B octarounoil pe3ugyanbHoM
OITyX0JIH OOJIbHBIX 0€3 FeMaTOreHHBIX METACTa30B YaCTOTa THIIEPIKCIIPECCUPOBAHHBIX TCHOB HE MEHsETCs. Y 00JIb-
HBIX ¢ MeTactazamu nocsie HXT B octarouHoi pe3uayaabHOM OIMyXOJId TUTIEPIKCIIPecCUpoBanbl 14 u3 16 u3zydeH-
HbIX TeHOB — kpome KLF1 u SMAD2. IIpu aTOoM, OBITO TTOKa3aHO, YTO MPHU TUIIEPIKCIIPECCHH B OCTATOYHON pe3u-
nyanpHO# ormyxonu Tpex reHoB OCT3, LAT u LMNB2 y 69% 6oxpabIxX (11/16) 3aperncTpupoBaHO BOSHUKHOBEHHE
reMaTOTeHHBIX MeTacTa3oB. [[pu runoskcnpeccun XoTst ObI OTHOTO U3 ATUX TEHOB 5-TH JICTHsISI Oe3MeTacTaTHIecKast
BBDKHBAaEeMOCTh cocTaBisieT 94% (34/36).

BriBoapl. 1. [IepBbie momydeHHbBIE PE3YAbTATHl CBUIETEILCTBYIOT O IPEIUKTUBHON M IPOrHOCTHYECKON 3HAYUMO-
CTH HaJH4Msl aMILTH(QUKAMOHHBIX KIIOHOB B MEPBUYHOM ormyxonu y 6ompHbIXx PMIK. Hasnauenne HXT naunboiee
1esecoo0pa3Ho y MalMeHTOB ¢ HAIMYUEM B IEPBUIHON OITyX0JIn 2-X U 0oJiee KJIOHOB, B TO BpeMs Kak pu 0-1 kiroHe
MIPOBEZICHNE XUMHUOTEPAIINU B TIPEIONIEPAIIMOHHOM peXUMe He TIoka3aHo. 2. [lomyyeHa Mojens mporHo3UpOBaHUS
BO3HUKHOBEHHSI T€MaTOT€HHOTO METAcTa3MpPOBAHUSA Ha OCHOBE aHAJIM3a DKCIPECCUU 16 TEHOB COMATO-CTBOJIOBOTO
niepexona. UyBCTBUTENBHOCTH MPOTHO3a METACTa3UPOBaHus coctapisier 69%, crneruduanocts 94%, nuarnocruye-
CKas TOYHOCTH 82%.

bnaromapuocts. Paboma noodeporcana epanmom PH® 17-15-01203.
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HOUCK NOAXOAOB K IMMOBBIINMEHUIO TOYHOCTHU JOKUHTA
CyaumoB B.b, KyTtos /I.K., CyaumoB A.B.

PazpaboTka jexapcTB OCHOBBIBAETCS HA TapaJnrMe: MOJIEKyJla JIeKapcTBa JOKHA CBSI3aThCS CO CIEHU(PUIECKIM
MECTOM OHOJIOTMYECKOH MaKpOMOJIEKYIIbI, Yallle BCEr0 C aKTUBHBIM LIEHTPOM O€JKa-MHUILEHH, U BBI3BAaTh dPPEKT
B OpraHusme, OJIOKUpysl pa3BUTHE 3a0oeBaHus. MOJEKyIsipHOE MOJCIHPOBaHUE, U OCOOCHHO JAOKMHT, BcE Oomee
HIMPOKO UCTIONIL3YETCs B IIpoliecce pa3pabOTKH JIEKapCTB — Ha HadalnbHOH €€ ctaanu. C TOMOIIBIO JOKWHTa MOJIEKYJIa
(JTMTaHm) WCTIBITYEeMOTro BelecTBa (KaHauaTa B JIEKapCTBO) MO3UIIMOHUPYETCA B AKTUBHOM IIEHTpe OeKa-MUIIeHN
W OIIEHWUBACTCS SHEPTHs €€ CBA3BIBAHMSI C OCITKOM: YeM OOJbIIIe 3Ta SHEPTHsl, TeM 2P PeKTUBHEE JIeKapCcTBO. UTOOBI
pacyeTrsl 0buH 3()(HEKTUBHBIM HHCTPYMEHTOM Pa3pabOTKH JISKAPCTB, TOUHOCTh NPEICKa3aHUsl SHEPTUH CBSA3bIBAHUS
OeJIOK-JIMrana JoJKHa ObITh stydie 1 kkan/Modb. [IporpaMMel JokuHTra BOCTpeOOBaHbl, M B HeJaBHUX 0030pax [1-
3] ynomuHarorcst 6onee 50 mporpamMM JOKHHTa M OKOJIO JECATKA MHTEPHET PECypCoOB, MOCTOSHHO YCTPauBarOTCs
COPEBHOBAHUS MO JIOKHHTY. B 3THX mporpamMmax peaan3oBaHO OOJbIIOE MHOrooOpasue pa3lIMdHbIX METOIOB U
anmpokcumManuii. Hanbonee monynsipasie [ 1] mporpammber AutoDock u AutoDock Vina [4] mist jokuHra JTUranios
HCIOJIB3YIOT CTOXaCTUYECKHE METOIbl U AMIUPUYECKHE CHIIOBBIC IOJIS, IPpUYEM Vina HCIOJIB3YET OYEHb IPyOble
YIPOLIECHHUS, B TOM YHCJIE BOOOIIE HE YUUTHIBAET AIEKTPOCTATHUECKUE B3auMoeiicTBust atoMoB. B AutoDock mist
MO3ULIMOHUPOBAHUS JIUTAHIOB MIPUMEHSIETCSl TEHETUUECKUI aJropuT™M IM00adbHON ONTUMH3ALKMN U UCTIONb3YETCS
ropaszo 6onee akKypaTHOE, HO BCE JK€ IKIEKTHYECKOE SMITMPHYECKOE CHIIOBOE TOJIE, & TAKXKE CHIIBHO YNPOIICHHAs
Mozienb A ddekra JeconpBaTalui | MOIrOHOYHbIE TTapaMeTphl, YTOObI HAMIYYIIHNM 00pa3oM BOCIPOU3BECTH
SKCIEPUMEHTHl Ui TecToBOro Habopa KOMIUIEKCOB. IIpenBapuTenbHO pacCUMTHIBAIOT CETKY TTOTEHIIMAJIOB
B3aUMOJICHCTBHS IPOOHBIX aTOMOB JIUTaH/Ia ¢ OeJIkoM. Bee 3Ti 0COOEHHOCTH 1 YITPOIIEHHUS B TOW UITH WHOMW CTETICHU
MIPUCYTCTBYIOT U B OOJIBLIMHCTBE APYTUX MPOrpaMM JOKHHIa, BEb MHOTHE JICCATHIIETUS! BCE IPOrPaMMBbl JIOKHHTa
pa3pabaTblBAIMCh M Pa3BUBAIMCH B Mapagurme «ObicTpee M emé ObICTpee», YTOObI MPOBECTH JOKUHI MHOTHX
TBHICSIY JIMTAHZIOB 32 KOPOTKOE BpeMs Ha laptop’e. Ho pacueTsl «Ha KOJIEHKE» B PYCCKOM SI3BIKE UMEIOT M JPYrod
CMBICIT: TPpy0O0, TAT-JISI U T.IT., ¥ 9TO MPOSIBISIETCSI PU ITUPOKOM MCIIOIB30BaHIH POTPaMM JJOKHHTA JIJIsl pealibHBIX
paspabotok iexapcTB. OIHO MOXKHO CKa3aTh C YBEPEHHOCTHIO: TMO3WIIMOHMPOBAHWE JMTAHIOB OCYIIECTBISAETCS
MHOTMMHU U3 3THX IPOTPaMM YIOBJIETBOPUTEIbHO, HO BCE MPOIPaMMbl, KaK IPaBUIIO, JAtOT OONbILIME OMINOKU B
SHEPTUAX CBSA3bIBAHMS OCIOK-TUIaH, XOTS 3a CUEeT IPUMEHEHHS OATOHOYHBIX KO3()()UIIMEHTOB 3TN OLIMOKH 4acTo
CKPBIBAIOTCS U IPOrpaMMBbI JOKMHTA BBIIAIOT «Pa3yMHBIE» BETMUYUHBI 3HEPTUH CBA3bIBaHMS. TPyAHOCTh JOCTUKEHUS
BBICOKOM TOYHOCTH TaKMX PacdyeToB OOYCIIOBJICHA UX CIOXKHOCTBHIO, U UCTOYHHMKOB OIIMOOK MHOTro. B moxmaze
paccMaTpHuBalOTCd OCHOBHBIE YIPOIIEHUS, MPUBOJAIINE K OIIMOKaM JOKWHTA, M TOAXONbI JUIsI UX YCTpaHEHUS,
HEIaBHO pean30BaHHBIE B CYyNIePKOMIIBIOTEpHBIX mporpammax FLM u SOL-P; npencraBieHbl pe3ynbTaTbl TECTHPO-
BaHusL. [Iporpamma SOL-P ocymiecTsisieT ycnensblii JOKMHT THMOKUX JIMTAHAOB B OEJIKH C HECKOJIBKUMHU AECATKAMU
MOABMKHBIX aTOMOB B KOH()OPMAallMOHHOM MPOCTPAHCTBE C OECHpPELEeNeHTHO OOJBIIUM YHCIOM H3MEPEHHH 3a
CUET MPUMEHEHHs HOBOT'O METOAa II00aJbHON ONTHMHU3ALMHM — METOJa TEH30pHBIX 1M0e310B. JlemaeTcst BBIBOA O
BO3MOYKHOCTHU MPEOOJICHHS TPAKTUYECKH BCEX CYIIECTBYIOLIUX CETOHs YIPOIIEHUH, OrpaHUYNBAIOIINX TOYHOCTb
JOKWHTA, U CO3IaHusl TPOTPaMM JIOKHHTa MOBBIIICHHOW TOYHOCTH, IPUMEHEHHE KOTOPBIX [Tl pa3pabOTKH JIEKapCTB
JIOJDKHO CYIIIECTBEHHO MOBBICUTH () MEKTHBHOCTD Pa3pabOTKN HOBBIX JICKAPCTB.

Cnncok qureparypbl
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BJIUAHUE ITOJIMMOP®U3IMA IN'EHA ABCB1 HA TIPO®NJIb DO@O®EKTUBHOCTHU
N BE3OITACHOCTHU NIPUMEHEHUS ®EHA3ZEITIAMA Y HAHUEHTOB C TPEBOKHbBIMHA
PACCTPOMCTBAMM, KOMOPEUJIHBIMHU C AJIKOTI'OJIbHOM 3ABUCUMOCTBIO

AnTOoHeHko A.Il., Bpau-opaunarop I'bY3 « MHIILI napkonoruu JA3M».
PyxoBoautens: 3actpoxxkun M.C., k.M.H. accucteHT Kadeaps! Hapkonorun PMAHIIO, Bpau ncuxuarp-HapKoJior
MHIIL] sapkonoruu [A3M.

I'pummna E.A.: x.6.1., 3aBenyromas 0TAeI0M MOJIEKyIsipHO-Ononornueckux uccnenosanuii HUL[ PMAHIIO;
PeokukoBa K.A: M.H.c. oTena MonekyaspHo-Ononornuecknx uccnenoBannii HUL] PMAHIIO;
Caguenko JI.JI.: K.M.H., goteHT, mpodeccop kadenps! Hapkonoraun PMAHIIO;

Bpron E.A.: n.M.H., mpodeccop, 3aBenyromuii kadeapoii Hapkonorun PMAHIIO, npesngpear MHIIL Hapkonorum JI3M;
Corues JI.A.: unen-kopp. PAH, n.m.H., mpodeccop, 3aBenyroumii kageapoil KIMHUYeCcKol (papMaKoIOruu 1
tepanuu PMAHIIO.

AxryanbHoCTh. benzonnazenuaoBbie TpaHkBn3aTopsl (BJIT) npuMeHsoTCs ISt JTeYeHUsT OOJIbHBIX C TPEBOXK-
HBIMHU paccTpoiicTBaMH, KOMOPOUIHBIMU C aJIKOTOJIBHON 3aBUCHMOCTBIO.

BAT obmanmaioT cemaTWBHBIM, aHKCHOJIUTUYECKAM M TPOTUBOCYIOPOXKHBIM ddexTamu. ITu 3PpdexTs odyc-
JIOBJICHBI B3aumozeicTeueM npenapatoB ¢ [AMK-penentopamu. UtoOs! n30exaTh NepeKpecTHON TOJIEPAHTHOCTH
C aJIKOTOJIeM, TIPH KOTOPOH OOBIYHBIE 103BI MIpenaparoB He d((GEeKTUBHBI, pekoMeHn0BaHo Ha3Hauath BJIT B no3ax,
MPEBBIIAIINX CPEeJHUE TepaneBTudeckue. B cBsi3u ¢ atum npu npueme bJIT MOTryT BO3HUKATh HEXeEJaTEJIbHbIE
JIEKapCTBEHHBIE PEAKIIMH CO CTOPOHBI PA3IMYHBIX OPTaHOB M CHCTEM OpTaHM3Ma.

Imxonporenn P — mpencrasisier coboit ATD-das3HeIi HacoC, JIOKATM30BaHHBIN Ha ITUTOILIA3MAaTHYSCKIX MeMOpa-
Hax pas3/IMuHbIX KJIETOK U OCYLIECTBISIOLIMN BBIOPOC BO BHEKJIETOYHOE MPOCTPAHCTBO PA3INYHBIX KCEHOOHMOTHKOB,
B ToM uncie u 6onee 80% sexapctBeHHbIX cpencts (JIC). Imukonporenn-P konupyercs renom ABCBI1, xotopslii 06-
JaJiaeT BHICOKOM CTENEHBIO MOMMMOP(H3Ma, YTO BBIPaKAETCsl B pa3HOM CTENICHN aKTUBHOCTH TIIMKOINpoTenHa-P, a kak
CIIEJICTBUE, B MI3MEHEHUH CKOPOCTH BhiBeieHHs1 JIC-cyOcTparoB U3 opraHu3Ma. ITo B CBOIO OUepe/lb, MOXKET OKa3bIBaTh
BIIMSTHHE HA WHIUBHYaIIbHBIH OTBET nanuenta Ha JIC, MeHsist nokazarenu npoduiist 53pPEeKTHBHOCTH U 0E30MaCHOCTH.

Ienpro qaHHOM pabOTHI ABISAETCS OLIEHKA B3aUMOCBsI3H moimMopdusMa rena ABCB1 ¢ mpodmreM s ekTuBHOCTH
n 6e3onacHoctu Opomauruapoxaopdennndenzonuasenuta (Penaszenama), y HauueHTOB ¢ TPEBOKHBIMU PacCTPOIi-
CTBaMH, KOMOPOUAHBIMU C AJKOTOJIN3MOM.

Marepuansl U MeTozbl. B nccrienoBanny mprHUMANO y4acThe 58 MalueHTOB, CTPaAalolIinX TPEBOKHBIMH pac-
CTpOiCTBaMU, KOMOPOHMIHBIMH C aJIKOTOJIM3MOM, HAaXOJAMBIIUXCS Ha cTaipoHapHoM JiedeHuu B ['BY3 «MHIIL]
Hapkonoruu JI3Mp».

st onenku dddexTuBHOCTH OpomauruapoxiopdermtoeH3onnazennaa (Denazenama) TPUMEHSIIA MEXKITY-
HapOJHbIE IICUXOMETPUUYECKUE IIKanbl: 1. BusyanbHo-aHamoroBas mikajia OLEHKH BieyeHHs K ajkoromro (BAILLD).
2. T'ocniuranpHas mwkana tpesoru u aenpeccun (HADS). 3. Illkana tpeBoru I'ammibrona (HamiltonAnxietyRat-
ingScale (HARS)). 4. IlIxana camoouenku tpeBoru Llynra (TheZungSelf-ratingAnxietyScale (ZARS)). [Ipodunb
0€30I1aCHOCTH MCCIISIOBAIIN ¢ TIOMOIIIBIO miKai oneHku noodouynoro aevicteus (UKUSide-EffectRatingScale (UKU)).

HccnenoBanne manueHToB MPOBOANIIOCH 3a JIEHB J0 Hadaia Teparuy, BKIOYaBIIed OpoManruapoxiopheHunde
moaunazenud (Oenazenam), u gepes 5 qHEH Tepanun.

[IpoBenenne reHoTuIUpoBaHus 10 BeIOpaHHOMY nommMopdmmy ABCB1 3435C°T, mpou3BonviIz ¢ UCIIOIB30-
BaHHEM MOJIMMEPA3HOM LIEMHON peakuy B PeXXUME PEaTbHOTO BPEMEHH C ajulenbenenuduieckoid rudpuan3annei
(Real-TimePCR). [y onpeaeneHus pa3nuunii MeXIy TpymnraMi KOMUYeCTBEHHBIX JAHHBIX MAEHTOB O3 MoJu-
Mopduzma 3435C°T rena ABCBI1 u ¢ ero Hanmuuuem ucnonbzoBanu H-tect Kpyckanna-Yonmuca.

Pe3ynbraThl vcciieoBaHUs

ITo mxame VASB 1-b1it meHb JiedeHus 0autel morydeHsl crienyromue: 44,0+9,9 (CC), 44,8+11,0 (CT), 50,249,6
(TT), p=0,19.Ha 5-p1ii nenp nevenus: 6,07+2,7 (CC), 6,7+2,3 (CT), 6,0+2,8 (TT), p=0,56.T1o mkane HADS B 1-brit
JICHb JiedeHHsI ObUIM TonmydeHbl Oammel: 25,5+4,4 (CC), 27,343,4 (CT), 27,58+£3,6 (TT), p=0,22. Ha 5-b1if neHp
neyenust: 3,6+22 (CC), 4,9+1,3 (CT), 4,0+£1,39 (TT), p=0,11. ITo mkane UKU B 1-bIii AeHb J€UCHUS TMOITYyUCHBI
cnenyromue 6amwist:1,28+0,46 (CC), 1,3+0,48 (CT), 1,17+0,39 (TT), p=0,53. Ha 5-b1it nens neuenwust: 8,7+0,6 (CC),
8,5+0,5 (CT), 8,5+0,5 (TT), p=0,59.

BeiBomgl. [lo pesynpratam uccienoBaHuss He ObUIO MOIYYEHO CTATMYECKH 3HAYMMOW Pa3HULBI B IOKa3aTeIIsiX
Oe3omacHOCTH W APPEKTUBHOCTUOpOMIUTHApOXIOpperHnnoeH3onuazenuia (DeHazenama) y MaluMeHTOB C
TPEBOKHBIMH PACCTPOHCTBAMH, KOMOPOHIHBIMH C aJIKOTOJU3MOM. ICX0Is M3 3TOr0 MOKHO FTOBOPHUTE 00 OTCYTCTBUH
BiusHus nmonumopdusma rera ABCB1 Ha npoduins addextnBHOCTH U Oe3onacHocT MpuMeHenus: Genazenama. B
TOXKE BpeMsi HEOOXOAUMO OTMETHTH, YTO, BEPOSITHO, OTCYTCTBHE CTATUCTUYCCKH 3HAUMMOM pa3HUIIBI B TOKA3aTEIIsX
HE BBISBJICHO, BBUIY HEAOCTATOUYHOTO 00BeMa BRIOOPKH. HeoOXoamMo mpomaoInKeHne UCCIICIOBAHMS JITIST PEIICHIS
JAHHOTO BOIIpOCa.
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HNEPCOHAJIM3UPOBAHHASI MATEMATHUYECKASI MOJEJIb OLIEHKW U3MEHEHU
KPOBOTOKA B DKCTPAKPAHUAJIBHBIX OTJIEJIAX BPAXUOIE®AJBHBIX APTEPUI
HA TIPEJIONEPAIIMOHHOM DTAIIE KAPOTUJHOM YHJIAPTEPOKTOMUM

Cumaxos C.C. '3, Bacunesckuii FO.B. !, Konbiuios @.FO.!, Famuios T.M."?, Tanuaos A.A.'3,
Ipsamonocos P.A."3, CanamaroBa B.}O."

!Ceuenosckuil ynusepcumem, Mocksa, Poccus.
?Mockosckuil (pusuxo-mexnuueckuti uncmumym, Jloneonpyonutii, Poccus
SUnemumym svluuciumensrou mamemamuxu Poccuiickoti akademuu nayx, Mockea, Poccust.

simakov.ss@mipt.ru

e u 3amaun paboThl. ATEPOCKIICPO3 COHHBIX apTEpHUil SBISCTCS OJHOW M3 HAuOOJee YacThIX MPUYMH Pa3BHUTHS
WIIIEMUYECKUX MHCYJBTOB M BBICTYIAET ATHONOTHYeCKHM (aktopoM B 20-30% citydaeB. YUHTBIBasi BBICOKHH TIEPHO-
TIepaIMOHHBIN PHUCK (CMEPTh, OCTphIe HApYIIeHNs MO3roBoro kpoBotoka (OHMK)), kapoTuaHas SHIapTEpIKTOMISI TTOKa3aHa
TOJIBKO MALIMEHTOM C TSDKENIBIM aTepOCKIEPOTHUECKUM ITOpaXeHHEM OpaxuonedanbHbIX apTepuil (creHos 6omee 70% npu
V3T nimm Gonee 50% npu anruorpadun). Yacrora OHMK nipu kapoTraHO# peBacKylsipiU3aluy cocTasiseT ot 1.5 1o
9.0%. IIporHo3upoBaHue MOJOOHBIX OCIOKHEHUH BOZMOYKHO MOCPECTBOM OLIEHKH LiepeOpanbHoi reMoanHaMuKy. Jlis
9TOT0, KaK MPaBHII0, TPEOYIOTCS JOPOrOCTOSIINE U JOCTYITHBIE JIMIIb B BBICOKOCTICIMATN3UPOBAHHBIX LIEHTPaX ariaparsl.
Lenbto JaHHOTO MCCIIEIOBAHUSI SIBIISICTCS pa3padoTKa MEePCOHATM3UPOBAHHON MaTeMaTHuecKOi MOJIEIH 1iepeOpaibHOTO
KPOBOTOKA, OCHOBAaHHOI Ha IaHHBIX TUIIOBbIX HEMHBA3UBHBIX KIIMHUYECKUX UCCIIEIOBAHUM, JOCTYIIHBIX B OOJIBILIMHCTBE
Npo(UIbHBIX MEAULMHCKUX OpraHW3alyi, TO3BOJSIOILECH C YIOBICTBOPUTENBHON TOYHOCTBIO HA IPEAONEPALIOHHOM
JTare MHAMBHUAYAIBHO MIPOAHATN3UPOBATh H3MEHEHHE 1LIepeOpabHON TeMOANHAMUKY IIOCIIE MTPOBEICHUS KapOTUIHOH
SHIAPTEPIKTOMHH Y TPYIIIHI MALEHTOB.

Marepuainsl 1 MeTobl. MaremaTiueckast Moeib 1iepeOpaaIbHOTO KPOBOTOKA, UCTIONB30BaHHAs B JAHHOMW padore,
OCHOBaHA Ha YPaBHEHMSIX JBIIKCHUS BSI3KOM HECI)KUMAEMOMW JKUJIKOCTHU TI0 CETH 3JaCTUYHBIX TPyOOK. OCHOBHBIMHU
pacyeTHbIMH ITapaMeTpaMy MOJEIIN TEUEHUS B KaXKIOM U3 COCYAOB SIBIISIOTCS IIOIIEPEUHOE CEUEHUE U OCPEIHEHHAs
10 TIONEPEYHOMY CEUEHHIO JIMHEHHasi CKOPOCTh KPOBOTOKA, KOTOPbIE PACCUMTHIBAIOTCSA BHOJIb AJMHBI COCYHa C
MTOMOIIBbIO 32KOHOB COXPaHEHUS MacChl ¥ uMIyibca. O0beIMHeHNE TPYOOK B CETh IPOU3BOAUTCS 3 CUET TPEOOBAHUS
BBITIOJTHEHUST YCJIOBHI COXPAaHEHHsI Macchl M HEMPEPHIBHOCTH MHTerpana bepuymnu. Ha Bxome B ceTh 3amaeTcs
TUMHYHAs BpEMEHHasi KprBasi CepAeYHOro BbIOpoca. Ha BbIXoge M3 ceTH 3a7aloTCsl YCIOBHUS COITACOBAHHOCTH C
napameTpaMu BEHO3HOTO OacceliHa: COXpaHeHHE MACChl M apTePHOBEHO3HBIN TPATUCHT JIABICHHSL.

Pucynok 1. ITpumep pexonctpykuuu BLIA no nanaeim MCKT
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O0bvem HaOmroneHnid. B umccrenoBaHue BKIFOYAIMCh TAIMEHTHI C TSHKEIBIM arepockiiepo3om (Gomee 70%)
KapOTUAHBIX apTepHii, roCIUTaNN3UpOBaHHbIe B oTAeneHue cocyanuctoi xupyprun YKb Nel ®T'BOY BO Ilepsoro
MI'MY um. .M. Ceuenona c okts10psi 2015 mo mapt 2016 amst mpoBeieHHs IIIaHOBOM KapOTHUAHOM YHAAPTEPIKTOMHUH.
CrydaifHeIM 00pa3oM ObLTO 0TOOpaHo 5 uctopuii Oone3Hu. Becem manmeHTaM 0 U MOCHE ONEPATUBHOTO JICUCHIUS
BeImonHsuTuch Y3/ Opaxuonedansubix aprepuit (bIIA) m MCKT BIIA ¢ xoHTpactupoBanueM. MccremoBanme
BBITIONHSITOCH Ha 320-criupaibHOM KomibioTepHoM Tomorpade Toshiba Aquilion ONE.

Pesynbrarsl. {75t HOCTpOSHMST OMHOMEPHBIX CETEBBIX CTPYKTYP apTepUabHON CUCTEMBI HCIIOIb30BAIUCH JaHHbIC
MCKT BLA c xonTpactupoBanuem. Ha pucynke 1 npuBeneH npumep pesyiabraToB PeKOHCTPYKLUH, MOTYyUYEHHBIX
Ha OCHOBE aJiropuTMa aBToMaTnueckoil cermentannu naHHbX KT. [Ipu kanuGpoBke Mojenelt KpoOBOTOKA 3HAYEHUS
rapaMeTpoB MOAOHPATUCH TaK, YTOOBI pa3HHUIIA MEX/Ty PACCYMTAHHBIMU M N3MEPEHHBIMH JI0 OTIepalliy 3HAYCHUSIMH
CHCTOJIMYECKOM CKOPOCTH KPOBOTOKA He IpeBbIiIalio 6 cm/c. [Ipu 3ToM cpeiHee OTHOCUTENbHOE OTKJIIOHEHHE BO BCEX
TOYKax coctaBuio 4%, MakcumanabHoe — 16%. [Ipu comocraBieHun pacCUNTaHHON € TIOMOIIBIO MaTEMaTHYECKOTO
MOJICTTMPOBAHUSI CHCTOIMYECKOM CKOPOCTH KPOBOTOKA C M3MEPEHHOM MOCIIE ONepalui ObUIO MOIYyYEHO, YTO CpeiHee
a0COIOTHOE OTKJIOHEHHE HE MPEBOCXOAMT 3 cM/c, MakcuMmaibHoe — 9 cm/c. Ilpu 3TOM, cpeaHee OTHOCHTEIILHOE
OTKJIOHEHHUE cocTaBuiIo 6%, MakcumaiabHoe — 20%.

BriBogpsl. [lpeanoxken MpUHLMI MOCTPOEHUS MEPCOHATM3UPOBAHHON MaTeMaTHYeCKOM MOJEeNH A Mpeiore-
pallMOHHOTO aHaliu3a M3MEHEHUS TeMOJAMHAMUKH B OSKCTpakpaHHalibHbIX otTaenax bBI[A mocne kapoTuaHON
9HIAPTEPIKTOMHUU. MOAEb YUNTHIBACT U BOCIPOU3BOAUT (DAKTUUECKYIO aHATOMHIO U KOJIMYECTBEHHbIE [10KA3aTEeNIN
reMOJMHAMHUKK 10 JaHHbIM KT-aHrmorpadmu u IymjaeKCHOTO MCCIECAOBaHMS cOCynoB wied. PaspaboranHas
MaTeMaTH4ecKasi MOJIeJIb M3MEHEHUs TeMOIMHAMUKN OpaxuoneaibHONH CHCTEMBI POAEMOHCTPUPOBAJIa XOPOILYIO
COTMOCTAaBUMOCTh ¢ (PaKTHUECKUMH Pe3yJabTaTaMu, MOTYYeHHBIMH MTOCIIE KapOTHIHON SHAAPTEPIKTOMUH. BakHbIMHI
XapaKTepUCTUKaMH MOJEIH SBISIIOTCS ee 0a3upoBaHUE Ha MPAMBIX METOJaX OIEHKH aHAaTOMUHU M KOJIMYECTBEHHBIX
[I0Ka3aTesiel KPOBOTOKA C OJJHOM CTOPOHBI, U OTCYTCTBHE HEOOXOAUMOCTH IIPOBEICHHS JONOTHUTEIbHBIX JUArHOC-
THUYECKUX MaHMITYIALUI MaleHTaM ¢ Apyroi. EcTecTBeHHBIM OrpaHNYeHUEM PE3YIbTaTOB JaHHOTO UCCIIEIOBAHMS
BBICTYIIaeT HEOONbIIOE KOJIMYECTBO HAOMIOACHMH, BKJIIOYEHHBIX B paboty. McciemoBanue Ha OosbieM oObeme
MAIMEHTOB MO3BOJIMT AaTh Oosiee 0OBEKTUBHYIO HHPOPMAIIHIO U, BO3MOXKHO, YTOUHUTD NPEAI0KEHHbIE alTOPUTMBI.

bnaromaproctu. Pabora Beimonnena npu nogaepxkke rpanta PH® 14-31-00024. ABTopsl BhIpakaroT Onaro-
JApHOCTh coTpyAHHKaM CeueHOBCKOro yHHMBepcuTera, ocobenno H. [Marapunoii, E. ®omunbix u A. [[3ronmnze, 3a
IIPEOCTABICHUE IaHHbIX.
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OLEHKA ®PAKIIMOHUPOBAHHOI'O PE3EPBA KPOBOTOKA C IIOMOIIBIO
I'EMOINMHAMHAWYECKOI'O MOJAEJIMPOBAHUSA U KT-AHT'MOTI'PA®UN

TIamunos T.M. '3, BacuieBcknii FO.B. %, Cumakon C.C.'3, JlanmnoB A.A."3, TIpsamonocos P.A."3, FOpoBa A.C.!3
ICeuenoeckuti ynusepcumem, Mocksa, Poccus.
?Mockoeckutl ¢husuko-mexuuyeckuii uncmuniym, Jloneonpyonuwtii, Poccus

SUncmumym evruuciumenvuot mamemamurxu Poccuiickoti akademuu nayk, Mockea, Poccus.

KJIFOUEBBIE CJIOBA: ¢pakunoHIpoBaHHbIHI pe3epB KPOBOTOKA, MOJIENIb TEMOAMHAMUKH, CErMEHTaLUs H300pa-
JKCHUM, CTEHO3

Hemn pabotel. @pakunonnpoBanHblii pe3epB kpoBoToka (PPK), nzmepsiemblil pu MHBa3WBHOW KOPOHAPHOM
aHruorpaduu, MO3BOJISIET OLEHUTH CTENECHb TSHKECTH CTEHO3a KOpoHapHbBIX aprepuit [1]. Ha nanneiii Mmoment ®PK
SIBJISIETCS 30JI0THIM CTaHAAPTOM CPE/IY [IOKA3aTesIeH, ONIpeNes oI NX HE00X0IMMO CTh KOPOHAPHOM peBaCKYISIpU3aLl iU,
JUid OLEHKM TeMOAMHAMHUYECKOH 3HAaYMMOCTH CTEHO30B IIPEANIAraeTcsl HCIOJb30BaTh OJHOMEPHYIO CETEBYIO
MaTeMaTHYEeCKYyI0 MOJIENb TedeHNU KpoBH [2]. Mozens NCIOIb3YeT XapaKTEPUCTUKHU COCYZI0B, KOTOPBIE N3BIEKAOTCS
n3 panHeix KT-anrunorpadun manuentoB. OCHOBHOH 1I€TIbIO paOOThI SBISETCS JEMOHCTpaLusl padOThl METOJUKH
orneaku @PK Ha psge cimydaeB, a Takke cpaBHeHue mnokazateneid OPK, BRIYUCICHHBIX C MOMOIIBIO MOAEIH, C
M3MEpPEHHBIMH HHBA3UBHO.

Mertonel. Y cemMu mamueHToB BhIMONHUIOCH KT anrmorpaduueckoe ncciemoBaHWE KOPOHAPHBIX COCYIOB.
N3 nonydennpix KT naHHBIX ¢ MOMOMIBIO aITOPUTMOB CETMEHTAIMM M CKEJIETOHW3AlMU U3BJIEKAIach CTPYKTypa
KOPOHApHBIX apTepHii, HCIIOIb3yeMas B FeMOAMHAMUYECKUX pacdeTax MoJeln KpoBoToka. C MOMOIIbI0 MOJAEIH
KpOBOTOKa IPOBOJMIIACH OLleHKa nokasaresss @PK, koTopsliil 3aTeM cpaBHUBaJICS ¢ MHBa3UBHO n3MepeHHbIM DPK.

Pesynpratel. CpaBHEHHE pacCYMTaHHBIX ¢ momomblo Mmonened @®PK - u wsmepennbix wuuBasuHo DOPK
npeacTasiieHo B Tabmuile 1. O6o3Hadenus cocynon: [IIKA — npaBas koponapHas aptepus, JIKA — neBas kopoHapHas
aprepusi, OA — orubatomas aprepus, [IHA — niepenHss HICXOOAIIAs apTepHsl.

Tabauua 1. Usmepennbiit ®PK u paccuntanubiii ¢ nomomsbio mogenu ®PK,

ITamment Cocyn CreHnos JmuHa, MM (IDPKKT DOPK Ommbxka
1 MHA 50% 40 0.51 0.58 +14%
JIKA 55% 2 0.72 0.84 +17%
OA 80% 10 0.59 0.61 +3%
2 I[THA 80% 20 0.74 0.78 +5%
IIKA 55% 2 0.93 0.87 -5%
3 I[MTHA 70% 20 0.81 0.77 -5%
4 I[MTHA 60% 40 0.6 0.57 -5%
OA 50% 10 0.88 0.97 +14%
5 IMTHA 50% 10 0.91 0.86 -5%
6 OA 50% 10 0.89 0.83 -T%
ITKA 50% 10 0.91 0.93 +2%
7 IIKA 50% 3 0.85 0.89 +5%

BriBosbl. [lonmydyeHHbIE JaHHBIE IEMOHCTPUPYIOT CIIOCOOHOCTh pa3pabOTaHHON METOIHMKH C JOCTAaTOYHOH TOY-
HOCTBIO BOCIIPOU3BOIUTH TOKA3aTeIN HHBA3UBHOTO n3MepeHus OPK, uTo 3HaunTeIbHO MOBBIIIAET AUATHOCTHIECKY IO
neHHocth KT anruorpaduueckoro uccieoBaHumsl.

Jluteparypa

[1] B. De Bruyne, N.H.J. Pijls, G.R. Heyndrickx, D. Hodeige, R. Kirkeeide, K.L. Gould, Pressure-derived frac-
tional flow reserve to assess serial epicardialstenoses: Theoretical basis and animal validation, Circulation,
2000, (15), 1840-1847.

[2] TM. Gamilov, Ph.Yu. Kopylov, R.A. Pryamonosov, S.S. Simakov Virtual fractional flow reserve assesment in
patient-specific coronary networks by 1D hemodynamic model, Rus. J. Num. Anal. Math. Mod., 2015, (5), 269-276
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BJIMSHUE NOJIUMOP®U3MA I'EHA ABCB1 HA NTPO®UJIb DOPEKTUBHOCTHU U
BE3OITACHOCTU IPUMEHEHUS ®EHA3EITAMA Y HAIIMEHTOB C TPEBOXKHBIMU
PACCTPOMCTBAMM, KOMOPBEUJIHBIMHU C AJIKOTI'OJIbHOM 3ABUCUMOCTBIO

AnToHenko A.Il., Bpau-opaunarop I'bY3 « MHIIL] mapkonoruu JA3M».
3acrpoxun M.C."% k.m.H. accucteHnt kadenpsl Hapkonorun PMAHIIO, Bpau ncuxuarp-Hapkoaor MHITI]
Hapkojoruu J[3M.

I'puminna E.A.% x.6.H., 3aBeytoias OTIeI0M MOJIEKYIspHO-Oronorndeckux uccienopanuii HUI[ PMAHIIO;
PeoxukoBa K.A%: M.H.C. oTIena MOJeKyIsipHO-Ononornyeckux ucciaenosanuii HUL[ PMAHIIO;
Caguenko JI.J1.: k.M.H., ToleHT, mpodeccop kadeapsl Hapkonoruun PMAHIIO;

Bpion E.A."2: 1.M.H., mpodeccop, 3aBeayromuii kadeapoit Hapkonorun PMAHIIO, npe3unent MHIIL]
Hapxonoruu J[3M;

Ceorue JI.A.%: unen-xkopp. PAH, 1.M.H., mpodeccop, 3aBeayromiuii Kapeapoi KIMHNIeCKOH (hapMaKOIOTHH ’
tepanuu PMAHIIO.

'I'BY3 « Mockosckuii HayuyHO-npakmu4ecKuii yeHmp Hapkonozuu [enapmamenma 30pasooxpanerusi 20pooa Mockevly,
109390, Mocxsa, ya. Jlwbnunckas, 0. 37/1.
2@I'BOY JTI0 «Poccuiickas MeOuyuHcKas akademust HenpepuleHo20 npogheccuonanvbro2o obpasosanus Munzopasa
Poccuuy, 125993, Mockea, yn. Bappuxaounas, 0. 2/1, cmp. 1
aantonenkO@yandex.ru

AxTyanpHOCTh. beHnzonnazenuHoBslie TpankBum3aTops! (BAT) mpuMeHsroTCS TSl JIedeHUsT OOMBHBIX ¢ TPEBOXK-
HBIMH PacCTPONCTBAMU, KOMOPOUIHBIMH C aJIKOTOJIHHOM 3aBUCUMOCTBIO.

BT obmamaroT ceaTUBHBIM, AHKCHOJTUTHYCCKAM U TTPOTHBOCYAOPOKHBIM 3P dekramMu. DT 3PPEKTH 00yCI0B-
JIeHBI B3amMmogeiicTBueM mpermapatoB ¢ [AMK-penenropamu. UToOb m30eKaTh MEPEKPECTHON TOIEPAHTHOCTH C
AJIKOTOJIEM, TIPH KOTOPOH OOBIYHBIC O3Bl IpernapaToB He 3(PPEKTUBHEI, pekoMeHIoBaHO Ha3HauaTh bJIT B mos3ax,
MPEBBIIAIONINX CpeHUE TeparneBTuueckue. B cBs3u ¢ atuM npu npueme bJIT MoryT Bo3HUKaTh HeXelaTelbHbIe
JIEKapCTBEHHBIE PEAKIIMH CO CTOPOHBI PA3IMYHBIX OPTaHOB U CHCTEM OpTaHW3Ma.

I'muxomporenn P — mpencrasser codoit ATD-da3HbIi Hacoc, T0KaTM30BaHHBIA Ha IIATOIIA3MATHIECKIX MeMOpa-
HaX Pa3INYHBIX KJIETOK W OCYIISCTBIIONINN BHIOPOC BO BHEKJIETOYHOE MPOCTPAHCTBO PA3NNYHBIX KCEHOOHMOTHKOB,
B ToM uncie u 6onee 80% nekapctBeHHbIX cpencts (JIC). [mukxonporenn-P xomupyercs renom ABCB1, xotopsrit 06-
JIAIaeT BBICOKOH CTENEHBI0 MOIMMOP(HU3Ma, UTO BEIPAKAETCS B Pa3HOM CTETIEHN aKTHBHOCTH TIIMKOTpoTenHa-P, a kak
CII/ICTBHE, B U3MEHEHNH CKOPOCTH BhIBeaeHns1 JIC-cyOcTparoB U3 oprann3mMa. IT0 B CBOIO OYepe/ib, MOKET OKa3bIBaTh
BIMSTHIE HAa HHIUBUAYAIBHBIN 0TBET manuenTa Ha JIC, MeHss1 mokaszaTesn mpouiist 3PPEKTHBHOCTH B OE30ITaCHOCTH.

Iempro qaHHOM pabOTHI ABJIAETCS OLIEHKA B3aUMOCBsI3H mosimMopdusMa rena ABCB1 ¢ mpodmreM s dekTuBHOCTH
u Oe3omacHOCTH OpomauruapoxiopdenmtoeH3oqnazenuaa (Penazemama), y TaMeHTOB ¢ TPEBOKHBIMHA PACCTPOM-
CTBaMH, KOMOPOHTHBIMU C aJTKOTOJIM3MOM.

Marepuainbl 1 MeTOJbl. B MccienoBaHMM NTPUHUMAIIO yYacTHe 58 MallMeHTOB, CTPaJAAOLIUX TPEBOKHBIMU pac-
CTPOUMCTBAMH, KOMOPOMIHBIMUA C AJKOTOJIM3MOM, HAXOAWBINHMXCS Ha cTaruoHapHoM JiedeHuH B ['BY3 «MHIIL]
Hapkojoruu J[3My.

st omienku 3 dexTuBHOCTH OpoMauruapoxiaophennidoen3oanasenuya (Penazemnama) MpUMEHIIH MEKTyHa-
pPOIHBIC TICHXOMETPUYECKHE IMKaIBL: 1. Bu3yanpHo-aHagoroBas IIkaja OICHKH BIIeUeHHS K amkoroiio (BAIID). 2.
Tlocimranbras mkana tTpeBoru u aenpeccun (HADS). 3. [Ikana tpeBorn ['ammmsTona (HamiltonAnxietyRatingS-
cale (HARS)). 4. lllkana camoorienku TpeBoru L{ynra (TheZungSelf-ratingAnxietyScale (ZARS)). [Ipodwis 6e3-
OTIACHOCTH HCCJICIOBAJIH C IIOMOIIEI0 mKaj ommeHku nodounoro neiicteus (UKUSide-EffectRatingScale (UKU)).

HccnenoBanne manueHTOB MPOBOANIIOCH 32 JIEHB J0 Hadaa Tepariuy, BKIIOYaBIIed OpoManTuaIpoxaopheHnnde
moaunazenud (Oenazenam), u depes 5 qHEH Tepanuu.

[IpoBenenne TeHOTUITUPOBAHUS 110 BEIOpaHHOMY TTormMopdusMmy ABCB1 3435C°T, npou3BOAMIN C HCIIONH30-
BaHHEM TIOJTUMEPA3HON IIETTHOW PEaKINH B PEXKUME PEaThbHOTO BPEMEHH C aUTeIbCICITU(BUICCKON THOPHAN3aITeH
(Real-TimePCR). [lns onpeneneHus pa3uduii MEKIy TPyIIaMid KOJHYECTBEHHBIX MaHHBIX MAIMEHTOB 0€3 TOJH-
mopduzma 3435C°T rera ABCB1 u ¢ ero mHanmmumem ucnois3oBain H-tect Kpyckamra-Yommmca.

Pesynprare! ncciaenoBanus. [1o mkane VASB 1-b1if eHb JTedeHUS OAIIIBI TOTYYeHBI cienyromue: 44,0+9,9 (CC),
44,8+11,0 (CT), 50,249,6 (TT), p=0,19.Ha 5-w1it nens neuenus: 6,07+2,7 (CC), 6,7+2,3 (CT), 6,0+2,8 (TT), p=0,56.
ITo mxare HADS B 1-bIif AeHD JeUeHNs OBLTH MOMy4YeHBI Oamiel: 25,5+4,4 (CC), 27,3+3,4 (CT), 27,58+3,6 (TT),
p=0,22. Ha 5-w1if menp neuenus: 3,622 (CC), 4,9+1,3 (CT), 4,0+1,39 (TT), p=0,11. ITo mxane UKU B 1-51if 1eHB
JISYCHHsI TIONyYeHbI ciemytontue Oamrsr:1,28+0,46 (CC), 1,3+0,48 (CT), 1,17+0,39 (TT), p=0,53. Ha 5-p1ii meHn
neuenus: 8,7+0,6 (CC), 8,5+0,5 (CT), 8,5+0,5 (TT), p=0,59.

BrBogplllo pesynsraram nccrienoBaHus HE OBUIO MOMYYEHO CTATHUECKH 3HAYMMOW Pa3sHHIBI B TTOKA3aTEIsX
Oe3omacHoCTH ¥ 2 (HEKTUBHOCTHOpOMANUTHIpOXIopheHmIOeH30nazenHa (DeHa3enama) y marueHTOB C TPEBOKHBIMHU
paccrpoiicTBamu, KOMOPOWIHBIMU C QJIKOTONU3MOM. MCXOAs W3 3TOrO MOXKHO TOBOPHTH 00 OTCYTCTBHU BIHMSHUS
ronumopduzMa reaa ABCB1 Ha nmpoduis addextuBHOCTH U Oe30macHoCTH puMeHeHwsI DeHazenama. B Toxe Bpems
HEOOXOMMO OTMETHTb, YTO, BEPOSITHO, OTCYTCTBHE CTATUCTUYECKH 3HAYMMOW PA3HHUIIBI B TTOKA3ATEINSX HE BHISBICHO,
BBHJIY HEZOCTAaTOYHOTO 00BbeMa BEIOOpKH. HeoOxonnmo mpogomkeHue uccae0BaHus IJIsl PEIeHHs TaHHOTO BOIIPOCa.
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ASSEMBLING CHEMOMES TO CREATE PHARMACEUTICAL MOLECULES AGAINST
DRUG TARGETS

Jun Xu
Research Center for Drug Discovery, Sun Yat-Sen University, 132 East Circle at University City, Guangzhou,
510006

This talk introduces a de novo chemotype (substructure) generation algorithm (DSGA) that derives frequent sub-
structures in order to avoid the subjectivity of empirical method, and avoid the meaningless substructures generated
from algorithmic approaches by statistical analyses. DSGA derives frequent chemical substructures (FCS) from a
large compound library. In a FCS, substructures are not inter-included. When the library is big enough to represent
the chemical diversity, such as ZINC database (27 million medicinal compounds), the resulting FCS is termed as the
FCS dictionary (FCSD) for drug-like compounds. For a focused compound library (FL), DSGA can derive a focused
FCS (fFCS) from FL. fFCS can be used as structural descriptors for focus library SAR studies.

Six focused libraries against targets PDE4D, mTOR, HDAC1, DPP4, BACE and ALR2 were tested with DSGA
approach. Using the fFCSs as structural descriptor sets, six virtual screening models were generated to predict ligands
against the targets, the prediction accuracies are greater than 90%.

Three methods were proposed to assembly drug-like molecules from substructures: (1) using the laws in the
nature, such as isoprene rule; (2) organic synthesis rules, such as retro-synthon rules proposed by E. J. Corey; (3)
pharmaceutical rules derived from a focused compound library against a specific target. We use DSGA to figure out
rules that are used to compose privileged scaffolds by assembling FCS.

It can be chemically challenging to make the compounds proposed by these assembling approaches. By com-
bining DSGA method, bioisoterism method and click chemistry, we generated privileged chemome (substructures/
chemotypes) from Hsp90 inhibitor library, then find out available chemical fragments with bioisoterism rules. With
SPR technology, we confirmed the fragments that interacted with Hsp90. Finally, we used click chemistry to assem-
bly the substructures, and produced nanomolar selective Hsp90 inhibitors.

APPROACHES TO INCREASING THE DOCKING ACCURACY
Sulimov V.B., Kutov D.K., Sulimov A.V.

Molecular modeling, especially docking, is increasingly used in the development of medicines. With the help of
docking, the molecule (ligand) of the test substance is positioned in the active center of the target protein and the
protein-ligand binding energy is estimated: the more this energy, the more effective the drug. Reviews mention more
than 60 docking programs in which a great variety of different simplifications are realized, because many decades
docking programs are developed in the paradigm of «faster and faster» to dock many thousands of ligands on a
laptop. But the calculation «on the lap» in Russian has a meaning: rough, slapdash, etc., and this reveals itself in the
widespread use of docking programs. The positioning of ligands is performed satisfactorily by docking programs, but
they tend to give large errors in binding energies.

The report discusses sources of docking errors, and approaches to their elimination, recently implemented in
supercomputer programs FLM and SOL-P. The SOL-P program successfully docks flexible ligands to proteins with
several dozen mobile atoms in the conformational space with an unprecedentedly large number of dimensions due to
the application of a new method of global optimization - the tensor trains method. The conclusion is made that almost
all existing simplifications that limit the accuracy of docking can be overcome, and a new generation of docking
programs can be created, the use of which for the drug development should significantly increase its efficiency. The
work was financially supported by the Russian Science Foundation, Agreement no. 15-11-00025.
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A SCALABLE FABRICATION PROCESS OF POLYMERIC DISSOLVING MICRONEEDLES
FOR TRANSDERMAL DRUG DELIVERY

Chuanbin Wu, Peipei Yang, Beibei Yang, Guilan Quan, Yi Huang, Chune Zhu, Xin Pan
School of Pharmaceutical Sciences, Sun Yat-sen University, Guangzhou 510006, PR China

Microneedles are designed to create temporary channels on the skin without reaching to the dermis to enhance the
drugs transport across the skin barrier. Dissolving microneedle array (DMNA) fabricated from biodegradable poly-
mers can release the encapsulated drugs by dissolving in the skin without any biohazardous waste. In recent years,
remarkable progress has been achieved in developing DMNA for successful transdermal delivery of biological small
molecules, macromolecular drugs and vaccines.

High-temperature molding, UV photo-polymerization curing, and aqueous solution casting have been used for
molding DMNA from dissolving materials. However, these methods are rather complicated involved with several
processes, and the radiation source, polymerizing reagents or elevated temperatures may impair the stability of the
biomacromolecular drugs and cause skin irritation. Although two-step molding has been widely utilized for the fabri-
cation of DMNA, insufficient drug loading in the needle portion and lack of practicable industrial preparation method
have severely impeded their further application.

A modified two-step method using different solvents for needle and base portions under mild conditions was de-
veloped by our group, and a series of DMNA containing various model drugs such as levonorgestrel, thymopentin,
and salmon calcitonin were successfully prepared. Insertion assessment, stability test, and drug release study were
conducted in vitro. The therapeutic efficiency was confirmed via in vivo pharmacodynamic study. In addition, a nov-
el automatic microneedles array fabrication system (AMAFS 1.0) was initially developed by our group, which can
continuously manufacture microneedles with a simple and reproducible operation to control mechanical parameters.

*Present author. 132 East Circle at University Town, Guangzhou 510006, China. Tel/fax: (86)-20-39943120
E-mail: chuanbin wu@]126.com, wuchuanb@mail.sysu.edu.cn.
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PABPABOTKA IPETTAPATA JIUISA THAYHOUPOBAHUA NMPOJOJIKUTEJIBHOI'O, CTABUJIBHOI'O
N OBPATUMOI'O THITIOMETABOJIMYECKOI'O U THITIOTEPMHUYECKOI'O COCTOSIHUA Y KPBIC
B TEPMOHEMWTPAJIBHBIX YCJIOBHUAX

3axaposa H.M'., TapaxoBckuii F0.C."?, Komesmuna H.IL.!, ®aneea U.C."%., Xpenos M.O'., Inmymkosa O.B'.,
Ipoxopos J.A'%., Kyreimenko B.I1"2., Kosryn A.JI°.

Huemumym 6uoghuzuxu knemxu PAH, [Tywuno, Poccus;

’Hncmumym meopemuueckotl u skcnepumenmanshotl uogusuxu PAH, ITywuno, Poccus; *@ono nepcnexmughvix
uccneoosanuit, Mockea, Poccus

n.m.zakharova@gmail.com

Kak u3BecTHO, pa3paboTKa TEXHOJIOTUH BBEJCHHUS YEIOBEKA B MCKYCCTBEHHOE TUTIOOMOTHYECKOE COCTOSTHHE C
KOHTPOJIMPYEMbIM YPOBHEM OOMEHA BELLIECTB U TEMIIEPATYPhI siApa Teja sIBJSETCA OHON U3 HanOoJsIee BaXKHbIX 3a1a4
COBpPEMEHHOH Ouonoruu u MeauuuHbl. Ee pemieHne mo3BoiauT o0ecneyuTh UIMTENbHOE BBDKMBAHUE YEJIOBEKAa B
3aMKHYTOM IIPOCTPAHCTBE B yCIOBUSAX THIIOKCHH, X0JIOa U e (ULINTA PECYyPCOB JKU3HE00ECIICUCHHUS, TP TPOBEACHUH
CIIOKHEHIINX MHOI'OYacOBBIX ONEpalMid, a TakKe MPOJINTh «30JI0TOM yac» MpH OKa3aHUHU PAHEHBIM HEOTIIOKHOM
MeIUIMHCKON momontd. Hamu paspaborana 3ddekTuBHas TEXHOJIOTHS MOTYYCHHUS! CTAOMIBHBIX HACBHIIICHHBIX
KCEHOHOM KHJIKUX CMeCel ¢ BKIIIOUEHHUEM U3BECTHBIX, UCIIOIb3YEMBIX B KJIMHHUKE (hapMaKOJIOrMUECKUX MPETaparoB.
[Tonydyennast Qapmakonornyeckas KOMIIO3ULMS I0OCIE BHYTPUBEHHOW HHBEKLUH KpbICaM, BbI3bIBAET OBICTPOE
camwkenue UCC, Bcien 3a kotopbiM uepe3 1,5-2 gaca HaOmomaeTcsi CTaOWIBHOE CHIKEHHE TeMIIepaTyphl Tena
JKUBOTHBIX B cpegHeM Ha 7°C-8°C, KOTopoe MOXKET AJUTHCS A0 8 4acoB MpH Temueparype okpyxenus 21°C-22°C. [lo
UCTEYEHUH BPEMEHHM JEHCTBHSI IPENapaToB MPOUCXOIUT CIIOHTAHHOE TOBBIIIEHUE TEMIIEPATYPhI TeJla O UCXOAHBIX
BeJIMYMH. B meproa MakcuMalibHOTO MaIeHHsI TeMIIepaTypbl MOTpeOlIeHHEe KHCIOPO/ia MOKET CHIKAThCS IBYKPATHO,
TIPU 3TOM caTyparus KpOBH HE HapyIIaeTCs.

[loxa3aHo, YTO 3KCHEPUMEHTAIbHO 00OCHOBaHHAs (DAPMKOMIIOZULMS SIBISCTCA YHHMKAJIbHOM, U OTCYTCTBHUE B
COCTaBE OJIHOTO U3 KOMIIOHEHTOB CYIIECTBEHHO CHIKAET e (P (HEKTUBHOCTb.

[locne BbIXOOa M3 COCTOSIHHMS THIIOMETAOOMMHM M THIIOTEPMUH >KUBOTHBIC HE OOHApY)KMBAIOT OTKJIOHEHHS B
MOBEICHUH U COXPAHSIOT paHee MPHOOPETEHHBIN HaBBIK.

Kak nmokasanu npegBapuTebHbIe JaHHbBIC, pa3paboTaHHAass KOMIIO3UIUS MHOTOKPATHO MOBBIIIAET YCTOHYHBOCTD
OpraHu3Ma K BHEIIHEMY OXJIaX/ICHHUIO U TUTIOKCHUH, TEPEeBOAsS KMBOTHOE HAa HOBBIM YPOBEHB KU3HEOOECIeUueHUs,
YTO I03BOJISIET BPEMEHHO [TOHU3UTh KUCJIOPOAHBIE U SHEPTeTHUECKHUE 3aIIPOChl OPraHnu3Ma, C IIOCIISLYIOLUM 101
HBIM BOCCTaHOBJICHHEM €T0 JKN3HE00ECTIeUnBAOINX (YHKIIHA.
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PLATELET GLUTATHIONE REDUCTASE AND GLUTATHIONE-S-TRANSFERASE ACTIVITY IN
FIRST-EPISODE PATIENTS WITH SCHIZOPHRENIA AND SCHIZOAFFECTIVE DISORDER

Omel’chenko M.A., Kaleda V.G., Pomytkin A.N., Savushkina O.K., Tereshkina E.B., Boksha L.S.,
Prokhorova T.A., Burbaeva G.S.
Mental Health Research Centre, Moscow, Russia
neurochem06@mail.ru

Background — First-episode psychosis is the most important time range for antipsychotic treatment and prevention
of repeated psychoses, relapses, and further disease progression.

Aim — Comparative assessment of platelet glutathione reductase (GR) and glutathione-S-transferase (GST) activ-
ities in first-episode psychoses and in control group, and search for link between these activities and clinical assess-
ments of the patients.

Methods — PANSS scores and platelet GR and GST enzymatic activities in the first-episode patients (men) with
schizophrenia (SZ, n=21) or schizoaffective disorder (SZA, n=32) were assessed before and after the treatment
course with antipsychotics and recorded in database. Control group consisted of 33 men volunteers. Non-parametric
statistics was used for between-group comparisons (Mann-Whitney U-test), and search for correlations (Spearmen
rank order correlations).

Results — significantly reduced GR activities were found in SZ or in SZA group, both before and after the treat-
ment course, as compared with the control group. Significantly reduced GST activities were found in ShD group,
both before and after the treatment course, as compared with the control group. Negative correlation was found be-
tween GST activity measured before the treatment course and PANSSneg, PANSSpsy, and PANSStotal assessed in
SZ group after the treatment course (R=-0.48, p<0.05).

Conclusion — reduction of GR and GST activities may evidence for decreased glutathione antioxidant defence in
first-episode psychoses, correlation between GST activity and PANSS may have a prognostic value for antipsychotic
treatment efficacy.

PCA3 AND TMPRSS2:ERG GENES EXPRESSION ANALYSIS IN URINE SEDIMENT
OF THE PATIENTS WITH ADENOCARCINOMA, BENIGN PROSTATE HYPERPLASIA AND
OTHER PATHOLOGICAL CHANGES OF PROSTATE

Mikhaylenko D.S."?, Grigoryeva M.V.2, Efremov G.D.2, Nemtsova M.V.!
!Institute of Molecular Medicine of the Sechenov University

’N. Lopatkin Research Institute of Urology and Interventional Radiology — branch of the National Medical Re-
search Center of Radiology

Prostate tumor cells and nucleic acids slip into the lumen of the urinary tract and are present in the urine
sediment, in which mutations and changes of gene expression can be determined. The aim of the our study was
to analyze PCA3 and TMPRSS2:ERG expression in urine sediment with benign prostate hyperplasia (BPH) and
prostate cancer (PCa) to determine the diagnostic significance of the combined expression level of these genes
as PCa marker. The study included 51 patients with BPH and/or prostatitis (control), 59 patients with PCa. After
prostate massage, RNA was extracted from the of urine sediment, reverse transcription was performed, then gene
expression was analyzed in real-time PCR and the deltaCt value (Ct PCA3-KLK3) was calculated. Medians were
4.09 in the control and -0.20 in the PCa. Using ROC analysis the optimal deltaCt threshold was found to be 1.23.
The accuracy of the PCA3 overexpression was 82, sensitivity 76, specificity 88%. Expression of the chimeric on-
cogene TMPRSS2:ERG was absent in the control and was detected in 59% of the PCa. DeltaCt does not differ in
patients with BPH, low and high grade PIN, prostatitis, while significantly increased in PCa with respect to any of
the control subgroups listed above (p<0.01). Thus, the PCA3 overexpression and the TMPRSS2:ERG are charac-
teristic of PCa. Analysis of these genes expression with the proposed modification of RT-PCR in urine sediment
allows to diagnose PCa with accuracy 82%.
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REGENERATION OF RAT SKELETAL MUSCLE INDUCED BY MSC-POPULATED COLLAGENOUS
SCAFFOLDS

Novokreshchenova A.'*, Butorina N.!, Payushina O.!, Sheveleva O.!, Domaratskaya E.!
! Koltzov Institute of Developmental Biology of RAS, Russia
* e-mail: a.novokresh@mail.ru

Introduction. Application of mesenchymal stem cells (MSCs) for tissue regeneration is currently a well-devel-
oped practice performed on many types of tissues, including the skeletal muscle. The best survival rates of MSCs in
the implantation site are achieved by delivering MSCs on biocompatible scaffolds, as they provide adhesive surface
and mechanical protection. A very popular material for such scaffolds is collagen, as it is non-immunogenic, biode-
gradable and can be used in various forms.

The aim of this study is to compare the influence of three collagen-based scaffolds on regeneration of rat skeletal
muscle in the presence of adipose-derived MSCs.

& Belkosin
:&&. 3 A / \ e, 14 days
s y — 9 { — —_— N - —

=
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Adipose-derived MSCs Collagenous scaffolds Implantation inte musculus soleus

Materials and Methods. MSCs obtained from Wistar rat adipose tissue were cultivated on 3 different collagenous
scaffolds for 14 days in 10° cells/ml concentration. Each scaffold was placed into musculus soleus laceration site
immediately after the injury and sealed with sutures. Histological examination was performed 14 days after the op-
eration.

Results. All the examined grafts caused inflammation at the implantation site, but presented different effect on
muscle regeneration and vascularization. Effectiveness of muscle regeneration was estimated by the amount of mus-
cle fibers with centralized nuclei.

Belkosin is a type of collagenous sausage casing used in meat industry. It consists of reorganized collagen fibers,
which spawned the question, whether it can be used as a scaffold for stem cell delivery.

At the implantation site Belkosin showed almost no biodegradability and maintained its solid structure after 14
days. Very few cells were able to penetrate the scaffold and the rest remained mostly on its surface.

Groups of regenerating muscle fibers were found at the periphery of the inflammation zone. Single blood vessels
were found among the inflammatory cells.

A. Site of Belkosin implantation. In many cross-sections surrounding tissue seems to be detached from the scaf-
fold, hinting at its poor adhesive properties. A few cells impregnate the scaffold, but mot remain on its surface. B.
Structure of Belkosin. C. A group of regenerating muscle fibers.

SIS (small intestinal submucosa) is a native fibrous layer derived from swine intestine wall. SIS is less dense than
Belkosin, therefore more elastic and soft.

SIS exhibited good biodegradability at the implantation site, as it became thinner and slightly dispersed. Fibers of
the scaffold were interlaced with connective tissue and inflamatory cells.

The area of inflammation was rather vast, similar to Belkosin, and regenerating muscle fibers and new blood
vessels were only seen at its periphery. However, there were noticeably more groups of regenerating muscle fibers
around SIS than around Belkosin.
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A. Site of SIS implantation. White arrow marks the remains of the scaffold. The area is filled with numerous
neutrophils. B. The verge of the inflamed area. Groups of regenerating muscle fibers are visible. C. A group of regen-
erating muscle fibers.

PCS (porous collagen scaffold) is a 3D structure of crosslinked collagen fibers. Due to loose porous structure it
provides the best adhesive surface for the cells.

Of all scaffolds used, PCS caused the least inflammation, roughly confined to the area of the scaffold itself. 14
days after implantation PCS was almost fully degraded and well infiltrated with recipient connective tissue and cells.
Unlike Belkosin and SIS, regeneration of muscle tissue wasn’t limited to the verges of inflammation area, but also
took place in its center, impregnating the scaffold’s structure and its nearest surroundings. Moreover, PCS graft
seemed to cause the most active vascularization at the implantation site.

A. Site of PCS implantation. There are seemingly fewer neutrophils around the scaffold, and the area seems to
contain more connective tissue, compared to Belkosin and SIS. B. Young muscle fibers appear near the middle of the
inflamed area. C. Active vascularization around the implantation site. Red arrows mark blood vessels.

MSC suspension.

To compare MSC effectiveness with and without a scaffold, we also attempted to deliver MSCs into the laceration
site by injection of the cell suspension. The same concentration of cells was used for injections, as for populating the
scaffolds.

Inflammation caused by such cell delivery was minimal, as no foreign material was introduced. Some regenerat-
ing muscle fibers were found around and inside the inflamed area, however they appeared thinner than those growing
in presence of scaffolds.
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A. Site of MSC suspension injection. Quite few neutrophils are present at the site. B. Bundle of regenerating mus-
cle fibers. C. Regenerating muscle fibers and a vessel in the middle of the inflamed area. A lot of connective tissue is
present along with inflammatory cells.

Conclusion. Out of three examined collagenous scaffolds, Belko- Graft's impact on muscle regeneration and vascularization
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REGENERATION OF RAT SKELETAL MUSCLE INDUCED
BY MSC-POPULATED COLLAGENOUS SCAFFOLDS

Novokreshchenova A.'*, Butorina N.!, Payushina O.!, Sheveleva O.!, Domaratskaya E.!
' Koltzov Institute of Developmental Biology of RAS, Moscow, Russia
* e-mail: a.novokresh@mail.ru

Application of mesenchymal stem cells (MSCs) for tissue regeneration is a well-developed practice in regenera-
tive medicine. Delivering MSCs on biocompatible scaffolds provides the best survival rates of MSCs after implanta-
tion. Many scaffolds are made of collagen that is non-immunogenic and biodegradable. This study aims to compare
the influence of three collagen-based scaffolds on skeletal muscle regeneration in the presence of adipose-derived
MSCs.

MSCs obtained from rat adipose tissue were cultivated on 3 different collagenous scaffolds for 14 days in 10°
cells/ml concentration. Each scaffold was placed into musculus soleus laceration site immediately after the injury
and sealed with sutures. Histological examination was performed 14 days later. The scaffolds used were Belkosin
(BLK), porous collagen scaffold (PCS) and small intestinal submucosa (SIS). For comparison MSCs were delivered
by injection of the cell suspension into the injury site.

All the grafts caused inflammation at the implantation site. SIS+MSC and PCS+MSC seemed to induce slightly
more active muscle regeneration and vascularization than Belkosin and MSC suspension. Muscles regenerating with
engrafted PCS+MSC exhibited the most positive result. BLK showed the least biocompatibility, as it barely disin-
tegrated in the tissue. SIS and PCS allowed better permeation by recipient cells. Evidently, PCS provides the best
structural organization for tissue regeneration due to its porous structure.
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MECHANISMS OF POSSIBLE ANTIBIOTICS ACTION POTENTIATING USING SECONDARY ME-
TABOLITES FROM PLANTS

Gorlenko K. L., Popova E. Y.
Organization, City, Country: I. M. Sechenov First Moscow State Medical University
mr.gorlenko@mail.ru or mr.gorlenko2000@gmail.com

Background: Multidrug resistance is worldwide problem of 21% century. It occurs in microbial cell and results
from activation of different mechanisms in cell structures. Secondary metabolites from plants are synthesized during
the photosynthesis. Their release results from activation of intrinsic protective mechanisms.

Aim: To clarify possible mechanisms of antibiotic action potentiating using secondary metabolites from plants.

Materials and methods: We analyzed experimental papers and scientific reviews on the subject using NCBI Med-
Line, Scholar.Google, and Elsevier databases.

Results: Main antibiotic potentiating mechanisms of secondary metabolites from plants aimed on disturbing struc-
tures which are responsible for multidrug resistance forming. In bacterial cell secondary metabolites are able to in-
hibit B-glucane synthesis, depress efflux. Along with that in fungal cells much more mechanisms occur. For instance,
secondary metabolites can inhibit ergosterol synthesis.

In the other hand, secondary metabolites can depress different life processes in pathogen cell: inhibition of nu-
cleinic acid synthesis, DNA-gyrase and glycosidase activity, spindle apparatus forming and mitochondrial electron
transport chain.

Conclusion: Wide biological activities of plant secondary metabolites makes them be considered as an effective
aid for antibiotic action potentiating in the case of multidrug resistance. Our plan calls for further experimental re-
search on optimal proportions of secondary metabolites for that.

APPLICATION OF METABOLOMICS TOOLS INTO MICRONUTRIENT RESEARCH:
PAST PROGRESS, FUTURE CHALLENGES AND OPPORTUNITIES WITH SPECIAL
FOCUS ON RUSSIA

Brito A., Appolonova S.A.
L. M. Sechenov First Moscow State Medical University, Moscow, Russia

Introduction: Micronutrient deficiencies are widespread among infants, young children, women and the elderly in
developing and developed countries. New methods in modern nutrition science, specifically “omics” tools represent
an opportunity to improve diagnostics, assessment of nutritional status and biomarkers discovery, among others.
Objective: The purpose of this presentation is to review the state of knowledge and to make recommendations on
applications of metabolomics into micronutrient research, with special focus on Russia.

Methodology: 1. Evidence on the past and current prevalence of vitamin and mineral deficiencies in Russia will
be identified. 2. A systematic search of scientific articles published in PubMed will be performed to identify studies
that connect micronutrient research and metabolomics. 3. Recommendations will be proposed to fill the existing gaps
on the magnitude of micronutrient deficiencies in Russia and the applications of metabolomics into micronutrient
research.

Results: 1. Historical data and the current profile for vitamins and mineral deficiencies in Russia will be presented.
2. Studies connecting micronutrient and metabolomics research will be summarised (i.e. metabolomics profiles of
vitamin B-12 and vitamin B-6 deficiencies). 3. Recommendations will be conceptualized to improve the current state
of knowledge and application of metabolomics into micronutrient research.

Conclusions: The available knowledge on the magnitude of vitamin and mineral deficiencies in Russia, and the
existing progress on integration of metabolomics into micronutrient deficiencies will be presented. Future challenges
and opportunities for science, public health and industry will be discussed.
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VEGFA PARTICIPATES TO THE MECHANISMS SUSTAINING THE ONSEDT OF ACQUIRED RESIS-
TANCE TO BRAF INHIBITORS IN MELANOMA

Bussolino F.
Department of Oncology — University of Turin (Italy)
Candiolo Cancer Institute FPO-IRCCS (Italy)

The introduction of BRAF inhibitors (BRAF1i) has improved response rate and overall survival of metastatic mel-
anoma patients compared to standard chemotherapy. However, acquired drug resistance occurs in nearly all patients.
The comprehension of cellular and molecular mechanisms underlying BRAF inhibitor resistance could help to iden-
tify novel actionable pathways in the treatment of BRAF dependent tumors.

VEGFA is an attractive target for combinatorial cancer therapy and besides regulating angiogenesis has an im-
mune-suppressive effect in tumors. In my presentation, I’ll present published and unpublished data indicating that
VEGFA removal antagonizes the acquired resistance to BRAF inhibitor by a mechanism involving myeloid cells and
aremodeling of extracellular matrix. This positive effect synergizes with immune-checkpoint inhibitor targeting PD-
1. These preclinical results offer the rationale for novel combinatorial approaches including co-targeting of signaling
molecules, tumor angiogenesis and immune system.

SUPERCRITICAL FLUID TREATMENT OF THREE-DIMENSIONAL SCAFFOLDS FORMED
USING LASER STEREOLITHOGRAPHY

"Bubyakin V.Yu., 2Kornev V.A., *Minaeva S.A., >*Bardakova K.N., >*Timashev P.S.
'Moscow State University, Moscow, Russia
’Institute for Regenerative Medicine, Sechenov First Moscow State Medical University, Moscow, Russia
3Institute of Photonic Technologies Federal Research Centre « Crystallography and Photonics» RAS,
Troitsk, Moscow, Russia
arieS@yandex.ru

There are a variety of different techniques to fabricate and functionalize scaffolds, most of which depend
on the material in question. In the present work, three-dimensional scaffolds based on photosensitive chitosan
hydrogels were formed by laser stereolithography. The developed photosensitive composition allows to form
macro-designed scaffolds and might therefore be a suitable candidate for laser-based 3D printing. Supercritical
fluid treatment have been applied to hydrogel scaffolds in order to improve mechanical, chemical, and physical
properties — such as biocompatibility, roughness, Young’s modulus and surface wettability. The hydrogel scaf-
folds treated in the supercritical carbon dioxide have no cytotoxic effect, their mechanical properties increases
from 10 to 80000 Pa.

This work was supported by Russian Foundation for Basic Research (Project Ne 18-32-00222) in part of for-
mation of hydrogel scaffolds and their treatment in the supercritical carbon dioxide and by the Federal Agency
of Scientific Organizations (Agreement No 007-'3/43363/26) in part of development of new systems for 3d
printer technologies.
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FUNCTIONAL TISSUE ENGINEERING OF TENDON: BIOMECHANICAL CHARACTERISTICS
OF THE RESTORED ACHILLES TENDON OF THE RABBIT USING MSC

Churbanov S. N.'2, Shekhter A.B.!, Vorobieva N.N.2, Ivannikov S.V.!, Telpuhov V.L.!, Suslin D.S.!, Gerasimov
Yu.V., Grosheva A.G.%, Timashev P.S.'?, Chailakhyan R.K.>?

'I.M. Sechenov First Moscow State Medical University.
2 Institute of Photonics Technologies RAS of FSRC “Crystallography and Photonics” RAS.
3 N.F. Gamaleya FRC for Epidemiology and Microbiology.

Surgical repair of a damaged tendon is a standard practice, but it is not very effective. In most cases, the restoration
occurs by the formation of scar tissue instead of native tissue. The tissues recovered in this way have significant bio-
mechanical dysfunction, and in some cases, it can lead to a disability.

The aim of our work is to develop a method for restoration of the Achilles tendon, which will return it into a mor-
phological and biomechanical state similar to the native one. To do this, we cut out a part of the tendon’s middle beam
in a rabbit model and filled it with a tissue-engineered construct from a Vicryl mesh folded into a tube and filled with
mesenchymal stem cells. After the follow-up period, the regenerated tendons were taken from the operated rabbits
and compared with intact and control samples (scaffold without MSC). The obtained data indicates a complete res-
toration of the tissue in the regenerated tendon with the structure similar to the intact one. Moreover, the regenerated
tendon significantly strengthened while maintaining elasticity.

This work was supported by the Russian Science Foundation project Ne16-15-00042

PCA3 AND TMPRSS2:ERG GENES EXPRESSION ANALYSIS IN URINE SEDIMENT
OF THE PATIENTS WITH ADENOCARCINOMA, BENIGN PROSTATE HYPERPLASIA
AND OTHER PATHOLOGICAL CHANGES OF PROSTATE

Mikhaylenko D.S."?, Grigoryeva M.V.2, Efremov G.D.?, Nemtsova M.V.!
Institute of Molecular Medicine of the Sechenov University, Moscow, Russia

°’N. Lopatkin Research Institute of Urology and Interventional Radiology — branch of the National Medical Re-
search Center of Radiology, Moscow, Russia

dimserg@mail.ru

Prostate tumor cells and nucleic acids slip into the lumen of the urinary tract and are present in the urine
sediment, in which mutations and changes of gene expression can be determined. The aim of the our study was
to analyze PCA3 and TMPRSS2:ERG expression in urine sediment with benign prostate hyperplasia (BPH) and
prostate cancer (PCa) to determine the diagnostic significance of the combined expression level of these genes
as PCa marker. The study included 51 patients with BPH and/or prostatitis (control), 59 patients with PCa.
After prostate massage, RNA was extracted from the of urine sediment, reverse transcription was performed,
then gene expression was analyzed in real-time PCR and the deltaCt value (Ct PCA3-KLK3) was calculated.
Medians were 4.09 in the control and -0.20 in the PCa. Using ROC analysis the optimal deltaCt threshold was
established 1.23. The accuracy of the PCA3 overexpression was 82, sensitivity 76, specificity 88%. Expression
of the chimeric oncogene TMPRSS2:ERG was absent in the control and was detected in 59% of the PCa. Del-
taCt does not differ in patients with BPH, low and high grade PIN, prostatitis, while significantly increased in
PCa with respect to any of the control subgroups listed above (p<0.01). Thus, the PCA43 overexpression and the
TMPRSS2:ERG are characteristic of PCa. Analysis of these genes expression with the proposed modification of
RT-PCR in urine sediment allows to detect PCa with accuracy 82%.
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MOLECULAR GENETIC AND MORPHOLOGICAL DIAGNOSTIC OF GRAVITY ENDOMETRIUM
AND CHORIAL TISSUE IN EARLY PREGNANSY LOSS

Kagramanova J.A.', Lanschakova P.E.!, Paramonova N.B.!, Malinovskaya V.V.2, Vyzhlova E.N.2, Kuznetsova E.B.!

I'I.M. Sechenov First Moscow State Medical University of the Ministry of Healthcare of Russia (Sechenov Univer-
sity), Moscow, Russia

2 FPSU N.F. Gamaleyi Scientific and Research Centre of Epidemiology and Microbiology of the Ministry of Health-
care of Russia Moscow, Russian Federation

Summary: The results of clinical, molecular-genetic and morphological diagnostics of gravity endometrium and chori-
onic tissue in three types of non-developing pregnancy, identified by using ultrasound criteria, are presented. The obtained
data can be improved the efficiency of the treatment and pre-conception training after suffering early pregnancy loss.
Non-developing pregnancies account for 45-80% of the total number of early reproductive losses. Aim: to increase the ef-
fectiveness of treatment after suffering a NB in the early stages taking into account ultrasound data and results of molecular
- genetic and morphological studies gravidarum endometrium and chorionic tissue. Patients and methods: We examined
and treated 70 women with the diagnosis of non-developing pregnancy (less than 12 weeks). The patients ages was from
18 to 40 years old admitted to the Gynaecology Department of University Clinical Hospitals No. 4 of .M. Sechenov First
Moscow State Medical University (Sechenov University). The average obstetrical gestational period in EM and ES were
diagnosed made 91 2.0 and 8 £ 2.0 weeks, respectively. Upon admission, 45 patients (64%) noted scarce bleeding, 25
patients (36%) did not have any bleeding at all. For surgical treatment of NP, manual vacuum extraction aided by video
hysteroscopy was used. After gestational sac extraction, all patients had their diagnosis confirmed morphologically. A
molecular - genetic research of chorial tissues was carried out in 42 women with NP for the search for aneuploidy on the
chromosomes X, Y, 13, 14, 16, 18, 21 and 22. Test method: multilocus quantitative fluorescent PCR (Amel, DXS6809,
DXS6803, DXS8377, SBMA, D13S258, D13S634, D13S742, D18S535, D18S386, D18S391, D21S11, D21S1411, IF-
NAR, D14S122, D14S127, D14S128, D16S534, D16S476, D16S690, D22S683, D22S691, D22S873) followed by frag-
ment analysis on the genetic analyzer ABI 3100. Results: embryonic miscarriage (EM) (no heart beat of the embryo) had
30 (43%) of patients, with Empty sac (ES) (no embryo and yolk sac) were 31(44%) of cases. Yolk sac (YS) (no embryo
with yolk sac present) had 9 (13%) patients (Kolte A.M., et all., 2015). During gravity endometrium examination, atten-
tion was paid to the nature and rate of inflammatory changes. Chromosomal abnormalities were detected in 40% cases on
chromosomes X, Y, 13, 14, 16, 18, 21 and 22. Structure of the revealed pathology: triploidy — 6 (14.2%) of cases, trisomy
16, 21, 22 — 2 (4.7%) each cases, respectively, but trisomy 13, 14, 18, monosomy X, monosomy 21 were detected in 1
(2.3%) each, respectively. Morphological examination revealed that 7 (10%) of patients with ES were without any bleed-
ing. Endometrium was edematous, with focal haemorrhage, small areas of necrosis, slight leukocytic infiltration in 29%
and lack of lymphoid cell infiltration. In ES, 63% of women with bleeding had moderate and marked infiltration with
polymorphonuclear leukocytes in their endometrium, even with foul foci formation; 17% of women had focal lymphoid
cell infiltration. In YS, 3 (33.3%) patients out of 9 had no bleeding, but their endometrium demonstrated slight leukocytic
infiltration; lymphoid cell infiltration had 67% of patients. Patients with EM had lymphoid cells and did not have any
bleeding (33%) or had bleeding (40%); more pronounced the phenomenon was in women with blood type A (I[)Rh+.
Where bleeding was present, patients with EM had moderate and marked infiltration with polymorphonuclear leukocytes,
even with foul foci formation, 1.5 times rarer than patients with ES. When chorial tissue was assessed it was found out
that 47 (67%) women out of 70 patients had dystrophic and necrobiotic changes in their chorionic villi. In EM, dystrophic,
necrotic and sclerotic changes in villi were more frequent than in patients with ES (33% and 26%, respectively). In general,
most marked morphological signs of an acute inflammation process in endometrium (heavy leukocytic infiltration, foul
foci formation) were more common for women with bleeding typical of miscarriage. Therefore, in ES where patients did
not complain of scarce bleeding, inflammatory changes in endometrium were less pronounced compared to those having
bleeding. In YS and EM, most common is lymphocitic infiltration both with and without bleeding. Lymphocitic infiltration
which is more typical of patients with EM was accompanied with inactive viral inflammation in endometrium. Conclu-
sion: Multilocus quantitative fluorescent PCR method is used for research of numerical chromosomal abnormalities of the
first trimester and provides a frequency of chromosomal abnormalities in 40% patients with non-developing pregnancy. If
numerical chromosomal abnormalities are detected, it is recommended to refer patients to a clinical genetics consultation
for examination and planning of subsequent pregnancy. Morphological examination are shown the need for ultrasound
screening at week 8-9 in order to timely identify non-developing pregnancy. Early hospitalisation into an inpatient unit and
timely minimally invasive extraction of dying gestational sac facilitates prevention of complications, e.g. acute and chronic
endometritis. Analysis of morphological examinations (taking into account the non-developing pregnancy type) requires
personalised approach to antibacterial (fluoroquinolones, macrolides) and antiviral therapy (viferon 1,000,000 IU rectal
suppositories, viferon gel 40,000 IU for local therapy) after minimally invasive therapeutic and diagnostic extraction of a
pathological gestational sac.
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PHOTO-CROSSLINKED POLYLACTIDE PARTICLES AS A PROMISING CARRIER
FOR THE DEVELOPMENT OF SUSTAINED RELEASE DRUGS

Shpichka A.I'. Shavkuta B.S."?, Kostjuk S.V."?, Timashev P.S.'?
!Institute for Regenerative Medicine, Sechenov First Moscow State Medical University, 119991, Moscow, Russia

’Institute of Photonic Technologies, Research Center “Crystallography and Photonics” RAS, 108840, Moscow,
Troitsk, Russia

3 Research Institute for Physical Chemical Problems of the Belarusian State University, 220030, Minsk, Belarus

Nowadays, one of the key issues in pharmaceutical industry is to develop new effective technologies of sus-
tained-release drugs and find new materials as a drug carrier. Polylactides are promising, because they are biocompat-
ible and biodegradable. Moreover, their degradation rate can be easily modified by varying their chemical structure
and cross-linking conditions. Here, we sought to assess FITC release from photo-crosslinked polylactide particles. To
prepare carrier material, we used photosensitive poly(D,L)-lactide modified with methacryloyl chloride and mixed it
with 4,4’-bis(diethylamino) benzophenone in dichloromethane. To assess FITC release kinetics, we dipped the parti-
cles in 0.1% FITC for 12 h and washed with PBS. Then they were placed into PBS with constant mixing at 36-37°C
for 12 h. We chose the following time points: 15 min, 30 min, 1 h, 2 h, 4 h, 8 h, 12 h. The FITC concentration was
measured via a spectrophotometer using a calibration curve. We revealed that 67% of loaded FITC released during
first 30 min; and then the substance released linearly from 2h till 8h. In 8h, the FITC release was insignificant. Thus,
we showed that photo-crosslinked polylactide particles might be used as a drug carrier and provide sustained release.
This work was supported by the Russian Foundation for Basic Research, grant 17-34-80151.

PHOTO-CROSSLINKED HYDROGEL SCAFFOLDS BASED ON HYALURONIC
ACID DERIVATIVE FOR TISSUE ENGINEERING

Sochilina A.V. 2, Savelyev A.G. *%, Demina P.A.!?, Terusalimsky N.V. 25, Khochenkov D.A.%, Akasov R.A.!4,
Sholina N.V.>#, Khaydukov E.V.24, Generalova A.N.!?

! Shemyakin-Ovchinnikov Institute of bioorganic chemistry RAS, Moscow 117197, Russia
? Federal Scientific Research Centre “Crystallography and Photonics” RAS, Moscow 119333, Russia
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3D hydrogel-based scaffolds with predesigned structures and functionality has gained a lot of interest in tissue
engineering. Scaffolds should imitate physical-chemical properties of replaced tissue for the best implant survival
rate. This fact requires prerequisite scaffold material properties, such as biocompatibility, biodegradability, adhesion
properties of surface, high porosity. Hyaluronic acid is considered to be one of the most advantageous material. How-
ever, scaffolds based on non-modified hyaluronic acid possess relatively limited mechanical properties and can be
vulnerable to rapid degradation and contraction.

Here, we demonstrate a method of scaffold production based on hyaluronic acid modified with glycidyl methacry-
late (HAGM). UV or visible light irradiation of solution, containing HAGM and photoinitiator, induced photo-cross-
linking, resulting in production of tough and insoluble hydrogel. Photoinduced gelation is possible due to radical
reaction of double bond moieties of glycidyl methacrylate in HAGM. The role of photoinitiator played endogenous
compound: riboflavin mononucleotide (vitamin B2). Scaffolds were fabricated via 3D printing by using home-built
3D printer.

HAGM-based scaffolds were produced for in vitro and in vivo applications. The lack of cytotoxicity and good
cell adhesion were demonstrated in MTT assay and in proliferation of immortalized human fibroblasts BJ-5ta on
hydrogel surface. Biocompatibility was confirmed by the lack of significant inflammation processes at subcutaneous
positioning of scaffold in mice.

The reported study was funded by RSCF according to the research project Ne 17-19-01416
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Development of prosthetic heart valves is the one of the greatest challenges in tissue engineering. Among them,
decellularized transplants are the most promising due to appropriate hemodynamic behavior and biocompatibility.
Decellularization is aimed to decrease immunological response of the recipient’s body while preserving the compo-
sition and structure of extracellular matrix. One of the disadvantages of currently used decellularization protocols is
the long duration of treatment (about 14 days). Our project aims to develop the aortic root decellularization protocol
utilizing supercritical carbon dioxide (scCO,) medium as non-toxic agent, which has ability to eliminate lipids and
other cell compounds in a short period (several hours).

In order to investigate impact of scCO, to decellularization process ovine aortic roots were divided into 2 groups.
Group 1: samples underwent alkaline pre-treatment with further scCO, processing. Group 2: samples were treated
with scCO, supplemented with ethanol. Efficiency of decellularization was examined via hematoxylin-eosin staining.

The comparative analysis of the samples provided new insights into decellularization of complex 3D-structures
and paved the way for further investigations.

This work was performed with support of the Russian Science Foundation under grant # 18-15-00401 and the
Russian Foundation for Basic Research under grant # 18-33-00982 and grant from Sechenov University.
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At present, nuclear medicine is becoming more and more relevant in the developed countries of the world and
finds new practical applications for the diagnosis and treatment of socially significant diseases. One of the main
requirements for radiopharmaceuticals (RFs) is accumulation in the target organ. Directed transport of the radiophar-
maceutical is provided by the interaction of two components: transport nanocarriers delivering a radioactive isotope
to the target organ; and the isotope. Due to the variety of radionuclides and so much of potential nanocarriers capable
of delivering the isotope to the target organ, today we can create the RFs for the diagnosis or treatment of any system
of the body. Basic requirements of nanocarriers in RFs are biocompatibility, non-toxicity, selective accumulation in
targeted organs, radiation resistance and a significant ability to complexation with radionuclides.

In this work, to solve the problem of delivering a radioactive isotope to a specific organ, it is promising to use
new carriers — carbon nanomaterials: nanodiamond, multiwall carbon nanotube and graphene oxide. They possesses
suitable physicochemical properties: nanoscale, developed free surface (which is likely to determine high sorption
capacity), chemical and radiation resistance, biocompatibility, non-toxicity and the possibility of surface modifica-
tion by creating certain functional groups by gas and liquid-phase chemical reactions, as well as grafting of various
substances to hold radionuclides of different nature.

Sorption experiments of radioactive ions *Tc and ?''Pb on the surface of carbon nanomaterials were carried out
under strictly controlled conditions, in which the time to achieve the mobile equilibrium, the dependence of sorption
on pH, the total sorbate concentration, etc. were investigated. Sorption parameters and capacity of carbon nanocarri-
ers were determinated.

This work is supported by the Russian Science Foundation (project Ne 18-13-00413).
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Objective: To study of dynamics of the content of markers remodeling of neural tissue in patients with focal trau-
matic brain injury.

Material and Methods: Research object was 40 patients both males and females aged 43+7,5 years with traumatic
injuries of the brain and 40 conditionally healthy persons correlated according to sex and age. Quantitative content
of the protein S-100, CNTF in blood serum were determined by ELISA test. Statistical analysis of the findings was
carried out with the help of the software packages IBM SPSS 20 Statistics.

Results. Protein S-100 level on the first day from the moment of obtaining an injury increased by 27,05 times in
comparison with the control (p<0,001). In the rest observation periods index concentration gradually decreased (p,_
,<0,001), but was authentically higher than the control (p<0,001).

CNTF level on the first day from the moment of obtaining an injury increased by 64,67 times in comparison with
the control (p<0,001) and remained high in the rest examination period.

Conclusion: Dynamics of the content of neurospecific proteins in patients with focal traumatic brain injury allows
to estimate separate mechanisms of neural tissue remodeling process selectively.
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Abstract. In previous studies, it has been shown that during neoadjuvant chemotherapy (NAC) under the influence
of chemotherapeutic agents a clonal evolution of the tumor takes place, at which the tumor clones change (TC) -
complete / partial disappearance or appearance of new clones. New clones that were formed under the influence of
NAC contain amplifications in the following loci: 5p, 6p, 7q, 8q, 13q, 9p, 9q, 10p, 10q21.1, 16p, 19p, 18chr. At
the same time, it was revealed that the appearance of any two or more amplifications of these regions in the residual
tumor during NAC leads to 100% hematogenous metastasis. All other patients with elimination of TC, lack of action
of chemotherapy on the clones or patients with the appearance of deletion clones did not have hematogenous metas-
tases in the 5-year follow-up period (according to the Kaplan-Mayer method, p =0.00001 Log-rank test). The aim of
this work was to evaluate the efficacy of NAC and the 2-year metastasis-free survival of patients with breast cancer
(BC) on the basis of studying the presence of amplification clones in the primary tumor of patients and evaluating the
expression of somatic-stem cells transition genes.

Material and methods. The material for the study was samples of biopsy material before treatment and tumor
material after NAC for each patient. The presence of amplifications was determined in the above regions using the
CytoScan HD Array microarray (Affymetrix, USA). Three groups of patients were formed. 1-st: patients, whose
tumors were determined by the presence of any 2 amplifications. They received a personalized NAC (in accordance
with patent RU 2594251). The second group included patients who initially had a 0-1 amplification clone in the tumor
and started treatment from the operative stage. Patients of the 3rd group also initially had a 0-1 clone, the treatment
started with a personalized NAC. The remaining stages of treatment were standard. According to the main clinical
and morphological parameters, the groups did not differ.

Results. 86% of patients in 1st group (n = 29) achieved complete or partial regressions after NAC, the 2-year
survival rate in the group was 97% (28/29). Survival in the second group was 93% (13/14). In the third group, the
efficacy of NAC was 84% (16/19), but the survival was statistically significantly lower than in the 1st group - 68%
(13/19) (p = 0.011). Proceeding from the proof of the origin of the tumor from tumor stem cells, we proposed the ex-
istence of a somatic-stem cells transition program in the occurrence of TC. The next stage of the work was the study
of expression of somatic-stem cells transition genes(TERT; OCT3; SMO; MYC; SNAI2; MOB3B; TGFBR1; KLF4;
BMI1; VIM; FLT3; LAT; SMAD2; LMNB2; KLF1; TGFb). It was shown that in patients without metastases before
treatment, 5 genes are overexpressed - OCT3; BMI1; LMNB2; TGFbl u FLT3; in patients with metastases before
treatment, 7 genes are overexpressed - OCT3; BMI1; LMNB2; TGFbl; TERT; SNAI2; TGFbR1. In the residual tu-
mor of patients without hematogenous metastases, the frequency of overexpressed genes after NAC does not change.
In patients with metastases after NAC in the residual tumor, 14 of 16 studied genes are overexpressed - except for
KLF1 and SMAD?2. At the same time, it was shown that, in overexpression in the residual tumor of the three OCT3,
LAT and LMNB?2 genes, 69% of patients (11/16) had hematogenous metastases. With the hypoexpression of at least
one of these genes, the 5-year metastatic-free survival rate is 94% (34/36).

Conclusion. 1. The first results are indicative of the predictive and prognostic significance of the presence of
amplification clones in the primary tumor in breast cancer patients. The appointment of NAC is most appropriate
in patients with 2 or more clones in the primary tumor, while at 0-1 clone chemotherapy in preoperative mode is not
appropriate. 2. A model for predicting the onset of hematogenous metastasis is obtained on the basis of an analysis of
the expression of 16 somatic-stem cells transition genes. The sensitivity of the metastatic forecast is 69%, specificity
94%, accuracy of diagnostic 82%.
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