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The program is related to biological systems
engineering. With the application of the concepts and
methods of biology (and, secondly, physics, chemistry,
mathematics and computer science) to solve actual
problems related to the sciences of living organisms or
their applications, using analytical and synthetic
methodologies of engineering. Biological engineering
mainly uses the rapidly developing field of molecular
biology and chemoinformatics to study and develop
the applications of living organisms.

Studying under this educational program is
carried out in the form of full-time studying, including
online studying and distance learning technologies.
The program is based on problem-based leaming
(PBL) approach, which is more effective than
traditional way of education. Students will actively
acquire knowledge and skills needed for your career
prospects, your future. With PBL, students are solving
complex, interdisciplinary and real-life academic
problems.

Full-time form of education

Duration of study - 4 years

Areas of professional activity: healthcare, food
industry, chemical, chemical-technological
production, cross-cutting professional activities in
industry

Study language - English

Tuition fees: 289,510 rubles a year

Admission exams: 2 exams, of which
mathematics (mandatory) and a choice of chemistry,
physics or computer science. Taking exams online
from January to August 2022

Program Application Deadlines: January 10 -
August 20, 2022. Application Link
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Objective of the program: Training of a specialist
in the field of molecular engineering, capable of
conducting applied research focused on development
for a specific task of the enterprise. The program is
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chemical, biological and IT fundamental background.

Basic disciplines: chemistry, biology,
bioinformatics, biochemistry, mathematics, computer
science and basic programming, metabolomics,
organic synthesis, biomaterials science, applied
medical biotechnology, large workshop on medical
biotechnology.

The objects of professional activity of
graduates are: microorganisms, cellular structures of
animals and plants, viruses, enzymes, biologically
active chemicals; devices and equipment for studying
the properties of used microorganisms, cellular
structures and substances obtained with their help in
laboratory and industrial conditions; plants and
equipment for biotechnological processes; means of
quality control of raw materials, semi-finished products
and finished products. The field of activity of graduates
extends from the creation of artificial organs using
technical means or the search for ways to grow organs
and tissues using regenerative medicine methods to
compensate for reduced or lost physiological functions
(biomedical engineering) and to the development of
genetically modified organisms, for example,
agricultural plants and animals (genetic engineering),
as well as molecular design of compounds with desired
properties (chemoinformatics, protein engineering,
engineering enzymology).

Places for internships for students and
subsequent employment of graduates:

Pharmaceutical ~ companies,  biotechnology
companies, Research Medical Centers, scientific
laboratories. Graduates of the undergraduate program
can continue their studies at the master's program at
TSU or other universities. From the 4th year there is a
selection for the double degree program (TSU-France,
ParisTech University) «Translational chemical and
biomedical technologies» of the master's level.
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Annomavyusa. B smom uccredosanuu mvl paccmompeny aHMUOKCUOAHMHYIO AKMUBHOCMb OemyauHa npu
ouabeme, UHOYYUPOBAHHOM CMPENMO30MOYUH-HUKOMAHUMUOOM. Pezynomam uccnedoeanus noxasan, umo
bemynun npomusooeucmayem OKUCTUMENbHOMY CMPeccy 3a CYem CHUNCeHUs nompedHoCmU 6 nompeodieHuU

aHmuoxKcuoanma cymamuorna u akmueayuu AHMUOKCUOAHMHBIX d)epMeHmoe.

Introduction. Oxidative stress has been reported to play an important role in the development of vascular
complications of diabetes, especially type 2 diabetes (Pham-Huy, 2008). Elevated levels of ROS in diabetes can
result in the dysfunction of the antioxidant defense system causing a decrease or increase in the production of
antioxidants enzymes. What's more, changes in the levels of these antioxidant enzymes increase tissue sensitivity
to oxidative stress, which can then lead to diabetic complications. The purpose of this study was to investigate
the therapeutic effect of betulin on streptozotocin (STZ) nicotinamide-induced diabetes by measuring the
biochemical and oxidative stress indexes [1-4].

Research methods. In this study, 42 female Wistar rats were grouped into seven (n= 6) including both
intact and diabetic control. Diabetes was induced by administration of nicotinamide (110 mg/kg b. wt.) 15
minutes prior to streptozotocin (STZ) injection (65 mg/kg b. wt.) intraperitoneally.

Groupings: group 1: control, group 2: control and water, group 3: control + betulin (50 mg/kg), group 4:
diabetic control, group 5: diabetic rats + water, group 6: diabetic rats + betulin (20 mg/kg), group 7: diabetic rats
+ betulin (50mg/kg). Then serum and erythrocyte levels of FBG, total protein, creatinine, and antioxidant
enzymes were evaluated.

Results. The formation of type 2 diabetes mellitus led to increased plasma glucose, lowered creatinine
and total protein (Table 1) and depletion of the antioxidant enzymes that is accompanied by a decrease in

glutathione and an increase in superoxide dismutase (SOD), catalase (CAT), malondialdehyde (MDA)as shown



in Table 2 and 3. However, administration of betulin at a dose of 20 and 50 mg/kg b. wt. improved activity of

? _ the difference with the parameter of group 2 is significant at P<0.05.

antioxidant enzymes in both blood plasma and erythrocyte hemolysate.
Table 1
Effect of betulin on biochemical analysis of both intact and diabetic groups of rats
3 6 7
1 2 . 4 5 T2DM T2DM
Parameter Intact Control+water Co(r;t(gog‘t;le(m)hn T2DM T2DM | + betulin | + betulin
gke +water | 20mg/ | 50mg/
kg kg
Glucose, 5.94+0.3 7.7+£0.3 8.6+0.1 11.1£0.5 | 10.3£0.4 | 6.3£0.6 | 8.2+0.6
mmol /L * * * 2 2 > >
Total protein, | 70.5+1.3 67.312.2 67.6£1.3 68.542.0 | 64.3+2.1 | 62.1+1.6 | 68.0+1.5
g/L 6
Creatinine, 62.3£1.5 60.2+1.7 64.3+1.6 48.6£3.1 | 67.7£0.7 | 68.0£3.3 | 64.3£1.9
pmol /L *2 : :
* - the difference with the parameter of the intact group is significant at P<0.05;
#4206 _ the difference with the parameter of group 2, 4, 5 or 6 is significant at P<0.05.
Table 2
Indicators of FRO-AOD in groups of rats 1-4
3
Parameter ! 2 Control+betulin 4
Intact Control+water T2DM
(50 mg/kg)
Glutathione in blood plasma, 20,5453 88.2+8.4 47.2i23.4 15. 12i2.7
pmol /L * *
Glutathione in erythrocyte 8.93+0.35 7.82+0.46 10.46+0.54 6.81+0.26
hemolysate, pmol / g Hb z * 2
MDA in plasma, 3.78+0.58 3.754+0.38 6.75£0.31 7.2540.61
umol /L * 2 * 2
MDA in erythrocyte 60.3£1.9 55.0+3.0 120.5+£9.0 67.4+2.6
hemolysate, nmol/ g Hb * 2 2
SOD in erythrocyte 112.5£5.0 132.4+3.5 130.8+6.6 200.9+9.9
hemolysate, units / min‘g Hb * * 2
Catalase in erythrocyte 50.242.0 48.5+2.8 37.0£2.6 64.8+2.9
hemolysate, mmol / min-g *2 #:2
Hb
* - the difference with the parameter of the intact group is significant at P<0.05;




Table 3
Indicators of FRO-AOD in groups of rats 2,5-7

2 5 6 7
Parameter Control- 2DM 2DM 12DM
water + water + betulin + betulin
20 mg / kg 50mg/kg
Glutathione in blood 88.2+8.4 30.9+4.8 77.7£7.9 46.1+5.3
plasma, umol / L : > -6
Glutathione in erythrocyte | 7.82+0.46 6.26+0.48 6.20+0.47 6.42+1.16
hemolysate, pmol / g Hb ’
MDA in plasma, 3.75+0.38 6.27+0.25 5.73+0.43 4.46+0.19
umol /L : ’ >0
MDA in erythrocyte 55.0£3.0 78.3+£5.7 66.7+£2.3 65.9+£7.7
hemolysate, nmol/ g Hb : ’
SOD in erythrocyte 132.443.5 132.8+8.7 132.24+4.6 110.9+13.7
hemolysate, units / min-g
Hb
Catalase in erythrocyte 48.5£2.8 48.9£1.9 43.3£1.9 45.3£1.2
hemolysate, mmol / min-g
Hb
2,56

— the difference with the parameter of group 2, 5 or 6 is significant at P<0.05.

Conclusion. The results of this study showed that the administration of betulin to diabetic rats has an
antioxidant effect and the capacity to modulate oxidative stress. In addition, a dose of betulin at 50 mg/kg b. wt.

normalizes the content of malondialdehyde in the blood.
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Annomauusa. B smom uccredosanuu mvl npogeau KCNEPUMEHNbl NO BbIPAWUBAHUIO [N Vilro, 4mo0Obl u3yyumso
sawumnwlti s¢pGpexm nopowrka Chlorella Vulgaris na pocm nugnwvix Opodicicell 8 YCI08UAX IMAHOILHO2O CIpeccd.
Jpoorcoicu svipawusanu 6 cpeoe, 3amewennou nopowrxom Chlorella vulgaris (0,1 u 1% macc./06.), u evizvieanu
cmpecc nymem 0obasnenus smanona (0o koneunou konyenmpayuu 5%,) uepes 5 uacos. Pocm u dcusnecnocobrnocms
KIeMmoK KOHMpOAuposaiu 6 meyenue 5 owetl, auamusupys ODG600, nromnocmv kiemox, npoodykyuio ATD u
arcuznecnocobnocmo  kiemox Kynomypwl Opooicoiceti, obpabomannvie nopowkom Chlorella vulgaris, nokazanu
yayuwennyto evipabomky AT® u scusHecnocobHOCmb KIemoK N0 CPAGHEHUIO ¢ OMPUYamenbHblMu (Oposxcicessle ¢
IMAHONIOM) U NOTOHCUMETLHBIMU (MOTLKO OPOHCHCEBbIE) KOHMPOIbHLIMU SPYRNAMU. DMO NOKA3bI8Aem, YO CYXOl

nopouwox Chlorella vulgaris mooicem aghpexmugno crudimcams moKCUUHOCMb cmpeccd, 8bi36AHHO20 IMAHOLOM.

Introduction. Ethanol is known to inhibit the growth of yeasts by targeting their membrane lipid bilayer,
hydrophobic and hydrophilic proteins, and the endoplasmic reticulum, thereby altering metabolism and causing
damages to the mitochondrial DNA, as well as inactivation of some enzymes, such as hexokinase and dehydrogenase
[1,2]. Marine microalgae have shown abilities to offset the biochemical disparities induced by various compounds
associated with free radicals [3]. Of particular interest is the single-cell green microalga Chlorella vulgaris (C.
vulgaris) which can tolerate several heavy metals and metalloids. It contains bioactive compounds that can scavenge
free radicals and could serve not just as a nutrient to the yeast cells but also as a detoxicant to prevent ethanol-
induced stress. Hence this present study focuses on the possibility of using Chlorella vulgaris powder as a potential
source to reduce ethanol oxidative stress in yeast (S. cerevisiae) culture induced with ethanol.

Materials and methods. 1272 American Ale Il brewer’s yeast strain were inoculated at a final density of 10°

cells/ml in a 100ml Sabouraud broth medium mixed with 0.1 or 1%w/v concentrations of chlorella powder at a
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temperature of 28 °C. Pure ethanol (5% v/v) was added after 6 hrs. of yeast inoculation and the culture was
monitored for Sdays. Every 24hrs yeast growth was monitored by measuring the optical density of the culture at 600
nm (OD600nm) and cell viability and vitality were assessed via cellular ATP content based on the luciferin reaction,
and enzymes activity based on monosodium salt (WST-8) [4,5].

Results and discussion. Fig 1, shows the growth of S. cerevisiae inoculated within the presence of 5 %
ethanol. After 5 days of storage, the densities showed that the chlorella powder has positive effects on maintaining
the survival and growth of the yeast cells with the sample treated with 1 %chlorella powder having the highest cell
density. Figs 2 and 3 show the results to highlight the protective effects of Chlorella powder on the survival of yeast
cells exposed to ethanol with maximum cell viability for 0.1and 1 % chlorella powder respectively showing 628 and
800 % on the 3™ day for WST-8 assay and 249 and 721% on the 2™ day for ATP assay. In the conditions used in the
present study, chlorella vulgaris powder induced significant changes in yeast growth and physiological activity.
Statistical analysis indicates significance between the negative control and the treated samples when compared to the
normal control. As we have found, the different chlorella powder concentrations greatly extend the mean

chronological life span (CLS) of the yeast cultured under ethanolic conditions.
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Fig 1: Yeast cell density (OD600nm) Fig 2. Cell viability determined using Cell Counting Kit-8
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Fig 3. ATP content determined using BactTiter-GloTM Microbial Cell Viability Assay
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Although ethanol is a final product of anaerobic fermentation of sugars by yeast, it is toxic to yeast cells and
induces stress responses such as the expression of heat shock proteins and the accumulation of trehalose inhibiting
cell division, metabolic activity, and decrease cell viability [6]. They do so by causing considerable damage to the
cell morphology, as well as disrupting the composition, structure, and function of the cell membrane leading to a
change in membrane structure and permeability resulting subsequently into the leakage of essential cofactors and
coenzymes [1].

Conclusion. From the cell viability and vitality assays, it could be inferred that ethanolic stress caused
significant death in yeast cells. However, the addition of Chlorella vulgaris protected the yeast cells from ethanol stress.

We acknowledge the support of the Russian Science Foundation (RSF) Grant No. 20-66-47017
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Abstract. The effect of the epithelium on the contractile responses of isolated airway smooth muscle segments
was studied in rats with metabolic syndrome (MS). MS was induced by a high-fat, high-carbohydrate diet. An
increase in the cholinergic receptor activator carbacholin bronchoconstrictive action and a decrease in the f,-
adrenergic receptor agonist salbutamol dilatation effect were shown in experimental MS conditions. The

observed effects of agonists are epithelium-dependent.

Beenenune. IIporpeccuBHOE yBenMYeHHE pacHpoOCTpaHEHHOCTH Merabommdeckoro cuaapoma (MC) B
MOMYJISIUY ONpeAeaseT aKTyaabHOCTh UCCIIEN0BAHUM, HAIIPABICHHBIX HA U3Y4YE€HHUE €r0 3HAYUMOCTHU B Pa3BUTHH
Oponxoneroynoil aucyHkmy [1]. B psne nccnenoBanuii Obu1a 0OHapyKeHa B3aUMOCBSA3b MEXIY OTACIbHBIMH
komrnoHeHTamMu MC (abgoMUHANBHOE OXKHUPEHHE, THUIEPHUHCYIMHEMUs, TUNEPIIUKEeMHUs) W HapyLIIeHUIMHU
(GyHKIMM BHEIIHero ApixaHus [2, 3]. OTMedaeTcs, 4TO 0KUPEHNE U TUIIEPUHCYIMHEMUS SBIISIOTCS (pakTopamuy,
CIOCOOCTBYIOIIMMHU PA3BUTUIO THIEPPEAKTUBHOCTH OPOHXOB M HAPYUICHUIO SIHUTEIMATIbHO-TIIaJKOMBIIICYHBIX
B3aMMOJCICTBUIM B CTEHKE BO3JyXOHOCHBIX IIyTed. B CBOI0O ouepenb, OKCIEPUMEHTAJIBHBIE JIHET-
HMHynupoBaHHble Mogenn MC SBISIOTCS JOCTYITHBIM CIIOCOOOM HCCIIEAOBAHUS BIHMSHUS €r0 KOMIIOHCHTOB Ha
pa3iauyHble TKAaHW M OpPraHbl Ha CaMbIX PaHHUX ATalax Pa3sBUTHUS MATOJOTHMYECKOro mporecca. B mocnenHue
roabpl Bc€ Oouiblliee pacrpoCTpaHeHUE MpHOOpeTaeT KOMOMHUPOBAHHAS BBICOKOXKHPOBAs M BBICOKOYTJIEBOAHAS
IWeTa, IOCKOJBbKY OHAa MaKCHMaJIbHO TPHONIKEHa K NHTAaHWIO COBPEMEHHOTO YEJIOBEKA M CUHTAETCS
KOPPEKTHOM JJIsl BOCIIPOM3BECHHUS MaToreHeTHueckux (aktopoB u Gpenomenosornn MC [4]. B cBs3u ¢ aTum,
LEeNbI0  HCCIENOBAHUSA SBIAJIOCH M3YYEHHE COKPATUTENBHBIX PEAaKIUH TJaJKOMBIIIEYHBIX CETMEHTOB
BO3AYyXOHOCHBIX IyTeil mpu skcnepumentansHoM MC.

JKcnepuMeHTANBHAA 4YacTh. Jluer-uHnynupoBanHas moaens MC Obuia BOCIpOHU3BENEHAa Ha KpbIcax
Wistar (33 camma, cpemass macca 280,5+36,1 T, Bo3pacT Ha Hadano wHcciefoBaHuUs 6 Hemenb). [IpoTokon
HCCIIeIOBaHMs ObLT 0100PEH JIOKAIbHBIM dTHIecKHM KoMuTeTtoM CublI' MY (3aximrouenue Ne§201 ot 27.03.2020

r.). JXuBoTHBIe OBUIH pacmpelelieHbl Ha KOHTPONBHYIO (n=15) u 3kcmepuMeHTanpHYyI (n=18) Tpymmsl u



COJEPKAIKCh B CTAHAAPTHBIX yCIOBUAX BuUBapus. KppIChl KOHTPOIBHOM IpyNIibl MONy4aad CTaHAAPTHBIM KOpM
(«enpra ®uncy», buonpo, P®, obmas xanopuitnocts 300 kkan/100 r) co cBOOOIHBIM JOCTYIIOM K IHIIE U BOJE.
KpbICBI 3KCIIEpUMEHTaNbHOM TpyHNbl B TeueHWE 12 HeAedb HAXOAWINCh HAa BBICOKOKHUPOBOH U
BBICOKOYTJIEBOJIHON JTHETE, COJEepIKalleld CTaHIapTHEIN KopMm (66%) ¢ mobaBneHueM KUBOTHOTO xupa (17%),
dbpykro3er (17%), xonecrepuna (0,25%) ¢ 3ameHod muTheBOW Boabl Ha 20% pacTBop (pykTO3bI (0OmIAS
kanmopuiiHocTh 440 kkan/100 r). B Hadane u B KOHIIE WCCIEAOBAaHUS Y KMBOTHBIX HM3MEPSIIM Maccy Teja H
aprepuanbHoe nasnenue (AJl) (Cucrona, Heipoboruke, Poccust). XKuBoTHbIX monsepramu sBranazun CO,-
acukcueli yepe3 12 Henmesb mocie Hadana SKcnepuMeHTa. sl OLCHKM OMOXMMHUYECKHX HapaMeTpoB KPOBb
OoTOMpaNy WHTPAaKapIMajJbHO B BaKyyMHbIE NPOOMPKH C AaKTUBATOPOM CBepThIBaHUS. CBHIBOPOTKY KpPOBH
MONTyYasid IMyTeM LeHTpUudyrupoanus 1enbHoi KpoBu (2000 g, 10 muH). B chIBOpOTKE KpOBU OIpEEsiIn
KOHIIEHTPALMIO TIIOKO3bI, TpuamwirpuueposoB (TAI) m xomectepuna (XC) (epMeHTaTHBHBIMH METOIAMH
(maboper Chronolab, Mcmanus). CoxpaTuTeNnbHBIE PEAKIHUU TIAJAKOMBIIIEYHBIX CETMEHTOB BO3TyXOHOCHBIX
nyTei (I0 2 mopsiika) KphIC OLEHMBaNIM MexaHorpaduueckuM wmerozoMm (Myobath 11, WPI, T'epmanus).
I'magxoMbllIeyHble TpeTapaTsl MHKYOMpPOBAIM B a’pHpPYEMBIX KaMmepax, 3alojHEHHBIX pacTBopoM Kpebca,
tepMmocTatupyembix npu 37°C, pH 7,35-7,40. W3zyuanu Bnustane xapbaxonuna (0,1-100 MxM), cansOyramorna
(0,1-100 MmxM) (Bce Sigma-Aldrich). Cratuctudeckyro 0OpaOOTKy AaHHBIX NpoBoawiIn B mporpamme SPSS
Statistics 23. JlaHHbIE IPEACTABICHBI B BUJIE CPEHETO M CTAaHAAPTHOTO OTKIOHeHH (M+SD). AHanu3 pasnmuuuii
MEXJy BBIOOPKAMH BBINONHSANIM TpH momomu t-kpurepus CreiogeHta wim U-kputepuss MaHHa-YHUTHH.
Paznuuuns cuuTany cTaTUCTHYECKH 3HAYUMBIME 11pH p<0,05.

Pe3yabTarbl. BBICOKOKHpOBas W BBICOKOYIJICBOJIHAS JAMETa NPHUBOJAWIA K YBEIMYCHHUIO MAcChl Tena,
CHCTOJIMYECKOT0 U auacTonmdeckoro AJl, ciocobcTBoBana pa3BUTHIO THUIIEPTIMKEMHH, YBEIUUYECHHUIO KOHIICHTPALIH
TAI" B cwiBopoTke KpoBu (Tabmuma 1). IlomydeHHbIe HaHHBIE CBHIETENBCTBYIOT O TOM, YTO KOPMJIGHHME KpBIC

BBICOKOKUPOBBIM M BBICOKOYTJICBOAHBIM PAITMOHOM CHOCO6CTByeT q)OpMHpOBaHI/IIO OCHOBHBIX IIPU3HAKOB MC.

Tabauya 1
Hzmenenue guzuonocuueckux u buoxumuieckux nokazameneti y kpvic npu MC
I'pynna
Mapavetp KonrponbHas . OkcrnepUMeHTalIbHAs
Macca tena, T 433,324+39.4 489,1+47,9%*
Cucronnyeckoe AJl, MM pT. CT. 130,449,5 145,14£8,7*
Huacrommaeckoe AJl, MM pT. CT. 86,519,3 101,4+12,2*
I'mroko3a HaTOMAaK, MMOJIB/JI 4,7+0,5 6,60,4*
XC, MMOJTB/IT 1,740,2 2,310,3
TAT, MmMoITB/NT 0,7+0,2 1,7£0,5*
VY enpHas Macca JXUpPOBOU TKaHU, T' 2,240,2 4,3+0,6*

* - p<0,05 o cpaBHEHUIO C KOHTPOJIBHOW TPYIIION.

B pesynbTate BcciIeI0BaHUS COKPATHUTEIBHON aKTHBHOCTH TJIAIKUX MBIIII BO3YXOHOCHBIX MyTeH OBLIO
YCTaHOBJIEHO, 4YTO B OTBET Ha JEHCTBHUE aroHUCTa XOJMHOPELENTOPOB KapOaxolMHA IMPOMCXOIMIO
JI0303aBUCHIMOE COKpAIIIEHHE CETMEHTOB OPOHXOB KPBIC KOHTPOIBHON U AKCIEPUMEHTANBHOM rpymn (puc. 1, a).
[Ipu 3TOM aMIUIUTYAa COKPATHTEIBHBIX OTBETOB MHTAKTHBIX CETMEHTOB BO3AYXOHOCHBIX ITyTEH Y KHUBOTHBIX
OTIBITHOW TPYNIEI OBLIA BEINIE, YeM B KOHTPOJIBHOW Tpyme. AKTUBAINA f>,-apeHOPEIEeNTOPOB Calb0yTaMOIOM
Ha (QoHe pneicTBus KapOaxommHa (1 MkM) BbI3BIBaJIa pacciabiicHHE TJIAJAKOMBIIICYHBIX CErMCHTOB

BO3/IyXOHOCHBIX ITyT€H KpBIC KOHTPOJBHOW M OMBITHOH rpymn (puc. 1, 0). VHTakTHbIE TJ1aAKOMBIILICUHbBIE



CETMCHTBI  KPBbIC OIILITHOM I'pynnbl OTBEYaJIM Ha BO3IIGI7[CTBPI€ canL6yTaMona Ccla0bIM  CHIKEHHEM

MCEXaHUYCCKOI'0 HAIIPSIKECHUA MO0 CPABHCHUIO C KOHTpOJ’IBHOﬁ l"pyHHOﬁ.
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Puc. 1. Bausnue xapoaxonuna (4) u carvo6ymamona (b) na mexanuueckoe nanpsoicenue e1aokux Molidy

6030yx0HOCHbIX nymetl: * - p<(0,05 no cpasnenuio ¢ KOHMPOILHOU ePYNNOTL

3akiioueHue. DIUTENNI UTrpaeT BAXHYIO POJb B PETYISIHHA COKPATHTEIBHOW aKTHBHOCTH TIIAKHX
MBIIII BO3AYXOHOCHBIX ITyTEH, BBIJEISISI pa3iMdHbIe KOHCTPUKTOPHBIE M penakcupyromue (aktopsl [5, 6].
YcTaHOBIIEHO, YTO KapOaxXoJMH yCHIIMBAET COKpAIICHHUE TIAJKMX MBIIII BO3yXOHOCHBIX IyTEH, BEpPOsTHO, 3a
CUCT HOBBIIIEHHOH 3KCIIpecCy M-XOJIMHOPELENTOPOB U MOOWIN3AMN KaJbIUs U3 IIMUTO30JIBHBIX 3armacoB [2].
CHmwxkeHne penakcupytomero s¢dekra canpOyramosna MOXeT OBITH OOYCIOBIEHO JeceHcHOWIM3anuen f-
aapenopenientopoB mpu MC [3]. B pesynpTare NpOBEACHHBIX HCCIENOBAHMMA TOKazaHO, 4ro mpu MC,
UHAYLUUMPOBAHHOM BBICOKOXKMPOBOM M BBICOKOYIVIEBOJHOW JUETOH, B CTEHKE BO3AYXOHOCHBIX IIyTEH
pa3BHBAIOTCS (YHKIMOHAIbHBIE U3MEHEHHS, KOTOPbIE MOTYT SIBJISATHCS NPUYMHON MOBBINICHHOH PEaKTHBHOCTH
JIbIXaTeJIbHBIX MyTeH.

Hcceneoosanue gvinonneno npu gunarcogoi noodepaicke Cosema no epanmam Ipesudenma Poccuiickoii

@eoepayuu (MK-3302.2022.1.4).
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Abstract. Aminoacyl-tRNA synthetases (aaRS) are the main enzymes of protein biosynthesis. Human glycyl-tRNA
synthetase, in addition to the main function of amino acid transfer to the corresponding tRNA molecules, is also
involved in the initiation of IRES I translation. All members of the enterovirus genus have this type of IRES. It is
also known that the presence of point mutations in aaRS leads to the occurrence of diseases in which peripheral
nerves are affected. One such disorder of the nervous system is the incurable neurodegenerative disorder
Charcot-Marie-Tooth (CMT). The most studied enzyme whose mutations cause CMT is glycyl-tRNA synthetase
(GIyRS). In this work, we tested the ability of various mutant forms of glycyl-tRNA synthetase associated with
Charcot-Marie-Tooth syndrome to form a stable complex with IRES I. It turned out that neither catalytic activity

nor the ability to form a dimer are necessary for the interaction of GlyRS with IRES.

Beenenune. B 2003 rogy BmepBble MOSIBUJIOCH COOOIIEHHE O CBSA3M TSDKEIOr0 HEWPOIEereHepaTHBHOTO
3aboneBanus 6one3ss lapko-Mapu-Tyta ¢ muccenc-mytanusmu B rere raunuia-TPHK-cunretasst [1]. bonesns
[Ilapko-Mapu-TyTa — camast pacripocTpaHEeHHasi HaCJIeICTBEHHAss MOTOPHO-CEHCOpHAsl HeHponaTus y 4eloBeKa.
IMockonbky nanHas Ooje3Hb CBsi3aHAa ¢ TOYeYHbIMHM MyTranusiMu B rere GlyRS, maronmormdeckue BapHaHTHI
rnunn-TPHK cuHTeTass Xopomo O0MOXMMHUYECKH 0XapaKTepH30BaHEbL.

B GlyRS Ha ceromHsAmHMiA MOMEHT omucaHo Oomee 20 MyTanuii, CBS3aHHBIX C Pa3IHYHBIMH
HelpoereHepaTuBHbIMU 3a00seBanusiMu. L129P u G240R — HauOosee yacTto BCTpedaeMblii BapHaHT MYTaIHi.
OTH aMUHOKHCIIOTHBIE OCTaTKH PacIoliaraloTcs B MecTe KOHTAKTOB IBYX Mouiekyn GlyRS, oOpasyromux numep.
W3 nureparypsl u3BectHO, uTo GlyRS L129P karanutudyecky HEaKTUBEH M HECIIOCOOEH 0Opa30BHIBATH AWUMED.
Hanuuue B 6enke onuHOYHON MyTaluu B 240 MOJOKEHUH TaK JKe MPUBOJAUT K MOTEpe CIIOCOOHOCTH 00pa30BHIBATH
JwMep. MBI peliim poBepUTh, CIIOCOOHBI i Takue MyTaHTHBIE (hopmbl GlyRS cBs3siBath IRES.

JKcHepuMeHTAIBHAS YacTh. | eHeTndaeckas KOHCTpyKIm, koaupytomas GlyRS WT, Oputa monydeHa B
nabopaTtopun paHee. 3aMeHbI T morydeHns MyTaHTHEIX popM GlyRS L129P u GlyRS L129P/G240, BBoamm

B 3Ty KOHCTpykmmio mociemoBaTenbHo MeTogoM QuikChange (QuikChange Site-Directed Mutagenesis Kit).



IMocne toro kxak Bce 3ameHbl OblIM BHeceHbl ¢ momomuipto PCR QuikChange, oTrcyTcTBHE HEXenaTelIbHBIX
MyTaluil IpOBEPSIN CEKBEHUPOBAHUEM.

I'ensl kak nukoro tuma raummwi-TPHK cuHTETasbl, Tak ¥ MyTaHTHBIX (OpPM OBLIH SKCIPECCHPOBAHBI B
mramme-cyneprponyuenre E. coli BL21(DE3), xkorpancopmupoBanom mnazmugoi pLaclRARE [2].
Knetounyro kynbTypy BelpamuBanu npu 37°C ¢ mHTEHCHBHBIM nepememuBanueM (160 o6/mMuH) Ha GoraToi
cpene TB ¢ mobaBneHMEeM CENEKTHBHBIX AHTHOMOTHKOB: aMITUIIMIIMHA M XJIOpaM(pEeHHKOJa, JO ONTHYECKON
wrotHocTr D590 = 0,8. MHaykuuro nmpoBoawiy usonponmi-f-D-1-troranakronmpanosun (UIITT) no koneuHoi
koHueHrpauuu 0,5 MM. TTocne nobaBiieHnss HHAYKTOpa KIeTKH HHKyOHupoBanu npu 20°C B Teyenue 17 .

Brinenenne natuBHOM GlyRS, a tarke ee myrantueix ¢opm GlyRS L129P u GlyRS L129P/G240R,
OCYIIECTBIISUIM MO ciexyromeil cxeme. KieTkn IMITaMMOB-CYIIEPIIPOAYIICHTOB PECYCHCHIUPOBAIH, 3aTeM
paspyliaiy ¢ MOMOIIBIO0 YIBTPa3BYKOBOTO Je3uHTerpaTopa (Bpems — 15 muH; mynbe — 1 cek; may3a — 2 cek).
JImzat nentpudyruposanmu B Teuerne 30 mun npu 14 000 g u 4°C.

[lepBeIM payHIOM OYHCTKH OenkoB Obuta adduHHAs Xpomarorpadus Ha cmone Profinity™ IMAC Resin,
Ni-charged. Ilpemapatr GlyRS WT nanocuim Ha kononky c¢ HocureneM HiTrap Heparin High Performance (5
mi). [lpenaparelr myrantHbIX ¢(opMm rmnmi-TPHK ounmanm, wucmons3ys xpomarorpaguio Ha cmoine Q-
Sepharose. ®unanbHOM cramueld ouyMCTKH sBIsUIAach renb-¢puneTpanus Ha Hiload 16/60 Superdex 200.
Vcrionp30BaHMe TaKOM CXEMBI ITO3BOJISICT MOIYYUTh Ipenapar neyieBoro 6enka ¢ uncroroit 98%.

Meroast monydenuss MPHK wu oOpasoBanme kommiexkcoB GlyRS WT, GlyRS L129P u GlyRS
L129P/G240R c nonyuenusiMu pparmentamu IRES Te xe, uto onucanHsie Hamu panee [3].

Pe3yabTaTbl. AHANM3UPYIO TMOJYYEHHbIC pPe3yJbTaThl Mbl BUAUM: MyTaHTHble (Gopmbl riuimi-TPHK
cuHTeTa3bl 00pa3ytoT arperatsl (puc.l C- cunsis nunust; E- dykens). [lonydeHHble HAMH JJaHHBIE COTJIACYIOTCS C
onMcaHHbIMU B nuteparype [4]. [lo pe3ynbratamM NpoBeAEHHBIX HAMU XpoMaTorpaduii Mbl MOKEM CKa3aTbh, YTO
GlyRS L129P cmoco6na obpa3zoBeiBath cTabmieHBIN KomImieke ¢ IRES I (puc.l D mo cmemenuio uepHOTO
MIPOQHIT OTHOCUTENIFHO CHHEH auHUK). [TockonbKy naHHAs MyTaHTHas GOpMa KaTAINTHIECKH HE aKTUBHA, M HE
crocoOHa 00pa30BEIBaThH ANMEpP, HO 00pa3oByeT KoMIUIeKe ¢ BupycHoit MPHK, MBI MOXkeM NpearonoxuTs, 9To
st B3aumoeiicteust GlyRS ¢ IRES obpa3oBanue nuMepa He SBIISICTCS HEOOXO0UMbIM.,

MyrantHas popma GlyRS L129P/G240R ne obpasyer komiuieke ¢ IRES I (puc. F. Her siBHOrO cMerieHus
npodueli OTHOCUTENBHO JAPYr Ipyra). DTH pe3yNlbTaThl ObIM HaMHU TaK e IOATBepkKIeHBl MerogoM SPR.
Koncrants ces3piBanms. GlyRS L129P ¢ IRES I Bcero B aBa paza cinadee (48.5 nM), uem GlyRS WT (92.7 nM).

3akawuenne. Bececroponnee u3ydenne xomiuiekcoB GlyRS co cnenndpudecknmu ¢parmenramu IRES
SHTEPOBHUPYCOB, PEUICHHE W aHAIN3 WX CTPYKTYp JacT KIOY K ITOHMMAHUIO MEXaHM3Ma pEryJIsiluu KiII-
HE3aBHCUMOM MHUIMALMN TPAaHCISIIMU y 3THX BUpycoB. [lomydeHnass namu MyrtantHast ¢opma raummi-TPHK
CHHTETa3bl YeJoBeKa, 00saiarommas 0oJbliel CTaOMIBHOCTBIO M HE TIOTEpsBIIas CBOWCTB Oelika JUKOIO THIIA,
NOMOXET HaM MPUCTYNUTh K TOMCKY YCIOBHH KPHCTANIM3ALUU €€ KOMIUIEKCOB ¢ (hparMeHTaMu BHPYCHOI

MPHK u nocnenyromemy ananu3y PHK-6enkoBoro B3anMoaelCTBHs B ’TUX KOMIUIEKCAX.
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A GlyRS WT B GlyRS WT
GlyRS WT + CDV2
30,00 30,00
25,00 25,00
20,00 20,00
2 150 2
g 15,00 S 15,00
10,00 10,00
5.00 00
0,00 0,00
0,00 4,00 8,00 12,00 16,00 20,00 0,00 4,00 8,00 12,00 16,00 20,00
ml mil
C GlyRS WT D GIyRS L129P
GARS L129P GIyRS L129P+ CDV2
30,00 30,00
25,00 25,00
20,00 20,00
2 =2
-E 15,00 E 15,00
10,00 10,00
5,00 00
0,00 0,00
0,00 4,00 8,00 12,00 16,00 20,00 0,00 4,00 8,00 12,00 16,00 20,00
ml ml
E GlyRS WT F GlyRS L129P/G240R
GARS L129P/G240R GlyRS L129P/G240R+ CDV2
30,00 30,00
25,00 25,00
20,00 20,00
g 15.00 E 15,00
10,00 10,00
5,00 5,00
0,00 0,00
0,00 4,00 8,00 12,00 16,00 20,00 0,00 4,00 8,00 12,00 16,00 20,00

ml ml

Puc. 1. Hanoorcenue npoguneii anoyuu xpomamozpaguii paznuunvix popm GIyRS u ux komniexcos ¢
@pazcmenmamu supycuvix mPHK. Kpacnou aunueii nokazan npogune anoyuu GlyRS WT; cunuii — npogune
GIlyRS L129P; ¢pyxcus- npogpune smoyuu GlyRS L129P/G240R; uepnas munus komniexc GlyRS ¢ ¢ppaecmenmom
eupycnoeo IRES I
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Abstract. Understanding the genetic mechanisms and identifying biological markers of tumor progression form
the individual molecular phenotype of transformed cells, which characterizes the degree of malignancy of the
tumor, the ability to metastasize, hormonal sensitivity, the effectiveness of chemotherapy, etc.

It is known that breast cancer (BC) is a genetically heterogeneous disease with different molecular
biological and clinical features. Current knowledge of the genetic heterogeneity of the most aggressive molecular
subtype of breast cancer, triple negative (TN), has led to promising discoveries in drug treatment, including the
use of DNA damaging agents (platinum drugs and PARP inhibitors) in these tumors, as well as the use of
immunotherapy at present.

One way or another, the ability to prescribe optimal drug treatment regimens based on knowledge of the
molecular genetic features of this subtype of breast cancer is of the greatest importance, which will ultimately
allow achieving high rates of overall and relapse-free survival. Thus, the identification of the molecular genetic
phenotype of breast carcinomas is an important prognostic factor of the disease and makes it possible to

personalize the treatment of patients.

Beenenne. Pax wMomouno#t xene3sl (PMJK) sBusgercs He TONBKO TETEPOTEHHBIM COJHIHBIM
3II0Ka4eCTBEHHBIM HOBOOOpAa30OBaHWEM, HO W KpaiHe HEOJHOPOTHBIM II0 TPOTHO3Y W YYBCTBUTEIBHOCTH K
MIPOTHBOOITYXOJICBO Tepamuu 3aboJieBaHWEM, YTO B TEPBYI0 OdYepenb, OOYCIOBICHO pa3HooOpa3meM
MHOKECTBEHHBIX MOJICKYIIIPHO-TCHETHUECKUX U3MEHECHHH, IPUBOISIINX K €T0 PAa3BUTHIO U TIPOTPECCHH.

Ha cerogusmnuii neHb KIAaCCHUYECKHM BBIACIAIOT 4 pa3iMyYHBIX MOJEKYJsipHbIX noxrtuna PMOK: nse
HNOATPYIIBI C TIOJOXKHUTEILHOW 3KCIPECCHEH pPelenTopoB 3CTporeHoB w/wiau mporecrepoHa (ER+/PR+) -
momuHanpHele (A uw  B)  (okomo 70% ot Bcex cinydaee PMIK), onmna moxarpymma ¢

runepaIkcnpeccue/ammndukamnueii reia HER/2-neu u HeraTHBHOHN 3KcIpeccHeil rOPMOHAIBHBIX PELENTOPOB



XIX MEXJIYHAPOAHAS KOH®EPEHIMA CTYIEHTOB, ACITMPAHTOB 1 MOJIOJABIX YUEHbBIX

«ITEPCIIEKTUBBI PASBUTHUSA ®YHJIAMEHTAJIbBHBIX HAVK»

(HER/2 mo3urtuBHas moArpymna) ¥ TPHXKIbl HETaTHBHBIA pak MonouyHoil xxene3sl (TH PMXK) ¢ orcyrcTBHEM
SKCIIPECCUH PELENTOPOB CTEPOUAHBIX TopMOHOB 1 HER2.

B nmureparype onucaHbl HeTHIMIHBIE (PAKTOPHI, MPUCYIITE UMEHHO nanHoMmy moatuiry PMIK. M3BecTHo,
yto nanueHTsl ¢ TH PMXX 0Gornee uyBCTBUTENbHBI K HeoanbioBaHTHOW xumuorepanuu (HXT) u mocturator
XOPOIIMX PE3yIbTAaTOB JIEYCHMS B BHUJAE IOJHOTO MATOJNOTHYECKH OTBeTa. [Ipm HE JOCTHKEHHH IOJHOTO
MAaTOJIOTMYECKOTO OTBETA JIYUIIMH Pe3yJbTaT JICYCHNS HA MPEIONePAIIOHHOM COYETaeTCsl C XyIIINM IIPOTHO3 B
MIOCJICOTICPAlMOHHOM TIepHoJie, Oosiee HU3KMMM NOKa3aTelssMH Oe3pelIMBHOM W o0uield BBDKHBAaGMOCTH
(p<0,0001), a Takxe OoJbILIEH BEPOSITHOCTHIO BOSHUKHOBEHHUS pelinaAnBa 3a0oseBanus. JJaHHbINH ()eHOMEH HOCHUT
Ha3BaHUE «I1apaJoOKC TPOMHOrO HETAaTMBHOI'O paKa MOJIOUHOM >kene3s» [1].

Yxe 6onee 10 et Hazam Mersin U coaBTophl 0OHapyxwiH, yto nanuentsl ¢ TH PMXK umeror Gonee
BBICOKHH PHCK PELUINBA, a CpelHee BPeMs peIUINBa COCTABIIIET YyTh Oonee 1 rofa, 4To OBIIO KOpoYe, 4eM y
apyrux mamueHToB ¢ PMOK [2]. Ha ceromHsmmHWii IeHb NMOMCK MapKepoB UIS HPOTHO3HPOBAHHSA TECUCHHSA
3a00JeBaHMs, a TAKXKE IIOMCK MOX0/1a K IPEAOTBPAIICHUIO PEIUANBOB M METACTa30B HMEET PEIaloliee 3HaUYCHHE
ISl TIOBBINICHUSI BRDKMBaeMOCTH nanuenToB ¢ TH PMIK [3].

Marepuana u MeToasl. B nccnenoBanne BKITOUSHHI 25 O0IBHBIX ¢ MOP(OIOrHIecKH BepUPUIIUPOBAHHBIM
muarHozoM TH PMIK, cpennuit Bospact 47,6+0,4 ner. IHK u3 OuorcuitHoro Matepuana OmyXxoJd 10 JICUCHHS
BBIJIETsUIach ¢ Hcnonb3oBaHueM Habopa QIAamp DNA mini Kit (Qiagen, Germany). [ns n3ydennss CNA
HCIOJb30BaHAa MHKpOMATpuia BbiCOKOH tiotHoctH CytoScan HD  Array (Affymetrix, USA). Hdus
O6ronH(pOPMATHUECKOTO aHaIK3a HCIT0JIb30Banach mporpamma «Chromosome Analysis Suite 4.0».

PesynbTarhl. BbUIo yCTaHOBJICHO, YTO HAWOOJbIICe KOJHUECTBO aMiutdpukaiuii (6onee 64,0%) ObUIO
oOHapykeHO B JIOKyce 1q21.3 mpu MOJHOM OTCYTCTBHM ICJCIMiA B JaHHOM pervoHe. HamOombimas wactora
nenenuit (6osee 56,0%) Obuta oOHapyxeHa B Jokycax 3p21.31, 3p21.2, 3p21.1 (c yueToM MOIHOTO OTCYTCTBUS
ammmoukannit) u 17q11.2. 'V 44% OompHbIX nenetupoBaH jokyc 17pl3.1, rne Haxommtes reH TP53.
OOHapyXeHBI JTOKYCHl C OJHOBPEMEHHBIM OTCyTCTBHEeM cerMeHTHBIX CNA - 13pl13, 13pl12, 13p11.2, 13pll.1,
14p13, 14p12, 14p11.2, 14pl11.1, 14ql1.1, 15p13, 15p12, 15pl11.2, 15pll.1, 15ql1.1, 21pl3, 21pl2, 21pl11.2,
21pll.1,21ql11.1, 22p13, 22p12, 22p11.2, 22p11.1.

Ha pucynke 1 mpencraBieHa 4acToTa aMIUTA(UKAIMA U IEICIUil B KOKIOH XpOMOCOME IS MAI[MEHTOK,

BKJIFOYCHHBIX B HCCJICAOBAHHUC.
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Puc. 1. Yacmomut deneyuii u amnaughuxayuii 8 onyxoau 6oavrvix TH PMOK
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Taxke m3ydena acconuanus orBeta Ha HXT c wacroroil Bctpewaemoctu CNA no nedenus. bwino
BBIJICJICHO 2 T'PYMNIIB MAIMEHTOK: TPyNna ¢ 0ObeKTUBHBIM OTBETOM (1) — MaMEeHTKH C YaCTUYHOW M IOJHOH
perpeccuet omyxomu mocie JiedeHust (n=15) u rpymnma ¢ OTCYTCTBHEM OTBeTa (2) — MAIMEeHTKHU CO CTa0MIIN3aIneH
u mporpeccupoBarueM nocie nposereHns HXT (n=10). ['pynms! cTaTHCTHYECKH HE Pa3InYajIiCh IT0 OCHOBHBIM
KITMHAKO-MOP(OIOTHIECKUM HTapaMeTpaM.

Jist 1 TpyIIiel MaueHTOK MOKa3aHo, YTO MaKCUMaJIbHAs YacToTa BcTpedaemocTy amrumdukanmii (80,0%
n Oonee) Oblma Tarke obOHapyxkeHa B 1q21.3 perwone. [lpm MakcHManbHOM 4YacTOTe BCTPEYAEMOCTH
amMIuIM(UKanyii B JaHHOM pETHOHE ITOKa3aHO IOJIHOE OTCYTCTBHE JEJIETHPOBAHBIX YYacTKOB, B TO BpeMs Kak y
OosbHBIX ¢ oTcyTcTBHMEeM oTBeta Ha HXT B 3TOM permoHe 4acroTa aMIUTM(QHUIUPOBAHHBIX YYacTKOB He
npesbimana 40%. MakcumallbHOe KOMHUYecTBO nenenwnii (66,67 % u 6osee) B 1 Tpymie NanueHToB OTMEYCHA B
17q11.2 nokyce ¢ OTCYTCTBHEM aMIUTH(PUKAINN B TAaHHOM JIOKYCE.

JUis 2 rpynmbl ManuMeHTOK OBUIO YCTAHOBIIGHO, YTO HAaMOOJbIIee KOIMYECTBO aMImpukanuii (6oiee
60,0 %) Ha ¢oHE MOITHOTO OTCYTCTBUS JISJCTUPOBAHHBIX YUACTKOB OBIIIO OOHAPYKEHO B JIoKycax Spl15.1 u 8q22.3,
B TO BpeMs Kak y OONbHBIX ¢ 00beKTHBHBIM oTBeToM Ha HXT B 3TOM pernone yacrora ammumpuKanuii He
npessimana 13,3%. MakcumansHoe KkonmmdectBo aenenui (Gomee 70,0%) Ha (oHE IMOIHOTO OTCYTCTBUS
aMINIU(UIMPOBAHHBIX YYACTKOB B JIAHHOW TpYIIE IMAalMeHTOK ObUI0 OOHAapYy)KEHO B KOPOTKOM Iuiede 3
XpOMOCOMBI B Jlokycax 3p21.31, 3p21.2 u 3p21.1.

B pesynerate cpaBHeHHS "acToT BcTpedaeMocTd CNA B JaHHBIX TpyNNax MAalMEHTOK NPH ITOMOIIH
JIBYXCTOpOHHET0 KpuTtepus duiepa, OpIJI0 TOKa3aHO, YTO HaTMUne 00beKTHBHOTO 0TBeTa Ha HXT Habmomganock
npu OospiieM KonudecTBe aMmIuinpukainuii B 3q23 peruone, B yacTHocTH, Y 30,0% ManmeHToK ¢ YaCTUYHOW U
NOJHOM perpeccuell HACHTUGHUIMPOBAHA AaMIUIU(HUKAIMS [JAaHHOTO pErHoHa MpPHU IOJHOM OTCYTCTBUHU
aMIUTU(UKAIMK B HAX B TPYIIIE MAIIUCHTOK cO cTabmim3anuei u nporpeccupoBanueM (p=0,03). [loreHImansHO
JaHHBIN JIOKyC MOXET paccMaTpHBaThcs B KAadyecTBE MPEAMKTHBHOTO Mapkepa xopomero orsera Ha HXT y
6onpEEIX TH PMK.

BoiBoasl. [Tonyuens! pe3ynbrathl 10 onieHke renerndyeckoro orseta TH PMOK Ha HXT u cBsi3u ¢ oTnaneHHbIM
Metacta3upoBanueM. [10100HbIe TaHHbIE B TIEPCIIEKTHBE MOTYT COCTABUTh OCHOBY JUISl pa3pabOTKU HOBBIX MapKepOB
3¢ HeKTUBHOCTH JIeYeHHsI TALMEHTOK C IATOJIOTHEH MOJIOYHOM HKeJe3bl C TPOWHBIM HETaTUBHBIM (DEHOTHIIOM.
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Abstract. In this study, we performed the studies of the influence of Na+/K+-ATPase in the regulation of the
volume of rat smooth muscle cells. It is assumed that the depressive effect of ouabain on arterial contraction,
with prolonged exposure, is due to desensitization to Ca2+ ions. Na+/K+-ATPase is involved in RVI (regulatory
volume increase), which may explain some fluctuations in cell volume in pathologies due to damage of ion
transport. We hypothesize that, under physiological conditions, ouabain-induced depolarization and the
subsequent voltage-dependent influx of Ca’" ions play an important role in the potentiation of arterial
contraction. Of the various inhibitors of Na+/K+-ATPase, only ouabain blocks its pumping activity and
increases intracellular Ca2+ through the activation of Src-kinase. In studies on deendothelialized segments of
the pulmonary artery of rats, we found that ouabain does not significantly affect the mechanisms of hypoosmotic
and hyperosmotic contractions of the vessels of the pulmonary circulation. On the contrary, data were obtained
that the contribution of Na+/K+-ATPase to isosmotic contractions is very large, which may indicate an
inversion of the normal ratio of Na+ and K+ ions relative to the membrane, and its predominant role in

restoring cell volume.

BBenenne. Jleroynasi rMIepTeH3Usl BXOAUT B MEPEUCHb COIYTCTBYIOIIMX 3a00JI€BaHUN y TALUEHTOB C
COVID-19, takum 06pa3om, BecbMa Ba)XHO BBISIBUTh MEXaHH3MBbI €€ Pa3BUTHA U (HapMaKoIOTHYECKHE METO/IbI
nedenus [1]. Beuto mokaszaHo, 4TO JerOYHAs TMIIEPTEH3US COMPOBOXKAACTCS OTEKOM TJIaJKOMBIIICYHBIX KJIETOK
JETOYHOH apTepuH HapsAdy C PEMOIEIMPOBAHHMEM COCYNOB. B OCHOBe pa3BUTHS apTepHAIBHOH JIErOYHOMH
THIIEPTEH3NH JISKUT TUCHYHKIUS HOHHBIX TPAHCIIOPTEPOB, YUACTBYIOUINX B PETYIISIINH KJICTOYHOTO 00BbeMa [2,
3]. Na+/K+-AT®daza urpaet BaXHYIO POJIb HE TOJBKO B PETYIALNHAN TOHYCa M COKPAaTUMOCTH COCYIOB, HO U B
MOAYJIALMHN NepH(EPUIECKOr0 COCYAUCTOTO COIPOTUBIICHNUS, ApTEPHAIBbHOrO JAaBICHHS U KJIETOYHOrO 00beMa.

OepmenrtaTuBHas akTHBHOCTh Na+/K+-AT®da3er obecrneynBaeT 3JICKTPUUCCKYIO BO30YIUMOCTh, a TaKKe



JBIDKYIIYIO CHITY JUISI MHOTUX APYTHX TpaHCMEMOpaHHBIX NepeHocoB [4, 5]. 3a mocnenHee necatuiieTne ObLIO
YCTaHOBIEHO, uTo oMuMo Tparcnopta Na' u K uepes kierounyro mem6pany, Na+/K+-ATdaza neiicTByeT Kak
peLenTop, MepeAarIinii TyMOpalbHble CUTHANbl BHYTPHKIETOUHO. IIpenmonaraercsi, 4ro yaOauH-IIOJ0OHbIE
COCIMHEHUS CITY’KAT HIOTCHHBIMU MOAYJISITOPAaMH 3TOW TpaHCIYKIMK curHaia. AktuBamus Na+/K+-AT®da3sr
MIPUBOJUT K TUIEPNOJSIpU3anny MeMOpaHbl M COCYAMCTOM penakcalli, B TO BpeMs Kak ee MHrHOWpOBaHUE
BBI3BIBAET JEMOJSPH3ALUI0 MEMOpaHbl M COKpAIleHHE COCYZO0B. MBI NpearosiaraeM, 4to B (PU3MOJIOTHYECKUX
YCIOBUSIX JeNONsIpH3anysi, BbI3BaHHas uHruoutopom Nat/K+-ATda3pr yabamHOM, W TOCIEIYIOMINI
MMOTEHINAJ-3aBUCUMBIA TIPUTOK HOHOB Ca2+ WUrparoT BaXXKHYI0 DPOJNb B MNOTECHIMPOBAHUH AapTEPHAIBHOTO
cokpamenus. Crieruduaeckue Src-KMHa3-3aBHCUMBIE ITyTH TIPH CBs3bIBaHNM yabamHa Na+/K-+-AT®a3s! 6butn
MOKa3aHbl B HECKOJIBKUX UCCIIE0BAaHMUAX IJIAJKOMBIIIEUHBIX KJIETOK B KylbType [6]. OYHKIUOHANBHYIO POJIb
Na+/K+-AT®a3pl MOXHO paccMaTpHBaThb TOJNBKO B CIOXHOW cpele Ha CyOKJIETOYHOM, KJIETOYHOM U
MHOTOKJICTOYHOM ypoBHsX, rae Nat+/K+-AT®daza cTpykTypHO M (QYHKIMOHAIBHO CBfI3aHA C JAPYTHMH
MeMOpaHHBIMH TEPEHOCYMKAMH, OelIKaMM ITUTOCKENeTa W CHUTHAIBHBIMH MOJEKYJIaMH. ODTO 00yCIaBIHBACT
BaXKHOCTP HccienoBanus poi Na+/K+-AT®da3bl B IIMPOKOM CHEKTPE BHYTPHUKIETOUHBIX TIPOIECCOB.

JKcnepuMeHTANBHAs YacTh. OOBEKTOM HCCISIOBAHMS CIYKUIN W30JIUPOBAaHHBIC JEIHIOTEIN3UPOBAHHEIC
TJIaIKOMBIIIIEYHBIE CETMEHTHI JIETOYHOM apTepuH Kpblc-camuoB JmHuMM Wistar. M3MepeHne MeXaHHMIECKOro
HamnpspKeHWs:  mragkoMblneyHblx  ketok  (ITMK)  mpoBogmiiock ¢ HCHONB30BaHWEM — YETHIPEXKAHAIBHON
MexaHorpaduueckoir ycranoBkd Myobath [I. Ammummkanuro caxaposbl B KoHIEHTpanun 120 MM HCTIONB30BaN IS
MOJICITIPOBAHUSL  THUNEPOCMOTHYECKON CTPUKLIMH IVIAAKOMBIILICYHBIX KIETOK. VI300CMOTHYECKYIO CTPHKIIHIO
BBI3BIBAIN BOCCTAHOBJIEHHEM MOHHOTO COCTaBa pacTBopa mocie O60-MHHYTHOM WHKyOalii CErMEHTOB B
THII00CMOTHYECKO#T cpene, conepxatieii 40 MM NaCl. J{ns uccienoBaHus COKpaTHTEIbHOM aKTHBHOCTH CETMEHTOB B
MOJIETIM TUIIOOCMOTHYECKOTO HaOyXaHUsi CErMEHTHI OMeIajn B pacTBop ¢ koHueHtpanueii NaCl pasHoit 40 MM. B
skcriepuMerTax Na+/K+-ATda3y narunouposanu yadamaom (Ouabain, sigma) B korneHTpanun 100 mxm. JlaHHas
KOHIIGHTpanysi OblTa BBIOpaHA B CEpHM NPEIBAPHUTEIBHBIX AKCIIEPIMEHTOB KaK KOHIEHTpAIMS, BBIBIBAIOIIAS
CTaTUCTUYECKH 3HAYMMBIH 3()(EKT Ha COKPATUTEIbHYIO aKTHBHOCTb.

Pe3yabrarsl. Bee pe3ynbTaThl npeicTaBIeHb! B MPOIEHTaX OT KOHTPOJIHHOTO COKPATUTEIHHOTO OTBETA
Ha TUIEPKaIueBbii pacTBop (skBUMOsipHOE 3amenienne 120 MM NaCl wa 15 MM KCl). Ilpu 6rokupoBanun
Na+/K+-AT®a3br yabaunom (100 mMxM, 30 muH) Ha (OHE THIEPKAIMEBOrO COKpalleHHs HaOoaanach
COKpATUTENbHASI peakus, aMIUIUTyJa KOTopoil coctaBmia 95,79 (84,45; 106,86) %, OT KOHTPOJBHOTO
THIEPKAIIMEBOrO COKPAICHHS, YTO CTATHCTUYECKHA HE OTJIMYAIoCh OT KOHTposst (n=20). broxama Na+/K+-
AT®a3p1 yabamHOM Ha (OHE THIIEPOCMOTHYECKOW M THIIOOCMOTHYECKON CTpUKIuH, mocie 30-MHHYTHOH
penoOpaboOTKH CETMEHTOB ya0aWHOM, HE BBI3BIBAJIA CTATHCTHYECKHM 3HAYMMBIX H3MEHEHUI aMIUTUTYIBl U
BpeMeHH cokpamenuid. IIpn noGaBnenmn yabanHa Ha ()OHE HM300CMOTHYECKOTO COKpaleHws, mocie 30-
MHHYTHOH TIpejoOpabOTKM CEerMeHTOB yaOanHOM, HAaOJIIOAATOCh YBEIMYEHHE AaMIUINTYABl COKPAILICHUs, B
CpaBHEHMH C KOHTPOJIbHEIM, 110 67,48 (57,0; 88,57) %, OT KOHTPOJIBLHOTO TUIIEPKAIUEBOTO cokpaieHus (n=20).

3akuodenne. M3 mogydeHHBIX JaHHBIX MOXHO cieiath BbiBOJ, 4To Nat/K+-ATda3za He oka3bIBacT
3HAYUMOT0 (P (PeKTa Ha TUIIEP- K THIIOOCMOTHYECKOE COKpAILIEHUE CETMEHTOB COCY/OB JIETOYHOM apTepHH KpbIC.
Onnaxo, BiausiHre Na+/K+-ATda3el Ha M300CMOTHYECKYIO CTPHKLHUIO MPOTHBOMNOI0KHO: AT®a3a BbI3bIBaeT
3HAYUTEIHHOE TOBBIMICHUE aMIUTUTY/bl COKPAIICHMS, YTO MOXET yKa3bIBaTh HA OOJNBIIYIO poib (epMeHTa B

MEXaHM3MaX BHYTPUKJIETOYHOH pEryisiuu oO0beMa INpH H300CMOTHYECKHX cokpameHuax ['MK. Yabann



YBEJIMYMBAET BHYTpUKJIETOUHbI Ca2+ 3a cyeT akTUBalUMU Src-KUHA3bl, TEM CaMbIM MOTEHUUUPYS
COKpATHTENBHBIA OTBET Ha T0ObIe aroHUCTHI [7-9]. Teoperuuecku, yabauH co3maeT YCIOBUS s HHBEPCHU
HOpMaJbHOro cooTHomennss TokoB Na' u K' w/mmm npespamenue Na+/K+-AT®da3sl B npeoOpa3oBaTeb
CHUI'HaJIa. BOBMO)KHO, ONMCAHHBIM BBIIIE Bq)q)eKT MOXET OKa3bIBaTh BJIMAHUC Ha JJICKTPOMEXAHUYICCKOC
COIIPSAKCHUEC I'MK B npeaciiax coCyaoB, BHOCA BKJIaA B PaA3BUTHUE U MTOAACPKAHUE MEXaAaHNUICCKOTO HAIPSKCHUA

IIpY apTEPUATILHON THIIEPTEH3UU.
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Abstract. In the present study, we studied the ability of differentiated tumor cells to stem plasticity and the
formation of mammospheres in the presence of stemness genes inhibitors. We used breast cancer cell lines: BT-
549, MDA-MB-231, MCF-7, SK-BR-3 and T47D. The cells were cultured in complete nutrient media RPMI-
1640, IMDM, and DMEM. The genetic landscape of CNA was examined on CytoScan HD Array microarrays,
and cellular transcriptome assessment on Clarium S Assay platform. The subpopulation composition of cell
cultures was studied by flow cytometry. Negative sorting of differentiated cells was performed on a Sony SH800
device. All cell cultures, except for BT-549, were shown to contain two or more amplifications of stemness
genes. MCF-7 and T47D cells were selected for experiments based on the results of subpopulation composition
analysis. Wild-type MCF-7 cells were shown to spontaneously form mammospheres without IL6 induction on
day 14 of cultivation. Differentiated MCF-7 cells form complete mammospheres on day 14 only in the presence
of IL6. The experiment using stemness gene inhibitors was performed on T47D cells. T47D were found to be
capable of spontaneous dedifferentiation and mammosphere formation. Chemical inhibitors in combination were

shown to effectively block the dedifferentiation of T47D tumor stem cells.

Beenenne. B 2013 roay Cristine Chaffer ¢ koyieraMmu mpeanosoxuia, 4To pasHble OMyXOJdH 00JaaaroT
pasHoii COCOGHOCTHIO K aeanddepeHINpPOBKe H STUM OyIET ONPENENAThCS MX 3J0KAUECTBEHHBIM MOTEHIMAT U
CIOCOGHOCTE K MeTacTasupoBanuio [1]. Mbl Takxke TpeirmonaraeM, 4To CoCOOHOCTh K aean(depeHIMpoBKe v
HECTBOJIOBBIX OITYXOJIEBBIX KJIETOK OMNMpENeNseT 3JI0KAaYeCTBEHHOCTh OIMyXONH. PaHee Mbl IMOKA3aJlH, YTO

npuoOpeTeHne crocoOHOCTH K AeauddepeHIrpoBKe  SIBIAETCS MapKepoM TOTOBHOCTH OIYXOJNH K



METaCTa3UPOBAHUIO. DTOT IMPOLECC MPOUCXOTUT IPH IKTONMUYECKOH 3KCIPECCHU T'€HOB CTBOJIOBOCTU 33 CUET
aMIUTMQUKaNKH UX JIOKYCOB B Pa3HBIX XpPOMOCOMaX OITyXOJIEBBIX KJIETOK. Ha KIMHHYeckoM Marepuaie MoKa3aHo,
YTO HAIMYHME IBYX U Oonee aMmm@uKanuil pa3HbIX XPOMOCOM B PE3UAYyalbHOH OIyXONM acCOLMHUPOBAHO C
BBICOKOH dacTtoToi MeractasupoBanus [2]. Lleablo HacTosimieil padoThl SBHIOCH H3YYEHHE CIIOCOOHOCTH
TudhepeHIMPOBaHHBIX oImyxoJieBbIX KiIeTok (JJOK) momouHo# kene3sl k aeauddepeHInpoBKe 10 OMyXOJIeBBIX
ctBoioBhIX KIIeTOK (OCK) 1 06pazoBannio MamMmmocdep B IPUCYTCTBHH HHTHOUTOPOB T'€HOB CTBOJIOBOCTH.
JKcnepuMeHTAIbHAA YacTh. CTaOnIbHbIE KIETOYHbIE JTMHUH paka MoJIouHOH xkene3sl (BT-549, MCF-
7, SK-BR-3 n T47D) KynbTHBHpOBaJM B IOJHBIX NUTaTeNbHbIX cpenax RPMI-1640, IMDM u DMEM c
nob6asinenneM 10% 5SMOpHOHANIBHOM TeNsYbEH CHIBOPOTKH, L-rilyraMuHa W aHTHOMOTHKAa-aHTUMHKOTHKA.
[lepBonauansHo oneHuBanu CNA-TeHETHYECKHH JIAaHAIIA(PT UCCISTYEMBIX JTMHAN C TIOMOIIBI0 MUKPOMATPHUIIBI
CytoScan HD Array. MeTogoM TpPOTOYHOW ITUTOMETPHHM H3YyYalIW CyONOMYJSIMOHHBI COCTaB C
HCIIOJIb30BaHUEM MOHOKJIOHAIBHBIX AHTHTEN K TOBEpXHOCTHBIM Oeikam CD44 u CD24. Tlo pesymbraTtam
cyOmonysuianuoHHOro aHanu3a Obud oToOpanbl JmHMd MCF-7 u T47D. C xnerkamu MCF-7 ¢ Obuim
MIPOBEJCHBI SKCIIEPUMEHTHI 110 MHAYKIHHU AeAn((GEpeHINPOBKH U OLIEHEH TPAaHKCPHIITOM Ha MHUKPOMATpPHUIIAX
Clarium S Assay. /lanee cpaBHUBaIM 3KcrpeccHio 43 reHoB cTBosIoBOCTH B KireTkax MCF-7 Ha 3 u 21 cyTtku
KYJIbTUBUPOBaHUs. DKCIEPHMEHT 110 HHTHOMPOBAHUIO T€HOB CTBOJIOBOCTH MpOoBOAWIN Ha uHUN T47D. Kierkn
MHKYOHMpoBasn ¢ (uIyopeceHTHO-MeueHHHbIME aHTutenamu k CD44 B FACS-0ydepe B Teuenne 40 MUHYT B
TEMHOTE Ha JbAy W jaajee ABaxasl orMbeiBan FACS-Oydepom. Ilocne ocymiecTBisics HETaTUBHBIA COPTHHT
KIIETOK, oTpunareiabHbix 1o CD44, Ha coprepe Sony SH800. Ilenessie kietku B KoHIeHTparuu 2000 B 1 M
paccaxxuBaiu B 12-nmyHouHble miaHieTsl. Bo Bece nynkn BHocunu 1L-6 (50 HI/Mi) U OAMH U3 WHTUOUTOPOB —
BIBR1532 (ren TERT), 10058-F4 (ren MYC), FLI-06 (rex NOTCHI), B KOHLEHTpaIUIX, YKBUBAICHTBIX UX
IC50. B psan myrok BHOCHIH KoMOuHanmto [L-6 u Tpex narnouropos. Kietkn BelpamuBamy B TeueHue 21 JHS.
Ha 3, 7, 14 u 21 cyTku NpoBOAMIH OICHKY MOP(OJOTHH KIETOK H MOJCYeT 00pa3oBaBIIMXCS MaMMocdep, a
TaK)Ke TPAHCKPUIITOMHBII aHAIN3 ISl BCEX TPYII Ha 3 CYTKU M aHAJIN3 3KCIIPECCHU 43 TeHOB CTBOJIOBOCTH.
Pesynbstarsl. Bee xierounsle nmuHuH, KpoMe BT-549, comepkar nBe u Ooiiee aMIDTH(HUKANNN TSHOB
crBosioBoctd. OcHoBHYI0 Maccy y MCF-7 cocraBisier cyOmomyssinysi HPOTC€HUTOPHBIX OITYXOJIEBBIX KJIETOK
(ITOK), AOK cocraastot 13% nonynsauuu. Jnst SK-BR-3 u BT-549 ocnoBHyto Maccy cocrasisitor JJOK 2-ro
nopsifka. Y nuann kietok T47D, obmee kommuectBo JJOK 1 u 2 mokonenus coctaiset 29%. [lokazano, 4to
knetkn MCF-7 mukoro Twma crmoHTaHHO 00pa3yroT Mammocdepsl 0e3 wmHaykmum IL6 yxe Ha 14 cyTkm
KyJBTUBUPOBaHHA, HO B mpucyrcTBuH IL6 Ha 14 m 21 cyTku HaOmromaercs OoJjbplliee KOJIHMYECTBO KPYITHBIX
mammocep. JJOK MCF-7 6e3 IL6 He oOpasyror Mmammocdepsl Ha 14 cyTku, imumbs Ha 21 JeHb MOSBISIOTCA
Menkue coepounsl. B mpucyrcteum IL6 mammocdepsr oOpasyrores yxe Ha 14 cyrkn. Mammocdepsr Ha 21
cytkn uHKyOammu B nyHkax JIOK+IL6 wumeror Oosiee kpymHbIi pasmep. CpaBHEHHE SKCIPECCHH T'CHOB
CTBOJIOBOCTU Ha 3 1 21 CyTKM pocTa MoKa3ayio, 4To nepBoHavyansHO, B rpymnne JJOK+IL6, canxaercs Gonee yem
B 2 pa3a oakcmpeccus VIM, TERT u LNMB2 wu mnosbimaerca dkcipeccuss KLF4. Ha »stame
MammochepoobpasoBanus Ha 21 cytku B rpymnme JJOK+IL6, yeunusaercs skcnpeccuss LMNB2, SOX4, FZDI,
MYC, BMI1I, KLF5, SMADY, SMAD4, SMAD2, HIF3A n camxaercst DPPA4, SNAI2, SOX1, FLT3. CanxeHue
skcpeccuu SNAI2 cBUAeTeNnbCTBYeT 00 MHTHOMPOBAHUN SIHUTEIHAIbHO-ME3NHXUMANbHOTO Tiepexona (EMT).
Okcmpeccuss MYC akTHBHpYETCS MpU MaMMoc(epoodpazoBaHuu BO BTopyto ¢a3y Ha 21 cyrku. Jeticteue 1L6

Ha kyetku aukoro tuna u JJOK paznuuno. ¥V nukoro tuna Ha 3-e cytku 1L6 aktuBupyer skcnpeccuto SOX2,



TERT w uarubupyer PIMI1. SOX2 3amyckaer aencane OCK, 4ro mpuBOAHT K (popMHpOBaHUIO MamMMocdep. B
JOK na 3 cyrku nop neiictBueM IL6 manmaer skcmpeccust reHoB LMNB2, VIM u SMADY. Ilpu cHmxeHUH
akcnpeccun VIM cHmxkaeTcsl akTuBHOCTh EMT 1 3T0 mpomcxoauT uMeHHO mof aerictBueM IL6. Ha 21 cyTku
IL6 B KkJeTkax OUKOTO THIIA aKTUBUpYyeT 3kcupeccuto DPPA4, SOXI, SMO, MOB3B, LAT n uarubupyer
skcnpeccuio KLF5, KLF4, MYC, LNMB2, SMAD2, SMAD4, BMII. B 1OK IL6 na 21 CyTKM aKkTHBHpYET
skcpeccuio SMADY, SMAD?2, KLF6, BMI1, MYC w uaruoupyet FLT3, DPPA4, SNAI2. Oxcuepument ¢ T47D
TIOKa3al, 4TO JIaHHAs JIMHHS CIIOCOOHA K CIIOHTaHHOHW aean(epeHIpoBKe 1 MaMMochepooOpa3oBaHuio Oe3
crumyisinun 1L6. B rpynme JJOK cdepounnsr odpasyrores 6e3 IL6 yxe Ha 3 cyTKH 3KCIIEpUMEHTa, a Ha 7 CYTKH
noiHoueHHble MaMMocepsl. Ha 21 cyTku konmuectBo mammocdep B rpymie ¢ JJIOK MeHble, 4eM B KOHTpOJIE,
Ipu 3TOM KJeTouHas macca B KOHTpoibHOH rpymme JIOK Oompmre. Marmbutopst BIBR1532 un 10058-F4
omokupytor aenupdepenmmposky JJOK T47D mo OCK, mammocdepsr He oOpasyroTcsi maxe Ha 21 CyTKH.
BIBR1532 u 10058-F4 oOnoxupytor aktuBHocth OCK B kmerkax mgumkoro tmma. FLI-06 cHmxkaer
nenuddepenupoky JJOK no OCK. Ha 14 u 21 cyrku pocra B rpynne JJOK+FLI-06 o6Hapy>keHBI chepon sl
Mammocdep Ha 21 cyTku B 3T0i rpymnmne MeHsmie, yeM B rpynne JJOK 6e3 IL6 n rpynmme JOK+IL6. FLI-06
Taroke cHIkaeT akTuBHOCTh OCK B KynbTypax IMKOTO THHA M OIOKHPYET Nponn(epaTHBHYIO aKTHBHOCTh U
nemuddepenunposky no ITOK. KomOunamus marnoutopoB He Kynupyer nponudepanuro IIOK u nopasnser
aktuBHOCTh uMeromuxcs OCK. KomOunanus uaruouropos B IOK T47D mopmaBnser aemudpepeHIIMPOBKY 10
OCK wu IIOK. Iloxa3zano, yto uaruobutop BIBR1532 momapnser skcnpeccuio 11 renoB crBomoBoctu (MYC,
FZD9, NANOG, SMAD2, SMAD4, FZDI, SMO, MOB3B, ITGBI, BMII, TGFBRI), u3 HHX [IBa
ammnunupoBansl y T47D (MYC w FZD9). Ilpu stom aktuBupyercs sxkcnpeccuss KLF6 u LAT. nruburop
10058-F4 momasnser skcnpeccuto MYC, NANOG, FZDY9, MOB3B, TGFBRI w PIMI. Taxxe 10058-F4
MOBBIMIAET aKTUBHOCTD 11 renoB (SOX2, KLF4, KLF6, KLF1, SMAD?2, SMAD9, LIFR, LNMB2, ZEB1, BMP®6,
HIF34). FLI-06 cumkaer B 2 u Oomee pasza skcmpeccuto VIM, DPPA4 w FZD9 u He NpEnsATCTBYET
nemuddepenunposke JIOK, sTomMy crocoOCTByeT ¥ IOBBIMIEHHAs SKCIPECCHS OPYTHX TE€HOB CTBOJIOBOCTH
(SOX2, KLF6, SOX4, INSR, HIF34, NOTCH4, KLF4, ZIC2, KLF1, LAT). 3a cdyeT HHTHOUPOBAHUS SKCIIPECCUU
VIM, DPPA4 w FZD9 ne npoucxoaut tosbko aeaupdepenunposku JOK no TTOK. Bee Tpu nuruduropa, mno
cpaHennio ¢ rpynmoi JJOK+IL6 momammisiroT, 6osiee ueM B 2 pasa, dKCIpPEcCHIO 12 TE€HOB CTBOJOBOCTH
(NANOG, LNMB2, LIFR, MYC, ZIC2, KLF6, MOB3B, TGFBRI, FZD9, BMI1, SMAD4, ITGBI).

3aximouenue. TaknuMm 00pa3oM IOKa3aHO, YTO HWHTHOMPOBAHHE T'€HOB CTBOJOBOCTH MPEAOTBPAIIACT
nenruddepeHINPOBKY HECTBOJIOBBIX OIYXOJICBBIX KIIETOK J0 IPOTCHUTOPHBIX M CTBOJOBBIX. XHUMHYECKHE
MHTUOUTOPHI, B KOMIUIEKCE, MOKazann 3(GQEKTUBHYIO OJIOKHPOBKY AeAn(HEPEHIIMPOBKN OITyXOJEBBIX KIETOK
muann T47D. Tax warnOupoBanwe yumb 3 w3 9 ammmupunupoBaHHEIX B T47D TEHOB CTBOJIOBOCTH
npenotepatiaet aeauddepenunposky JJOK 10 cTBOIOBBIX U IPOr€HUTOPHBIX KIIETOK.
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Abstract. In the present study, we performed an integrative analysis of single-cell RNA-sequencing data of
coronary and carotid atherosclerotic plaques of ten patients. We identified 22 specific cell populations that
include 12 clusters of immune cells, 5 clusters of smooth muscle cells, 3 types of endothelial cells, fibroblasts,
and neurons. We classified ten patients into three groups according to their most prevalent smooth muscle cell

types and found a population which can potentially protect patients from symptomatic forms of atherosclerosis.

BBenenune. ATepockiiepo3 cOCyOB MPECTaBIsET COO0H XPOHUYECKOE BOCTIAIMTENbHOE 3a00IeBaHNe, B
X0/le KOTOPOTO TPOUCXOJUT 00pa3oBaHHME OOraTtoil JHUIIMIAMH arepockieporhdeckoil Omsmku  (AB),
JajbHelIIee pa3pacTaHue ee HEKPOTHUECKOTO sSIpa, 1, KaK CIEACTBHE, (HPrOpO3 M KaabIU(HUKALI OKPYKAIOIIHX
TKaHed. B mporecc pemMoaenupoBaHUS COCYJUCTOH CTEHKHM BOBJICUCHBI MHOXKECTBEHHBIC KIIETOUHBIC
cyOmomynsinuy, TakMe Kak miagkombimeudble kietkd (IMK) ¢ u3MeHeHHbIM (eHOTUNOM, IIpo- |
AQHTUATEPOTeHHBIE SHIOTEINANIbHBIC U Pa3JIMYHbIC THITbI PE3UACHTHBIX HMMYHHBIX KJIeTOK [1].

N3ydyeHnue maroreHe3a aTepocKJiepo3a Ha YpOBHE OT/EIBHBIX KIETOK JaeT BO3MOXKHOCTH 0OoJjee IOJHO
OXapaKTepU30BaTh KIETOYHYIO Te€TEpPOreHHOCTh 00pa3loB, WACHTU(HUIMPOBATH HOBHIE THIBI KiIeTOK B AD,
MIPEATIOKNUTh HMHTEPNPETALMIO WX POJIM B IPOTPECCHPOBAHMM 3a00JI€BaHUS, a TakXKe BBISBUTH HOBBIC
MOJIEKYJISIPHO-TEHEeTHYECKHEe MEXaHU3MBI aTepockiepo3a [2]. Ha cerogusmiamii 1eHp omyOIMKOBaHO HECKOJIBKO
uccienoBanuii mo ananu3y naHHbeIX PHK-cexBeHupoBaHus eanHu4HbIX KiIeTOK (SCRNA-seq) Ab uenoseka.
Marepuanom mist pabotel Wirka R.C. et al. [3] mocimyxuiam Bce CIOM CTEHKH IOPKEHHBIX aTePOCKIEPO30M
KOpoHapHBIX cocynoB. Pan H. et al. [4] uzyumnm AB connbix aptepmii. Alsaigh T. et al. [S] paccmoTtpern Ab
COHHBIX apTepHi, a TaKXKe NPWIEralolue K HUM WHTAKTHBIE YYaCTKH COCYZOB. Y HEKOTOPBIX MNAIMEHTOB,
ONMCAaHHBIX B 3THX paboTax, aTepocKIepo3 KIMHUYECKH HMET CHMIITOMAaTHYECKOe TEUYCHHE, TO €CTh OBLI
OCJIO)KHEH OCTPBIMH COCYUCTBIMH COOBITHSMH — MIIEMHUYECKHI MHCYJIBT WM MH(PAPKT MUOKap/a, a y APYTux —

ACHMIITOMaTHYECKOE, O€3 OCITOKHEHHIA.



OObequHEHWE ~ JAHHBIX  BBINICYNOMSHYTBIX —~ WCCJIEIOBAHMH  IOCPEJCTBOM  HHTETPUPOBAHUS
TPAHCKPUNITOMOB E€IUHUYHBIX KJIETOK Ab uenoBeka M mocleAylollee NPUMEHEHHE Ha HHUX COBPEMEHHBIX
O6ronH(pOPMATHIECKUX MOAXOJOB MO3BOJHT OoJiee MOJHO ONKMCaTh KaPTUHY KJIETOYHOH rereporeHHocTH Ab c
YYETOM JIOKQJIM3AIINH ITPOTEKAIOIIET0 IpoIecca.

[empto paboTH! SBIsAETCA UASHTH(GHUKALNS KITFOYEBBIX KIETOUYHBIX CYOHOMYJISIIMNA aTepOCKIePOTHIECKUX
OJIAIIeK KOPOHAPHBIX W COHHBIX apTepuil YelloBeKa Ha OCHOBE aHaim3a OOBeAWHEHHBIX aaHHbIX PHK-
CEKBEHHPOBAHUS €IUHUYHBIX KIIETOK.

JKcnepuMeHTAJbHAA YacTh. MaTepuaioM I HUCCIEeJOBAaHUS MOCTYKWIN nepBuuHble naHHble PHK-
ceksenuposanus Ab, nmomydennsie Wirka R.C. et.al. (n=4), Pan H. et al. (n=3) u Alsaigh T. et al. (n=3). Jusa
O6nomH(pOpPMaTHUECKOTO aHaH3a daHHBIE OBIIM 3arpyKeHBl W3 OTKpBHITOW 0a3pl maHHBIX SRA (SRP199578,
SRP274629, SRP287809) ¢ momombsto uHcTpyMeHTa SRAtools. Jlns momydenust TabauI] SKCIIPECCHH TEHOB B
oOpasmax 6sUT ncnonbp3oBaH HHCTpyMeHT CellRanger.

O06paboTka 1 BU3yaJln3alys JaHHBIX, aHAIU3 quddepeHnnanbHoi 9KCIIpeccuy TeHOB ObUIN NPOBEICHEI B
nporpammHoil cpege R 4.0.4. ¢ ucnonp3oBaHMeM mporpaMMHoOro makera Seurat. J[ns moucka M yhaneHHS
IyOIIeToB — apTe(akToOB, MONYUYCHHBIX B XOJ¢ CIMSAHUSA IBYX KJIETOK, mpuMeHsuics makeT DoubletFinder. batu-
3¢ GeKT UCTIPABISIICS PU MOMOIIY CTAHIAPTHOTO MPOTOKOJIA MHTETpaluy JaHHBIX Seurat. C MOMOIIBO aKeTa
SingleR mpoBomunack aBTOMAaTHYeCKass aHHOTALMS KIETOYHBIX MOMYJALUA, KOTOpas, B JallbHEHILEM,
MoJIBEprajiach Py4HOW KOppekTHpoBke. OIucaHWe KIETOYHBIX THIIOB MPOHCXOIMJIO B COOTBETCTBHH C
pasmemnieHHoil B 0Oasax maHHbIX (WebGestalt, Uniprot, PanglaoDB) wundopmanmeit o mupdepeHnnansHo
sKkcmpeccupyeMbix reHax (DI kmactepoB kietok. JIOIT orOmpann ¢ MOMOIIBI0 HEMapamMeTPHYECKOTO
kputepuss ManHa-YuTHH Tpu ypoBHe 3HaumMmoctu p<0,05 ¢ yderom mompaBkm benmxamuuu-XoxOepra Ha
MHOXXECTBEHHBIC CPAaBHEHUS.

Pe3yabrarsl. IHTErprpoBaHHbIe NaHHBIE cojepxain nHdopmanmio o 81844 kierkax, cpequ KOTOPHIX
18412 cooTBEeTCTBOBANM 3KCIEPUMEHTY IO KOPOHAapHBIM aptepusiM, 52164 u 11268 — mo conaemM. U3
JATBHEHWIET0 aHANM3a OBUIM HMCKIFOUEHBI KISTKH, SKcmpeccupyromme meHee 250 u Oomee 5000 pa3iamaHBIX
reHoB, cogepkamme MmeHee 1000 u 6omee 30000 MPHK u 6oitee 7,5% MUTOXOHIpHUATBHEIX TeHOB. Takke ObLTH
obHapyxeHbl u ynaneHsl 5013 mybneros. [Tocne xoHTpons kadecTBa octanock 61824 xierku (8370 kieTtox
KOpOHApHBIX apTepuit, 39127 u 14327 — COHHBIX), YTO COCTaBHIO 75,54% OT UCXOJIHBIX JAHHBIX.

B xome kmactepusanuu KJICTOK OBLIO OOHapykeHO 22 KIETOYHBIX MOMYyJSIHH. B 4acTHOCTH,
UICHTH(PHUINPOBAHO 12 KJIACTEpOB MMMYHHBIX KJIETOK, Cpeau KOTophix 3 cyonomyssiunu CD8+ T-nmumdorron
(28,1%), 4 cyOmomynsuuu KJIETOK MOHOUMTapHO-MakpodaramsHoro psma (17,9%), 2 tuma B-mamdoruros
(4,3%), marypampuble Kwuiepol (3,2%), mmasmatmueckue (1,4%) um tyunele wiretkn (1,3%). Taxke B
aTepOCKICPOTHUECKUX OJAIIKax BBIABICHAa momyssiius HelponoB (0,5%), ¢ubpobnacroB (4,4%), 3 Tuma
SHIOTENUANBHBIX KIeToK (14,2%) m S5 KiacTepoB TIJIaJKOMBIIICYHBIX KIETOK W WX M3MEHEHHBIX (opM
(xontpaktuneHbie ['MK (7,6%), akruBupoBanusie ' MK (4,9%), BocnanurensHbie pudpomuonuts! (8,2%) u 2
noaruna MK ¢ ocreoxonaporernbim (OX) derotumnom (4,0%)).

CooTHolleHne 10Jel KIeTOYHBIX MOy pazandanoch Mexxay Ab KOpOHapHBIX U COHHBIX apTepuil.
Tpu rpynmsl NanMeHTOB MMENH IOXOXKeEe pacmpenencHue 4dacTtoT KineTtok ¢ I'MK-mogoOHbeiM deHoTHIOM.
[lepBas rpynma oOwvenuasier 3 AB KOpOHAapHBIX apTepwii, B KOTOPHIX IpeobiamaroT akTuBHpoBaHHBIE ' MK

(39,3-46,5%), umeromme TeHaeHImioo K murpamuu (ID4, CCNI). Jomunnpyromas cyonomymsanus MK y



Ipymnnbsl ManueHToB ¢ AB, okann30BaHHBIMM B COHHBIX apTepusX — BocmanuTelbHble pudpomuonntsl (39,3-
54,1%), ydJacTByOIIWEC B OpraHW3aluu BHeEKJIeTouyHoro Matpukca (LUM, BGN, VCAN, FNI, COLIAl) n
nojnepxkuBatomue Bocnanenue (TNFRSF11B, CFH, CCL19, CIR). Tperps rpynna Bkiatodaer Ab kopoHapHO#
1 COHHBIX apTepuil, B KOTOphIX KoHTpakTwiabHble I MK (MYHI1, MYLY, TPM2, PLN, TAGLN) coctaBwiu OT
49,0 no 71,7%.

B COHHBIX apTepusaxX YeTBIpeX NAlMEHTOB, IBOE M3 KOTOPHIX HMMENH AaCHMITOMATHYECKOE TEUCHHE
3aboseBanusi, oOHapyxeHa kinerouHas nonymsinust — MK ¢ OX ¢enorunom 1 (5,1-42,8%). JlaHHOM nomyisuuu
MIpaKkTHYEeCKH He HaOmojaercst y Tpex nanueHToB ¢ AB B kxopoHapueix cocynax (0-0,2%), a Taxke oHa
noiHocThio oTcyTcTBYeT (0%) B AB COHHOM apTepuM NHalnMeHTa, WMEIOIIEro CHMIITOMAaTHYEeCKOE TEeUCHHUE
3abomneBanus. Bce ocTanbHbBIE KIETOUHBIE THITBI TPUCYTCTBYIOT B Ab manneHToB Ha ypoBHE, OoinbmieM 1,6%.

omymsamus T'MK ¢ OX ¢enotuniom 1 Moxet ObITh OOJbIIIE CBOWCTBEHHA U1 AB COHHBIX apTepHii, yem
KOPOHApHBIX, a TaKXKe Ipeo0nafaTh y MAIMEeHTOB, MMEIOMHMX ACHMIITOMAaTHYECKOE TEYEHHE aTepOCKIepo3a.
[IpeanonoxuTenbHO, HaHHAs TPYIIa KIETOK BBINOJHSIET INPOTEKTUBHYIO (YHKIMIO, IPEJOTBpAIast
OCJIO)KHEHHOE TE€UEHHE aTepOCKIIepo3a.

3aknouenne. AHanu3 UHTerpupoBaHHbIX AaHHBIX PHK-cexBeHMpoBaHus equHMYHBIX KiIeTOKk Ab
COHHBIX M KOPOHApHBIX apTepuil MO3BONMI pa3feiHTh MAIlMEHTOB Ha TPH TPYMIBI, COTIIACHO COOTHOILCHHIO
nonyisuuit kinerok ¢ 'MK-nono6ubiM ¢denotunom. O6napyxkena nomymsauus MK ¢ OX ¢enorunom 1,
KOTOpast BCTpPEUaeTCs TOJNBKO B COHHBIX apTepUsAX M MOXET HMMETh 3allUTHYIO pOJIb JUII KIMHUYECKU

OCJIOJ)KHCHHOI'O TCYCHUS aTCPOCKIICPO3a.
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Abstract. Malignant tumors of the reproductive system are the most common in the structure of oncological
morbidity in women, among which cervical cancer remains the most common form of neoplasm. The triggering
factor for the occurrence of cervical cancer of cases is infection with the human papillomavirus of high
carcinogenic risk. The result of timely detection and treatment of cervical cancer in situ is the prevention of the
progression of the malignant process. The aim of the work is to identify, type and determine the viral load of
HRC HPYV in patients diagnosed with cervical cancer in situ. The study included 27 patients with cervical cancer
in situ. The material was scrapings of the epithelium of the cervical canal and the outer part of the cervix.
Detection and genotyping of HPV DNA is carried out by real-time PCR. As a result of the study, it was found
that the infection rate of HRC HPV in the study sample was 63.0%. Genotyping of HPV-positive samples showed
that in 76.5% of patients there was a prevalence of HPV genotype 16, in second place were HPV types 33 and
56 (17.7%). The predominance of mono-infection (70.5%) was revealed. When determining the viral load, it was

found that in HPV-positive samples, in almost all cases, a clinically significant viral load was determined.

BBenenne. [[na Hacenenuss Poccum 3a00neBaeMOCTh 3JI0KAa4eCTBEHHBIME HOBooOpazoBanmsmu (3HO)
SIBIIICTCS OCTPOM MEIWIIMHCKOH W COIMAaiIbHON MpoOiIeMoi. 370KadecTBEHHBIC OIYXOJH PEIpPOTyKTHBHOM
CHCTEMBI SIBIIIOTCS Hauboyiee 4YacTBIMH B CTPYKTYPE OHKOJIOIMYECKOW 3a00JeBaeMOCTH JKCHIIHWH, CPEIH
KOTOpBIX pak meiiku Matku (PIIIM) ocraercst oqHo# M3 Hanboliee pacpocTpaHeHHBIX (POPM HOBOOOpa30BaHMH,
3aHUMas celbMoe MecTo B Mupe cpeau Bcex 3HO, uerBepToe — cpeau Bcex 3HO sxeHCKOT0 HaceJIeHHs B BTOPOE
— Cpenu 3JI0KaYeCTBEHHBIX HOBOOOpPA30BaHMH JKEHCKHX PENPOAYKTHBHBIX OpPraHOB IOCIE paka MOJIOYHOMN
xkenessl [1]. Pax mieiiku MaTKu in sifu 3TO HyJeBas CTaaus paka IIeHKH MaTKH, IPU KOTOPOH 3110KaueCTBEHHBIC
N3MCHEHHS JIOKATH3YIOTCS B SIIUTENINH IICHKN MATKH, HE 3aTparuBas 0azanpHyio MeMOpany. M3BecTHO, 4TO Ha
CETOIHAIIHUMA I€Hb paK MIEHKH MATKU SIBISIETCS €AMHCTBEHHBIM 3JI0KAYECTBEHHBIM HOBOOOPAa30BaHUEM, IS
KOTOPOTO OOIIENpU3HAH 3THOJOTHYECKUH (aKTop. DTHOJOTHYECKUM (aKTOPOM Uil BO3HHKHOBEHHS paka

meiiku Matku Oonee yeM B 90% ciydaeB siBiseTcs MHOUIMPOBAHWE BUPYCOM MAmMLIOMbI denoBeka (BITY)



XIX MEXAYHAPOIHAA KOHOEPEHIIVA CTYAEHTOB, ACIITMPAHTOB 1 MOJIOJIbIX YUYEHBIX

«[TEPCIIEKTUBBI PASBUTUA ©YHIAMEHTAJIBHBIX HAYK»

BBICOKOTO KaHueporeHHoro pucka (BKP) [2]. AkTyanbHOCTH NpoOJEMBI paHHETO BBISBICHHS M JICYCHUS
HYJIEBOH CTaJMU paka MIEWKH MaTKU 00yCJIOBIIEHA, C OTHOM CTOPOHBI, Pa3BUTHEM 3TOT0 3a00J1eBaHUs y KEHIIUH
MOJIOZOTO BO3pacTa, a C APYrod — HEJOCTaTOYHOH 3((PEKTHBHOCTBIO CYLIECTBYIOIIMX METOMOB JICUCHHMS.
PesynbratomM cBoeBpemMeHHOTO BbIsiBiieHHss PIIM in  sifu sBnsieTcs mNpenoTBpallleHHe allbHEWIIEero
MIPOTPECCUPOBAHMS 3JI0KAYECTBEHHOTO Iiporecca. TakuM o00pa3oM, uenvro pabOTHl SBISIETCS BBIIBICHHE,
TUIIMPOBaHUE U ompeneiacHue sBupycHoi Harpy3ku BITY BKP y nanuenTok ¢ quarnozom PIIM in situ.

Marepuaabl 1 MeToAbI. Beero B ucciieioBanue ObUI0 BKIIOYEHO 27 MAMEHTOK B Bo3pacTe oT 24 1o 79
JIET ¢ JUarHo30M pak [IeWKH Marku in situ. JlnarHo3 Bepu(HUIMPOBAH THCTOJIOTHYECKH, OIYXOJIH ObUIN
OXapaKTepu30BaHbl B COOTBETCTBHHU ¢ Kiaccupukanueil FIGO. MarepuanoM aist nccieoBaHHs HOCITYXHIH
COCKOOBI ATIUTENHS IEPBUKAIHFHOIO KaHajla M HapyKHOW YacTH MIEHKH MaTKHU. BBIABICHHE W TEeHOTHIIHPOBAHUE
JHK BITY mposomunu meromom PCR Real Time (RotorGene 6000, «Corbett Research», ABcrpamus) c
HCIOJBF30BaHNEM KOMIUIEKTOB peareHToB ¢(upmbel «Amplisens®» (Mocksa, Poccus). 3HaueHune BHpYyCHOU
HATPY3KH PACCUMTHIBATIOCH B FeHOMHBIX dKkBuBanenTax JIHK BITU/10° kietok.

PesyasbTarel. Hanmuune BITY-no3uTuBHOrO paka MEeNKu MaTKH in Situ, aCCOLMUPOBAHHOTO C OJTHUM WJIU
OJHOBpEMEHHO ¢ HeckonbkuMHu THramu BITY, Obimm oOHapyxens! y 17 manmentok (63,0%) u y 10 GonbHBIX
(37,00%) BIIY B omyxonm He ObUT BbIABICH. CTOMT OTMETHTh, YTO B OJHOM H3 paHee IPOBOANMBIX
uccienoBanuil Ha npuMepe Poccuiickoi momyssinuu nanueHTok yactora BITU-no3utuBHbIX nanuenTok ¢ PIIIM
I-IV craguii cocraBmia 86,0% [1]. CornmacHo pe3ynbTaTaM MPEeabIIyNIHX COOCTBCHHBIX UCCIICAOBAHHIA, YaCTOTA
BITY-no3utnBHbIX nanuenTok PIIM I-IVa craguii coctaBuna yxe 72,4%, COOTBETCTBEHHO, y 27,6% MaIlMeHTOK
BIIY B onyxonu He Obun BbisiBieH [2]. Takum oOpasom, st OonbHbix PIIM in situ moka3aHna BbICOKas
MH(UIIMPOBAHHOCTH BUPYCOM MAIMILJIOMbI Y€JIOBEKA BHICOKOT'O KAHI[EPOT€HHOT'O PHCKA.

I'eHoTHIIIpOBaHUE BUPYC-TIOJIOKUTENBHBIX 00pa3IoB nokasano npesanupoBanue BIIY 16 tuma (76,5%
ClIy4aeB), YTO COTJIACYeTCS ¢ MHUPOBBIMU JIMTEPaTypHBHIMHM JTAHHBIMH M TIOJyYCHHBIMH PaHEe pe3ylbTaTaMu
(49,0% u 67,8%, cooTBeTcTBeHHO) [1, 2]. Ha BTOpOM MecTe 1o 4acToTe BCTPEUAeMOCTH IS MarueHTok ¢ PIIIM
in situ Haxomarcst BIIY 33 u 56 renorunos (nmo 17,7%). Tak, cormacHo JIMTEpaTypHBIM JAAHHBIM, B TPy
6ospHbix PIIM I-IVa Bropoe mectro 3anuman BITY 31 Ttuma (16,0%) [1]. B To Bpemsi kak B mIpenslaylieM
cOOCTBEHHOM HcciiefioBaHny B rpyire 6oabHbix PIIIM I-IVa Bropoe mecto 3anuman BITY 33 tuna (22,6%) [2].
Taxoke B HacTosiiel padote nis naruentok ¢ PILUIM in situ B 5,9% ciyuaeB nerextuposanu BITY 39, 45, 51, 52
tunoB (Puc. 1). Takum o0pazom, IOydeHHBIE JaHHBIE OTpakaloT ocobeHHOCTH pactpoctpaHerus BITY BKP

JJIA PICCJ'IC,I[yeMOﬁ TpyIiIibl HaIIHCHTOK B Tomckom peruoHe.
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Puc. 1. Pacnpedenenue uacmom ecmpeyaemocmu eenomunos BIT9 BKP epynn nayuenmok ¢ pakom weiku
mamxu in Situ

B pesynbrate uccienoBaHMS PAacHpPOCTPAHEHHOCTH MOHO- M MUKCT-HH()HIIMPOBAHMSA OBUIO BBISBICHO
npeobnaganue MoHo-uHpUIMpoBanus (70,5%), a gacToTa BCTpedyaeMOCTH JBYX W 0Ooyiee TEHOTHIIOB BHUpYcCa
OJTHOBPEMEHHO cocTaBmia 29,5%.

[Ipu onpenenennn BupycHoil Harpy3ku (koHueHtpamuu JIHK Bupyca) B uccnemyemsix obpasmax ObLIo
I0Ka3aHO, YTO KOJHMYECTBO MNAIMEHTOK C TOKa3aTeJeM HM3KOil BHpycHOM Harpysku (<3lg JHK BITU/10°
KJIETOK) B MCCIIElyeMOH TpYyIIe MalueHTOK cocTaBmiio 29,4%, mpu 3TOM, IOKa3aTeslb BHICOKOH (KIMHUYECKH
3HauMMOii) BHpyCHO# Harpysku (>3lg JIHK BITU/10° kierok) coctaBun 70,6%. COIIacHo cOGCTBEHHBIM
MPEeIBIAYIINM pe3yipTaTtaMm, B rpymme mamueHtok ¢ PIIIM I-IVa Opun BBISBICH MOKa3zaTellb Malo3HAYNMOW
BHPYCHON Harpy3kH paBHBIHA 22,6%, B TO BpeMs Kak IMOKa3aTeidb KIMHUYECKH 3HAYMMOI BHUPYCHOM Harpy3ku
coctaBui 77,4% [2]. Takum oOpa3zom, MoKa3aHa BBICOKAs YaCTOTA KIMHWYECCKH 3HAYNMOM BHPYCHOH Harpys3Ku
st nanueHTok ¢ PIIM in situ.

3akiiouenue. B pesynbrare npoBeseHNs MPEACTaBICHHOTO HCCIICA0BAHMUS OBUIO NMPOBENICHO BBISBICHNUE,
THUIUPOBAHUE M OIpeJIeJIeHHEe BUPYCHON HAarpy3Kd BHpyca ITAaNMJUIOMBI YEJIOBEKa BBHICOKOTO KaHIIEPOT€HHOTO
pHCKa y TAIIMEHTOK C JIMAarHO30M pakK LISHKH MaTKH in sifu. bpul moka3an BEICOKHI ypOBEHb HHPHUIIMPOBAHHOCTH
BITY BKP B uccnemyeMoil BRIOOpKE MAIMEHTOK, a TAK)KE HAIUYHC BBHICOKOTO YPOBHS KIMHHYCCKH 3HAYAMOM

Harpy3ku u npesanupoBanue BITY 16 renorumna.
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Abstract. Increasingly, many researchers are focusing on the sensitivity in breast tumors (BC) to certain
chemotherapy drugs and have personalized their research based on the assessment of this sensitivity. One such
personalized approach is to assess the chemotherapy’s gene expression, as well as aberrations in the number of
DNA copies—deletions and amplifications with the ability to have a significant effect on the gene’s activity.
Complex assessment of the chemotherapy’s gene expression is important not only for understanding the
heterogeneity and molecular biology of breast cancer but also to obtain a more accurate disease prognosis.
Thus, the aim of this work was to study the predictive and prognostic significance of the expression and

chromosomal aberrations of eight chemosensitivity genes in breast cancer patients.

Beenenne. B Hactosiiee BpeMmsi BaXKHBIM acIeKTOM IEPCOHATM3AIMHN JICUSHHS OHKOJIOTMYECKHX OOJBHBIX
SIBISIETCS.  YCTAQHOBJICHWE (DaKTa YCTOMYMBOCTH W YYBCTBHTEIFHOCTH K KOHKPETHBIM XHMHOTEPANEBTHUECKUM
npertapatam [1]. C 3Toii memnbio B OITyX0JIeBOH TKaHH BO3MOXHO OIIpEJIeIICHHE MAapKEPOB XHMMHOTYBCTBUTEIHHOCTH.
Okcnpeccusi HEKOTOPHIX T€HOB B OIyXOJEBOH TKAaHM TECHO CBS3aHA C XMMHOPE3UCTEHTHOCTHIO M IIPOTHO30M Y
00sbHBIX pakoM MostouHO# xkene3sl (PMIK) [2]. OcoOblii MHTEpEC MPEACTABISAIOT HCCICAOBAHHS XPOMOCOMHBIX
aeppanuii B JOKycax TaHHBIX T€HOB, OKa3bIBAIOIIME BIMSHHE HA YpOBEHb KcIpeccuu reHoB [3]. Llensio paboTs
SIBJISIETCSI aHATTN3 CBSI3M DKCTIPECCHH TeHOB XuMuouyBcTBUTeNbHOCTH ERCCI, RRM1, TOP1, TOP20, TUBB3, TYMS,
GSTPI ¢ >ddexrom HeoamproBanTHOM XuMuoTepanmu (HXT).

Marepuansl u Meroasl. B mccnenoBanme Oputo BkimodeHo 130 Gompabix PMOK ITA-IIIB crammm,
nomygaBomx B 2006-2020 romax mneuenne B xmanKax HUW onkonormu (r. Tomck, Poccus). B perpocniektuBHytO

rpymiry Borwi 90 manmeHTok. Bee OobHBIC B HEOaTBIOBAHTHOM PEXKIME TMOTydalind 2—8 KypCcOB HEOaIbIOBAaHTHOM



xumuoteparu (HXT) mo cxemam AC, CAX wmmu MoHoTepanmio TakcotepoM. Uepes 3-5 menmens mocine HXT
MIPOBO/IMJIACH OPraHOCOXpAHHAasl OIepalysi B Pa3IMYHOM oOBeMe, Jajee OOJBHBIM IPOBOIMIIN JIy4EBYIO W/MIN
TOPMOHAIILHYIO WJIM TapreTHyto Tepamuto. Jlnms aHammza abeppammii uyucna xommid (CNA)  mpoBOIwIIH
MuKpoMmaTpuaHbiid aHam3 Ha JJHK-uumax Beicokoii mioTHocTH Gupmbl Affymetrix (USA) CytoScanTM HD Array.
YpoBeHs skcnpeccuu oneHuBau npu omornu OT-TTIP.

Pe3ynbTaThl. YCTAaHOBIICHO, YTO y OONBHBIX C HAIWYMEM OOBEKTHBHOTO OTBETA Ha JiedeHWe (TIOTHAs |
YacTHUYHasi perpeccusi) osKkcmpeccus RRMI Bbllle, 10 CpaBHEHWIO C TAIlMEHTaMH cO cra0wimsanueil u
niporpeccupoBanueM (p=0,04). Kpome storo, Bblcokne ypoBHHM 3kcnpeccuu reHoB TOP2o m TYMS cBsizaHbl C
xopommM oTBeToM Ha JedeHue (p=0,03). AHanornuHbId pe3ynbTaT mokasaH Juisi reHa 7UBB3 y TaunmeHToB,
TIPOJIEYEHHBIX TAKCOTEPOM B MOHOpexknMe. Hammdne B Groricnu omyxonu BBICOKOTO ypoBHSA GSTPI COmpsKeHO C
Ko addexTrBHOCTRIO HXT 110 cxeme CP (p=0,05) (Puc. 1).
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Puc. 1. Juacpammel 643U HAYANLHO20 YPOBHS IKCRPECCUU 2eHO8 XUMUOUYECmeumenvHocmu ¢ spgpexkmom HXT

8 061/{4817[ epynne OONIHBIX U 8 3A6UCUMOCTIU OM CXeMbl xumuomepanuu

Amnann3 nokasaresnei 6e3MeTacTaTHueCKO BEDKMBAEMOCTH B 3aBUCUMOCTH OT dKCIpecchH, a Takxe CNA
UCCIIETyeMbIX TE€HOB TPEJCTaBJIeH Ha pUCcyHKax 2 W 3. JlanpHeWIWi aHaIW3 CBSI3U HAJIMYUS XPOMOCOMHBIX
abepparuii B HCCIEAYEMBIX TeHaX XUMHUOIYBCTBUTEIHHOCTH Y TTAIIMEHTOB C PAKOM MOJIOUHOH JKeJie3bl IoKa3all,
yto CNA cna6o koppenupyet ¢ a3¢dexrom HXT. Tak sxe moka3aHo, 4To HaUeHTHI ¢ runepakcnpeccueii GSTPI

nmeroT 100% OGe3meTacTarndeckyro BeDKUBaeMocTh (log-rank test p=0,02) (Puc. 2).



