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The optimization of methods for the establishment
of heterogeneous three-dimensional cellular models
of breast cancer
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ABSTRACT

BACKGROUND: Spheroids are self-assembled clusters of cells mimicking a tissue-like architecture. Since the structure of
complex three-dimensional cellular models is not stable, the formation of core spheroids and further maintenance are crucial
stages within the cultivation process. There are a lot of options described for the establishment of 3D cell models. A wide
range of reagents is presented from simple hydrogels to complex natural and synthetic composites. However, cultivation of
3D models is still a technically challenging task requiring adaptations of protocols for particular purposes.

AIM: To compare methods of the formation of gomogeneous (3D) and heterogeneous (3D-2) spheroids from tumor and/or
stromal cells of breast cancer using hydrogels such as agarose, gelatin and Matrigel™, as well as using ultra-low-adherent
plates.

MATERIALS AND METHODS: Breast cancer cell lines MCF7, MDA-MB-231 SK-BR-3 and stromal fibroblasts BrC4f, BrC120f,
BN120f were used as a models for 3D and 3D-2 cultures. Spheroids were obtained on a substrate of simple hydrogels or when
cultured on a low-adhesive plastic. The processes of formation and growth of spheroids, as well as "crushed preparations”
were visualized using a Nikon Eclipse Ti-S series fluorescent inverted microscope (Nikon, Japan).

RESULTS: We demonstrated, that gelatin-based hydrogel is not suitable as a substrate for obtaining 3D and 3D-2 spheroids
for any of the cell lines used in the work. The use of only one type of hydrogels does not allow to obtain the entire repertoire
of tumor, stromal, and heterogeneous 3D models. Agarose exhibited high output for stromal spheroids and Matrigel™ for
tumor cells, and the use of ultra-low-adherent Nunclon™ Sphera™ plates was preferable for 3D-2 models combining both
cell types. We also revealed that the application of cooled cultivation plastic and solutions is a technological advantage for
handling spheroids growing in low-adherent plates.

CONCLUSION: The proposed approaches for the formation of both homogeneous (3D) and heterogeneous (3D-2) spheroids
from tumor and (or) stromal breast cancer cells are a generalized guide to the most effective production of spheroids of
various cellular composition.

Keywords: hydrogel; preclinical models; breast cancer; tumor cells; stromal cells; primary cell cultures; 3D cultures;
spheroids.
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Breast Cancer Cells in 3D Model Alters Their Sensitivity
to Hormonal and Growth Factors
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V. A. Richter?, and O. A. Koval*?*
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Abstract—The purpose of this work was to study the formation and growth of mono- (3D) and heterogeneous
(3D-2) spheroids composed of stromal and tumor cells that mimic three types of breast cancer: ER+/PR+,
HER2+, and ER"/PR/HER?2 when spheroids are exposed to 17-B estradiol (E2) and TGF-B. Breast cancer
cell lines MCF7, MDA-MB-231, SK-BR-3 and non-transformed BN120f fibroblasts were used to generate
3D and 3D-2 heterogeneous cultures. Uniform conditions for 3D culturing of all three breast-cancer cell lines
are proposed that results in, proliferating spheroids. When tumor cells and healthy fibroblasts were mixed in
a ratio of 1 : 4, the inner core of 3D-2 structures contained fibroblasts and the epithelial tumor cells formed
outer layer of spheroids. The morphological analysis of spheroids showed that such co-cultivation of tumor
and stromal cells in the 3D-2 model, produced more rounded and well-structured spheroids that is typical
for self-organization into microtissue in comparison with 3D tumor cell model. It was found that E2 stimu-
lated tumor cell proliferation in 3D and 3D-2 spheroids, regardless of that breast-cancer type these cells imi-
tate. , while in 2D model, MDA-MB-231 cells were resistant to E2. In 3D models MDA-MB-231 cells lost,
and SK-BR-3 cells acquired sensitivity to the pro-proliferative effect of TGF-f. Thus, it has been shown that
3D and 3D-2 cell models of breast cancer are an important tool to study the tumor progression and for testing
new antitumor approaches, despite the existing 2D models.

Keywords: breast cancer, 17-f estradiol, transforming growth factor B, epidermal growth-factor receptor type
2 (HER?2), tumor cells, fibroblasts, cell lines, 3D cell cultures

DOI: 10.1134/S1990519X22060050

INTRODUCTION

Cancer is a leading cause of adult death worldwide,
accounting for nearly 10 million deaths in 2020 (Ferlay
et al., 2021). In 2020, the leader of new cases of the
disease (2.26 million cases) was breast cancer (BC),
and, therefore, its study is an urgent biomedical prob-
lem. Breast cancer is a heterogeneous disease at both
the histological and molecular levels. The tumor con-
sists of genetically altered tumor cells interacting with
normal and cancer-associated fibroblasts, endothelial
cells, pericytes, and immune cells (Fouad and Aanei,
2017). Breast cancer is subdivided into certain types on
the basis of the expression of key molecular markers—
estrogen receptors (ERs), progesterone receptors
(PRs) and human epidermal growth-factor receptor
type 2 (HER2) (Zubair et al., 2021).

Abbreviations: E2—17-B estradiol; BC—breast cancer; EGF
and EGFR—epidermal growth factor and EGF receptor,
respectively; HER2 and HER3—epidermal growth-factor
receptor type 2 and 3, respectively; TGF-B—transforming
growth factor f3.

555

The development of breast cancer is often associ-
ated with dysregulation of the biosynthesis of hor-
mones and growth factors. Estrogen hormones, such
as 17-B estradiol (E2), are able to inhibit apoptosis in
hormone-dependent breast-cancer cells and play a
key role in its progression (Fernando and Wimalasena,
2004). E2 plays an important role in the regulation of
physiological processes in both women and men and is
involved in breast pathology (Acconcia and Marino,
2011; Fernando and Wimalasena, 2004). For breast
tumor cells that express ER, estrogen hormones pro-
mote the development and progression of breast can-
cer and stimulate invasion and metastasis of tumor
cells to distant organs or lymph nodes (Park et al.,
2016). Therefore, therapy aimed at inhibiting ER acti-
vation is quite successful in the clinic. At the same
time, it has been shown that therapeutic blocking of
ER activation is a stress factor that promotes strong
compensatory mechanisms in cancer cells as well
(Suba, 2020). If ER signaling is completely sup-
pressed, tumor cells show uncontrolled proliferation
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Abstract: Hypoxia arises in most growing solid tumors and can lead to pleotropic effects that poten-
tially increase tumor aggressiveness and resistance to therapy through regulation of the expression
of genes associated with the epithelial-mesenchymal transition (EMT) and mesenchymal-epithelial
transition (MET). The main goal of the current work was to obtain and investigate the intermediate
phenotype of tumor cells undergoing the hypoxia-dependent transition from fibroblast to epithe-
lial morphology. Primary breast cancer fibroblasts BrC4f, being cancer-associated fibroblasts, were
subjected to one or two rounds of “pulsed hypoxia” (PH). PH induced transformation of fibroblast-
shaped cells to semi-epithelial cells. Western blot analysis, fluorescent microscopy and flow cytometry
of transformed cells demonstrated the decrease in the mesenchymal markers vimentin and N-cad
and an increase in the epithelial marker E-cad. These cells kept mesenchymal markers xSMA and
5100A4 and high ALDH activity. Real-time PCR data of the cells after one (BrC4f_Hyp1) and two
(BrC4f_Hyp?2) rounds of PH showed consistent up-regulation of TWIST1 gene as an early response
and ZEB1/2 and SLUG transcriptional activity as a subsequent response. Reversion of BrC4f_Hyp2
cells to normoxia conditions converted them to epithelial-like cells (BrC4e) with decreased expression
of EMT genes and up-regulation of MET-related OVOL2 and c-MYC genes. Transplantation of
BrC4f and BrC4f_Hyp2 cells into SCID mice showed the acceleration of tumor growth up to 61.6%
for BrC4f_Hyp?2 cells. To summarize, rounds of PH imitate the MET process of tumorigenesis in
which cancer-associated fibroblasts pass through intermediate stages and become more aggressive
epithelial-like tumor cells.

Keywords: hypoxia; cancer associated fibroblasts; pro-tumorigenic cells; c-MYC; OVOL2;

mesenchymal to epithelial transition; HIFs; patient-derived cell culture; breast cancer

1. Introduction

Breast cancer (BC) is the leading cause of cancer death among women worldwide, with
about one million new cases diagnosed each year [1]. Advanced stages of the disease with
distant metastases usually worsen prognosis and outcome [2]. Understanding the molecular
and cellular mechanisms underlying metastatic progression is an important step for the
development of new antitumor therapeutic strategies. Tumor progression is determined
not only by tumor cells but is also a product of the tumor microenvironment (TME), formed
by stromal cells, such as fibroblasts and cancer associated fibroblasts (CAFs), immune
cells, endothelial cells and extracellular matrix (ECM) [3]. CAFs are highly heterogeneous
subpopulations of tumor stroma cells originating from various cellular precursors and

Int. . Mol. Sci. 2023, 24, 2494. https:/ /doi.org/10.3390/ijms24032494
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(3

International Journal of
Molecular Sciences

Article

EGFR Transgene Stimulates Spontaneous Formation of
MCF?7 Breast Cancer Cells Spheroids with Partly Loss of

HER3 Receptor

Olga Troitskaya 1-**

, Diana Novak 2*, Anna Nushtaeva !, Maria Savinkova -2, Mikhail Varlamov

1,2

’
7

Mikhail Ermakov (%, Vladimir Richter ! and Olga Koval /2

check for

updates
Citation: Troitskaya, O.; Novak, D.;
Nushtaeva, A.; Savinkova, M.;
Varlamov, M.; Ermakov, M.; Richter,
V.; Koval, O. EGFR Transgene
Stimulates Spontaneous Formation of
MCF?7 Breast Cancer Cells Spheroids
with Partly Loss of HER3 Receptor.
Int. ]. Mol. Sci. 2021, 22, 12937.
https:/ /doi.org/10.3390/ijms222312937

Academic Editor: Nitin Telang

Received: 11 October 2021
Accepted: 27 November 2021
Published: 29 November 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1 Institute of Chemical Biology and Fundamental Medicine SB RAS, 630090 Novosibirsk, Russia;
nushtaeva.anna@gmail.com (A.N.); m.savinkova@g.nsu.ru (M.S.); mvarlamov@gmail.com (M.V.);
ermakovm97@gmail.com (M.E.); richter@niboch.nsc.ru (V.R.); o_koval@ngs.ru (O.K.)

Department of Natural Sciences, Novosibirsk State University, 630090 Novosibirsk, Russia; d.novak@g.nsu.ru
*  Correspondence: troitskaya_olga@bk.ru

t These authors contributed equally to this work.

Abstract: Multicellular spheroids with 3D cell—cell interactions are a useful model to simulate the
growth conditions of cancer. There is evidence that in tumor spheroids, the expression of various
essential molecules is changed compared to the adherent form of cell cultures. These changes include
growth factor receptors and ABC transporters and result in the enhanced invasiveness of the cells
and drug resistance. It is known that breast adenocarcinoma MCF7 cells can spontaneously form
3D spheroids and such spheroids are characterized by high expression of EGFR/HER2, while the
natural phenotype of MCF7 cells is EGFR!Y /HER2!°W . Therefore, it was interesting to reveal if
high epidermal growth factor receptor (EGFR) expression is sufficient for the conversion of adherent
MCEF?7 to spheroids. In this study, an MCF?7 cell line with high expression of EGFR was engineered
using the retroviral transduction method. These MCF7-EGER cells assembled in spheroids very
quickly and grew predominantly as a 3D suspension culture with no special plates, scaffolds, growth
supplements, or exogenous matrixes. These spheroids were characterized by a rounded shape with
a well-defined external border and 100 uM median diameter. The sphere-forming ability of MCF7-
EGPFR cells was up to 5 times stronger than in MCF7"! cells. Thus, high EGFR expression was the
initiation factor of conversion of adherent MCF7"! cells to spheroids. MCF7-EGFR spheroids were
enriched by the cells with a cancer stem cell (CSC) phenotype CD24~/1°% /CD44~ in comparison
with parental MCF7"* cells and MCF7-EGFR adhesive cells. We suppose that these properties of
MCF7-EGFR spheroids originate from the typical features of parental MCF7 cells. We showed the
decreasing of HER3 receptors in MCF7-EGFR spheroids compared to that in MCF"! and in adherent
MCF7-EGER cells, and the same decrease was observed in the MCF7%! spheroids growing under
the growth factors stimulation. To summarize, the expression of EGFR transgene in MCF7 cells
stimulates rapid spheroids formation; these spheroids are enriched by CSC-like CD24~ /CD44~ cells,
they partly lose HER3 receptors, and are characterized by a lower potency in drug resistance pomp
activation compared to MCF7%!. These MCF7-EGFR spheroids are a useful cancer model for the
development of anticancer drugs, including EGFR-targeted therapeutics.

Keywords: 3D cell culture; spheroids; EGFR; HER3; MCF7; cancer stem cells; drug resistance

1. Introduction

Breast cancer is the leading form of cancer in woman worldwide with 471.5 cases per
100,000 population in Russian Federation [1]. A wide range of drugs is available for breast
cancer therapy, including targeted drugs, but the death rate of advanced breast cancer
patients remains high. Traditional models for screening antitumor agents are 2D monolayer
cell models, which lack many of the important features of a tumor in the body-gradient

Int. ]. Mol. Sci. 2021, 22,12937. https:/ /doi.org/10.3390/ijms222312937
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MATEPMANDI VI BCEPOCCUMCKOM KOHDEPEHU MM

VCNEXH MONERVNAPHOR DHKONOAM

MonerynapHo-6uonoruyeckue noaxoao!
K hpomusoonyxonesoil mepanuu

TETEPOTMNWYECKAA KNETOYHAA 3D-MOEND
PAKA MONOYHOWM MENE3bI, UMUTHUPYIOLLAA
MWUKPOOKPYXEHWE ONYXONTW

M. M. Abnypaxmanosa’, T.H. benopemen?®, C.B. Kyneminn®,
B.A. Puxrep', 0. A. Kosam', A.A. HvinTaesa'
PIEVH w Hncmumym xumineckoll fuoioau
i ghymdarenmaibiiod meduguie OO0 PAH s, Hosocuupos;
PFEVH « Hucmumym moaexyagproi o kieimouiod Guoiosu
OO PAH», Hosocuiupey
e=-mail: m.abdurakhmanova 98 @email com

Komessie cioBa: pak MONOMHOH Henessl, OIyXoeBse
serkH, (hubpodnacter, NK-kietkn, ID-xieToiHbie MOTeH

Brenenne. B xnaccHueckuy ApyxMepHuIX (2D) kne-
TOUHEIN MOOENAX OTCVICTEYET THAHEEAN ApXUTEKTYpa,
B KOTOPOH NPOMCXOIHT HMMYHHEIN OTBET, 1 He VIHTEIBA-
HOTCH OPYTHE KIETOUHLIE H BHERIETOUHLIE B3aHMoaeicT-
BHA MUEPOOKPYHEHHA omyxonn. My pazpabotanu Tpex-
mepHyE (3D) retepoTHinueckyio chepoMIHYI0 MOIEIE,
COCTOALLIVED H3 OMYXMIEBLIX KIeTok, (pHipodIacTos H MM-
MYHHBIX KIIETOK, HA TpUMepe NK-KIeTok and deeneno-
BAHH B3IAMMOAEHCTEN OMYXONEBLIX KICTOK ¢ KIETKAMH
MHEKPOOKPYHEHHL.

Lleas Heenenosanna — KOHCTPYHPOBAHHE FETEPOTH-
nuieckoi 3D-3 monenn PMK ana uecnenosaHis B3au-
MOAEHCTENA ONYXOIEBRIX KIETOK ¢ KISTKAMM MHUKDOOKPY-
HEHHL

MarepHaibl H MeTOABL. B KauecTse OMyXoIeBoro KoM-
nonenTta PMVEK GeUH HenonssosaHs! kneTkn miHmi MCF7,
MDA-MB-231 u SK-BR-3. B kauecTee cTpOMAIBHOTO —
dpubpobnactsr BN120f, nonyuennble 13 obpasua HeTpaH-
clhOpMHPOBAHHON TKAHH MOJIOYMHOMN 3ele3kl, o B KauecTse
HMMYHHOTO KOMIIOHEHTA — THHHA NK-nogodHbr kne-
ToK YT

HononHUTeNEHO GLUTH TOMYVYEHE] ONYXOIEBLIE KIET-
KM, SKCIPECCHPYIOIINRE KpacHbIH QUIvopecUEHTHEL Genok
mKate2, crpoManeisie — 3eneHblii eGFP, NK-knetkn —
cHHuil BFF.

Eynerusiposany cheponisl B pessmMax 1) MOHOKYIb-
THEHpoBaHuA (310) TONEKO W3 ONYXOIeBEIX KIeToK, 2) co-
KYIETHEHPOBAHHA ONYXOIEBRX M CTPOMANBHEIX KIETOK
{3D-2); 3) cOKYIETHEHPOBAHHA OMYXOIEBBIX, CTPOMATE-
HBIX M HMMYHHBIX KneTtok (3D-3).

Hna oUeHKH NPOHHKHOBEHHA NK-KIeToK B 0nyXo-
NEBEO-CTPOMATEHBIE CpepOHIbl GBUIH MPHIOTORIEHBL -
NAPATH «pa3laBIeHHBX cheponioss.

Pesymsratsl. Mononb3osaHne HH3KOAITE3HBHOTO TUIACTH-
ka Nunclon Sphera B komBunanmi co cpenoil DMEM/F12
¢ pocToBBIMI (haKTopaMi MOIBOIHI0 NOAYIHTE Kak 3D,
Tak 1 3D-2 mogenn PMAK (Hywrraesa u aop., 2022).

B rereporunnueckoit 3D-2 monend cTpoManbHELE
KJIETKH BEICTYTIAKT B POJTH BHYTPEHHETo Kapkaca 1 (op-
MHPOBAHMA BHEWIHETD OMYXOIEEOTD SMHTETHATEHOIO
ClToM, CHOCODCTEYA NMOIYIeHI0 Dodee KPYIHEX 1 ofop-
MIEHHBIX KIETOUHEX CTPYKTY].

tPubpobnactsl npueneka NE-keten sayTps 3D-3
mogeneil 3 kierok MDA-MB-231 u MCF7, npu atom
KH/UIEPHY K aKTHEHOCTE N K-KIeTkH npossnann ToisKo
BoocTase chepongoe n3 knetok MDA-MB-231. [poxHnk-
HoseHue NK-knetok B 3D-3 monenn us wietok SK-BR-3
npolcxoanio MeHee e KTHEHO B CBAIH C KPYTTHEIMH
pazMepaMu cheporios.

Jakmouenne. CKOHCTPYHPOBAHE TETEPOTHITHYECKHE
ID-knerounsie Mogenn PMAK, B kotopsix NK- i onyxo-
NeBble KIETKH MOTVT B3aHMOIeHCTBOBATE B TRAHENOA00-
HOI apXHTeKTYpe.

Patoma senoanena npu duinancosoi noddepacice PHE

{epann No 20-74- J30),

OAWHWTPO3WIbHBIN KOMNNEKC MENE3A -
MEPCMEKTWUBHLIA NPENAPAT
ANA NEYEHWA
MHOMECTBEHHOW MWENOMbI

H.IL Axentiesa', H A, Cammna’, C.C. Ilymanos?®,
H.H. lkonauma’, 0.0, Becnanosa’, A P. lazarvumm'
'OFEVH «OHIT npaiiten xususecod guitusn i Meduiitickal
xme PAH=, Yeprosososxa,

WFEY s HMHE onkoqoeun um. H H. Baoxutas
Munzdpasa Poccun, Mocikcaa
e-mail: na_aken@icp.ac.ru

Kirouessie Cosa: MHOMECTBEHHAN MHEI0MA, AMHHTPO-
IIBHEL KoMILeke xeneza, depmedtsl nonu{ALD-pudo-
30)-MOMTHMEPA3H, MATPHECHAA METULIONPOTEHHAA

Beenenue. [Timdonponmdepatisrioe sabonesadie MM,
MOpPPONIOrHIeCKHM CYDCTPATOM KOTOPOIO SIBIHIOTCH U133~
MATHUECKHE KIETKH, MPOTYLHAVEOLIHE MOHOKIOHATBHBIH
HMMYHOTIOBYIHH, #ABIfeTc] HensneunseiM. [lostomy
NOHCK HOBBIX KIACCOB AHTHMHENOMHEIX NPENAPATOR 1 HX
MHLIEHE H U1 JOCTHREHHA NPOIOTEEHTETBHOH peMHCCHH
ABAACTCH aKTVAnbHBIM, MeprenTil nonu(ALD-pubozo)-
nonumepaza (PARP) B MaTpHECHAS MeTaIONPOTEHHAA
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spiperTor B3auMogedcTera npenapatos, OIHEM W3 pe-
weHWi JaHHOH NpodieMbl MOXET CTATE OLEHKA CHHEP-
ruama KoMduHauui npenaparos. Ha ceroqnaurHmnil mo-
MEHT HHEANCYIHPOBAHHE BEUIECTE B MATPHLY HOCHTEN
ABNACTCA 3MPEKTHEHEIM TOOXOL0M LTS VIVIIIEHH TP0-
i BGezonacHocTH npenapata. CHUKEHHIO HeXena-
TENLHEXN 3pekToR TakEe cnocobCTEYET TOT (akT, uTo
Npenapartel B HOCHTENE HAKATNIMBAKTCA CcrelMfuIHo
B OpraHe-MHIeHH 3a cueT HpdekTa NnoBsIeHHOH npo-
HHLIAEMOCTH H yaepaMBania. bonee TOro, HHKACYLHS
B HOCHTEE MO3B0IAST MPe0ioieTh XMMHOPe3HCTEHTHOCTE
npu npoeenennn XT.

Lleas pecaenopanua — NOMYUeHHE HAHOUACTHL] HA OC-
Hose TUITA ¢ copsecTHRIM HHEKancyiMposadner DOX
u SAHA na neuenna PMAL

Marepnans 1 metoaw. Metonom MTT-recta onpe-
Aensn sHaveHns 1C, ansn SAHA w DOX B oTHOWwEHHK
JIHHHWI K1eToK MOoIouHOH xenessl. Metonom Becokoadi-
thekTHEHON XuaKocTHOH XpomaTtorpadimn ( BRAX) npo-
BEIEHA KOTHYECTEEHHAN OLEHKA COIep#aHHA NPenapaTos
B HaHouacTHUax. Hanouactuusl, cofjepmamme SAHA
i DOX, 6bUTH NodyueHB! METOL0M ABOHHOTO 3MYILIH-
POBAHMA € MCNoMb3IoBAHWeM nuaHop bokca—benkena.
HacTHLB XApAKTEPHIOBATH 110 TAKHM NOKAZATENAM, KaK
CPedHHil aHaMeTp, [3eTa-MOTEHUHAT, WHISKC MOIH-
JAHCTIEPHOCTH.

Pesyasrarel. 3acBHACTENECTEOBAH CHHEPrETHYSCKHIA
sdupert kombuHan SAHA 1 DOX B oTHOWLEHHH KIETOK
muHun HCC-1954 (23,01 no HSA, 17,74 no Bliss, 17,64
no Z1P, 21,58 no Loewe, sHaueHms > 10 ¢CEHAETENBCTEYIOT
o cHHeprusme). OnpeleneHo cpeldHee 3HAMEHME KOH-
UEHTPALIHI NPENapaTos v BeIAEIeHO 3dypeKTHBHOE CoOT-
Howmenue SAHA:DOX — 70:1. OnTHMHIHPOBAH MeTOO
MOIYUeHHA HAHOYACTHLL ¢ MOMOILBIO TUTaHok bokca—ben-
keHa. HanowacTHuel ofnagand cpeiHdM IHaMeTpoM
=300 1M M Q3eTA-NOTeHUHATOM He Boile —15MB. Paspa-
BoTaH W BAnMAMpoBaH Metod BEXKX oanoepemeHHoro
onpeneneHia SAHA u DOX B HaHOUACTHLIAX.

Jaxmouenne. C NOMOLIED MATEMATHYECKHX MOTeei
NOATBEPAIEH cHHepreTHYeckui sdupext KoMOHHALMN
SAHA/DOX, onpelefieHo ONTHMAIBHOE COOTHOILEHHE
SAHA/DOX, paspaboTaH MeToI MOMyIeHHA HAHOMACTHLL,
cotepaawny SAHA 1 DOX, 1 meton BRAX ux konuue-
cTBEHHOTO onpetencHus. [lomyueHHble pesyIbTATH AB-
NAKOTCA YHHKANBHBIMH, 00MATAl0MIMMHE TPaKTHYeCKO
FHAUMMOCTEIO A0S JalkHelIero NpUMMeHeHHA KaK yuae-
HEIMH, TAK M BpauaMi.

Patoma emnoanena npu dunancosol noddepycce PHO

(eparm Ne 22-25-(01293)

WCCNEOBAHWE CBOWMCTB COEPOM0B
HA OCHOBE KNETOK MCF7
C TMNEP3IKCNPECCUEN EGFR
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Beenenne. S KTHEHOCTE NPOTHBOOMYXONEBBIX TIpe-
NAPATOR I8 TEPANTHH CONMIHEIN OMyXonel 0bLMHO He-
CIEAVEOT B peuMe i vitro Ha 2D-KyneTypax KIeTok, Kyb-
THEHPYEMBIX B Bie MoHochod. OIHAKO B VCIOBHAX
OPraHH3Ma B3IaHMOLE HCTEHE MERIY COCEAHHMIA PAKOBLI-
MM KIETKAMH H KJIETKAMH MHKPOOKPYREHHA ONYXOIH,
8 TAKME COCTOAHHE THIOKCHH MOTYT 3HAMMTENEHO BIMATE
Hi MYBCTBMTENBHOCTE KJIETOK K NPOTHEOONYXOIEBEIOM
npenapaTaM.

Baxmoil MonekyIapHoil xapakTepcTHRON omyxomie-
BhIX KNeTOK ABMseTcs npodhilb SKCNpeccHi (pakTopos
POCTA, PECVIMPYIOLMX X NPpodde pauiio. XoTa peLuentop
snuaepMansHore daktopa poeta (EGFR) npueyrersyver
Hil TIOBEPXHOCTH HOPMATBHBIX KIeTOK, MOKA3aHA ero TH-
NepaKCipeccis B PAsIHUHBIY ONMYXO/IAX 3NHTETHAIEHOTO
nposcxosteHis. NostoMy TpexsepHas KIeToMHAS MOLETh
¢ runepakcnpeccieil EGFR moxer OpiTh BocTpeboBana
npH oleHke 3PeKTHEHOCTH NPOTHBOONYXOMEERN T1pe-
napartos, B oM dncie TapreTHeiX K EGFR.

Leib wecieA0BAHHA — NONYIEHHE H XapaKkTepi3aius
JIHHHM KNeTOK ANCHOKAPUMHOMBL MOJIOMHON eneisl
MCF7, runepakcenpeccupyoweii EGFR uenoseka.

Marepnaisl H MeToIbl. TPaHCTeHHYIO THHHIO KIeTOK
NOMYUATH METOLOM PETPOBMPYCHON TpaHeaykuny. B ka-
HECTBE HEXOOHOH KYJIBETYPEL KIETOK HCMONB30BAIN Kie-
TouHyI0 THHHKD MCFT. AHATHS NOBEPXHOCTHLIX MAPKEPOR
NPOBOIATH METOAOM NpoTouHol uHToMeTpiH. benku
MERKIIETOMHBIN KOHTAKTOB BHIVATHIMPOBAIH METOAOM
HMMyHOLMTOXHMMIL. MechenosaHie TyMoporeHHOCTH IPo-
BOAHIM HA MEIUax TuHun SCID.

Peavapraret. Ha ocxose musnn kietox MCF7 sqiko-
ros THNA ¢ HH3KHM ypoedem EGFR metogom perpo-
BUPYCHOH TPaHCOVKUMK ObUIA NoTyUeHa THHWA KIeTOK
MCF7-EGFR. ¥cranorneto, uto runepakcnpeccus EGFR
B kiaetkax MCF7 npupsoaur K cnoHTaHHoMy chepoodpa-
J0BAHWED B CTAHIAPTHBIX VCIOBHAX KYIETHEHPOBAHHA.
[cronornuecknii AaHANNS MOKA3AT HATHYHE HEKPOTHYE-
CKOTO A/1pa B UeHTPpe KpynHeY cepornos. B cdeponnax
MCF7-EGFR xopolio BH3yATH3NPYIOTCA DEl0K IIOTHBIX
koHTakToR Z0-1 1 Denok MexeTouHol anreann E-kan-
FepHH, YIACTBYIOLHE B HETATHBHOMN peryIisaiuy KieTou-
Hoi Murpauni. [lokasaHo, 4To YacTs KIeTok ceponios

YCNEXH MONEKVYNAPHOR OHKONOT WA
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MCF7-EGFR tepawor peuentopet HER2 1 HER3. Yera-
HoelIeHo, 4To B cihepongax MCFT-EGFR yeennuisaetcs
nomynAuna Knetok ¢ derotinom CD24- low/CD44- flow
W yMeHblaeTea nomynama CD24% /CD44° no cpasHeHiio
C KIETKAMH «IHKOro» THNa. [IpuMeHeHHe TApreTHOro
k EGFR npenapata ueTykcHMad CHILKANO XKH3HeCNoCo6-
HoCTh KieTok cipeponnos. Tarcke Oblna NPOAHATHIHPO-
BaHA TYMOPOIEHHOCTE ClpEpOMIOE Ha MOJENH KeeHorpadi-
TA HA HMMYHOAS(HUHTHEX Melay SCLD.

Jakmouenne. Taam obpazom, cheponns MCF7-EGFR
AaenaoTea 3D-Mofenso 18 MCCHeloBAHMA TAPTETHRIX
k¥ EGFR npenapatos.

BRAF-MYTALIMW NPWU KONMOPEKTANBEHOM PAKE
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Beenenne. KPP aenserca Hanbonee pacnpoctpaHeH-
HBIM HOZOJMOTHYECKHM BAPHAHTOM CPEIH ATOKAUECTBEH-
HBIX OMYX0o0ei B MUpe, 3aHrMas 3-¢ MecTo, a B CTPYKTYpE
eMepTHoCTH — 2-e. MonekynapHa XapakTepHCTHKA ONy-
XONIH MMEET BAXHOEe 3HAYEHHE 1A BEPabOTKH NepcoHa-
NH3HPOBAHHON TAKTHKH JeueHMs.

Llens Heenenosannsa — H3VIHTh ocobeHHocTH BRAF-
syTaunii npu KPP

Marepuans 1 MeToasL B peTpocnekTHEHOE HeCTe0-
sanue 2019-2022 it srmouens 157 naunenros ¢ -1V era-
auelt KPP & sospacte 32—80 net, meanana — 63,9 rona. Mc-
CHENOBAHHA BRIMOMHATH Ha obpasuax JHK onyxonn,
BRIAEIEHHONH 13 napapiHoBL GnoKoR. [EHOTHIMPpOBAHWE
BINONHLTH MeTotoM [TLP. lhctonoruueck v Beex GoMb-
HEIX BEUIRICHA 80 HOKAPLHHOMA pasnuiaHoll anpdweped-
unposkH. Mysuns 6eimo 43,3 %, weHwmH — 56,7 %,

Pesynsrarst. MyTaumn B onkorede BRAF obHapyaeHsl
v 7 mauneHToB (6 XeHIHH 1 | MyUMHA B BO3PACTHOM
uHTepeane 40—73 roga, meanana — 63,4 rona), uro cocta-
Buno 4.5 %. Kak npasuno, 90 % myraumii B 3T0M reHe
CONPOBOAIATHCE 3aMeHOI ITIVTAMATA HA BANHH B KOLOHE
6U0—VeE. Uexonxo BRAF-MyTaluny BeABIEHEL IPH Me-
TACTATHUECKOM OMVXOIEBOM poLecce v 6 naunenTos. [Tpi
FHCTOAOTHYECKOM HCCHEI0BAHIKY ¥ Beex DoNbHEX ObUIA
JAHATHOCTHPOBAHA HU2KoOHupepeHUHPOBAHHAN ATEHO-
KapLHHOMA,

[MeperuHan onyxone & 85,7 % NoKanH30BANACKk B Ipa-
BOIH MON0BMHE 000I0YHOH KHLIKH, 8 HMEHHO: B CIEnoil —
y | MALMEHTKH, B BOCXOAAILEM OTAeNe — B 3 cmyuany, B o-
nepedHO-0B0A0MHOM KHLUKE — ¥ 2 GONBHBIX H TOIBKO THLLE
B 1 HalIHIEHHH — B CHIMOBHIHON KHIIKE ¥ MYAIHHBL

HanoxeHHsIe cODRITHA CBUOETENLCTRYIOT 0 NTpeodia-
naxuu (6 nauuenTor) BRAF-syTaumil v ®eHImH 1 npu

OIYAOIAX NPABOH NONOBMHE 000a0UHOH KHkH. Kpowme
Toro, ¥ GoabHO 73 neT ¢ onyxonsko nonepeaHo-oborou-
Hoil kuku, Hapay ¢ BRAF-syTauueil, BelgsneHa Koac-
COLMALIAA ¢ MMKPOCATEUTHTHON HecTabuibHOCTBI0 (MS1).

Jaxmouenne. CoracHo NOTyIeHHBM TaHHEM, BRAF-
syTatni npi KPP seisenens v 7/4.5 % nauneHTos.

B nopasnaoies DonbITHHCTES Caviaaes (85,7 %) oHu
HABMOIATHCE ¥ HeHILHH W NP JIOKANTH3AUHE OIYXOIH
B NpasoH NoAoBHHE 000I0MHOH KHILKH.

Hanuuue BRAF-myTaumil xapakTepisver Koropry
MALHEHTOE ¢ HeBNATONPHATHEIM KIMHHUECKHM IIPOTHO-
30M, MOCKOIBKY OHH DBUH OGHAPYKEHE] IPH METACTATH-
HECKOM OMYXONIEBOM MPoLecce.

CobpeMeHHOE NedeHHe TAKOro DHOMIOTHYSCKOTO Bi-
puanta KPP BxIouasT npiMeHeHHe UHTOTOKCHYeCKOl
Tepanii 1-1 THHHK B coueTaHui ¢ besaunsyMados. [lpu
NPOrpeccHpoBAHHH IPoLecca MPUMEHAIOT KOMDHHALLHID
BRAF-MHrHOHTOPOB 1 3NHASPMAIbHOMD (MKTOPA pocTa —
UeTYECHMAD.
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Beenenne. [lpeononerie pesHCTeHTHOCTH K IPOTH-
BOONYXOIEBLIM [IPenaparaM, BO3HHKAmeH Ha poHe ne-
YEHHA, — AKTYAILHAA 341494 COBPEMEHHO OHKONOTHH.
[IpuobGpereHHan TekapeTBe HHAA yeToliviBocTs (/1Y) ua-
cTo onocpeloeaHa GelkaMi ceMelictea ABC-Tpancnop-
Tepok, B oM uicie P-gp (MDR1; CD243), obecneunba-
HLETO TpAaHCMeMOPAHHLIH NepeHOC BelecTE B KIETKY.
Hanpumep, nekapcreeHHaD VeTOHUHBOCTE KeTok P
K nokcopyGuuudy (DOX) cesazana ¢ runepskenpecceueit
reHoe ABCE], konupyiommx P-gp. [puodpereHHan ne-
KAPCTBEHHAN YCTOHYMBOCTE Me3eHXHMANBHELX ONyXoeil
HENVIOTHO-KHILeTHOro TpakTa (Brawouan [MCO) k uma-
THHWOY chasaHa ¢ MyTaumaMu redos KIT u PDGFRA,
¢ HHTHOHpoeaHHeM 3xcnpeccin KIT (CD117) B koMiu-
HALMH ¢ FTHOepIKCIpeccHeil paia THPOSHHKIHAS, B TOM
upene MET, FGFR2o u ap. Paa MexaHnaMoB pesncTeHT-
Hoeti MM K erubHTopy npoteacomM GopTe3oMidy CBa3aH
C HAPVIIEHMAMH €70 B3aUMOIeicTBIA ¢ B3 -cyvibennHrLeii
npoteacomsl (PSMB3S), HenonHpM MHIHGHPOBAHMEM €¢
AKTHBHOCTH W CYIpeccHell aHTHANONTOTHIECKHX CHIHA -
HbIX yTed, a MacTHIHo — ¢ gyvHKunaMy P-gp. Panee mbl
OEHAPYAITH, 4TO UTA M23YIaeMBIX THHIH ONMyXOneBey Kie-
TOK XAPAKTEPEH BRICOKHH YpoBeHb SKCIPECCHH LATIEPOH-
HElx fenkos HykneonuHa,/ NCL u aykneodwossviaa/NPM



Yodo1a0H UMHXMH 9 e uu@%_,,%@
‘1§20z BUadue 1 - L A% ] nan g o
e NG (4

‘H'O°Y ‘W99 dorwadmil
‘elarunonido auwareadady]

«duHaraeduf ‘ouHadaou ‘BuhesuHeldo [19W3LINIoN]>
X19H3hA X197oron uunHadacdHoN-aroNm
WaunLIehA WiaHTodeHAT AW > noxdIundIdI0darg u-9/ a
auLdenk (e)rsHudu

DHIOPINX D, BNAD;

p9oHPWXvdlpgY

IVIMOULID)

X19H3hA X197oron sUNHIda(pHOM-RIrONM
WaunLIehA WiaHTodeHAT KK > BRIIUMIIOdIdG B-9/

AUHIVGVdLUA ‘IMHITIGOU ‘BUNVEUHVIAO : ITWILONI0UNT




. BUOCUCTEMD

23N, OPTAHM3ALMSA,
| NOBEAEHMUE,
®  VYNPABJNEHMUE

76-n1 Bcepoccunckan
C MeXXAYHApPOAHDLIM yHacTUEM
lWKona-KoHdgepeHuun
MONOALIX YYEHDLIX

TE3UCDI
AOKJIAAOB

11-14 anpensna 2023 r.
HwxHun Hosropop,



MuHucTepcTBO HayKU U BbIcuiero oopasosanus Poccuiickoit denepannu
HanmnonanbHbIN HCcen0BaTENbCKUN
Hwuxeropoackuit rocynapctBeHHb yHuBepcuteT uM. H.M. Jlo6aueBckoro

NHcTuTYyT OHMOI0THH U OMOMETUIIMHBI

«BNOCUCTEMBbI:
OpraHu3auus, NOBeAEHWE, yrpaBieHne»

76-s1 Becepoccuiickast mkoiaa-KoHPEpEeHIHUs MOJIOIBIX YUSHBIX

Te3ucwt 0oknaoos
(Huoscnuit Hoszopoo, 11-14 anpena 2023 2.)

Hwxuauii Hosropon
2023



VIIK 573.6(063); 61:004(063)

bBK E.c21a431

b 63

b 63

buocucrembl: opraHuzanusi, TOBeJdeHUe, YyNpaBJjeHue: Te3uchl
TOoKJanoB 76-i BcepocCHCKON IMIKOJIBI-KOH(PEPEHIIMU MOJIOJIBIX  YUYCHBIX
(H. Hoeropon, 11-14 amnpens 2023 r1.). H.Hosropon, VYnuepcuter
Jlob6auesckoro. 2023. 383 c.

Tesucel nmoknamoB 76- IIKONBI-KOH(QEPEHIIMH MOJIOABIX  YYCHBIX
«buocucTembl: opranu3aius, IOBECHUE, YIPABICHUEY OXBATHIBAIOT IMPOKUH
CIEKTp  HampaBJeHUH  COBPEMEHHOW  Ouojoruu:  OuopasHooOpasue,
OMOMOHUTOPUHT U YCTOWYMBOE Pa3BUTUE SKOCUCTEM, (PU3NOJIOTHIO PACTECHUN U
arpoTeXHOJOTUHU, (U3HOJOTHUIO 4YEJOBEKa W IKUBOTHBIX, MOJEKYJISPHYIO
OHOJIOTHI0, HAHOOMOTEXHOJOTHUH, OMOXUMHIO, OMOPU3UKY, OMOUH(OPMATHKY,
byHnamMeHTaIbHYI0 MeauIuHy. OCHOBHOUM 1€bl0 KOH(EPEHIIMH SIBIISAETCS
MPUBJICUCHUE CTYJCHTOB W ACIHUPAHTOB K HMCCIIEOBATEIHCKON U MPOECKTHOM
JESITEIbBHOCTH B HAyYHO-TEXHUUECKOH cdepe.

Iposedenue wixonvl-konpepenyuu noodepoicano Munucmepcmeom Hayku u evicuiezo oopazoeanus PO,
Coenawenue Ne 075-15-2022-293 om 15.04.2022 2 (cpanm o co30anuu u passumuu Hay4¥HO20 YeHmMpa Mupo8o2o
yposHs "Llenmp pomonuxu”).

ISBN: 978-5-91326-795-5
BBK E.c21:431
VIIK 573.6(063); 61:004(063)

© Huxeropoackuii TOCyHUBEPCUTET
umMm. H.U. Jlo6aueBckoro, 2023



OPTAHM3AIIMOHHBIA KOMUTET

M.B. Benynosa npejacenarens, gupekrop UBBM, n.6.1.
N.B. banamaeBa 3aMeCTUTENb MpeaceaaTelis, A01., K.0.H.
A.Jl. IloctienioB 3aMEeCTUTEIIb MpeaceaaTes

10.B. Cunuiipina 3aMeCTUTENb MpeaceaaTelis, A01., K.0.H.

E.B. bepesuna (k.0.H), A.A. bpunkuna (znoi., k.0.1.), B.A. Boaenees (o, 1.6.1.), C.J1. T'edrep,
A.A. TopoxoBa, A.B. Jleptoruna (mom., a1.0.H.), B.A. 3psuun (x.60.H.), M.IO. Kapnymun, O.JL.
Komnsinosa, B.B. Ctpoctenko, M.H. Tanamanosa (k.0.1.), M.I'. Tropuna

MPOT'PAMMHBIIA KOMUTET

M.B. BenyHosa npejacenarens, aupekrop UBBM, n1.6.1.
B.A. Boneneen 3aMECTHUTENb MpeiceaaTes, 101., 1.0.H.

WN.B. bananaesa (o, k.6.1., HHI'Y), A.A. bpunkuna (gor., k.6.1., HHI'Y), Bogeneesa E.JI. (goir.,
k.0.H., HHI'Y), C.B. I'yakos (1.6.H., MO® PAH), C.M. JleeB (akagemuk PAH, n.6.1., npod., UBX
PAH), A.B. leptoruna (jo1r., 1.6.H., HHI'Y), A.B. 3Bsirus (1.6.H., CeueHOBCKHIA yHUBEpCHTET), B.A.
3psuaun (k.0.H., HHI'Y), M.B. UBanuenko (npod., 1.¢p.-m.H., HHI'Y), B.b. Kazaunues (morr., a1.¢.-
M.H., HHI'Y), I".A. KpaBuenko (x.6.1., HHI'Y), J1.B. Kpsicbko (PHD, I'enrckuii yu-t, bensrus), b.C.
Mensauk (a.¢.-m.H., b PAH), B.B. HoBukoB (mpo¢., a1.6.n., HHI'Y), W.II. UBanosa (1.6.H.,
HHI'Y), A.T'. Oxankun (npo¢., 1.6.H., HHI'Y), E.b. PomanoBa (1.6.1., HHI'Y), }0.B. Cunuiipiaa
(x.0.H., HHI'Y), M.A. Cupotkuna (k.0.H., [IUMY), K. ®panvecku (mpod., bomoHckmii yH-T,
Uranus), C.H. Lpi6ycor (mpod., x.m.H., HHI'Y), H.1O. Hlunsruna (x.6.1., HHI'Y), B.H. SIkumos
(morr., 1.6.1., HHI'Y)



«Brocuctemsl: opraHnsaums, noseaeHue, ynpasneHuer: 76-a Becepoccuiickas wwkona-
KOHpepeHuus Monoabix yveHbix. HyxHuin Hosropog, 11-14 anpens 2023 r.

KOHCTPYUPOBAHME 'ETEPOTUITMYECKOM KJIETOYHOM 3D-MOJIEJIA PAKA
MOJIOYHOM KEJIE3bI )11 OIIEHK! MEKXKJETOYHOI'O B3AUMO/JEVCTBHSA B
Oo1nyxoJim
M. M. A6oypaxmanoea', A. A. leoumvesa’, C. II. 3e¢epeea’, T. H. Benosecey?,

C. B. Kynemsun?, O. A. Kosanv', B. A. Puxmep', A. A. Hywumaeea*

MucTuTyT xuMuueckoii 6uonorun u GpyHaamentansHoi Meaumuasl CO PAH, 630090,
HoBocubupck, npocn. Akagemuka JlaBpertbea, 8; m.abdurakhmanova98@gmail.com
2IHCTUTYT MOJIEKY/IAPHOI 1 Ki1eTounoit 6monorun CO PAH

B xmaccuueckoir aBymepHoi (2D) kimeTrodHod Monenu OTCYTCTBYET TKaHENMOJO0OHas
apXUTEKTYypa, TPaJIMEeHThI KUCIOPO/a U NUTaTeNbHbIX BeulecTB. TpexmepHas (3D) kieTounas Mozens
CIocOoOHa BOCHOJIHUTH HEAOCTATKU 2D-Moaenu 1 BOCIIPOUM3BECTH MEKKIIETOUHbIE B3aUMOACHCTBUS
B ONYXOJH, a KoHcTpyupoBanue 3D-monenu (chepoua) Ha OCHOBE THCTOJOTHYECKH Pa3ITUYHBIX
KJIETOK — €€ MHKpPOOKpYkKeHHe. Mbl pa3paboTanu rereporunuueckyro 3D-3 kinerounyro Monens,
COCTOSIIIYIO U3 TPEX TUIIOB KJIETOK, JAJISi OLIEHKH B3aHMMOCHCTBHS OIYyXOJIEBBIX KIJIETOK C KIETKAMH
MHUKPOOKPYKEHHSL.

Jlia nonyuenust 3D-3 moneneit PMK B kauecTBe 0omyxos1€BOoro KOMIOHEHTa ObUIM BBIOpAHbI
KynbTypbl kiteTok nuanit MCF7, MDA-MB-231 u SK-BR-3, B kauecTBe CTpOMalIbHOTO KOMIIOHEHTA
— mepcoHanbHas KyibTypa ¢puodpodiactoB BN120f, a B kauecTBe MIMMYHHOT'O KOMITOHCHTA — JIMHUS
NK-nono6usix kinerok YT. Chepounsl momydanu Ha cyOcTpaTe U3 MPUPOAHBIX ruaporesneit (2%-
*xenatu, 2%-araposa, Matrigel™) niu Ha HU3K0aAre3uBHOM IwtacTuke (Nunclon™ Sphera™).

KynbTuBupoBaHue npoBOIWIN B peXKUME:

1) mono-kynpTUBHpOBaHus (3D) TONBKO OMyX0JEBBIX KIETOK WIH TOJIBKO (hnOpo0I1acToB;

2) CO-KyJIbTHBHPOBAHHSI OMYXOJIEBBIX M CTPOMAIIBHBIX KJIeTOK (3D-2);

3) cO-KyJIbTHBHUPOBAHHUS OIYyXOJICBBIX, CTPOMAIIBHBIX U MUMMYHHBIX KJIeTOK (3D-3).

Hcnonb3oBanue 2%-enaTMHa HE MO3BOJIMIO chOpMHUPOBaTh cepouibl HU U3 OAHON U3
MCIOJIb30BAaHHBIX KYJIBTYp KiIeToK. 3D-Momenu u3 ¢pudpobdiacToB ObUTH TOTYYEHBI HA CyOCTpaTe U3
2%-arapo3bl, a W3 OIyXOJEBBIX KIeTOK — Ha Matrigel™. Hcnosnp30BaHue HU3KOAATE€3UBHOIO
wiactuka NunclonTM SpheraTM B kom6unaimu co cpeaoit DMEM/F12 ¢ poctoBeiMu (akTopamu
no3Boyuio nonyuuts 3D-3-monens PMXK (Hymraesa u ap., 2022).

Jnst Bu3yanu3alMM TpeX THIOB KJIETOK B coBMecTHOM 3D-3 Mozenu ObUTH TOTy4YEHBI
OITyXOJIEBBbIE KJIETKH, CTAaOMJIBHO SKCIpECCUpYIOLINe KpacHbI (iaypecueHTHbI Genmox MKatez,
CTPOMAJIbHBIE KJIETKH, CTaOMIBLHO DKCIPECCUPYIONIUe 3eeHbIi (iryopecieHTHBIN Oenok eGFP u
NK-kietku, sxkcrpeccupyrouiie cuaui payopecuenTHsiit 6enox BFP.

B pesynbraTte ObUTO IOKAa3aHO, YTO CTPOMAJIBHBIE KIETKH (DOPMUPOBAIN BHYTPEHHHIA KapKac
3D-2 kieTouHBIX MOJIeNEl, a OMyX0JIeBbIE KJIETKU — X BHEIIHUH CIIOH, UMUTHPYS HaYallbHbIE STallbl
Pa3BUTHSI KAPIIHTHOMBI.

Jns ouenku mnpoHukHoBeHHs NK-kiaeTok B omyxoseBo-cTpoManbHble cepouisl ObUIH
MIPUTOTOBJIEHBl «pa3JaBieHHbIe» MpenapaThl. CTpoManbHble KiIeTKM mnpuBiekann NK-kineTtku
BHYTpb 3D-2 monenu u3 knerok MDA-MB-231, ycunuBas MX HMTOTOKCHYECKYIO aKTUBHOCTH, B
cpaBaeHnu ¢ 3D-monensio. B 3D-3 moxenu u3 kietok MCF-7, NK-KkJIeTKH JIOKaTu30BaIHCh PSAIOM
C MOMYJSAUEH CTpOMalbHBIX KJIETOK, 0€3 MPOSBICHUS KWUIEPHOH akTUBHOCTH. [IpoHMKHOBEHUE
NK-xierok B omyxoneBo-cTpomMalibHbie cdepounsl u3 kinetok SK-BR-3 mpoucxonmmino menee
3¢ HEKTUBHO, B CBS3H ¢ KPYITHBIMU pazMepaMu c(hepouioB.

Taxum o0pa3om, ObUTM CKOHCTPYHPOBaHBI reTepoTunuyeckue Tpexmepuelie (3D) kieTouHbie
MOJIEIM paka MOJIOYHOM Kene3bl, BOCTPEOOBAaHHBIE JUISI HCCIEAOBAHUS MEXKKJIETOYHOTO
B3aWMO/JICVCTBHUS B OITyXOJIH.

Hccneoosanue noooepacarno epanmom PHD No 20-74-100309.
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kinerounass nuaus Pfal-APEX2-ERM B mepcrekTMBe MO3BOIUT IPOBECTU aHAINU3
JIOKQJIBbHBIX M3MEHeHMiI MpoTeoMHOM Gpakiuy membpanbl JIIP B Xome pasBUTHS
¢depporrosa.

MB15. OnTuMMU3anys MoaxonoB ¢GopMuUpPOBaHNS TOMO- U
reTepoOTUIIMYECKHUX TPeXMEePHBIX MoJeIeil paKa MOJOYHO
JKeJIe3bl

A.A. Jleonmoesa (a.leontevaZ@g.nsu.ru)Z, M.M. A60yanMaHoea1, C.IL 3661766[11’2, B.A. Puxmepl,
O.A. KOGaﬂbI’Z, AA. Hylumaeea1

II/IHcmumym xumuueckoii 6uonozuu u pyHoamenmanvHoti meduyurst CO PAH, Hosocubupck, 630090
Poccus

2Hoeocu6upc1<uﬁ 2ocydapcmeeHHblli yHusepcumem, Hosocubupck, 630090 Poccus

BBenenne. Cheponpl — ynoOHast KIETOUHASI MOZEJTb 3JI0KaUeCTBEHHBIX OITyXO0JIe, HO
MOAXOAbI K UX (POPMUPOBAHMIO MHOTOOGpa3HbI U MPOTMBOPEUMBBI. B maHHOI paboTe
onieHMBaeTcst 3hPeKTUBHOCTh GOPMUPOBAHMS TOMO- U T€TePOTUIIMYECKUX CHEeponIoB
M3 JIMHUI KIeTOK paka MOJIOUHOM >kenesbl (PMDK) mpu mpumeHeHMM CyOGCTPaTOB
MPOCTBIX TULPOTeNel U KyJIbTypaJbHOTO IJIACTUKA C HU3KOAATe3MBHBIMU CBOIICTBAMMY,
a TaKKe pacCMaTpUBAETCS ONTUMMM3ALMS YCIOBUII MPUTOTOBIEHUSI MpernapaToB st
MUKPOCKOTINU.

Ma'repmanbl U ME€TOIbI.

Cdeponapl KOHCTpyMpoBaiu U3 omyxoneBbix MCF7, MDA-MB-231, SK-BR-3 wu
crpoMasbHbIx BrC4f, BrC120f, BN120f kieTok.

dopMupoBaHMe TPOBOAWIM B OBYX peXMMax: MOHO-KyIbTMBMpOBaHMS (3D), mpu
KOTOpOoM cheponi GopMUPOBAIICS TOTBKO U3 OITYXOJIEBBIX WIN U3 CTPOMAbHBIX KJIETOK,
U CO-KyNbTUBMPOBaHMs (3D-2) OMyX0JeBbIX U CTPOMAIBHBIX KIIETOK. B 0601X pesxumax
cdhepouasl GopMUPOBaIM Ha CyGCTpaTe U3 MIPUPOIHBIX IMAporeneit (2%-xkenatuH, 2%-
araposa, Matrigel™) wau Ha Hu3KoaaresuBHoM mutactuke (Eppendorf m Nunclon™
Sphera™).

[t MophonIornueckoro aHanm3a moayyeHHbIX cheponioB TOTOBIWIN «Pa3faBIeHHbIe»
Mpernaparhbl, UCTIOJb3ysl OXIKIEHHbIE Y HEOXTKIEHHbIe HAKOHEUHUKY, PACTBODPBI U
JHO IUIaHIIeTa co cheporgamu.

PesynbraThl. [IpyMeHeHMe TOJBKO OJHOTO TUIIA CyOCTpaTa He MO3BOJISET MOMYYUTh
Bech criekTp 3D cTpyKTyp. Hcronb3oBaHme 2%-kenaTMHa He MTO3BoJIsIeT chOpMIUPOBaTh
cdeponbl HU U3 OJHOV M3 VCIIONB30BAaHHBIX KY/IbTYp KIeTOK. [y 3D-mopmeneit u3
(1bpo6acTOB HOJIBIIIE TOAXOAUT CYOCTPAT U3 2%-araposbl, a U3 OMyX0JIEBbIX KIETOK —
Matrigel™; mnprMeHeHMe HU3KOAATe3MBHOro IuiaHmera Nunclon™ Sphera™
MpeArnouTuTebHee [Ji1 KyAbTMBMpOBaHus1 3D-2 cdbeponpos, ueM IpUMeHeHMe
wianmera Eppendorf, Ha KoTopom mpomcxomut amresusi chepoumos. IIpumeHeHme

59
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IX MEXXAYHAPOAHOWN KOH®EPEHLIUW MONOAbIX YUEHbIX:
BUPYCOJ10I0OB, bBUOTEXHOJ1I0TOB, BUOPU3NKOB,

MOJIEKYNIAPHbIX bLAO/I0TOB N BUONHOOPMATIKOB

B PAMKAX MJIOLLLAZKW OTKPbITbIX KOMMYHWUKALUA OPENBIO

HAYKOTI'PAZ KOJ1bLIOBO, 2022

WHHOBALIMOHHbIN
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IX MEXXIYHAPOJHASI KOH®EPEHIIVISI MOJIOAbIX YUEHDBIX:
BUPYCOJIOI'OB, BUOTEXHOJIOI'OB, BUODPUN3UNKOB,
MOJIEKVJIAIPHBIX B1OJIOI'OB U BUONH®OPMATHUKOB

COOpHUK TE31COB

HoBocubupck
Haykorpag, KonbiioBo
2022



VIK 577.2:62.01:578+(001)
BBK 28.07:30.16:28.4
M431

M431 IX MexxmyHapomHasi KOH(pepeHIUSI MOJIOAbIX YUEHbIX: BUPYCOJIOTOB, 6/IOTEXHOJIOTOB, 6MO(GM3UKOB, MOJIEKY-
JISIpHBIX G1osoros u 6uonHbopmaTnkoB — 2022: C6. te3. / AHO «MHHOB. nenTp KosnbuoBo». — HoBocnbmupcek :
WNIILL HT'Y, 2022. — 764 c.

ISBN 978-5-4437-1362-5

COOpHMK TE3MCOB COCTaB/IeH Ha OCHOBE MaTepuasioB, IPUCIAaHHBIX POCCUMCKMMIM ¥ MHOCTPAHHBIMM YUEHbIMM
B OPrKOMMUTET MesKIyHAaPOIHONM HayYHO-IIPAKTUUECKOM KOH(MEPEeHIMY MOJIOLBIX YUEeHbIX 61MOTEXHOJIOIOB, MOJIe-
KYJISIPHBIX 610JIOTOB, BUPYCOJIOTOB ¥ 6MO(]DU3MKOB, MTPOXOAIIEN B paMKax IJIOIIAIKMA OTKPbIThIX KOMMYHMKAIIMIA
OpenBio-2022.

W3naume npemHasHayeHo [ [TperofaBaresieil M HaydHbIX COTPYIHMKOB, acIMPAHTOB, MarCTPAaHTOB M CTY-
JIEHTOB, MHTEPECYIOIINXCS aKTyaJbHbIMM MpobaemMamMy 1 pa3paboTKamy B 061aCTV OMOTEXHOJIOTUM, BUPYCOJIO-
TVM, MOJIEKYJISIPHON 6Mosioruu  6MobU3NKI.

VIIK 577.2:62.01:578+(001)
BBK 28.07:30.16:28.4

ISBN 978-5-4437-1362-5 © AHO «/unosammonsbii meHTp Kosbiioso», 2022
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MOJIEKYNAPHASA BUNOJIOTUA

3D-3-MOJIEJIb PAKA MOJIOYHOM XEJIE3bI, COCTOSIIAS U3 OITYXOJIEBBIX,
CTPOMAJIBHBIX U UMMVYHHBIX KJIETOK"

M. M. A6aypaxmanosa'?, C. B. Kynemsun®, T. H. Benosesken®, B. A. Puxrep?, O. A. Kosanb'?, A. A. Hymraesa'

! Uncmumym xumuueckoli 6uonozuu
u pyndamenmanvroli meduyursvt CO PAH, Hosocubupck
2Hoeocubupckuii 2ocydapcmeenHblli yHusepcumem
5 Uncmumym monexynsipuoii u knemounoti 6uonozuu CO PAH, Hosocubupck

>4 m.abdurakhmanova98@gmail.com

Anb"oranus

V3BeCTHO, UTO MUKPOOKPY KEHME OIMyXOJIM UIPaeT KJIKOUEBYIO POJIb B IPOrpeccuy paka. MUKPOOKpPYsKeHMEe OIyXOJU COCTOUT
U3 MMMYHHBIX, CTPOMaJIbHbIX, SHIOTEIUANbHbIX KJIETOK M GeJIKOB BHEKJIETOUHOIO MaTpukca. [TosyueHyue reTeporeHHbIX Mopesiei
paka MosiouHoit skesesbl (PMYK) BocTpe6oBaHO M1 pa3spabOTKM HOBBIX TOAXOAOB K MPOTUBOOIYXOJIEBON Teparu U MCCIIeOBaHs
MEesKKJIETOYHOTO B3aUMOJIEICTBMSI B KaHIlepOTeHese.

Llenb mccieqoBaHust COCTOSIIa B pa3paboTKe, ONTUMM3AIUM CIIOCOO0B KY/JIbTUBMPOBAHUSI reTeporeHHon 3D-3-
MOJeJTM paKa MOJIOYHOM KeJIe3bl 1 OLIEHKe KI/UIEPHON akTuBHOCTM NK-KIeTOK B COCTaBe reTeporeHHbIX cheponoB.

151 TonyueHust rereporeHHbIX ceponmoB PMJK B KauecTBe OMyX0JI€EBOI0 KOMIIOHEHTA ObLIM BhIOPAHbI KYJIBTYPhI
kietok uauit MCF-7, MDA-MB-231 u SK-BR-3, B KauecTBe CTpOMaIbHOTO KOMIIOHEHTa — TEePCOHAJIbHAsK KyJIbTypa
¢dumbpobaactoB BN120f, a B kKauecTBe mMmyHHOTO KomrioHeHTa — NK-nogo6Hbie kinetku Jmauy Y T. Bolio BeIOpaHo iBe
TeXHMKM Tosyuenmnst ceponnos: 1) ¢ ucrnonbsoBanmem Matrigel™ B kauecTBe MOAJIONKKM; 2) C UCIIONIb30BAHMEM HU3KO-
aAre3uBHOrO IIacTUKa B kKomb6mHaimu co cpenoii DMEM/F12 ¢ po6aBienreM pocToBbIX GakTopos. KyabruBupoBaHue
ceponnoB rmpoBoaM B peskuMe: 1) MOHO-KYIbTUBMPOBaHUS (3D) TOJIBKO OITyXOJIEBBIX KJIETOK; 2) CO-KY/IbTMBYPOBAHMSI
OITyXOJIEBBIX M CTPOMAJIbHBIX KJIETOK (3D-2); 3) CO-KY/IbTUBMPOBAHMS OITYXOJIEBbIX, CTPOMAa/IbHBIX I MMMYHHBIX KJIETOK
(3D-3).

Ipu BbICceBaHUM CycIieH3uu KieTok Ha Matrigel™ nokasaHo, 4To onyxosieBbie KIeTKy GOpMUpPYIOT 3D-CTpYKTYpbI,
a rereporeHHbie 3D-2-cepouabl. B GONMBIIMHCTBE C/lyyaeB HaOMIONAAMCh MPU3HAKM TMPUKPEIJIEHUST K CyOCTpary.
[Tpu ucnonb3oBaHMM HU3K0aATe3MBHOrO macTuka Nunclon Sphera B kom6unaruu co cpenoii DMEM/F12 ¢ nobaBienu-
€M POCTOBBIX (haKTOPOB ObLIN MOTyUEHbI ONMHOYHbIE CHEPON/IBI C BO3MOKHOCTBIO KOHTPOJISI MX pasMepa B JUHAMMKE.

Iyis BU3yasmsaiuy TPeX TUIIOB KJIETOK B COBMECTHON 3D-3-Mozesn ObUTM MMOJTyUeHbI OIyXOJIeBbie KIETKM, CTa-
OGMIIBHO 9KCITPECCHUPYIOIIMEe KPAaCHbIN uIyopeciieHTHbI 6eiok mKate2, cTpoMasibHbIe KJIETKM, CTAOMIbHO SKCITPECCUPY-
folye 3esenbiit GuryopecuenTtHbin 6etok eGFP u NK-knerku, sxcpeccupytoime cyanii hiayopectieHTHbI 6es10k BFP.

B pesynbrare 6bpU10 TOKA3aHO, YTO CTPOMAJIbHbIE KJIETKM (POPMMPYIOT BHYTPEHHMI KapKac chepougoB, a Omy-
XOJIEBbIE KJIETKM — MX BHEIIHUI cjioil. @ubpob6sacThl CIOCOOCTBYIOT camMoopranmsaiuu chepounoB B 60see MI0THbIE
M KPYIIHbIE CTPYKTYPHI [1].

Iyist orienku mpoHnkHOBeHMs1 NK-K/IETOK B OITyX0/I€BO-CTPOMasIbHbIE Ceponbl ObLIN IIPUTOTOBJIEHBI IPEIIapaThl
«J1aBJIeHHbIX ceponnoB». s cheponmoB u3 kietok MDA-MB-231 6b110 1TOKa3aHO, YTO CTPOMAJIbHbIE KJIETKU TPU-
Bnekam NK-kinetku BHYTpb 3D-2-Momesn, yCunmnBast X IMUTOTOKCMUECKYIO aKTMBHOCTD, B CpaBHEHMUM ¢ 3D-MOmesbio.
B 3D-3-momenu n3 kietrok MCF-7, NK-keTku JIoKaM30BaINCh PSIIOM C MOMYJISIIMEN CTPOMAabHbIX KJIETOK, 6e3 mpo-
SIBJIEHUST KWJLJIEpHOM akTMBHOCTU. [IpoHukHOBeHMe NK-K/eTok B OIyXoJyieBo-CTpoMasibHble ceponasl n3 Kietok SK-
BR-3 npouncxonmniio meHee 3¢(dEKTUBHO, B CBSI3M C KPYITHbIMM pa3MepaMy ChepouioB.

"Uccneposanue nopgepskano rpantom PH® Ne 20-74-10039.
© M. M. AbpypaxmanoBa, C. B. Kynemsun, T. H. Benoeskerr, B. A. Puxrep, O. A. KoBasb, A. A. HyiraeBa, 2022
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Taxum 06pa3om, 661718 CKOHCTPYMPOBaHa reteporeHHast 3D-3-Moeb paka MOJIOUHOI JKeJie3bl, TO3BOJISIOLIAST UC-
CJ1e[0BaTh B3aMMOZEVICTBME MEXKY OMYXOJIE€BbIMMU, CTPOMAJIbHBIMU M UMMYHHBIMM KJIETKAMM B OITYXOJIN.

JIuteparypa

1. HymraeBa A.A., CaBunkoBa M.M., EpmakoB M.C., Bapiamos M.E., Hosak [I.]]., Puxtep B.A., KoBasib O. A. Kitetku paka
MOJIOUHOW JKeJie3bl M3MEHSIIOT UyBCTBUTEIbHOCTb K TOPMOHAJIBHBIM ¥ POCTOBBIM CTUMMYJIaM Iipu 3D-KynabruBupoBanuy // Llntonorus.
2022. T. 64, Ne 4. C. 1-14.
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b 63
b 63 Buonorus. Menutinna. Ilcuxonorus : Matepuanst 60-i1 MexxnyHap. Hayu. CTYA,.
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2022. — 272 c.

ISBN 978-5-4437-1297-0

IlaHHOe M3maHue IpeacTaBisieT cobon mybamkaimm te3mncos 60-i1 MexkmyHapop-
HOM Hay4HOM cTymeH4eckoi kKoHdepenuym 2022 r. (MHCK-2022) o 6uosorum, me-
IOUIIMHE U TICUXOJIOTUMA.

Martepuasbl KOH(pepeHIIMM TPeCTaB/ISIOT UHTEpeC AJiA CTYIEHTOB, aCMPAHTOB,
mperofaBaresieli, HayyHbIX PaOOTHMKOB, COTPYIHMKOB OOPA30BaTeIbHbIX YUpesKe-
HUIA.

VIK 57; 61; 159.9
BBK E.sa431; 519431; 88a431

© CO PAH, 2022
ISBN 978-5-4437-1297-0 © HoBocnbupckmii rocymapCTBEHHbIN
DOI 10.25205/978-5-4437-1297-0 yHuBepcurert, 2022
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VIK 577.29

FETepOFEHHbIe KAeTOUHbIEe CQPEepOoUnAbl
3AOKAYEeCTBEHHbIX ongx0Ae171 MOAOUHOM XXeAe3bl

M.M. CaBuHkoBa', M.C. EpMaKkoB?

'HoBOCMOUMPCKMIM TOCYAQPCTBEHHbBIM YHUBEQRCUTET
2NHCTUTYT XMMUUECKOM BUOAOT MM
M QOYHAOMEHTAAbHOM MeanLMHbl CO PAH, HoBocmbumpcK

OmyxosieBbie cheponabl SIBJISSIOTCS IIMPOKO MCIOIb3yeMOM MOIENBIO in Vitro B JOKJIMHU-
YeCKUX MCCIeIOBaHMSIX, BOCIIPOM3BOMAS Ha/IMUMe T'PAAMEHTOB KUCJIOPOAA M IUTATEbHBIX
BemecTB. OmgHaKo, OOJBIIMHCTBO COBpPeMEHHbIX 3D-Mofesieii COCTOSIT TOJBKO M3 OTHOTO
TUIIA KJIETOK, B TO BPEMSI KaK JIJIsI TOTO YTOObI ObITh (DM3MOJIOTMUECKM PeJIEBAaHTHOM, MOJIE/Tb
IIO/DKHA OBITH TeTepOreHHO. 3D-2 KeTouHast MOJIe/Ib COCTOUT M3 OITYyXOJIEBBIX ¥ CTPOMAJTb-
HBIX KJIETOK. Takas reTreporeHHast MOZIE/Ib YIUTHIBAET CJIOKHBIE MEXKKJIETOUHbIE B3aMMOEN-
CTBUSI B MUKPOOKPYsKeHUM ormyxon. Llesb nccaenoBanusi: KOHCTPYMPOBAHME TeTePOreHHbIX
3D-2-knerounsix mogesiert 30MIK u ananms nmponmdepaTMBHONM M MHBA3UBHOM CITOCOOHOCTH
KJIeTOK Tipu ctumysssuym 17B-acrpagmonom (E2) u tpancdopmupyrommm $hakTopom pocTta
6eta (TGF-B). B xauecTBe oIyx0yieBbIX KJIE€TOK MCIOIb30Baau KiaeTku Juauu MCF-7; nmu-
TUPYIOIIME TOPMOH-3aBUCUMBbIN Tun omyxonn, MDA-MB-231 u SK-BR-3, umutupyioriime
rOPMOH-HE3aBUCUMBbII TUII OITYXOJIM, B KaUeCTBE CTPOMAaJIbHbIX KJIETOK — IIepPCOHAIbHbIE
KynbTypbl propobiaactoB BrC4f n BrC120f, mosryyeHHble 13 OITyX0J1€BbIX 00pa3IOB MalyeH-
TOB C IMAarHO30M paK MOJIOYHOM sKeJjiesbl, 1 GpubpobaacTsl 3mopoBoyt Tkauu BN120f. E2 cTu-
MynaupoBaa nposmdepaimio kietok MDA-MB-231 npu MOHO-KYJIBTMBMPOBAaHUM, YTO, BO3-
MOYKHO, CBSI3aHO C 3KCITpeccuein cruiaiic-BapmanTa ER036 B KiieTkax, CBSI3aHHOTO C arpecCcyB-
HbIM (peHOTUIIOM KJIeTOK. E2 OKasas BiMsiHME Ha CaMOOPraHU3aIyio chepouioB KYIbTYPbl
MCF-7 npu MOHO- U COKY/JIbTMBUPOBaHUM. DTO OTPakajioCh B YBeJMUEHUN UX TIJIOTHOCTH,
YTO COTIPOBOXKIAIOCH caMoopranusanueil B MukpoTkanb. TGF-f crumynuposan mpomidepa-
LIMIO KJIETOK TOpMOH-He3aBUcuMbIX KynbTyp SK-BR-3 1 MDA-MB-231 B 3D-2 chepounpax,
YyTO MOsKeT ObITh cBsi3aHO ¢ peanusanyenn B Hux TGFB/HER2/EGFR curnanuura. AxHanms
MHBA3MBHOT'O IMTOTEHIIMAIa OIYXOJIEBBIX KJIETOK BBISIBWI, UTO CO-KYJIbTMBMPOBAHME CO CTPO-
MaJIbHbIMM KJI€TKaMM CTUMYJIMPYET BbIXOJ, KJIETOK TOJIbKO Ajisi KyabTypbl MDA-MB-231.
Crumynsiiyst TGF- cHmskasnia Beixop, KiieTok u3 3D-2 mopmenei, a ctumyssiius E2 — noBsi-
111aJ1a MHBA3WBHBIN MTOTEeHIMAJ. B pe3yibTaTe mpoaeiaHHOM paboThl ObLUIM ONTUMMU3VPOBAHbI
YCJIOBUSI OIS KOHCTPYMPOBaHUST reTeporeHHbIx ceponaoB 30MIXK, crioco6HbIX MMUTUPO-
BaThb OITYXOJIEBYIO TKaHb.

Paboma svinonuena npu noddepsicke epanma PH® Ne 20-74-10039.

Hayunbiin pykoBoguTenb — KaHm. 6uos. Hayk A. A. HymrraeBa

90



	Page 1

