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OHAOMETPHUH MPEICTaBIsACT COO0H CTPYKTYpy, KO-
TOpasi UMEET 3HAUUTEIHHBIN IOTCHITNAI K PEreHepaIiy
u peopranuzanui [2]. Peanuzanust JaHHBIX MTPOLIECCOB
o0ecrieunBaeTCs MyJIOM PA3IMYHBIX THIIOB CTBOJOBBIX
U IPOT€HUTOPHBIX KJIETOK — ME3CHXUMANbHBIX, SHAOTE-
JIMAJIbHBIX U 3MUTENHANbHBIX [3, 4].

HHTepec K MyIbTUIOTEHTHBIM ME3€HXUMAJbHBIM
ctpomanbHbIM KieTkaM (MMCK) u3 sngomeTpus yeno-
Beka (MMCK-3H) 00yCIIOBIICH OTHOCUTEIBHOM Oe301ac-
HOCTBIO, JIETKOCTBIO ITOTYYCHUS OHONTATa, MX BHICOKOMH
poau(epaTHBHON aKTUBHOCTBHIO, IUPOKUM AU PepeH-
[UPOBOYHBIM MOTCHIMAIOM M CTAOMIBHOCTBIO Kapho-
Tumna [§].

B03MOXHOCTh MOTYYCHHS KJICTOYHBIX KYIBTYp W3
OMONTATOB SHIOMETPHS OTKPBHIBAECT HOBBIC MEPCIICK-
THUBBI B MOJICIIUPOBAHUY N1ATOJIIOTHH SHIOMETPHS, TECTH-
poBaHMM (apMaKOJIOTMYECKUX MPEnapaToB U CO37a-
HUU WHHOBAallMOHHBIX OMOMEIUIIMHCKUX KIETOUHBIX
IPOAYKTOB Ha UX OCHOBE.

B perenepaTuBHOI MeJULIMHE BCE YAILE UCIIONB3YIOT
HE TOJbKO CYCIEH3UIO KJIETOK, HO U pasnuyHble 3D-
KOHCTPYKIMHU. B KauecTBe 0HOTO U3 ITOAXOIO0B AJIS MO-
BBIIICHUS 3()(HEKTUBHOCTH KJICTOYHOM Tepamuu Ha Oc-
HoBe MMCK paccmarpuBaeTcss BO3MOKHOCTb HC-
nop30Banus 3D-cheponaoB. DTO MO3BONISET YAYUIIUTh

|
'OY «IHCTUTYT reHeTUYHOI Ta pereHepaTtuBHoi meanunHn HAMH Yk-
paiHmy», M. Kuig, YkpaiHa

’BioTexHonoriyHa naGopatopis ilaya.regeneration meguyHoi komnanii
ilaya, m. KniB, Ykpaina

3IHCTUTYT MonekynsipHoi Gionorii Ta reHetrkn HAH Ykpainu, m. Kuis,
YkpaiHa

“NabopaTopia imyHonorii i kNiTMHHKUX GloTexHonorin BanTiicbkoro
denepanbHoro yHisepcuteTy iMmeHi |. KaHnTta, m. KaniHiHrpag, Pocia

*ABTOp, AIKOMY HEOBXiAHO HaACUIATU KOPeCNOHAEHLto:
Byn. Buwropoaceka, 67, m. Knuis, YkpaiHa 04114;

Ten.: (+38 044) 468-75-50; dakc: (+38 044) 468-75-41
enekTpoHHa nowTa: alenazlacka@gmail.com

Hapiiiwuna 26.01.2018
MpunHata go apyky 19.02.2018

The endometrium is a structure that has a signifi-
cant capacity to regenerate and re-arrange [2]. The
implementation of these processes is provided by a pool
of different types of stem and progenitor cell, i. e. me-
senchymal, endothelial and epithelial cells [3, 4].

Interest in multipotent mesenchymal stromal cells
(MMSCs) derived from human endometrium (MMSC-en)
is explained by a relative safety, easily accessible bio-
ptate, their high proliferative activity, wide differentiation
potential and karyotype stability [8].

The possibility of obtaining the cell cultures from
endometrial biopsy opens new perspectives in simula-
ting the endometrial pathologies, testing pharmacolo-
gical preparations and creating innovative biomedical
cell products based on them.

Various 3D constructs, as well as cell suspensions
are used widely in regenerative medicine. As one of the
approaches to enhance the effectiveness of cell the-
rapy based on MMSCs, the possibility of using 3D
spheroids is being considered. This allows the im-
proved viability and survival of cells during transplan-
tation, change of the spectrum of secreted cytokines,
chemokines and growth factors, and also their increa-
sed production [7]. Formation of 3D spheroids from

MMSCs utilizes various techniques, varying by expenses,
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YKH3HECTIOCOOHOCTh M MPM>KUBAEMOCTD KJIIETOK IPH TpaHC-
IJIAHTALUH, U3MEHUTh CIIEKTP CEKPETUPYEMBIX IUTOKHU-
HOB, XEMOKHHOB U (DaKTOPOB POCTAa, & TAKIKE MOBBICHTH
ux npoxykuuto [7]. dns dopmuposanus 3D-chepoun-
108 13 MMCK ucnonbs3yror pa3jinyHble TEXHUKHU, OTJIH-
YaroIUecss CTOMMOCTBIO, BOCIIPOU3BOJUMOCTBIO, BO3-
MOKHOCTBIO aBTOMATH3allMU U MaclITaOupoBaHus [7].
Heo6xoaumMo 0TMETHTB, YTO MEXaHNU3M (POPMUPOBAHUS
3D-cteponnos u3 MMCK nmeet ob1iie 4epThl ¢ ME3€H-
XMMaJIbHO-3TU TSN ATIBHBIM IIEPEX00M (HapuMep, IKC-
npeccus E-kaarepunoB MMCK 13 mynoBHHHOM KpoBU
pu GopMHUPOBaHUH CHepouIoB) [6], KOTOPHIH HAOIIO-
JaeTcsk BO BpeMs SMOPHOHAIBEHOTO Pa3BUTHS B XOIE
racTpy/isIIMM U OpraHoreHesa, a Takke Ha pa3jIMyHbIX
sTanax kaHueporenesa [9]. Ilpu sToM MolieKyIspHbIE
MexaHu3Mbl (hopmupoBanusi 3D-chepouoB ornuya-
I0TCs1 y OIS Ki1eTok ¢ xapakrepuctukamu MMCK,
II0JIy4YE€HHBIMU U3 PA3HbIX TKAHEBBIX HCTOYHUKOB [7].

Lenpio nanHOil pabOTHI OBLTO MONTYyUCHHUE KYIBTYPBI
ME3EHXUMAJIBHBIX CTPOMANBHBIX KJIETOK M3 SHIOMET-
pHsi 4eoBeKa M UCCIICIOBAHHUE X CIIOCOOHOCTH K (op-
MupoBanuto 3D-chepounios.

OO0pa3ibl SHIOMETPHSI ITOJTyJalId ITyTeM OHOIICHH B
XO0JIe IeueOHO-TNarHOCTHYECKOM THCTEPOCKOINH B TIPO-
nudepatuBHyIo (pa3y MeHCTpyanbHOro Lukia. Bozpacrt
nmarueHTok coctabisu (34 + 3,3) roga. Bo Beex cimyuasx
ObUIM MOANHUCAHBI TOOPOBOJIbHBIE HH(POPMHUPOBAHHBIE
cornacusi Ha 3a00p OMoMarepuaa, BhIJICICHUE KIIETOK
U TIPOBEACHHUE HKCIEPUMEHTOB. B paboTe ObutH momy-
yeHbl KynsTypbl MMCK-31 oT nsitu oHOpOB. bruonrars!
9HIOMETPHS JUCCOIIMUPOBAIN ITyTeM (hepMEHTATHBHON
o0Opabotku B Teuenue vaca B pactBope 0,1% xomnare-
Hazbl [A u 0,1% nponassl ¢ nobasnenuem 2% smoOpuo-
HaJbHOH Tenaubeit ceiBopoTkH (TC). [omyuennyio cyc-
MICH3HUIO KJIETOK KYJIBTHBUpOBaIH B cpene DMEM/F12
¢ no6asnenuem 10% OTC, 2 MM miyramuHa u 1 HI/MIT
FGF-2 (Bce «Sigmay, CIIIA) B MyIbTUTa30BBIX HHKY-
Oaropax mpu 37°C, HachIIAIOICH BIaKHOCTH, 5% CO2
u 5% Oz. s uccnenoanus 0putH 0TOOpansl MMCK-
9H KaK (ppaKmus KICTOK, KOTOpast aire3upoBaIna K Iac-
TUKY 4epe3 24 4 mocie 1noceBa CyCIEH3UU MEPBUYHO
BBIICTICHHBIX KJIETOK. CMEHY cpe/ibl TIPOBOJIMIA KaXk-
aple 48 4. KieTku naccupoBad ¢ UCIOJIb30BaHUEM
0,05%-ro pacTBOpa TpUIICHHA, TIEPECEBAIIN C MJIOTHOC-
Tt moceBa 1 000 ki1/cM? | KyJIBTUBHPOBAIH 10 00pa-
30BaHUS MOHOCJOSI.

HampaBnennyto aaumno-, 0CT€0- U XOHAPOT€HHYIO
nudepeHIHPOBKY TPOBOIUIHN MO OOIICIPUHSITHIM
MeToauKkaM [5].

Nmvmynopenorun MMCK-3H onpenensig ¢ moMo-
B0 POTOYHOTO IUTO(IIyopumerpa-coptepa «BD
FACSAria» («Becton Dickinsony», CIIIA) ¢ ucmons3o-
BaHUEM (IIyOPOXPOM-KOHBIOTHUPOBAHHBIX MOHOKJIO-
HaneHBIX anTHTE]I K CD73, CD90, CD105, CD34, CD45,
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reproducibility, possible automation and scale-up [7].
It should be noted that the mechanism for the forma-
tion of 3D spheroids from MMSCs is similar to the
one for mesenchymal-epithelial transition (for exam-
ple, the expression of E-cadherins in MMSCs from
umbilical cord blood during the formation of spheroids)
[6], which is observed when embryo develops during
gastrulation and organogenesis, as well as at various
stages of carcinogenesis [9]. At the same time, the mo-
lecular mechanisms for the formation of 3D-spheroids
differ in the cell populations possessing the characte-
ristics of MMSCs derived from varions tissue sources
[7].

The aim of this research was to obtain a culture
of mesenchymal stromal cells from the human endo-
metrium and to study their ability to form 3D spheroids.

Endometrial specimens were obtained by biopsy
during therapeutic diagnostic hysteroscopy in the mens-
trual cycle proliferative phase. The age of patients was
34 + 3.3 years. In all the cases, voluntary informed con-
sent was signed for the collection of biomaterial, iso-
lation of cells and conducting the experiments. In the
research the cultures of MMSCs-en from five donors
were obtained. Endometrial biopsies were dissociated
by enzymatic treatment for an hour in a solution of
0.1% collagenase 1A and 0.1% pronase supplemented
with 2% fetal bovine serum (FBS). The resulted cell
suspension was cultured in DMEM/F12 supplemen-
ted with 10% FBS, 2 mM glutamine and 1 ng/ml FGF-
2 (all reagents of Sigma, USA) in multigas incubators
at 37°C, saturated humidity, 5% CO, and 5% O,. To
investigate the MMSCs-en, we have selected a frac-
tion of cells which adhered to the plastic 24 hrs after
seeding the primary isolated cells. The medium was
changed every 48 hrs. The cells were passaged using a
0.05% trypsin solution, reseeded at a seed density of
1,000 cells/cm?, and cultured until a monolayer was
formed.

Directed adipo-, osteo- and chondrogenic diffe-
rentiation was carried out according to the traditional
methods [5].

Immunophenotype MMSCs-en was determined
using a flow cytometer-sorter BD FACSAria (Becton
Dickinson, USA) using fluorochrom-conjugated mo-
noclonal antibodies to CD73, CD90, CD105, CD34,
CD45, HLA-DR according to the manufacturer’s in-
structions. The analysis was carried out using the soft-
ware ‘BD FACS Diva 6.1’ (Becton Dickinson).

For the targeted formation of 3D spheroids, MMSCs-
en were seeded at a concentration of 200,000 cells per
well into low-adhesive 24-well plates (Nunc, USA) in a
serum-free culture medium (DMEM / F12, 2 mM glu-
tamine, 1% ITS nutritional supplement; 0.01% bovine
albumin.
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HLA-DR B coOTBETCTBUU ¢ HHCTPYKLUEH NPOU3BOAU-
Tens. AHaNIMU3 MPOBOAMIIU C TIOMOILBIO TPOIPAMMHOIO
obecrieuenust «BD FACS Diva 6.1» («Becton Dickin-
sony).

s HanpaBneHHOTO (hopMmupoBanus 3D-cheponnos
MMCK-51 B konuentparuu 200 000 kietok 3aceBanu
Ha JIYHKY B HU3KOAr€3UBHBIC 24-TyHOUHBIC ITAHIICTHI
(«Nuncy, CIIIA) B 6eCCBIBOPOTOYHOM TUTATEIHLHOM Cpe-
ne (DMEM/F12; 2 MM miyramuna; 1% mutarensHON
nobasku ITS; 0,01% Obrubero anbOyMuHa.

B skcnepuMeHTax McClieJoBalld KJIETOYHBIE KYIb-
TYpbI TPETHETrO Iaccaxa.

Jiist pOTOIOKYMEHTHPOBAHHUS UCTIONIBE30BAJIH HHBEP-
THUPOBaHHKIA MUKpOCKOT «Axio Observer A1y, obopymo-
BaHHBII HUPpoBOH Bugcokamepoil «AxioCam ERc Ss»

In the experiments, the third passage cell culture was
used.

Imaging was performed by inverted microscope ‘ Axio
Observer A1’ was used, equipped with a digital video
camera ‘AxioCam ERc 5s’ and software ‘ZEN 2012
(all equipment of Carl Zeiss, Germany).

All numerical data were represented as the mean and
standard deviation (M = s).

Five cultures of the human endometrial MMSCs were
obtained. Cells in culture had a fibroblast-like mor-
phology. Immunophenotype study results showed a
positive expression: CD90 — (95.44 + 3.3)%; CD105 —
(96.3 = 2.7)%; CD73 — (97.6 = 1.9)%, and also insig-
nificant expression of hemopoietic markers: CD34 —

CnoHTaHHOe 1 HanpaeneHHoe hopmupoBarme 3D-cheporaoB MMCK-3H yenoBeka: A — HayarnbHble 3Tanbl CIOHTAHHOTO
ctheporeHesa (hopmupoBaHue BanukoB n nonycdep), 7-e CyTKM KyNbTUBUMPOBAHUS B CTAHO4APTHbLIX YCMOBUSX;
B — otkpenneHue cchopmuposaslierocs 3D-cdepounpa ¢ nepexofom BO hrioTupytlolee coctosHue, 14-e cyTkn
KyNbTUBMPOBAHMWS B CTaHAAPTHLIX ycrioBusx; C — HanpaeneHHoe oopmupoBaHme 3D-ccheponaos, 24 4 KynsTUBUPOBAHNUSA
B HW3KOAAre3nBHOW KynbTypanbHOW nocyae n 6eccbiBOPOTOMHOW nNuTaTenbHon cpene. ®a3oBo-KOHTpacTHas
MUKPOCKOMNUSI.

Spontaneous and directed formation of 3D-spheroids of human MMSCs-en: A — initial stages of spontaneous
spherogenesis (formation of rollers and semispheres), culturing day 7 under standard conditions; B — detachment
of formed 3D-spheroid with transition to floating state, culturing day 14 under standard; C — directed formation of
3D-shperoids, 24 hrs culturing in low adhesive medium culturing dishes and serum-free medium. Phase contrast
microscopy.
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U nporpaMMHbIM obecnieuerneM «ZEN 2012» (sce «Carl
Zeiss», 'epmanus).

Bce uncnoBbie qJaHHbIE IPEACTABISUINA B BUJE CPe-
HEro 3HaueHUs W CTaHAapTHOTO OTKJIOHEeHUs (M + s).

Bbouto nonydeno mats kynsryp MMCK snnomerpus
yenoBeka. KineTku B KynbType mmenu Gudbpodiacto-
OJ00HYI0 MOP(OIIOTHIO. Pe3ynbTaTsl H3yUCHHUS HMMY-
HO(EeHOTHIA TTOKA3AIHN TIOJIOKUTEIBHYIO SKCIIPECCHIO:
CD90 — (95,44 £ 3,3)%; CD105 — (96,3 + 2,7)%; CD73 —
(97,6 + 1,9)%, a TakKe HE3HAUUTEJBHYIO SKCIPECCUIO
remMorno3tudyeckux mapkepon: CD34 — (0,92 + 0,4)%:;
CD45 - (0,36 + 0,3)%; HLA-DR — (0,76 + 0,2)%. [Ipu
KyJIBTUBUPOBAaHUH B aJUIIO-, OCTEO- U XOHAPOMHIYK-
TUBHBEIX cpenax MMCK-au muddepennupoanuce B
COOTBETCTBYIOUIMX HAaIpaBieHUSAX (JaHHbIE HE Mpe.-
CTaBJICHBI).

[TokazaHo, 4TO Bce KICTOUHBIE KYJIBTYpPHI COOT-
BETCTBOBAJIM MUHUMAJIBHBIM KPUTEPUSIM, TIPEIbSIBIIsIC-
MbIM K MMCK: agresus kK miacTUKy B CTaHIapTHBIX
YCIIOBUSIX KYJbTHBHPOBAHUS, UMMYHO(ECHOTHIT U CIIO-
COOHOCTD K HampaBJICHHOH TpexiuHeitHoi auddepen-
nupoBke [1].

Ha 6-7-e cytku kynsruBupoBanuss MMCK-3H B cTan-
JapTHBIX YCJIOBHUSX HaOII0Na0Ch HEOXKHIaHHOE 00-
pa3oBaHKE TPEXMEPHBIX KJIETOUHBIX CTPYKTYP (BaJIUKOB
u nonycdep) (pucyHok, A). B nanpHelmem odpazoBan-
HBIE TPEXMEPHBIE CTPYKTYPBI IPOAOJIKAIM PACTH, a de-
pe3 HEKOTOPOE BpeMsi IPOUCXOAUIIO OTKperienne 3D-
chepounioB (pucyHok, B). [Ipn mepeHoce moimy4eHHBIX
¢dmoTupyromux cheponIoB B aATC3UBHYIO TIOCYLY U pOc-
ToBYIO cpeny ¢ DTC HabIrFOIaN MX a/ITe3HIO K TIACTHKY,
AKTHBHYIO SMUTPAIHIO KIETOK U3 CheponoB ¢ mocie-
JOYIOIIUM POCTOM B BHI€ MOHOCJIOIHOM KYJIBTYPBI.

[Ipu 3aceBe B HU3KOAJIT€3UBHYIO KYJIbTYpPaJbHYIO
MOCyJly ¢ 0eCCHIBOPOTOYHOM NMUTATEIHLHOU Cpemaoit
MMCK-31 ¢opmupoBanu B teuenue 24 1 3D-che-
pousisl (pUcyHOK, C), KOTOpble MOIJIM OBITh KYJIbTHBH-
PpOBaHbI B TeUeHHE 2—3 HeJIeIb C COXPAHEHNUEM KHU3HECTIO-
cobHocTu. JlaHHbIH (aKT MOATBEPIKAACTCS SIMUTpaLiueit
u nponudepanneii KIeToK MpH IepeBoie cheponsoB B
a/Ire3MBHOE COCTOSTHNE B CTAHIAPTHBIX YCIOBHUSX KyJIbTH-
BHPOBAHUSI.

TakxuMm oOpa3zom, B HacToAIIeH padoTe ObLT OMKCAaH
(eHOMEH crioHTaHHOTO c(heporenesa B Kyiaprype MMCK-
9H YEJIOBEKA, a TAKKE MOKa3aHa BO3MOXKHOCTH (POPMH-
poBanus 3D-ceponIoB TaHHBIM THIIOM KJIETOK C IIPH-
MEHEHHEM OTHOTO U3 CTaHIaPTHBIX MoAXonoB. [loxyuen-
HBIC Pe3yJIbTaThl MEPCHICKTUBHBI IS CPABHUTEIHLHOTO
M3yYCHUS] MOJCKYISIPHBIX MEXaHHU3MOB HCCIIEIYyEMbIX
nporeccoB. [lomydeHHbIC TP 5TOM aHHBIE MOTYT OBITh
B JAJIbHEHIIIEM HCIIOIb30BAHBI [T COBEPIICHCTBOBAHUS
TEXHOJIOTHH HampaBieHHOTO (GopmupoBanus 3D-cde-
pouIoB.
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(0.92 £ 0.4)%; CD45 — (0.36 + 0.3)%; HLA-DR —
(0.76 £ 0.2)%. When culturing in adipo-, osteo- and
chondroinductive media, the MMSCs-en were diffe-
rentiated in the corresponding directions (no data pre-
sented).

It was found that all the cell cultures met the mini-
mum criteria for MMSCs: adhesion to plastic under
standard culture conditions, immunophenotype and abi-
lity to direct three-line differentiation [1].

To days 6-7 of MMSC-en cultivation under stan-
dard conditions, unexpected formation of three-dimen-
sional cell structures (rollers and hemispheres) were
observed (Figure, A). Later the formed three-dimensio-
nal structures continued their growth, and after a while
the 3D-spheroids were detached (Figure, B). When
the obtained floating spheroids were transferred into
adhesive dishes and growth medium with FBS, their
adhesion to plastic was observed, active emigration
of the cells from the spheroids followed by growth as a
monolayer culture.

When seeded in low-adhesive culture dishes with
serum-free nutrient medium the MMSCs-en formed 3D
spheroids (Figure, C) within 24 hrs, which could be
cultured for 2 to 3 weeks while maintaining the viabi-
lity of the cells. This fact is confirmed by the emigra-
tion and proliferation of cells when transferring sphe-
roids into adhesive state under standard culture con-
ditions.

Thus, in the present work, the phenomenon of
spontaneous spherogenesis in human MMSCs-en culture
was described, and the possibility of forming 3D- sphe-
roids by this type of cells was demonstrated using one
of the standard approaches. The obtained results are
promising for a comparative study of molecular mecha-
nisms of the processes under study. The data obtained
in this case can be further used to improve the techno-
logy of directed formation of 3D-spheroids.
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