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Spheroids from mesenchymal stromal cells (MSCs) of human adipose tissue are a promising source of autologous
stem cells that are easy to obtain, cryopreserve, store, and use as needed. The present study aimed to determine the
optimal modes of obtaining spheroids from human adipose tissue MSCs by the hanging drop method.

The study used MSCs from 3-4 passages of human adipose tissue at seeding concentrations of 1, 3, 5, 7 and
10%10° cells/drop. MSCs were cultivated in a 30 uL hanging drop at 37°C and 5% CO, for 72 hours. The morphological
properties, size, number of spheroids formed, and viability of cells in their composition were evaluated depending
on the seeding concentration of cells.

The results showed that at seeding concentrations of 1, 3, 5, and 7x10° cells/drop, the process of spheroid forma-
tion was completed within 72 hours of cultivation, while at the seeding concentration of 10x10° cells/drop — it was
completed within 48 hours. The average diameter of the formed spheroid was positively correlated with the initial
concentration of MSCs, with about 90% of cells in spheroids formed at concentrations of 1, 3 and 5x10° cells/drop
remaining viable, while at seeding concentrations of 7 and 10x10° cells/drop there was a significant decrease in cell

viability.

Based on a comprehensive analysis of the data obtained, the optimal conditions for spheroid formation from
human adipose tissue MSCs by the hanging drop method are using a seeding concentration of 3-5x10° cells/drop

and a culture period of 72 hours.

Key words: mesenchymal stromal cells, adipose tissue, 3D-culture, spheroids, hanging drop, cell viability.

Connection of the publication with planned re-
search works.

The study was carried out within the framework of
the project of the National Research Fund of Ukraine
No. 2021.01/0276 “Therapeutic potential and safety of
three-dimensional structures based on mesenchymal
stem cells for the treatment of non-healing wounds.”

Introduction.

The last decades have been characterized by an in-
creased demand of a wide range of researchers for 3D
cell cultures. This is due to the fact that 3D cultures
mimic the conditions of cell life in the body and, com-
pared to monolayer cultivation, better reflect a number
of proliferative, regulatory, and metabolic processes
that occur in vivo [1]. This provides a unique oppor-
tunity to obtain reliable data on cell proliferation and
differentiation patterns, intercellular interactions, and
pathophysiological processes underlying hereditary and
acquired diseases.

Another advantage of 3D cultures is that they can
better predict the efficacy and toxicity of therapeutic
agents, especially anticancer drugs, than monolayer
cultures [2]. This greatly reduces the cost of developing
drugs and treatments for serious diseases [3].

The use of 3D cultures of mesenchymal stromal cells
(MSCs) as potential therapeutic agents is a great pros-
pect. However, when maintained in a monolayer, MSCs
eventually lose their ability to proliferate and form
colonies. In addition, compared to 2D culture, MSCs in
spheroids have a wider range of gene expression, in-
cluding activation of genes related to redox potential,

resistance to hypoxia and stress, angiogenesis, inflam-
mation, etc. [3].

Spheroidal cultures have been shown to improve the
efficacy of MSC-based therapeutic agents [4]. Compared
to 2D cultures, spheroidal MSC cultures are character-
ized by enhanced anti-inflammatory, regenerative, and
reparative effects and better survival after transplanta-
tion. For example, MSC spheroids derived from human
adipose tissue produce increased extracellular matrix
proteins, exhibit stronger antiapoptotic and antioxidant
abilities, increase paracrine cytokine secretion, and
stimulate vascularization. Animal experiments show
obvious effects in the repair of refractory wounds, isch-
emic injury repair, and tissue remodeling, so spheroidal
MSC cultures have significant clinical prospects [3, 4].

There are various methods for obtaining spheroids:
the hanging drop method; cultivation on low-adhesive
surfaces or matrices with specified properties (hydro-
gels, films, nano- and microparticles, beads); magnetic
levitation; cultivation in constant rotation bioreactors,
etc. Among all these, the hanging drop method allows
for the best standardization of the linear dimensions of
spheroids and the number of cells in their composition.

One problem that arises when using 3D cultures is
the limited diffusion of nutrients, gases, and metabo-
lites in the central part of the spheroid, which results in
cell necrosis. Therefore, for using 3D culture methods,
it is important to determine the optimal conditions for
spheroid formation to produce viable and functionally
active spheroids without necrotic inclusions.

The aim of the study.
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To determine the effect of the seeding concentra-
tion of MSCs from human adipose tissue and the term
of their cultivation in a hanging drop on the viability and
morphological properties of spheroids.

Object and research methods.

Obtaining and using MSCs from human adipose tis-
sue was carried out with the written consent of informed
donors in accordance with the recommendations of the
Helsinki Declaration of the World Medical Association
on conducting biomedical research. Cells were previ-
ously cultured for 3-4 passages in adhesive conditions.
Cultivation was carried out in a-MEM nutrient medium
(«Biowest», France or «Thermo Fisher Scientific», USA)
supplemented with 2 mM L-glutamine, 50 ug/ml strep-
tomycin and 50 units/ml penicillin («Arterium», Ukraine
or «Thermo Fisher Scientific», USA) and 10% fetal calf
serum (FTS, «Biowest», France or «Thermo Fisher Scien-

Figure 2 — Formation of a spheroid in a hanging drop during 24 (a) and 72 (b) hours of cultivationata  f
MSC concentration of 1x10° cells/drop.

Figure 3 — Spheroid formation in a hanging drop during 24 (a) and 72 (b) hours of cultivation at the
concentration of MSCs 3x10° cells/drop.

tific», USA). Cells were cultivated in a CO, incubator at
37°C and 5% CO,. The culture medium was completely
replaced every 3-4 days. After cell cultures reached a
70% monolayer, they were detached from the surface
using a trypsin (0.25%)/EDTA (0.05%) mixture («Biow-
est», France or «Life Technologies», USA). MSCs were
washed in nutrient medium by centrifugation. MSCs
were resuspended in the above nutrient medium. The
obtained suspension was used in further experiments.

The hanging drop method was used to obtain MSC
spheroids [5]. For this purpose, 30 ul drops of MSC sus-
pension with a concentration of 1, 3, 5, 7, 10x10° cells/
drop were applied to the upper part of a 10 cm diameter
Petri dish («SPL Life Sciences», Korea). 10 ml of nutrient
medium was placed in the lower part of the Petri dish
to maintain humidity during cultivation. After applying
the drops, the lid was turned over and the lower part of
the Petri dish was covered with it (fig. 1). The Petri dish
was returned to the CO, incubator and cultured at 37°C
and 5% CO,.

A CETI EpiFluor inverted microscope («CETI»,
Belgium) equipped with a Nikon CoolPix 4500 digital
camera was used to observe the process of spheroid
formation. The obtained images were analyzed in Zeiss
LSM Image Examiner ver. 4.2.0.121. The morphological
properties, size and number of formed spheroids were
evaluated depending on the day of cultivation and the
seeding concentration of cells.

To assess the viability of the cells in the spheroid
after 72 hours of cultivation, it was disintegrated by
15-minute exposure to trypsin (0.25%)/EDTA (0.05%)
solution («Biowest», France or «Life Technologies», USA)
with constant stirring. The resulting cell suspension was

evaluated using the trypan
blue vital staining method
(«Sigma», USA).
Statistica 10 software
(«StatSoft», USA) was used
for statistical data analysis.
The results were presented
asMe(Q1;Q3)(Me—median,
Q1 — 1st quartile; Q3 — 3rd
quartile) or as MezIP (Me
— median, IR — interquartile
range, which was equal to
the difference between the
3rd and 1st order quartiles).
The statistical significance
differences  between
groups was assessed
using the nonparametric
Mann-Whitney test with
the Bonferroni correction.
Differences were considered

statistically significant at
p<0.05.
Research results and

their discussion.

To determine the optimal
conditions for the formation
of spheroids by the hanging
drop method, a number
of seed concentrations of
MSCs were tested. After
24 hours of cultivation at a
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concentration of 1x10° cells/
drop, single cells and small
loose aggregates consisting
of 5-20 cells were observed
(fig. 2a). At the next time
of cultivation, one spheroid
was formed for 72 hours (fig.
2b), but the process of its
compaction was incomplete.
It should also be noted that
a small number of single
cells remained suspended in
the drop.

At seeding
concentrations of 3, 5, and
7x10° cells/drop, many
aggregates of different sizes |. + iR
and densities were formed & @ R 3
after 24 hours; single cells . . . = 3
were also present. Large | = i g
aggregates began to take | = o
on a compact appearance | R,
at this cultivation time and S, P
merge (fig. 3-5,a). Inthenext | e
48 hours, the aggregates &
continued to merge. This |, g .
process was more active in {5011{11 S
samples with 5 and 7x103 $ v &,
cells/drop concentrations. At
the 72nd hour, merging and
compacting the aggregates
ended with forming one
spheroid (fig. 3-5, b). Damaged cells were usually not
included in the aggregates.

In the case of using the maximum seeding
concentration (10x10° cells/drop), the stages of spheroid
formation were similar, but a large compacted spheroid
was formed after 48 hours of cultivation (fig. 6).

The results of determining the diameter of
aggregates/spheroids during cultivation are shown
in figure 7. At seeding concentrations of 1, 3, 5 and
7x10° cells/drop, the spheroid formation process was
completed within 72 hours of cultivation, while at the
seeding concentration of 10x10® cells/drop — it was
completed within 48 hours. The average diameter of
the formed spheroid was positively correlated with the
initial concentration of MSCs (table). At the minimum
concentration, the average diameter of the spheroid
was about 65 um, while at the maximum concentration
(7 and 10x103 cells/drop) it was 277-290 um. In the
samples with seeding concentrations of 3 and 5x10°
cells/drop, the average diameter of the spheroid was
about 143-195 um.

Trypan blue staining showed that after 72 hours of
cultivation,about90% ofthe cellsinthe spheroids formed
at concentrations of 1, 3, and 5x10° cells/drop remained
viable (table). However, at the seeding concentration
of 7 and 10x10° cells/drop, there was a significant
decrease in the viability of cells in the spheroid, which is
explained by a decrease in the diffusion of nutrientsin a
large spheroid and the accumulation of end products of
metabolism in a small volume of the hanging drop due
to the large number of seeded cells.

The approach presented in the work uses the so-
called scaffold-free technology for obtaining cellular

Figure 4 — Spheroid formation in a hanging drop during 24 (a) and 72 (b) hours of cultivation at the
concentration of MSCs 5x10° cells/drop.

Figure 5 — Spheroid formation in a hanging drop during 24 (a) and 72 (b) hours of cultivation at the
concentration of MSCs 7x10° cells/drop.

spheroids. It should be noted that not all types of cells
form compact spheroids using this method [6]. While in
a hanging drop, cells sink to the bottom of the drop due
to gravity and join together to form an aggregate. At the
same time, the rounded lower part of the hanging drop
provides conditions for the formation of an aggregate in
which the cells do not have the opportunity to attach to
the substrate, so they react with each other [7]. In the
works of Bartosh T. et al. [5, 8] it was shown that in a
hanging drop during the first 1-2 hours, bone marrow
MSCs were concentrated at the bottom of the drop. Then,
numerous small aggregates were formed, gradually
merging into a single central spheroid along the lower
surface of the drop. After formation, the spheroid did
not increase in size but gradually compacted between
48 and 96 hours [5, 8]. The results of our research on

Figure 6 — Spheroid formation in a hanging drop during 48 hours of
cultivation at the concentration of MSCs 10x103 cells/drop.
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ul. However, the authors did not detail the
influence of the initial cell concentration on

Table — Morphofunctional properties of spheroids formed in 72
hours in a hanging drop at different seeding concentrations of

MSCs (Me (Q1; Q3)) the cells' viability in the formed spheroid's

i composition. In a study by Kapur S.K. et al.

MSCEZIT;/z?g:t'On’ 1x103 3x10° 5x10° 7%x10° 10x10° | [10] to obtain spheroids, MSCs of human

adipose tissue of the 5th passage were used

Average diameter, 65569 31_433 . 881.9598* X 02.72789* - %92%8 .| in seeding concentrations of 1, 2, 3 and

KM (60; 69) | (135; 153)* |(188; 198)*)(270; 289)* (285; 298) 5x10* cell/drop, while after 24-48 hours,

Cell viability, % 9,1 8_8 8,7 ?6 " (,50 « | the formed aggregates were transferred
(83;95)| (83;93) | (81;93) | (62;70)* | (55;65) gereg

to a tablet with low surface adhesion. It is
interesting that the authors observed the

Note: * — differences are significant compared to 1x10° cell/drop.

350 - merging of aggregates already after transfer to the tab-
let. Shen F.H. et al. [11] also used the transfer of the ag-
g 300 gregate formed in a drop to a low-adhesive tablet, while
= the seeding concentration of cells was 5x10* cells per
B 20 drop with a volume of 40 pl. Obviously, the high initial
.f.,‘ - concentration of cells used in these works accelerated
g the formation of spheroids (24-48 hours), however, the
2 450 - transfer of spheroids to a low-adhesive plate is an addi-

"f tional step that complicates their preparation.
£ 100 Our experiments showed that the size of the spher-
E oids depended on the number of MSCs suspended in
a 50 - the hanging drop. At the same time, seeding concentra-
tions of 3 and 5x103 cells/drop turned out to be optimal
L o4 48 ' 72 for obtaining after 72 hours spheroids with a diameter
of about 143-195 um with high cell viability in their

Cultivation period, hours composition.
| —+—1000 —#-3000 ——5000 —e—7000 —-10000 | Conclusions.

Thus, optimal conditions for forming spheroids in a
hanging drop from MSCs obtained from human adipose
tissue were established, including the use of a seeding
concentration of 3-5x10° cells/drop and a cultivation
period of 72 hours.

Prospects for further research.

Figure 7 — Change in the average size of the aggregates during
cultivation for 72 hours depending on the seed concentration of
MSCs.
the stages of spheroid formation from MSCs of adipose

tissue confirm the data of Bartosh T. et al. [5, 8].
Despite the great popularity of 3D cultures, few

works in modern scientific literature consider the influ-
ence of the initial concentration of cells on the morpho-
functional properties of spheroids from MSCs of human
adipose tissue. In the work of Hashemibeni B. et al. [9],
spheroids were obtained by the hanging drop method
from MSCs of human adipose tissue, using a cell con-
centration of 1.5x103 cells per drop with a volume of 20

MSC spheroids from human adipose tissue are a
promising source of autologous stem cells that are easy
to obtain, cryopreserve, store, and use as needed. The
established cultivation parameters are essential for the
further development and standardization of protocols
for obtaining spheroids from MSCs of human adipose
tissue for experimental and clinical use.

DOI 10.29254/2077-4214-2023-3-170-423-432

YOK 576:602

Poeynocka O. K0., boxcok I. A., TpyghaHoesa H. A., PeseHko O. b.,
IMaxomos O. B., YepkawuHa 4. B., [lempeHko O. 0.

®OPMYBAHHSA CPEPOIAIB 3 ME3EHXIMA/IbHUX CTPOMA/IbHUX KNITUH UPOBOI
TKAHUHU NIOANHU METOAOM BUCAYOI KPANAI

IHcTUTYT Npo6nem Kpiobionorii i KpiomeguumHn HAH Ykpainum (m. Xapkis, YKpaiHa)
bozhokgaru@gmail.com

Chepoidu 3 mMe3eHXiManbHUX CMPOManbHUX KaimuH (MCK) »upoeoi mKaHUHU AOUHU € nepcrnekmueHUM
O0xepesoM aymosoziYHux cmoebyposux KaimuH, AKi fe2Ko ompumamu, KpiokoHcepsysamu, 36epieamu ma
suKopucmosysamu 3a nompeboro. [lpedcmasneHe 00cnidxeHHA byao crnpAMosaHe Ha 8USHAYEHHA OMMUMGAbHUX
pexxumie ompumaHHSA cgpepoidie 3 MICK 3 uposoi mKaHUHU AH0OUHU MemodoM 8UCAYOI Kpansii.

Y pobomi 6ynau sukopucmaHi MCK 3 #upo8oi mKaHUHU At00UHU 3-4 nacaxcy 8 nocieHuUx KoHuyeHmpayiax 1, 3,
5, 7. ma 10x10° kn/kpannmio. KynemusysarnHa MCK nposodunu y sucayili kpanai 06’emom 30 mkn npu 37°C ma 5%
CO, npomsazom 72 200uH. OuiHo8anu MOpPhoo2iYHI 810CMUBOCMI, PO3MIP, KibKiCMb chopmosaHux cihepoidie ma
HUMME3BAMHICMb KAIMUH Y iXHbOMY CKAAO0i 8 3a71e#HOCMI 8i0 NOCI8HOI KOHUEHMPAUii KAiMuH.

Pesynbmamu QocnidxeHb nokasanu, wo 3a nocieHux KoHueHmpauid 1, 3, 5 ma 7x10° Ka/kpanawo npouec
cgpepoidoymeopeHHs 3as8epwysasca npomsa2om 72 200UH Kysbmusy8aHHSA, MoOi AK 30 MOCi8HOI KOHUeHmpauii
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10x10° kn/kpannto — 3a 48 200uH. CepedHili diamemp cchopmosaHo20 cghepoidy No3UMUBHO KOPentoeas 3 8UXIOHOH
KoHueHmpauiero MCK, npu ybomy 6su3bko 90% KaimuH y cknadi cgpepoidis, ymeopeHux 3a KoHyeHmpauil 1, 3 ma
5x10° Kn/Kpanar, 3aAuwanuce Xumme3oamHumu, modi AK 3a MNOCIBHUX KoHUeHmpauilt 7 ma 10x10° kna/kpanno

8i0by8sas10cs 3HAYHE MAOIHHA HUMME3OAMHOCMI KAIMUH.

38aXHAOYU HO KOMIAEKCHUU aHAI3 OMPUMAHUX OGHUX, OTMUMAnbHUMU yMosamu cgpepoidoymeopeHHs 3 MICK
HUPOBOI MKAHUHU MHOOUHU MemoOdoM 8UCAYOI Kpansi € BUKOPUCMAHHA MOCiBHOI KOHUeHmpauii 3—5x10° knimuH/

Kpansmao ma mepmiH Kys6mueyeaHHsA 72 200UHU.

Knw4oei cnosa: me3eHxiManbHi CmMpPoManbHi KAIMUHU, XUposd MKAHUHA, 3D-KynbmuesysaHHs, cgepoiou,

8UCAYA KParsa[, XUMME3OAMHICMb KAIMUH.

3B8’A30K nyb6aikauii 3 Nn1aHOBMMKU HAYKOBO-A0CNIA-
HUMM poboTtamu.

JocnigKeHHA BMKOHAHO B paMKax MpOeKTy Hauio-
HanbHOro poHAy AocniaxKeHb YKkpainm Ne 2021.01/0276
«TepaneBTUUYHWUI NoTeHUian i 6e3neyHicTb TPUBUMIPHMX
KOHCTPYKLi Ha OCHOBI Me3eHXiMasbHWUX CTOBOYpPOBMX
KNITUH ANA NiKYBAHHA PaH, LLLO HEe 3arokorTbCA».

Beryn.
OCTaHHi  gecatmpiyya  XapaKTepusyrTbca  Nig-
BULLEHMM  MNOMNUTOM  LUMPOKOrO Ko/Ma  AOCNIOHU-

KiB y 3D-KynbTypax KaiTvH. Le nos’s3aHe 3 Tum, Wo
3D-KyNbTYpW iMITYIOTb YMOBW KUTTA KNITUH B OpraHiami
Ta, NOPIBHAHO 3 MOHOLIAPOBUM KY/IbTUBYBAHHAM, KpalLe
BigobparkaloTb HM3KY nponidepaTUBHUX, PerynaTopHUX
Ta meTaboniyHnx npouecis, AKi BigbysatoTbea in vivo [1].
Lle [a€ yHiKanbHY MOMIMBICTb OTPMMYBATK AOCTOBIpHI
OaHi Npo 3akoHOMipHOCTI nponidepalii Ta gudepeHLito-
BaHHA KNITWUH, MiXKKNITUHHI B3aemogii, naTtodisionoriyHi
npoLecwy, LLLO NexKaTb B OCHOBI CMagKOBMX Ta HAbYTUX 3a-
XBOPOBAHb.

LLle oaHa 3 nepesar 3D-KynbTyp NOAAra€ y Tomy, WO
BOHM MOMYTb Kpalle, Hi*K MOHOLIApOBi Ky/lbTypwu, ne-
penbayati edeKTUBHICTb Ta TOKCUYHICTb TepaneBTUYHUX
3aco6iB, 0cobAMBO NPOTUNYXANHHKUX NpenaparTis [2]. Le
3HAYHO MiPOIO CNPUAE CKOPOYEHHIO BUTPAT HA PO3po6-
Ky NpenapaTiB Ta MEeTOAIB JIiIKyBaHHA TAXKKNX 3aXBOPIO-
BaHb [3].

BennMka nepcnektMBa MNONAFAE Yy BUKOPWUCTaHHI
3D-KynbTyp  Me3eHXiMaNbHUX CTPOMAJIbHUX  KAITUH
(MCK) y AKocTi noTeHUiiHMX TepaneBTUYHUX 3acobiB.
OpHak 3a yMOB NiaTPMMKM Yy moHowapi y MCK 3 yacom
3HMKYHOTbCA 34aTHICTb A0 nNposidepauii Ta popmyBaHHSA
KONoHin. Kpim Toro, nopisHAHO 3 2D-KynbTypoto, MCK
y chepoigax matoTb Ginbll LWMPOKKIA CNEKTP ekcnpecii
reHiB, BK/1IOYAOUYM aKTMBALLiO FeHiB, MOB A3aHUX i3 OKUC-
HO-BiAHOBHMM MOTEHLia/IOM, CTIMKICTIO A0 TinoKcii Ta
CTpecy, aHrioreHe3oM, 3anaseHHaAm Towo [3].

BcTaHoBNEHO, WO chepoiaHi KynbTypu NOKpPaLLyOTb
edeKTUBHICTb TepaneBTUYHMX 3acobiB Ha ocHoBi MCK
[4]. Y nopiBHAHHI 3 2D-KynbTypammn chepoigHi KynbTypm
MCK xapaKTepu3yloTbCA MOCUAEHHAM NpOoTM3anab-
HOro, pereHepaTMBHOrO Ta penapatuBHOro edekTis, a
TAaKOXK KPALLOK BMMKMBAHICTIO MicnA TpaHCNAaHTaLi.
Hanpuknag, cdepoign MCK, oTpumaHi 3 *KMpoBOi TKa-
HUHW NIOONHK, NPOAYKYOTb NiABULLEHY KiNbKiCcTb 6inKiB
€KCTPaKNITUHHOIO MaTPUKCY, BUABNAIOTb CUAbHILLI aHTU-
anonNTOTUYHI Ta aHTUOKCUMAAHTHI 34i6HOCTI Ta 36inbLy-
IOTb MAapPAKPUHHY CEKPELLO LIUTOKIHIB, CTUMYNIOOTbL Bac-
KynsapusaLito. EKCneprMmeHTM Ha TBapuHAx MOKasyoTb
oyeBUAHI epeKTn y BigHOBNEHHI pedpaKTEPHUX paH,
BifLHOB/IEHHI iLUEMIYHOrO MOLUKOAMKEHHA Ta peMoento-
BaHHi TKaHWH, Tomy cdepoigHi KynbTypn MCK matoTb
3HAYHY KAiHIYHY NepcnekTusy [3, 4].

ICHYIOTb pi3Hi METOAM OTPUMAHHSA CchepoiaiB: MeTos,
BMCAYOI Kpanni; KyNbTUBYBAHHA Ha HWU3bKOAAre3nBHUX
nogepxHax abo maTpuuAx i3 3a4aHUMK BNACTUBOCTAMM
(rigporeni, NAiBKM, HAHO- Ta MIKPOYACTUHKU, KYNbKW);
MarHiTHa NeBiTauif; KynbTMBYBaHHA y biopeakTopax i3
noctinHnm obeptaHHam Towo [4]. Cepen ycix nepe-
NiYeHMX, MeToZ, BMCAYOI Kpanni A03BOMAE HaMKpaLLMm
YMHOM CTAHZAPTMU3YBATM NiHINHI po3mipu chepoiais Ta
KiNIbKICTb K/ITUH Y iIXHbOMY CKNagi.

OgaHieto 3 Nnpobnem, AKi NOCTalOTb NPU 3aCTOCYBAHHI
3D-KynbTyp, € obmerkeHa AMdy3ia NOKMBHUX PEYOBUH,
rasis Ta metaboniTiB y LLEeHTpasbHil YacTuHi cdepoiaa,
BHACNIAOK YOro PO3BMBAETLCA HEKPO3 il KNiTUH. OTXKe,
ONA BUKOPUCTAHHA METOZAiB TPUBUMIPHOTO Ky/lbTUBY-
BaHHA € Ba)K/IMBUM BW3HAYEHHA OMNTUMMAJIbHUX YMOB
chepoifoyTBOpPEHHA, AKI [03BONATL OTPUMATU KUTTES-
OaTHi Ta QYHKLUiOHaNbHO-aKTUBHI cdepoian 6e3 HeKpo-
TUYHUX BK/THOYEHD.

Merta pocnigyKeHHs.

Bu3HaueHHA BN/AMBY NOCIBHOI KOHUeHTpauii MCK 3
YXMPOBOI TKAHWHW IIOAMHWN Ta TEPMIHY X Ky/bTUBYBAH-
HA Y BUCAYOT Kpan/i Ha XUTTE3AATHICTb Ta MOPdONOTiyHi
B/1AaCTMBOCTI chepoiais.

06’eKT i meTOgM BOCNigKEHHS.

OTpumaHHA Ta BUKopucTaHHA MCK 3 XMpoBOi TKa-
HUHUW NOAVHU NPOBOAMNOCA 3 MMCbMOBOI 3roan NpPoiH-
dbopmoBaHMX JOHOPIB 3riAHO 3 pekomeHZauiamu fenb-
CiHCbKOI aeKknapalii BcecBiTHbOI MeanyHoOi acouiau,ii 3
nposeAeHHA bGiomeauuHUX docnigKeHb. KniTuHM no-
nepeaHbO Ky/bTUBYBAM NpoTArom 3-4 nacaxis y aare-
3MBHWX yMmoBax. KynbTMBYBaHHA NPOBOAUAMN Y KUBWU/b-
Homy cepegoBulli o-MEM («Biowest», ®paHuia abo
«Thermo Fisher Scientific», CLLIA), sonoBHeHoMy 2 mM
L-rnytamiHy, 50 mkr/mn ctpentomiumHy Ta 50 oa/mn
neHiumniHy («Arteriumy»,YkpaiHa abo «Thermo Fisher
Scientific», CLUA) Ta 10% deTanbHoi Tensyoi cMpoBaTku
(PTC, «Biowest», PpaHuia un «Thermo Fisher Scientific»,
CLUA). Knitnnu kynetneysanmn y CO,-iHky6atopi npu 37°C
Ta 5% CO,. MoBHY 3amiHy CepeAoBuMLIA KY/bTUBYBAHHSA
NpoBOANNM KOXHI 3-4 gHi. MicnA 4OCATHEHHA KNITUHHU-
MU RynbTypamm 70%-0ro moHoLwwapy ix BigKpinasaau Big,
noBepxHi 3a Aonomoroto cymiwi TpuncuH (0,25%)/EATA
(0,05%) («Biowest», ®paHuia abo «Life Technologies»,
CLA). MCK BigMunBanu y »MBUAbHOMY CepenoBMLL
WAAXOM LeHTpuoyrysaHHs. Pecycnenaysann MCK 'y Bu-
LLe3a3HAYEeHOMY KMBUAbHOMY cepenoBuili. OTpUMaHy
CyCMneH3it0 BMKOPWCTOBYBA/IM Yy MOAANbLUMX eKcrepwu-
MEHTaXx.

Ona oTpumaHHs coepoigis MCK BukopucToByBanm
meToZ BucaYyoi kpanni [5]. a8 uboro Ha BEPXHIO YacTu-
Hy Yawku MeTpi giametpom 10 cm («SPL Life Sciences»,
Kopes) HaHocuAu Kpanai 06’emom 30 MK i3 cycneHsieto
MCK 3 KoHueHTpaujeto 1, 3, 5, 7, 10x10° kn/kpannio. Y
HUMKHIO YacTUHY Yawku lMetpi npumiwann 10 mn xu-
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PucyHoK 1 — 30BHiluHii BUrag Yawku MNeTpi 3 BUcCAYMMU
Kpannamu.

BM/IbHOTO cepesioBULLA ANA NIATPUMAHHA BOOrOCTi Npw
KYNbTUBYBaHHI. MMicna HaHeCceHHA Kpanenb KpUWLIKY ne-
peBepTann Ta 3aKPMBaAN HEH HUMKHIO YAaCTMHY YaLUKK
MNeTpi (puc. 1). MNosepTanu yaluky Metpiy CO,-itkybatop
Ta KynsTuByBanu npu 37°C ta 5% CO,.

[Ons cnocTtepexkeHHa 3a npouecom cdepoigoyTso-
peHHA BUKOPUCTOBYBANM iHBEpTOBaHMIA mikpockon CETI
EpiFluor («CETI», Benbrin), obnagHaHuii umndpoBOIO
kamepoto Nikon CoolPix 4500. OTpumaHi 306parKeHHn
aHanisyBanu B nporpami Zeiss LSM Image Examiner ver.
4.2.0.121. OuiHtoBann mopdonoriyHi BNacTMBOCTI, po3-
Mip i KinbKicTb chopmoBaHux chepoigiB B 3aneKHOCTI
BiZ, 06V KyNIbTMBYBAHHSA | NOCIBHOT KOHUEHTPAL,iT KNITUH.

[Ns OLiHKKM KUTTE3ZATHOCTI KNITUH Y CKNagi chepoi-
43 nicna 72 roauH KynbTMBYBAHHA MOro AesiHTerpysanm

PucyHok 2 — ®opmyBsaHHa cdepoigy y BUcadiii Kpanai npotarom 24 (a) Ta 72 (6) roauHN KynbTUBYBaHHA
3a KoHueHTpauii MCK 1X10° kn/kpanaio.

PucyHok 3 — ®opmysaHHa cdepoigy y Bucadiii Kpanai npotarom 24 (a) Ta 72 (6) roauHN KynbTUBYBaHHA
3a KoHueHTpauii MCK 3%X10° kn/kpannio.

WAAXOM 15-XBMAMHHOI eKcrno3uuii B pO34MHi TPUMNCUH
(0,25%)/EATA (0,05%) («Biowest», ®paHuia abo «Life
Technologies», CLUA) i3 nocTinHMM MNOMiLLYyBaHHAM.
OTpUMaHY CyCMneHsito KNITUH OLHIOBAAN 33 AOMOMOroH
MeToay BiTasibHOrO 3abapBieHHA TPUNAHOBUM CUHIM
(«Sigma», CLLA).

[na cTaTUCTUYHOrO aHani3y AaHUX BUKOPUCTOBYBANN
nporpamy Statistica 10 («StatSoft», CLUA). Pe3synstaTn
npeactasnanv y surnagi Me (Q1; Q3) (Me —megiaHa, Q1
—1-i kBapTUAb; Q3 — 3-11 KBapTUAb) abo y BUMAai Me+|P
(Me — mepgjaHa, IP — iHTEPKBAPTUIbHUIA PO3MaX, KU
OOPIBHIOBAB Pi3HUL] MiXK KBapTuaamu 3 i 1 nopaaky).
CTaTUCTMYHY 3HAYyLLiCTb BiAMIHHOCTEM MiXK rpynamu
OLiHIOBaNM 3a AOMOMOro HenapameTpuyHOro Kpurte-
pito MaHHa-YiTHi 3 nonpasBKoto boHdepoHi. BigmiHHOCTI
BBAXKa/IN CTAaTUCTMYHO 3Hauvywmumm npm p<0,05.

Pe3ynbTaTh AOCNIAXKEHHA Ta iX 06roBopeHHs.

[Ona BM3HAYEHHA ONTUMANIbHUX YMOB GOPMYBaHHA
cdepoigis meTogom BUcAYOi Kpanai 6yno anpobosaHo
pA4 NOCIBHUX KOHUeHTpaLinn MCK. Micna 24 roamH Kynb-
TUBYBaHHA 3a KOHLUEHTpaLii 1x10° Kn/Kpanato cnocrepi-
rannca NOOAMHOKI KNITUHW Ta HEBeNWKI NyXKi arperaty,
AKi cknaganuca 3 5-20 kniTuH (puc. 2a). Ha HacTynHomy
TEPMiHi Ky/IbTUBYBaHHA BNPOAOBK 72 roanH popmyBaBs-
ca oaunH coepoig (puc. 26), ogHak npouec Moro Kom-
naktusauii 6ys HesaBepleHMM. TaKoX MOTPIBHO BiA-
3HAUYUTK, WO MNOOAMHOKI KNITUHW Y HEBEINKIN KinbKOCTi
3a/IMLIANANCA 3BAXKEHUMMU Y KpanJi.

3a MOCIBHMX KOHUeHTpauin 3, 5 ta 7x10° kn/kpa-
nato yepes 24 rogmHun dopmysanocs baraTo arperatis
Pi3HOro PoO3Mmipy Ta LWiNbHOCTI; NOOAMHOKI KNITUHU TeX
6ynn npucytHi. KpynHi arperatm noynHanu Habysatu
YLWiNbHEHUI BUMNAL Ha LLbOMY TEPMiHI Ky/NbTUBYBAHHA

Ta 3/MBATUCA OAMH 3 OOHUM
(puc. 3-5, a). Y HactynHi 48
FOAMH arperaty MNpoaoBXKY-
Ba/IM 3IUTTA. AKTUBHILLIE Leit
npouec npoTikaB y 3paskax
i3 KOHLeHTpaujeto 5 Ta 7x10°
Kn/kpanio. Ha 72 roguHy
NpoLec 31MTTA Ta YLLi/IbHEH-
HA arperaTiB 3aKiH4YyBaBcA
dopmyBaHHAM ogHoro cde-
poiga (puc. 3-5, 6). MoluKo-
OXeHi KNiTUHM 3a3BUYail He
BK/IOMANINCA Y arperaTtu.

Y pasi BUKOPUCTAHHA
MaKCMMabHOI NOoCiBHOT
KoHUeHTpauji (10x10° kn/

Kpansto) etanu cdepoigoyT-
BOPEHHA 6ynu noaibHumuy,
ane BENVKUIN  YLLiNIbHEHWIA
coepoin dopmyBaBcA BKe
nicna 48 roanH KynbTMBYBAH-
HA (puc. 6).

Pe3synbtatv BM3HAYeHHA
AiameTpy arperaris/cde-
poiZiB  MPOTArOM  Ky/AbTU-
BYBaHHA MNpeACTaB/eHO Ha
PUCYHKY 7. 33 NOCIBHUX KOH-
ueHTpauin 1, 3, 5 Ta 7x10°
Ki/Kpano npouec chepoi-
0 [OYTBOPEHHA 3aBepLUlyBaBcA
NPOTArOM 72 rOguH KynbTu-
BYBAHHS, TOAi AK 3@ NOCIBHOI
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KOHUeHTpauii 10x10° kn/
Kpanato — 3a 48 roauH. Ce-
peaHii giametp cpopmoBsa-
Horo cdepoigy MNO3UTUBHO
KOpPEtoBaB 3 BUXiAHOK KOH-
ueHTpauieto MCK (Tabnuug).
3a MiHIManbHOiI KOHUEHTpa-
uii cepenHin aiametp coe-
poiay cknagas 6au3bko 65
MKM, TOAji AK 32 MaKCMMasb-
Hux (7 Ta 10x10° kn/Kpanato)
— 277-290 mKMm. Y 3pasKkax
3 MOCIBHUMM KOHLEHTpaLLi-
ammn 3 Ta 5x10% kn/Kpannto
cepegHin giametp chepoiny
nopiBHOBaB 6/113bko 143—

195 MKMm. k I

rl
S

3abapBneHHA TpunaHo- = 3
BMM CWHIM MNOKas3ano, Wo - -l ; gt
nicnAa 72 roAuMH KynbtuBy- | = ' '
BaHHA 6amM3bko 90% KniTMH | 4
y CKnagi coepoigis, yrBope- |- SiF

HUX 3@ KOHLUEeHTpauir 1, 3 Ta R, 2
5x10%® Kkn/Kkpanao 3anuiua- S
naca KutresgatHowo (tabam- | . S

ua). OgHak 3a NOciBHOT KOH- |,
ueHTpauji 7 ta 10x10% kn/ {50
Kpanio Biabysanocs sHauHe @
NafiHHA XUTTE3LATHOCTI KAi-
TUH y cKnagi cdepoigy, Wo
NMOSICHIOETBCA  3HUMKEHHAM
Onoysil  NOXMBHUX  peyo-
BMH Yy BE/IMKOMY 3a po3mipom coepoisi Ta HakonmyeH-
HAM KiHLEBMX NPOAYKTIB 0OMiHY B YMOBAx HEBE/IMKOTO
06’eMy BMCAYOT Kpanai BHACNIAOK BEIMKOT KiIbKOCTi no-
CIAHUX KNITWH.

MpeactaBneHuii y poboTi Niaxig BUKOPUCTOBYE TaK
3BaHy 6e3KapkacHy (scaffold-free) TexHonorito oTpu-
MaHHA KNITUHHUX chepoigis. MoTpibHO Big3HAUUTHK, LLO
He BCi TUMW KANITUH YTBOPIOIOTb KOMMAKTHI cdepoign 3a
Jonomoroto Uboro metogy [6]. MNig yac nepebyBaHHA
Yy BMCAYil Kpani KNiTUHWM ONycKatoTbCA Ha AHO Kpanni
3aBAAKM rpaBiTaLii Ta 3’€4HYIOTbCA Pa3oMm, YTBOPHOOUN
arperat. [1pn LbOMYy 3a0KPYI/I€HA HUKHA YaCcTUHA BUCA-
Yol Kpansi 3abe3neyye yMOBU 419 YTBOPEHHA arperaty,
B AKMX KNITUHM HE MalOTb MOKMBOCTI NPUKPINAOBaTH-
¢ Ao cybcTpaty, TOMy BOHW pearytoTb MixK coboto [7].
Y pobotax Bartosh T. Ta cnigasT. [5, 8] 6yno nokasaHo,
O Y BMCAYIN Kpanai npoTtarom nepwunx 1-2 rognH MCK
KiCTKOBOrO MO3KY KOHLIEHTPYBAnMCA Ha AHi Kpanai.
MoTim yTBOpPHOBaNUCA YMCAEHHI ApibHI arperaTu, AKi no-
CTYynoBo 06’eQHYBanNCA B EANHUIN LLEHTPanbHUI chepo-
i, y340BX HUXKHbBOI NoBepxHi Kpanai. Micna ¢opmysaH-
HA chepoig He 36inblIyBaBCA B pO3Mipax, a NOCTyNnoBo
ywinbHoBaBca Mix 48 i 96 roanHamu [5, 8]. Pesynbtatn
HalMX JOCNiAKEeHb WoAo eTaniB chepoifoyTBOPEHHA 3
MCK XunpoBOi TKaHUHW MiATBEPAKYIOTb AaHi Bartosh T.
Ta cnisasr. [5, 8].

HesBarkatoum Ha BenunKy nonynapHicts 3D-kynbTyp, Yy
Cy4yacHilt HayKoBili nitepatypi € HebaraTto pobiT, B AKMX
PO3MNAHYTO BMMB BUXiAHOI KOHUEHTPaUii KAiTUH Ha
mopdodyHKLiOHaNbHI BnactuBocTi cdepoigis 3 MCK
YKMPOBOI TKAHWHKU NtoaAnHU. Y poboTti Hashemibeni B.
Ta cnigasT. [9] 6yno oTpMmaHo chepoian metoaom Bu-
cAYoi Kpannai 3 MCK »KMpoBOi TKAHUHU OANHU, BUKO-

A -q"
— .| I

&

PucyHok 4 — ®opmyBaHHa cepoigy y BUcAUili Kpanai npotarom 24 (a) Ta 72 (6) roanHM KynbTUBYBaHHA
3a KoHueHTpauii MCK 5x10° kn/kpanato.

s “.v.

PUcyHOK 5 — ®opmyBaHHA cepoigy y BUcAdiii Kpannai npotarom 24 (a) Ta 72 (6) roanHM KynbTUBYBaHHA
3a KoHueHTpauii MCK 7X10° kn/kpanato.

PUCTOBYIOUM KOHLeHTpaujito KAitTuH 1,5x10% KniTMH Ha
Kpanato 06’emom 20 mkn. OgHaK aBTOpU AeTasbHO He
BMBYANM BMJIMB BUXiQHOI KNITMHHOI KOHUEHTpauii Ha
KUTTE3AATHICTb KNITUH Y CKNagi yTBopeHoro coepoigy. Y
pocnigxkeHHi Kapur S.K. Ta cnisasT. [10] ana oTpumaH-
HA chepoinis BukopuctoyBann MCK KMpOBOi TKaHUHM
NOOMHM 5-r0 nacaxy y NOCiBHMX KOHLEeHTpauiax 1, 2,
3 1a 5x10* kn/kpanato, npu ubomy nicna 24-48 roguvH
YTBOPEHI arperaty NepeHoCuan y NaaHLEeT 3 HU3bKOK
agresieto nosepxHi. LlikaBo, WO 311TTA arperaTis aBTopu
cnocTepiranun BXe nicns nepeHeceHHA y naaHwert. Shen
F.H. Ta cnisaBT. [11] TeXX BMKOPUCTOBYBaAN NepPeHECEH-
HA arperaTta, cGopmMOBaHOro y Kpanni, A0 HU3bKoaare-
3MBHOrO MAAHLWETY, NPU LbOMY MOCIBHA KOHLEHTpaLLis
KNITUH Byna 5x10* KNiTUH Ha Kpanato ob’emom 40 MK,
BoueBnab, BenMKa BUXiAHA KOHLEHTpaALA KAITUH, BU-

PucyHOK 6 — dopmyBaHHA cepoigy y BUcAdiii Kpanai npotarom 48
roAMHMU KyNbTUBYBaHHA 3a KOHUeHTpauii MCK 10X10° ka/kpanato.
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Tabnnua — Mop¢odyHKUioHaNbHI BAacTuBOCTI chepoigis, KopuCTaHa y uux poboTax, NnpuckoptoBana
cdopmoBaHuX 3a 72 roguHU Yy BUCAYIN Kpanai 3a pisHUX yTBOpPEeHHA cdepoiais (24-48 rogunH), oaHak
nocisHMx KoHueHTpauii MCK (Me (Q1; Q3)) nepeHeceHHa chepoiaiB y HU3bKOAATE3MB-
; HUIM NNaHLWeT € AOAATKOBUM €Tanom, KU
Konuertpauia MCK, | 4o15a | 3x100 | sx10° | 7x10° | 10x10? )
Kn/Kkpanaio YCKNAAHIOE IX OTPUMAHHA.
Cepeaniit giametp, | 65 143 195 277 290 MpoBefeHi Hamn eKcnepUmMeHTU noka-
MKM (60; 69) | (135; 153)* |(188; 198)* | (270; 289)* |(285; 298) *| 33511, WO PO3MipKN CHepoiaiB 3anexanm Big,
HuTTespaTHiCTL 91 88 87 66 60 KinbKocTi MCK, 3BasKeHwWX y BUCAYi Kpanai.
KAITUH, % (83;95)| (83;93) | (81;93) | (62;70)* | (55;65)* A s
Mpumitka: * — BigmiHHOCTI 3HauyLi y nopisHAHHI 3 1x10% Ka/Kpanto. an LibOMY, MOCIBHI KOHLeHTpaLll 37a5x10
KN/Kpanao BUABUAWUCL ONTUMANbHUMKM ONA
350 - OTPMMaHHA Yepe3 72 roauvHu coepoifis AiameTpom
- 6113bKo 143—195 MKM i3 BUCOKOI YKUTTE3AATHICTIO KAi-
E TUH Y iXHbOMY CKNagj.
g 250 - BucHoBKwM.
4 TaKMM YMHOM, By/10 BCTAHOB/IEHO ONTUMaJ/IbHi YMOBU
g 200 - ana dopmysaHHa cdepoiais y Bucadiii Kpanni 3 MCK,
% ¥ OTPMMAHUX 3 }KMPOBOI TKAHWHU NHOANHM, AKI BKAOYAOTb
E- BMKOPWUCTaHHA MOCIBHOI KOHLUeHTpaLii 3—-5x10% kn/Kkpa-
2 100 - N0 Ta TEPMIH KyNbTUBYBAHHA 72 rOAUHM.
=2 MepcneKTMBM NOJANbLUNX AOCNIAKEHD.
0 Coepoian MCK 3 KMpPOBOT TKAHMHM NOANHU € Nep-
0 . . CMEKTUBHUM AKepesioM ayToNOoriYHMX CTOBBYPOBUMX KAi-
24 48 72 TWH, AIKI 1erKo OTPUMATH, KPIOKOHCepByBaTH, 36epirati
TepMiH KynLTUBYBAHHS, FOBMHN Ta BMKOPMCTOBYBATU 3a noTpeboto. BctaHoBneHi napa-
METPU KY/NbTUBYBAHHA € Ba*K/IMBMMW ANA NMOAAJNbLUOT
—+-1000 —=-3000 —+—5000 —e-7000 10000 | po3pobKM Ta CTaHAapTM3auii NPOTOKONIB OTPUMAHHA
PucyHOK 7 — 3MiHa cepeaHbOro PO3mipy arperatis NPoOTArom coepoinis 3 MCK KnpoBoi TKAHWUHM NOANUHWN A8 eKcne-
KYNbTUBYBAHHA 72 roAWHM B 3aN1€XHOCTI Bifi NOCIBHOT KOHLeHTpaLii

MCK PUMEHTANbHOTIO Ta KNiHIYHOrO 3aCTOCYyBaHHSA.

References / Nitepartypa

. Temple J, Velliou E, Shehata M, Lévy R. Current strategies with implementation of three-dimensional cell culture: the challenge of

quantification. Interface Focus. 2022 Aug 12;12(5):20220019. DOI: 10.1098/rsfs.2022.0019.

Ryu NE, Lee SH, Park H. Spheroid Culture System Methods and Applications for Mesenchymal Stem Cells. Cells. 2019 Dec 12;8(12):1620.

DOI: 10.3390/cells8121620.

Fang Y, Eglen RM. Three-Dimensional Cell Cultures in Drug Discovery and Development. SLAS Discov. 2017 Jun;22(5):456-472. DOI:

10.1177/108 7057117696795.

Petrenko Y, Sykova E, Kubinova S. The therapeutic potential of three-dimensional multipotent mesenchymal stromal cell spheroids. Stem

Cell Res Ther. 2017 Apr 26;8(1):94. DOI: 10.1186/s13287-017-0558-6.

Bartosh TJ, Yldstalo JH, Mohammadipoor A, Bazhanov N, Coble K, Claypool K, et al. Aggregation of human mesenchymal stromal

cells (MSCs) into 3D spheroids enhances their antiinflammatory properties. Proc Natl Acad Sci USA. 2010 Aug 3;107(31):13724-9. DOI:

10.1073/pnas. 1008117107.

Ong SM, Zhao Z, Arooz T, Zhao D, Zhang S, Du T, et al. Engineering a scaffold-free 3D tumor model for in vitro drug penetration studies.

Biomaterials. 2010;31:1180-1190. DOI: 10.1016/j.biomaterials.2009.10.049.

Imani R, Hojjati Emami S, Fakhrzadeh H, Baheiraei N, Sharifi AM. Optimization and comparison of two different 3D culture methods

to prepare cell aggregates as a bioink for organ printing. Biocell. 2012 Apr;36(1):37-45. Available from: https:/pubmed.ncbi.nlm.nih.

gov/23173303/.

8. Bartosh TJ, Ylostalo JH. Preparation of anti-inflammatory mesenchymal stem/precursor cells (MSCs) through sphere formation using
hanging-drop culture technique. Curr Protoc Stem Cell Biol. 2014 Feb 6;28:2B.6.1-2B.6.23. DOI: 10.1002/9780470151808.5c02b06s28.

9. Hashemibeni B, Kazemi M, Salehi H. Hanging drop culture enhances differentiation of human adipose-derived stem cells into anterior
neuroectodermal cells using small molecules. Int J Dev Neurosci. 2017 Jun;59:21-30. DOI: 10.1016/j.ijdevneu.2017.03.002.

10.Kapur SK, Wang X, Shang H, Yun S, Li X, Feng G, et al. Human adipose stem cells maintain proliferative, synthetic and multipotential proper-
ties when suspension cultured as self-assembling spheroids. Biofabrication. 2012 Jun;4(2):025004. DOI: 10.1088/1758-5082/4/2/025004.

11. Shen FH, Werner BC, Liang H, Shang H, Yang N, Li X, et al. Implications of adipose-derived stromal cells in a 3D culture system for osteo-

genic differentiation: an in vitro and in vivo investigation. Spine J. 2013 Jan;13(1):32-43. DOI: 10.1016/j.spinee.2013.01.002.

N

N

w

»>

o

o

N

®OPMYBAHHA CPEPOIAIB 3 ME3SEHXIMANIbHUX CTPOMA/IbHUX KNITUH }UPOBOI TKAHUHU NIOAUHN
METOAOM BUCAYOT KPANI

Porynbcka O. 10., boxok I. A., TpydaHosa H. A., PeseHko O. b.,

Maxomos O. B., YepkawwuHa [l. B., NetpeHko O. 0.

Pe3stome. B ocTaHHi Yacu 6araTokniTUHHI GiosoriyHi 06’€KTU, A0 AKMX HanexKaTb chepoigm Ta opraHoigm, 3Ha-
XO4ATbCA B LLEeHTPi 0c06MBOI yBarn focnigHukis. Lii 3D-KynbTypu 6inbluoto Mipoto BiANOBiAalOTb YMOBAM iCHYBaHHA
KNITUH B OpraHi3ami, Hi*k 2D-MOHOLLAPOBi, TOMY BOHi MatloTb BE/IMKY MOMNYASPHICTb Y PyHAAMEHTANIbHUX Ta KAiHIY-
HUX SOCNiAXKEeHHAX, TeCTyBaHHI papMaKonoriYHMX Npenaparis, KAITMHHOI Tepanii, TpaHcnAaHTaL,i Towo. MpoTokonu
OTPMMaHHA chepoifiB 3 Pi3HMX OpraHiB NOAUHN Ta TBAPUH, a TaKOXK BaraTbox KAITUHHUX NiHiN, BXXe onpoboBaHi,
asie NOWYK HOBUX NiAXOAiIB HE NePePUBAETLCA, TOAI AK BXKe iCHYIOUYi MeToaM 3a3HatoTb ONTUMI3aLii.
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MeTa po60T1 — BU3HAYEHHSA BMJIMBY MOCIBHOI KOHLEHTPaAL,ii Me3eHXiManbHUX CTPOMAbHUX KAiTUH (MCK) 3 »Ku-
POBOI TKAHWMHM NIOAMHU Ta TEPMIHY iX KyNbTUBYBAHHA Y BUCAYOT Kpani Ha *KUTTE3ZATHICTb Ta MOPdO/IOFiYHi BNacTu-
BOCTi cdepoigis.

Y pob6orTi 6ynu BukopuctaHi MCK 3 KMpoBOi TKaHUHW NtoANHU 3-4 nacayKy B NOCIBHMX KOHLUEeHTpauiax 1, 3,5, 7
Ta 10x10° kn/Kpannato. Ans dopmyBaHHA chepoinis MeToAoM BUCAYOI Kpani Ha BEPXHIO YaCTUHY YallKku MNeTpi gia-
meTpom 10 cm HaHOoCKAM Kpanai 06’emom 30 MK/, TOA] IK Y HUMKHIO YaCTUHY YalKK npumilann 10 Ma XKUBUIbHOTO
cepefoBULLLE ANA NIATPMMAHHA BONOTOCTi MPU KyNbTUBYBaHHI. KynbTMByBaHHA 3pa3kis npoBoaunn npun 37°C 1a 5%
CO2 npotsarom 72 roguH. 3a 4ONOMOrOH iHBEPTOBAHOMO MiKpOCKOMNa Ta Nporpamm ob6pobKku 306parkeHb OLiHIOBaIN
MopdONOrivyHi BAACTMBOCTI, PO3MIp i KiNbKiCTb chopmMoBaHUX chepoiaiB B 3a1eKHOCTI Bif 406U KybTUBYBaAHHSA i No-
CiBHOT KOHLeHTpaU,i KAITUH. 15 OUiHKWN XUTTE3AATHOCTI KNITUH chepoian aesiHTerpyBanu WAaXom 15-XBUANHHOT
eKcno3uuji B po3unHi Tpuncuu/EATA Ta 3a6apBatoBaiv TPUNAHOBUM CUHIM.

PesynbtaTn gocnigxeHb nokasanu, wo cnodyaTky MCK *KnpoBoi TKAHWMHW NOANHM KOHLIEHTPYBAIUCA Ha AHi BU-
CAYOT Kpani, nicna Yoro yTBOPHOBANMCA YUCAEHHI APiOHI arperaTu. Arperati NOCTYNoOBO 3/1MBANNUCA B EAUHUN LiEH-
TpaibHUI chepoisn, AKUIA yLLiNbHIOBaBCA Ha 48-72 roAnHY B 3a/IEXKHOCTI Bif, BUXiAHOI KOHLEHTpaLji KniTMH. 3a no-
CiBHUX KOHUeHTpauin 1, 3, 5 Ta 7x10° kna/Kpanato npouec chepoifoyTBOPEeHHN 3aBepLUyBaBcA NPOTArom 72 roamH
KY/NIbTUBYBaAHHA, TOAj AIK 32 NOCiBHOI KOHUeHTpauii 10x10% Kn/Kkpanato — 3a 48 roamH. CepeaHiii giameTp chopmoBa-
Horo cepoisy NO3NTUBHO KOPEstoBaB 3 BMXigHOW KoHUeHTpauieto MCK. 3a MiHiManbHOI KOHUEHTPaLT cepeaHil
AiameTp cdepoiay cknagas 61M3bKo 65 MKM, ToAl AK 32 MakcuManbHKUX (7 Ta 10x10° kKn/kpanato) — 277-290 MKM.
Y 3paskax 3 NOCiBHMMM KOHLEHTpaLiamu 3 Ta 5x10% ka/Kpanto cepeaHint giameTp chepoiay AopiBHOBaB 61M3bKO
143-195 mKm.

Bansbko 90% KNiTUH y cknagi cdhepoiais, yTBOPEHMX 3a KOHUEHTpauii 1, 3 Ta 5x10° ka/Kpanato, 3aauwanmnch
XUTTE3AATHUMM, TOA] AK 33 MNOCIBHUX KOHLEHTpaLin 7 Ta 10x10% kn/kpanato Biabysanocsa 3HauyHe NagiHHA KUTTES-
OATHOCTI KANITUH.

TaKMM YMHOM, ONTUMaNbHI yMOBM Ans GopmyBaHHA chepoiais y Bucadin kpanni 3 MCK, oTpumaHux 3 *Knposoi
TKaHMHM IIOAMHM, BK/IOYAOTb BUKOPUCTAHHSA NOCIBHOI KOHLEHTpaLii 3—5x10° K/1/Kpanto Ta TEPMiH Ky/bTUBYBaHHSA
72 rognHun.

KntovoBi cnoBa: meseHximanbHi CTPOManbHi KAITUHM, XUPOBa TKaHWHa, 3D-KynbTMBYBaHHSA, cdepoign, BucaYa
Kpanas, XKUTTE3AATHICTb KNITUH.

FORMATION OF SPHEROIDS FROM HUMAN ADIPOSE TISSUE-DERIVED MESENCHYMAL STEM CELLS BY THE
HANGING DROP METHOD

Rogulska O. Yu., Bozhok G. A., Trufanova N. A., Revenko O. B.,

Pakhomov 0. V., Cherkashina D. V., Petrenko O. Yu.

Abstract. Special attention of researchers is recently focused on multicellular biological objects, which include
spheroids and organoids. These 3D-cultures more closely correspond to the cell existence conditions in the body
than 2D-monolayers, so they are very popular in basic and clinical research, testing of pharmacological preparations,
cell therapy, transplantation, etc. Protocols for obtaining spheroids from various human and animal organs as well as
many cell lines have already been applied, but the search for new approaches doesn’t stop, while existing methods
undergo optimization.

The goal is to study the influence of seeding concentration of human adipose tissue-derived mesenchymal
stromal cells (MSCs) and the term of their cultivation in a hanging drop on the viability and morphological properties
of spheroids.

Human adipose tissue-derived MSCs of 3rd-4th passage were used in the study in seeding concentrations of 1, 3,
5,7 and 10x10? cells/drop. To form spheroids by the hanging drop method, drops of 30 ul were applied to the upper
part of a Petri dish with a diameter of 10 cm, while 10 ml of culture medium was placed in the lower part of the dish
to maintain humidity during cultivation. Samples were cultivated at 37°C and 5% CO2 for 72 hours. Using an inverted
microscope and an image processing software, the morphological properties, size, and number of formed spheroids
were evaluated depending on the cultivation day and cell seeding concentration. To assess cell viability, spheroids
were disintegrated by 15-minute exposure in a trypsin/EDTA solution and stained with trypan blue.

The results showed human adipose tissue-derived MSCs were initially concentrated at the bottom of the
hanging drop, and then numerous small aggregates were formed. The aggregates gradually merged into a single
central spheroid, which was compacted for 48-72 hours, depending on the initial concentration of cells. At seeding
concentrations of 1, 3, 5, and 7x10? cells/drop, the process of spheroid formation was completed within 72 hours
of cultivation, while at a seeding concentration of 10x10? cells/drop — within 48 hours. The average diameter of the
formed spheroid was positively correlated with the initial MSCs concentration. At the minimum concentration, the
average diameter of the spheroid was about 65 um, while at the maximum (7 and 10x103 cells/drop) it was 277—290
um. In the samples with seeding concentrations of 3 and 5x10° cells/drop, the average diameter of the spheroid
was about 143-195 um.

About 90% of cells in the composition of spheroids formed at concentrations of 1, 3, and 5x10* cells/drop
remained viable, while at seeding concentrations of 7 and 10x10? cells/drop there was a significant decrease cell
viability.

Thus, optimal conditions for human adipose tissue-derived MSCs spheroids formation in a hanging drop include
the use of a seeding concentration of 3-5x10? cells/drop and a cultivation period of 72 hours.

Key words: mesenchymal stromal cells, adipose tissue, 3D-culture, spheroids, hanging drop, cell viability.
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