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Background. Placental mesenchymal stem cells application is a promising area of cell therapy for number
diseases. Their using in the form of spheroids results in enhancement of the therapeutic potential, improve
the cells survival after transplantation. Medical purposes require the characterization and development of
spheroids storage technology.

Objective. The aim of the paper is to characterize placental mesenchymal stem cells spheroids after
generation and low-temperature storage.

Methods. Spheroids were produced by a hanging drop method from placental mesenchymal stem cells, chara-
cterized after production and after subnormothermic (20 °C) and hypothermic (4 °C) storage for up to 96 h.
The structure, metabolic activity of spheroids according to the data of the MTT test and the resazurin resto-
ration test were studied.

Results. The hanging drop method makes it possible to produce from 1x10° placental mesenchymal stem
cells about 825.3 & 56.2 spheroids in the size of 50—150 microns and 62.3 = 5.1 spheroids of 150—300 microns
in size, having a spherical shape, not stained with trypan blue, stained with neutral red and fluorescein
diacetate. The spheroids adhere to the plastic and destroying through short-time centrifugation. During sub-
normothermic storage spheroids, structural characteristics and metabolic activity change after 48 h, during
hypothermic — after 24 h of storage.

Conclusions. The hanging drop method makes it possible to produce about 900 spheroids from 1 million pla-
cental MSCs with stable metabolic activity. For medical purposes, subornorthomeric (20 °C) storage not
more than 24 h is recommended for placental MSC spheroid. Longer storage leads to a sharp decreasing

of their metabolic activity and destroying to the separated cells.
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Introduction

Placental mesenchymal stem cells (MSCs) are
promising candidates for cell therapy. Their advan-
tages to cells from other sources are a high prolifera-
tive activity, reduced immunogenicity, and lack of
ethical issues. Their effectiveness in the treatment of
diabetes mellitus, ulcers, burns, neuropathy, prema-
ture ovarian failure, climacteric syndrome, infertility
has been demonstrated. The stem cells mechanism of
action is associated with their plasticity, paracrine,
and endocrine properties [1, 2].

The stem cells application in spheroids opens
new possibilities in cell therapy. In spheroids, cells
interact, actively secrete biologically active sub-
stances, live longer after transplantation. The effec-
tiveness of stem cells spheroids in wounds healing,

bone systems pathology, cardiovascular systems
pathology, premature ovarian failure has been
shown [3, 4].

For effective clinical application, it is im-
portant to characterize the properties of spheroids
after generation and short-term storage, which is
necessary for its transportation from the biotechno-
logical laboratory to the clinic [5]. In our previous
studies, we have proved inappropriate of cryopre-
servation for spheroids storage [6]. In our view,
subnormothermic (20 °C) and hypothermic (4 °C)
regimes are promising for the spheroids short-term
storage. Their effectiveness is demonstrated on
other objects [7, 8].

Aim of the study. to characterize spheroids
from placental mesenchymal stem cells after pro-
duction and low-temperature storage.
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Materials and methods

The research was conducted in the framework
of the project "Investigation of geroprotective and
gerotherapeutic effects of placental bioobjects”
(No. 0114U00131).

The placenta was obtained whit women in-
formed consent after cesarean section. Placental
MSCs were isolated by the enzymatic method de-
scribed earlier, cells were characteristics like MSCs
(immunophenotype CD90 +, CD73+, CDI105+,
CD34-, capable of induced differentiation in the adi-
pogenic, chondrogenic and osteogenic directions) [8].

Spheroids from the cell culture were generat-
ed by the hanging drop method [4, 9]. In brief:
placental cells removed from plastic, resuspended
in medium DMEM (BioWest, France) at a con-
centration of 5x10° cells/ml, 30 ul drops of were
put to the inner surface of the cover of a non-
adjuvant Petri dish. In the lower part of a Petri
dish, 20 ml of sterile distilled water were poured to
save humidity. After 24 h, spheroids, formed in
drops were gently washed off and removed.

Spheroids were stored in DMEM (BioWest,
France) in closed polypropylene tubes under sub-
ornorthomeric (~+20 °C) and hypothermic (~+4 °C)
conditions. Every 24 h, a MTT (3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide) and
resazurin tests, were done. Freshly isolated sphe-
roids were used as a positive control, as negative —
spheroids, devitalized by 96% ice-cold ethanol.

An optical microscopy study with phase-
contrast methods, neutral red, trypan blue vital
staining, confocal laser scanning microscopy with
fluorescein diacetate and propidium iodide
(FDA/PI) staining according to previously de-
scribed protocols [6, 8] were done.

For the MTT test, spheroids in concentration
1x10° cells/ml were incubated for 4h in 12-well
plates in the DMEM medium with the addition of
MTT (Sigma, USA) at a final concentration of
0.5 mg/ml in a COz incubator (Thermo Fisher Scien-
tific, USA) at 37 °C in an atmosphere with 5% CO..
After incubation, the medium was removed, the
formazan was extracted with 96% ethanol and ab-
sorbance was measured on a spectrophotometer PV
1251C (Solar, Belarus) at a wavelength of 570 nm.
The resazurin test was performed similarly, resazurin
(Sigma, USA) was added at a final concentration of
0.15 mg/ml, incubated for 24 h. The optical density
was measured on a spectrophotometer PV 1251C
(Solar, Belarus) at a wavelength of 590 nm.

ToupView V 3.7 software (Hangzhou Toup
Tek Photonics Co. Ltd, Hangzhou, China) was

147

used for image processing. To obtain statistically
significant conclusions, the Man-Whitney U-cri-
terion and Kruskal—Wallis criterion were used. For
data processing Past V. 3.15 software (University of
Oslo, Norway) was used.

Results

From a suspension of 1x10° cells, 825.3+
+ 56.2 spheroids in the size of 50—150 microns and
62.3 £ 5.1 spheroids in the size of 150—300 microns
were obtained. Spheroids had a spherical shape,
have not been stained with trypan blue. A small
number of cells did not form spheroids (Fig. 1a).
After FDA/PI staining, most cells were viable, ex-
cept for a small number of cells on the periphery
of spheroids (Fig. 1b).

All spheroids were adhesive to plastic and
formed a monolayer during the day after moving to
an adhesive culture dish (Fig. 1c). Viable spheroids
were stained with formazan after MTT reaction. It
was impossible to visualize individual cells to eva-
luate their viability as described in the literature for
alginate microspheres [10] (Fig. 1d). Viable sphe-
roids also were stained with neutral red without the
possibility of visualizing individual cells (Fig. le).
were stained with trypan blue. Cells in not viable
spheroids loss their adhesive properties were sepa-
rated from each other (Fig. 1f). Cell contacts be-
tween cells in spheroids were weak: the spheroids
keep the integrity after the concentration by the
washing and sedimentation, but after washing by
centrifugation spheroids where destroyed.

After one day spheroids subnormothermic
storage their number did not differ from the con-
trol index. The MTT and resazurin tests indexes
were also at the control level (Table 1). Spheroids
partially changed their shape, some cells were de-
tached on their surfaces, it can be explained by in-
tercellular adhesion decreasing, the cytoplasm be-
came more granular (Fig. 2a).

After longer spheroids storage in the subnor-
mothermic conditions, their number decreased,
metabolic activity decreased twice (Table 2). At the
morphological study, cells were separated from the
spheroids, the cytoplasm was more vacuolated,
amorphous (Fig. 2b).

When hypothermic spheroids storage their
metabolic activity decreased significantly after 24 h
of storage, changes progressed rapidly with each
day (see Table 2).

At the morphological study, cells in spheroids
significantly lost adhesion after 24 h (Fig. 2¢), after
48 h the cytoplasm structure was altered by cell
vacuolization (Fig. 2d).


https://en.wikipedia.org/wiki/Di-
https://en.wikipedia.org/wiki/Thiazole
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Figure 1: Placental MSCs spheroids: (a) phase contrast, (b) laser scanning confocal microscopy, FDA/PI staining, (c) cell monolayer,
after spheroids adhesion to the plastic, (d) MTT staining, (¢) neutral red staining, (f) trypan blue staining. Scale bar 100 um

Table 1: Placental cells spheroids characterization after short-term storage under subonormothermic conditions +20 °C (M £ m)

. . MTT test Resazurin test
Storage time Number of spheroids (absorbance) (% of absorbance reduction)
Control 862.2 £ 32.5 2.0 £ 0.05 62.3 £ 3.5
24 h 725.8 £ 28.3 2.1 £0.08 57.8 £ 43
48 h 545.3 £ 17.2* 1.8 £ 0.03* 554 £ 2.9%
72 h 458.6 + 20.9* 1.2 + 0.12* 39.5 + 3.8*
96 h 332.1 + 18.2* 1.0 £ 0.07* 18.7 £ 1.7*

*Differences are significant with control p < 0.05.
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Figure 2: Placental MSCs spheroids: (a) 24 h of subnormothermic storage, (b) 48 h of subnormothermic storage, (c) 24 h of hypo-

thermic storage, (d) 48 h of hypothermic storage. Scale bar 100 um

Table 2: Placental cells spheroids characterization after short-term storage under hypothermic conditions +20 °C (M £ m)

. . MTT test Resazurin test
Storage time Number of spheroids (absorbance) (% of absorbance reduction)
Control 862.2 + 32.5 2.0 £ 0.05 62.3 £3.5
24 h 550.9 £ 26.7* 1.8 = 0.09* 52.1 + 4.1*
48 h 423.6 = 17.6* 1.3 £ 0.07* 30.9 + 2.1*
72 h 259.8 + 10.2* 0.6 + 0.06* 24.6 + 1.9*

*Differences are significant with control p < 0.05.

Discussion

Thereby, it was shown, that the hanging drop
method allows production of spheroids from placen-
tal MSCs. The cells connection in placental MSCs
spheroids are not strong and they destroyed when
washing, resuspensing or storage. So it is important to
use non-adhesive plastics to preserve and transport
placental MSCs spheroids to prevent adhesion.

For placental MSCs spheroids screening tests,
it is advisable to apply a morphological study, try-

pan blue staining and MTT test, to evaluate meta-
bolic activity.

Placental MSCs spheroids storage is possible
no more than one day at 20 °C. Storage at a longer
time, or storage under hypothermic conditions,
leads to spheroids disintegration. The ineffective-
ness of spheroids long-term storage at low tem-
peratures can be explained firstly by the fact that
the enzyme systems of the homeothermic organism
are not adapted to function under these conditions,
and secondly by the phenomena of central ischemia.
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Placental MSCs spheroids instability in com-
parison with placental cells and explants, the im-
possibility of their cryopreservation limits spheroids
application in clinical practice. Spheroids require
careful handling and rapid delivery from the labo-
ratory to the patient.

Conclusions

Innov Biosyst Bioeng, 2019, vol. 3, no. 3

from 1 million placental MSCs with preserved
metabolic activity. For the medical application, it
is advisable to use subonormothermic (20 °C) pla-
cental MSCs spheroids storage up to 24 h, longer
storage leads to a sharp metabolic activity decreas-
ing and disintegration.

It is planned to study the effectiveness of pla-
cental MSCs spheroids application in experimental

gynecological pathology.
Hanging drop method allows to generate
about 900 spheroids the size of 50—150 microns
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B.1O. Mpokontok, H.C. mo6a, O.C. Mpokontok, A.O. Wepapos, I.b. MycatoBa

XAPAKTEPUCTUKA COEPOIAIB I3 ME3EHXIMAIIbHUX CTOBEYPOBUX KINITUH NIMALEHTH
nicnda OTPUMAHHA, rNNOTEPMIYHOIO TA CYBHOPMOTEPMIYHOIO 3BEPIFAHHA

Mpo6nemartuka. 3actocyBaHHS Me3eHXimanbHUx ctoBOypoBux knituHu (MCK) nnaueHT € nepcnekTMBHUM HanpsiMOM KNiTUHHOT Tepa-
nii HU3KM 3aXBOPIOBaHb. Ix 3acToCyBaHHS y opMi cepoinis 3i 36EPEXEHHAM MKKNITUHHUX KOHTAKTIB | NapakpUHHUX B3aemofii Aae
3MOry NiABULLMTY aKTUBHICTb KIITUH, MOAOBXUTU Yac X MYHKUIOHyBaHHS. [1nNs etheKTMBHOro MeAMYHOro 3aCTOCyBaHHSA HEOOXiaHI xapak-
TepucTMKa BnacTuBocTel i po3pobka MoXnuBOCTi 3bepiraHHs cdepoiais.

MeTa po6otu. Oxapaktepusysatu ccpepoign 3 MCK nnaueHTn nicns oTpumaHHs Ta HU3bKOTEMMNepaTypHOro 36epiraHHs.

Marepianu i meTogn. Ccepoigmn oTpymyBany METOAOM BUCAYOI Kpanii 3 Me3eHXiManbHNX CTOBOYpPOBUX KNITUH MnaueHTn, xapakrepu-
3yBanu nicnsa ogepxaHHs Ta nicns cybHopmoTepmivHoro (20 °C) i rinotepmivHoro (4 °C) 36epiraHHsa 0o 96 rog. OocnigxyBanu CTpykTy-
py, MeTaboniyHy akTMBHICTb cdepoifiB 3a gaHumu MTT-TecTy i TeCTy BiAHOBINEHHS pe3asypuHy.

Pesynbtatn. Metogom Bucadoi kpanni 3 1x10° MCK npaueHTV KnituH oTpumaHo 6nusbko 825,3 + 56,2 cdepoigis posmipom 50—
150 mkm i 62,3 + 5,1 ccbepoigis posmipom 150-300 MkM, siki MatoTb cdhepuyHy dopmy, He 3abapBroloTbCA TPUNAHOBUM CUHIM, 3abapBs-
NOITECA HEWTPanbHUM YepBOHMM i chritoopecueiH giauetatom. OTpumaHi ccpepoiam 3aaTHi Ao agresii 40 NNacTUKy Ta pyviHyBaHHS npu
KOpOTKOYaCHOMY LieHTpudyryBaHHi. [Mpu cybHopmoTepmidomy 36epiraHHi CTPYKTYpHI XapakTepucTuku Ta MeTaboniyHa akTUBHICTb cde-
poiais BiporigHo 3miHoBanucs nicns 48 roa, npu rinotepmidyHoMy — nicns 24 rog 36epiraHHs.

BucHoBku. MeTogom BrcaYoi kpanni Moxnvee oTpuMaHHs 6nmabko 900 coepoigis 3 1 mnH MCK nnaueHTu 3i 36epexxeHHsiM meTabonivyHoi
aKkTMBHOCTI. [Ans noTpe6 meanumHM onTUManbHO 3actocoByBatu cybHopmMoTepmivHe (20 °C) 36epiraHHs ccpepoinis MCK nnaueHTV Tpusa-
nicTio fo 24 rog, noganbiue 36epiraHHs NPU3BOAMTb A0 Pi3KOro 3HKEHHS IX MeTabomMiYHOT aKTUBHOCTI Ta po3nagy Ha OKpeMi KIiTUHW.

KnroyoBi cnoBa: cdhepoign; meseHxiManbHi CTOBOYpOBI KMiTUHW; NNaueHTa; rinotepmis; CybHOpMOTEepMIs.
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XAPAKTEPUCTUKA CPEPOUAOB U3 ME3EHXUMAJIbHbIX CTBOJIOBbIX KNETOK MNJIALUEHTbI
NOCHE NOJIYYEHUA, TMNOTEPMUYECKOIO U CYBHOPMOTEPMMNYECKOIO XPAHEHUA

Mpobnemartuka. Vicnonb3oBaHne Me3eHXMMarnbHbIX CTBOMOBbIX knetok (MCK) nnaueHTsl SBNSeTCH NepcnekTMBHbIM HanpasBneHnemM
KINeTo4HOl Tepanum psiga 3abonesaHuii. MIix npumeHeHne B hopme ccheponoB C COXpaHEHNEM MEXKKIETOUHbIX KOHTAKTOB U NapakpuH-
HbIX B3aUMOJENCTBUI NO3BOMSAET NOBLICUTb aKTUBHOCTb KIETOK, MPOANNTL BPeMs X yHKUMOHMpoBaHUs. [nsa adhdekTMBHOro meam-
LIMHCKOTO NpUMEeHeHNs HeobX0ANMBI XapaKTepuCTMKa CBOMCTB 1 pa3paboTka BO3MOXHOCTU XpaHeHUsi cdheponaoB.

Llenb pa6oTkl. OxapaktepusoBaTb cdepouabl 3 MCK nnaueHTbl nocne nony4eHus U HU3KOTEMMNEPATYPHOro XpaHeHUsI.

Martepuanel n metoabl. Cheponabl nonyyann metogom eucsyen kanmm n3 MCK nnaueHTbl, xapaktepuaoBanu nocrne nony4yeHus u
cy6HopmoTepmuyeckoro (20 °C) n runotepmudeckoro (4 °C) xpaHeHusi oo 96 4. ViccnepoBanu CTpykTypy, MeTabonuyeckyto akTMBHOCTb
cchepoungos no AaHHbIM MTT-TecTa 1 Tecta BOCCTaHOBIEHNS pe3a3ypuHa.

PesynbTartbl. MeTogom Bucsayei kanmm m3 1x10% MCK nnaueHTbl KneTok nomnyyeHo okoso 825,3 + 56,2 cdepongos pasmepom 50—
150 mkm 1 62,3 £ 5,1 cpepomgos pasmepom 150-300 mMkM, KOTOpble MMEIOT cdhepryeckyto (hopMy, He OKpaLLMBaOTCA TPUNAHOBLIM CU-
HVMM, OKpaLLUMBAaKOTCHA HEWTPanbHbIM KpacHbIM 1 doriroopecLlenH anaueTtatoM. [NonyveHHble cpeponabl CMOCOBHbI K aaresnmn K nriacTuky
N pa3pyLUEHWIO NpU KPaTKOBPEMEHHOM LieHTpudyrnpoBaHum. Mpyn cybHOPMOTEPMUYECKOM XPaHEHWUN CTPYKTYPHbIE XapaKTePUCTUKN 1
MeTabonuyeckas akTMBHOCTb CCHEPOMIOB AOCTOBEPHO U3MEHSANUCH Nocrne 48 4, Npy rmnoTepMUYECKOM — Nocne 24 4 XpaHeHusl.
BbiBogbl. MeTogom BucsYen kannu Bo3mMoXHO nonyyeHve okorno 900 cogepomgos n3 1 mnH MCK nnaueHTbl ¢ coxpaHeHvem metabo-
NMYeCcKoW aKkTMBHOCTU. OANA Hyxa MeauunHbl LenecoobpasHo npumeHsATb cybHopmoTepmuyeckoe (20 °C) xpaHeHue cdepounaos
MCK nnaueHTbl A0 24 4, fanbHelillee XpaHeHWe NPUBOAUT K Pe3KOMY CHWXKEHWIO MX MeTabonuMyeckon akTMBHOCTM M pacnagy Ha
oTAenbHbIe KNeTKu.

KnioueBble cnoBa: cd)epom:u;l; Me3eHXUMarbHble CTBOJ10BbI€ KNETKU; NNaueHTa; rmnotTepmMud; Cy6HOpMOTepMVIF|.



