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MurpanuonHasi ciocOOHOCTb MYJNbTUIOTEHTHBIX
Me3eHXUMAaJIbHbBIX cCTpoMalibHbIX KieTok (MMCK), koHT-
ponupyemasi SKCTpaleIIIoIIpHbIM MaTpukcoM (DLIM)
[7], ocTaeTcst Manou3y4eHHOH U3-3a OrpaHUYEHHbIX TEX-
HHYECKUX BO3MOXXHOCTEH HEMHBA3UBHOTO FICCIICIOBAHNS
MTOBEJICHICCKUX PEaKINH KJICTOK B YCIOBUSX KyJIHTHBH-
poBaHus in vitro.

OnHUM U3 COBPEMEHHBIX HHCTPYMEHTOB KJIETOYHON
OMOIOTHH TSI HEMPEPHIBHOTO HAOMIOACHHS 32 KIICTKAMH
seisiercs Cell-1Q-cucTema HePepBIBHON peruCTpanun
MapaMeTPOB KU3HEEATEIbHOCTU KJICTOUHBIX OMYIALMI
[5], mo3BoIAIOIIAs B PEXKUME PEATTBHOIO BPEMEHU OLle-
HUBAaTh HE TOJIBKO MOP(OIIOTHIO KIETOK, HO M X (DYHK-
LUOHAJIBHYI0 aKTUBHOCTb (JKHU3HECHOCOOHOCTb, MUT-
pamsi, anre3usi, nponudepanus, TupdhepeHInpoBKa,
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The migration ability of multipotent mesenchymal
stromal cells (MMSCs), controlled by extracellular
matrix (ECM) [7], has remained poorly studied due to
restricted technical possibilities of noninvasive study
of behavioral cell responses under in vitro culture
conditions.

One of the contemporary tools in cell biology used
for full-time cell monitoring is the Cell-1Q-system for
continuous recording of cell population vital activity
parameters [5], enabling a realtime evaluation of not
only morphology of cells, but also their functional acti-
vity (viability, migration, adhesion, proliferation, dif-
ferentiation, maturation), including the effect of va-
rious agents (pharmacological substances, biomole-
cules, viruses, etc.) as well [8].
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CO3pEBaHuUE), B TOM YHCIE U IPU BO3ACHCTBUM pa3iny-
HBIX areHToB ((hapMakoIornyeckue BeuiecTBa, OMOMo-
JIeKyJIbl, BUPYCHI U T. 11.) [8].

DKCTpaleuIIoIApHbIA MaTPUKC, B TOM YUCJIE U €ro
CHHTETHYECKNC aHAJIOTH, B 3HAYUTEIFHOM CTETICHN KOHT-
ponupyert noenenue MMCK yepe3 MoneKybl anre3nu
[7], Tonorpaduto cBoel moBepXxHOCTH U 00beMa [2]. s
kaigenuiipocdarnoro DM HOMONHUTEIBHBIM pe-
TYJIASTOPHBIM (PaKTOPOM SIBIISIFOTCSI MOHBI KAJIBITUS 1 oc-
¢dopa [6].

Lenpro HacTosimeil paboThl OBUIO HCCIEIOBAHUE
MUTPAIIHOHHOHN CIIOCOOHOCTH MYIIBTUIIOTCHTHBIX ME3CH-
XHMaJBHBIX CTPOMAJIBHBIX KJIETOK IPH HEPSIMOM KOH-
TaKTEe i1 Vitro ¢ penbeHBIM KaIbIi(oCchaTHBIM TOK-
peiTHEM ¢ ncnonb3oBanueM Cell-1Q-cucTembl.

B skcnepuMeHnTe in vitro MCIIONB30BaIH 00pa3IIbI
pazmepom 10 X 10 X 1 MM?, HecyliHe IBYCTOPOHHEE Kalb-
nuiidocarnoe (KP) mokpeiTre. Yka3aHHOE TOKPHITHE
(hopMupoBaIH Ha TIOJIOKKE U3 KOMMEPYECKH YUCTOTO
tutana (B macc.%: 99,58 Ti; 0,12 O; 0,18 Fe; 0,07 C;
0,04 N; 0,01 H) MeToioM MHKPOIYTOBOTO OKCHIUPO-
BaHusA [4] Ha ycraHoBke «Microarc-3.0» (MucTUTyT
¢busuku npounoctu u Marepuanosenenus CO PAH, Poc-
CHsl) B @aHOJHOM PeXUMe. DIEKTPOIUT COCTOST U3 BOJI-
HOTO pacTBopa oprodocdoproii kuciaoTsl (20 Macc. %),
kapOonara kanbius (9 macc. %) u cunretrnyeckoro FAIT
(6 macc. %). Munexc mepoxoBaroctd KO mokpbITHil
Ra =2,4-4,4 Mxwm, onpeiensieMblii ¢ TOMOMIBIO TPOdHU-
nometpa «Talysurf 5-120» («Taylor Hobson Ltd.»,
Benukob6puranus) cormacao [OCT 2789-73, cooTBeTcT-
BOBaJI OMOJIOTHUCCKU aKTHBHOMY JHANa30Hy penbeda
K® nokpeiTuit 1711 ocTeoreHHON AU(PepeHITHPOBKU
MMCK in vivo [3].

Murpanuto u aare3unto MMCK xupoBoii Tkanu
(MMCK-XT), noiy4eHHbIX U3 JIMIIOACIIHpaTa YyeJloBeKa
(Pazpemmenne Ned ot 23.10.2013 JIDK BOY um. U. Kan-
Ta), U3y4YaJId C UCIOJIb30BAHUEM BO3MOXKHOCTEH WH-
TErpUPOBAHHOH TIAT(HOPMEI IS HEIPEPHIBHOH (ha30BO-
KOHTPACTHOW BH3YyaJIM3aIIUH1 KHUBBIX KIETOK B PEallbHOM
Bpemenu Cell-IQ® v2 MLF («Technologies», ®un-
nstaaust). [1o oJHOW THTaHOBOW TOJUIOXKKE C JIBYCTO-
pouHuM K@ nokpsITHeM ycTaHaBIMBaIN BEPTUKAJIBHO C
OJTHOTO Kpast 12-ITyHOYHBIX CTEPHIIBHBIX MJIACTHKOBBIX
KYJBTYPaIbHBIX 110 CKOJOHHBIX TUIAHIIIETOB C TUIOIIA]THI0
nynku 1,86 cm? («Orange Scientificy, Benbrus) u kpemnuu
KJIMTICOM K CTEHKE JyHKH. B TakoM mojoxeHuu obpas-
Ll HE CMELIAJIUCH MPH MEPEIBMKEHUN TJIAaHIIETOB Ha
MIPEIMETHOM CTOJIUKE MPHOOpa U HE MOBPEK TN Gop-
MUPYIOLIHUICS KIETOYHBIHN ciTol. ITo ieHTpy JTyHKH mome-
mraau 70 MK KJI€TOYHO# B3BecH (5 X 10* sxu3HeEcCHo-
COOHBIX KapUOIIMTOB) MOCIIE 5-TO Mmaccaxa, KJICTKH BbI-
JIep>KUBaJIM BO BJIaXXHOW Kamepe B TeueHue 120 mMuH
JUTSL UX aJIF€3UH, HEPUKPETTUBIINECS KIETKH CMBIBAJIH
tdbocdarabM OyhepoM 1 0CTOPOKHO J00aBISIH 1,5 M

90

The extracellular matrix, including its synthetic ana-
logues, largely controls the behavior of MMSCs through
adhesion molecules [7] and topography of its surface
and volume [1]. The calcium and phosphorus ions are
additional regulatory factors for calcium phosphate
ECM [6].

This research was aimed to investigate the migration
abilities of multipotent mesenchymal stromal cells in
indirect contact in vitro with a relief calcium phosphate
coating using the Cell-1Q system.

The 10x 10 x 1 mm? specimens with bilateral calcium
phosphate (CP) coating were used in an in vitro expe-
riment. This coating was formed on a substrate of com-
mercially pure titanium (in wt%: 99.58 Ti; 0.12 O; 0.18 Fe;
0.07 C; 0.04 N; 0.01 H) by microarc oxidation [3] using
the Microarc-3.0 device (Institute of Strength Phy-
sics and Materials Science of Siberian Branch of RAS,
Russia) in anodal regimen. The electrolyte consisted of
an aqueous solution of orthophosphoric acid (20 wt%),
calcium carbonate (9 wt%) and synthetic hydroxyl
apatite (6 wt%). The roughness index of CP coatings,
Ra =2.4-4.4 um, was determined using a profilometer
Talysurf 5-120 (Taylor Hobson Ltd, UK), according to
GOST 2789-73, corresponded to biologically active range
of CP coating relief for osteogenic differentiation of
MMSCs in vivo [2].

Migration and adhesion of MMSCs of adipose tis-
sue (MMSCs-AT), derived from human lipoaspirate (Per-
mit Nr4 of Local Ethics Committee, Innovation Park,
Immanuel Kant Baltic Federal University of October 23,
2013) were studied using the integrated platform for
continuous real time phasecontrast imaging of living
cells Cell-IQ® v2 MLF (CM Technologies Oy, Finland).
One of titanium substrate with a double-sided CP coa-
ting was placed in a well vertically at one edge of sterile
12-well plastic culture flat-bottom plates with 1.86 cm?
well area (Orange Scientific, Belgium) and attached
to the wall of the well with a clip. In this position, the
specimens were not shifted when the plates were moved
on the sample stage of the instrument and did not da-
mage the forming cell layer. Then, 70 ul of cell
suspension (5 x 10* viable karyocytes) after passage 5
were applied into the center of the well. The cells were
exposed in a moist chamber for 120 min for adhesion.
The non-adherent cells were washed out with phosphate
buffer and the wells were carefully filled with 1.5 ml of
a nutrient medium containing 90% MEM/F12 (1:1)
(Gibco Life Technologies, USA), 10% fetal bovine serum
(Sigma-Aldrich, USA), 50 mg/l Gentamicin (Invitrogen,
UK), and 280 mg/] L-glutamine (Sigma-Aldrich). Cells
were cultured for 14 days at 100% humidity in a 5%
carbon dioxide atmosphere at 37°C.

After the manipulations the specimens were immer-
sed by half in the culture medium (1/4 of the bilateral
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MUTATELHOU cpejibl, cocTosmieit u3 90 % DMEM/F12
(1:1) («Gibco Life Technologies», CILIA), 10% deTans-
HOW Tenstubeil chiBopoTkH («Sigma-Aldrich», CIIA),
50 mr/n rearamununa («Invitrogeny», BenukoOputanus),
280 mr/x1 L-rmyramuHa («Sigma-Aldrichy). Cpok quHamMu-
geckoro KyneruupoBanus B Cell-1Q-cucteme cocraBmn
14 cytok mpu 100% BnasxkHoctH, 5% yTIEKUCIIOro ra3a
u 37°C.

B pesynprate MaHumymsiiuid 00pasipl HAOJIOBUHY
OBUTH TIOTPY)KEHBI B KyJIbTYypaIbHYIO cpeny (K KIeTod-
HOMY cllolo Oblna oOpameHa 1/4 mMOBEpXHOCTH JABY-
CTOPOHHETO MOKPBITHS ), KIIETKH B TCYCHHUE JITTUTEITHHOTO
BPEMEHH HE KOHTAKTUPOBAJIH C TIOKPHITHEM HAIPAMYIO,
4TO 00YCIIOBHUIIO ONOCPEJOBAHHOE BIMSHUE (Uepe3
pacTBOpEeHHbIE BEIIECTBA) HA HAIIPABIECHHYIO MUTPALIUIO
KJIETOK B HaIpaBJIICHHH K oOpaslaM W/WIU OT HHX.
Konrponewm ciyxuna kynstypa MMCK-XT Ha nnactu-
KOBOM MOBEPXHOCTH KYyJbTYPaJIbHBIX IUIAHIIETOB 0€3
noOasieHust 00pasos ¢ KO mokpeiTueM.

udpossie CHUMKH KICTOYHOH KyJIBTYpHI Oy IaIIH
Kaxnaple 45 mMuH. [ 3¢ pexTHBHON HACHTHDHUKAINN
KIIETOK OBLIO CO3/IAaHO HECKOIBKO DIICKTPOHHBIX OMOIHO-
TEK UX NHU(POBBIX BHICON300paKCHNUH.

[TosrydeHHBIC JaHHBIC aHATH3UPOBAIN C TIOMOIIBIO
METOJIOB CTaTUCTUYECKOTO ONMMCAHUSA U METOAOB IPO-
BEPKH CTAaTUCTUYECKUX THIIOTE3, UCTIONB3YIOLIUXCS B CTaH-
JapTHBIX MakKeTax mporpaMmsbl «Statistica 10.0» («Stat-
Softy, CILIA).

OKcnepuMeHTallbHasl KYJIbTypa CTPOMaIbHBIX KJIETOK
COOTBETCTBOBAJIA MOP(oIOrmyeckuM kputepmsiMm MMCK-
XKT. Cucrema Cell-IQ mo3Bonuia ycTaHOBHUTB, YTO B
pe3yibrare npuMeneHus cuaretTnyeckoro K® nokporrus,
B ommuue ot uucroro TiO,, samennsnace (10 46% ot
KOHTPOJIs1) ckopocTh BrxkeHnss MMCK-XKT mo mmactu-
koBo# moBepxHocTu. K 14-M cyTkam B JyHKaX, Cofep-
YKAIIX THTaHOBEIC 00pa3ibl ¢ KO mokpeitiem, hopmu-
poBanock B 10 pa3 MeHblI1Ie KJIETOYHOM Macchl Ha TPaHULIe
¢ 00pa31OM IO CPAaBHEHHUIO C KOHTPOJIEM, UTO CBUIETENb-
CTBOBAJIO O CYLLIECTBEHHOM TOPMOKEHUH HAIIPABICHHOMN
murpaun MMCK-)XXT B cTopoHy TecTHpyeMbIX 00beK-
ToB. K noBepxHOCTH 00Pa31l0B MUTPUPOBAIIA €IUHUY-
HBIC KJICTKH. Bo3ne 00pa3nos, Mekay MUTPHPYIOLUTIMI
MMCK-XT, 6111 00Hapy>KE€HBI CKOIUICHUS YaCTHII,
BBI3BaHHBIC, TO-BUIMMOMY, Onojerpanamueit KO mok-
peiTHs (puc. 1).

OOHapyKEeHHBII pe3yabTaT He ObLI CBSI3aH C TOKCHY-
HOCTBhIO KD MOKpHITHS, MOCKOIBKY BIAIH OT 00pa3ioB
¢ KO® noxpbITHEM NOABMKHOCTD KJIETOK B 9KCIIEPUMEH-
TaIIBHBIX MPO0AX CTAaTUCTHICCKU 3HAYMMO HE OTIINYAIIACh
OT TaKOBOI B KOHTPOJIBHOM KYJIBType.

Taxum o6pazom, Cell-1Q-cuctemoit 3adukcupoBan
BBIXOJI MUKPOYACTHI] B MEKKIIETOUHYIO KUIKOCTb, KOTO-
pblil BU3yaJbHO YCHUJIMBAJICS C YBEJIMYEHHEM IIEPO-
xoBarocti KO nokpbiTust B quanasone R =2,4-4,4 Mk,
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coating surface faced the cell layer), the cells had no
direct contact with the coating for a long time, which
determined an indirect (via dissolved substances) in-
fluence on directed cell migration towards the specimens
and/or away from them. The MMSCs-AT culture on
plastic surface of culture plates with no added specimens
with CP coating served as a control.

Digital photographs of cell culture were obtained
every 45 min. Several electronic libraries of cell digital
video images were created for their efficient identi-
fication.

The data obtained were processed with the methods
of descriptive statistics and those for testing statistical
hypothesis, used in Statistica 10.0 standard packages
(StatSoft, USA).

. i e N NSRRI ALY
Puc. 1. ®asoBo-koHTpacTHoe Cell-IQ-BugeonsobpaxeHve
MOPONOrM4ecKkoro COCTOSAHUS KynbTypbl MYIbTUMNO-
TEHTHbIX ME3eHXMMarsbHbIX CTPOMAarbHbIX KNETOK >XMPO-
BOW TKaHM 4YernoBeka. Murpaums kneTok n3 5-yacoBom
30Hbl K 11 yacam (no undgepbnaty). Benon ctpenkon
OTMeyYeHa haroumTmpyroLas KneTka.

Fig. 1. Phase-contrast Cell-IQ-video image of morphologi-
cal state of multipotent mesenchymal stromal cell culture
of human adipose tissue. Migration of cells from a 5-hour
zone to 11 hrs (by clock dial). A white arrow marks a
phagocytising cell.

The experimental culture of stromal cells correspon-
ded to morphological criteria of MMSCs-AT. The Cell-
IQ system enabled establishing the fact that, as a result
of using a synthetic CP coating, in contrast to pure TiO,,
the rate of MMSCs-AT movement along the plas-
tic surface was slowed (down to 46% of the control).
To day 14 in the wells, containing the CP-coated titanium
specimens, a 10-times lower cell mass was formed at the
specimen edge as compared to the control, testifying
thereby to a significant inhibition of the MMSCs-AT
directed migration towards the tested objects. Single
cells migrated to the specimen’s surface. Near the samp-
les, between migrating MMSCs-AT, the clusters of




(bopMupyeMoii OBICTPO PACTBOPUMBIMHE CHEPOTUTAMU
(puc. 2). Kax cnencrsue, npu ysenuyenuu R ysenu-
YyuBaiach IIoMaaL pacTtBopuMoil yactu KO moBepx-
HOCTH, YTO, TO-BUJTUMOMY, IPUBOAUT K BBIXOAY YACTHUILI,
OKa3bIBaIOLUX MEXaHUYECKOE NPENATCTBUE JIBUXKeE-
Huto MMCK-XT npu npoxoxaeHuu KIETOK MEXY
K® xpucrannmuramu. OnTudeckas cucreMa mo3Boynia
3ahukcupoBath GaroruTo3 Mukpodactuil. Obda mporecca
CTIIO0COOHBI TOPMO3HUTE CKOPOCTH KIIETOYHON MUTPAITHH.

Kpome Toro, B mpucyTcTBHH 00pa3noB ¢ MHKpO-
nyroBbiM KO nokpsituem u3 cuarernueckoro I'AIT mo-
JKET CHIKAThCSI MUTpalnoHHas criocooHoctb MMCK-
)T, BeposiTHO, 32 cUET IPOAYKTOB Oroaerpamanyn. Tak,
HOHBI KaJIbLIUsL, AKTUBUPYIOLIHE KaJIbLIUITyBCTBUTEIbHBIN
penenTop, CHOCOOHBI CTHMYIUPOBATH MU epeHITH-
poBanne MMCK B ocTeo0iacTel 1 MUHEPATU3ALUIO
MaTpHUKCa, 4TO MOXKET OIPAaHUYUBATH UX JBUIATEIb-
HYIO aKTUBHOCTS [6].

[Toy4yeHHble pe3ysnbTaThl TMO3BOIAIOT pacmudpo-
BaTh KJIWHUYECKUE JTaHHBIC O Pa3IMYHBIX MEXaHM3-
Max octreomHTerpannuu KO nmoxpsITui, BIUsIONIEH Ha
Ppe3yJIbTaThl OCTEOCHUHTE3a TIPH TOBPEKACHUSIX U 3200-
JIeBaHUSX KOCTHOM TKaHu [1].

Hccneoosanue evinonneno npu uHancogou nodoepicke
Poccuiickoeo nayunoeo ¢onoa (npoexm 16-15-10031, cpasru-
MENbHBI AHATU3 PE3VIbIMAMOS KYIbMUBUPOBAHUs KIENOK) U
PODU (npoexm 15-03-07659, useomosnenue mamepuanog ous
KYIbMUBUPOBAHU KIIENMOK U MeCMUposanue QusuKo-xumMu4ecKux
ceolicma).
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particles were found, apparently caused by biodegra-
dation of CP coating (Fig. 1).

This finding was not associated with the toxicity of
CP coating, since in a distance from the CP-coated spe-
cimens the cell motility in experimental specimens did
not statistically significantly differ from that in the
control culture.

Thus, the Cell-1Q system recorded the release of
microparticles into an intercellular fluid, which was vi-
sually enhanced with an increase in roughness of CP
coating within the range of R, = 2.4-4.4 um, formed

Puc. 2. CkaHupytoLwasa anekTpoHHas MUKpocKonusi cdhe-
ponuToB, hopMupyoWNX penbed KanbuumdochaTHoro
MUKPOOYroBOro NokpbITUS Ha TutaHe; x2 500.

Fig. 2. Scanning electron microscopy of spherolites, form-

ing the relief of microarc calcium-phosphate coating on
titanium; x2 500.

by rapidly soluble spherolites (Fig. 2). As a consequence,
with the R increase, the area of soluble part of CP sur-
face augmented, which apparently resulted in the re-
lease of particles, causing a mechanical obstacle to the
MMSCs-AT motion during cell passage between CP
crystallites. The optical system made it possible to ob-
serve the phagocytosis of microparticles. Both processes
are capable to inhibit the rate of cell migration.

In addition, in the presence of specimens with a mic-
roarc CP coating made from synthetic HA, a migration
ability of MMSCs-AT may decrease probably due to
biodegradation products. For example, the calcium
ions, activating the calcium sensitive receptor, are able
to stimulate the MMSCs differentiation into osteoblasts
and matrix mineralization, which can limit their motor
activity [6].

Our findings enable decoding the clinical data on
various mechanisms of osseointegration of CP coatings,
affecting the results of osteosynthesis in injuries and di-
seases of bone tissue [4].
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