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Isolation of Human Third Molar Dental Pulp Stem Cells and Their
Characteristics Before and After Cryopreservation

Pedrepar: Y poboti npoBogunu BugineHHs ctosbyposux knituH nynbnu (CKIT) 3apopkie TpeTix momspie (3y6iB myapocTi) nio-
OVHN PepMeHTaTVBHUM METOAOM i3 BUKOPUCTAHHAM KonareHasw, AOCHifKyBanu iXHIO MOpPJOSOorito B yMOBaX MOHOLUAPOBOrO Kyrb-
TUBYBAHHS, BU3Havanm iMyHOMEHOTUM, a TakoX OLiHIoBanu nponidepaTnBHi BNAacTUBOCTI Ta AudepeHLiloBanbHUi NoTeHuian Ao Ta
nicnsi KpiokoHcepByBaHHA. [NokasaHo, WO 3a MOPMOMOriYHMMK O3HaKamu, npodinemM MoBEpPXHEBMX MapKepiB i AudepeHLiloBanbHUM
noteHuianom otpumadi CKI BignoeigatoTe MynbTUNOTEHTHUM Me3eHXiManbHWM cTpoMarnbHuMm KniTuHam. KpiokoHcepByBaHHs CKI1
LNSXOM noBinbHOro oxonogxerHs (1 °C / xB) go —80°C i3 nmoganbluMM 3aHYpPEeHHAM B PiAKAN a30T y CepedoBULLi KyrnbTUBYBaHHSA
6e3 kpionpoTekTopa Npu3BoAMTbL A0 3armbeni kniTuH. KpiokoHcepByBaHHS 3a Tielo camoi nporpamoto B npucyTHocTi 10% gumeTtun-
cynbdokenay (AMCO) i 20% cupoBaTku go3sonse otpumysaTty CKI1 i3 xutTesgaTtHicTio (82 + 6)%, ki BUSBMATL MeTabonivny i npori-
depaTnBHY aKTUBHICTb, @ TaKOX 34aTHICTb OO CMPSIMOBAHOrO AMdepeHLiloBaHHS B OCTEO- Ta aAMMOreHHOMY HampsiMKax Ha piBHi,
npuTamaHHOMY KriTMHaM A0 KPiIOKOHCEPBYBaHHS.

Knio4yoBi cnoBa: nynbna, MynbTUNOTEHTHI Me3eHXiMarnbHi CTpOMarnbHi KNiTUHK, iMyHOdeHOTMN, nponidepauis, MynsTUMiHInHE
OndepeHLitloBaHHS, KPIOKOHCEPBYBaHHS.

Abstract: Dental pulp stem cells (DPSCs) from human third molar tooth germ (wisdom tooth) were isolated using a collagenase-
based enzymatic method, the obtained cells were analyzed as for morphology in monolayer culture, immunophenotype, proliferation and
differentiation potential before and after cryopreservation. In this study we showed that based on morphological features, surface markers
profile and differentiation potential, the isolated DPSCs corresponded to multipotent mesenchymal stromal cells. DPSCs cryopreservation
by slow cooling (1 °C / min) down to —80°C with subsequent immersion into liquid nitrogen in cryoprotectant-free culture medium led
to a cell death. Cryopreservation using the same protocol in the presence of 10% dimethyl sulfoxide (DMSO) and 20% serum ensured
(82 + 6)% cell viability; while metabolic and proliferative activity, as well as the ability to differentiate into the osteo- and adipogenic
lineages of cryopreserved DPSCs were similar to their non-cryopreserved counterparts.

Key words: dental pulp, multipotent mesenchymal stem cells, immunophenotype, proliferation, multipotent differentiation, cryo-
preservation.

3acTocyBaHHs KIITHHHUX TEXHOJIOTiIH Ha CbO-
TO/IHI JIO3BOJISIE BHPINIYBaTH pPI3HOMAHITHI 3aaadi
B PI3HUX raimy3sX HayKd — BiJl Cy4acHOI Cympamo-
JEKYNApHOI XiMil 10 MPUKIAIHUX PO3POOOK Yy Me-
JTUKO-010JI0TIYHIN cdepi, Mo CTUMYIIIOE TOAAIBIII
JMOCITIDKEHHST (YHKITIOHAIBHOTO TOTCHITIANy pi3-
HUX KJITHH 1 KTITHHAUX TTOIMYJISIHN, a TAKOXK TOTIYK
HOBHX JDKEPEJ JJIsl IXHBOTO BHJIIJICHHS.

KitiTrHH1 TeXHOOTIT Bce MHpIIe BIPOBAKYIOTh-
cs11 B HOBITHI TepaneBTHYHI CTparerii, aKki 6a3yroThes
Ha IMIJX0JaX PEreHepPaTUBHOI MEIUIMHU Ta Oi0iH-
xeHepii. OOrpyHTOBaHMH BHOIp KIITHHHOTO KOM-
[OHEHTAa JUIsg WX IUJIeH Halvacrime BifgOyBaeThCs
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Currently, the use of cell technologies enables
solving various tasks in different fields of science:
from modern supramolecular chemistry to applied
developments in biology and medicine, thus pro-
moting the further research of functional potential
of different cells and their populations, as well as
the finding of new sources of isolation.

Cell technologies are now increasingly being
implemented in new therapeutic strategies based
on regenerative medicine and bioengineering
approaches. Stem cells (SCs) are often reasonably
selected as a cell component for these purposes.
In addition to a high proliferative potential, they
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Ha KopucTh cToBOypoBux kmituH (CK), BigMiHHOIO
pHCOIO SIKHX, OKpPIM BHCOKOTO MpOJi(epaTuBHOTO
MOTEHLIaNY, € 31aTHICTb 10 AU(EPEHIIIOBaHHS B Pi3-
HUX HampsMKax 3aJeKHO BiJl YMHHUKIB MIKPOOTO-
yenHs. OcobnmuBy yBary npuseptarotb CK, orpumani
3 BJIACHUX TKAaHMH IALli€HTa, OCKIIbKM BBEICHHS
AJIOTeHHUX KJIITHH 3/1aTHE BUKJIMKATH IMYyHHY Bil-
TIOBIZb 1 TOB’s13aHE 3 pU3HMKOM iH(QiKyBaHHA. [Ipio-
pUTETHICTH 3acTocyBaHHs aBroyoriuamx CK Ha Te-
MepimHii yac akKTyali3yeThCsl 4epe3 pPO3rOpTaHHS
cTparerii «repcoHipiKoBaHOT» METUIIMHU 1 3poc-
TAIOUOro TIONUTY HA CTBOPEHHSI MaJOPU3UKOBUX
TEXHOJIOTIH 13 BUKOPHCTAHHSM JIUIIE aBTOJIOTIYHUX
MaTepiaiiB 1 KJIITHH.

B ocraHHI poKHM TEpCIEKTUBHUM 1 JOCTYITHUM
JoKepesioM Jiisi orpuManHs aBrosioriyHux CK BBa-
KAIOThCSl 3apOAKH 3yOiB MyApocTi (TpeTix Mous-
piB) [25]. B emOpiorenesi 3aponku 3y0iB (ITynbIia
Ta OTOYYIOUi TKaHWHHU) (OPMYIOTHCS 3a B3a€MOAIl
ME3CHXIMaJIBHUX 1 €KTOIEPMaJIbHHUX KIIITHH IIUI Ta
TOJIOBH, SIKi, B CBOKO 4epry, OepyTh MOYATOK i3 HEp-
BOBOTO TpeOeHs — MPOBI3OPHOTO OpraHa, KIITHHHI
€JIEMEHTH SIKOTO TICISl YTBOPEHHS HEPBOBOI TPYOKH
MITPYIOTh y Pi3HI JUISHKH TiJIa 1, 30KpeMa, B TIep-
BUHHY pOTOBY mNopokamHy [12, 21]. Tpeti moms-
pH Yy JIIOJMHHM TOYMHAIOTh AKTUBHO PO3BUBATHUCS
Ha IIOCTOMY POIli )XKHUTTA 1 10 18 pokiB wacTo 3aiu-
[IAIOTHCSI HE OCTAaTOYHO chopMoBaHUMHU. BHaciOK
LOTO B TKAHWHAX 3apOJIKiB 3y0iB MYIPOCTI i, 30K-
pema, B MyjbIli 30epiraroThCsl KITHHU 3 BHCOKOIO
IUTACTHYHICTIO — cTOBOYpoBi KiiTiHU mynbnu (CKII)
[3, 11, 22]. IlepeBaramMu TpeTiX MOJSPIB SIK JXKe-
pena CK BBakarThCsl JOCTYNHICTH 1 HHU3bKa iH-
Ba3HWBHICTh OTPUMAaHHS IIUTLOBOTO Marepianmy [4].
Kpim Ttoro, BupmaneHHs 3apoAkiB 3y0iB MyapocCTi
32 OPTONOHTHYHMMH MOKAa3aHHSIMH € JIOCHTH PO3-
MOBCIOIKEHOIO CTOMATOJIONYHOI0 MPOLEAYPOIo, a
BHJIAJICHI 3yOHM BIJHOCATHCSA 110 MEIWYHHX BiJIXO-
IiB.

CToBOYpPOBI KIITHHU TYJIBITH BIIEPIIIC OyIH BUITY-
YeHI 3 TPETIX MOJBIPIB MIJISTXOM MOETHAHOI 00pOOKH
TKaHWUHH Tynbnu npu 37°C MpoTATOM OHI€T TOAWMHA
JBOMa ()epMEHTaMHU: KOJIAareHa30r0 Ta JUCIa3oro [5].
Ha nanuit yac Takox 3aCTOCOBYIOTH €KCIUIaHTAIlili-
Hul Metox [6, 20] a00 MOENHYIOTH Il JBa MiAXOAU
[18]. Ilpu mpomy st (epMeHTaTHBHOT OOpOOKH
000B’SI3KOBO BUKOPHCTOBYIOTh KOJIAT€HA3Y, 1 B OLJIb-
IIOCTI JIOCHIJIKCHB 11 JIOMIOBHIOKOTH IIIE OJIHIEIO TIPO-
TEa3010: AWCIA30l0, TPUIICHHOM a00 TEPMOII3MHOM
[10, 11].

OOO0B’A3KOBUMH YMOBaMH IIMPOKOTO MPaKTHY-
Horo 3actocyBanHa CKII y wmenuko-Gionoriunii
cepi € ix KOHCEpBYBaHHS 1 TpuBase 30epiraHHs, siKi
MaroTh 3abe3mnedyBaTrcs €()EeKTHBHUMH 1 JTOCTYTI-
HUMH METOIaMHU KPIOKOHCEPBYBaHHS, & TAKOXK HasIB-
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exhibit the capacity to differentiate into various
lineages depending on microenvironmental fac-
tors. Of particular attention are the SCs derived
from the patient's own tissues, since the introduc-
tion of allogeneic cells can elicit an immune re-
sponse and may cause an infection. The priority
of using autologous SCs is currently actualized
through developing the strategy of 'personalized'
medicine and a growing demand for designing
the low-risk technologies with use of autologous
trasplants and cells only.

Recently, the wisdom tooth (third molar) germs
are considered to be promising and affordable
source for procuring autologous SCs [25]. In emb-
ryogenesis, the tooth germs (pulp and surrounding
tissues) are formed by interaction of mesenchymal
and ectodermal cells of neck and head, which,
in turn, originate from the neural crest: a transient
organ, the cell elements of which migrate after
neural tube formation into different body’s parts,
and primary oral cavity, in particular [12, 21]. The
human third molars begin to actively develop in
age of 6 years and often remain incompletely
formed until the age of 18. As a result, the cells
with a high plasticity, i. e. the dental pulp stem
cells (DPSCs) are preserved in wisdom tooth germ
tissues and, particularly, in dental pulp [3, 11, 22].
The advantages of third molars as a SCs source
are the availability and minimally invasive proce-
dure of target material procurement [4]. Further-
more, the extraction of wisdom tooth germs by
orthodontic indications is quite a common dental
procedure, and the extracted teeth are considered
as medical waste.

Dental pulp stem cells were first obtained from
third molars using combined treatment of pulp
tissue with two enzymes: collagenase and dyspase
at 37°C for an hour [5]. The explant technique
is currently used as well [6, 20] or these both
approaches are applied jointly [18]. Herewith, a
mandatory step in enzymatic treatment is the use
of collagenase, supplemented in most studies with
one more protease: dyspase, trypsin or thermo-
lysin [10, 11].

The prerequisites for the DPSCs widespread
practical application in medicine and biology
include their preservation and long-term storage.
They should be ensured by efficient and affordable
cryopreservation techniques, and available DPSCs
banking as well. The prospects of DPSCs banking
development are also supported by the opportunity
to procure them from deciduous and permanent
teeth, periodontal ligaments, periapical follicles of
adult teeth [11, 22]. Since the DPSCs are relatively
new object for cryobiological research, in most
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HicTIO 0aHKiB uX K1iTHUH. IlepcnekTuBHICTH PO3-
BUTKY OankiB peHranbHux CK  migkpirmoeTses
TAKO)K MOXIIUBICTIO X OTpPUMaHHA 3 MOJIOYHHX 1
MOCTIHKUX 3y0iB, MEPiOAOHTANBHUX 3B’S30K, Iepia-
mikanpHUX (onikymiB gopocnux 3yoiB [11, 22].
Ockinpkn CKIT € BiZHOCHO HOBUM 00’ €KTOM IUIS
KpioOiONOTIYHUX JOCHI/KEeHb, Y OUIBIIOCTI poOiT
IUIl HUX OOMpaeThCs CTAaHAAPTHUM METOA 3aMo-
POKYBaHHS CYCIIEH31H KIITHH i3 TIOBUTBHHUM OXO-
nmomxeHHsM 10 —80°C 11 3aXUCTOM KPiOTIPOTEKTOpa
mumetuncynbhokeuny (AMCO) [2, 11, 24].

Mera nanoi poOOTH — BUAUICHHS CTOBOYPOBHX
KIIITHH TYJBIH 3apOJIKiB TPETiX MOJISpPiB (3y0iB My-
JIPOCTI) JTFOMUHYE (DEPMEHTATUBHUM METOJIOM 13 BUKO-
pUCTaHHSIM OIHOTO (DEPMEHTY KOoJlareHasu, JOCHiJ-
KEHHS IXHbOi Mopdoorii 32 yMOB MOHOILIAPOBOTO
KyJBTUBYBaHHS, BU3HAYCHHSI IMyHO(EHOTHUITY, & Ta-
KOX OLIiHKa IpostihepaTUBHUX BIACTUBOCTEH 1 Aude-
PEHLIIOBAIBHOTO MOTEHILIay 10 Ta Micis KPiOKOH-
CEpBYBaHHS.

Marepianu Ta meToau

MarepiaioMm JOCIiKSHHS Oylia ImyJiblia 3apojKiB
TPETIX MOJAPIB, BUJAICHUX y 3JOPOBUX TAITIEHTIB
3a OPTOJOHTHYHUMH TMoKazaHHsIMHU (N = 4). IIpore-
IypH, SKi TIOB’A3aHi 3 OTPUMAHHSAM TKaHWH JIIOAWHA
1 MaHIMyJIALISIMA 3 HAMH, MPOBOAMIM BIAMOBIIHO
o pekomennaiii lenbciHcbkol aeknmapamii Bce-
CBITHBOI MeauuHOi acorriaiii «ETHYHI HmpUHIUIN
MPOBEJICHHS MEIUYHUX JOCHTIHKEHb 32 Y4acTiO JIO-
JMHU Y SIKOCT1 Cy0’€KTa JOCITIKSHHS».

Bunaneni 3yOu BMimgyBanu B po3uMH XEHKca 3
cymimmo anTuOiotukie (100 ox/mMn meHinWIiHY
i 100 mxr/mn crpentominuny). Kmituam Buains-
mn depmentatuBauM MetonoMm 3a S. Gronthos Ta
criBaBT. [5] 6e3 BUKOpUCTaHHS Jaucma3u. JJis 1boro
10 (parMeHTiB MyJbIM AONABAJIM PO3YMH KoJlare-
Hasu («Sigmay, CIIA) no kiHIeBoi KOHIEHTpaIlii
3 mr/mia Ta iaKyOyBasim mpotsrom 30 xB mpu 37°C
1 TOCTIHHOMY CTpPYIITYBaHHI.

Otpumani cycnensii nearpudyrysanu mpu 150g
MPOTATOM 7 XB, OCaaM PECYCICHIYBAIN B KYJIBTY-
pansHOMY cepenouili (KC) a-MEM («PAA», ABcrt-
pisi), nonoBHeHOMY 10% emMOpioHaNbHOT CHPOBATKH
(EC) Benukoi poraroi xymoou, 50 o/mi1 neHIIWIIHY
Ta 50 MKI/MJI CTPENTOMILIUHY, 1 IEPEBOIUIINA B YMOBH
MOHOIIAPOBOro KynbTuBYBaHHsa npu 37°C, 5% CO,
1 95% BOJIOTOCTI 3 3aMIHOIO CepeloBUINA KOXxHI 3—4
no6u. Ilicns mocsirHeHHST KyabTypaMu CyOKOH(ITy-
CHTHOTO MOHOIIAPY KJIITHHH BIAKPIIUIIOBAIH Bij
KyJBTYPaJIbHOTO TUIACTHKY 3a CTaHJApTHOI METO-
JUKOI0 3 BHUKOPHCTAaHHAM CyMilli TPHUIICHH/BEpPCEH
y criBBigHOmeHHi 1:4. KoxkHy NepBHHHY KIITHHHY
KyJbTYpY HAacHUBYBAIM SK TPU HapayieibHi CyOKyIb-

Typu (N = 12).

studies they are frozen with the standard method
for cell suspensions by slow cooling down to —80°C
and dimethyl sulfoxide (DMSO) protection [2, 11,
24].

The objective herein was to isolate the dental
pulp stem cells from human third molar tooth (wis-
dom tooth) germs using the collagenase-based
enzymatic method, to study their morphology in
monolayer culture, to determine immunopheno-
type, as well as to evaluate proliferation and dif-
ferentiation potential prior to and after cryopre-
servation.

Materials and methods

The third molar tooth germ pulp extracted from
healthy patients by orthodontic indications (n =
4) was used in the reserach. All the procedures
for human tissue procurement and manipulation
were performed in accordance with the recom-
mendations of the Declaration of Helsinki of the
World Medical Association 'Ethical Principles for
Medical Research Involving Human Subjects'.

Extracted teeth were placed in Hanks' solution
with antibiotics mixture (100 IU / ml penicillin
and 100 pg / ml streptomycin). Cells were isolated
using the dyspase-free enzymatic method accor-
ding to S. Gronthos et al. [5]. For this purpose, the
pulp fragments were supplemented with collage-
nase solution (Sigma, USA) up to a final concentra-
tion of 3 mg / ml and incubated for 30 min at 37°C
with constant shaking.

The resulting suspensions were centrifuged
at 150g for 7 min, the pellets were re-suspended
in a-MEM culture medium (CM) (RAA, Austria)
supplemented with 10% fetal bovine serum (FBS),
50 IU / ml penicillin and 50 pg / ml of streptomycin,
and transferred into monolayer culture at 37°C, 5%
CO, and 95% humidity. The medium was chan-
ged every 3—4 days. When the cells reached the
subconfluent monolayer, they were then detached
from a culture plastic according to the standard tech-
nique using the trypsin / versen mixture in 1: 4 ratio.
Each primary cell culture was passaged as three
parallel cell subcultures (n = 12).

Cell cultures were daily monitored with the
inverted microscope Ceti Inverso (CETI, Ger-
man).

To assess the dynamics of cell proliferation within
passaging, we determined the population doubling
time and population doubling [15].

Population doubling time (PDT) was calcula-
ted by the following formula:

1

PDT = ;
3,32x(IgN, —1gN,) /T
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[{oneHHMIT KOHTPOIb CTaHY KIITHHHUX KYJIBTYP
IIPOBOJIMIIH 32 JIOMTIOMOTOK) 1HBEPTOBAHOTO MiKPOCKO-
na «CETI Inverso» («CETI», Himeuuuna).

Jus ominky muHaMiku mpornideparii KITHH y
Mporieci MacHBYBaHHS BH3HAYAIM 4Yac TOJBOEHHSI
TIOTYIIATT Ta YUCIIO KIIITUHHUX TofimiB [15].

Yac TOMBOEHHS TMOMYMSIil PO3paxoByBaIM 3a
hopmyroro:

T 1
3,32x(IgN, —1gN,) /T

ne N, — KUTBbKICTh BIJIKPITUICHUX KITITHH; N0 — KLJIb-
KIiCTh MOCISIHUX KITHH; 1 — TEpMiH KyJIbTHBYBaHHS,
TOJIMHH.

Jl1st BU3HAYEHHS YHCiIa KIIITHHHUX IMOALUTIB (TI0/-
BoeHb) y nomyssrii (PD) BukopucroByBamu hopmy-
ay:

IlgN, —-1gN, ,
lg2

PD =

ne N, — KUIBKICTh BIJKPIMJICHUX KITITHH; N, — K1JIb-
KIiCTh MOCISTHUX KITITHH.

EdexruBHicTs mpomidepanii KIITHH OLiHIOBAJIH
3a CyKYITHHM 1HIEKCOM KIITHHHHUX HOALTIB y TOIMYJIs-
uii (CPD), sikuit Bu3Hauanu sik cymy PD morounoro
i PD monepeaHporo macaxis.

3 METOI0 KpIOKOHCEPBYBAaHHS KJIITHHH 5-TO Ma-
CaXy pPECyCIIEHAYBaJU B KPiO3axXMCHOMY Cepeso-
Bumii Ha 0Oa3i o-MEM 3 50 om/mn meHimwminy i
50 MKr/MIT cTpenToMinuHy, mo Mictiiro 10% JIMCO
i 20% EC (0,5 x 10° xaitua y 0,5 M1 cepeoBuIna).
[Micns 5-XBUMMHHOT €KCIO3MIIT CyCHeH3il KIiTHH
nomimanu B KpionpoOipku («Nuncy, CILIA) 06’ emom
1 Mt 1 3aMOpOKYBaJIK 31 HMIBUJKICTIO OXOJIOJKCHHS
1°C / xB 10 —80°C Ta nomajIbIINM 3aHYPEHHSIM Y Pif-
kuii a30T. KpiokoHcepBOBaHi 3pa3ku 30epiraiu B pij-
KoMy a3ori 3a Temmeparypu —196°C BOpogoBxk
3-X TWXHIB, BiAirpiBasm Ha BoAsHIN OaHi mpu 37°C.
HeratuBHum KoHTposneM Oyinu KIITHHH, KPiOKOH-
CEpBOBAaHI 3a TAKUM CaMHMM PEKHMOM OXOJIOJPKCHHS
B CepeoBHILi O€3 KpiompoTeKTopa.

besnocepennbo micns BiAirpiBy Ta BiAMHBaH-
HA KITHH BiJl KPIOMPOTEKTOpa OIHIOBAIN IXHIO
KUTTE3NATHICTh 32 TECTOM TPUIIAHOBOI'O CHHBOIO,
KWW BHU3HAYAE IUTICHICTD TUIA3MAaTUIHOI MeMOpaHu
kiiTuH. KIiTHHHY CyCIeH3i10 pO3BOAMIN B CIIBBiA-
vomenHi 1:1 3 0,4%-M pO3YMHOM TPHUIAHOBOTO
CUHBOTO B (ocharHo-comroBomy Oydepi («Sigma-
Aldrichy, CIHIA), xigbkicTh 3a0apBiieHUX 1 He3a-
OapBICHUX KIITHH IiJpaxoByBajHl 3a CTAHAAPTHUM
MIPOTOKOJIOM. JKUTTE3NaTHICTh BU3HAYAIM SK YaCTKY
He3a0apBICHUX KIITHH Y 3arajbHild KiJIbKOCTi KITi-
THH CYCIEH31i, BUPaXXEHY Yy BiJICOTKaX.

npo6nemu Kpiobionorii i KpiomeanLMHN
problems of cryobiology and cryomedicine

Tom/volume 31, Ne/issue 1, 2021

where N, is a number of detached cells; N, is
a number of seeded cells; T is culture period, hrs.
To determine the population doubling we used

the following formula:

IlgN, —IgN,
lg2

PD =

where N is a number of detached cells; N, is
a number of seeded cells.

Cell proliferation efficiency was assessed by
cumulative population doubling (CPD), determi-
ned as the sum of PD of current and previous passa-
ges.

For further cryopreservation, the cells which
underwent 5 passages were re-suspended in the a-
MEM-based cryoprotective medium with 50 IU / ml
penicillin and 50 pg / ml streptomycin, contained
10% DMSO and 20% FBS (0.5 x 10° cells in 0.5 ml
of medium). After 5-min exposure, cell suspensions
were placed into 1 ml cryotubes (Nunc, USA) and
frozen with 1 °C/min down to —80°C and then
immersed into liquid nitrogen. Cryopreserved
samples were stored in liquid nitrogen at —196°C
for 3 weeks, warmed in a water bath at 37°C.
The cells cryopreserved with the same cooling
regimen in cryoprotectant-free medium were nega-
tive controls.

Right after the cells were warmed and washed
out of cryoprotectant, their viability was evaluated
by trypan blue test, measuring the plasma mem-
brane integrity of cells. The cell suspension was
diluted in 1:1 ratio with 0.4% trypan blue solution
in phosphate-buffered saline (Sigma-Aldrich, USA),
a number of stained and unstained cells was counted
according to the standard protocol. The viability
was determined as a share of unstained cells in the
total suspension cell number, expressed as a per-
centage.

Metabolic activity of cells was evaluated using
the redox indicator Alamar Blue (AB, Serotec Ltd,
USA). For this purpose, the cell suspensions were
placed into culture plate wells and cultured for
24 hrs in CM. Afterwards, the medium was chan-
ged for fresh one, containing 10% AB. The fluores-
cence level of AB reduced form was assessed after
3-hour incubation at 37°C with spectrofluorime-
ter (TECAN Genios, Austria) at 550 nm excitation
and 590 nm emission wavelengths. The ratio of
fluorescence levels of experimental and blank (cell-
free) specimens was the index of AB reduction.

Cell immunophenotype was analyzed using mo-
noclonal antibodies CD29-PE, CD45-PE, CDI105-
FITC (Serotec Ltd), CD34 Class II-FITC, CD44-
FITC, CD73-PE, CD90-FITC (BD Biosciences,




MertaboniyHy aKTHBHICTh KJIITUH BU3HAYaId
3a JIONOMOTOI0 penokc-inaukartopa Alamar Blue
(AB, «Serotec Ltd», CIIIA). Ins uporo cycmnensii
KIIITHH TIOMIIAlId B JIYHKH KYJIBTYPaJbHOTO TIJIaH-
mera i KylIbTUBYBaju mpotsroM poom B KC, mic-
JI. 9OTO TIPOBOIMIIM 3aMiHY CepeloBHUIIa Ha CBiXKe,
mo Mmictuno 10% AB. Ilicna 3-ropnHHOI iHKyOamii
pu 37°C piBeHb (QIIyopecIieHIlii BiTHOBICHOT dop-
Mu AB OIiHIOBAJIIM 32 JOTIOMOTOIO CIEKTPOQITyO-
pumetrpa «TECAN Genios» («Tecan», ABCTpist) mpu
JOBKHHI XBUJII 30y/pKeHHST 550 HM 1 TOBKHHI XBUJI1
emicii 590 um. CHiBBIJHOIICHHS PIBHIB (uyopec-
LIEHIIT EKCTICPUMEHTAJIbHUX 1 XOJOCTHX (03 KITITHH)
po0 OyJI0 MOKa3HUKOM BifHOBICHHS AB.

AmHaniz iMyHO(EHOTHIy KIITHH 3AiHCHIOBAIN
3 BUKOPUCTaHHSIM MOHOKJIOHaNbHUX aHTUTi1 CD29-
PE, CD45-PE, CD105-FITC («Serotec Ltd»), CD34
Class II-FITC, CD44-FITC, CD73-PE, CD90-FITC
(«BD Biosciencesy», CIIIA). Cycrien3ii kit 5-ro ma-
CaXy, BIIKPIMUIEHUX BiJ IJIACTUKY MUIIXOM CTaH-
JApTHOI TPUIICHHI3aMI1, HeHTpudyryBamm npu 150g
IIPOTSTOM 5 XB, OTpuMaHi ocaau 3’equysanu 3 FITC-
a060 PE-koH’IOrOBaHUMH MOHOKJIOHAJBHUMH aHTH-
TiTaMHu Ta iHKyOyBamu mpoTsroMm 30 XB mMpu KiMHAT-
Hilf Temneparypi B TeMmpssi. [licis iHKyOartii KITiTHHA
TPUYl BiIMHBAJIA BiT MOHOKJIOHAJIGHUX AHTHUTLI
po3unHoM XeHkKca 3 HeHTpudyryBanusam mpu 150g
MPOTATOM 5 XB, OTPHMaHi 3pa3Kd aHalli3yBajd Ha
npotounoMmy rurodayopumetpi «FACS Calibury
(«BD Biosciences»). Pesynbrati mpoTo4HOT IUTO-
MeTpii OLiHIOBAJU 32 JornoMoror mnporpamu FCSa-
lyzer 0.9.13 (ABctpis).

Hnst iHAyKOii OCTEOreHHOro Au¢epeHIifoBaH-
HSl TOCI/IKYBaH1 KIITHHU KyJIBTUBYBAJIH MPOTATOM
21 mobu B KC, 110 MicTHIIO BiINOBiJIHI iHIYKTOPH:
0,2 MM ackopOinoBy kuciory («Sigma-Aldrich»),
10 MM B-rminepodocdar («Sigma-Aldrich») i 1 MmkM
nexcamera3oH («Sigma-Aldrichy»). Ilicns 3akin-
YEeHHSl EKCIIEpUMEHTY KyinbTypu GikcyBanu 4%-M
3a0ydepennm dopmaninom. s inmukamii mude-
PCHLIIOBAaHHS BUSBIISUIM  HAKONMYEHHS I03aKJIi-
TUHHOTO KaJbIlif0 Ha (PIKCOBAaHUX Ipernaparax Iic-
ns1 2-xBUIWHHOI 1HKYOarii B 1%-my po3uuHi O6aps-
nuka Alizarin Red S («Sigma-Aldrichy») 3a kiMmHaTHOT
TEMIIePaTyPH.

Cepenouiie Juist 1HAYKIT aUIOreHHoro jaude-
penuitoBaHHss Ha ocHOBI KC wmicTtuio iHIyKTOpH:
0,5 MM 3-i300ytun-1-merni-kcantuH («Sigma-
Aldrich»), 1 MkM nexcametaszon («Sigma-Aldrichy),
10 mkr/ma incyniny («Sigma-Aldrich») i 100 MxM
ingomeranmH («Sigma-Aldrichy). Tlicns 21-i mobu
KyJIbTHBYBaHHA B QJIUTIOTEHHOMY CEPEIOBHII KITi-
TUHU (QiKCyBajM sK onucaHo Buile. Peamizarito aau-
MTOTEHHOTO NH()EPEHIIIFOBaHHS OIIIHIOBAIIN 3a HAasB-
HICTIO B IIMTOIUIA3Mi BaKyoOJeW, 3allOBHEHHX HEHT-

USA). Cell suspensions, which underwent 5 passa-
ges, were detached from plastic by standard tryp-
sinization, and then centrifuged at 150 g for 5 min.
The obtained pellets were combined with FITC- or
PE-conjugated monoclonal antibodies and incu-
bated for 30 min at room temperature in the dark.
After incubation, the cells were thrice washed out
of monoclonal antibodies with Hanks' solution
by centrifugation at 150g for 5 min. The resulted
specimens were analyzed with FACS Calibur flow
cytometer (BD Biosciences). The flow cytometry
data were evaluated with FCSalyzer 0.9.13 soft-
ware (Austria).

To induce an osteogenic differentiation, the stu-
died cells were cultured for 21 days in CM, inclu-
ding the following inducers such as: 0.2 mm ascorbic
acid (Sigma-Aldrich), 10 mm [-glycerophosphate
(Sigma-Aldrich) and 1 pm dexamethasone (Sigma-
Aldrich). After completing the experiment, the
cultures were fixed with 4% buffered formalin.
To indicate differentiation, the accumulation of
extracellular calcium on fixed samples was detected
after 2-min incubation in 1% Alizarin Red S dye
solution (Sigma-Aldrich) at room temperature.

The CM-based medium for adipogenic diffe-
rentiation induction included the following indu-
cers: 0.5 mM 3-isobutyl-1-methyl-xanthine (Sigma-
Aldrich), 1 pm dexamethasone (Sigma-Aldrich),
10 pg / ml insulin (Sigma-Aldrich) and 100 pm
indomethacin (Sigma-Aldrich). After 21 days of
culture in adipogenic medium, the cells were fixed
as described above. The implementation of adipo-
genic differentiation was evaluated by the presence
in cytoplasm of neutral lipid-filled vacuoles, posi-
tively stained with Oil Red O (Sigma-Aldrich).

The findings were statistically processed with
Past software version 3.0 (Sweden). Data were
presented as mean =+ standard deviation. The sig-
nificance in differences between the indices was
determined using the Student's t-test. Differences
between samples were considered significant at
p <0.05.

Results and discussion

The dental pulp is a loose fibrous connective
tissue, through which a network of numerous nerve
fibers, blood and lymphatic vessels runs. The cell
range within the dental pulp is highly varied and
includes odontoblasts, histiocytes, macrophages,
fibroblasts and undifferentiated SCs.

Mechanical disaggregation of human dental
pulp and subsequent enzymatic treatment resulted
in a release of cell elements from a tissue. Post-
isolation suspension was of a heterogeneous cell
composition. During following monolayer culture,
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paJIbHUMHM JiMigaMH, SIKi MO3UTHUBHO 3a0apBIiioBa-
mucs Oil Red O («Sigma-Aldrich»).

Otpumani pe3yibTaTd OOpOOSUIM CTAaTHCTUYHO
3a JIONIOMOTOI0 MporpaMHoro 3adesmnedeHHst «Pasty»
(IIBewis). MaHi mpexncTaBmsuld y BUDISAAL cepen-
HBOTO 3HAueHHS + CTaHJapTHE BiJAXWICHHS. 3Ha-
YYIIiCTh BIAMIHHOCTEH MiX ITOKa3HUKAMHU BH3-
HavaJ M, BUKOPHCTOBYIOUM MapaMeTPUYHHIN t-KpH-
tepiti  CterogeHTa. BiamiHHOCTI MK BHOIpKaMu
BBa)KaJIM 3HATyIuMu Tipu p < 0,05.

Pe3yabTaTu T2 00roBOpeHHA

[Tynbma 3y6a € myXKoto BOJIOKHHCTOIO CIIOTYYHOIO
TKaHMHOIO, sSIKa IPOHHM3aHA MEPEKEI0 YHCICHHHX
HEPBOBHX BOJIOKOH, KPOBOHOCHUX 1 JiM(paTHYHUX
cyaut. CIeKTp KIITHH Y CKJIaJi MyJIbId HaA3BUYANHO
PI3HOMaHITHUI 1 MICTUTHh OJOHTOOJACTH, TiCTIOIH-
TH, Makpodaru, ¢pidpobnactu i HeaudepeHuinoBaHi
CK.

MexaHniyHa nesarperatist myJbnu 3y0a JIOAWHU
Ta mojanbla (epMeHTaTUBHA 00poOKa MPHUBOIMIN
10 BUBUIBHEHHS KJIIITUHHUX CJIEMEHTIB 13 TKAHWUHH.
OtpuMana Ticis BWAUIEHHS CYCIIEH3is Maja Te-
TEPOTeHHUH KIMTUHHUHN ckiaa. llporarom momans-
IIOTO MOHOIIAPOBOTO KYJIBTHBYBAaHHS KIITHHU 3
HU3bKOIO 3aTHICTIO JI0 ajare3ii MoCTyIOBO €NIMIHY-
Bajucs. [IpmKUTTEBE MIKPOCKOIIYHE CIIOCTEPEIKCH-
Hst Ha 3-10 100y KyJIBTHBYBaHHS JI03BOJIHIIO BUSBUTH
BEJIMKI PO3IUIACTaHI MONIrOHAIbHI KIITHHU 3 OKpPYT-
JUM SAPOM 1 LUTOIJIA3MOIO, IO MICTHJIAa 3HAYHY
KUTBKICTh TpaHya i Bakyonei (puc. 1, A). Kpim Hux
BUSIBISIMCS ApiOHI KOMIIAKTHI BEPETEHOMOMIOHI
KIITHHU 3 HEBEJIWKUM OBAaJBHHUM SJPOM 1 TOMOTEH-
HOI0 LHUTOIUIa3MOI0. BepereHomoniOHI KIITHHU ak-
TUBHO Nposid)epyBaii, yTBOPIOBAJIHM KOJIOHII 1 uepes
7 ni0 KyneTuBYBaHHsS (OpMYBaM KOH(IyCHTHHI
monomap (puc. 1, B). Kynerypu CKII xapakrepusy-
BaJIMCsI BHCOKOIO TPONi()epaTHBHOI0 aKTUBHICTIO 3i
CTaOITFHOIO TIO3UTUBHOIO IMHAMIKOIO pOCTy (pHc. 2,
A). CepenHili yac MONBOEHHSA KIITHHHOI OIS
30epiraBcsi NPUOIM3HO HA OJHOMY PiBHI MPOTATOM
YCBhOTO MEPIoAy CIOCTepeKeHHs (5 macaxiB) 1 CKja-
naB (40 £ 2) ronuH (puc. 2, B).

HocmipkenHst iMyHO(EHOTHITOBOTO MPOdiIio To-
kazano, mo ue menme 90% CKII excrpecyroTh mo-
BEPXHEBI MapKepu Me3eHXiMalbHUX CTPOMalbHUX
kritun (MCK): CD29 (91,5%), CD44 (93,3%),
CD73 (98,9%), CD90 (90,0%), CD105 (90,7%). ITpu
LBOMY EKCIpECisi TeMONOETHYHUX MapKepiB Biac-
TiBa MeHII Hix 1% xmaitun: CD34 — 0,52%, CD45 —
0,08%.

XKurrezparnicte CKII 1o  kpiokoHCepBYBaHHS
(xoHTpOINK) cTaHoBmna (96,1 + 3,5)%. KpiokoHcep-
BYBaHHS IIJISIXOM ITTOBUTBHOTO 3aMOPO’KYBaHHS B Ce-
penoBuIi 0e3 KpiompoTeKTopa MPU3BOAMIIO JO 3a-
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Puc. 1. KynbTypa KniTuH, OTpUMaHuX i3 nynbnu 3a4aTkiB
TpeTix Monspis nognHn: A — 3 gobwn KynbTMByBaHHS, B —
7 i KynbTMBYBaHHS.

Fig. 1. Culture of cells isolated from human third molar
tooth germ pulp: A — 3-day culture, B — 7-day culture.

the cells with low adhesion ability were gra-
dually eliminated. Vital microscopic observation
to day 3 of culture revealed large spread polygonal
cells with a rounded nucleus and cytoplasm, contai-
ning a significant number of granules and vacuoles
(Fig. 1A). In addition, the compact spindle-shaped
cells with a small oval nucleus and a homogeneous
cytoplasm were detected. Spindle-shaped cells acti-
vely proliferated, formed colonies and after 7 days
of culture made a confluent monolayer (Fig. 1B).
The DPSCs cultures were characterized by a high
proliferative activity with stable positive growth
dynamics (Fig. 2A). The average population doub-
ling time remained at nearly the same level throug-
hout the observation period (5 passages) and made
(40 £ 2) hrs (Fig. 2B).

The study of immunophenotypic profile showed at
least 90% of DPSCs to express the surface markers of
mesenchymal stromal cells (MSCs): CD29 (91.5%),
CD44 (93.3%), CD73 (98.9%), CD90 (90.0%),
CD105 (90.7%). Herewith, the expression of hema-




rubeni mnepeBakHOI OLIBIIOCTI KIITHH. BBemeHHs
10% AMCO Ta 20% EC no ckimamy Kpio3axucHOTO
CepeloBHILA JTO3BOJISIIO Micis BifirpiBaHHs 30eper-
™ (82,3 + 6,1)% CKII.

3a yMOB KyJIbTHBYBAaHHS KIITHHH, KPiOKOHCeEp-
BoBaHi B cepenosumii 3 10% JAMCO Ta 20% EC,
MIPUKPITIIIOBANIHACS 10 TUIACTHKY 1 TpodtidepyBam.
Bigznagamocs, mo CKII micns kpiokoHCEpByBaHHS
(hopmyBamu cyOKOoH(DITyeHTHUH MOHOIIAP BEPETECHO-
MOAIOHNUX KITITHH y cepefHboMYy Ha 3 moOu mi3HilTe
B TIOPIBHSAHHI 3 KOHTPOJIEM, 1110, BOUYEBU/b, OB’ A3a-
HO 3 TepioJloM ajamnTarii Ta peaiizamii penaparus-
HUX TpOIEciB y KiIiTWHaxX. [IpoTsroMm momanbmioro
CYOKYNbTUBYBaHHSI B CTaHIAPTHUX YMOBaxX Kpio-
KOHCEPBOBaHI KJIITHHM aKTUBHO MAITHIHMCA 1 Tpak-
TUYHO HE BIJPI3HSUIMCS BiJl HEKPIOKOHCEPBOBAHUX
32 MOP(OJIOTTYHUMH XaPAKTEPUCTHUKAMH 1 31aTHICTIO
10 nporideparii.

Knitunu, kpiokoHcepBOBaHI B cepeloBHILi 0e3
KpiOIIPOTEKTOpa, Micisi HEPEHECEHHS! B YMOBH KYJIb-
TUBYBaHHS He OyMW 3/aTHI NPHUKPIILTIOBATHCS 0
KyJAbTYPaJIbHOTO IUIACTUKY Ta BimHoBIoBatH AB
1 B IOZAIBIINX JOCIIAKEHHAX HE BUKOPUCTOBYBAJIH-
csl.

Ha pannix TepMiHax KyJIbTUBYBaHHS KPiOKOHCEP-
BoBaHi 3 kpiomporekropom CKII BimpisHsuics Bix
KOHTPOJIIO 32 PiBHEM MeTa0OIIuHOI aKTUBHOCTI: TTO-
Ka3HUK BiMHOBJICHHS AB it HUX depes q00y micis
BiZirpiBaHHs OyB HIIKYUM 32 3HAUCHHS KOHTPOIIIO
Ha 22% (puc. 3). Uepes 7 ai0 KynbTHBYBaHHS PiBEHb
BinHOBIICHHS AB B 000X BHIIajKaxX 3HA4YHO MeEpe-
BUIIYBaB Takuil y mepury mo0y: Ui KOHTPOIb-
HUX KyJIBTYp — Y 5,7 pasa, Ui KpiOKOHCEPBOBaHUX
KITHH — y 6,6 pa3a. 3Hauymoi pi3HHLI B MOKa3HU-
Kax MeTa0OoJiYHOT aKTUBHOCTI MK KOHTPOJbHUMH
1 KpIOKOHCEPBOBAHUMH KJIITHHAMHM Ha 7-My H0OY
KyJbTUBYBaHHS BHSIBJICHO HE OyIIo.

OcnoBHoto BiactuBicTio CK, sika BU3Hauae mep-
CIEKTHBHICTP 1X 3aCTOCYBaHHS B KJIiHIYHIHN IPAKTHIII,
€ 3aTHICTh A0 CIPSIMOBAHOTO MYJIBTHIIHIHHOTO JTH-
(epenuiroBanHs. KylabTHUBYBaHHS K KOHTPOJIBbHUX,
Tak 1 kpiokorcepBoBanux CKII y cepemoBwuii, 1o
TH/IyKy€ OCTeOTeHHe Ju(epeHIIOBaHHS, TPUBOIHIIO
JI0 MiHEepai3allii Mo3aKJIiTUHHHOTO MaTpukcy (puc. 4,
A, C). Ilicns 3-x TWXHIB KyJIbTUBYBaHHS B cepe-
noBuili 3 iHgykropamu agunorenesy CKII Hako-
MUYyBall BHYTPILIHBOKJIITHHHI Jimiau B ¢dopmi
XapaKTepHUX BaKyoJieH, sIKi TIO3UTHBHO 3a0apBIIiO-
Bamucst Oil Red O (puc. 4, B, D). Cxnin 3a3nauuntw,
mo 3a ymoB KyinetuByBaHHS CKII y poctoBomy
cepenoBuIi 0e3 nomaBaHHS I1HAYKTOpiB He Oyino
BUSIBJICHO CIOHTaHHUX MPOLECIiB ocTeo- abo aau-
MTOTEHHOTO U(EePEHIIIFOBaHHS.

Pesynbrati npoBeneHoi poOOTH MOKa3ylOTh, IO
3aCTOCYBaHHS Uil (PEPMEHTATUBHOIO PO3LICILICH-
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Puc. 2. uHamika pocty kynbtyp CKI1, oTpuMaHuXx i3 nynb-
Ny 3a4aTKiB TPeTiX MonspiB NoamHKu, Ha 1-5-my nacaxax:
A — cykynHui iHaekc knitnHHMx noginis CPD; B — vac noa-
BOEHHS nonynsuii PDT. * — BigMIHHOCTi 3Ha4yLLi NOPIBHAHO
3 nonepeaHiMm nacaxem (p < 0,05).

Fig. 2. Dynamics of growth of DPSCs cultures, isolated
from human third molar tooth germ pulp, on passages 1-5:
A is the cumulative population doubling index; B is the
population doubling time. * — differences are significant as
compared with previous passage (p < 0.05).

topoietic markers was inherent in less than 1%
of cells, i. . 0.52 and 0.08% for CD34 and CD45,
respectively.

The viability of DPSCs prior to cryopreservation
(control) was (96.1 £ 3.5)%. Cryopreservation by
slow freezing in cryoprotectant-free medium led
to most cells death. The supplement of cryoprotec-
tive medium with 10% DMSO and 20% FBS al-
lowed to preserve (82.3 + 6.1)% DPSCs after
warming.

When culturing the cells cryopreserved in the
medium supplemented with 10% DMSO and 20%
FBS were attached to the plastic and proliferated.
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Puc. 3. MetaboniyHa aktmBHicTb CKI1 go (koHTponb) i mic-
ns KpiokoHcepByBaHHs nig 3axmuctom 10% AMCO i 20% EC
Ha 1-y (m) i 7-my (W) 0OOM KyNbTUBYBaHHS; * — BiAMIHHOCTI
3HayyLi NopiBHSAAHO 3 KOoHTponeMm (p < 0,05).

Fig. 3. Metabolic activity of DPSCs before (control) and after
cryopreservation with 10% DMSO and 20% FBS to days 1
(m) and 7 (m) of culture; * — differences are significant as
compared with control (p < 0.05).

HS Ty 3y0iB MyApPOCTi KoJlareHa3w 0e3 1HIIMX
MIPOTEOMITHYHUX (EepMEHTIB 3abe3redye OTpUMaH-
HS CYCIICH31l KJIITHH, SIKi TICISI €KCIAaHCIi BUSBIIS-
I0Th BJIACTUBOCTI, OMUCaHI paHiIie Jisi CTOBOYpOBHX
KITHH mynbnu. KITTHHE XapaKTepu3yloThCs CIie-
IUGpIUHUM  IMYHO(EHOTHIIOM, BHCOKOIO mpoide-
PATUBHOK AKTUBHICTIO 1 3JATHICTIO JIO MYJIBTHIII-
HiliHOTO JH]epeHLIIOBaHHS.

Amnaniz imyHogenorurny CKII, npoBenenuii mic-
7S 5-TO macaxy, MOKa3aB EKCIPECil0 MOBEPXHEBHX
MapkepiB, noaidHy mo takoi mis MCK kicTkoBOro
M03Ky (KM), skupoBOi TKaHHHH 1 AepMU JroauHU [ 13,
19, 23]. Mu He BusBWIM 3Ha4HOI momyisii CD34-
MO3UTHBHMUX KJIITHH, onucaHoi G. Laino Ta cIiBasT.
[7], mo Moxe OyTH TOB’si3aHE 3 PI3HUMH YMOBAMH
excrniancii. HempssmMum miaTBepmKeHHAM BiICYyTHOCTI
i€l TOmymAIii KITHH MOXKE CIYTyBaTH TOW (axT,
o orpuMani Hamu CKII He BCTymamu B CIIOHTaHHE
TudepeHIlioBaHHs, y TOM caMHil Jac AK 3a JaHH-
mu G. Laino Ta cmiBaBT. CD34-1103UTHBHI KJIITHHU
3MaTHI TU(EPEHIIIIOBATUCS B OCTCOICHHOMY Harll-
PSIMKY 32 BiJICYTHOCTI 1HIYKYIOUHMX arcHTIB.

[IpencraBneHi HaMu pe3ylbTaTH y3TOIKYIOTh-
csl 3 JaHuMH iHmMKX poOiT 3 BuBueHHst CKII: yactka
KIIITUH, 10 EKCIPECYITh ME3CHXIMallbHI MapKepu
(CD73, CD90, CDI105) cranoBuia moHana 90%, a
remonoetnyHi (CD34, CD45) — menme 5% [11, 16,
25]. Takum umHoMm, orpumani CKII 3a mopdoio-
TYHAMHU O3HAKaMH, TPOQileM MOBEPXHEBUX Map-
KepiB 1 audepeHIiroBaIbHUM TIOTEHIIAIIOM BiJITO-
Bimanm imeHTudikaniiaum xapakrepuctiukam MCK,
ajie Mpy MbOMY JeMOHCTPYBAII CYTTEBI BIAMIHHOCTI
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The DPSCs after cryopreservation was noted to
form a subconfluent monolayer of spindle-shaped
cells 3 days later on average if compared with
the control, likely due to the period of adaptation
required for reparative processes in cells. During
following subculture under the standard conditions,
the cryopreserved cells were actively divided and
virtually did not differ from non-cryopreserved
ones by morphological features and ability to
proliferate.

Cells cryopreserved in cryoprotectant-free me-
dium after transferring into culture conditions were
not able to attach to the culture plastic and re-
duce AB, and were not used in further studies.

At the early stages of culture, the DPSCs cryo-
preserved with cryoprotectant differed from the
control by the level of metabolic activity, i. e. the
rate of AB reduction for them a day after warming
was by 22% lower than the control value (Fig. 3).
After 7-day culture, the level of AB reduction in
both cases significantly exceeded this index of
day 1, i. e. by 5.7 and 6.6 times for control cultures
and cryopreserved cells, respectively. No significant
difference in metabolic activity between control
and cryopreserved cells to day 7 of culture was re-
vealed.

The main feature of SCs, determining the
prospects for their use in clinical practice, is the
ability to a directed multilineage differentiation.
The culture of both control and cryopreserved DPSCs
in the medium, inducing an osteogenic differentia-
tion resulted in extracellular matrix mineralization
(Fig. 4A, C). After 3-week culturing in the medium
with adipogenesis inducers, the DPSCs accumulated
the intracellular lipids in the form of specific po-
sitively Oil Red O-stained vacuoles (Fig. 4B, D).
Notably, that under DPSCs culturing in the inducer-
free growth medium, no spontaneous osteo- or adi-
pogenic differentiations were detected.

Our findings showed the use of collagenase for
wisdom tooth pulp enzymatic digestion without any
other proteolytic enzymes to ensure the procurement
of cell suspension, exhibiting after expansion the
properties, previously described for pulp stem cells.
The cells showed a specific immunophenotype, high
proliferative activity and ability to multilineage
differentiation.

The DPSCs immunophenotype analysis, perfor-
med after passage 5 showed the surface marker
expression to be similar to that for MSCs of bone
marrow (BM), adipose tissue and human dermis [13,
19, 23]. We have found no significant population
of CD34-positive cells, described by G. Laino et
al. [7], likely due to different expansion conditions.
The fact that the DPSCs we procured did not spon-




Puc. 4. lHoykoBaHe CTeo- Ta agunoreHHe gudepeHuitoBaHHsa CKIM go

A 5 ‘-mi; l\K__ y : i)
(A, B) i nicna kpiokoHcepByBaHH4A (C, D) in vitro:

A, C — HakoMM4eHHs NO3aKMiTMHHOrO KanbLilo (3abapeneHHs Alizarin Red); B, D — kniTuHM 3 BakyonsiMu, ki MiCTATb

HenTpanbHi ninign (3abapenexHs Oil Red O).

Fig. 4. Induced osteo- and adipogenic differentiation of DPSCs before (A, B) and after cryopreservation (C, D) in vitro:
A, C — accumulation of extracellular calcium (Alizarin Red staining); B, D — cells with neutral lipid-containing vacuoles

(Oil Red O staining).

[MOKa3HUKIB JIMHAMIKH POCTY BiJl KJIACHYHOTO CTaH-
napry MCK i3 KM, a came: PDT ana CKII B ce-
penabomy cranoBuB 40 rommH, Tomi sk miust MCK
KM B aHanoriyHux ymMoBax KyJIbTUBYBaHHS — OJIM3b-
k0 70 romuH [8]. Binbim BHCOKI mporidepaTHBHY
aKTHUBHICTh Ta KJIIOHOTEHHHMH MNOTEHIaN JUIl KyJb-
Typ 13 KIITHH myasnu 3y6a mopisasHO 3 MCK KM
Bl3HAYAIW ¥ iHI gociaigauku [1, 17], mo poduts
CKII npuBa®nuBuM 00’€KTOM JIjIsi BHUKOPHCTAHHS
B BHCOKOTEXHOJIOTTYHUX MEAMKO-O0iONOTiYHUX ra-
Ty3sIX.

CyTT€BOIO XapaKTEPUCTUKOK KIITHH 3 TOYKH
30py MEPCIEKTHB KIIHIYHOTO 3aCTOCYBaHHS € Kpio-
YyTJIUBICTh, SIKAa 3aJCKUTh Bl IXHBOTO PO3MIpY,
KUJIBKOCTI BIJIbHOI Ta 3B’s13aHOT BOJIU, CKJIQ/y IJIa3Ma-
TUYHUX 1 BHYTPIIHBOKIITHHHUX MeMOpaH. OTpu-
MaHi HaMH pe3yJbTaTH CBig4aTh OpPO Te, IO 3Mi-
HU ¢yHKmioHanbHUX BractuBocted CKII min miero
YUHHUKIB HU3bKOTEMIIEPAaTypHOIO KOHCEpPBYBAaHHS
SIK 32 BIZICYTHOCTI KPiOTIPOTEKTOPa, TaK i B MPHUCYT-

taneously differentiate, while according to G. Laino
et al. the CD34-positive cells were able to differen-
tiate towards osteogenic lineage if no inducing
agents were present, might indirectly confirm this
cell population absence.

Our findings were consistent with the repor-
ted data of other scientists on DPSCs studying, i. e.
the share of cells, expressing mesenchymal mar-
kers (CD73, CD90, CD105) was more than 90%,
and that for hematopoietic ones (CD34, CD45) was
less than 5% [11, 16, 25]. Thus, the isolated DPSCs
by morphological characteristics, surface marker
profile and differentiation potential corresponded to
those of MSCs, but showed significant differences
in growth dynamics compared to the 'gold stan-
dard' from BM, namely PDT for DPSCs averaged
40 hrs, while for BM MSCs, under the similar
culture conditions it was about 70 hrs [8]. Other
researchers [1, 17] have also mentioned higher
proliferative activity and clonogenic potential for
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HocTi 10% JIMCO Oynu mofiOHi 10 BCTaHOBICHHUX
mig yac kpiokoHcepyBanHsi MCK, oTpumanux i3
xupoBoi TkanwHU [19], mepmm [14] i KiCTKOBOTO
MO3Ky nopocioi monuau [9]. KpiokoHcepByBaHHS
CKII 3a BigCyTHOCTI KpiompOTEeKTOpa MPU3BOIUTH
0 3aru0Oerni MpakTUYHO BCiX KIITHH, a BBEICHHS
B cepenoBuie KpiokoHcepByBanHa 10% JIMCO
no3Boisie 30epertn Oinmbme 8§0% KIITHH i3 HEyI-
KOIPKEHOI0 IUIa3MaTUYHOIO MEMOpaHOw, 31aTHUX
no aaresii, mpodmidepartii Ta IHIYKOBAHOTO MYib-
TUIHIHHOTO An(depeHIifoBaHHS B yMOBaX MOHO-
[IapOBOTO KYJILTHBYBaHHS.

BimnocHa npocrora npouenypu orpumanus CKII,
MOXKJIMBICTh IIBUAKOI ekcrmancii in Vitro i Bucoka
IUTACTUYHICTh LMX KIITHH 3YMOBJIIOIOTH TEPCIeK-
TUBHICTh IXHBOTO 3aCTOCYBaHHSI B pereHepaTuBHii
MenunuHI Ta OioimkeHnepii. OpHak AN TpaHCIHALIT
UUX JaHUX y KIIHIYHY NPakTUKy HEOOXigHO Mpo-
noBxuTH BuB4eHHs BiaactuBocteit CKII 1 po3poOutn
e(dekTuBHI Ta OE3MEYHI MPOTOKOIM KPiIOKOHCEPBY-
BaHHS, L0 BHKJIIOYAIOTh 3aCTOCYBaHHS TOKCHYHUX
1 KCEHOT€HHUX MaTepiaiB.

BucHoBkn

1. Anre3vBHI KIITHHH, BHIUICHI B pPe3yibTari
(hepMeHTaTHBHOT OOPOOKM IMyJBIH 3a4aTKiB TPETiX
MOJISIPIB 32 JIOTIOMOTOFO KOJIareHas3u, 3a yMOB €KCITaH-
cii in Vitro 1eMOHCTPYIOTh BUCOKY TpOiepaTuBHY
AKTUBHICTH 1 3JIaTHICTh J0 1HIYKOBaHOIO JIU(EPEH-
LIIOBaHHS B OCTEO- Ta aIMTIOTEHHOMY HalpsMKax.

2. 3a wmopdonoriyHUMH O3HAaKaMH, HpodiieM
MOBEPXHEBUX MapKepiB 1 An(epeHIiIoBaIbHIM TO-
teHniagoMm orpumani CKII BianoBinaroTs KpuTepisim
MYJIBTHIIOTEHTHUX ME3E€HXIMaIbHUX CTPOMaIbHUX
KJIITHH, aJie TIPY [bOMY JIEMOHCTPYIOTh BHUILLY LIBHI-
kicTh mpomidepartii mopisasiHo 3 MCK KM.

3. KpiokoncepyBanus CKII monuau musxom
MOBUIBHOTO ABOCTYIICHEBOTO 3aMOPOXYBaHHS B ce-
penosui, mo wmictuth 10% JIMCO Tta 20% EC,
JTO3BOJISIE 3HATHOIO MIPOIO 30€PETTH KUTTE3NATHICTD,
MeTa0oIIiuYHy aKTHBHICTh, a TAKOX OCTEO- 1 aJHIIO-
TeHHUH ar(epeHIifoBaIbHUH MOTeHIIa KITITHH.
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2. Chen YK, Huang AH, Chan AW, et al. Human dental pulp stem
cells derived from different cryopreservation methods of human
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3. Couble ML, Farges JC, Bleicher F, et al. Odontoblast diffe-
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dental pulp cell cultures versus BM MSCs, ma-
king DPSCs an attractive target for high-tech
biomedical applications.

Cryosensitivity is an important feature of cells
in terms of their prospects for clinical use, depending
on their size, free and bound water amount, plasma
and intracellular membrane composition. Our fin-
dings suggested the changes in functional properties
of DPSCs, affected by low temperature preserva-
tion both with (10% DMSO use) and without
cryoprotectant to be similar to those, established
when cryopreserving the MSCs, derived from
adipose tissue [19], dermis [14] and adult bone
marrow [9]. Cryoprotectant-free cryopreservation
of DPSCs resulted in death of virtually all the cells,
while 10% DMSO supplement to cryopreserva-
tion medium enabled preserving more than 80%
of cells with intact plasma membrane, capable of
adhesion, proliferation and induced multilineage
differentiation in monolayer culture.

Relatively easy procedure of DPSCs isolation,
possibility of rapid expansion in vitro and a high
plasticity, make them very promising for application
in regenerative medicine and bioengineering. Ho-
wever, for translating these findings into clinical
practice, the studying of DPSCs features should
be continued with designing the efficient and safe
cryopreservation protocols, excluding toxic and
xenogenic compounds use.

Conclusions

1. Adherent cells, isolated as a result of enzymatic
treatment of the third molar germ tooth pulp with
collagenase, under in vitro expansion showed a high
proliferative activity and ability to induce diffe-
rentiation towards osteo- and adipogenic lineages.

2. The obtained DPSCs met the criteria for
multipotent mesenchymal stromal cells by morpho-
logical features, surface marker profile and dif-
ferentiation potential, but showed a higher proli-
feration rate as compared with BM MSCs.

3. Cryopreservation of human DPSCs by slow
two-step freezing in the medium, composing of 10%
DMSO and 20% FBS, enabled to significantly pre-
serve the viability, metabolic activity, as well as os-
teo- and adipogenic differentiation potential of cells.
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