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

Pedbepar: Y poboti npoBogunu BugineHHs ctosbyposux knituH nynbnu (CKIT) 3apopkie TpeTix momnspis (3y6iB myapocTi) nto-
OVHN PepMeHTaTVBHUM METOAOM i3 BUKOPUCTAHHAM KonareHasw, AOCHifKyBanu iXHIO MOpPJOSIOoriio B yMOBaX MOHOLUApPOBOrO Kyrb-
TUBYBaHHS, BU3Ha4vanu iMyHOMEHOTUM, a TakoX OLiHIoBanu nponidepaTBHi BNacTUBOCTI Ta AudepeHLitoBanbHUiA NoTeHuian Ao Ta
nicnsi KpiokoHcepByBaHHA. [NokasaHo, WO 3a MOPMOMOriYHMMK O3HaKamu, npodinemM MoBEPXHEBMX MapKepiB i AudepeHLiloBanbHUM
noteHuianom otpumadi CKI BignoeigatoTe MynbTUNOTEHTHUM Me3eHXiManbHUM cTpoMarnbHuMm kniTuHam. KpiokoHcepByBaHHs CKI1
LNSXOM noBinbHOro oxonopxerHs (1 °C / xB) go —80°C i3 nmoganbluMm 3aHYpPEeHHAM B PiAKWN a30T y CepedoBULLi KyrnbTUBYBaHHSA
6e3 kpionpoTekTopa Npu3BoAMTb A0 3armbeni kniTuH. KpiokoHcepByBaHHSA 3a Tiel camok nporpamoto B npucyTHocTi 10% gumeTtun-
cynbdokenay (AMCO) i 20% cupoaTku gossonse otpumysaTty CKI1 i3 xutTesgaTtHicTio (82 + 6)%, ki BUSBMATb MeTabonivny i npori-
depaTnBHY aKTUBHICTb, @ TaKOX 34aTHICTb OO CMPSIMOBAHOrO AMdepeHLiloBaHHS B OCTEO- Ta aAMMOreHHOMY HampsiMKax Ha piBHi,
npuTamaHHOMY KriTUHaM A0 KPiIOKOHCEPBYBaHHS.

Knio4oBi cnoBa: nynbna, MynbTUMOTEHTHI Me3eHXiMarnbHi CTpOMarnbHi KNiTUHK, iMyHOdeHOTMN, nporidepaLis, MynsTUmiHInHe
OndepeHLitoBaHHSA, 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 KJIITHHHUX TEXHOJIOTiIH Ha ChO-
TO/IHI JIO3BOJISIE BHPINIYBaTH pPI3HOMAHITHI 3aaadi
B PI3HUX Tally3fX HayKH — BiJ Cy4acHOi CyIpamo-
JEKYNApHOI XiMil A0 MPUKIAIHUX PO3POOOK Yy Me-
UKO-010JTOT1UHIA cepi, MO CTUMYIIOE TOMABIII
JIOCTiKeHHST (DYHKITIOHAJIBHOTO TOTEHINaTy pi3-
HUX KIITHH 1 KJIITUHHUX TOMYJISIiH, 8 TAKOXK MOIIyK
HOBUX JDKEPEI JJIsl IXHBOTO BUIJICHHS.

KriTrHHI TeXHOMOTIT Bce MMpIIe BIPOBAIKYIOTh-
cs11 B HOBITHI TepaneBTHYHI CTparerii, siKi 6a3yl0ThCs
Ha MiJIX0JlaX PEereHepaTuBHOI MEAMIIMHU Ta Oi0iH-
xeHepii. OOrpyHTOBaHMH BHOIp KJIITHHHOTO KOM-
MOHEHTa U WX IiJiel HaivacTime BigOyBaeThCs
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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 NpOJi(epaTuBHOTO
MIOTEHITiaNYy, € 3AaTHICTh 10 TU(PEPEHIIFOBaHHS B Pi3-
HUX HampsMKax 3aJeKHO BiJl YMHHUKIB MIKPOOTO-
yeHHs. OcobnmuBy yBary npuseptarots CK, orpumani
3 BJIACHUX TKAaHMH IALll€HTa, OCKUIbKM BBEICHHS
AJOTEHHUX KJIITHH 3IaTHE BHUKJIMKATH IMyHHY Bif-
MOBib 1 TIOB’si3aHe 3 puU3nKoM iH(QiKyBaHHA. [Ipio-
puteTHicTh 3actocyBanHs aBronoriunux CK Ha Te-
MEepilHId Yac akTyami3yeTbCsi 4yepe3 pO3ropTaHHs
cTparerii «mepcoHipikoBaHOI» METUIMHU 1 3poc-
TAIOYOro TIONHUTY HA CTBOPEHHSI MaJOPU3UKOBUX
TEXHOJIOTIH 13 BUKOPHCTAHHSM JIUIIE aBTOJIOTIYHHUX
MarepiajiB i KJIITHH.

B ocranHi poKM NEPCHEKTUBHUM 1 JOCTYIHUM
JpKepenoM Uit otpuManHs aBrosoriunux CK BBa-
JKAIOTBCSI 3apOJKU 3yOiB MyIpocTi (TpeTiXx MoIs-
piB) [25]. B emOpiorenesi 3apomku 3y0iB (ITyJibIia
Ta OTOUYIOWi TKaHWHH) (OPMYIOTHCS 3a B3a€MOMIl
ME3EHXIMaJIBHUX 1 €KTOIEePMaJIbHUX KIITHH IIHI Ta
TOJIOBH, SIKi, B CBOKO Uepry, OepyTh MOYATOK i3 HEp-
BOBOTO I'peOeHs — MPOBI30PHOTO OpraHa, KIITHHHI
€JIEMEHTH SIKOTO TICIIS YTBOPEHHSI HEPBOBOI TPYOKH
MITpYIOTh y Pi3HI OUISHKK Tija i, 30KpeMa, B mep-
BUHHY poToBY mnopoxuuHy [12, 21]. Tperi mons-
pU Yy JIIOAMHHU TOYMHAIOTH AKTUBHO PO3BUBATHUCS
Ha NIOCTOMY POIIli )KHTTS 1 10 18 pokiB wacTo 3aiu-
LIAI0THCSI HE OCTAaTOYHO chopmMoBaHUMHU. BHacmigok
HOTO B TKaHWHAX 3apOAKiB 3yOiB MyApPOCTI i, 30K-
peMa, B IyJbIll 30epiratoThes KIITHHU 3 BHCOKOIO
IJIACTHYHICTIO — cTOBOYpoBi kimitiaM myibiu (CKIT)
[3, 11, 22]. IlepeBaramMu TpeTiX MOJSIPIB 5K JIKe-
pena CK BBakarThCsl JOCTYNHICTH 1 HU3bKa iH-
Ba3MBHICTh OTPUMAaHHS IIJHOBOTO Matepiany [4].
Kpim Ttoro, BupmaneHHs 3apoikiB 3y0iB MyIpOCTi
32 OPTONOHTHYHMMH MOKa3aHHSIMH € JIOCHTH PO3-
MOBCIOMKEHOI0 CTOMATOJIOTTYHOIO MPOLEAYPOIo, a
BHJIQJICHI 3yOHM BIJHOCATHCSA 10 MEIUYHHX BiJIXO-
IiB.

CToBOYpOBi KIIITHHU MYJBIIN BIIEpINe OyIH BUITY-
YeHI 3 TPETIX MOJBIPIB MIJISXOM IMOETHAHOI 0OpOOKH
TKaHWHH Ty TIpH 37°C TIPOTATOM OIHI€T TOTUHA
nBoMa (hepMeHTaMu: KoJlareHa30r0 Ta JAHcmasoro [S].
Ha nmanmii wac Takox 3aCTOCOBYIOTH €KCIUIAHTAITiH-
Hui Metox [6, 20] a00 MOENHYIOTH Il JBa MiAXOAU
[18]. Ilpu mpomy st (epMeHTaTHBHOT OOpOOKH
000B’SI3KOBO BUKOPHCTOBYIOThH KOJIareHasy, i B OiJib-
IIOCTI JIOCHIJIKCHB 11 IOMIOBHIOKOTH IIIE OJIHIEIO TPO-
TEa3010: AWUCIA30l0, TPUIICHHOM a00 TEPMOIiI3MHOM
[10, 11].

OOO0B’A3KOBUMH YMOBaMH IIMPOKOTO MPaKTHY-
Horo 3actocyBaHHs CKII y wmennko-Oionoriuniit
cepi € iX KOHCEpBYBaHHS 1 TpUBasIe 30epiraHHsl, sSKi
MaroTh 3abe3meuyBaTucs €(PEKTUBHUMH 1 JOCTYII-
HUMH METOJIaMU KPIOKOHCEPBYBAHHS, & TAKOXX HasB-
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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 OTpUMAaHHS 3 MOJOYHHUX 1
MOCTIMHKUX 3yO0iB, MEPiOAOHTANBHUX 3B’S30K, Iepia-
mikampHUX  (omikymiB gopocnmux 3yoiB [11, 22].
Ockinbku CKII € BiZHOCHO HOBUM 00’€KTOM JUIs
Kpi0OiOJIOTIYHUX TOCTIKEHb, Y OUIBIIOCTI POOIT
JUIE HUX OOWMpaeThCs CTaHAApPTHUA METO] 3amo-
POXKYBaHHSI CYCIHEH31M KIITHH 13 MOBUIBHUM OXO-
nomkeHHsM 10 —80°C mij 3aXHCTOM KpiompoTeKTopa
mumeruicynbhokeuny (AMCO) [2, 11, 24].

Mera nanoi poOOTH — BUAUICHHS CTOBOYPOBHX
KIIITHH TYJIBIH 3apOJIKiB TPETiX MOJApiB (3y0iB My-
JPOCTi) MIOOUHN (PEePMEHTATUBHIUM METOJIOM 13 BUKO-
pHUCTaHHSIM OIHOTO (PEPMEHTY KOoJareHasH, JOCHiJ-
JKeHHS iXHBOi MOp(oIIorii 32 YMOB MOHOIIAPOBOTO
KyJbTUBYBaHHS, BU3HAYEeHHs IMyHO(EHOTHUILY, a Ta-
KO’ OITiHKa TPpoiTipepaTHUBHUX BIACTUBOCTEH 1 mudhe-
PEHITIFOBAIPHOTO TIOTEHITIaTy M0 Ta TICHSI KPiOKOH-
CepBYBaHHI.

Marepianu Ta MmeToau

Marepianom IOCIHiKeHHs Oyia MmyJblia 3apojKiB
TPETiX MOJSIpiB, BUJAICHUX Yy 3[JOPOBUX MAlli€HTIB
3a OPTONOHTHYHUMHM TMoKazaHHsMH (n = 4). Ilpoue-
IypH, SKi MOB’S13aHi 3 OTPUMaHHSAM TKAaHHUH JIIOIUHH
1 MaHIMyIALMISIMA 3 HUMH, TPOBOAWIM BiAIIOBIIHO
no pexomennariii lenbciHcbkoi gekmapamii Bee-
CBITHBOI Memu4HOi acomiamii «ETHaHl TpuHITHITT
IIPOBEIICHHA MEINYHUX IOCIILKEHb 3a Y4acTiO JIO-
IIUHU Y SKOCTI Cy0’€KTa JTOCIHKCHHS.

Bupnaneni 3yOu BMimiyBanu B po3udH XeEHKca 3
cymimmmno antu6iotukiB (100 ox/Min HeHIIWIIHY
i 100 Mxr/mn crpentoMminuny). KimituHu Bumins-
nu (pepmeHTaTiBHUM MetonoM 3a S. Gronthos Ta
criBaBT. [5] Oe3 BUKOpUCTaHHS aucnasu. s mporo
10 (parMeHTiB MyJbIH AONABAJIM PO3YMH KoJlare-
Hasu («Sigmay, CIIA) no kiHIeBoi KOHIEHTpaIlii
3 mr/mn ta iHKyOyBasnu mpotsirom 30 xB mpu 37°C
1 TOCTIHHOMY CTPYIITYBaHHI.

Otpumani cycriensii nentpudyryBamm mpu 150g
IIPOTATOM 7 XB, OCAagu PECYCIECHIYBalIl B KyJbTY-
panmsHOMY cepenoBuii (KC) a-MEM («PAAy, ABcT-
pis), nonoBHeHoMmy 10% eMOpioHaIbHOI CHPOBATKH
(EC) Benukoi poraroi xymnoou, 50 oi/mi1 neHIIWIIHY
Ta 50 MKI/MJI CTPENTOMILIMHY, 1 IEPEBOIMIN B YMOBH
MOHOIIApOBOro KynsruByBaHHs npu 37°C, 5% CO,
1 95% BOJIOTOCTI 3 3aMIHOIO CepeloBUINA KOXxHI 3—4
no6u. Ilicns mocsirHeHHsT KyabTypaMu CyOKOH(ITy-
CHTHOTO MOHOIIAPY KJIITHHH BIAKPIIUTIOBAIH Bij
KyJBTYPaJIbHOTO IUIACTHKY 3a CTaHJApTHOI METO-
JUKOI0 3 BHKOPWUCTAHHSM CYMIIlli TPUIICUH/BEpCEH
y criBBigHomeHHi 1:4. KoxkHy NMepBHHHY KIITHHHY
KyJbTYpY IAaCHBYBAIM SK TPU HapaseibHi CyOKyIlb-

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 o-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

b
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[{oneHHMIT KOHTPOIb CTaHY KIITHHHUX KYJIBTYP
MIPOBOAMIIM 32 JIOTIOMOTOI0 IHBEPTOBAaHOTO MiKPOCKO-
na «CETI Inverso» («CETI», Himeuuuna).

Jus ominky muHaMiku mporideparii KITHH y
mpolieci MacHBYBaHHS BH3HAYAIM YaC IOJBOEHHS
TIOTYJIAT Ta YUCIIO KIIITUHHUX TofimiB [15].

Yac TOABOEHHS TOMYMSAIIl pO3paxoByBaid 3a
hopmyroro:

- 1
3,32x(IgN, —1gN,) /T

ne N, — KUTbKICTh BIIKPITUIGHUX KIITHH; N, )~ K1JIb-
KIiCTh MOCISIHUX KITHH; 1 — TEepMiH KyJIbTHBYBaHHS,
TOJIMHH.

Jl1st BU3HAUEHHS YHCiIa KIIITHHHUX IMOAUTIB (TI01-
BO€HB) y TomyJstii (PD) BUKOPUCTOBYBaH (hopMy-
ay:

IlgN, -1gN, ’
lg2

PD =

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

EdexruBHicTs nponidepanii KIITHH OLIHIOBAIN
3a CyKYITHHM 1HJEKCOM KIITHHHHUX HOALTIB y TOMyJsi-
uii (CPD), sikuit Bu3Hauanu sik cymy PD morounoro
i PD monepeaHporo macaxis.

3 METOI0 KpIOKOHCEPBYBAaHHS KJIITHHH 5-TO Ta-
CaXy PECYCIEHAYBaJd B KPiO3axXMCHOMY Cepeno-
Bumi Ha 0aszi o-MEM 3 50 om/mim meHimumiHy i
50 MKT/MIT cTpenToMinuny, 1o mictuino 10% JIMCO
120% EC (0,5 x 10° xaitua y 0,5 M1 cepeoBuIna).
[Micnss 5-XBUMMHHOT €KCIO3WIIT CyCHeH3il KIiTHH
nomimanu B KpionpoOipku («Nuncy, CLLIA) 06’ emom
1 Mi1 i 3aMOpOXKYBaJIN 31 IBUAKICTIO OXOJIOPKEHHS
1°C / xB 1o —80°C Ta nomaiIbIINM 3aHYPEHHSIM Y Pif-
kuii a30T. KpiokoHcepBOBaHi 3pa3ku 30epiraiu B pij-
KoMy a3ori 3a Temmeparypu —196°C BOpogoBx
3-X TWXKHIB, BifirpiBaiu Ha BojasHii 6aHi mpu 37°C.
HeraruBaum koHTposeM Oynu KIIITHHH, KPiOKOH-
CEpBOBAaHI 3a TAKUM CaMHMM PEKHUMOM OXOJIOKEHHS
B CepenoBHIIi 03 KpiOIPOTEKTOpA.

Bbesnocepennbo michs BiAIrpiBy Ta BiAMHBaH-
HSl KJITHH BiJl KPIiOMPOTEKTOpa OI[IHIOBAIHN TXHIO
KHUTTE3NATHICTh 32 TECTOM TPUIIAHOBOIO CHHBOTO,
SIKUM BU3HAYA€ LUTICHICTD IJIa3MaTUYHOT MeMOpaHu
kiiTiH. KiliTHHHY cycrnieHsito po3BOAWIN B CIiBBiJI-
vomenHi 1:1 3 0,4%-M pO3YMHOM TPUIIAHOBOTO
CHUHBOTO B (QocdarHo-coaboBoMy Oydepi («Sigma-
Aldrichy, CIIA), ximpkicTh 3a0apBiieHUX 1 He3a-
OapBJICHUX KIITHH MiJPaxOBYBaJH 3a CTAHAAPTHUM
IIPOTOKOJIOM. JKUTTE31aTHICTh BU3HAYANIN SK YaCTKY
He3a0apBICHUX KJIITHH Yy 3arayibHIM KiTBKOCTI KITi-
THH CYCIICH311, BUPAXKCHY Y BIIICOTKaX.
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where N, is a number of detached cells; N, is
a number of seeded cells; 7 is culture period, hrs.

To determine the population doubling we used
the following formula:

lgNt_lgNO
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», CILIA). Hdns uporo cycmnensii
KIIITHH TIOMIIAld B JIYHKH KYJIBTYPaJbHOTO TIJIaH-
mera i KyJIbTUBYBaju mpoTsroM poom B KC, mic-
JIST 9OTO TIPOBOIMIN 3aMiHy CEpeIOBHINA Ha CBiXeE,
mo mictuno 10% AB. Ilicns 3-rogmaHOT iHKYyOAaITii
mpu 37°C piBeHb (QuryopecIieHIlii BiTHOBIEHOT dop-
mMu AB OIiHIOBAJIM 32 JOIIOMOTOIO CIEKTPOQITyO-
pumerpa « TECAN Genios» («Tecan», ABcTpist) mpu
JIOBXKUHI XBWIII 30y/KeHHsT 550 HM 1 JOBXKHHI XBHIII
emicii 590 um. CHiBBiJHOIICHHS pIBHIB (uyopec-
LIEHIIIT EKCTIEPUMEHTAIILHUX 1 XOJIOCTHX (03 KIIITHH)
po0 OyITo MOKa3HUKOM BigHOBICHHS AB.

AHami3 IMyHO(QEHOTHITy KIITHH 3iHCHIOBAIN
3 BUKOPUCTaHHIM MOHOKJIOHaNbHUX aHTUTiN CD29-
PE, CD45-PE, CD105-FITC («Serotec Ltd»), CD34
Class II-FITC, CD44-FITC, CD73-PE, CD90-FITC
(«BD Biosciences», CIIIA). CycrneH3ii KIIiTHH 5-T0 T1a-
Caxy, BIAKPIIUICHWX BiJ TUTACTUKY IIISIXOM CTaH-
JapTHOI TpUIICHHI3aI1, neHTpudyryBamu npu 150g
MPOTATOM 5 XB, OTpUMaHi ocaau 3’eauyBanu 3 FITC-
a60o PE-koH’1OroBaHMMH MOHOKJIOHQJIbHUMHU aHTH-
TinaMu Ta iHKyOyBasu mpoTsirom 30 XB mpu KiMHarT-
Hill Temniepatypi B TempsiBi. [licns inkyOauii KimiTuHA
TpUYi BiJIMABaIM BiJ] MOHOKJIOHAJIbHHX aHTHUTLI
po3unHoM XeHKca 3 IeHTpudyryBaHHsm mpu 150g
MPOTSTOM 5 XB, OTpPHMaHi 3pa3Ky aHaji3yBalu Ha
nporouHoMmy tmmrodayopumetpi «FACS Calibury
(«BD Biosciences»). Pe3ymbratei mpoToYHOI MHTO-
MeTpii OIiHIOBaIH 3a momoMororo mporpamu FCSa-
lyzer 0.9.13 (ABctpis).

Juis  iaaykuii  octeoreHHOro au()epeHIiFoBaH-
HSl JTOCI/KYBaHI KIITHHU KYJBTUBYBQJIN MPOTITOM
21 nobu B KC, 110 MicTWIIO BIJNOBIJIHI iHIYKTOPH:
0,2 MM ackopOinoBy kuciory («Sigma-Aldrich»),
10 MM B-riminepodocdar («Sigma-Aldrich») i 1 MkM
nexcamera3oH («Sigma-Aldrichy»). Ilicns 3akin-
YeHHSI EKCIIEPHMEHTY KyabTypu ¢ikcyBamu 4%-m
3a0ydepernm QopmaninoMm. Jms ingukamii maude-
PCHLIIOBAaHHS BUSBIISUIM  HAKONMYEHHS I03aKJIi-
TUHHOTO KajbIlif0 Ha (PIKCOBAHUX Ipernaparax IIic-
71 2-xBUIWHHOI 1HKYOarii B 1%-My po3unHi O6aps-
nuka Alizarin Red S («Sigma-Aldrich») 3a kiMmHaTHOT
TEMIIepaTypH.

Cepenouiie Juist 1HAYKIT aUIOreHHOT0 Jude-
penuitoBaHHss Ha ocHoBi KC wmicTtuio iHIyKTOpH:
0,5 MM 3-i300ytun-l-mernn-kcantuH («Sigma-
Aldrichy), 1 MxkM nekcamerasoH («Sigma-Aldrichy),
10 mkr/ma incyniny («Sigma-Aldrich») i 100 MxM
ingomeranmH («Sigma-Aldrichy). Ilicns 21-i mobu
KyJIBTHBYBaHHA B aJIMTIOTEHHOMY CEPEIOBHII KITi-
TUHU (PIKCYBaIK SIK OMMCAHO BHUIIE. Peamizartito amu-
MTOTeHHOTO NU(EepeHIIIFOBaHHS OIIHIOBATH 3a HasB-
HICTIO B IIMTOIUIa3Mi BaKyoOJIeW, 3allOBHEHMX 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 p-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 OOpOOJSUIM CTAaTHCTUYHO
3a JIONIOMOTOI0 MpOrpaMHoro 3adesmnedeHHst «Pasty»
(IIserist). Manmi mpencTaBisuid y BHIVISAL Cepen-
HBOTO 3HAu€HHS + CTaHJApTHE BiAXWIEHHS. 3Ha-
YYIICTh BIAMIHHOCTEH MIX ITOKa3HUKAMHU BH3-
HavaJ M, BUKOPHCTOBYIOUM MapaMeTPUYHHI t-KpH-
Tepiii CrbrogeHTa. BimMiHHOCTI MiX BHOIpKamu
BBaXKasK 3HAYyumMu pu p < 0,05.

PesyabTaTn Ta 00roBopeHHs

[Tynbma 3y6a € myXKoto BOJIOKHHCTOIO CIIOTYYHOIO
TKaHUHOIO, sSKa IPOHHM3aHA MEPEKEI0 YHCICHHHX
HEPBOBUX BOJIOKOH, KPOBOHOCHHUX 1 JiM(aTudHUX
cyaut. CHeKTp KJITHH Yy CKJIAJl MyJIbIIN HaA3BUYANHO
PI3HOMaHITHUI 1 MICTUTHh OJOHTOOJACTH, TiCTIOIH-
TH, Makpodaru, Gpidbpodmactu i HemudepeHiioBaHi
CK.

MexaHiuHa ae3arperaifisi MmyJblu 3y0a JIOAUHU
Ta nojayibiia (pepMeHTaTUBHA OOpOOKa MPUBOIUIH
JI0 BUBUIBHEHHS KJIITUHHHUX €JIEMEHTIB 13 TKaHWHU.
OTpumana micisi BWAUICHHS CYCIEH3isl maja re-
TEPOreHHUH KIITHHHUE ckiaj. llporsrom momains-
LIOr0 MOHOIIAPOBOTO KYJIBTHBYBAaHHS KIITHHH 3
HU3BKOIO 3aTHICTIO JIO ajre3ii MOCTYNOBO €NiMiHY-
Banucs. [IpKUTTEBE MIKPOCKOMIYHE CIIOCTEPEkKEH-
Hs Ha 3-10 100y KyJbTHBYBAaHHS J03BOJIMIIO BUSBUTU
BEJIMKI pO3IUTACTaHi TOMITOHATIBHI KIIITHHHU 3 OKPYT-
JUM SAPOM 1 IMTOIUIA3MOIO, IO MICTHJIa 3HAYHY
KUTBKICTh Tpanyn i Bakyonei (puc. 1, A). Kpim Hux
BUSIBJISUTHCS  PiOHI  KOMIIAKTHI BEpPETCHOMOIOHI
KJIITUHH 3 HEBEJIUKUM OBAJILHUM SIJIPOM 1 TOMOTCH-
HOIO ITUTOILIa3MOK0. BepereHomnomiOHl KIITHHUA aK-
TUBHO NpoidepyBaiu, yTBOPIOBAJIHM KOJIOHII 1 uepes
7 ni0 KyneTuBYBaHHS (OPMYBaIM KOH(IYCHTHHH
monomap (puc. 1, B). Kynerypu CKII xapakrepusy-
BaJIMCSl BUCOKOIO MpOnihepaTUBHOIO aKTUBHICTIO 3i
CTaOLTFHOIO TMO3UTUBHOO IMHAMIKOIO pocTy (pucC. 2,
A). Cepenniii yac NOABOEHHS KIITHHHOI MOyl
30epiraBcsi MPUONM3HO HA OAHOMY PIiBHI MPOTITOM
YCBOTO TIEpioAy criocTepekeHHs (5 macaxiB) i CKia-
naB (40 £ 2) ronuH (puc. 2, B).

JocnimkeHHs: iMyHO(EHOTUIIOBOTO TPOQILIIO M0-
kazano, mo He menme 90% CKII excripecyroTh mo-
BEPXHEBI MapKepu Me3eHXiMallbHUX CTPOMalbHUX
kritun (MCK): CD29 (91,5%), CD44 (93,3%),
CD73 (98,9%), CD90 (90,0%), CD105 (90,7%). [Ipu
LBOMY EKCIpECisi TeMONOECTHYHUX MapKepiB Biac-
tuBa MeHII HIXK 1% ximitud: CD34 — 0,52%, CD45 —
0,08%.

XKurrezparnicte CKII 10  kpiokoHCepBYBaHHS
(xoHTpOINB) cTaHoBmina (96,1 + 3,5)%. KpiokoHcep-
BYBaHHSI IIJISIXOM IMOBUTLHOTO 3aMOPOKYBaHHS B Ce-
penoBuiii 0e3 KpiompoTeKTopa MPU3BOAUIO 0 3a-
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Puc. 1. KynbTypa KniTuH, OTpUMaHunx i3 nynbnu 3ayaTkis
TpeTix Monspis nognHn: A — 3 gobu KynbTMByBaHHA, 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
CEepeIOBHIIA JI03BOJISIIO MICHs BifirpiBaHHs 30eper-
™ (82,3 + 6,1)% CKII.

3a yMOB KyJIbTHBYBAaHHS KIITHHH, KPiOKOHCeEp-
BoBaHi B cepenosumii 3 10% AMCO Ta 20% EC,
MIPUKPITUTIOBANIUACS A0 TUIACTHKY 1 IpodtihepyBalIH.
Bimznaganocs, mo CKII micns kpiokoHCepBYBaHHS
(dopmyBas cyOKOH(ITYEHTHUH MOHOIIAP BEPETEHO-
MoAIOHUX KIITHH y CepeJHbOMY Ha 3 00U mi3Hile
B TIOPIiBHSIHHI 3 KOHTPOJIEM, 110, BOYEBH/Ib, MTOB’s13a-
HO 3 TIEPIOJIOM aJIamnTallii Ta peajisalii penaparus-
HUX MpoleciB y KiiTuHax. [IpoTsirom mopanbmioro
CYOKYJIbTUBYBaHHSI B CTaHIAPTHUX YMOBax Kpio-
KOHCEPBOBaHI KIIITHUHU aKTHBHO JUTWINACSA 1 TIpak-
TUYHO HE BIJPI3HSUINACSA BiJ] HEKPIOKOHCEPBOBaHMX
3a MOP(OJIOTIYHUMHA XapaKTePUCTUKAMH 1 3aTHICTIO
1o mpoitieparrtii.

Kimituan, KpioKOHCEpBOBaHI B cepemoBHIIi 0e3
KpIOTIPOTEKTOpA, MICIIsI IEPEHECEHHSI B YMOBH KYJb-
TUBYBaHHsT He OyJIM 3JaTHI TPHUKPIIUTIOBATHCS JIO
KyJBTYpaJbHOTO IUIACTUKY Ta BigHOBIIOBaTH AB
1 B OJJAJIBIIINX JOCIIDKEHHSIX HE BUKOPUCTOBYBAJIH-
csl.

Ha pannix TepmiHax KyJbTUBYBaHHSI KPiOKOHCeEp-
BoBaHi 3 kpiomporekropoM CKII Bigpizusuucs Bix
KOHTPOJIIO 32 PiBHEM MeTa0OIIuHOI aKTUBHOCTI: TTO-
Ka3HHK BifHOBIIEHHS AB s HUX yepe3 no0y micis
BimirpiBanHs OyB HIDKYMM 3a 3HAYCHHS KOHTPOIIO
Ha 22% (puc. 3). Yepes 7 mib6 KynbTUBYBaHHS PiBEHb
BimHOBICHHS AB B 000X BHIagKax 3HAYHO TIEpe-
BUIIYBaB Takwid y mepury mo0y: Uisi KOHTPOIIb-
HUX KyJIBTYp — Y 5,7 pa3za, Ui KpiOKOHCEPBOBAHUX
KITHH — y 6,6 pa3a. 3Hauymoi pi3HMIl B MOKa3HHU-
Kax MeTa0oJiYHOT aKTHBHOCTI MK KOHTPOJBbHUMH
1 KpIOKOHCEPBOBAaHMMH KJIITHHAMH Ha 7-My HOOY
KyJBTHBYBaHHS BHSIBJICHO HE OyII0.

OcnoBnoto Bnactusictio CK, sika BU3Ha4ae mep-
CHEKTHBHICTB 1X 3aCTOCYBaHHS B KJIIHIYHIHN IPAKTHUIII,
€ 3MIaTHICTH JIO CIIPSIMOBAHOTO MYJBTHIIIHIHHOTO JIH-
(epenuiroBanHs. KylabTHUBYBaHHS K KOHTPOJBbHUX,
Tak 1 kpiokoHcepBoBannx CKII y cepemoBuii, 1o
IHAYKy€ OCTeOTeHHe Ar(epeHITiFoBaHH, IPUBOIUIO
JI0 MiHEepaTi3allil Mo3aKJIiTHHHOTO MaTpukcy (puc. 4,
A, C). Ilicns 3-x TWXHIB KyJIbTUBYBaHHS B cepe-
noBuii 3 iHgykropamu amunorenesy CKII Hako-
MUYyBal BHYTPILIHBOKIITHHHI Jimigu B ¢dopmi
XapaKTepHUX BaKyoJieH, siKi TO3UTHBHO 3a0apBIIiO-
Bamucst Oil Red O (puc. 4, B, D). Cxuin 3a3Hauuntw,
mo 3a ymoB KyinbTuByBaHHs CKII y poctoBomy
cepenoBuIli 0e3 J0AaBaHHS IHAYKTOPIB He Oyio
BUSIBJICHO CIIOHTaHHUX INPOLECIB ocTeo- abo aau-
ITOTEHHOTO TU(EPEHITIFOBAHHS.

Pesynpratu npoBeneHoi poOOTH MOKa3ylOTh, IO
3aCTOCYBaHHs JUisi (PEPMEHTATUBHOTO PO3IICTIICH-
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Puc. 2. unHamika pocty kynbtyp CKI1, oTpuMaHuXx i3 nynb-
Ny 3a4aTKiB TPeTiX MonspiB NoauHKn, Ha 1-5-my nacaxax:
A — cykynHuii iHaekc knitmnHHMX 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. e. 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 (m) 0OOM KyNbTUBYBaHHS; * — BiAMIHHOCTI
3HaYyLi NopiBHSAAHO 3 KoHTponeMm (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
MIPOTCOMITHYHUX (EepMEHTIB 3abe3redye OTpUMaH-
HS CYCIIeH31l KJIITHH, SIKi TICISI eKCIAaHCIi BUSBIIS-
I0Th BIIACTUBOCTI, OIMCAHI PaHille JUIs CTOBOYPOBUX
KITHH mynbnu. KITHHE XapaKTepu3yloThCs Clie-
UUGpIYHUM  IMYHO(EHOTHIIOM, BHCOKOIO mpoide-
PaTUBHOIO AKTHBHICTIO 1 3[aTHICTIO O MYJIBTHIIi-
HiltHOTO AUQEepeHLiIOBaHHS.

Amnaniz imyHopenorurny CKII, npoBenenuii mic-
751 5-TO Tacaxy, MOKa3aB EKCHPECil0 MOBEPXHEBHX
MapkepiB, ofioHy mo Takoi mams MCK kicTkoBoro
Mo3Ky (KM), >kupoBOi TKaHWHHU 1 iepMH JIIOAWHHA [ 13,
19, 23]. Mu He BusBWIM 3Ha4HOI momyrrsimii CD34-
IMO3UTUBHMX KIIITHH, onucaHoi G. Laino Ta cITiBaBT.
[7], mo Moxe OyTH TOB’s3aHE 3 PI3HUMH YMOBaMH
eKkcrancii. HempssMum minTBepaKeHHSIM BiZICyTHOCTI
i€l MOMyMsIil KIITHH MOXE CIYryBaTh TOW (axT,
mo orpumani Hamu CKII He BeTynanu B CloHTaHHE
IudepeHLiloBaHHA, y TOW caMHUil yac sIK 3a JaHu-
Mu G. Laino ta cniBaBr. CD34-n03UTHBHI KIITHHH
3MaTHI TU(EPEHIIOBaTUCS B OCTCOTCHHOMY Harl-
PSAMKY 3a BiICYyTHOCTI iHIYKYIOUHX areHTiB.

[IpencraBneni HamMu pe3ynbTaTH y3TOIKYIOTh-
cs 3 JaHuMH| iHmUX poOiT 3 BuBueHHs CKII: gacTtka
KJIITHH, 10 EKCIPeCYIOTh ME3CHXIMaabHI MapKepu
(CD73, CD90, CDI105) cranoBuna monan 90%, a
remonoernyni (CD34, CD45) — menmie 5% [11, 16,
25]. Takum umnom, orpumani CKII 3a mopdoiio-
TYHUMH O3HaKaMH, TpodijeM MOBEpXHEBUX Map-
KepiB 1 AudepeHUiloBaIbHIM MOTEHIIaIOM BiIIo-
Biganu igeHTudikauiiHuM xapaktepuctukam MCK,
ajie Ipy IIbOMY JIEMOHCTPYBAJIH CYTT€EBI BIIMIHHOCTI
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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 ocTeo- Ta agunoreHHe audepeHuitoBaHHs CKI go (A, B) i nicna KpiOKOHcepByBa (C, ) i itr:

A, C — HakOMMYeHHs NO3aKMiTMHHOTO KanbLito (3abapeneHHs Alizarin Red); B, D — kniTuHM 3 BakyonsiMu, siki MIiCTATb

HenTpanbHi niniam (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-
naptry MCK i3 KM, a came: PDT ansa CKII B ce-
penabomy cranoBuB 40 romuH, Tomi sk it MCK
KM B aHanoriuHux yMoBax KyJbTUBYBaHHS — OJIU3b-
k0 70 romuH [8]. Bimbm BHCOKI mporidepaTHBHY
AKTHBHICTh Ta KJIOHOTGHHWH IOTEHIiall Ui KyJb-
TYp 13 KIITHH myJibnu 3yb6a nopisHsHo 3 MCK KM
BiJI3HAYAIU ¥ iHII gociigauku [1, 17], mo poouts
CKII npuabiuBuM 00’€KTOM JJisl BUKOPHCTAHHS
B BHCOKOTEXHOJIOTIYHUX MEJUKO-010JIOTIYHUX TIa-
Ty35IX.

CyTT€BOIO XapaKTEPUCTUKOK KIITUH 3 TOYKH
30py MEPCIEKTHB KJIIHIYHOTO 3aCTOCYBaHHS € Kpio-
YYTJIUBICTb, $IKA 3aJCKUTh Bil IXHBOTO PO3MIpY,
KITBKOCTI BiJIbHOI Ta 3B’3aHOT BOJIH, CKIIQ/Ty TIJIa3Ma-
TUYHAX 1 BHYTPIIIHBOKIITHHHUX MeMOpaH. OTpu-
MaHI HaMH pPe3ylbTaTH CBiAYaTh MPO Te€, IO 3Mi-
Hu ¢yHkmioHanbHuX BiactuBocted CKIT ming miero
YUHHUKIB HU3bKOTEMIIEPAaTypPHOTO KOHCEPBYBAHHS
SIK 32 BIJICYTHOCTI KpiOIIPOTEKTOpa, TaK 1 B MPHCYT-

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 kpiokoHcepyBanHsT MCK, oTpumanux i3
xupoBoi TkanwHU [19], mepmm [14] i KiCTKOBOTO
MO3Ky nopocioi monuHu [9]. KpiokoHcepByBaHHS
CKII 3a BifCyTHOCTI KpiompoTeKTOpa MPHU3BOIUTH
0 3aru0eni MPaKTUIHO BCIX KITITHH, a BBEICHHS
B cepenoBuie KpiokoHcepByBanHA 10% JIMCO
no3Boisie 30epertn Oinbine 80% KIITHH 13 HEyI-
KO/DKCHOIO TUIa3MaTUYHOI0 MEMOpaHOoIo, 3/IaTHUX
1o anaresii, mpoimideparii Ta iHIYKOBAaHOTO MYIIb-
TUJIIHIHHOTO JTU(EpeHIiIOBaHHs B YMOBaX MOHO-
LIapOBOTO KYJILTHBYBaHHS.

Bignocha npocrora npouenypu orpumanus CKII,
MOJKJIMBICTh IHIBHAKOI €KCIIaHCli in Vifro 1 BHCOKa
IDIACTUYHICTh IMX KIITHH 3YMOBIIOIOTH II€PCIICK-
TUBHICTh iXHBOTO 3aCTOCYBaHHS B pEreHEepaTHBHIN
MeTuIMHI Ta OioimkeHepii. OmHaK I TPaHCISIIT
WX NaHWX Yy KIHIYHY TPaKTHKy HEOOXiTHO TPo-
noBkuTH BuBdeHHS BiaacTuBocTeit CKII i po3poduTtn
edexkTuBHI Ta OE3MEYHI MPOTOKOIN KPiIOKOHCEPBY-
BaHHS, 10 BHKIIOUAIOTh 3aCTOCYBaHHS TOKCHYHHX
1 KCCHOI'CHHUX MaTepiaiB.

BucHoBku

1. Anre3uBHI KIITHHH, BUIUIEHI B pe3yJbTaTi
(epmeHTaTHBHOI OOPOOKM MYNBIM 3a4aTKiB TPETiX
MOJISIPiB 3a JOTIOMOTI'OIO KOJIareHas3H, 3a yMOB €KCIIaH-
cii in vitro TeMOHCTPYIOTb BHCOKY IPOTi(epaTHBHY
AKTUBHICTH 1 3aTHICTHh A0 iHIYyKOBaHOTO Iu(epeH-
LIIOBaHHS B OCTEO- TA aIUTIOI€HHOMY HaIpsSMKax.

2. 3a MopQoJOTIYHUMHU O3HAKaMH, MpodireM
MOBEPXHEBUX MapKepiB i JudepeHIIoBaIbHIM T10-
tenmiaizom orpumani CKII BiAmoBinaloTh KpUTEpism
MYJIBTHIIOTEHTHUX ME3EHXIMAIbHUX CTPOMalIbHUX
KIIITHH, aJie TIPU [IbOMY JIEMOHCTPYIOTh BUILLY LIBH/I-
Kictp npomidepanii nopisasHo 3 MCK KM.

3. KpiokoncepyBanus CKII mronuau muisxom
MOBUIBHOTO JABOCTYIICHEBOTO 3aMOPOXYBaHHS B Ce-
penoButii, mo Mictuth 10% JIMCO Ta 20% EC,
JI03BOJISIE 3HAYHOIO MipOO 30€perTH KUTTE3AaTHICTD,
MeTa0ONiYHy aKTHUBHICTh, @ TAaKOX OCTEO- 1 aJIUIIO-
TeHHUH nrdepeHITifoBaTbHIHN MOTEHITia KITITHH.
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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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