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PE3IOME: Me3enxumanbabie cTBOJIOBBIE KIeTKH (MCK) MMEIOT MHUPOKHUH CIIEKTP BO3MOXK-
HOCTH NMPUMEHEHHSI B MEAMIIUHE, IPH STOM WX MCTOYHHKOM TPAJHUIIMOHHO SIBISETCS KOCTHBIN
MO3I. B Hacrosmiell crarbe paccMaTpHBAIOTCS CBOMCTBA CTBOJIOBBIX KJIETOK, MOJYYEHHBIX U3
MyJIBIBI 3y0a, OICHUBACTCS MX UMMYHO(PEHOTHITUYECKOE COOTBETCTBUE KJIETKaM M3 KOCTHOTO
Mo3ra. PeHOTHITUPOBaHNE KJIETOK MTPOBOAIIN METOIOM MPOTOYHOW MUTOMETPHUH C TTOMOIIBIO
crenuGruuecKnx MapKepoB IKCIIPECCUU MOBEPXHOCTHBIX aHTHIEHOB, KOTOPBIE MOJTBEPKIAIN
COOTBETCTBHE (PEeHOTHUNA HCCIeNYeMBIX KJIeTOK KynbrypaM MCK. OunenuBaeTcsi Takke cnoco0-
HOCTb K XOHJIDOT€HHOW U OCTEOTeHHOH nu(PepeHIINPOBKE B YCIOBUAX i1 Vitro ¢ TIOCIEAYIOMICH
OKPacCKOH JIJTSI TOATBEPKICHUS €€ YCIEIIHOTO 3aBepIIeHns. B pe3ynbraTe mMpoBEeIeHHOTO HMMY-
HOIIUTOXUMHUYECKOT0 UCCIEOBAHMS HAa SKCIIPECCUIO MTOBEPXHOCTHRIX MapKepHBIX O6ekoB CDI0,
CD105, CD73, CD44, CD45, CD14, CDI117, CD34 0651510 IOATBEPkKISHO COOTBETCTBUE (DEHOTUITA
nccaenyeMbix kietok Kyasrypam MCK. Okcnpeccus CD34, CD45, xapakTepHas JJIsl TEMOI03-
THYECKUX CTBOJIOBBIX KJIETOK, B MICCIIEAYEMBIX KYJIbTYpax He HaOmronanace. Juddeperiupos-
Ky KJIETOK OZHOW U3 MpoO 3amyCTUIN B POCTOBBIX Cpelax B KyJbTYpPaTbHOM HIECTHUIYHOYHOM
MJaHIIeTe W KyJIbTUBUPOBAIU B TeueHue 21 nHs; Ha 22-i AeHb OoueHUBaIu TupepeHIIPOBKY
kJ1eToK. J[J1s BEISIBIICHM S XOHIPOTeHHOHN M (pepeHIIMPOBKHU KISTKH OKPAITNBAIIH aTbI[MaHOBBIM
CHUHUM, a JJIsl OCTeOreHHOW Nu(PEepeHIINPOBKH — aIM3aPHHOBBIM KPACHBIM, YTO MO CHIeTH(H-
YEeCKOM OKpacke MO3BOJISIIIO BU3YalM3UPOBATh COOTBETCTBYIONINE CTPYKTYPHI U MOATBEPKAAThH
npoueccel kiaetoyHol nupdepenupoBku. [lo pezynpraTam MopdoIOrHYecKOro ucciaeI0BaHus
CTBOJIOBBIE KJIETKH, COAEPIKAIECs B TyJIbIle 3y0a, COOTBETCTBYIOT 110 MOP(HOJIOTUU 1 HMMYHO-
dherotunry MCK, moydeHHBIM U3 KOCTHOTO MO3ra U ImynodHoro kanatuka. MCK, moiny4ueHHbBIe
W3 MyJbNB 3y0a, NEPCIEKTUBHO HCIOJIb30BaTh B TPABMATOJOTHUH, YEITIOCTHO-IUIIEBOW XUPYP-
U, CTOMATOJIOTHH, a TAKKE MPH JICUCHUH TEPMHUECKHUX MOPAKEHUH U pa3InYHbIX 3a00IeBaHU-
sx (0onesnsb [lapkmHCOHA, OONE3H ANBITeliMepa, caXxapHbIid 1uabeT 1-ro TUMa | T.11.), TPU 3TOM
CTBOJIOBBIE KJIETKH MOKHO BBIJENSATH HE TOJIBKO M3 IYJBIIBI MOJIOYHBIX 3yOOB, HO W U3 MYJIBIIEI
MTOCTOSTHHBIX MPHU IKCTPAKIUK 3y0a Mo MOKa3aHUsAM OPTOJOHTA.

KJIKYEBBIE CJIOBA: cTBOMOBBIE KIJETKH, Nyibla 3y0a; MPOTOYHAS ITUTOMETPHS;
uMMyHOGeHOTHUIT; 1udhepeHIHPOBKA.
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ABSTRACT: Mesenchymal stem cells have a wide range of applications in medicine;
traditionally, bone marrow is their source. This article discusses the properties of stem cells
derived from tooth pulp, evaluates their immunophenotypic correspondence to cells from bone
marrow. The methods are a cytometer study of the expression of surface antigens that confirm
the phenotype of the studied cells according to the cultures of mesenchymal stem cells, the
ability to chondrogenic and osteogenic differentiation in vitro is also evaluated, followed by
staining to confirm its successful completion. As a result of an immunocytochemical study on
the expression of surface marker proteins CD90, CD105, CD73, CD44, CD45, CDI14, CDI117,
CD34, the phenotype of the studied cells was confirmed to correspond to mesenchymal stem cell
cultures. Expression of CD34, CD45, characteristic of hematopoietic stem cells, was not observed
in the studied cultures. The differentiation of the cells of one of the samples was started in growth
media in a culture 6 well plate and cultured for 21 days. On day 22, differentiation was evaluated.
To detect chondrogenic differentiation, cells were stained with Alcian blue, and for osteogenic
differentiation, they were stained with Alizarin red, which stained the corresponding structures,
which confirmed the successful differentiation. Thus, the stem cells contained in the pulp of
the tooth correspond according to the morphology and immunophenotype of MSCs from the
bone marrow and umbilical cord. That confirms the possibility of their use on a par with MSCs
from other sources. MSCs from tooth pulp can be used in traumatology, maxillofacial surgery,
dentistry, as well as in the treatment of burn wounds and various diseases (Parkinson’s disease,
Alzheimer’s disease, diabetes mellitus, etc.). Stem cells can be isolated not only from the pulp
of deciduous teeth, but also from the pulp of constants during tooth extraction according to the

indications of the orthodontist.

KEY WORDS: stem cells; tooth pulp; flow cytometry; immunophenotype; differentiation.

BBEAEHUE
Me3zeHxnMaabHbIC CTBOJIOBBIC KIIETKH
(MCK) — 23TO KJCTKH, SBIISIIOIIMECS MpEeIie-

CTBEHHHUKAaMH LEJIOTO Psifia KIETOK Pa3IMYHBIX
TkaHel. OHM cofepkarcs B KOCTHOM MO3Tre, KH-
pOBOIf TKaHH, a TaKXke B 3yOHOI mynbIie. 3yOHas
MmyJblla — 3TO TKaHb, (YOPMUPYIOIIAs BHYTPEH-
HIOIO CTPYKTYpy 3y0a; B HEW comepikarcsi CTBO-
JIOBBIE KJIETKH, KOTOPBIE MOTYT Au(epeHITHpo-
BaTbCA B KJIIETKH KMPOBOM, KOCTHOM, MBIIIIEYHOM,
XpsAIIeBO M HepBHOW TkaHneil. Hamuuwue storo
cpoiictBa y MCK Hanuio nprMeHeHHE B MeaH-
LMHE TPU JICYSHUW Pa3HbIX 3a00JIeBaHMUN U Ta-
TONOTHUN (caxapHbIM nuaber 1-ro THIa, Uppo3
M€YeHH, TPaBMbI, OPTONEIUYECKHE IaTOJOTUU
U T.JI.), @ TAK)XXE B PEKOHCTPYKTUBHOW XMPYPIrUu
U TPaHCIIAHTOJIOrMU. Takod IIMPOKWI CIIEKTP
npumereHuss MKC o0ycrmoBieH WX CIocoOHO-
CTBIO MOJABIATh BOCHAIMTEIBHBIE IPOLECCHI,
yCHIMBaTh Tpoiaudepanuio KIETOK B MecTe
TPaHCIUIAHTALIMH, CTUMYJIUPOBAaTh pPOCT COCY-
J0B. BaXKHBIM MPENMYIIECTBOM JaHHBIX KJIETOK
SIBJISIETCSI BO3MOYKHOCTb UX KYJIBTUBHPOBAHUS in
Vitro, 9TO MO3BOJISIET 3HAUYNTEIHHO YBEIMYHUBATH
HX KOJMYECTBO U JACT BO3ZMOKHOCTH JUISl UCCIIE-

JIOBAHMSI ITUX KIETOK. TpagullMOHHO OCHOBHBIM
nctouHukoM MCK siBisieTcst KOCTHBIM MO3T, HO B
HacTosIIee BpeMs METOJ MOJIYUYCHHs] CTBOJIOBBIX
KJIETOK M3 aJbTePHATUBHBIX MCTOUYHUKOB MPHUOO-
peraetr momyisipHocTh [2, 6, 10]. Brinenennsie
MCK wu3 nynbIbl 3y0a TakkKe MOYKHO IPUMEHSITh
TIpY JISYCHUH Pa3HbIX 3a00JIEBaHUN U TIATOJIOTHIA.

N3yueHre cBOMCTB CTBOJIOBBIX KJIIETOK, MOJY-
YSHHBIX M3 MYJBIBI 3y0a, U CpaBHEHUE MX C Me-
3CHXHMMAJIbHBIMU CTBOJIOBBIMH KJIETKaMHU, IIOJTY-
YEeHHBIMH U3 APYTUX UCTOYHHKOB.

MarepuayioMm JUisl HAIETO HCCICIOBAHUS I10-
cayxw MCK 13 mynbsIiel MOJIOUHOTO 3y0a, Tpe-
noctaBieHHbIC [[OKPOBCKUM OaHKOM CTBOJIOBBIX
kieTok. Ilepen HayalioM HCCIETOBAHUS KICTKH
KYJIbTUBUPOBAJIN B CTAHAAPTHBIX YCJIIOBHUAX, MC-
Hsisl KyIBTYypPaIbHYIO CPEIy pa3 B TPH JIHA. 3aTeM
3aIlyCTUIIM XOHJPOTEHHYI0 U OCTEOTEHHYIO Anud-
(hepeHIMPOBKY KJIETOK OMHON M3 MPoO B pOCTO-
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BBIX Cpelax B KYJIbTYypajJbHOM HIECTHIIYHOYHOM
IUIAHIIETe ¥ KyIbTUBUPOBAIH B TeueHue 21 mgHsl.
Ha 22-ii nens nuddhepeHIIMpPOBKY OIEHUITH.

Buisenenue ouggepenyuposrku. Henocpen-
CTBEHHO TIepe]] MCCIIEeIOBAaHUEM KIIETKH 3a(uK-
cupoBasid 4% mnapadopManbAeTHaAOM B TEUCHUE
10 munyT. [locne storo knetku ormbiBain PBS
2 pasza. [lns BeIsIBIEHUS XOHIpOTeHHOW nudde-
PEHIUPOBKHU KJIETKH OKpAIllMBaIN aJblHaHOBBIM
CHHUM, a JJs OCTeoreHHoW muddepeHInpoB-
KM — aJM3apuHOBBIM KpacHbIM. MHKyOamust mo-
CJIe OKpaIllMBaHUA JJIHiIach 45 MUHYT TIPH TeM-
nepatype +4 °C. 3areM KJIETKU MPOMBLIU BOJION
2 pa3a ¥ OCTaBMJIM B BOJHOM PacTBOpE JJIs aHa-
nmu3a. OKpalieHHbIe KIETKH MMPOCMaTpUBalid Ha
MHBEPTUPOBAHHOM CBETOBOM MHUKPOCKOTIE.

Ipomounas yumodghnyopumempus. IlpuHImm
MeTOoj1a MMPOTOYHOI LIUTOMETPUU OCHOBAH Ha pe-
TUCTpanuu (PIFOOPECIICHITNN M CBETOPACCESHUS
OT KaXIOW OTAEIBHO B3ATOM KIETKH B KIETOU-
HOM cycneH3uu. KieTku ojHa 3a Apyroi mpoxo-
JSIT Yepe3 TOHKUN KaluuLsp, 00ayvaroTcs Ja3ep-
HBIM JIY4OM, TPH 3TOM perucrpupyercs (iroo-
pPEeCILIeHIIUS W PACCesSHHOE JIa3epHOe H3IIyUYCHHE
Kax 01 kieTku. [lonydeHHblil curuai nepenaet-
cs Ha KOMITbIoTep, 00pabaThsIBacTCs, U TOTyICH-
HbIe JaHHBIC OTOOPAXKAIOTCS B BUJE Pa3TUYHBIX
rpa¢ukoB u TucTOrpamm [1].

OtnenbHasi mpo0a KIETOK Oblla HCHOIB30-
BaHa I aHalu3a Ha TMPOTOYHOM ITUTOMETpE.
B kynprypanbHbI Marpaln] q00aBWIM TPHUIICHH
JUISL CMBIBA KJIETOK C TBEPAOW MOJJIOKKH B Cy-
CIeH3MI0. 3aTeM KIETKH OTMBUIA OT TPHUIICHHA C
nomonipto PBS. [IpoOy paszmenunu Ha Tpu mpo-
OMpKH, B TIOJYUYEHHYIO CYCIIEH3HIO KJIETOK BHO-
CHJIN MOHOKOJIOHAJIbHBIC AHTHTENA, MEUYCHHBIC
(ITyOpeclieHTHBIMH KpacUTeIsIMU: (Iyopeciien-
noM—u3otuonuonaroM (FITC), dukospurpunom
(PE), puxospurprnom—tmanuaoM 5 (PC 5), duko-
spurpuHoM—ItanuHoM 7 (PC 7). Jlns BeIsBICHAS
KU3HECTIOCOOHOCTH KJIETOK MPOOY OKparIuBaiu
nporuaus WomuaoM (PI). 3atem morpeboBamach
WHKyOalus KJIETOK B TEMHOTE TOCJE OKpalIuBa-
Hus B TeueHue 20 MunyT. Jlanee B kKaxmayro mpooy
BHecu 1o 4 M1 PBS u Boprekcuposainu. [IpoOup-
KM eHTpudyruposanu B TeueHue 7 MUHYT. Cin-
BaJId cynepHaTaHT u noBoauiau PBS no 200 mki.
WccnenoBanue BBHIOIHSAIN HA IPOTOYHOM LIUTO-
¢dyopumetpe FC 500 (Beckman Coulter, USA).

PesyabTaTthbl gndpPpepeHLMpoBKU KAETOK

B pesynberare okpammBaHUS KIETOK aiblua-
HOBBIM CHHUM (XOHJIpOreHHas n1ugdepeHunpos-
Ka) W aJn3apuHOBBIM KpPAacHBIM (OCTCOTCHHAS

nuddepeHIupoBKa) B COOTBETCTBYIOIIUX ITyH-
Kax KyJIbTYpaJbHOTO IUIAHIIETa BU3yaJIn3UPOBa-
HBl COOTBETCTBYIOIINE KJIETOYHBIE CTPYKTYPHI,
YTO TOATBEPHKJAI0 YCIEUIHYIO XOHAPOTCHHYIO
u octeorcHuyto nuddepenmuposky MCK, Beige-
JICHHBIX U3 MyJbIbI 3y0a (puc. 1-3).

Pe3ysabmamel npomouHoli yumomempuu

HCCHCI{OBaHI/IC BBIIIOJIHAJIM Ha IMIPOTOYHOM
nutodayopumerpe FC 500 (Beckman Coulter,
USA) na 6a3e [lokpoBckoro 0aHKa CTBOJIOBBIX
KJIETOK. YPOBEHb JKU3HECIOCOOHOCTH HCCIeye-

HeOKpaLIJeHHbIe CTBOJ10BblE KNETKN
Puc. 1. Harusnas xynsrypa MCK 13 IynbIbsl MOJIOYHOTO
3yba (Mukpodotorpadus, 6e3 okpacku, x80)
Fig. 1. The native culture of MSCs from the pulp of a milk
tooth (microphotography, unpainted, x80)

.

AnbLNaHOBbIN CUHWIA CBA3BIBAETCA C MyKOMonuUcaxapuaamm

Puc. 2. Xonaporennas muddepeHunpoBka. ATbIHAHOBBIN
CHHHIT CBA3BIBACTCS C MyKOIOJIMCAaXapuaaMu (MUKpPO-
(hororpadus, okpacka agbIHAHOBBEIM CHHUM, X80)

Fig. 2. Chondrogenic differentiation. Alcian blue binds to
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Puc. 3. Ocreorennast auddepeHunpoBka. Anu3apuHOBBII
KPACHBIH CBA3BIBACTCS C LICHTPAMH KaJIbL()UKALUK
(mMukpodororpadus, okpacka aau3apuHOBBIM Kpac-
HbIM, X80)

Fig. 3. Osteogenic differentiation. Alizarin red binds to
calcification centers (microphotography, alizarin
red, x80)
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Puc. 4. KuznecnocoOHOCTh KJIETOK cocTaBmiIa 6omee 95%.
J171s1 BBISIBIICHUSI KU3HECTIOCOOHOCTH KIIETOK MPo0y
OKpAIlMBaJIM MPOMHANS HOOUAOM

Fig. 4. Cell viability was over 95%. To identify cell viability,
the sample was stained with propidium iodide

Moro o0Opasia JOBOJILHO BBHICOKHH M COCTaBIISET
6onee 95% xKUBBIX KIEeTOK (puc. 4).

[TonmyueHHBIE KyIBTYPBl KICTOK OBIIM HCCIe-
JIOBaHBI Ha HKCIPECCHUIO TOBEPXHOCTHBIX MapKep-
HBIX OenkoB CD90, CD105, CD73, CD44,CD45,
CD14, CD117, CD34.

Oxcnpeccuss CD34, CD45, xapakrepHas nis
TFeMOIOSTHYECKIX CTBOJIOBBIX KIIETOK, B HCCIIE-
IyeMBIX KyJIbTypax He HaOmromanach (puc. 5, 6).

Oxcnpeccus CD14 npucyTcTByeT B HE3HAUU-
TenpHOM KomuecTse (3,5%) (puc. 7).

Okcnpeccus CD117, xapakrepHast 1J1s OITyX0-
JIEBBIX KJIETOK, TAKKe OTCYTCTBOBaja B HCCIELy-
eMBIX 00pasmax (pwuc. 8).

29
B
08%
T IIllIIIIo 1 Illllll|1 L] IIIIlII' T rrrTn
10 10 102 10°
CD34 FITC

Puc. 5. Dxcnpeccus CD34
Fig. 5. Expression of CD34

CD45 PC7

Puc. 6. Oxcnpeccus CD45
Fig. 6. Expression of CD45

T llllllll

CD14 PC5

Puc. 7. Dxcnpeccus CD14
Fig. 7. Expression of CD14

FORCIPE

TOM 4 Ne21

2021 ISSN 2658-4174



30 ORIGINAL PAPERS
[--] T -
=] &
i F i
~0.1% E
93.6% f
T T IIIII'II T IIlIIIII T 1 IIIIIII T T TTTITT L Illllll 1T ll| T Illllll rTrTTT
101 100 101 102 103
CD117 PCT CD90 PC5
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Fig. 8. Expression of CD17 Fig. 11. Expression of CD90
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Puc. 9. Dxcnpeccus CD44 Puc. 12. Dxcnpeccus CD105
Fig. 9. Expression of CD44 Fig. 12. Expression of CD105
Oxcnpeccuss CD90, CD105, CD73, CD44
§ XapaKTECpU3yeTCsd BBICOKMM YPOBHEM B HCCJIIC-
nyeMbix kietkax. CD90, CD105, CD73, CD44
ABJIIAIOTCA TTOBEPXHOCTHBIMH OekaMu MYJIb-
TUIOTCHTHBIX KIJICTOK MC3CHXUMAJBHOI'O psAada
i (puc. 9-12).
Nx yposens skcnipeccuu coorBeTcTByeT MCK
(o M3 KOCTHOI'O MO3Ta U IMYIIOYHOI'0 KaHaTUKa.
+99.7% TakuMm oOpa3om, B pe3yibrare MpOBEACHHOTO
MMMYHOIIUTOXUMUYECKOTO HUCCISOBaHUS OBLIO
IMMOATBEPKIACHO COOTBETCTBUC q)eHOTI/IHa HCcIec-
JlyeMbIX KJIeTok KynbTypam MCK.
T TT |||;|oo T TT |||;|o1 PrTT lnalo T T 1T l”:loS OKpaH_[I/IBaHI/Ie HOHTBepHI/IHO yCHeHIHYIO

Puc. 10. Dxcrpeccust CD73
Fig. 10. Expression of CD73

XOHJIPOTEHHYIO U OCTEOTeHHYI0 nauddepeHiu-
POBKY.

HccnenoBanueM Ha MUATOMETPE MOATBEPIKIC-
HO COOTBETCTBUE (PCHOTHIIA UCCIICIYSMBIX KIe-
TOK KyasTypam MCK.
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CTBOJIOBBIE KJIETKH, COAEpXKAIUECSH B IIyJb-
ne 3y0a, COOTBETCTBYIOT Mo Mopdonoruu u
nvmmyHopernotumry MCK w3 KOCTHOro Mo3ra u
MyTOYHOro KaHaTuka. TakuM o0pa3om, 3TO Mox-
TBEPKIAEeT BOBMOKHOCTh MX MCIOJIh30BAHUS Ha-
paBHe ¢ MCK u3 Ipyrux MCTOUHHKOB.

Cnenosarensno, MCK u3 nmynbmsl 3yd6a MoTyT
IIPUMEHSTHCS. B TPaBMaTOJIOTUH, YEIIOCTHO-JIH-
LEBOW XUPYpPrUH, CTOMATOJIOTHH, JICUCHUU OXKO-
TOBBIX PaH U NPH JICUEHUHU IPYTHX Pa3IUUHBIX
3a0oneBanuii (Oone3np IlapkuHcoHa, 0oJe3HB
AnprreiiMepa, caxapubelii amaber 1-ro TwHma
uT.a.) [5-9].

CTBONIOBBIE KIIETKM MOXXHO BBIACTUTH HE
TOJIBKO M3 MYJbIBI MOJOYHBIX 3yOOB, HO TaKke
W U3 MYNbIbl MOCTOSHHBIX MPHU ynajleHuu 3yda
[I0 TIOKa3aHUSAM OpPTOAOHTAa. Takue CTBOJIOBBIE
KJIETKM MOYKHO 3aroTaBiMBaTh BO BpEeMs CMe-
HBI MOJIOYHBIX 3yOOB (WJIU MPU yTAJICHUHU 3y0a)
U XpaHWUTb B KpHOOaHKE Ui AalbHEHILEro uc-
MOJIb30BaHMsl. 3arOTOBJICHHBIC KJIETKH MOJOUIYT
HE TOJIBKO «XO35IMHY» 3y0a, HO U BCEM €ro poj-
CTBeHHHUKaM. [3, 4].

ABTOPBI BBIPAKAIOT MPHU3HATEIBHOCTh I'EHE-
paigbHOMY nupekTopy ITokpoBckoro 6anka cTBO-
JnoBbIX KieTok UI.®D. ANbUIOBY U COTPYIHUKY
B. baraesoii.
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