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Pesome. Kononuedopmupytomme sHmoteauanbHble KieTkn (ECFCs, KODK) — peakas momyssiyst
UPKYJIUPYIOIINX SHAOTEIMAbHBIX KJeToK-TipeniiecTBeHHUKOB (EPC), koTopasi mpeacTaBisieT MHTepeC
TSI TKAHEBOM WHKEHEPU U, KJIETOYHOM Tepanuy 1 M3y9eHUs TTaToreHe3a 3a00JieBaHUi, CBSI3aHHBIX C HApy-
meHueM GYHKIIUM dHA0Te M. Peanu3anus JaHHbIX HalpaBJIeHUI MoIpa3yMeBaeT UCITOJIb30BaHUE YUCThIX
KYJIBTYp SHIOTEJUATbHBIX KOJOHUE(hOPMUPYIOIIMX KJIETOK, KOTOPbIE MOTYT ObITh MOJYYEHbI U3 MOHOHY-
KJIeapHOM (ppaKiuuu neprudepruueckoii KpoBu dyeaoBeka. JJocTaTOYHO TOYHBIM METOAOM OLIEHKU (heHOTUIIA
M YUCTOTHI KJIETOUHOM KYJIBTYPbl MOXET SIBJISITHCS IIPOTOYHAST LIUTOMETPHSL.

Llenb maHHOrO McCieAOBaHUS 3aKJII0Yajlach B TOM, YTOObI NOJYYUTh HOITYJISILIAIO KOJIOHUE(HOPMUPYIO-
LIMX SHIOTEJUAIbHBIX KJIETOK, M C ITIOMOIIbIO METOJA IPOTOYHOMN LIMTOMETPUU ITOATBEPAUTH (DEHOTUIT U
OLICHUTb YMCTOTY HOITYJISLIN.

Hist monyuennss KODK McImonmp30Ban remapuHU3MPOBAHHYIO TOHOPCKYIO KPOBb U3 MepUdepruIecKom
BEHBI. Boinensuin MOHOHYKIeapHyto (ppakimio Ha rpagueHTe miuotHoctu Histopaque 1077. IMomydyeHHbie
KJIETKM KYJIBTUBHUPOBAIM B MOJIHOM nuTaTeabHoM cpege EGM-2 MV ¢ 5% FBS. Ha 11-e, 15-e u 18-e cyrku
KYJIFTUBUPOBAHMST KJIETKN CHUMAJIM TPUIICMHOM, YacTh U3 KOTOPBIX OTOMpPAIN [JIs aHaI1M3a Ha TPOTOYHOM
I[IUTOMETPE, a OCTABIIMECS TEPEHOCUIIN B TIAHIIET JJIST JaJbHEUIIEero KyJIbTUBUPOBAHUSI 1O JOCTVKCHUS
70%-Ho1i KoH(bIIoeHTHOCTU. DEHOTUI TTOJTyYeHHBIX KOJIOHUIA OLIEHWBAIN C ITOMOIIBIO METOIa TPOTOYHOM
nuTomMeTpuun. I1poOOMoAroToBKy LiedbHOM NepudepudyecKoil KpoBU, MOHOHYKJICAPHOU (paKLMU U KYJb-
TYpbl KJI€TOK MPOBOAMJIM T10 ABYM MaHEIsIM (hIyopoXpOM-MEUEeHBIX MOHOKJIIOHAIBHBIX aHTUTEJ. MeTomnoM
(a30BO-KOHTPACTHOM MMKPOCKOIIMKM BU3YaJbHO OLIEHMBAJIM POCT KOJOHUIM. CTaTUCTUYECKYI0 00pabOTKy
MOJIyYeHHBIX Pe3yJIbTaTOB IIPOBOAMJIN C UCIIOJb30BaHMEM IaKeTa MPUKJIaAHbIX IIporpaMm Statistica 6.0.

Jo 9-X CyTOK KOJIOHMM KJIETOK He ObLIM BU3yaJibHO OOHapy:KeHbl. [1pu majibHeileM KyJbTUBUPOBAHUN
GopMUpOBaIKCh Pa3pacTalolIUecs KOJOHUN TUIIA «OyIbDKHOM MOCTOBOIM». C ITIOMOIIbBIO IIPOTOYHOM LIUTO-
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MeTpuu aeTeKTupoBanu ase nomnyasuuu: CD45" u CD45 . B xone ucciienoBaHus ObLIO BBISIBJEHO, UTO MPU
YBEJIWYEHUM JIUTEJIbHOCTU KyJabTUBUpOBaHUs nonyisius CD45" ymensinanachk, a CD45 nmporpeccuBHO
YBEJIMUYMBAIACh, YTO MOXKET OBITh CBSI3aHO C MOCTEIIEHHBIM BBHITECHEHMEM KJIETOK IeMOII033a SHIO0TE I ATb-
HBIMHU KOJIOHNE(MDOPMUPYIOITNMEI KIIeTKAMU.

B pesynbraTe Haiero mcciaeaoBaHus, ooHapyKeHHas monyiasuus CD45% coorBeTcTBOBaia (peHOTUITY
KJIETOK JIMHUM TeMoIl033a, Toraa Kak mnomyassuuu CD45 cooTBeTCTBOBal 3HAOTEIUAIbHBIN (heHOTUN —
CD31*CD309*vWF*CD146". K 18-M cyTKaM cTeleHb YMCTOThI KYJIBTYPhI cocTaBiisiia 97,6%.

Karoueswie crosa: npomo4Has yumomenmpus, IHOOMeEAUANbHbIE Kononued)opmupyiomue Kaemku

ISOLATION OF COLONY-FORMING CELLS FROM HUMAN
BLOOD AND EVALUATION OF POPULATION PURITY BY FLOW

CYTOMETRY
Torgunakova E.A,, Matveeva V.G., Antonova L.V.

Research Institute for Complex Issues of Cardiovascular Diseases, Kemerovo, Russian Federation

Abstract. Endothelial colony-forming cells (ECFCs) represent a rare population of circulating endothelial
progenitor cells (EPCs), which is of interest for tissue engineering, cell therapy, and studying diseorders
associated with endothelial dysfunction. Advances in this field imply isolation and pure culturing of endothelial
colony-forming cells, which may be obtained from the mononuclear fraction of human peripheral blood. Flow
cytometry may provide rather accurate phenotyping and checking purity of the cell cultures. The aim of this
study was to obtain a population of colony-forming endothelial cells evaluated by flow cytometry in order to
confirm the phenotype and assess the purity of the cell populations. Heparinized donor blood from peripheral
vein was used to obtain ECFCs. The mononuclear cell fraction was isolated on a Histopaque 1077 density
gradient. The obtained cells were cultured in complete nutrient medium EGM-2 MV with 5% FBS. On the
111, 15" and 18" days of culture, the cells were detached with trypsin. Some cell aliquots were taken for flow
cytometry, and the remaining cells were transferred to a plate for further cultivation until 70% confluency was
reached. The phenotype of colonies obtained was evaluated by flow cytometry. Sample preparation of whole
peripheral blood, mononuclear fraction and cell culture was performed using two panels of fluorochrome-
labeled monoclonal antibodies. Colony growth was visually evaluated by phase-contrast microscopy. Statistical
processing of the obtained results was performed using the applied program package “Statistica 6.0”. Up to 9
days, the cell colonies were not detectable visually. During further cultivation, the proliferating colonies of the
“cobblestone” type were formed. Two populations were detected by flow cytometry: CD45* and CD45. In
the course of our study, it was revealed that, with increasing cultivation terms, a decrease of CD45* population
was observed, along with progressive increase of CD45  cells, which may be associated with the gradual
displacement of hematopoiesis cells by endothelial colony-forming cells. As a result of our study, the detected
CD45" population had a phenotype of hematopoietic lineage cells, whereas the CD45- population exhibited
endothelial phenotype: CD317"CD309*vWF+*CD146*. By 18 days, the purity of culture reached 97.6%.

Keywords: flow cytometry, endothelial colony-forming cells

K®3BK crniocoOHBI HETTOCPEACTBEHHO BCTPAUBATBLCS
B 9HAOTEJIHMAbHBIN CJI0U TMTOBPEKIEHHBIX KPOBEHOC-
HBIX COCYIOB, YJAaCTBY B IIPOIIECCe UX peTeHepalin.
K TomMy Xe paHHMe 3HAOTEIUAbHbIE MTPOTreHUTOP-

BBeneHue

Kononuedbopmupyroiye sHI0TeIUaTIbHbIE KIIET-
ku (Endothelial Colony Forming Cells, ECFCs,

K®BK) mpencraBiasioT co0oit peaKyIo ITOIYJISIINIO
MO3MHUX SHAOTEIMAbHBIX KJIETOK-IIPEIIIeCTBeH-
HukoB (EPC), obnanaroimux BEICOKMM Ipoindepa-
TUBHBIM TIOTEHIIMAJIOM. B oTiiMuue ot paHHUX 3H-
JMIOTEJTMATBHBIX TPOreHUTOPHBIX KieTok (eEPCs),

Hble KJIETKM MMEIOT FeMOMNO3TUYECKOE MPOMCXOXK-
nenue, torra Kak KOODK cuuraloTrcsi ToMOreHHOMI
NONYJISMEeA UCTUHHBIX SHAOTEIUAIbHBIX TPOre€HU-
TopoB [1]. OHM BKCIpecCUpyloT 3HAOTEIUAIbLHbBIE
Mapkepsbl, Takue kak CD31, VE-kanrepuH, gpaktop
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Bunneopanma, CD146, VEGFR2, HO He 3Kcrpec-
CUPYIOT TeMoIoaTndeckue mapkepsl CD45 n CD14.
DHAoTenaNbHbIC KJIIETKU, HapsILy C UX ITPOTeHUTO-
paMu, UTrparoT BaxKHYIO POJib B PETyJIsSIUMU UMMYH-
HOTO OTBeTa, BLICTYIAsl B KAYeCTBE aKTUBHBIX y4acT-
HHUKOB OCTPBIX WJIN XPOHWUYECKUX BOCHAIMTEIHHBIX
MPOIIECCOB, KPOME TOTO, OHU SIBJISIIOTCS (harouTu-
PYIOLIUMU KJIeTKaMmu [2].

K®OK mpencraBiasior WHTEpecC I MHOTUX
npunoxeHnii. KMO®DK crmocodHbBl chopMupoBaTh
SHAOTEJUAJBHBIA MOHOCJION, KOTOPbIA HpUIaCT
(YHKIIMOHAJIbHbBIE CBOWCTBA, YJYYIIUT TPOMOOpe-
3UCTEHTHOCTb M UCXOJ UMILIaHTALIUU OMOUHXKEHEeP-
HBIX CepJIeYHO-COCYIUCTRIX MpoTe30B [3, 4]. Hayu-
HbIE€ HCCJIeIOBaHUS TTONTBEPXKIAIOT, YTO KJICTOUHAasI
Tepanusl SHAOTEIUaIbHBIMU TIPOT€HUTOPHBIMU
KJIETKAaMU MIIEeMU3UPOBAHHBIX TKaHel (HalmpuMmep,
IpU UIIEMUYECKOM 00JIC3HU cepIIia, MHCYIBTe U 3a-
OoJieBaHUSAX TIepUGepUIECKUX apTepUii) CIOCOOHaA
yayylliaTh MPOLIECCHI perapanuy, aKTUBU3UPOBATh
AHTUMOTE€HE3 U CHU3UTh (pMOPO3MPOBAHUE 30HBI TO-
BpexaeHus [5, 6]. KDODK MoryT BeICTYNATh LIEHHON
MOZEbIO [JIsI U3YyYEeHUsI MPOIIECCOB aHTMOTreHesa,
SHIOTEJIUATBHON AUCHYHKUIMU U (DYHKIMOHUPO-
BaHUS HAO0TEJIMAIbHOTO MOHOCJIOS B HOpME U TIpU
psiie MaToJIOTUYeCKuX cocTtossHuii [7]. Peanuzanust
9TUX HaMpaBJIeHUM IOJpa3yMeBacT UCIOJIb30BaHUE
YUCTBIX KYJBTYP 9HAOTEIUATbHBIX KOJTOHUEDOPMU-
PYIOIIUX KJIETOK.

DHAoTeINaIbHbIE KOJIOHNEOOpa3yoIIne KISTKI
MOTYT OBITh ITOJIy4€HBI U3 MOHOHYKJIeapHOII pak-
Uy nepudeprudeckoil KpoBU, YTO MOATBEPXKIAAeT-
cs1 pabotamu HaydHbIX rpyrnnn Medina, Colombo u
ap. [8, 9]. IIpoTouHass HTUTOMETPUST SIBIISICTCSI METO-
JIOM BbIOOpa 11 onpeneaeHus (heHOTUna MmoydeH-
HOM MonyJISIUY KJIETOK U OLIEHKU €€ YMCTOTHI.

Marepuans! v MeToapb!

Marepuanom mist nonydeHusi KODK cmyxuna
JMIOHOPCKAas KPOBb U3 TepuGepuveckoil BeHbI, 3a-
OpaHHasi ¢ remapuHoM. MOHOHyKJIeapHyl0 (dpak-
uuo (MNF) Bbeiaensiiv Ha TpagueHTe TJIOTHOCTU
Histopaque 1077 (Sigma-Aldrich, CIIIA) B cooT-
BETCTBMU C WHCTPyKuMel mpousBonutens. [lomy-
YeHHbIe U3 MHTePda3bl KJIETKU BAXIbl TPOMbIBAIA
u3osiTkoM PBS ¢ nmocnenyromuM 1eHTpUbyrupo-
BaHUEM, CYCTIEH3UIO KJIETOK PeCyCIIeHAWpPOBaId B
noiaHou muTtaTenpHO cpeme EGM-2 MV (Lonza,
HIseituapus) ¢ 5% FBS (HyClone, CIIIA), 2% ne-
HULWUIMHa/cTpentomunnHa (Invitrogen, CIIA) n
0,25 r/mn amporepunimaa B (Invitrogen, CIIIA) u
BHOCUJIA Ha TTIOKPBITHIE KOJJIATEHOM KYJIBTyPATbHbBIC
IUTAHILETHI 25 M2,

KynsruBupoBaHue MNpOBOAWIM B MHKyOaTOpe
nipu 37 °C, 5% CO,. B iepBbIe 2 CYyTOK Cpelly MEHSIIN

€XeTHEBHO JUISI YIaJICHUs Healre3upoBaHHbBIX KIle-
TOK M aebdpuca, B ITocaeayoiieM yepes 2-3 cyrok. Ha
11-e, 15-e u 18-e cyTKM KyJIbTUBUPOBAHUS KJIETKU
CHUMaAJI TPUIICMHOM. YacTh KJIETOK OTOMpPaIN IJIst
aHaJIn3a, OCTaBIIMECs MEePEHOCWIN B IJIAHIIET, MO-
KDPBITBIA (PUOPOHEKTUHOM, W Jajiee MPOdOIKaIU
KyJIbTUBUPOBaHUE B IIOJIHOM IUTATEIBHOW cpene
no dopmupoBaHusi 70% KOHMIIOEHTHOM KYJIBTY-
pBI, TIOCJIe Yero BBITIOJHSUTM TTaccaX. BusyaibHbI
KOHTPOJIb 32 POCTOM KYJIBTYPBI OCYIIIECTBIISUIN €3Ke-
nHeBHO. OOpaslbl OLIEHUBAJIM METOIOM (ha30BO-
KOHTPACTHON MUKPOCKOIIMUA Ha MHBEPTUPOBAHHOM
Mukpockorie CarlZeiss.

IIpoTounas uuToMeTpUs

Knerkn ormeiBasim PBS 1 okpammBaim KOHB-
IOTMPOBAaHHBIMU MOHOKJIOHAJbHBIMU aHTUTEIaMU
dupmbl BiolLegend (eciu He ykazaHO uUHOe): (iy-
opecuenH-nzotuonnanar (FITC) — (CD34, vWF
(abcam); ¢uxkosputpuH (PE) — (KDR (BD)); an-
norukonuanuH (APC) — (CD133, CD31); ¢ukon-
putpuH — nuanuH 7 (PC7) CD146; Krome Orange
(KrOr) CD45 (BC).

IIpoGononroroska 1LiejibHOW TiepudepudecKoit
kpoBu, MNF u KyJIbTypbl KJIETOK MPOBOAMIU CO-
MJIAaCHO MPOTOKOoJIaM  (DUPM-TIPOU3BOAUTENEH IO
JIBYM TTaHEJISIM:

1. CD34, KDR, CD146, CD133, CD31, CD45.

2. CD146, vWE

B nipo6y BHOCHAM OT 2 MKA 10 20 MKJI COOTBET-
CTBYIOIIIMX aHTUTEJ C AajbHeuleid nHkyoamuein 30
MUH IpU KOMHATHOM TeMIlepaType B 3alIUIIIeHHOM
oT cBeTa Mecte. KoHTposieM CIy>XuI0 BHECEHHUE B
obpaszell paBHOro oObeMa aHTUTE] COOTBETCTBY-
FOILIIETO M3O0TUITMYECKOTO KOHTPOJSA, HaJbHEHIIYIO
MPOOOMOATOTOBKY BBIMOJIHSIM aHAJOTMYHO OCHOB-
HOUl mpobe. I[IpodornoaroroBka KpoOBU AOMOTHU-
TEJIbHO BKJIIOYAJIa 3Tallbl JU3UPOBAHUS IPUTPOLIM-
TOB pacTBopoM Versalyse (BC) u oTMbIBKU 0Opa3ia
PBS. Ilpn okpalmmBaHUM BHYTPUKIIETOUHOTO OeJIKa
VWF BBINOJHSAIM (UKCALMIO U TIepMeaduIn3aluio
KJIETOK c mnpuMeHeHueM Habopa IntraPrep (BC).
OkpalreHHBIe TIPOOBI pecycnieHaupoBaau B PBS u
aHaAJIM3UPOBAIM HAa MPOTOYHOM JIa3epPHOM LIMTOME-
tpe CytoFlex (CIIIA) B mporpamme CytExpert. Ha-
CTpOIiKy npubopa isl KaxXa0i MaHe U BBIIOJIHSIIU C
HCITOJIb30BaHMEM KOHTPOJIBHBIX P00, OKpAIIEHHBIX
COOTBETCTBYIOIIMMU U30TUITAMM, TATLHEUIIINI aHa-
JIM3 Bcex 00pa3lioB Ha eAUHBIX HACTPOiKax Impuodopa.
st ICKITIOUeHWsI TYTUIETOB KJIETOK U JAeOpurca Bbl-
nenstnu nesieBoii ret mo FSC-A u FSC-H ¢ nepeHo-
coM Ha rucrorpammy FSC/SSC mnnsg nocneayrommx
3TanoB TreiiTupoBaHusi. OIeHUBaIN MPOLCHT O3~
TUBHBIX KJICTOK B OMYJISILIAM JJIsI KaXKIOTO 11eJIEBOTO
Mapkepa.
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CTaTucTUYECKYy10 00pabOTKy TITOJYYEHHBIX pe-
3yJIBTaTOB TIPOBOAMJIN C WCIOJb30BaHUEM TTaKeTa
MpUKIamHBIX mporpamMm Statistica 6.0. XapakTtep
pacripeiejieHus1 B BbIOOpKaX OLIGHUBAIM IIPU I10-
momu kputepusi KonmoropoBa—CwmupHoBa. JlaH-
Hble, MMeEIOIMEe HOpPMaJibHOE pacHpeae/icHue,
MpeACTaBJIeHbl KaK CpeaHee W CTaHAapTHOE OT-
KJIOHEHUEe, a B cllydyae paclpelesieHUs], OTJIUIHOTO
OT HOPMAaJIbHOTO — B BUJE MEIMaHbl U KBapTUIEi
(Me (Qg25-Qyg75) %). CraTucTUyecKylo 3HAYUMOCTh
pasInYnii MEeXIy OBYMSI HE3aBUCUMBIMU IpyIIIaMu
B 3aBUCUMMOCTHU OT XapakTepa paclpeiccHuUs ole-
HUBAJIM C MoMoIIblo t-kKputepusi CThIOACHTA WU
U-kputepusi ManHa—YutHu. s mpoBepKu Ipo-

CTBIX TUITOTE3 UCTOIb30BaIM KpuTepuii > [MupceHa
¢ ionipaBkoit Meiitca. JIocTOBEpHBIMU CUUTAIIN Pa3-
JIM4uust npu ypoBHe 3HauumocTtu p < 0.05.

PesynbTathl 1 00CYyXaeHVe

o 8 cyTOK KJIETKU Ha KYJbTypaabHbIX IIAaHIIETaX
BU3yaJbHO He neTeKTupoBanuch. Yepes 10-18 nHeit
3aperucTpMpoBaHO Hayajlo O00pa3oBaHUs KOJOHUMA
C TUIIMUYHOI MopgoJiorueil «0yJabIKHON MOCTOBOI»
(puc. 1A, b). IIponudepupyloiire KOJOHUN CAUBA-
JIUCh MEXIy COOOM, IMOCTENEHHO BBITECHSISI OCTallb-
Hble cJabo aAre3upoBaHHbIE TIe€MOMNOATUYECKUE
knetku (puc. 1B).

PucyHok 1. TUnMYHbIN BUA KyNbTyp MOHOHYKNeapoB nepudepuyeckoil kposm Ha 11-e cytkm (A), 15-e cytku (B) n 18-e
cyTku (B) kynbTMBUpOBaHUSA ((ha30BO-KOHTPACTHAsA MUKPOCKONHUS, 06 X 5)

Figure 1. Typical appearance of peripheral blood mononuclear cultures on day 11 (A), day 15 (B) and day 18 (C) of culturing (phase-
contrast microscopy, vol x 5)
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PucyHok 2. TunnyHble rucTorpammel pacnpegenesus nonynsauuii CD45* n CD45" B KynbType B 3aBUCUMOCTM OT CYTOK
KynbTUBMpoBaHuA: A — 11 cyTok KynbTMBUpOBaHuUA; b — 15 cyTok KynbTMBUpPOBaHMA; B — 18 CyTOK KynbTUBMPOBaHUA

(npoToyHas umTomeTpus)

Figure 2. Typical histograms of CD45* and CD45 population distribution in culture depending on the day of cultivation: A, 11 days
of cultivation; B, 15 days of cultivation; C, 18 days of cultivation (flow cytometry)
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TABJINLA 1. ®EHOTUN NONYNALUU CD45 HA PA3NTUYHBIX CPOKAX KYNIbTUBUPOBAHUA (MPOTOYHAA

LMTOMETPUA)
TABLE 1. PHENOTYPE OF CD45 POPULATION AT DIFFERENT CULTURING TIMES (FLOW CYTOMETRY)
Monynsauus Bpems
YAAUMA | nbTMBMpoBaHMs | CD34 CD309 CD146 CD133 cD31 VWF
Population L .
Cultivation Period
7-11-e cyT. 0,1 83,3 93,7 0 94 89,9
7-11 days 0,0-26 | 750-84,1 | 88,9983 | 0005 | 93,6-944 | 851-96,5
CD45-
13-19 cyT. 9,1 78,8 99,6 0 99,2 95,5
13-19 days 1,9-26,7 | 61,8-88,7 | 97,1999 | 0,0-0,7 | 984-99,9 | 90,7-98,3

IIpoTouHass TUTOMETPUST KYIBTYpPhI AETEKTUPO-
BaJia TIPUCYTCTBUE ABYX MONYJISALIMiA KiaeTok: CD45*
n CD45-. C yBenuyeHEM CYTOK KYJILTUBUPOBAHUS
KOJIM4ecTBO KJeTok nonyasiuun CD45% cHukanocs,
TorJaa Kak KoiaudecTBo kiieTok CD45- mporpeccus-
HO YBEJIMUYMBAJIOCh, TEM CAMBIM BBITCCHSISI KJICTKM
CD45", monyIsaimio, KOTopass OTHOCUTCS K KJIeTKaM
remorioa3a. K 18-M cyTkaM cTeneHb YUCTOTHI KYJIb-
Typsl o CD45- cocrasisiia 97,6% (puc. 2).

®denotun momysstiunu CD45- xapakTepu3oBajics
MakcuMaibHO# 3kcreccueir CD31% (99-100% mno-
3UTUBHBIX KJeTokK), CDI144* (99-100% mo3uTus-
HbIX KJIeToK) 1 VWF* (89,9-95,5%), npucyrctBueMm
mosiekya CD34" B 0,1-9,1% KJIETOK U OTCYTCTBM-
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