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Cy1ecTBOBaHME LUPKYJIUPYIOLINX YHIOTEIHATBHBIX
kieTok-npeamectseHHNKOB (EPC — endothelial progenitor
cells) 0b10 0OHapyxeno B 1997 1. [2]. HecmoTpst Ha
JIBa/IIATHIICTHUEC HHTCHCUBHBIC HCCIICIOBAHUS, HACHTH-
¢ukanus EPC 1 onpeaessionux 1X MapKepoB OCTACTCsI
HEONPEeeICHHOM U HECKOJIBKO NMPOTHUBOpEUHBOM [3].
OH0TENHAIBHBIE KIIETKU-NIPEAIECTBEHHUKH YacTO MpU-
HUMAIOT 32 TKaHEBbIE SHAOTENINANbHbIE U IPOAHTHOT€H-
HbIE TeMONO3THUECKUE KIeTKH. Ha ocHOBaHUU pe3yinb-
TaToB nociegHux ucciegoBanuit EPC onpenenenst
kak CD31"CD34""CD146"CD309(VEGFR-2)"CD45"
CD133 -xieTkn nepudepuuecKoil KpoBH, AEMOHCTPH-
pYIOIIHEe KIOHAJIBHBIA MPOIH(epaTUBHBIN MTOTEHIINAT,
CTIIOCOOHOCTB K PEIUTHKAINU U (POPMUPOBAHUIO COCYIOB
in vivo [3, 6].

Vuaukansueie coricta neiaroT EPC 1ieHHBIM 00beK-
TOM JJIsl UCTIONIb30BaHMS B PETCHEPATUBHON MEIUIIHE,
B YaCTHOCTH JJIs TEPAITUH CEPIEUHO-COCYAUCTBIX 3a0011e-
BaHHH, 0COOCHHO NIIEMUYECKIX COCTOSHUN Pa3IHIHON
stronorun. Beenenne EPC cnioco6cTBOBaNO yememHon
HEOBACKYJISIpU3aLlUH U pereHepaliy UIIeMUYeCKUX TKa-
Hell Ha )KUBOTHBIX MOJETISIX, HAIPUMED, B MBIILIMHON MO-
JIeJIA UIIEMHUH 33 JHeH KOHEYHOCTH U MOJEIH WIIEMUN
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The existence of the circulating endothelial proge-
nitor cells (EPCs) was discovered in 1997 [2]. Despite
twenty years of intensive investigation, EPCs definition
and identifying markers have remained unclear and
somewhat controversial [3]. EPCs are often mixed up
with tissue resident endothelial cells and pro-angiogenic
hematopoietic cells. However, recent findings clarified
these aspects and now EPCs could be commonly defined
as CD31"CD347-CD146'CD309(VEGFR-2)'*CD45-
CD133" cells from peripheral blood, displaying clonal
proliferative potential, replating ability, and in vivo vessel
forming activity [3, 6].

These unique properties make these cells valuable
objects for regenerative medicine, e. g. for the therapy
of cardiovascular diseases, especially for the treatment
of ischemic states of different etiology. EPCs succes-
sfully promoted neovascularization and regeneration
of ischemic tissues in animal models, e. g. murine is-
chemic hind limb model and rat myocardial ischemia
model [1]. EPCs are also widely used in human clinical
trials. However, most of clinical trials involve freshly iso-
lated EPC-enriched cell fraction from venous blood (using
only one or two surface antigens for identification).This
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MUOKapa KpsIchl [1]. DHmoTennanbHple KIeTKU-TIpe-
LIECTBEHHUKH TAKKE MIUPOKO MPUMEHSIOT B KIIMHUYEC-
KHMX UCHBITaHUAX Ha JoAgX. [Ipu 3ToM B GOJBIIMHCTBE
CIIy4aeB MCIOIb3YIOT CBEXKEBBIICICHHYIO (DPAKIIHIO
KJICTOK U3 BEHO3HOU KpoBH, oboramennyio EPC (c mpu-
MEHEHHEM TOJBKO TSI MACHTHU(HUKAIIUN OTHOTO WU
JIBYX TIOBEPXHOCTHBIX aHTUI'€HOB). OTHAKO JAHHBIHA ITOA-
XOJI He 00ecIeunBaeT BEICOKHE pe3ynbTatsl [7]. B cBs3u
C 3TUM H30JLIHA 1 MaciTabHoe KynstuBrpoBanue EPC
in vitro 1y TIOJyYeHHs BBICOKOKAUECTBCHHOM Tepares-
TUYECKOH /103bl OCTAIOTCS aKTyaJbHBIMHU AJII MHHOBA-
LIMOHHOH KJIETOYHOHM TEparuy MpHU UIIEMHUYECKUX pac-
CTPONCTBAX, BOCCTAHOBJIEHUH COCYJIOB U 9KBUBAJIEHTHOM
TpohruyecKoil NoAaepIKKE TPEXMEPHBIX TKAHEBBIX IKBU-
BaJICHTOB.

B cBs131 ¢ BBIILIEU3I0)KEHHBIM LI€JbI0 JAHHOU PabOThI
ObUTH pa3pabOTKa MaTOMHBA3UBHOTO METO/I TIOJTYICHHSI
EPC u noabop ycioBuii ux MacmTabHOTO KyJIbTHBHU-
PpOBaHMUS in Vitro sl TOTYYESHUS TEPAIIEBTUUECKOM T103bI1.

DKCIepUMEHTHI TIPOBOJIMIIM B COOTBETCTBUHU C HOP-
MaMH OMOAITHKHU U OHOJIOTHYECKOH 0€30ITaCHOCTH, MOI-
TBEP>KICHHBIMH Pa3pelIeHUEM OHOITHUECKOW KOMUCCHU
MenuiHCKoH Komitaunu ilaya®. Bee 10HOPBI momiucani
HHPOPMUPOBAHHOE COIIacue Ha 3a00p KPOBH.

Kynemypa EPC. MoHnonyxkieapHusie kieTku (MNC —
mononuclear cells) Bergensiin u3 20 MJI remapuHA3H-
POBaHHOI BEHO3HOW KpOBH HarueHTa 30-MUHYTHBIM
LHEHTPU(PYTUPOBAaHUEM B IpagucHTe IoTHocTH «His-
topaque®-1077» («Sigma-Aldrich», CILIA) mpu 400g n
4°C. onyuyennsie MNC nBaxnbl npomsiBanu B PBS
W BBICEBAJIM B JIBa KYJIbTYpalbHBIX (iiakoHa 75 cm?
(«SPL», Kopest), MOKPBITBIX KOJIJIATCHOM, B CETICKTHB-
HYI0 KOMMEPYECKYIO0 cpeny A pocTta sHuporenus M1
«Lonza Clonetics EGM™-2MYV BulletKit™» («Lonzay,
Wranus) uim B caMocToATeNbHO cCOOpaHHyo cpeny M2:
MCDB 131 («Gibcoy, Bermrobpuranrst); 5% FBS («Sigma-
Aldrichy); 2 en./mu renapuna Hatpus («Indary, Ykpanna);
1 ur/mn VEGF; 10 ar/mn EGF; 2 ar/mi bFGF; 20 ar/ma
IGF; 0,2 Mxr/mn ruapokopTH30Ha; 1 MKI/MII ackopoar-
2-¢pocdpara (Bce mponsBoacTa «Sigma-Aldrich») B Mymb-
TUrazoBoM nukyoarope («Binder CB 210», I'epmanus) B
armocpepe 5% CO,, 5% O, 1 HachIIaroIIeH BIaKHOCTH
97%. Kietkn cyOKyJIBTHBHPOBAIM CMECHIO TPUIICHHA/
OATA (0,1 u 0,02% coorBercTBerHO) B PBS («Sigma-
Aldrichy). ITnotHOCTH MOCeBa coctaBmsuia 3 X 103 ki
Ha | cM?. BpeMst yBOCHHS TOMYIISIIAK KIIETOK PACCUHThI-
BaJIX 10 CTAHIAPTHOM hopmyIe

PDT = 773,31 1g (X /X)),

riae 7 — BpeMs KyJIbTHBUPOBaHHMS; X, — KOJIMYECTBO MO-
JIyYEHHBIX KJIETOK; X — KOJIMYECTBO 3aCESHHBIX KJIE-
TOK.

Pacuem xononueobpazyrowux eounuy (KOE). dns
oleHKH noTeHnuana kionoreHuoctd EPC 20 mi rema-
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approach can explain somewhat non-promising results
of some of these studies [7]. Therefore the isolation
and in vitro large scale expansion of EPCs in order to
obtain a high-quality therapeutic dose have remained
an actual goal for innovative cell therapy in ischemic di-
sorders, vascular repair and 3D tissue living equivalent
trophic support.

Thus the aim of this study was the development of
the low invasive EPC isolation method together with
their large-scale expansion in vitro in order to obtain a
therapeutic dose.

All the experiments were done in accordance with
the bioethics and biological safety norms confirmed by
the permission of Medical Company ilaya® Bioethics
Committee. All the donors have signed an informed
consent before blood donation.

EPC culture. Mononuclear cells (MNCs) were con-
centrated from 20 ml of heparinized venous blood of a
patient by centrifugation in Histopaque®-1077 density
gradient (Sigma-Aldrich, USA) at 400g for 30 min at
4°C. The obtained MNCs were washed twice in PBS
and seeded either in two collagen-coated T75 cm? cul-
ture flasks (SPL, Korea) into the selective commer-
cial endothelium growth medium (M1) Lonza Clonetics
EGM™-2MV BulletKit™ (Lonza, Italy) or in self-for-
mulated EPCs medium, M2: MCDB 131 medium (Gibco,
UK); 5% FBS (Sigma-Aldrich, USA); 2 U/ml heparin
sodium (Indar, Ukraine); 1 ng/ml VEGF; 10 ng/ml EGF;
2 ng/ml bFGF; 20 ng/ml IGF; 0.2 pg/ml hydrocortisone;
1 pg/ml ascorbate-2-phosphate (all manufactured by
Sigma-Aldrich, USA) in a multi-gas incubator (Binder
CB 210, Germany) in atmosphere of 5% CO, and 5% O,
and a saturating humidity of 97%. Cells were subcultu-
red with a 0.1/0.02% trypsin/EDTA mixture in PBS (Sig-
ma-Aldrich, USA). The seeding density was 3 x 10° cells
per 1 cm?. The cell population doubling time (PDT) was
calculated according to the following standard formula:

PDT = T/3.31 Ig (X, / X));

where 7'— cell culture time; X, —number of obtained cells;
X, — number of plated cells.

Colony forming units (CFUs) calculating. To assess
the EPC clonogenic potential, 20 ml heparinized whole
blood vs. MNC fraction isolated from 20 ml blood over
Histopaque®-1077 density gradient each sample was
seeded each per one collagen-coated 175 cm? culture
flask (SPL, Korea) in growth medium Lonza Clonetics
EGM™-2MV BulletKit™ and cultured for 14 days.
The cells were both fixed and stained for CFU calcu-
lating.

EPC tube formation assay. The EPCs were added to
the Matrigel™ Matrix-coated (Corning, USA) well of
24-well plate (SPL, Korea) at the density of 10° cells
per 200 pL, at a final medium volume of 200 pL per
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PUHHA3APOBAHHOMW LIENBFHOM KpoBH 100 (pakimu MNC,
BbIIETIEHHBIX U3 20 MJI KPOBU B TPAJMEHTE MJIOTHOCTH
«Histopaque®-1077», Kaxplit 00pa3zell BBICEBAIN B OJUH
KyJIbTypanbHbiid (akoH 175 cm?, TOKPBITHIN KoJLIa-
reroM («SPLy) B nutatensHoM cpese «Lonza Clonetics
EGM™-2MV BulletKit™) u KyTbTHBHPOBAJIN B T€UEC-
uue 14 cyrok. Knetkn ¢puxcupoBanm 1 OKparIuBaiy Iis
noxacuera KOE.

Ananuz cnocobrnocmu EPC x ¢hopmuposaruro mpyo-
uameix cmpykmyp. JHIOTETHAIBHBIC KJICTKU-IPE/IIICCT-
BEHHUKHU 3aceBasid B 24-TyHOUHbIH rutanmieT («SPLy),
TOKPBITHIH «Matrigel ™ Matrix» («Corningy, CLLIA) ¢ motot-
HOCThIO 10° ki1 B 200 MKIT TPU KOHEYHOM 00BEME CPEIIBI
200 MK Ha JTyHKY. 3aTeM ux uHKyOupoBanu npu 37°C,
5% CO,, 5% O, B Teuenue Houu B cpesie «Lonza Clone-
tics EGM™-2MYV BulletKit™. 3a ato Bpemst EPC o6pa-
30BaJIH XOPOIIO c(hOPMHUPOBAHHBIE TPyOUaThie ceTu. Ka-
puotunuposanue EPC npoBoaunu Ha naccaxxe P4 mero-
nom GTG-banding [9].

IIpomounas yumomempus. GEHOTUT KIETOK OIICHU-
Basn ¢ nomouipio FACS (fluorescence-activated cell
sorting) Ha ipotouHoM rtuTomerpe «BD FACSAria» («BD
Pharmingen», «BD Horizony», CILIA). OxparmBanue MOHO-
kJoHanbHBIMU aHTUTeNamMu (PerCP-CyS5.5-konbrorupo-
BaHHbIE MBIIIMHBIE aHTUTENa IpoTUB CD 105 yenosexka;
APC-KOHBIOTUPOBAaHHBIE MBILIIMHBIE aHTUTENA MIPOTUB
CD73 uenoBeka; FITC-koHBIOTMPOBaHHBIE MBIIIMHbIE
antutena npotuB CD90 yenoseka; PE-Cy5-konbrorupo-
BaHHbIE MblIIHMHBIE aHTUTeNa TpoTB HLA-DR uenosexka;
PE-Cy7-koHBIOIMpOBaHHbBIE MBIILIMHBIE AHTUTENIA IPOTUB
CD31 uenoseka; APC-kOHBIOIMPOBaHHBIE MBIIINHBIE AH-
turena nporuB CD34 uenoseka; FITC-konbrorupoBaHHbie
MbIIIMHBIE aHTUTeNa IpoTuB CD45 uenoseka; PE-CF594-
KOHBIOTUPOBAaHHBIC MBIIITHHEIC aHTHUTeNa TpoTHB CD49f
yesioBeka; BV421-koHbIOrupoBaHHbBIE MBILIHHbBIE aHTH-
tena npotuB CD166 yenoseka; PE-koHblOrupoBaHHbIE
MBILIHHBIE aHTUTena npoTuB CD309 uenoBeka) BBINTOIHA-
JIM COTJIACHO MHCTPYKIMU TpousBoguTes («BD Phar-
mingen», «BD Horizon»).

Bvioenenue EPC u kynomusuposarue in vitro. OqHOM
13 OCHOBHBIX Tpo0ieM KynsTuBupoBanus EPC spisiercst
UX BBIACTICHNE, TOCKOIBKY JOJISI B OOIIEM COZEPKaHUN
MOHOHYKJICAPHBIX KJIETOK MEepHPEPUICCKON KPOBU
cocraisier okoio 1,7 X 108 [10]. B kauecTBe ncTOYHNKA
EPC ucnonb3oBany BEHO3HYIO KPOBb B3POCIIOTO YEJIO-
BeKa, NOCKOJIbKY JaHHBIA METOJ SIBJIAETCS HauMeHee
WHBAa3UBHBIM JJIS MOJIyueHHUs Ouomatepuana. Ilepso-
HayaJbHO MBI BBICEBAJIM LIETbHYIO BEHO3HYIO KPOBb B
KyJBTYpalbHbIC (IAKOHBI, IIOKPHITHIC KOJLTATSHOM (5 M
KpOBH Ha (u1akoH 75 cM?), HO 3TOT CIIOCO0 OKa3ascs Me-
Hee Y(PPEKTHBHBIM O CPABHEHHIO C TIPEIBAPUTEIEHON
KOHIICHTpanneil MOHOHYKJICAPHBIX KIIETOK B TPaIUCHTE
mwiotHoctu «Histopaque®-1077», 4TO MO3BOJIMIO OYTH
MTOJTHOCTBIO YIANUTh SPUTPOLUTHL. 3aTeM MBI BBICEBAIIN
MOHOHYKJI€apHbIe KIEeTKH U3 10 M KpOBHU B (hIIaKOHBI
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well. Then they were incubated at 37°C, 5% CO,, 5%
O, overnight in Lonza Clonetics EGM™-2MV Bullet-
Kit™ medium. During this time EPCs developed well-
formed tube networks. EPCs were karyotyped at P4
using GTG banding technique [9].

Flow cytometry. The cell phenotype was assessed
by FACS (fluorescence-activated cell sorting) with the
BD FACSAria flow cytometer (BD Pharmingen, BD
Horizon, USA). Staining with the monoclonal antibodies
(PerCP-Cy5.5 mouse anti-human CD105, APC mouse
anti-human CD73, FITC mouse anti-human CD90, PE-
Cy5 mouse anti-human HLA-DR, PE-Cy7 mouse anti-
human CD31, APC mouse anti-human CD34, FITC
mouse anti-human CD45, PE-CF594 mouse anti-human
CDA49f, BV421 mouse anti-human CD166, PE mouse
anti-human CD309) was performed according to the
manufacturer’s instructions (BD Pharmingen, BD Ho-
rizon).

EPCs isolation and in vitro expansion. One of the
main difficulties in EPC culture is their isolation as their
content among the peripheral blood mononuclear cells
is about 1.7 X 10*[10]. We aimed to use the adult venous
blood as the source of EPCs as this allowed the less
invasive uptake method. Initially we tried seeding the
whole venous blood on the collagen-coated cell culture
flasks (5 ml of blood per 75 cm? flask), but it appeared
less effective compared to prior mononuclear cells con-
centration using Histopaque®™-1077 density gradient,
which allowed almost complete erythrocytes elimination.
Finally we seeded mononuclear cells from 10 ml of blood
per 75 cm? collagen-coated flask in M1 or M2 EPC
media. The EPC colonies appeared after 5—-10 days in
culture (Fig. 1A). Interestingly, there was no correlation
between the initial number of mononuclear cells seeded
and the resulting number of colonies (data were not shown).
Obtained cultures successfully expanded until P4 with-
out significant changes in morphology (Fig. 1B). Unfor-
tunately, most cultures showed growth arrest at P5-P6.
Nevertheless, this time of in vitro expansion was suffi-
cient to obtain a therapeutic dose of 20 — 80 x 10° cells. The
average PDT value for EPCs cultured in M1 was (35.0 £
+2.0) hvs (44.5 +2.8) hin M2 (p < 0.05). The number
of EPC colonies was 7.1 £ 1.2 (whole blood) vs. (13.3 +
+ 1.7) (MNC fraction: (52.3 £ 4.9) mln MNCs per
20 ml whole blood per donor) per 175 flask (p < 0.02).
During all the time of in vitro culture the cells were
stable and maintained normal karyotype (Fig. 1C).

EPC tube formation. In order to assess functional
properties of EPCs after in vitro expansion, we performed
a tube-forming assay. Consistently with the previous
reports [6], all of the obtained EPC cultures readily
formed capillary-like structures in the Matrigel ™ Matrix
(Fig. 1D).

EPC phenotype. The obtained EPCs displayed typi-
cal CD31"CD34*/CD146"CD309 (VEGFR-2)*CD45 -
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75 cM?, MOKPBITBIC KOILIArCHOM,
B cpenax M1 wimm M2. Kononun
EPC nosiBuIMCh B KyNbType uepe3
5-10 cytok (puc. 1, A). Unte-
PECHO, UTO HUKAKOI KOppeJIsiLun
MEXTy Ha4aJlbHbIM YHCIIOM 3a-
CESTHHBIX MOHOHYKJICAPHBIX KJIe-
TOK M TIOJTyYEHHBIM KOJIMYECTBOM
KOJIOHHH yCTAHOBJICHO HE OBLIO
(mannbIe HE pUBOASTCS). [Tomy-
YEHHBIE KyJIBTYPbI YCIIEITHO KYJTb-
TUBHUPOBATHCH J10 P4 6e3 3Haun-
TENBHBIX MOP(POTOTHICCKUX H3-
MeHeHuit (puc. 1, B). Oanako y
OONBIITMHCTBA KyIbTYp Ha P5S—P6
MIPOU30LLIA OCTAHOBKA POCTA.
Tem He MeHee JaHHOTO BpeMEH!
OBLIO JIOCTATOYHO JUISI MOJTyde-
HUS TepareBTUYeCcKo 10361 20—
80 x 10° k1. Cpeanee 3HauCHUE
PDT nns EPC, kynsTUBHpYEMBIX
B M1, coctasuo (35,0 + 2,0) po-
TuB (44,5+£2,8)u M2 (p <0,05).
Uucno xononuit EPC cocrasnsiio
7,1 £ 1,2 (uenpHasi KPOBb) MPO-
tuB 13,3+ 1,7 ((52,3 +£4,9) muta
MNC na 20 Mt IeTbHON KpOBH
Ha JIOHOpa) Ha KYJIbTYpaJIbHBIN
¢maxon 175 cm? (p < 0,02). B Te-
YEHUE BCETO MepuoJia KyIbTH-
BHUPOBAHUSA in Vitro KIETKH ObI-
T CTAaOWIBHBIMU U COXPaHSIIH

HOpMaJbHEIN KapuoTHil (puc. 1, C).
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Puc. 1. Mopdonoruyeckoe ctpoeHune, peHoTUn 1 PyHKLMOHanNbHblE XapakTepuc-
Tukn EPC B kynbType: A — konoHust EPC B nepBu4Hom kynetype; B — mopdonorus
KNeTo4yHoro MoHocnosi Ha P3; C — HopmanbHbIN MYXCKOM kapuoTtun Ha P4 (GTG
banding); D — dopmupoBaHue kanunnsaponofobHbix cTpykTyp B «Matrigel™
Matrix».

Fig. 1. Cultured EPC morphology, phenotype and functional characteristics. A —
EPC colony in primary culture; B — cell monolayer morphology at P3; C — normal
male karyotype at P4 (GTG banding); D — capillary-like structures formation in
Matrigel™ Matrix.

phenotype (assessed by FACS at P4) (Fig.2). They

Cnocobnocmv EPC x popmuposanuio mpyouamuix — neither expressed another hematopoietic marker HLA-
cmpyxkmyp. Oynknumonansubie cBoiictBa EPC mocne  DR. Interestingly, EPCs also expressed two of three
KyJETUBHPOBAHWS i71 Vifro OLICHUBAIH IO HX criocobHoctn  typical MSC markers [5]: CD73°CD105" but CD90.
K (opmupoBaHHio TpyOuaThix cTpykTyp. CornmacHo pe-  They also expressed other vessel-related and endothelial

100
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% of cells
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04 | | | | | | | | - E——

CD31 CD49f CD73 CD105 CD146 CD166 CD309 CD34 CD45 CD90 HLA-DR

Puc. 2. mmyHobeHoTUN kneTok B Kynbtype Ha P4, FACS, gaHHble npeacTaBneHbl Kak cpegHee + cTaHgapTHoe

OTKINMOHEeHne Onga ndaTtun I'IOI'IyJ'IﬂLlVII7I.

Fig. 2. Cultured cells immunophenotype at P4, FACS, data presented as mean +SD for five populations.
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syasratam D. Ingram u coaBr. [6] Bce noryueHHbIE KYIlb-
Typsl EPC nerxko ¢gopMupoBany Kanwiissponogo0HbIe
CTpyKTyphI B «Matrigel ™ Matrix» (puc. 1, D).
@enomun EPC. Ilonyuennsie EPC gemoncTpu-
poBanu tunuuHeii CD317°CD347/CD146°CD309
(VEGFR=-2)" CD45-¢penorun (FACS na P4), HO 11py 3TOM
HE HKCIPECCHPOBAIM I'€éMaTOMOITHICCKUI MapKep
HLA-DR (puc. 2). UarepecHo, uto EPC Tarke scrpec-
CUpOBaJIM [1Ba U3 Tpex TUIM4YHbIX MapkepoB MSC [5]:
CD73"CD105", 5o He CD90. Kpome Toro, EPC skcnpeccu-
POBaJIU IpyTHe COCYTUCTBIE U SHI0TEIUATbHBIE MapPKEPHI,
B YAaCTHOCTH, UHTETPUH ajib(a-6 [4] 1 aKTUBUPOBAHHYIO
MoJieKyy aare3uu neiikouutos: CD49f'CD166" [8].

B nieom Hammm ganHbIe TOKa3bIBaloT, uTo EPC MoXk-
HO YCIICIIHO BBIAEIATh U3 BEHO3HOM KPOBU M KyJIbTH-
BUPOBATH 71 Vitro i MOJy4YEHUs 3HAYUTENBHBIX TEPa-
MIEBTUYECKUX J03 C COXpaHEHUEM uX cBOMCTB. Ilomy-
YEHHBIE PE3yJIbTaThl OTKPHIBAIOT HOBBIE BO3MOMNKHOCTHU
npuMeHenus: EPC B perenepaTuBHON MeAULIMHE: CTUMY-
JIALUS QaHTHOT€HEe3a [IPU CII0KHBIX HIIEMUUYECKUX Hapy-
HICHHSIX U Tpo(raeckas MoIep>KKa TPEXMEPHBIX TKaHe-
BBIX DKBHBAJICHTOB.

Nurepatypa

1. Asahara T., Kawamoto A., Masuda H. et al. Concise review:
circulating endothelial progenitor cells for vascular medicine.
Stem Cells 2011; 29(11): 1650-1655.

2. Asahara T., Murohara T., Sullivan A. et al. Isolation of Putative
Progenitor Endothelial Cells for Angiogenesis. Science 1997;
275(5302): 964-966.

3. Basile D., Yoder M. Circulating and tissue resident endothelial
progenitor cells. J Cell Physiol 2014; 229(1): 10-16.

4. Bouvard C., Gafsou B., Dizier B. et al. Alpha-integrin subunit
plays a major role in the proangiogenic properties of endothelial
progenitor cells. Arterioscler Thromb Vas Biol 2010; 30(8):
1569-1575.

5. Dominici M., Le Blanc K., Mueller I. et al. Minimal criteria for
defining multipotent mesenchymal stromal cells. The Inter-
national Society for Cellular Therapy position statement. Cyto-
therapy 2006; 8(4): 315-317.

6. Ingram D., Mead L., Tanaka H. et al. Identification of a novel
hierarchy of endothelial progenitor cells using human peripheral
and umbilical cord blood. Blood 2004; 104(9): 2752-2760.

7. Mitchell A., Fujisawa T., Newby D. et al. Vascular injury and
repair: a potential target for cell therapies. Future Cardiol 2015;
11(1): 45-60.

8. Ohneda O., Ohneda K., Arai F. et al. ALCAM (CD166): its role
in hematopoietic and endothelial development. Blood 2001;
98(7): 2134-2142.

9. Schreck R., Disteche C. Chromosome Banding Techniques. Cur
Prot Hum Genet 2001; Chapter 4: Unit 4.2.

10.Yoder M., Mead L., Prater D. et al. Redefining endothelial
progenitor cells via clonal analysis and hematopoietic stem/
progenitor cell principals. Blood 2007; 109(5): 1801-1809.

npobnemun Kpiobionorii i KpiomeaUUUHK
problems of cryobiology and cryomedicine

Tom/volume 28, Ne/issue 1, 2018

markers such as integrin alpha-6 [4] and activated
leukocyte cell adhesion molecule (ALCAM) [8]:
CD49f*CD166".

Altogether our data demonstrated that EPCs could
be successfully isolated from venous blood and ex-
panded in vitro to therapeutic significant doses without
losing their properties. These findings open new pos-
sibilities for the EPC application in regenerative medicine
both for angiogenesis boosting in complex ischemic
disorders and 3D tissue equivalents trophic support.
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