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Ýíäîòåëèé êðîâåíîñíûõ ñîñóäîâ â îðãàíèçìå ïðèíèìàåò ó÷àñòèå â âûïîëíåíèè ìíîãî÷èñëåííûõ
ôóíêöèé â ôèçèîëîãè÷åñêèõ óñëîâèÿõ è ïðè ïàòîëîãè÷åñêèõ ïðîöåññàõ. Ðàçðàáîòêà ìåòîäà âûäåëåíèÿ è
êóëüòèâèðîâàíèÿ êëåòîê ýíäîòåëèÿ äàëà âîçìîæíîñòü ìîäåëèðîâàòü ïðîöåññû, ïðîèñõîäÿùèå â ýíäîòå-
ëèè ñîñóäîâ. Â îòëè÷èå îò ïåðåâèâàåìûõ êóëüòóð èññëåäîâàíèÿ íà ïåðâè÷íûõ êóëüòóðàõ êëåòîê ïðèâî-
äÿò ê áîëüøîìó ðàçáðîñó â ðåçóëüòàòàõ. Â äàííîé ðàáîòå ñðàâíèëè êóëüòóðû, ïîëó÷åííûå èç ïóïîâèí îò
20 äîíîðîâ, ïî ïðîäóêöèè ðÿäà ìàðêåðîâ, ÷àñòè÷íî õàðàêòåðèçóþùèõ ôóíêöèîíàëüíîå ñîñòîÿíèå ýíäî-
òåëèÿ. Îáíàðóæèëè, ÷òî êóëüòóðû ïî óðîâíþ ïðîäóêöèè âñåõ èññëåäîâàííûõ ìàðêåðîâ ïîñëå 3 ÷ êóëüòè-
âèðîâàíèÿ êëåòîê ìîæíî áûëî óñëîâíî ðàçäåëèòü íà âûñîêî- è íèçêîïðîäóöèðóþùèå. Ïðè àíàëèçå öèòî-
êèíîâîãî ïðîôèëÿ âûÿâèëè, ÷òî óðîâåíü ñïîíòàííîé ïðîäóêöèè èíòåðëåéêèíà (ÈË)-1b â ãðóïïàõ íå ìå-
íÿåòñÿ ïðè êóëüòèâèðîâàíèè êëåòîê 24 è 48 ÷, òîãäà êàê óðîâíè ïðîäóêöèè ÈË-6 è ÈË-8 óâåëè÷èâàëèñü ê
24 è 48 ÷, è ðàçíèöà ìåæäó ãðóïïàìè íèâåëèðîâàëàñü; óâåëè÷åíèå ïðîäóêöèè ôàêòîðà íåêðîçà îïóõîëè
àëüôà ïðîèñõîäèëî ïðè êóëüòèâèðîâàíèè êóëüòóð òîëüêî â íèçêîïðîäóöèðóþùåé ãðóïïå. Óâåëè÷åíèå
ñîäåðæàíèÿ ðàñòâîðèìûõ Ð-ñåëåêòèíà è E-ñåëåêòèíà â êóëüòóðàëüíîé ñðåäå íàáëþäàëîñü ïðè êóëüòèâè-
ðîâàíèè òîëüêî íèçêîïðîäóöèðóùèõ êóëüòóð, òîãäà êàê óâåëè÷åíèå ñîäåðæàíèÿ ðàñòâîðèìûõ ìîëåêóë
êëåòî÷íîé àäãåçèè sICAM-1 îòìå÷àëîñü ïðè êóëüòèâèðîâàíèè âûñîêîïðîäóöèðóþùèõ êóëüòóð; óâåëè÷å-
íèå ñîäåðæàíèÿ ðàñòâîðèìîé ìîëåêóëû àäãåçèè ýíäîòåëèÿ è òðîìáîöèòîâ sPECAM-1 áûëî âûÿâëåíî
ïðè êóëüòèâèðîâàíèè êàê âûñîêî-, òàê è íèçêîïðîäóöèðóþùèõ êóëüòóð, ïðè ýòîì ñîõðàíÿëàñü ðàçíèöà â
óðîâíå åå ñîäåðæàíèÿ ìåæäó ãðóïïàìè. Ñîäåðæàíèå â êóëüòóðàëüíîé ñðåäå ðàñòâîðèìîãî VE-êàäõåðèíà
íå ìåíÿëîñü ïðè êóëüòèâèðîâàíèè êëåòîê. Óðîâåíü íèòðèòà, îòðàæàþùèé ñîäåðæàíèå îêñèäà àçîòà, óâå-
ëè÷èâàëñÿ â êóëüòóðàëüíîé ñðåäå ïðè êóëüòèâèðîâàíèè âñåõ êóëüòóð, ïðè ýòîì ðàçíèöà ìåæäó ãðóïïàìè
ñîõðàíÿëàñü; êîíöåíòðàöèÿ ýíäîòåëèíà-1 òàêæå óâåëè÷èâàëàñü, îäíàêî çíà÷åíèÿ ýòîãî ìàðêåðà â ñðåäå
îòäåëüíûõ êóëüòóð áûëè áëèçêèìè, ïîýòîìó íå óäàëîñü ñîçäàòü ãðóïïû, îòðàæàþùèå óðîâíè åãî ïðî-
äóêöèè. Ñîäåðæàíèå ôàêòîðà ôîí Âèëëåáðàíäà óâåëè÷èâàëîñü â êóëüòóðàëüíîé ñðåäå ïðè êóëüòèâèðîâà-
íèè êóëüòóð îáåèõ ãðóïï, îäíàêî ðàçíèöà ìåæäó ãðóïïàìè íå ñîõðàíÿëàñü. Ñîäåðæàíèå â êóëüòóðàëüíîé
ñðåäå ìàòðèêñíîé ìåòàëëîïðîòåèíàçû-1 óâåëè÷èâàëîñü ïðè êóëüòèâèðîâàíèè êóëüòóð. Ñëåäîâàòåëüíî,
êóëüòóðû ýíäîòåëèÿ ðàçíûõ äîíîðîâ ðàçëè÷àþòñÿ ïî ñïîñîáíîñòè ïðîäóöèðîâàòü ìàðêåðû ôóíêöèîíà-
ëüíîé àêòèâíîñòè è õàðàêòåðèçóþò îñîáåííîñòè äîíîðîâ êëåòîê. Ïîëó÷åííûå ðåçóëüòàòû äàþò âîçìîæ-
íîñòü ìîäåëèðîâàòü ïðîöåññû, ïðîèñõîäÿùèå â ýíäîòåëèè ñîñóäîâ, ñ ó÷åòîì èíäèâèäóàëüíûõ îñîáåííî-
ñòåé êóëüòóð è ïîçâîëÿþò ïðåäïîëàãàòü íåîáõîäèìîñòü áîëåå òùàòåëüíîãî ïîäõîäà ê îöåíêå ðåçóëüòà-
òîâ, ïîëó÷àåìûõ íà ïåðâè÷íîé êóëüòóðå ýíäîòåëèÿ.

Ê ë þ ÷ å â û å ñ ë î â à: êóëüòóðà ýíäîòåëèÿ ïóïî÷íîé âåíû, öèòîêèíû, ðàñòâîðèìûå ÌÊÀ, NO, ýíäî-
òåëèí-1, ôàêòîð ôîí Âèëëåáðàíäà, ÌÌÏ-1.

Ýíäîòåëèé, âûñòèëàþùèé âíóòðåííþþ ïîâåðõíîñòü
êðîâåíîñíûõ ñîñóäîâ, ÿâëÿåòñÿ äèññåìèíèðîâàííûì îð-
ãàíîì, âûïîëíÿþùèì â îðãàíèçìå ìíîãî÷èñëåííûå ôóíê-
öèè. Ýíäîòåëèé ñîñóäîâ (ÝÑ) ïðèíèìàåò ó÷àñòèå â ôóíê-
öèîíèðîâàíèè èììóííîé ñèñòåìû, ïîääåðæèâàåò àíòè-
âîñïàëèòåëüíûé ôåíîòèï â ôèçèîëîãè÷åñêèõ óñëîâèÿõ è
ïðèíèìàåò ó÷àñòèå â ðàçâèòèè âîñïàëåíèÿ ïðè ïàòîëîãè-
÷åñêèõ ïðîöåññàõ (Cines et al., 1998; Biederman, 2001; Ted-
gui, Malla, 2001). ÝÑ ïðîäóöèðóåò ïðîâîñïàëèòåëüíûå öè-
òîêèíû, êîòîðûå àêòèâèðóþò ýêñïðåññèþ ìîëåêóë êëå-
òî÷íîé àäãåçèè (ÌÊÀ), âëèÿþùèõ íà àäãåçèþ ëåéêîöèòîâ
íà ïîâåðõíîñòü êëåòîê ýíäîòåëèÿ è ìèãðàöèþ ëåéêîöèòîâ
èç êðîâîòîêà (Pober, Cotran, 1990; Ôðåéäëèí, Øåéêèí,

2001; Smith, 2008). Ê ÷èñëó òàêèõ öèòîêèíîâ îòíîñÿòñÿ
èíòåðëåéêèí (ÈË)-1b, ÈË-6, ôàêòîð íåêðîçà îïóõîëè
àëüôà (ÔÍÎa) è õåìîêèí ÈË-8. Îòñîåäèíåíèå îò ïîâåðõ-
íîñòè àêòèâèðîâàííîãî ýíäîòåëèÿ ÌÊÀ ïðèâîäèò ê ðåãó-
ëÿöèè ýòèìè ìîëåêóëàìè ðåêðóòèðîâàíèÿ ëåéêîöèòîâ è
èõ òðàíñìèãðàöèè (Garton et al., 2006; Wallez, Huber,
2008). Ðåïàðàòèâíûå ïðîöåññû â ôèçèîëîãè÷åñêèõ óñëî-
âèÿõ, à òàêæå õðîíè÷åñêîå òå÷åíèå âîñïàëèòåëüíîãî ïðî-
öåññà ïðèâîäÿò ê ðàçðàñòàíèþ ñîñóäîâ — àíãèîãåíåçó
(Vestweber, 2007), êîíòðîëèðóåìîìó ôàêòîðàìè ðîñòà ýí-
äîòåëèÿ è ìàòðèêñíûìè ìåòàëëîïðîòåèíàçàìè. ÝÑ ïðîäó-
öèðóåò âàçîäèëÿòàòîðû è âàçîêîíñòðèêòîðû (íàïðèìåð,
îêñèä àçîòà è ýíäîòåëèí-1 ñîîòâåòñòâåííî), ôèçèîëîãè÷å-

2 0 1 1 Ö È Ò Î Ë Î Ã È ß Ò î ì 53, ¹ 4

341



ñêàÿ ïðîäóêöèÿ êîòîðûõ çàêëþ÷àåòñÿ â ïîääåðæàíèè íîð-
ìàëüíîãî òîíóñà ñîñóäîâ; ïðè ðàçëè÷íûõ âîçäåéñòâèÿõ
áàëàíñ â èõ ïðîäóêöèè íàðóøàåòñÿ, ÷òî ïðèâîäèò ê êàñêà-
äó èçìåíåíèé ãîìåîñòàçà îðãàíèçìà, â òîì ÷èñëå è òå÷å-
íèÿ âîñïàëèòåëüíîãî ïðîöåññà. Ôàêòîð ôîí Âèëëåáðàíäà
(ÔôÂ), ïðîäóöèðóåìûé ÝÑ, ÿâëÿåòñÿ îäíèì èç êîìïîíåí-
òîâ ñèñòåìû êîàãóëÿöèè—àíòèêîàãóëÿöèè (Cines et al.,
1998).

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ in vitro âêëþ÷àþò â
ñåáÿ èñïîëüçîâàíèå êàê ïåðâè÷íûõ, òàê è ïåðåâèâàåìûõ
êóëüòóð êëåòîê. Îáà âèäà êóëüòóð èìåþò êàê ïðåèìóùå-
ñòâà, òàê è íåäîñòàòêè: ðåçóëüòàòû èññëåäîâàíèé, ïîëó-
÷åííûå íà ïåðåâèâàåìûõ êóëüòóðàõ êëåòîê, äàþò áîëåå
áëèçêèå ïîêàçàòåëè, òîãäà êàê ïåðâè÷íûå êóëüòóðû êëå-
òîê îòðàæàþò îñîáåííîñòè ãåíåòè÷åñêîãî ðàçíîîáðàçèÿ
äîíîðîâ. Äëÿ ìîäåëèðîâàíèÿ ïðîöåññîâ, ïðîèñõîäÿùèõ â
ÝÑ, íàèáîëåå øèðîêî èñïîëüçóåòñÿ ïåðâè÷íàÿ êóëüòóðà
êëåòîê ýíäîòåëèÿ êðîâåíîñíûõ ñîñóäîâ, ïîëó÷åííàÿ èç
ïóïî÷íîé âåíû ÷åëîâåêà (ÝÊÏÂ×) (Jaffe, 1980; Pober, Cot-
ran, 1990; Cines et al., 1998). Ïîýòîìó öåëü ðàáîòû çàêëþ-
÷àëàñü â îöåíêå óðîâíÿ ôóíêöèîíàëüíûõ ðàçëè÷èé ìåæäó
êóëüòóðàìè ýíäîòåëèÿ, ïîëó÷åííûìè îò ðàçíûõ äîíîðîâ,
è âîçìîæíîñòè ñòàíäàðòèçèðîâàòü ïîëó÷àåìûå ðåçóëüòà-
òû. Â äàííîé ðàáîòå ñðàâíèëè êóëüòóðû ýíäîòåëèÿ, ïîëó-
÷åííûå èç ïóïî÷íûõ âåí ðàçíûõ äîíîðîâ, ïî îñíîâíûì
ïîêàçàòåëÿì ôóíêöèîíàëüíîé àêòèâíîñòè: ïðîäóêöèè
ïðîâîñïàëèòåëüíûõ öèòîêèíîâ (ÈË-1b, ÈË-6, ÈË-8 è
ÔÍÎ, ÈË-6, ÈË-8 è ÔÍÎa), ñïîíòàííîìó îòñîåäèíåíèþ
îò ÝÊÏÂ× ÌÊÀ (Ð-ñåëåêòèí, Å-ñåëåñòèí, ICAM-1, PE-
CAM-1 è VE-êàäõåðèí), ñïîíòàííîé ïðîäóêöèè âîçîäèëÿ-
òàòîðà è âàçîêîíñòðèêòîðà — îêñèäà àçîòà è ýíäîòåëè-
íà-1, ñïîíòàííîìó ñèíòåçó ÔôÂ è ñïîíòàííîé ïðîäóêöèè
ìàòðèêñíîé ìåòàëëîïðîòåèíàçû-1 (ÌÌÏ-1).

Ìàòåðèàë è ìåòîäèêà

Ê ó ë ü ò ó ð à ý í ä î ò å ë è ÿ. Êëåòêè ýíäîòåëèÿ âûäåëÿ-
ëè èç âåíû ïóïî÷íûõ êàíàòèêîâ, ïîëó÷åííûõ îò çäîðîâûõ
æåíùèí ïîñëå íîðìàëüíûõ ðîäîâ ïî ìåòîäàì ßôôå (Jaffe,
1980) è Ùåãëîâèòîâîé è ñîàâòîðîâ (Scheglovitova et al.,
2002). Êîðîòêî: ïóïî÷íûå âåíû áûëè êàíþëèðîâàíû, çà-
ëèòû 0.15%-íûì ðàñòâîðîì äèñïàçû â ôèçèîëîãè÷åñêîì
ðàñòâîðå è èíêóáèðîâàíû â òå÷åíèå 30 ìèí ïðè 37 °C. Çà-
òåì âåíû áûëè ïðîìûòû ôèçèîëîãè÷åñêèì ðàñòâîðîì,
êëåòêè áûëè ñîáðàíû èç ïåðôóçèîííîãî ðàñòâîðà öåíòðè-
ôóãèðîâàíèåì ïðè 1200 îá/ìèí â òå÷åíèå 5 ìèí, ðåñóñ-
ïåíäèðîâàíû â ñðåäå 199 ñ 10%-íûì ñîäåðæàíèåì ýìáðè-
îíàëüíîé òåëÿ÷üåé ñûâîðîòêè, ýíäîòåëèàëüíîãî ôàêòîðà
ðîñòà, ãåïàðèíà (100 ìêã/ìë) è ãåíòàìèöèíà (50 ìêã/ìë) è
ïåðåíåñåíû â ïëàñòèêîâûå ôëàêîíû. Êóëüòèâèðîâàíèå
êëåòîê ïðîâîäèëè â èíêóáàòîðå ïðè 37 °C è 5 % ÑÎ2. Ïî-
ñëå îáðàçîâàíèÿ ìîíîñëîÿ êëåòêè ñíèìàëè ðàñòâîðîì
òðèïñèíà ñ ÝÄÒÀ è ïåðåñåâàëè ñ ïëîòíîñòüþ 105 êë./ñì2

â 24-ëóíî÷íûå ïëàòû. Äëÿ ðàáîòû èñïîëüçîâàëè êóëüòóðû
òîëüêî 1-ãî ïàññàæà íà 4-å ñóò ïîñëå îáðàçîâàíèÿ ìîíî-
ñëîÿ. Îáðàçöû êóëüòóðàëüíîé ñðåäû îòáèðàëè â äèíàìè-
êå êóëüòèâèðîâàíèÿ êëåòîê, ìåíÿÿ ïîëíîñòüþ ñðåäó
íà ñâåæóþ ïåðâîíà÷àëüíîãî ñîñòàâà, è õðàíèëè ïðè
–20 °C äî òåñòèðîâàíèÿ. Îöåíêå áûëè ïîäâåðãíóòû ðå-
çóëüòàòû, ïîëó÷åííûå ïðè èñïîëüçîâàíèè êóëüòóð îò
20 äîíîðîâ.

Ð å à ê ò è â û: ñðåäà 199 (Gibco, ÑØÀ), ýìáðèîíàëüíàÿ
òåëÿ÷üÿ ñûâîðîòêà (HyClone, ÑØÀ), òðèïñèí-EDTA (Gib-
co, ÑØÀ) è äèñïàçà (MP Biomedicals, ÑØÀ).

Î ö å í ê à ñ î ä å ð æ à í è ÿ è ñ ñ ë å ä ó å ì û õ ô à ê ò î -
ð î â. Òåñòèðîâàíèå ñîäåðæàíèÿ â ñðåäå èññëåäóåìûõ ôàê-
òîðîâ ïðîâîäèëè ìåòîäîì èììóíîôåðìåíòíîãî àíàëèçà,
èñïîëüçóÿ êîììåð÷åñêèå òåñò-ñèñòåìû ELISA Il-1b, ELI-
SA IL-6, ELISA IL8/NAP, ELISA TNFa (Biosource, Áåëü-
ãèÿ), ELISA sP-selectin, ELISA sE-selectin, ELISA ICAM-1,
ELISA sPECAM-1, ELISA sVE-cadherin (Bender Medsys-
tems), Total NO Nitrite/Nitrate Assay, ProMMP-1 Assay
(R&D System, Âåëèêîáðèòàíèÿ), Endothelin-1 Assay Kit
(IBL Biomedica Gruppe, ÑØÀ), vWF : Ag ELISA (Techno-
clone TC, ÑØÀ) ñîãëàñíî ðåêîìåíäàöèÿì ôèðì-ïðîèçâî-
äèòåëåé.

Ñ ò à ò è ñ ò è ÷ å ñ ê ó þ î á ð à á î ò ê ó ð å ç ó ë ü ò à ò î â
âûïîëíÿëè ïî ìåòîäó Ñòüþäåíòà è îöåíèâàëè â ñîîòâåò-
ñòâèè ñ t-êðèòåðèåì Ñòüþäåíòà.

Ðåçóëüòàòû è îáñóæäåíèå

Àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ ïîêàçàë, ÷òî ïî÷òè
ïî êàæäîìó ïîêàçàòåëþ â îäíîì èíòåðâàëå âðåìåíè êóëü-
òèâèðîâàíèÿ êëåòîê ðàçíèöà ìåæäó ìàêñèìàëüíûìè è ìè-
íèìàëüíûìè çíà÷åíèÿìè áûëà â ïðåäåëàõ îò 2 äî áîëåå
÷åì 10 ðàç. Ïîñëå ñòàòèñòè÷åñêîé îáðàáîòêè âñåõ ðåçóëü-
òàòîâ ïî îòäåëüíûì ïîêàçàòåëÿì íå áûëî îòìå÷åíî äîñòî-
âåðíîé ðàçíèöû ìåæäó çíà÷åíèÿìè, ïîëó÷åííûìè ïîñëå
6, 24 è 48 ÷ êóëüòèâèðîâàíèÿ êëåòîê ïî ñðàâíåíèþ ñî çíà-
÷åíèÿìè, ïîëó÷åííûìè ÷åðåç 3 ÷ îò íà÷àëà ýêñïåðèìåíòà.
Âñëåäñòâèå ýòîãî ïî êàæäîìó ïîêàçàòåëþ, èñïîëüçóÿ çíà-
÷åíèÿ 3-÷àñîâîãî ñðîêà êàê èñõîäíîãî, áûëè îáðàçîâàíû
âûñîêî- è íèçêîïðîäóöèðóþùèå ãðóïïû, ìåæäó êîòîðû-
ìè ðàçíèöà áûëà ñòàòèñòè÷åñêè äîñòîâåðíîé. Ïîñëå ýòîãî
çíà÷åíèÿ ïîêàçàòåëåé â êàæäîé ãðóïïå áûëè òàêæå îáðà-
áîòàíû ñòàòèñòè÷åñêè (òàáë. 1—3).

Èç ðåçóëüòàòîâ îïðåäåëåíèÿ öèòîêèíîâ, ïðåäñòàâëåí-
íûõ â òàáë. 1, âèäíî, ÷òî ñîäåðæàíèå ÈË-1b íå ìåíÿëîñü
â òå÷åíèå âñåãî âðåìåíè èññëåäîâàíèÿ â âûñîêî- è íèçêî-
ïðîäóöèðóþùèõ ãðóïïàõ, òàê æå êàê è ïðè ñóììàðíîé
îöåíêå ðåçóëüòàòîâ. Ïîñêîëüêó ñðåäà êóëüòèâèðîâàíèÿ
îòáèðàëàñü ïîëíîñòüþ íà êàæäîì ñðîêå, ñëåäîâàòåëüíî, ê
6, 24 è 48 ÷ ïðîèñõîäèëî âîññòàíîâëåíèå óðîâíÿ ïðîäóöè-
ðóåìîãî öèòîêèíà äî ïåðâîíà÷àëüíîãî çíà÷åíèÿ, ïðè ýòîì
ñîõðàíÿëàñü ðàçíèöà ìåæäó ãðóïïàìè â òå÷åíèå âñåãî
ñðîêà èññëåäîâàíèÿ. Îòìå÷åíî óâåëè÷åíèå ïðîäóêöèè
ÈË-6 ïîñëå 24 è 48 ÷ êóëüòèâèðîâàíèÿ êëåòîê â âûñîêî- è
íèçêîïðîäóöèðóþùèõ ãðóïïàõ, òàê æå êàê è ïðè ñóììàð-
íîé îöåíêå ðåçóëüòàòîâ. Ðàçíèöà â ñîäåðæàíèè ýòîãî öè-
òîêèíà ìåæäó âûñîêî- è íèçêîïðîäóöèðóþùåé ãðóïïàìè
ñîõðàíÿëàñü òîëüêî â òå÷åíèå 6 ÷, íî íå áûëî ðàçíèöû
ìåæäó óðîâíÿìè öèòîêèíà â ãðóïïàõ êóëüòèâèðîâàíèÿ 24
è 48 ÷. Ñëåäîâàòåëüíî, ê 24 ÷ è çàòåì ê 48 ÷ êóëüòèâèðîâà-
íèÿ êëåòîê íàðàáàòûâàåòñÿ êîëè÷åñòâî ÈË-6, îäèíàêîâîå
â îáåèõ ãðóïïàõ. Òàêàÿ æå çàêîíîìåðíîñòü îòìå÷åíà ïðè
àíàëèçå ðåçóëüòàòîâ, ïîëó÷åííûõ ïðè òåñòèðîâàíèè ÈË-8
â êóëüòóðàëüíîé ñðåäå êóëüòèâèðóåìûõ ÝÊÏÂ×: îäèíà-
êîâîå óâåëè÷åíèå ñïîíòàííîé ïðîäóêöèè ýòîãî öèòîêèíà
÷åðåç 24 è 48 ÷ ïî ñðàâíåíèþ ñ 3-÷àñîâûì ñðîêîì â ãðóï-
ïàõ âûñîêîïðîäóöèðóþùåé, íèçêîïðîäóöèðóþùåé è ñóì-
ìàðíîé. Ðàçíèöà ìåæäó ãðóïïàìè áûëà óñòàíîâëåíà òîëü-
êî ïîñëå 3 ÷ êóëüòèâèðîâàíèÿ ÝÊÏÂ×, íî íå âûÿâëÿëàñü
ïîñëå 24 è 48 ÷ êóëüòèâèðîâàíèÿ êëåòîê. Ïðè òåñòèðîâàíèè
êîëè÷åñòâà â êóëüòóðàëüíîé ñðåäå ÔÍÎa òîëüêî â íèçêî-
ïðîäóöèðóþùåé ãðóïïå îòìå÷åíî óâåëè÷åíèå óðîâíÿ ýòîãî
ïîêàçàòåëÿ ïîñëå 6 è 48 ÷ êóëüòèâèðîâàíèÿ. Ðàçíèöà ìåæ-
äó ãðóïïàìè ñîõðàíÿëàñü äî 24 ÷ êóëüòèâèðîâàíèÿ.
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Ðàçëè÷èÿ â ôóíêöèîíàëüíîé àêòèâíîñòè êóëüòèâèðóåìûõ êëåòîê 343

Ò à á ë è ö à 1

Ñïîíòàííàÿ ïðîäóêöèÿ öèòîêèíîâ (ïã/ìë) êóëüòóðàìè ÝÊÏÂ× â äèíàìèêå

Ïîêàçàòåëü
Ïðîäóöèðóþùàÿ

ñïîñîáíîñòü ÝÊÏÂ×

Êîíöåíòðàöèÿ öèòîêèíîâ, ïã/ìë, ñèíòåçèðîâàííûõ â êóëüòóðàëüíóþ ñðåäó
çà ðàçëè÷íîå âðåìÿ, ÷

3 6 24 48

ÈË-1b Âûñîêîïðîäóöèðóþùàÿ 14.97 � 0.20 15.07 � 0.50 15.20 � 0.50 14.96 � 0.05

Íèçêîïðîäóöèðóþùàÿ 1.70 � 0.10
+++

2.30 � 0.16
+++

1.95 � 0.20
+++

2.20 � 0.40
+++

Ñóììàðíàÿ 7.01 � 2.20 6.40 � 2.17 7.30 � 2.17 8.60 � 2.41

ÈË-6 Âûñîêîïðîäóöèðóþùàÿ 18.06 � 2.60 22.80 � 3.60 121.90 � 21.80à 128.21 � 28.30á

Íèçêîïðîäóöèðóþùàÿ 6.10 � 0.70
+++

4.54 � 0.15
+++

80.60 � 22.10á 104.97 � 20.80á

Ñóììàðíàÿ 12.10 � 2.40 13.67 � 0.50 98.51 � 14.80à 119.50 � 18.70à

ÈË-8 Âûñîêîïðîäóöèðóþùàÿ 254.13 � 18.10 Íå èññëåäîâàëè 1277.30 � 430.30â 1557.97 � 638.10â

Íèçêîïðîäóöèðóþùàÿ 51.62 � 6.67
+++

80.76 � 18.80 628.03 � 228.80â 556.90 � 189.80â

Ñóììàðíàÿ 152.90 � 46.10 150.90 � 52.20 591.10 � 115.70á 867.80 � 300.10â

ÔÍÎa Âûñîêîïðîäóöèðóþùàÿ 6.24 � 0.80 6.56 � 0.70 5.90 � 0.60 Íå èññëåäîâàëè

Íèçêîïðîäóöèðóþùàÿ 1.23 � 0.20
++

3.70 � 0.60á 2.67 � 1.10â

+
2.83 � 0.70â

Ñóììàðíàÿ 4.87 � 0.90 5.80 � 0.70 5.70 � 0.74 4.30 � 1.60

Ï ð è ì å ÷ à í è å. + – P� 0.05, ++ – P� 0.01, +++ – P� 0.001 — ïîêàçàòåëè âûñîêîïðîäóöèðóþùåé ãðóïïû îòíîñèòåëüíî íèçêî-
ïðîäóöèðóþùåé ãðóïïû. à P � 0.001, á P � 0.01, â P � 0.05 — ïîêàçàòåëè 6, 24 è 48 ÷ îòíîñèòåëüíî 3 ÷.

Ò à á ë è ö à 2

Ñïîíòàííîå îòñîåäèíåíèå ìîëåêóë êëåòî÷íîé àäãåçèè (ÌÊÀ) îò ÝÊÏÂ× â äèíàìèêå

Ïîêàçàòåëü
Ïðîäóöèðóþùàÿ

ñïîñîáíîñòü ÝÊÏÂ×

Êîíöåíòðàöèÿ ðàñòâîðèìûõ ÌÊÀ, ïã/ìë, ñèíòåçèðîâàííûõ â êóëüòóðàëüíóþ ñðåäó
çà ðàçëè÷íîå âðåìÿ, ÷

3 6 24 48

sP-ñåëåêòèí Âûñîêîïðîäóöèðóþùàÿ 13.34 � 0.04 23.21 � 9.91 13.34 � 0.40 13.34 � 0.04

Íèçêîïðîäóöèðóþùàÿ 0.94 � 0.01
+++

0.86 � 0.15à

+++
1.35 � 0.03á

+++
Íå èññëåäîâàëè

Ñóììàðíàÿ 4.54 � 1.2 6.20 � 2.90 4.99 � 1.10 5.01 � 1.90

sE-ñåëåêòèí Âûñîêîïðîäóöèðóþùàÿ 3.32 � 0.70 3.30 � 0.10 3.40 � 0.13 3.35 � 0.60

Íèçêîïðîäóöèðóþùàÿ 1.80 � 0.04
+++

1.70 � 0.01
+++

1.90 � 0.01â

+++
3.80 � 0.10á

xxx

Ñóììàðíàÿ 2.95 � 0.20 2.90 � 0.20 3.02 � 0.20 3.51 � 0.40

sICAM-1 Âûñîêîïðîäóöèðóþùàÿ 9.30 � 0.10 9.43 � 0.20 9.83 � 0.02à 10.42 � 0.05á

xxx

Íèçêîïðîäóöèðóþùàÿ 6.60 � 0.30
+++

6.61 � 0.30
+++

7.47 � 0.80
+++

7.17 � 0.20
+++

Ñóììàðíàÿ 7.20 � 0.40 7.20 � 0.50 8.07 � 0.60 8.07 � 0.40

sPECAM Âûñîêîïðîäóöèðóþùàÿ 1.34 � 0.03 Íå èññëåäîâàëè 2.10 � 0.02á 2.30 � 0.20à

Íèçêîïðîäóöèðóþùàÿ 0.72 � 0.04
+++

1.04 � 0.30 1.54 � 0.20à

+++
1.50 � 0.04á

++

Ñóììàðíàÿ 0.99 � 0.10 1.12 � 0.20 1.80 � 0.20á 1.87 � 0.20á

VE-êàäõåðèí » 0.66 � 0.07 1.10 � 0.50 0.87 � 0.35 1.02 � 0.30

Ï ð è ì å ÷ à í è å. + – P� 0.05, ++ – P� 0.01, +++ – P� 0.001 — ïîêàçàòåëè âûñîêîïðîäóöèðóþùåé ãðóïïû îòíîñèòåëüíî íèçêî-
ïðîäóöèðóþùåé ãðóïïû. à P � 0.01, á P � 0.001, â P � 0.05 — ïîêàçàòåëè 6, 24 è 48 ÷ îòíîñèòåëüíî 3 ÷. xxx — P � 0.001 — ïîêàçà-
òåëü 48 ÷ îòíîñèòåëüíî 24 ÷.



Îòìå÷åííàÿ ðàçíèöà âî âðåìåíè ìàêñèìàëüíîãî íà-
êîïëåíèÿ êàæäîãî èç öèòîêèíîâ â êóëüòóðàëüíîé ñðåäå
ÝÊÏÂ× (3 ÷ äëÿ ÈË-1b, 6 ÷ äëÿ ÔÍÎa è 24 ÷ äëÿ ÈË-6 è
ÈË-8) ñâÿçàíà ñ ðàçíèöåé âî âðåìåíè ýêñïðåññèè èÐÍÊ
äëÿ êàæäîãî öèòîêèíà (Êåòëèíñêèé, Ñèìáèðöåâ, 2008).
Êëåòêè, ïðîäóöèðóþùèå ÈË-1b è ÔÍÎa, ñîõðàíÿëè âû-
ñîêèé èëè íèçêèé óðîâåíü ïðîäóêöèè â òå÷åíèå âñåãî ñðî-
êà èññëåäîâàíèÿ. Ìàêñèìàëüíûé óðîâåíü íàêîïëåíèÿ â
êóëüòóðàëüíîé ñðåäå ÝÊÏÂ× ÈË-6 è ÈË-8 îòìå÷åí ê 24 è
çàòåì ê 48 ÷, óðîâåíü ýòèõ öèòîêèíîâ â íèçêîïðîäóöèðó-
þùèõ ãðóïïàõ äîñòèãàë òàêèõ æå çíà÷åíèé, êàê â âûñîêî-
ïðîäóöèðóþùèõ ãðóïïàõ.

Ïðè îöåíêå ñïîíòàííî îòñîåäèíèâøèõñÿ îò ÝÊÏÂ×
ÌÊÀ â äèíàìèêå êóëüòèâèðîâàíèÿ âèäíî, ÷òî ê 6 ÷ ïðî-
èñõîäèëî óìåíüøåíèå ñîäåðæàíèÿ ðàñòâîðèìîãî P-ñåëåê-
òèíà â êóëüòóðàëüíîé ñðåäå â íèçêîïðîäóöèðóþùåé ãðóï-
ïå è ïîñëåäóþùåå óâåëè÷åíèå åãî êîëè÷åñòâà ê 24 ÷
(òàáë. 2). Óðîâåíü P-ñåëåêòèíà â âûñîêî- è íèçêîïðîäóöè-
ðóþùåé ãðóïïàõ èñõîäíî ðàçëè÷àëñÿ áîëåå ÷åì â 10 ðàç, è
ðàçíèöà ìåæäó ãðóïïàìè ñîõðàíÿëàñü â òå÷åíèå âñåãî
âðåìåíè èññëåäîâàíèÿ. Èçâåñòíî, ÷òî P-ñåëåêòèí ëîêàëè-
çóåòñÿ íà ïîâåðõíîñòè êëåòîê ýíäîòåëèÿ â òå÷åíèå 1 ÷ ïî-
ñëå âûõîäà èç öèòîïëàçìàòè÷åñêèõ òåëåö Âåéáåëü—Ïàë-
ëàäå (Cines et al., 1998). Óâåëè÷åíèå ñîäåðæàíèÿ ðàñòâî-
ðèìîãî P-selectin ê 24 ÷, âîçìîæíî, ñâÿçàíî ñ íåñêîëüêèìè
öèêëàìè ýêñïðåññèè ýòîé ìîëåêóëû íà êëåòêàõ ýíäîòåëèÿ.
Óâåëè÷åíèå êîëè÷åñòâà ðàñòâîðèìîãî E-selectin â êóëüòó-
ðàëüíîé ñðåäå ïðîèñõîäèëî òîëüêî â íèçêîïðîäóöèðóþ-
ùåé ãðóïïå ê 24 ÷, ïðè ýòîì ñîõðàíÿëàñü ðàçíèöà ìåæäó
ãðóïïàìè. Ê 48 ÷ êóëüòèâèðîâàíèÿ êëåòîê êîëè÷åñòâî
ðàñòâîðèìîãî E-selection óâåëè÷èëîñü ïî ñðàâíåíèþ ñ åãî
ñîäåðæàíèåì ê 24 ÷ è íå îòëè÷àëîñü îò ïîêàçàòåëÿ â âûñî-
êîïðîäóöèðóþùåé ãðóïïå. Ýòî, ïî-âèäèìîìó ñâÿçàíî ñ
òåì, ÷òî ìàêñèìàëüíàÿ ýêñïðåññèÿ E-selection íà êëåòêàõ
ýíäîòåëèÿ ïðîèñõîäèò ê 24 ÷ (Leeuwenberg, 1992) è òîëü-
êî ïîñëå ýòîãî ïðîèñõîäèò íàêîïëåíèå â êóëüòóðàëüíîé
ñðåäå îòñîåäèíèâøåãîñÿ E-selection. Óâåëè÷åíèå ñîäåð-
æàíèÿ sICAM-1 â êóëüòóðàëüíîé ñðåäå ÝÊÏÂ× îòìå÷à-
ëàñü òîëüêî â ãðóïïå âûñîêîïðîäóöèðóþùèõ êëåòîê ê

24 ÷, çàòåì ïðîèñõîäèëî äîïîëíèòåëüíîå óâåëè÷åíèå ê 48
÷, ïðè ýòîì ñîõðàíÿëàñü ðàçíèöà ìåæäó íèçêî- è âûñîêî-
ïðîäóöèðóþùèìè êóëüòóðàìè. Íàêîïëåíèå ðàñòâîðèìîãî
ICAM-1 ê ýòîìó âðåìåíè ñâÿçàíî ñî âðåìåíåì àêòèâàöèè
ýêñïðåññèè ICAM-1 íà êëåòêàõ ýíäîòåëèÿ, êîòîðàÿ âûõî-
äèò íà ïëàòî íà÷èíàÿ ñ 24 ÷ (Leeuwenberg, 1992). Óâåëè-
÷åíèå êîëè÷åñòâà ðàñòâîðèìîé ìîëåêóëû àäãåçèè ýíäîòå-
ëèÿ è òðîìáîöèòîâ PECAM-1 â êóëüòóðàëüíîé ñðåäå êó-
ëüòèâèðóåìûõ ÝÊÏÂ× ïðîèñõîäèëî â îáåèõ ãðóïïàõ è
ñóììàðíî ê 24 è 48 ÷, ÷òî òàêæå ñâÿçàíî ñî âðåìåíåì àê-
òèâàöèè ýêñïðåññèè PECAM-1 íà êëåòêàõ ýíäîòåëèÿ (Vest-
weber, 2007). Ðàçíèöà â íàêîïëåíèè ýòîé ìîëåêóëû ñîõðà-
íÿëàñü ìåæäó âûñîêî- è íèçêîïðîäóöèðóþùåé ãðóïïàìè
â òå÷åíèå âñåãî ñðîêà èññëåäîâàíèÿ. Ñîäåðæàíèå ðàñòâî-
ðèìîãî VE-êàäõåðèíà áûëî èçíà÷àëüíî íà îäíîì óðîâíå
è íå ìåíÿëîñü â äèíàìèêå êóëüòèâèðîâàíèÿ ÝÊÏÂ×, ò. å.
ê 6, 24 è 48 ÷ ïðîèñõîäèëî âîññòàíîâëåíèå åãî êîëè÷åñòâà
â êóëüòóðàëüíîé ñðåäå äî ïåðâîíà÷àëüíîãî çíà÷åíèÿ. Òà-
êàÿ ìîíîòîííîñòü â îòñîåäèíåíèè VE-êàäõåðèíà îò ïî-
âåðõíîñòè êëåòîê ýíäîòåëèÿ ñâÿçàíà, ïî-âèäèìîìó, ñ îñî-
áîé ðîëüþ VE-êàäõåðèíà â îòëè÷èå îò äðóãèõ ÌÊÀ, çà-
äåéñòâîâàííûõ â ðåêðóòèðîâàíèè ëåéêîöèòîâ è èõ
òðàíñìèãðàöèè: îí îáåñïå÷èâàåò êîíòàêò ìåæäó êëåòêàìè
ýíäîòåëèÿ, è åãî ýêñïðåññèÿ íà ýíäîòåëèè òîðìîçèò àäãå-
çèþ ëåéêîöèòîâ (Gotsch, 1997; Vestweber, 2007; Wallez,
Huber, 2008).

Ñïîñîáíîñòü ÝÊÏÂ× ïðîäóöèðîâàòü îêñèä àçîòà îöå-
íèâàëàñü ïî ñîäåðæàíèþ â êóëüòóðàëüíîé ñðåäå íèòðè-
òîâ, òàê êàê NO ÿâëÿåòñÿ êîðîòêîæèâóùèì ðàäèêàëîì, à
íèòðèò ÿâëÿåòñÿ åãî ñòàáèëüíûì ìåòàáîëèòîì (Âëàñîâà,
2006) (òàáë. 3). Îòìå÷àëîñü óâåëè÷åíèå ñîäåðæàíèÿ íè-
òðèòîâ â êóëüòóðàëüíîé ñðåäå ÝÊÏÂ× â íèçêîïðîäóöèðó-
þùåé ãðóïïå íà÷èíàÿ ñ 6 ÷ è çàòåì â îáåèõ ãðóïïàõ ê 24 ÷;
êîëè÷åñòâî íèòðèòà âî âñåõ ãðóïïàõ íå ìåíÿëîñü ê 48 ÷.
Ïî-âèäèìîìó, êîìïîíåíòîâ êóëüòóðàëüíîé ñðåäû äîñòà-
òî÷íî òîëüêî íà 24 ÷ äëÿ àêòèâàöèè ïðîäóêöèè îêñèäà
àçîòà è îáðàçîâàíèÿ åãî ìåòàáîëèòîâ. Îäíàêî â òå÷åíèå
âñåãî âðåìåíè èññëåäîâàíèÿ ñîõðàíÿëàñü ðàçíèöà ìåæäó
âûñîêî- è íèçêîïðîäóöèðóþùèìè ãðóïïàìè. Â óðîâíå
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Ò à á ë è ö à 3

Ñïîíòàííàÿ ïðîäóêöèÿ îêñèäà àçîòà, ìêÌ/ë, ýíäîòåëèíà-1, ôÌ/ìë, ôàêòîðà ôîí Âèëëåáðàíäà, ÌÅ/ìë,
è ìàòðèêñíîé ìåòàëëîïðîòåèíàçû 1, íã/ìë, ÝÊÏÂ× â äèíàìèêå

Ïîêàçàòåëü
Ïðîäóöèðóþùàÿ

ñïîñîáíîñòü ÝÊÏÂ×

Êîíöåíòðàöèÿ èññëåäóåìûõ âåùåñòâ, ñèíòåçèðîâàííûõ â êóëüòóðàëüíóþ ñðåäó
çà âðåìÿ, ÷

3 6 24 48

Íèòðèò Âûñîêîïðîäóöèðóþùàÿ 44.0 � 3.2 43.60 � 2.30 72.42 � 12.60à 64.56 � 10.90à

Íèçêîïðîäóöèðóþùàÿ 18.5 � 2.2
+++

21.63 � 0.10á

++
27.50 � 2.10â

+
34.20 � 5.80à

+

Ñóììàðíàÿ 33.4 � 4.3 30.40 � 5.40 53.70 � 9.80à 50.80 � 7.80à

Ýíäîòåëèí » 22.6 � 3.9 23.30 � 1.30 187.00 � 8.80 214.00 � 15.10á

õõõ

ÔôÂ Âûñîêîïðîäóöèðóþùàÿ 3.9 � 0.6 4.00 � 1.23 16.90 � 4.20â 21.54 � 5.10â

Íèçêîïðîäóöèðóþùàÿ 1.3 � 0.2
+++

Íå èññëåäîâàëè 12.50 � 12.50á 14.80 � 1.80á

Ñóììàðíàÿ 2.6 � 0.5 3.40 � 1.10 14.90 � 1.90á 17.50 � 2.04á

ÌÌÏ-1 » 12.7 � 5.6 10.00 � 0.70 98.60 � 13.40á 122.40 � 16.80á

Ï ð è ì å ÷ à í è å. + – P� 0.05, ++ – P� 0.01, +++ – P� 0.001 — ïîêàçàòåëè âûñîêîïðîäóöèðóþùåé ãðóïïû îòíîñèòåëüíî íèçêî-
ïðîäóöèðóþùåé ãðóïïû. à P� 0.05, á P� 0.001, â P� 0.01 — ïîêàçàòåëè 6, 24 è 48 ÷ îòíîñèòåëüíî 3 ÷. õõõ — P� 0.001 — ïîêàçàòå-
ëè 48 ÷ îòíîñèòåëüíî 24 ÷.



ïðîäóêöèè ýíäîòåëèíà âñå èññëåäîâàííûå êóëüòóðû ýíäî-
òåëèÿ áûëè áëèçêèìè. Â äèíàìèêå êóëüòèâèðîâàíèÿ êëå-
òîê ïðîèñõîäèëî óâåëè÷åíèå ñîäåðæàíèÿ ýíäîòåëèíà ê
24 ÷ è çàòåì äîïîëíèòåëüíîå óâåëè÷åíèå ê 48 ÷. Ìîæíî
ïðåäïîëîæèòü, ÷òî â òî âðåìÿ êàê âñå êëåòêè ýíäîòåëèÿ
àêòèâíî ïðîäóöèðóþò âàçîêîíñòðèêòîð ýíäîòåëèí, ïðî-
äóêöèÿ âàçîäèëÿòàòîðà îêñèäà àçîòà äîñòîâåðíî ðàçëè÷à-
åòñÿ â ýíäîòåëèè ðàçíûõ äîíîðîâ êëåòîê, è â áîëüøåé ñòå-
ïåíè, ÷åì ïðîäóêöèÿ ýíäîòåëèíà, çàâèñèò îò âîçäåéñòâèÿ
âíåøíèõ ôàêòîðîâ.

Ðàçíèöà â ñîäåðæàíèè ÔôÂ â êóëüòóðàëüíîé ñðåäå ê
3 ÷ êóëüòèâèðîâàíèÿ êëåòîê äàëà âîçìîæíîñòü îáúåäè-
íèòü ðåçóëüòàòû â äâå óñëîâíûå ãðóïïû, îäíàêî ïðè ïî-
ñëåäóþùåì êóëüòèâèðîâàíèè êëåòîê ýòà ðàçíèöà íå ñî-
õðàíÿëàñü. Óâåëè÷åíèå ñîäåðæàíèÿ ÔôÂ â êóëüòóðàëüíîé
ñðåäå ïðîèñõîäèëî â îáåèõ ãðóïïàõ ê 24 ÷ è çàòåì íå ìå-
íÿëîñü ê 48 ÷ êóëüòèâèðîâàíèÿ êëåòîê ýíäîòåëèÿ.

Èñõîäíûå êîëè÷åñòâà ÌÌÏ-1 â êóëüòóðàëüíîé ñðåäå
èññëåäîâàííûõ êóëüòóð áûëè áëèçêèìè, ïîýòîìó âñå ïî-
êàçàòåëè áûëè âêëþ÷åíû â îäíó ãðóïïó. Ñîäåðæàíèå
ÌÌÏ-1 óâåëè÷èâàëîñü â êóëüòóðàëüíîé ñðåäå ê 24 ÷ è íå
ìåíÿëîñü íà ñëåäóþùåì ñðîêå èññëåäîâàíèÿ. Ïîëó÷åí-
íûå ðåçóëüòàòû äàþò âîçìîæíîñòü çàêëþ÷èòü, ÷òî êóëü-
òèâèðóåìûå êëåòêè ýíäîòåëèÿ, ïîëó÷åííûå îò ðàçíûõ äî-
íîðîâ, ñòàáèëüíî ïðîäóöèðóþò ÔôÂ è ÌÌÏ-1, ôàêòîðû,
ñâÿçàííûå ñ ïîääåðæàíèåì òîêà êðîâè â ñîñóäàõ, òðîìáî-
îáðàçîâàíèåì è àíãèîãåíåçîì.

Òàêèì îáðàçîì, ïåðâè÷íûå êóëüòóðû êëåòîê ýíäîòå-
ëèÿ ñîñóäîâ ÷åëîâåêà ñïîíòàííî ïðîäóöèðóþò ôàêòîðû,
õàðàêòåðèçóþùèå èõ ôóíêöèîíàëüíóþ àêòèâíîñòü. Êóëü-
òóðû ýíäîòåëèÿ, ïîëó÷åííûå îò ðàçíûõ äîíîðîâ, ðàçëè÷à-
þòñÿ ïî ñïîñîáíîñòè ïðîäóöèðîâàòü íåêîòîðûå èç ýòèõ
ôàêòîðîâ, òîãäà êàê ðÿä ôàêòîðîâ ñåêðåòèðóåòñÿ âñåìè
êóëüòóðàìè íà îäíîì óðîâíå. Îòìå÷åíû ðàçëè÷èÿ â ïðî-
ôèëå ïðîäóêöèè èññëåäîâàííûõ öèòîêèíîâ è ïðîôèëå îò-
ñîåäèíåíèÿ îò êëåòîê ÌÊÀ, ïîêàçàíà ðàçíèöà â ïðîäóê-
öèè âàçîäèëÿòàòîðà îêñèäà àçîòà è âàçîêîíñòðèêòîðà ýí-
äîòåëèíà, âûÿâëåíà ñòàáèëüíîñòü â ïðîäóêöèè ÔôÂ è
ÌÌÏ-1. Â ðàáîòå èñïîëüçîâàëè òîëüêî 1-é ïàññàæ êëåòîê
ïîñëå èõ âûäåëåíèÿ èç ïóïî÷íûõ êàíàòèêîâ, êîòîðûé ñî-
õðàíÿåò èñõîäíûé ôåíîòèï ýíäîòåëèÿ (Pober, Cotran,
1990). Ïîýòîìó ìîæíî çàêëþ÷èòü, ÷òî ïîëó÷åííûå ðå-
çóëüòàòû îïðåäåëåíèÿ ôóíêöèîíàëüíîé àêòèâíîñòè ýíäî-
òåëèÿ îòðàæàþò ôóíêöèîíàëüíóþ àêòèâíîñòü ýíäîòåëèÿ
ïóïî÷íîé âåíû è õàðàêòåðèçóþò îñîáåííîñòè äîíîðîâ
êëåòîê. Ïîëó÷åííûå ðåçóëüòàòû äàþò âîçìîæíîñòü ìîäå-
ëèðîâàòü ïðîöåññû, ïðîèñõîäÿùèå â ýíäîòåëèè ñîñóäîâ, è
èíòåðïðåòàöèÿ ðåçóëüòàòîâ âîçìîæíà òîëüêî ñ ó÷åòîì èí-
äèâèäóàëüíûõ îñîáåííîñòåé êóëüòóð; ýòè ðåçóëüòàòû ïîç-

âîëÿþò ïðåäïîëàãàòü íåîáõîäèìîñòü áîëåå òùàòåëüíîãî
ïîäõîäà ê îöåíêå ðåçóëüòàòîâ, ïîëó÷àåìûõ íà ïåðâè÷íîé
êóëüòóðå ýíäîòåëèÿ.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå Ìåæ-
äóíàðîäíîãî íàó÷íî-òåõíè÷åñêîãî öåíòðà (ïðîåêò 3505).
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Endothelium of blood vessels in the organism is involved in carrying out numerous functions in normal and
pathological processes. Development of the method of isolation and cultivation of endothelial cells has made it
possible to model the processes occurring in vascular endothelium. Unlike continuous cell lines, research on pri-
mary cell cultures lead to wide variation in results. In this study, spontaneous production of markers characteri-
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zing functional activities of endothelium were compared in endothelium cultures derived from umbilical cords
of 20 donors. It was found that, based on the production levels of all investigated markers after 3 hours of cell
cultivation, these cultures can be divided into high- and low-producing. Analysis of cytokine profiles revealed
that the level of spontaneous production of IL-1â in these groups did not vary during cell cultivation up to 24
and 48 hours, whereas the levels of IL-6 and IL-8 production increased to 24 and 48 hours, and the difference
between groups became leveled; the increase in production of TNFá occurred only in cultures of low-producing
group. The increase in amounts of sP- and sE-selectin in cultural medium was observed only under cultivation
of low-producing cultures, whereas the increase in sICAM-1 was noted under cultivation of highly-producing
cultures; the increase of sPECAM-1 was revealed under cultivation of both highly- and low-producing cultures.
So, the difference in the levels of this CAM between the groups remained. The levels of sVE-cadherin in cultu-
ral medium did not vary in the course of cell cultivation. The levels of nitrite reflecting the amount of NO were
increased in cultural medium in all cultures, and the difference between the groups remained; concentration of
endotelin-1 was increased, however the values of this marker in the cultural medium of several cultures were si-
milar, therefore, it was not possible to create groups reflecting levels of its production. The levels of von Willeb-
rand Factor were increased in cultural medium under cultivation of cultures of both groups, however the diffe-
rence between the groups did not remain. The levels of matrix metalloproteinase-1 in cultural medium increased
under cultivation of cell cultures. Hence, endothelial cultures from different donors differ in their ability to pro-
duce markers of functional activity, and reflect the features of cell donors. The results obtained allow modeling
the processes occurring in vascular endothelium taking into account the individual characteristics of cultures,
and suggest the possibility of a more thorough approach to evaluating the results obtained using primary endo-
thelium cultures.

K e y w o r d s: culture of umbilical vein endothelium, cytokines, soluble CAM, NO, endothelin-1, vWF,
MMP-1.
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