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Êëåòêè àäåíîêàðöèíîìû òîëñòîãî îòäåëà êèøå÷íèêà ÷åëîâåêà

1 Èíñòèòóò ìîëåêóëÿðíîé áèîëîãèè ÍÀÍ Ðåñïóáëèêè Àðìåíèÿ è
2 Îíêîëîãè÷åñêèé íàó÷íûé öåíòð èì. Ôàíàðäæÿíà ÌÇ Ðåñïóáëèêè Àðìåíèÿ, Åðåâàí

Ìåòîäàìè öèòîìîðôîìåòðèè è öèòîôîòîìåòðèè èññëåäîâàëè êëåòêè àäåíîêàðöèíîìû òîëñòîãî îò-
äåëà êèøå÷íèêà ÷åëîâåêà CaCo-2 â òå÷åíèå 10 ñóò êóëüòèâèðîâàíèÿ. Óñòàíîâëåíà îáðàòíàÿ çàâèñèìîñòü
ìåæäó àêòèâíîñòüþ ïðîëèôåðàöèè è ïëîòíîñòüþ ìîíîñëîÿ, ïîâûøåíèå êîòîðîé èíãèáèðóåò ïðîëèôåðà-
öèþ è ñïîñîáñòâóåò ôîðìèðîâàíèþ îñòðîâêîâ ïîëèïëîèäíûõ êëåòîê. 2ñ-êëåòêè âûÿâëÿþòñÿ ëèøü â íà-
÷àëå ðîñòà êóëüòóðû, áóëüøàÿ æå ÷àñòü êëåòîê ïîëèïëîèäèçèðóåòñÿ ïóòåì áëîêèðîâàíèÿ êëåòîê â ôàçå
G2. Ýòè êëåòêè íå äåëÿòñÿ, î ÷åì ãîâîðèò îòñóòñòâèå 2ñ-êëåòîê, íî íåêîòîðàÿ ÷àñòü 4ñ-êëåòîê âíîâü âñòó-
ïàåò â öèêë, íàêàïëèâàåò 8ñ ÄÍÊ, à çàòåì äåëèòñÿ, ïîïîëíÿÿ ôðàêöèþ 4ñ-êëåòîê. Â ïðîöåññå êóëüòèâèðî-
âàíèÿ óâåëè÷èâàþòñÿ ÷èñëî ÿäðûøåê â ÿäðàõ, èõ ñóììàðíûé îáúåì è êîëè÷åñòâî ÄÍÊ â îêîëîÿäðûøêî-
âîì õðîìàòèíå. Ôîðìèðîâàíèå áîëüøîãî ÷èñëà 4ñ-êëåòîê ñ ìíîãîÿäðûøêîâûìè ÿäðàìè îïðåäåëÿåò ïî-
âûøåíèå ôóíêöèîíàëüíîé àêòèâíîñòè êóëüòóðû CaCo-2 â öåëîì, à îáðàçîâàíèå â ìîíîñëîå îáîñîáëåííûõ
ãðóïï òàêèõ êëåòîê ñâèäåòåëüñòâóåò î âîçìîæíîé èíèöèàöèè äèôôåðåíöèðîâêè.

Ê ë þ ÷ å â û å ñ ë î â à: êóëüòóðà êëåòîê CaCo-2, ÄÍÊ, ÿäðî, ÿäðûøêî.

Êóëüòóðû òðàíñôîðìèðîâàííûõ êëåòîê, êàê èçâåñò-
íî, íåðåäêî èñïîëüçóþòñÿ â êà÷åñòâå ìîäåëüíûõ ñèñòåì
äëÿ èçó÷åíèÿ ðàçíûõ ñòîðîí ôóíêöèîíèðîâàíèÿ êëå-
òîê-ïðåäøåñòâåííèêîâ â ìíîãîêëåòî÷íûõ ñòðóêòóðàõ in
vivo. Íå ÿâëÿåòñÿ èñêëþ÷åíèåì è íåäàâíî ïîëó÷åííàÿ è
ïîêà íåäîñòàòî÷íî èçó÷åííàÿ êóëüòóðà êëåòîê àäåíîêàð-
öèíîìû òîëñòîãî îòäåëà êèøå÷íèêà ÷åëîâåêà CaCo-2, â
ìîíîñëîÿõ êîòîðîé ïðè äëèòåëüíîì êóëüòèâèðîâàíèè
îáíàðóæèâàþòñÿ ó÷àñòêè ñïîíòàííî äèôôåðåíöèðîâàí-
íûõ ýíòåðîöèòîïîäîáíûõ êëåòîê ñ ïîëÿðèçîâàííûìè ÿä-
ðàìè, õàðàêòåðíûìè äëÿ ýïèòåëèÿ êèøå÷íèêà in vivo
(Heppner et al., 2001). Â ñîîáùåíèÿõ ðÿäà àâòîðîâ ïðèâî-
äÿòñÿ äàííûå î ñïîñîáíîñòè ýòèõ êëåòîê ñèíòåçèðîâàòü â
ïðîöåññå ðîñòà êóëüòóðû ðàçëè÷íûå áåëêè: ïåïòèäàçó
(Jumarie, Malo, 1991), ìóöèí-ïîäîáíûé âûñîêîìîëåêó-
ëÿðíûé ãëèêîïðîòåèí (Niv et al., 1992) è ùåëî÷íóþ ôîñ-
ôàòàçó (Hara et al., 1993). Â áîëåå ðàííèõ ðàáîòàõ, îäíà-
êî, îòìå÷àëîñü, ÷òî íåêîòîðûå ôåðìåíòû èç ÷èñëà íàé-
äåííûõ â ãîìîãåíàòàõ òêàíè òîëñòîé êèøêè ÷åëîâåêà íå
âûÿâëÿþòñÿ â êëåòêàõ CaCo-2 (Yonakim et al., 1989; Broc-
khausen et al., 1991). Òåì íå ìåíåå, íåñìîòðÿ íà ýòè ðàç-
ëè÷èÿ, ïðèâåäåííûå âûøå äàííûå ïîçâîëÿþò ñ÷èòàòü
êóëüòóðó êëåòîê CaCo-2 óäîáíîé ìîäåëüþ äëÿ èçó÷åíèÿ
ìåõàíèçìîâ ðåãóëÿöèè ïðîöåññîâ ïðîëèôåðàöèè è äèô-
ôåðåíöèðîâêè in vitro. Íåñîìíåííî, ïåðñïåêòèâíûìè â
ýòîì îòíîøåíèè ìîãëè ñòàòü öèòîìîðôîëîãè÷åñêèå è
öèòîõèìè÷åñêèå èññëåäîâàíèÿ ìîðôîôóíêöèîíàëüíîãî
ñîñòîÿíèÿ êëåòîê CaCo-2 â ïðîöåññå ðîñòà êóëüòóðû, òåì
áîëåå ÷òî ïîäîáíûõ ðàáîò â äîñòóïíîé íàì ëèòåðàòóðå
îáíàðóæèòü íå óäàëîñü. Â èññëåäîâàíèÿõ, ïðîâåäåííûõ
íà äðóãèõ êëåòêàõ in vitro è in vivo, ïîêàçàíî, ÷òî èçìåíå-

íèÿ â ñîäåðæàíèè ÄÍÊ â ÿäðàõ è èõ ðàçìåðàõ, â ÷èñëå è
ðàçìåðàõ ÿäðûøåê òåñíî ñâÿçàíû ñ àêòèâíîñòüþ ïðîëèôå-
ðàöèè è ñòåïåíüþ äèôôåðåíöèðîâàííîñòè êëåòîê è îáú-
åêòèâíî îòðàæàþò õàðàêòåð ïðîëèôåðàöèè äèôôåðåíöè-
ðîâêè (De Angelis et al., 1997; Ueki et al., 1997; Øòåéí è
äð., 1999; Derenzini et al., 2000). Ïîäòâåðæäàåòñÿ ýòî è èñ-
ñëåäîâàíèÿìè ôóíêöèîíàëüíîé ìîðôîëîãèè ÿäðûøêîîá-
ðàçóþùèõ ðàéîíîâ õðîìîñîì, ïðîâåäåííûìè in vivo íà
íîðìàëüíûõ è çëîêà÷åñòâåííî èçìåíåííûõ êëåòî÷íûõ ïî-
ïóëÿöèÿõ (Morais et al., 1996; Êàðàëîâà è äð., 2004) è in
vitro íà ïåðåâèâàåìûõ êóëüòóðàõ òðàíñôîðìèðîâàííûõ
êëåòîê (Mamaev, Mamaeva, 1990; Òóðèëîâà è äð., 1998;
Êàðàëîâà è äð., 2003; Karalyan et al., 2003, 2004).

Çàäà÷à íàñòîÿùåãî èññëåäîâàíèÿ çàêëþ÷àëàñü â òîì,
÷òîáû ïðîàíàëèçèðîâàòü öèòîìîðôîëîãè÷åñêèå ïàðàìåò-
ðû êëåòîê CaCo-2 â ïðîöåññå èõ êóëüòèâèðîâàíèÿ.

Ìàòåðèàë è ìåòîäèêà

Êëåòêè êóëüòóðû CaCo-2 âûðàùèâàëè íà ïîêðîâíûõ
ñòåêëàõ â ïåíèöèëëèíîâûõ ôëàêîíàõ â òå÷åíèå 10 ñóò â
ñðåäå Èãë-ÌÅÌ (Sigma) ñ äîáàâëåíèåì ãëóòàìèíà è 20 %
ôåòàëüíîé áû÷üåé ñûâîðîòêè. Âñåãî áûëî ïðîâåäåíî
12 ïàññàæåé. Ñòåêëà èçâëåêàëè åæåñóòî÷íî íà÷èíàÿ ñî
2-õ ñóò. Îïðåäåëÿëè ïëîòíîñòü ìîíîñëîÿ (êîëè÷åñòâî êëå-
òîê, ïðèõîäÿùèõñÿ íà 0.01 ìì2 ïëîùàäè ïðåïàðàòà), ïðî-
ëèôåðàòèâíóþ àêòèâíîñòü (÷èñëî ìèòîçîâ íà 1000 êëåòîê),
äîëþ ïîãèáøèõ êëåòîê, ÷èñëî ÿäðûøåê â ÿäðàõ è ðàñïðå-
äåëåíèå ïîñëåäíèõ â ïîïóëÿöèè ïî ýòîìó ïîêàçàòåëþ. Äëÿ
âûÿâëåíèÿ ÄÍÊ ïðåïàðàòû îêðàøèâàëè ïî Ô¸ëüãåíó ïîñëå

315

2 0 0 6 Ö È Ò Î Ë Î Ã È ß Ò î ì 48, ¹ 4



ôèêñàöèè â 96%-íîì ýòàíîëå è ãèäðîëèçà â 5 í. HC1 ïðè
22 °Ñ â òå÷åíèå 60 ìèí (Ìàãàêÿí, Êàðàëîâà, 1989).

Öèòîôîòîìåòðè÷åñêîå è öèòîìîðôîìåòðè÷åñêîå èñ-
ñëåäîâàíèÿ ïðîâîäèëè ñ ïîìîùüþ ïðåöèçèîííîãî àíàëè-
çàòîðà èçîáðàæåíèé ìèêðîîáúåêòîâ, ñêîíñòðóèðîâàííîãî
â Îòäåëå ôèçèêî-õèìè÷åñêîé áèîëîãèè êëåòêè Èíñòèòóòà
ìîëåêóëÿðíîé áèîëîãèè ÍÀÍ Ðåñïóáëèêè Àðìåíèÿ íà
áàçå ñêàíèðóþùåãî ìèêðîñêîïà-ôîòîìåòðà SMP-05 (Op-
ton, ÔÐÃ), öèôðîâîé ÏÇÑ-âèäåîêàìåðû âûñîêîãî ðàçðå-
øåíèÿ CCD-502 (Bischke, ßïîíèÿ), âèäåîïëàòû Flyvideo
(Lifeview, Òàèëàíä), 17S ìîíèòîðà (Scott, ÑØÀ), êîìïüþ-
òåðà Pentium IV è ðàçðàáîòàííîãî íàìè (Þ. À. Ìàãàêÿí,
Ò. Þ. Ìàãàêÿí è À. Ë. Êàïàíöÿí) ïðîãðàììíîãî îáåñïå-
÷åíèÿ UPIAM-2000 (Uniwersal Program of the Image Analy-
sis of Microobjects), âêëþ÷àþùåãî â ñåáÿ ïîäïðîãðàììó
àâòîìàòèçèðîâàííîãî óïðàâëåíèÿ öèòîôîòîìåòðîì â ðå-
æèìàõ «ïðÿìîãî» (x-y-ñòîëèê, ÔÝÓ, ÀÖÏ) è èñïîëüçîâàí-
íîãî â íàñòîÿùåì èññëåäîâàíèè òåëåâèçèîííîãî ñêàíèðî-
âàíèÿ. Ïåðåä ñêàíèðîâàíèåì ñ ïîìîùüþ ìàðêåðà îáâîäè-
ëè êîíòóðû èçîáðàæåíèé ÿäåð è ÿäðûøåê, âêëþ÷àÿ â
ïîñëåäíåì ñëó÷àå îáëàñòü îêîëîÿäðûøêîâîãî õðîìàòèíà.
Èçìåðÿëè ìàññó ÄÍÊ â ÿäðàõ è â êàæäîì èç ÿäðûøåê
(ë = 575 íì; îáúåêòèâ 100/1.30), èõ ïëîùàäè è ïåðèìåòðû.
Äèïëîèäíûì ýêâèâàëåíòîì ñëóæèëà ìàññà ÄÍÊ â ÿäðàõ
ëèìôîöèòîâ ÷åëîâåêà. Âû÷èñëÿëè îáúåì (V = 4/3ðR3),
ïîëíóþ ïîâåðõíîñòü (Ð = 4ðR2) ÿäåð è ÿäðûøåê, à òàêæå
ñóììàðíûå çíà÷åíèÿ ýòèõ ïîêàçàòåëåé äëÿ âñåõ ÿäðûøåê
â êàæäîì èç ÿäåð. Âñå äàííûå èçìåðåíèé ïîäâåðãàëè ñòà-
òèñòè÷åñêîé îáðàáîòêå è ïðåäñòàâëÿëè â óñëîâíûõ ñðàâ-
íèìûõ åäèíèöàõ.

Ðåçóëüòàòû è îáñóæäåíèå

Ñ 1-õ ñóò ðîñòà êóëüòóðû íàðàñòàåò ïëîòíîñòü ìîíî-
ñëîÿ. Óæå íà 3-è ñóò îíà óäâàèâàåòñÿ è ïðîäîëæàåò óâå-
ëè÷èâàòüñÿ â òå÷åíèå âñåãî èññëåäîâàííîãî ñðîêà êóëü-
òèâèðîâàíèÿ (òàáë. 1). Ïëîòíîñòü ìîíîñëîÿ, êàê èçâåñò-
íî, ÿâëÿåòñÿ îäíèì èç àóòîãåííûõ ôàêòîðîâ ðåãóëÿöèè

ðîñòà êóëüòóðû: ïðè íèçêîé ïëîòíîñòè êëåòêè àêòèâíî
ðàçìíîæàþòñÿ è ïëîòíîñòü ïîïóëÿöèè ïðè ýòîì ðàñòåò,
íî ïî ìåðå åå âîçðàñòàíèÿ ïðîÿâëÿþòñÿ èíãèáèðóþùèå
ïðîëèôåðàöèþ ñâîéñòâà. Òàê, ñîãëàñíî íàøèì äàííûì
(òàáë. 1), àêòèâíîñòü ïðîëèôåðàöèè êëåòîê CaCo-2, âíà-
÷àëå äîñòàòî÷íî íèçêàÿ, çàòåì ïîâûøàåòñÿ è, äîñòèãíóâ
íà 8-å ñóò ìàêñèìóìà, ïðè êîòîðîì çíà÷åíèÿ ìèòîòè÷å-
ñêîãî êîýôôèöèåíòà áîëåå ÷åì â 5 ðàç ïðåâûøàþò åãî
çíà÷åíèÿ íà 2-å ñóò, ñíîâà ïîíèæàåòñÿ. Ìîæíî ïîëàãàòü,
÷òî ýòî ñíèæåíèå àêòèâíîñòè ðàçìíîæåíèÿ êëåòîê îáó-
ñëîâëåíî íàðàñòàíèåì ïëîòíîñòè ìîíîñëîÿ, ÷èñëî êëå-
òîê â êîòîðîì íà 9—10-å ñóò â 3 ðàçà áîëüøå, ÷åì íà
2-å ñóò (òàáë. 1). Âåñüìà âåðîÿòíî, ÷òî íàáëþäàåìîå â
ýòî æå âðåìÿ óâåëè÷åíèå äîëè ïîãèáøèõ êëåòîê, ñîñòàâ-
ëÿþùèõ íà 10-å ñóò ïîäàâëÿþùóþ ÷àñòü ìîíîñëîÿ
(òàáë. 1), òàêæå ñâÿçàíî ñ âûñîêîé ïëîòíîñòüþ ïîñëåäíå-
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Ïëîòíîñòü ìîíîñëîÿ, ìèòîòè÷åñêàÿ àêòèâíîñòü,
êîëè÷åñòâî ïîãèáøèõ êëåòîê è ñðåäíåå ÷èñëî ÿäðûøåê

â ÿäðàõ êëåòîê êóëüòóðû CaCo-2 (x sx± )

Ñðîêè
êóëüòè-
âèðîâà-

íèÿ,
ñóò

Êîëè÷åñòâî
êëåòîê â
0.01 ìì2

Äîëÿ
ìèòîçîâ, %

Äîëÿ ïîãèá-
øèõ êëåòîê,

%

Ñðåäíåå
êîëè÷åñòâî
ÿäðûøåê
â ÿäðàõ

2 12.4 � 0.8 0.50 � 0.01 1.2 � 0.1 1.7 � 0.1

3 20.6 � 1.1 1.40 � 0.20 1.0 � 0.2 2.1 � 0.2

4 22.2 � 1.2 1.50 � 0.08 2.5 � 0.2 2.2 � 0.2

5 22.3 � 0.6 2.10 � 0.30 3.7 � 0.3 2.9 � 0.2

6 22.6 � 0.8 2.20 � 0.06 5.8 � 0.3 2.9 � 0.3

7 23.7 � 0.7 2.40 � 0.02 5.8 � 0.5 3.2 � 0.3

8 24.8 � 0.9 2.60 � 0.06 7.8 � 0.3 3.5 � 0.2

9 30.6 � 1.0 2.10 � 0.04 8.7 � 0.2 3.4 � 0.2

10 38.5 � 1.6 1.00 � 0.03 66.5 � 5.1 2.3 � 0.2

Ðèñ. 1. Ðàñïðåäåëåíèå ÿäåð êëåòîê CaCo-2 ïî êîëè÷åñòâó ÿäðûøåê â íèõ íà ðàçíûõ ñðîêàõ ðîñòà êóëüòóðû.

Ïî ãîðèçîíòàëè — êîëè÷åñòâî ÿäðûøåê; ïî âåðòèêàëè — äîëÿ êëåòîê, %. à—è — 2, 3, 4, 5, 6, 7, 8, 9 è 10-ñóò ðîñòà êóëüòóðû ñîîòâåòñòâåííî.



ãî è íàïîëçàíèåì êëåòîê äðóã íà äðóãà. Ê çàêëþ÷åíèþ î
âçàèìîçàâèñèìîñòè ìåæäó àêòèâíîñòüþ ïðîëèôåðàöèè è
ïëîòíîñòüþ ìîíîñëîÿ ïðèõîäÿò è äðóãèå àâòîðû (Niv et
al., 1992), ïîëàãàÿ ïðè ýòîì, ÷òî ïåðåõîä êëåòîê CaCo-2
îò àêòèâíîé ïðîëèôåðàöèè ê äèôôåðåíöèðîâàííîìó ôå-
íîòèïó (ôîðìèðîâàíèå ýíäîöèòîïîäîáíûõ êëåòîê) ïðî-
èñõîäèò ïî äîñòèæåíèè âûñîêîé ïëîòíîñòè ìîíîñëîÿ è
âîçðàñòàíèè ïî ìåðå óâåëè÷åíèÿ ïëîòíîñòè ýêñïðåññèè
ùåëî÷íîé ôîñôàòàçû.

Îäíèì èç öèòîìîðôîëîãè÷åñêèõ ïîêàçàòåëåé ñòåïå-
íè àêòèâíîñòè êëåòîê ÿâëÿåòñÿ ÷èñëî ÿäðûøåê â ÿäðàõ,
êîòîðîå óâåëè÷èâàåòñÿ äî 8-õ ñóò, à çàòåì óìåíüøàåòñÿ.
Ýòà äèíàìèêà, êàê ìû ïîëàãàåì, òàêæå ñâÿçàíà ñ èçìåíå-
íèÿìè â ïðîëèôåðàòèâíîé àêòèâíîñòè êëåòîê, íàðàñòàþ-
ùåé äî 8-õ ñóò è ïîíèæàþùåéñÿ íà 9—10-å ñóò (òàáë. 1).
Íàáëþäàþòñÿ èçìåíåíèÿ è â ðàñïðåäåëåíèè ÿäåð ïî ÷èñ-
ëó ÿäðûøåê. Òàê, åñëè íà 2-å ñóò ñâûøå 90 % ïîïóëÿöèè

ñîñòàâëÿþò îäíî- èëè äâóÿäðûøêîâûå êëåòêè, òî óæå ñ
2-õ ñóò äîëÿ ìíîãîÿäðûøêîâûõ êëåòîê óâåëè÷èâàåòñÿ, è
íà÷èíàÿ ñ 7-õ ñóò áîëåå 50 % ïîïóëÿöèè ïðèõîäèòñÿ íà
êëåòêè, â ÿäðàõ êîòîðûõ íàñ÷èòûâàåòñÿ îò 3 äî 6 ÿäðû-
øåê (ðèñ. 1). Ðàçìåðû êëåòî÷íûõ ÿäåð òàêæå íåñòàáèëü-
íû: â òå÷åíèå ïåðâûõ 4-õ ñóò ðîñòà îáúåì ÿäåð óìåíüøà-
åòñÿ, çàòåì íà÷èíàÿ ñ 5-õ ñóò âîçðàñòàåò è äîñòèãàåò ìàê-
ñèìóìà íà 6—7-å ñóò, ïîñëå ÷åãî, âïëîòü äî 10-õ ñóò,
âíîâü ñíèæàåòñÿ, ïðè÷åì íàñòîëüêî, ÷òî îáúåì ÿäåð â
ýòî âðåìÿ îêàçûâàåòñÿ äàæå ìåíüøèì, ÷åì â íà÷àëå ðîñ-
òà êóëüòóðû. Àíàëîãè÷íûå èçìåíåíèÿ, êàê è ñëåäîâàëî
îæèäàòü, íàáëþäàþòñÿ è â äèíàìèêå çíà÷åíèé ïîëíîé
ïîâåðõíîñòè ÿäåð (òàáë. 2). Îòëè÷àåòñÿ îò ýòîãî äèíàìèêà
çíà÷åíèé ñóììàðíîãî îáúåìà ÿäðûøåê. Ýòîò ïîêàçàòåëü
óâåëè÷èâàåòñÿ ñ 1-õ ñóò êóëüòèâèðîâàíèÿ, íà 6—8-å ñóò
â 3 ðàçà ïðåâîñõîäèò ñâîè çíà÷åíèÿ íà 2-å ñóò è õîòÿ ïî-
ñëå ýòîãî ñíèæàåòñÿ, îäíàêî íå â òàêîé ñòåïåíè, êàê îáú-
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Ñîäåðæàíèå ÄÍÊ â ÿäðàõ è îêîëîÿäðûøêîâîì õðîìàòèíå (ÎßÕ), îáúåì è ïîëíàÿ ïîâåðõíîñòü ÿäåð
è ÿäðûøåê êëåòîê CaCo-2 â ïðîöåññå êóëüòèâèðîâàíèÿ (x sx± )

Ñðîêè
êóëüòèâè-
ðîâàíèÿ,

ñóò

ßäðî ßäðûøêè

ÄÍÊ,
óñë. åä.

îáúåì,
óñë. åä.

ïîëíàÿ
ïîâåðõíîñòü,

óñë. åä.

ÄÍÊ (ÎßÕ),
óñë. åä.

îáúåì,
óñë. åä.

ïîëíàÿ
ïîâåðõíîñòü,

óñë. åä.

2 199.7 � 8.9 359.8 � 17.8 119.9 � 3.6 14.1 � 0.8 6.1 � 0.5 7.2 � 0.5

3 193.9 � 7.0 304.1 � 10.2 106.7 � 2.1 15.7 � 1.1 6.3 � 0.5 9.0 � 0.6

4 166.1 � 4.9 226.6 � 9.0 87.8 � 1.9 18.2 � 1.2 7.5 � 0.6 11.0 � 0.8

5 222.4 � 4.6 381.5 � 9.0 110.2 � 1.8 26.2 � 1.1 12.4 � 0.8 17.4 � 0.7

6 244.5 � 9.6 448.2 � 21.4 162.7 � 7.2 26.6 � 2.3 18.9 � 0.9 18.4 � 0.9

7 228.7 � 13.3 445.0 � 21.0 143.5 � 5.2 26.1 � 1.0 20.8 � 1.3 31.8 � 1.9

8 205.5 � 11.8 421.5 � 15.8 135.1 � 3.6 25.4 � 1.7 18.4 � 1.2 28.7 � 1.8

9 193.6 � 4.5 397.9 � 18.5 126.1 � 3.2 24.3 � 1.7 13.6 � 0.6 28.1 � 1.5

10 179.2 � 5.4 264.2 � 8.3 91.0 � 2.4 17.7 � 1.4 11.1 � 0.7 13.9 � 0.8

Ðèñ. 2. Ðàñïðåäåëåíèå êëåòîê CaCo-2 ïî ïëîèäíîñòè íà ðàçíûõ ñðîêàõ ðîñòà êóëüòóðû.

Ïî ãîðèçîíòàëè — çíà÷åíèÿ ïëîèäíîñòè, c; ïî âåðòèêàëè — äîëÿ êëåòîê, %. à—è — 2, 3, 4, 5, 6, 7, 8, 9 è 10-å ñóò ðîñòà êóëüòóðû ñîîòâåòñòâåííî.



åì ÿäåð, è äàæå íà 10-å ñóò îí ïî÷òè â 2 ðàçà âûøå, ÷åì
íà 2-å ñóò (òàáë. 2).

Ðàçëè÷èÿ â äèíàìèêå ðàçìåðîâ ÿäåð è ÿäðûøåê îòðà-
æàþòñÿ íà çíà÷åíèÿõ ÿäðûøêî-ÿäåðíûõ îòíîøåíèé â ïîëü-
çó ÿäðûøåê, ÷òî òàêæå ñâèäåòåëüñòâóåò î ïîâûøåíèè
ôóíêöèîíàëüíîé àêòèâíîñòè êëåòîê â ïðîöåññå ðîñòà êó-
ëüòóðû. Ñîãëàñíî ëèòåðàòóðíûì äàííûì, èçìåíåíèÿ â
÷èñëå è ðàçìåðàõ ÿäðûøåê ìîãóò áûòü ñâÿçàíû íå òîëüêî
ñ êèíåòèêîé ïðîëèôåðàòèâíîé àêòèâíîñòè êëåòîê, íî è ñ
óðîâíåì èõ äèôôåðåíöèðîâàííîñòè (Mamaev, Mamaeva,
1990; Òóðèëîâà è äð., 1998) è ñòåïåíüþ çëîêà÷åñòâåííî-
ñòè (Hofstadter et al., 1995; Derenzini et al., 2000). Ñóì-
ìàðíîå ñîäåðæàíèå ÄÍÊ â ÿäðûøêàõ (îêîëîÿäðûøêî-
âûé õðîìàòèí) òàêæå ïîñòåïåííî íàðàñòàåò ñ ñàìîãî íà-
÷àëà êóëüòèâèðîâàíèÿ è íà÷èíàÿ ñ 5-õ ñóò âïëîòü äî
8-õ ñóò â 1.5—2.0 ðàçà ïðåâûøàåò çíà÷åíèÿ ñóììàðíîãî
ñîäåðæàíèÿ ÄÍÊ íà 2-å ñóò (òàáë. 2).

Íåñòàáèëüíî è ñðåäíåå ñîäåðæàíèå ÄÍÊ â ÿäðàõ êëå-
òîê, ÷òî ñâÿçàíî ñ èçìåíåíèÿìè â õàðàêòåðå ðàñïðåäåëå-
íèÿ ïî çíà÷åíèÿì ïëîèäíîñòè â ïðîöåññå ðîñòà êóëüòó-
ðû, î ÷åì ñâèäåòåëüñòâóåò ãèñòîãðàììíûé àíàëèç (ðèñ. 2).
Âèäíî, ÷òî 2ñ-êëåòêè âûÿâëÿþòñÿ â íåáîëüøîì ÷èñëå
ëèøü â ñàìîì íà÷àëå êóëüòèâèðîâàíèÿ íà 2-å ñóò, è â ýòî
æå âðåìÿ â ïîïóëÿöèè îáíàðóæèâàåòñÿ íåìàëî êëåòîê ñ
«ïðîìåæóòî÷íûìè» (Í2ñ è Í4ñ) çíà÷åíèÿìè ñîäåðæàíèÿ
ÄÍÊ â ÿäðàõ, ÷òî ñâèäåòåëüñòâóåò î ïðîõîæäåíèè èìè
ôàçû ñèíòåçà ÄÍÊ è ïðîöåññà ôîðìèðîâàíèÿ 4ñ- è äàæå
8ñ-êëåòîê. Îòñóòñòâèå 2ñ-êëåòîê íà÷èíàÿ ñ 3-õ ñóò è
âïëîòü äî êîíöà êóëüòèâèðîâàíèÿ ãîâîðèò î òîì, ÷òî
Í2ñ-êëåòêè, ïðîéäÿ ôàçó G2, íå äåëÿòñÿ è âûõîäÿò èç
öèêëà ñ ñîäåðæàíèåì ÄÍÊ â ÿäðàõ, ðàâíûì 4ñ (G2-áëîê).
Áóëüøàÿ ÷àñòü ïîïóëÿöèè íà ïðîòÿæåíèè âñåãî ïåðèîäà
êóëüòèâèðîâàíèÿ ïðåäñòàâëåíà 4ñ-êëåòêàìè. Ýòî ñîãëà-
ñóåòñÿ ñ äàííûìè äðóãèõ àâòîðîâ î òîì, ÷òî ìîäàëüíîå
÷èñëî õðîìîñîì â êëåòêàõ CaCo-2 ðàâíî 96 è áëèçêî ê
òåòðàïëîèäíîìó (Jamarie, Malo, 1991). Âìåñòå ñ òåì íå-
êîòîðàÿ ÷àñòü 4ñ-êëåòîê âñòóïàåò â ñëåäóþùèé öèêë,
âòîðè÷íî ïðîõîäèò ôàçû S è G2 è ïðåâðàùàåòñÿ â
8ñ-êëåòêè, êîòîðûå çàòåì äåëÿòñÿ, ïîïîëíÿÿ ôðàêöèþ
4ñ-êëåòîê. Èçâåñòíî, ÷òî ïðè ïîâûøåíèè ïëîèäíîñòè
êëåòîê âîçðàñòàåò èõ ìåòàáîëè÷åñêàÿ àêòèâíîñòü, è âàæ-
íî îòìåòèòü, ÷òî áîëüøå âñåãî 4ñ-êëåòîê âûÿâëÿåòñÿ íà
7—8-å ñóò (ðèñ. 2).

Íåêîòîðûå èññëåäîâàòåëè ýòîé êóëüòóðû (Harrison et
al., 1999) ñ÷èòàþò, ÷òî áëîêèðîâàíèå êëåòîê â ôàçå G2

èíèöèèðóåò èõ äèôôåðåíöèðîâêó. Èìåííî íà 7—8-å ñóò
ìû íàáëþäàëè ïîÿâëåíèå â ìîíîñëîå îñòðîâêîâ ïîëè-
ìîðôíûõ êëåòîê ñ êðóïíûìè ìíîãîÿäðûøêîâûìè ÿäðà-
ìè, ñîäåðæàùèìè 4ñ ÄÍÊ, à äðóãèìè àâòîðàìè îïèñàíî
ïîÿâëåíèå â ýòî âðåìÿ «ýíòåðîöèòîïîäîáíûõ» êëåòîê,
ïðîÿâëÿþùèõ ñïîñîáíîñòè ê ñèíòåçó ñïåöèôè÷åñêèõ
áåëêîâ è ôåðìåíòîâ (Marriadason et al., 2000; Heppner et
al., 2001; Zhang et al., 2003).

Èòàê, âûÿâëåí ðÿä íå îïèñàííûõ ðàíåå îñîáåííîñòåé
ïîâåäåíèÿ êëåòîê CaCo-2 â ïðîöåññå ðîñòà êóëüòóðû.
Óñòàíîâëåíà îáðàòíàÿ çàâèñèìîñòü ìåæäó àêòèâíîñòüþ
ïðîëèôåðàöèè è ïëîòíîñòüþ ìîíîñëîÿ, ïîâûøåíèå êî-
òîðîé èíãèáèðóåò ïðîëèôåðàöèþ. 2ñ-êëåòêè âûÿâëÿþòñÿ
ëèøü â íà÷àëå ðîñòà êóëüòóðû, áóëüøàÿ æå ÷àñòü êëåòîê
ïîëèïëîèäèçèðóåòñÿ ïóòåì áëîêà â ôàçå G2. 4ñ-êëåòêè íå
äåëÿòñÿ, î ÷åì ñâèäåòåëüñòâóåò îòñóòñòâèå 2ñ-êëåòîê â
ïðîöåññå äàëüíåéøåãî êóëüòèâèðîâàíèÿ, íî ÷àñòü èõ
âñòóïàåò â ñëåäóþùèé öèêë è íàêàïëèâàåò 8ñ ÄÍÊ. Ýòè
êëåòêè äåëÿòñÿ, ïîïîëíÿÿ ôðàêöèþ 4ñ-êëåòîê. Íàêîïëå-
íèå 4ñ-êëåòîê, óâåëè÷åíèå êîëè÷åñòâà è ñóììàðíîãî îáú-

åìà ÿäðûøåê â ÿäðàõ, ìàññû ÄÍÊ â îêîëîÿäðûøêîâîì
õðîìàòèíå è ÷èñëà êëåòîê ñ ìíîãîÿäðûøêîâûìè ÿäðàìè
ñâèäåòåëüñòâóåò î ïîâûøåíèè ôóíêöèîíàëüíîé àêòèâíî-
ñòè ïîïóëÿöèè â öåëîì, à îáðàçîâàíèå â ìîíîñëîå ãðóïï
ýíòåðîöèòî-ïîäîáíûõ êëåòîê — î âîçìîæíîì íà÷àëå èõ
äèôôåðåíöèðîâêè.

Ñ ï è ñ î ê ë è ò å ð à ò ó ð û

Êàðàëîâà Å. Ì., Êàìàëÿí Ë. À., Àáðîÿí Ë. Î., Àêîïÿí Ë. À.,
Ãàñïàðÿí Ì. Ã., Äæàãàöïàíÿí Í. Ã., Êàðàëÿí Ç. À., Òåð-Ïîãî-
ñÿí Ç. Ð., Ìàãàêÿí Þ. À. 2003. Ïîâåäåíèå êëåòîê ïåðåâèâàåìîé
êóëüòóðû Íåð-2 è èõ ÿäåðíî-ÿäðûøêîâîãî àïïàðàòà â ïðîöåññå
êóëüòèâèðîâàíèÿ è ïîä äåéñòâèåì Na-äñ-PHK. Öèòîëîãèÿ.
45 (8) : 764—769.

Êàðàëîâà Å. Ì., Êàìàëÿí Ë. À., Àáðîÿí Ë. Î., Àêîïÿí Ë. À.,
Ãàñïàðÿí Ì. Ã., Äæàãàöïàíÿí Í. Ã., Êàðàëÿí Ç. À., Òåð-Ïîãî-
ñÿí Ç. Ð., Ìàãàêÿí Þ. À. 2004. Ñðàâíèòåëüíûé àíàëèç âîçäåéñò-
âèÿ äâóñïèðàëüíûõ PHK (äñ-PHK) ðàçëè÷íîãî ïðîèñõîæäåíèÿ
íà êëåòêè ðàêà ãîðòàíè ÷åëîâåêà (Íåð-2). Áþëë. ýêñïåðèì.
áèîë. ìåä. 137 (6) : 682—686.

Ìàãàêÿí Þ. À., Êàðàëîâà Å. Ì. 1989. Öèòîôîòîìåòðèÿ ÄÍÊ.
Åðåâàí: Èçä-âî ÀÍ ÀðìÑÑÐ. 204 ñ.

Òóðèëîâà Â. È., Ñìèðíîâà Ò. Ä., Ñàìîéëîâè÷ Ì. Ï., Ñó-
õèõ Ò. Ð. 1998. Ôóíêöèîíàëüíàÿ ìîðôîëîãèÿ ÿäðûøêîîáðàçóþ-
ùèõ ðàéîíîâ õðîìîñîì è ÿäðûøåê â êëåòêàõ ëèíèé ìíîæåñò-
âåííîé ìèåëîìû ÷åëîâåêà. Öèòîëîãèÿ. 40 (6) : 536—548.

Øòåéí Ã. È., Êóäðÿâöåâà Ì. Â., Êóäðÿâöåâ Á. Í. 1999. Èç-
ìåíåíèå ìîðôîìåòðè÷åñêèõ ïàðàìåòðîâ îêðàøåííûõ ñåðåáðîì
ÿäðûøåê ãåïàòîöèòîâ êðûñ ïðè öèððîçå ïå÷åíè è â ïðîöåññå åå
ðåàáèëèòàöèè. Öèòîëîãèÿ. 41 (7) : 574—579.

Brockhausen I., Romero P. A., Hersñowics A. 1991. Glycosyl-
transferase changes upon differentiation of CaCo-2 human colonic
adenocarcinoma cells. Cancer Res. 51 : 3136—3142.

De Angelis P. M., Stokke T., Clausen O. P. 1997. NO38 exp-
ression and nucleolar counts are correlated with cellular DNA con-
tent but not with proliferation parameters in colorectal carcinoma.
Mol. Pathol. 50 : 201—208.

Derenzini M., Trere D., Pession A., Govoni M., Sirri V., Chie-
co P. 2000. Nucleolar size indicates the rapidity of cell proliferation
in cancer tissues. J. Pathol. 19 : 181—186.

Hara A., Hibi T., Yoshioka M., Watanabe N., Hayashi A.,
Iwao Y., Saito H., Watanabe T., Tsuchiya M. 1993. Canges of proli-
ferative activity and phenotypes in spontaneous differentiation of a
colon cancer cell line. Jap. J. Cancer Res. 84 : 625—632.

Harrison L. E., Wang Q. M., Studzinski G. P. 1999. Butyra-
te-induced G2/M block in CaCo-2 colon cancer cells is associated
with decreased p34cdc2 activity. Proc. Soc. Exp. Biol. Med. 222 :
150—156.

Heppner F. I., Christ A. D., Klein M. A., Prinz M., Fried M.,
Kraehenbuhl J.-P., Aguzzi A. 2001. Transepithelial prion transport
by M cells. Nature Medicine. 7 : 976—977.

Hofstadter F., Knuchel R., Ruschoff J. 1995. Cell proliferation
assessment in oncology. Virchow's Arch. 427 : 323—341.

Jamarie C., Malo C. 1991. CaCo-2 cells cultured in serum-free
medium as a model for the study of enterocytic differentiation in
vitro. J. Cell. Physiol. 149 : 24—33.

Karalyan Z. Z., Djaghatspanyan N. G., Gasparyan M. H., Hako-
byan L. H., Abroyan L. O., Magakian Yu. A., Ter-Pogosian Z. R., Ka-
malyan L. A., Karalova E. M. 2004. Morphometry of nuclear and nuc-
leolar structures in a CaCo-2 cell line. Cell Biol. Int. 28 : 249—253.

Karalyan Z. Z., Djaghatspanyan N. G., Casparyan M. H., Ab-
royan L. O., Hakobyan L. A., Ter-Pogossian Z. R., Magaky-
an Yu. A., Kamalyan L. A., Avagyan V. Yu., Karalova E. M. 2003.
New indices in morphometry of nuclear structure of NIH 3T3 cell
line. Cell Biol. Int. 10 : 809—814.

Mamaev N. N., Mamaeva S. E. 1990. Nucleolar organizer regi-
on activity in human chromosome and interphase nuclei or normal,
leukemic, and tumor cells as evaluated by silver staining. Int. Rev.
Cytol. 121 : 233—266.

318 Å. Ì. Êàðàëîâà, Ë. Î. Àáðîÿí è äð.



Mariadasson J. M., Rickard K. L., Barkla D. H., Augen-
licht L. H., Gibson P. R. 2000. Divergent phenotypic patterns and
commitment to apoptosis of CaCo-2 cells during spontaneus and
butirate-induced differentiation. J. Cell. Physiol. 183 : 347—354.

Morais M., Docckery P., White Fh. 1996. A quantitative study
of silver-stained NORs in different segments of the normal human
colorectal crypt. J. Anat. 188 : 521—527.

Niv Y., Byrd J. C., Ho S. B., Dahya R., Kim Y. S. 1992. Mucin
synthesis in relation to spontaneous differentiation of colon cancer
cells in vitro. Int. J. Cancer. 50 : 147—152.

Ueki T., Nakaayamaa Y., Sugao Y., Kohno K., Matsuo M., Sa-
gimoto Y., Yamada Y., Kuwano M., Tsaneyoshhi M. 1997. Signifi-

cance of the expression of proliferation-associated nucleolar anti-
gen p120 in human colorectal tumors. Hum. Pathol. 28 : 74—79.

Yonakim A., Romero P. A., Yee K., Carlsson S. R., Fucuda M.,
Herscovics A. 1989. Decrease in ploylactosaminoglycans associa-
ted with lysosomal membrane glycoproteins during differentiation
of CaCo-2 human colonic adenocarcinoma cells. Cancer Res. 49 :
6889—6895.

Zhang X., Cromwell J. W., Kanjummen B. D., Yee D., Gar-
cia-Aguilar J. 2003. The alpha 2 and alpha 3 integrins are required
for morphologic differentiation of an intestinal epithelial cell line.
Surgery. 4 : 429—437.

Ïîñòóïèëà 1 XI 2005

HUMAN LARGE INTESTINE ADENOCARCINOMA CELLS (CaCo-2) IN
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Using cytomorphometry and cytophotometry cells of human large intestine adenocarcinoma (CaCo-2) were
studied under condition of a 10 day cultivation. A reverse dependence was established between proliferative ac-
tivity and monolayer density. The increase of the latter inhibits proliferation and promotes the formation of is-
lets of polymorph cells. 2ñ-cells could be seen only at the beginning of culture growth; a larger part of cells po-
lyploidized by cell blocking in G2-phase. These cells do not divide, which is testified by the absence of 2c-cells,
but some part of 4ñ-cells start the next cycle, accumulates 8ñ-DNA and then divides, replenishing the 4ñ-cells
population. In the process of cultivation, we observed an increase in the number and total volume of nucleoli in
the nuclei, and a rise in DNA amount in the peri-nucleolar chromatin. The formation of numerous 4ñ-cells with
multi-nucleolar nuclei may define an increase of functional activity of CaCo-2 culture as the whole, whereas the
formation of separated groups of such cells in the monolayer may denote a possible initiation of their differenti-
ation.
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