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Ìåäëåííàÿ ïðîëèôåðàöèÿ êëåòîê çëîêà÷åñòâåííûõ îïóõîëåé

Ñõîäñòâî íîðìàëüíûõ òêàíåñïåöèôè÷åñêèõ ñòâîëîâûõ êëåòîê è ñòâîëîâûõ êëåòîê ðàêà ïîçâîëÿåò
ïðåäïîëîæèòü, ÷òî ïîñëåäíèå òàêæå õàðàêòåðèçóþòñÿ ìåäëåííîé ïðîëèôåðàöèåé. Îäíàêî äàííàÿ ãèïî-
òåçà íàõîäèòñÿ â ïðîòèâîðå÷èè ñ êëþ÷åâîé êîíöåïöèåé ýâîëþöèè îïóõîëè, â õîäå êîòîðîé îòäåëüíûå
êëåòêè íîðìàëüíîé òêàíè (à âïîñëåäñòâèè — îòäåëüíûå êëåòêè îïóõîëè), õàðàêòåðèçóþùèåñÿ áîëåå èí-
òåíñèâíûì ðîñòîì è ïîâûøåííîé óñòîé÷èâîñòüþ ê íåáëàãîïðèÿòíûì ôàêòîðàì (íåäîñòàòîê ïèòàòåëü-
íûõ âåùåñòâ è êèñëîðîäà), èíèöèèðóþò ðîñò îïóõîëè, ìåòàñòàçû è îáóñëîâëèâàþò ðåçèñòåíòíîñòü ê
ðàäèîàêòèâíîìó îáëó÷åíèþ è õèìèîòåðàïèè. Ðåçóëüòàòû ïîñëåäíèõ èññëåäîâàíèé ïîçâîëÿþò ïðåäïî-
ëîæèòü, ÷òî ðàêîâûå ñòâîëîâûå êëåòêè ñïîñîáíû ê ñìåíå ñòàòóñà àêòèâíîãî äåëåíèÿ íà ñòàòóñ ïîâûøåí-
íîé õèìèîðåçèñòåíòíîñòè (ìåäëåííîé ïðîëèôåðàöèè èëè ïîëíîãî îòñóòñòâèÿ òàêîâîé) è îáðàòíî. Äàí-
íàÿ òî÷êà çðåíèÿ ñîîòâåòñòâóåò ñóùåñòâîâàíèþ ìåäëåííî ïðîëèôåðèðóþùèõ è òðàíçèòîðíî-àìïëèôè-
öèðóþùèõñÿ ñóáïîïóëÿöèé íîðìàëüíûõ òêàíåñïåöèôè÷åñêèõ ñòâîëîâûõ êëåòîê è, òàêèì îáðàçîì,
ñëóæèò åùå îäíèì êîñâåííûì ïîäòâåðæäåíèåì ñõîæåñòè ñòâîëîâûõ êëåòîê ðàêà è íîðìàëüíûõ òêàíåé.

Ê ë þ ÷ å â û å ñ ë î â à: ñòâîëîâûå êëåòêè, ðàê, ïðîëèôåðàöèÿ.

Ñòâîëîâûå êëåòêè ðàêà (ÑÊÐ) ïðåäñòàâëÿþò ñîáîé
ìàëî÷èñëåííóþ ñóáïîïóëÿöèþ çëîêà÷åñòâåííûõ êëåòîê,
êîòîðûå èíèöèèðóþò ðîñò îïóõîëè è ìåòàñòàçû (Reya
et al., 2001; Roberts, 2008; Hurt et al., 2010; Clevers, 2011;
Malanchi et al., 2012). ÑÊÐ âîñïðîèçâîäÿò ñàìè ñåáÿ, êàê è
äðóãèå (íå ñòâîëîâûå) êëåòêè îïóõîëè, è ôîðìèðóþò ñî-
ñóäîïîäîáíûå ñòðóêòóðû (Kofman, Abounader, 2011).
Â ýòîì îòíîøåíèè ÑÊÐ ïðîÿâëÿþò çíà÷èòåëüíóþ ñõî-
æåñòü ñ îáû÷íûìè òêàíåñïåöèôè÷eñêèìè ñòâîëîâûìè
êëåòêàìè (ÑÊ). Ïîñëåäíèå òàêæå îáëàäàþò èñêëþ÷èòåëü-
íîé ñïîñîáíîñòüþ èíèöèèðîâàòü ðåãåíåðàöèþ ïîâðåæ-
äåííîãî îðãàíà èëè òêàíè, âîñïðîèçâîäÿò ñàìè ñåáÿ è
äèôôåðåíöèðóþòñÿ â ðàçëè÷íûå âèäû ñïåöèàëèçèðîâàí-
íûõ êëåòîê (Morrison, Spradling, 2008; Insco et al., 2009;
Li, Clevers, 2010; Doupe et al., 2012; Hsu et al., 2014; Rezza
et al., 2014).

Ñõîäñòâî ÑÊÐ ñ ÑÊ ïîçâîëÿåò ïðåäïîëîæèòü, ÷òî
ÑÊÐ õàðàêòåðèçóþòñÿ ìåäëåííîé ïðîëèôåðàöèåé (quies-
cence) (Lou, Dean, 2007; Dembinski, Krauss, 2010; Gao
et al., 2010; Hurt et al., 2010; Boral, Nie, 2012), êîòîðàÿ
ïîääåðæèâàåòñÿ èõ ìèêðîîêðóæåíèåì è â çíà÷èòåëüíîé
ñòåïåíè óñèëèâàåò ðåçèñòåíòíîñòü ÑÊÐ ê ðàäèîàêòèâíî-
ìó îáëó÷åíèþ è õèìèîòåðàïèè (Moore, Lyle, 2011; Chen
et al., 2012; Malanchi et al., 2012). Â ðÿäå ïóáëèêàöèé äå-
ìîíñòðèðóåòñÿ ñóùåñòâîâàíèå ðåäêî äåëÿùèõñÿ îïóõîëå-
âûõ êëåòîê êàê â ïåðâè÷íûõ êóëüòóðàõ, òàê è â ñòàáèëü-
íûõ êëåòî÷íûõ ëèíèÿõ, ïîëó÷åííûõ èç îïóõîëåâûõ òêà-
íåé. Ïðè ýòîì ïîêàçàíî, ÷òî íåêîòîðûå èç òàêèõ ðåäêî
äåëÿùèõñÿ êëåòîê ýêñïðåññèðîâàëè ìàðêåðû, êîòîðûå

ñ÷èòàþòñÿ õàðàêòåðíûìè äëÿ ÑÊÐ (â ÷àñòíîñòè, CD133,
CD24, CD44, CD166, EpCAM, CXCR4, Oct4, Nanog è íå-
ñòèí), à òàêæå êëåòêè áîêîâîé ïîïóëÿöèè (Dembinski,
Krauss, 2009; Gao et al., 2010; Hussein et al., 2011; Chen
et al., 2012; Martins-Neves et al., 2012; Melin et al., 2012;
Zhao et al., 2013; Campos et al., 2014; Vincent et al., 2014;
Fujita et al., 2015). Ïî äðóãèì äàííûì, äàëåêî íå âñå ÑÊÐ
ÿâëÿþòñÿ ðåäêî äåëÿùèìèñÿ, íåñòèí-ïîçèòèâíûå îïóõî-
ëåâûå êëåòêè ìîãóò íàõîäèòüñÿ âî âñåõ ôàçàõ êëåòî÷íîãî
öèêëà (Hussein et al., 2011), êëåòêè áîêîâîé ïîïóëÿöèè íå
õàðàêòåðèçóþòñÿ áîëåå çíà÷èòåëüíûì ïîòåíöèàëîì ê
ôîðìèðîâàíèþ îïóõîëè (Hoe et al., 2014), è íàêîíåö,
ëèøü íåçíà÷èòåëíîå ÷èñëî ìåäëåííî äåëÿùèõñÿ îïóõîëå-
âûõ êëåòîê ýêñïðåññèðîâàëî òàêèå ìàðêåðû, êàê CD24,
CD44 è CD133 (Dembinski, Krauss, 2009).

Ãèïîòåçà î ìåäëåííîé ïðîëèôåðàöèè ÑÊÐ íàõîäèòñÿ
â ïðîòèâîðå÷èè ñ êëþ÷åâîé êîíöåïöèåé îíêîãåíåçà —
ýâîëþöèè îïóõîëè, ñîãëàñíî êîòîðîé êàê íîðìàëüíûå,
òàê è ðàêîâûå êëåòêè ïðåòåðïåâàþò åñòåñòâåííûé îòáîð.
Îïóõîëü èíèöèèðóåòñÿ êëåòêàìè, õàðàêòåðèçóþùèìèñÿ
áîëåå èíòåíñèâíûì ïî ñðàâíåíèþ ñ îêðóæàþùèìè èõ
íîðìàëüíûì êëåòêàìè ðîñòîì è óñòîé÷èâîñòüþ ê íåáëà-
ãîïðèÿòíûì ôàêòîðàì îêðóæàþùåé ñðåäû (íåäîñòàòêó
ïèòàòåëüíûõ âåùåñòâ è êèñëîðîäà), ïîâûøåííîé âûæè-
âàåìîñòüþ ê ïîâðåæäåíèþ ÄÍÊ, íåñòàáèëüíîñòüþ ãåíî-
ìà, ñïîñîáíîñòüþ óêëîíÿòüñÿ îò ðàñïîçíàâàíèÿ êëåòêàìè
èììóííîé ñèñòåìû, èíâàçèâíûì ðîñòîì è ôîðìèðîâàíè-
åì ìåòàñòàçîâ (Hanahan, Weinberg, 2000). Ëîãè÷íî ïðåä-
ïîëîæèòü, ÷òî ìåäëåííî äåëÿùèåñÿ êëåòêè â êóëüòóðàõ
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îïóõîëåé äîëæíû áûòü ýëèìèíèðîâàíû ïîñëå íåñêîëü-
êèõ ïàññàæåé.

Â ýòîé ñâÿçè ïðåäñòàâëÿþò èíòåðåñ íåäàâíèå ñîîáùå-
íèÿ î òîì, ÷òî ÑÊÐ ìîãóò ðåãóëèðîâàòü àêòèâíîñòü êëå-
òî÷íîãî öèêëà â çàâèñèìîñòè îò îêðóæàþùèõ ôàêòîðîâ.
ÑÊÐ ìîãóò ïåðåéòè â ôàçó G0 ïîä âîçäåéñòâèåì õèìèîòå-
ðàïåâòè÷åñêèõ àãåíòîâ è íàõîäèòüñÿ â òàêîì ñîñòîÿíèè â
òå÷åíèå ïðîäîëæèòåëüíîãî âðåìåíè, íå âûçûâàÿ êëèíè-
÷åñêèõ ïðîÿâëåíèé (Li et al., 2008, 2012, 2014; Essers,
Trumpp, 2010; Xue et al., 2011; Kobayashi et al., 2012; Moo-
re et al., 2012; Touil et al., 2014). Êðàòêîâðåìåííîå âîçäåé-
ñòâèå õèìèîòåðàïåâòè÷åñêèõ àãåíòîâ â äîçàõ, àíàëîãè÷-
íûõ ïðèìåíÿåìûì â êëèíèêå, ïðèâîäèò ê âîçðàñòàíèþ
÷èñëà ìåäëåííî ïðîëèôåðèðóþùèõ ðàêîâûõ êëåòîê, êî-
òîðûå âîçîáíîâëÿþò ðîñò ïîñëå óñòðàíåíèÿ äåéñòâèÿ
ïðåïàðàòà (Li et al., 2014). Ýòè êëåòêè ðåçèñòåíòíû ê õè-
ìèîòåðàïåâòè÷åñêèì ïðåïàðàòàì è âûçûâàþò îïóõîëè
ïîñëå òðàíñïëàíòàöèè èììóíîäåôèöèòíûì æèâîòíûì.
×àñòü òàêèõ êëåòîê ýêñïðåññèðóåò ìàðêåðû CD133, CD45,
CD90, CD117, Oct4 è Nanog (Kang, Kang, 2007; Li et al.,
2012, 2014; Cole et al., 2014), à òàêæå CD44, CD90 è
CXCR4 íà óðîâíå ìÐÍÊ(Cole et al., 2014).

Îñòàåòñÿ íå äî êîíöà âûÿñíåííûì, ñóùåñòâóåò ëè
ñóáïîïóëÿöèÿ ìåäëåííî ïðîëèôåðèðóþùèõ ÑÊÐ â êóëü-
òèâèðóåìûõ îïóõîëåâûõ êëåòêàõ ïðè îòñóòñòâèè âîç-
äåéñòâèÿ õèìèîòåðàïåâòè÷åñêèõ ïðåïàðàòîâ èëè æå òàêèå
êëåòêè ÿâëÿþòñÿ íåñïîñîáíûìè ê àêòèâíîìó äåëåíèþ,
áóäó÷è àíåóïëîèäíûìè (Kusumbe, Bapat, 2009; Janssen,
Medema, 2011). Íåèçâåñòíû è ìåõàíèçìû ðåàêòèâàöèè
«ñïÿùèõ» îïóõîëåâûõ êëåòîê. Òðåáóåò äàëüíåéøåãî èçó-
÷åíèÿ ðîëü ãèïîêñèè, êîòîðàÿ, áóäó÷è ïðèñóùåé áîëü-
øèíñòâó ñîëèäíûõ è áûñòðîðàñòóùèõ îïóõîëåé, ïîäàâ-
ëÿåò ïðîëèôåðàöèþ è àññîöèèðóåòñÿ ñ ðåçèñòåíòíîñòüþ
îïóõîëåé ê ðàäèîàêòèâíîìó îáëó÷åíèþ è õèìèîòåðàïèè
(Harris, 2002; Mao et al., 2012; Li et al., 2013; Strese et al.,
2013; Hubert et al., 2016).

Òåì íå ìåíåå êîíöåïöèÿ ÑÊÐ, ñïîñîáíûõ ê ïåðåêëþ-
÷åíèþ ñ àêòèâíîãî äåëåíèÿ íà ñòàòóñ ïîâûøåííîé õè-
ìèîðåçèñòåíòíîñòè è îáðàòíî, ñîîòâåòñòâóåò ñóùåñòâîâà-
íèþ ìåäëåííî ïðîëèôåðèðóþùèõ è òðàíçèòîðíî-àìïëè-
ôèöèðóþùèõñÿ ñóáïîïóëÿöèé íîðìàëüíûõ òêàíåñïåöè-
ôè÷åñêèõ ñòâîëîâûõ êëåòîê (Li, Clevers, 2010; Campos
et al., 2014). Ìîæíî ïðåäïîëîæèòü, ÷òî äàëüíåéøèå èñ-
ñëåäîâàíèÿ áóäóò âêëþ÷àòü â ñåáÿ èñïîëüçîâàíèå òàêèõ
ìåòîäîâ, êàê êëîíèðîâàíèå ïîòîìñòâà èíäèâèäóàëüíûõ
êëåòîê è ôîòîìîíèòîðèíã äåëÿùèõñÿ è íåäåëÿùèõñÿ êëå-
òîê â êóëüòóðàõ îïóõîëåâûõ òêàíåé.
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Cancer stem cells are analogous to normal tissue-specific stem cells in many aspects. Consequently, it has
been speculated that cancer stem cells are characterized by quiescence. However, this premise contradicts to the
well-established theory that cancer cells originate from the progeny of a normal cell and further evolve. This process
is characterized by intense cell proliferation, adaptation of tumor cells to the lower concentrations of oxygen and
nutrients, resistance to chemo- and radiation therapy and formation of metastases. Recent studies suggest that can-
cer stem cells are fast-growing, yet can acquire the reversible state of quiescence when exposed to chemothera-
peutic drugs. This interpretation corresponds to the existence of quiescent and transit-amplifying subpopulations
of normal tissue-specific stem cells and serves as one more example of their similarity to cancer stem cells.
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