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After the completion of the Human genome project, the 
strategic direction of modern genetics shifted towards 
functional genomics, which also studies non-coding regions 
of DNA, located in heterochromatin. Most functions of 
heterochromatin are yet to be determined. Short-arm 
telomeres of each human acrocentric chromosome (13, 14, 
15, 21, and 22) have satellite strands, called nucleolar 
organizer regions (NORs), which consist of heterochromatin. 
Human NORs contain from 250 to 670 gene replicas of 
ribosomal RNA (rRNA) and only 50 % of these replicas 
are transcribed. The satellite strands of chromatids in some 
acrocentric chromosomes are united, forming «satellite 
associations» (SAs), which are always transcriptionally 
active. The phenomenon of SA lies in the fact that it is 
a highly specific indicator of the structure and function of 
the nucleolus in the preceding interphase. rDNA in human 
genome may be subject to changes due to cancer. In this 
study, we determined the epigenetic variability of ribosomal 
cistrons in lung cancer (LC). It was found that the frequ-
ency of chromatid SAs per cell was reliably increased
(p < 0.05) in patients with LC (1.76 ± 0.08) as compared 
with the similar index for clinically healthy persons, aged 
22–45 (control group) (1.35 ± 0.03). The associative 
activity of chromatids of the 15th chromosome was decreased 
in the control group (p < 0.01) as compared with the 
activity of chromatids of other chromosomes. Contrary 
to the control group, in patients with LC the chromatids 
of the 15th chromosome manifested higher involvement in 
the associations (p < 0.05) than the chromatids of other 
acrocentric chromosomes, which corresponded to the 
order: 15> 13 = 14> 21> 22. A similar phenomenon was 
observed for the associations of chromatids of homologous 
chromosomes (15 : 15) in patients with LC, which reliably 
exceeded the index for this type of SA in healthy middle-

aged people (p < 0.001). Our results demonstrated that the 
differential activity of satellite strands of the chromatids 
of the 15th chromosome in patients with LC is subject to 
epigenetic variability which highlights the relevance of 
studying SAs for diagnostics and elaboration of treatment 
strategy. The studies on epigenetic variability of ribosomal 
cistrons of acrocentric chromatids under pathology is a new 
direction in medicine, aimed at diagnostics of diseases and 
determining a new treatment strategy in future.

Key words: chromatid associations, heterochromatinization, 
lung cancer, NOR, satellite strands.

ÝÏÈÃÅÍÅÒÈ×ÅÑÊÀß ÀÊÒÈÂÀÖÈß 
ÐÈÁÎÑÎÌÍÛÕ ÖÈÑÒÐÎÍÎÂ ÕÐÎÌÀÒÈÄ
5-îé ÀÊÐÎÖÅÍÒÐÈ×ÅÑÊÎÉ ÕÐÎÌÎÑÎÌÛ 
ÏÐÈ ÐÀÊÅ ËÅÃÊÈÕ

Ïîñëå çàâåðøåíèÿ ïðîåêòà «Ãåíîì ÷åëîâåêà» ñòðà-
òåãè÷åñêîå íàïðàâëåíèå ñîâðåìåííîé ãåíåòèêè ïå-
ðåìåñòèëîñü â ñòîðîíó ôóíêöèîíàëüíîé ãåíîìèêè,
â ñôåðó èçó÷åíèÿ êîòîðîé âõîäÿò è íåêîäèðóþùèå 
îáëàñòè ÄÍÊ Íåêîäèðóþùèå îáëàñòè ëîêàëèçîâà-
íû â ãåòåðîõðîìàòèíå. Ôóíêöèè ãåòåðîõðîìàòèíà 
â çíà÷èòåëüíîé ñòåïåíè îñòàþòñÿ íåÿñíûìè. Òåëî-
ìåðû êîðîòêîãî ïëå÷à êàæäîé àêðîöåíòðè÷åñêîé 
õðîìîñîìû ÷åëîâåêà (13,14,15,21 è 22) èìåþò
ñàòåëëèòíûå íèòè, íàçûâàåìûå ÿäðûøêîîáðàçóþ-
ùèìè ðàéîíàìè (ßÎÐ) è ñîñòîÿùèå èç ãåòåðî-
õðîìàòèíà. ßÎÐ ÷åëîâåêà ñîäåðæàò îò 250 äî 670
êîïèé ãåíîâ ðèáîñîìíîé ÐÍÊ (ðÐÍÊ). Òðàíñêðè-
áèðóþòñÿ òîëüêî îêîëî 50 % ýòèõ êîïèé. Ñïóòíè÷-
íûå íèòè õðîìàòèä íåêîòîðûõ àêðîöåíòðè÷åñêèõ 
õðîìîñîì ñîåäèíÿþòñÿ, îáðàçóÿ «ñïóòíè÷íûå àññî-
öèàöèè» (ÑÀ). ÑA âñåãäà òðàíñêðèïöèîííî àêòèâ-
íû. Ôåíîìåí ÑA ÿâëÿåòñÿ âûñîêîñïåöèôè÷íûì èí-
äèêàòîðîì ñòðóêòóðû è ôóíêöèè ÿäðûøêà â ïðåä-
øåñòâóþùåé èíòåðôàçå. Ïðè ðàêå â ãåíîìå ÷å-
ëîâåêà ðÄÍÊ ìîæåò èçìåíÿòüñÿ. Â äàííîé ðàáîòå 
ìû îïðåäåëèëè ýïèãåíåòè÷åñêóþ èçìåí÷èâîñòü ðè-
áîñîìíûõ öèñòðîíîâ ïðè ðàêå ëåãêèõ (ÐË). Áûëî 
îáíàðóæåíî, ÷òî ÷àñòîòà õðîìàòèäíûõ ÑÀ íà êëåò-
êó áûëà äîñòîâåðíî óâåëè÷åíà (p < 0,05) ó ïàöèåí-
òîâ ñ ÐË (1,76 ± 0,08), ïî ñðàâíåíèþ ñ àíàëîãè÷-
íûì ïîêàçàòåëåì êëèíè÷åñêè çäîðîâûõ ëèö â âîç-
ðàñòå îò 22 äî 45 ëåò (êîíòðîëüíàÿ ãðóïïà) (1,35 ±
± 0,03). Àññîöèàòèâíàÿ àêòèâíîñòü õðîìàòèä 15-îé 
õðîìîñîìû â êîíòðîëüíîé ãðóïïå áûëà ñíèæåíà 
(p < 0,01) ïî ñðàâíåíèþ ñ àêòèâíîñòüþ õðîìàòèä 
äðóãèõ õðîìîñîì. Ó ïàöèåíòîâ ñ ÐË, õðîìàòèäû 15-
îé õðîìîñîìû, â îòëè÷èå îò êîíòðîëüíîé ãðóïïû, 
ïðîÿâèëè áîëåå âûñîêóþ àêòèâíîñòü âêëþ÷åíèÿ â
àññîöèàöèè (p < 0,05), ÷åì õðîìàòèäû äðóãèõ àêðî-
öåíòðè÷åñêèõ õðîìîñîì, ÷òî ñîîòâåòñòâîâàëî ïîðÿä-
êó: 15> 13 = 14> 21> 22. Ïîäîáíîå ÿâëåíèå íàáëþ-
äàëîñü äëÿ àññîöèàöèé õðîìàòèä ãîìîëîãè÷íûõ õðî-
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ìîñîì (15 : 15) ó ïàöèåíòîâ ñ ÐË, ÷òî äîñòîâåðíî 
ïðåâûøàëî ïîêàçàòåëü äàííîãî òèïà ÑÀ ó çäîðîâûõ 
èíäèâèäîâ ñðåäíåãî âîçðàñòà (p < 0,001). Íàøè 
ðåçóëüòàòû ïîêàçàëè, ÷òî äèôôåðåíöèàëüíàÿ àêòèâ-
íîñòü ñïóòíè÷íûõ íèòåé õðîìàòèä õðîìîñîìû 15 ó 
ïàöèåíòîâ ñ ÐË ïîäâåðæåíà ýïèãåíåòè÷åñêîé èç-
ìåí÷èâîñòè, ÷òî ïîä÷åðêèâàåò âàæíîñòü èçó÷åíèÿ
ÑÀ äëÿ äèàãíîñòèêè è ñòðàòåãèè ëå÷åíèÿ. Èññëå-
äîâàíèÿ ýïèãåíåòè÷åñêîé âàðèàáåëüíîñòè àêòèâ-
íîñòè ðèáîñîìíûõ öèñòðîíîâ àêðîöåíòðè÷åñêèõ õðî-
ìàòèä ïðè ïàòîëîãèè – íîâîå íàïðàâëåíèå â ìå-
äèöèíå, íàöåëåííîå íà äèàãíîñòèêó çàáîëåâàíèé è 
îïðåäåëÿþùåå â áóäóùåì íîâóþ ñòðàòåãèþ ëå÷åíèÿ.

Êëþ÷åâûå ñëîâà: õðîìàòèäíûå àññîöèàöèè, ãåòåðî-
õðîìàòèíèçàöèÿ, ðàê ëåãêîãî, ßÎÐ, ñàòåëëèòíûå 
íèòè.
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