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Ïðîâåäåíî ñï³âñòàâëåííÿ öèòîãåíåòè÷íèõ òà ìîëåêó-
ëÿðíî-öèòîãåíåòè÷íèõ ïåðåáóäîâ êë³òèí ê³ñòêîâîãî 
ìîçêó ó 251 ïàö³ºíòà íà ÷àñ âñòàíîâëåííÿ ä³àãíîçó 
ì³ºëîäèñïëàñòè÷íèõ ñèíäðîì³â (ÌÄÑ) òà ó 7 ïàö³ºí-
ò³â - ïðè òðàíñôîðìàö³¿ ó âòîðèííó ãîñòðó ì³ºëî¿äíó 
ëåéêåì³þ. Âñòàíîâëåíà çíà÷íà ãåòåðîãåíí³ñòü êàð³-
îòèï³â çà ñòðóêòóðîþ êëîí³â ó âñ³õ âèä³ëåíèõ ôîð-
ìàõ ÌÄÑ òà ó òðàíñôîðìîâàíèõ ç ÌÄÑ âòîðèííèõ 
ãîñòðèõ ì³ºëî¿äíèõ ëåéêåì³ÿõ, ùî ñâ³ä÷èòü ïðî ð³çíî-
ìàí³òíèé ãåíåòè÷íèé ñêëàä êë³òèí ê³ñòêîâîãî ìîçêó. 
Ïîêàçàíî, ùî åâîëþö³ÿ êëîíàëüíèõ àíîìàë³é õðîìîñîì 
º óí³âåðñàëüíèì ìåõàí³çìîì ôîðìóâàííÿ àíîìàëüíèõ 
êëîí³â. Â³äì³÷åíî çðîñòàííÿ ÷àñòîòè ïñåâäîäèïëî¿äíèõ 
òà ã³ïîäèïëî¿äíèõ êëîí³â â çàëåæíîñò³ â³ä ñêëàäíîñò³ 
ôîðìè ÌÄÑ (ïñåâäîäèïëî¿äíèé â³ä 4,5 % ïðè ÌÄÑ ç 
îäíîë³í³éíîþ äèñïëàç³ºþ (ÐÀ) äî 27,3 % ïðè ÌÄÑ ç 
íàäëèøêîì áëàñò³â (ÐÀÍÁ 1–2); ã³ïîäèïëî¿äíèé – â³ä 
4,5 % ïðè ÐÀ äî 18,2 % ïðè ÐÀÍÁ 1–2), ùî ïîâ’ÿçàíà 
ç âòðàòîþ ãåíåòè÷íîãî ìàòåð³àëó. Â ãðóï³ ÐÀ ÷àñò³øå 
ðåºñòðóâàëè âòðàòè ãåíåòè÷íîãî ìàòåð³àëó, ó âèãëÿä³ 
äåëåö³é (57,9 %). Äî ñòðóêòóðíèõ ïåðåáóäîâ ÷àñò³øå 
çàëó÷àëàñÿ õðîìîñîìà 11 (31,6 %).

Êëþ÷îâ³ ñëîâà: ì³ºëîäèñïëàñòè÷í³ ñèíäðîìè, ê³ñòêîâèé 
ìîçîê, àíîìàë³¿ õðîìîñîì.

Âñòóï. Ì³ºëîäèñïëàñòè÷í³ ñèíäðîìè (ÌÄÑ) 
ñòàíîâëÿòü ñîáîþ ì³ºëî¿äíó êëîíàëüíó ãåìî-
ïàò³þ, ç â³äíîñíî ãåòåðîãåííèì ñïåêòðîì êë³-
í³÷íèõ ïðîÿâ³â. Íàéá³ëüøà êë³í³÷íà ïðîáëåìà 
öèõ çàõâîðþâàíü – ñìåðòí³ñòü, ùî ïîâ’ÿçàíà 
ç öèòîïåí³ÿìè ³ ïåðñïåêòèâîþ òðàíñôîðìàö³¿ 
ÌÄÑ â ãîñòðó ì³ºëî¿äíó ëåéêåì³þ (ÃÌË). 

Â³äïîâ³äíî äî êëàñèô³êàö³¿ ÂÎÎÇ (2016 ð.) 
âèä³ëÿþòü íàñòóïí³ ôîðìè ÌÄÑ: 1) ÌÄÑ ç îä-
íîë³í³éíîþ äèñïëàç³ºþ (ÐÀ); 2) ÌÄÑ ç ê³ëü-
öåâèìè ñèäåðîáëàñòàìè (ÌÄÑ-ÊÑ), ðåôðàê-
òåðíà öèòîïåí³ÿ ç ìóëüòèë³í³éíîþ äèñïëàç³ºþ 
(ÐÖÌÄ); 3) ÌÄÑ ç íàäëèøêîì áëàñò³â (ÐÀÍÁ 
1-2); 4) ÌÄÑ ç ³çîëüîâàíîþ del(5q); ÌÄÑ íå-
êëàñèô³êîâàíèé (Arber et al, 2016). Ó á³ëüøîñò³ 

âèïàäê³â ÌÄÑ º ðåçóëüòàòîì óðàæåííÿ ïîë³-
ïîòåíòíî¿ ãåìîïîåòè÷íî¿ àáî ì³ºëî¿äíî¿ ñòîâ-
áóðîâî¿ êë³òèíè. Áàãàòîñòàä³éíèé ïðîöåñ âè-
íèêíåííÿ ÌÄÑ ñêëàäàºòüñÿ ç öèòîãåíåòè÷íèõ 
àíîìàë³é, ìóòàö³é ³ ã³ïåðìåòèëþâàííÿ ãåí³â. 
Íà ñüîãîäí³, øâèäêî âïðîâàäæóþòüñÿ ìåòîäè 
ìîëåêóëÿðíî-ãåíåòè÷íî¿ ä³àãíîñòèêè, ÿê³ äî-
çâîëÿþòü ïðîÿñíèòè ìîëåêóëÿðíèé ïàòîãåíåç 
ÌÄÑ, ùî ïîêðàùóº ä³àãíîñòèêó, îö³íêó ïðî-
ãíîçó ïåðåá³ãó çàõâîðþâàííÿ òà â³äïîâ³äü íà 
òåðàï³þ (Gluzman et al, 2018).

Öèòîãåíåòè÷í³ äîñë³äæåííÿ íà äèôåðåíö³é-
íî çàáàðâëåíèõ ìåòàôàçíèõ õðîìîñîìàõ êë³òèí 
ê³ñòêîâîãî ìîçêó (ÊÌ) äîçâîëÿþòü ³äåíòèô³êó-
âàòè àíîìàë³¿ õðîìîñîì ó á³ëüøå, í³æ 50–60 % 
ïàö³ºíò³â (Ogawa et al, 2019). Âèäèì³ àíîìàë³¿ 
õðîìîñîì âèçíà÷àþòü ð³çíîìàí³òí³ ìåõàí³çìè 
ôîðìóâàííÿ àíîìàëüíèõ êëîí³â, ñåðåä ÿêèõ âè-
ä³ëÿþòü ìîíîñîì³¿, òðèñîì³¿ õðîìîñîì, àìïë³-
ô³êàö³¿ ³ çáàëàíñîâàí³ òðàíñëîêàö³¿. Á³ëüøå í³æ 
ó 50 % âèïàäê³â ÌÄÑ ðåºñòðóþòüñÿ ñîìàòè÷í³ 
òî÷êîâ³ ìóòàö³¿, ùî ïðèçâîäÿòü äî ïîðóøåííÿ 
æèòòºâèõ êë³òèííèõ ïðîöåñ³â, âêëþ÷àþ÷è, àëå 
íå îáìåæóþ÷è, ìåõàí³çìè ÄÍÊ ðåïàðàö³¿, êàñ-
êàäíèõ ñèãíàë³â, ìÐÍÊ ñïëàéñèíãó ³ åï³ãåíå-
òè÷íî¿ ðåãóëÿö³¿ â ãåíàõ (Lindsley et al, 2013; 
Pellagatti et al, 2015). Ö³ äàí³ ðîçøèðèëè íàøå 
ðîçóì³ííÿ ùîäî ïàòîãåíåçó ÌÄÑ, âèçíà÷åííÿ 
á³îëîã³÷íèõ øëÿõ³â, ÿê³ äàþòü çìîãó ðîçðîáêè 
íîâèõ ïðåïàðàò³â òà íîâèõ òåõíîëîã³é â ë³êóâàí-
í³ çàõâîðþâàííÿ. 

Äî íàéá³ëüø ïîøèðåíèõ õðîìîñîìíèõ àíî-
ìàë³é, ùî ðåºñòðóþòüñÿ íà ÷àñ âñòàíîâëåííÿ 
ä³àãíîçó ÌÄÑ, â³äíîñÿòüñÿ ïåðåáóäîâè ïîâ’ÿ-
çàí³ ç âòðàòîþ ãåíåòè÷íîãî ìàòåð³àëó, à ñàìå: 
-5/5q-, -7/7q-, 17p-, 20q-, à òàêîæ òðèñîì³ÿ õðî-
ìîñîìè 8 (+8).

Äåëåö³¿ äîâãîãî ïëå÷à õðîìîñîìè 5 (5q-) çà-
çâè÷àé ³íòåðñòèö³àëüí³ òà íàëåæàòü äî àíîìàë³é, 
ÿê³ íàé÷àñò³øå çóñòð³÷àþòüñÿ ïðè ÌÄÑ (10–
15 % íà ÷àñ âñòàíîâëåííÿ ä³àãíîçó) (Komrokji 
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Ïîð³âíÿëüíà õàðàêòåðèñòèêà öèòîãåíåòè÷íèõ àíîìàë³é ïðè ð³çíèõ ôîðìàõ 

et al, 2013). Ïàö³ºíòè ç ³çîëüîâàíîþ 5q- ìàþòü 
â³äíîñíî êðàùèé ïðîãíîç ³ íèçüêèé ðèçèê ïðî-
ãðåñ³¿ â ÃÌË (5–16 ïðîòè 30–45 % â ö³ëîìó ó 
êîãîðò³ ïàö³ºíò³â ç ÌÄÑ) (NCCN, 2021). Ó ðå-
çóëüòàò³ äåëåö³é ðåºñòðóºòüñÿ âòðàòà ãåíà RPS14 
(5q32.2-q33), ùî êîäóº ðèáîñîìàëüíèé á³ëîê 
S14. Âòðàòè ì³êðîÐÍÊ miR145 ³ miR146a ìî-
æóòü áóòè ïóñêîâèì ìåõàí³çìîì äëÿ êëîíàëüíî¿ 
åêñïàíñ³¿ êë³òèí ç äàíîþ àíîìàë³ºþ (Kumar et 
al, 2011), à âòðàòà ãåíà EGR1 (5q31) º ïðè÷èíîþ 
äëÿ ãàïëîíåäîñòàòíîñò³ (Stoddart et al, 2014). 

Ïðèáëèçíî ó 5–10 % ïàö³ºíò³â ç ÌÄÑ âè-
ÿâëÿþòü +8. Ïàòîãåíåç ö³º¿ òðèñîì³¿ äî ê³íöÿ íå 
âñòàíîâëåíèé, îäíàê öÿ àíîìàë³ÿ ç’ÿâëÿºòüñÿ 
íà ï³çí³õ ñòàä³ÿõ ÌÄÑ (Saumell et al, 2012).

Ìîíîñîì³ÿ àáî äåëåö³ÿ õðîìîñîìè 7 (-7/7q-) 
â³äì³÷àºòüñÿ ïðèáëèçíî ó 10 % âèïàäê³â de novo 
ÌÄÑ òà á³ëüøå í³æ ó 50 % òåðàï³ºçàëåæíèõ 
ÌÄÑ (Kuzmanovic et al, 2020). Àíîìàë³¿ õðîìî-
ñîìè 7 ïîâ’ÿçàí³ ç íåñïðèÿòëèâèì ïðîãíîçîì ³ 
çíèæåíîþ çàãàëüíîþ âèæèâàí³ñòþ ïðè ÌÄÑ 
òà ³íøèõ ì³ºëî¿äíèõ íîâîóòâîðåííÿõ, òàêèõ ÿê 
ÃÌË (Schanz, 2012; Sashida, 2014). ×àñò³øå âè-
ÿâëÿþòüñÿ äåëåö³¿ äîâãîãî ïëå÷à õðîìîñîìè 7, 
ùî ëîêàë³çîâàí³ ó ñìóæêàõ 7q22, 7q32-33, 7q35-
36. Ãåí KMT2E (7q22) â³ä³ãðàº âàæëèâó ðîëü â 
ì³ºëî¿äíîìó äèôåðåíö³þâàíí³ (ìåòèëþâàíí³ 
ÄÍÊ) (Lindsley et al, 2013). Âòðàòà ãåíà EZH2 
(7q36) ïðèçâîäèòü äî íàäëèøêîâî¿ åêñïðåñ³¿ 
êëàñòåðó HOX ãåí³â ÷åðåç ìîäèô³êàö³þ ã³ñòîí³â 
ó ãåìîïîåòè÷íèõ ñòîâáóðîâèõ êë³òèíàõ (ÃÑÊ) 
³ êîðåëþº ç íåñïðèÿòëèâèì ïðîãíîçîì (Xu et 
al, 2016). Ïðè 7q- çàçâè÷àé âòðà÷àºòüñÿ âåëè-
êà ÷àñòèíà ãåíåòè÷íîãî ìàòåð³àëó ³ â³äñóòí³ñòü 
áàãàòüîõ ãåí³â, ÿê³ ëîêàë³çîâàí³ â äåëåòîâàíîìó 
ðàéîí³, âïëèâàº íà ïàòîãåíåç ÌÄÑ. 

Äåëåö³ÿ êîðîòêîãî ïëå÷à õðîìîñîìè 17 (17ð-) 
÷àñòî àñîö³þºòüñÿ ç ìóòàö³ºþ ãåíà ÒÐ53 òà íà-
ëåæèòü äî ãðóïè ïðîì³æíîãî öèòîãåíåòè÷íîãî 
ïðîãíîçó (Avada et al, 2020). Ãåí ÒÐ53, ùî ðîç-
òàøîâàíèé íà 17ð13.1, â³ä³ãðàº âàæëèâó ðîëü â 
äèôåðåíö³þâàíí³, ñòàð³íí³ òà àïîïòîç³ êë³òèí. 
Àíîìàë³ÿ ïîâ’ÿçàíà ç íåçíà÷íîþ àíåì³ºþ, âè-
ñîêèì ëåéêîöèòîçîì ç íåéòðîô³ëàìè, ïñåâäî 
Ïåëüãåð³âñüêîþ àíîìàë³ºþ ³ ã³ïåðïëàñòè÷íèì 
ê³ñòêîâèì ìîçêîì (Svobodova et al, 2016). 

Äåëåö³ÿ äîâãîãî ïëå÷à õðîìîñîìè 20 (20q-) 
ñïîñòåð³ãàºòüñÿ ïðèáëèçíî ó 2 % ïàö³ºíò³â ç 
ÌÄÑ. ßê ñàìîñò³éíà àíîìàë³ÿ 20q- ïðèñóòíÿ 

íà ðàíí³õ ñòàä³ÿõ ÌÄÑ ³ àñîö³éîâàíà ç³ ñïðè-
ÿòëèâèì ïðîãíîçîì ïåðåá³ãó (Bacher et al, 2014). 
ßê ñàìîñò³éíà (³çîëüîâàíà) 20q- ïîâ’ÿçàíà ç 
òðîìáîöèòîïåí³ºþ, âèñîêèì âì³ñòîì ðåòèêó-
ëîöèò³â ³ íèçüêèì â³äñîòêîì áëàñòíèõ êë³òèí ó 
ê³ñòêîâîìó ìîçêó (Shiseki et al, 2019). 

Êîìïëåêñíèé (ñêëàäíèé) êàð³îòèï âêëþ÷àº 
òðè ³ á³ëüøå öèòîãåíåòè÷íèõ àíîìàë³é ³ ðåº-
ñòðóºòüñÿ ó 10 % âèïàäê³â ÌÄÑ. Éîãî ïðèñóò-
í³ñòü ïîâ’ÿçàíà ç ãåííèìè ìóòàö³ÿìè ³ ÷àñòî 
ìîæå âèÿâëÿòèñÿ ó ¿õ êîìá³íàö³¿, ÿê ó âèïàäêó 
ç TP53. Ìóòàö³¿ ãåíó TP53 ³ ñêëàäíèé êàð³îòèï 
ìàþòü âêðàé íåñïðèÿòëèâå ïðîãíîñòè÷íå çíà-
÷åííÿ (Svobodova et al, 2016; Haase et al, 2019).

Â³äïîâ³äíî äî National Comprehensive Can-
cer Network (NCCN 2021) âèä³ëÿþòü ï’ÿòü 
ãðóï öèòîãåíåòè÷íîãî ïðîãíîçó: äóæå ñïðè-
ÿòëèâèé (çà íàÿâíîñò³ âòðàòè ñòàòåâî¿ õðîìî-
ñîìè Y, del(11q), ÿê ñàìîñò³éíèõ àíîìàë³é â 
êàð³îòèï³); ñïðèÿòëèâèé (öèòîãåíåòè÷íî íîð-
ìàëüíèé êàð³îòèï, del(5q), del(12p), del(20q), 
ÿê ñàìîñò³éíà àíîìàë³ÿ â êàð³îòèï³); ïðîì³æ-
íèé (del(7q),+8,+19,i(17q) òà ³íø³ àíîìàë³¿, ùî 
ïðåäñòàâëåí³ ñàìîñò³éíèìè â êàð³îòèï³); íå-
ñïðèÿòëèâèé (del(7q), ìîíîñîì³ÿ õðîìîñîìè 
7, inv(3)/t(3;3)(q21;q26), del(3q); à òàêîæ ðåº-
ñòðàö³ÿ ïîíàä 2 àíîìàë³é); äóæå íåñïðèÿòëè-
âèé (íàÿâí³ñòü á³ëüø ÿê 3 õðîìîñîìíèõ àíîìà-
ë³é) (Greenberg et al, 2021). Ðåçóëüòàòè êàð³îòè-
ïóâàííÿ âèêîðèñòîâóþòü â ì³æíàðîäí³é ïðî-
ãíîñòè÷í³é ðàõóíêîâ³é ñèñòåì³ äëÿ ðîçðàõóíêó 
êë³í³÷íî¿ ãðóïè ðèçèêó (IPSS).

Òàêèì ÷èíîì, ð³çí³ êîìá³íàö³¿ õðîìîñîìíèõ 
àíîìàë³é ³ç ñîìàòè÷íèõ òî÷êîâèõ ìóòàö³é ïðè-
çâîäÿòü äî âåëèêîãî êë³í³êî-ïàòîãåíåòè÷íîãî 
ñïåêòðà ÌÄÑ (Pellagatti et al, 2015).

Ìåòà äîñë³äæåííÿ – ïîð³âíÿííÿ ìåõàí³çì³â 
ôîðìóâàííÿ àíîìàëüíèõ êàð³îòèï³â íà îñíîâ³ 
öèòîãåíåòè÷íèõ òà ìîëåêóëÿðíî-öèòîãåíåòè÷-
íèõ äîñë³äæåíü ïðè ð³çíèõ ôîðìàõ ì³ºëîäè-
ñïëàñòè÷íèõ ñèíäðîì³â.

Ìàòåð³àëè ³ ìåòîäè. Â àíàë³ç âêëþ÷åí³ âè-
ïàäêè ÌÄÑ, ÿê³ íàä³éøëè ó â³ää³ë öèòîãåíå-
òè÷íèõ äîñë³äæåíü âïðîäîâæ 2017–2020 ðð., 
ÿê íà ÷àñ âñòàíîâëåííÿ ä³àãíîçó, òàê ³ íà åòà-
ï³ òðàíñôîðìàö³¿ ó âòîðèííó ãîñòðó ì³ºëî¿äíó 
ëåéêåì³þ. 

Íàéá³ëüøó ãðóïó ñêëàëè âèïàäêè ÌÄÑ ç îä-
íîë³í³éíîþ äèñïëàç³ºþ (ÐÀ) (193 ïàö³ºíòè) (1 
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ãðóïà), ðåôðàêòåðíà öèòîïåí³ÿ ç ìóëüòèë³í³é-
íîþ äèñïëàç³ºþ (ÐÖÌÄ) (21 ïàö³ºíò) (2 ãðóïà), 
ÌÄÑ ç íàäëèøêîì áëàñò³â â³ä 10 % (ÐÀÍÁ-1) 
äî 20 % (ÐÀÍÁ-2) (15 ïàö³ºíò³â) (3 ãðóïà); ÌÄÑ 
íà åòàï³ òðàíñôîðìàö³¿ â ÃÌË (ÌÄÑ�ÃÌË) (7 
ïàö³ºíò³â) (4 ãðóïà) òà ç ³çîëüîâàíîþ del(5q) (22 
ïàö³ºíòè) (5 ãðóïà).

Ó 1 ãðóï³ ñï³ââ³äíîøåííÿ çà ñòàòòþ ñòàíî-
âèëî 1,00 : 0,92, ó 2 ãðóï³ – 1 : 1,63, 3 ãðóï³ –
1 : 0,87, ó 4 ãðóï³ – áóëè âñ³ æ³íêè ³ ó 5 ãðóï³ – 
1 : 0,38. Ó 1 ãðóï³ ñåðåäí³é â³ê æ³íîê ñòàíîâèâ 
55,0 ± 3,9 ðîê³â, ÷îëîâ³ê³â – 58,5 ± 4,0, ó 2 ãðóï³ 
â³ê æ³íîê ñêëàäàâ 61,7 ± 2,9, ÷îëîâ³ê³â 59,5 ±
± 4,3, ó 3 ãðóï³ – â³ê æ³íîê 62,1 ± 5,1, ÷îëîâ³-
ê³â – 63,8 ± 1,08, ó 4 ãðóï³ – æ³íêè 55,9 ± 3,4, 
ó 5 ãðóï³ â³ê æ³íîê ñòàíîâèâ 62,7 ± 4,6, ÷îëîâ³-
ê³â – 60,3 ± 3,9.

Äëÿ öèòîãåíåòè÷íèõ äîñë³äæåíü ïðåïàðà-
òè ìåòàôàçíèõ õðîìîñîì ñóñïåíç³¿ êë³òèí ÊÌ 
ãîòóâàëè çà çàãàëüíîâèçíàíîþ ìåòîäèêîþ ³ 
ôàðáóâàëè çà GTG-ìåòîäîì (Gersen StL et 
al, 2013). Âèÿâëåí³ õðîìîñîìí³ àíîìàë³¿ îïè-
ñóâàëè çã³äíî ç ì³æíàðîäíîþ íîìåíêëàòóðîþ 
ISCN 2020. Íàÿâí³ñòü õðîìîñîìíèõ àíîìàë³é 
â àíîìàëüíîìó êëîí³ ï³äòâåðäæóâàëè çà óìîâ, 
êîëè äâ³ àáî á³ëüøå ìåòàôàçíèõ êë³òèíè ìàëè 
³äåíòè÷í³ àíîìàë³¿ ÷è äîäàòêîâ³ õðîìîñîìè, à 
òàêîæ, êîëè òðè ÷è á³ëüøå ìåòàôàçíèõ êë³òèí 
ìàëè ³äåíòè÷í³ ìîíîñîì³¿ (McGowan-Jordan et 
al, 2020). Íîðìàëüíèì êëîí ââàæàëè òîä³, êîëè 
íå ìåíøå, í³æ ó 20 ïðîàíàë³çîâàíèõ òà ó äåñÿòè 
êàð³îòèïîâàíèõ ìåòàôàçíèõ êë³òèíàõ íå áóëî 
âèÿâëåíî õðîìîñîìíèõ àíîìàë³é. 

Öèòîãåíåòè÷í³ äîñë³äæåííÿ âèêîíàíî äëÿ 
131 ïàö³ºíòà (ðåçóëüòàòèâí³ñòü ìåòîäó ñêëà-
ëà – 91,6 %). Ìîëåêóëÿðíî-öèòîãåíåòè÷í³ äî-
ñë³äæåííÿ íà ³íòåðôàçíèõ ÿäðàõ (³FISH) ïðî-
âåäåíî äëÿ 198 ïàö³ºíò³â.

Ï’ÿòó ãðóïó ç ³çîëüîâàíîþ del(5q) áóëî ñôîð-
ìîâàíî ò³ëüêè çà ðåçóëüòàòàìè iFISH äîñë³äæåíü.

Âñ³ ñòðóêòóðè êëîí³â ó êàð³îòèïàõ ó 120 ïà-
ö³ºíò³â áóëè çãðóïîâàí³ íàñòóïíèì ÷èíîì:

• öèòîãåíåòè÷íî íîðìàëüíèé êàð³îòèï (N); 
• öèòîãåíåòè÷íî íîðìàëüíèé êàð³îòèï, á³ëÿ-
  òåòðàïëî¿äíèé êëîí (N/4n±);
• àíîìàëüíèé (À); 
• àíîìàëüíèé, öèòîãåíåòè÷íî íîðìàëüíèé êà-
  ð³îòèïè (À/N);
• àíîìàëüíèé, á³ëÿòåòðàïëî¿äíèé òà íîðìàëü-
  íèé êàð³îòèïè (A/4n±/N);

• åâîëþö³ÿ êëîíàëüíèõ àíîìàë³é õðîìîñîì (Å);
• åâîëþö³ÿ êëîíàëüíèõ àíîìàë³é õðîìîñîì,
  íîðìàëüíèé êàð³îòèï (Å/N);
• åâîëþö³ÿ êëîíàëüíèõ àíîìàë³é õðîìîñîì, 
  á³ëÿòåòðàïëî¿äíèé êëîí (Å/4n±);
• åâîëþö³ÿ êëîíàëüíèõ àíîìàë³é õðîìîñîì,
  á³ëÿòåòðàïëî¿äíèé òà íîðìàëüíèé êàð³îòèï
  (Å/4n±/N);
• íåçàëåæí³ êëîíè, á³ëÿòåòðàïëî¿äíèé òà íîð
  ìàëüíèé êàð³îòèï (²/4n±/N).

Ê³ëüê³ñí³ òà ñòðóêòóðí³ àíîìàë³¿ õðîìîñîì 
â³äíîñíî ïëî¿äíîñò³ áóëè çãðóïîâàí³ íàñòóï-
íèì ÷èíîì:

• äèïëî¿äíèé (46 õðîìîñîì);
• ïñåâäîäèïëî¿äíèé (46 õðîìîñîì ³ç íåçáàëàí-
  ñîâàíèìè ñòðóêòóðíèìè àíîìàë³ÿìè õðîìî-
  ñîì àáî îäíî÷àñíà âòðàòà òà òðèñîì³ÿ ð³çíèõ 
  õðîìîñîì ç³ çáåðåæåííÿì ÷èñëà õðîìîñîì);
• ã³ïîäèïëî¿äíèé (ìåíø ÿê 46 õðîìîñîì);
• ã³ïåðäèïëî¿äíèé (47–50 õðîìîñîì);
• äîäàòêîâèé á³ëÿòåòðàïëî¿äíèé.

Äëÿ FISH àíàë³çó âèêîðèñòîâóâàëè çîíäè 
ô³ðìè «Metasystem» (Í³ìå÷÷èíà): XL5q31/5q33, 
XL 7q22/7q36, XL P53 Deletion Probe. Àíàë³çó-
âàëè ùîíàéìåíøå 100 ³íòåðôàçíèõ ÿäåð.

Äîñë³äæåííÿ ïðîâîäèëè çà äîïîìîãîþ ì³-
êðîñêîïà Olympus BX40 (Olympus, Japan) ç âè-
êîðèñòàííÿì ïðîãðàìíîãî çàáåçïå÷åííÿ «Lucia 
FISH Karyo 3.1». Çîáðàæåííÿ ìåòàôàçíèõ ïëàñ-
òèíîê (êàð³îòèïóâàííÿ) òà ³íòåðôàçíèõ ÿäåð (i-
FISH) àíàë³çóâàëè ³ ôîòîãðàôóâàëè ïðè çá³ëü-
øåíí³ ×1000 ç â³äïîâ³äíèìè ô³ëüòðàìè.

Àíàë³ç ðåçóëüòàò³â äîñë³äæåíü ïðîâîäèëè çà 
äîïîìîãîþ ïðîãðàìè «EXCEL». 

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ. Ç óðàõóâàííÿì 
ïðîâåäåíèõ öèòîãåíåòè÷íèõ äîñë³äæåíü çðàç-
ê³â ñóñïåíç³¿ êë³òèí ÊÌ, ìè âèä³ëèëè ÷îòè-
ðè ôîðìè ÌÄÑ: ÐÀ (88 ïàö³ºíòà), ÐÖÌÄ (12 
ïàö³ºíò³â), ÐÀÍÁ 1–2 (11). Îêðåìî âèä³ëèëè 
ôîðìó ÌÄÑ, ùî òðàíñôîðìóâàëèñÿ â ÃÌË 
(ÌÄÑ�ÃÌË) (5 ïàö³ºíò³â). Îòðèìàí³ ðåçóëü-
òàòè àíàë³çóâàëè çà íàñòóïíèìè ïîêàçíèêàìè: 
àíàë³ç êàð³îòèï³â çà ñòðóêòóðîþ êëîí³â, â³ä-
íîñíî ð³âíÿ ïëî¿äíîñò³, ê³ëüê³ñí³ òà ñòðóêòóð-
í³ àíîìàë³¿ õðîìîñîì. Ðîçïîä³ë êàð³îòèï³â çà 
ñòðóêòóðîþ êàð³îòèï³â ïðåäñòàâëåíî ó òàáë. 1.

Ó ãðóï³ ÐÀ çàðåºñòðîâàíî 10 ³ç 11 òèï³â êà-
ð³îòèï³â çà ñòðóêòóðîþ êëîí³â: öèòîãåíåòè÷íî 
íîðìàëüíèé êàð³îòèï; öèòîãåíåòè÷íî íîðìàëü-
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íèé êàð³îòèï, á³ëÿòåòðàïëî¿äíèé êëîí; àíîìàëü-
íèé; àíîìàëüíèé, öèòîãåíåòè÷íî íîðìàëüíèé
êàð³îòèï; àíîìàëüíèé, á³ëÿòåòðàïëî¿äíèé òà
íîðìàëüíèé êàð³îòèï; åâîëþö³ÿ êëîíàëüíèõ
àíîìàë³é õðîìîñîì; åâîëþö³ÿ êëîíàëüíèõ àíî-
ìàë³é õðîìîñîì, íîðìàëüíèé êàð³îòèï; åâîëþ-
ö³ÿ êëîíàëüíèõ àíîìàë³é õðîìîñîì, á³ëÿòåòðà-
ïëî¿äíèé òà íîðìàëüíèé êàð³îòèï òà íåçà-
ëåæí³ êëîíè, á³ëÿòåòðàïëî¿äíèé òà íîðìàëüíèé
êàð³îòèï. Ñåðåä íèõ ó 78,4 % âñòàíîâëåíî
íîðìàëüíèé êàð³îòèï, ó 21,6 % – àíîìàëüí³
êëîíè, ÿê³ ïîºäíóâàëèñÿ àáî ç íîðìàëüíèì, àáî
á³ëÿòåòðàïëî¿äíèì, àáî íîðìàëüíèì òà á³ëÿòå-
òðàïëî¿äíèì êëîíàìè. ×àñòîòà öèòîãåíåòè÷íî
íîðìàëüíèõ êàð³îòèï³â çíà÷íî ïåðåâèùóº ÷àñ-
òîòó ïðè ç³ñòàâëåíí³ ç òðüîìà ãðóïàìè: ÐÀ, 
ÐÖÌÄ òà ÐÀÍÁ 1–2 (60,0 %). Îêð³ì òîãî, ó
5,7 % âèïàäê³â êîíñòàòóâàëè óñêëàäíåííÿ àáî
åâîëþö³þ êëîíàëüíèõ àíîìàë³é õðîìîñîì ³ â 

îäíîìó âèïàäêó (1,1 %) – íàÿâí³ñòü íåçàëåæ-
íèõ êëîí³â.

Ó ãðóï³ ÐÖÌÄ çàô³êñîâàíî 6 òèï³â êàð³îòè-
ï³â çà ñòðóêòóðîþ êëîí³â. Ç íèõ ÷àñòîòà êàð³-
îòèï³â áåç âèäèìèõ ê³ëüê³ñíèõ òà ñòðóêòóðíèõ 
ïåðåáóäîâ ñòàíîâèëà 58,3 %, à àíîìàëüíèõ – 
41,7 % ³ â 1 âèïàäêó (8,3 %) âèÿâëåíà åâîëþö³ÿ 
êëîíàëüíèõ àíîìàë³é õðîìîñîì. 

Ó ãðóï³ ÐÀÍÁ 1–2 âèÿâëåíî 4 òèïè êàð³îòè-
ï³â, ç íèõ ÷àñòîòà öèòîãåíåòè÷íî íîðìàëüíèõ 
êàð³îòèï³â ñêëàäàº 54,6 %, åâîëþö³ÿ êëîíàëü-
íèõ àíîìàë³é õðîìîñîì êîíñòàòîâàíà ó 1 âè-
ïàäêó (9,1 %). 

Ó ãðóï³ ÌÄÑ�ÃÌË ÷àñòîòà öèòîãåíåòè÷íî 
íîðìàëüíèõ òèï³â êàð³îòèï³â ñêëàëà 40,0 %, ó 
ðåøòè çàô³êñîâàíî àíîìàëüí³ êàð³îòèïè. 

Òàêèì ÷èíîì, íàéá³ëüø ãåòåðîãåííîþ ãðó-
ïîþ çà ñòðóêòóðîþ êëîí³â áóëà ãðóïà ç ÐÀ, ÿêà 
ñêëàäàëà 10 ð³çíîâèä³â, â òîìó ÷èñë³ óñêëàäíåíü 

Òàáëèöÿ 1. Ðîçïîä³ë êàð³îòèï³â çà ñòðóêòóðîþ êëîí³â ïðè ð³çíèõ ôîðìàõ ÌÄÑ

Ê³ëüê³ñòü
ïàö³ºíò³â

ÐÀ ÐÖÌÄ ÐÀÍÁ 1–2 ÌÄÑ�ÃÌË

88 12 11 5

N (%)

N
N/4n±
A
A/N
A/4n±
A/4n±/N
E
E/N
Å/4n±
E/4n±/N
I/4n±/N

48 (54,5)
21 (23,9)
1 (1,1)
8 (9,1)
1 (1,1)
3 (3,4)
2 (2,3)
1 (1,1)

2 (2,3)
1 (1,1)

6 (50,0)
1 (8,3)
2 (16,7)
1 (8,3)

1 (8,3)
1 (8,3)

5 (45,5)
1 (9,1)
3 (27,3)
1 (9,1)

1 (9,1)

2 (40,0)

2 (40,0)

1 (20,0)

Òàáëèöÿ 2. Ðîçïîä³ë êëîí³â â³äíîñíî ïëî¿äíîñò³ ïðè ð³çíèõ ôîðìàõ ÌÄÑ

Ê³ëüê³ñòü
ïàö³ºíò³â

ÐÀ ÐÖÌÄ ÐÀÍÁ 1–2 ÌÄÑ�ÃÌË

88 12 11 5

N (%)

äèïëî¿äíèé
ïñåâäîäèïëî¿äíèé
ã³ïîäèïëî¿äíèé
ã³ïåðäèïëî¿äíèé
äîäàòêîâèé á³ëÿòåòðàïëî¿äíèé

470 (79,6)
4 (4,5)
4 (4,5)

10 (11,4)
28 (30,4)

7 (58,3)
1 (8,3)
1 (8,3)
3 (25,0)
2 (16,7)

5 (45,5)
3 (27,3)
2 (18,2)

1 (9,1)

2 (40,0)
1 (20,0)
1 (20,0)
1 (20,0)
1 (20,0)
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(åâîëþö³¿) òà íåçàëåæíèõ êëîí³â. Íàéìåíøå 
ð³çíîìàí³òòÿ âèÿâëåíî ó ÷åòâåðò³é ãðóï³ – 5 òè-
ï³â. Àíîìàëüí³ êëîíè òà åâîëþö³ÿ êëîíàëüíèõ 
àíîìàë³é õðîìîñîì âñòàíîâëåíî ó âñ³õ âèä³ëå-
íèõ ãðóïàõ. 

Àíàë³ç ðåçóëüòàò³â êàð³îòèïóâàííÿ â³äíîñ-
íî ïëî¿äíîñò³ ïîêàçàâ íàÿâí³ñòü äèïëî¿äíèõ, 
ïñåâäî-, ã³ïî-, òà ã³ïåðäèïëî¿äíèõ êëîí³â. Âè-
ä³ëåí³ ð³âí³ ïëî¿äíîñò³ âèçíà÷àëèñÿ ó âñ³õ ãðó-
ïàõ, îêð³ì ã³ïåðäèïëî¿äíèõ êëîí³â ó ÐÀÍÁ 1–2. 
Íàé÷àñò³øå ðåºñòðóâàëè äèïëî¿äí³ êëîíè (79,6; 
58,3; 45,5 òà 40,0 %, â³äïîâ³äíî, òàáë. 2).

Ïðèâåðòàº óâàãó âèñîêèé â³äñîòîê ïñåâäî-
äèïëî¿äíèõ òà ã³ïîäèïëî¿äíèõ êëîí³â ó ãðóïàõ 
ÐÀ ÍÁ 1–2 òà ÌÄÑ�ÃÌË (27,3; 18,2; 20,0 òà 
20,0 %, â³äïîâ³äíî), à òàêîæ ã³ïåðäèïëî¿äíèõ 
êëîí³â ó ãðóï³ ÐÖÌÄ òà ÌÄÑ�ÃÌË (25,0 òà 
20,0 %, â³äïîâ³äíî).

Äîäàòêîâèé á³ëÿòåòðàïëî¿äíèé êëîí âèÿâëÿ-
ëè ó âñ³õ ÷îòèðüîõ ãðóïàõ, ùî ìîæå ñâ³ä÷èòè 
ïðî ïðîöåñè åíäîðåäóïë³êàö³¿ òà ïåâíó çàêîíî-
ì³ðí³ñòü ó ¿õ âèÿâëåíí³. 

Ñåðåä òèï³â ñòðóêòóðíèõ ïåðåáóäîâ ó ãðó-
ï³ ÐÀ ðåºñòðóâàëè çáàëàíñîâàí³ (òðàíñëîêàö³¿, 

Ðèñ. 1. Ðîçïîä³ë ñòðóêòóðíèõ àíîìàë³é õðîìîñîì ïðè ÐÀ

Ðèñ. 2. Ðîçïîä³ë ñòðóêòóðíèõ ïåðåáóäîâ â àíîìàëüíèõ êë³òèíàõ ê³ñòêîâîãî ìîçêó ïðè ð³çíèõ òèïàõ ÌÄÑ
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ïàðà- òà ïåðèöåíòðè÷í³ ³íâåðñ³¿) òà íåçáàëàí-
ñîâàí³ (äåëåö³¿, äîäàòêîâèé ìàòåð³àë íåâ³äî-
ìîãî ïîõîäæåííÿ). 

Çà òèïàìè ñòðóêòóðíèõ ïåðåáóäîâ ó ãðóï³ 
ÐÀ á³ëüø í³æ ó ïîëîâèí³ âèïàäê³â àíîìàëüíèõ 
êàð³îòèï³â ðåºñòðóâàëè äåëåö³¿ (11 âèïàäê³â, 
57,9 %). Äðóãîþ çà ÷àñòîòîþ áóëè òðàíñëîêà-
ö³¿ (7 âèïàäê³â). ×àñò³øå äî ñòðóêòóðíèõ ïå-
ðåáóäîâ çàëó÷àëàñÿ õðîìîñîìà 11 (6 âèïàäê³â), 
ùî ñêëàäàº ìàéæå òðåòèíó â³ä óñ³õ àíîìàëü-
íèõ êëîí³â 9 (31,6 %), â îñíîâíîìó, âíàñë³äîê 
âòðàòè ãåíåòè÷íîãî ìàòåð³àëó (äåëåö³é), õî÷à 
çà äàíèìè ë³òåðàòóðè àíîìàë³¿ äîâãîãî ïëå÷à 
õðîìîñîìè 11 (11q) ðåºñòðóþòüñÿ ó ìåíø í³æ 
5 % âèïàäê³â ÌÄÑ (Veryaskina et al, 2020) (ðèñ 1).

Ó ãðóïàõ ÐÖÌÄ, ÐÀÍÁ 1–2 òà ÌÄÑ�ÃÌË 
ñåðåä ñòðóêòóðíèõ àíîìàë³é õðîìîñîì áóëî âè-
ÿâëåíî äåëåö³¿, òðàíñëîêàö³¿ òà ³çîõðîìîñîìà. 
Äåëåö³¿ ó ãðóï³ ÐÖÌÄ çàô³êñîâàí³ ó 4, ó ÐÀÍÁ 
1–2 ó 1 òà ó ÌÄÑ�ÃÌË – ó 3 âèïàäêàõ. Ïðàê-
òè÷íî ó âñ³ ïåðåáóäîâè çàëó÷àëèñÿ äîâã³ ïëå÷³ 
õðîìîñîì 5, 20, 21, 22 (ÐÖÌÄ), 5, 9, 10, 22 
(ÐÀÍÁ 1–2), 5, 6, 11, 17 (ÌÄÑ�ÃÌË) (ðèñ. 2).

Çà ìåõàí³çìàìè ôîðìóâàííÿ àíîìàëüíèõ 
êëîí³â áóëè âèïàäêè ç âòðàòîþ ãåíåòè÷íîãî 
ìàòåð³àëó (äåëåö³ÿìè), ÿê³ ïðèçâîäÿòü äî äèñ-
ðåãóëÿö³¿ ãåìîïîåòè÷íèõ ñòîâáóðîâèõ êë³òèí, 
íàäì³ðíî¿ åêñïðåñ³¿ HOX ãåí³â â ïîïåðåäíèêàõ 
ÃÑÊ òà âòðàò³ êîíòðîëþ íàä äèôåðåíö³þâàí-
íÿì, ñòàð³ííÿì ³ àïîïòîçîì (Kumar et al, 2011; 
Lindsley et al, 2013; Stoddart et al, 2014; Svobodova 
et al, 2016; Xu et al, 2016), òà òðàíñëîêàö³ÿìè 
(Lindsley et al, 2013; Pellagatti et al, 2015). 

Íàñòóïíèì åòàïîì ìè àíàë³çóâàëè ðåçóëü-
òàòè ìîëåêóëÿðíî-öèòîãåíåòè÷íèõ äîñë³äæåíü 
íà ³íòåðôàçíèõ ÿäðàõ (iFISH). Ç óðàõóâàííÿì 
âèêîðèñòàíèõ çîíä³â òà êëàñèô³êàö³¿ ÂÎÎÇ 
2016 áóëî âèä³ëåíî 5 ôîðì ÌÄÑ: ÐÀ – 140 âè-
ïàäê³â, ÐÖÌÄ – 13, ÐÀÍÁ 1-2 – 11 òà 

ÌÄÑ�ÃÌË – 4, ÌÄÑ ç ³çîëüîâàíîþ del(5q)-
22 (òàáë. 3).

Íåî÷³êóâàíî âèñîêèé â³äñîòîê äåëåö³¿ äîâãî-
ãî ïëå÷à õðîìîñîìè 5 çàðåºñòðîâàíî â ãðóïàõ 
ÐÀÍÁ 1–2 òà ÌÄÑ�ÃÌË (27,3 òà 50,0 %, â³ä-
ïîâ³äíî), òà ìîíîñîì³¿ õðîìîñîìè 7 ó ãðóïàõ 
ÐÖÌÄ, ÐÀÍÁ 1–2 òà ÌÄÑ�ÃÌË (23,1; 18,2 
òà 25,0 %, â³äïîâ³äíî) ó ïîð³âíÿíí³ ç äàíèìè 
ë³òåðàòóðè (Komrokji et al, 2013; Kuzmanovic et 
al, 2020). 

Îêðåìî ìè ïðîâåëè ç³ñòàâëåííÿ âèïàäê³â 
ñêëàäíèõ êàð³îòèï³â ç îäíî÷àñíèì âèêîíàííÿì 
iFISH (òàáë. 4). 

ßê âèäíî ³ç ïðåäñòàâëåíèõ äàíèõ ìåòîä êà-
ð³îòèïóâàííÿ äîçâîëÿº âèÿâèòè ê³ëüê³ñí³ òà 
ñòðóêòóðí³ àíîìàë³¿ õðîìîñîì, ÿê³ íåìîæëèâî 
âñòàíîâèòè ìåòîäîì iFISH (¹ 1–10). Âîäíî-
÷àñ ìåòîä iFISH ïîêàçàâ íàÿâí³ñòü äåëåö³¿ 5q, 
ÿêà íå áóëà çàðåºñòðîâàíà ïðè êàð³îòèïóâàíí³
(¹ 4). Ìîæëèâî, ðîçä³ëüíà çäàòí³ñòü ìåòàôàç-
íèõ õðîìîñîì ïðè ñòàíäàðòíîìó öèòîãåíåòè÷-
íîìó ìåòîä³ íå äîçâîëèëà âèÿâèòè ì³í³ìàëüí³ 
âòðàòè ëîêóñ³â ó äîâãîìó ïëå÷³ õðîìîñîìè 5, 
ùî ïåðåêðèâàþòüñÿ çàñòîñîâàíèì çîíäîì.

Íèí³ âñòàíîâëåí³ êðèòåð³¿ êë³í³÷íîãî ðèçèêó
ïåðåá³ãó ÌÄÑ çà ðåçóëüòàòàìè öèòîãåíåòè÷íèõ
äîñë³äæåíü. Â³äïîâ³äíî äî îñòàííüî¿ âåðñ³¿ NCCN
2021 ùîäî ÌÄÑ öèòîãåíåòè÷í³ àíîìàë³¿ âõîäÿòü 
äî ñèñòåìè îö³íêè âèæèâàíîñò³ òà òðàíñôîðìà-
ö³¿ â ÃÌË (Greenberg et al, 2021). Íàéâèùèé 
áàë ïðè ôîðìóâàíí³ êðèòåð³¿â êë³í³÷íîãî ðèçè-
êó ÌÄÑ ìàþòü ãðóïè íåñïðèÿòëèâîãî òà äóæå 
íåñïðèÿòëèâîãî öèòîãåíåòè÷íîãî ïðîãíîçó.

Äëÿ âñòàíîâëåííÿ íàéá³ëüø ³íôîðìàòèâíî¿ 
êîìá³íàö³¿ ìåòîä³â ìè ïîð³âíÿëè ðåçóëüòàòè êà-
ð³îòèïóâàííÿ, iFISH òà îäíî÷àñíîãî âèêîíàííÿ 
êàð³îòèïóâàííÿ òà iFISH (òàáë. 5).

Íàéâèùèé â³äñîòîê âèïàäê³â íåñïðèÿòëè-
âîãî òà äóæå íåñïðèÿòëèâîãî ïðîãíîçó ïåðåá³ãó 

Òàáëèöÿ 3. Ðåçóëüòàòè ³FISH àíàë³çó ïðè ð³çíèõ ôîðìàõ ÌÄÑ

Ê³ëüê³ñòü
ïàö³ºíò³â

ÐÀ ÐÖÌÄ ÐÀÍÁ 1–2 ²çîëüîâàíà 5q- ÌÄÑ�ÃÌË

140 13 11 22 4

N (%)

5q-
-7/7q-
17p-

11 (7,9)
9 (6,4)
11 (7,9)

1 (7,7) 
3 (23,1)
2 (15,4)

3 (27,3)
2 (18,2)
2 (18,2)

22 (100,0)
–
–

2 (50,0)
1 (25,0)
1 (25,0)
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ÌÄÑ çàðåºñòðîâàíî â ãðóï³ ç îäíî÷àñíèì âèêî-
íàííÿì äâîõ ìåòîä³â (12,4 % – ïðè êàð³îòèïó-
âàíí³, 8,6 % – iFISH òà 27,3 % – êàð³îòèïóâàí-
íÿ + iFISH. Â ïëàí³ âñòàíîâëåííÿ ìåõàí³çì³â 
ôîðìóâàííÿ àíîìàëüíèõ êëîí³â ïåðøî÷åðãîâå 
çíà÷åííÿ ìàþòü ðåçóëüòàòè êàð³îòèïóâàííÿ, ÿê³ 
äîçâîëÿþòü îö³íèòè ê³ëüê³ñí³ òà ñòðóêòóðí³ ïå-
ðåáóäîâè âñ³õ õðîìîñîì.

Âèñíîâêè. Âñòàíîâëåíà çíà÷íà ãåòåðîãåí-
í³ñòü êàð³îòèï³â çà ñòðóêòóðîþ êëîí³â ó âñ³õ 
âèä³ëåíèõ ôîðìàõ ÌÄÑ òà òðàíñôîðìàö³¿ 
ÌÄÑ â ÃÌË (öèòîãåíåòè÷íî íîðìàëüíèé êà-
ð³îòèï; öèòîãåíåòè÷íî íîðìàëüíèé êàð³îòèï, 
á³ëÿòåòðàïëî¿äíèé êëîí; àíîìàëüíèé; àíîìàëü-
íèé, öèòîãåíåòè÷íî íîðìàëüíèé êàð³îòèïè; 
àíîìàëüíèé, á³ëÿòåòðàïëî¿äíèé òà íîðìàëüíèé 
êàð³îòèïè; åâîëþö³ÿ êëîíàëüíèõ àíîìàë³é õðî-
ìîñîì; åâîëþö³ÿ êëîíàëüíèõ àíîìàë³é õðîìî-
ñîì, íîðìàëüíèé êàð³îòèï; åâîëþö³ÿ êëîíàëü-

íèõ àíîìàë³é õðîìîñîì òà á³ëÿòåòðàïëî¿äíèé; 
åâîëþö³ÿ êëîíàëüíèõ àíîìàë³é õðîìîñîì, á³-
ëÿòåòðàïëî¿äíèé òà íîðìàëüíèé êàð³îòèï; íå-
çàëåæí³ êëîíè, á³ëÿòåòðàïëî¿äíèé òà íîðìàëü-
íèé êàð³îòèï, ùî ñâ³ä÷èòü ïðî ð³çíîìàí³òíèé 
ãåíåòè÷íèé ñêëàä êë³òèí ÊÌ. Ïîêàçàíî, ùî 
åâîëþö³ÿ êëîíàëüíèõ àíîìàë³é õðîìîñîì º óí³-
âåðñàëüíèì ìåõàí³çìîì ôîðìóâàííÿ àíîìàëü-
íèõ êëîí³â ó âèä³ëåíèõ ôîðìàõ ÌÄÑ. Â³äì³-
÷åíî çðîñòàííÿ ÷àñòîòè ïñåâäîäèïëî¿äíèõ òà 
ã³ïîäèïëî¿äíèõ êëîí³â â çàëåæíîñò³ â³ä ñêëàä-
íîñò³ ôîðìè ÌÄÑ (ïñåâäîäèïëî¿äíèé â³ä 4,5 
ïðè ÐÀ äî 27,3 ïðè ÐÀÍÁ 1–2; ã³ïîäèïëî¿ä-
íèé – â³ä 4,5 ïðè ÐÀ äî 18,2 ïðè ÐÀÍÁ 1–2), 
ùî ïîâ’ÿçàíà ç âòðàòîþ ãåíåòè÷íîãî ìàòåð³àëó. 
Âèÿâëåíî, ùî â ãðóï³ ÐÀ ÷àñò³øå ðåºñòðóâàëè 
âòðàòè ãåíåòè÷íîãî ìàòåð³àëó, ó âèãëÿä³ äåëå-
ö³é (57,9 %). Äî ñòðóêòóðíèõ ïåðåáóäîâ ÷àñ-
ò³øå çàëó÷àëèñÿ õðîìîñîìà 11 (31,6 %). Ï³ä-

Òàáëèöÿ 4. Ïîð³âíÿííÿ ðåçóëüòàò³â êàð³îòèïóâàííÿ òà ³FISH äîñë³äæåííÿ ïðè ð³çíèõ ôîðìàõ ÌÄÑ

Êàð³îòèï 5q- -7/7q- 17p-

43~45,XY,-5,der(7)t(7;17)(q11;q11),-der(17)t(7;17), add(11)(q24),t(12;15;21)(p12;q21;q11),
-der(21)t(12;15;21)[cp16]/4n±[2]/46,XY[2]
43~45,X,-Y,der(18)t(18;?)(q23;q?)[9]/4n±[2]/46,XX[9]
45,XX,del(5)(q21),-7[8]/4n±[2]/46,XX[[10]
47,X,-X,+21x2[13]/46,XX[5]
44,XX,-4,-7,-10,del(11)(q23),+mar1,+mar2[cp17]/82<4n>,XXXX[3]
47,XY,+19,del(20)(q11)[17]
46,XY,del(7)(q22)[13]/45,XY,del(7)(q22),-17[2]
46,XX,del(5)(q31),+9,t(9;22)(q34;q11),-19[20]
46,XX,del(5)(q31q33),del(6)(q16),add(17)(p13)
44~46,XX,-5,-7,-21,+mar1,+mar2[cp20]

+

–
+
+
+
–
–
+
+
+

+

–
+
+
+
–
–
+
+
+

+

–
–
*
*
*
+
+
+
–

Ïðèì³òêà: *– äîñë³äæåííÿ íå âèêîíóâàëîñÿ.

Òàáëèöÿ 5. Ç³ñòàâëåííÿ ãðóï ïðîãíîçó ïåðåá³ãó ÌÄÑ çà ðåçóëüòàòàìè êàð³îòèïóâàííÿ òà iFISH

Ãðóïè ïðîãíîçó

Ìåòîäè äîñë³äæåííÿ

Êàð³îòèïóâàííÿ iFISH Êàð³îòèïóâàííÿ + iFISH

N = 120 N = 198 N = 44

1
2
3
4
5

1 (0,8)
92 (76,7)
11 (9,1)
8 (6,7)
8 (6,7)

1 (0,5)
178 (89,9)

2 (1,0)
16 (8,1)
1 (0,5)

0
29 (65,9)
3 (6,8)
8 (18,2)
4 (9,1)
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òâåðäæåíî, ùî äëÿ âñòàíîâëåííÿ öèòîãåíå-
òè÷íèõ ìåõàí³çì³â ôîðìóâàííÿ àíîìàëüíèõ 
êàð³îòèï³â, à òàêîæ êîðåêòíîãî ôîðìóâàííÿ 
öèòîãåíåòè÷íîãî ïðîãíîçó ïåðåá³ãó ÌÄÑ íå-
îáõ³äíî îäíî÷àñíî âèêîíóâàòè äâà ìåòîäè äî-
ñë³äæåíü: êàð³îòèïóâàííÿ òà iFISH. 

Êîíôë³êò ³íòåðåñ³â. Àâòîðè äåêëàðóþòü â³äñóò-
í³ñòü êîíôë³êò³â ³íòåðåñ³â. 
Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Â³äïîâ³äí³ñòü 
äîñë³äæåíü á³îåòè÷íèì ñòàíäàðòàì ñõâàëåíî Êî-
ì³òåòîì ç åòèêè ÄÓ «²íñòèòóò ãåìàòîëîã³¿ òà 
òðàíñôóç³îëîã³¿ ÍÀÌÍ Óêðà¿íè» (Êè¿â, Óêðà-
¿íà). Óñ³ ïàö³ºíòè äàëè çãîäó íà ó÷àñòü ó äîñ-
ë³äæåíí³.
Ô³íàíñóâàííÿ. Ðîáîòà ïðîâîäèëîñü ó ìåæàõ 
ÍÄÐ «Âèçíà÷èòè ïðîãíîñòè÷íó çíà÷èì³ñòü ìå-
ä³àòîð³â ì³æêë³òèííî¿ âçàºìîä³¿ òà êëàñòåð³â 
äèôåðåíö³àö³¿ ñóáñòðàòíèõ êë³òèí äëÿ ñòðàòè-
ô³êàö³¿ òà îïòèì³çàö³¿ ë³êóâàííÿ ì³ºëîäèñïëàñ-
òè÷íèõ/ì³ºëîïðîë³ôåðàòèâíèõ íîâîóòâîðåíü». 
Òåðì³í âèêîíàííÿ: 2019–2021 ðð.

COMPARATIVE CHARACTERISTICS
OF CYTOGENETIC ANOMALIES
IN DIFFERENT TYPES 
OF MYELODYSPLASTIC SYNDROMES

S.V. Andreieva, K. Korets, I. Skorohod, H. Starodub 

E-mail: office@immd.kiev.ua, Korets_Katya@ukr.net,
 insk@medlab.kiev.ua, gal.starodub@gmail.com

Comparison of cytogenetic and molecular-cytogenetic 
rearrangements of bone marrow cells in 251 patients 
at diagnosis of myelodysplastic syndromes (MDS) and
in 7 – in the transformation into secondary acute 
myeloid leukemia was carry out. Significant hetero-
geneity of karyotypes in the structure of clones in all 
isolated forms of MDS and in transformed MDS into 
secondary acute myeloid leukemias was established 
with indicating a different genetic composition of bone 
marrow cells. It is shown that the evolution of clonal 
chromosome abnormalities is a universal mechanism 
for the formation of abnormal clones. An increase in 
the frequency of pseudodiploid and hypodiploid clones 
depending on the complexity of the form of MDS were 
marked: pseudodiploid from 4.5 % in MDS with single-
line dysplasia (RA) to 27.3 % in MDS with excess blasts 
(RAEB 1–2), hypodiploid – from 4.5 in RA to 18.2 at 
RAEB 1–2) were shown, which is associated with the 
loss of genetic material. In the group of RA losses of 
genetic material in the form of deletions (57.9 %) more 
often recorded. Chromosome 11 (31.6 %) was more 
often involved in structural rearrangements.

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

Arber DA, Orazi A, Hasserjian R et al. (2016) The 
2016 revision to the World Health Organization 
classification of myeloid neoplasms and acute 
leukemia. doi:.10.1182/blood-2016-03-643544 

Avada H, Thapa B, Visconte V. (2020) The genomics 
of myelodysplastic Syndromes: origins of Disease 
evolution, biological pathways, and prognostic impli-
cations Cells doi: 10.3390/cells9112512

Bacher U, Haferlach T, Schnittger S et al. (2014) 
Investigation of 305 patients with myelodysplastic 
syndromes and 20q deletion for associated cytogenetic 
and molecular genetic lesions and their prognostic 
impact Br J Haematol doi: 10.1111/bjh.12710

Gersen StL. (2013) The Principles of Clinical Cyto-
genetics. 3rd Edition. Springer. New York, Heidel-
berg, Dordrecht, London 

Gluzman D, Sklyrenko L, Koval S et al. (2018) Modern 
classification and diagnosis of myelodysplastic syn-
dromes. Scientific-and-methodical quide. LLC «NVP 
«INTERSERVIS»», Kyiv. Haase D, Stevenson KE, 
Neuberg D et al. (2019) TP53 mutation status divides 
myelodysplastic syndromes with complex karyotypes 
into distinct prognostic subgroups. Leukemia. doi: 
10.1038/s41375-018-0351-2

Komrokji RS, Padron E, Ebert BL et al. (2013) Deletion 
5q MDS: Molecular and therapeutic implications 
Best Pract Res Clin Haematol doi: 10.1016/j.beha.
2013.10.013

Kumar MS, Narla A, Nonami A et al. (2011) Coor-
dinate loss of a microRNA and protein-coding gene 
cooperate in the pathogenesis of 5q� syndrome 
Blood doi: 10.1182/blood-2010-12-324715 

Kuzmanovic T, Patel BJ, Sanikommu SR et al. (2020) 
Genomics of therapy-related myeloid neoplasms 
Haematologica doi:.10.3324/haematol.2019.219352

Lindsley RC, Ebert BL. (2013) Molecular pathophysio-
logy of myelodysplastic syndromes Ann Rev Pathol 
doi: 10.1146/annurev-pathol-011811-132436

McGowan-Jordan J. (2021) An International System for 
Human Cytogenomic Nomenclature 2020. Karger 
AG, Basel 

Greenberg PL. (2021) Myelodysplastic Syndromes. 
NCCN Evidence Blocks. https://www.nccn.org/pro-
fessionals/physician_gls/pdf/ mds_blocks.pdf. Acces-
sed 15 January 2021

Ogawa S. (2019) Genetics of MDS Blood doi: 10.1182/
blood-2018-10-844621

Pellagatti A, Boultwood J. (2015) The molecular pat-
hogenesis of the myelodysplastic syndromes Eur J 
Haematol doi: 10.1111/ejh.12515

Sashida G, Harada H, Matsui H et al. (2014) Ezh2 
loss promotes development of myelodysplastic syn-
drome but attenuates its predisposition to leu-



40 ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2022. Ò. 56. ¹ 5

Ñ.Â. Àíäðåºâà, Ê.Â. Êîðåöü, ².Ì. Ñêîðîõîä, Ã.Ñ. Ñòàðîäóá

kaemic transformation Nat Commun doi: 10.1038/
ncomms5177

Saumell S, Florensa L, Luño E et al. (2012) Prognostic 
value of trisomy 8 as a single anomaly and the 
influence of additional cytogenetic aberrations in 
primary myelodysplastic syndromes Br J Haematol 
doi: 10.1111/bjh.12035

Schanz J, Tüchler H, Solé F et al. (2012) New 
comprehensive cytogenetic scoring system for pri-
mary myelodysplastic syndromes (MDS) and oli-
goblastic acute myeloid leukemia after MDS derived 
from an international database merge J Clin Oncol 
doi: 10.1200/JCO.2011.35.6394

Shiseki M, Ishii M, Okada M et al. (2019) Expression 
analysis of genes located within the common de-
leted region of del(20q) in patients with myelo-
dysplastic syndromes Leuk Res doi: 10.1016/j.leukres.
2019.106175 

Stoddart A, Fernald AA, Wang J et al. (2014) Haplo-
insufficiency of del(5q) genes, Egr1 and Apc, coope-

rate with Tp53 loss to induce acute myeloid leukemia 
in mice Blood doi: 10.1182/blood-2013-07-517953 

Svobodova K, Zemanova Z, Lhotska H et al (2016) 
Copy number neutral loss of heterozygosity at 17p 
and homozygous mutations of TP53 are associated 
with complex chromosomal aberrations in patients 
newly diagnosed with myelodysplastic syndromes 
Leuk Res doi: 10.1016/j.leukres.2016.01.009

Veryaskina YA, Titov SE, Kovynev IB et al. (2020) Prog-
nostic Markers of Myelodysplastic Syndromes Me-
dicina (Kaunas) doi: 10.3390/ medicina56080376

Xu F, Liu L, Chang CK et al (2016) Genomic loss 
of EZH2 leads to epigenetic modifications and
overexpression of the HOX gene clusters in myelo-
dysplastic syndrome. Oncotarget. doi: 10.18632/onco-
target.6992

Íàä³éøëà â ðåäàêö³þ 20.12.21 
Ï³ñëÿ äîîïðàöþâàííÿ 25.04.22

Ïðèéíÿòà äî äðóêó 18.09.22



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


