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Ïðîâåäåíî àíàë³ç ê³ëüê³ñíèõ òà ñòðóêòóðíèõ àíîìà-
ë³é õðîìîñîì â êë³òèíàõ ê³ñòêîâîãî ìîçêó 11 ïàö³ºí-
ò³â ç âòîðèííèìè íîâîóòâîðåííÿìè êðîâîòâîðíî¿ òà 
ë³ìôî¿äíî¿ òêàíèí. Àíîìàëüí³ êàð³îòèïè âñòàíîâëåíî
ó âñ³õ âèïàäêàõ, åâîëþö³þ êëîíàëüíèõ àíîìàë³é 
õðîìîñîì – ó 27,3 %. Íåçâàæàþ÷è íà ð³çí³ ïåðâèíí³ 
íîçîëîã³÷í³ ãðóïè íîâîóòâîðåíü êðîâîòâîðíî¿ òà ë³ì-
ôî¿äíî¿ òêàíèí òà ð³çí³ ðåæèìè òåðàï³¿, äëÿ âñ³õ 
âèïàäê³â áóëà õàðàêòåðíà íàÿâí³ñòü ê³ëüê³ñíî¿ ³ 
ñòðóêòóðíî¿ õðîìîñîìíî¿ íåñòàá³ëüíîñò³, ÿê³ ïðèçâå-
ëè äî ñêëàäíèõ (72,7 %), íåçáàëàíñîâàíèõ êàð³îòèï³â 
(81,8 %), ñåðåä ÿêèõ âèÿâëÿëè êîìïîçèòí³ (54,5 %) ³ 
ìîíîñîìàëüí³ (36,4 %). Ñóìàðíî ê³ëüê³ñòü ñòðóêòóð-
íèõ òà ê³ëüê³ñíèõ àíîìàë³é õðîìîñîì êîëèâàëàñü â³ä 
1 äî 13 â îäíîìó êàð³îòèï³. ×àñò³øå äî ê³ëüê³ñíèõ 
òà ñòðóêòóðíèõ ïåðåáóäîâ çàëó÷àëèñü õðîìîñîìè 11
òà 22. Ñåðåä òèï³â ñòðóêòóðíèõ ïåðåáóäîâ âèÿâëåíî 
çáàëàíñîâàí³ ³ íåçáàëàíñîâàí³ òðàíñëîêàö³¿, äåëåö³¿, 
³íâåðñ³þ, ³çîõðîìîñîìó, äîäàòêîâèé ìàòåð³àë íåâ³äî-
ìîãî ïîõîäæåííÿ, ïîõ³äí³ õðîìîñîì, ùî ñôîðìóâàëèñÿ 
âíàñë³äîê íåâñòàíîâëåíèõ ïåðåáóäîâ ñåðåä ÿêèõ ïå-
ðåâàæàëè äåëåö³¿ (20,0 %) ³ òðàíñëîêàö³¿ (14,3 %). Ó 
37,1 % âèÿâëåí³ ìàðêåðí³ õðîìîñîìè, ÿê³ ðåºñòðóâà-
ëèñü íà òë³ ìîíîñîì³é òà äåëåö³é ó 28,3 ³ ó 5,7 % –
ê³ëüöåâ³ õðîìîñîìè. Ó äâîõ âèïàäêàõ, ï³ñëÿ ³ìóíîñó-
ïðåñèâíî¿ àáî òàðãåòíî¿ òåðàï³¿, çà ïîä³áí³ñòþ ñòðóê-
òóðè ê³ëüê³ñíèõ òà ñòðóêòóðíèõ àíîìàë³é çàïðîïî-
íîâàíî åòàïè ñòàíîâëåííÿ óñêëàäíåíü êëîíàëüíèõ àíî-
ìàë³é õðîìîñîì: íà ïåðøîìó åòàï³ âèíèêàº çáàëàíñî-
âàíà òðàíñëîêàö³ÿ, íà äðóãîìó – äîäàºòüñÿ ê³ëüê³ñíà 
àíîìàë³ÿ (òðèñîì³ÿ õðîìîñîìè), íà òðåòüîìó – íå-
çáàëàíñîâàíà ñòðóêòóðíà ïåðåáóäîâà. Â êîæíîìó êà-
ð³îòèï³ áóëè ïðèñóòí³ ê³ëüê³ñí³ àáî/òà ñòðóêòóðí³ 
àíîìàë³¿ õðîìîñîì, ÿê³ â³äíîñèëèñü äî ãðóïè íåñïðè-
ÿòëèâîãî öèòîãåíåòè÷íîãî ïðîãíîçó. 

Êëþ÷îâ³ ñëîâà: âòîðèíí³ ãîñòð³ ëåéêåì³¿, ê³ëüê³ñí³ òà 
ñòðóêòóðí³ àíîìàë³¿ õðîìîñîì. 

Âñòóï. Ñó÷àñí³ ïðîòîêîëè ë³êóâàííÿ íîâî-
óòâîðåíü êðîâîòâîðíî¿ òà ë³ìôî¿äíî¿ òêàíèí 

ñïðèÿþòü çá³ëüøåííþ âèæèâàíîñò³ ïàö³ºíò³â. 
Îäíàê, â ñâîþ ÷åðãó, çá³ëüøóºòüñÿ ÷àñòîòà 
óñêëàäíåíü òåðàï³¿, ÿê³ ÷àñò³øå ïðîÿâëÿþòüñÿ 
ÿê âòîðèíí³ ãîñòð³ ì³ºëî¿äí³ ëåéêåì³¿ (âòÃÌË).
Ïåðåë³ê àíîìàëüíèõ êàð³îòèï³â ïðè ïîä³áíèõ
óñêëàäíåííÿõ ðîçãëÿäàºòüñÿ â íîâ³é êëàñèô³-
êàö³¿ Âñåñâ³òíüî¿ Îðãàí³çàö³¿ Îõîðîíè Çäîðî-
â’ÿ (ÂÎÎÇ 2022) (Capelli et al, 2022; Khoury et 
al, 2022). ×àñò³øå ó âòÃÌË òðàíñôîðìóþòü-
ñÿ ì³ºëîäèñïëàñòè÷í³ ñèíäðîìè (ÌÄC): ïðè-
áëèçíî 5,0–15,0 % ïàö³ºíò³â ç ãðóïè íèçüêîãî 
ñòóïåíÿ ðèçèêó ³ 40,0–50,0 % ç ãðóïè âèñîêîãî 
ñòóïåíÿ ðèçèêó (NCCN, 2023). Â îñíîâíîìó, 
äëÿ ïàö³ºíò³â ç âòÃÌË õàðàêòåðíèé íåñïðè-
ÿòëèâèé ïðîãíîç ïåðåá³ãó çàõâîðþâàííÿ (Ming-
zhu et al, 2023). Îñîáëèâîñò³ êàð³îòèï³â, ùî 
ôîðìóþòüñÿ ïðè âòÃÌË ìîæíà ïîä³ëèòè 
íà äâ³ ãðóïè â çàëåæíîñò³ â³ä çàñòîñîâàíèõ 
öèòîòîêñè÷íèõ ïðåïàðàò³â (Leone et al, 2021). 
Â ïåðø³é ãðóï³, ï³ñëÿ òåðàï³¿ ç àëê³ëóþ÷èìè 
àãåíòàìè, öèòîãåíåòè÷í³ äîñë³äæåííÿ ïîêàçà-
ëè íàÿâí³ñòü êëîíàëüíèõ àíîìàë³é õðîìîñîì ó 
61,0 %, ïðè öüîìó ðåºñòðóþòüñÿ ê³ëüê³ñí³ òà 
ñòðóêòóðí³ àíîìàë³¿ õðîìîñîì, ìàðêåðí³ õðî-
ìîñîìè, ìîíîñîì³¿ õðîìîñîì 5 òà 7, êîì-
ïëåêñí³ êàð³îòèïè (òðè ³ á³ëüøå àíîìàë³é 
õðîìîñîì), åâîëþö³ÿ êëîíàëüíèõ àíîìàë³é 
õðîìîñîì (Preiss et al, 2010; Kayser et al, 2011; 
Aldoss et AL, 2019). Ó äðóã³é ãðóï³ â ðåçóëüòà-
ò³ òåðàï³¿ ³íã³á³òîðàìè ÄÍÊ òîïî³çîìåðàçè ²², 
áåç ïðåëåéêåì³÷íî¿ ôàçè, ÷àñòî ô³êñóþòüñÿ 
çáàëàíñîâàí³ òðàíñëîêàö³¿ ç çàëó÷åííÿì 11q23 
(ãåí KMT2A) (Visani et al, 2000). Îêð³ì òîãî, 
äî ê³ëüê³ñíèõ òà ñòðóêòóðíèõ àíîìàë³é ìîæóòü 
çàëó÷àòèñü õðîìîñîìè 7–9, 11–13, 15, 21 òà 22, 
â ðåçóëüòàò³ ÷îãî âèÿâëÿëè ã³ïî- òà ã³ïåðäèïëî-
¿äí³ êàð³îòèïè (Chen et al, 2007; Leone et al, 
2021; Abdulwahab et al, 2021).
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Ïîð³âíÿëüíà õàðàêòåðèñòèêà àíîìàëüíèõ êàð³îòèï³â ïðè âòîðèííèõ ãîñòðèõ ëåéêåì³ÿõ

Ó âèïàäêàõ âòÃÌË ï³ñëÿ ì³ºëîïðîë³ôåðà-
òèâíèõ íîâîóòâîðåíü â êë³òèíàõ ê³ñòêîâîãî 
ìîçêó (ÊÌ) ô³êñóþòüñÿ ìîíîñîìàëüí³, êîìï-
ëåêñí³ êàð³îòèïè, îäíó ÷è äâ³ àíîìàë³¿ ³ç çà-
ëó÷åííÿì +8, –7/7q–, i(17q), –5/5q–, 12p,
inv(3), 11q23, 17p– (Dunbar et al, 2020). Ïî-
ð³âíÿííÿ êàð³îòèï³â íà ÷àñ âñòàíîâëåííÿ ä³-
àãíîçó ³ ïðè âòÃÌË, âèÿâèëî, ùî ïðè âòÃÌË 
÷àñò³øå ðåºñòðóþòüñÿ êîìïîçèòí³, ñêëàäí³ êà-
ð³îòèïè, ã³ïåðäèïëî¿ä³ÿ, ìàðêåðí³ òà ê³ëüöåâ³ 
õðîìîñîìè, ñêëàäí³ ê³ëüê³ñí³ òà ñòðóêòóðí³ 
ïåðåáóäîâè (Mingzhu et al, 2023).  

Âòîðèíí³ ãîñòð³ ë³ìôîáëàñòí³ ëåéêåì³¿ (âòÃËË) 
âèÿâëÿþòüñÿ ð³äêî, ùî ñïðè÷èíÿº òðóäíîù³ ó 
âñòàíîâëåíí³ ÷è º âòÃËË îêðåìîþ ïàòîëîã³-
ºþ, ÿêà âèíèêàº âíàñë³äîê ãåíîòîêñè÷íîãî 
ïîøêîäæåííÿ, ÷è â ðåçóëüòàò³ ãåííèõ, õðîìî-
ñîìíèõ àíîìàë³é, ÿê³ ôîðìóþòü ðåçèñòåíò-
í³ñòü äî õ³ì³îòåðàï³¿ (ÕÒ). Ïðîòå íåçàëåæíî â³ä 
ïðè÷èííî-íàñë³äêîâîãî çâ’ÿçêó ç ïîïåðåäí³ìè 
ìåòîäàìè ë³êóâàííÿ, âòÃËË õàðàêòåðèçóºòüñÿ 
íåñïðèÿòëèâèì ïðîãíîçîì ïåðåá³ãó çàõâîðþ-
âàííÿ (Giri et al, 2015). 

Ñïðîáè ïðîàíàë³çóâàòè çàêîíîì³ðíîñò³ ôîð-
ìóâàííÿ àíîìàëüíèõ êàð³îòèï³â ïðè âòîðèí-
íèõ ãîñòðèõ ëåéêåì³ÿõ (âòÃË) ïðèâåëè äî 
ðîçóì³ííÿ õàîòè÷íîñò³ çàëó÷åííÿ äî ê³ëüê³ñ-
íèõ òà ñòðóêòóðíèõ ïåðåáóäîâ øèðîêîãî ñïåê-
òðó õðîìîñîì, ÿê³ ïðèçâîäÿòü äî ôîðìóâàííÿ 
ñêëàäíèõ êîìïëåêñíèõ àíåóïëî¿äíèõ êàð³îòè-
ï³â ³ç çàëó÷åííÿì ïðàêòè÷íî âñ³õ ïàð õðîìîñîì 
(Mingzhu et al, 2023; Song et al, 2023). Îäíàê, 
âñòàíîâèòè çàãàëüí³ ðèñè, ÿê³ õàðàêòåðèçóþòü 
ê³ëüê³ñí³ òà ñòðóêòóðí³ àíîìàë³¿ õðîìîñîì àâ-
òîðàì íå âäàëîñÿ. 

Â³äñóòí³ñòü çàêîíîì³ðíîñòåé ôîðìóâàííÿ àíî-
ìàëüíèõ êàð³îòèï³â ïðè âòÃË ìîæå áóòè ïî-
â’ÿçàíà, ÿê ç ïåðâèííèìè àíîìàë³ÿìè, òàê 
³ ç ð³çíèìè ðåæèìàìè ÕÒ òà ¿õ òðèâàë³ñòþ. 
Ïîøóê öèòîãåíåòè÷íèõ ñêëàäîâèõ àíîìàëüíèõ 
êàð³îòèï³â ïðè âòÃË ñïðèÿòèìóòü ðîçóì³ííþ 
ìîæëèâèõ ñï³ëüíèõ îñîáëèâîñòåé ôîðìóâàííÿ 
äàíèõ íîâîóòâîðåíü. Òîìó ìåòîþ íàøîãî äîñ-
ë³äæåííÿ áóëî ñï³âñòàâëåííÿ ê³ëüê³ñíèõ òà 
ñòðóêòóðíèõ àíîìàë³é õðîìîñîì ïðè âòÃË ç 
óðàõóâàííÿì ïîïåðåäí³õ ðåæèì³â òåðàï³¿.

Ìàòåð³àëè òà ìåòîäè. Öèòîãåíåòè÷í³ äîñë³ä-
æåííÿ ïðîâîäèëè íà ñóñïåíç³¿ êë³òèí ÊÌ 11 
ïàö³ºíò³â, çðàçêè íàäõîäèëè â ëàáîðàòîð³þ 

âïðîäîâæ 2015–2022 ðð. Ñï³ââ³äíîøåííÿ æ³-
íîê ³ ÷îëîâ³ê³â 1,0 : 0,2, ñåðåäí³é â³ê ñòàíîâèâ 
56,1 ± 9,1 ðîê³â (â³ä 46 äî 78 ðîê³â). Âì³ñò 
ëåéêîöèò³â êîëèâàâñÿ â³ä 1,2 äî 55 × 109/ë, 
åðèòðîöèò³â – â³ä 1,72 äî 4,1 × 1012/ë, ãåìî-
ãëîá³í – â³ä 67 äî 121 ã/ë, òðîìáîöèò³â – â³ä
1 äî 298 × 109/ë, áëàñòíèõ êë³òèí â ïåðè-
ôåðè÷í³é êðîâ³ – â³ä 1 äî 88 %. Ä³àãíîç 
âñòàíîâëþâàëè ó â³ää³ë³ ³ìóíîöèòîõ³ì³¿ òà îíêî-
ãåìàòîëîã³¿ ²íñòèòóòó åêñïåðèìåíòàëüíî¿ ïàòî-
ëîã³¿, îíêîëîã³¿ ³ ðàä³îá³îëîã³¿ ³ì. Ð.ª. Êàâå-
öüêîãî ÍÀÍ Óêðà¿íè òà ïðèâàòíèõ ìåäè÷íèõ 
ëàáîðàòîð³ÿõ Óêðà¿íè.

Êàð³îòèïè êë³òèí ÊÌ îö³íþâàëè ç óðàõó-
âàííÿì ïåðâèííîãî íîâîóòâîðåííÿ òà áóëè 
çãðóïîâàí³ íàñòóïíèì ÷èíîì: 

1) ÌÄÑ, ùî òðàíñôîðìóâàëèñü â ãîñòðó
ì³ºëî¿äíó ëåéêåì³þ ç ì³í³ìàëüíèì äèôåðåí-
ö³þâàííÿì (Ì1-ÃÌË), ãîñòðó ìîíîáëàñòíó 
ëåéêåì³þ (Ì5-ÃÌË) òà ãîñòðó ì³ºëî¿äíó 
ëåéêåì³þ (ÃÌË) (¹ 1–4) ï³ñëÿ çàñòîñóâàííÿ 
öèêëîñïîðèíó. 

2) Â- òà Ò-êë³òèíí³ íå´îäæê³íñüê³ ë³ìôîìè 
(Â-ÍÃË òà Ò-ÍÃË), ÿê³ â ñõåìàõ ë³êóâàííÿ 
îòðèìóâàëè àíòðàöèêë³íè òà àëê³ëóþ÷³ ïðå-
ïàðàòè, à ÷åðåç 1,0–1,5 ðîêè ðîçâèíóëèñÿ 
ãîñòðà ë³ìôîáëàñòíà ëåéêåì³ÿ (ÃËË) òà ÃÌË, 
â³äïîâ³äíî (¹ 5, 6); 

3) ñîë³äí³ ïóõëèíè, ÿê³ ë³êóâàëèñÿ ³ç çàñòî-
ñóâàííÿì ïîë³ÕÒ òà ïðîìåíåâî¿ òåðàï³¿, ùî 
òðàíñôîðìóâàëèñü â ÌÄÑ (¹ 7) ³ Ì5-ÃÌË 
(¹ 8);

4) ïî îäíîìó âèïàäêó òðàíñôîðìàö³¿ ãîñò-
ðî¿ ì³ºëî¿äíî¿ ëåéêåì³¿ ç äèôåðåíö³þâàííÿì 
(Ì2-ÃÌË) íà Ì5-ÃÌË ï³ñëÿ ë³êóâàííÿ çà 
ïðîòîêîëîì «7 + 3» (öèòîçàð 200–400 ìã/ì2, 
³äàðóá³öèí 12 ìã/ì2, ì³òîêñàíòðîí 10 ìã/ì2) 
(¹ 9); õðîí³÷íî¿ ì³ºëî¿äíî¿ ëåéêåì³¿ (ÕÌË) 
â Â-êë³òèííó ÃËË (Âêë-ÃËË) íà òë³ òàðãåò-
íî¿ òåðàï³¿ ³íã³á³òîðîì bcr-abl-òèðîçèíê³íàçè 
(¹ 10) òà ïëàçìîöèòàðíî¿ (ìíîæèííî¿) ì³º-
ëîìè (ÌÌ) â ÌÄÑ (ï³ñëÿ àóòîòðàíñïëàíòàö³¿ 
(ÒÑÊ) (¹ 11).

Òîáòî, ïðè âòîðèííèõ íîâîóòâîðåííÿõ 9 
âèïàäê³â ñòîñóâàëèñÿ òðàíñôîðìàö³¿ â ìåæàõ 
íîâîóòâîðåíü êðîâîòâîðíî¿ òà ë³ìôî¿äíî¿ òêà-
íèí (¹ 1–6, 9, 10 òà 11) ³ äâà – ôîðìóâàííÿ 
âòîðèííîãî ÌÄÑ òà Ì5-ÃÌË ï³ñëÿ ë³êóâàí-
íÿ ñîë³äíèõ ïóõëèí (¹ 7 òà 8, â³äïîâ³äíî).  
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Ñ.Â. Àíäðåºâà, Ê.Â. Êîðåöü, Î.Ì. Öÿïêà, ².Ì. Ñêîðîõîä 

Êàð³îòèïóâàííÿ ïðîâîäèëè íà ìåòàôàçíèõ 
õðîìîñîìàõ çàáàðâëåíèõ íà G-ñìóæêè (GTG-
ìåòîä). Â êîæíîìó âèïàäêó àíàë³çóâàëè â³ä 
10 äî 20 ìåòàôàçíèõ ïëàñòèíîê. Ïðåïàðàòè 
ãîòóâàëè çà çàãàëüíîïðèéíÿòîþ ìåòîäèêîþ 
(Swansbury, 2003), ï³ñëÿ 24-ãîäèííîãî êóëüòè-
âóâàííÿ ó ïîæèâíîìó ñåðåäîâèù³ RPMI 1640 
(«Gibco», Âåëèêà Áðèòàí³ÿ) ç 20,0 % âì³ñòîì 
åìáð³îíàëüíî¿ òåëÿ÷î¿ ñèðîâàòêè («Aigma», 
ÑØÀ) òà ãåíòàì³öèíîì 10 ìã/ìë («Capricorn», 
Í³ìå÷÷èíà). Çàðåºñòðîâàí³ õðîìîñîìí³ àíîìà-
ë³¿ îïèñóâàëè â³äïîâ³äíî äî ì³æíàðîäíî¿ íî-
ìåíêëàòóðè õðîìîñîì ëþäèíè ISCN 2020 
(McGowan-Jordan, 2020). 

Êàð³îòèïè êë³òèí ÊÌ çà ñòðóêòóðîþ êëîí³â 
áóëè çãðóïîâàí³ íàñòóïíèì ÷èíîì: àíîìàëü-
íèé (À), àíîìàëüíèé ³ á³ëÿòåòðàïëî¿äíèé (A/4n)
òà åâîëþö³ÿ êëîíàëüíèõ àíîìàë³é õðîìîñîì 
(Å). Ìîíîñîìàëüíèì ââàæàëè êàð³îòèï çà íà-
ÿâíîñò³ ùîíàéìåíøå ìîíîñîì³é äâîõ õðîìî-
ñîì, àáî ìîíîñîì³¿ îäí³º¿ õðîìîñîìè òà äî-
äàòêîâèõ ñòðóêòóðíèõ ïåðåáóäîâ (Bohtler et al, 
2017). Ñêëàäíèì êàð³îòèïîì ââàæàëè âèïàä-
êè ç òðüîìà ³ á³ëüøå àíîìàë³ÿìè õðîìîñîì 
(Nguyen-Khac et al, 2022). Äîñë³äæåííÿ ìåòî-
äîì iFISH ïðîâîäèëè íà ÿäðàõ ³íòåðôàçíèõ 

êë³òèí ï³ñëÿ êîðîòêîòðèâàëîãî (24-ãîäèííî-
ãî) êóëüòèâóâàííÿ ç âèêîðèñòàííÿì íàáîðó 
XL TP53/17cen («Metasystem», Í³ìå÷÷èíà).

Àíàë³ç êàð³îòèï³â ïðîâîäèëè ç âèêîðèñ-
òàííÿì ì³êðîñêîï³â Olympus BX40 («Olym-
pus», ßïîí³ÿ) òà Nikon Eclipse Ci («Nikon», 
Í³ìå÷÷èíà). Çîáðàæåííÿ àíàë³çóâàëè çà äîïî-
ìîãîþ ïðîãðàìè Lucia âåðñ³ÿ 3.1 («Lucia», ×å-
õ³ÿ). Àíàë³ç ðåçóëüòàò³â äîñë³äæåííÿ âèêîíó-
âàëè ó ïðîãðàì³ «Excel».

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ. Àíàë³ç îòðè-
ìàíèõ ðåçóëüòàò³â ìè ïîä³ëèëè íà äåê³ëüêà 
åòàï³â. Ñïî÷àòêó îö³íþâàëè êàð³îòèïè çà ñòðóê-
òóðîþ êëîí³â. Ó ï³äñóìêó íå áóëî çàðåºñòðî-
âàíî æîäíîãî âèïàäêó ç íîðìàëüíèì êàð³îòè-
ïîì òà ïåðåâàæàëè ñàìîñò³éí³ àíîìàëüí³ êëî-
íè: 6 êàð³îòèï³â (54,5 %), åâîëþö³ÿ êëîíàëü-
íèõ àíîìàë³é õðîìîñîì – 3 êàð³îòèïè (27,3 %).
Äîäàòêîâèé á³ëÿòåòðàïëî¿äíèé êëîí âñòàíîâ-
ëåíî ó 3 êàð³îòèïàõ (27,3 %). Ê³ëüê³ñí³ òà 
ñòðóêòóðí³ àíîìàë³¿ õðîìîñîì ïðåäñòàâëåí³ â 
òàáëèö³.

Ïåðøà ãðóïà: êàð³îòèï ¹ 1 � ñêëàäíèé, â
ÿêîìó áóëî â³äñë³äêîâàíî åòàïè åâîëþö³¿ ïåð-
âèííî¿ àíîìàë³¿ t(1;3)(p36;q21), â ðåçóëüòàò³
ÿêî¿ óòâîðþºòüñÿ õèìåðíèé ãåí RPN1/PRDM16 

Ðåçóëüòàòè êàð³îòèïóâàííÿ êë³òèí ê³ñòêîâîãî ìîçêó ïðè âòîðèííèõ ãîñòðèõ ëåéêåì³ÿõ

Â³ê Ï³äòèï íîâîóòâîðåííÿ Êàð³îòèï
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ÌÄÑ � Ì1-ÃÌË

ÌÄÑ � Ì5 ÃÌË

ÌÄÑ � ÃÌË

ÌÄÑ � ÃÌË

Â-ÍÃË � ÃËË

Ò-ÍÃË � ÃÌË

ðàê ÿº÷íèê³â � ÌÄÑ

ðàê ïðÿìî¿ êèøêè � Ì5-ÃÌË

Ì2 � Ì5-ÃÌË 

ÕÌË � Âêë-ÃËË

ÌÌ � ÌÄÑ

46,XX,t(1;3)(p36;q21)[7]/47,idem,+14[9]/47,idem,+14,add(11)(p15)[3]

44,XX,-4,-7,-10,del(11)(q13q21),+mar1,+mar2[cp17]/82<4n>,XXXX[3]

47,XX,+11[17]

45~48,XX,del(1)(q24),+del(1)(q12),-5,der(7)t(7;?)(q32;q?),+21,+22,
+mar1,+mar2,+mar3,+mar4[cp18]/88<4n>,XXXX[2]

46,XX,t(4;11)(q21;q23)[20]

45~47,XX,i(22)(q10),+mar1,+mar2[cp10]

46,XX,del(5)(q31q33),del(6)(q16),add(17)(p13)[20].nuc ish(TP53x1)[100]

42~44,X,-X,t(9;6)(p23;q13),-14,-15,-16,-21,+mar1,+mar2,+r(?)[cp20]

44~47,XX,der(3)t(3;?)(p10;?),der(3)t(3;?)(q10;?),-5,-6,der(7)?inv(7)
(q22q33),del(8)(p23),t(9;11)(p22;q23),del(14)(q22),-18,-22,+r(?),
+mar1,+mar2[cp17]/88~95,idem,+r(?)×4,+r(?)×4[cp3]

46,XY,t(9;22)(q34;q11)[20] � 46,XY,t(9;22)(q34;q11)[17]/48,XY,t(9;22)
(q34;q11),+13,+der(22)t(9;22)[3]

47,XY,+mar[7]/46,XY,-7,+mar[ñð6]/46,XY[9]
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àáî RPN1/MEL1 ³ ñïîñòåð³ãàºòüñÿ íàäì³ðíà 
åêñïðåñ³ÿ ãåíà PRDM16 (1ð36) àáî ãåíà MEL1 
(1ð36) (Atlas, 2022). Íà íàñòóïíîìó åòàï³ 
âñòàíîâëåíî ïîÿâó òðèñîì³¿ õðîìîñîìè 14. 
Ïîäàëüøå óñêëàäíåííÿ ñóïðîâîäæóâàëîñü 
ïîÿâîþ äîäàòêîâîãî ãåíåòè÷íîãî ìàòåð³àëó íå-
âñòàíîâëåíîãî ïîõîäæåííÿ íà êîðîòêîìó ïëå÷³ 
õðîìîñîìè 11 (add(11)(p15)), ùî ðîçãëÿäàºòü-
ñÿ ÿê ãåíåòè÷íà îçíàêà âïëèâó ÕÒ òà ðåºñòðó-
ºòüñÿ ïðè âòÃÌË ³ ÌÄÑ (Atlas, 2022). Ñóìàðíî 
öå ñâ³ä÷èòü ïðî õðîìîñîìíó íåñòàá³ëüí³ñòü 
(ÍÕ). Çàëåæíî â³ä òèïó àíîìàë³é ÍÕ êëàñèô³-
êóþòü íà ê³ëüê³ñíó (êÍÕ), ÿêà õàðàêòåðèçó-
ºòüñÿ òðèñîì³ÿìè, ìîíîñîì³ÿìè àáî ïîë³ïëî-
¿ä³ºþ, ³ ñòðóêòóðíó (ñÍÕ), ïðåäñòàâëåíó ñòðóê-
òóðíèìè ïåðåáóäîâàìè (çáàëàíñîâàí³ ³ íåçáà-
ëàíñîâàí³ òðàíñëîêàö³¿, äåëåö³¿, ê³ëüöåâ³ õðî-
ìîñîìè òà äèöåíòðè÷í³ õðîìîñîìè) (Lisboa et 
al, 2021).

Êàð³îòèï ¹ 2 – ñêëàäíèé ìîíîñîìàëüíèé 
êîìïîçèòíèé (44 õðîìîñîìè) ç äâîìà ìàðêåð-
íèìè õðîìîñîìàìè ïðè îäíî÷àñí³é ìîíîñîì³¿ 
õðîìîñîì 4, 7, 10 òà äåëåòîâàíîãî ôðàãìåíòó 
äîâãîãî ïëå÷à õðîìîñîìè 11 ì³æ ñìóæêàìè 
11q13 ³ 11q21. Öå ñïîíóêàëî íàñ ïðèïóñòèòè, 
ùî ó ôîðìóâàíí³ öèõ ìàðêåðíèõ õðîìîñîì 
áðàëè ó÷àñòü âòðà÷åíèé ãåíåòè÷íèé ìàòåð³àë. 
Ââàæàºòüñÿ, ùî ìàðêåðí³ õðîìîñîìè º äî-
äàòêîâèìè òà ôîðìóþòüñÿ âíàñë³äîê çíà÷íèõ 
ñòðóêòóðíèõ õðîìîñîìíèõ ïåðåáóäîâ, ìîæëè-
âî â ðåçóëüòàò³ õðîìîòðèïñèñó òà ðåºñòðóþòü-
ñÿ ó 50,2 % âèïàäê³â ÃÌË (Bohtler et al, 2017).

Êàð³îòèï ¹ 3 º ã³ïåðäèïëî¿äíèì, çà ðàõó-
íîê òðèñîì³¿ õðîìîñîìè 11, ÿêà âèíèêàº de 
novo (ÌÄÑ, ÃÌË, ÃËË àáî çì³øàíîêë³òèíí³ 
ëåéêåì³¿), à òàêîæ â ðåçóëüòàò³ òðàíñôîðìàö³¿ 
ÌÄÑ ó âòÃÌË, ç ìóëüòèë³í³éíîþ äèñïëàç³ºþ 
(Hemsing et al, 2019). 

Êàð³îòèï ¹ 4 – ñêëàäíèé êîìïîçèòíèé 
ã³ïî-ã³ïåðäèïëî¿äíèé çà ðàõóíîê òðèñîì³é õðî-
ìîñîì 21, 22, ìîíîñîì³¿ õðîìîñîìè 5, ñòðóê-
òóðíèõ ïåðåáóäîâ ³ç çàëó÷åííÿì äîâãèõ ïëå÷åé 
õðîìîñîì 1 òà 7 ³ ÷îòèðüîõ ìàðêåðíèõ õðîìî-
ñîì. Âíàñë³äîê äåëåö³¿ del(1)(q12) â³äáóâàºòüñÿ 
âòðàòà ãåí³â-ñóïðåñîð³â ïóõëèí (Atlas,2022).  

Òîáòî, ó òðüîõ âèïàäêàõ äî ê³ëüê³ñíèõ ³ 
ñòðóêòóðíèõ ïåðåáóäîâ çàëó÷àëàñü õðîìîñîìà 
11 (¹ 1, 2, 3); â òðüîõ âèïàäêàõ – àíîìàë³¿ 
õðîìîñîìè 1 (¹ 1, 4 × 2); â äâîõ âèïàäêàõ  
îäíî÷àñíî âèÿâëåíî àíîìàë³¿ õðîìîñîìè 7 òà 

ìàðêåðí³ õðîìîñîìè (¹ 2, 4). ÍÕ âñòàíîâëåíà 
ó òðüîõ âèïàäêàõ (¹ 1, 2, 4). Ð³çíîìàí³òòÿ 
ê³ëüê³ñíèõ òà ñòðóêòóðíèõ àíîìàë³é õðîìîñîì 
â ãðóï³ ç ïåðâèííèì íîâîóòâîðåííÿì ÌÄÑ ³
ïîä³áíà ñõåìà òåðàï³¿ ìîæå ñâ³ä÷èòè ïðî íå-
îäíàêîâ³ ê³ëüê³ñí³ àáî ñòðóêòóðí³ ïåðåáóäîâè 
ïåðåä ïî÷àòêîì ë³êóâàííÿ ÌÄÑ. Âñ³ êàð³îòè-
ïè ìàëè õðîìîñîìí³ ïåðåáóäîâè, ÿê³ â³äíîñè-
ëèñü äî ãðóïè íåñïðèÿòëèâîãî öèòîãåíåòè÷-
íîãî ïðîãíîçó ïåðåá³ãó çàõâîðþâàííÿ (Atlas,
2022; NCCN, 2023).

Äðóãà ãðóïà: êàð³îòèï ¹ 5 ïðåäñòàâëåíèé 
îäí³ºþ çáàëàíñîâàíîþ òðàíñëîêàö³ºþ t(4;11)
(q21;q23), â ðåçóëüòàò³ ÿêî¿ ôîðìóºòüñÿ õèìåð-
íèé ãåí KMT2A/AFF1. Àíîìàë³ÿ âèÿâëÿºòüñÿ 
ÿê ïðè ÃËË ³ç ðàíí³õ Â-ïîïåðåäíèê³â, òàê ³ 
ïðè ÃÌË (÷àñò³øå Ì5-ÃÌË). Äàíà òðàíñëî-
êàö³ÿ âåäå äî âòðàòè äîìåíó ìåòèëòðàíñôåðàçè 
ó KMT2A ï³ñëÿ ôîðìóâàííÿ õèìåðíîãî ãåíó. 
Ìåõàí³çì, ÿêèé ñïðè÷èíÿº ëåéêîçîãåíåç, íåâ³-
äîìèé (Atlas, 2022). Ãåí KMT2A º ðåãóëÿòî-
ðîì ãåìîïîåçó ³ ðîçâèòêó åìáð³îí³â øëÿõîì 
ðåãóëÿö³¿ åêñïðåñ³¿ ãåí³â HOX (çîêðåìà HOXA9) 
(Lafage-Pochitaloff et al, 2017). 

Êàð³îòèï ¹ 6 – ñêëàäíèé êîìïîçèòíèé 
ã³ïî-ã³ïåðäèïëî¿äíèé ç íåçáàëàíñîâàíîþ ñòðóê-
òóðíîþ ïåðåáóäîâîþ i(22)(q10) òà äâîìà ìàð-
êåðíèìè õðîìîñîìàìè. ²çîõðîìîñîìà i(22)(q10)
ðåºñòðóºòüñÿ ó êë³òèíàõ-ïîïåðåäíèêàõ ì³ºëî-
¿äíî¿ ë³í³éíîñò³ òà ó ñêëàäíîìó êàð³îòèï³ 
(Atlas, 2022). 

Äàíà ãðóïà õàðàêòåðèçóâàëàñÿ çáàëàíñîâà-
íèìè (¹ 5) òà íåçáàëàíñîâàíèìè ñòðóêòóð-
íèìè ïåðåáóäîâàìè, ÿê³ ñïðè÷èíèëè ôîðìó-
âàííÿ êÍÕ ³ ñÍÕ (¹ 6). Âðàõîâóþ÷è ð³çí³ 
ïðîòîêîëè ÕÒ ïðè Â- ³ Ò-êë³òèííèõ ë³ìôîìàõ, 
ïðîâåñòè ñï³âñòàâëåííÿ êàð³îòèï³â â ö³é ãðóï³ 
âòÃË íåìîæëèâî. Â êîæíîìó êàð³îòèï³ ïðè-
ñóòí³ àíîìàë³¿ õðîìîñîì, ÿê³ â³äíîñèëèñü äî
ãðóïè íåñïðèÿòëèâîãî öèòîãåíåòè÷íîãî ïðîã-
íîçó ïåðåá³ãó çàõâîðþâàíü (Atlas, 2022).

Òðåòÿ ãðóïà: êàð³îòèï ¹ 7 – ñêëàäíèé 
ïñåâäîäèïëî¿äíèé ç ³íòåðñòèö³àëüíîþ äåëåö³-
ºþ äîâãîãî ïëå÷à õðîìîñîìè 5 (ñìóæêè 5q31 
òà 5q33), â ðåçóëüòàò³ ÿêî¿ â³äáóâàºòüñÿ çì³íà 
åêñïðåñ³¿ ðèáîñîìàëüíèõ ãåí³â, â òîìó ÷èñë³ 
RPS11, RPS19 ³ RPS24 òà äåëåö³þ äîâãîãî ïëå-
÷à õðîìîñîìè 6, â ðåçóëüòàò³ ÿêî¿, çà äàíèìè 
ë³òåðàòóðè, â³äáóâàºòüñÿ âòðàòà ãåíà-ñóïðåñîðà 
ïóõëèí (6q21) ³ ìîæå çí³ìàòè êîíòðîëü ðîç-
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âèòêó òðàíñôîðìîâàíèõ àíîìàëüíèõ êë³òèí 
ÿê ïðå-Â-, òàê ³ Ò-êë³òèí, ùî â³äîáðàæàþòü 
áàãàòîêðîêîâèé ïðîöåñ ëåéêîçîãåíåçó (Atlas, 
2022). Ïîÿâà äîäàòêîâîãî ìàòåð³àëó íåâ³äîìîãî 
ïîõîäæåííÿ íà êîðîòêîìó ïëå÷³ õðîìîñîìè 
17 ñóïðîâîäæóâàëàñü âòðàòîþ ãåíó ÒÐ53, ùî 
ï³äòâåðäæåíî íàøèìè ðåçóëüòàòàìè ³FISH 
äîñë³äæåííÿ. Ãåí ÒÐ53 (ôàêòîð òðàíñêðèïö³¿ 
p53) ðåàãóº íà ð³çíîìàí³òí³ êë³òèíí³ ñòðåñè, ðå-
ãóëþþ÷è ãåíè-ì³øåí³, ÿê³ âèêëèêàþòü çóïèíêó 
êë³òèííîãî öèêëó, àïîïòîç, ñòàð³ííÿ, ðåïàðà-
ö³þ ÄÍÊ àáî çì³íè ìåòàáîë³çìó (Aubrey et al, 
2016). 

Êàð³îòèï ¹ 8 º ñêëàäíèì êîìïîçèòíèì 
ìîíîñîìàëüíèì çà ðàõóíîê ìîíîñîì³é ñòàòå-
âî¿ õðîìîñîìè Õ òà àóòîñîì 14–16, 21, çáà-
ëàíñîâàíî¿ òðàíñëîêàö³¿, äâîõ ìàðêåðíèõ òà
ê³ëüöåâî¿ õðîìîñîìè. Ê³ëüöåâ³ õðîìîñîìè ðå-
ºñòðóþòüñÿ ó 75,0 % âèïàäê³â ÃÌË ç êîì-
ïëåêñíèì êàð³îòèïîì. Ïîõîäæåííÿ ¿õ äîòåïåð 
íå âñòàíîâëåíî (Rosenbaum et al, 2017). 

Äëÿ ö³º¿ ãðóïè áóëî õàðàêòåðíèì âòðàòà 
ãåíåòè÷íîãî ìàòåð³àëó çà ðàõóíîê äåëåö³é (¹ 7)
òà ìîíîñîì³é (¹ 8). Â îáîõ êàð³îòèïàõ äî 
ñòðóêòóðíèõ ïåðåáóäîâ çàëó÷àëàñü õðîìîñîìà 6.
Êàð³îòèï ¹ 8 õàðàêòåðèçóâàâñÿ ñêëàäíèìè 
ñòðóêòóðíèìè àíîìàë³ÿìè (ìàðêåðí³ õðîìî-
ñîìè), òîáòî ìàâ îçíàêè êÍÕ ³ ñÍÕ. Àíîìàë³¿ 
õðîìîñîì òàêîæ îïèñàí³ ÿê öèòîãåíåòè÷íî 
íåñïðèÿòëèâ³ (Atlas,2022; NCCN, 2023).

Êàð³îòèï ¹ 9 – ñêëàäíèé êîìïîçèòíèé 
ìîíîñîìàëüíèé ç ÷îòèðìà íåçáàëàíñîâàíèìè, 
äâîìà çáàëàíñîâàíèìè ñòðóêòóðíèìè ïåðåáó-
äîâàìè, ê³ëüöåâîþ òà äâîìà ìàðêåðíèìè õðî-
ìîñîìàìè. Ïðîòå, ñàìå t(9;11)(p21;q23) ³ âè-
çíà÷èëà ï³äòèï Ì5-ÃÌË. Çà äàíèìè ë³òåðà-
òóðè â ðåçóëüòàò³ ïåðåáóäîâè ôîðìóºòüñÿ õè-
ìåðíèé ãåí KMT2A/MLLT3 (Atlas, 2022). Ó
ïàðàöåíòðè÷íó ³íâåðñ³þ äîâãîãî ïëå÷à õðîìî-
ñîìè 7 çàëó÷àëèñÿ ñìóæêè 7q22 òà 7q33. ² ÿê ó 
êàð³îòèïàõ ¹ 2 ³ ¹ 4 â óòâîðåíí³ ìàðêåðíèõ 
õðîìîñîì, çà íàøèì ïðèïóùåííÿì, çàëó÷àâñÿ
ãåíåòè÷íèé ìàòåð³àë âòðà÷åíèõ õðîìîñîì 5,
6, 18 ³ 22. Â á³ëÿòåòðàïëî¿äíîìó êëîí³ ê³ëü-
öåâà õðîìîñîìà ç ïåðâèííîãî êëîíó áóëà 
ïðåäñòàâëåíà ÷îòèðìà êîï³ÿìè òà äîäàòêîâî 
÷îòèðìà êîï³ÿìè ³íøî¿ ê³ëüöåâî¿ õðîìîñîìè. 
Òîáòî, îêð³ì ïîäâîºííÿ àíîìàë³é ïåðâèííîãî 
êëîíó, â³äáóëèñÿ ³íø³ ïîä³¿, ÿê³ ïðèçâåëè äî 
ïîÿâè äîäàòêîâèõ çì³í â äðóãîìó êëîí³, ÿê³ 

íå áóëè ïîâ’ÿçàí³ ç ïîäâîºííÿì ãåíåòè÷íîãî 
ìàòåð³àëó.

Êàð³îòèï ¹ 10 – ñêëàäíèé, â ÿêîìó ñïîñ-
òåð³ãàºòüñÿ åâîëþö³ÿ ïåðâèííîãî êëîíó ç³ çáà-
ëàíñîâàíîþ òðàíñëîêàö³ºþ t(9;22)(q34;q11.2) 
íà ÷àñ âñòàíîâëåííÿ ä³àãíîçó ÕÌË, ç ïîäàëü-
øèì óñêëàäíåííÿì çà ðàõóíîê òðèñîì³¿ õðî-
ìîñîìè 13 òà äîäàòêîâî¿ ïîõ³äíî¿ õðîìîñîìè 
22. Â ðåçóëüòàò³ òðàíñëîêàö³¿ t(9;22)(q34;q11.2) 
óòâîðþºòüñÿ çëèâíèé ãåí BCR/ABL1, ÿêèé º
³íã³á³òîðîì àïîïòîçó òà ïðîâîêóº ïîðóøåííÿ 
àäãåç³¿ äî ñòðîìàëüíèõ êë³òèí ÊÌ. Ðåçèñòåíò-
í³ñòü äî ÕÒ ìîæå áóòè ðåçóëüòàòîì ìóòàö³é 
â ãåíàõ CRLF2 (64,2 %), ABL êëàñó (18,7 %), 
JAK2 (9,0 %), EPOR (5,7 %) (Harvey et al, 
2020). Òðèñîì³ÿ õðîìîñîìè 13 ïîâ’ÿçàíà ç ìó-
òàö³ÿìè RUNX1 ³ âèñîêîþ åêñïðåñ³ºþ ìÐÍÊ 
³ ñïðè÷èíÿº çá³ëüøåííÿ ð³âíÿ òðàíñêðèïò³â 
FLT3 (Dicker et al, 2007). Ïîõ³äíà õðîìîñîìà 
der(22)t(9;22) º âòîðèííîþ àíîìàë³ºþ ïî â³ä-
íîøåííþ äî t(9;22)(q34;q11.2) (Shi et al, 2020). 

Êàð³îòèï ¹ 11 – êîìïîçèòíèé, â ÿêîìó 
òàêîæ ñïîñòåð³ãàëè åâîëþö³þ êëîíàëüíèõ àíî-
ìàë³é õðîìîñîì, äå ïåðâèííèé êëîí ç ìàð-
êåðíîþ õðîìîñîìîþ óñêëàäíèâñÿ ïîÿâîþ ìî-
íîñîì³¿ õðîìîñîìè 7. 

Â ö³ëîìó, â êîæíîìó êàð³îòèï³ áóëè ïðè-
ñóòí³ àíîìàë³¿ õðîìîñîì, ùî ðîçãëÿäàþòüñÿ â
ãðóï³ àíîìàë³é, ÿê³ îïèñàí³ â ãðóï³ íåñïðèÿò-
ëèâîãî öèòîãåíåòè÷íîãî ïðîãíîçó (Atlas, 2022;
NCCN, 2023).

Ñï³âñòàâëåííÿ ðåçóëüòàò³â êàð³îòèïóâàííÿ 
â³äíîñíî ð³âíÿ ïëî¿äíîñò³ âèÿâèëî íåçáàëàí-
ñîâàí³ñòü çà ê³ëüê³ñòþ õðîìîñîì ó 9 êàð³îòè-
ïàõ (81,8 %) (¹ 1, 2, 4, 6–11), ñåðåä ÿêèõ ðå-
ºñòðóâàëè ìîíîñîìàëüí³ êàð³îòèïè (¹ 2, 4,
8, 9) (36,4 %). Îäíàê, ó âèá³ðö³ ÷àñò³øå ðåºñ-
òðóâàëè ã³ïåð- (¹ 1, 3, 10, 11) (36,4 %) ³ ã³ïî-
ã³ïåðäèïëî¿äí³ êàð³îòèïè (¹ 4, 6, 9) (27,3 %).
Êîæåí ç ïðîàíàë³çîâàíèõ êàð³îòèï³â õàðàê-
òåðèçóâàâñÿ ³íäèâ³äóàëüíèìè êëàñòåðàìè ê³ëü-
ê³ñíèõ òà ñòðóêòóðíèõ àíîìàë³é õðîìîñîì, ùî 
ïðèçâåëî äî óòâîðåííÿ ñêëàäíèõ êàð³îòèï³â ó 
72,7 % (¹ 1, 2, 4, 6–10).

Ñåðåä ñòðóêòóðíèõ ïåðåáóäîâ íå âèÿâëåíî 
òàêèõ, ùî âíåñåí³ äî ãðóïè ÃÌË ç âñòàíîâëå-
íèìè ãåíåòè÷íèìè àíîìàë³ÿìè (Khoury et al,
2022). ×àñò³øå âèÿâëÿëè íåçáàëàíñîâàí³ ñòðóê-
òóðí³ àíîìàë³¿ ïî â³äíîøåííþ äî çáàëàíñîâà-
íèõ (14 ïðîòè 6 ïîä³é, â³äïîâ³äíî). Ñåðåä çáà-
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ëàíñîâàíèõ ñòðóêòóðíèõ àíîìàë³é ðåºñòðóâà-
ëè 5 òðàíñëîêàö³é (¹ 1, 5, 8, 9, 10), ³íâåðñ³þ 
äîâãîãî ïëå÷à õðîìîñîìè 7 ïî ñìóæêàì 7q22 
³ 7q33 (¹ 5) (25,0 òà 5, 0 %, â³äïîâ³äíî) (ðèñ. 
1). Çàãàëîì íåçáàëàíñîâàí³ àíîìàë³¿ õðîìîñîì 
çàô³êñîâàí³  ó 9 êàð³îòèïàõ (¹ 1, 2, 4, 6–11) 
(81,8 %), ñåðåä ÿêèõ äåëåö³¿ õðîìîñîì – ó 
20, 0 % (¹ 2, 4 × 2, 7 × 2, 9 × 2), íåçáàëàíñî-
âàí³ òðàíñëîêàö³¿ ç íåâñòàíîâëåíèìè õðîìî-
ñîìàìè-ïàðòíåðàìè, â ðåçóëüòàò³ ÿêèõ óòâî-
ðèëèñü ïîõ³äí³ õðîìîñîì – ó 8,6 % (¹ 4, 9 ×
× 2) òà äîäàòêîâà ïîõ³äíà õðîìîñîìè â ðåçóëü-
òàò³ âñòàíîâëåíî¿ òðàíñëîêàö³¿ – ó 2,9 % 
(¹ 10), äîäàòêîâèé ìàòåð³àë íåâ³äîìîãî ïîõî-
äæåííÿ çàðåºñòðîâàíî ó 5,7 % (¹ 1, 7), ³çîõðî-
ìîñîìà – ó 2,9 % (¹ 6), ìàðêåðí³ õðîìîñîìè 
– ó 37,1 % (¹ 2 × 2, 4 × 4, 6 × 2, 8 × 2, 9 × 2, 
11), ç íèõ íà òë³ ìîíîñîì³é ³ äåëåö³é ó 28,3 % 
(¹ 2 × 2, 4 × 4, 8 × 2, 9 × 2) òà ê³ëüöåâ³ õðîìî-
ñîìè – ó 18,2 % (¹ 8, 9).

Äî çáàëàíñîâàíèõ ³ íåçáàëàíñîâàíèõ ñòðóê-
òóðíèõ ïåðåáóäîâ çàëó÷àëèñü õðîìîñîìè 1, 
3–9, 11, 14, 17, 22 (ðèñ. 2). Ó ï³äñóìêó, ç óðà-
õóâàííÿì ê³ëüê³ñíèõ òà ñòðóêòóðíèõ àíîìàë³é 
õðîìîñîì, ÷àñò³øå ðåºñòðóâàëèñü õðîìîñîìè 11 
(4 ñòðóêòóðíèõ ³ 1 òðèñîì³ÿ), 22 (3 ñòðóêòóðíèõ, 
1 ìîíîñîì³ÿ, 1 òðèñîì³ÿ). Ó ìåíø³é ê³ëüêîñò³ 
âèÿâëåí³ àíîìàë³¿ ³ç çàëó÷åííÿì õðîìîñîì 7 
(2 ñòðóêòóðíèõ ³ 2 ìîíîñîì³¿) òà 5 (2 ìîíîñî-
ì³¿ òà 1 ñòðóêòóðíà).   

Â ö³ëîìó ïî âèáîðö³, ðåçóëüòàòè çà øè-
ðîêèì ñïåêòðîì õðîìîñîì, ÿê³ çàëó÷àëèñÿ äî
ê³ëüê³ñíèõ àíîìàë³é õðîìîñîì ³ òèïàìè ñòðóê-
òóðíèõ ïåðåáóäîâ ÷àñòêîâî ñï³âïàäàþòü ç ðå-

çóëüòàòàìè äåÿêèõ äîñë³äíèê³â (Dunbar et al, 
2020; Mingzhu et al, 2023). 

Îñîáëèâ³ñòþ äîñë³äæóâàíèõ êàð³îòèï³â áóëà
íàÿâí³ñòü êîìïîçèòíèõ êàð³îòèï³â, ÿê³ âèÿâ-
ëåíî ó 6 âèïàäêàõ (54,5 %, ¹ 2, 4, 6, 8, 9, 11), 
ùî ìîæå ñâ³ä÷èòè ïðî ÍÕ, ÿêà âèçíà÷àºòüñÿ 

Ðèñ. 1. Â³äñîòêîâèé ðîçïîä³ë òèï³â ñòðóêòóðíèõ 
àíîìàë³é õðîìîñîì â êë³òèíàõ ÊÌ ïðè âòîðèííèõ 
ãîñòðèõ ëåéêåì³ÿõ: 1 – ìàðêåðíà õðîìîñîìà, 2 – 
ê³ëüöåâà õðîìîñîìà, 3 – äåëåö³ÿ, 4 – òðàíñëîêàö³ÿ, 
5 – ïîõ³äíà õðîìîñîìà, 6 – äîäàòêîâèé ìàòåð³àë, 
7 – ³çîõðîìîñîìà

Ðèñ. 2. Ñïåêòð õðîìîñîì, ùî çàëó÷åí³ äî ñòðóêòóðíèõ ïåðåáóäîâ â êë³òèíàõ ÊÌ ïðè âòîðèííèõ ãîñòðèõ 
ëåéêåì³ÿõ
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ÿê çðîñòàþ÷à øâèäê³ñòü, ç ÿêîþ êë³òèíè íàáó-
âàþòü íîâèõ õðîìîñîìíèõ çì³í. Âàæëèâî, ùî 
ÍÕ º îäí³ºþ ç õàðàêòåðíèõ ðèñ íîâîóòâîðåíü. 
ÍÕ ìîæå ñïðèÿòè ñåëåêòèâí³é ïåðåâàç³ àòè-
ïîâèì êë³òèíàì, çá³ëüøóþ÷è éìîâ³ðí³ñòü íî-
âèõ õðîìîñîìíèõ àíîìàë³é, ÿê³ ìîæóòü çì³íèòè 
ïðîô³ëü åêñïðåñ³¿ ãåí³â, ùî ðåãóëþþòü ïîä³ë 
³ äèôåðåíö³þâàííÿ êë³òèí òà ïðèçâîäèòü äî 
ïîñèëåííÿ ïðîë³ôåðàö³¿ (Cahill et al, 1999; Tar-
ga et al, 2018). Íåùîäàâí³ äîñë³äæåííÿ ïîêà-
çàëè ãëèáîêèé çâ’ÿçîê ÍÕ ç âèíèêíåííÿì, 
ïðîãðåñóâàííÿì òà ðåöèäèâîì áàãàòüîõ âèä³â 
íîâîóòâîðåíü (Bakhoum et al, 2018; Bach et al, 
2019; Salgueiro et al, 2020). 

Çàïðîïîíîâàí³ ð³çí³ ìåõàí³çìè âèíèêíåííÿ 
ñêëàäíèõ õðîìîñîìíèõ ïåðåáóäîâ, íàïðèêëàä, 
äåÿê³ àâòîðè âèêîðèñòîâóþòü òåðì³í «õðîìî-
òðèïñèñ» äëÿ ïîçíà÷åííÿ ïîä³é, ïðè ÿêèõ 
ãåíåòè÷íèé ìàòåð³àë çàçíàº âåëè÷åçíî¿ êëàñ-
òåðíî¿ õðîìîñîìíî¿ ïåðåáóäîâè íà ïåâíèõ ä³-
ëÿíêàõ îäí³º¿ àáî äåê³ëüêîõ õðîìîñîì â îäíî-
ìó êë³òèííîìó öèêë³, â ðåçóëüòàò³ ÿêèõ óòâî-
ðþþòüñÿ ìàðêåðí³ õðîìîñîìè (Stephens et al,
2011). Ç ³íøî¿ ñòîðîíè íå äîâåäåíî, ùî õðî-
ìîòðèïñèñ º ïðè÷èíîþ ÍÕ (Lisboa et al, 2021).

Âèñíîâêè. Òàêèì ÷èíîì, íåçâàæàþ÷è íà ð³ç-
í³ ïåðâèíí³ íîçîëîã³÷í³ ãðóïè íîâîóòâîðåíü 
êðîâîòâîðíî¿ òà ë³ìôî¿äíî¿ òêàíèí òà ð³çí³
ðåæèìè òåðàï³¿, àíîìàëüí³ êàð³îòèïè õàðàêòå-
ðèçóâàëèñü íàÿâí³ñòþ êÍÕ ³ ñÍÕ, à ñàìå: 
ñêëàäí³ (72,7 %), íåçáàëàíñîâàí³ êàð³îòèïè 
ãåìîïîåòè÷íèõ êë³òèí ó 81,8 %, ñåðåä ÿêèõ 
âèÿâëÿëè ìîíîñîìàëüí³ (36,4 %) ³ êîìïîçèò-
í³ (54,5 %). Ïðè âòÃË íå âèÿâëåíî êàð³îòèï³â 
áåç ê³ëüê³ñíèõ òà/àáî ñòðóêòóðíèõ ïåðåáóäîâ, 
åâîëþö³þ êëîíàëüíèõ àíîìàë³é õðîìîñîì âñòà-
íîâëåíî ó 27,3 %. Ñåðåä òèï³â ñòðóêòóðíèõ 
ïåðåáóäîâ ïåðåâàæàëè äåëåö³¿ (20,0 %) ³ òðàíñ-
ëîêàö³¿ (14,3 %), ó 37,1 % çàô³êñîâàí³ ìàðêåðí³ 
õðîìîñîìè, ñåðåä íèõ, íà òë³ ìîíîñîì³é òà 
äåëåö³é – ó 28,3 ³ ó 5,7 % – ê³ëüöåâ³ õðîìî-
ñîìè. Ñóìàðíî ê³ëüê³ñòü ñòðóêòóðíèõ òà ê³ëü-
ê³ñíèõ àíîìàë³é õðîìîñîì êîëèâàëàñü â³ä 1 
äî 13 â îäíîìó êàð³îòèï³. Õðîìîñîìè 11 òà 
22 ÷àñò³øå çàëó÷àëèñü äî ê³ëüê³ñíèõ òà ñòðóê-
òóðíèõ ïåðåáóäîâ. Ó äâîõ âèïàäêàõ, êîëè áóëè 
ïðèñóòí³ åòàïè óñêëàäíåííÿ ê³ëüê³ñíèõ òà 
ñòðóêòóðíèõ ïåðåáóäîâ õðîìîñîì íåçàëåæíî 
â³ä ³ìóíîñóïðåñèâíî¿ àáî òàðãåòíî¿ òåðàï³¿, çà 
ïîä³áí³ñòþ ñòðóêòóðè ê³ëüê³ñíèõ òà ñòðóêòóð-

íèõ àíîìàë³é çàïðîïîíîâàíî åòàïè ñòàíîâ-
ëåííÿ óñêëàäíåíü êëîíàëüíèõ àíîìàë³é õðîìî-
ñîì: íà ïåðøîìó åòàï³ ôîðìóºòüñÿ çáàëàíñî-
âàíà òðàíñëîêàö³ÿ, íà äðóãîìó – äîäàºòüñÿ 
êÍÕ çà ðàõóíîê ê³ëüê³ñíî¿ àíîìàë³¿ (òðèñîì³ÿ 
õðîìîñîìè), íà òðåòüîìó – ñÍÕ çà ðàõóíîê 
íåçáàëàíñîâàíî¿ ñòðóêòóðíî¿ ïåðåáóäîâè. Êî-
æåí ç ïðîàíàë³çîâàíèõ êàð³îòèï³â õàðàêòåðè-
çóâàâñÿ ³íäèâ³äóàëüíèìè êëàñòåðàìè àíîìàë³é 
õðîìîñîì. Ó âñ³õ êàð³îòèïàõ áóëè ïðèñóòí³ 
ê³ëüê³ñí³ òà/àáî ñòðóêòóðí³ ïåðåáóäîâè õðîìî-
ñîì, ÿê³ â³äíîñèëèñü äî ãðóïè íåñïðèÿòëèâîãî 
öèòîãåíåòè÷íîãî ïðîãíîçó. 

Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Â³äïîâ³äí³ñòü
äîñë³äæåíü á³îåòè÷íèì ñòàíäàðòàì ñõâàëåíî 
Êîì³òåòîì ç åòèêè ÄÓ «²íñòèòóò ãåìàòîëîã³¿ 
òà òðàíñôóç³îëîã³¿ ÍÀÌÍ Óêðà¿íè» (Êè¿â, 
Óêðà¿íà) (ïðîòîêîë ¹ 2 â³ä 21.05.2021). Óñ³ 
ïàö³ºíòè äàëè çãîäó íà ó÷àñòü â äîñë³äæåíí³. 
Êîíôë³êò ³íòåðåñ³â. Àâòîðè äåêëàðóþòü â³ä-
ñóòí³ñòü êîíôë³êò³â ³íòåðåñ³â.
Ô³íàíñóâàííÿ. Ðîáîòà ïðîâîäèëàñü ó ìåæàõ ÍÄÐ
«Âèçíà÷åííÿ çàêîíîì³ðíîñòåé åêñïðåñ³¿ êë³-
òèííî-ìîëåêóëÿðíèõ ìàðêåð³â ë³ìôîöèòàìè ³ 
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ïðîòèïóõëèííîãî ³ìóí³òåòó ó õâîðèõ íà ãîñòðó 
ì³ºëî¿äíó ëåéêåì³þ». 
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Quantitative and structural abnormalities of chromo-
somes in bone marrow cells of 11 patients with second-
ary neoplasms of hematopoietic and lymphoid tissues 
were analyzed. Abnormal karyotypes were found in all 
cases, and the evolution of clonal chromosome abnor-
malities was found in 27.3 %. Despite the different pri-
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mary nosological groups of neoplasms of hematopoietic 
and lymphoid tissues and different regimens of therapy, 
all cases were characterized by the presence of quantita-
tive and structural chromosomal instability, which led 
to complex (72.7 %), unbalanced karyotypes (81.8 %),
among which composite (54.5 %) and monosomal 
(36.4 %) were detected. In total, the number of 
structural and quantitative chromosome abnormalities 
ranged from 1 to 13 in one karyotype. Chromosomes 
11 and 22 were more often involved in quantitative and 
structural rearrangements. Among the types of structural 
rearrangements, balanced and unbalanced translocations, 
deletions, inversion, isochromosome, additional material 
of unknown origin, derivatives of chromosomes formed 
as a result of unidentified rearrangements were found, 
among which deletions (20.0 %) and translocations 
(14.3 %) prevailed. Marker chromosomes were detected 
in 37.1 % the background of monosomies and deletions 
in 28.3 % and ring chromosomes in 5.7 %. In two cases, 
after immunosuppressive or targeted therapy, according 
to the similarity of the structure of quantitative and 
structural abnormalities, according to the similarity of 
the structure of quantitative and structural anomalies, 
the stages of formation of complications of clonal 
chromosome anomalies are proposed: at the first stage,
a balanced translocation occurs, at the second stage, a 
quantitative anomaly (chromosome trisomy) is added,
and at the third stage, an unbalanced structural rear-
rangement occurs. In each karyotype, there were quan-
titative and/or structural abnormalities of chromosomes, 
which belonged to the group of unfavorable cytogenetic 
prognosis.
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