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Ç’ÿñóâàííÿ ìîëåêóëÿðíî-ãåíåòè÷íèõ ìåõàí³çì³â ðîçâèò-
êó ð³äê³ñíèõ ñïàäêîâèõ çàõâîðþâàíü º âèð³øàëüíèì â 
ðîçóì³íí³ ïðîöåñ³â ïàòîãåíåçó, ïîë³ïøåíí³ ä³àãíîñòèêè 
òà ë³êóâàíí³ ïàö³ºíò³â. Ìåòîþ íàøîãî äîñë³äæåííÿ 
áóëî: ç’ÿñóâàòè ïðèðîäó ãåíåòè÷íèõ äåôåêò³â ó ïàö³-
ºíòà, ÿêèé ìàâ îçíàêè ïîðóøåíü ðîçâèòêó ñòàò³ â 
ïîºäíàíí³ ç íåéðîì’ÿçîâîþ ïàòîëîã³ºþ. Â ðîáîò³ áóëè 
âèêîðèñòàí³: êë³í³êî-ãåíåàëîã³÷íå îáñòåæåííÿ, óëü-
òðàíîñîíîãðàô³÷íå îáñòåæåííÿ, åëåêòðîíåéðîì³îãðà-
ô³ÿ, á³îõ³ì³÷í³ äîñë³äæåííÿ ãîðìîí³â òà ôåðìåíò³â â 
ñèðîâàòö³ êðîâ³, ìîëåêóëÿðíî-öèòîãåíåòè÷íå äîñë³-
äæåííÿ ç âèêîðèñòàííÿì ìåòîäó FISH, ïîâíîåêçîìíå 
ñåêâåíóâàííÿ ÄÍÊ ïàö³ºíòà, á³î³íôîðìàòè÷íèé àíàë³ç. 
Ó ïàö³ºíòà áóëî âèÿâëåíî îçíàêè ïåðâèííîãî (ã³ïåð-
ãîíàäîòðîïíîãî) ã³ïîãîíàäèçìó òà ïîë³íåâðîïàòè÷í³ 
çì³íè ó íèæí³õ ê³íö³âêàõ (àêñîíàëüíî-äåì³ºë³í³çóþ÷îãî 
õàðàêòåðó). Âñòàíîâëåíî, ùî çàçíà÷åí³ êë³í³÷í³ õà-
ðàêòåðèñòèêè ôåíîòèïó ïàö³ºíòà íå óçãîäæóþòüñÿ
æîäíèì îïèñîì êë³í³÷íîãî ôåíîòèïó çàðåºñòðîâàíîãî
â Ì³æíàðîäí³é áàç³ OMIM. Çà ðåçóëüòàòàìè ìîëå-
êóëÿðíî-öèòîãåíåòè÷íîãî äîñë³äæåííÿ â êàð³îòèï³ 
ïàö³ºíòà 46,ÕÕ áóëî âèÿâëåíî ëîêàë³çàö³þ ëîêóñó êî-
ðîòêîãî ïëå÷à õðîìîñîìè Y (p11.3), ÿêèé ì³ñòèòü ãåí 
SRY, íà êîðîòêîìó ïëå÷³ îäíîãî ³ç ãîìîëîã³â õðîìîñîìè 
Õ (ëîêóñ ð22.33) ç óòâîðåííÿì äåðèâàòíî¿ Õ õðîìîñîìè. 
Ç ³íøîãî áîêó, çà ðåçóëüòàòàìè ïîâíîåêçîìíîãî ñåê-
âåíóâàííÿ ãåíîìíî¿ ÄÍÊ ïàö³ºíòà áóëà âèÿâëåíà íà-
ÿâí³ñòü ãîìîçèãîòíî¿ ìóòàö³¿ chr5:131165096 C>G 
(c.110G>C, p.Arg37Pro) ó ãåí³ HINT1. Òàêèì ÷èíîì 
ìîæíà çðîáèòè âèñíîâîê, ùî ôåíîòèï ç îçíàêàìè ïî-
ðóøåííÿ äèôåðåíö³àö³¿ ñòàò³ ó ïîºäíàíí³ ç àêñîíàëüíîþ 
íåéðîïàò³ºþ ç ì³îòîí³ºþ çóìîâëåíèé äâîìà íåçàëåæ-
íèìè ïàòîãåíåòè÷íèìè ÷èííèêàìè – ïåðåíåñåííÿì ïî-
ñë³äîâíîñò³ ãåíà SRY íà Õ õðîìîñîìó â ðåçóëüòàò³ X/Y 
òðàíñëîêàö³¿, ùî âèíèêëà â áàòüê³âñüêîìó ñïåðìàòî-
ãåíåç³, òà óñïàäêîâàíîþ ãîìîçèãîòíîþ ì³ññåíñ ìóòà-

ö³ºþ (c.110G>C, p.Arg37Pro) ãåíà HINT1. Òàê³ ðåçóëü-
òàòè ñâ³ä÷àòü íà êîðèñòü åôåêòèâíîñò³ ïîºäíàííÿ 
ìîëåêóëÿðíî-öèòîãåíåòè÷íèõ ìåòîä³â äîñë³äæåííÿ ³ 
âèñîêîåôåêòèâíîãî ïîâíîåêçîìíîãî ñåêâåíóâàííÿ äëÿ 
ç’ÿñóâàííÿ ìîëåêóëÿðíèõ ìåõàí³çì³â ïàòîãåíåçó ó ïàö³-
ºíò³â ç ð³äê³ñíèìè êë³í³÷íèìè ôåíîòèïàìè.

Êëþ÷îâ³ ñëîâà: ïîðóøåííÿ äèôåðåíö³àö³¿ ñòàò³, ïîðó-
øåííÿ íåéðîì’ÿçîâî¿ ñèñòåìè, õðîìîñîìíà òðàíñëîêà-
ö³ÿ, ì³ññåíñ ìóòàö³ÿ, SRY, HINT1, Õ õðîìîñîìà.

Âñòóï. Øèðîêå âïðîâàäæåííÿ íîâ³òí³õ òåõíî-
ëîã³é àíàë³çó íóêëåîòèäíî¿ ïîñë³äîâíîñò³ ãå-
íîìó ëþäèíè â³äêðèëî íîâ³ ìîæëèâîñò³ äîñë³-
äæåííÿ ãåíåòè÷íî¿ åò³îëîã³¿ òà ìîëåêóëÿðíèõ 
ìåõàí³çì³â ïàòîãåíåçó ñïàäêîâèõ âàä ðîçâèòêó. 
Ó ïåðøó ÷åðãó, çäîáóòêè âèêîðèñòàííÿ íîâ³ò-
í³õ ãåíîìíèõ òåõíîëîã³é äîçâîëÿþòü âèçíà÷èòè 
ïðèðîäó õðîìîñîìíèõ, ãåííèõ, åï³ãåíåòè÷íèõ 
àáåðàö³é òà âñòàíîâèòè ïðè÷èíè ôîðìóâàí-
íÿ ñêëàäíîãî êë³í³÷íîãî ôåíîòèïó ç îçíàêà-
ìè àíîìàëüíîãî ñòðóêòóðíî-ôóíêö³îíàëüíîãî 
ðîçâèòêó ð³çíèõ ñèñòåì îðãàí³â. 

Ðîçâèòîê ñòàòåâèõ îðãàí³â, òàê ñàìî ÿê ³ 
öåíòðàëüíèõ òà ïåðèôåð³éíèõ â³ää³ë³â íåðâîâî¿ 
ñèñòåìè, ïî÷èíàºòüñÿ ç íàéá³ëüø ðàíí³õ ñòàä³é 
åìáð³îãåíåçó. Öå ïåðåäáà÷àº ìîæëèâ³ñòü ñï³ëü-
íèõ ìîëåêóëÿðíèõ ìåõàí³çì³â ïàòîãåíåçó, ÿê³ 
ñïðè÷èíþþòü ðîçëàäè â ïðîöåñàõ ÿê ðîçâèòêó 
³ äèôåðåíö³àö³¿ ñòàò³, òàê ³ ôóíêö³îíóâàíí³ íåð-
âîâî¿ ñèñòåìè (Zimo�, 2012; Estermann, 2020; 
Nîstvik, 2021). Ãåíåòè÷í³ ïðîãðàìè ÷îëîâ³ê³â 
³ æ³íîê êîíêóðóþòü ³ ïðèãí³÷óþòü îäíà îäíó. 
Ïðîòåñòèêóëÿðíèé øëÿõ çàïóñêàºòüñÿ ãåíîì 
SRY (ðåã³îí Y, ùî âèçíà÷àº ñòàòü), ÿêèé ðîç-
òàøîâàíèé íà õðîìîñîì³ Y ó ëîêóñ³ êîðîòêî-
ãî ïëå÷à p11.2. Çà â³äñóòíîñò³ ãåíà SRY àêòè-
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âóþòüñÿ ïðîÿº÷íèêîâ³ øëÿõè WNT4/RSPO1 
(R-ñïîíäèí 1) ³ êàòåí³í áåòà 1 (Eggers, 2014; 
Lamothe, 2020). Äèñáàëàíñ ì³æ ñïåöèô³÷íè-
ìè êîìïîíåíòàìè öèõ àíòàãîí³ñòè÷íèõ øëÿõ³â 
ïðèçâîäèòü äî ðîçëàä³â/â³äì³í ó ðîçâèòêó ñòàò³ 
(DSD). Îñòàíí³ì ÷àñîì ³íòåíñèâí³ ãåíåòè÷í³ 
äîñë³äæåííÿ ìåõàí³çì³â ïàòîãåíåçó ó ïàö³ºí-
ò³â ç ð³çíèìè ôîðìàìè ïîðóøåíü ðîçâèòêó òà 
äèôåðåíö³àö³¿ ñòàò³ äîçâîëèëè ³äåíòèô³êóâàòè 
ÿê íîâ³ ãåíè-êàíäèäàòè (Ilaslan et al, 2020), òàê 
³ ðàí³øå íå ³äåíòèô³êîâàí³ ïàòîãåíí³ ìóòàö³¿ 
â óæå â³äîìèõ ãåíàõ, ÿê³ ëåæàòü â îñíîâ³ öüî-
ãî ïðîöåñó (Martínez de LaPiscina et al, 2020; 
Rayevsky et al, 2021; Sirokha et al, 2021).   

Ïðîòå, íàéá³ëüø ñêëàäíèìè ìîæóòü áóòè ìå-
õàí³çìè ôîðìóâàííÿ ñèíäðîìàëüíèõ îçíàê ôå-
íîòèïó ó ïàö³ºíò³â ç ïîðóøåííÿìè ðîçâèòêó ³ 
äèôåðåíö³àö³¿ ñòàò³ òà íåéðîì’ÿçîâî¿ ïàòîëîã³¿
((https://www.cegat.com/diagnostics/diagnostic-pa-
nels/neuromuscular-diseases/#gene-sets); Shchagi-
na et al, 2019). Ðåçóëüòàòè íåùîäàâíî ïðîâåäå-
íèõ äîñë³äæåíü ñâ³ä÷àòü íà êîðèñòü òîãî, ùî 
íå ò³ëüêè íîâ³ ìóòàíòí³ ãåíè òà íå³äåíòèô³êî-
âàí³ åï³ãåíåòè÷í³ äåôåêòè, à é ìóëüòèôàêòîðí³ 
âïëèâè ìîæóòü â³ä³ãðàâàòè ñóòòºâó ðîëü â ðîç-
âèòêó òàêèõ ïàòîëîã³é (Braga et al, 2022). 

Ìåòîþ íàøîãî äîñë³äæåííÿ áóëî ç’ÿñóâàííÿ 
ïðèðîäè ãåíåòè÷íèõ äåôåêò³â ó ïàö³ºíòà, ÿêèé 
ìàâ îçíàêè ïîðóøåíü ðîçâèòêó ñòàò³ ó ïîºäíàí-
í³ ç íåéðîì’ÿçîâîþ ïàòîëîã³ºþ.

Ìàòåð³àëè ³ ìåòîäè. Êë³í³÷íèé ôåíîòèï ïàö³-
ºíòà. Äîñë³äæåííÿ ïðîâîäèëèñü çà óìîâ îòðè-
ìàíî¿ â³ä áàòüê³â ³íôîðìîâàíî¿ çãîäè. Äèòèíà 
íàðîäæåíà â³ä 2-¿ âàã³òíîñò³, 1-õ ñâîº÷àñíèõ ïî-
ëîã³â, íà 40–41 òèæí³ ç ìàñîþ 3800,0 ãð, çð³ñò 
53 ñì, ïî øêàë³ Àïãàð 7 áàë³â. Ñòàòü äèòèíè 
áóëà âèçíà÷åíà, ÿê ÷îëîâ³÷à. Ñòàòîê³íåòè÷íèé 
ðîçâèòîê äèòèíè äî ðîêó – áåç îñîáëèâîñòåé. 
Äî åíäîêðèíîëîãà çâåðíóëèñü ó 13,9 ðîê³â ç 
ïðèâîäó þíàöüêî¿ ïðàâîñòîðîííüî¿ ã³íåêîìàñ-
ò³¿. Çà äàíèìè íåâðîëîã³÷íîãî äîñë³äæåííÿ âè-
ÿâëåíî çíèæåííÿ ì’ÿçîâîãî òîíóñà, ã³ïåðòðîô³þ
ëèòêîâèõ ì’ÿç³â, êîíòðàêòóðó ë³êòüîâèõ ñóãëî-
á³â, òðåìîð êèòèöü ðóê, çãèíàëüíó êîíòðàêòóðó 
ñåðåäíüîãî ïàëüöÿ îáîõ êèòèöü.

Àíàë³ç ãîðìîí³â. Ð³âí³ çàãàëüíîãî òåñòîñòåðî-
íó, ëþòå¿í³çóþ÷îãî ãîðìîíó (ËÃ), ôîë³êóëîñ-
òèìóëþâàëüíîãî ãîðìîíó (ÔÑÃ) ó ñèðîâàòö³
êðîâ³ ê³ëüê³ñíî âèçíà÷àëè çà äîïîìîãîþ òåõ-

íîëîã³¿ åëåêòðîõåì³ëþì³íåñöåíòíîãî ³ìóíîàíà-
ë³çó íà Cobas E411 (Roche Diagnostics, Risch-
Rotkreuz, Øâåéöàð³ÿ). Íàáîðè Elecsys Testoste-
rone II, Elecsys LH, Elecsys FSH òà E2 âèêîðèñ-
òîâóâàëè â³äïîâ³äíî äî ³íñòðóêö³é âèðîáíèêà 
(Roche Diagnostics, Ìàíãåéì, Í³ìå÷÷èíà).

Ïðîëàêòèí (ÏðË), àíòèìþëëåð³â ãîðìîí 
(ÀÌÃ) äîñë³äæóâàëè çà äîïîìîãîþ Cobas 6000 
(Roche Diagnostics, Øâåéöàð³ÿ) çà ìåòîäîì 
ECLIA (³ìóíîõ³ì³ÿ ç åëåêòðîõåì³ëþì³í³ñöåíò-
íîþ äåòåêö³ºþ), ÊÔÊ (êðåàòèíôîñôîê³íàçà) –
äîñë³äæóâàëè ê³íåòè÷íèì ìåòîäîì íà îáëàä-
íàíí³ òà ðåàêòèâàõ – Siemens Atellica âèðîáíèê 
Siemens, êðà¿íà ïîõîäæåííÿ Í³ìå÷÷èíà. 

Åëåêòîíåéðîì³îãðàô³ÿ (ÅÍÌÃ). Åëåêòðîíåé-
ðîì³îãðàô³þ ïðîâîäèëè íà ïðèëàä³ Íåéðî-
ÌÂÏ-4, ç âèêîðèñòàííÿì ïðîãðàìíîãî çàáåç-
ïå÷åíÿ íåéðî-ÌÑ (íåéðîñîôò), âèðîáíèê LTD 
«Ukrmedspectr», Óêðà¿íà.

Öèòîãåíåòè÷íèé àíàë³ç. Êàð³îòèïóâàííÿ ïðî-
âîäèëè çà ñòàíäàðòíîþ ïðîöåäóðîþ ç âèêîðèñ-
òàííÿì òåõí³êè äèôåðåíö³éíîãî ïîôàðáóâàííÿ 
õðîìîñîì G-banding. Óñüîãî áóëî ïðîàíàë³-
çîâàíî 30 ìåòàôàçíèõ ïëàñòèí çà äîïîìîãîþ 
ì³êðîñêîïà Nikon Eclipse Ci (Nikon, Minato, 
ßïîí³ÿ). 

Àíàë³ç FISH áóëî âèêîíàíî íà 200 ³íòåð-
ôàçíèõ ÿäðàõ çà äîïîìîãîþ ïðîãðàìíîãî çà-
áåçïå÷åííÿ LUCIA Cytogenetics (Ïðàãà, ×åñüêà 
Ðåñïóáë³êà) â³äïîâ³äíî äî öèòîãåíåòè÷íèõ ðå-
êîìåíäàö³é òà çàáåçïå÷åííÿ ÿêîñò³ ªâðîïåé-
ñüêî¿ öèòîãåíåòè÷íî¿ àñîö³àö³¿ (GTG-banding, 
FISH-çîíäè CEP, LSI (çîíäè: Yp11.3–SRY; 
Yp11.1-q11.1–DYZ3; Yq12–DYZ1; CEP–DXZ1) 
(Abbott Molecular, Ë³áåðò³â³ëë, ²ëë³íîéñ, ÑØÀ).

Ìîëåêóëÿðíî-ãåíåòè÷íèé àíàë³ç. Ãåíîìíó ÄÍÊ
ç³ çðàçê³â êðîâ³ ïðîáàíäà âèä³ëÿëè çà äîïîìî-
ãîþ íàáîðó QIAmp DNA Kit (Qiagen, Hilden, 
Í³ìå÷÷èíà). Àíàë³ç 7-ãî åêçîíà ãåíà SMN ïðî-
âîäèëè çà äîïîìîãîþ ìåòîäó ÏËÐ â ðåàëüíîìó 
÷àñ³ ç³ çàñòîñóâàííÿì ó ÿêîñò³ ³íòåðêàëþþ÷îãî 
áàðâíèêà SYBR Green çà óìîâàìè ïðîâåäåííÿ 
ðåàêö³¿, ÿê³ áóëè îïóáë³êîâàí³ ðàí³øå (Soloviov 
et al, 2010). Àìïë³ô³êàö³þ ïðîâîäèëè íà ïðè-
ëàä³ iQ5TM Multicolor Real-Time PCR Detection 
System (BIO-RAD, ÑØÀ). Îòðèìàí³ ðåçóëüòàòè 
ÏËÐ îö³íþâàëèñÿ ç âèêîðèñòàííÿì ïàêåòó ïðî-
ãðàìíîãî çàáåçïå÷åííÿ BIO-RAD iQ5 Optical 
System Software V 2.0.



27ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2022. Ò. 56. ¹ 5

Ïîºäíàííÿ õðîìîñîìíî¿ ðåîðãàí³çàö³¿ òà óñïàäêîâàíî¿ òî÷êîâî¿ ìóòàö³¿ 

Äîñë³äæåííÿ ïîâíî¿ åêçîìíî¿ ïîñë³äîâíîñ-
ò³ ç âèêîðèñòàííÿì ìåòîäó ñåêâåíóâàííÿ íà-
ñòóïíîãî ïîêîë³ííÿ (NGS, Next Generation Se-
quences) ïðîâîäèëè ó Äîñë³äíèöüêîìó öåíòð³ 
ì’ÿçîâî¿ äèñòðîô³¿ Äæîíà Óîëòîíà (Óí³âåðñè-
òåò Íüþêàñëà) íà ïðèëàä³ Illumina HiSeq 4000 
system (San-Diego, CA, UCA).

Ãåíîìí³ âàð³àíòè áàçóâàëèñÿ íà çá³ðö³
GRCh38. Ïåðåë³ê ô³ëüòðîâàíèõ âàð³àíò³â âêëþ-
÷àâ â ñåáå íîíñåíñ òà ì³ññåíñ âàð³àíòè, à òà-
êîæ âàð³àíòè ç³ çñóâîì ðàìêè ç÷èòóâàííÿ ³ ïî-
ðóøåíü ñïëàéñèíãó. Ïðîâåäåíå ô³ëüòðóâàííÿ 
â³äíîñíî åêçîìíî¿ ïîñë³äîâíîñò³ ïàíåë³ ç³ 169 
ãåí³â, ÿê³ çàëó÷åí³ äî íåéðîì’ÿçîâî¿ ôóíêö³¿ 
(https://www.cegat.com/diagnostics/diagnostic-
panels/neuromuscular-diseases/#gene-sets). Áóëè 
àíîòîâàí³ âàð³àíòè ç ïîïóëÿö³éíîþ ÷àñòîòîþ 
ìåíøå 0,01. Ïàòîãåíí³ñòü âàð³àíò³â îö³íþâàëè 
ç âèêîðèñòàííÿì ðåñóðñó Variant Effect Predictor 
(VEP, https://www.ensembl.org/info/docs/tools/
vep/index.html).

Ðåçóëüòàòè. Çà ðåçóëüòàòàìè çàãàëüíîãî êë³-
í³÷íîãî îáñòåæåííÿ çð³ñò ³ ìàñà ò³ëà ïàö³ºíòà 
â³äïîâ³äàëè â³êîâ³é íîðì³ äëÿ õëîïö³â, áóäîâà 
ò³ëà ºâíóõî¿äíà (âèñîêà òàë³ÿ, âóçüêèé âåðõí³é 
ïëå÷îâèé ïîÿñ), äâîá³÷íà ã³íåêîìàñò³ÿ (â³äïî-
â³äàëà Ìà3 çà Òàííåðîì), çîâí³øí³ ñòàòåâ³ îð-
ãàíè ñôîðìîâàí³ çà ÷îëîâ³÷èì òèïîì, ñòàòåâà 
ôîðìóëà çà Òàííåðîì: F1 Ax2-3 P4 Îß ïðàâîãî 
4 ë³âîãî 5, ÄÏ6. Çà ðåçóëüòàòàìè ãîðìîíàëü-
íîãî îáñòåæåííÿ áóëî âèÿâëåíî îçíàêè ïåð-
âèííîãî (ã³ïåðãîíàäîòðîïíîãî) ã³ïîãîíàäèçìó: 
ÔÑÃ – 81,84 ìÌÎä/ìë (íîðìà 0,4–4,6) ËÃ –
35,01 ìÌÎä/ìë (íîðìà 0,1–7,8), çàãàëüíèé
òåñòîñòåðîí 9,76 íìîëü/ë (íîðìà 8,64–29), 
SSBG 42,76 íìîëü/ë (íîðìà 18,3–54,1), åñòðà-
ä³îë – 25 ïã/ìë (íîðìà <23), ³íäåêñ â³ëüíîãî 
òåñòîñòåðîíó  22,825% (íîðìà 35-92,6). Â ìå-
æàõ íîðìè áóëè ÀÌÃ – 2,27 íã/ìë (1,43–11,6) 
³ ÏðË – 14,12 íã/ìë (íîðìà 4,7–16,7).

Çà ðåçóëüòàòàìè óëüòðàñîíîãðàô³¿ íå áóëî 
âèÿâëåíî ïàòîëîã³÷íèõ çì³í ñòðóêòóðè ÿº÷îê òà 
ïðîñòàòè, àëå áóëè çì³íè ñòðóêòóðè îáîõ ãðóä-
íèõ çàëîç, ç íàÿâí³ñòþ çàëîçèñòî¿ òêàíèíè çë³âà 
27 × 7 ìì, ñïðàâà 32 × 8 ìì, ùî ñâ³ä÷èëî íà 
êîðèñòü ñïðàâæíüî¿ ã³íåêîìàñò³¿. 

Çà ðåçóëüòàòàìè á³îõ³ì³÷íîãî îáñòåæåííÿ ó 
ïàö³ºíòà áóëî âèÿâëåíî ñóòòºâî ï³äâèùåíèé 
ð³âåíü êðåàòèíôîñôîê³íàçè – ÊÔÊ 1039 Îä/ë 

(íîðìà 39–308). Â õîä³ ïîäàëüøîãî íåâðîëî-
ã³÷íîãî äîñë³äæåííÿ áóëî âèÿâëåíî ïðîãðåñó-
þ÷å ïîðóøåííÿ êîîðäèíàö³¿ ðóõ³â, çíèæåííÿ 
ì’ÿçîâîãî òîíóñà, ã³ïåðòðîô³þ ëèòêîâèõ ì’ÿ-
ç³â, êîíòðàêòóðó ë³êòüîâèõ ñóãëîá³â, òðåìîð êè-
òèöü, çãèíàëüíó êîíòðàêòóðó ñåðåäíüîãî ïàëü-
öÿ îáîõ êèòèöü ðóê. 

Çà ðåçóëüòàòàìè ÅÍÌÃ çàðåºñòðîâàí³ ïàòî-
ëîã³÷í³ çì³íè, ÿê³ ñâ³ä÷àòü ïðî ïîºäíàí³ ïî-
ë³íåâðîïàòè÷í³ çì³íè ó íèæí³õ ê³íö³âêàõ (àê-
ñîíàëüíî-äåì³ºë³í³çóþ÷îãî õàðàêòåðó) òà çàëó-
÷åííÿ ìîòîíåéðîí³â ïîïåðåêîâîãî ïîòîâùåí-
íÿ ç âèðàæåíèìè âòîðèííî-äåíåðâàö³éíèìè 
çì³íàìè ó ì’ÿçàõ íèæí³õ ê³íö³âîê íà ð³âí³ 10–
30 % íîðìè.

Òàêèì ÷èíîì, çà ðåçóëüòàòàìè êë³í³÷íîãî, 
åíäîêðèíîëîã³÷íîãî òà íåâðîëîã³÷íîãî îáñòå-
æåíü áóëî çðîáëåíî âèñíîâîê, ùî êë³í³÷íèé 
ôåíîòèï ïàö³ºíòà íå óçãîäæóºòüñÿ çà ñâî¿ìè 
îçíàêàìè ç æîäíèì îïèñîì êë³í³÷íîãî ôåíî-
òèïó çàðåºñòðîâàíîãî â Ì³æíàðîäí³é áàç³ OMIM,
òîìó ïîäàëüø³ íàø³ äîñë³äæåííÿ áóëè çîñå-
ðåäæåí³ íà ç’ÿñóâàíí³ ìîëåêóëÿðíî-ãåíåòè÷íî¿ 
ïðèðîäè ïàòîãåíåçó õâîðîáè ó äàíîãî ïàö³ºíòà.

Íà ïåðøîìó åòàï³ áóëî ïðîâåäåíî ìîëåêó-
ëÿðíî-öèòîãåíåòè÷íå îáñòåæåííÿ ïàö³ºíòà. Çà 
ðåçóëüòàòàìè êàð³îòèïóâàííÿ ó ïàö³ºíòà áóëî 
âñòàíîâëåíî êàð³îòèï 46,ÕÕ (ðèñ. 1, à). Ïî-
äàëüøèì åòàïîì áóëî äîñë³äæåííÿ ³ç çàñòîñó-
âàííÿì ìåòîäó FISH òà âèêîðèñòàííÿì ÄÍÊ-
çîíä³â äî ïåâíèõ ä³ëÿíîê õðîìîñîì X i Y. Äî-
ñë³äæóâàëèñü õðîìîñîìà Õ(ÑÅÐ Õ, Xp11.1-
q11.1) òà ëîêóñ, ÿêèé ì³ñòèòü ãåí SRY (Yp11.3). 
Â íîðì³ îñòàíí³é çíàõîäèòüñÿ íà êîðîòêîìó 
ïëå÷³ õðîìîñîìè Y (LSI SRY, Yp11.3). Ïîçèòèâ-
íà ã³áðèäèçàö³ÿ ç ÄÍÊ-çîíäàìè ñïîñòåð³ãàëà-
ñÿ ó öåíòðîìåðíèõ ä³ëÿíêàõ äâîõ êîï³é õðîìî-
ñîìè Õ òà ìàâ ì³ñöå âèðàçíèé ã³áðèäèçàö³éíèé 
ñèãíàë íà êîðîòêîìó ïëå÷³ Õð22.33, ùî â³äïî-
â³äàº ñèãíàëó ã³áðèäèçàö³¿ ç ïîñë³äîâí³ñòþ ãåíà 
SRY (ðèñ. 1, á). 

Çà ðåçóëüòàòàìè ìîëåêóëÿðíî-öèòîãåíåòè÷-
íîãî àíàë³çó íå áóëî âèÿâëåíî æîäíèõ õðîìî-
ñîìíèõ àáåðàö³é, îêð³ì äåðèâàòíî¿ õðîìîñîìè 
Õ, ÿêà ì³ñòèëà ïîñë³äîâí³ñòü ãåíà SRY ç Y õðî-
ìîñîìè ÿê íàñë³äîê òðàíñëîêàö³¿  ï³ä ÷àñ ñïåð-
ìàòîãåíåçó. Òàêèé êàð³îòèï â³äïîâ³äàº â³äîìî-
ìó ñèíäðîìó Ëÿ Øàïåëÿ, äëÿ ÿêîãî õàðàêòåðí³ 
íåçíà÷í³ ìîðôîëîã³÷í³ ïîðóøåííÿ ñòàòåâèõ îð-
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ãàí³â, çíèæåííÿ ð³âíÿ òåñòîñòåðîíó òà àçîîñ-
ïåðì³ÿ (Majzoub et al, 2017). 

Êàð³îòèï ³ç ïåðåíåñåííÿì â ðåçóëüòàò³ X/Y 
òðàíñëîêàö³¿ ïîñë³äîâíîñò³ ãåíà SRY íà Õ õðî-
ìîñîìó, º õàðàêòåðíèì äëÿ 85–90 % DSD ³ 
ëèøå â ð³äê³ñíèõ âèïàäêàõ òàêà ðåîðãàí³çàö³ÿ 
â³äáóâàºòüñÿ çà ó÷àñòþ àóòîñîìè áàòüê³âñüêî-
ãî ïîõîäæåííÿ (Queralt et al, 2008; Shu-Chin 
Chien et al, 2009). 46,ÕÕ SRY(+) ÷îëîâ³êè, ÿê 
ïðàâèëî, ìàþòü íîðìàëüíèé ôåíîòèï, íîðìàëü-í³ 
çîâí³øí³ ãåí³òàë³¿, à ïîñòàíîâêà ä³àãíîçó ÷àñòî 
â³äáóâàºòüñÿ ó äîðîñëîìó â³ö³ ÷åðåç áåçïë³ä-
äÿ (Ergun-Longmire et al, 2005; Majzoub et al, 
2017). Çàãàëüíîþ ðèñîþ ö³º¿ ãðóïè ïàö³ºíò³â º 
íàÿâí³ñòü ã³ïåðãîíàäîòðîïíîãî ã³ïîãîíàäèçìó. 
Ïðîòå, í³ÿêèõ îçíàê íåéðîì’ÿçîâî¿ ïàòîëîã³¿ íå 
áóëî îïèñàíî ó ïàö³ºíò³â ç òàêèì ñèíäðîìîì.

Çâàæàþ÷è íà íàÿâí³ñòü ïåðâèííîãî ã³ïî-
ãîíàäèçìà ïàö³ºíòà áóëà ïðèçíà÷åíà çàì³ñíà 
òåðàï³ÿ ïðåïàðàòàìè òåñòîñòåðîíó òðèâàëî¿ ä³¿, 
íà òë³ ÿêî¿ â äèíàì³ö³ â³äáóëîñü ñóòòºâå çìåí-
øåííÿ ñòóïåíÿ ã³íåêîìàñò³¿. 

Ó òîé æå ÷àñ, ó äîñë³äæóâàíîãî íàìè ïà-
ö³ºíòà îêð³ì ïîðóøåíü äèôåðåíö³àö³¿ ñòàò³ 
âæå ó â³ö³ 13 ðîê³â ñïîñòåð³ãàëèñü ùå ³ ñóòòºâà
íåéðîì’ÿçîâà ñèìïòîìàòèêà. Ðåçóëüòàòè íåéðî-
ì³îãðàô³¿ ÷àñòêîâî â³äïîâ³äàëè êë³í³÷í³é êàð-
òèí³ ñï³íàëüíî-ì’ÿçîâî¿ àòðîô³¿ ²²²-ãî òèïó. 
Ïðîòå, çà ðåçóëüòàòàìè àíàë³çó ãåíà SMN1 áó-
ëî âèÿâëåíî íàÿâí³ñòü äâîõ êîï³é 7-ãî åêçîíà 
äàíîãî ãåíà, ùî âèêëþ÷àº ä³àãíîç ñï³íàëüíî-
ì’ÿçîâî¿ àòðîô³¿. 

Ìè âèñóíóëè ïðèïóùåííÿ, ùî òî÷êà ðîç-
ðèâó íîðìàëüíî¿ ïîñë³äîâíîñò³ Õ õðîìîñîìè, 
ÿêà óòâîðèëàñÿ â ðåçóëüòàò³ òðàíñëîêàö³¿ ãåíà 
SRY, ìîãëà ïðèçâåñòè äî óøêîäæåííÿ êîäóþ-
÷î¿ ïîñë³äîâíîñò³ ÿêîãîñü ãåíà, ÿêèé â³äïîâ³-
äàº çà ðîçâèòîê òà/àáî ³ííåðâàö³þ ðóõëèâèõ 
ì’ÿç³â ê³íö³âîê. Ç ìåòîþ ïåðåâ³ðêè äàíî¿ ã³ïî-
òåçè áóëî ïðîâåäåíî ïîâíîåêçîìíå ñåêâåíó-
âàííÿ ãåíîìíî¿ ÄÍÊ, ÿêó âèä³ëèëè ç ëåéêîöè-
ò³â ïåðèôåð³éíî¿ êðîâ³ ïàö³ºíòà. Ô³ëüòðóâàííÿ 
äàíèõ ç VÑF ôàéë³â ïðîâîäèëè ÷åðåç ïàíåëü ç³ 
169 ãåí³â, ïðî ÿê³ â³äîìî, ùî ìóòàíòí³ âàð³àíòè 

Ðèñ. 1. à – êàð³îãðàìà, á – ðåçóëüòàò àíàë³çó ìåòîäîì FISH ç âèêîðèñòàííÿì ã³áðèäèçàö³éíèõ çîíä³â: LSI 
SRY (îäèí ã³áðèäèçàö³éíèé ñèãíàë) òà ÑÅÐ Õ (äâà ã³áðèäèçàö³éí³ ñèãíàëè)

Ðèñ. 2. Ñõåìà â³äïîâ³äíîñò³ ðîçòàøóâàííÿ ìîíîíóêëåîòèäíî¿ çàì³íè C>G â åêçîí³ ãåíà HINT1



29ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2022. Ò. 56. ¹ 5

Ïîºäíàííÿ õðîìîñîìíî¿ ðåîðãàí³çàö³¿ òà óñïàäêîâàíî¿ òî÷êîâî¿ ìóòàö³¿ 

â ¿õí³é ïîñë³äîâíîñò³ çàëó÷åí³ äî íåéðîì’ÿçî-
âèõ ïîðóøåíü. 

Çà ðåçóëüòàòàìè òàêîãî àíàë³çó ó ïàö³ºíòà 
áóëà âèÿâëåíà ìóòàö³ÿ â ãîìîçèãîòíîìó ñòàí³ 
chr5:131165096 C>G (c.110G>C, p.Arg37Pro) ó 
ãåí³ HINT1, ÿêà êîäóº íóêëåîòèä-çâ’ÿçóþ÷èé 
á³ëîê 1 ã³ñòèäèíîâî¿ òð³àäè (ðèñ. 2).  

Â³äîìî, ùî öåé ôåðìåíò ôóíêö³îíóº ó ôîð-
ì³ ãîìîäèìåðà, ÿê ïóðèíîâà ôîñôîðàì³äàçà ³, 
õî÷à ïðèðîäí³ ñóáñòðàòè äàíîãî ôåðìåíòó çà-
ëèøàþòüñÿ íåâ³äîìèìè, â åêñïåðèìåíòàõ in 
vitro áóëî âñòàíîâëåíî, ùî öåé ôåðìåíò ã³äðî-
ë³çóº ë³çèë-AMF, ÿêèé óòâîðþºòüñÿ lisyl-t-RNA 
ñèíòåòàçîþ (Bieganowski et al, 2002; Brenner, 
2002; Chou et al, 2007; Chou, Wagner, 2007).

Ðàí³øå â äàíîìó ãåí³ áóëî ³äåíòèô³êîâàíî 
ìóòàö³¿, ÿê³ ñïðè÷èíþþòü âòðàòó ôóíêö³¿ á³ëêà 
HINT1. Ñàìå ö³ ìóòàö³¿ áóëî ³äåíòèô³êîâàíî ó 
ïàö³ºíò³â ç³ ñïåêòðîì ôåíîòèïîâèõ ïðîÿâ³â àó-
òîñîìàëüíî¿ ðåöåñèâíî¿ àêñîíàëüíî¿ íåâðîïà-
ò³¿ ç íåéðîì³îòîí³ºþ (Zhao et al, 2014; Boaretto 
et al,2015; Shchagina et al, 2019; Madeiro et al, 
2021). Ó åêñïåðèìåíòàõ íà ìîäåëüíèõ òâàðèíàõ 
áóëî âèçíà÷åíî, ùî öåé ôåðìåíò ìàº âèñîêèé 
ð³âåíü åêñïðåñ³¿ â ñ³äíè÷íîìó íåðâ³ ìèøåé 
(Zimo� et al, 2012).  

Îñê³ëüêè âèÿâëåíà íàìè ìîíîíóêëåîòèäíà
çàì³íà ëîêàë³çîâàíà çà äâà íóêëåîòèäè â³ä ñàé-
òó ñïëàéñèíãó, çàëó÷åííÿ äàíî¿ ìóòàö³¿ äî ïî-
ðóøåííÿ òðàíñêðèïòó ïåðåâ³ðèëè ç âèêîðèñ-
òàííÿì ðåñóðñó Human Splicing Finder (HSF, 
http://umd.be/Redirect.html). Ïðîòå, çà ðåçóëü-
òàòàìè äàíîãî á³î³íôîðìàö³éíîãî àíàë³çó íå 
áóëî ï³äòâåðäæåíî, ùî âèÿâëåíà ìîíîíóêëåî-
òèäíà çàì³-íà ïðèçâîäèòü äî ïîðóøåííÿ ñàéòó 
ñïëàéñèíãó.

Âàæëèâî çàçíà÷èòè, ùî ãåíîòèïè (ãîìîçè-
ãîòè òà êîìïàóíäí³ ãåòåðîçèãîòè) äî ñêëàäó 
ÿêèõ âõîäèòü äåòåêòîâàíà íàìè ìóòàö³ÿ (c.110 
G>C), áóëà ðàí³øå îïèñàíà äëÿ ïàö³ºíò³â ç 
õâîðîáîþ Øàðêî-Ìàð³-Òóòà (ÑÌÒ-1380 IV.2 
òà V.1-V.5). Ïîä³áí³ ôåíîòèïîâ³ îçíàêè ó ïà-
ö³ºíò³â ç äàíîþ ìóòàö³ºþ ñïîñòåð³ãàëè é ³íø³ 
äîñë³äíèêè (Zhao et al, 2014; Boaretto et al, 2015; 
Shchagina et al, 2019).

Çà ðåçóëüòàòàìè ìíîæèííîãî ïàðàìåòðè÷-
íîãî àíàë³çó ç÷åïëåííÿ, ç íàñòóïíèì ù³ëüíèì 
êàðòóâàííÿì ãàïëîòèï³â ä³ëÿíêè 24.4 Ìb íà 
õðîìîñîì³ 5, áóëî âñòàíîâëåíî ïîõîäæåííÿ âñ³õ 

âèÿâëåíèõ ìóòàö³é â ãåí³ HINT1 â³ä ºäèíîãî 
ïðåäêà-çàñíîâíèêà (Zimo� et al, 2012). Íà êî-
ðèñòü äàíî¿ ã³ïîòåçè òàêîæ ñâ³ä÷àòü ðåçóëüòàòè 
îòðèìàí³ ³íøèìè àâòîðàìè (Laššuthová et al, 
2015; Shchagina et al, 2019). 

Íåîáõ³äíî çàçíà÷èòè, ùî äëÿ íàøîãî ïàö³-
ºíòà, â äèíàì³ö³ çàì³ñíî¿ òåðàï³¿ ïðåïàðàòàìè
òåñòîñòåðîíó ñïîñòåð³ãàëè ïîë³ïøåííÿ ñòàíó 
³ ôóíêö³îíóâàííÿ ðóõëèâèõ ì’ÿç³â ê³íö³âîê.  
Ìîæíà ïðèïóñòèòè, ùî òàêèé åôåêò çóìîâëå-
íèé ñòèìóëþþ÷îþ ä³ºþ òåñòîñòåðîíó íà ðóõ-
ëèâ³ ì’ÿçè çà ðàõóíîê çì³íè åêñïðåñ³¿ ãåíà 
�-êàòåí³íà, ÿêà ðåãóëþºòüñÿ àíäðîãåíîâèì ðå-
öåïòîðîì. À öå, â ñâîþ ÷åðãó, ÷àñòêîâî ìî-
æå êîìïåíñóâàòè ïðèãí³÷åííÿ àêòèâíîñò³ �-
êàòåí³íó çà ðàõóíîê çíèæåííÿ ôóíêö³¿ ìóòàíò-
íîãî ôåðìåíòà HINT1 (Weiske, Huber, 2005). 
Â³äïîâ³äíî, ìîæíà ïåðåäáà÷èòè åôåêòèâí³ñòü 
ôàðìàêîëîã³÷íîãî âèêîðèñòàííÿ ïðåïàðàò³â 
òåñòîñòåðîíó äëÿ ë³êóâàííÿ àêñîíàëüíî¿ íå-
éðîïàò³¿ ç íåéðîì³îòîí³ºþ.

Âèñíîâêè. Òàêèì ÷èíîì ìîæíà çðîáèòè âè-
ñíîâîê, ùî ôåíîòèï ç îçíàêàìè ïîðóøåííÿ 
äèôåðåíö³àö³¿ ñòàò³ ó ïîºäíàíí³ ç àêñîíàëüíîþ 
íåéðîïàò³ºþ ç ì³îòîí³ºþ çóìîâëåíèé äâîìà 
íåçàëåæíèìè ïàòîãåíåòè÷íèìè ÷èííèêàìè – 
òðàíñëîêàö³ºþ ïîñë³äîâíîñò³ ãåíà SRY íà Õ õðî-
ìîñîìó, ùî âèíèêëà â ðåçóëüòàò³ X/Y òðàíñëî-
êàö³¿ ïðè áàòüê³âñüêîìó ñïåðìàòîãåíåç³, òà óñ-
ïàäêîâàíîþ ãîìîçèãîòíîþ ì³ññåíñ ìóòàö³ºþ 
(c.110G>C, p.Arg37Pro) ãåíà HINT1. Òàê³ äàí³ 
ñâ³ä÷àòü íà êîðèñòü åôåêòèâíîñò³ ïîºäíàííÿ
ìîëåêóëÿðíî-öèòîãåíåòè÷íèõ ìåòîä³â äîñë³ä-
æåííÿ ³ ðåçóëüòàò³â âèñîêîåôåêòèâíîãî ïîâíî-
åêçîìíîãî ñåêâåíóâàííÿ äëÿ ç’ÿñóâàííÿ ìîëå-
êóëÿðíèõ ìåõàí³çì³â ïàòîãåíåçó ðîçëàä³â ó ïà-
ö³ºíò³â ç ð³äê³ñíèìè êë³í³÷íèìè ôåíîòèïàìè. 

Êîíôë³êò ³íòåðåñ³â. Àâòîðè äåêëàðóþòü â³äñóò-
í³ñòü êîíôë³êò³â ³íòåðåñ³â. 
Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Åòè÷íå ñõâà-
ëåííÿ äîñë³äæåííÿ áóëî îòðèìàíî â³ä êîì³òåòà
ç á³îåòèêè ²íñòèòóòó ìîëåêóëÿðíî¿ á³îëîã³¿ ³ ãå-
íåòèêè (ïðîòîêîë ¹ 2, â³ä 30.04.2013ð). ²íôîð-
ìîâàíà çãîäà áóëà îòðèìàíà â³ä áàòüê³â ïàö³ºíòà.
Ô³íàíñóâàííÿ. Äàíà ðîáîòà ô³íàíñóâàëàñÿ â ðàì-
êàõ ÍÄÐ «Ìîëåêóëÿðíî-ãåíåòè÷í³ ìåõàí³çìè ïî-
ðóøåíü ñòàòåâîãî ðîçâèòêó ëþäèíè» Äåðæ. Ðå-
ºñòðàö³éíèé ¹ 0121U110054
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THE COMBINATION OF CHROMOSOMAL 
REORGANIZATION AND INHERITED POINT 
MUTATION HAS LED TO THE DEVELOPMENT 
OF A RARE CLINICAL PHENOTYPE
IN A PATIENT WITH DISORDER
OF SEX DIFFERENTIATION
AND NEUROMUSCULAR PATHOLOGY

L.V. Popovych, A.V. Shatillo, N.B. Zelinska,
L.V. Tavokina, O.V. Gorodna, G.B. Livshits,
D.A. Sirokha, L.A. Livshits

«Regional Perinatal Center» of Zhytomyr Regional 
Council 
SI «Institute of Neurology, Psychiatry
and Narcology of the National Academy
of Medical Sciences of Ukraine»
Ukrainian Scientific and Practical Center
for Endocrine Surgery, Transplantation of Endocrine
Organs and Tissues, Ministry of Health of Ukraine
OHMATDYT National specialized children’s hospital 
Ministry of Health of Ukraine 
Institute of Molecular Biology and Genetics, National 
Academy of Sciences of Ukraine

E-mail: livshits@edu.imbg.org.ua

The elucidation of molecular genetic mechanisms in 
the development of rare inherited diseases is crucial in 
understanding the processes of pathogenesis, improving 
the diagnosis and treatment of patients. The aim of our 
study was to determine the nature of genetic defects 
in a patient who showed signs of sexual dysfunction 
in combination with neuromuscular pathology. The 
study included: clinical and genealogical examination, 
ultrasonographic examination, electroneuromyography, 
study of biochemical parameters in serum: hormones and 
enzymes, molecular cytogenetic study using the FISH 
method, whole exome sequencing of the patient’s DNA 
analysis, bioinformatiñ analysis. The patient showed 
signs of primary (hypergonadotropic) hypogonadism 
and polyneuropathic changes in the lower extremities 
(axonal-demyelinating). It was found that these clinical 
characteristics of the patient’s phenotype do not agree 
with any description of the clinical phenotype registered 
in the OMIM International Database. According to the 
results of molecular cytogenetic study in the patient’s 
karyotype, an unbalanced translocation of the Yp11.3 
region containing the SRY gene to the short arm region 
of the X chromosome Xp22.33 with the formation of 
a derivative X chromosome was detected. On another 
side, the results of whole exome sequencing of the 
patient’s genomic DNA revealed the presence of a 
homozygous mutation chr5: 131165096 C> G (c.110G> 
C, p.Arg37Pro) in the HINT1 gene. Thus, it can be 
concluded that the phenotype with signs of disorders 
of sex differentiation in combination with axonal 

neuropathy with myotonia is due to two independent 
pathogenetic factors – unbalanced translocation of the 
SRY gene sequence on the X chromosome, resulting in 
paternal spermatogenesis and inheritance of the HINT1 
gene homozygous missence mutation (c.110G>C, 
p.Arg37Pro). These results support the effectiveness of a 
combination of molecular cytogenetic research methods 
and the results of high-performance WES to elucidate 
the molecular mechanisms of pathogenesis in patients 
with rare clinical phenotypes.
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