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Õâîðîáà Â³ëüñîíà (ÕÂ) – àóòîñîìíå ðåöåñèâíå çà-
õâîðþâàííÿ çóìîâëåíå ïîðóøåííÿì ìåòàáîë³çìó ì³ä³, 
óíàñë³äîê ñïàäêîâèõ ìóòàö³é ãåíà ATP7Â, ñïåêòð ³ 
÷àñòîòà ìóòàö³é çíà÷íî â³äð³çíÿºòüñÿ ó ð³çíèõ ïîïó-
ëÿö³ÿõ. Âèçíà÷èòè ïåðåë³ê íàé÷àñò³øèõ ìóòàö³é ãåíà 
ATP7B ñåðåä ïàö³ºíò³â ç Óêðà¿íè äëÿ âïðîâàäæåííÿ 
¿õ ãåíåòè÷íîãî òåñòóâàííÿ â ïðàêòèêó ìåäèêî-ãåíå-
òè÷íîãî êîíñóëüòóâàííÿ. Ìàòåð³àëîì äëÿ äîñë³äæåí-
íÿ ñëóãóâàëè çðàçêè ÄÍÊ âèä³ëåí³ ³ç ëåéêîöèò³â 90 ïà-
ö³ºíò³â (41 ÷îëîâ³÷î¿ ³ 49 æ³íî÷î¿ ñòàò³) â³êîì â³ä 
3 äî 60 ðîê³â ç êë³í³÷íèìè òà á³îõ³ì³÷íèìè ïðîÿâà-
ìè çàõâîðþâàííÿ. Ïðîâåäåíî ìîëåêóëÿðíî-ãåíåòè÷íèé
àíàë³ç íàéïîøèðåí³øî¿ äëÿ ºâðîïåéö³â ìóòàö³¿ c.3207C >
> A (H1069Q) ìåòîäîì PCR Bi-PASA. Ó 23 ïàö³ºíò³â, 
ÿê³ íàáðàëè 3 áàëè çà áàëüíîþ ñèñòåìîþ Ëåéïöèã ïðî-
âåëè ñåêâåíóâàííÿ åêçîí³â ãåíà ATP7B. Ó ðåçóëüòàò³ 
ïðîâåäåíîãî ìîëåêóëÿðíî-ãåíåòè÷íîãî àíàë³çó ìóòàö³é 
ãåíà ATP7B ó 23,3 % ïàö³ºíò³â ç êë³í³÷íèìè ïðîÿâà-
ìè õâîðîáè, ãåíåòè÷íî âåðèô³êîâàíî ä³àãíîç õâîðîáà 
Â³ëüñîíà. Ó ïàö³ºíò³â äîñë³äæåíî¿ âèá³ðêè âèÿâëåíî 5 
ð³çíèõ ìóòàö³é òà 5 îäíîíóêëåîòèäíèõ ïîë³ìîðô³çì³â 
ó ãåí³ ATP7B. Íàéïîøèðåí³øó äëÿ ºâðîïåéö³â ìóòàö³þ 
(c.3207C > A) âèÿâèëè ó 28 ïàö³ºíò³â, âêëþ÷àþ÷è 15
âèïàäê³â ãîìîçèãîòíîñò³. Ó 6 âèïàäêàõ ìóòàö³ÿ 
c.3207C > A áóëà ó êîìïàóíä ãåòåðîçèãîòíîìó ñòàí³ 
ç ³íøèìè ìóòàö³ÿìè ãåíà ATP7B : 3 – c.2304dupC (8 
åêçîí), 1 – c.2128G > A (8 åêçîí), 1 – c.3011A > C (13 
åêçîí), 1 – c.3402delC (15 åêçîí). Ó 7 îñ³á îêð³ì ìóòà-
ö³¿ H1069Q ³íøèõ ïåðåáóäîâ âèÿâëåíî íå áóëî. ×àñòî-
òà íàéïîøèðåí³øîãî â ªâðîï³ ïàòîãåííîãî àëåëþ 
c.3207C > A (H1069Q) ãåíà ATP7B ñåðåä ïàö³ºíò³â 
íàáðàëè 3 òà á³ëüøå áàë³â â³äïîâ³äíî äî áàëüíî¿ ñèñ-
òåìè ä³àãíîñòè÷íèõ òåñò³â ñÿãàº 76,8 %. ×àñòîòà 
àëåë³ c.2304dupC ñåðåä ãåíåòè÷íî âåðèô³êîâàíèõ âè-
ïàäê³â ñòàíîâèòü 7 %. Âïðîâàäæåíî â ïðàêòèêó ãå-
íåòè÷íå òåñòóâàííÿ äâîõ ìóòàö³é ãåíà ATP7B
(c.3207C > A òà c.2304dupC), ÿê³ º ÷àñòèìè ñåðåä ïà-
ö³ºíò³â ç õâîðîáîþ Â³ëüñîíà ç Óêðà¿íè. Ó òðåòèíè ïà-
ö³ºíò³â ïðè â³äñóòíîñò³ ïàòîãåííèõ àëåë³â â åêçîííèõ 
ïîñë³äîâíîñòÿõ ãåíà ATP7B âèÿâëåíî íàÿâí³ñòü îäíî-
ãî ÷è äåê³ëüêîõ îäíîíóêëåîòèäíèõ ïîë³ìîðô³çì³â, ñåðåä 

íèõ äåê³ëüêà íå ïàòîãåííèõ âàð³àíò³â òà îäèí ïîë³-
ìîðô³çì, àñîö³éîâàíèé ç ï³äâèùåííÿì ðèçèêó ðîçâèòêó 
õâîðîáè Àëüöãåéìåðà (c.2495A > G). Îòðèìàí³ ðåçóëü-
òàòè âêàçóþòü íà âèñîêó ³íôîðìàòèâí³ñòü ãåíåòè÷-
íîãî òåñòóâàííÿ ìóòàö³é c.3207C > A òà c.2304dupC 
ãåíà ATP7B ñåðåä îñ³á ç õâîðîáîþ Â³ëüñîíà ç Óêðà¿íè.

Êëþ÷îâ³ ñëîâà: Ãåíà ATP7B, ìóòàö³ÿ, õâîðîáà Â³ëüñîíà, 
Óêðà¿íà. 

Âñòóï. Õâîðîáà Â³ëüñîíà (ÕÂ) – àóòîñîìíå ðå-
öåñèâíå çàõâîðþâàííÿ çóìîâëåíå ïîðóøåííÿì 
ìåòàáîë³çìó ì³ä³ òà íàêîïè÷åííÿ éîí³â Cu2+ 
â êë³òèíàõ, óíàñë³äîê ñïàäêîâèõ ìóòàö³é ãåíà 
ATP7B. Â íîðì³ åêñêðåö³ÿ ì³ä³ â³äáóâàºòüñÿ 
÷åðåç ãåïàòîá³ë³àðíó ñèñòåìó çà ó÷àñòþ á³ëêà 
ATP7B [1], ÿêèé ñêëàäàºòüñÿ ç 1465 àì³íîêèñ-
ëîò òà â³ä³ãðàº êëþ÷îâó ðîëü â íîðìàëüíîìó 
ðîçïîä³ë³ ì³ä³ â ïå÷³íö³, íèðêàõ, ïëàöåíò³ òà 
ìîçêó [2]. ATP7B íàëåæèòü äî ñ³ì’¿ àäåíîçèí 
òðèôîñôàò³â Ð-òèïó, ñ³ì’¿, ùî íàðàõîâóº âåëèêó 
ê³ëüê³ñòü ìåìáðàííèõ á³ëê³â, ÿê³ â³äïîâ³äàþòü 
çà òðàíñïîðò êàò³îí³â ç êë³òèíè [3]. Ïðîòå¿í 
ñêëàäàºòüñÿ ç ï’ÿòè äîìåí³â: àì³íî-òåðì³íàëü-
íèé ì³äü çâ’ÿçóþ÷èé ôðàãìåíò, ÿêèé ì³ñòèòü 
ø³ñòü ìåòàë-çâ’ÿçóþ÷èõ ìîòèâ³â; òðàíñìåìá-
ðàííèé äîìåí, ÿêèé âèçíà÷àº ñïåöèô³÷í³ñòü 
á³ëêà ATP7B [4]; ÀÒÔ çâ’ÿçóþ÷èé äîìåí; ôî-
ñîôîðèëþþ÷èé ôðàãìåíò; äîìåí ã³äðîë³çó ÀÒÔ 
[5]. Çâ’ÿçóâàííÿ ì³ä³ â³äáóâàºòüñÿ çà äîïîìîãîþ 
çàëèøê³â öèñòå¿íó â ìåòàë çâ’ÿçóþ÷îìó äîìåí³, 
ÿêèõ â á³ëêó º ø³ñòü [6]. Òàêîæ, éìîâ³ðíî, ðîëü 
öèõ øåñòè äîìåí³â ïîëÿãàº ó âèäàëåíí³ ìåòàëó 
ç ³íøèõ ë³ãàíä³â, òàêèõ ÿê öèòîïëàçìàòè÷í³ øà-
ïåðîíè HAH1p [7] òà ATOX1 [8]. Á³ëîê ATP7B 
òàêîæ äîñòàâëÿº ì³äü â êðîâ, ñòèìóëþþ÷è ïåðå-
òâîðåííÿ àïîöåðóëîïëàçì³íó â öåðóëîïëàçì³í. 
Á³îñèíòåòè÷í³ òà ãîìåîñòàòè÷í³ ôóíêö³¿ á³ëêà 
ATP7B âèçíà÷àþòüñÿ ì³ääþ [9]. Ìóòàö³¿, ÿê³ 
ñïðè÷èíÿþòü âòðàòó ôóíêö³¿ á³ëêà ïðèçâîäÿòü 
äî íàêîïè÷åííÿ òîêñè÷íîãî ìåòàëó â êë³òèí³ 
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Ã. Ìàêóõ, I. Ãàéáîíþê, A. Çàð³íà òà ³í.

òà ðîçâèòîê õâîðîáè Â³ëüñîíà (Â³ëüñîíà-Êî-
íîâàëîâà, Â³ëüñîíà-Êîíîâàëîâà-Âåñòôàëÿ àáî 
ãåïàòîëåíòèêóëÿðíà äåãåíåðàö³ÿ) [10]. Îïèñàíî 
á³ëüøå 300 ïàòîãåííèõ âàð³àíò³â ãåíà ATP7B, 
äëÿ ÿêèõ ï³äòâåðäæåíî ðîëü ó ðîçâèòêó çàõâî-
ðþâàííÿ, ïðîòå ñïåêòð ³ ÷àñòîòà ìóòàö³é çíà÷íî 
â³äð³çíÿºòüñÿ ó ð³çíèõ ïîïóëÿö³ÿõ [23]. Íàéïî-
øèðåí³øà ñåðåä ºâðîïåéö³â ìóòàö³ÿ – p. His-
1069Gln (14 åêçîí), òîä³ ÿê â Àç³¿ – p. Arg778Leu 
(8 åêçîí) [24], à â Áðàçèë³¿ – p. His1069Gln ³ 
3402delC â åêçîí³ 15 [23].

Óíàñë³äîê ìóòàö³é ãåíà ATP7B íàêîïè÷åí-
íÿ ìåòàëó â êë³òèíàõ ñïðè÷èíÿº ïîðóøåííÿ 
ñòðóêòóðè æèðíèõ êèñëîò ìåìáðàíè òà ¿¿ ðóé-
íóâàííÿ. Êîëè ê³ëüê³ñòü ì³ä³ â êë³òèíàõ á³ëüøà, 
í³æ ê³ëüê³ñòü á³ëê³â, ÿê³ ¿¿ çâ’ÿçóþòü, â³äáóâàº-
òüñÿ îêèñíå ïîøêîäæåííÿ ö³ë³ñíîñò³ ìåìáðàíè 
âíàñë³äîê ðåàêö³¿ Ôåíòîíà [11]. Öå ïðèçâîäèòü 
äî çàïàëåííÿ ïå÷³íêè, ¿¿ ô³áðîçó òà öèðîçó. 
Òàêîæ, ç ïå÷³íêè â êðîâ âèä³ëÿºòüñÿ ì³äü, íå 
ç’ºäíàíà ç öåðóëîïëàçì³íîì, ÿêà îñ³äàº ïî âñüî-
ìó îðãàí³çìó ³ òîä³ ïîä³áí³ ðåàêö³¿ â³äáóâàþòüñÿ 
ó ì³ñöÿõ ¿¿ ëîêàë³çàö³¿ [12]. ²ñíóþòü ïðåïàðàòè, 
ÿê³ ìîæóòü âèâîäèòè ç êë³òèí ³îíè Cu 2+, ìè-
íàþ÷è íåôóíêö³îíàëüíèé á³ëîê [13]. Òàêîæ, º 
äàí³ ë³òåðàòóðè, ÿê³ ãîâîðÿòü ïðî òå, ùî öèíê 
âîëîä³º àíòàãîí³ñòè÷íîþ ä³ºþ, ³íäóêóþ÷è ñèí-
òåç ì³äü çâ’ÿçóþ÷îãî ë³ãàíäó, éìîâ³ðíî, ò³îíå¿íó, 
â êë³òèíàõ ñëèçîâî¿ îáîëîíêè, êóäè ïîòðàïëÿº 
ì³äü ç ïðîäóêòàìè õàð÷óâàííÿ òà ðîáèòü ¿¿ íåäî-
ñòóïíîþ äëÿ òðàíñïîðòóâàííÿ â êðîâ [14–16] .

Íå çâàæàþ÷è íà ìóëüòèñèñòåìí³ñòü ïðîÿâ³â 
[2], â÷àñíå ïðèçíà÷åííÿ ïðàâèëüíîãî ë³êóâàííÿ 
äîçâîëÿº ïîçáóòèñü óñ³õ ñèìïòîì³â òà ïîâåðíó-
òèñÿ äî íîðìàëüíîãî æèòòÿ, àëå äëÿ êîðåêòíîãî 
ë³êóâàííÿ ìàº áóòè â÷àñíî ïðàâèëüíî ïîñòàâ-
ëåíèé ä³àãíîç. Çàõâîðþâàííÿ ìàº íåñïåöèô³÷í³ 
ïðîÿâè, òîìó â÷àñíà ä³àãíîñòèêà ÷àñòî âèêëè-
êàº çíà÷í³ òðóäíîù³. Çâàæàþ÷è íà íàÿâí³ñòü 
åôåêòèâíîãî ë³êóâàííÿ, àëå â³äñóòí³ñòü â÷àñíî¿ 
ä³àãíîñòèêè ÷åðåç ìóëüòèñèñòåìí³ñòü ïðîÿâ³â, 
äóæå âàæëèâî ùîá ãåíåòè÷íà ä³àãíîñòèêà öüî-
ãî çàõâîðþâàííÿ áóëà øâèäêîþ òà åêîíîì³÷íî 
äîñòóïíîþ. Çðîáèòè öå ìîæíà øëÿõîì âïðîâà-
äæåííÿ ãåíåòè÷íîãî òåñòóâàííÿ íàéïîøèðåí³-
øèõ ïàòîãåííèõ âàð³àíò³â ãåíà ATP7B. 

Ìåòà. Âèçíà÷èòè ïåðåë³ê íàé÷àñò³øèõ ìó-
òàö³é ãåíà ATP7B ñåðåä ïàö³ºíò³â ç Óêðà¿íè 
äëÿ âïðîâàäæåííÿ ¿õ ãåíåòè÷íîãî òåñòóâàííÿ â 
ïðàêòèêó ìåäèêî-ãåíåòè÷íîãî êîíñóëüòóâàííÿ. 

Ìàòåð³àëè òà ìåòîäè. Äîñë³äæåííÿ âêëþ÷àëî 
çðàçêè ÄÍÊ 90 ïàö³ºíò³â (41 ÷îëîâ³÷î¿ ñòàò³ ³ 
49 æ³íî÷î¿) â³êîì â³ä 3 äî 60 ðîê³â ç êë³í³÷-
íèìè òà á³îõ³ì³÷íèìè ïðîÿâàìè çàõâîðþâàííÿ. 
Óñ³ì ïàö³ºíòàì äîñë³äíî¿ ãðóïè áóëî âèêëþ÷å-
íî â³ðóñí³ ãåïàòèòè, àëêîãîëüíèé öèðîç, ìåäè-
êàìåíòîçíå óøêîäæåííÿ ïå÷³íêè. Ïàö³ºíò³â ç 
ïðîãðåñóþ÷èìè íåâðîëîã³÷íèìè ïðîÿâàìè áó-
ëî â³ä³áðàíî ìåòîäîì àíàë³çó ðîäîâîä³â. Áóëî 
ç³áðàíî ðåºñòðàö³éí³ êàðòè, ÿê³ âêëþ÷àþòü ³í-
ôîðìàö³þ ïðî â³ê, ñòàòü, ì³ñöå ïðàö³ ³ ïðî-
æèâàííÿ, íàÿâí³ñòü øê³äëèâèõ çâè÷îê òà äàí³ 
ëàáîðàòîðíèõ îáñòåæåíü. Çàá³ð ìàòåð³àëó ïðî-
âîäèëè ï³ñëÿ ï³äïèñàííÿ ïàö³ºíòàìè ³íôîðìà-
ö³éíî¿ çãîäè íà ïðîâåäåííÿ äîñë³äæåííÿ òà äî-
çâîëó íå çáåð³ãàííÿ ÄÍÊ â áàíêó. Äîñë³äæåííÿ 
áóëî çàòâåðäæåíî êîì³òåòîì á³îåòèêè ÄÓ «²í-
ñòèòóò ñïàäêîâî¿ ïàòîëîã³¿ ÍÀÌÍ Óêðà¿íè».

Ãåíîìíó ÄÍÊ âèä³ëÿëè ç ëåéêîöèò³â ïåðè-
ôåð³éíî¿ êðîâ³ ìåòîäîì âèñîëþâàííÿ [18]. Ïðî-
âîäèëè ìîëåêóëÿðíî-ãåíåòè÷íèé àíàë³ç íàéïî-
øèðåí³øî¿ äëÿ ºâðîïåéö³â ìóòàö³¿ c.3207C > A 
(H1069Q), ÿêó âèÿâëÿëè ìåòîäîì PCR Bi-PASA 
[19]. Ïðîâîäèëè ÏËÐ âèêîðèñòîâóþ÷è äâ³ ïàðè 
ïðàéìåð³â, 2-êðàòíèé Green Master Mix (Ther-
mo Scientific, USA), â àâòîìàòè÷íîìó ðåæèì³ íà 
àìïë³ô³êàòîð³ Ò-CY (CreaCon technologies, NL) 
ç íàñòóïíèìè òåìïåðàòóðíî-÷àñîâèìè ïàðàìå-
òðàìè: 1öèêë 95 °Ñ 5 õâ; 30 öèêë³â: 94 °Ñ – 1 õâ, 
54 °Ñ – 30 ñåê, 72 °Ñ – 25 ñåê [28]. Åëåêòðîôî-
ðåç ïðîâîäèëè â 2%-íîìó àãàðîçíîìó ãåë³. Íà 
íàñòóïíîìó åòàï³ â³ä³áðàíî ÄÍÊ ïàö³ºíò³â, ÿê³ 
íàáðàëè 3 áàëè çà áàëüíîþ ñèñòåìîþ (23 îñî-
áè) òà ïðîâåëè ¿ì ñåêâåíóâàííÿ 8 òà 14 åêçîí³â 
ãåíà ATP7B. Îñîáàì, ó ÿêèõ íå âèÿâèëè æîäíèõ 
ïåðåáóäîâ ó öèõ åêçîíàõ ïðîâåëè ïîâíå ñåê-
âåíóâàíÿ ãåíà ATP7B. Äîñë³äæåííÿ ïðîâîäèëè 
ç âèêîðèñòàííÿì íàáîðó äëÿ ñåêâåíóâàííÿ Big 
Dye Terminator v.3.1 (Thermo Fisher Scientific, 
ÑØÀ), âèêîðèñòîâóþ÷è àäàïòîâàíèé ïðîòîêîë 
âèðîáíèêà. Ïîñë³äîâíîñò³ ïðàéìåð³â äîñòóïí³ 
íà çàïèòîì.

Îö³íêó ïàòîãåííîñò³ íîâèõ ìóòàö³é ï³äòâåð-
äæóâàëè çà äîïîìîãîþ îíëàéí-ðåñóðñó Muta-
tion Taster, Polyphen2 òà îïóáë³êîâàíî¿ áàçè äà-
íèõ ClinVar òà Wilson disease database. Âèð³âíþ-
âàííÿ ïîñë³äîâíîñò³ ïðîâîäèëè â³äíîñíî ðåôå-
ðåíòíî¿ ãåíà ATP7B ëþäèíè (NM_000053.3) â 
ïðîãðàì³ UGENE. Íîìåíêëàòóðà ìóòàö³é ïî-
äàâàëàñü â³äïîâ³äíî äî ñòàíäàðò³â HGVS [20]. 
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Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. Ãå-
íåòè÷íå îáñòåæåííÿ óñ³õ ïàö³ºíò³â ïî÷èíàëè 
ç òåñòóâàííÿ íàéïîøèðåí³øî¿ äëÿ ºâðîïåéö³â 
ìóòàö³¿ c.3207C > A (H1069Q). Äëÿ âàë³äàö³¿ 
ìåòîäèêè äåòåêö³¿ ìàæîðíî¿ ìóòàö³¿ H1069Q 
øëÿõîì äâîêåðóíêîâî¿ ÏËÐ â³ä³áðàíî çðàçêè, 
ó ÿêèõ ìóòàö³ÿ ï³äòâåðäæåíà ïðÿìèì ñåêâåíó-
âàííÿì. Íàÿâí³ñòü ôðàãìåíòó ðîçì³ðîì 212 ïàð 
îñíîâ ñâ³ä÷èòü ïðî â³äñóòí³ñòü ìóòàö³¿ H1069Q. 
Ïðèñóòí³ñòü ôðàãìåíòó ðîçì³ðîì 181 ïàð îñíîâ 
ñâ³ä÷èòü ïðî íàÿâí³ñòü ìóòàö³¿ H1069Q â ãîìî-
çèãîòíîìó ñòàí³. Äâà ôðàãìåíòè ðîçì³ðîì 212 
òà 181 ïàð îñíîâ ñâ³ä÷àòü ïðî ìóòàö³þ â ãåòåðî-
çèãîòíîìó ñòàí³ (ðèñ. 1, á). Ðåçóëüòàòè äåòåêö³¿ 
ìóòàö³¿ c.3207C > A ãåíà ATP7B ïðåäñòàâëåíî 
íà ðèñ. 1, a, á. 

Çà ðåçóëüòàòàìè àíàë³çó ìàæîðíî¿ ìóòàö³¿ ãå-
íà ATP7B, ó ï’ÿòíàäöÿòè îñ³á âèÿâëåíî àëåëü 
c.3207C > A (H1069Q) â ãîìîçèãîòíîìó ñòàí³, ó 
òðèíàäöÿòè ïàö³ºíò³â ó ãåòåðîçèãîòíîìó. Ðåçóëü-
òàòè äîñë³äæåííÿ ãåíåòè÷íîãî òåñòóâàííÿ ìà-
æîðíî¿ ìóòàö³¿ c.3207C > A ãåíà ATP7B ó ãðóï³ 
îñ³á ç êë³í³÷íèìè ïðîÿâàìè ÕÂ íàâåäåíî â òàáë. 1. 

Áàçóþ÷èñü íà ðåçóëüòàòàõ ãåíåòè÷íîãî àíà-
ë³çó òà íàÿâíèõ êë³í³÷íèõ ïðîÿâ³â áóëî â³ä³áðà-
íî ãðóïó ïàö³ºíò³â äëÿ íàñòóïíîãî åòàïó – ñåê-
âåíóâàííÿ åêçîí³â. Ñôîðìîâàíî âèá³ðêó 23 ³ç 
75 ïàö³ºíò³â, ÿê³ íàáðàëè 3 òà á³ëüøå áàëè â³ä-
ïîâ³äíî äî áàëüíî¿ øêàëè ä³àãíîñòè÷íèõ òåñò³â 
Ëåéïöèãà äëÿ ÕÂ. Â³äïîâ³äíî äî áàëüíî¿ ñèñòå-
ìè ä³àãíîñòè÷íèõ òåñò³â, ÿêà áóëà ïðèéíÿòà íà 
8 ì³æíàðîäíîìó ç’¿çä³, ïðèñâÿ÷åíîìó õâîðîá³ 

Ðèñ. 1. a – õðîìàòîãðàìà ìóòàö³¿ c.3207C > A (GC[C/A]GA) ãåíà ATP7B; á – åëåêòðîôîðåãðàìà äåòåêö³¿ 
ìóòàö³¿ c.3207C > A ãåíà ATP7B ìåòîäîì åëåêòðîôîðåòè÷íîãî ðîçä³ëåííÿ àìïë³ô³êîâàíèõ PCR BI-PASA 
ôðàãìåíò³â ó 2%-íîìó àãàðîçíîìó ãåë³. Ñòð³ëêà âêàçóº íà ì³ñöå ìóòàö³¿ 

Òàáëèöÿ 1. Ðåçóëüòàòè ãåíåòè÷íîãî òåñòóâàííÿ
ìàæîðíî¿ ìóòàö³¿ c.3207C > A ãåíà ATP7B ó ãðóï³ 
îñ³á ç êë³í³÷íèìè ïðîÿâàìè ÕÂ

Ãåíîòèï ×àñòîòà, n, %

c.3207C > A/ñ.3207C > A
c.3207C > A/N

N/N
Âñüîãî îáñòåæåíèõ
Àëåëü 

ATP7B 3207A

15 (16,7)
13 (14,4)
62 (68,9)
90 (100)

×àñòîòà àëåëþ ñåðåä âñ³õ 
îáñòåæåíèõ
43/180 (23,8)

Ïðèì³òêà. * N – â³äñóòí³ñòü ìóòàö³¿ ñ.3207C > A.

Òàáëèöÿ 2. Õàðàêòåðèñòèêà ãðóïè ïàö³ºíò³â, ÿêèì 
ïðîâåäåíî ïîâíå ñåêâåíóâàííÿ ãåíà ATP7B

Êë³í³÷í³ ïðîÿâè
Ãåòåðîçèãîòè 
çà ìóòàö³ºþ 
c.3207C > A

Íå âè-
ÿâëåíî 

ìàæîðíî¿ 
ìóòà-

ö³¿ ãåíà 
ATP7B

Çàãàëüíà ê³ëüê³ñòü, n
Íàÿâí³ñòü ò³ëüêè íåâðî-
ëîã³÷íèõ ïðîÿâ³â
Íàÿâí³ñòü ò³ëüêè ïå÷³í-
êîâèõ ïðîÿâ³â
Çì³øàí³ ïðîÿâè
Ñåðåäí³é â³ê íà ÷àñ çâåð-
íåííÿ, ðîê³â 
Ñåðåäí³é áàë çà ñèñòåìîþ 
Ëåéïöèã 

13
2/13

9/13

2/13
31,3

3,5–4

10
2/10

7/10

1/10
25,8

2,5–3
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Â³ëüñîíà, ÿêèé â³äáóâñÿ â 2001 ð. â Ëåéïöèãó 
ä³àãíîç õâîðîáà Â³ëüñîíà ìîæå áóòè ï³äòâåð-
äæåíî, êîëè ïàö³ºíò íàáèðàº ïðèíàéìí³ 4 áà-
ëè çà ö³ºþ ñèñòåìîþ. Õàðàêòåðèñòèêà ïàö³ºí-
ò³â, ÿê³ â³ä³áðàí³ äëÿ ïîâíîãî ñåêâåíóâàííÿ ãåíà 
ATP7B íàâåäåíà â òàáë. 2. 

Ñåêâåíóâàííÿ ãåíà ðîçïî÷àòî ç 8 òà 14 åêçî-
í³â ãåíà ATP7B, îñê³ëüêè çà äàíèìè ë³òåðàòóðè 
ñàìå â öèõ åêçîíàõ íàé÷àñò³øå çàðåºñòðîâàí³ 
ïàòîãåíí³ ìóòàö³¿, ÿê³ çóìîâëþþòü ðîçâèòîê 
ÕÂ. Ó ÷îòèðüîõ ïàö³ºíò³â âèÿâëåíî îäíàêîâó 
ïåðåáóäîâó – âñòàâêó îäíîãî íóêëåîòèäà: öè-
òîçèíó â ïîçèö³¿ 2304 ÿêà àñîö³þºòüñÿ ³ç ÕÂ. 
Ìóòàö³ÿ ñïðè÷èíÿº çñóâ ðàìêè ç÷èòóâàííÿ ó 8 
åêçîí³ òà çì³íó àì³íîêèñëîòíî¿ ïîñë³äîâíîñò³ 
á³ëêà (ð.Glu770Argfs), ³ ÿê íàñë³äîê ïîðóøåí-
íÿ ôóíêö³îíóâàííÿ òðàíñìåìáðàííîãî äîìåíó 
ì³äü çâ’ÿçóþ÷î¿ ÀÒÔ-àçè Ð-òèïó 7 êëàñó. 

Ìóòàö³þ c.2304dupC â ìåæàõ åêçîíà 8 ãåíà 
ATP7B âèÿâëåíî ó 4 ïàö³ºíò³â. Ó òðüîõ ç íèõ 
ìóòàö³ÿ áóëà â êîìïàóíä ãåòåðîçèãîòíîìó ñòàí³ 

ç ìàæîðíîþ ìóòàö³ºþ ñ.3207C > A, ùî âåðè-
ô³êóº ä³àãíîç õâîðîáà Â³ëüñîíà. Â îäí³º¿ ïàö³-
ºíòêè ï³ñëÿ ñåêâåíóâàííÿ óñ³º¿ ïîñë³äîâíîñò³ 
ãåíà òà äåòåêö³¿ âåëèêèõ äåëåö³é òà äóïë³êàö³é 
âèÿâëåíî ëèøå ìóòàö³þ c.2304dupC â îäíîìó 
àëåë³ ãåíà. Ó ïàö³ºíòà çàô³êñîâàíî âèñîêèé ð³-
âåíü ì³ä³ â äîáîâ³é ñå÷³, (166 g/l), ô³áðîçí³ çì³-
íè â ïå÷³íö³, âèñîê³ ð³âí³ ÀËÒ (83 mg/l), ÀÑÒ 
(61 mg/l). Â³äïîâ³äíî äî áàëüíî¿ ñèñòåìè ä³à-
ãíîñòè÷íèõ òåñò³â, íàÿâí³ñòü îäí³º¿ ìóòàö³¿ äàº 
1 áàë, âèñîêèé ð³âåíü ì³ä³ â äîáîâ³é ñå÷³ – 1, 
ô³áðîçí³ çì³íè â ïå÷³íö³ – 2 áàëè. Ñóìàðíî 
ïàö³ºíòêà íàáèðàº 4 áàëè, ùî äîçâîëÿº ï³ä-
òâåðäèòè ä³àãíîç. Îñê³ëüêè, ìóòàö³ÿ c.2304dupC 
âèÿâëåíà â ÷îòèðüîõ ïàö³ºíò³â ç äîñë³äæåíî¿
âèá³ðêè, ââàæàºìî ¿¿ ÷àñòîþ äëÿ æèòåë³â Óêðà-
¿íè. Â ïðàêòèêó âïðîâàäæåíî ãåíåòè÷íå òåñòó-
âàííÿ ìóòàö³¿ c.2304dupC äëÿ ïîêðàùåííÿ ä³à-
ãíîñòèêè õâîðîáè Â³ëüñîíà ìåòîäîì ïîë³ìîð-
ô³çìó äîâæèí ðåñòðèêö³é íèõ ôðàãìåíò³â. Âè-
êîðèñòîâóþ÷è îíëàéí-ðåñóðñ primer design 3, 
ï³ä³áðàíî ïðàéìåðè (forward 5�-GTCACGACT-
GTGCACAAAGC-3�, revers 5�-TTCTGAACCT-
GAAGCTGCTGT-3�) äëÿ àìïë³ô³êàö³¿ ôðàãìåí-
òó 8 åêçîíà ãåíà ATP7B âåëè÷íîþ 285 ïàð íóê-
ëåîòèä³â. Â ìåæàõ öüîãî ôðàãìåíòó º äâà ñàé-
òè ðåñòðèêö³¿ äëÿ åíäîíóêëåàçè HpyF10VI 
(MwoI) ³ ïðè íàÿâíîñò³ äóïë³êàö³¿ öèòîçèíó
â ïîçèö³¿ 2304 (ìóòàö³ÿ ñ.2304dupC) îäèí ñàéò 
ðåñòðèêö³¿ ïîðóøóºòüñÿ. Çàïðîïîíîâàíèé ìåòîä
âïðîâàäæåíî â ïðàêòèêó äëÿ ãåíåòè÷íîãî òåñòó-
âàííÿ ìóòàö³¿ ñ.2304dupC ãåíà ATP7B (ðèñ. 2, á).

Â îäíîãî ïàö³ºíòà â ìåæàõ åêçîíó 8 âèÿâ-
ëåíî çàì³íó ãóàí³íó íà àäåí³í â ïîçèö³¿ 2128 

Ðèñ. 2. à – õðîìàòîãðàìà ñåêâåíóâàííÿ 8 åêçîíó ãåíà ÀTP7B, ùî ì³ñòèòü ìóòàö³þ ñ.2304dupC (CC[A/C]TG) 
ó ãåòåðîçèãîòíîìó ñòàí; á – åëåêòðîôîðåãðàìà äåòåêö³¿ ìóòàö³¿ c.2304dupC ìåòîäîì ïîë³ìîðô³çìó äîâæèí 
ðåñòðèêòíèõ ôðàãìåíò³â òà åëåêòðîôîðåòè÷íîãî ðîçä³ëåííÿ â 2%-íîìó àãàðîçíîìó ãåë³

Ðèñ. 3. Õðîìàòîãðàìà ñåêâåíóâàííÿ 8 åêçîíó ãåíà 
ATP7B, ùî ì³ñòèòü ìóòàö³þ c.2128G > A (TC[G/A]
GT). Ñòð³ëêà âêàçóº ì³ñöå ïåðåáóäîâè
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êÄÍÊ – ìóòàö³ÿ c.2128G > A. Öÿ ïåðåáóäîâà 
çóìîâëþº çàì³íó ãë³öèíó â 710 ïîçèö³¿ àì³íî-
êèñëîò íà ñåðèí â òðàíñìåìáðàííîìó äîìåí³ 
ì³äü çâ’ÿçóþ÷î¿ ÀÒÔ-àçè Ð-òèïó 7 êëàñó. Ìóòà-
ö³ÿ îïèñàíà â áàç³ äàíèõ HGMD ÿê ïàòîãåííà 
(rs137853285). Õðîìàòîãðàìà äåòåêö³¿ ìóòàö³¿ 
c.2128G > A ãåíà ATP7B ïðåäñòàâëåíà íà ðèñ. 
3. Öÿ ïåðåáóäîâà âèÿâëåíà ó 40 ð³÷íîãî ïàö³-
ºíòà ç íåâðîëîã³÷íèìè óðàæåííÿìè â êîìïàóíä 
ãåòåðîçèãîòíîìó ñòàí³ ç ìàæîðíîþ ìóòàö³ºþ 
c.3207C > A. 

Îñîáàì, ó ÿêèõ íå âèÿâèëè ïåðåáóäîâ â åêçî-
íàõ 8 òà 14 ïðîâåëè ñåêâåíóâàííÿ ðåøòè åêçîí³â 
ãåíà ATP7B. Çà ðåçóëüòàòàìè ñåêâåíóâàííÿ òà 
ïîð³âíÿííÿ ç ðåôåðåíòíîþ ïîñë³äîâí³ñòþ, â 9 
åêçîí³ ãåíà íå âèÿâëåíî ïåðåáóäîâ ó æîäíîìó 
³ç çðàçê³â ÄÍÊ. Â³äïîâ³äíî äî äàíèõ ë³òåðàòó-
ðè, â æèòåë³â ºâðîïåéñüêî¿ ïîïóëÿö³¿ ìóòàö³¿ â 
öüîìó åêçîí³ âèÿâëÿþòüñÿ ð³äêî. Ñåêâåíóâàííÿ 
ö³º¿ ä³ëÿíêè ãåíà íå º ³íôîðìàòèâíå äëÿ äîñë³-
äæóâàíî¿ ïîïóëÿö³¿. 

Íàñòóïíèì åòàïîì ðîáîòè áóëî ñåêâåíóâàí-
íÿ ç 10 äî 15 åêçîí³â. Ó ìåæàõ åêçîíà 13 âèÿâëå-
íî çàì³íó àäåí³íó íà öèòîçèí â ïîëîæåíí³ 3011 

(c.3011A > C). Öÿ ïåðåáóäîâà çóìîâëþº çàì³íó 
ãëóòàì³íó â 1004 ïîçèö³¿ àì³íîêèñëîò íà ïðîë³í 
â ìåòàëîçâ’ÿçóþ÷îìó äîìåí³ ÀÒÔ-àçè Ð-òèïó 7 
êëàñó. Ìóòàö³ÿ îïèñàíà â áàç³ äàíèõ HGMD ÿê 
ïàòîãåííà (rs587783307). Õðîìàòîãðàìà äåòåêö³¿ 
ìóòàö³¿ c.3011A > C ãåíà ATP7B ïðåäñòàâëåíà 
íà ðèñ. 4, à. Öÿ ïåðåáóäîâà âèÿâëåíà ó 27 ð³÷-
íîãî ïàö³ºíòà ç àñöèòîì íåç’ÿñîâàíîãî ´åíåçó 
â êîìïàóíä ãåòåðîçèãîòíîìó ñòàí³ ç ìàæîðíîþ 
ìóòàö³ºþ c.3207C > A.

Â îäíîìó ³ç çðàçê³â â ïîñë³äîâíîñò³ 15 åêçîíà 
ãåíà ATP7B âèÿâëåíî âòðàòó îäíîãî íóêëåîòèäó 
â ïîçèö³¿ 3402 – ìóòàö³þ c.3402delÑ. Öÿ ïåðå-
áóäîâà çóìîâëþº çàì³íó àëàí³íó íà ãëóòàì³í â 
ïîçèö³¿ 1135 àì³íîêèñëîò ÀÒÔ-çâ’ÿçóþ÷îãî äî-
ìåíó á³ëêà ATP7B (p.Ala1135GlnfsX13). Ìóòàö³ÿ 
âåäå äî çñóâó ðàìêè ç÷èòóâàííÿ òà îïèñàíà â 
áàç³ äàíèõ HGMD ÿê ïàòîãåííà (rs137853281 ). 
Õðîìàòîãðàìà äåòåêö³¿ ìóòàö³¿ c. 3402delÑ ãåíà 
ATP7B ïðåäñòàâëåíà íà ðèñ. 4, á. Öÿ ïåðåáóäîâà 
âèÿâëåíà â êîìïàóíä ãåòåðîçèãîòíîìó ñòàí³ ç 
ìàæîðíîþ ìóòàö³ºþ c.3207C > A ó 17 ð³÷íîãî 
õëîïöÿ ç ³ä³îïàòè÷íèì ãåïàòèòîì. Õðîìàòîãðà-
ìè ñåêâåíóâàííÿ åêçîí³â 13 òà 15, ùî ì³ñòÿòü 

Ðèñ. 4. à – õðîìàòîãðàìà ñåêâåíóâàííÿ 13 åêçîíó ãåíà ATP7B, ùî ì³ñòèòü ìóòàö³þ c.3011A > C (GC[A/C]
GA), á – õðîìàòîãðàìà ñåêâåíóâàííÿ 15 åêçîíó ãåíà ATP7B, ùî ì³ñòèòü ìóòàö³þ c.3402delC. Ñòð³ëêà âêàçóº 
íà ì³ñöå ïåðåáóäîâè

Ðèñ. 5. Õðîìàòîãðàìà ñåêâåíóâàííÿ 13 åêçîíó ãåíà ATP7B, ùî ì³ñòèòü SNP c.2973G>A (AC[G/A]CC) ó ãå-
òåðîçèãîòíîìó (a) òà ãîìîçèãîòíîìó (á) ñòàí³ 
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ïåðåáóäîâè ïðåäñòàâëåíî íà ðèñ. 4, à, á, â³ä-
ïîâ³äíî.

Ó äâîõ îñ³á â ìåæàõ åêçîíà 13 âèÿâëåíî çàì³-
íó àäåí³íó íà öèòîçèí â ïîëîæåíí³ 2973 êÄÍÊ 
(c.2973A > C). Öåé âàð³àíò íå âåäå äî çì³íè 

ïîñë³äîâíîñòåé àì³íîêèñëîò ó á³ëêó, ³ òðàêòó-
ºòüñÿ ó áàçàõ äàíèõ ÿê îäíîíóêëåîòèäíèé ïî-
ë³ìîðô³çì rs1801248. Ó äîñë³äæåí³é âèá³ðö³ öÿ 
îäíîíóêëåîòèäíà çàì³íà âèÿâëåíà ó äâîõ ïà-
ö³ºíò³â â ãåòåðîçèãîòíîìó ñòàí³ òà â îäíîãî â 
ãîìîçèãîòíîìó ñòàí³. (ðèñ. 5, a, á). 

Òàêîæ, âèÿâëåíî äâîõ îñ³á ³ç çàì³íîþ ãóà-
í³íó íà àäåí³í â ïîëîæåíí³ 3009 ãåíà ATP7B
(c.3009G > A) â ãåòåðîçèãîòíîìó ñòàí³ (ðèñ. 6, 
a). Öåé âàð³àíò íå âåäå äî çì³íè ïîñë³äîâíîñòåé 
àì³íîêèñëîò ó á³ëêó, ³ òðàêòóºòüñÿ ó áàçàõ äàíèõ 
ÿê îäíîíóêëåîòèäíèé ïîë³ìîðô³çì rs1801247, 
õî÷à äî íåäàâíüîãî ÷àñó â áàç³ ExAc â³í òðàêòó-
âàâñÿ ÿê âàð³àíò íåâ³äîìîãî çíà÷åííÿ. 

Â³äïîâ³äíî äî îòðèìàíèõ ðåçóëüòàò³â ñåêâå-
íóâàííÿ åêçîíó 10 ãåíà ATP7B, âèÿâëåíî ì³ñ-
ñåíñ ìóòàö³þ c.2495A > G â ãåòåðîçèãîòíîìó 
ñòàí³ ó 6 ïàö³ºíò³â, òà â ãîìîçèãîòíîìó ñòàí³ ó 
äâîõ îñ³á. Õðîìàòîãðàìó ñåêâåíóâàííÿ 10 åêçî-
íà ãåíà ATP7B íàâåäåíî íà ðèñ. 7. Öÿ ïåðåáóäî-
âà çóìîâëþº çàì³íó ë³çèíó íà àðã³í³í â ïîçèö³¿ 

Ðèñ. 6. à – õðîìàòîãðàìà ñåêâåíóâàííÿ ãåíà ÀTP7B, ùî ì³ñòèòü ïåðåáóäîâó c.3009G>A (GC[G/A]CA) ó 
ãåòåðîçèãîòíîìó ñòàí³, á – çàì³íà â áàç³ Mutation tester, â – çàì³íà â áàç³ ClinVar 

Ðèñ. 7. Õðîìàòîãðàìà ñåêâåíóâàííÿ ãåíà ATP7B ç 
SNP ñ.2495A > G (CA[A/G]GG) ó ãîìîçèãîòíîìó 
ñòàí³. Ñòð³ëêà âêàçóº ì³ñöå ïåðåáóäîâè

Òàáëèöÿ 3. Ðåçóëüòàòè ãåíåòè÷íîãî òåñòóâàííÿ ìàæîðíî¿ ìóòàö³¿ c.3207C > A òà ñåêâåíóâàííÿ åêçîí³â
ãåíà ATP7B ó ãðóï³ îñ³á ç êë³í³÷íèìè ïðîÿâàìè ÕÂ

Àëåëü ãåíà 
ATP7B

Êë³í³÷íå çíà÷åííÿ
Íîìåð
åêçîíà

Ê³ëüê³ñòü âèÿâëåíèõ âèïàäê³â

â ãîìîçè-
ãîòíîìó 

ñòàí³

â ãåòåðî-
çèãîòíîìó 

ñòàí³

â êîìïàóíä 
ãåòåðîçèãîò-
íîìó ñòàí³

c.3207C > A
c.2304dupC
c.2128G > A
c.3402delC
c.3011A > C
c.3009G > A
c.2495A > G
c.1366C > G
c.1366C > T
c.2973G > A

Ïàòîãåííèé
Ïàòîãåííèé
Ïàòîãåííèé
Ïàòîãåííèé
Ïàòîãåííèé
Ïîë³ìîðô³çì

Àëåëü ðèçèêó ðîçâèòêó õâîðîáè Àëüöãåéìåðà
Ïîë³ìîðô³çì

Íå â³äîìå (íå îïèñàíî) 
Ïîë³ìîðô³çì

14
8
8
15
13
13
10
3
3
13

15
–
–
–
–
–
2
3
–
1

7
1
–
1
–
–
2
–
1
–

6
3
1
1
1
2
4
5
–
2
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Ìóòàö³¿ ãåíà ATP7B ñåðåä ïàö³ºíò³â âèñîêîãî ðèçèêó õâîðîáè â³ëüñîíà ç Óêðà¿íè  

832 àì³íîêèñëîòíî¿ ïîñë³äîâíîñò³ òðàíñìåìá-
ðàííîãî äîìåíó á³ëêà ATP7B (p.Lys832Arg). 
Ïðîòå, öåé âàð³àíò â áàçàõ äàíèõ òðàêòóºòüñÿ 
ÿê îäíîíóêëåîòèäíèé ïîë³ìîðô³çì (rs1061478), 
êë³í³÷íå çíà÷åííÿ ÿêîãî çàëèøàºòüñÿ äèñêóòà-
áåëüíèì. ª äàí³ ïðî òå, ùî öåé àëåëü â ãîìîçè-
ãîòíîìó ñòàí³ ïîðóøóº îáì³í ì³ä³ òà ï³äâèùóº 
ðèçèê ðîçâèòêó õâîðîáè Àëüöãåéìåðà íà 75 % 
[21]. Ó äîñë³äæåíí³ äàíèé âàð³àíò âèÿâëåíî ó 
ïàö³ºíò³â ç êë³í³÷íèìè ïðîÿâàìè õàðàêòåðíè-
ìè äëÿ ÕÂ çà â³äñóòíîñò³ ³íøèõ ïàòîãåííèõ 
ìóòàö³é. Ó ï’ÿòüîõ ïàö³ºíò³â îêð³ì âàð³àíòó 
c.2495A > G âèÿâëåíî îäíîíóêëåîòèäí³ çàì³íè 
â åêçîíàõ 2, 3 òà 13. 

Ó ðåçóëüòàò³â ñåêâåíóâàííÿ ç 16 ïî 21 åêçî-
í³â ãåíà ATP7B â äîñë³äæóâàíèõ çðàçêàõ ÄÍÊ 
ïàö³ºíò³â, ùî íàáðàëè òðè òà á³ëüøå áàë³â çà 
ä³àãíîñòè÷íîþ øêàëîþ Ëåéïöèã â³äì³ííîñòåé 
â³ä ðåôåðåíòíî¿ ïîñë³äîâíîñò³ ãåíà íå âèÿâëå-
íî. Àíàë³ç äàíèõ ë³òåðàòóðè ïîêàçàâ, ùî äëÿ 
ºâðîïåéñüêî¿ ïîïóëÿö³¿ ìóòàö³¿ â öèõ åêçîíàõ 
íå º ÷àñòèìè [24]. Òàêîæ, íå âèÿâëåíî â³äì³í-
íîñòåé â³ä ðåôåðåíòíî¿ ïîñë³äîâíîñò³ ó ìåæàõ 
1, 11 òà 12 åêçîí³â ãåíà ATP7B. Ñåêâåíóâàííÿ 2 
åêçîíó ïðîâîäèëè â òðè åòàïè, îñê³ëüêè åêçîí 
ñêëàäàºòüñÿ ç 1233 ï.í., àëå æîäíèõ ïåðåáóäîâ 
ó íüîìó íå âèÿâëåíî. 

Â³äïîâ³äíî äî áàç äàíèõ ìóòàö³é ãåíà ÀTP7B, 
ð³äê³ñíèìè º ìóòàö³¿ â åêçîí³ 3. Ó äàíîìó äîñ-
ë³äæåíí³ â ìåæàõ òðåòüîãî åêçîíà ãåíà ATP7B â
÷îòèðüîõ îñ³á âèÿâëåíî îäíîíóêëåîòèäíèé ïî-
ë³ìîðô³çì c.1366C > G (AG[C/T]GT) rs1801244 – 
çàì³íà àì³íîêèñëîòè âàë³íó íà ëåéöèí â ïîëî-
æåíí³ 456 â ãåòåðîçèãîòíîìó ñòàí³, ó òðüîõ – â 
ãîìîçèãîòíîìó ñòàí³ (ðèñ. 8, à). Â îäíîãî ³ç ïà-
ö³ºíò³â âèÿâëåíî îäíîíóêëåîòèäíèé ïîë³ìîð-
ô³çì c.1366C > T, (AG[C/T]GT) â ãåòåðîçèãîò-
íîìó ñòàí³ (ðèñ. 8, á)

Ó 8 ³ç 23 ïàö³ºíò³â, ÿê³ íàáðàëè 3 òà á³ëüøå
áàëè çà øêàëîþ Ëåéïöèã, â åêçîííèõ ïîñë³äîâ-
íîñòÿõ ãåíà ATP7B âèÿâëåíî íàÿâí³ñòü îäíî-
íóêëåîòèäíèõ ïîë³ìîðô³çì³â ïðè â³äñóòíîñò³ ïà-
òîãåííèõ àëåë³â. Çà îñòàíí³ ê³ëüêà ðîê³â ïîíÿò-
òÿ «ñèíîí³ì³÷í³ ìóòàö³¿» äóæå çì³íèëîñü. Äîñ-
ë³äæåííÿ ìîëåêóëÿðíî¿ åâîëþö³¿ âñòàíîâèëè, ùî 
ó âñ³õ îðãàí³çìàõ ñèíîí³ì³÷í³ êîäîíè ïåðåáóâà-
þòü ï³ä òèñêîì ñåëåêö³¿. Ö³ ñïîñòåðåæåííÿ áóëè 
äîïîâíåí³ á³îõ³ì³÷íèìè, á³îô³çè÷íèìè òà ãåíå-
òè÷íèìè äîñë³äæåííÿìè, ÿê³ äàþòü ìåõàí³ñòè÷-
í³ ïîÿñíåííÿ òîãî, ÿê òàêå çì³ùåííÿ êîäîíó 

âïëèâàº íà ìåõàí³çìè òðàíñêðèïö³¿ òà êîíòðîëþ
åêñïðåñ³¿ ãåí³â, åôåêòèâíîñò³ óêëàäàííÿ á³ëêà 
òà óçãîäæåíî¿ åêñïðåñ³¿ ôóíêö³îíàëüíî ïîâ’ÿçà-
íèõ ãåí³â. ²íòåðåñ äî öüîãî ÿâèùà ïîñèëèâñÿ 
çâ’ÿçêîì ì³æ áàãàòüìà ñèíîí³ì³÷íèìè ìóòàö³ÿ-
ìè òà õâîðîáàìè ëþäèíè. Òàêèì ÷èíîì, ñèíîí³-
ì³÷í³ ìóòàö³¿, ÿê³ êîëèñü ââàæàëèñÿ íåøê³äëèâè-
ìè, âñå ÷àñò³øå ïðîÿâëÿþòüñÿ, ÿê ïàòîãåíí³ [22]. 

Â³äïîâ³äíî äî îòðèìàíèõ ðåçóëüòàò³â âèÿâ-
ëåíî 5 ð³çíèõ ìóòàö³é òà 5 îäíîíóêëåîòèäíèõ 
ïîë³ìîðô³çì³â ó ãåí³ ATP7B ñåðåä 23 ïàö³ºíò³â 
ç ä³àãíîçîì õâîðîáà Â³ëüñîíà. Ðåçóëüòàòè ãåíå-
òè÷íîãî òåñòóâàííÿ ìàæîðíî¿ ìóòàö³¿ c.3207C >
> A òà ñåêâåíóâàííÿ åêçîí³â ãåíà ATP7B ó ãðó-
ï³ îñ³á ç êë³í³÷íèìè ïðîÿâàìè ÕÂ íàâåäåíî â
òàáë. 3. ×àñòîòè ïàòîãåííèõ àëåë³â ãåíà ATP7B
ó ãðóï³ îñ³á ç êë³í³÷íèìè ïðîÿâàìè ÕÂ ç Óêðà-
¿íè ïðèâåäåíî ó òàáë. 4.

ßê ñâ³ä÷àòü äàí³, íàâåäåí³ â òàáë. 3 òà 4 íàé-
ïîøèðåí³øó äëÿ ºâðîïåéö³â ìóòàö³þ (c.3207C >

Ðèñ. 8. à – õðîìàòîãðàìà ñåêâåíóâàííÿ ãåíà ATP7B 
ç SNP c.1366C > G (AG[C/G]GT), á – c.1366C > T 
(GAG[C/T]GT). Ñòð³ëêè âêàçóþòü ì³ñöå ïåðåáóäîâè

Òàáëèöÿ 4. ×àñòîòà ïàòîãåííèõ àëåë³â ãåíà ATP7B
ó ãðóï³ îñ³á ç êë³í³÷íèìè ïðîÿâàìè ÕÂ ç Óêðà¿íè

Àëåëü ãåíà 
ATP7B

×àñòîòà àëåëÿ, n, %

cåðåä ãåíåòè÷íî 
âåðèô³êîâàíèõ 

âèïàäê³â õâîðîáè 
Â³ëüñîíà,
(n = 21)

Ñåðåä óñ³õ îá-
ñòåæåíèõ ç ï³ä-
îçðîþ õâîðîáè 

Â³ëüñîíà,
(n = 90)

c.3207C > A
c.2304dupC
c.3402delC
c.2128G > A
c.3011A > C
Âñüîãî àëåë³â 

37 (88)
3 (7,1)
1 (2,3)
1 (2,3)
1 (2,3)

42

43 (23,9)
4 (2,2)
2 (1,1)
1 (0,6)
1 (0,6)

180
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Ã. Ìàêóõ, I. Ãàéáîíþê, A. Çàð³íà òà ³í.

> A) âèÿâèëè ó 28 ïàö³ºíò³â, âêëþ÷àþ÷è 15 âè-
ïàäê³â ãîìîçèãîòíîñò³. Ó 6 âèïàäêàõ ìóòàö³ÿ 
c.3207C > A áóëà ó êîìïàóíä ãåòåðîçèãîòíîìó 
ñòàí³ ç ³íøèìè ìóòàö³ÿìè ãåíà ATP7B : 3 – 
c.2304dupC (8 åêçîí), 1 – c.2128G > A (8 åê-
çîí), 1 – c.3011A > C (13 åêçîí), 1 – c.3402delC 
(15 åêçîí). Ó 7 îñ³á îêð³ì ìóòàö³¿ H1069Q ³í-
øèõ ïåðåáóäîâ âèÿâëåíî íå áóëî. ×àñòîòà àëå-
ëÿ c.3207C > A ñåðåä ãåíåòè÷íî âåðèô³êîâà-
íèõ âèïàäê³â ñòàíîâèòü 88 %. ×àñòîòà àëåëÿ 
c.2304dupC ñåðåä ãåíåòè÷íî âåðèô³êîâàíèõ âè-
ïàäê³â ñòàíîâèòü 7 %, ùî º âèùîþ, í³æ â ³íøèõ 
ïîïóëÿö³ÿõ [23]. 

Êð³ì òîãî, ñë³ä äîäàòè, ùî ðîáîòà íå âêëþ-
÷àëà äîñë³äæåííÿ ³íòðîííèõ ïîñë³äîâíîñòåé, 
ÿê³ òåæ ìîæóòü ì³ñòèòè ïàòîãåíí³ âàð³àíòè. 
Òàêîæ âàðòî çàçíà÷èòè, ùî ìîæëèâî íå ó âñ³õ 
ïàö³ºíò³â, ÿê³ óâ³éøëè â äîñë³äíó ãðóïó ïî-
ðóøåííÿ çóìîâëåí³ ñàìå õâîðîáîþ Â³ëüñîíà. 
×åðåç çíà÷íèé ïîë³ìîðô³çì êë³í³÷íèõ ïðîÿâ³â 
äóæå âàæêî â³äð³çíèòè íåâðîëîã³÷í³ ïðîÿâè ÕÂ 
â³ä ³íøèõ íåâðîëîã³÷íèõ ïîðóøåíü. Ñë³ä òàêîæ 
â³äçíà÷èòè, ùî çá³ëüøåíèé ð³âåíü ì³ä³ ìîæå 
âèÿâëÿòèñÿ ïðè ãåïàòèòàõ ³íøîãî ´åíåçó, îêð³ì 
ÕÂ, ùî óòðóäíþº êîðåêòíèé êë³í³÷íèé â³äá³ð 
ãðóïè ïàö³ºíò³â ç ÕÂ [12]. Íå º ÷àñòîþ îçíà-
êîþ é íàÿâí³ñòü ê³ëüöÿ Êàéçåðà, ÿêå ðîçâèâà-
ºòüñÿ ïåðåâàæíî íà ï³çí³õ ñòàä³ÿõ õâîðîáè. Óñ³ 
ö³ îáìåæåííÿ ìàþòü çíà÷åííÿ äëÿ îòðèìàííÿ 
ïîêàçíèêà ÷àñòîò ìóòàíòíèõ àëåë³â â ïàö³ºíò³â 
ç Óêðà¿íè. Ïðè ïåðåðàõóíêó íà óñþ ãðóïó 90 
ïàö³ºíò³â ç êë³í³÷íèìè ïðîÿâàìè ÕÂ, ÷àñòîòà 
íàéïîøèðåí³øîãî â ªâðîï³ ïàòîãåííîãî àëåëþ 
c.3207C > A (H1069Q) ãåíà ATP7B ñòàíîâèòü 
ëèøå 24 %. Ïðè îáðàõóíêàõ ó ïàö³ºíò³â, ÿê³ 
íàáðàëè 3 òà á³ëüøå áàë³â â³äïîâ³äíî äî áàëüíî¿ 
ñèñòåìè ä³àãíîñòè÷íèõ òåñò³â – ó 43 ç 56 (÷àñ-
òîòà àëåëþ 76,8 %). Ñåðåä ãåíåòè÷íî âåðèô³-
êîâàíèõ âèïàäê³â ÷àñòîòà ìàæîðíî¿ ìóòàö³¿ 
c.3207C > A (H1069Q) ãåíà ATP7B ñÿãàº 88 %,
ùî âêàçóº íà ¿¿ âèñîêó ³íôîðìàòèâí³ñòü äëÿ 
çàñòîñóâàííÿ â ïðàêòè÷í³é ä³àãíîñòèö³ òà ìå-
äèêî-ãåíåòè÷íîìó òåñòóâàíí³. Òàêîæ, ³íôîðìà-
òèâíèì ïîêàçíèêîì º ñï³ââ³äíîøåííÿ ñåðåä 
óðàæåíèõ ïàö³ºíò³â ç ÕÂ ãåòåðî- òà ãîìîçèãîò 
çà ïåâíîþ ìóòàö³ºþ. Ó íàø³é ðîáîò³ öå ñï³â-
â³äíîøåííÿ ñêëàëî 15 äî 10 íà êîðèñòü ãîìî-
çèãîòíîãî ãåíîòèïó, ùî ñâ³ä÷èòü íà êîðèñòü 
âèñîêî¿ ÷àñòîòè ìóòàö³¿ c.3207C > A (H1069Q) 
ãåíà ATP7B ñåðåä ïàö³ºíò³â ç ÕÂ ç Óêðà¿íè. 

Îòðèìàí³ ðåçóëüòàòè âêàçóþòü íà âèñîêó ³í-
ôîðìàòèâí³ñòü ãåíåòè÷íîãî òåñòóâàííÿ ìóòàö³é 
c.3207C > A òà c.2304dupC ãåíà ATP7B ñåðåä 
îñ³á ç õâîðîáîþ Â³ëüñîíà ç Óêðà¿íè. 

Âèñíîâêè. Ó ðåçóëüòàò³ ïðîâåäåíîãî ìîëåêó-
ëÿðíî-ãåíåòè÷íîãî àíàë³çó ìóòàö³é ãåíà ATP7B 
ó 23,3 % ïàö³ºíò³â ç êë³í³÷íèìè ïðîÿâàìè õâî-
ðîáè, ãåíåòè÷íî âåðèô³êîâàíî ä³àãíîç õâîðîáà 
Â³ëüñîíà. ×àñòîòà íàéïîøèðåí³øîãî â ªâðîï³ 
ïàòîãåííîãî àëåëþ c.3207C > A (H1069Q) ãåíà 
ATP7B ñåðåä ïàö³ºíò³â, ÿê³ íàáðàëè 3 òà á³ëüøå 
áàë³â â³äïîâ³äíî äî áàëüíî¿ ñèñòåìè ä³àãíîñ-
òè÷íèõ òåñò³â ñÿãàº 76,8 %. Âïðîâàäæåíî â 
ïðàêòèêó ãåíåòè÷íå òåñòóâàííÿ äâîõ ìóòàö³é 
ãåíà ATP7B (c.3207C > A and c.2304dupC), ÿê³ 
º ÷àñòèìè ñåðåä ïàö³ºíò³â ç õâîðîáîþ Â³ëüñîíà 
ç Óêðà¿íè. Ó òðåòèíè ïàö³ºíò³â ïðè â³äñóòíîñò³ 
ïàòîãåííèõ àëåë³â â åêçîííèõ ïîñë³äîâíîñòÿõ 
ãåíà ATP7B âèÿâëåíî íàÿâí³ñòü îäíîãî ÷è äå-
ê³ëüêîõ îäíîíóêëåîòèäíèõ ïîë³ìîðô³çì³â, ñå-
ðåä íèõ äåê³ëüêà íå ïàòîãåííèõ âàð³àíò³â òà 
îäèí ïîë³ìîðô³çì, àñîö³éîâàíèé ç ï³äâèùåí-
íÿì ðèçèêó ðîçâèòêó õâîðîáè Àëüöãåéìåðà 
(c.2495A > G).

Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Óñ³ ïðîöåäó-
ðè, âèêîíàí³ â äîñë³äæåíí³ çà ó÷àñòþ ëþäåé, 
â³äïîâ³äàþòü åòè÷íèì ñòàíäàðòàì íàö³îíàëü-
íîãî Êîì³òåòó ç äîñë³äíèöüêî¿ åòèêè òà Ãåëü-
ñ³íñüêî¿ äåêëàðàö³¿ 1964 ð. ³ ¿¿ ïîäàëüøèõ çì³í 
àáî â³äïîâ³äíèì íîðìàì åòèêè. Â³ä êîæíîãî, ç 
âêëþ÷åíèõ â äîñë³äæåííÿ ó÷àñíèê³â, áóëî îò-
ðèìàíî ³íôîðìîâàíó äîáðîâ³ëüíó çãîäó.
Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü ïðî â³ä-
ñóòí³ñòü êîíôë³êòó ³íòåðåñ³â.
Ô³íàíñóâàííÿ. Äîñë³äæåííÿ áóëî ïðîâåäåíî â
ìåæàõ ñòàæóâàííÿ Ìàêóõ Ã.Â. íà áàç³ ìîëåêó-
ëÿðíî-ãåíåòè÷íî¿ ëàáîðàòîð³¿ çà ô³íàíñîâî¿ ï³ä-
òðèìêè Ðèçüêîãî óí³âåðñèòåòó ³ì. Ïàóëÿ Ñòðà-
äèíÿ.
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SI Institute of Hereditary Pathology of Ukrainian 
National Academy of Medical Science,
31-a, Lysenko str., Lviv, Ukraine 
Riga Stradins University,
16 Dzirciema str., Riga, Latvia, LV-1007



61ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2020. Ò. 54. ¹ 4

Ìóòàö³¿ ãåíà ATP7B ñåðåä ïàö³ºíò³â âèñîêîãî ðèçèêó õâîðîáè â³ëüñîíà ç Óêðà¿íè  

KI LOR «Lviv Regional Clinical Hospital»,
4, Nekrasova str., Lviv, Ukraine, 79008

E-mail: makukh.h@ihp.lviv.ua, ivankagaiboniuk@gmail.
com, zarina.agnese@gmail.com,
dr.orchyk@gmail.com, linda.gailite@rsu.lv

Wilson’s disease (WD) is an autosomal recessive con-
dition, caused by the impaired metabolism of copper 
due to hereditary mutations in the gene ATP7Â, the 
spectrum and frequency of mutations are considerably 
different in different populations. To define the list 
of the most frequent mutations in the gene ATP7B in 
patients from Ukraine with the purpose of introducing 
the genetic testing into the practice of medical and 
genetic consulting. The materials for the study were 
DNA samples, isolated from leukocytes of 90 patients 
(41 males and 49 females), aged 3–60, with clinical and 
biochemical signs of the disease. The molecular and 
genetic analysis of the mutation c.3207C > A (H1069Q), 
the most common among Europeans, was conducted 
by the method of PCR Bi-PASA. The sequencing of 
exons of the gene ATP7B was conducted for 23 patients, 
who had scored 3 by the Leipzig scoring system. The 
molecular and genetic analysis of the mutations in the 
gene ATP7B verified Wilson’s disease genetically in 23.3 % 
of patients with clinical signs of the disease. Five different 
mutations and five single-nucleotide polymorphisms in 
the gene ATP7B were determined in the patients of the 
investigated sampling. The mutation (c.3207C > A), most 
common for Europeans, was determined in 28 patients, 
including 15 cases of homozygosity. In 6 cases the 
mutation c.3207C > A was in compound heterozygous 
state with other mutations in the gene ATP7B: 3 – 
c.2304dupC (8 exon), 1 – c.2128G > A (8 exon), 1 – 
c.3011A > C (13 exon), 1 – c.3402delC (15 exon). No 
other transformations, except for mutation H1069Q, 
were found in 7 persons. The frequency of the pathogenic 
allele c.3207C > A (H1069Q) of the gene ATP7B, most 
widespread in Europe, among patients who scored 3 and 
more points according to the scoring system of diagnostic 
tests, was 76.8 %. The frequency of allele c.2304dupC 
among genetically verified cases was 7 %. The genetic 
testing of two mutations in the gene ATP7B (c.3207C > 
A and c.2304dupC), which are frequent among patients 
with Wilson’s disease from Ukraine, was introduced into 
practice. The third of patients did not have pathogenic 
alleles in exon sequences of the gene ATP7B but had one 
or several single nucleotide polymorphisms, including 
several non-pathogenic variants and one polymorphism 
associated with the increased risk of developing 
Alzheimer’s disease (c.2495A > G). The obtained results 
indicate high informative value of genetic testing of 
mutations c.3207C > A and c.2304dupC in the gene 
ATP7B among Ukrainian patients with Wilson’s disease.

ÌÓÒÀÖÈÈ ÃÅÍÀ ATP7B ÑÐÅÄÈ ÏÀÖÈÅÍÒÎÂ 
ÂÛÑÎÊÎÃÎ ÐÈÑÊÀ ÁÎËÅÇÍÈ ÂÈËÜÑÎÍÀ
ÈÇ ÓÊÐÀÈÍÛ

Ã. Ìàêóõ, È. Ãàéáîíþê, A. Çàðèíà,
Î. Ñåìåðÿê, Ë. Ãàéëèòå

Áîëåçíü Âèëüñîíà (Âèëüñîíà – Êîíîâàëîâà) – àóòî-
ñîìíî ðåöåññèâíîå çàáîëåâàíèå îáóñëîâëåííîå íà-
ðó-øåíèåì ìåòàáîëèçìà ìåäè èç-çà íàñëåäñòâåííûõ 
ìóòàöèé ãåíà ATP7Â, ñïåêòð è ÷àñòîòà ìóòàöèé 
çíà÷èòåëüíî îòëè÷àåòñÿ â ðàçíûõ ïîïóëÿöèÿõ. Îïðå-
äåëèòü ïåðå÷åíü íàèáîëåå ÷àñòûõ ìóòàöèé ãåíà 
ATP7B ñðåäè ïàöèåíòîâ èç Óêðàèíû äëÿ âíåäðåíèÿ 
èõ ãåíåòè÷åñêîãî òåñòèðîâàíèÿ â ïðàêòèêó ìåäèêî-
ãåíåòè÷åñêîãî êîíñóëüòèðîâàíèÿ. Ìàòåðèàëîì äëÿ 
èññëåäîâàíèÿ ïîñëóæèëè îáðàçöû ÄÍÊ âûäåëåííûå 
èç ëåéêîöèòîâ êðîâè 90 ïàöèåíòîâ (41 ìóæñêîãî è
49 æåíñêîãî ïîëà) â âîçðàñòå îò 3 äî 60 ëåò ñ êëè-
íè÷åñêèìè è áèîõèìè÷åñêèìè ïðîÿâëåíèÿìè çà-
áîëåâàíèÿ. Ïðîâåäåíî ìîëåêóëÿðíî-ãåíåòè÷åñêèé 
àíàëèç ðàñïðîñòðàíåííîé äëÿ åâðîïåéöåâ ìóòàöèè
c.3207C > A (H1069Q) ìåòîäîì PCR Bi-PASA. Ó
23 ïàöèåíòîâ, êîòîðûå íàáðàëè áîëåå 3 åäèíèö ïî
áàëëüíîé ñèñòåìå Ëåéïöèã ïðîâåëè ñåêâåíèðîâà-
íèå ýêçîíîâ ãåíà ATP7B. Â ðåçóëüòàòå ïðîâåäåí-
íîãî ìîëåêóëÿðíî-ãåíåòè÷åñêîãî àíàëèçà ìóòàöèé
ãåíà ATP7B ó 23,3 % ïàöèåíòîâ ñ êëèíè÷åñêèìè 
ïðîÿâëåíèÿìè áîëåçíè, ãåíåòè÷åñêè âåðèôèöèðîâà-
íû äèàãíîç áîëåçíü Âèëüñîíà. Ó ïàöèåíòîâ èññëå-
äîâàííîé âûáîðêè âûÿâëåíî 5 ðàçëè÷íûõ ìóòà-
öèé è 5 îäíîíóêëåîòèäíûõ ïîëèìîðôèçìîâ ãåíà
ATP7B. Ðàñïðîñòðàíåííóþ äëÿ åâðîïåéöåâ ìóòàöèþ 
(c.3207C > A) îáíàðóæèëè ó 28 ïàöèåíòîâ, âêëþ÷àÿ 
15 ñëó÷àåâ ãîìîçèãîòíîñòè. Â 6 ñëó÷àÿõ ìóòàöèÿ 
c.3207C > A áûëà â êîìïàóíä ãåòåðîçèãîòíîì 
ñîñòîÿíèè ñ äðóãèìè ìóòàöèÿìè ãåíà ATP7B: 3 – 
c.2304dupC (8 ýêçîí), 1 – c.2128G > A (8 ýêçîí), 
1 – c.3011A > C (13 ýêçîí), 1 – c.3402delC (15 
ýêçîí). Ó 7 ÷åëîâåê êðîìå ìóòàöèè H1069Q äðóãèõ 
ïåðåñòðîåê îáíàðóæåíî íå áûëî. ×àñòîòà ñàìîãî 
ðàñïðîñòðàíåííîãî â Åâðîïå ïàòîãåííîãî àëëåëÿ 
c.3207C > A (H1069Q) ãåíà ATP7B ñðåäè ïàöèåíòîâ 
íàáðàëè 3 è áîëåå áàëëîâ â ñîîòâåòñòâèè ñ áàëëüíîé 
ñèñòåìû äèàãíîñòè÷åñêèõ òåñòîâ äîñòèãàåò 76,8 %.
×àñòîòà àëëåëÿ c.2304dupC ñðåäè ãåíåòè÷åñêè âåðè-
ôèöèðîâàííûõ ñëó÷àåâ ñîñòàâëÿåò 7 %. Âíåäðåíû â
ïðàêòèêó ãåíåòè÷åñêîå òåñòèðîâàíèå äâóõ ìóòàöèé 
ãåíà ATP7B (c.3207C > A è c.2304dupC), êîòîðûå 
ÿâëÿþòñÿ ÷àñòûìè ñðåäè ïàöèåíòîâ ñ áîëåçíüþ 
Âèëüñîíà-Êîíîâàëîâà èç Óêðàèíû. Ó òðåòè ïàöèåí-
òîâ ïðè îòñóòñòâèè ïàòîãåííûõ àëëåëåé â ýêçîííûõ 
ïîñëåäîâàòåëüíîñòÿõ ãåíà ATP7B îáíàðóæåíî íàëè-
÷èå îäíîãî èëè íåñêîëüêèõ îäíîíóêëåîòèäíûõ ïîëè-
ìîðôèçìîâ, ñðåäè íèõ íåñêîëüêèõ íå ïàòîãåííûõ 
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âàðèàíòîâ è îäèí ïîëèìîðôèçì, àññîöèèðîâàííûé 
ñ ïîâûøåíèåì ðèñêà ðàçâèòèÿ áîëåçíè Àëüöãåéìåðà 
(c.2495A > G). Ïîëó÷åííûå ðåçóëüòàòû óêàçûâàþò 
íà âûñîêóþ èíôîðìàòèâíîñòü ãåíåòè÷åñêîãî òåñ-
òèðîâàíèÿ ìóòàöèé c.3207C > A è c.2304dupC ãåíà 
ATP7B ñðåäè ëèö ñ áîëåçíüþ Âèëüñîíà èç Óêðàèíû.
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