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Âèçíà÷èòè çâ’ÿçîê ïîë³ìîðôíèõ âàð³àíò³â UGT1À1 
(rs8175347), MTHFR (rs1801133), GSTP1 (rs1695) òà
ITPA (rs 1127354) ç â³äïîâ³ääþ íà õ³ì³îòåðàï³þ ïðå-
ïàðàòàìè íà îñíîâ³ ïëàòèíè ó õâîðèõ íà ðàê ñå÷îâîãî 
ì³õóðà. Ãðóïà äîñë³äæåííÿ ñêëàäàëàñü ç 60 ïàö³ºíò³â, 
ÿê³ ïðîõîäèëè ë³êóâàííÿ â Íàö³îíàëüíîìó ³íñòèòóò³ 
ðàêó. Ïîïóëÿö³éí³ êîíòðîëüí³ ãðóïè áóëè ñôîðìîâàí³ 
ç óìîâíî çäîðîâèõ äîðîñëèõ ç ð³çíèõ ðåã³îí³â Óêðà¿íè. 
Äëÿ âèä³ëåííÿ ãåíîìíî¿ ÄÍÊ ç³ çðàçê³â êðîâ³ ïàö³ºíò³â 
³ êîíòðîëüíî¿ ãðóïè âèêîðèñòîâóâàëèñÿ êîìåðö³éí³ 
íàáîðè äëÿ åêñòðàêö³¿ ÄÍÊ. Ãåíîòèïóâàííÿ àëåëåé 
MTHFR, GSTP1 òà ITPA ïðîâîäèëè çà äîïîìîãîþ 
ÏËÐ ç ïîäàëüøèì àíàë³çîì ÏÄÐÔ. Âèçíà÷åííÿ àëåëü-
íèõ âàð³àíò³â UGT1À1 ïðîâîäèëè ìåòîäîì ôðàã-
ìåíòíîãî àíàë³çó ôëþîðåñöåíòíî ì³÷åíèõ ïðîäóêò³â 
ÏËÐ çà äîïîìîãîþ àâòîìàòè÷íîãî ëàçåðíîãî àíàë³-
çàòîðà ALF-express II. Äîñòîâ³ðíî¿ ð³çíèö³ â ðîçïîä³ë³ 
÷àñòîò àëåë³â ³ ãåíîòèï³â çà ïîë³ìîðô³çìàìè ãåí³â 
UGT1A1, MTHFR, GSTP1 ³ ITPA ì³æ ïîïóëÿö³éíîþ
âèá³ðêîþ òà äîñë³äæóâàíîþ ãðóïîþ õâîðèõ íà ðàê 
ñå÷îâîãî ì³õóðà íå áóëî âèÿâëåíî. Êð³ì òîãî, íå áóëî 
âèÿâëåíî ñòàòèñòè÷íî çíà÷óùî¿ ð³çíèö³ â ðîçïîä³ë³ 
÷àñòîò àëåë³â ³ ãåíîòèï³â äëÿ ïîë³ìîðôíèõ ëîêóñ³â ãå-
í³â UGT1A1, MTHFR ³ ITPA â êîäîì³íàíòíèõ, äî-
ì³íàíòíèõ ³ ðåöåñèâíèõ ìîäåëÿõ ì³æ ãðóïàìè ïàö³ºí-
ò³â ç ðàêîì ñå÷îâîãî ì³õóðà, ÿê³ ìàëè ïîçèòèâíó 
â³äïîâ³äü íà õ³ì³îòåðàï³þ òà òèõ, ó êîãî â³äïîâ³äü 
íà òåðàï³þ áóëà â³äñóòíÿ. Áóëî ïîêàçàíî, ùî â ãðóï³ 
ïàö³ºíò³â, ÿê³ â³äïîâ³ëè íà õ³ì³îòåðàï³þ, ÷àñòîòà 
àëåëÿ 313G ãåíà GSTP1 (0,40) áóëà ñòàòèñòè÷íî 
äîñòîâ³ðíî âèùîþ, í³æ ó ãðóï³ ïàö³ºíò³â, ÿê³ íå 
â³äïîâ³ëè íà ë³êóâàííÿ (0,22). Âñòàíîâëåíî, ùî íîñ³¿ 
àëåëÿ 313G ãåíà GSTP1 (ãåíîòèïè AG ³ GG) ìàþòü 
âèùó éìîâ³ðí³ñòü ïîçèòèâíî¿ â³äïîâ³ä³ íà õ³ì³îòå-
ðàï³þ, í³æ îñîáè ç ãåíîòèïîì ÀÀ (OR = 3,05; Ä² 95 %:
1,053–8,838). Ïîêàçàíî, ùî ïîë³ìîðô³çì A313G ãåíà 

GSTP1 (rs1695) ïîâ’ÿçàíèé ç â³äïîâ³ääþ íà õ³ì³îòå-
ðàï³þ ïðåïàðàòàìè íà îñíîâ³ ïëàòèíè, âêëþ÷àþ÷è 
öèñïëàòèí. Íàÿâí³ñòü àëåëÿ 313G â ãåíîòèï³ ïàö³ºí-
òà ìîæå ñâ³ä÷èòè ïðî êðàùó ÷óòëèâ³ñòü ïóõëèíè äî 
ïðåïàðàò³â íà îñíîâ³ ïëàòèíè.

Êëþ÷îâ³ ñëîâà: ðàê ñå÷îâîãî ì³õóðà, ôàðìàêîëîã³÷í³ 
ìàðêåðè, â³äïîâ³äü íà õ³ì³îòåðàï³þ, UGT1A1, MTHFR, 
GSTP1, ITPA.

Âñòóï. Îíêîëîã³÷íà ïàòîëîã³ÿ çàëèøàºòüñÿ îä-
í³ºþ ç íàéïîøèðåí³øèõ ïðè÷èí ³íâàë³äèçàö³¿ 
òà ñìåðòíîñò³ ó ñâ³ò³. Íà ñüîãîäí³øí³é äåíü ðàê 
ñå÷îâîãî ì³õóðà º îäíèì ³ç íàéïîøèðåí³øèõ 
âèä³â ðàêó ó ÷îëîâ³ê³â, ð³äøå â³í çóñòð³÷àºòüñÿ
ó æ³íîê (Antoni, 2017; Sung, 2021). Íàé-
á³ëüø çíà÷óùèìè ôàêòîðàìè ðèçèêó ðîçâèòêó 
çëîÿê³ñíèõ íîâîóòâîðåíü ñå÷îâîãî ì³õóðà º 
êîíòàêò ç àðîìàòè÷íèìè àì³íàìè, êóð³ííÿ, õðî-
í³÷í³ ³íôåêö³¿ ñå÷îâèâ³äíèõ øëÿõ³â, ðàä³àö³é-
íå îïðîì³íåííÿ, â³ê ³ ñòàòü (Galsky, 2017; 
Srougi, 2017; Ślusarczyk 2023). Ïîøèðåíèì ï³ä-
õîäîì ó òåðàï³¿ ñîë³äíèõ ïóõëèí º âèêîðèñòàí-
íÿ àëê³ëóþ÷èõ ïðåïàðàò³â ïëàòèíè (Galsky, 
2017; Kim, 2023). Õ³ì³îòåðàï³ÿ ïðåïàðàòàìè 
íà îñíîâ³ ïëàòèíè ñïî÷àòêó ìîæå áóòè åôåê-
òèâíîþ, àëå á³ëüø òðèâàëå ë³êóâàííÿ ÷àñòî 
çàãðîæóº ðîçâèòêîì ðåçèñòåíòíîñò³ äî ïðåïà-
ðàòó (Sidaway, 2016; Niedersüss-Beke, 2017). Òà-
êà ñò³éê³ñòü äî ë³ê³â ìîæå áóòè âèêëèêàíà 
ìåòàáîë³÷íèìè, ô³ç³îëîã³÷íèìè, á³îõ³ì³÷íèìè 
àáî ãåíåòè÷íèìè îñîáëèâîñòÿìè ó ïàö³ºíò³â. 
Ñïàäêîâ³ îñîáëèâîñò³ çàçâè÷àé âèçíà÷àþòüñÿ 
ãåíåòè÷íèì ïîë³ìîðô³çìîì á³ëê³â, ùî áåðóòü 
ó÷àñòü ó ôàðìàêîê³íåòèö³ òà ôàðìàêîäèíàì³-
ö³ ë³êàðñüêèõ çàñîá³â. Á³ëüø³ñòü ïðåïàðàò³â, 
ùî çàñòîñîâóþòüñÿ â õ³ì³îòåðàï³¿ çëîÿê³ñíèõ
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ïóõëèí, õàðàêòåðèçóþòüñÿ âèñîêîþ öèòîòîê-
ñè÷í³ñòþ. Çàâäàííÿ ôàðìàêîãåíåòè÷íîãî òåñ-
òóâàííÿ — îö³íèòè ä³þ ïåâíîãî ïðåïàðàòó 
íà îêðåìîãî ïàö³ºíòà. Îñê³ëüêè ãåíåòè÷íèé 
ïîë³ìîðô³çì ìîæå çì³íþâàòè äåòîêñèêàö³éíó 
àêòèâí³ñòü, à òàêîæ õ³ì³î÷óòëèâ³ñòü ðàêó, àñî-
ö³àö³¿ ãåííîãî ïîë³ìîðô³çìó ç ³íäèâ³äóàëüíîþ 
â³äïîâ³ääþ íà òåðàï³þ ³íòåíñèâíî âèâ÷àþòüñÿ 
(Peklak-Scott, 2008; Barbarino, 2014; Moradveisi, 
2019; Kang, 2020; Petrone, 2021; Singh, 2021).

Ôåðìåíò, ÿêèé êîäóºòüñÿ ãåíîì GSTP1 (ãëó-
òàò³îí-S-òðàíñôåðàçà Ð1), áåðå ó÷àñòü ó ²² ôà-
ç³ äåòîêñèêàö³¿ êñåíîá³îòèê³â, à òàêîæ çàä³ÿ-
íèé ó ðåãóëþâàíí³ êë³òèííî¿ ïðîë³ôåðàö³¿ òà
àïîïòîçó (Henderson, 2014). Ãåí UGT1A1 (uridi-
ne diphosphate glucuronosyltransferase family 1, 
member A1) êîäóº îäíó ç ³çîôîðì ôåðìåíòó 
óðèäèí äèôîñôàò-ãëþêîðîíîçèë òðàíñôåðàçè 
(ÓÄÔ-ÃÒ). ÓÄÔ-ÃÒ êîíòðîëþº óòâîðåííÿ âî-
äîðîç÷èííèõ ñïîëóê á³ë³ðóá³íó, ñòåðî¿ä³â ³ 
ð³çíîìàí³òíèõ êñåíîá³îòèê³â ç ìîëåêóëàìè 
ãëþêóðîíîâî¿ êèñëîòè (Kaivosaari, 2011). Ãåí 
MTHFR êîäóº ìåòèëåíòåòðàã³äðîôîëàòðåäóêòà-
çó, ôåðìåíò, ÿêèé áåðå ó÷àñòü ó ïåðåòâîðåíí³ 
ãîìîöèñòå¿íó â ìåò³îí³í. Çíèæåííÿ àêòèâíîñ-
ò³ ôåðìåíòó ïðèçâîäèòü äî ï³äâèùåííÿ ð³âíÿ 
ãîìîöèñòå¿íó â êðîâ³, àêòèâàö³¿ îíêîãåí³â ³ 
ï³äâèùåííÿ ÷óòëèâîñò³ äî ôàêòîð³â, çäàòíèõ 
ïîøêîäæóâàòè ÄÍÊ (Fernandez-Peralta, 2010).
Ãåí ITPA êîäóº ³íîçèíòðèôîñôàò ï³ðîôîñôà-
òàçó – ITÏ-àçó. ITÏ-àçà êàòàë³çóº ï³ðîôîñôî-
ã³äðîë³ç ³íîçèíòðèôîñôàòà (ITÔ) â ³íîçèí-
ìîíîôîñôàò ³ çàïîá³ãàº íàêîïè÷åííþ ïîòåí-
ö³éíî òîêñè÷íèõ ñïîëóê, òàêèõ ÿê ITÔ, äåç-
îêñè-ITÔ, êñàíòîçèíòðèôîñôàò, ÿê³ ìîæóòü 
âêëþ÷àòèñÿ äî ñêëàäó ÐÍÊ òà ÄÍÊ, ³ ïðèçâî-
äèòè äî àïîïòîçó êë³òèí (Cao, 2002; Cheok, 
2006; Wan Rosalina, 2012).

Ïîøóê ³íôîðìàòèâíèõ ôàðìàêîãåíåòè÷-
íèõ ìàðêåð³â äëÿ ïåðñîí³ô³êîâàíîãî ïðîãíîçó 
åôåêòèâíîñò³ õ³ì³îòåðàï³¿ ðàêó ñå÷îâîãî ì³õó-
ðà ïðîäîâæóºòüñÿ, îäíàê îòðèìàí³ äàí³ ùîäî 
ðîë³ ïîë³ìîðôíèõ âàð³àíò³â ïåðåë³÷åíèõ ãåí³â
ó â³äïîâ³ä³ ïàö³ºíòà íà òåðàï³þ º ñóïåðå÷ëè-
âèìè, çîêðåìà ïåâí³ â³äì³ííîñò³ ó åôåêòèâíîñ-
ò³ òåðàï³¿ áóëî âèÿâëåíî ó ð³çíèõ ðàñîâèõ òà 
åòí³÷íèõ ãðóï ïàö³ºíò³â (DeGeorge, 2017).

Ìåòîþ íàøîãî äîñë³äæåííÿ áóëî âèçíà÷è-
òè çâ’ÿçîê ïîë³ìîðôíèõ âàð³àíò³â UGT1À1 
(rs8175347), MTHFR (rs1801133), GSTP1 (rs1695) 

òà ITPA (rs1127354) ç â³äïîâ³ääþ íà õ³ì³îòå-
ðàï³þ ïðåïàðàòàìè íà îñíîâ³ ïëàòèíè â óê-
ðà¿íñüêèõ õâîðèõ íà ðàê ñå÷îâîãî ì³õóðà.

Ìàòåð³àëè ³ ìåòîäè. Ñòâîðåííÿ êîëåêö³¿ çðàç-
ê³â ÄÍÊ òà áàçè êë³í³÷íèõ äàíèõ ïðî ë³êóâàííÿ 
õâîðèõ íà çëîÿê³ñí³ ñîë³äí³ ïóõëèíè ñå÷îâîãî ì³-
õóðà. Ìàòåð³àëîì äëÿ äîñë³äæåíü áóëè çðàç-
êè ïåðèôåð³éíî¿ êðîâ³ 60 îñ³á, íàäàí³ Íàó-
êîâî-äîñë³äíèì â³ää³ëåííÿì ïëàñòè÷íî¿ òà 
ðåêîíñòðóêòèâíî¿ îíêîóðîëîã³¿ Íàö³îíàëüíîãî 
³íñòèòóòó ðàêó ÌÎÇ Óêðà¿íè. Äîñë³äíà ãðóïà 
âêëþ÷àº â ñåáå ïàö³ºíò³â, ÿê³ áóëè õâîð³ íà 
ðàê ñå÷îâîãî ì³õóðà. Ó÷àñòü â äîñë³äæåíí³ òà 
çàá³ð êðîâ³ ïðîâîäèëèñü çà óìîâè ³íôîðìîâà-
íî¿ çãîäè. Â³ê ïàö³ºíò³â ñòàíîâèâ â³ä 40 äî 80 
ðîê³â, ñåðåäí³é â³ê ïàö³ºíò³â ñêëàäàâ 66,2 ±
± 9,1 ðîê³â. Äàí³ ïàö³ºíòè ïðîõîäèëè êóðñ 
õ³ì³îòåðàï³¿ GC (Ãåìöèòàá³í + Öèñïëàòèí). 
Áóëî ñòâîðåíî áàçó êë³í³÷íèõ äàíèõ öèõ ïàö³-
ºíò³â ç ìåòîþ ðîçïîä³ëó ¿õ íà ãðóïè â çàëåæ-
íîñò³ â³ä ðåçóëüòàò³â åôåêòèâíîñò³ ë³êóâàííÿ. 
Â ïîäàëüøîìó äîñë³äæóâàíó ãðóïó áóëî ðîçä³-
ëåíî íà ï³äãðóïè çã³äíî ðåçóëüòàò³â â³äïîâ³ä³ 
ïóõëèíè íà ë³êóâàííÿ (ðåçóëüòàòè â³äïîâ³ä³ ïóõ-
ëèíè íà òåðàï³þ GC). Òàêèé ðîçïîä³ë áàçó-
âàâñÿ íà îñíîâ³ êëàñèô³êàö³¿ RECIST (Respon-
se Evaluation Criteria In Solid Tumors, êðèòåð³¿ 
îö³íêè â³äïîâ³ä³ ñîë³äíèõ ïóõëèí) (Eisenhau-
er, 2009). 

Â³äïîâ³äíî äî ö³º¿ êëàñèô³êàö³¿ ðîçð³çíÿ-
þòü: (³) ïîâíà â³äïîâ³äü (Complete Response – 
CR) – ïîâíå çíèêíåííÿ âñ³õ ïóõëèííèõ óðà-
æåíü âïðîäîâæ 4 òèæí³â ç ìîìåíòó ô³êñóâàí-
íÿ ïîçèòèâíî¿ â³äïîâ³ä³; (³³) ÷àñòêîâà â³äïîâ³äü 
(Partial Response – PR) – çìåíøåííÿ ïóõëèí-
íèõ óðàæåíü, ïîð³âíÿíî ç âèõ³äíèìè íà 50 % 
³ á³ëüøå, ùî âèçíà÷àºòüñÿ â 2 ñïîñòåðåæåííÿõ 
âïðîäîâæ 4 òèæí³â, ïðè öüîìó ìàþòü áóòè 
â³äñóòí³ìè îçíàêè ïðîãðåñóâàííÿ çàõâîðþâàí-
íÿ; ( ³³³) ïðîãðåñóâàííÿ çàõâîðþâàííÿ (Progres-
sive Disease – PD) – çá³ëüøåííÿ ðîçì³ð³â ïóõëè-
íè àáî ïîÿâà íîâîãî óòâîðåííÿ, ïîâ’ÿçàíîãî ç 
ïóõëèíîþ; (³v) ñòàá³ë³çàö³ÿ çàõâîðþâàííÿ (Sta-
ble Disease – SD) – íåâ³äïîâ³äí³ñòü êðèòåð³ÿì 
CR àáî PR ïðè â³äñóòíîñò³ PD. Äîñë³äíó ãðóïó 
áóëà ðîçä³ëåíî  íà äâ³ ï³äãðóïè: º â³äïîâ³äü íà 
ë³êóâàííÿ (CR + PR) òà â³äñóòíÿ â³äïîâ³äü íà 
ë³êóâàííÿ (PD + SD).

Êîíòðîëüíó ïîïóëÿö³éíó ãðóïó ïðåäñòàâëÿ-
ëè óìîâíî çäîðîâ³ ³íäèâ³äè ç ð³çíèõ ðåã³îí³â 
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Ïîë³ìîðôí³ âàð³àíòè ãåí³â UGT1A1, MTHFR, GSTP, ITPA ³ â³äïîâ³äü íà õ³ì³îòåðàï³þ 

Óêðà¿íè. Çðàçêè ãåíîìíî¿ ÄÍÊ öèõ îñ³á áóëè 
âçÿò³ ç ÄÍÊ-êîëåêö³é, ñòâîðåíèõ íàìè ðàí³øå 
(Tatarskyy, 2010; Tatarskyy, 2011; Kucherenko, 
2015; Haiboniuk, 2020).

Âèä³ëåííÿ ÄÍÊ òà ãåíîòèïóâàííÿ. Äëÿ âè-
ä³ëåííÿ ãåíîìíî¿ ÄÍÊ âèêîðèñòîâóâàëèñÿ êî-
ìåðö³éí³ íàáîðè Quick-DNA™ Miniprep Kit 
(«Zymo Research», ÑØÀ).

Àëåëüí³ âàð³àíòè ãåí³â MTHFR (rs1801133; 
C677T), GSTP1 (rs1695; A313G) òà ITPA 
(rs1127354; C94A) ³äåíòèô³êóâàëè çà äîïîìî-
ãîþ ÏËÐ ç íàñòóïíèì àíàë³çîì ÏÄÐÔ (ïîë³-
ìîðô³çìó äîâæèíè ðåñòðèêö³éíèõ ôðàãìåí-
ò³â). Àìïë³êàö³þ ïðîâîäèëè â 25 ìêë ðåàêö³é-
íî¿ ñóì³ø³, ùî ì³ñòèëà 0,5 ìêìîëü êîæíîãî 
ïðàéìåðà, 50–100 íã ãåíîìíî¿ ÄÍÊ, 200 ìêìîëü
êîæíîãî dNTP («Solis BioDyne», Òàðòó, Åñòî-
í³ÿ), 1 × ÏËÐ áóôåð («Solis BioDyne», Òàðòó, 
Åñòîí³ÿ), 1 U FIREPol ÄÍÊ-ïîë³ìåðàçè (Solis 
BioDyne, Òàðòó, Åñòîí³ÿ) (òàáë. 1). Äëÿ ðîç-
ï³çíàâàííÿ ïîë³ìîðôíèõ ñàéò³â C677T, A313G
òà C94A âèêîðèñòîâóâàëè â³äïîâ³äí³ åíäîíóê-

ëåàçè ðåñòðèêö³¿ HinfI, Alw26I òà PdmI («Ther-
moFisher Scientific», Â³ëüíþñ, Ëèòâà). Ã³äðîë³-
çîâàí³ ïðîäóêòè ÏËÐ àíàë³çóâàëè â 2%-âîìó 
àãàðîçíîìó ãåë³.

Àíàë³ç ê³ëüêîñò³ ÒA ïîâòîð³â â ïðîìîòîð-
í³é ä³ëÿíö³ ãåíà UGT1À1 ïðîâîäèëè çà äîïî-
ìîãîþ äâîõåòàïíî¿ ïîë³ìåðàçíî¿ ëàíöþãîâî¿ 
ðåàêö³¿ (òàáë. 1) ç íàñòóïíèì ôðàãìåíòíèì 
àíàë³çîì ôëþîðåñöåíòíî ì³÷åíèõ ïðîäóêò³â 
ÏËÐ ç âèêîðèñàííÿì àâòîìàòè÷íîãî ëàçåðíî-ãî 
àíàë³çàòîðà «A.L.F. Åxpress» («Amersham Phar-
macia Biotech», Øâåö³ÿ)

Ñòàòèñòè÷íà îáðîáêà äàíèõ. Ñòàòèñòè÷í³ 
ðîçðàõóíêè ïðîâîäèëè çà äîïîìîãîþ ïàêåò³â 
ïðîãðàì STATISTICA 10 (StatSoft, 2011), MDR 
2.0 (Ritchie, 2003) òà â³äêðèòîãî îíëàéí-ðåñóð-
ñó: http://www.openepi.com. Äîñòîâ³ðíèìè ââà-
æàëèñÿ ðåçóëüòàòè ç ð³âíåì çíà÷óùîñò³ ïîíàä 
95 % (ð < 0,05).

Ðåçóëüòàòè òà îáãîâîðåííÿ. Ïðîâåäåíî àíàë³ç 
ïîë³ìîðô³çì³â UGT1A1 (A(TA)6–7TAA), MTHFR
(C677T), GSTP1 (A313G) òà ITPA (C94A) ñåðåä

Òàáëèöÿ 1. Ïîñë³äîâíîñò³ îë³ãîíóêëåîòèäíèõ ïðàéìåð³â òà óìîâè ïðîâåäåííÿ ñïåöèô³÷íî¿ ïîë³ìåðàçíî¿ 
ëàíöþãîâî¿ ðåàêö³¿ äîñë³äæóâàíèõ ãåí³â

Ãåí Ïîë³ìîðô³çì Ïîñë³äîâíîñòü îë³ãîíóêëåîòèäíèõ ïðàéìåð³â Òåìïåðàòóðíèé ðåæèì ÏËÐ

UGT1À1

UGT1À1

ITPA

MTHFR

GSTP1

A(TA)6–7TAA

A(TA)6–7TAA

C94A

C677T

A313G

Åòàï I
F-GGGTTCCCTAAGGGTTGGA
TGGTGTATCGATTGGTTTTTGCC 
R-GTGTCTTTGCTCCTGCCAGAGGTTCG

Åòàï II
F-Cy5 GGGTTCCCTAAGGGTTGGA
R-GTGTCTTTTGCTCCTGCCAGAGGTTCG

F-CAGGTCGTTCAGATTCTAGGAGAAAAGT
R-CAAGAAGAGCAAGTGTGGGACAAG

F-CAGGGAGCTTTGAGGCTGACCT
R-GCGGAAGAATGTGTCAGCCTCA

F-ACCCCAGGGCTCTATGGGAA
R-TGAGGGCACAAGAAGCCCCT

95 ºC – 10 õâ
95 ºC – 15 ñ
65 ºC – 50 ñ 
20 öèêë³â

95 ºC – 10 õâ
95 ºC – 15 ñ
60 ºC – 50 ñ
25 öèêë³â

95 ºC – 5 õâ
95 ºC – 1 õâ
58 ºC – 1 õâ
72 ºC – 1 õâ
30 öèêë³â

95 ºC – 5 õâ
95 ºC – 1 õâ
55 ºC – 1 õâ
72 ºC – 1 õâ
30 öèêë³â

95 ºC – 5 õâ
95 ºC – 25 ñ
60 ºC – 30 ñ
70 ºC – 45 ñ
30 öèêë³â
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60 ïàö³ºíò³â äîñë³äæóâàíî¿ ãðóïè. Ãåíîòèïó-
âàííÿ öèõ ïîë³ìîðôíèõ ëîêóñ³â ñåðåä îñ³á 
êîíòðîëüíî¿ ãðóïè áóëî ïðîâîäåíî íàìè â 
ïîïåðåäí³õ äîñë³äæåííÿõ (Tatarskyy, 2010; Ta-
tarskyy, 2011; Kucherenko, 2015; Haiboniuk, 
2020). Àíàëiç âiäïîâiäíîñòi ôàêòè÷íèõ ÷àñòîò 
ãåíîòèïiâ òåîðåòè÷íî î÷³êóâàíèì íå âèÿâèâ 
äîñòîâ³ðíèõ â³äõèëåíü â³ä ð³âíîâàãè Õàðä³-
Âàéíáåðãà äëÿ óñ³õ äîñë³äæóâàíèõ ëîêóñ³â ÿê 
ñåðåä ïàö³ºíò³â, òàê ³ â êîíòðîëüí³é ãðóï³ (äàí³ 
íå íàâåäåíî). 

Ïîð³âíÿëüíèé àíàë³ç íå âèÿâèâ äîñòîâ³ðíî¿ 
ð³çíèö³ â ðîçïîä³ë³ ÷àñòîò àëåë³â òà ãåíîòèï³â 
äëÿ óñ³õ äîñë³äæóâàíèõ ïîë³ìîðô³çì³â ì³æ 
ïàö³ºíòàìè òà êîíòðîëüíîþ  ãðóïàìè (òàáë. 2). 
Òàê³ ðåçóëüòàòè ìîæóòü áóòè ñâ³ä÷åííÿì ïðî 
òå, ùî äîñë³äæóâàí³ ãåíåòè÷í³ ïîë³ìîðô³çìè íå 

àñîö³éîâàí³ ç ðàêîì ñå÷îâîãî ì³õóðà ó ïàö³ºí-
ò³â ç Óêðà¿íè.

Äëÿ âèçíà÷åííÿ ðîë³ àëåëüíèõ âàð³àíò³â óñ³õ 
äîñë³äæóâàíèõ ïîë³ìîðô³çì³â ÿê ãåíåòè÷íèõ 
ôàêòîð³â, ùî ìîæóòü âïëèâàòè íà åôåêòèâí³ñòü 
ë³êóâàííÿ ïàö³ºíò³â ç ðàêîì ñå÷îâîãî ì³õóðà, 
áóëî ïðîâåäåíî ïîð³âíÿëüíèé àíàë³ç ÷àñòîò 
àëåë³â òà ãåíîòèï³â ì³æ ï³äãðóïàìè ïàö³ºíò³â, 
ÿê³ ïðîõîäèëè òåðàï³þ GC ç â³äïîâ³ääþ íà 
ë³êóâàííÿ (CR òà PR ïàö³ºíòè) òà áåç â³äïîâ³ä³ 
íà ë³êóâàííÿ (PD òà SD ïàö³ºíòè). Ðåçóëüòàòè 
ïîð³âíÿëüíîãî àíàë³çó íàâåäåíî â òàáë. 3.

Ïîð³âíÿëüíèé àíàë³ç íå âèÿâèâ ñòàòèñòè÷íî 
â³ðîã³äíî¿ ð³çíèö³ â ðîçïîä³ë³ ÷àñòîò àëåë³â òà 
ãåíîòèï³â â äîñë³äæóâàíèõ ïîë³ìîðôíèõ ëîêó-
ñàõ ãåí³â UGT1A1, MTHFR òà ITPA ì³æ ãðóïà-
ìè ïàö³ºíò³â, ÿê³ ìàëè ïîçèòèâíó â³äïîâ³äü íà 

Òàáëèöÿ 2. Ðîçïîä³ë ÷àñòîò ãåíîòèï³â òà àëåë³â çà äîñë³äæóâàíèìè ïîë³ìîðôíèìèõ ëîêóñàìè ó êîíòðîëüí³é òà 
äîñë³äí³é ãðóïàõ

Ãðóïà, n-ê³ëüê³ñòü (äæåðåëî)

Ãåíè (ïîë³ìîðô³çì)

UGTÀ1 (rs8175347; A(TA)6-7TAA)

Ãåíîòèïè, n(f) Àëåë³
χ2* p*

6/6 6/7 7/7 6 TA 7 TA

Ïîïóëÿö³éíèé êîíòðîëü, n = 50 (25)
Ïàö³ºíòè, n = 60 (äàíå äîñë³äæåííÿ)

22 (0,44)
29 (0,483)

25 (0,5)
27 (0,45)

3 (0,06)
4 (0,067)

0,69
0,71

0,31
0,29

0,27 0,87

MTHFR (rs1801133; C677T)

Ãåíîòèïè, n(f) Àëåë³
χ2* p*

CC CT TT C T

Ïîïóëÿö³éíèé êîíòðîëü, n = 88 (23)
Ïàö³ºíòè, n = 60 (äàíå äîñë³äæåííÿ)

44 (0,5)
27 (0,45)

37 (0,42)
28 (0,47)

7 (0,08)
5 (0,08)

0,71
0,68

0,29
0,32

0,36 0,83

ITPA (rs1127354; C94A)

Ãåíîòèïè, n(f) Àëåë³
χ2* p*

CC CA AA C A

Ïîïóëÿö³éíèé êîíòðîëü, n = 100 (22)
Ïàö³ºíòè, n = 60 (äàíå äîñë³äæåííÿ)

81 (0,5)
44 (0,45)

17 (0,42
14 (0,47)

2 (0,08)
2 (0,08)

0,9
0,85

0,1
0,15

1,33 0,52

GSTP1 (rs1695; A313G)

Ãåíîòèïè, n(f) Àëåë³
χ2* p*

AA AG GG A G

Ïîïóëÿö³éíèé êîíòðîëü, n = 88 (24)
Ïàö³ºíòè, n = 60 (äàíå äîñë³äæåííÿ)

41 (0,47)
30 (0,5)

37 (0,42)
24 (0,4)

10 (0,11)
6 (0,1)

0,68
0,7

0,32
0,3

0,18 0,9

Ïðèì³òêà. n – àáñîëþòíà ê³ëüê³ñòü; f – ÷àñòîòà; * ðîçðàõóíêè äëÿ  ïîð³âíÿííÿ ðîçïîä³ëó ãåíîòèï³â.
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õ³ì³îòåðàï³þ, òà òèõ, ó ÿêèõ â³äïîâ³äü íà òå-
ðàï³þ áóëà â³äñóòíÿ (òàáë. 3). Òàêîæ íå áóëî 
âèÿâëåíî ñòàòèñòè÷íî â³ðîã³äíî¿ ð³çíèö³ â ðîç-
ïîä³ë³ ÷àñòîò àëåë³â çà êîäîì³íàíòíîþ, äîì³-
íàíòíîþ òà ðåöåñèâíîþ ìîäåëÿìè ì³æ ãðóïà-
ìè (CR òà PR) òà (PD òà SD) çà öèìè ïîë³-
ìîðôíèìè ëîêóñàìè.

Ñë³ä çàçíà÷èòè, ùî â ãðóï³ ïàö³ºíò³â, ÿê³ 
â³äïîâ³ëè íà õ³ì³îòåðàï³þ, ÷àñòîòà àëåëÿ 313G 
ãåíà GSTP1 áóëà â³ðîã³äíî âèùîþ (òàáë. 3), 
í³æ ó ãðóï³ ïàö³ºíò³â, ÿê³ íå â³äïîâ³ëè íà ë³-
êóâàííÿ (40 òà 22 % â³äïîâ³äíî; χ2 = 4,7, p = 
= 0,015). Òàêîæ áóëî âñòàíîâëåíî, ùî íîñ³¿ 
àëåëÿ 313G ãåíà GSTP1 (³íäèâ³äè ç ãåíîòèïîì 
AG òà GG) ìàþòü â³ðîã³äíî âèùó éìîâ³ð-

í³ñòü ïîçèòèâíî¿ â³äïîâ³ä³ íà õ³ì³îòåðàï³þ, 
í³æ îñîáè ç ãåíîòèïîì ÀÀ (òàáë. 4), à ñàìå 
ó íîñ³¿â àëåëÿ 313G éìîâ³ðí³ñòü ïîçèòèâíî¿ 
â³äïîâ³ä³ íà õ³ì³îòåðàï³þ ìîæå áóòè â 3 ðàçè 
âèùîþ, í³æ ó ³íäèâ³ä³â ç ãåíîòèïîì ÀÀ (OR =
= 3,05; Ñ² 95 %: 1.053–8.838).

Äëÿ ³äåíòèô³êàö³¿ òà õàðàêòåðèñòèêè ìîæ-
ëèâèõ êîìá³íàö³é ìóëüòèëîêóñíèõ ãåíîòèï³â, 
ÿê³ ìîæóòü áóòè àñîö³éîâàí³ ç åôåêòèâí³ñòþ 
ë³êóâàííÿ (â³äïîâ³ääþ íà õ³ì³îòåðàï³þ) ó õâî-
ðèõ íà çëîÿê³ñí³ ñîë³äí³ ïóõëèíè ñå÷îâîãî ì³-
õóðà áóëî çàñòîñîâàíî ïàêåò ïðîãðàìè MDR 
2.0 (Ritchie, 2003). Ìåòîä MDR (Multifactor 
Dimensionality Reduction) äîçâîëÿº îö³íèòè 
âñ³ ìîæëèâ³ äâîõôàêòîðí³ òà áàãàòîôàêòîðí³ 

Òàáëèöÿ 3. Ðîçïîä³ë ÷àñòîò ãåíîòèï³â òà àëåë³â çà äîñë³äæóâàíèìè ïîë³ìîðôíèìè ëîêóñàìè ó ïàö³ºíò³â
ç â³äïîâ³ääþ íà õ³ì³îòåðàï³þ òà áåç â³äïîâ³ä³

Â³äïîâ³ääü íà õ³ì³îòåðàï³þ

Ãåíè (ïîë³ìîðô³çì)

UGTÀ1 (rs8175347; A(TA)6-7TAA)

Ãåíîòèïè, n(f) Àëåë³
χ2* p*

6/6 6/7 7/7 6 TA 7 TA

Ïðèñóòíÿ (CR + PR); n = 26
Â³äñóòíÿ (PD + SD); n = 34

12 (0,46)
17 (0,50)

12 (0,46)
15 (0,44)

2 (0,08)
2 (0,06)

36 (0,69)
49 (0,72)

16 (0,30)
19 (0,28)

0,13 0,94

MTHFR (rs1801133; C677T)

Ãåíîòèïè, n(f) Àëåë³
χ2* p*

CC CT TT C T

Ïðèñóòíÿ (CR + PR); n = 26
Â³äñóòíÿ (PD + SD); n = 34)

13 (0,50)
14 (0,41)

11 (0,42)
17 (0,50)

2 (0,08)
3 (0,09)

37 (0,71)
45 (0,66)

15 (0,29)
23 (0,34)

0,46 0,79

ITPA (rs1127354; C94A)

Ãåíîòèïè, n(f) Àëåë³
χ2* p*

CC CA AA C A

Ïðèñóòíÿ (CR + PR); n = 26
Â³äñóòíÿ (PD + SD); n = 34)

21 (0,81)
23 (0,68)

4 (0,15)
10 (0,29)

1 (0,04)
1 (0,03)

46 (0,88)
56 (0,82)

6 (0,12)
12 (0,17)

1,63 0,44

GSTP1 (rs1695; A313G)

Ãåíîòèïè, n(f) Àëåë³
χ2* p*

AA AG GG A G

Ïðèñóòíÿ (CR + PR); n = 26
Â³äñóòíÿ (PD + SD); n = 34)

9 (0,35)
21 (0,62)

13 (0,50)
11 (0,32)

4 (0,15)
2 (0,06)

31 (0,60)
53 (0,78)

21 (0,40)
15 (0,22)

4,65 0,10

Ïðèì³òêà. CR + PR – ïàö³ºíòè ç ïîâíîþ òà ÷àñòêîâîþ â³äïîâ³äÿìè äî õ³ì³îòåðàï³¿; PD + SD – ïàö³ºíòè ç 
îçíàêàìè ïðîãðåñóâàííÿ çàõâîðþâàííÿ òà ñòàá³ëüíèì çàõâîðþâàííÿì; n – àáñîëþòíà ê³ëüê³ñòü; f – ÷àñòîòà; 
* ðîçðàõóíêè äëÿ ïîð³âíÿííÿ ðîçïîä³ëó ãåíîòèï³â.
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àëåëüí³ êîìá³íàö³¿ ïîë³ìîðô³çì³â òà âèçíà÷è-
òè â³ðîã³äíó çíà÷èì³ñòü öèõ êîìá³íàö³é. Â ðå-
çóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü ñòàòèñòè÷íî 
â³ðîã³äíèõ â³äì³ííîñòåé ðîçïîä³ëó êîìá³íîâà-
íèõ ãåíîòèï³â â ãðóïàõ ïàö³ºíò³â, ÿê³ äàëè 
â³äïîâ³äü íà õ³ì³îòåðàï³þ òà ó ÿêèõ â³äïîâ³äü 
áóëà â³äñóòíÿ,  âèÿâëåíî íå áóëî, ùî ìîæå 
ñâ³ä÷èòè ïðî â³äñóòí³ñòü ôàðìàêîãåíåòè÷íî¿ 
âçàºìîä³¿ äîñë³äæóâàíèõ ãåí³â ïðè òåðàï³¿ ðàêó 
ñå÷îâîãî ì³õóðà àáî º ðåçóëüòàòîì íåäîñòàò-
íüîãî ðîçì³ðó âèá³ðêè.  

Íà ï³äñòàâ³ îòðèìàíèõ ðåçóëüòàò³â ìè ïðè-
ïóñòèëè ìîæëèâó ðîëü ïîë³ìîðô³çìó ãåíà 
GSTP1 ó â³äïîâ³ä³ ïàö³ºíò³â íà õ³ì³îòåðàï³þ. 
Â ³íøèõ äîñë³äæåííÿõ in vitro áóëî âèÿâëåíî 
ñòàòèñòè÷íî çíà÷óùèé çâ’ÿçîê ì³æ âèñîêèì 
ð³âíåì åêñïðåñ³¿ GSTP1 â ïóõëèííèõ êë³òèíàõ 
³ çíèæåííÿì ÷óòëèâîñò³ äî ïðåïàðàò³â ïëàòè-
íè (Ogur, 2000). Ö³ëêîì ³ìîâ³ðíî, ùî ãëó-
òàò³îí S-òðàíñôåðàçè â³ä³ãðàþòü äâ³ ð³çí³ ðîë³
ó ðîçâèòêó ðåçèñòåíòíîñò³ äî ë³ê³â ÷åðåç ïðÿ-
ìó äåòîêñèêàö³þ, à òàêîæ ä³þ÷è ÿê ³íã³á³òîð 
MAP-ê³íàçíîãî øëÿõó. Òàê, GSTP1 âçàºìîä³º 
ç³ ñïîëóêàìè íà îñíîâ³ ïëàòèíè, ³ ãëóòàò³îí-
êîí’þãîâàíà ïëàòèíà ìîæå øâèäêî åêñïîð-
òóâàòèñÿ ç êë³òèí, òàêèì ÷èíîì, âèñîêà àêòèâ-
í³ñòü GSTP1 ìîæå ïðèâåñòè äî á³ëüø øâèäêî-
ãî ìåòàáîë³çìó ë³êàðñüêèõ çàñîá³â, ùî çìåíøóº 
öèòîòîêñè÷íó ä³þ õ³ì³îòåðàï³¿ íà ïóõëèíí³ 
êë³òèíè (Harpole, 2001). Áàãàòî ïðîòèïóõëèí-
íèõ õ³ì³îòåðàïåâòè÷íõ àãåíò³â, ñåðåä ÿêèõ ³ 
Öèñïëàòèí, ³íäóêóþòü àïîïòîç â ïóõëèííèõ 
êë³òèíàõ çà äîïîìîãîþ MAP-ê³íàçíîãî øëÿ-
õó (Davis, 2000). Ï³äâèùåíà åêñïðåñ³ÿ GSTP1 
ìîæå âïëèíóòè íà ïðîöåñ àïîïòîçó, ³ òèì ñà-

ìèì îáìåæèòè åôåêòèâí³ñòü âíóòð³øíüîì³õó-
ðîâî¿ òà ñèñòåìíî¿ õ³ì³îòåðàï³¿ ïðè ðàêó ñå÷î-
âîãî ì³õóðà (Towsend, 2003; Chen, 2019; Singh 
,2021). 

Íàðàç³, ðåçóëüòàòè äîñë³äæåíü ùîäî àñîö³-
àö³¿ ïîë³ìîðôíèõ âàð³àíò³â ãåíà GSTP1 ç â³ä-
ïîâ³ääþ íà õ³ì³îòåðàï³þ íà îñíîâ³ ïëàòèíè º 
ñóïåðå÷ëèâèìè. Òàê ìåòà-àíàë³ç, ùî áàçóâàâñÿ 
íà ÷îòèðüîõ ïóáë³êàö³ÿõ ³ âêëþ÷àâ 425 ïàö³ºí-
ò³â, íå ïîêàçàâ çâ’ÿçêó ì³æ ïîë³ìîðô³çìîì 
A313G ãåíà GSTP1 ³ â³äïîâ³ääþ íà õ³ì³îòåðà-
ï³þ (Yin, 2012). Â ³íøèõ ðîáîòàõ áóëî âèÿâëå-
íî äîñòîâ³ðíó àñîö³àö³þ ì³æ íàÿâí³ñòþ àëåëÿ 
G òà ïîçèòèâíîþ â³äïîâ³ääþ íà õ³ì³îòåðàï³þ. 
Òàê ïàö³ºíòè ç ãåíîòèïàìè AG òà GG ìàëè  
á³ëüøó éìîâ³ðí³ñòü ïîâíî¿ òà ÷àñòêîâî¿ â³äïî-
â³ä³ (CR+PR) íà ë³êóâàííÿ ïëàòèíîâèìè ïðå-
ïàðàòàìè (Joerger, 2012; Yang, 2012; Han, 2015).

Òàêèì ÷èíîì, çã³äíî îòðèìàíèõ íàìè äà-
íèõ, ìè ñõèëÿºìîñü äî òâåðäæåííÿ, ùî ð³çíà 
ôóíêö³îíàëüíà àêòèâí³ñòü GSTP1, îáóìîâëåíà 
ãåíåòè÷íèì ïîë³ìîðô³çìîì A313G ãåíà GSTP1,
ìîæå âïëèíóòè íà ïðîöåñ äåòîêñèêàö³¿ õ³ì³î-
òåðàïåâòè÷íèõ àãåíò³â ³ ìîäóëþâàòè ðåàêö³þ íà 
ë³êàðñüêèé çàñ³á.

Âèñíîâêè. Îòðèìàí³ ðåçóëüòàòè äåìîíñòðó-
þòü, ùî ïîë³ìîðô³çì A313G ãåíà GSTP1 êîðå-
ëþº ç â³äïîâ³ääþ íà ë³êóâàííÿ Öèñïëàòèíîì ó 
ïàö³ºíò³â ç ðàêîì ñå÷îâîãî ì³õóðà. Íàÿâí³ñòü 
àëåëÿ 313G â ãåíîòèï³ ïàö³ºíòà ç ðàêîì ñå÷î-
âîãî ì³õóðà ìîæå ïðèçâîäèòè äî ïîêðàùåííÿ 
â³äïîâ³ä³ íà ë³êóâàííÿ ïóõëèíè Öèñïëàòèíîì.

Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Äîñë³äæåííÿ 
âèêîíàí³ â ìåæàõ òåìè «Development of panel 
of pharmacogenetic markers for prognosis of the 

Ïðèì³òêà. CR+PR – ïàö³ºíòè ç ïîâíîþ òà ÷àñòêîâîþ â³äïîâ³äÿìè äî õ³ì³îòåðàï³¿; PD + SD – ïàö³ºíòè ç 
îçíàêàìè ïðîãðåñóâàííÿ çàõâîðþâàííÿ òà ñòàá³ëüíèì çàõâîðþâàííÿì; n – àáñîëþòíà ê³ëüê³ñòü; f – ÷àñòîòà; 
* ðîçðàõóíêè äëÿ ïîð³âíÿííÿ ðîçïîä³ëó ãåíîòèï³â.

Òàáëèöÿ 4. Ðîçïîä³ë ãåíîòèï³â ç íàÿâí³ñòþ àëåëÿ G çà ïîë³ìîðôíèì ëîêóñîì GSTP1 (A313G) ó ãðóïàõ ïàö³ºíò³â 
ç ð³çíîþ â³äïîâ³ääþ íà ë³êóâàííÿ

Ãåíîòèïè
Ãðóïà (CR + PR) Ãðóïà (PD + SD) Ñòàòèñòè÷í³ ïîêàçíèêè

n f n f χ2* p* OR (C² 95 %)

AA

ÀG + GG

Ðàçîì

9

17

26

0,385

0,654

1

21

13

34

0,611

0,389

1

4,34

–

0,037

–

0,33 (0,1131–0,9493)

3,05 (1,053–8,838)

–
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course and efficiency of treatment of social impor-
tant human diseases at Ukrainian patients» 2015–
2019 ðð., ¹ ÄÐ 0115U002944 ÍÀÍ Óêðà¿íè 
òà òåìè «Âäîñêîíàëèòè ïîêàçàííÿ òà òàêòèêó 
êîìïëåêñíîãî ë³êóâàííÿ õâîðèõ ç ì³ñöåâî-
ïîøèðåíèì ðàêîì ñå÷îâîãî ì³õóðà» 2015–2017 
ðð. Çàòâåðäæåíî íà çàñ³äàíí³ Êîì³ñ³¿ ç ïèòàíü 
åòèêè Íàö³îíàëüíîãî ³íñòèòóòó ðàêó, ÌÎÇ; 
ïðîòîêîë ¹ 59 â³ä 3 êâ³òíÿ 2014 ð.
Êîíôë³êò ³íòåðåñ³â. Ó ö³é ðîáîò³ êîíôë³êò ³í-
òåðåñ³â àâòîð³â â³äñóòí³é.
Ô³íàíñóâàííÿ. Òåìàòèêà «Development of panel 
of pharmacogenetic markers for prognosis of the 
course and efficiency of treatment of social im-
portant human diseases at Ukrainian patients» 
2015–2019, ¹ ÄÐ 0115U002944 ÍÀÍ Óêðà¿íè –
ÊÏÊÂÊ 6541030. Äæåðåëî ô³íàíñóâàííÿ òåìà-
òèêè «Âäîñêîíàëèòè ïîêàçàííÿ òà òàêòèêó êîì-
ïëåêñíîãî ë³êóâàííÿ õâîðèõ ç ì³ñöåâî-ïîøè-
ðåíèì ðàêîì ñå÷îâîãî ì³õóðà» 2015–2017 ðð. –
áþäæåòíà òåìàòèêà ÌÎÇ Óêðà¿íè

POLYMORPHIC VARIANTS OF UGT1A1, MTHFR, 
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PLATINUM-BASED CHEMOTHERAPY
IN PATIENTS WITH BLADDER CANCER
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To determine the association of polymorphic variants 
of UGT1À1 (rs8175347), MTHFR (rs1801133), GSTP1 
(rs1695) and ITPA (rs 1127354) with response to pla-
tinum-based chemotherapy in patients with bladder 
cancer. The study group consisted of 60 patients who were 
treated at the National Cancer Institute. The population 
control groups were formed from conditionally healthy 
adults from different regions of Ukraine. Commercial 

DNA extraction kits were used to isolate genomic DNA 
of patients’ and controls’ blood samples. Genotyping 
for MTHFR, GSTP1 and ITPA alleles was performed 
using PCR followed by RFLP assay. Determination of 
allelic variants of UGT1À1 was carried out by fragment 
analysis of fluorescently labeled PCR products using an 
automatic laser analyzer ALF-express II. No significant 
difference was found in the distribution of allele and 
genotype frequencies of UGT1A1, MTHFR, GSTP1 
and ITPA gene polymorphisms between the population 
samples and the study group of patients with bladder 
cancer. Similar to above, no statistically significant 
difference was found in the distribution of alleles and 
genotypes frequencies for the polymorphic loci of the 
UGT1A1, MTHFR and ITPA genes in codominant, do-
minant and recessive models between the groups of 
patients with bladder cancer who had a positive response 
to chemotherapy and those in whom the response 
for the therapy was absent. It was shown that in the 
group of patients who responded to chemotherapy, the 
frequency of the 313G allele of the GSTP1 gene (0.40) 
was statistically significantly higher than in the group 
of patients who did not respond to treatment (0.22). It 
was established that carriers of the 313G allele of the 
GSTP1 gene (AG and GG genotypes) have a higher 
probability of a positive response to chemotherapy than 
individuals with the AA genotype (OR = 3.05; CI 95 %:
1.053–8.838). It has been shown that the A313G 
polymorphism of the GSTP1 gene (rs1695) is assosiated 
with the response to chemotherapy with platinum-based 
drugs, including Cisplatin. The presence of the 313G 
allele in the patient’s genotype may indicate a better 
sensitivity of the tumor to platinum-based drugs. 
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