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ÑÒÀÒÒ²

ÂÑÒÓÏ

Ïàï³ëÿðíèé ðàê (ÏÐ) ùèòîïîä³áíî¿ çàëîçè

(ÙÇ) õàðàêòåðèçóºòüñÿ ë³ìôîãåííèì ìåòàñòà-

çóâàííÿì, ó 50% âèïàäê³â ìåòàñòàçè ó ðå´³îíàð-

íèõ ë³ìôîâóçëàõ âèÿâëÿþòüñÿ ï³ä ÷àñ îïåðàö³¿

[1]. Êð³ì òîãî, ë³ìôàòè÷í³ âóçëè º íàéá³ëüø

ïîøèðåíèì ì³ñöåì ðåöèäèâó ÏÐ, à ÷àñòîòà âè-

ÿâëåííÿ ðåöèäèâó ÏÐ ó ë³ìôîâóçëàõ ñêëàäàº

38,5-58,8%. Îòæå, ðîçóì³ííÿ ìîëåêóëÿðíèõ ìå-

õàí³çì³â ³íâàç³¿ êë³òèí ÐÙÇ, ¿õ âèæèâàííÿ ó ìå-

òàñòàçàõ ìàº âèð³øàëüíå çíà÷åííÿ äëÿ ðîçðîá-

êè åôåêòèâíî¿ òåðàï³¿.

Äëÿ ïóõëèí ÐÙÇ in vivo òà in vitro âèÿâëåíî

çâ'ÿçîê ïðîöåñ³â ¿õ ³íâàç³¿ òà ìåòàñòàçóâàííÿ ç

³íäóêö³ºþ åï³òåë³àëüíî-ìåçåíõ³ìàëüíî¿ òðàíñ-

ôîðìàö³¿ (ÅÌÒ) [2, 3]. Åï³òåë³àëüí³ êë³òèíè ó ïðî-

öåñ³ ÅÌÒ âòðà÷àþòü êë³òèíí³ êîíòàêòè òà íàáó-

âàþòü ì³ãðàö³éíîãî ôåíîòèïó. Ãåí CDH1

(16q22.1) êîäóº òðàíñìåìáðàííèé ãë³êîïðîòå¿í

E-êàäãåðèíó, ÿêèé â³ä³ãðàº âàæëèâó ðîëü ó ì³æ-

êë³òèíí³é àäãåç³¿ åï³òåë³àëüíèõ êë³òèí. Çíèæåííÿ

åêñïðåñ³¿ E-êàäãåðèíó º õàðàêòåðíîþ îçíàêîþ

EMT [4]. Àêòèâàö³ÿ ñèãíàëüíèõ øëÿõ³â âíàñë³äîê

ìóòàö³¿ îíêîãåíà ³íäóêóº EMT. Ïîïåðåäí³ äîñë³ä-

æåííÿ ïîêàçàëè, ùî ñèãíàëüí³ øëÿõè HGF/cMET

[5], TGF-β/Smurf1 [6] ³ MAPMAPK/ERK [7] áå-

ðóòü ó÷àñòü ó ðåãóëÿö³¿ EMT. Åï³ãåíåòè÷í³ ìåõà-

í³çìè êîíòðîëþþòü EMT øëÿõîì ðåãóëÿö³¿ ð³âíÿ

åêñïðåñ³¿ E-êàäãåðèíó. Ðåçóëüòàòàìè ïîïåðåä-

í³õ äîñë³äæåíü âèÿâëåíî çìåíøåííÿ åêñïðåñ³¿

Å-êàäãåðèíó âíàñë³äîê ã³ïåðìåòèëþâàííÿ ïðî-

ìîòîðó éîãî ãåíà â ð³çíèõ çëîÿê³ñíèõ ïóõëèíàõ,

ó òîìó ÷èñë³ çà ëåéêåì³¿ [8], ðàêó ìîëî÷íî¿ çà-

ëîçè [9] òà êîëîðåêòàëüíîãî ðàêó [10].

Âíóòð³øíüîêë³òèííå ðîçòàøóâàííÿ E-êàäãå-

ðèíó ìàº âèð³øàëüíå çíà÷åííÿ äëÿ éîãî ôóíêö³¿

òà ðåãóëþºòüñÿ ôîñôîðèëþâàííÿì [11]. Àêòè-

âàö³ÿ òèðîçèíê³íàç ïðèçâîäèòü äî âòðàòè êàäãå-

ðèí-îïîñåðåäêîâàíî¿ àäãåç³¿ êë³òèí øëÿõîì àê-

òèâàö³¿ åíäîöèòîçó E-êàäãåðèíó. Äîâåäåíî ðîëü

ïðîòå¿íê³íàçè Ñ (ÏÊÑ) ó ðåãóëÿö³¿ åíäîöèòîçó ³
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ïåðåðîáêè Å-êàäãåðèíó. Ïîêàçàíî, ùî â êë³òè-

íàõ ðàêó, îáðîáëåíèõ ôîðáîëîâèì åô³ðîì, ï³ä-

âèùóºòüñÿ øâèäê³ñòü åíäîöèòîçó Å-êàäãåðèíó,

ùî ïðèçâîäèòü äî çíèæåííÿ ð³âíÿ éîãî ìåì-

áðàííî¿ åêñïðåñ³¿ [12]. ×èííèê íåêðîçó ïóõëèí

α (×ÍÏ)-α, ÿêèé º ìåä³àòîðîì çàïàëåííÿ, ³íäó-

êóº EMT øëÿõîì ïðîòå¿íê³íàçîçàëåæíî¿ àêòèâà-

ö³¿ ×ÍÏ-β [13].

Çà äàíèìè ïîïåðåäí³õ ³ìóíîã³ñòîõ³ì³÷íèõ

äîñë³äæåíü ³ ÄÍÊ ì³êðî÷³ï-àíàë³çó âèÿâëåíî

çíà÷íå çìåíøåííÿ åêñïðåñ³¿ Å-êàäãåðèíó çà íè-

çüêî äèôåðåíö³éîâàíîãî ðàêó [14, 15]. Àáåðàí-

òíå ìåòèëþâàííÿ ïðîìîòîðó Å-êàäãåðèíó ïðî-

äåìîíñòðîâàíî ó 23-83% âèïàäê³â ÏÐ ÙÇ [16,

17]. Ö³ äîñë³äæåííÿ òàêîæ ïîêàçóþòü, ùî âòðà-

òà åêñïðåñ³¿ Å-êàäãåðèíó â³ä³ãðàº ðîëü ó ðîçâèòêó

ìåòàñòàç³â ÐÙÇ. Çà ðåçóëüòàòàìè íàøèõ äîñë³ä-

æåíü, ïðîô³ëü åêñïðåñ³¿ ãåí³â êë³òèí ³íâàç³éíîãî

ÐÙÇ â³äïîâ³äàº EMT [18]. Ïðîòå ìåçåíõ³ìàëüí³

îñîáëèâîñò³ ³íâàç³éíèõ êë³òèí ÐÙÇ ó ìåòàñòà-

çàõ íå âèâ÷àëèñÿ. Ç ìåòîþ äîñë³äæåííÿ äàíîãî

ôàêòó ìè ðîçãëÿíóëè ñòàòóñ ìåòèëþâàííÿ ïðî-

ìîòîðó ãåíà Å-êàäãåðèíó ó ñåð³¿ ÏÐ ÙÇ ³ â³äïî-

â³äíèõ ìåòàñòàç³â ó ë³ìôîâóçëàõ. Äëÿ âñòàíîâ-

ëåííÿ âçàºìîçâ'ÿçêó ì³æ åêñïðåñ³ºþ ãåíà Å-êàä-

ãåðèíó òà ðóõëèâ³ñòþ êë³òèí ðàêó âèêîðèñòîâó-

âàëè êë³òèíí³ ë³í³¿ ÐÙÇ.

ÌÀÒÅÐ²ÀË ² ÌÅÒÎÄÈ

Ìàòåð³àëîì äëÿ äîñë³äæåííÿ ïîñëóæèëè ã³ñ-

òîëîã³÷í³ ïðåïàðàòè ïóõëèí 66 ïàö³ºíò³â, ïðî-

îïåðîâàíèõ ç ïðèâîäó ÏÐ ÙÇ. Â óñ³õ âèïàäêàõ

ä³àãíîç ÏÐ âñòàíîâëåíî íà ã³ñòîëîã³÷íèõ ïðåïà-

ðàòàõ, çàáàðâëåíèõ ãåìàòîêñèë³í-åîçèíîì, äâî-

ìà äîñâ³ä÷åíèìè ïàòîëîãîàíàòîìàìè â³äïîâ³ä-

íî äî êðèòåð³¿â ÂÎÎÇ 2004 ðîêó. Îö³íêó îíêî-

ãåííîãî ñòàòóñó ìóòàö³é ó ïåðâèííèõ ïóõëèíàõ

ÏÐ ïðîâåäåíî ó ïîïåðåäíüîìó äîñë³äæåíí³ [18].

Ó 34 âèïàäêàõ ÏÐ, êð³ì ïåðâèííî¿ ïóõëèíè, äî-

ñë³äæóâàëè ìåòàñòàçè ó ë³ìôàòè÷íèõ âóçëàõ.

Âèä³ëåííÿ ÄÍÊ ³ ÐÍÊ ïðîâåäåíî ç ïàðàô³íî-
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âèõ ïðåïàðàò³â ïóõëèí ³ êë³òèííèõ êóëüòóð ÏÐ ³ç

çàñòîñóâàííÿì TRIzol ðåàãåíòó. Àìïë³ô³êîâàí³

ïðîäóêòè â³çóàë³çîâàëè ï³ñëÿ åëåêòðîôîðåçó íà

2% ðîç÷èí³ ïîë³àêðèëàì³äíîãî ãåëþ.

²ìóíîã³ñòîõ³ì³÷í³ äîñë³äæåííÿ ïðîâåäåíî ³ç

çàñòîñóâàííÿì ñïåöèô³÷íèõ àíòèò³ë äî Å-êàä-

ãåðèíó (sc-21791) òà óí³âåðñàëüíîãî íàáîðó Vec-

tastain Universal Quick kit. Äëÿ êîæíîãî äîñë³ä-

æåííÿ âêëþ÷åíî íåãàòèâí³ êîíòðîë³ áåç äîäà-

âàííÿ ïåðâèííèõ àíòèò³ë. ²ìóíîôëþîðåñöåíòíå

äîñë³äæåííÿ ïðîâåäåíî ç âèêîðèñòàííÿì â³äïî-

â³äíèõ âòîðèííèõ àíòèò³ë ³ íàáîðó Prolong anti-

fade kit.

Êë³òèíí³ ë³í³¿ ÐÙÇ ëþäèíè (TPC1, FTC133,

FTC236, FTC238 ³ WRO82-1) âèðîùóâàëè ó ñå-

ðåäîâèù³ RPMI-1640 medium (Invitrogen) òà îá-

ðîáëÿëè ôàðìàêîëîã³÷íèì ³íã³á³òîðîì PI3K/AKT

ñèãíàëüíîãî øëÿõó, ×ÍÏ-α òà 5-aça-2'-äeoêñ³-

öèòèäèíîì, òà ³íã³á³òîðîì MEK1/2 (Cell Signa-

ling Technology).

Åêñïåðèìåíòàëüíó ìîäåëü ì³ãðàö³¿ äîñë³äæó-

âàëè â êàìåð³ Áîóåíà ç ìåìáðàíîþ, âêðèòîþ

ìàòðèãåëåì. Åôåêòèâí³ñòü ì³ãðàö³¿ îö³íþâàëè çà

äîïîìîãîþ ìåìáðàííîãî çàáàðâëåííÿ çà ìåòî-

äîì Diff-Quick kit. Ñòóï³íü ðîñòó êë³òèí äîñë³ä-

æóâàëè ç âèêîðèñòàííÿì íàáîðó äëÿ îö³íêè æèò-

òºçäàòíîñò³ êë³òèí Vi-CELL™ Cell Viability Analy-

zer â³äïîâ³äíî äî ³íñòðóêö³é âèðîáíèêà.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ÎÁÃÎÂÎÐÅÍÍß

Ìåòèëþâàííÿ ïðîìîòîðó Å-êàäãåðèíó äîñë³ä-

æåíî â ïóõëèíàõ ÐÙÇ òà îòî÷óþ÷³é òêàíèí³ çà-

ëîçè. Ó 26/66 (39,3%) âèïàäê³â ÏÐ ÙÇ âèÿâëåíî

ã³ïåðìåòèëþâàííÿ 5'CpG îñòð³âö³â ïðîìîòîðó

Å-êàäãåðèíó. Â îòî÷óþ÷³é íîðìàëüí³é òêàíèí³ ÙÇ

ìåòèëþâàííÿ Å-êàäãåðèíó âèÿâëåíî â 1/22

(4,5%) âèïàäêó. Ó öèõ âèïàäêàõ ï³ä ÷àñ ã³ñòîëî-

ã³÷íîãî äîñë³äæåííÿ âèÿâëåíî îçíàêè õðîí³÷íî-

ãî òèðåî¿äèòó. Êë³í³êî-ìîðôîëîã³÷íó õàðàêòåðèñ-

òèêó âèïàäê³â ÏÐ ÙÇ çàëåæíî â³ä ñòàòóñó ìåòè-

ëþâàííÿ ïðîìîòîðó Å-êàäãåðèíó íàâåäåíî ó

òàáë. 1.

Ó õîä³ ã³ñòîëîã³÷íîãî äîñë³äæåííÿ ïóõëèíè ÙÇ

ã³ïåðìåòèëþâàííÿ ïðîìîòîðó ãåíà Å-êàäãåðèíó

âèÿâëÿëîñÿ ÷àñò³øå ó âèïàäêàõ êëàñè÷íîãî ÏÐ

ÙÇ, í³æ éîãî ôîë³êóëÿðíîãî âàð³àíòà (ÔÂ). Ìå-

òèëþâàííÿ ïðîìîòîðó Å-êàäãåðèíó àñîö³þâàëî-

ñÿ ç îçíàêàìè íåñïðèÿòëèâîãî ïðîãíîçó (åêñòðà-

îðãàííà ³íâàç³ÿ, ìåòàñòàçè ó ë³ìôîâóçëàõ).

Ã³ïåðìåòèëþâàííÿ ïðîìîòîðó Å-êàäãåðèíó

âèÿâëåíî ó 8/30 (26,6%), 1/8 (12,5%) ³ 0/5 (0%)

ïóõëèí ³ç BRAF, RET ³ RAS ìóòàö³ÿìè â³äïîâ³ä-

íî. Ó âèïàäêàõ ÏÐ ÙÇ áåç ìóòàö³é ã³ïåðìåòè-

ëþâàííÿ Å-êàäãåðèíó âèÿâëåíî ó 8/28 (28,5%)

âèïàäêàõ. Êîðåëÿö³ÿ ì³æ ìåòèëþâàííÿì ïðîìî-

òîðó Å-êàäãåðèíó òà ìóòàö³ÿìè îíêîãåí³â ÙÇ íå

áóëà ñòàòèñòè÷íî çíà÷óùîþ.

Ó íîðìàëüí³é òêàíèí³ çàëîçè ³íòåíñèâíó åê-

ñïðåñ³þ Å-êàäãåðèíó âèÿâëåíî â åï³òåë³àëüíèõ

êë³òèíàõ, à ó êë³òèíàõ ñòðîìè âîíà áóëà â³äñóò-

íÿ. Â óñ³õ âèïàäêàõ ÏÐ ÙÇ ³ç ã³ïåðìåòèëüîâà-

íèì ïðîìîòîðîì Å-êàäãåðèíó ³ â 16/40 (40%)

âèïàäêàõ ÏÐ ³ç íåìåòèëüîâàíèì E-êàäãåð³íîì

âèÿâëåíî çíèæåííÿ ³íòåíñèâíîñò³ éîãî åêñïðå-

ñ³¿. Âòðàòà åêñïðåñ³¿ Å-êàäãåðèíó àñîö³þâàëàñÿ

ç ë³ìôî¿äíîþ ³íô³ëüòðàö³ºþ ñòðîìè ïóõëèí ³

íàÿâí³ñòþ ìåòàñòàç³â. Íå áóëî âñòàíîâëåíî êî-

ðåëÿö³¿ ì³æ ìóòàö³ÿìè îíêîãåí³â ÙÇ ³ ð³âíåì

åêñïðåñ³¿ Å-êàäãåðèíó.

Ìè ïðèïóñòèëè, ùî êë³òèíè ÐÙÇ ó çîíàõ ³í-

âàç³¿ ìàþòü ï³äâèùåíó ðóõëèâ³ñòü âíàñë³äîê ã³-

ïåðìåòèëþâàííÿ ïðîìîòîðó Å-êàäãåðèíó òà çíè-

æåííÿ éîãî åêñïðåñ³¿. Îòæå, ó 10 âèïàäêàõ ÏÐ

äîñë³äæåíî îêðåìî çîíè ³íâàç³¿ òà öåíòðàëüí³

â³ää³ëè ïóõëèí. Ó 7 âèïàäêàõ îçíàêè ìåòèëþâàííÿ

ïðîìîòîðó Å-êàäãåðèíó ³ éîãî åêñïðåñ³¿ áóëè

ñõîæèìè ó öåíòðàëüíèõ â³ää³ëàõ ïóõëèíè ³ çîíàõ

³íâàç³¿. Ó 3 âèïàäêàõ â³äáóâñÿ ïåðåõ³ä ñòàòóñó
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Клініко-морфологічна ознака

Статус метилювання промотору Е-кадгерину

ргіперметильований

(26 випадків)

неметильований

(40 випадків)

Вік (роки) 43,1±17,1 35,3±12,2 0,2949

Розмір пухлини (мм) 33±0.6 22±0.8 0,4902

Стать (ч/ж) 6/20 16/24 0,0164

Багатофокусний ріст (є/немає) 12/14 12/14 0,2021

Метастази (є/немає) 1/25 16/24 0,0011

Òàáëèöÿ 1

Êë³í³êî-ìîðôîëîã³÷íà õàðàêòåðèñòèêà ÏÐ ÙÇ çàëåæíî â³ä ñòàòóñó ìåòèëþâàííÿ

ïðîìîòîðó Å-êàäãåðèíó
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ìåòèëþâàííÿ ïðîìîòîðó Å-êàäãåðèíó â³ä íåìå-

òèëüîâàíîãî â öåíòðàëüíèõ â³ää³ëàõ äî ã³ïåðìå-

òèëüîâàíîãî ó çîíàõ ³íâàç³¿.

Ñòàòóñ ìåòèëþâàííÿ ïðîìîòîðó Å-êàäãåðè-

íó ïðîàíàë³çîâàíî â ïåðâèííèõ ïóõëèíàõ ÏÐ ³

ìåòàñòàçàõ ó ë³ìôîâóçëàõ (34 âèïàäêè). Ó 20/34

(60%) âèïàäê³â ìåòèëþâàííÿ ïðîìîòîðó Å-êàä-

ãåðèíó áóëî ³äåíòè÷íèì ó ïåðâèíí³é ïóõëèí³ òà

â³äïîâ³äíîìó ìåòàñòàç³. Ó 10 âèïàäêàõ íå âèÿâ-

ëåíî ìåòèëþâàííÿ ïðîìîòîðó Å-êàäãåðèíó ó

ïåðâèííèõ ïóõëèíàõ òà ìåòàñòàçàõ. Ã³ïåðìåòè-

ëþâàííÿ ïðîìîòîðó Å-êàäãåðèíó ó ïåðâèíí³é

ïóõëèí³ ³ ó â³äïîâ³äíèõ ìåòàñòàçàõ âñòàíîâëåíî

òàêîæ ó 10 âèïàäêàõ. Ó 14/34 (40%) âèïàäê³â

ñòàòóñ ìåòèëþâàííÿ Å-êàäãåðèíó ó ïåðâèíí³é

ïóõëèí³ ³ ë³ìôîâóçëàõ â³äð³çíÿâñÿ. Ó 12 (35%)

âèïàäêàõ ïðîìîòîð Å-êàäãåðèíó áóâ ã³ïåðìå-

òèëüîâàíèì ó ïåðâèíí³é ïóõëèí³, àëå íåìåòè-

ëüîâàíèì ó ìåòàñòàçàõ, ó ÿêèõ âèÿâëåíî ï³äâè-

ùåíèé ð³âåíü åêñïðåñ³¿ Å-êàäãåðèíó. Ó äâîõ

âèïàäêàõ (5%) ã³ïåðìåòèëþâàííÿ ïðîìîòîðó

Å-êàäãåðèíó âèçíà÷åíî ëèøå ó ìåòàñòàçàõ.

Ç ìåòîþ âèâ÷åííÿ ðîë³ Å-êàäãåðèíó â ðåãó-

ëÿö³¿ ðóõëèâîñò³ êë³òèí ÐÙÇ ìè ðîçãëÿíóëè ñòà-

òóñ ìåòèëþâàííÿ ïðîìîòîðó Å-êàäãåðèíó â êë³-

òèííèõ ë³í³ÿõ ÐÙÇ ³ç ð³çíèìè ôåíîòèïàìè. Ó

êë³òèííèõ ë³í³ÿõ ÏÐ (TPC1), ïåðâèííî¿ ïóõëèíè

ôîë³êóëÿðíîãî ðàêó (FTC133), ðå´³îíàðíîãî òà

ëåãåíåâîãî ìåòàñòàçó ôîë³êóëÿðíîãî ðàêó ÙÇ

(FTC236 ³ FTC238) âèÿâëåíî ìîðôîëîã³÷í³ îçíà-

êè, õàðàêòåðí³ äëÿ ìåçåíõ³ìàëüíî¿ òêàíèíè (âå-

ðåòåíîïîä³áí³ êë³òèíè), òîä³ ÿê ó êë³òèíàõ êóëü-

òóðè ôîë³êóëÿðíîãî ðàêó ÙÇ (WRO) êë³òèíè áóëè

îêðóãëèìè, òîáòî ñõîæèìè íà åï³òåë³àëüí³. Ó

êë³òèíàõ ÐÙÇ ³ç ìîðôîëîã³÷íèìè ìåçåíõ³ìàëü-

íèìè îçíàêàìè âèÿâëåíî ã³ïåðìåòèëþâàííÿ ïðî-

ìîòîðó Å-êàäãåðèíó, à åêñïðåñ³¿ ÐÍÊ ³ á³ëêà âè-

ÿâëåíî íå áóëî. Íàâïàêè, â êë³òèííèõ ë³í³ÿõ ç

åï³òåë³ºïîä³áíèìè êë³òèíàìè ÐÙÇ ìåòèëþâàí-

íÿ Å-êàäãåðèíó âèÿâëåíî íå áóëî, òîä³ ÿê ð³âí³

åêñïðåñ³¿ ÐÍÊ ³ á³ëêà áóëè î÷åâèäíèìè. Âèçíà-

÷åíî ï³äâèùåíó åêñïðåñ³þ Å-êàäãåðèíó â åï³òå-

ë³àëüíèõ êë³òèíàõ WRO.

Ó âèïàäêàõ E-êàäãåð³í-íåãàòèâíîãî ÐÙÇ êë³-

òèíè ³ç ìåçåíõ³ìàëüíèìè îçíàêàìè åôåêòèâíî

ïåíåòðóâàëè ìåìáðàíó ó êàìåð³ Áîéäåíà, íà â³ä-

ì³íó â³ä Å-êàäãåðèí-ïîçèòèâíèõ êë³òèí WRO ç

åï³òåë³àëüíèìè îçíàêàìè.

Ç ìåòîþ âèçíà÷åííÿ ñòàòóñó ìåòèëþâàííÿ

Å-êàäãåðèíó òà ì³ãðàö³éíî¿ çäàòíîñò³ êë³òèí ÐÙÇ

ï³ñëÿ îáðîáêè äåìåòèëþâàëüíèìè àãåíòàìè êë³-

òèíè ÐÙÇ ³íêóáóâàëè ç 5-àçà-2'-äåçîêñèöèòè-

äèíîì. Òàêà îáðîáêà êë³òèí ÐÙÇ íå âèêëèêàëà

çì³í ñòàòóñó ìåòèëþâàííÿ ïðîìîòîðó òà åêñïðå-

ñ³¿ Å-êàäãåðèíó, íå ïåðåøêîäæàëà ì³ãðàö³¿

êë³òèí. Ó êë³òèíàõ ³ç ìåçåíõ³ìàëüíèìè ìîðôî-

ëîã³÷íèìè îçíàêàìè ï³ñëÿ îáðîáêè 5-àçà-2'-

äåçîêñèöèòèäèíîì âèÿâëåíî ãàëüìóâàííÿ ðîñòó.

Íå âèçíà÷åíî ³ñòîòíîãî âïëèâó íà ð³ñò êë³òèí

ÐÙÇ ç åï³òåë³àëüíèìè îçíàêàìè.

Â³äîìî, ùî PI3K/AKT ³ RAS/ERK ñèãíàëüí³

øëÿõè â³ä³ãðàþòü âàæëèâó ðîëü ó ðåãóëÿö³¿ ïðî-

öåñó ì³ãðàö³¿ êë³òèí ÐÙÇ. Êð³ì òîãî, äîâåäåíî,

ùî àêòèâàö³ÿ ñèãíàëó ôåðìåíòó ïðîòå¿íê³íàçè

Ñ (ÏÊÑ) äèåô³ðôîðáîëîì (PMA) âèêëèêàº ìîð-

ôîëîã³÷í³ çì³íè â êë³òèíàõ WRO.

Ç ìåòîþ îö³íêè âïëèâó àêòèâàö³¿ ÏÊÑ íà ðóõ-

ëèâ³ñòü êë³òèí ÐÙÇ øëÿõîì ðåãóëÿö³¿ Å-êàäãå-

ðèíó äîñë³äæåíî ñòàòóñ ìåòèëþâàííÿ ïðîìîòî-

ðó Å-êàäãåðèíó òà åêñïðåñ³¿ éîãî á³ëêà ï³ä ä³ºþ

³íã³á³òîðó PI3K/AKT (LY-294002), RAS/ERK

(U-0126) ³ ï³ñëÿ ë³êóâàííÿ PMA. Ï³ä âïëèâîì ³í-

ã³á³òîð³â LY-294002 ³ U-0126 âèÿâëåíî ãàëüìó-

âàííÿ ì³ãðàö³¿ êë³òèí ÐÙÇ ³ç ìåçåíõ³ìàëüíèìè

îçíàêàìè. Ïðîòå âòðàòó ì³ãðàö³éíî¿ çäàòíîñò³ íå

áóëî ïîâ'ÿçàíî ç³ ñòàòóñîì ìåòèëþâàííÿ ïðî-

ìîòîðó Å-êàäãåðèíó, åêñïðåñ³ºþ éîãî á³ëêà òà

çì³íîþ åï³òåë³àëüíîãî ôåíîòèïó. Ï³ä ä³ºþ PMA

íå âèçíà÷åíî ³ñòîòíîãî âïëèâó íà ðóõëèâ³ñòü

êë³òèí ÐÙÇ ³ç ìåçåíõ³ìàëüíèìè îçíàêàìè, àëå

âèÿâëåíî êàðäèíàëüí³ ìîðôîëîã³÷í³ çì³íè åï³-

òåë³àëüíèõ êë³òèí. Ä³ÿ PMA ïðîÿâëÿëàñÿ âòðà-

òîþ êë³òèííèõ êîíòàêò³â ³ íàáóòòÿì ìåçåíõ³ìàëü-

íèõ îçíàê ó êë³òèíàõ WRO. Õðîí³÷íèé âïëèâ ïóõ-

ëèííîãî ïðîìîòîðó (ÐÌÀ) ñïðè÷èíþâàâ âòðàòó

åêñïðåñ³¿ Å-êàäãåðèíó ó êë³òèíàõ WRO òà ³íäóê-

ö³þ ì³ãðàö³¿. Íå âèçíà÷åíî çì³í ñòàòóñó ìåòèëþ-

âàííÿ ïðîìîòîðó Å-êàäãåðèíó òà åêñïðåñ³¿ éîãî

á³ëêà ï³ñëÿ PMA-³íäóêîâàíî¿ ðåëîêàë³çàö³¿ Å-êàä-

ãåðèíó ç êë³òèííî¿ ìåìáðàíè â öèòîïëàçìó.

Ç îãëÿäó íà òå, ùî çìåíøåííÿ åêñïðåñ³¿

Å-êàäãåðèíó â êë³òèíàõ ÏÐ ïîâ'ÿçàíî ç ë³ìôî¿ä-

íîþ ³íô³ëüòðàö³ºþ, ìè ïðèïóñòèëè, ùî âîíî

ìîæå ³í³ö³þâàòèñÿ ×ÍÏ-α. Òðèâàëèé âïëèâ ×ÍÏ-α
ïðèçâîäèâ äî âòðàòè åêñïðåñ³¿ Å-êàäãåðèíó òà

³íäóêö³¿ ì³ãðàö³¿ êë³òèí ðàêó. ßê ³ ï³ä ä³ºþ PMA,

çì³íà ëîêàë³çàö³¿ åêñïðåñ³¿ Å-êàäãåðèíó íå ñóï-

ðîâîäæóâàëàñÿ çì³íîþ ñòàòóñó éîãî ìåòèëþâàí-

íÿ òà åêñïðåñ³¿. ×ÍÏ-α-³íäóêîâàíà âòðàòà åêñïðå-

ñ³¿ Å-êàäãåðèíó âèÿâèëàñÿ íåñò³éêîþ. Ïåðåõ³ä â³ä

ñåðåäîâèùà, ùî ì³ñòèòü ×ÍÏ-α, äî ñåðåäîâè-

ùà, â³ëüíîãî â³ä íüîãî, ïðèçâîäèâ äî â³äíîâ-

ëåííÿ ìîðôîëîã³÷íèõ îçíàê ³ âòðàòè ì³ãðàö³éíî¿

çäàòíîñò³ êë³òèíàìè.
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ÎÃËßÄÈ

Íàáóòòÿ ì³ãðàö³éíîãî ôåíîòèïó â³ä³ãðàº êëþ-

÷îâó ðîëü ó ïðîöåñàõ ³íâàç³¿ òà ìåòàñòàçóâàííÿ

êë³òèí ðàêó. Ï³ä êë³òèííîþ ì³ãðàö³ºþ çàçâè÷àé

ðîçóì³ºòüñÿ ðóõ îêðåìèõ êë³òèí, ÿê³ çàçíàþòü

âèäîâæåííÿ-ñòèñêàííÿ. Çíèæåííÿ åêñïðåñ³¿

Å-êàäãåðèíó ââàæàºòüñÿ îäí³ºþ ç îñíîâíèõ ìî-

ëåêóëÿðíèõ ïîä³é ó ïðîöåñ³ ³íâàç³¿ êë³òèí.

Ìåòèëþâàííÿ ïðîìîòîðó Å-êàäãåðèíó ÷àñò³-

øå âèÿâëÿëîñÿ â ïóõëèíàõ ÏÐ ÙÇ ³ç ìåòàñòàçà-

ìè íà ìîìåíò îïåðàö³¿ ïîð³âíÿíî ç ïóõëèíàìè

áåç ìåòàñòàç³â. Ö³ äàí³ óçãîäæóþòüñÿ ç ïîïå-

ðåäí³ìè äîñë³äæåííÿìè, â ÿêèõ âèÿâëåíî âèñî-

êó ÷àñòîòó ìåòèëþâàííÿ ïðîìîòîðó Å-êàäãåðè-

íó ó âèïàäêàõ íèçüêî äèôåðåíö³éîâàíîãî

ìåòàñòàòè÷íîãî ðàêó (19,20). Íàø³ äàí³ äîçâî-

ëÿþòü ïðèïóñòèòè, ùî êë³òèíè ÐÙÇ ³ç âèñîêîþ

ù³ëüí³ñòþ ìåòèëþâàííÿ òà çìåíøåíîþ åêñïðå-

ñ³ºþ Å-êàäãåðèíó íàéá³ëüø çäàòí³ äî ³íâàç³¿.

Çà ðåçóëüòàòàìè ïîð³âíÿëüíîãî àíàë³çó ó

ïåðâèííèõ ïóõëèíàõ ³ â³äïîâ³äíèõ ë³ìôîâóçëàõ

³ç ìåòàñòàçàìè âèÿâëåíî äèíàì³÷í³ çì³íè ñòàòó-

ñó ìåòèëþâàííÿ Å-êàäãåðèíó òà éîãî åêñïðåñ³¿

ó ïðîöåñ³ ìåòàñòàçóâàííÿ. Ó çíà÷í³é ÷àñòèí³ âè-

ïàäê³â çá³ëüøåííÿ åêñïðåñ³¿ Å-êàäãåðèíó ó ìå-

òàñòàçàõ ïîð³âíÿíî ç ïåðâèííèìè ïóõëèíàìè

áóëî ïîâ'ÿçàíî ç âòðàòîþ åï³ãåíåòè÷íîãî ãàëü-

ìóâàííÿ. Îòæå, â ìåòàñòàçàõ ÐÙÇ ìîæëèâà âòðà-

òà ìåçåíõ³ìàëüíîãî ôåíîòèïó òà ìåçåíõ³ìàëü-

íî-åï³òåë³àëüíèé ïåðåõ³ä. Ö³ äàí³ ï³äòâåðäæóþòü

äàí³ ïîïåðåäí³õ äîñë³äæåíü ïðî òå, ùî åï³ãåíå-

òè÷íà ³íàêòèâàö³ÿ Å-êàäãåðèíó º çâîðîòíîþ ³

ìîæå çàëåæàòè â³ä ì³êðîåêîëîã³÷íèõ ÷èííèê³â

[21]. Äîâåäåíî ðîëü Å-êàäãåðèíó ó ïðîöåñ³ âè-

æèâàííÿ êë³òèí ðàêó ó ìåòàñòàçàõ. Òàê, âèÿâëå-

íî çíà÷íó åêñïðåñ³þ Å-êàäãåðèíó â åìáîëàõ

ë³ìôàòè÷íèõ ñóäèí õâîðèõ íà ÷àñòî÷êîâèé ðàê

ìîëî÷íî¿ çàëîçè [22]. Åêñïðåñ³þ Å-êàäãåðèíó âè-

ÿâëåíî ³ ó ìåòàñòàçàõ E-êàäãåðèí-íåãàòèâíîãî

êîëîðåêòàëüíîãî ðàêó [23].

Ó äåÿêèõ âèïàäêàõ ÏÐ ÙÇ âèÿâëåíî ï³äâè-

ùåíó åêñïðåñ³þ ÿê ó ïåðâèííèõ ïóõëèíàõ, òàê ³ â

ìåòàñòàçàõ. Öå ñâ³ä÷èòü, ùî ìåòàñòàçè ÐÙÇ

ìîæóòü âèíèêàòè ç êë³òèí, ÿê³ í³êîëè íå âòðà÷à-

ëè åêñïðåñ³¿ Å-êàäãåðèíó. Äîâåäåíî ðîëü Å-êàä-

ãåðèíó ó ðåãóëÿö³¿ êîëåêòèâíî¿ ì³ãðàö³¿ êë³òèí

ðàêó [24, 25]. Íà â³äì³íó â³ä îäíîêë³òèííî¿, ó õîä³

êîëåêòèâíî¿ ì³ãðàö³¿ êë³òèíè ðàêó íå âòðà÷àþòü

ì³æêë³òèííèõ êîíòàêò³â ³ ì³ãðóþòü ãðóïàìè [26].

Ö³ëêîì ìîæëèâî, ùî íàâåäåíèé ìåõàí³çì ìå-

òàñòàçóâàííÿ ñòîñóºòüñÿ ³ êë³òèí ÐÙÇ.

Ó äîñë³äæåíí³ in vitro âèÿâëåíî ïðÿìèé

çâ'ÿçîê ì³æ âòðàòîþ åêñïðåñ³¿ Å-êàäãåðèíó âíàñ-

ë³äîê ìåòèëþâàííÿ òà ðóõëèâ³ñòþ êë³òèí ÐÙÇ.

Òîáòî, ÐÙÇ ³ç âèñîêîþ ù³ëüí³ñòþ ìåòèëþâàííÿ

³ âòðàòîþ åêñïðåñ³¿ Å-êàäãåðèíó ìàº çäàòí³ñòü

äî ìåòàñòàçóâàííÿ.

Òàêîæ âèâ÷åíî âçàºìîçâ'ÿçîê ì³æ àêòèâàö³ºþ

îíêîãåí-³íäóêîâàíèõ ñèãíàë³â òà åï³ãåíåòè÷íèõ

ìåõàí³çì³â ó ðåãóëÿö³¿ ðóõó êë³òèí ÙÇ. Àêòèâà-

ö³ÿ PI3K/AKT ³ RAS/ERK ñèãíàëüíèõ øëÿõ³â ñïðè-

÷èíþº ì³ãðàö³þ êë³òèí ðàêó íåçàëåæíî â³ä ìåòè-

ëþâàííÿ òà åêñïðåñ³¿ Å-êàäãåðèíó. Ç ³íøîãî áîêó,

âïëèâ ×ÍÏ-α íà ì³ãðàö³þ êë³òèí ïîâ'ÿçàíî ç³

çì³íîþ âíóòð³øíüîêë³òèííî¿ ëîêàë³çàö³¿ Å-êàäãå-

ðèíó.

Äîñë³äæåíî ôàðìàêîëîã³÷íèé âïëèâ 5-àçà-

2'-äåçîêñèöèòèäèíó íà êë³òèíè ÐÙÇ ³ íå âèçíà-

÷åíî ï³äâèùåííÿ åêñïðåñ³¿ Å-êàäãåðèíó, ïðîòå

âèÿâëåíî ìåíøå ìåçåíõ³ìàëüíèõ îçíàê. Òàêîæ

âèÿâëåíî àíòèïóõëèííó åôåêòèâí³ñòü 5-àçà-2'-

äåçîêñèöèòèäèíó (Decitabine) ó ïàö³ºíò³â ³ç ëåé-

êåì³ºþ ³ ì³ºëîäèñïëàñòè÷íèì ñèíäðîìîì, à êë³-

í³÷í³ âèïðîáóâàííÿ äàíîãî ïðåïàðàòó â ë³êóâàí-

í³ õâîðèõ ³ç ìåòàñòàòè÷íèì ÐÙÇ òðèâàþòü. Íàø³

äàí³ ïîêàçàëè, ùî Å-êàäãåðèí-ïîçèòèâí³ ³ íåãà-

òèâí³ êë³òèíè ÐÙÇ äàþòü ð³çíó â³äïîâ³äü íà ë³-

êóâàííÿ 5-àçà-2'-äåçîêñèöèòèäèíîì. Ìîæëèâî,

öåé ïðåïàðàò ìîæå ñïðàâëÿòè ð³çíèé åôåêò íà

êë³òèíè ðàêó, ðîçòàøîâàí³ ó ïåðâèíí³é ïóõëèí³

òà ó ìåòàñòàçàõ.
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íèêàìè ³íâàç³¿ êë³òèí ÐÙÇ, ä³ÿ öèõ ÷èííèê³â

ðåàë³çóºòüñÿ øëÿõîì ðåãóëÿö³¿ åêñïðåñ³¿ òà âíóò-

ð³øíüîêë³òèííî¿ ëîêàë³çàö³¿ Å-êàäãåðèíó.

4. Ìåõàí³çìè ðåãóëÿö³¿ ìåòèëþâàííÿ Å-êàä-

ãåðèíó â³ä³ãðàþòü âàæëèâó ðîëü â ³íäóêö³¿ åï³òå-

ë³àëüíî-ìåçåíõ³ìàëüíîãî ïåðåõîäó â ïåðâèíí³é

ïóõëèí³, à òàêîæ ó çì³í³ ìåçåíõ³ìàëüíîãî ôåíî-

òèïó íà åï³òåë³àëüíèé ó ìåòàñòàçàõ.
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ÐÅÇÞÌÅ

Ðîëü ýêñïðåññèè Å-êàäãåðèíà â ïðîöåññå

èíâàçèè ïàïèëëÿðíîãî ðàêà ùèòîâèäíîé

æåëåçû

Â.Ã. Õîïåðèÿ, À.Ñ. Ëàðèí, Â.Â. Âàñüêî

Ñ öåëüþ èçó÷åíèÿ ìåçåíõèìàëüíûõ ñâîéñòâ êëå-

òîê èíâàçèâíîãî ðàêà ùèòîâèäíîé æåëåçû (ÐÙÆ) â

ðåãèîíàëüíûõ ìåòàñòàçàõ èññëåäîâàíû ìåòèëèðîâà-

íèå è ýêñïðåññèÿ E-êàäãåðèíà íà ãèñòîëîãè÷åñêèõ

ïðåïàðàòàõ 66 ñëó÷àåâ ïàïèëëÿðíîãî ÐÙÆ è 34 ñî-

îòâåòñòâóþùèõ ëèìôàòè÷åñêèõ óçëîâ ñ ìåòàñòàçà-

ìè. Ãèïåðìåòèëèðîâàíèå ïðîìîòîðà ãåíà E-êàäãå-

ðèíà âûÿâëåíî â 39,3% ñëó÷àåâ, ïîòåðÿ ýêñïðåññèè

E-êàäãåðèíà êîððåëèðîâàëà ñ ëèìôîöèòàðíîé èí-

ôèëüòðàöèåé, ïðèçíàêàìè ýêñòðàîðãàííîé èíâàçèè

è ìåòàñòàçàìè â ëèìôîóçëàõ. Ñòàòóñ ìåòèëèðîâà-

íèÿ E-êàäãåðèíà áûë èäåíòè÷íûì â 60% ïåðâè÷íûõ

îïóõîëåé è ñîîòâåòñòâóþùèõ ìåòàñòàçîâ. Óñèëåíèå

ýêñïðåññèè E-êàäãåðèíà àññîöèèðîâàëîñü ñ óòðàòîé

ýïèãåíåòè÷åñêèõ èíãèáèòîðîâ â ìåòàñòàçàõ. Ãèïåð-

ìåòèëèðîâàíèå E-êàäãåðèíà îáíàðóæåíî â êëåòî÷-

íûõ ëèíèÿõ ÐÙÆ ñ ìåçåíõèìàëüíûìè ìîðôîëîãè-

÷åñêèìè ïðèçíàêàìè. Ïîòåðÿ ýêñïðåññèè E-êàäãåðèíà

â ýòèõ êëåòêàõ êîððåëèðîâàëà ñ âûñîêîé ñïîñîá-

íîñòüþ ê ìèãðàöèè. Èíãèáèðîâàíèå RAS/ERK èëè

PI3K/AKT ñèãíàëîâ ïðèâåëî ê óìåíüøåíèþ ìèãðàöè-

îííîé ñïîñîáíîñòè ýòèõ êëåòîê, íî íå âûçâàëî ýê-

ñïðåññèè E-êàäãåðèíà. Â êëåòêàõ ñ ýïèòåëèàëüíûìè

ìîðôîëîãè÷åñêèìè ïðèçíàêàìè âîçäåéñòâèå ôîð-

áîë-ýôèðîì èëè ôàêòîðîì íåêðîçà îïóõîëè (ÔÍÎ-

α) ïðèâîäèëî ê òðàíñëîêàöèè ìåìáðàííîãî E-êàäãå-

ðèíà â öèòîïëàçìó è èíäóêöèè ìèãðàöèè. Íå

îáíàðóæåíî èçìåíåíèÿ ñòàòóñà ìåòèëèðîâàíèÿ ïðî-

ìîòîðà E-êàäãåðèíà è ýêñïðåññèè E-êàäãåðèíà ïîä

äåéñòâèåì ÔÍÎ-α. Òàêèì îáðàçîì, â ïðîöåññå ìå-

òàñòàçèðîâàíèÿ ÐÙÆ îáíàðóæåíî äèíàìè÷åñêèå èç-

ìåíåíèÿ ìåòèëèðîâàíèÿ E-êàäãåðèíà. Ýïèãåíåòè÷åñ-

êèå ìåõàíèçìû è âëèÿíèå ÔÍÎ-α ÿâëÿþòñÿ íåçàâè-

ñèìûìè ôàêòîðàìè ðåãóëÿöèè ýêñïðåññèè è ëîêà-

ëèçàöèè E-êàäãåðèíà. Ýòè ìåõàíèçìû ìîãóò èãðàòü

ðîëü â èíäóêöèè ÝMT â ïåðâè÷íûõ îïóõîëÿõ, à òàêæå

â èçìåíåíèè ìåçåíõèìàëüíîãî ôåíîòèïà íà ýïèòå-

ëèàëüíûé â ìåòàñòàçàõ.

Êëþ÷åâûå ñëîâà: ðàê ùèòîâèäíîé æåëåçû,

E-êàäãåðèí, ìåòèëèðîâàíèå, ìåòàñòàçû.

SUMMARY

The role of E-cadherin expression in invasion of

papillary thyroid cancer

V. Khoperia, O. Larin, V. Vasko

To determine whether the mesenchymal feature of

invasive cancer cells is maintained in metastatic sites, we

examined E-cadherin methylation and E-cadherin expres-

sion in 66 papillary thyroid cancer (PTC) samples and in

34 corresponding lymph node metastases (LNM). Hy-

permethylation of the E-cadherin gene promoter was

detected in 39.3% of the PTCs, and loss of E-cadherin

expression correlated with lymphocytic infiltration, extrat-

hyroidal invasion and the presence of metastases. Com-

paring primary PTCs to the corresponding LNM, E-cad-

herin methylation status was identical in 60% of the ca-

ses. Loss of epigenetic silencing in LNMwas associated

with a gain of E-cadherin expression. Hypermethylation

of the E-cadherin gene promoter was detected in thyroid

cancer cell lines with mesenchymal-like morphology. Loss

of E-cadherin expression in these cells correlated with

high migratory ability. Inhibition of RAS/ERK or PI3K/

AKTsignaling decreased the migratory ability of these cells

but did not induce E-cadherin expression. In the cells

with epithelial-like morphology, treatments with phorbol-

ester or tumor necrosis factor (TNF)-α resulted in tran-

slocation of membranous E-cadherin to the cytoplasm

and induction of migration. E-cadherin promoter methy-

lation status and E-cadherin expression were not affec-

ted by TNF. Together, dynamic changes in E-cadherin

methylation occur during metastatic progression in thy-

roid cancer. Epigenetic mechanisms and TNF-inducible

signaling independently contribute to the regulation of

E-cadherin expression and localization. These mecha-

nisms may play a role in the induction of EMTin primary

tumors and in the conversion from the mesenchymal to

the epithelial phenotype in metastases.

Key words: thyroid, cancer, E-cadherin, methylation,

metastasis.
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