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Ìåëàíîìà êîæè — çëîêà÷åñòâåííîå çàáîëåâàíèå ÷åëîâåêà ñ âûñîêèì ðèñêîì ìåòàñòàçèðîâàíèÿ. Â ñòðàíàõ ñ ïðåèìóùåñò-
âåííî áåëûì íàñåëåíèåì ìåëàíîìà âõîäèò â ïåðâóþ äåñÿòêó íàèáîëåå ñîöèàëüíî çíà÷èìûõ êàòåãîðèé îïóõîëåé, êàê â îòíî-
øåíèè çàáîëåâàåìîñòè, òàê è ñìåðòíîñòè. Îöåíêà ðÿäà ìîðôîëîãè÷åñêèõ õàðàêòåðèñòèê íîâîîáðàçîâàíèÿ èìååò ñóùåñòâåí-
íîå çíà÷åíèå ïðè îïðåäåëåíèè ïðîãíîçà òå÷åíèÿ çàáîëåâàíèÿ è ôîðìèðîâàíèÿ ãðóïï ðèñêà ó áîëüíûõ ìåëàíîìîé êîæè.
Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ ñòàëî îïðåäåëåíèå àññîöèàöèé ìåæäó ìóòàöèîííûì ñòàòóñîì ãåíà BRAF è êëèíèêî-ìîðôî-
ëîãè÷åñêèìè îñîáåííîñòÿìè ìåëàíîìû êîæè ó ïàöèåíòîâ Þãà Ðîññèè, ïðîõîäèâøèìè ïëàíîâîå ëå÷åíèå â ÔÃÁÓ ÐÍÈÎÈ ÌÇ
ÐÔ â 2013—2015 ãã. Ìîëåêóëÿðíî-ãåíåòè÷åñêîå èññëåäîâàíèå ýêçîíà 15 ãåíà BRAF ïðîâåäåíî ìåòîäàìè ïðÿìîãî ñåêâåíèðî-
âàíèÿ ïî Ñýíãåðó è RT-PCR ó 100 ïàöèåíòîâ Þãà Ðîññèè ñ ìîðôîëîãè÷åñêè ïîäòâåðæäåííûì äèàãíîçîì ìåëàíîìà êîæè.
Óñòàíîâëåíî, ÷òî ïðèñóòñòâèå ìóòàöèé â ãåíå BRAF áûëî äîñòîâåðíî ñâÿçàíî ñ óâåëè÷åíèåì óðîâíÿ èíâàçèè ïî Êëàðêó. Òàê-
æå íàáëþäàëîñü ñòàòèñòè÷åñêè äîñòîâåðíîå ïîâûøåíèå ÷àñòîòû èçúÿçâëåíèÿ îïóõîëè íà 54% ó ïàöèåíòîâ ñ íàëè÷èåì àêòè-
âèðóþùèõ ìóòàöèé V600. Îáíàðóæåíî, ÷òî îïóõîëè ñ àêòèâèðóþùèìè ìóòàöèÿìè â ãåíå BRAF ÷àùå âîçíèêàëè íà ó÷àñòêàõ êî-
æè, ïîäâåðæåííûõ ïåðèîäè÷åñêîé ñîëíå÷íîé èíñîëÿöèè (òóëîâèùå). Îïóõîëè áåç ìóòàöèé â ãåíå BRAF ïðåîáëàäàëè íà ó÷à-
ñòêàõ êîæè ñ õðîíè÷åñêèì ñîëíå÷íûì îáëó÷åíèåì (ãîëîâà è øåÿ). ×àñòîòà ñîìàòè÷åñêèõ ìóòàöèé V600 â ãåíå BRAF ñîñòàâèëà
57% (57 èç 100 ïàöèåíòîâ). Â ðàìêàõ íàñòîÿùåãî èññëåäîâàíèÿ â ãåíå BRAF áûëè âûÿâëåíû òðè âàðèàíòà ìóòàöèé ñ ðàçëè÷-
íûìè ÷àñòîòàìè âñòðå÷àåìîñòè: p.V600E (88%), p.V600K (10%) è V600K601>E (2%). Ó ïàöèåíòîâ ìîëîæå 50 ëåò ÷àñòîòà
âñòðå÷àåìîñòè ìóòàöèé V600 áûëà äîñòîâåðíî áîëüøå, ÷åì â ãðóïïå ïàöèåíòîâ ñòàðøå 50 ëåò. Òàêæå äëÿ ïàöèåíòîâ ìîëîæå
50 ëåò áûëî õàðàêòåðíî îòñóòñòâèå ìóòàöèé V600K è áîëåå âûñîêàÿ ÷àñòîòà âñòðå÷àåìîñòè ìóòàöèé V600E (â 1,7 ðàçà).
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Ââåäåíèå

Ìåëàíîìà êîæè ÷åëîâåêà — èñêëþ÷èòåëüíî àãðåñ-
ñèâíàÿ îïóõîëü ñ âûñîêèì óðîâíåì ëåòàëüíîñòè è âû-
ñîêîé ñêëîííîñòüþ ê ðåöèäèâàì è ìåòàñòàçèðîâàíèþ.
Ñîñòàâëÿÿ ñòðóêòóðíî íå áîëåå 10% çëîêà÷åñòâåííûõ
íîâîîáðàçîâàíèé êîæè, ìåëàíîìà îòâåòñòâåííà çà
80% ëåòàëüíûõ ñëó÷àåâ îò îíêîëîãè÷åñêèõ çàáîëåâà-
íèé [1]. Çàáîëåâàåìîñòü ìåëàíîìîé ñîñòàâëÿåò ìåíåå
2% îò îáùåãî ÷èñëà îíêîçàáîëåâàíèé: â 2012 ã. â ìèðå
çàðåãèñòðèðîâàíî 232 130 ñëó÷àåâ ìåëàíîìû èç 14,1
ìëí. âíîâü âûÿâëåííûõ îíêîëîãè÷åñêèõ áîëüíûõ.
Ðîñò çàáîëåâàåìîñòè ìåëàíîìîé îòìå÷åí ïî÷òè âî
âñåõ ñòðàíàõ ìèðà è çà 40 ëåò ñîñòàâèë ïðèìåðíî 5%
â ãîä [1]. Ïî ïðîãíîçó Âñåìèðíîé îðãàíèçàöèè çäðàâî-
îõðàíåíèÿ, çàáîëåâàåìîñòü ìåëàíîìîé âî âñåì ìèðå
â òå÷åíèå áëèæàéøèõ 10 ëåò âûðàñòåò íà 25%. Â Ðîñ-
ñèè â 2014 ã. çàðåãèñòðèðîâàíî 9493 íîâûõ ñëó÷àÿ ìå-
ëàíîìû ïðè îáùåì ÷èñëå íîâûõ îíêîçàáîëåâàíèé
566 970 [2]. Ñ 2008 ïî 2014 ãã. â Ðîññèè àáñîëþòíûé
ïðèðîñò çàáîëåâàåìîñòè ìåëàíîìîé ñîñòàâèë
19,1%[2]. Â ðàçâèòèå ìåëàíîìû âîâëå÷åíû êàê âíåø-
íèå (â ÷àñòíîñòè, óëüòðàôèîëåòîâîå îáëó÷åíèå), òàê è
âíóòðåííèå (ãåíåòè÷åñêèå) ôàêòîðû.

Â ìîëåêóëÿðíîì ïàòîãåíåçå ñïîðàäè÷åñêîé ìåëàíî-
ìû îñíîâíóþ ðîëü èãðàþò îíêîãåíû è ãåíû-ñóïðåññî-

ðû ðàçëè÷íûõ ñèãíàëüíûõ êàñêàäîâ. Â 75% ñëó÷àåâ ìå-
ëàíîìû êîæè íàáëþäàåòñÿ ãèïåðàêòèâàöèÿ ñèãíàëüíî-
ãî ïóòè RAS/RAF/MEK/ERK. Îäíèì èç åãî êëþ÷åâûõ
ôàêòîðîâ ÿâëÿåòñÿ ñåðèí-òðåîíèíîâàÿ êèíàçà, êîäèðó-
åìàÿ ãåíîì BRAF. Ìóòàöèè â ãåíå BRAF ïðîÿâëÿþòñÿ
â 40—80% ñëó÷àåâ ìåëàíîìû êîæè. Íà ñåãîäíÿøíèé
äåíü èçâåñòíî îêîëî 40 ñîìàòè÷åñêèõ ìóòàöèé â ãåíå
BRAF [3]. Â 80% ñëó÷àåâ âûÿâëÿåòñÿ íóêëåîòèäíàÿ çà-
ìåíà T1799A â ýêçîíå 15 BRAF, ïðèâîäÿùàÿ ê çàìåíå
âàëèíà íà ãëóòàìèíîâóþ êèñëîòó â 600 êîäîíå (V600E)
[4]. Â 20% ñëó÷àåâ ìóòàöèè êîäîíà 600 ïðåäñòàâëåíû
çàìåíîé V600K, çíà÷èòåëüíî ðåæå âñòðå÷àþòñÿ çàìåíû
V600R/D/M [5].

Îöåíêà ðÿäà ìîðôëîãè÷åñêèõ õàðàêòåðèñòèê íîâî-
îîáðàçîâàíèÿ èìååò ñóùåñòâåííîå çíà÷åíèå ïðè îïðåäå-
ëåíèè ïðîãíîçà ó áîëüíûõ ìåëàíîìîé êîæè. Îòìå÷àåòñÿ
êîððåëÿöèÿ ãëóáèíû èíâàçèè îïóõîëåé ïî Êëàðêó ñ ïî-
ñëåîïåðàöèîííîé âûæèâàåìîñòüþ [6]. Òîëùèíà îïóõî-
ëè ïî Áðåñëîó è èçúÿçâëåíèå ÿâëÿþòñÿ íàèáîëåå ìîù-
íûìè ïðîãíîñòè÷åñêèìè ôàêòîðàìè â îòíîøåíèè âû-
æèâàåìîñòè áîëüíûõ ñ ëîêàëèçîâàííîé I è II ñòàäèÿìè
ìåëàíîìû [7—9].

Â ñâÿçè ñ ýòèì áîëüøîé èíòåðåñ ïðåäñòàâëÿåò èçó÷å-
íèå ñâÿçè êëèíèêî-ìîðôîëîãè÷åñêèõ îñîáåííîñòåé ìå-
ëàíîìû êîæè è ìóòàöèîííîãî ñòàòóñà ãåíà BRAF.



Öåëü íàñòîÿùåãî èññëåäîâàíèÿ çàêëþ÷àëàñü â îïðåäå-
ëåíèè àññîöèàöèé ìåæäó ìóòàöèîííûì ñòàòóñîì ãåíà
BRAF è êëèíèêî-ìîðôîëîãè÷åñêèìè îñîáåííîñòÿìè
ìåëàíîìû êîæè â êà÷åñòâå ïðîãíîñòè÷åñêîãî ôàêòîðà
ó ïàöèåíòîâ Þãà Ðîññèè.

Ìàòåðèàëû è ìåòîäû

Â èññëåäîâàíèè ó÷àñòâîâàëè 100 ïàöèåíòîâ Þãà Ðîñ-
ñèè è Ñåâåðíîãî Êàâêàçà: 50 ìóæ÷èí â âîçðàñòå îò 7 äî
83 ëåò (ìåäèàíà 56,5) è 50 æåíùèí â âîçðàñòå îò 24 äî
80 ëåò (ìåäèàíà 51) ñ ìîðôîëîãè÷åñêè ïîäòâåðæäåííûì
äèàãíîçîì ìåëàíîìà êîæè. Äëÿ ìîëåêóëÿðíî-ãåíåòè÷å-
ñêîãî èññëåäîâàíèÿ èñïîëüçîâàëè 3 ìêì ñðåçû ïàðàôè-
íîâûõ áëîêîâ ìåëàíîìû (FFPE), ñîäåðæàùèå íå ìåíåå
20% îïóõîëåâûõ êëåòîê. Ýêñòðàêöèÿ ÄÍÊ ñîñòîÿëà èç
ñòàíäàðòíîé ïðîöåäóðû äåïàðàôèíèðîâàíèÿ â îðòî-êñè-
ëîëå, ëèçèñà â 2% SDS-áóôåðå â ïðèñóòñòâèè ïðîòåèíàçû
K è äîïîëíèòåëüíîé î÷èñòêè îò èíãèáèòîðîâ íà êîëîí-
êàõ QIAamp® DNA FFPE TissueKit (QIAGENE, Germa-
ny). Äëÿ ïðîâåäåíèÿ ïîëèìåðàçíîé öåïíîé ðåàêöèè
(ÏÖÐ) êîíöåíòðàöèþ ÄÍÊ íîðìàëèçîâûâàëè äî âåëè÷è-
íû 2 íã/ìêë. ÏÖÐ äëÿ íàðàáîòêè àìïëèêîíà ýêçîíà 15
ãåíà BRAF ïðîâîäèëàñü ñ èñïîëüçîâàíèåì ïàðû ïðàéìå-
ðîâ 5’-TGCTTGCTCTGATAGGAAAATGAGA-3’ è
5’-AACTCAGCAGCATCTCAGGG-3’. Àìïëèôèêàöèÿ
ïðîâîäèëàñü íà ïðîãðàììèðóåìîì òåðìîöèêëåðå Maxy
Gene Gradient (Axygen,USA) ïî ïðîãðàììå, âêëþ÷àâøåé:
ïåðâè÷íóþ äåíàòóðàöèþ ïðè 95°Ñ — 5 ìèí è 40 öèêëîâ
â ðåæèìå: äåíàòóðàöèÿ — 95°Ñ — 15 ñ, îòæèã — 66°Ñ —
15 ñ, ñèíòåç ïðè 72°Ñ — 20 ñ è çàêëþ÷èòåëüíàÿ ýëîíãàöèÿ
72°Ñ — 30 ìèí. Ñåêâåíèðóþùàÿ àìïëèôèêàöèÿ ïðîâîäè-
ëîñü ïî ñòàíäàðòíîìó ïðîòîêîëó ñ èñïîëüçîâàíèåì íàáî-
ðà ABI Prism Big Dye Terminator Cycle Sequencing Ready
Reaction Kit. Ver 3.1 íà òåðìîöèêëåðå Maxy Gene Gradient
(Axygen, USA) ïî ñëåäóþùåé ïðîãðàììå: ïåðâè÷íàÿ äå-
íàòóðàöèÿ ïðè 96°Ñ — 1 ìèí è 30 öèêëîâ â ðåæèìå äåíà-
òóðàöèÿ — 96°Ñ — 10 ñ, îòæèã — 50°Ñ — 5 ñ, ñèíòåç ïðè
72°Ñ — 4 ìèí [10]. Ïðÿìîå ñåêâåíèðîâàíèå èññëåäóåìûõ
àìïëèêîíîâ ïî ìåòîäó Ñýíãåðà ïðîâîäèëè ñ èñïîëüçîâà-
íèåì ãåíåòè÷åñêîãî àíàëèçàòîðà ABI Prism 3500 («Life
Technologies», USA).

Ñêðèíèíã ìóòàöèè V600E â ãåíå BRAF â 100 èññëå-
äóåìûõ ïðåïàðàòàõ ñóììàðíîé ÄÍÊ îïóõîëåé îïðåäå-
ëÿëè ïàðàëëåëüíî ìåòîäîì Real-Time PCR (RT-PCR).
Äëÿ ýòîãî áûëè èñïîëüçîâàíû òåðìîöèêëåð CFX96 To-
uchTM Real-Time PCR System (Bio-Rad,USA) è íàáîð
ðåàãåíòîâ «Real-Time-PCR-BRAF-V600E» («Áèîëèíê»,
Ðîññèÿ).

Ñòàòèñòè÷åñêèé àíàëèç ïîëó÷åííûõ äàííûõ ïðîâî-
äèëè ñ èñïîëüçîâàíèåì íåïàðàìåòðè÷åñêîãî êðèòåðèÿ
Ìàííà—Óèòíè, òî÷íîãî êðèòåðèÿ Ôèøåðà è ïðîèçâîëü-
íûõ òàáëèö ñîïðÿæåííîñòè ñ èñïîëüçîâàíèåì êðèòåðèÿ

�2 ñ ó÷åòîì ïîïðàâêè Áîíôåððîíè íà ìíîæåñòâåííîñòü
ñðàâíåíèé. Èññëåäîâàíèå ïðîâåäåíî ñ ñîáëþäåíèåì
ïðèíöèïîâ ICH GCP.

Ðåçóëüòàòû è îáñóæäåíèå

Äëÿ èçó÷åíèÿ ìóòàöèîííîãî ñòàòóñà ãåíà BRAF â çà-
âèñèìîñòè îò êëèíèêî-ìîðôîëîãè÷åñêèõ õàðàêòåðèñòèê
ìåëàíîìû êîæè áîëüíûå áûëè ðàçäåëåíû íà 2 ãðóïïû:
ñ íàëè÷èåì ìóòàöèé â ãåíå BRAF — mtBRAF (n = 57) è
áåç ìóòàöèé — wtBRAF (n = 43). Â ðåçóëüòàòå ïðîâåäåí-
íîãî èññëåäîâàíèÿ áûëà îïðåäåëåíà îáùàÿ ÷àñòîòà ïðî-
ÿâëåíèÿ àêòèâèðóþùèõ ìóòàöèé V600 â ãåíå BRAF, êî-
òîðàÿ ñîñòàâèëà 57% (57/100 ïàöèåíòîâ).

Ñòàòèñòè÷åñêè äîñòîâåðíûõ ðàçëè÷èé ìåæäó çíà÷åíèÿ-
ìè ìåäèàí âîçðàñòà äëÿ ïàöèåíòîâ ãðóïï mtBRAF è wtBRAF

â íàøåì èññëåäîâàíèè íå âûÿâëåíî (p>0,05) (òàáë. 1, 2).
Òàêæå õàðàêòåðèñòèêàìè, ñòàòèñòè÷åñêè äîñòîâåðíî íå
ñâÿçàííûìè ñ íàëè÷èåì ìóòàöèé â ãåíå BRAF, îêàçàëèñü:
ïîë ïàöèåíòîâ, ãèñòîëîãè÷åñêèå âàðèàíòû ìåëàíîìû, íà-
ëè÷èå ìåòàñòàçîâ â ëèìôîóçëû, êëèíè÷åñêèå âàðèàíòû ìå-
ëàíîìû êîæè è òîëùèíà îïóõîëè ïî Áðåñëîó (p>0,05).

Êëèíèêî-ìîðôîëîãè÷åñêèìè õàðàêòåðèñòèêàìè,
ñòàòèñòè÷åñêè äîñòîâåðíî ñâÿçàííûìè ñ íàëè÷èåì ìó-
òàöèé â ãåíå BRAF, îêàçàëèñü ëîêàëèçàöèÿ îïóõîëè è
óðîâåíü èíâàçèè ïî Êëàðêó (òàáë. 1, 2).

Äëÿ ñòàòèñòè÷åñêîé ïðîâåðêè ãèïîòåç ïðèìåíÿëñÿ
àíàëèç ïðîèçâîëüíûõ òàáëèö ñîïðÿæåííîñòè ñ èñïîëüçî-

âàíèåì êðèòåðèÿ �2 ñ ó÷åòîì ïîïðàâêè Áîíôåððîíè íà
ìíîæåñòâåííîñòü ñðàâíåíèé. Â ñâÿçè ñ ýòèì êðèòè÷åñêèé
óðîâåíü çíà÷èìîñòè ð ñîñòàâèë: 0,05/4 = 0,0125 äëÿ êàæ-
äîé èç òàáëèö. Ñëåäîâàòåëüíî, ñòàòèñòè÷åñêè çíà÷èìûìè
îñòàþòñÿ ëîêàëèçàöèÿ îïóõîëè è óðîâåíü èíâàçèè ïî
Êëàðêó. Òàê, â ãðóïïå ïàöèåíòîâ ñ mtBRAF, IV—V óðîâåíü
èíâàçèè ïî Êëàðêó íàáëþäàëñÿ íà 28% ÷àùå, ÷åì â ãðóïïå
ñ wtBRAF. Ýòà ìîðôîëîãè÷åñêàÿ õàðàêòåðèñòèêà ïðèçíàíà
îäíèì èç íàèáîëåå ñóùåñòâåííûõ ïðîãíîñòè÷åñêèõ ôàê-
òîðîâ íà ðàííèõ ñòàäèÿõ ðàçâèòèÿ ìåëàíîìû êîæè [7—9,
11]. Àíàëèçèðóÿ îñîáåííîñòè ìóòàöèîííîãî ñòàòóñà ãåíà
BRAF â çàâèñèìîñòè îò ëîêàëèçàöèè ìåëàíîìû, ìû îáíà-
ðóæèëè, ÷òî îïóõîëè ñ àêòèâèðóþùèìè ìóòàöèÿìè â ãåíå
BRAF ÷àùå âîçíèêàëè íà ó÷àñòêàõ êîæè, ïîäâåðæåííûõ
ïåðèîäè÷åñêîé ñîëíå÷íîé èíñîëÿöèè (òóëîâèùå). Òîãäà
êàê îïóõîëè ñ wtBRAF ïðåîáëàäàëè íà ó÷àñòêàõ êîæè
ñ õðîíè÷åñêèì ñîëíå÷íûì îáëó÷åíèåì (ãîëîâà è øåÿ).
Ïîäîáíûå ðåçóëüòàòû õîðîøî ñîãëàñóþòñÿ ñ èññëåäîâàíè-
ÿìè, ïðîâåäåííûìè ðàíåå [1—3]. Ïîëó÷åííûå äàííûå íà-
ãëÿäíî äåìîíñòðèðóþò, ÷òî íàëè÷èå ìóòàöèé â ãåíå BRAF

ÿâëÿåòñÿ ïðîãíîñòè÷åñêè íåáëàãîïðèÿòíûì ôàêòîðîì.

Îñîáûé èíòåðåñ ïðåäñòàâëÿåò èçìåíåíèå ñòðóêòóðû
ìóòàöèîííîãî ñòàòóñà ãåíà BRAF â ðàçëè÷íûõ âîçðàñòíûõ
ãðóïïàõ ïàöèåíòîâ ñ ìåëàíîìîé êîæè (ðèñ. 1). Òàê, â âîç-
ðàñòíîé ãðóïïå äî 50 ëåò êîëè÷åñòâî ïàöèåíòîâ ñ ìóòàöèÿ-
ìè V600 (67%) ñòàòèñòè÷åñêè äîñòîâåðíî áîëüøå, ÷åì
â ãðóïïå ïàöèåíòîâ ñòàðøå 50 ëåò (49%, p = 0,0185). Àíà-
ëîãè÷íûå äàííûå áûëè ïîëó÷åíû è â äðóãèõ èññëåäîâàíè-
ÿõ [13—15]. Òàêæå äëÿ ãðóïïû ïàöèåíòîâ ìîëîæå 50 ëåò
õàðàêòåðíî îòñóòñòâèå ìóòàöèé V600K. Îáðàùàåò íà ñåáÿ
âíèìàíèå ôàêò çíà÷èòåëüíîãî óìåíüøåíèÿ (â 1,7 ðàçà) ìó-
òàöèé V600E â âîçðàñòíîé ãðóïïå ïàöèåíòîâ ñòàðøå 50 ëåò
ïî ñðàâíåíèþ ñ âîçðàñòíîé ãðóïïîé äî 50 ëåò.
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Ñîãëàñíî èññëåäîâàíèþ, ïðîâåäåííîìó Menzies A. åt

al. (2012), â ãðóïïå ïàöèåíòîâ ñ mtBRAF ÷àñòîòà íå

V600E ãåíîòèïîâ (â òîì ÷èñëå è V600Ê) òàêæå âîçðàñòà-

ëà ñ óâåëè÷åíèåì âîçðàñòà. Òàê, íå V600E ìóòàöèè

âñòðå÷àëèñü ó <20% ïàöèåíòîâ ìîëîæå 50 ëåò è ó >40%

ïàöèåíòîâ ñòàðøå 70 ëåò. Ìåäèàíà âîçðàñòà ïàöèåíòîâ

ñ ìóòàöèÿìè V600E ñîñòàâèëà 53 ãîäà, à ñ V600K —

61 ãîä [16]. Â íàñòîÿùåì èññëåäîâàíèè ìåäèàíà âîçðàñòà
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Òàáëèöà 1
Êëèíèêî-ìîðôîëîãè÷åñêèå õàðàêòåðèñòèêè ìåëàíîìû êîæè

â çàâèñèìîñòè îò ìóòàöèîííîãî ñòàòóñà ãåíà BRAF

Õàðàêòåðèñòèêè wt BRAF (n = 43) 43% mt BRAF (n = 57) 57% p

Àáñ. % Àáñ. %

1. Ïîë p = 0,5445

Æåíñêèé 20 40 30 60

Ìóæñêîé 23 46 27 54

2. Âîçðàñò p = 0,0791

Ìåäèàíà 60 50

Äèàïàçîí 7—78 28—83

3. Ëîêàëèçàöèÿ p = 0,0077

Êîíå÷íîñòè 14 47 16 53

Òóëîâèùå 9 24 28 76

Ãîëîâà è øåÿ 12 60 8 40

Àêðàëüíàÿ 4 67 2 33

4. Ãèñòîëîãè÷åñêèå âàðèàíòû p>0,05

Ïîâåðõíîñòíî-ðàñïðîñòðàíåííàÿ 5 45 6 55

Óçëîâàÿ 26 44 33 56

Ýïèòåëèîèäíî-êëåòî÷íàÿ 8 38 13 62

Âåðåòåíîêëåòî÷íàÿ 3 43 4 57

Ëåíòèãèíîçíàÿ 1 1

Òàáëèöà 2
Õàðàêòåðèñòèêè ñòàäèðîâàíèÿ îïóõîëè, îòíîñÿùèåñÿ ê TNM êëàññèôèêàöèè

Õàðàêòåðèñòèêè wt BRAF (n = 43) 43% mt BRAF (n = 57) 57% ð

Àáñ. % Àáñ. %

1. Òîëùèíà ïî Áðåñëîó, ìì p>0,05

0,01—1,0 5 50 5 50

1,01—2,0 13 50 13 50

2,01—4,0 11 39 17 61

>4 14 39 22 61

2. Óðîâåíü èíâàçèè ïî Êëàðêó ð = 0,0088

II 10 77 3 23

III 19 37 33 63

IV—V 8 36 14 64

3. Èçúÿçâëåíèå p = 0,0297

Ïðèñóòñòâóåò 5 23 17 77

Îòñóòñòâóåò 38 49 40 51

4. Íàëè÷èå ìåòàñòàçîâ â ëèìôîóçëû p = 0,7209

Äà 3 50 3 50

Íåò 40 43 54 57



ïàöèåíòîâ ñ ìóòàöèÿìè V600E — 49 ëåò, à ñ V600K —
73 ãîäà (p = 0,000426). Ýòè äàííûå ïîçâîëÿþò ïðåäïîëî-
æèòü, ÷òî ýòèîëîãèÿ ìóòàöèé V600E îòëè÷àåòñÿ îò ýòèî-
ëîãèè ìóòàöèé V600K ìåëàíîìû êîæè [16].

Ïðè èññëåäîâàíèè ìóòàöèîííîãî ñòàòóñà ãåíà BRAF

â îáúåäèíåííîé ãðóïïå ìóæ÷èí è æåíùèí ñ ìåëàíîìîé
êîæè áûëè îáíàðóæåíû ñëåäóþùèå ìóòàöèè:

� p.V600E (88%), õàðàêòåðèçóþùàÿñÿ íóêëåîòèäíîé
çàìåíîé T íà A â ïîëîæåíèè 1799, â ðåçóëüòàòå ÷åãî ïðî-
èñõîäèò çàìåíà àìèíîêèñëîòû âàëèíà íà ãëóòàìèíîâóþ
êèñëîòó â ïîëîæåíèè 600;

�ìóòàöèÿ p.V600K (10% îò îáùåãî êîëè÷åñòâà ìóòà-
öèé), õàðàêòåðèçóþùàÿñÿ çàìåíîé äâóõ íóêëåîòèäîâ GT
íà AA â ïîëîæåíèè 1798—1799 è ïðèâîäÿùàÿ ê çàìåíå
àìèíîêèñëîòû âàëèíà íà àìèíîêèñëîòó àñïàðàãèí â ïî-
ëîæåíèè 600;

�ìóòàöèÿ p.V600 K601>E (2% îò îáùåãî êîëè÷åñòâà
ìóòàöèé), õàðàêòåðèçóþùàÿñÿ äåëåöèåé òðåõ íóêëåîòè-
äîâ TGA â ïîëîæåíèè 1799—1801.

Íåîáõîäèìî îòìåòèòü, ÷òî ïðè âûáîðå ìåòîäà èäåí-
òèôèêàöèè ìóòàöèé â ýêçîíå 15 ãåíà BRAF âàæíî ó÷åñòü,
÷òî ìåòîä Real-timePCR îáëàäàåò áîëåå âûñîêîé ÷óâñòâè-
òåëüíîñòüþ, ÷åì ñåêâåíèðîâàíèå ïî Ñýíãåðó. Îäíàêî,
èñïîëüçóÿ íàáîðû äëÿ âûÿâëåíèÿ ìóòàöèè V600E ìåòî-
äîì Real-timePCR, ìîæíî ïðîïóñòèòü äðóãèå çàìåíû
â äàííîé òî÷êå. Ïîýòîìó äëÿ âûÿâëåíèÿ «íå V600E» ìó-
òàöèé íåîáõîäèìî èñïîëüçîâàòü èëè íàáîðû, îïðåäåëÿþ-
ùèå è äðóãèå ìóòàöèè, ëèáî äîïîëíèòåëüíî ïðîâîäèòü
ñåêâåíèðîâàíèå ïî Ñýíãåðó ýêçîíà 15 ãåíà BRAF. Îñî-
áåííî àêòóàëüíûì ýòî ñòàíîâèòñÿ äëÿ ãðóïïû ïàöèåíòîâ
ñòàðøå 50 ëåò, òàê êàê ÷àñòîòà V600Ê ãåíîòèïîâ óâåëè÷è-
âàåòñÿ ñ âîçðàñòîì. Âñå ýòî ÿâëÿåòñÿ íåìàëîâàæíûì ïðè
ðåøåíèè âîïðîñà î íàçíà÷åíèè òàðãåòíîé òåðàïèè áîëü-
íûì, èìåþùèì àêòèâèðóþùèå ìóòàöèè V600.

Çàêëþ÷åíèå

1. Ïðè ïðîâåäåíèè ìîëåêóëÿðíî-ãåíåòè÷åñêîãî ñêðè-
íèíãà ìóòàöèé â ýêçîíå 15 ãåíà BRAF (ïðÿìîå ñåêâåíèðî-
âàíèå ÄÍÊ ïî Ñýíãåðó è RT-ÏÖÐ) ó 100 áîëüíûõ Þãà
Ðîññèè ñ ìåëàíîìîé êîæè îáùàÿ ÷àñòîòà ïðîÿâëåíèÿ ñî-
ìàòè÷åñêèõ ìóòàöèé V600 â ãåíå BRAF ñîñòàâèëà 57%. Íà-
ìè óñòàíîâëåíû òðè âàðèàíòà ìóòàöèé â ýêçîíå 15 ãåíà
BRAF: p.V600E, p.V600K è V600K601>E. Ìóòàöèÿ V600
K601>E âïåðâûå äèàãíîñòèðîâàíà ó ïàöèåíòà ïîïóëÿöèè
Þãà Ðîññèè. ×àñòîòû ïðîÿâëåíèÿ ìóòàöèé V600 â ãåíåB-

RAF ñîñòàâèëè: p.V600E — 88%, p.V600K — 10% è K601>E
— 2% ñëó÷àåâ îò âñåãî êîëè÷åñòâà ìóòàöèé.
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Ðèñ. 1. Âîçðàñòíûå îñîáåííîñòè ñòðóêòóðû ìóòàöèé ãåíà BRAF.

Ðèñ. 2. Ñèêâåíñ îáðàçöà äèêîãî òèïà ãåíà BRAF. Ñòðåëêîé óêàçàíà çàìåíà íóêëåîòèäà Ò íà À.
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Ðèñ. 5. Ñèêâåíñ îáðàçöà ñ ìóòàöèåé V600K601>E â ãåíå BRAF. Ñòðåëêîé óêàçàíî íà÷àëî äåëåöèè.

Ðèñ. 4. Ñèêâåíñ îáðàçöà ñ ìóòàöèåé V600K â ãåíå BRAF. Ñòðåëêîé óêàçàíà çàìåíà íóêëåîòèäîâ GT íà AA.

Ðèñ. 3. Ñèêâåíñ îáðàçöà ñ ìóòàöèåé V600Å â ãåíå BRAF. Ñòðåëêîé óêàçàíà çàìåíà íóêëåîòèäà Ò íà À.



2. Âûÿâëåíû âîçðàñòíûå îñîáåííîñòè ñïåêòðà ìóòàöèé.
Îòìå÷åíî çíà÷èòåëüíîå óìåíüøåíèå (â 1,7 ðàçà) äîëè ìóòà-
öèé V600E â âîçðàñòíîé ãðóïïå ñòàðøå 50 ëåò ïî ñðàâíå-
íèþ ñ âîçðàñòíîé ãðóïïîé äî 50 ëåò. Òàêæå âûÿâëåíî îòñóò-
ñòâèå ìóòàöèé V600K ó ïàöèåíòîâ ìîëîæå 50 ëåò.

3. Ïðè îïðåäåëåíèè àññîöèàöèè ìåæäó ìóòàöèîííûì
ñòàòóñîì ãåíà BRAF è êëèíèêî-ìîðôîëîãè÷åñêèìè îñîáåí-
íîñòÿìè ìåëàíîìû êîæè ó ïàöèåíòîâ Þãà Ðîññèè è Ñåâåð-
íîãî Êàâêàçà óñòàíîâëåíà äîñòîâåðíàÿ ñâÿçü ìåæäó íàëè-
÷èåì àêòèâèðóþùåé ìóòàöèè â ãåíå BRAF è óðîâíåì èíâà-
çèè ïî Êëàðêó. Ñëåäîâàòåëüíî, íàëè÷èå àêòèâèðóþùèõ ìó-
òàöèé â ãåíå BRAF ìîæíî ñ÷èòàòü íåáëàãîïðèÿòíûì ïðî-
ãíîñòè÷åñêèì ôàêòîðîì äëÿ ïàöèåíòîâ ñ ìåëàíîìîé êîæè.

4. Îáíàðóæåíî, ÷òî îïóõîëè ñ àêòèâèðóþùèìè ìóòà-
öèÿìè â ãåíå BRAF ÷àùå âîçíèêàëè íà ó÷àñòêàõ êîæè
ïîäâåðæåííûõ ïåðèîäè÷åñêîé ñîëíå÷íîé èíñîëÿöèè
(òóëîâèùå), òîãäà êàê îïóõîëè áåç ìóòàöèé â ãåíå BRAF

ïðåîáëàäàëè íà ó÷àñòêàõ êîæè ñ õðîíè÷åñêèì ñîëíå÷-
íûì îáëó÷åíèåì (ãîëîâà è øåÿ).
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Association between BRAF gene mutation status and clinical-morphological features
of cutaneous melanoma

Kit O.I., Vodolazhsky D.I., Efimova I.Yu., Zlatnik E.Yu., Kochuev S.S.
Rostov Research Institute of Oncology, Rostov-on-Don, 344037, The 14th line, 63, e-mail: rnioi@list.ru

Skin melanoma — a malignant disease of the person with a high risk of metastasis. In countries with a predominantly white population of mela-
noma among the top ten most socially important categories of tumors, both in terms of morbidity and mortality. Estimation of some morphological
characteristics of tumors is essential in determining the prognosis of the disease and the formation of high-risk groups in patients with melanoma.
The aim of this study was to determine the association between the mutational status of BRAF gene, and clinical and morphological features of the
skin melanoma patients of the South of Russia. Molecular genetic study of exon 15 of BRAF performed direct sequencing method of Sanger and by
RT-PCR in 100 patients with a Russian South morphologically confirmed diagnosis of skin melanoma. It is found that the presence of mutations in the
BRAF gene was significantly associated with an increased level of infestation by Clark. Also, there was a statistically significant increase in the fre-
quency of tumor ulceration by 54% in patients with the presence of activating mutations V600. It has been found that tumors with activating mutations
in the BRAF gene were more frequent in areas of skin exposed to periodic solar insolation (trunk). Tumors without mutations in the BRAF gene pre-
vailed on the areas of skin with chronic sun exposure (head and neck). The overall frequency of somatic symptoms V600 mutations in the BRAF gene
was 57% (57 of 100 patients). In this study the gene in BRAF have been identified mutations three options with different frequencies of occurrence:
p.V600E (88%), p.V600K (10%) and K601> E (2%). In patients younger than 50 years, the frequency of occurrence V600 mutations was significantly
higher than in the group of patients older than 50. Also, for patients younger than 50 years has been characterized by the absence of mutations
V600K and a higher incidence of V600E mutation (1.7 times).

Key words: melanoma, mutations, BRAF
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