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Ðàê ïðåäñòàòåëüíîé æåëåçû (ÐÏÆ) ÿâëÿåòñÿ îäíîé èç ñàìûõ ðàñïðîñòðàíåííûõ îïóõîëåé ñðåäè ìóæ÷èí. Öåëü ïðîâåäåí-
íîãî èññëåäîâàíèÿ çàêëþ÷àëàñü â èçó÷åíèè ýêñïðåññèè òðàíñêðèïöèîííîãî ôàêòîðà Brn-3�, AR, ER� â ïðîöåññàõ ðàçâèòèÿ
ÐÏÆ â ñâÿçè ñ óðîâíåì àêòèâàöèè ñèãíàëüíîãî ïóòè AKT/m-TOR, íàëè÷èåì èíâàçèè â ñåìåííûå ïóçûðüêè è ñòåïåíüþ äèôôå-
ðåíöèðîâêè îïóõîëè. Â èññëåäîâàíèå áûëî âêëþ÷åíî 50 áîëüíûõ ìåñòíî-ðàñïðîñòðàíåííûì ÐÏÆ, ïðîøåäøèõ ñòàíäàðòíîå
ëå÷åíèå â êëèíèêàõ ÍÈÈ îíêîëîãèè Òîìñêîãî ÍÈÌÖ. Îïðåäåëåíèå óðîâíÿ ýêñïðåññèè ãåíîâ Brn-3�, AR, ER�, è êîìïîíåíòîâ
ñèãíàëüíîãî ïóòè AKT/m-TOR ïðîâîäèëè ìåòîäîì ÏÖÐ â ðåàëüíîì âðåìåíè. Ïîêàçàíà àññîöèàöèÿ óâåëè÷åíèÿ ýêñïðåññèè
ÿäåðíîãî áåëêà Brn-3� ñ ðàçâèòèåì ÐÏÆ, ÷òî ñâÿçàíî ñ âîçðàñòàíèåì óðîâíÿ ER� è àêòèâàöèåé ñèãíàëüíîãî êàñêàäà
AKT/m-TOR. Ïðè ýòîì èíâàçèÿ îïóõîëè ïðîèñõîäèò ïðè âûñîêèõ óðîâíÿõ ìÐÍÊ ñòåðîèäíûõ ðåöåïòîðîâ è PTEN, à òàêæå íèç-
êîé ýêñïðåññèè m-TOR. Âûÿâëåíû ñâÿçè ìåæäó èíäåêñîì Ãëèñîíà è óðîâíåì ìÐÍÊ èçó÷àåìûõ ìîëåêóëÿðíûõ ìàðêåðîâ. Ñíè-
æåíèå ýêñïðåññèè AKT, GSK-3� íà ôîíå âîçðàñòàíèÿ óðîâíÿ ìÐÍÊ 4E-BP1 íàáëþäàëîñü ïî ìåðå ñíèæåíèÿ ñòåïåíè äèôôå-
ðåíöèðîâêè îïóõîëè. Òàêèå èçìåðåíèÿ ïðîèñõîäèëè íà ôîíå ãèïåðýêñïðåññèè ôîñôàòàçû PTEN. Ïðåäñòàâëåííûå ôàêòû, îò-
ðàæàþùèå îñîáåííîñòè èçìåíåíèé áèîëîãè÷åñêèõ ñâîéñòâ îïóõîëè, âåðîÿòíî, ìîãóò ñîñòàâëÿòü îñíîâó ñîçäàíèÿ ìîëåêóëÿð-
íîé ïàíåëè äëÿ îöåíêè ðàçâèòèÿ è ïðîãðåññèðîâàíèÿ çàáîëåâàíèÿ
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Introduction. Prostate cancers belong to the high-spread tumors among men. Objectives: The purpose of the study was to inves-
tigate Brn-3�, AR, ER� expression in prostate cancer tissues in association with AKT/mTOR signaling pathway activation, cancer in-
vasion and grade. Materials and methods: 50 patients with locally advanced cancer of the prostate were included in the study. Ex-
pression of Brn-3�, AR, ER�, components of AKT/m-TOR signaling pathway was determined by RT-PCR. Results. Overexpression of
Brn-3� was found in prostate cancer tissues, which was accompanied by high level of ER� mRNA. Activation of AKT/m-TOR signaling
pathway was revealed in cancers. It was noted that the invasion of tumor was associated with high expression of ER, AR, PTEN as well
as decreased mRNA level of m-TOR. The low activity of AKT/m-TOR signaling pathway was revealed in least-differentiated tumors.
Decrease of AKT, GSK-3� expression and increase of 4E-BP1 happened in least-differentiated tumors compared to
well-differentiated tumors (Gleason score 6-7). The altered protein kinase expression was associated with overexpression of PTEN.
Conclusion. These data, reflecting the biological features of cancers, are the molecular pattern of prostate tumors progression.

Key words: transcription factor Brn-3�, prostate cancer, AR, ER, AKT/m-TOR signaling pathway, castrate-refractory cancer,
Gleason score, invasion.
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Ðàê ïðåäñòàòåëüíîé æåëåçû (ÐÏÆ) ÿâëÿåòñÿ ðàñïðî-
ñòðàíåííîé îïóõîëüþ ó ìóæ÷èí. Èçâåñòíî, ÷òî îòâåò îïó-
õîëè íà ïðîâîäèìîå êîìáèíèðîâàííîå ëå÷åíèå ðåãèñòðè-
ðóåòñÿ áîëåå ÷åì ó 90% ïàöèåíòîâ ñ ìåòàñòàòè÷åñêèì
ÐÏÆ. Îäíàêî äëèòåëüíîñòü îòâåòà ñîñòàâëÿåò â ñðåäíåì
îò 12 äî 36 ìåñ, ÷òî â êîíå÷íîì èòîãå ïðèâîäèò ê ïðîãðåñ-
ñèðîâàíèþ îïóõîëåâîãî ïðîöåññà ñ ðàçâèòèåì êàñòðàöè-
îííî-ðåçèñòåíòíîé ôîðìû çàáîëåâàíèÿ [1, 2]. Íåóêëîí-
íûé ïðèðîñò çàáîëåâàåìîñòè, îòñóòñòâèå 100% ýôôåêòèâ-
íîñòè êëàññè÷åñêîé äåïðèâàöèîííîé òåðàïèè ÿâëÿþòñÿ
ôàêòîðàìè, ñïîñîáñòâóþùèìè ïîèñêó ìîëåêóëÿðíûõ ìàð-
êåðîâ ðàçâèòèÿ ÐÏÆ [3].

Ïðîãíîçèðîâàíèå ðèñêà ïðîãðåññèðîâàíèÿ ÐÏÆ
â íàñòîÿùåå âðåìÿ îñíîâàíî íà îöåíêå èñõîäíîãî óðîâíÿ
ïðîñòàòñïåöèôè÷åñêîãî àíòèãåíà, ñóììû áàëëîâ ïî Ãëè-
ñîíó, êëèíè÷åñêîé ñòàäèè ñ èñïîëüçîâàíèåì íîìîãðàìì
Kattan, êëàññèôèêàöèè ðèñêîâ D.Amico [3] è òàáëèö
Partin [4]. Îñíîâíûì íåäîñòàòêîì ïðåäëîæåííûõ ìîäå-
ëåé ÿâëÿåòñÿ íåäîñòàòî÷íîå êîëè÷åñòâî õîðîøî èçó÷åí-
íûõ è àïðîáèðîâàííûõ ïåðåìåííûõ, ÷òî îïðåäåëÿåò èõ
íåâûñîêóþ äèàãíîñòè÷åñêóþ òî÷íîñòü. Ýôôåêòèâíîñòü
íîìîãðàìì ñ âêëþ÷åíèåì â ïðîãíîñòè÷åñêóþ ìîäåëü ìî-
ëåêóëÿðíî-ãåíåòè÷åñêèõ ïàðàìåòðîâ îïóõîëè ÿâëÿåòñÿ
ïðåäìåòîì èçó÷åíèÿ â íàñòîÿùåå âðåìÿ [5, 6].

Â ðàçâèòèè ãîðìîíîçàâèñèìûõ îïóõîëåé ÷åëîâåêà
áîëüøîå çíà÷åíèå èìåþò òðàíñêðèïöèîííûå ôàêòîðû
POU4F1, òàêæå èçâåñòíûå êàê íåéðîãåííûå ôàêòîðû
Brn-3� [7]. Diss J.K. ñ ñîàâòîðàìè ïîëàãàþò, ÷òî òðàíñ-
êðèïöèîííûé ôàêòîð Brn-3� ó÷àñòâóåò â ðàçëè÷íûõ
ïðîöåññàõ îíêîãåíåçà, îïðåäåëÿÿ èíòåíñèâíîñòü ïðîëè-
ôåðàöèè îïóõîëåâûõ êëåòîê è ó÷àñòâóÿ â ðåãóëÿöèè
àïîïòîçà [8]. Êðîìå òîãî, âûÿâëåíû àññîöèàöèè äàííîãî
ïîêàçàòåëÿ ñ ðåöåïòîðàìè ïîëîâûõ ãîðìîíîâ: ýñòðîãå-
íîâ (ER) è àíäðîãåíîâ (AR) [9].

Ðåöåïòîðû ñòåðîèäíûõ ãîðìîíîâ âõîäÿò â áîëüøîå ñå-
ìåéñòâî âíóòðèêëåòî÷íûõ ðåöåïòîðîâ, êîòîðûå àêòèâèðó-
þòñÿ ïîä äåéñòâèåì ñîîòâåòñòâóþùèõ ëèãàíäîâ. ER è AR
ÿâëÿþòñÿ èõ îñíîâíûìè ïðåäñòàâèòåëÿìè. ER èìåþò
2 ïîäòèïà: ER� è ER�. Êàæäûé èç íèõ êîäèðóåòñÿ îòäåëü-
íûì ãåíîì, ïðè ýòîì èìåþòñÿ ñâåäåíèÿ î ïðåèìóùåñòâåí-
íîé ýêñïðåññèè òîãî èëè èíîãî ïîäòèïà ðåöåïòîðà â ðàç-
íûõ òêàíÿõ [10]. Èçâåñòíà ðîëü ER� â êà÷åñòâå âàæíîãî ðå-
ãóëÿòîðà èíòåíñèâíîñòè ïðîöåññîâ àíãèîãåíåçà ãîðìîíîçà-
âèñèìûõ îïóõîëåé [11]. Èçìåíåíèå óðîâíÿ è ýêñïðåññèè
ñòåðîèäíûõ ãîðìîíîâ íàéäåíû â çëîêà÷åñòâåííûõ íîâîîá-
ðàçîâàíèÿõ ðàçëè÷íûõ ëîêàëèçàöèé [12]. Êëþ÷åâûì ñèã-
íàëüíûì êàñêàäîì, îáåñïå÷èâàþùèì ðåãóëÿöèþ ïðîöåññîâ
ïðîëèôåðàöèè è àïîïòîçà ïðè äåéñòâèè AR è ER, ÿâëÿåòñÿ
AKT/m-TOR [13, 14, 15]. Ê åãî çíà÷èìûì êîìïîíåíòàì îò-
íîñÿò ïðîòåèíêèíàçû AKT, m-TOR, PTEN è äð.

Öåëü ïðîâåäåííîãî èññëåäîâàíèÿ çàêëþ÷àëàñü â èçó÷åíèè
ýêñïðåññèè òðàíñêðèïöèîííîãî ôàêòîðà Brn-3�, AR,
ER�, êîìïîíåíòîâ ñèãíàëüíîãî ïóòè AKT/m-TOR â òêàíè
ÐÏÆ â ñâÿçè ñ êëèíèêî-ìîðôîëîãè÷åñêèìè îñîáåííîñòÿ-
ìè, â ÷àñòíîñòè íàëè÷èåì èíâàçèè â ñåìåííûå ïóçûðüêè è
óðîâíåì ãèñòîëîãè÷åñêîé îðãàíèçàöèè îïóõîëè

Ìàòåðèàë è ìåòîäû

Â èññëåäîâàíèå áûëî âêëþ÷åíî 50 áîëüíûõ ìåñòíî-
ðàñïðîñòðàíåííûì ÐÏÆ T2-3N0M0, ïðîõîäèâøèõ ëå÷å-
íèå â êëèíèêàõ ÍÈÈ îíêîëîãèè Òîìñêîãî ÍÈÌÖ.
10 ïàöèåíòîâ ÐÏÆ èìåëè ïðèçíàêè èíâàçèè â ñåìåííûå
ïóçûðüêè. Èíäåêñ Ãëèñîíà îò 6 äî 7 èìåëè 8 ïàöèåíòîâ, à
áîëåå 7 — 13 ÷åëîâåê. Îáúåìû äèàãíîñòèêè è ëå÷åíèÿ
áîëüíûõ ñîîòâåòñòâîâàëè ðåêîìåíäóåìûì àëãîðèòìàì ïî
äèàãíîñòèêå è ëå÷åíèþ çëîêà÷åñòâåííûõ íîâîîáðàçîâà-
íèé, óòâåðæäåííûì Ìèíèñòåðñòâîì çäðàâîîõðàíåíèÿ
ÐÔ. Ïðîâåäåíèå äàííîé ðàáîòû îäîáðåíî ýòè÷åñêèì êî-
ìèòåòîì ÍÈÈ îíêîëîãèè Òîìñêîãî ÍÈÌÖ.

Ìàòåðèàëîì èññëåäîâàíèÿ ÿâëÿëèñü îáðàçöû îïóõî-
ëåâîé òêàíè, ïîëó÷åííûå ïðè äèàãíîñòè÷åñêîé áèî-
ïñèè. Íîðìàëüíàÿ òêàíü ïðîñòàòû äëÿ èçó÷åíèÿ ýêñï-
ðåññèè ìîëåêóëÿðíûõ ïîêàçàòåëåé áûëà ïîëó÷åíû ïðè
îïåðàòèâíîì âìåøàòåëüñòâå ó áîëüíûõ ðàêîì ìî÷åâîãî
ïóçûðÿ, êîòîðûì áûëà ïðîâåäåíà öèñòïðîñòàòýêòîìèÿ.

Äëÿ èññëåäîâàíèÿ ýêñïðåññèè ìîëåêóëÿðíûõ ïîêàçà-
òåëåé è âûäåëåíèÿ ìÐÍÊ îáðàçöû òêàíåé ïîìåùàëè
â ðàñòâîð RNAlater (Ambion, USA) è ñîõðàíÿëè ïðè òåì-
ïåðàòóðå -80°Ñ (ïîñëå 24-÷àñîâîé èíêóáàöèè ïðè +4°Ñ).

Îïðåäåëåíèå óðîâíÿ ýêñïðåññèè ãåíîâ Brn-3�, AR, ER�,

à òàêæå êîìïîíåíòîâ AKT/m-TOR ñèãíàëüíîãî ïóòè

ÐÍÊ âûäåëÿëè ñ èñïîëüçîâàíèåì íàáîðà RNeasy mini
Kit, ñîäåðæàùåãî ÄÍÊàçó I (Qiagen, Germany). Íà ñïåê-
òðîôîòîìåòðå NanoDrop-2000 (Thermo Scientific, USA)
îöåíèâàëè êîíöåíòðàöèþ è ÷èñòîòó âûäåëåíèÿ ÐÍÊ.
Êîíöåíòðàöèÿ ÐÍÊ ñîñòàâèëà îò 80 äî 250 íã/ìêë,
À260/À280 = 1,95—2,05; À260/À230 = 1,90—2,31. Öåëîñò-
íîñòü ÐÍÊ îöåíèâàëàñü ñ èñïîëüçîâàíèåì êàïèëëÿðíîãî
ýëåêòðîôîðåçà íà ïðèáîðå TapeStation (Agilent Technolo-
gies, USA) è íàáîðà R6K ScreenTape (Agilent Technologies,
USA). RIN ñîñòàâèë 5,6—7,8.

Êîëè÷åñòâåííàÿ ÏÖÐ ñ îáðàòíîé òðàíñêðèïöèåé â ðå-

æèìå ðåàëüíîãî âðåìåíè

Óðîâåíü ýêñïðåññèè ãåíîâ îöåíèâàëè ìåòîäîì êîëè-
÷åñòâåííîé îáðàòíî-òðàíñêðèïòàçíîé ÏÖÐ â ðåæèìå
ðåàëüíîãî âðåìåíè (RT-qPCR) ñ èñïîëüçîâàíèåì êðàñè-
òåëÿ SYBR Green íà àìïëèôèêàòîðå iCycler (Bio-Rad,
USA). Äëÿ ïîëó÷åíèÿ êÄÍÊ íà ìàòðèöå ÐÍÊ ïðîâîäèëè
ðåàêöèþ îáðàòíîé òðàíñêðèïöèè ñ èñïîëüçîâàíèåì íà-
áîðà OT m-MuLV-RH (ÁèîËàáìèêñ, Ðîññèÿ) ñî ñëó÷àé-
íûìè ãåêñàíóêëåîòèäíûìè ïðàéìåðàìè â ñîîòâåòñòâèè
ñ èíñòðóêöèåé ê íàáîðó. ÏÖÐ ñòàâèëè â òðåõ ðåïëèêàõ
â îáúåìå 25 ìêë, ñîäåðæàùåì 12,5 ìêë ÁèîÌàñòåð
HS-qPCR SYBR Blue (ÁèîËàáìèêñ, Ðîññèÿ), 300 íM
ïðÿìîãî è îáðàòíîãî ïðàéìåðîâ è 50 íã êÄÍÊ. Äâóõøà-
ãîâàÿ ïðîãðàììà àìïëèôèêàöèè âêëþ÷àëà 1 öèêë —
94°Ñ, 10 ìèí — ïðåäâàðèòåëüíàÿ äåíàòóðàöèÿ; 40 öèêëîâ
— 1 øàã 94°Ñ, 10 ñ è 2 øàã 20 ñ — ïðè òåìïåðàòóðå 60°Ñ.
Ïðàéìåðû áûëè ïîäîáðàíû ñ èñïîëüçîâàíèåì ïðîãðàì-
ìû Vector NTI Advance 11.5 è áàçû äàííûõ NCBI
(http://www.ncbi.nlm. nih.gov/nuccore) (òàáë. 1).
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Â êà÷åñòâå ðåôåðåíñíîãî ãåíà èñïîëüçîâàëè ãåí «äî-
ìàøíåãî õîçÿéñòâà» ôåðìåíòà GAPDH (glyceraldehy-
des-3-phosphate dehydrogenase), è óðîâåíü ýêñïðåññèè
êàæäîãî öåëåâîãî ãåíà íîðìàëèçîâàëè ïî îòíîøåíèþ
ê ýêñïðåññèè ãåíà GAPDH.

Ñòàòèñòè÷åñêóþ îáðàáîòêó ðåçóëüòàòîâ ïðîâîäèëè
ñ ïðèìåíåíèåì ïàêåòà ïðîãðàìì Statistica 8.0. Ðåçóëüòà-
òû îïðåäåëåíèÿ ýêñïðåññèè ãåíîâ ïðåäñòàâëåíû êàê
ñðåäíåå çíà÷åíèå ± îøèáêà ñðåäíåãî. Çíà÷èìîñòü ðàç-
ëè÷èé îöåíèâàëè ïî êðèòåðèþ Ìàííà—Óèòíè. Ðàçëè-
÷èÿ ñ÷èòàëè çíà÷èìûìè ïðè ð < 0.05. Ñóùåñòâîâàíèå
ñâÿçè ìåæäó ïîêàçàòåëÿìè îïðåäåëÿëè ñ èñïîëüçîâàíè-
åì êîððåëÿöèîííîãî àíàëèçà, ñèëó ñâÿçè ìåæäó ïåðå-
ìåííûìè îöåíèâàëè, ðàññ÷èòûâàÿ êîýôôèöèåíò ðàíãî-
âîé êîððåëÿöèè Ñïèðìåíà (r).

Ðåçóëüòàòû è èõ îáñóæäåíèå

Â ðàíåå ïðîâåäåííûõ ðàáîòàõ ïîêàçàíà ðîëü ÿäåðíî-
ãî áåëêà Brn-3� â ðàçâèòèè ÐÏÆ, ÷òî ñâÿçàíî ñ âîçðàñ-
òàíèåì óðîâíÿ ER�. Âûÿâëåíà àêòèâàöèÿ ñèãíàëüíîãî
êàñêàäà AKT/m-TOR: îòìå÷åíû âûñîêèå óðîâíè ýêñï-
ðåññèè AKT, m-TOR, à òàêæå ïîâûøåíèå óðîâíÿ ôîñ-
ôàòàçû PTEN [16]. Ýòè ñâåäåíèÿ ïîçâîëèëè ïðîâåñòè
ðàáîòó ïî èçó÷åíèþ ñâÿçè èçó÷àåìûõ ïîêàçàòåëåé
ó áîëüíûõ ÐÏÆ è êëèíèêî-ìîðôîëîãè÷åñêèìè ïàðà-

ìåòðàìè çàáîëåâàíèÿ. Ê íàèáîëåå çíà÷èìûì ïàðàìåò-
ðàì îòíîñÿò èíâàçèþ â ñåìåííûå ïóçûðüêè è ïîêàçàòåëü
Ãëèñîíà, îòðàæàþùèé óðîâåíü ãèñòîëîãè÷åñêîé îðãà-
íèçàöèè îïóõîëè.

Ó áîëüíûõ ñ íàëè÷èåì èíâàçèâíîãî ðîñòà îòìå÷åíî
óâåëè÷åíèå ýêñïðåññèè AR è ER â 1,78 è 3,9 ðàçà ñîîò-
âåòñòâåííî ïî ñðàâíåíèþ ñ ïàöèåíòàìè áåç èíâàçèè
(òàáë. 2).

Ðàñïðîñòðàíåíèå îïóõîëè è íàëè÷èå èíâàçèè â ñå-
ìåííûå ïóçûðüêè ïðèâîäèëî ê ñíèæåíèþ óðîâíÿ àêòè-
âàöèè ñèãíàëüíîãî ïóòè AKT/m-TOR íà ôîíå ïîâûøå-
íèÿ ýêñïðåññèè PTEN. Âûÿâëåíî ñíèæåíèå óðîâíÿ
ìÐÍÊ m-TOR â 135,6 ðàçà íà ôîíå ðîñòà ýêñïðåññèè
ôîñôàòàçû â 2,19 ðàçà ó áîëüíûõ ñ èíâàçèåé â ñåìåííûå
ïóçûðüêè. Â íàñòîÿùåå âðåìÿ èìåþòñÿ íåìíîãî÷èñëåí-
íûå ñâåäåíèÿ, ïîçâîëÿþùèå îöåíèòü ñâÿçü ìîëåêóëÿð-
íûõ ïîêàçàòåëåé ñ êëèíè÷åñêèìè ïàðàìåòðàìè çàáîëå-
âàíèÿ. Áûëî ïîêàçàíî, ÷òî ìàðêåð Ki-67, îòðàæàþùèé
èíòåíñèâíîñòü ïðîöåññîâ ïðîëèôåðàöèè, ìîæåò áûòü
ñâÿçàí ñ íàëè÷èåì èíâàçèè ó áîëüíûõ ÐÏÆ [17], îäíàêî
â äàëüíåéøåì ýòîò ôàêò íå áûë ïîäòâåðæäåí.

Îñîáûé èíòåðåñ ïðåäñòàâëÿþò ñâÿçè èçó÷àåìûõ ìîëå-
êóëÿðíûõ ïàðàìåòðîâ ñ èíäåêñîì Ãëèñîíà, êîòîðûé îò-
ðàæàåò ñòåïåíü äèôôåðåíöèðîâêè îïóõîëè. Â òàáë. 3 ïî-
êàçàíû óðîâíè èõ ýêñïðåññèè â äâóõ ãðóïïàõ áîëüíûõ
ñ óðîâíåì Ãëèñîíà 6—7 è áîëåå 7. Âûÿâëåíî ïàäåíèå àê-
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Òàáëèöà 1
Ïîñëåäîâàòåëüíîñòü ïðàéìåðîâ ïðîá èññëåäîâàííûõ ãåíîâ

Àìïëèêîí Ïîñëåäîâàòåëüíîñòü

POU4F1
NM_006237

294 ï.í. F 5- CACGCTCTCGCACAACAA-3
R 5- ATCCGCTTCTGCTTCTGTCT-3

AR
NM_000044

190 ï.í. F 5- GAGGGACAGCAGGCAGA-3
R 5- GCTATCAGAACACACACACACACT-3

ER
NM_000125

386 ï.í. F 5- TCCTGATGATTGGTCTCGTCT-3
R 5- GATGTGGGAGAGGATGAGGA-3

4E-BP1
NM_004095.3

244 ï.í. F 5- CAGCCCTTTCTCCCTCACT -3
R 5- TTCCCAAGCACATCAACCT -3

AKT1
NM_001014431.1

181 ï.í. F 5- CGAGGACGCCAAGGAGA -3
R 5- GTCATCTTGGTCAGGTGGTGT -3

Ñ-RAF
NM_002880.3

152 ï.í. F 5- TGGTGTGTCCTGCTCCCT -3
R 5- ACTGCCTGCTACCTTACTTCCT -3

GSK3b
NM_001146156.1

267 ï.í. F 5- AGACAAGGACGGCAGCAA -3
R 5- TGGAGTAGAAGAAATAACGCAAT -3

70S kinase alpha
NM_001272042.1

244 ï.í. F 5- CAGCACAGCAAATCCTCAGA -3
R 5- ACACATCTCCCTCTCCACCTT -3

M-TOR
NM_004958.3

160 ï.í. F 5- CCAAAGGCAACAAGCGAT-3
R 5- TTCACCAAACCGTCTCCAA -3

PDK1
NM_001278549.1

187 ï.í. F 5- TCACCAGGACAGCCAATACA -3
R 5- CTCCTCGGTCACTCATCTTCA -3

GAPDH

NM_001256799.2

138 ï.í. F 5- GGAAGTCAGGTGGAGCGA-3
R 5 -GCAACAATATCCACTTTACCAGA-3

Ïðèìå÷àíèå. NM — íîìåð ïîñëåäîâàòåëüíîñòè ÐÍÊ â NCBI Nucleotide Database (http://www.ncbi.nlm.nih.gov/nuccore);
F — ïðÿìîé ïðàéìåð; R — îáðàòíûé ïðàéìåð



òèâíîñòè ñèãíàëüíîãî ïóòè AKT/m-TOR ïî ìåðå ñíèæå-
íèÿ äèôôåðåíöèðîâêè îïóõîëè. Òàê, ó áîëüíûõ ñ ïîêàçà-
òåëåì Ãëèñîíà áîëåå 7 îòìå÷åíî ñíèæåíèå ýêñïðåññèè
AKT, GSK-3� è ðîñò óðîâíÿ ìÐÍÊ 4E-BP1 â 9,1, 56,6 è
2,36 ðàçà ñîîòâåòñòâåííî, ïî ñðàâíåíèþ ñ áîëåå äèôôå-
ðåíöèðîâàííûìè îïóõîëÿìè ñ èíäåêñîì Ãëèñîíà 6—7.
Ïðè ýòîì ýêñïðåññèè PTEN óâåëè÷èâàëàñü â 1,39 ðàçà.

Ïðè ïðîâåäåíèè êîððåëÿöèîííîãî àíàëèçà âûÿâëå-
íû çàâèñèìîñòè ìåæäó óðîâíåì ýêñïðåññèè AKT

(r = -0,48; ð = 0,01), GSK-3� (r = -0,49; ð = 0,001),
PTEN (r = 0,34; ð = 0,01) è èíäåêñîì Ãëèñîíà. Ýòè ôàê-
òû ÿâëÿþòñÿ äîïîëíèòåëüíûì äîêàçàòåëüñòâîì ñâÿçè
ìîëåêóëÿðíûõ ïàðàìåòðîâ ñ óðîâíåì ãèñòîëîãè÷åñêîé
îðãàíèçàöèè îïóõîëè. Â ðàíåå ïðîâåäåííûõ èññëåäîâà-
íèÿõ íå óäàëîñü äîêàçàòü ñâÿçü ìîëåêóëÿðíûõ ïàðàìåò-
ðîâ ñ óðîâíåì ãèñòîëîãè÷åñêîé îðãàíèçàöèè îïóõîëè,
ïðè ýòîì áûëà äîêàçàíà èõ ïðîãíîñòè÷åñêàÿ çíà÷è-
ìîñòü [18].
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Òàáëèöà 2
Ýêñïðåññèÿ ãåíîâ ïðè ÐÏÆ â çàâèñèìîñòè îò íàëè÷èÿ èíâàçèè îïóõîëè â ñåìåííûå ïóçûðüêè

Ïîêàçàòåëü, Óñë. Åä. Ðàê ïðåäñòàòåëüíîé æåëåçû

Áåç èíâàçèè Ñ èíâàçèåé

Brn-3� 40,5 ± 9,75 45,85 ± 13,85

AR 140,78 ± 22,32 250,8 ± 36,99*

ER 70,36 ± 19,50 275,43 ± 36,39*

Êîìïîíåíòû AKT/m-TOR ñèãíàëüíîãî ïóòè

PTEN 225,99 ± 25,04 494,87 ± 17,13*

AKT 10,50 ± 3,40 11,73 ± 4,27

GSK-3-beta 13,04 ± 5,86 0,73 ± 0,26

PDK1 14,80 ± 4,49 2,93 ± 1,06

c-RAF 25,38 ± 8,53 18,93 ± 10,93

Ïðîòåèíêèíàçà m-TOR è åå ñóáñòðàòû

m-TOR 31,93 ± 14,21 0,68 ± 0,20*

70 S6 18,55 ± 11,45 11,97 ± 9,14

4E-BP1 3,89 ± 2,00 4,93 ± 3,06

Ïðèìå÷àíèå. * — çíà÷èìîñòü ðàçëè÷èé ïî ñðàâíåíèþ ñ ïàöèåíòàìè áåç èíâàçèè â ñåìåííûå ïóçûðüêè, p<0,05

Òàáëèöà 3
Ýêñïðåññèÿ ãåíîâ ïðè ÐÏÆ â çàâèñèìîñòè îò èíäåêñà Ãëèñîíà

Ïîêàçàòåëü, Óñë. Åä Ðàê ïðåäñòàòåëüíîé æåëåçû

Èíäåêñ Ãëèñîíà 6-7 Èíäåêñ Ãëèñîíà áîëåå 7

Brn-3� 24,85 ± 11,16 49,11 ± 23,6

AR 143,29 ± 53,86 142,86 ± 36,99

ER 188,56 ± 58,22 38,87 ± 36,39

Êîìïîíåíòû AKT/m-TOR ñèãíàëüíîãî ïóòè

PTEN 213,10 ± 53,60 297,17 ± 54,31*

AKT 22,4 ± 11,2 2,46 ± 0,57*

GSK-3-beta 39,38 ± 23,08 0,60 ± 0,16*

PDK1 29,07 ± 14,6 2,83 ± 1,13

c-RAF 20,5 ± 8,7 9,53 ± 2,77

Ïðîòåèíêèíàçà m-TOR è åå ñóáñòðàòû

m-TOR 49,1 ± 24,0 18,01 ± 12,7

70 S6 3,07 ± 1,03 5,83 ± 3,12

4E-BP1 3,76 ± 2,08 1,6 ± 0,51*

Ïðèìå÷àíèå. * — çíà÷èìîñòü ðàçëè÷èé ïî ñðàâíåíèþ ñ ïàöèåíòàìè ñ èíäåêñîì Ãëèñîíà îò 6 äî 7, p<0,05



Ñòîèò îòìåòèòü, ÷òî èçó÷àåìûå êëèíèêî-ìîðôîëî-
ãè÷åñêèå îñîáåííîñòè çàáîëåâàíèÿ îòðàæàþò áèîëîãè-
÷åñêèå õàðàêòåðèñòèêè îïóõîëè è ñâÿçàíû ñ åå àãðåññèâ-
íîñòüþ. Ñíèæåíèå ýêñïðåññèè êîìïîíåíòîâ ñèãíàëüíî-
ãî ïóòè AKT/m-TOR ïðè ðîñòå óðîâíÿ ìÐÍÊ PTEN
âñòðå÷àþòñÿ â áîëåå çàïóùåííûõ è êëèíè÷åñêè íåáëàãî-
ïðèÿòíûõ ñëó÷àÿõ. Ïðè ýòîì ðàçâèòèå çàáîëåâàíèÿ
ñ ïðèçíàêàìè èíâàçèè îïðåäåëÿåòñÿ âîçðàñòàíèåì ýêñï-
ðåññèè AR è ER.

Òàêèì îáðàçîì, ðàçâèòèå ÐÏÆ ñâÿçàíî ñ ðîñòîì ýêñ-
ïðåññèè ÿäåðíîãî ôàêòîðà Brn-3� è ðåöåïòîðîâ ñòåðî-
èäíûõ ãîðìîíîâ, à òàêæå àêòèâàöèåé ñèãíàëüíîãî ïóòè
AKT/m-TOR. Èíâàçèÿ îïóõîëè ïðîèñõîäèò ïðè âûñî-
êèõ óðîâíÿõ ìÐÍÊ ñòåðîèäíûõ ðåöåïòîðîâ, íèçêîé ýêñ-
ïðåññèè m-TOR è âûñîêîé ýêñïðåññèè PTEN. Âûÿâëå-
íû ñâÿçè ìåæäó èíäåêñîì Ãëèñîíà è óðîâíåì ìÐÍÊ
èçó÷àåìûõ ìîëåêóëÿðíûõ ìàðêåðîâ, ÷òî õàðàêòåðèçóåò
çíà÷èìîñòü äàííûõ ïîêàçàòåëåé â ïðîöåññàõ îíêîãåíåçà.
Òàê, ñíèæåíèå ýêñïðåññèè AKT, GSK-3� è ïîâûøåíèå
ýêñïðåññèè PTEN ïðîèñõîäèò ïðè ïîâûøåíèè èíäåêñà
Ãëèñîíà è ñîïðîâîæäàåò ðàçâèòèå íèçêîäèôôåðåíöèðî-
âàííûõ ðàêîâ. Ðåçþìèðóÿ ïîëó÷åííûå ñâåäåíèÿ, íàäî
îòìåòèòü âàæíóþ ðîëü ìîëåêóëÿðíûõ ïîêàçàòåëåé
â ïðîöåññå ðàçâèòèÿ äàííîãî çàáîëåâàíèÿ. Ñâÿçè, ïîêà-
çàííûå â äàííîé ðàáîòå, èìåþò çíà÷åíèå äëÿ ðàçâèòèÿ
ìîëåêóëÿðíûõ ïîäõîäîâ â êëèíè÷åñêîé îíêîëîãèè, ÷òî,
íåñîìíåííî, òðåáóåò äàëüíåéøåãî èçó÷åíèÿ.
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