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À. Ð. Ôàòõóëëèíà è äð.
Âëèÿíèå äåêñàìåòàçîíà íà ýêñïðåññèþ ãåíîâ bcl-2 è mTOR â T-ëèìôîöèòàõ çäîðîâûõ äîíîðîâ

Ñèíòåòè÷åñêèå ãëþêîêîðòèêîèäû ñïîñîáíû àêòèâèðîâàòü àïîïòîç â êëåòêàõ ïóòåì ðåãóëÿöèè
òðàíñêðèïöèè ñîîòâåòñòâóþùèõ ãåíîâ. Âëèÿíèå äåêñàìåòàçîíà íà àïîïòîç èçâåñòíî, îäíàêî åãî ñïîñîá-
íîñòü âëèÿòü íà äðóãóþ ïðîãðàììó ãèáåëè êëåòîê — àóòîôàãèþ — â íàñòîÿùèé ìîìåíò íå äîêàçàíà.
Ïîýòîìó â íàñòîÿùåé ðàáîòå àíàëèçèðîâàëè âëèÿíèå äåêñàìåòàçîíà íà ýêñïðåññèþ ãåíà àïîïòîòè÷åñêî-
ãî ïóòè bcl-2 è ãåíà àóòîôàãèè mTOR â Ò-ëèìôîöèòàõ çäîðîâûõ äîíîðîâ. Ðåçóëüòàòû ïîêàçàëè, ÷òî ïîä
âëèÿíèåì äåêñàìåòàçîíà ïðîèñõîäèò ñíèæåíèå ýêñïðåññèè êàê ãåíà bcl-2, òàê è mTOR. Îäíàêî õàðàêòå-
ðû âëèÿíèÿ äåêñàìåòàçîíà íà mTOR è bcl-2 ðàçëè÷àþòñÿ: åñëè ýêñïðåññèÿ ãåíà bcl-2 â ïðîöåññå äëèòåëü-
íîãî êóëüòèâèðîâàíèÿ ïîääåðæèâàåòñÿ íà îäíîì è òîì æå ñíèæåííîì óðîâíå, òî ýêñïðåññèÿ mTOR ïî-
ñëå ñíèæåíèÿ ïîâûøàåòñÿ.
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Ãëþêîêîðòèêîèäíûé ãîðìîí äåêñàìåòàçîí îòíîñèòñÿ
ê ãðóïïå òåðàïåâòè÷åñêèõ âåùåñòâ, ñïîñîáíûõ ñíèæàòü
êîëè÷åñòâî Ò-ëèìôîöèòîâ è äðóãèõ èììóíîêîìïåòåíò-
íûõ êëåòîê â êðîâè ïîñðåäñòâîì çàïóñêà ïðîãðàììû ãè-
áåëè. Ìåõàíèçì äåéñòâèÿ ãëþêîêîðòèêîèäîâ íà ìîëåêó-
ëÿðíîì óðîâíå äî êîíöà íå âûÿñíåí. Ñ÷èòàþò, ÷òî èõ
äåéñòâèå íà êëåòêè-ìèøåíè îñóùåñòâëÿåòñÿ ãëàâíûì îá-
ðàçîì íà óðîâíå ðåãóëÿöèè òðàíñêðèïöèè ãåíîâ. Ïðî-
ãðàììèðîâàííàÿ êëåòî÷íàÿ ãèáåëü â íàñòîÿùåå âðåìÿ ïî-
äðàçäåëÿåòñÿ íà íåñêîëüêî òèïîâ, íî îñíîâíûìè ÿâëÿþò-
ñÿ àïîïòîç è àóòîôàãèÿ. Êàæäûé èç íèõ íàõîäèòñÿ ïîä
êîíòðîëåì ðàçëè÷íûõ ñèãíàëüíûõ ïóòåé. Îäíèì èç êëþ-
÷åâûõ áåëêîâ àïîïòîòè÷åñêîãî ïóòè ÿâëÿåòñÿ Bcl-2, ïî-
âûøåííàÿ ýêñïðåññèÿ êîòîðîãî èíãèáèðóåò ãèáåëü êëåò-
êè. Ñ äðóãîé ñòîðîíû, ïîâûøåííàÿ ýêñïðåññèÿ áåëêà
mTOR ïîäàâëÿåò àóòîôàãèþ. Èíäóêöèÿ àïîïòîçà äåêñà-
ìåòàçîíîì ïîäòâåðæäåíà ìíîãî÷èñëåííûìè ýêñïåðèìåí-
òàëüíûìè äàííûìè (Reichardt, 2004; Bjelakovic, 2010).
Îäíàêî èíôîðìàöèÿ îòíîñèòåëüíî åãî âëèÿíèÿ íà àóòî-
ôàãè÷åñêèé ïóòü îòñóòñòâóåò. Ïîýòîìó êîìïëåêñíûé àíà-
ëèç âëèÿíèÿ äåêñàìåòàçîíà íà ýêñïðåññèþ êëþ÷åâûõ ñèã-
íàëüíûõ áåëêîâ àóòîôàãèè è àïîïòîçà ïîçâîëèò ðàñøè-
ðèòü ïðåäñòàâëåíèå î ìåõàíèçìå åãî äåéñòâèÿ. Â ñâÿçè ñ
ýòèì öåëü íàñòîÿùåé ðàáîòû çàêëþ÷àëàñü â îïðåäåëåíèè
õàðàêòåðà ýêñïðåññèè ãåíîâ bcl-2 è mTOR ïîä âëèÿíèåì
äåêñàìåòàçîíà â Ò-ëèìôîöèòàõ çäîðîâûõ äîíîðîâ.

Ìàòåðèàë è ìåòîäèêà

Äëÿ îïðåäåëåíèÿ ýêñïðåññèè ãåíîâ bcl-2 è mTOR
èç ïåðèôåðè÷åñêîé êðîâè çäîðîâûõ äîíîðîâ (10 ÷åëîâåê)
âûäåëÿëè ïîïóëÿöèþ Ò-ëèìôîöèòîâ, èñïîëüçóÿ ìåòîä

èììóíîìàãíèòíîé ñåïàðàöèè ïî ïðèëàãàåìîé èíñòðóê-
öèè. Ïîëó÷åííûå êëåòêè (2�106 êë./ìë) èíêóáèðîâàëè
â ÑÎ2-èíêóáàòîðå (5 % ÑÎ2) â ïèòàòåëüíîé ñðåäå
RPMI-1640, ñîäåðæàùåé ýìáðèîíàëüíóþ òåëÿ÷üþ ñûâî-
ðîòêó (10 %), ïåíèöèëëèí (5000 åä./ìë), ñòðåïòîìèöèí
(5000 ìêã/ìë) è L-ãëóòàìèí (1 %). Äåêñàìåòàçîí äîáàâëÿ-
ëè äî êîíå÷íîé êîíöåíòðàöèè 10—4 Ì íà íà÷àëüíîé ñòà-
äèè êóëüòèâèðîâàíèÿ, ïîñëå ÷åãî êëåòêè îñòàâëÿëè â
CO2-èíêóáàòîðå íà 6 ñóò.

Òîòàëüíóþ êëåòî÷íóþ ÐÍÊ âûäåëÿëè, èñïîëüçóÿ Tri-
zol LS ñîãëàñíî ïðîòîêîëó ôèðìû-ïðîèçâîäèòåëÿ. Ïîëó-
÷åííóþ ÐÍÊ â êîëè÷åñòâå 11 íã èñïîëüçîâàëè äëÿ ñèíòåçà
êÄÍÊ ìåòîäîì îáðàòíîé òðàíñêðèïöèè (High Capacity
cDNA Reverse Transcription Kit) ïî ïðèëàãàåìîìó ïðîòî-
êîëó ôèðìû-ïðîèçâîäèòåëÿ. Ðåàêöèþ àìïëèôèêàöèè, ïî-
ëèìåðàçíóþ öåïíóþ ðåàêöèþ â ðåàëüíîì âðåìåíè ïðîâî-
äèëè â ïðèñóòñòâèè ïðàéìåðîâ ê êÄÍÊ ãåíîâ ÷åëîâåêà
bcl-2, mTOR è àêòèíó (â êà÷åñòâå ýíäîãåííîãî êîíòðîëÿ).
Óñëîâèÿ àìïëèôèêàöèè: 50 °Ñ (2 ìèí), 95 °Ñ (10 ìèí),
95 °Ñ (0.15 ìèí) è 60 °Ñ (1 ìèí). Ýêñïðåññèþ ãåíîâ îöå-
íèâàëè, èñïîëüçóÿ îòíîñèòåëüíûé êîëè÷åñòâåííûé àíà-
ëèç ïî ddCt-ìåòîäó ñ îïðåäåëåíèåì ñðåäíåãî çíà÷åíèÿ
RQ. Â êà÷åñòâå êàëèáðàòîðà áûëî âûáðàíî çíà÷åíèå ýêñ-
ïðåññèè èññëåäóåìûõ ãåíîâ íà 3-è ñóò êóëüòèâèðîâàíèÿ
áåç îáðàáîòêè äåêñàìåòàçîíîì, çíà÷åíèå RQ äëÿ êîòîðûõ
ïðèíèìàëè çà 1 îòí. åä.

Èñïîëüçîâàëè ñëåäóþùèå ðåàêòèâû: íàáîð äëÿ èììó-
íîìàãíèòíîé ñåïàðàöèè Ò-êëåòîê (Dynal T Cell Negative
Isolation Kit, ÑØÀ), Trizol LS (Invitrogen, Life Technologi-
es, ÑØÀ), íàáîð äëÿ îáðàòíîé òðàíñêðèïöèè High Capaci-
ty cDNA Reverse Transcription (Applied Biosystems,
ÑØÀ), ðåàêòèâû äëÿ ÏÖÐ — çîíäû TaqMan ê bcl-2,
mTOR è àêòèíó, 20�TaqMan Gene Expression Assay,
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2�TaqMan Gene Expression Master Mix (Invitrogen, Life
Technologies, ÑØÀ), RPMI-1640, ýìáðèîíàëüíàÿ òåëÿ÷üÿ
ñûâîðîòêà, ïåíèöèëëèí, ñòðåïòîìèöèí è L-ãëóòàìèí
(ÏàíÝêî, Ðîññèÿ).

Ðåçóëüòàòû è îáñóæäåíèå

Îïðåäåëåí óðîâåíü ýêñïðåññèè ãåíîâ àïîïòîçà (bcl-2)
è àóòîôàãèè (mTOR) â Ò-ëèìôîöèòàõ çäîðîâûõ äîíîðîâ â
çàâèñèìîñòè îò âðåìåíè êóëüòèâèðîâàíèÿ è äåéñòâèÿ
äåêñàìåòàçîíà. Îêàçàëîñü, ÷òî íà 3-è ñóò êóëüòèâèðîâà-
íèÿ â ïðèñóòñòâèè äåêñàìåòàçîíà ýêñïðåññèÿ ãåíà bcl-2
ñíèæàåòñÿ ïî ñðàâíåíèþ ñ íåîáðàáîòàííûìè êëåòêàìè è
ñîñòàâëÿåò 0.235 îòí. åä. Íà 6-å ñóò â íåîáðàáîòàííûõ
êëåòêàõ ýêñïðåññèÿ ãåíà bcl-2 ñíèæàåòñÿ ìàêñèìàëüíî äî
çíà÷åíèÿ 0.03 îòí. åä., òîãäà êàê â êëåòêàõ, îáðàáîòàííûõ
äåêñàìåòàçîíîì, óðîâåíü ýêñïðåññèè áîëåå íå ìåíÿëñÿ è
îñòàâàëñÿ íà óðîâíå 3-õ ñóò (ñì. ðèñóíîê).

Àíàëèç ýêñïðåññèè ãåíà àóòîôàãè÷åñêîãî ïóòè mTOR
â Ò-ëèìôîöèòàõ, îáðàáîòàííûõ äåêñàìåòàçîíîì, ïîêàçàë,
÷òî íà 3-è ñóò êóëüòèâèðîâàíèÿ îíà ñíèæàåòñÿ è ñîñòàâ-
ëÿåò 0.358 îòí. åä. ïî ñðàâíåíèþ ñ íåîáðàáîòàííûìè
êëåòêàìè. Îäíàêî íà 6-å ñóò ýêñïðåññèÿ mTOR âîçðàñòàåò
ïî÷òè â 2 ðàçà è ñîñòàâëÿåò 0.67 îòí. åä. Ïðè ýòîì â íåîá-
ðàáîòàííûõ êëåòêàõ åãî ýêñïðåññèÿ, òàê æå êàê è ãåíà
bcl-2, ñíèæàåòñÿ äî ìèíèìàëüíîãî çíà÷åíèÿ.

Â õîäå ïðåäûäóùèõ ðàáîò áûëî ïîêàçàíî, ÷òî Ò-ëèì-
ôîöèòû çäîðîâûõ äîíîðîâ ïîä âëèÿíèåì ñòðåññîâûõ
óñëîâèé, âîçíèêàþùèõ â ïðîöåññå êóëüòèâèðîâàíèÿ ïðè
ñíèæåíèè ñîäåðæàíèÿ ïèòàòåëüíûõ âåùåñòâ â ñðåäå, ïî-
ãèáàþò ïî ïóòè àïîïòîçà (Vodounon, 2012). Èçâåñòíî, ÷òî
ñâåðõýêñïðåññèÿ àíòèàïîïòîòè÷åñêîãî áåëêà Bcl-2 ñïî-
ñîáíà èíãèáèðîâàòü àïîïòîç, èíäóöèðîâàííûé ãëþêîêîð-
òèêîèäàìè, â òî âðåìÿ êàê íèçêàÿ ýêñïðåññèÿ Bcl-2 ñïî-
ñîáñòâóåò èíäóêöèè àïîïòîçà (Youle, Strasser, 2008). Îïè-
ðàÿñü íà ïîëó÷åííûå ðåçóëüòàòû, ìîæåì ïðåäïîëîæèòü,
÷òî ïîêàçàííàÿ â íàøèõ ïðåäûäóùèõ ðàáîòàõ àêòèâàöèÿ
àïîïòîçà â Ò-êëåòêàõ ñîïðîâîæäàåòñÿ ñíèæåíèåì ýêñï-
ðåññèè ãåíà bcl-2 êàê â êîíòðîëüíûõ êëåòêàõ, òàê è â
Ò-ëèìôîöèòàõ, îáðàáîòàííûõ äåêñàìåòàçîíîì.

Áåëîê mTOR — îäèí èç îñíîâíûõ ðåãóëÿòîðîâ ìåòà-
áîëèçìà. Â çàâèñèìîñòè îò óñëîâèé îí çàïóñêàåò ïðîöåñ-
ñû çàïàñàíèÿ èëè ðàñõîäîâàíèÿ ýíåðãèè. Åñëè mTOR àê-
òèâåí, òî àóòîôàãèÿ íå çàïóñêàåòñÿ. Ðàíåå ïðîâåäåííûå
èññëåäîâàíèÿ ïîêàçàëè îòñóòñòâèå àêòèâàöèè àóòîôàãèè

â îòâåò íà ñòðåññ (Ñêèáî, 2012). Äîáàâëåíèå äåêñàìåòçîíà
ñòèìóëèðîâàëî â êëåòêàõ àïîïòîç, íî íå àóòîôàãèþ. Ïðî-
âåäåííûé â íàñòîÿùåé ðàáîòå àíàëèç ýêñïðåññèè ãåíà
mTOR ïîêàçàë, ÷òî îíà ñíèæàåòñÿ, êàê è â ñëó÷àå ñ ãåíîì
bcl-2. Îäíàêî ìû îáíàðóæèëè ðàçíèöó ìåæäó ñòåïåíüþ
ñíèæåíèÿ ýêñïðåññèè ãåíà mTOR è ñ bcl-2 ïðè äåéñòâèè
äåêñàìåòàçîíà è ïîêàçàëè òåíäåíöèþ ê ïîâûøåíèþ ýêñï-
ðåññèè mTOR ñ òå÷åíèåì âðåìåíè. Âåðîÿòíî, ýòî ñâÿçàíî
ñ òåì, ÷òî â íîðìàëüíî ôóíêöèîíèðóþùèõ êëåòêàõ ïðåä-
ïî÷òèòåëüíîé ÿâëÿåòñÿ àêòèâàöèÿ àïîïòîçà, ïîýòîìó
òðàíñêðèïöèÿ ãåíà bcl-2 áëîêèðóåòñÿ. Â ñâîþ î÷åðåäü àê-
òèâàöèÿ àïîïòîçà áëîêèðóåò èíèöèàöèþ äðóãîãî ïóòè —
àóòîôàãèè — ïóòåì ïîâûøåíèÿ ýêñïðåññèè mTOR.

Òàêèì îáðàçîì, â êëåòêàõ çäîðîâûõ äîíîðîâ ïðè ñíè-
æåíèè ñîäåðæàíèÿ ïèòàòåëüíûõ âåùåñòâ äåêñàìåòàçîí
ñíèæàåò ýêñïðåññèþ ãåíà bcl-2, à òàêæå mTOR, íî ìåíåå
âûðàæåííî, àêòèâèðóÿ òåì ñàìûì ïðîãðàììó àïîïòîçà.
Â ñâÿçè ñ ýòèì íåîáõîäèìî ïðîâåäåíèå äàëüíåéøåãî êîì-
ïëåêñíîãî àíàëèçà âëèÿíèÿ äåêñàìåòàçîíà íà ýêñïðåññèþ
ãåíîâ bcl-2 è mTOR â êëåòêàõ ñ íàðóøåííîé ïðîãðàììîé
àïîïòîçà.

Ðàáîòà âûïîëíåíà çà ñ÷åò ñðåäñòâ ñóáñèäèè, âûäå-
ëåííîé â ðàìêàõ ãîñóäàðñòâåííîé ïîääåðæêè Êàçàíñêî-
ãî (Ïðèâîëæñêîãî) ôåäåðàëüíîãî óíèâåðñèòåòà â öåëÿõ
ïîâûøåíèÿ åãî êîíêóðåíòîñïîñîáíîñòè ñðåäè âåäóùèõ
ìèðîâûõ íàó÷íî-îáðàçîâàòåëüíûõ öåíòðîâ.

Ñ ï è ñ î ê ë è ò å ð à ò ó ð û

Ñêèáî Þ. Â., Ïîíîìàðåâà À. À., Ðåøåòíèêîâà È. Ä., Àáðà-
ìîâà Ç. È. 2012. Èíäóêöèÿ àóòîôàãèè â Ò-ëèìôîöèòàõ ïåðèôå-
ðè÷åñêîé êðîâè áîëüíûõ àòîïè÷åñêîé áðîíõèàëüíîé àñòìîé.
Êëåòî÷íàÿ òðàíñïëàíòîëîãèÿ è òêàíåâàÿ èíæåíåðèÿ. 7 (3) :
146—150. (Skibo Y. V., Ponomareva A. A., Reshetnikova I. D., Ab-
ramova Z. I. 2012. Autophagy induction in T-lymphocytes of pe-
ripheral blood of patients with atopic asthma. Cell Transpl.Tis.
Eng. 7 (3) : 146—150.)

Bjelakovic G., Stojanovic I., Jevtovic Stoimenov T., Pavlovic D.,
Kocic G., Rossi S., Tabolacci C., Nikolic J., Sokolovic D., Bjelako-
vic Lj. 2010. Metabolic correlations of glucocorticoids and polyamines
in inflammation and apoptosis. Amino Acids. 39 : 29—43.

Reichardt H. M. 2004. Immunomodulatory activities of gluco-
corticoids: insights from transgenesis and gene targeting. Curr.
Pharm. Des. 10 : 2797—2805.

Vodounon A. C., Skibo Y. V., Abramova Z. I. 2012. Mor-
phological and biochemical characteristics of apoptosis lym-

460 À. Ð. Ôàòõóëëèíà è äð.

Èçìåíåíèå ýêñïðåññèè ãåíîâ bcl-2 è mTOR â Ò-ëèìôîöèòàõ íà 3-è è 6-å ñóò êóëüòèâèðîâàíèÿ â ïðèñóòñòâèè äåêñàìåòàçîíà
(+Dex).

Ýêñïðåññèþ ãåíîâ (RQ) îöåíèâàëè ddCt-ìåòîäîì, îïðåäåëÿÿ ñðåäíåå çíà÷åíèå RQ. Êàëèáðàòîðîì ñëóæèëî çíà÷åíèå RQ, ïðèíÿòîå çà 1 îòí. åä. íà
3-è ñóò êóëüòèâèðîâàíèÿ â îòñóòñòâèå äåêñàìåòàçîíà.



phocytes of peripheral blood in the pathogenesis of bronchial and
atopic asthma of light and serious severity. Res. Rev. BioSci. 6 :
210—220.

Youle R. J., Strasser A. 2008. The BCL-2 protein family: op-
posing activities that mediate cell death. Nat. Rev. Mol. Cell Biol.
9 : 47—59.

Ïîñòóïèëà 4 II 2014

DEXAMETHASONE AFFECT ON THE EXPRESSION OF bcl-2 AND mTOR GENES

IN T-LYMPHOCYTES FROM HEALTHY DONORS
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Synthetic glucocorticoids are able to activate apoptosis in the cells by regulating the transcription of the
respective genes. Effect of dexamethasone on apoptosis is an established fact. However, its influence on ano-
ther program of cell death autophagy, is currently unproven. Therefore, in this paper we have analyzed the inf-
luence of dexamethasone on the expression of bcl-2 and mTOR genes in T-lymphocytes from healthy donors.
The results showed that dexamethasone reduced the expression of bcl-2 and mTOR genes. However, the nature
of the effect of dexamethasone on mTOR and bcl-2 expression was different: the expression of bcl-2 gene in the
long-term cultivation was maintained at the same reduced level, while the expression of mTOR was first redu-
ced and then increased.

K e y w o r d s: apoptosis, autophagy, T-lymphocytes, dexamethasone, bcl-2, mTOR.

Âëèÿíèå äåêñàìåòàçîíà íà ýêñïðåññèþ ãåíîâ bcl-2 è mTOR â T-ëèìôîöèòàõ çäîðîâûõ äîíîðîâ 461


