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Ì. Í. Ãðóíèíà è äð.
Ìîíîíóêëåàðíûå êëåòêè ïåðèôåðè÷åñêîé êðîâè in vitro. Ìîäåëü ïåðñîíàëèçàöèè...

Ïðîâåäåíèå åäèíîé ñòðàòåãèè íàçíà÷åíèÿ àíòèïñèõîòèêîâ çàðåêîìåíäîâàëî ñåáÿ êàê ìàëîýôôåê-
òèâíûé ïîäõîä ê òåðàïèè ïñèõè÷åñêè áîëüíûõ. Èçó÷åíèå ýôôåêòèâíîñòè ôàðìàêîëîãè÷åñêèõ ïðåïàðà-
òîâ íà ìîäåëüíûõ îáúåêòàõ, îòðàæàþùèõ èíäèâèäóàëüíóþ ïàòîôèçèîëîãèþ ïàöèåíòà, ÿâëÿåòñÿ îäíèì
èç íàïðàâëåíèé ïåðñîíèôèöèðîâàííîé (ïðåäèêòèâíîé) òåðàïèè. Ìû îöåíèëè óðîâåíü ìÐÍÊ ãåíîâ ðå-
öåïòîðîâ íåéðîòðàíñìèòòåðîâ (ADR1B, HRH1, HTR2À, DRD1, DRD2, DRD4 è DRD5), ìèøåíåé âîçäåé-
ñòâèÿ àíòèïñèõîòè÷åñêèõ ïðåïàðàòîâ, â êà÷åñòâå âîçìîæíûõ áèîìàðêåðîâ ïðîãíîçà ëå÷åíèÿ ïñèõè÷å-
ñêèõ ðàññòðîéñòâ øèçîôðåíè÷åñêîãî ñïåêòðà, èñïîëüçóÿ ìîíîíóêëåàðíûå êëåòêè ïåðèôåðè÷åñêîé êðî-
âè (ÌÊÏÊ) in vitro êàê ìîäåëü òåðàïèè. Â èññëåäîâàíèå âêëþ÷èëè 108 ïàöèåíòîâ ñ óñòàíîâëåííûì
äèàãíîçîì ðàññòðîéñòâà øèçîôðåíè÷åñêîãî ñïåêòðà, ïðèíèìàþùèõ â ðåæèìå ìîíîòåðàïèè ãàëîïåðèäîë
èëè îëàíçàïèí. Ïî ðåçóëüòàòàì ïñèõîìåòðè÷åñêîãî èññëåäîâàíèÿ ÷åðåç 28 � 2 ñóò ëå÷åíèÿ ïàöèåíòîâ
äåëèëè íà ãðóïïû ïî îòâåòó íà ôàðìàêîòåðàïèþ (ýôôåêòèâíàÿ è ìàëîýôôåêòèâíàÿ). Â ãðóïïå ïàöèåíòîâ
ñ ìàëîýôôåêòèâíîé òåðàïèåé ïîêàçàòåëè óðîâíÿ ýêñïðåññèè èçó÷àåìûõ ãåíîâ ó ÌÊÏÊ in vitro â ïðèñóò-
ñòâèè àíòèïñèõîòèêà âîçðàñòàëè, òîãäà êàê ó ïàöèåíòîâ ñ õîðîøåé äèíàìèêîé íîðìàëèçàöèè ïñèõè÷å-
ñêîãî ñòàòóñà îñòàâàëèñü ïðàêòè÷åñêè íåèçìåííûìè. Íàèáîëüøàÿ äîñòîâåðíîñòü ðàçëè÷èé óðîâíåé ýêñ-
ïðåññèè ãåíîâ äëÿ ïàöèåíòîâ ñ ðàçëè÷íûì îòâåòîì íà ôàðìàêîëîãè÷åñêîå âîçäåéñòâèå ïîêàçàíà äëÿ ãå-
íîâ ADR1B è HRH1 ïðè òåðàïèè îëàíçàïèíîì (Ð = 0.004 è 0.038 ñîîòâåòñòâåííî) è äëÿ ãåíà HTR2A ïðè
òåðàïèè ãàëîïåðèäîëîì (Ð = 0.039). Ïðè ýòîì áàçîâûå óðîâíè ýêñïðåññèè ãåíîâ ÌÊÏÊ (áåç èõ êóëüòè-
âèðîâàíèÿ) íå àññîöèèðîâàëèñü ñ îòâåòîì ïàöèåíòà íà òåðàïèþ. Òàêèì îáðàçîì, óðîâåíü ìÐÍÊ ãåíîâ
íåéðîòðàíñìèññèè ÌÊÏÊ in vitro â ïðèñóòñòâèè àíòèïñèõîòèêà ìîæåò áûòü ïðåäëîæåí â êà÷åñòâå áèî-
ìàðêåðà ïðîãíîçà ôàðìàêîòåðàïèè ïñèõè÷åñêè áîëüíûõ.

Ê ë þ ÷ å â û å ñ ë î â à: ðàññòðîéñòâà øèçîôðåíè÷åñêîãî ñïåêòðà, àíòèïñèõîòè÷åñêèå ïðåïàðàòû, ðå-
öåïòîðû íåéðîòðàíñìèññèè, ìîíîíóêëåàðíûå êëåòêè ïåðèôåðè÷åñêîé êðîâè, óðîâåíü ìÐÍÊ, ïðåäèêòî-
ðû ýôôåêòèâíîñòè òåðàïèè

Ï ð è í ÿ ò û å ñ î ê ð à ù å í è ÿ: ÌÊÏÊ — ìîíîíóêëåàðíûå êëåòêè ïåðèôåðè÷åñêîé êðîâè, ìÐÍÊ —
ìàòðè÷íàÿ ÐÍÊ, PANSS — positive and negative syndrome scale (øêàëà îöåíêè ïîçèòèâíûõ è íåãàòèâíûõ
ñèíäðîìîâ).

Ïåðñîíàëèçàöèÿ òåðàïèè ïñèõè÷åñêèõ ðàññòðîéñòâ
øèçîôðåíè÷åñêîãî ñïåêòðà ÿâëÿåòñÿ îäíîé èç àêòóàëü-
íûõ çàäà÷ ïñèõèàòðèè. Ïðåæäå âñåãî ýòî ñâÿçàíî ñ òåì,
÷òî äàííûå ðàññòðîéñòâà èìåþò íåáëàãîïðèÿòíûé ïðî-
ãíîç, çàòðàãèâàþò ëèö òðóäîñïîñîáíîãî âîçðàñòà, èìå-
þò øèðîêîå ðàñïðîñòðàíåíèå (áîëåå 1 % íàñåëåíèÿ), ÿâ-
ëÿþòñÿ ñîöèàëüíî çíà÷èìûìè, èõ òåðàïèÿ äëèòåëüíà
è òðåáóåò çíà÷èòåëüíûõ ôèíàíñîâûõ çàòðàò (Kennedy

et al., 2014; Thibaut, 2014). Îñíîâíûìè ïðåïàðàòàìè, ïðè-
ìåíÿåìûìè äëÿ ëå÷åíèÿ ïñèõè÷åñêèõ ðàññòðîéñòâ ýòîãî
ðåãèñòðà, ÿâëÿþòñÿ àíòèïñèõîòè÷åñêèå ïðåïàðàòû (àíòè-
ïñèõîòèêè), îáëàäàþùèå ýôôåêòèâíîñòüþ â îòíîøåíèè
ïðîäóêòèâíîé ñèìïòîìàòèêè. Íåñìîòðÿ íà îáùèé ìåõà-
íèçì äåéñòâèÿ àíòèïñèõîòèêîâ (ñíèæåíèå ïåðåäà÷è íåð-
âíûõ èìïóëüñîâ çà ñ÷åò áëîêàäû ðåöåïòîðîâ íåéðîòðàíñ-
ìèññèè), ôàðìàêîäèíàìèêà ðàçëè÷íûõ àíòèïñèõîòè-
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÷åñêèõ ïðåïàðàòîâ çíà÷èòåëüíî ðàçëè÷àåòñÿ (Êîçëîâñêèé,
2016). Ïîäáîð òåðàïèè êîíêðåòíîìó ïàöèåíòó íà îñíîâå
òîëüêî ìåòààíàëèçîâ ñðàâíåíèÿ êëèíè÷åñêèõ ýôôåêòîâ
ðàçëè÷íûõ àíòèïñèõîòèêîâ ñîïðÿæåí ñ ðèñêîì íåäîñÿãà-
åìîñòè óëó÷øåíèÿ ïñèõè÷åñêîãî ñîñòîÿíèÿ (Lally et al.,
2015). Â ñâÿçè ñ ýòèì àêòèâíî âåäåòñÿ ïîèñê êëèíè÷åñêèõ
è áèîëîãè÷åñêèõ ïðåäèêòîðîâ ïåðñîíàëèçàöèè ïîäáîðà
îïòèìàëüíîé àíòèïñèõîòè÷åñêîé òåðàïèè. Â íàñòîÿùåå
âðåìÿ ýìïèðè÷åñêèé ïîäáîð ïðåïàðàòà âñå åùå îñòàåòñÿ
íàèáîëåå ïîïóëÿðíûì ñðåäè ïðàêòèêóþùèõ âðà÷åé-ïñè-
õèàòðîâ âñåãî ìèðà, ïðè åãî ïðèìåíåíèè ðàñïðîñòðàíåí-
íîñòü ðåçèñòåíòíûõ ê ëå÷åíèþ ôîðì ïñèõè÷åñêèõ ðàñ-
ñòðîéñòâ ñîñòàâëÿåò îò 5 äî 60 % (Andrade, 2016). Òàêèì
îáðàçîì, åäèíàÿ ñòðàòåãèÿ íàçíà÷åíèÿ àíòèïñèõîòèêîâ
çàðåêîìåíäîâàëà ñåáÿ êàê ìàëîýôôåêòèâíûé ïîäõîä ê òå-
ðàïèè ïñèõè÷åñêèõ ðàññòðîéñòâ, òðåáóþùèé ïåðåñìîòðà,
à èìåííî ðàçðàáîòêè è âíåäðåíèÿ íîâûõ ãèáêèõ ïåðñîíè-
ôèöèðîâàííûõ ïîäõîäîâ ñ ó÷åòîì ìîëåêóëÿðíî-ãåíåòè-
÷åñêèõ îñîáåííîñòåé ïàöèåíòà (Lai et al., 2014; Goff et al.,
2016).

Èçó÷åíèå ýôôåêòèâíîñòè ôàðìàêîëîãè÷åñêèõ ïðåïà-
ðàòîâ íà ìîäåëüíûõ îáúåêòàõ, îòðàæàþùèõ èíäèâèäó-
àëüíóþ ïàòîôèçèîëîãèþ ïàöèåíòà, ÿâëÿåòñÿ îäíèì èç íà-
ïðàâëåíèé ïåðñîíèôèöèðîâàííîé (ïðåäèêòèâíîé) òåðà-
ïèè. Òàê êàê ðàññòðîéñòâà øèçîôðåíè÷åñêîãî ñïåêòðà
ÿâëÿþòñÿ ìóëüòèôàêòîðíûìè, ãåíåòè÷åñêàÿ ñîñòàâëÿþ-
ùàÿ ïàöèåíòà äîëæíà ó÷èòûâàòüñÿ â ìîäåëüíûõ ýêñïåðè-
ìåíòàõ. Â íàñòîÿùåå âðåìÿ êëåòî÷íûå ëèíèè, ïîëó÷åí-
íûå îò êîíêðåòíîãî ïàöèåíòà, — ïëþðèïîòåíòíûå ñòâî-
ëîâûå êëåòêè (Wen et al., 2014; Young-Pearse, Morrow,
2016; Flaherty, Brennand, 2017), ëèìôîáëàñòîèäíûå êëå-
òî÷íûå ëèíèè (Morag et al., 2010) è ëèìôîöèòû ïåðè-
ôåðè÷åñêîé êðîâè (Buttarelli et al., 2011; Levite, 2016) —
ðàññìàòðèâàþò êàê óäîáíûé êëåòî÷íûé èíñòðóìåíò, ñ ïî-
ìîùüþ êîòîðîãî ìîæíî èçó÷àòü ïàòîãåíåç ïñèõîíåâðîëî-
ãè÷åñêèõ çàáîëåâàíèé, à òàêæå ìîíèòîðèðîâàòü ïîñëåäñò-
âèÿ ôàðìàêîëîãè÷åñêîãî âìåøàòåëüñòâà.

Çàäà÷à íàñòîÿùåãî èññëåäîâàíèÿ — îïðåäåëåíèå
óðîâíÿ ìÐÍÊ ãåíîâ ðåöåïòîðîâ íåéðîòðàíñìèòòåðîâ (ìè-
øåíåé âîçäåéñòâèÿ àíòèïñèõîòè÷åñêèõ ïðåïàðàòîâ) êàê
âîçìîæíîãî áèîìàðêåðà ïðîãíîçà íàçíà÷àåìîãî ëå÷åíèÿ
ñ èñïîëüçîâàíèåì ÌÊÏÊ in vitro â êà÷åñòâå ìîäåëè òåðà-
ïèè àíòèïñèõîòèêàìè.

Ìàòåðèàë è ìåòîäèêà

Õ à ð à ê ò å ð è ñ ò è ê à è ñ ñ ë å ä ó å ì û õ ã ð ó ï ï. Ïî-
ñëå ïîëó÷åíèÿ ïèñüìåííîãî èíôîðìèðîâàíèÿ ñîãëàñèÿ â
èññëåäîâàíèå áûëè âêëþ÷åíû 108 ïàöèåíòîâ â âîçðàñòå
îò 18 äî 53 ëåò (ñðåäíèé âîçðàñò 31 � 8.5 ãîäà ñ ðàññòðîé-
ñòâàìè øèçîôðåíè÷åñêîãî ñïåêòðà (F2 ÌÊÁ-10) : 35 ïà-
öèåíòîâ (32.41 %) èìåëè óñòàíîâëåííûé äèàãíîç øèçîô-
ðåíèÿ ïàðàíîèäíàÿ (F20.0); 20 ïàöèåíòîâ (18.52 %) —
îñòðîå ïîëèìîðôíîå ïñèõîòè÷åñêîå ðàññòðîéñòâî ñ ñèìï-
òîìàìè øèçîôðåíèè (F23.1); 48 ïàöèåíòîâ (44.44 %) —
êîìîðáèäíîå òå÷åíèå øèçîôðåíèè è ñèíäðîì àëêîãîëü-
íîé çàâèñèìîñòè (F. 20.0+F. 10.2); 5 ïàöèåíòîâ (4.63 %)
èìåëè ïñèõè÷åñêèå ðàññòðîéñòâà äðóãèõ íîçîëîãèé
(F. 20.6, F. 20.8, F. 23.0 è F23.2). Ïàöèåíòû â ïåðèîä îá-
ñëåäîâàíèÿ íàõîäèëèñü íà ñòàöèîíàðíîì ëå÷åíèè â îòäå-
ëåíèè ïåðâîãî ïñèõîòè÷åñêîãî ýïèçîäà ñ èþíÿ 2014 ïî
àïðåëü 2017 ã.

Âêëþ÷åííûå â èññëåäîâàíèå ïàöèåíòû ðàíåå íå ïîëó-
÷àëè ïñèõîôàðìàêîòåðàïèè ëèáî áûëè íîíêîìïëàåíòíû

â òå÷åíèå íå ìåíåå 3 ìåñ. Ïóòåì ðàíäîìèçàöèè îáñëå-
äóåìûì ïàöèåíòàì â êà÷åñòâå àíòèïñèõîòè÷åñêîé òåðà-
ïèè áûë íàçíà÷åí ãàëîïåðèäîë (èçáèðàòåëüíûé áëîêàòîð
äîôàìèíîâûõ ðåöåïòîðîâ; n = 54) èëè îëàíçàïèí (ïðåè-
ìóùåñòâåííûé áëîêàòîð ñåðîòîíèíîâûõ, à íå äîôàìèíî-
âûõ ðåöåïòîðîâ ñ íåäèôôåðåíöèðîâàííûì âëèÿíèåì íà
ðåöåïòîðû äðóãèõ íåéðîìåäèàòîðíûõ ñèñòåì; n = 54).
Ïðåïàðàòû íàçíà÷àëèñü â ðåæèìå ìîíîòåðàïèè. Ñóòî÷íàÿ
äîçà ïðåïàðàòà äëÿ ïàöèåíòîâ íà òåðàïèè îëàíçàïèíîì
ñîñòàâëÿëà 10—25 (18.5 � 3.9) ìã/ñóò, ãàëîïåðèäîëîì —
10—30 (19.8 � 5.6) ìã/ñóò.

Ïñèõîìåòðè÷åñêóþ îöåíêó ñîñòîÿíèÿ ïñèõè÷åñêè áî-
ëüíûõ ïðîâîäèëè ñ èñïîëüçîâàíèåì ñòàíäàðòèçèðîâàí-
íîé øêàëû îöåíêè ïîçèòèâíûõ è íåãàòèâíûõ ñèíäðîìîâ
(positive and negative syndrome scale; PANSS) (Kay et al.,
1987) äî íà÷àëà è ÷åðåç 4 íåä (28 � 2 ñóò) òåðàïèè.

Ì à ò å ð è à ë î ì ä ë ÿ è ñ ñ ë å ä î â à í è ÿ ñ ë ó æ è ë è
Ì Ê Ï Ê, ïîëó÷åííûå èç âåíîçíîé êðîâè ïàöèåíòîâ äî íà-
÷àëà òåðàïèè ìåòîäîì öåíòðèôóãèðîâàíèÿ â ãðàäèåíòå
ïëîòíîñòè Ficoll-Paque PLUS (d = 1.077) (GE Healthcare
Biosciences, ÑØÀ). ÌÊÏÊ (1�106 êë./ìë) êóëüòèâèðî-
âàëè â 6-ëóíî÷íûõ ïëàíøåòàõ (Nunc, Äàíèÿ) â ñðåäå
RPMI-1640 (Sigma, ÑØÀ), ñîäåðæàùåé 10 % ýìáðèî-
íàëüíîé òåëÿ÷üåé ñûâîðîòêè (Gibco, ÑØÀ), 1 ìM L-àðãè-
íèíà (Sigma, ÑØÀ), 1 % Hepes (Sigma, ÑØÀ), 0.2 %
NaHCO3, 50 åä./ìë ïåíèöèëëèíà è 50 ìêã/ìë ñòðåïòîìè-
öèíà (Gibco, ÑØÀ), â òå÷åíèå 72 ÷ â ÑÎ2-èíêóáàòîðå ïðè
37 °C, 5 % CO2 è 95%-íîé âëàæíîñòè. ÌÊÏÊ ïàöèåíòîâ
êóëüòèâèðîâàëè â äâóõ âàðèàíòàõ: â ïðèñóòñòâèè ñðåäíåé
òåðàïåâòè÷åñêîé äîçû ãàëîïåðèäîëà èëè îëàíçàïèíà (0.8
èëè 0.25 ìêã íà 1 ìë ñðåäû ñîîòâåòñòâåííî) è áåç àíòè-
ïñèõîòèêà (êîíòðîëü). Òåì ñàìûì âîññîçäàâàëè ìîäåëü
âîçäåéñòâèÿ àíòèïñèõîòèêîâ íà èììóííûå êëåòêè ïåðè-
ôåðè÷åñêîãî ðóñëà â õîäå ôàðìàêîòåðàïèè.

Î ö å í ê à ó ð î â í ÿ ì Ð Í Ê ã å í î â ð å ö å ï ò î ð î â
í å é ð î ò ð à í ñ ì è ñ ñ è è. Âûäåëåíèå òîòàëüíîé ÐÍÊ èç
ÌÊÏÊ îñóùåñòâëÿëè ñîðáåíòíî-êîëîíî÷íûì ìåòîäîì
(RNeasy Mini Kit, QIAGEN, Ãåðìàíèÿ), êÄÍÊ ïîëó÷àëè
ìåòîäîì îáðàòíîé òðàíñêðèïöèè ñ èñïîëüçîâàíèåì íàáî-
ðà Reverd aid first cDNA synthesis kit (Thermo Scientific,
ÑØÀ) ñîãëàñíî èíñòðóêöèè ôèðìû-ïðîèçâîäèòåëÿ.

Îïðåäåëåíèå óðîâíÿ ìÐÍÊ ãåíîâ ADR1B, HRH1,
HTR2À, DRD1, DRD2, DRD4 è DRD5 ïðîâîäèëè ìåòîäîì
êîëè÷åñòâåííîé ÏÖÐ â ðåàëüíîì âðåìåíè ñ èñïîëüçîâà-
íèåì ôëóîðîãåííîãî çîíäà TaqMan íà ïðèáîðå CFX96
Touch (BioRad, ÑØÀ). Ýíäîãåííûì êîíòðîëåì ñëóæèë
êîíñòèòóòèâíî ýêñïðåññèðóþùèéñÿ â êëåòêàõ ãåí
GNB2L1 (guanine nucleotide binding protein (G protein),
beta polypeptide 2-like). Äèçàéí ïðàéìåðîâ è ïðîá èçó-
÷àåìûõ ãåíîâ ÷àñòè÷íî ðàçðàáîòàí ñàìîñòîÿòåëüíî ñ ïî-
ìîùüþ ïðîãðàììû Primer ExpressTM (Applied Biosys-
tems), ÷àñòè÷íî çàèìñòâîâàí èç èñòî÷íèêîâ ëèòåðàòóðû è
ïðåäñòàâëåí â òàáë. 1. Äëÿ èçó÷åíèÿ óðîâíÿ ìÐÍÊ DRD1
è DRD5 èñïîëüçîâàíû êîììåð÷åñêèå íàáîðû TaqMan(r)
Gene Expression Assay (Hs00265245_s1 è Hs00361232_g1)
(Applied Biosystems, ÑØÀ). Àìïëèôèêàöèþ êàæäîãî îá-
ðàçöà ïðîâîäèëè â òðåõ ïîâòîðàõ â 50 ìêë ðåàêöèîííîé
ñìåñè, ñîäåðæàùåé 67 ìÌ Tris-HCl (pH 8.8), 16.6 ìM
(NH4)2SO4, 0.1 % Òðèòîíà X-100, 2.0 ìM MgCl2 (Thermo
Scientific, ÑØÀ), 2.5 ìÌ êàæäîãî dNTP (Thermo Scienti-
fic, ÑØÀ), ïî 15 ïÌ êàæäîãî ïðàéìåðà è 25 ïÌ ôëóîðî-
ãåííîãî çîíäà, òåðìîñòàáèëüíóþ Taq ÄÍÊ-ïîëèìåðàçó
5 åä. àêò. (Áèîñàí, Ðîññèÿ) è 1 ìêã êÄÍÊ. Èñïîëüçîâàëè
96-ëóíî÷íûå ïëàíøåòû è ñëåäóþùèé òåìïåðàòóðíûé ðå-
æèì: 94 °Ñ, 15 ñ è 60 °Ñ, 60 ñ — 45 öèêëîâ. Îöåíêó îòíî-
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ñèòåëüíîãî óðîâíÿ ìÐÍÊ ãåíîâ ïðîâîäèëè ñ èñïîëüçîâà-
íèåì ìåòîäà îòíîñèòåëüíûõ èçìåðåíèé 2–DDÑt. Ïîêàçàòåëè
ñðåäíåãî çíà÷åíèÿ ïðåäñòàâëåíû â âèäå ìåäèàíû è íèæ-
íåãî è âåðõíåãî êâàðòèëåé (Lq ò Hq).

Ñ ò à ò è ñ ò è ÷ å ñ ê ó þ î á ð à á î ò ê ó ð å ç ó ë ü ò à ò î â
ïðîâîäèëè ñ èñïîëüçîâàíèåì ïàêåòà ïðîãðàììû SPSS,
âåðñèÿ 21.0 (IBM, ÑØÀ): ñðàâíåíèå óðîâíÿ ýêñïðåññèè
ìåæäó ãðóïïàìè, ðàçëè÷àþùèìèñÿ ïî îòâåòó íà ôàðìàêî-
òåðàïèþ, — ïðè ïîìîùè íåïàðàìåòðè÷åñêîãî êðèòåðèÿ
Ìàííà—Óèòíè, êîððåëÿöèîííûå çàâèñèìîñòè — êðèòå-
ðèÿ êîððåëÿöèè Ñïèðìåíà.

È ñ ï î ë ü ç ó å ì û å ð å à ê ò è â û: ôèêîëë Ficoll-Paque
PLUS (GE Healthcare, ÑØÀ), ñðåäà RPMI-1640 (Sigma,
ÑØÀ), ýìáðèîíàëüíàÿ òåëÿ÷üÿ ñûâîðîòêà (Gibco, ÑØÀ),
L-àðãèíèí (Sigma, ÑØÀ), Hepes (Sigma, ÑØÀ), RNeasy
MiniKit (Qiagen, ÑØÀ), Revert Aid First cDNA Synthesis
kit (Thermo Scientific, ÑØÀ), Taq ÄÍÊ-ïîëèìåðàçà (Áèî-
ñàí, Ðîññèÿ), MgCl2 (Thermo Scientific, ÑØÀ), ñìåñü
dNTP (Thermo Scientific, ÑØÀ), äèìåòèëñóëüôîêñèä
(Amresco, ÑØÀ), ðàñòâîð àíòèáèîòèêîâ (Gibco, ÑØÀ) è
îëèãîíóêëåîòèäíûå ïðàéìåðû äëÿ ÏÖÐ (Ñèíòîë, Ðîññèÿ).

Ðåçóëüòàòû

Ýôôåêòèâíîñòü ôàðìàêîòåðàïèè îöåíèâàëè ïî ðå-
çóëüòàòàì ïñèõîìåòðè÷åñêîãî îáñëåäîâàíèÿ ïàöèåíòîâ
äî è ÷åðåç 28 ñóò ïðèåìà àíòèïñèõîòèêîâ. Ïðè ðåäóêöèè
áàëëîâ ñóììàðíîé øêàëû PANSS, ðàâíîé èëè áîëåå
20 %, ñîîòâåòñòâóþùåé êëèíè÷åñêè çíà÷èìîé ïîëîæè-
òåëüíîé äèíàìèêå ïñèõè÷åñêîãî ñòàòóñà, ïàöèåíòîâ îòíî-
ñèëè ê ãðóïïå ýôôåêòèâíîé òåðàïèè (74 ïàöèåíòà), à â
ñëó÷àå ìåíåå 20 % — ê ãðóïïå ìàëîýôôåêòèâíîé òåðàïèè
(34 ïàöèåíòà).

Ñ öåëüþ îïðåäåëåíèÿ âîçìîæíîãî áèîìàðêåðà ïðî-
ãíîçà òåðàïèè ïðîâîäèëè àíàëèç àññîöèàòèâíîé ñâÿçè
ìåæäó ýôôåêòèâíîñòüþ ïðîâîäèìîãî ëå÷åíèÿ è óðîâíåì
ìÐÍÊ ãåíîâ àìèíåðãè÷åñêèõ ðåöåïòîðîâ («ìèøåíåé»
äåéñòâèÿ àíòèïñèõîòèêîâ) â ÌÊÏÊ áåç êóëüòèâèðîâà-
íèÿ (áàçîâûé óðîâåíü ýêñïðåññèè ãåíîâ äî íà÷àëà àíòè-
ïñèõîòè÷åñêîé òåðàïèè) è ÷åðåç 72 ÷ êóëüòèâèðîâàíèÿ â

ïðèñóòñòâèè àíòèïñèõîòè÷åñêîãî ïðåïàðàòà òåðàïèè ïà-
öèåíòà.

Ïî ðåçóëüòàòàì íàøåãî èññëåäîâàíèÿ äëÿ ãðóïïû
ïàöèåíòîâ ñ ýôôåêòèâíîé òåðàïèåé íàáëþäàëè áîëåå
íèçêèå áàçîâûå (äî íàçíà÷åíèÿ àíòèïñèõîòè÷åñêèõ ïðå-
ïàðàòîâ) îòíîñèòåëüíûå óðîâíè ýêñïðåññèè ãåíîâ àìè-
íåðãè÷åñêèõ ðåöåïòîðîâ ÌÊÏÊ, íî ñòàòèñòè÷åñêè äîñòî-
âåðíûõ îòëè÷èé îò àíàëîãè÷íûõ ïîêàçàòåëåé ïàöèåíòîâ ñ
ìåíåå ýôôåêòèâíîé òåðàïèåé êàê ãàëîïåðèäîëîì, òàê è
îëàíçàïèíîì íå çàðåãèñòðèðîâàëè (òàáë. 2). Ñëåäîâàòåëü-
íî, áàçîâûé óðîâåíü ýêñïðåññèè ãåíîâ ïàöèåíòîâ â ñòà-
äèè îñòðîãî ïñèõîçà ïðè íàçíà÷åíèè ïðåïàðàòà íå àññî-
öèèðóåòñÿ ñ îòâåòîì íà àíòèïñèõîòè÷åñêóþ òåðàïèþ è íå
ìîæåò â äàëüíåéøåì ðàññìàòðèâàòüñÿ â êà÷åñòâå áèîìàð-
êåðà ïðîãíîçà ýôôåêòèâíîñòè âîçäåéñòâèÿ íàçíà÷àåìîãî
àíòèïñèõîòèêà.

Îäíàêî ïðè 72-÷àñîâîì êóëüòèâèðîâàíèè ÌÊÏÊ â
ïðèñóòñòâèè ïðåïàðàòà äèíàìèêà óðîâíÿ ìÐÍÊ ãåíîâ
ìåæäó ãðóïïàìè ïàöèåíòîâ, ðàçëè÷àþùèõñÿ ïî îòâåòó íà
ôàðìàêîòåðàïèþ, áûëà ðàçëè÷íîé (íà ðèñ. 1 ïðèâåäåíû
äàííûå äëÿ ãåíà HTR2A). Â ãðóïïå ïàöèåíòîâ ñ ìàëîýô-
ôåêòèâíîé òåðàïèåé ïîêàçàòåëè ýêñïðåññèè èçó÷àåìûõ
ãåíîâ âîçðàñòàëè (äîñòèãàÿ ñòàòèñòè÷åñêè äîñòîâåðíûõ
ðàçëè÷èé ìåæäó áàçîâûì óðîâíåì ìÐÍÊ è óðîâíåì
ìÐÍÊ ïîñëå êóëüòèâèðîâàíèÿ ÌÊÏÊ in vitro), òîãäà êàê ó
ïàöèåíòîâ ñ õîðîøåé äèíàìèêîé íîðìàëèçàöèè ïñèõè÷å-
ñêîãî ñòàòóñà îñòàâàëèñü ïðàêòè÷åñêè íåèçìåííûìè. Ñî-
îòâåòñòâåííî äîñòèãàëèñü äîñòîâåðíûå ðàçëè÷èÿ ìåæäó
óðîâíåì ìÐÍÊ ÌÊÏÊ, êóëüòèâèðóåìûõ â ïðèñóòñòâèè
àíòèïñèõîòèêà, ïàöèåíòîâ ñ ðàçëè÷íûì îòâåòîì íà òåðà-
ïèþ.

Äèíàìèêà ïðîôèëÿ ýêñïðåññèè HTR2A, ïðåäñòàâëåí-
íàÿ íà ðèñ. 1, â öåëîì ñîõðàíÿëàñü äëÿ âñåõ ãåíîâ, âêëþ-
÷åííûõ â èññëåäîâàíèå: ïîêàçàòåëè êîëè÷åñòâà ìÐÍÊ
âñåõ èçó÷àåìûõ ãåíîâ äîñòîâåðíî ìåæäó ñîáîé ïîëîæè-
òåëüíî êîððåëèðîâàëè ñ êîýôôèöèåíòîì áîëåå 0.8
(Ð < 0.001), îòìå÷àëè êîýêñïðåññèþ ãåíîâ àìèíåðãè÷å-
ñêèõ ðåöåïòîðîâ â ÌÊÏÊ (äàííûå íå ïðåäñòàâëåíû).

Ïðè êóëüòèâèðîâàíèè â ïðèñóòñòâèè àíòèïñèõîòèêà
ÌÊÏÊ îò ïàöèåíòîâ ñ ðàçëè÷íûì îòâåòîì íà ôàðìàêîëî-
ãè÷åñêîå âîçäåéñòâèå íàèáîëüøèå ðàçëè÷èÿ óðîâíåé ýêñ-

Ìîíîíóêëåàðíûå êëåòêè ïåðèôåðè÷åñêîé êðîâè in vitro. Ìîäåëü ïåðñîíàëèçàöèè... 551
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Ñòðóêòóðà ïðàéìåðîâ è ïðîá, èñïîëüçóåìûõ â ðàáîòå äëÿ îïðåäåëåíèÿ óðîâíÿ ìÐÍÊ
ãåíîâ àìèíåðãè÷åñêèõ ðåöåïòîðîâ ìåòîäîì TaqMan

Ãåí Ïîñëåäîâàòåëüíîñòü ïðàéìåðîâ (5R—3R) Çîíä TaqMan
Ëèòåðàòóðíûé

èñòî÷íèê

ADRA1B (adrenergic alpha
1B receptor)

Ïðÿìîé: ctggggagagttgaaaaatgc FAM-atctctgtgggcctggtgctgg-RTQ1 Ñîáñòâåííàÿ ðàçðàáîòêà

Îáðàòíûé: cagacaagatgactaggatgtt

HRH1 (human H1 histamine
receptor)

Ïðÿìîé: tctcggtggtggcggacttga FAM-cgtgggtgccgtcgt-RTQ1 Smith et al., 2007

Îáðàòíûé: catgagcaggtagaggatgttgat

HTR2A (human 5-hydroxy-
tryptamine (seroto-nin)
2A receptor

Ïðÿìîé: gcaagatgccaagacaacagataa FAM-tggttgctctaggaaagcag-RTQ1 Smith et al., 2013

Îáðàòíûé: tcacacacagctcaccttttcat

DRD2 (human D2 dopamine
receptor)

Ïðÿìîé: ctgctcatcgctgtcaatcgt FAM-tcggcaacgtgctggtgtgca-RTQ1 Zvara et al., 2005

Îáðàòíûé: ctcgcgggacacagcc

DRD4 (human D4 dopamine
receptor)

Ïðÿìîé: ggccatggacgtcatgct FAM-tgcaccgcctccat-RTQ1 Ñîáñòâåííàÿ ðàçðàáîòêà

Îáðàòíûé: tgatggcgcacaggttga

GNB2L1 (human guanine
nucleotide binding protein
beta polypeptide 2-like)

Ïðÿìîé: gaataccctgggtgtgtgcaa HEX-tacactgtccaggatgaga-BHQ2 Òî æå

Îáðàòíûé: ggacacaagacacccactctga
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Ñðàâíèòåëüíûé àíàëèç áàçîâîãî (äî òåðàïèè) îòíîñèòåëüíîãî óðîâíÿ ìÐÍÊ ãåíîâ
àìèíåðãè÷åñêèõ ðåöåïòîðîâ ÌÊÏÊ ïàöèåíòîâ,

ðàçëè÷àþùèõñÿ ïî ýôôåêòèâíîñòè ïðèìåíÿåìîé òåðàïèè

Ãåí
Ýôôåêòèâíàÿ òåðàïèÿ

(ðåäóêöèÿ øêàëû PANSS� 20 %)
Ìàëîýôôåêòèâíàÿ òåðàïèÿ

(ðåäóêöèÿ øêàëû PANSS < 20 %)
P

Ã à ë î ï å ð è ä î ë

ADRA1B 2.17 (0.36ò10.56) 4.68 (0.63ò10.32) 0.595

HRH1 2.10 (0.12ò5.21) 3.10 (0.12ò5.45) 0.849

HTR2A 2.53 (0.30ò9.65) 2.17 (0.89ò6.70) 0.901

DRD1 1.09 (0.07ò2.57) 2.92 (0.18ò14.74) 0.126

DRD2 1.06 (0.28ò3.12) 1.23 (0.12ò5.35) 0.914

DRD4 1.3 (0.13ò2.94) 2.07 (0.39ò8.23) 0.232

DRD5 0.86 (0.19ò1.94) 3.97 (0.38ò9.55) 0.198

Î ë à í ç à ï è í

ADRA1B 3.10 (0.16ò14.74) 6.12 (1.94ò24.35) 0.182

HRH1 1.35 (0.09ò5.17) 3.73 (1.46ò9.61) 0.68

HTR2A 2.94 (0.34ò7.82) 3.41 (1.66ò9.52) 0.270

DRD1 2.26 (0.20ò10.13) 3.15 (0.92ò13.52) 0.346

DRD2 1.64 (0.21ò4.89) 4.54 (1.22ò8.41) 0.152

DRD4 1.39 (0.14ò7.36) 3.82 (0.87ò10.66) 0.269

DRD5 0.52 (0.14ò5.51) 4.57 (2.25ò10.56) 0.121

Ï ð è ì å ÷ à í è å. Äàíû ñðåäíèå çíà÷åíèÿ â âèäå ìåäèàíû è ìåæêâàðòèëüíîãî äèàïàçîíà.

Ðèñ. 1. Äèíàìèêà îòíîñèòåëüíîãî óðîâíÿ ìÐÍÊ ãåíà HTR2A ÌÊÏÊ ïàöèåíòîâ ñ ðàçëè÷íûì îòâåòîì (ýôôåêòèâíàÿ è ìàëîýôôåê-
òèâíàÿ òåðàïèÿ) íà àíòèïñèõîòè÷åñêóþ òåðàïèþ (îëàíçàïèíîì èëè ãàëîïåðèäîëîì) ïðè èõ êóëüòèâèðîâàíèè in vitro â òå÷åíèå

72 ÷.

Êîíòðîëü — ÌÊÏÊ, êóëüòèâèðóåìûå áåç âîçäåéñòâèÿ àíòèïñèõîòèêà (ÀÏ), «Íà÷àëüíûé» — óðîâåíü ìÐÍÊ ÌÊÏÊ, âûäåëåííûõ îò ïàöèåíòîâ äî íà-
÷àëà òåðàïèè (áåç êóëüòèâèðîâàíèÿ).



ïðåññèè ãåíîâ ÷åðåç 72 ÷ áûëè ïîëó÷åíû äëÿ ADR1B è
HRH1 ïðè òåðàïèè îëàíçàïèíîì è äëÿ HTR2A ïðè òåðà-
ïèè ãàëîïåðèäîëîì. Â ñëó÷àå ýôôåêòèâíîé òåðàïèè îëàí-
çàïèíîì ïîêàçàòåëè äëÿ ADR1B è HRH1 ñîñòàâèëè 5.62
(1.07 ò 17.72) è 3.80 (1.78 ò 7.82) ñîîòâåòñòâåííî, â ñëó-
÷àå ìàëîýôôåêòèâíîé — 25.81 (7.52 ò 73.01) è 13.65
(3.5 ò 48.30) ñîîòâåòñòâåííî. Ïðè ýôôåêòèâíîé òåðàïèè
ãàëîïåðèäîëîì ïîêàçàòåëü ýêñïðåññèè HTR2A ñîñòàâèë
2.46 (0.37 ò 9.40), ïðè ìàëîýôôåêòèâíîé — 15.35
(2.22 ò 23.70) (ðèñ. 2).

Îáñóæäåíèå

Â íàñòîÿùåå âðåìÿ íàèáîëüøåå âíèìàíèå èññëåäîâà-
òåëåé â îáëàñòè ïåðñîíèôèêàöèè àíòèïñèõîòè÷åñêîé òå-
ðàïèè óäåëåíî ôàðìàêîãåíåòè÷åñêèì èññëåäîâàíèÿì, ïî-
èñêó àëëåëüíûõ âàðèàíòîâ ãåíîâ, êîäèðóþùèõ áåëêè, âî-
âëå÷åííûå â ôàðìàêîäèíàìèêó è ôàðìàêîêèíåòèêó
ïðåïàðàòîâ. Íåñìîòðÿ íà ïîëó÷åííûå ïîëîæèòåëüíûå àñ-
ñîöèàöèè, ôàðìàêîãåíåòè÷åñêèå ïîäõîäû ê ïåðñîíèôèêà-
öèè íàçíà÷åíèÿ àíòèïñèõîêîâ ïîêàçàëè íåâûñîêóþ êëè-
íè÷åñêóþ ÷óâñòâèòåëüíîñòü, ÷òî ñâÿçàíî ñ ìíîãîôàêòîð-
íîñòüþ êàê ñàìîãî ïñèõè÷åñêîãî çàáîëåâàíèÿ, òàê è
âîçìîæíîãî îòâåòà ïàöèåíòà íà òåðàïèþ. Âíåäðåíèå øè-
ðîêîãåíîìíûõ àññîöèàòèâíûõ èññëåäîâàíèé (GWAS) â
îáëàñòü ïñèõîãåíåòèêè íåñîìíåííî ïîçâîëèò â áóäóùåì
ðàñøèðèòü ñïåêòð ãåíåòè÷åñêèõ äåòåðìèíàíò, àññîöèèðî-
âàííûõ ñ îòâåòîì íà àíòèïñèõîòèêè, è ïîâûñèòü çíà÷è-
ìîñòü ôàðìàêîãåíåòè÷åñêîãî òåñòèðîâàíèÿ (Pouget, Mul-
ler, 2014; Amare et al., 2017).

Â ïîñëåäíèå ãîäû â ëèòåðàòóðå óâåëè÷èâàåòñÿ ÷èñëî
äàííûõ, óêàçûâàþùèõ íà òî, ÷òî íåçàâèñèìûì îò ïîëè-
ìîðôíûõ âàðèàíòîâ áåëêîâ ìåõàíèçìîì ïåðñîíèôèêàöèè
òåðàïèè ÿâëÿåòñÿ îïðåäåëåíèå ôåíîòèïà, êîòîðûé ìîæåò

áûòü ðåàëèçîâàí çà ñ÷åò èíäèâèäóàëüíûõ ðàçëè÷èé â ýêñ-
ïðåññèè ãåíîâ. Â õîäå íàøåé ðàáîòû ìû ïîêàçàëè, ÷òî â
ñëó÷àå àññîöèàòèâíûõ èññëåäîâàíèé ýôôåêòèâíîñòè ôàð-
ìàêîòåðàïèè ôåíîòèïè÷åñêàÿ ðåàëèçàöèÿ, ïîëó÷åííàÿ
ïðè ìîäåëèðîâàíèè âîçäåéñòâèÿ ïðåïàðàòîâ, ëó÷øå îòðà-
æàåò ïðîãíîç òåðàïèè. Èäåÿ èíäèâèäóàëüíîãî îòâåòà èì-
ìóííûõ êëåòîê êðîâè ïîäòâåðæäàåòñÿ ðåçóëüòàòàìè ðà-
áîòû, â êîòîðîé àâòîðû ãîâîðÿò î «ëèìôîöèòàðíîì ôåíî-
òèïå» îòâåòà íà ëåêàðñòâåííûå ïðåïàðàòû, ïðåäëàãàÿ
ëèìôîáëàñòîèäíûå êëåòî÷íûå ëèíèè ÷åëîâåêà êàê íîâûé
èíñòðóìåíò äëÿ îöåíêè ýôôåêòèâíîñòè ôàðìàêîòåðà-
ïèè ïðåïàðàòû (Morag et al., 2010). Êóëüòóðû ëèìôîáëà-
ñòîèäíûõ êëåòîê, âûäåëåííûå îò íåðîäñòâåííûõ äîíî-
ðîâ, èìåëè èíäèâèäóàëüíûé îòâåò íà ðàçëè÷íûå ôàðìà-
êîëîãè÷åñêèå ïðåïàðàòû, êîòîðûé àâòîðû îáúÿñíÿëè
ìåæèíäèâèäóàëüíûìè ãåíåòè÷åñêèìè è ýïèãåíåòè÷åñêè-
ìè ðàçëè÷èÿìè (Morag et al., 2010).

Òàêèì îáðàçîì, óðîâåíü ìÐÍÊ ãåíîâ íåéðîòðàíñìèñ-
ñèè ÌÊÏÊ, êóëüòèâèðóåìûõ â ïðèñóòñòâèè àíòèïñèõîòè-
êà, ìîæåò áûòü ïðåäëîæåí â êà÷åñòâå áèîìàðêåðà ïðîãíî-
çà ôàðìàêîòåðàïèè ïñèõè÷åñêè áîëüíûõ.

Ðàáîòà âûïîëíåíà â ðàìêàõ òåìû ÍÈÐ ãîñóäàðñòâåí-
íîãî çàäàíèÿ Ìèíèñòåðñòâà çäðàâîîõðàíåíèÿ ÐÔ «Ðàç-
ðàáîòêà ïåðñîíèôèöèðîâàííîãî ïîäõîäà íàçíà÷åíèÿ àí-
òèïñèõîòè÷åñêîé òåðàïèè: ôîêóñ íà áèîãåííûå ìîíî-
àìèíû ïåðèôåðè÷åñêîé êðîâè».
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PERIPHERAL BLOOD MONONUCLEAR CELLS IN VITRO — PERSONALIZATION MODEL
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Unified antipsychotic therapy strategy has proven ineffective approach to mental patient treatment. Phar-
macological drug effectiveness study on model organisms reflecting the individual pathophysiology of the pati-
ents is one of the directions of personified/predictive therapy. During research we estimated mRNA levels of
neurotransmitter receptor genes (ADR1B, HRH1, HTR2A, DRD1, DRD2, DRD4 and DRD5) which are affected
by antipsychotics as possible biomarkers of the forecasting of schizophrenic range disorder therapy during in
vitro modulating therapy (haloperidol or olanzapine) on peripheral blood mononuclear cells (PBMC). The stu-
dy included 108 patients with schizophrenic range disorders. Based on psychometric study results under thera-
py by antipsychotics (28 � 2 days) the patients were divided into pharmacotherapy response groups (effecti-
ve/low-efficiency). The mRNA expression levels of the studied genes in cultivated in vitro PBMC in the pre-
sence of antipsychotic significantly increased in the group of patients with low-efficiency therapy, whereas in
the group of patients with a good dynamic of mental status recovery they remained almost unchanged. The hig-
hest reliability of differences in the gene expression level for patients with different responses to pharmacologi-
cal effects was achieved for ADR1B and HRH1 under olanzapine therapy (P = 0.004 and P = 0.038, respective-
ly) and for HTR2A under haloperidol therapy (P = 0.039). At the same time, baseline mRNA expression levels
of genes in PBMCs (without culturing) were not associated with the patient response to therapy. Thus, mRNA
expression levels of neurotransmitter genes in in vitro cultured PBMCs in the presence of antipsychotic can be
offered as a biomarker of the forecasting of mental patient pharmacotherapy.

K e y w o r d s: schizophrenia spectrum disorders, receptors of neurotransmission, antipsychotic drugs,
mRNA level, peripheral blood mononuclear cells, predictors of therapy efficacy
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