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Áåëîê òðàíñòèðåòèí (ÒÒÐ), ñèíòåçèðóþùèéñÿ â ïå÷åíè è ñîñóäèñòîì ñïëåòåíèè ìîçãà,
ÿâëÿåòñÿ òðàíñïîðòíûì áåëêîì æèäêèõ ñðåä îðãàíèçìà è îñíîâíûì ïåðåíîñ÷èêîì òè-
ðîêñèíà è ðåòèíîëà. Îí òàêæå ñïîñîáñòâóåò ïîâûøåíèþ âûæèâàåìîñòè íåéðîíîâ ïðè ãè-
ïîêñè÷åñêîì ñòðåññå è ïðåïÿòñòâóåò íàêîïëåíèþ àìèëîèäíîãî Àâ-ïåïòèäà. Öåëü ðàáîòû
çàêëþ÷àëàñü â èçó÷åíèè âëèÿíèÿ ïðåíàòàëüíîé ãèïîêñèè íà ñîäåðæàíèå ÒÒÐ â ñîñóäèñòîì
ñïëåòåíèè ìîçãà â ïîñòíàòàëüíîì îíòîãåíåçå. Äëÿ ýòîãî ñàìîê êðûñ ëèíèè Âèñòàð íà
14-é äåíü áåðåìåííîñòè ïîäâåðãàëè äåéñòâèþ ãèïîêñèè (7 % Î2, 3 ÷), à çàòåì ñ èñïîëüçîâà-
íèåì èììóíîôëóîðåñöåíòíîãî ìåòîäà è êîíôîêàëüíîé ìèêðîñêîïèè èçó÷àëè ðàñïðåäå-
ëåíèå áåëêà ÒÒÐ â ñîñóäèñòîì ñïëåòåíèè ïîòîìñòâà. Ñîïîñòàâëÿëè ðàñïðåäåëåíèå ýòîãî
áåëêà ó êîíòðîëüíûõ è ýêñïåðèìåíòàëüíûõ êðûñ íà 20-å è 50-å ñóòêè ïîñëå ðîæäåíèÿ. Ïî-
êàçàíî, ÷òî ó ìîëîäûõ êðûñ, ïåðåíåñøèõ ïðåíàòàëüíóþ ãèïîêñèþ, óðîâåíü èììóíîðåàê-
òèâíîñòè ê ÒÒÐ â ñîñóäèñòîì ñïëåòåíèè áûë âûøå íà 75 % (ð � 0.05), ÷åì ó êîíòðîëüíûõ
æèâîòíûõ. Ïðè ýòîì ó ïîëîâîçðåëûõ (Ð50) êðûñ, ïåðåíåñøèõ ïðåíàòàëüíóþ ãèïîêñèþ, îí
ñíèæàëñÿ äî êîíòðîëüíûõ âåëè÷èí. Íà îñíîâàíèè ïîëó÷åííûõ äàííûõ áûë ñäåëàí âûâîä
î òîì, ÷òî â îòâåò íà ïåðåíåñåííûé ãèïîêñè÷åñêèé ñòðåññ â ïåðèîä ýìáðèîãåíåçà ìîæåò
ïðîèñõîäèòü óâåëè÷åíèå ýêñïðåññèè ÒÒÐ â ñîñóäèñòîì ñïëåòåíèè ìîçãà. Ïîâûøåíèå ñî-
äåðæàíèÿ ÒÒÐ íàáëþäàåòñÿ òîëüêî â ïåðèîä ðàííåãî ïîñòíàòàëüíîãî îíòîãåíåçà è ìîæåò
ñïîñîáñòâîâàòü êîìïåíñàöèè âîçíèêàþùèõ íàðóøåíèé ðàçâèòèÿ íåðâíîé ñèñòåìû è îðãà-
íèçìà â öåëîì.
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Transthyretin (TTR) is the main transporter protein of thyroid hormones and retinol, which is
mainly synthesized in the liver and brain choroid plexus. It has also been shown to protect neuro-
nal viability under hypoxic conditions and prevent accumulation of the amyloid Aâ peptide. The
aim of this work was a comparative study of TTR content and distribution in the choroid plexus of
the lateral ventricles of rats subjected to prenatal hypoxia (14th day of gestation, 7 % O2, 3 h) and
rats with normal development on days 20 and 50 after birth. It was found that the immunoreactive
level of TTR protein in the choroid plexus of 20 day old hypoxic pups was increased compared to
the control pups (up to 175 % of the control level, ð� 0.05). However, later in life, on P50, no dif-
ferences between the groups were detected. The data obtained suggest that increased production
of TTR protein in the choroid plexus of the lateral ventricles is characteristic only of the young
rats subjected to prenatal hypoxia and declines to the control levels by adulthood. The increased
level of TTR protein production might be protective of the developing brain and the whole orga-
nism of the young pups subjected to prenatal hypoxia.

Key words: ontogenesis, prenatal hypoxia, transthyretin, confocal microscopy, rat.
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Áåëîê òðàíñòèðåòèí (ÒÒÐ) ÿâëÿåòñÿ òðàíñïîðòíûì áåëêîì æèäêèõ ñðåä îðãà-
íèçìà è îñíîâíûì ïåðåíîñ÷èêîì òèðîêñèíà è ðåòèíîëà [2]. Òèðåîèäíûå ãîðìîíû
ÿâëÿþòñÿ êëþ÷åâûì çâåíîì ðåãóëÿöèè äèôôåðåíöèðîâêè è íîðìàëüíîãî ðàçâè-
òèÿ ãîëîâíîãî ìîçãà, îñîáåííî âî âíóòðèóòðîáíîì ïåðèîäå è â ïåðâûå ãîäû æèç-
íè, êîãäà ïðîèñõîäèò ôîðìèðîâàíèå îòäåëîâ ãîëîâíîãî ìîçãà [2], ïîýòîìó âîçðà-
ñòíàÿ äèíàìèêà ýêñïðåññèè îñíîâíîãî ïåðåíîñ÷èêà òèðîêñèíà — áåëêà ÒÒÐ —
ïðåäñòàâëÿåò èíòåðåñ ïðè èññëåäîâàíèè íàðóøåíèé ðàçâèòèÿ ãîëîâíîãî ìîçãà â
ðàííåì îíòîãåíåçå. Â ëèòåðàòóðå èìåþòñÿ äàííûå î òîì, ÷òî ÒÒÐ ñïîñîáñòâóåò
ïîâûøåíèþ âûæèâàåìîñòè íåéðîíîâ ïðè èøåìèè è ãèïîêñè÷åñêîì ñòðåññå [1, 8],
à òàêæå èãðàåò âàæíóþ ðîëü â òðàíñïîðòå àìèëîèäíîãî Àâ-ïåïòèäà, ïðåïÿòñòâóÿ
ðàçâèòèþ áîëåçíè Àëüöãåéìåðà [3]. Òåì íå ìåíåå ìóòàöèè ãåíà TTR ïðèâîäÿò ê
ðÿäó ïàòîëîãèé, âûçâàííûõ àìèëîèäîãåíåçîì [7].

Â îðãàíèçìå ÷åëîâåêà è æèâîòíûõ ÒÒÐ ñèíòåçèðóåòñÿ ãëàâíûì îáðàçîì â ïå-
÷åíè è ñîñóäèñòîì ñïëåòåíèè ìîçãà, îòêóäà ñåêðåòèðóåòñÿ â ïëàçìó êðîâè è
ñïèííîìîçãîâóþ æèäêîñòü [6]. Íà ðàííèõ ñòàäèÿõ îíòîãåíåçà ïèê ñèíòåçà ÒÒÐ â
ñîñóäèñòîì ñïëåòåíèè ïðåäøåñòâóåò íà÷àëó óñêîðåííîãî ðîñòà ìîçãà è ïðîèñõî-
äèò â ïåðèîä ìàêñèìàëüíîé ðåïëèêàöèè íåéðîáëàñòîâ ïåðåäíåãî ìîçãà [9]. Îäíà-
êî â ëèòåðàòóðå îòñóòñòâóþò äàííûå îá ýêñïðåññèè è ðàñïðåäåëåíèè äàííîãî
áåëêà â ñîñóäèñòîì ñïëåòåíèè ãîëîâíîãî ìîçãà æèâîòíûõ, ïåðåíåñøèõ ãèïîêñèþ
â ïåðèîä ýìáðèîãåíåçà, ÷òî îïðåäåëèëî çàäà÷ó íàñòîÿùåãî èññëåäîâàíèÿ. Âûáîð
ïðåíàòàëüíîé ãèïîêñèè â êà÷åñòâå ýêñïåðèìåíòàëüíîé ìîäåëè îáóñëîâëåí òåì,
÷òî ãèïîêñè÷åñêîå âîçäåéñòâèå íà ðàçâèâàþùèéñÿ ïëîä ÿâëÿåòñÿ îäíèì èç íàè-
áîëåå ðàñïðîñòðàíåííûõ â ìåäèöèíñêîé ïðàêòèêå.

ÌÅÒÎÄÈÊÀ

Âñå îïûòû ïðîâîäèëèñü â ñîîòâåòñòâèè ñ ïðîòîêîëîì îáðàùåíèÿ ñ ëàáîðà-
òîðíûìè æèâîòíûìè ÈÝÔÁ ÐÀÍ, îñíîâàííîãî íà äèðåêòèâå Åâðîïåéñêîãî Ñîîá-
ùåñòâà ïî ãóìàííîìó îáðàùåíèþ ñ ýêñïåðèìåíòàëüíûìè æèâîòíûìè (European
Communities Council Directive #86 / 609 for the Care of Laboratory Animals). Äëÿ
ñîçäàíèÿ ãèïîêñè÷åñêèõ óñëîâèé ñàìîê êðûñ ëèíèè Âèñòàð íà 14-é äåíü áåðå-
ìåííîñòè ïîäâåðãàëè äåéñòâèþ ãèïîêñèè (7 % Î2, 3 ÷) â ñïåöèàëüíîé êàìåðå,
ñíàáæåííîé ñèñòåìàìè òåðìîðåãóëÿöèè, âåíòèëÿöèè è óäàëåíèÿ èçáûòêà ÑÎ2.
Êîíòðîëüíûõ æèâîòíûõ ñîäåðæàëè â àíàëîãè÷íûõ óñëîâèÿõ ïðè íîðìàëüíîì ñî-
äåðæàíèè êèñëîðîäà. Íà 20-å è 50-å ñóòêè ïîñòíàòàëüíîãî îíòîãåíåçà (Ð20 è Ð50)
èññëåäîâàëè ðàñïðåäåëåíèå áåëêà ÒÒÐ â òêàíè ñîñóäèñòîãî ñïëåòåíèÿ æåëóäî÷-
êîâ ãîëîâíîãî ìîçãà ó ïîòîìêîâ ãèïîêñè÷åñêèõ è êîíòðîëüíûõ ñàìîê, îòáèðàÿ
ïî 8 ñàìöîâ â êàæäóþ ãðóïïó. Òêàíü ìîçãà ôèêñèðîâàëè ðàñòâîðîì 10%-íîãî
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íåéòðàëüíîãî ôîðìàëèíà íà 0.1Ì ôîñôàòíîì áóôåðå (ðÍ 7.4), çàòåì èçãîòàâëèâà-
ëè ôðîíòàëüíûå ñðåçû íà êðèîñòàòå Leica CM 1510S (Leica Microsystems, Ãåðìà-
íèÿ). Èììóíîãèñòîõèìè÷åñêîå èññëåäîâàíèå ÒÒÐ ïðîâîäèëè ñ èñïîëüçîâàíèåì
ïåðâè÷íûõ ìîíîêëîíàëüíûõ àíòèòåë LS-B2607-50 (Life Bioscience) â ðàçâåäåíèè
1:100. Âèçóàëèçàöèþ îñóùåñòâëÿëè ñ ïîìîùüþ FITC-êîíúþãèðîâàííûõ âòî-
ðè÷íûõ àíòèòåë ïðîòèâ IgG êðîëèêà (ab96902, ðàçâåäåíèå 1:500). Èììóíîôëóî-
ðåñöåíòíîå èññëåäîâàíèå ñîñóäèñòîãî ñïëåòåíèÿ (ñì. ðèñóíîê, À) íà óðîâíå
+0.20 ìì îò Bregma (ïî: [5]) âûïîëíÿëè íà ìèêðîñêîïå Leica DMR, îáîðóäîâàí-
íîì êîíôîêàëüíûì ñêàíåðîì Leica TCS SL (Leica Microsystems, Ãåðìàíèÿ). Âîç-
áóæäåíèå ôëóîðîõðîìà FITC âûçâàëè ñâåòîì Ar/He ëàçåðà ïðè äëèíå âîëíû
488 íì, à ôëóîðåñöåíöèþ íàáëþäàëè â äèàïàçîíå 496—537 íì. Èç óðîâíÿ èíòåí-
ñèâíîñòè ñâå÷åíèÿ ôëóîðîõðîìà FITC âû÷èòàëè ôîíîâîå ñâå÷åíèå è ñîïîñòàâëÿ-
ëè ñðåäíèå âåëè÷èíû ñâå÷åíèÿ ïî âñåé ïëîùàäè ïðîôèëüíîãî ïîëÿ ñîñóäèñòîãî

Ðàñïðåäåëåíèå áåëêà ÒÒÐ â ñîñóäèñòîì ñïëåòåíèè ëåâîãî áîêîâîãî æåëóäî÷êà êîíå÷íîãî
ìîçãà êðûñ íà Ð20 (Á, Ã, Ä) è Ð50 (Â, Å, Æ).

À — ðàñïîëîæåíèå èññëåäóåìîãî ó÷àñòêà ñîñóäèñòîãî ñïëåòåíèÿ (îáâåäåíî ÷åðíîé ðàìêîé) â æå-
ëóäî÷êå êîíå÷íîãî ìîçãà êðûñû. Cx — êîðà ìîçãà, Str — ñòðèàòóì. Ñõåìà ñ ìîäèôèêàöèÿìè ñîîòâåòñò-
âóåò àòëàñó Paxinos, Watson, 2007 (+0.20 ìì îò Bregma); Á, Â — óðîâåíü èììóíîðåàêòèâíîñòè ê áåë-
êó ÒÒÐ â ïðîôèëüíîì ïîëå ñîñóäèñòîãî ñïëåòåíèÿ ó êîíòðîëüíûõ è ïåðåíåñøèõ ïðåíàòàëüíóþ ãèïî-
êñèþ êðûñ íà Ð20 (Á) è Ð50 (Â). Ïî îñè àáñöèññ — ãðóïïû æèâîòíûõ (n = 8); ïî îñè îðäèíàò — óðîâåíü
èììóíîðåàêòèâíîñòè ê áåëêó ÒÒÐ (îïðåäåëÿåìûé êàê ñðåäíèé óðîâåíü ÿðêîñòè ôëóîðåñöåíòíîãî
ñèãíàëà ïî âñåé ïëîùàäè ïðîôèëüíîãî ïîëÿ ñîñóäèñòîãî ñïëåòåíèÿ â ñðåçå), âûðàæåííûé â ïðîöåíòàõ
îò óðîâíÿ èíòàêòíîãî êîíòðîëÿ (100 %). Äàííûå ïðåäñòàâëåíû êàê ñðåäíåå ± îøèáêà ñðåäíåãî.
* U-êðèòåðèé Ìàííà—Óèòíè, ð � 0.05. Ã—Æ — ìèêðîôîòîãðàôèè ðàñïðåäåëåíèÿ áåëêà ÒÒÐ â ñîñó-
äèñòîì ñïëåòåíèè êîíå÷íîãî ìîçãà êðûñ íà Ð20 (Ã, Ä) è Ð50 (Å, Æ) èç êîíòðîëüíîé (Ã, Å) è «ãèïîêñè÷å-
ñêîé» (Ä, Æ) ãðóïï. Èììóíîãèñòîõèìè÷åñêîå îêðàøèâàíèå áåëêà ÒÒÐ (FITC-çåëåíûé). Ìàñøòàá:

300 ìêì.



ñïëåòåíèÿ æåëóäî÷êîâ êîíå÷íîãî ìîçãà ó êîíòðîëüíûõ è ãèïîêñè÷åñêèõ êðûñ.
Äëÿ îöåíêè äîñòîâåðíîñòè ðàçëè÷èé ìåæäó ãðóïïàìè èñïîëüçîâàëè íåïàðàìåò-
ðè÷åñêèé êðèòåðèé Ìàííà—Óèòíè (ïðè ð � 0.05).

ÐÅÇÓËÜÒÀÒÛ ÈÑÑËÅÄÎÂÀÍÈß È ÈÕ ÎÁÑÓÆÄÅÍÈÅ

Â õîäå èììóíîôëóîðåñöåíòíîãî èññëåäîâàíèÿ ðàñïðåäåëåíèÿ ÒÒÐ â ñîñóäè-
ñòîì ñïëåòåíèè ìîçãà 20-ñóòî÷íûõ êðûñÿò âûÿâëåíî ðàçëè÷èå ìåæäó ïðåäñòàâè-
òåëÿìè êîíòðîëüíîé (ñì. ðèñóíîê, Ã) è ãèïîêñè÷åñêîé (ñì. ðèñóíîê, Ä) ãðóïï.
Ó êðûñ, ïåðåíåñøèõ ïðåíàòàëüíóþ ãèïîêñèþ, óðîâåíü èììóíîðåàêòèâíîñòè ê
ÒÒÐ â ñîñóäèñòîì ñïëåòåíèè áûë âûøå íà 75 % (ð � 0.05), ÷åì ó êîíòðîëüíûõ
æèâîòíûõ ñîîòâåòñòâóþùåãî âîçðàñòà (ñì. ðèñóíîê, Á). Ïðè ýòîì ó ïîëîâîçðå-
ëûõ (Ð50) êðûñ, ïåðåíåñøèõ ïðåíàòàëüíóþ ãèïîêñèþ, óðîâåíü èììóíîðåàêòèâ-
íîñòè ê äàííîìó áåëêó ñíèæàëñÿ è äîñòèãàë êîíòðîëüíûõ âåëè÷èí (ñì. ðèñóíîê,
Â). Ïîëó÷åííûå äàííûå â öåëîì ñîãëàñóþòñÿ ñ èìåþùèìèñÿ â ëèòåðàòóðå ïðåä-
ñòàâëåíèÿìè îá ó÷àñòèè ÒÒÐ â ðåàêöèè îðãàíèçìà íà ãèïîêñèþ è äðóãèå ïîâðåæ-
äàþùèå ôàêòîðû, à òàêæå î åãî ðîëè â ïîâûøåíèè òîëåðàíòíîñòè îðãàíèçìà ê
ãèïîêñèè [1, 4]. Îäíàêî ôåíîìåí ïîâûøåíèÿ ïðîäóêöèè ÒÒÐ â ñîñóäèñòîì ñïëåòå-
íèè â îòâåò íà ïðåíàòàëüíóþ ãèïîêñèþ ïîêàçàí íàìè âïåðâûå. Òàêîå ïîâûøåíèå
ýêñïðåññèè ÒÒÐ ìîæåò áûòü ñâÿçàíî ñ íåîáõîäèìîñòüþ âûâåäåíèÿ èç òêàíè ìîç-
ãà áîëüøîãî êîëè÷åñòâà ïðîäóêòîâ ïðîòåîëèòè÷åñêîãî ðàñùåïëåíèÿ áåëêîâ, âû-
çâàííîãî ïîâûøåííîé ýëèìèíàöèåé êëåòî÷íîãî ìàòåðèàëà ïîñëå ïðåíàòàëüíîé
ãèïîêñèè [10]. Äàëüíåéøåå èçó÷åíèå ìåõàíèçìà ðåãóëÿöèè ýêñïðåññèè ÒÒÐ â ñî-
ñóäèñòîì ñïëåòåíèè è äðóãèõ ñòðóêòóðàõ ìîçãà ïîñëå ïðåíàòàëüíîé ãèïîêñèè
ìîæåò ïîìî÷ü áîëåå ãëóáîêîìó ïîíèìàíèþ ôóíêöèè ýòîãî òðàíñïîðòíîãî áåëêà
â õîäå ôîðìèðîâàíèÿ, íîðìàëüíîãî ôóíêöèîíèðîâàíèÿ è ñòàðåíèÿ ìîçãà, à òàêæå
â ðàçâèòèè íåéðîäåãåíåðàòèâíûõ ïðîöåññîâ.

Ðàáîòà âûïîëíåíà ïî ãîñóäàðñòâåííîìó çàäàíèþ (ÀÀÀÀ-À18-118012290373-7)
ïðè ÷àñòè÷íîé ïîääåðæêå ÐÔÔÈ (16-04-00694). Êîíôîêàëüíàÿ ìèêðîñêîïèÿ âû-
ïîëíåíà íà áàçå Öåíòðà êîëëåêòèâíîãî ïîëüçîâàíèÿ ÈÝÔÁ ÐÀÍ.
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