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УРОВНЯМИ СПЕЦИФИЧЕСКИХ 
ИММУНОГЛОБУЛИНОВ Е

Èññëåäîâàëè ðîëü ïîëèìîðôèçìîâ ãåíîâ, êîäèðóþ-
ùèõ TLR2 (NP_003255.2) è TLR4 (NP_612564.1), 
â ïîâûøåíèè óðîâíÿ ïðîäóêöèè ñïåöèôè÷åñêèõ IgE 
è ðàçâèòèè àëëåðãè÷åñêèõ çàáîëåâàíèé. Ãåíîòèïèðî-
âàíèå ñïåöèôè÷åñêèõ ó÷àñòêîâ ãåíîìà îñóùåñòâëÿëè 
ìåòîäîì ïîëèìåðàçíîé öåïíîé ðåàêöèè ñ èñïîëüçîâà-
íèåì ñïåöèôè÷åñêèõ îëèãîíóêëåîòèäíûõ ïðàéìåðîâ. Ïî-
ëó÷åííûå ðåçóëüòàòû ïîêàçàëè, ÷òî íàèáîëåå çíà÷è-
ìûìè ïðè÷èííûìè àëëåðãåíàìè áûëè ýïèäåðìàëüíûå 
è áûòîâûå àëëåðãåíû (ýïèäåðìèñ êîøêè, ñîáàêè è 
ëîøàäè, D. farinae, D. pteronyssinus). Âûÿâëåíà ñâÿçü 
ïîëèìîðôèçìîâ TLR2 (rs5743708) è TLR4 (rs4986790) 
ñ ïîâûøåííûì óðîâíåì ïðîäóêöèè ñïåöèôè÷åñêèõ IgE 
ó ïàöèåíòîâ ñ àëëåðãè÷åñêèìè çàáîëåâàíèÿìè.

Ââåäåíèå. Çàáîëåâàíèÿ, â ïàòîãåíåçå êî-
òîðûõ äîìèíèðóþùåå ïîëîæåíèå çàíèìàåò 
ïàòîëîãèÿ èììóííîé ñèñòåìû, èíòåðïðåòè-
ðóþò â ñâÿçè ñ íàðóøåíèÿìè â ñòàòóñå 
âðîæäåííîãî èììóíèòåòà [1]. Ðîëü ðåöåïòî-
ðîâ êëåòîê ñèñòåìû âðîæäåííîãî èììóíèòå-
òà â çàùèòå îò ïàòîãåíîâ èñêëþ÷èòåëüíî 
çíà÷èìà, ÷òî â íàèáîëüøåé ìåðå ñòàëî î÷å-
âèäíûì, êîãäà áûëè îòêðûòû Toll-ïîäîáíûå 
ðåöåïòîðû (TLRs) [2]. 

×ëåíû ýòîãî ñåìåéñòâà èãðàþò êëþ÷åâóþ 
ðîëü â èíäóêöèè èììóííûõ è âîñïàëèòåëüíûõ 
îòâåòîâ ó ìëåêîïèòàþùèõ, ñòèìóëèðóþò àêòè-
âàöèþ NF-kB ñèãíàëüíîãî ïóòè, à òàêæå ýêñ-
ïðåññèþ ðàçëè÷íûõ öèòîêèíîâ è êîñòèìó-
ëÿòîðîâ. 

Ñëåäîâàòåëüíî, íàðóøåíèÿ â TLR-ãåíàõ 
äîëæíû ãëóáîêî çàòðàãèâàòü ôóíêöèîíèðîâà-
íèå èììóííîé ñèñòåìû [3].

Â Óêðàèíå ðàñïðîñòðàíåíèå ïîëèìîðôíûõ 
âàðèàíòîâ ãåíîâ TLRs â îáùåé ïîïóëÿöèè è  
ñðåäè áîëüíûõ ñ àëëåðãè÷åñêèìè çàáîëåâàíè-
ÿìè (ÀÇ) ïðàêòè÷åñêè íå èçó÷åíî, ïîýòîìó 
öåëüþ íàøåãî èññëåäîâàíèÿ áûëî âûÿñíå-
íèå ðîëè ïîëèìîðôèçìîâ ãåíîâ, êîäèðóþùèõ 
TLR2 (NP_003255.2) è TLR4 (NP_612564.1), 
â ïîâûøåíèè óðîâíÿ ïðîäóêöèè ñïåöèôè-
÷åñêèõ èììóíîãëîáóëèíîâ Å (IgE) è ðàçâè-
òèè ÀÇ.

Ìàòåðèàëû è ìåòîäû. Ó÷èòûâàÿ âîçìîæ-
íîå ó÷àñòèå â ìåõàíèçìàõ èììóíîïàòîãå-
íåçà ÀÇ ïîëèìîðôíûõ âàðèàíòîâ ãåíîâ ñå-
ìåéñòâà TLR, ìû ïðîâåëè ãåíîòèïèðîâàíèå 
òðåõ îäíîíóêëåîòèäíûõ ïîëèìîðôèçìîâ ãå-
íîâ TLR2 (rs5743708) è TLR4 (rs4986790, 
rs4986791) â ãðóïïå êîíòðîëÿ è ãðóïïå áîëü-
íûõ ñ ÀÇ. Âñå èññëåäîâàíèÿ ïðîâîäèëèñü íà 
áàçå Íàó÷íî-èññëåäîâàòåëüñêîãî èíñòèòóòà 
ãåíåòè÷åñêèõ è èììóíîëîãè÷åñêèõ îñíîâ ðàç-
âèòèÿ ïàòîëîãèè è ôàðìàêîãåíåòèêè âûñ-
øåãî ãîñóäàðñòâåííîãî ó÷åáíîãî çàâåäåíèÿ 
Óêðàèíû «Óêðàèíñêàÿ ìåäèöèíñêàÿ ñòîìàòî-
ëîãè÷åñêàÿ àêàäåìèÿ».

Â ãðóïïó êîíòðîëÿ âîøëè 95 ñòóäåíòîâ 
Óêðàèíñêîé ìåäèöèíñêîé ñòîìàòîëîãè÷åñêîé 
àêàäåìèè, ó êîòîðûõ áûëè ñîáðàíû äåòàëü-
íûé àíàìíåç æèçíè, àëëåðãîëîãè÷åñêèé àíàì-
íåç, à òàêæå ïðîèçâåäåíà îöåíêà êëèíè÷åñ-
êîãî ñîñòîÿíèÿ íà âðåìÿ îñìîòðà è îáúåê-
òèâíîãî ñîñòîÿíèÿ ðàçëè÷íûõ îðãàíîâ è ñèñ-
òåì ñ öåëüþ èñêëþ÷åíèÿ ÀÇ. Çàáîð êðîâè 
ïðîèçâîäèëñÿ ñ ïîëó÷åíèåì ñóõîãî ïÿòíà.© Í.Ë. ÊÓÖÅÍÊÎ, Î.Â. ÈÇÌÀÉËÎÂÀ, Ë.Ý. ÂÅÑÍÈÍÀ, 
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Ãðóïïó áîëüíûõ ñîñòàâèëè 38 ÷åëîâåê ñ 
ÀÇ, äèàãíîñòèðîâàííûìè ñîãëàñíî êðèòåðèÿì 
ÂÎÇ: àòîïè÷åñêàÿ áðîíõèàëüíàÿ àñòìà – 19, 
àòîïè÷åñêèé äåðìàòèò – 13, àòîïè÷åñêèé ðè-
íèò – 6 ÷åëîâåê. Êðèòåðèåì äëÿ îòáîðà â ãðóï-
ïó ÿâëÿëîñü íàëè÷èå ïîâûøåííîé êîíöåí-
òðàöèè àëëåðãåí-ñïåöèôè÷åñêèõ IgE (îò 3,5 
äî 100 kU/l) õîòÿ áû ê îäíîìó èç àëëåðãåíîâ. 
Äëÿ âåðèôèêàöèè IgE-çàâèñèìûõ ÀÇ âñåì 
ïàöèåíòàì ïðîâîäèëè èññëåäîâàíèå ñïåöè-
ôè÷åñêèõ IgE ê 20 íàèáîëåå çíà÷èìûì ïðè-
÷èííûì àëëåðãåíàì (ìîëîêî, àðàõèñ, áåëîê êó-
ðèíîãî ÿéöà, æåëòîê êóðèíîãî ÿéöà, êàðòî-
ôåëü, ìîðêîâü, ðûáà òðåñêà, ÿáëîêî, ñîÿ, 
ïøåíè÷íàÿ ìóêà, ïûëüöà áîðîäàâ÷àòîé áå-
ðåçû, ïîëåâàÿ òèìîôååâêà, ïûëüöà ïîëûíè, 
êëåù D. pteronyssinus, êëåù D. farinae, ýïèäåð-
ìèñ ñîáàêè, ýïèäåðìèñ êîøêè, ýïèäåðìèñ 
ëîøàäè, ãðèáêè Asp. fumigatus è Cladosp. her-
barum). Óðîâíè àëëåðãåí-ñïåöèôè÷åñêèõ IgE 
îïðåäåëÿëè ñ ïîìîùüþ èììóíîôåðìåíòíîé 
òåñò-ñèñòåìû «Ðolycheck» (Ãåðìàíèÿ). 

Îò âñåõ ïàöèåíòîâ ïîëó÷èëè äîáðîâîëüíîå 
ïèñüìåííîå ñîãëàñèå íà ó÷àñòèå â íàó÷íîì 
èññëåäîâàíèè, êîòîðîå ïðîâîäèëîñü ñ ðàç-
ðåøåíèÿ êîìèññèè ïî áèîýòèêå Óêðàèíñêîé 
ìåäèöèíñêîé ñòîìàòîëîãè÷åñêîé àêàäåìèè.

 Âûäåëåíèå ãåíîìíîé ÄÍÊ èç êðîâè ïðî-
âîäèëè ñ èñïîëüçîâàíèåì ñèñòåìû ïðîáî-
ïîäãîòîâêè «ÄÍÊ-ýêñïðåññ êðîâü» (ÍÏÔ 
«Ëèòåõ», Ìîñêâà).

Ãåíîòèïèðîâàíèå ñïåöèôè÷åñêèõ ó÷àñòêîâ 
ãåíîìà îñóùåñòâëÿëè ìåòîäîì ïîëèìåðàçíîé 
öåïíîé ðåàêöèè (ÏÖÐ) íà àìïëèôèêàòîðå 
«Òåðöèê» («ÄÍÊ-Òåõíîëîãèÿ», Ìîñêâà). Äëÿ 

ÏÖÐ èñïîëüçîâàëè ïîñëåäîâàòåëüíîñòè ñïå-
öèôè÷åñêèõ îëèãîíóêëåîòèäíûõ ïðàéìåðîâ è 
ïàðàìåòðû òåìïåðàòóðíûõ öèêëîâ, îïèñàííûå 
â ëèòåðàòóðå (òàáë. 1) [4].

Ñìåñü äëÿ ÏÖÐ ñîäåðæàëà ïî 66 íã ñïå-
öèôè÷åñêèõ ïðàéìåðîâ; 2,5 ìêë 10× áóôåðà 
äëÿ àìïëèôèêàöèè; 2,5 åä. àêò. Taq-ÄÍÊ-
ïîëèìåðàçû («ÑèáÝíçèì», Íîâîñèáèðñê) è 
20–50 íã ãåíîìíîé ÄÍÊ. Äëÿ èäåíòèôèêà-
öèè àëëåëåé ïðîâîäèëè ðåñòðèêöèîííûé àíà-
ëèç àìïëèêîíîâ. Ïîëó÷åííûå â ðåçóëüòàòå 
ðåñòðèêöèè ôðàãìåíòû èäåíòèôèöèðîâàëè 
ïðè ïîìîùè ýëåêòðîôîðåçà â 3%-íîì àãà-
ðîçíîì ãåëå 1 × TBE (50 ìÌ òðèñ-H3BO3 è 
2 ìÌ ÝÄÒÀ, ðÍ 8,0), îêðàøåííîì ýòèäèóìîì 
áðîìèäîì ñ ïîñëåäóþùåé âèçóàëèçàöèåé ðå-
çóëüòàòîâ â ÓÔ-ñâåòå.

Ðàñïðåäåëåíèå ãåíîòèïîâ ïðîâåðÿëè íà 
ñîîòâåòñòâèå ðàâíîâåñèþ Õàðäè-Âàéíáåðãà ñ 
ïîìîùüþ êðèòåðèÿ 2. Ìåæäó èññëåäóåìûìè 
ãðóïïàìè ïðîâîäèëè ñðàâíåíèå ÷àñòîò ãåíî-
òèïîâ è àëëåëåé, èñïîëüçóÿ êðèòåðèé 2  ñ 
ïîïðàâêîé Éåòñà íà íåïðåðûâíîñòü ïðè ÷èñëå 
ñòåïåíåé ñâîáîäû, ðàâíîì 1. Ñ ïîìîùüþ òî÷-
íîãî òåñòà Ôèøåðà ïóòåì àíàëèçà òàáëèö ñî-
ïðÿæåííîñòè 3 × 2 ñðàâíèâàëè ÷àñòîòû ãåíî-
òèïîâ ìåæäó ãðóïïàìè. 

Äëÿ ñðàâíåíèÿ ÷àñòîò âàðèàíòîâ â íå-
ñâÿçàííûõ ãðóïïàõ âû÷èñëÿëè îòíîøåíèå 
øàíñîâ (ÎØ) ñ îïðåäåëåíèåì 95%-íîãî äî-
âåðèòåëüíîãî èíòåðâàëà (ÄÈ). Äîñòîâåðíû-
ìè ñ÷èòàëèñü ðàçëè÷èÿ ïðè p < 0,05, ïðè 
0,05 < ð  0,1 îòìå÷àëè òåíäåíöèþ ê ðàç-
ëè÷èþ. Ñòàòèñòè÷åñêèé àíàëèç ïðîâîäèëè ñ 
èñïîëüçîâàíèåì êîìïüþòåðíîé ñòàòèñòè÷åñ-

Òàáëèöà 1
Ïîñëåäîâàòåëüíîñòü îëèãîíóêëåîòèäíûõ ïðàéìåðîâ, óñëîâèÿ ÏÖÐ è ôåðìåíòû ðåñòðèêöèè, 

èñïîëüçîâàííûå äëÿ ãåíîòèïèðîâàíèÿ ïîëèìîðôèçìîâ ãåíîâ TLR2 è TLR4

Ãåí Ïîëèìîðôèçì Ïðàéìåðû
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Ñâÿçü ïîëèìîðôèçìîâ ãåíîâ Toll-ïîäîáíûõ ðåöåïòîðîâ 2 è 4 ñ àëëåðãè÷åñêèìè çàáîëåâàíèÿìè
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êîé ïðîãðàììû «STATISTICA for Windows 
7.0» (StatSoft Inc, ÑØÀ), «Microsoft Excel».

Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå. 
Â ïîñëåäíèå ãîäû óäåëÿåòñÿ çíà÷èòåëüíîå 
âíèìàíèå ó÷àñòèþ ôàêòîðîâ âðîæäåííîãî èì-
ìóíèòåòà â ïàòîãåíåçå àëëåðãè÷åñêèõ çàáîëå-
âàíèé. Ïîëó÷åíû óáåäèòåëüíûå äîêàçàòåëü-
ñòâà ðåãóëÿòîðíîãî âîçäåéñòâèÿ ðàçëè÷íûõ 
ôàêòîðîâ âðîæäåííîãî èììóíèòåòà íà áàëàíñ 
Òõ1/Òõ2 êëåòîê, ó÷àñòâóþùèõ â ïîëÿðèçàöèè 
àäàïòèâíîãî èììóíèòåòà, â òîì ÷èñëå â ñòî-
ðîíó ðàçâèòèÿ àëëåðãè÷åñêîãî âîñïàëåíèÿ [5]. 
Ñðåäè îñíîâíûõ ïàòîãåí-ðàñïîçíàþùèõ ñòðóê-
òóð âàæíîå ìåñòî çàíèìàþò Toll-ïîäîáíûå ðå-
öåïòîðû, ó÷àñòèå êîòîðûõ â ðåãóëÿöèè àëëåð-
ãè÷åñêîãî îòâåòà íå îñòàâëÿåò ñîìíåíèé [6].

Ïðåäïîëàãàåòñÿ âîçìîæíîå ó÷àñòèå TLR1, 
2, 4, 6, 7, 8, 10 â ïàòîãåíåçå àëëåðãè÷åñêèõ 
çàáîëåâàíèé [7], õîòÿ îñòàåòñÿ åùå ìíîãî íå-
ÿñíûõ âîïðîñîâ â àññîöèàöèè îòäåëüíûõ 
ïîëèìîðôíûõ âàðèàíòîâ ãåíîâ, êîäèðóþùèõ 
ýòè áåëêè, ñ íîçîëîãè÷åñêèìè åäèíèöàìè
èëè ñ ïîâûøåííûìè óðîâíÿìè ñïåöèôè÷å-
ñêèõ IgE. 

Â ñâÿçè ñ ýòèì è áûëî ïðîâåäåíî èññëå-
äîâàíèå àññîöèàöèè ïîëèìîðôèçìà ãåíîâ, êî-
äèðóþùèõ TLR2 è TLR4, ñ ïîâûøåíèåì ïðî-
äóêöèè ñïåöèôè÷åñêèõ IgE.

Îñíîâíûì êðèòåðèåì îòáîðà â ãðóïïó ïà-
öèåíòîâ ñ ÀÇ (àòîïè÷åñêàÿ áðîíõèàëüíàÿ àñò-
ìà – 19, àòîïè÷åñêèé äåðìàòèò – 13, àòîïè-
÷åñêèé ðèíèò – 6 ÷åëîâåê) áûë âûñîêèé óðî-
âåíü ñïåöèôè÷åñêèõ IgE (ñâûøå 0,35 kU/l). 
Ðàñïðåäåëåíèå ïðèñóòñòâóþùèõ â ñûâîðîòêå 
êðîâè ñïåöèôè÷åñêèõ IgE ê èññëåäîâàííûì 
àëëåðãåíàì ïðåäñòàâëåíî íà ðèñóíêå, èç êî-
òîðîãî âèäíî, ÷òî íàèáîëåå ÷àñòî è â áî-
ëåå âûñîêèõ êîíöåíòðàöèÿõ âûÿâëÿëèñü ñïå-
öèôè÷åñêèå IgE ê àëëåðãåíàì ýïèäåðìèñà 
êîøêè (Å01), D. farinae (d02), ïîëåâîé òèìî-
ôååâêè (g06), ýïèäåðìèña ñîáàêè (e02/e05), 
D. pteronyssinus (d01), ýïèäåðìèña ëîøàäè (e03). 

Â ãðóïïå ïîïóëÿöèîííîãî êîíòðîëÿ è ñðå-
äè ïàöèåíòîâ ñ ÀÇ íàìè ïðîâåäåí àíàëèç ÷àñ-
òîòû âñòðå÷àåìîñòè ïîëèìîðôíûõ âàðèàíòîâ 
ãåíà TLR4 (rs4986790, rs4986791) è TLR2 
(rs5743708) (òàáë. 2 è 3). 

Èç ïðèâåäåííûõ â òàáë. 2 äàííûõ âíóòðè-
ãðóïïîâîãî àíàëèçà ðàñïðåäåëåíèÿ ÷àñòî-
òû ãåíîòèïîâ è àëëåëåé ïîëèìîðôèçìà ãåíà 

TLR2 (rs5743708) âèäíî, ÷òî â ãðóïïå êîíò-
ðîëÿ íå íàáëþäàåòñÿ îòêëîíåíèå ðàñïðåäåëå-
íèÿ ÷àñòîò èññëåäóåìûõ ãåíîòèïîâ îò ðàâíî-
âåñèÿ Õàðäè-Âàéíáåðãà ( 2 = 2,18), à îæèäàå-
ìàÿ è íàáëþäàåìàÿ ãåòåðîçèãîòíîñòü â ýòîé 
ãðóïïå ñîâïàäàþò. Ïðîòèâîïîëîæíûå äàííûå 
âûÿâëåíû ó ïàöèåíòîâ, ñòðàäàþùèõ ÀÇ, ó êî-
òîðûõ ðàñïðåäåëåíèå ÷àñòîò ãåíîòèïîâ è àë-
ëåëåé íå ñîîòâåòñòâóþò òåîðåòè÷åñêè îæèäàå-
ìûì ïðè ðàâíîâåñèè Õàðäè-Âàéíáåðãà ( 2 = 
=11,68). Î çíà÷èòåëüíîì äåôèöèòå ãåòåðîçè-
ãîò â óêàçàííîé âûáîðêå ñâèäåòåëüñòâóåò òî, 
÷òî íàáëþäàåìàÿ ãåòåðîçèãîòíîñòü ïî÷òè âòðîå 
ìåíüøå îæèäàåìîé, à êîýôôèöèåíò èíáðè-
äèíãà ñîñòàâèë 0,64.

Äàëüíåéøåå èçó÷åíèå ðàçëè÷èé â ðàñïðå-
äåëåíèè ÷àñòîò ãåíîòèïîâ è ïîëèìîðôíûõ àë-
ëåëåé ãåíà TLR2 ìåæäó ãðóïïîé êîíòðîëÿ è 

Ðàñïðåäåëåíèå óðîâíåé ñûâîðîòî÷íûõ ñïåöèôè-
÷åñêèõ IgE â ãðóïïå ïàöèåíòîâ ñ àòîïè÷åñêèìè 
çàáîëåâàíèÿìè. Ïî âåðòèêàëè – ïàöèåíòû ñ âû-
ñîêèì óðîâíåì IgE õîòÿ áû ê îäíîìó èç èññëå-
äóåìûõ àëëåðãåíîâ, % (n = 38); ïî ãîðèçîíòàëè – 
èññëåäóåìûå àëëåðãåíû: f13 – ìîëîêî, f02 – àðàõèñ, 
f01 – áåëîê êóðèíîãî ÿéöà, f75 – æåëòîê êóðèíîãî 
ÿéöà, f35 – êàðòîôåëü, f31 – ìîðêîâü, f03 – ðûáà 
òðåñêà, f49 – ÿáëîêî, f14 – ñîÿ, f04 – ïøåíè÷íàÿ 
ìóêà, t03 – ïûëüöà áîðîäàâ÷àòîé áåðåçû, g06 – 
ïîëåâàÿ òèìîôååâêà, w06 – ïûëüöà ïîëûíè, d01 – 
êëåù D. pteronyssinus, d02 – êëåù D. farinae, e02/
e05 – ýïèäåðìèñ ñîáàêè, e01 – ýïèäåðìèñ êîøêè, 
e03 – ýïèäåðìèñ ëîøàäè, m03 – ãðèáêè Asp. fu-

migatus è m02 – Cladosp. herbarum
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ãðóïïîé áîëüíûõ ñ ÀÇ (òàáë. 3) ïîêàçàëî, ÷òî 
â ãðóïïå ïàöèåíòîâ ñ ïîâûøåííûìè óðîâ-
íÿìè ñïåöèôè÷åñêèõ IgE âñòðå÷àëèñü ãåíî-

òèïû, íåñóùèå ìóòàíòíûé àëëåëü À (GÀ è 
ÀÀ) ÷àùå, ÷åì â ãðóïïå êîíòðîëÿ (ð = 0,07). 
Ïðè îöåíêå ÷àñòîòû àëëåëåé ãåíà TLR2 îá-

Òàáëèöà 2
Âíóòðèãðóïïîâîé àíàëèç ðàñïðåäåëåíèÿ ÷àñòîò ãåíîòèïîâ è àëëåëåé ïîëèìîðôèçìîâ 

ãåíîâ TLR2 è TLR4 ñðåäè ïàöèåíòîâ ñ àëëåðãè÷åñêèìè çàáîëåâàíèÿìè

Ïîêàçàòåëü

TLR2 Arg753Gln TLR4 Asp299Gly TLR4 Thr399Ile

Êîíòðîëü 
(n = 95)

Áîëüíûå 
ïàöèåíòû 
(n = 38)

Êîíòðîëü 
(n = 95)

Áîëüíûå 
ïàöèåíòû 
(n = 38)

Êîíòðîëü 
(n = 95)

Áîëüíûå 
ïàöèåíòû 
(n = 38)

2-Ïèðñîíà ñ ïîïðàâêîé Éåòñà, df = 1
Çíà÷åíèå G ñòàòèñòèêè (G)
×èñëî ñòåïåíåé ñâîáîäû äëÿ G (V)
Êðèòè÷åñêèé óðîâåíü çíà÷åíèÿ G äëÿ 
ð = 0,05 (Õà2(v)
Íàáëþäàåìàÿ ãåòåðîçèãîòíîñòü (Hobs)
Îæèäàåìàÿ ãåòåðîçèãîòíîñòü (Hex)
Íîðìèðîâàííîå îòêëîíåíèå Hobs îò 
Íåõ (êîýôôèöèåíò èíáðèäèíãà ïîïó-
ëÿöèè) (F)
Àäåêâàòíûé ó÷åò ðåäêèõ àëëåëåé (ïîêàçà-
òåëü )
Äîëÿ ðåäêèõ àëëåëåé (h)

2,18
0,04
0,02
–2,91

0,03
0,03

–0,016

1,25
0,37

11,68
 2,14
 0,18
 0,43

 0,05
 0,14

0,64

 1,54
 0,23

1,03
0,03
0,03

–2,10

0,04
0,04

–0,02

1,29
0,36

0,38
0,12
0,32
1,38

0,16
0,19

0,16

1,61
0,19

23,31
0,05
0,002
–5,93

0,01
0,01

–0,005

1,14
0,43

0,62
0,03
0,05

–1,63

0,08
0,07

–0,04

1,39
0,31

Òàáëèöà 3 
Ðàñïðåäåëåíèå ÷àñòîò ãåíîòèïîâ è ïîëèìîðôíûõ àëëåëåé ãåíîâ TLR2 è TLR4 ñðåäè ïàöèåíòîâ 

ñ àëëåðãè÷åñêèìè çàáîëåâàíèÿìè ñ ïîâûøåííûì óðîâíåì ñïåöèôè÷åñêèõ IgE, % (n)

* Óðîâåíü çíà÷èìîñòè, ïîëó÷åííûé òî÷íûì òåñòîì Ôèøåðà äëÿ òàáëèö 3 × 2; ** óðîâåíü çíà÷èìîñòè, ïî-
ëó÷åííûé òåñòîì 2.

Ïîëèìîðôèçì
è ÷àñòîòà ãåíîòèïà

Êîíòðîëü
(n = 95)

Áîëüíûå 
è 

ïàöèåíòû
(n = 38)

p*

×àñ-
òîòà
àë-
ëåëÿ

Êîíòðîëü
Áîëüíûå 

è 
ïàöèåíòû

2-
Ïèð-
ñîíà,
df = 1

ÎØ 
(95 % ÄÈ)

p**

Ãåí TLR2

TLR2 Arg753Gln
GG
GA
AA 

96,8 (92)
3,2 (3)
0,0 (0)

89,4 (34)
   5,3 (2)
   5,3 (2)

0,07
G

À

98,4 (187)

   1,6 (3)

92,1 (70)

  7,9 (6)
4,83 4,94 

(1,31 18,64)
0,028

ÃÅÍ TLR4

TLR4 Asp299Gly
ÀÀ
AG
GG

TLR4 Thr399Ile
CC
CT
TT

95,8 (91)
  4,2 (4)
  0,0 (0)

98,9 (94)
  1,1 (1)
  0,0 (0)

81,6 (31)
 15,8 (6)
  2,6 (1)

92,1 (35)
  7,9 (3)
  0,0 (0)

0,013

  0,07

À

G

Ñ

Ò

97,9 (186)

   2,1 (4)

99,5 (189)

    0,5 (1)

89,5 (68)

 10,5 (8)

96,1 (73)

   3,9 (3)
2,29

5,14 
(1,59 16,66)

6,02 
(0,87 41,51)

0,008

0,13
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íàðóæåíî äîñòîâåðíîå óâåëè÷åíèå ÷àñòî-
òû àëëåëÿ À ó áîëüíûõ ñ ÀÇ, êîòîðûå èìå-
ëè ïîâûøåííûå óðîâíè ñïåöèôè÷åñêèõ IgE
( 2 = 4,83; df = 1, ÎØ (95 % ÄÈ) 4,94 (1,31–
18,64); ð = 0,028).

Òàêèì îáðàçîì, ïîëó÷åííûå íàìè ðåçóëü-
òàòû ïîäòâåðæäàþò ñâÿçü ìåæäó íàëè÷èåì 
ïîëèìîðôíîãî àëëåëÿ À ãåíà TLR2 è ïîâû-
øåííûìè óðîâíÿìè ñïåöèôè÷åñêèõ IgE, à òàê-
æå ïîçâîëÿþò ðàññìàòðèâàòü äàííûé ïîëè-
ìîðôèçì â êà÷åñòâå äîïîëíèòåëüíîãî ïðî-
ãíîñòè÷åñêîãî ïîêàçàòåëÿ â ãåíåòè÷åñêèõ 
èññëåäîâàíèÿõ ÀÇ.

Íàìè èññëåäîâàíà ÷àñòîòà âñòðå÷àåìîñòè 
ïîëèìîðôíûõ âàðèàíòîâ ãåíà TLR4 (rs4986790) 
â ãðóïïå ïîïóëÿöèîííîãî êîíòðîëÿ è ñðåäè 
áîëüíûõ ñ ÀÇ ñ âûñîêèì óðîâíåì ñïåöè-
ôè÷åñêèõ IgE. Êàê âèäíî èç äàííûõ âíóòðè-
ãðóïïîâîãî àíàëèçà (òàáë. 2), â èññëåäóåìûõ 
ãðóïïàõ íå óñòàíîâëåíî äîñòîâåðíîå îò-
êëîíåíèå ðàñïðåäåëåíèÿ ÷àñòîò âñòðå÷àå-
ìîñòè ïîëèìîðôíûõ âàðèàíòîâ Asp299Gly 
TLR4 îò çàêîíà Õàðäè-Âàéíáåðãà. Íàáëþ-
äàåìàÿ ãåòåðîçèãîòíîñòü â öåëîì ñîâïàäàëà 
ñ îæèäàåìîé â ãðóïïå êîíòðîëÿ è ãðóïïå 
áîëüíûõ, ÷òî ñâèäåòåëüñòâóåò î ðàâíîâåñèè 
ãåíåòè÷åñêîé ñòðóêòóðû ïîïóëÿöèè. Â îáåèõ 
ãðóïïàõ òàêæå áûëè íèçêèå çíà÷åíèÿ êîýô-
ôèöèåíòà èíáðèäèíãà. Ïî äàííûì G-ñòàòèñ-
òèêè íàáëþäàåìîå îòêëîíåíèå îò ðàâíîâå-
ñèÿ Õàðäè-Âàéíáåðãà ñâÿçàíî, âîçìîæíî, ñ 
òåì, ÷òî êîíòðîëüíóþ ãðóïïó ïðåäâàðèòåëüíî 
ñêðèíèðîâàëè íà íàëè÷èå ÀÇ.

Ýòè ðåçóëüòàòû ïîçâîëèëè ïðîâåñòè äàëü-
íåéøåå èçó÷åíèå ðàçëè÷èé â ðàñïðåäåëåíèè 
÷àñòîò âñòðå÷àåìîñòè ãåíîòèïîâ è ïîëèìîðô-
íûõ àëëåëåé Asp299Gly ãåíà TLR4 ìåæäó 
ãðóïïîé êîíòðîëÿ è ãðóïïîé áîëüíûõ ñ ÀÇ 
(òàáë. 3). Ïðåäñòàâëåííûå äàííûå ñâèäåòåëüñò-
âóþò î òîì, ÷òî â ãðóïïå ïàöèåíòîâ, ñòðà-
äàâøèõ ÀÇ ñ ïîâûøåííûìè óðîâíÿìè ñïåöè-
ôè÷åñêèõ IgE, äîñòîâåðíî ÷àùå âñòðå÷àëèñü 
ãåíîòèïû, íåñóùèå àëëåëü G (AG è GG), 
÷åì â ãðóïïå êîíòðîëÿ (ð = 0,013). Ïðè äî-
ïîëíèòåëüíîé îöåíêå ÷àñòîòû âñòðå÷àåìîñ-
òè ïîëèìîðôíûõ àëëåëåé ãåíà TLR4 óñòàíîâ-
ëåíî äîñòîâåðíîå óâåëè÷åíèå ÷àñòîòû âñòðå-
÷àåìîñòè àëëåëÿ G ñðåäè áîëüíûõ ñ ÀÇ ( 2 =
 = 7,09; df = 1, ÎØ (95 % ÄÈ) 5,14 (1,59–16,66); 
ð = 0,008). 

Òàêèì îáðàçîì, ïîëó÷åííûå íàìè ðåçóëü-
òàòû ñâèäåòåëüñòâóþò î ñâÿçè ïîëèìîðôíîãî 
àëëåëÿ G ãåíà TLR4 ñ ïîâûøåííûìè óðîâíÿ-
ìè ñïåöèôè÷åñêèõ IgE.

Êðîìå òîãî, ìû ïðîâåëè èññëåäîâàíèÿ 
âòîðîãî îäíîíóêëåîòèäíîãî ïîëèìîðôèçìà 
ãåíà TLR4 (rs4986791). Ïðè âíóòðèãðóïïî-
âîì àíàëèçå ðàñïðåäåëåíèÿ ÷àñòîò ãåíîòè-
ïîâ óïîìÿíóòîãî ãåíà â ïîïóëÿöèè âûÿâëåíî 
îòêëîíåíèå îò ðàâíîâåñèÿ Õàðäè-Âàéíáåð-
ãà â ãðóïïå êîíòðîëÿ ( 2 = 23,31) â îòëè÷èå 
îò ãðóïïû ïàöèåíòîâ ñ ÀÇ, ãäå ðàñïðåäåëå-
íèå ãåíîòèïîâ ïî ïîëèìîðôíîìó âàðèàíòó 
Thr399Ile ñîîòâåòñòâîâàëî îæèäàåìîìó ïðè 
ðàâíîâåñèè Õàðäè-Âàéíáåðãà. Â îáåèõ èñ-
ñëåäóåìûõ ãðóïïàõ íàáëþäàåìàÿ ãåòåðîçè-
ãîòíîñòü ñîâïàäàëà ñ îæèäàåìîé, à êîýôôè-
öèåíò èíáðèäèíãà ïðèáëèæàëñÿ ê íóëþ.

Íåîáõîäèìî îòìåòèòü, ÷òî ïîêàçàòåëè àäåê-
âàòíîãî ó÷åòà ðåäêèõ àëëåëåé è äîëè ðåä-
êèõ àëëåëåé ïî âñåì òðåì èññëåäóåìûì ïîëè-
ìîðôèçìàì â ãðóïïàõ êîíòðîëÿ è áîëüíûõ ñ 
ÀÇ ñ âûñîêèì óðîâíåì ñïåöèôè÷åñêèõ IgE 
óêàçûâàþò íà íåðàâíîìåðíîå ðàñïðåäåëåíèå 
àëëåëåé â ïîïóëÿöèè (òàáë. 2).

Àíàëèç ÷àñòîò ãåíîòèïîâ ïîëèìîðôíîãî 
âàðèàíòà ãåíà TLR4 (rs4986791) â ãðóïïå 
ïîïóëÿöèîííîãî êîíòðîëÿ è ñðåäè ïàöèåí-
òîâ ñ ÀÇ (òàáë. 3) óêàçûâàåò íà âîçìîæíóþ 
àññîöèàöèþ íàëè÷èÿ õîòÿ áû îäíîãî ïîëè-
ìîðôíîãî àëëåëÿ Ò (ãåíîòèïû ÑÒ è ÒÒ) ñ ïî-
âûøåííûìè óðîâíÿìè ñïåöèôè÷åñêèõ IgE 
(ð = 0,07). Ïðè ýòîì àëëåëü Ò âñòðå÷àëñÿ â 
ãðóïïå êîíòðîëÿ ñ ÷àñòîòîé 0,5 %, à â ãðóï-
ïå ïàöèåíòîâ – 3,9 %, ÷òî äîñòîâåðíî íå 
îòëè÷àëîñü ( 2 = 2,29; df = 1, ÎØ (95 % ÄÈ) 
6,02 (0,87–41,51); ð = 0,13).

Ãåíåòè÷åñêèå ìàðêåðû ìîãóò îïðåäåëÿòü 
ïðåäðàñïîëîæåííîñòü ê çàáîëåâàíèþ â öå-
ëîì èëè ìîãóò áûòü àññîöèèðîâàíû ñ êîí-
êðåòíûìè, ïàòîãåíåòè÷åñêè çíà÷èìûìè äëÿ 
ðàçâèòèÿ çàáîëåâàíèÿ ïðèçíàêàìè. Â îïðå-
äåëåíèè ãåíåòè÷åñêîé ïðåäðàñïîëîæåííîñòè 
ïàöèåíòà ê òîé èëè èíîé ïàòîëîãèè ôóíê-
öèîíàëüíîå çíà÷åíèå ìîãóò èìåòü êàê àë-
ëåëüíûå âàðèàíòû, çà÷àñòóþ îïðåäåëÿþùèå 
ïðîãíîç çàáîëåâàíèÿ, òàê è ãåíîòèïû [8]. 

Ïðè ñðàâíåíèè ðàñïðåäåëåíèÿ ÷àñòîò ãàï-
ëîòèïîâ òðåõ èññëåäóåìûõ ïîëèìîðôèçìîâ 
ãåíîâ TLR2 è TLR4 â ãðóïïàõ êîíòðîëÿ è 
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ïàöèåíòîâ ñ ÀÇ âûÿâëåíà äîñòîâåðíàÿ ñâÿçü 
ìåæäó íàëè÷èåì ïîëèìîðôíîãî àëëåëÿ G ãå-
íà TLR4 (rs4986790) ñ ïîâûøåííûìè óðîâ-
íÿìè ñïåöèôè÷åñêèõ IgE ( 2 = 5,47; ÎØ =
= 4,84 (1,41–16,68); ð = 0,019). Ïðîòèâîïî-
ëîæíûå äàííûå ïîëó÷åíû ïðè àíàëèçå íà-
ëè÷èÿ àññîöèàöèè ìåæäó ïðèñóòñòâèåì â ãå-
íîòèïå ïîëèìîðôíûõ àëëåëåé À ãåíà TLR2 
(rs5743708) è Ò ãåíà TLR4 (rs4986791), ãäå 
äîñòîâåðíîé ñâÿçè íå âûÿâëåíî (ð = 0,197 è 
ð = 0,406 ñîîòâåòñòâåííî) (òàáë. 4).

Àòîïè÷åñêàÿ àëëåðãèÿ, èìåþùàÿ ñåìåé-
íóþ ïðåäðàñïîëîæåííîñòü è ñâÿçàííàÿ ñ âû-
ñîêèìè óðîâíÿìè ïðîäóêöèè ñïåöèôè÷åñ-
êèõ IgE, êàê ïîêàçûâàþò íàøè äàííûå è ðå-
çóëüòàòû îïóáëèêîâàííûõ èññëåäîâàíèé, ñâÿ-
çàíà ñ ìîäèôèöèðóþùèìè TLR-îïîñðåäîâàí-
íûìè ñèãíàëàìè, êîòîðûå ìîäóëèðóþò ñîñ-
òîÿíèå Ò ðåãóëÿòîðíûõ êëåòîê.

Ñîîòâåòñòâåííî ãåíåòè÷åñêèé ïîëèìîð-
ôèçì TLR èãðàåò â ýòîì âàæíóþ ðîëü [9], 
ïðè÷åì ñîñòîÿíèå àòîïèè ó ìàòåðè âëèÿåò íà 
ñîñòîÿíèå Ò ðåãóëÿòîðíûõ êëåòîê íîâîðîæ-
äåííîãî â çàâèñèìîñòè îò íàëè÷èÿ ïîëèìîðô-
íûõ âàðèàíòîâ ãåíîâ TLR, â ÷àñòíîñòè TLR1, 
2, 10 [10].

Â ëèòåðàòóðå äàííûå î ñâÿçè ïîëèìîð-
ôèçìîâ TLR2 (rs5743708) è TLR4 (rs4986790) 
ñ àëëåðãè÷åñêèìè ñîñòîÿíèÿìè äîñòàòî÷-
íî ðàçíîðå÷èâû. Äëÿ ïîëèìîðôèçìà TLR2 
(rs5743708) ïðîâåäåíû èññëåäîâàíèÿ, ïîêà-
çûâàþùèå îòñóòñòâèå ñâÿçè ñ çàáîëåâàåìîñ-
òüþ àñòìîé è àòîïè÷åñêèì äåðìàòèòîì [11, 
12], íî â òî æå âðåìÿ íàëè÷èå àññîöèàöèè ñ 
àòîïè÷åñêîé ñåíñèáèëèçàöèåé [13]. Îïóáëè-
êîâàíû äàííûå î ñâÿçè ïîëèìîðôèçìà TLR4 
(rs4986790) ñ àñòìîé [14] è îá åå îòñóòñòâèè ñ 
àòîïè÷åñêèì äåðìàòèòîì [12] è àòîïè÷åñêîé 
ñåíñèáèëèçàöèåé [15].

Àíàëèç ýòèõ ðåçóëüòàòîâ ïîêàçûâàåò, ÷òî 
ðàçíîðå÷èâîñòü äàííûõ îá àññîöèàöèè ïî-
ëèìîðôèçìîâ ãåíîâ TLR2 è TLR4 ñ àëëåð-
ãè÷åñêèìè ñîñòîÿíèÿìè ñâÿçàíà ñ ðàçëè÷-
íûìè äèçàéíàìè èññëåäîâàíèÿ è ðàçëè÷íûìè 
êëþ÷åâûìè ñîñòîÿíèÿìè, êîòîðûå âûáèðà-
ëèñü â êà÷åñòâå ìàðêåðîâ: íîçîëîãèÿ – àñò-
ìà, àòîïè÷åñêèé äåðìàòèò; ïàòîëîãè÷åñêîå 
ñîñòîÿíèå – àòîïè÷åñêàÿ ñåíñèáèëèçàöèÿ è 
ò.ä. Â ïðîâåäåííîì íàìè èññëåäîâàíèè ÷åòêî 
âûäåëåí êðèòåðèé îòáîðà áîëüíûõ: íàëè÷èå 
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êîìáèíàöèè îäíîé èç íîçîëîãè÷åñêèõ åäè-
íèö (àòîïè÷åñêàÿ àñòìà, àòîïè÷åñêèé äåðìà-
òèò èëè àòîïè÷åñêèé ðèíèò) è ïîâûøåííûé 
óðîâåíü ñïåöèôè÷åñêèõ IgE.

Òàêèì îáðàçîì, ïðèâåäåííûå ðåçóëüòàòû 
äåìîíñòðèðóþò ñâÿçü ïîëèìîðôèçìîâ TLR2 
(rs5743708) è TLR4 (rs4986790) ñ ïîâûøåí-
íûì óðîâíåì ïðîäóêöèè ñïåöèôè÷åñêèõ IgE 
ó ïàöèåíòîâ ñ ÀÇ, ÷òî ïîçâîëÿåò ðàññìàòðè-
âàòü óêàçàííûå îäíîíóêëåîòèäíûå çàìåíû â 
êà÷åñòâå äîïîëíèòåëüíîãî ïðîãíîñòè÷åñêî-
ãî ïðèçíàêà èíäèâèäóàëüíîé ñêëîííîñòè ê 
ýòèì çàáîëåâàíèÿì.

N.L. Koutsenko, O.V. Izmailova, 
L.E. Vesnina, I.P. Kaidashev

RELATIONSHIP OF Toll-LIKE RECEPTORS
2 AND 4 GENES POLYMORPHISMS
WITH ALLERGIC DISEASES WITH

INCREASED  LEVELS OF SPECIFIC IGE

The aim of the research was to identify the role of 
genes polymorphisms encoding TLR2 (NP_003255.2) 
and TLR4 (NP_612564.1) in the increase of the specific 
IgE production level and development of allergic 
diseases. Genetic typing of genome specific regions was 
performed by polymerase chain reaction method using 
specific oligonucleotide primers. The obtained results 
display that the most significant causative allergens 
are epidermal and household allergens (epidermis 
of cat, dog and horse, D. farinae, D. pteronyssinus). 
The relationship of polymorphisms TLR2 (rs5743708) 
and TLR4 (rs4986790) with increased production of 
specific IgE in patients with allergic diseases was also 
observed.

Í.Ë. Êóöåíêî, Î.Â. ²çìàéëîâà, 
Ë.Å. Âåñí³íà, ².Ï. Êàéäàøåâ

ÇÂ’ßÇÎÊ ÏÎË²ÌÎÐÔ²ÇÌ²Â ÃÅÍ²Â
Toll-ÏÎÄ²ÁÍÈÕ ÐÅÖÅÏÒÎÐ²Â 2 ² 4 

²Ç ÀËÅÐÃ²×ÍÈÌÈ ÇÀÕÂÎÐÞÂÀÍÍßÌÈ 
Ç Ï²ÄÂÈÙÅÍÈÌÈ Ð²ÂÍßÌÈ 

ÑÏÅÖÈÔ²×ÍÈÕ ²ÌÓÍÎÃËÎÁÓË²Í²Â Å

Äîñë³äæóâàëè ðîëü ïîë³ìîðô³çì³â ãåí³â, ùî 
êîäóþòü TLR2 (NP_003255.2) ³ TLR4 (NP_612564.1), 
ó ï³äâèùåíí³ ð³âíÿ ïðîäóêö³¿ ñïåöèô³÷íèõ IgE òà 
ðîçâèòêó àëåðã³÷íèõ çàõâîðþâàíü. Ãåíîòèïóâàííÿ 
ñïåöèô³÷íèõ ä³ëÿíîê ãåíîìó çä³éñíþâàëè ìåòî-
äîì ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿ ç âèêîðèñ-
òàííÿì ñïåöèô³÷íèõ îë³ãîíóêëåîòèäíèõ ïðàéìå-
ð³â. Îòðèìàí³ ðåçóëüòàòè ïîêàçóþòü, ùî íàéá³ëüø 
çíà÷óùèìè ïðè÷èííèìè àëåðãåíàìè áóëè åï³-
äåðìàëüí³ òà ïîáóòîâ³ àëåðãåíè (åï³äåðì³ñ ê³ø-

êè, ñîáàêè ³ êîíÿ, D. farinae, D. pteronyssinus). 
Âèÿâëåíî çâ’ÿçîê ïîë³ìîðô³çì³â TLR2 (rs5743708) 
³ TLR4 (rs4986790) ç ï³äâèùåíèì ð³âíåì ïðîäóê-
ö³¿ ñïåöèô³÷íèõ IgE ó ïàö³ºíò³â ³ç àëåðã³÷íèìè 
çàõâîðþâàííÿìè. 

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. Ñàèäîâ Ì.Ç., Äàâóäîâà Á.Õ., Êëèìîâà Ñ.Â. è äð. 
Îöåíêà êîððåëÿöèîííûõ âçàèìîñâÿçåé ìåæäó 
CD-ïîçèòèâíûìè êëåòêàìè è ýêñïðåññèåé TLR-
ðåöåïòîðîâ ïðè ïîëèïîçíîì ðèíîñèíóñèòå // 
Èììóíîëîãèÿ. – 2010. – ¹ 1. – Ñ. 28–34.

2. Ñïèâàê Í.ß., Áîãäàíîâà È.Ì., Ìàðòèðîñîâà Í.È., 
Ìàëàéöåâ Â.Â. Ðîëü Toll-ïîäîáíûõ ðåöåïòî-
ðîâ â ðåãóëÿöèè èììóííîãî îòâåòà â íîðìå 
è ïðè ïàòîëîãèè // Ô³ç³îë. æóðí. – 2008. – 
54, ¹ 6. – Ñ. 87–99.

3. Ìåäæèòîâ Ð., Äæàíåâåé ×. Âðîæäåííûé èì-
ìóíèòåò // Êàçàí. ìåä. æóðí. – 2004. – 85, ¹ 3. – 
Ñ. 161–167.

4. Montes A.H., Asensi V., Alvarez V. et al. The Toll-
like receptor 4 (Asp299Gly) polymorphism is a 
risk factor for gram-negative and haematogenous 
osteomyelitis // J. Clin. Exp. Immunol. – 2006. – 
143, ¹ 3. – P. 404–413.

5. Mrabet-Dahbi S., Maurer M. Does allergy impair 
innate immunity? Leads and lessons from atopic 
dermatitis // Allergy. – 2010. – 65, ¹ 11. – 
P. 1351–1356.

6. Holt P.G., Strickland D.H. Interactions between 
innate and adaptive immunity in asthma patho-
genesis: new perspectives from studies on acute 
exacerbations // J. Allergy and Clin. Immunol. – 
2010. – 125, ¹ 5. – P. 963–972.

7. Tesse R., Pandey R.C., Kabesch M. Genetic varia-
tions in toll-like receptor pathway genes influence 
asthma and atopy // Allergy. – 2011. – 66, ¹ 3. – 
P. 307–316.

8. Ãîí÷àðîâà È.À., Ôðåéäèí Ì.Á., Äóíàåâà Ë.Å., 
Áåëîáîðîäîâà Å.Â. è äð. Àíàëèç ñâÿçè ïîëè-
ìîðôèçìà Ile50Val ãåíà ðåöåïòîðà èíòåð-
ëåéêèíà-4 (IL4RA) ñ õðîíè÷åñêèì âèðóñíûì 
ãåïàòèòîì // Ìîëåêóëÿð. áèîëîãèÿ. – 2005. – 
39, ¹ 3. – Ñ. 379–384.

9. Reijmerink N.E., Bottema R.W.B., Kerkhof M. 
et al. TLR-related pathway analysis: novel gene-
gene interactions in the development of asthma 
and atopy // Allergy. – 2010. – 65, ¹ 2. – 
P. 199–207.

10. Liu J., Rädler D., Illi S. et al. TLR2 polymorphisms 
influence neonatal regulatory T cells depending on 
maternal atopy // Allergy. – 2011. – 66, ¹ 8. – 
P. 1020–1029.

11. Smit L.A., Bongers S.I., Ruven H.J., Rijkers G.T., 



66 ISSN 0564–3783. Öèòîëîãèÿ è ãåíåòèêà. 2012. ¹ 6

Í.Ë. Êóöåíêî, Î.Â. Èçìàéëîâà, Ë.Ý. Âåñíèíà, È.Ï. Êàéäàøåâ

Wouters I.M. et al. Atopy and new-onset asthma 
in young Danish farmers and CD14, TLR2, and 
TLR4 genetic polymorphisms: a nested case-con-
trol study // Clin. Exp. Allergy. – 2007. – 37. – 
P. 1602–1608.

12. Weidinger S., Novak N., Klopp N. et al. Lack of as-
sociation between Toll-like receptor 2 and Toll-like 
receptor 4 polymorphisms and atopic eczema // J. 
Allergy Clin. Immunol. – 2006. – 118, ¹ 1. – 
P. 277–279.

13. Kormann M.S., Ferstl R., Depner M., Klopp N., 
Spiller S., Illiq T. et al. Rare TLR2 mutation reduce 
TLR2 receptor function and can increase atopy 
risk // Allergy. – 2009. – 64, ¹ 4. – P. 636–642.

14. Saçkesen C., Karaaslan C., Keskin O., Tokol N.,
Tahan F., Civelek E. et al. The effect of poly-
morphisms at the CD14 promoter and the TLR4 
gene on asthma phenotypes in Turkish chil-
dren with asthma // Allergy. – 2005. – 60, 
¹ 12. – P. 1485–1492.

15. Senthilselvan A., Rennie D., Chénard L., Burch L.H., 
Babiuk L., Schwartz D.A., Dosman J.A. et al. As-
sociation of polymorphisms of toll-like receptor 4 
with a reduced prevalence of hay fever and ato-
py // Ann. Allergy Asthma Immunol. – 2008. – 
100, ¹ 5. – P. 463–468.

Ïîñòóïèëà 11.05.11



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


