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ПОЛИМОРФИЗМ ГЕНОВ, ЭКСПРЕССИРУЮЩИХСЯ
В ГРУДНОМ МОЛОКЕ, В СВЯЗИ С СОМАТОТИПОМ НОВОРОЖДЕННЫХ

И РЕПРОДУКТИВНОЙ ФУНКЦИЕЙ ЖЕНЩИН

Ââåäåíèå. Öåëüþ èññëåäîâàíèÿ ÿâèëñÿ óãëóáëåííûé àíàëèç èçâåñòíûõ ïîëèìîðôèçìîâ è âûÿâ-
ëåíèå íîâûõ ñèñòåì ôåðìåíòíûõ è äðóãèõ áåëêîâ æåíñêîãî ìîëîêà. Âòîðîé çàäà÷åé, ÿâèëîñü óñòà-
íîâëåíèå èõ ñâÿçåé ñ ìîðôîôóíêöèîíàëüíûìè îñîáåííîñòÿìè íîâîðîæäåííûõ è ôèçèîëîãè÷åñêèìè
õàðàêòåðèñòèêàìè ðîæåíèö.

Ìàòåðèàëû è ìåòîäû. Ðàçðàáîòàíû è âíåäðåíû â ïðàêòèêó ìåòîäû èäåíòèôèêàöèè ïîëèìîð-
ôíûõ ñèñòåì ôåðìåíòíûõ è äðóãèõ áåëêîâ â æåíñêîì ãðóäíîì ìîëîêå. Â 180 îáðàçöàõ ìîëîêà æåí-
ùèí Ìîñêâû âîñòî÷íîñëàâÿíñêîãî ïðîèñõîæäåíèÿ âûÿâëåíû ôåíîòèïû ôîñôîãëþêîìóòàçû-4
(PGM4), ëàêòîýñòåðàçû (E3), α-àìèëàçû-1 (Amy1) è ëàêòîôåððèíà-1 (LF1). Ïðè èññëåäîâàíèè ÷å-
òûðåõ ïîëèìîðôíûõ ñèñòåì, òðè áûëè èäåíòèôèöèðîâàíû âïåðâûå.

Ðåçóëüòàòû. Ðåçóëüòàòû èññëåäîâàíèÿ èçîôåðìåíòíîãî ñïåêòðà ôîñôîãëþêîìóòàçû æåíñ-
êîãî ìîëîêà âûÿâèëè 6 äèñêðåòíûõ ýëåêòðîôîðåòè÷åñêèõ ôîðì PGM 4, êîíòðîëèðóåìûõ 4 àëëåëÿ-
ìè. Âïåðâûå ìåòîäîì ýëåêòðîôîðåçà áûë ïîëó÷åí ñïåêòð ôåðìåíòà õîëèíýñòåðàçû æåíñêîãî
ìîëîêà – ëàêòîýñòåðàçà òðåòüåãî ëîêóñà (Å 3) è ñïåêòð α-àìèëàçû æåíñêîãî ìîëîêà. Íàèáîëüøèé
èíòåðåñ ïðåäñòàâëÿåò àíàëèç ñîîòíîøåíèé ïîëèìîðôèçìîâ ñèñòåì ëàêòîýñòåðàçû (Å3), ôîñ-
ôîãëþêîìóòàçû (PGM 4), ëàêòîôåððèíà (LF) è àìèëàçû (AMY 1) ñ ñîìàòîòèïîì íîâîðîæäåííûõ.
Óñòàíîâëåíû äîñòîâåðíûå ñâÿçè ìåæäó àíòðîïîìåòðè÷åñêèìè ïðèçíàêàìè íîâîðîæäåííûõ è ïî-
ëèìîðôèçìîì ïî ñèñòåìàì PGM4 è LF. Âûÿâëåíû òåíäåíöèè ê âîçðàñòàíèþ âåñà íîâîðîæäåííûõ
èëè ê ñíèæåíèþ, àññîöèèðóþùèåñÿ ñ îïðåäåëåííûìè âàðèàíòàìè ãåíåòè÷åñêèõ ñèñòåì. Ðåçóëüòà-
òû èññëåäîâàíèÿ ñîîòíîøåíèÿ äèñêðåòíîãî ãåíåòè÷åñêîãî ïîëèìîðôèçìà ñèñòåì AMY 1, Å3, PGM4
è LF ñ ðåïðîäóêòèâíîé ôóíêöèåé æåíùèí âûÿâèëè ñâÿçü ñ òàêèìè àêóøåðñêèìè ïàòîëîãèÿìè, êàê
íàëè÷èå âûêèäûøåé, ñïîíòàííûõ àáîðòîâ è ìåðòâîðîæäåíèé. Âïåðâûå ïîêàçàíî, ÷òî ãåíåòè÷åñ-
êèé ïîëèìîðôèçì àìèëàçû æåíñêîãî ìîëîêà äîñòîâåðíî ñâÿçàí ñ óðîâíåì ëàêòàöèè ðîæåíèö.

Êëþ÷åâûå ñëîâà: æåíñêîå ãðóäíîå ìîëîêî; ïîëèìîðôèçì ãåíîâ; ñîìàòîòèï íîâîðîæäåííûõ;
ðåïðîäóêòèâíàÿ ôóíêöèÿ

Введение

Æåíñêîå ìîëîêî è ãðóäíîå âñêàðìëèâàíèå
ïðåäñòàâëÿþòñÿ íîðìàòèâíûìè ñòàíäàðòàìè â êà-
÷åñòâå æèçíåîáåñïå÷åíèÿ íîâîðîæäåííûõ è ïè-
òàíèÿ â öåëîì [Verduci et al., 2014]. Ïî-ïðåæíåìó
îäíîé èç àêòóàëüíûõ ïðîáëåì îñòàåòñÿ èññëåäî-
âàíèå âëèÿíèÿ íàñëåäñòâåííî îáóñëîâëåííûõ
ïðèçíàêîâ ìàòåðèíñêîãî îðãàíèçìà íà ðàçâèòèå
ïëîäà è ïîñëåäóþùåå ïîñòíàòàëüíîå ôîðìèðî-
âàíèå íîâîðîæäåííîãî. Àêòèâíûé ðîñò è ðàçâèòèå
ðåáåíêà ñîïðîâîæäàþòñÿ çíà÷èòåëüíûìè çàòðà-
òàìè ýíåðãèè, ñâÿçàííûìè ñ íåîáõîäèìîñòüþ ïî-

ñòóïëåíèÿ â îðãàíèçì äîñòàòî÷íîãî êîëè÷åñòâà
ñòðîãî ñáàëàíñèðîâàííûõ è ëåãêî óñâîÿåìûõ ïè-
ùåâûõ âåùåñòâ. Àíàëèç îñíîâíûõ êîìïîíåíòîâ
ãðóäíîãî ìîëîêà ïîêàçàë îïòèìàëüíóþ óñâîÿå-
ìîñòü è ñîîòâåòñòâèå èõ ñòðóêòóðû âîçìîæíîñòÿì
æåëóäî÷íî-êèøå÷íîãî òðàêòà ðåáåíêà. Òàêèì îá-
ðàçîì, èññëåäîâàíèå ñîñòàâà è ñâîéñòâ ãðóäíîãî
ìîëîêà ïîçâîëÿåò ïî-íîâîìó ïîäîéòè ê îðãàíèçà-
öèè ìåäèöèíñêîé ïîìîùè áåðåìåííûì è ñëóæèò
îñíîâàíèåì äëÿ ðàçðàáîòêè íîâûõ ìåòîäîâ ïðî-
ôèëàêòèêè ðÿäà êëèíè÷åñêèõ íàðóøåíèé. Âåñüìà
âàæíûìè ïðåäñòàâëÿþòñÿ äàííûå î ñîäåðæàíèè
â ãðóäíîì ìîëîêå ðÿäà èíãðåäèåíòîâ áåëêîâîãî
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ñîñòàâà, à òàêæå îöåíêà êîððåëÿöèîííûõ âçàèìî-
îòíîøåíèé ýòèõ äàííûõ ñ ïîêàçàòåëÿìè ôèçè÷å-
ñêîãî ðàçâèòèÿ íîâîðîæäåííûõ è ðåïðîäóêòèâíîé
ôóíêöèåé æåíùèí.

Ñîñòàâ ãðóäíîãî ìîëîêà ìîæåò ñèëüíî âàðüè-
ðîâàòü îò ðàçíûõ ïðè÷èí, â òîì ÷èñëå è ãåíåòè÷å-
ñêèõ. Ñóùåñòâóþùàÿ äî íàñòîÿùåãî âðåìåíè èíôîð-
ìàöèÿ î ãåíåòè÷åñêîé ãåòåðîãåííîñòè ôåðìåíòíûõ è
äðóãèõ áåëêîâ æåíñêîãî ìîëîêà îñòàåòñÿ âåñüìà
ôðàãìåíòàðíîé [Jensen, 1995; Chowanadisai et al.,
2005; Khaldi et al., 2014; Lindqist at al., 2002; Twigger
et al., 2015].

Ìíîãèå ìåòàáîëèòû è ïèòàòåëüíûå âåùåñòâà
ïðîíèêàþò â ìîëîêî íåïîñðåäñòâåííî èç ìàòåðèí-
ñêîé êðîâè, òîãäà êàê äðóãèå – ÿâëÿþòñÿ ñòðîãî òêà-
íåñïåöèôè÷íûìè, ò.å. ýêñïðåññèðóþòñÿ òîëüêî â
ìîëî÷íîé æåëåçå â ïåðèîä ëàêòàöèè, íàïðèìåð,
ôîñôîãëþêîìóòàçà ÷åòâåðòîãî ëîêóñà (PGM4)
[Ibarra, Cantu, 1981].

Íàëè÷èå òêàíåâîé ñïåöèôè÷íîñòè â ïðîÿâëå-
íèè äèñêðåòíîé ãåíåòè÷åñêîé èçìåí÷èâîñòè ïîçâî-
ëÿåò ïîëó÷èòü íîâûå äàííûå î ñòðóêòóðíîé ãåòåðî-
ãåííîñòè ôåðìåíòíûõ è äðóãèõ áåëêîâ â æåíñêîì
ìîëîêå ñ ïåðñïåêòèâîé ïîçíàíèÿ èõ ñïåöèôè÷åñêîé
ôóíêöèîíàëüíîé íàãðóçêè.

Âñå âûøåèçëîæåííîå ñâèäåòåëüñòâóåò îá àê-
òóàëüíîñòè äàííîé ðàáîòû è îòêðûâàåò ïåðñïåê-
òèâû äëÿ èçó÷åíèÿ îðãàíèçìà ìàòåðè è ðåáåíêà
êàê åäèíîé ñèñòåìû.

Öåëüþ èññëåäîâàíèÿ ÿâèëîñü óãëóáëåííîå
èçó÷åíèå êàê èäåíòèôèöèðîâàííûõ ðàíåå, òàê è
óñòàíîâëåíèå íîâûõ ñòðóêòóðíûõ ïîëèìîðôèçìîâ
ôåðìåíòíûõ è äðóãèõ áåëêîâ ãðóäíîãî ìîëîêà â
âûáîðêå æåíùèí, ïðîæèâàþùèõ â Ìîñêâå. Ïðåä-
ñòàâëÿëîñü òàêæå íåîáõîäèìûì óñòàíîâëåíèå ñâÿ-
çè ýòèõ ïîëèìîðôèçìîâ ñ ìîðôîôóíêöèîíàëüíû-
ìè îñîáåííîñòÿìè íîâîðîæäåííûõ è íåêîòîðûìè
ôèçèîëîãè÷åñêèìè õàðàêòåðèñòèêàìè ðîæåíèö.

Материалы и методы

Â êà÷åñòâå èñòî÷íèêà áèîëîãè÷åñêîãî ìàòåðè-
àëà èñïîëüçîâàëèñü îáðàçöû ãðóäíîãî ìîëîêà 180
æåíùèí ïðåèìóùåñòâåííî âîñòî÷íîñëàâÿíñêîãî
ïðîèñõîæäåíèÿ, ñîáðàííûå â ïåðâûå ïÿòü ñóòîê
ïîñëå ðîäîâ â íåñêîëüêèõ ðîäèëüíûõ äîìàõ
ã. Ìîñêâà. Â ñîîòâåòñòâèè ñ çàêîíîì î ïåðñîíàëüíûõ
äàííûõ ðåçóëüòàòû  èçìåðåíèé áûëè äåïåðñîíè-
ôèöèðîâàíû. Ñ äîáðîâîëüíîãî ñîãëàñèÿ îñóùåñòâ-
ëÿëñÿ îïðîñ ðîäèëüíèö, ó÷èòûâàëèñü ãîä è ìåñòî
ðîæäåíèÿ, íàöèîíàëüíîñòü, ïðîôåññèþ, ìåñòî
ðîæäåíèÿ èññëåäóåìûõ, ìåñòî ðîæäåíèÿ è
íàöèîíàëüíîñòü ðîäèòåëåé. Îäíîâðåìåííî

ó÷èòûâàëèñü òàêèå õàðàêòåðèñòèêè íîâîðîæäåííûõ
êàê ïîë, äëèíà è âåñ òåëà, îêðóæíîñòü ãîëîâû è
ãðóäíîé êëåòêè, à òàêæå ñîñòîÿíèå çäîðîâüÿ
ìëàäåíöåâ. Áèî-ôèçèîëîãè÷åñêèå õàðàêòåðèñòè-
êè ðîæåíèö âêëþ÷àëè èíôîðìàöèþ î âîçðàñòå
íà÷àëà menarche, áåðåìåííîñòÿõ (ðîäàõ,
âûêèäûøàõ, ìåä. àáîðòàõ, ìåðòâîðîæäåíèÿõ, ïðè-
íèìàÿ âî âíèìàíèå ïðè÷èíû ñìåðòè). Íàêîíåö,
áûëè ïîëó÷åíû äàííûå îòöà, åãî ìåñòà ðîæäåíèÿ
è íàöèîíàëüíîñòè ðîäèòåëåé.

Äëÿ àíàëèçà èñïîëüçîâàëîñü îáåçæèðåííîå
ãðóäíîå ìîëîêî, îáðàáîòàííîå CCl4. Èññëåäîâàíèþ
ïîäâåðãàëñÿ âûäåëåííûé ñóïåðíàòàíò. Ðàçðàáîòà-
íû íîâûå ìîäèôèêàöèè ðàíåå ïðèìåíÿâøèõñÿ
ìåòîäîâ ðàáîòû ñ òàêèìè èñòî÷íèêàìè áèîëîãè-
÷åñêîãî ìàòåðèàëà êàê êðîâü è ñëþíà [Ñïèöûí,
2008]. Èçîôåðìåíòíûé ñïåêòð ôîñôîãëþêîìóòà-
çû (PGM4) âïåðâûå èññëåäîâàëñÿ ìåòîäîì èçî-
ýëåêòðîôîêóñèðîâàíèÿ (ÈÝÔ) â ïîëèàêðèëàìèäíîì
ãåëå [Ñïèöûí ñ ñîàâò., 1997]. Äëÿ îïðåäåëåíèÿ ïî-
ëèìîðôèçìà ëàêòîýñòåðàçû ãðóäíîãî ìîëîêà áûëà
ïðåäëîæåíà ðàçíîâèäíîñòü ÝÔ â ÏÀÃå [Ñïèöûí,
Áû÷êîâñêàÿ, 1994]. Äðóãèå ãåíåòè÷åñêèå ñèñòåìû
èäåíòèôèöèðîâàëèñü â ñîîòâåòñòâèè ñ ïðèåìàìè,
îïèñàííûìè â ðàáîòå Â.À. Ñïèöûíà [Ñïèöûí, 2008].
Äëÿ ñòàòèñòè÷åñêîé îáðàáîòêè ïîëó÷åííûõ äàííûõ
èñïîëüçîâàíà ïðîãðàììà Statistica 6.0 è ïðîãðàì-
ìà «Òåñò» äëÿ ïðîâåðêè ñòàòèñòè÷åñêèõ ãèïîòåç,
ðàçðàáîòàííàÿ Â.Å. Äåðÿáèíûì [Äåðÿáèí, 2008], à
òàêæå ðóêîâîäñòâî Ë.À. Æèâîòîâñêîãî [Æèâîòîâ-
ñêèé, 1991]. Äëÿ íàõîæäåíèÿ ìíîæåñòâåííîé êîð-
ðåëÿöèè ãåíåòè÷åñêèõ ìàðêåðîâ ñ êîìïëåêñîì êî-
ëè÷åñòâåííûõ ïðèçíàêîâ (äëèíà è ìàññà òåëà, îá-
õâàòû ãîëîâû è ãðóäè íîâîðîæäåííûõ, âðåìÿ íà÷à-
ëà menarche, ÷èñëî áåðåìåííîñòåé) ïðèìåíÿëñÿ
ïîäõîä, îïèñàííûé [Chreverud et al., 1979].

Результаты

Îöåíêè ÷èñëåííîñòåé ôåíîòèïîâ è ÷àñòîò àë-
ëåëåé ãåíà, êîíòðîëèðóþùåãî ôåðìåíò ôîñôî-
ãëþêîìóòàçó-4 (PGM4) â âûáîðêå èçó÷åííûõ æåí-
ùèí ïðåäñòàâëåíû â òàáëèöå 1.

Â ðåçóëüòàòå ðàáîòû áûëî èäåíòèôèöèðîâàíî
6 äèñêðåòíûõ ýëåêòðîôîðåòè÷åñêèõ ôîðì PGM4,
êîíòðîëèðóåìûõ ÷åòûðüìÿ ñîîòâåòñòâóþùèìè àë-
ëåëÿìè.

Â èçó÷åííûõ îáðàçöàõ æåíñêîãî ìîëîêà áûë
ïîëó÷åí ñïåêòð èçîôîðì ôåðìåíòà õîëèíýñòåðà-
çû, ïîëó÷èâøåãî íàèìåíîâàíèå ëàêòîýñòåðàçà
òðåòüåãî ëîêóñà – E3. Ðàñïðåäåëåíèå ÷àñòîò ôåíî-
òèïîâ è àëëåëåé ëàêòîýñòåðàçû E3 ïðåäñòàâëåíî
â òàáëèöå 2.
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Òàáëèöà 1 Ðàñïðåäåëåíèÿ ÷èñëåííîñòåé ôåíîòèïîâ è ÷àñòîò àëëåëåé ãåíà PGM4, ýêñïðåññèðóþùåãîñÿ
â ãðóäíîì ìîëîêå

Table 1 Distributions of phenotypes and allele frequencies of the PGM4 gene expressed in breast milk

Ïðèìå÷àíèÿ. χ2HW=9,622; d.f.=6; P>0,05.
Notes. χ2HW=9,622; d.f.=6; P>0,05.

Òàáëèöà 2 Ðàñïðåäåëåíèå ÷èñëåííîñòåé ôåíîòèïîâ ÷àñòîò àëëåëåé ãåíà ëàêòîýñòåðàçû ëîêóñà E3,
ýêñïðåññèðóþùåãîñÿ â ãðóäíîì ìîëîêå

Table 2 Distribution of phenotypes and allele frequencies of the lacto esterase locus E3 gene expressed in
breast milk

Ïðèìå÷àíèÿ. χ2HW=0,957; d.f.=3; P>0,05.
Notes. χ2HW=0,957; d.f.=3; P>0,05.

Òàáëèöà 3 Ðàñïðåäåëåíèå ÷èñëåííîñòåé
ôåíîòèïîâ ÷àñòîò àëëåëåé ãåíà ααααα-àìèëàçû 1

(Amy1), ýêñïðåññèðóþùåãîñÿ â ãðóäíîì ìîëîêå
Table 3 Distribution of phenotypes and allele
frequencies of the ααααα-amylase 1 (Amy1) gene

expressed in breast milk

Ïðèìå÷àíèÿ. χ2HW=2,916; d.f.=1; P>0,05.
Notes. χ2HW=2,916; d.f.=1; P>0,05.

Òàáëèöà 4. Ðàñïðåäåëåíèå ÷èñëåííîñòåé
ôåíîòèïîâ ÷àñòîò àëëåëåé ãåíà ëàêòîôåððèíà 1

(LF1), ýêñïðåññèðóþùåãîñÿ â ãðóäíîì ìîëîêå
Table 4 Distribution of phenotypes and allele
 frequencies of the lactoferrin 1 (LF1) gene

expressed in breast milk

Ïðèìå÷àíèÿ. χ2HW=1,604; d.f.=1; P>0,05.
Notes. χ2HW=1,604; d.f.=1; P>0,05.

Ðåçóëüòàòû ïîêàçûâàþò, ÷òî âàðèàíòû E3 êîíò-
ðîëèðóþòñÿ òðåìÿ àëëåëÿìè åäèíîãî àóòîñîìíîãî
ëîêóñà. Íàáëþäàåìîå ðàñïðåäåëåíèå âàðèàíòîâ
E3 ëàêòîýñòåðàçû óäîâëåòâîðèòåëüíî ñîãëàñóåò-
ñÿ ñ òåîðåòè÷åñêè îæèäàåìûì â ñîîòâåòñòâèè ñ
ðàâíîâåñèåì Õàðäè-Âàéíáåðãà.

Âïåðâûå ìåòîäîì èçîýëåêòðîôîêóñèðîâàíèÿ
(ÈÝÔ) áûë èäåíòèôèöèðîâàí èçîôåðìåíòíûé
ñïåêòð α-àìèëàçû (Amy1) æåíñêîãî ìîëîêà. Ïðè
ñðàâíèòåëüíîì àíàëèçå ñ ïîìîùüþ ìåòîäà ÈÝÔ
îáðàçöîâ α-àìèëàçû ìîëîêà è èñïîëüçóåìîé â êà÷å-
ñòâå êîíòðîëÿ α-àìèëàçû ñëþíû ïîêàçàíà èäåíòè÷-
íîñòü ðàñïîëîæåíèÿ çîí èçîôåðìåíòîâ. Â òàáëèöå 3
ïðåäñòàâëåíî ðàñïðåäåëåíèå ôàêòîðîâ α-àìèëà-
çû (Amy1) æåíñêîãî ìîëîêà.

Ïðè ñóììàðíîì èññëåäîâàíèè 180 îáðàçöîâ
ãðóäíîãî ìîëîêà â ðàáîòå óäàëîñü âûÿâèòü òðè âà-
ðèàíòà Amy1. Îöåíêà ñîîòâåòñòâèÿ ýìïèðè÷åñêî-
ãî ðàñïðåäåëåíèÿ ôåíîòèïîâ Amy1 òåîðåòè÷åñêè
îæèäàåìîìó – óäîâëåòâîðèòåëüíî ñîãëàñóåòñÿ ñ
ðàâíîâåñèåì Õàðäè-Âàéíáåðãà. Èç òàáëèöû 3 âèä-
íî, ÷òî ñ íàèáîëüøåé ÷àñòîòîé â íàøåì ìàòåðèà-
ëå ïðåäñòàâëåí ãîìîçèãîòíûé ôåíîòèï 1-1, ñ íàè-
ìåíüøåé – 2-2, ñ ïðîìåæóòî÷íîé ÷àñòîòîé âñòðå-
÷àåìîñòè âûÿâëåí ãåòåðîçèãîòíûé âàðèàíò 2-1.

Â òàáëèöå 4 ïðåäñòàâëåíû ðåçóëüòàòû èññëåäî-
âàíèÿ ïîëèìîðôèçìà ëàêòîôåððèíà (LF1) ãðóäíîãî
ìîëîêà.

Èç òàáëèöû 4 ÿâñòâóåò, ÷òî ñ íàèáîëüøèìè
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÷àñòîòàìè ïðåäñòàâëåíû ôåíîòèïû LF1 1-1 è LF1
1-2, òîãäà êàê ñ íàèìåíüøåé ïðîïîðöèåé èäåíòè-
ôèöèðîâàí ãîìîçèãîòíûé âàðèàíò LF1 2-2. Îöåí-
êà ñîîòâåòñòâèÿ ýìïèðè÷åñêîãî ðàñïðåäåëåíèÿ
ôåíîòèïîâ LF1 òåîðåòè÷åñêè îæèäàåìîìó – óäîâ-
ëåòâîðèòåëüíî ñîãëàñóåòñÿ ñ ðàâíîâåñèåì Õàðäè-
Âàéíáåðãà.

Ñëåäóþùèì ýòàïîì ðàáîòû ÿâèëîñü îïðåäå-
ëåíèå ñîîòíîøåíèÿ äèñêðåòíîãî ãåíåòè÷åñêîãî ïî-
ëèìîðôèçìà ñèñòåì ëàêòîýñòåðàçû (E3), ôîñôîã-
ëþêîìóòàçû (PGM4), ëàêòîôåððèíà (LF1) è àìè-
ëàçû (AMY1) ãðóäíîãî æåíñêîãî ìîëîêà ñ ñîìàòî-
òèïîì íîâîðîæäåííûõ.

Ê âàæíåéøèì ïîêàçàòåëÿì ôèçè÷åñêîãî ðàç-
âèòèÿ äåòåé ïåðâîãî ãîäà æèçíè ïðèíàäëåæàò õà-
ðàêòåðèñòèêè âåñà è äëèíû òåëà. Ñóùåñòâóþò òàê-
æå è äðóãèå àíòðîïîìåòðè÷åñêèå ïðèçíàêè, îïðå-
äåëÿþùèå ôèçè÷åñêîå ðàçâèòèå, ê êîòîðûì, â ÷à-
ñòíîñòè, ïðèíàäëåæàò îáõâàò ãîëîâû è ãðóäè íî-
âîðîæäåííûõ.

Â òàáëèöå 5 ïîêàçàíû êîððåëÿöèîííûå îòíî-
øåíèÿ ôàêòîðîâ èçó÷àåìûõ ïîëèìîðôíûõ ñèñòåì
E3, PGM4, LF1 è Amy1 ñ êàæäûì èç àíòðîïîìåò-
ðè÷åñêèõ ïàðàìåòðîâ íîâîðîæäåííîãî ïðè âåðî-
ÿòíîñòè îøèáêè, ñîñòàâëÿþùåé 0,1 % (***), 1% (**)
è 5% (*). Ðåçóëüòàòû äåìîíñòðèðóþò, ÷òî ó æåí-
ùèí ñ âàðèàíòîì ôîñôîãëþêîìóòàçû PGM4 2-2,
ðîäèâøèõ äåâî÷åê, îáíàðóæåíà äîñòîâåðíàÿ ïî-
ëîæèòåëüíàÿ êîððåëÿöèîííàÿ ñâÿçü ñî âñåìè àí-
òðîïîìåòðè÷åñêèìè ïàðàìåòðàìè íîâîðîæäåí-

íûõ. Ó æåíùèí, ðîäèâøèõ ìàëü÷èêîâ, ñóùåñòâóåò
íåñëó÷àéíàÿ êîððåëÿöèîííàÿ ñâÿçü äëèíû òåëà
íîâîðîæäåííîãî ñî ñëåäóþùèìè ïîëèìîðôíûìè
ôàêòîðàìè: PGM4 1-2. PGM4 2-2, LF1 1-1 è LF1 1-
2. Ïðè ýòîì ôåíîòèïû PGM4 1-2 è LF1 1-1 ñ äëè-
íîé òåëà íîâîðîæäåííîãî êîððåëèðóþò îòðèöà-
òåëüíî, à ôåíîòèïû PGM4 2-2 è LF1 1-2 – ïîëî-
æèòåëüíî. Ýòè æå ñèñòåìû PGM4 1-2. PGM4 2-2,
LF1 1-1 è LF1 1-2 îáíàðóæèâàþò äîñòîâåðíóþ àñ-
ñîöèàöèþ ñ âåñîì íîâîðîæäåííîãî, ïðè÷åì ýòà
ñâÿçü, êðîìå LF1 1-2, îòðèöàòåëüíà. Äîñòîâåðíàÿ
êîððåëÿöèîííàÿ ñâÿçü ôåíîòèïîâ PGM4 2-2 è LF1
1-1 ïðîÿâëÿåòñÿ è ñ òàêèìè ïîêàçàòåëÿìè, êàê îá-
õâàòû ãîëîâû è ãðóäè. Ïðè÷åì äëÿ âàðèàíòà PGM4
2-2 ýòà ñâÿçü îêàçûâàåòñÿ ïîëîæèòåëüíîé, òîãäà
êàê äëÿ LF1 1-2 – îíà îòðèöàòåëüíà.

Î ñïðàâåäëèâîñòè óñòàíîâëåííûõ çàâèñèìî-
ñòåé ìåæäó îïðåäåëåííûì ñîìàòîòèïîì âîðîæ-
äåííîãî è ãåíåòè÷åñêèìè ðàçíîâèäíîñòÿìè PGM4
è LF1 ìîæåò ñâèäåòåëüñòâîâàòü ñîãëàñîâàííîñòü
âûÿâëåííûõ ñâÿçåé.

Ðåçóëüòàòû èññëåäîâàíèÿ ñîîòíîøåíèÿ äèñê-
ðåòíîãî ãåíåòè÷åñêîãî ïîëèìîðôèçìà Amy1, E3,
PGM4 è LF1 ñ ðåïðîäóêòèâíîé ôóíêöèåé æåíùèí è
óðîâíåì ëàêòàöèè ïðåäñòàâëåíû â òàáëèöàõ 6 è 7.

Òàáëèöà 6 äåìîíñòðèðóåò, ÷òî òîëüêî ðàçíî-
âèäíîñòè îäíîé ñèñòåìû PGM4 1-2 è PGM4 2-2
îáíàðóæèâàþò äîñòîâåðíóþ êîððåëÿöèîííóþ
ñâÿçü ñ íàëè÷èåì âûêèäûøåé â àêóøåðñêîì àíàì-
íåçå æåíùèí, ðîäèâøèõ ìàëü÷èêîâ, ïðè âåëè÷è-

Òàáëèöà 5. Êîððåëÿöèÿ ôàêòîðîâ èçó÷åííûõ ïîëèìîðôèçìîâ ñ ðÿäîì àíòðîïîìåòðè÷åñêèõ
õàðàêòåðèñòèê íîâîðîæäåííûõ

Table 5. Correlation of factors of the studied polymorphisms with various anthropometric characteristics of
newborns
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íå îøèáêè, ñîñòàâëÿþùåé 5% (*). Äëÿ ýòèõ ïîêà-
çàòåëåé áûë ðàññ÷èòàí êîýôôèöèåíò φ, îòðàæà-
þùèé âåëè÷èíó è íàïðàâëåíèå ýòîé ñâÿçè. Ïðè-
÷åì ó æåíùèí ñ ôåíîòèïîì PGM4 1-2, ðîäèâøèõ
ìàëü÷èêîâ, ñ ôåíîòèïîì PGM4 1-2 âåëè÷èíà ýòîé
ñâÿçè ïîëîæèòåëüíà è ðàâíà +0,227, à ñ ôåíîòè-
ïîì PGM4 2-2 âåëè÷èíà ýòîé ñâÿçè îòðèöàòåëüíà
è ðàâíà – 0,225. Òàêèì îáðàçîì, ïîêàçàíî, ÷òî æåí-
ùèíû ñ ãåòåðîçèãîòíûì ôåíîòèïîì PGM4 1-2 ñòà-
òèñòè÷åñêè çíà÷èìî îáíàðóæèâàþò âåðîÿòíîñòü
èìåòü âûêèäûøè, è, íàïðîòèâ, ðîæåíèöû ñ ôåíî-
òèïîì PGM4 2-2, èìåþùèå ìàëü÷èêîâ îêàçûâà-
þòñÿ â áîëåå áëàãîïðèÿòíîì ïîëîæåíèè, ó íèõ
÷èñëî âûêèäûøåé, îêàçûâàåòñÿ ñòàòèñòè÷åñêè
ìåíüøèì.

Îäíèì èç îáúåêòèâíûõ ïîêàçàòåëåé ïîëîâî-
ãî ñîçðåâàíèÿ ó æåíùèí ÿâëÿåòñÿ âîçðàñò íà÷àëà
menarche. Âîçðàñò, êîãäà ýòîò ïðèçíàê ïîÿâëÿåò-
ñÿ ó 50% äåâî÷åê, ïî äàííûì [Ñîëîâüåâîé, 1973]
äëÿ äåâî÷åê ñîñòàâëÿåò 13 ëåò 3 ìåñ. Ïîëîâîå ñî-
çðåâàíèå â âîçðàñòå îò 8 äî 11 ëåò ñ÷èòàåòñÿ êðàé-
íèì âàðèàíòîì íîðìû, à ïîçäíèì – îò 15 ëåò 6
ìåñ. [Âëàñòîâñêèé, 1976]. Ñðåäíèé âîçðàñò
menarche â ìîñêîâñêîé âûáîðêå ïî íàøèì äàí-
íûì ñîñòàâèë 13,5 ëåò.

Â òàáëèöå 7 ïîêàçàíî ñîîòíîøåíèå äèñêðåò-
íîãî ãåíåòè÷åñêîãî ïîëèìîðôèçìà èçó÷åííûõ ñè-
ñòåì ñ óðîâíåì ëàêòàöèè.

Òàêèì îáðàçîì, äîñòîâåðíàÿ çàâèñèìîñòü ïðè
âåðîÿòíîñòè îøèáêè, ðàâíîé 1% (**), ñ óðîâíåì

Òàáëèöà 6. Ñîîòíîøåíèå ÷àñòîò àëëåëåé PGM4, LF1, Amy1 è ðåïðîäóêòèâíîé ôóíêöèè æåíùèí
Table 6. Correlation of frequencies of the PGM4, LF1, Amy1 alleles with female reproductive function

Ïðèìå÷àíèÿ. χ2 – ïîêàçàòåëü, îïèñûâàþùèé äîñòîâåðíîñòü ñâÿçè; d.f. – ÷èñëî ñòåïåíåé ñâîáîäû; prob<0,05
– ñâÿçü ñ÷èòàåòñÿ äîñòîâåðíîé; (*) – âåðîÿòíîñòü îøèáêè ñîñòàâëÿåò 5%.

Notes. χ2 is an indicator describing the reliability of the correlation; d.f. is the number of degrees of freedom;
prob<0,05 – the correlation is considered reliable; (*) – the error rate is 5%.

Òàáëèöà 7. Ñîîòíîøåíèå äèñêðåòíîãî
ãåíåòè÷åñêîãî ïîëèìîðôèçìà ãåíîâ Amy1, E3,

PGM4 è LF1 ñ óðîâíåì ëàêòàöèè
Table 7. Correlation of the discrete

genetic polymorphism of the Amy1, E3, PGM4
and LF1 genes with the level of lactation

Ïðèìå÷àíèÿ. χ2 – âåëè÷èíà, îïèñûâàþùàÿ äîñòî-
âåðíîñòü ñâÿçè; φ – êîýôôèöèåíò, îòðàæàþùèé õàðàê-
òåð è íàïðàâëåíèå ýòîé ñâÿçè.

Notes. χ2 is a value describing the reliability of the
correlation; φ is a coefficient reflecting the nature and
direction of this correlation.
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ëàêòàöèè äëÿ æåíùèí, ðîäèâøèõ äåâî÷åê îáíà-
ðóæèâàåòñÿ òîëüêî ñ ôåíîòèïîì Amy1 1-1 ïðè îò-
ðèöàòåëüíîì õàðàêòåðå ýòîé ñâÿçè.

Заключение

Ê íàñòîÿùåìó âðåìåíè ñóùåñòâóþò äîñòàòî÷-
íî ôðàãìåíòàðíûå ñâåäåíèÿ î ïîëèìîðôèçìå
ôåðìåíòíûõ è äðóãèõ ñèñòåì æåíñêîãî ìîëîêà. Â
âûøåèçëîæåííîé ðàáîòå ôàêòè÷åñêèå äàííûå ìî-
ãóò îòðàæàòü õàðàêòåð ãåíåòè÷åñêîé èçìåí÷èâîñòè
â òàêîì áèîëîãè÷åñêîì ìàòåðèàëå êàê æåíñêîå
ìîëîêî â âûáîðêå ëèö èç ã. Ìîñêâà. Ïðåäñòàâëåíû
äàííûå î ãåíåòè÷åñêîì ïîëèìîðôèçìå 4-õ ñèñòåì
ñ ðÿäîì àíòðîïîìåòðè÷åñêèõ ïîêàçàòåëåé íîâîðîæ-
äåííûõ è ôèçèîëîãè÷åñêèìè õàðàêòåðèñòèêàì æåí-
ùèí. Âûÿâëåíû òåíäåíöèè ê óâåëè÷åíèþ âåñà íî-
âîðîæäåííûõ èëè ê ñíèæåíèþ, àññîöèèðóþùèåñÿ
ñ îïðåäåëåííûìè âàðèàíòàìè ãåíåòè÷åñêèõ ñèñòåì
ðîæåíèö. Ïðè ýòîì ïðîòèâîïîëîæíî íàïðàâëåííûå
ìîðôîòèïû îêàçàëèñü ñâÿçàííûìè ñ ðàçíûìè ôå-
íîòèïàìè ýòèõ ñèñòåì, ÷òî ïîäòâåðæäàåò ðåàëü-
íîñòü ïîëó÷åííûõ êîððåëÿöèé. Âîçìîæíî, ÷òî
ãåíû PGM4 è LF1 èìåþò ñöåïëåíèå ñ ëîêóñàìè,
îòâå÷àþùèìè çà êëåòî÷íóþ ïðîëèôåðàöèþ è ðî-
ñòîâûå ïðîöåññû. Íå èñêëþ÷åíî, ÷òî òàêîé ýô-
ôåêò îáóñëîâëåí ìåæëîêóñíûì âçàèìîäåéñòâèÿ
äâóõ èëè áîëåå íåñöåïëåííûõ ãåíîâ. ×àñòîòû âû-
êèäûøåé, ñïîíòàííûõ àáîðòîâ, ìåðòâîðîæäåíèé
ñîïðÿæåíû ñ ãåíîòèïîì ìàòåðè ïî èçó÷åííûì ñè-
ñòåìàì. Îñòàåòñÿ îòêðûòûì âîïðîñ î ãåíåòè÷åñ-
êîé ñîâìåñòèìîñòè ìàòåðè è ïëîäà ïðè ãðóäíîì
âñêàðìëèâàíèè íîâîðîæäåííûõ. Ïðîáëåìà íóæäà-
åòñÿ â ïðîâåäåíèè äàëüíåéøèõ ðàáîò íà óðîâíå
àíàëèçà ÄÍÊ ïîëèìîðôèçìîâ è ñðàâíèòåëüíîìó
èçó÷åíèþ ìåäèêî-áèîëîãè÷åñêèõ äàííûõ â ðàçíûõ
ïîïóëÿöèÿõ ÷åëîâåêà.
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POLYMORPHISM OF GENES EXPRESSED IN BREAST MILK
IN CONNECTION WITH THE SOMATOTYPE OF THE NEWBORN

AND REPRODUCTIVE FUNCTION OF WOMEN

Introduction. The study was aimed at an in-depth analysis of known polymorphisms and at discovering
new systems of enzyme and other proteins in human milk. The second task was establishing their connections
with morphofunctional features of newborns and physiological characteristics of parturients.

Materials and methods. Methods for the identification of polymorphic systems of enzyme and other
proteins in human breast milk have been developed and implemented. Phenotypes of phosphoglucomutase
4 (PGM4), lacto esterase (E3), á-amylase 1 (Amy1) and lactoferrin 1 (LF1) were identified in 180 milk samples
taken from Moscow women of East Slavic origin. Three out of four polymorphic systems have been identified
for the first time.

Results. The results of the study of the isoenzyme spectrum of phosphoglucomutase in human milk
revealed 6 discrete electrophoretic forms of PGM 4 controlled by 4 alleles. For the first time, the spectrum of
the cholinesterase enzyme of human milk – lacto esterase locus 3 (E3) and spectrum of á-amylase in human
milk was obtained by electrophoresis. Of greatest interest is the analysis of the relationship of polymorphisms
of lacto esterase (E3), phosphoglucomutase (PGM 4), lactoferrin (LF) and amylase (AMY 1) with the
somatotype of newborns. Reliable correlations between anthropometric characteristics of newborns and
polymorphism in PGM4 and LF systems were established. Newborn weight increase or decrease trends
were revealed that are associated with a certain types of genetic systems. The results of examining the
correlation of the discrete genetic polymorphism of the AMY 1, E3, PGM4 and LF systems with female
reproductive function revealed a connection with obstetric pathologies such as miscarriages, spontaneous
abortions and stillbirths. It was shown for the first time that the genetic polymorphism of amylase in human
milk is reliably associated with the level of lactation of parturients.

Keywords: human breast milk, genetic polymorphism, somatotype of newborns, reproductive function
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