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Ðåôåðàò
Ìåòà. Âèçíà÷åííÿ ðîë³ ìàòåðèíñüêîãî ́ åíîòèïó ëîêóñ³â
rs1801133 òà rs1801131 ́ åíà MTHFR òà rs2236225 ́ åíà
MTHFD1 â ïîêàçíèêó ðèçèêó âèíèêíåííÿ âðîäæåíèõ âàä
ñåðöÿ ó íàùàäê³â.
Ìàòåð³àë ³ ìåòîäè. Îñíîâíó ãðóïó ñêëàëè 42 æ³íêè, ó
ÿêèõ ä³à´íîñòîâàíî âðîäæåíó âàäó ñåðöÿ ïëîäó òà éîãî
âåëèêèõ ñóäèí. Äî êîíòðîëüíî¿ ãðóïè óâ³éøëè 85 æ³íîê,
ÿê³ íàðîäèëè çäîðîâèõ ä³òåé, áåç óñêëàäíåíîãî ́ åíåòè÷-
íîãî òà àêóøåðñüêîãî àíàìíåçó. Äëÿ ïðîâåäåííÿ äîñë³-
äæåííÿ âèêîðèñòîâóâàëè ìåòîä ïîë³ìåðàçíî¿ ëàíöþ-
ãîâî¿ ðåàêö³¿, òåðìîñòàá³ëüíó Taq ïîë³ìåðàçó îë³ãîíóê-
ëåîòèäí³ ïðàéìåðè òà åíäîíóêëåàçè ðåñòðèêö³¿ (Thermo
Fisher Scientific, ÑØÀ). Äëÿ àíàë³çó ïîë³ìîðôíèõ ëîêóñ³â
MTHFR 677C>T MTHFR 1298A>C òà MTHFD1
1958G>A çàñòîñîâóâàëè ìåòîä ïîë³ìîðô³çìó äîâæèí
ðåñòðèêö³éíèõ ôðà´ìåíò³â.
Ðåçóëüòàòè é îáãîâîðåííÿ. Çà ðåçóëüòàòàìè ́ åíåòè÷-
íîãî òåñòóâàííÿ ³ ñòàòèñòè÷íèõ ðîçðàõóíê³â âñòàíîâ-
ëåíî ðîçïîä³ë ´åíîòèï³â òà àëåë³â ïîë³ìîðôíèõ ëîêóñ³â
´åí³â MTHFR òà MTHFD1 ó ïîð³âíÿíí³ ç ãðóïîþ êîíò-
ðîëþ. Âñòàíîâëåíî, ùî â ãðóï³ æ³íîê ç âðîäæåíèìè âà-
äàìè ïëîäó áóëà çíà÷íî âèùîþ ÿê ÷àñòîòà ì³íîðíîãî Ò
àëåëÿ ïîë³ìîðôíîãî ëîêóñó 677 C>T ´åíà MTHFR
(rs1801133), òàê ³ ÷àñòîòà ́ åíîòèïó TÒ (p<0,05). Âñòà-
íîâëåíî, ùî äëÿ æ³íîê íîñ³¿â ´åíîòèïó TÒ ðèçèê íàðî-
äèòè äèòèíó ç âðîäæåíèìè âàäàìè ñåðöåâî-ñóäèííî¿
ñèñòåìè çðîñòàº ó 2 ðàçè (p<0,05). Äëÿ äâîõ ³íøèõ äî-
ñë³äæóâàíèõ ïîë³ìîðôíèõ ëîêóñ³â rs1801131 ´åíà
MTHFR òà rs2236225 ´åíà MTHFD1 íå áóëî âèÿâëåíî
â³ðîã³äíî¿ àñîö³àö³¿ ç ðèçèêîì âèíèêíåííÿ âðîäæåíèõ âàä
ñåðöÿ ó ïëîäà. Âïåðøå â êîãîðò³ ïàö³ºíò³â òà êîíòðîëþ
æèòåë³â Óêðà¿íè ïðîâåäåíî ìîëåêóëÿðíî-´åíåòè÷íèé
àíàë³ç ´åíà MTHFD1. Âïåðøå îòðèìàíî äàí³ ïðî ïîïó-
ëÿö³éíó ÷àñòîòó ì³íîðíîãî àëåëþ â Óêðà¿í³ (MAF), ÿêà
âñòàíîâëåíà íà ð³âí³ 44%. Îòðèìàí³ ðåçóëüòàòè ñâ³ä-
÷àòü ïðî âàæëèâó ðîëü ïîë³ìîðô³çìó 677C>T ´åíà
MTHFR ïðè ôîðìóâàíí³ âðîäæåíèõ âàä ñåðöÿ.
Âèñíîâêè. Âñòàíîâëåíî àëåëüíèé òà ́ åíîòèïîâèé ðîç-
ïîä³ë çà ëîêóñàìè 677C>T òà 1298A>C ´åíà MTHFR
òà 1958G>A ´åíà MTHFD1 ó æ³íîê ç âðîäæåíèìè âà-
äàìè ðîçâèòêó ñåðöåâî-ñóäèííî¿ ñèñòåìè ó ïëîäà. Âè-
çíà÷åíî, ùî íîñ³éñòâî Ò àëåëÿ ïîë³ìîðôíîãî âàð³àíòà
677C>T ´åíà MTHFR ó æ³íêè ï³äâèùóº â 2 ðàçè ðèçèê
âðîäæåíî¿ ïàòîëî´³¿ ñåðöåâî-ñóäèííî¿ ñèñòåìè ó ïëîäà.
Ãîìîçèãîòíèé ÒÒ ³ ãåòåðîçèãîòíèé ´åíîòèï ÑÒ ïîë³-
ìîðôíîãî âàð³àíòó Ñ677Ò ´åíà MTHFR ó æ³íêè º ´åíå-
òè÷íèì ôàêòîðîì ï³äâèùåíîãî ðèçèêó ôîðìóâàííÿ âðî-
äæåíèõ âàä ñåðöÿ ó ïîòîìñòâà. Äëÿ âäîñêîíàëåííÿ ñèñ-
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òåìè ïðîô³ëàêòèêè ³ ðàííüî¿ ä³à´íîñòèêè âðîäæåíèõ
âàä ñåðöÿ, åôåêòèâíîãî ìåäèêî-´åíåòè÷íîãî êîíñóëüòó-
âàííÿ òà ïðî´íîçóâàííÿ çäîðîâîãî ïîòîìñòâà, ïðîïî-
íóºòüñÿ âêëþ÷èòè âèçíà÷åííÿ ́ åíîòèïó ëîêóñó 677C>T
´åíà MTHFR ó âàã³òíèõ æ³íîê ç ðèçèêîì ïàòîëî´³¿ ñèñ-
òåìè êðîâîîá³ãó ïëîäó òà îáîâ'ÿçêîâî ïðîâîäèòè ïåðè-
êîíöåïö³éíó ïðîô³ëàêòèêó ôîë³ºâîþ êèñëîòîþ.
Êëþ÷îâ³ ñëîâà: âðîäæåí³ âàäè ñåðöÿ, âðîäæåí³ äåôåê-
òè, ´åíè ôîëàòíîãî öèêëó

Abstract
POLYMORPHISMS IN GENES INVOLVED IN
FOLATE METABOLISM AS MATERNAL RISK
FACTORS FOR CONGENITAL HEART DISEASES OF
THE FÅTUS

SHARHORODSKA Y.B., MAKUKH H.V.,
CHORNA L.B., YEFIMENKO O.K., AKOPYAN H.R.
SI "Institute of Hereditary Pathology of National
Academy of Medical Sciences of Ukraine", Lviv, Ukraine

Aim of the study was to determine the role of maternal
genotype of the rs1801133 and rs1801131 loci of the
MTHFR gene and rs2236225 of the MTHFD1 gene as
the risk factor of congenital heart defects (CHD) in
offspring.
Materials and Methods. The main group consisted of
42 women who gave birth to fåtuses with congenital
defects of the heart and its large vessels. The control group
included 85 women who had healthy children without a
complicated genetic and obstetric history. The study used
the polymerase chain reaction method, with thermostable
Taq polymerase oligonucleotide primers and restriction
endonuclease (Thermo Fisher Scientific, USA). For the
analysis of MTHFR 677C>T MTHFR 1298A>C and
MTHFD1 1958G>A polymorphic loci, the RFLP method
(restriction fragment length polymorphism) was used.
Results and Discussion. According to the results of
genetic testing and statistical calculations, the distribution
of the genotypes and alleles of the polymorphic loci of
MTHFR and MTHFD1 genes were compared with the
control group. It was found that in the main group the
frequency of the minor T allele of the polymorphic locus
677 C>T of the MTHFR gene (rs1801133) and the
frequency of the TT genotype (p<0.05) were significantly
higher. It was found that in women with TT genotype, the
risk of having a baby with congenital heart defects
increases twice (p<0.05). For the other two polymorphic
loci of the rs1801131MTHFR gene and rs2236225 of the
MTHFD1 gene, no significant association was found with
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the risk of CHD of the fetus.
Conclusions. According to the results of genetic testing,
allelic and genotypic distribution at the loci of 677 C>T
and 1298 A>C of the MTHFR gene and 1958G>A of the
MTHFD1 gene in women with congenital heart defects
of the fetus was established. It was found that the carrying
of the T allele of polymorphic variant 677 C> T of the
MTHFR gene in a woman doubles the risk of congenital
heart defects of the fetus. Homozygous TT and the
heterozygous CT genotype of the polymorphic variant C677T
of the MTHFR gene in a woman are genetic factors for
increased risk of congenital heart defects formation in
offspring. To improve the system of preconception prevention
and early diagnostics of congenital heart defects, effective
medical genetic counseling and prediction of healthy
offspring, it is proposed to include the determination of the
genotype of the locus 677 C>T gene MTHFR of pregnant
women as a risk of congenital heart defects of the fetus, as
well asmandatory folic acid supplementation for prevention
during the periconception period.
Keywords: congenital heart defects, birth defects, folate
cycle genes

Âñòóï
Âðîäæåíà ïàòîëî´³ÿ â Óêðà¿í³, ÿê ³ â ³íøèõ
áàãàòüîõ êðà¿íàõ ñâ³òó, çà ñâî¿ì çíà÷åííÿì ó
çàãàëüí³é çàõâîðþâàíîñò³ äèòÿ÷îãî íàñåëåííÿ
âèõîäèòü ñüîãîäí³ íà ïåðø³ ì³ñöÿ, ð³âåíü çà-
õâîðþâàíîñò³ âðîäæåíèìè âàäàìè ðîçâèòêó
(ÂÂÐ) ñåðåä íåìîâëÿò çá³ëüøèâñÿ ìàéæå â
òðè ðàçè [18, 23].

Âðîäæåí³ âàäè ñåðöÿ (ÂÂÑ) çàéìàþòü
îäíå ç ïðîâ³äíèõ ì³ñöü â ñòðóêòóð³ âðîäæåíèõ
âàä ðîçâèòêó. ×àñòîòà ÂÂÑ ó ð³çíèõ êðà¿íàõ
ñâ³òó ñÿãàº â³ä 2,4 äî 14,2 íà 1000 íîâîíàðî-
äæåíèõ, ïðîòå ç óðàõóâàííÿì á³ëüø âèñîêî¿
àíòå- ³ ³íòðàíàòàëüíî¿ ñìåðòíîñò³, ñåðåä æèâî
íàðîäæåíèõ ÷èñëî ïàö³ºíò³â ç ð³çíèìè âàð³-
àíòàìè ÂÂÑ ñêëàäàº 0,7-1,2% [16,19]. Çà äà-
íèìè ÂÎÎÇ, âðîäæåí³ âàäè ñåðöÿ ñêëàäàþòü
äî 30% ñåðåä óñ³õ ÂÂÐ òà çàéìàþòü ïåðøå
ì³ñöå ñåðåä çàõâîðþâàíü, ùî ïðèçâîäÿòü äî
ïåðèíàòàëüíî¿ ñìåðòíîñò³ òà ðàííüî¿ ³íâàë³-
äèçàö³¿ íàñåëåííÿ [16].

Ó áëèçüêî 8% âèïàäê³â ïðè÷èíîþ âè-
íèêíåííÿ ÂÂÑ º õðîìîñîìíà àáî ìîíî´åííà
ïàòîëî´³ÿ, ùå 3-5% ìàþòü åêçî´åííå ïîõî-
äæåííÿ, â ïåðåâàæí³é á³ëüøîñò³ âèïàäê³â
(áëèçüêî 90%) ÂÂÑ âèíèêàþòü ñïîðàäè÷íî ³
ìàþòü ìóëüòèôàêòîðíó òà ïîë³´åííó åò³îëî-
´³þ [1, 22, 31].

Áàãàòî àñïåêò³â åò³îëî´³¿ òà ïàòî´åíåçó
ö³º¿ ïàòîëî´³¿ íåäîñòàòíüî âèâ÷åí³, ïðîòå â³ä-
çíà÷àºòüñÿ ðÿä åò³îëî´³÷íèõ ïåðåäóìîâ, îä-
í³ºþ ç ÿêèõ º äîñë³äæåííÿ ïîë³ìîðôíèõ âà-
ð³àíò³â ́ åí³â ôîëàòíîãî îáì³íó. Çà äàíèìè äî-
ñë³äæåíü, äåô³öèò ÷è ïîðóøåííÿ çàñâîºííÿ
àêòèâíîãî ôîëàòó ó âàã³òíî¿ æ³íêè ñïðèÿº íà-
êîïè÷åííþ ãîìîöèñòå¿íó ³ íåñòà÷³ ìåò³îí³íó,
ùî íà ðàíí³õ ñòàä³ÿõ åìáð³îíàëüíîãî ðîçâèò-
êó ìîæå ïîðóøóâàòè øâèäê³ñòü ïîä³ëó êë³òèí
òà êë³òèííó ì³ãðàö³þ, ï³äâèùóþ÷è ðèçèê âè-
íèêíåííÿ íàéá³ëüø âàæêèõ ÂÂÐ. Äåô³öèò çà-
ñâîºííÿ ôîëàò³â â îð´àí³çì³ æ³íêè º äîâåäå-
íèì åò³îëî´³÷íèì ÷èííèêîì ÂÂÐ íåâðàëüíî¿
òðóáêè [6, 8, 23]. Áëèçüê³ñòü ïàòî´åíåòè÷íèõ
ìåõàí³çì³â åìáð³îíàëüíîãî ðîçâèòêó íåðâîâî¿
³ ñåðöåâî-ñóäèííî¿ ñèñòåì äîçâîëÿº ïðèïóñ-
òèòè ìîæëèâ³ñòü ïîä³áíîãî âïëèâó íà ôîðìó-
âàííÿ âàä ñåðöÿ ³ ñóäèí [16].

Îêðåìî ñë³ä âèä³ëèòè âàð³àíò R653Q
(1958G>A) ́ åíà MTHFD1, äëÿ ì³íîðíîãî àëå-
ëÿ ÿêîãî íà ìîäåëüíèõ òâàðèíàõ ïîêàçàíà àñî-
ö³àö³ÿ ç ï³äâèùåíèì ðèçèêîì ÂÂÑ [23].

Ïðè äîñë³äæåíí³ âíåñêó àëåëüíèõ âà-
ð³àíò³â ´åí³â ôîëàòíîãî öèêëó â ´åíåòè÷íó
ñõèëüí³ñòü äî ð³çíèõ ïàòîëî´³é, íàìè áóëî
â³ä³áðàíî ëîêóñè rs1801133 òà rs1801131 ́ åíà
MTHFR òà rs2236225 ́ åíà MTHFD1, äëÿ ÿêèõ
ï³äòâåðäæåíî çì³íè ôóíêö³îíàëüíî¿ àêòèâ-
íîñò³, ñòàá³ëüíîñò³ àáî ê³ëüêîñò³ â³äïîâ³äíèõ
ôåðìåíò³â [ 9, 17, 20, 23].

Ìåòîþ íàøîãî äîñë³äæåííÿ áóëî âè-
çíà÷åííÿ ðîë³ ìàòåðèíñüêîãî ´åíîòèïó ëîêó-
ñ³â rs1801133 òà rs1801131 ´åíà MTHFR òà
rs2236225 ´åíà MTHFD1 â ïîêàçíèêó ðèçèêó
âèíèêíåííÿ âðîäæåíèõ âàä ñåðöÿ ó íàùàäê³â.

Ìàòåð³àë ³ ìåòîäè
Ôîðìóâàííÿ ãðóï æ³íîê ïðîâîäèëîñü ó ÄÓ
"²íñòèòóò ñïàäêîâî¿ ïàòîëî´³¿ ÍÀÌÍÓ" çà
ïðî´ðàìîþ ìåäèêî-´åíåòè÷íîãî êîíñóëüòó-
âàííÿ âàã³òíèõ æ³íîê ç âèÿâëåíèìè âàäàìè
ñåðöÿ ïëîäó, ä³à´íîñòîâàíèõ ïðåíàòàëüíî
[24]. Îñíîâíó ãðóïó ñêëàëè 42 æ³íêè, ó ÿêèõ
ä³à´íîñòîâàíî ÂÂÐ ñåðöÿ ïëîäó òà éîãî âå-
ëèêèõ ñóäèí. Äî êîíòðîëüíî¿ ãðóïè óâ³éøëè
85 æ³íîê, ÿê³ íàðîäèëè çäîðîâèõ ä³òåé, áåç
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óñêëàäíåíîãî ´åíåòè÷íîãî òà àêóøåðñüêîãî
àíàìíåçó. Óñ³ îñîáè, ÿê³ áðàëè ó÷àñòü ó äî-
ñë³äæåíí³, áóëè ìåøêàíöÿìè çàõ³äíîóêðà¿í-
ñüêîãî ðå´³îíó òà íàäàëè ³íôîðìîâàíó çãîäó
äëÿ ó÷àñò³ ó äîñë³äæåíí³.

Ïðîâîäèëè âèä³ëåííÿ òà î÷èñòêó ÄÍÊ
³ç ëåéêîöèò³â âåíîçíî¿ êðîâ³ 127 æ³íîê ìåòî-
äîì âèñîëþâàííÿ [12,14]. Íà ïîäàëüøèõ åòà-
ïàõ äîñë³äæåííÿ çä³éñíþâàëè àìïë³ô³êàö³þ
ïîñë³äîâíîñòåé ÄÍÊ in vitro, âèêîðèñòîâóþ-
÷è ìåòîä ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿
(ÏËÐ). Âèêîðèñòîâóâàëè òåðìîñòàá³ëüíó Taq
ïîë³ìåðàçó îë³ãîíóêëåîòèäí³ ïðàéìåðè òà åí-
äîíóêëåàçè ðåñòðèêö³¿ (Thermo Fisher
Scientific, ÑØÀ). Äëÿ àíàë³çó ïîë³ìîðôíèõ
ëîêóñ³â MTHFR 677C>T MTHFR 1298A>C òà
MTHFD1 1958G>A çàñòîñîâóâàëè ìåòîä
ÏÄÐÔ (ïîë³ìîðô³çì äîâæèí ðåñòðèêö³éíèõ
ôðà´ìåíò³â) [27]. Îòðèìàí³ ðåçóëüòàòè îáðîá-
ëÿëè çà äîïîìîãîþ ìåòîä³â âàð³àö³éíî¿ ñòà-
òèñòèêè, ïðèéíÿòèìè òà ðåêîìåíäîâàíèìè
äëÿ îáðîáêè ðåçóëüòàò³â ìîëåêóëÿðíî-´åíå-
òè÷íèõ äîñë³äæåíü. ×àñòîòè àëåë³â áóëè ðîç-
ðàõîâàí³ äëÿ êîæíîãî ́ åíîòèïó, à â³äì³ííîñò³
ó ÷àñòîò³ àëåë³â ì³æ äîñë³äíîþ ³ êîíòðîëüíîþ

ãðóïàìè âèçíà÷àëè çà äîïîìîãîþ òåñòó õ³-
êâàäðàò. Â³äíîñíèé ðèçèê âèçíà÷àëè çà âåëè-
÷èíîþ ñï³ââ³äíîøåííÿ øàíñ³â (OR-
ÎddsRatio) ïðè 95% äîâ³ð÷îìó ³íòåðâàë³. Ïå-
ðåâ³ðêó ñòàòèñòè÷íèõ ã³ïîòåç ïðîâîäèëè íà
ð³âí³ çíà÷óùîñò³ ð≤0,05.

Ðåçóëüòàòè ³ îáãîâîðåííÿ
Ó äîñë³äæåíí³ ïðîâåäåíî âèâ÷åííÿ àñîö³àö³¿
ì³æ ïîë³ìîðôíèìè âàð³àíòàìè ´åí³â, ùî êî-
äóþòü ôåðìåíòè ìåòàáîë³çìó ôîëàòó, ³ ðèçè-
êîì íàðîäæåííÿ äèòèíè ç ÂÂÐ ñåðöåâî-ñóäèí-
íî¿ ñèñòåìè. Äîñë³äæóâàëèñü òðè ïîë³ìîðô-
íèõ âàð³àíòè, ÿê³ êîäóþòü 5,10-ìåòèëåíòåò-
ðàã³äðîôîëàò ðåäóêòàçó (677C>T òà 1298A>C
´åíà MTHFR) òà ìåòèëåíòåòðàã³äðîôîëàòäå-
ã³äðî´åíàçó (1958G>A ´åíó MTHFD1). Çà ðå-
çóëüòàòàìè ´åíåòè÷íîãî òåñòóâàííÿ ³ ñòàòèñ-
òè÷íèõ ðîçðàõóíê³â âñòàíîâëåíî ðîçïîä³ë ́ å-
íîòèï³â òà àëåë³â ïîë³ìîðôíèõ ëîêóñ³â ´åí³â
MTHFR òà MTHFD1 ó ïîð³âíÿíí³ ç ãðóïîþ
êîíòðîëþ (òàáë.1). Äëÿ êîæíîãî ³ç ïîë³ìîðô-
íèõ ëîêóñ³â, çâàæàþ÷è íà îáìåæåí³ñòü äàíèõ
ùîäî õàðàêòåðó âçàºìîä³¿ àëåë³â, ìè ââàæàëè
çà äîö³ëüíå ïðîâåäåííÿ ñòàòèñòè÷íîãî îáðà-

Àëåë³ Ãðóïè ж³íîê χ2 p OR 
¥åíè ¥åíîòèï 

 Îñíîâíà 
n=42 

Êîíòðîëüíà 
n=85   çíà÷. 95% CI 

 Ñ 47 (56%) 120 (71%) 0.53 0.31 – 0.91 
 Т 37 (44%) 50 (29%) 5.35 0.02 1.89 1.1 – 3.25 

Ñ/Ñ  13 (31%) 43 (51%) 0.44 0.2 – 0.96 
Ñ/Т  21 (50%) 34 (40%) 1.5* 0.71 – 3.16 
Т/Т  8 (19%) 8 (9%) 

5.15 0.08* 
2.26 0.78 – 6.54 

0.44* 0.2-0.96 

MTHFR 
677Ñ>T 

Ñ/Т+ Т/Т  29 (69%) 42 (49%) 4.4 0.04* 2.28* 1.05-4.98 
 À 58 (69%) 117 (69%) 1.01 0.57 – 1.76 
 Ñ 26 (31%) 53 (31%) 0.00 0.97 0.99 0.56 – 1.74 

À/À  20(48%) 39 (46%) 1.07 0.51 – 2.25 
À/Ñ  18 (43%) 39 (46%) 0.88 0.41 – 1.86 
Ñ/Ñ  4 (9%) 7(8%) 

0.13 0.94 
1.17 0.32 – 4.25 
1.07 0.51-2.25 

MTHFR 
1298À> Ñ 

À/Ñ+Ñ/Ñ  22 (52%) 46 (54%) 0.03 0.85 
0.93 0.44-1.96 

 G 46(55%) 95 (56%) 0.96 0.56 – 1.62 
 A 38 (45%) 75 (44%) 0.03 0.87 1.05 0.62 – 1.77 

G/G  11 (27%) 27 (32%) 0.76 0.33 – 1.74 
G/A  24(57%) 41 (48%) 1.43 0.68 – 3.01 
A/A  7 (16%) 17 (20%) 

0.89 0.64 
0.80 0.3 – 2.11 
0.76 0.33-1.74 

MTHFD 
1958G> A 

G/A + A/A  31 (74%) 58 (68%) 0.42 0.52 
1.31 0.57-3.00 

Òàáëèöÿ1
Ðîçïîä³ë ´åíîòèï³â òà àëåë³â ïîë³ìîðôíèõ âàð³àíò³â ´åí³â ôîëàòíîãî îáì³íó ó æ³íîê ç ÂÂÑ ïëîäó òà ó

êîíòðîëüí³é ãðóï³ æ³íîê

çíà÷åííÿ äîñòîâ³ðíå, Ð<0,05
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õóíêó â³äíîñíîãî ðèçèêó (OR) çà ðåöåñèâíîþ
òà äîì³íàíòíîþ ìîäåëÿìè (òàáë.1).

Àíàë³ç ÷àñòîòè ´åíîòèï³â ëîêóñó
677C>T ´åíà MTHFR ïîêàçàâ, ùî ó æ³íîê
îñíîâíî¿ ãðóïè "äèêèé" ́ åíîòèï ÑÑ çóñòð³÷àâñÿ
çíà÷íî ð³äøå, í³æ â êîíòðîëüí³é ãðóï³ æ³íîê -
31% òà 51%, â³äïîâ³äíî. ×àñòîòà ãîìîçèãîò-
íîãî ´åíîòèïó ÒÒ â îñíîâí³é ãðóï³ æ³íîê ç
ÂÂÑ ïëîäó áóëà ñòàòèñòè÷íî â³ðîã³äíî âè-
ùîþ, í³æ â êîíòðîëüí³é: 19% òà 9% â³ä-
ïîâ³äíî (ð<0,05) (òàáë. 1). ×àñòîòà ì³íîðíîãî
àëåëÿ MTHFR 677T áóëà çíà÷íî âèùîþ ñåðåä
æ³íîê ç ÂÂÑ ïëîäó - 44,0%, ó ïîð³âíÿíí³ ç
êîíòðîëåì - 29,0% (ð<0,05).

Îáðàõóíîê ïîêàçíèêà â³äíîñíîãî ðè-
çèêó ïîêàçàâ, ùî íàÿâí³ñòü àëåëþ Ò ïîë³-
ìîðôíîãî ëîêóñó 677C>T ´åíà MTHFR ñòà-
òèñòè÷íî â³ðîã³äíî çá³ëüøóº ðèçèê íàðîäèòè
äèòèíó ç ÂÂÐ ñåðöåâî - ñóäèííî¿ ñèñòåìè
âäâ³÷³ [OR=1,89 (95% CI: 1,1-3,25),
p<0,05].Ïðè îáðàõóíêó âåëè÷èíè â³äíîñíîãî
ðèçèêó çà äîì³íàíòíîþ ìîäåëëþ óñïàäêóâàí-
íÿ âñòàíîâëåíî á³ëüø ì³öíèé àñîö³àòèâíèé
çâ'ÿçîê ́ åíîòèï³â MTHFR 677CT àáî MTHFR
677TT ç ï³äâèùåíèì ðèçèêîì íàðîäæåííÿ ïî-
òîìñòâà ç ÂÂÑ [OR=2.28 (95% CI: 1,05-4,98)
Ð=0,04].

Ïðè àíàë³ç³ ðîçïîä³ëó ´åíîòèï³â ïîë³-
ìîðôíîãî ëîêóñó 1298A>C ´åíó MTHFR
âñòàíîâëåíî, ùî ́ åíîòèï 1298 ÑÑ çóñòð³÷àâñÿ
ç ÷àñòîòîþ 9% ó ãðóï³ æ³íîê ç ÂÂÑ ïëîäó, òà

8% ó êîíòðîëüí³é ãðóï³ æ³íîê. Ñòàòèñòè÷íî
â³ðîã³äíèõ â³äì³ííîñòåé ùîäî ðîçïîä³ëó ÷àñ-
òîò ´åíîòèï³â À/À òà À/Ñ äàíîãî ïîë³ìîðô-
íîãî ëîêóñó ó íàø³é ðîáîò³ íå âèÿâëåíî. ×àñ-
òîòà ì³íîðíîãî Ñ àëåëÿ, ñï³âïàëà â îñíîâí³é òà
êîíòðîëüí³é ãðóïàõ, òà ñêëàëà 31% (òàáë. 1).

Íàñòóïíèì âàð³àíòîì, ÿêèé ìè äîñë³-
äæóâàëè áóâ ëîêóñ 1958G>A ´åíà MTHFD1.
Çà ðåçóëüòàòàìè ïðîâåäåíîãî àíàë³çó âèÿâëå-
íî, ùî ´åíîòèï ÀÀ çóñòð³÷àâñÿ ÷àñò³øå ó
êîíòðîëüí³é ãðóï³ æ³íîê - 20%, íà ïðîòèâàãó
16% ñåðåä æ³íîê ç ÂÂÑ ïëîäà. Íåçíà÷í³ â³ä-
ì³ííîñò³ âèÿâëåíî ó ÷àñòîòè ́ åíîòèï³â AG òà
GG ì³æ îñíîâíîþ òà äîñë³äíîþ ãðóïîþ, ïðî-
òå âîíè ì³í³ìàëüí³. ×àñòîòà ì³íîðíîãî àëåëÿ
À ó äîñë³äí³é ãðóï³, ïðàêòè÷íî, íå â³äð³çíÿ-
ëàñÿ òàêî¿ ó êîíòðîëüí³é ãðóï³ ³ áóëà íàñòóï-
íîþ: 45% òà 44%, â³äïîâ³äíî. Â ðåçóëüòàò³
ïðîâåäåíèõ äîñë³äæåíü âñòàíîâëåíî ðîçïîä³ë
àëåë³â òà ́ åíîòèï³â îäíîíóêëåîòèäíèõ ïîë³ìîð-
ô³çì³â 677C>T òà 1298 A>C ´åíà MTHFR òà
1958G>A ´åíà MTHFD1 ó ãðóï³ æ³íîê ç ÂÂÑ ó
ïëîäà òà ó æ³íîê êîíòðîëüíî¿ ãðóïè (ðèñ. 1).

Òàêèì ÷èíîì, ó ðåçóëüòàò³ ïðîâåäåíî-
ãî äîñë³äæåííÿ âñòàíîâëåíî, ùî â ãðóï³ æ³íîê
ç ÂÂÑ ïëîäó áóëà çíà÷íî âèùîþ ÿê ÷àñòîòà
ì³íîðíîãî Ò àëåëÿ ïîë³ìîðôíîãî ëîêóñó
677C>T ´åíà MTHFR (rs1801133), òàê ³ ÷àñ-
òîòà ´åíîòèïó TÒ (p<0,05). Âñòàíîâëåíî, ùî
äëÿ æ³íîê íîñ³¿â ́ åíîòèïó TÒ ðèçèê íàðîäèòè
äèòèíó ç ÂÂÐ ñåðöåâî-ñóäèííî¿ ñèñòåìè çðîñ-
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Ðèñ. 1
Ïîð³âíÿííÿ ÷àñòîòè ´åíîòèï³â rs1801133 é rs1801131´åíà MTHFR òà rs2236225 ´åíà MTHFD1ó ãðóï³ æ³íîê ç

ÂÂÑ ïëîäó òà êîíòðîë³
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òàº ó 2 ðàçè (p<0,05). Äëÿ äâîõ ³íøèõ äîñë³-
äæóâàíèõ ïîë³ìîðôíèõ ëîêóñ³â rs1801131
´åíó MTHFR òà rs2236225 ´åíà MTHFD1 íå
áóëî âèÿâëåíî â³ðîã³äíî¿ àñîö³àö³¿ ç ðèçèêîì
âèíèêíåííÿ ÂÂÑ ó ïëîäà.

MTHFR [MIM 236250] º êëþ÷îâèì
ôåðìåíòîì ôîëàòíîãî öèêëó, ÿêèé êàòàë³çóº
ïåðåòâîðåííÿ ôîëàòó â éîãî àêòèâíó ôîðìó
5-ìåò³ëòåòðàã³äðîôîëàò. Çàì³íà íóêëåîòèäó
öèòîçèí (Ñ) â ïîçèö³¿ 677 íà òèì³í (Ò) âèêëè-
êàº çàì³íó àì³íîêèñëîòè àëàí³í íà âàë³í
(p.Ala222Val) â êàòàë³òè÷íîìó äîìåí³ ôåð-
ìåíòó â ñàéò³ çâ'ÿçóâàííÿ ôîëàòó òà âåäå äî
óòâîðåííÿ òåðìîëàá³ëüíî¿ ôîðìè MTHFR. Ó
ãîìîçèãîò ÒÒ çà ì³íîðíèì àëåëåì àêòèâí³ñòü
ôåðìåíòó in vitro çíèæåíà íà 70%, à ó ãåòå-
ðîçèãîò - íà 35%, òà íà 20% ï³äâèùåíèé ð³-
âåíü ãîìîöèñòå¿íó ó êðîâ³ [3, 8]. Íèçüêèé ð³-
âåíü åêçî´åííîãî ôîëàòó òà äåô³öèò ìåòèëó
in vivo ïðèâîäèòü äî ã³ïîìåòèëþâàííÿ ÄÍÊ,
ïîøêîäæåíü ëàíöþãà ÄÍÊ òà àíîìàëüíî¿ åêñ-
ïðåñ³¿ ́ åí³â. Á³îñèíòåç ïóðèí³â òà òèì³äèëàò³â
º ôóíäàìåíòàëüíèì ïðîöåñîì íåîáõ³äíèì
äëÿ ñèíòåçó ÄÍÊ òà ÐÍÊ. Òîìó, î÷åâèäíî, ùî
ôîëàò-çàëåæí³ ðåàêö³¿ º æèòòºâå íåîáõ³äíèìè
äëÿ åìáð³îíàëüíîãî ðîçâèòêó.

Âåëèêà ê³ëüê³ñòü äîñë³äæåíü ïðèñâÿ-
÷åíî âçàºìîçâ'ÿçêó ïîë³ìîðô³çìó ́ åí³â ôîëàò-
íîãî îáì³íó ç âàäàìè ðîçâèòêó ïëîäó, çîêðå-
ìà, ç íåçðîùåííÿì âåðõíüî¿ ãóáè ³ ï³äíåá³ííÿ,
à òàêîæ ç äåôåêòàìè íåðâîâî¿ òðóáêè (àíåí-
öåôàë³ÿ, spina bifida) [4, 29]. Ïðîòå, îáìåæå-
íèìè º äàí³ ùîäî ¿õ ðîë³ ïðî âèíèêíåíí³ ÂÂÑ
òà éîãî âåëèêèõ ñóäèí ó ïëîäà Ïðèïóñêàþòü,
ùî çãàäàí³ âðîäæåí³ âàäè íåðâîâî¿ òðóáêè ìà-
þòü ñï³ëüí³ ðèñè åò³îïàòî´åíåçó ç ÂÂÑ. Ï³ä
÷àñ åìáð³î´åíåçó ê³ñòêè, õðÿù³ òà ñïîëó÷íà
òêàíèíà îáëè÷÷ÿ ôîðìóþòüñÿ ³ç êë³òèí íåð-
âîâîãî ãðåáíÿ. ×àñòèíà öèõ êë³òèí ì³ãðóº ç
äîðçàëüíî¿ ñòîðîíè íåðâîâî¿ òðóáêè äëÿ ó÷àñ-
ò³ ó ðîçâèòêó ñåðöÿ. Äåô³öèò öèõ êë³òèí àñî-
ö³þºòüñÿ ç ôîðìóâàííÿì ïåâíèõ âàä ñåðöåâî-
ñóäèííî¿ ñèñòåìè, çîêðåìà, ç â³äñóòí³ñòþ
àîðòîëåãåíåâî¿ ïåðåòèíêè òà àíîìàëüíîþ îð³-
ºíòàö³ºþ ìàã³ñòðàëüíèõ ñóäèí. Ó äîñë³äæåí-
íÿõ íåéðîí-åï³òåë³àëüíèõ êë³òèí in vitro ïî-
êàçàíî, ùî ãîìîöèñòå¿í ³íäóêóº ï³äâèùåíó

ïðîë³ôåðàö³þ òà íàäëèøêîâó ì³ãðàö³þ ³ç íåð-
âîâî¿ òðóáêè êë³òèí ìàéáóòíüîãî íåðâîâîãî
ãðåáíÿ, ïîðóøóþ÷è ¿õ äèôåðåíö³àö³þ [3]. Äà-
íå ïèòàííÿ º àêòóàëüíèì ³ ç òî÷êè çîðó ïðå-
êîíöåïö³éíî¿ ïðîô³ëàêòèêè ôîë³ºâîþ êèñëî-
òîþ, äëÿ ÿêî¿ äîâåäåíî çíèæåííÿ ÷àñòîòè âàä
íåâðàëüíî¿ òðóáêè ó ïëîäà. Â Óêðà¿í³ íå ïðî-
âîäèòüñÿ ôîðòèô³êàö³ÿ ïðîäóêò³â, à ¿¿ äîö³ëü-
í³ñòü âñå ùå âèêëèêàº äèñêóñ³¿. Îòðèìàí³ ðå-
çóëüòàòè âêàçóþòü íà âïëèâ ´åíåòè÷íèõ îñîá-
ëèâîñòåé ôóíêö³îíóâàííÿ åíçèìàòè÷íî¿ ñèñòå-
ìè îáì³íó ôîëàò³â ó ìàòåð³ íà ïîêàçíèê ðèçèêó
âèíèêíåííÿ ÂÂÑ ó ïëîäà. Òîìó, ïðèïóñêàºìî
é íàÿâí³ñòü ïîçèòèâíîãî âïëèâó ïðèéîìó
ôîë³ºâî¿ êèñëîòè æ³íêîþ äî ³ ï³ä ÷àñ âàã³òíîñò³
íà çìåíøåííÿ ÷àñòîòè ÂÂÑ ó íàùàäê³â. Äàíå
ïðèïóùåííÿ º äèñêóòàáåëüíèì ó ë³òåðàòóð³ ³
ïîòðåáóº ïîäàëüøîãî âèâ÷åííÿ [3, 5].

Ñë³ä â³äì³òèòè, ùî íà ïðîòèâàãó äî-
ñë³äæåííþ àëåëüíîãî ïîë³ìîðô³çìó ´åíà
MTHFR, ìîëåêóëÿðíî-´åíåòè÷íèé àíàë³ç ́ åíà
MTHFD1 ïðîâåäåíî âïåðøå â êîãîðò³ ïàö³-
ºíò³â òà êîíòðîëþ æèòåë³â Óêðà¿íè. Ï³äñòà-
âîþ âêëþ÷åííÿ öüîãî îäíîíóêëåîòèäíîãî ïî-
ë³ìîðô³çìó â ïàíåëü äîñë³äæåííÿ áóëè äàí³
ïðî éîãî äàí³ ïðî ó÷àñòü ó ïîðóøåííÿõ ôî-
ëàòíîãî öèêëó òà âïëèâ íà âèíèêíåííÿ âðî-
äæåíèõ âàä ðîçâèòêó [30] Òàêîæ, âïåðøå
îòðèìàíî äàí³ ïðî ïîïóëÿö³éíó ÷àñòîòó ì³-
íîðíîãî àëåëþ â Óêðà¿í³ (MAF), ÿêà âñòàíîâ-
ëåíà íà ð³âí³ 44%.

²ñíóþòü çíà÷í³ â³äì³ííîñò³ ó ÷àñòîòàõ
´åíîòèï³â ì³æ ð³çíèìè ïîïóëÿö³ÿìè òà åòí³÷-
íèìè ãðóïàìè, ùî çóìîâëþº àêòóàëüí³ñòü
ïðîâåäåííÿ äîñë³äæåííÿ äàíèõ ïîë³ìîðôíèõ
ëîêóñ³â. Íàéá³ëüø äîñë³äæóâàíèì º ëîêóñ
677C>T ´åíà MTHFR, ³ éîãî àñîö³àòèâíèé
çâ'ÿçîê çàëåæèòü â³ä åòí³÷íî¿ ïðèíàëåæíîñò³
îñîáè, îñê³ëüêè ÷àñòîòà àëåëÿ 677Ò çíà÷íî âà-
ð³þº íàâ³òü ñåðåä ºâðîïåéö³â: â³ä 0,19 (ó æè-
òåë³â Âåëèêîáðèòàí³¿) äî 0,55 (ó ³ñïàíö³â). Â
àç³àòñüêèõ ïîïóëÿö³ÿõ Ò àëåëü ðîçïîä³ëÿºòüñÿ
ç ÷àñòîòîþ â³ä 0,02 (ó ³íäîíåç³éö³â) äî 0,38
(ó êèòàéö³â). Ó Íîâîìó Ñâ³ò³ àëåëü çóñòð³÷à-
ºòüñÿ ç ÷àñòîòîþ â³ä 0,11 (ó àôðîàìåðèêàíö³â
Ï³âäåííî¿ Êàðîë³íè) äî 0,45 (ó ³íä³àíö³â Áðà-
çèë³¿) [7, 19]. Ïîð³âíÿííÿ ðîçïîä³ëó ´åíîòèï³â
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ïîë³ìîðôíîãî âàð³àíòà 677C>T ́ åíà MTHFR ó
ð³çíèõ êðà¿íàõ ñâ³òó ïðåäñòàâëåíî íà ðèñ. 2.

Íà ñüîãîäí³ â Óêðà¿í³ íàêîïè÷åíî
çíà÷íó ê³ëüê³ñòü ðîá³ò, ïðèñâÿ÷åíèõ âèâ÷åí-
íþ ðîë³ ïîë³ìîðôíîãî âàð³àíòà 677C>T ´åíà
MTHFR ó ðèçèêó ðîçâèòêó ïàòîëî´³¿ ìóëüòè-
ôàêòîðíîãî ́ åíåçó. Ïîð³âíÿííÿ ÷àñòîòè ́ åíî-
òèïó 677 ÒÒ ´åíó MTHFR ó ð³çíèõ êîíòèí-
´åíòàõ ïàö³ºíò³â ç Óêðà¿íè òà âèÿâëåí³ àñî-
ö³àö³¿ íàâåäåíî ó òàáë. 2.

ßê ñâ³ä÷àòü ïîêàçíèêè, íàâåäåí³ ó
òàáë. 2, âñòàíîâëåíà âèùà ÷àñòîòà ´åíîòèïó
677 ÒÒ ñåðåä æ³íîê ç ÂÂÑ ó ïëîäà óçãîäæó-
ºòüñÿ ç äàíèìè Âåðîïîòâåëÿí Ï., ÿêèé âèÿâèâ
öåé ´åíîòèï ó 15,4% æ³íîê ç ð³çíèìè ÂÂÐ
ïëîäó ³ òîìó ÷èñë³ ñåðöÿ [29]. Ö³êàâî â³äì³-
òèòè îñîáëèâ³ñòü, ùî âèÿâèâ Âåðîïîòâåëÿí
Ì. ç³ ñï³âàâò., ùî âèùà ÷àñòîòà íèçüêî ôóíê-
ö³îíàëüíîãî ´åíîòèïó 677ÒÒ õàðàêòåðíà äëÿ
âèá³ðîê, äå âèÿâëÿºòüñÿ ïàòîëî´³ÿ ìóëüòèôàê-
òîðíîãî ́ åíåçó, à ïðè õðîìîñîìíèõ ïàòîëî´³ÿõ
òàêèõ â³äì³ííîñòåé íå âèÿâëåíî. Ïîêàçàíî,
ùî ñåðåä ìàòåð³â ä³òåé ç ñèíäðîìîì Äàóíà,
æ³íîê ç àíåìáð³îí³ºþ, äå âèÿâëåíî õðîìîñîì-
í³ àáåðàö³¿ ÷àñòîòà 677ÒÒ ́ åíîòèïó áóëà çíà÷-
íî íèæ÷îþ ó ïîð³âíÿíí³ ç ãðóïàìè áåç õðî-
ìîñîìíèõ àíîìàë³é [30]. Öå ìîæå ñâ³ä÷èòè ïðî
âíåñîê öüîãî ´åíîòèïó ó âèíèêíåííÿ âðîäæå-
íèõ âàä ðîçâèòêó ìóëüòèôàêòîðíîãî ´åíåçó.

Îòðèìàí³ ó ðîáîò³ ðåçóëüòàòè ñâ³ä÷àòü

ïðî âàæëèâó åò³îëî´³÷íó ðîëü äîñë³äæóâàíîãî
ïîë³ìîðô³çìó 677C>T ́ åíà MTHFR ïðè ôîð-
ìóâàíí³ ÂÂÑ, ùî ìîæå áóòè âèêîðèñòàíî ÿê
ïðî´íîñòè÷íèé òåñò ïðè ìåäèêî-´åíåòè÷íîìó
êîíñóëüòóâàíí³. Ïðåêîíöåïö³éíèé ïðèéîì
æ³íêîþ ôîë³ºâî¿ êèñëîòè â ùîäåíí³é äîç³ â³ä
0,8 ì´ äî 4 ì´ ïðè íàÿâíîñò³ ãîìî- ÷è ãåòåðî-
çèãîòíîãî âàð³àíòà Ò àëåëÿ ëîêóñà 677C>T ́ å-
íó MTHFR, ´åíåòè÷íîãî ôàêòîðà ðèçèêó
ÂÂÑ, áóäå ñïðèÿòè çíèæåííþ ð³âíÿ ðèçèêó
äàíî¿ âàäè ðîçâèòêó.

Âèñíîâêè
1. Çà ðåçóëüòàòàìè ´åíåòè÷íîãî òåñòóâàííÿ
âñòàíîâëåíî àëåëüíèé òà ́ åíîòèïîâèé ðîçïî-
ä³ë çà ëîêóñàìè 677C>T òà 1298A>C ´åíà
MTHFR òà 1958G>A ́ åíà MTHFD1 ó æ³íîê ç
âðîäæåíèìè âàäàìè ñåðöåâî-ñóäèííî¿ ñèñòå-
ìè ó ïëîäà. 2. Âñòàíîâëåíî, ùî íîñ³éñòâî Ò
àëåëÿ ïîë³ìîðôíîãî âàð³àíòà 677C>T ´åíà
MTHFR ó æ³íêè ï³äâèùóº ó 2 ðàçè ðèçèê âðî-
äæåíèõ âàä ðîçâèòêó ñåðöåâî-ñóäèííî¿ ñèñ-
òåìè ó ïëîäó. Ãîìîçèãîòíèé ÒÒ ³ ãåòåðîçèãîò-
íèé ´åíîòèï ÑÒ ïîë³ìîðôíîãî âàð³àíòó
Ñ677Ò ´åíà MTHFR ó æ³íêè, º ´åíåòè÷íèì
ôàêòîðîì ï³äâèùåíîãî ðèçèêó ôîðìóâàííÿ
âðîäæåíèõ âàä ñåðöÿ ó ïîòîìñòâà. 3. Äëÿ âäî-
ñêîíàëåííÿ ñèñòåìè ïðîô³ëàêòèêè ³ ðàííüî¿
ä³à´íîñòèêè âðîäæåíî¿ ïàòîëî´³¿ ñåðöÿ, åôåê-
òèâíîãî ìåäèêî-´åíåòè÷íîãî êîíñóëüòóâàííÿ

Ðèñ. 2
Ïîð³âíÿííÿ ïîøèðåíîñò³ ´åíîòèï³â ïîë³ìîðôíîãî âàð³àíòà 677C>T ´åíà MTHFR ó ð³çíèõ êðà¿íàõ ñâ³òó
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òà ïðî´íîçóâàííÿ çäîðîâîãî ïîòîìñòâà, ïðî-
ïîíóºòüñÿ âêëþ÷èòè âèçíà÷åííÿ ́ åíîòèïó ëî-
êóñó 677C>T ́ åíà MTHFR ó âàã³òíèõ æ³íîê ç
ðèçèêîì ïàòîëî´³¿ ñèñòåìè êðîâîîá³ãó ïëîäó
òà îáîâ'ÿçêîâî ïðîâîäèòè ïåðèêîíöåïö³éíó
ïðîô³ëàêòèêó ôîë³ºâîþ êèñëîòîþ.
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Òàáëèöÿ 2
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