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Ó ïàöèåíòîâ ñ èíòåëëåêòóàëüíîé íåäîñòàòî÷íîñòüþ è íàðóøåíèÿìè ðàçâèòèÿ îïèñàíî áîëåå 230 ìèêðîäåëåöèé è òîëüêî
ïîðÿäêà 80 ìèêðîäóïëèêàöèé ñ äîêàçàííîé ïàòîãåíåòè÷åñêîé çíà÷èìîñòüþ. Ôàêò çàðåãèñòðèðîâàííîãî äèñáàëàíñà ïî ÷èñëó
CNV ñ ïðåîáëàäàíèåì ìèêðîäåëåöèé ìîæåò ÿâëÿòüñÿ êîñâåííûì ïîäòâåðæäåíèåì óñòîÿâøåãîñÿ ìíåíèÿ, ÷òî ìèêðîäóïëèêà-
öèè ÿâëÿþòñÿ ìåíåå ïàòîãåííûìè ââèäó áîëåå ìÿãêîãî êëèíè÷åñêîãî ïðîÿâëåíèÿ. Öåëü èññëåäîâàíèÿ — îïðåäåëèòü ÷àñòîòó è
ñïåêòð ïàòîãåíåòè÷åñêè çíà÷èìûõ õðîìîñîìíûõ ìèêðîäóïëèêàöèé ó ïàöèåíòîâ ñ íàðóøåíèÿìè óìñòâåííîãî ðàçâèòèÿ, îöå-
íèòü ñîîòíîøåíèå êëèíè÷åñêè çíà÷èìûõ ìèêðîäóïëèêàöèé è ìèêðîäåëåöèé â äàííîé ãðóïïå áîëüíûõ. Âûáîðêà ñôîðìèðîâà-
íà èç 216 ïàöèåíòîâ â âîçðàñòå îò 2 äî 18 ëåò: äåòè, ñòðàäàþùèå íàðóøåíèÿìè óìñòâåííîãî ðàçâèòèÿ è èìåþùèå äèçìîðôèè
è/èëè âðîæäåííûå àíîìàëèè. Ïîèñê õðîìîñîìíûõ ìèêðîäóïëèêàöèé ïðîâîäèëñÿ ìåòîäîì ìàòðè÷íîé ñðàâíèòåëüíîé ãåíîì-
íîé ãèáðèäèçàöèè íà ìèêðî÷èïàõ (8õ60K, Agilent Technologies). Äëÿ ïîäòâåðæäåíèÿ îáíàðóæåííûõ ó ïðîáàíäîâ ñåãìåíòíûõ
òðèñîìèé è îïðåäåëåíèÿ èõ ïðîèñõîæäåíèÿ èñïîëüçîâàëñÿ ìåòîä êîëè÷åñòâåííîé ÏÖÐ â ðåæèìå ðåàëüíîãî âðåìåíè. Ñðåäè
âûÿâëåííûõ ïàòîãåíåòè÷åñêè çíà÷èìûõ âàðèàöèé ÷èñëà êîïèé ó÷àñòêîâ ÄÍÊ, çàðåãèñòðèðîâàííûõ ó 81 ïàöèåíòà ñ íàðóøåíè-
ÿìè óìñòâåííîãî ðàçâèòèÿ (37%), íåñáàëàíñèðîâàííûå òðàíñëîêàöèè èëè êîìáèíàöèè ðàçíûõ òèïîâ ÑNVs èäåíòèôèöèðîâà-
íû ó 9 ÷åëîâåê, 2 ïàöèåíòà ÿâèëèñü íîñèòåëÿìè êîëüöåâûõ õðîìîñîì 13 è 22, ó 70 áîëüíûõ îáíàðóæåíî 36 äåëåöèé è 34 äóï-
ëèêàöèè, ñîîòíîøåíèå êîòîðûõ ñîñòàâèëî 51% è 49% ñîîòâåòñòâåííî. Ïðè àíàëèçå ïðîèñõîæäåíèÿ ÷àñòè÷íûõ òðèñîìèé
óñòàíîâëåíî, ÷òî â 8 ñëó÷àÿõ (47%) ìèêðîäóïëèêàöèè âîçíèêëè de novo, à â 9 ñëó÷àÿõ (53%) áûëè óíàñëåäîâàíû îò ôåíîòèïè-
÷åñêè çäîðîâûõ ðîäèòåëåé. ×àñòîòà êëèíè÷åñêè çíà÷èìûõ õðîìîñîìíûõ ìèêðîäóïëèêàöèé â ãðóïïå ïàöèåíòîâ ñ íàðóøåíèÿ-
ìè óìñòâåííîãî ðàçâèòèÿ ñîñòàâèëà 15,7%, ìèêðîäåëåöèé — 16,7%. Ðàâíîïðåäñòàâëåííîñòü ïîëÿðíûõ èçìåíåíèé êîïèéíî-
ñòè ÄÍÊ â íàøåì èññëåäîâàíèè, âåðîÿòíî, ìîæåò óêàçûâàòü íà íåäîó÷åò ìèêðîäóïëèêàöèé êàê ïðè÷èíû ðàçâèòèÿ ïàòîëîãèè è
íà âàæíîñòü èõ áîëåå äåòàëüíîãî èçó÷åíèÿ.
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To date, more than 230 microdeletion and 80 microduplication syndromes were revealed in patients with intellectual deficiency
and developmental delay. The fact that deletions predominate may be an indirect confirmation of the established opinion that
microduplications are less pathogenic in case of a milder clinical manifestation. The aim of the study was to determine the frequency
and spectrum of pathogenetically significant chromosomal microduplications among patients with disabilities of mental development,
to estimate the ratio of clinically significant microdilutions and microdeletions in this group of patients. The sample consists of 216 pa-
tients aged 2 to 18 years: children with mental development disorders, and having dysmorphia and/or congenital anomalies. The



search for chromosomal microduplications was carried out using matrix comparative genomic hybridization on microarrays (8õ60K,
Agilent Technologies). To confirm the segmental trisomy identified in the probands and determine their parental origin, a quantitative
real-time PCR method was used. Among the detected pathogenetically significant variations in the number of copies of DNA regions
registered in 81 patients with mental development disorders (37%), unbalanced translocations or combinations of different types of
CNVs were identified in 9 patients, 2 patients were carriers of ring chromosomes 13 and 22, 70 patients were found with 36 deletions
and 34 duplications, the ratio of which was 51% and 49% respectively. In the process of analyze of the origin of partial trisomy it was
established that 8 cases (47%) of microduplication appeared de novo and 9 cases (53%) were inherited from phenotypically healthy
parents. The frequency of clinical significant chromosomal microduplications in the group of patients with mental development disor-
ders was 15,7%, microdeletions — 16,7%. Perhaps this confirms the underestimation of microduplications as a cause of the develop-
ment of pathological conditions and points to the importance of their more detailed study.

Keywords: disabilities of mental development, copy number variation, chromosomal microduplications, array-CGH.

Ââåäåíèå

Íàðóøåíèÿ óìñòâåííîãî ðàçâèòèÿ ÿâëÿþòñÿ îäíîé èç
ñàìûõ ðàñïðîñòðàíåííûõ ïðè÷èí èíâàëèäíîñòè â ìèðå.
Âñòðå÷àÿñü ó 1—3% íàñåëåíèÿ [1], îíè ïðåäñòàâëÿþò ñî-
öèàëüíî-çíà÷èìóþ ïðîáëåìó. Ýòè íàðóøåíèÿ ìîãóò âîç-
íèêàòü êàê âñëåäñòâèå íåáëàãîïðèÿòíûõ ýêçîãåííûõ âëè-
ÿíèé, òàê è îáóñëîâëèâàòüñÿ ãåíåòè÷åñêèìè ôàêòîðàìè,
êîòîðûå, ê ñîæàëåíèþ, íåðåäêî îñòàþòñÿ íåäèôôåðåí-
öèðîâàííûìè. Èññëåäîâàíèÿ ãåíåòè÷åñêîé êîìïîíåíòû
ñòàíîâÿòñÿ áîëåå äîñòóïíûìè â ñâÿçè ñ ðàçâèòèåì ãåíîì-
íûõ òåõíîëîãèé, âíåäðåíèå â êëèíè÷åñêóþ ïðàêòèêó êî-
òîðûõ ïðèâåëî ê îïèñàíèþ íîâûõ ñèíäðîìîâ, ñâÿçàííûõ
ñ ìèêðîñòðóêòóðíûìè õðîìîñîìíûìè àáåððàöèÿìè
(ñèíäðîìû ìèêðîäåëåöèé è ìèêðîäóïëèêàöèé). Ìèêðî-
äåëåöèè è ìèêðîäóïëèêàöèè — ýòî âàðèàöèè ÷èñëà êî-
ïèé ó÷àñòêîâ ÄÍÊ (CNVs), èìåþùèå ðàçìåð äî
5 ìëí ï.í. è íå âûÿâëÿåìûå ïðè ñòàíäàðòíîì öèòîãåíåòè-
÷åñêîì èññëåäîâàíèè (êàðèîòèïèðîâàíèè). Íåñìîòðÿ íà
òî, ÷òî ïîêàçàíà ñâÿçü ìíîãèõ õðîìîñîìíûõ ìèêðîïåðå-
ñòðîåê ñ èçâåñòíûìè ñèíäðîìàìè, áîëüøàÿ èõ ÷àñòü ÿâ-
ëÿåòñÿ ðåäêîé è ïðåäñòàâëåíà åäèíè÷íûìè íàáëþäåíèÿ-
ìè. Â íàñòîÿùåå âðåìÿ CNVs ðàññìàòðèâàþòñÿ êàê îäíà
èç âåäóùèõ ïðè÷èí íàðóøåíèé óìñòâåííîãî ðàçâèòèÿ.
Ó ïàöèåíòîâ ñ äàííîé ïàòîëîãèåé îïèñàíî áîëåå
230 ìèêðîäåëåöèîííûõ, íî òîëüêî ïîðÿäêà 80 ìèêðîäóï-
ëèêàöèîííûõ ñèíäðîìîâ [2]. Îáðàùàåò íà ñåáÿ âíèìàíèå
òîò ôàêò, ÷òî ïàòîãåííûõ ìèêðîäóïëèêàöèé ïðèìåðíî
â òðè ðàçà ìåíüøå, ÷åì ìèêðîäåëåöèé, â ñâÿçè ñ ÷åì âîç-
íèêàåò âîïðîñ î íåäîîöåíêå èõ çíà÷åíèÿ â ôîðìèðîâà-
íèè ïàòîëîãè÷åñêèõ ñîñòîÿíèé.

Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ ÿâèëñÿ ïîèñê ïàòîãå-
íåòè÷åñêè çíà÷èìûõ õðîìîñîìíûõ ìèêðîäóïëèêàöèé,
îïðåäåëåíèå èõ ÷àñòîòû è ñïåêòðà ó ïàöèåíòîâ ñ íàðó-
øåíèÿìè óìñòâåííîãî ðàçâèòèÿ è ñðàâíåíèå ñ ÷àñòîòîé
âñòðå÷àåìîñòè êëèíè÷åñêè çíà÷èìûõ ìèêðîäåëåöèé
â äàííîé ãðóïïå áîëüíûõ.

Ìàòåðèàëû è ìåòîäû

Îáñëåäîâàíî 216 ïàöèåíòîâ â âîçðàñòå îò 2 äî 18 ëåò
(äåòè, ñòðàäàþùèå íàðóøåíèÿìè óìñòâåííîãî ðàçâèòèÿ è
èìåþùèå äèçìîðôèè è/èëè âðîæäåííûå àíîìàëèè) ìåòî-
äîì ìàòðè÷íîé ñðàâíèòåëüíîé ãåíîìíîé ãèáðèäèçàöèè íà
÷èïàõ (array CGH). Èññëåäîâàíèå îäîáðåíî Êîìèòåòîì ïî

áèîìåäèöèíñêîé ýòèêå ÍÈÈ ìåäèöèíñêîé ãåíåòèêè
ÒÍÈÌÖ è ïðîâîäèëîñü ïîñëå ïîëó÷åíèÿ èíôîðìèðîâàí-
íîãî ñîãëàñèÿ ðîäèòåëåé ïðîáàíäîâ. Ïîèñê ìèêðîñòðóê-
òóðíûõ õðîìîñîìíûõ àáåððàöèé îñóùåñòâëÿëñÿ íà ìèêðî-
÷èïàõ Human Genome CGH SurePrintG3 HumanCGH
8õ60K (Agilent Technologies, ÑØÀ), ñîãëàñíî ðåêîìåíäà-
öèÿì ïðîèçâîäèòåëÿ [3]. Ðåçóëüòàòû áûëè âèçóàëèçèðîâà-
íû â ïðîãðàììå Cytogenomics (v3.0.2.11) (Agilent Technolo-
gies, ÑØÀ). Èíòåðïðåòàöèÿ êëèíè÷åñêîé çíà÷èìîñòè
CNVs ïðîâîäèëàñü ñ èñïîëüçîâàíèåì Áàçû äàííûõ ãåíîì-
íûõ âàðèàíòîâ (DGV) è îíëàéí-âåðñèè Êàòàëîãà íàñëåä-
ñòâåííûõ áîëåçíåé «Ìåíäåëåâñêîå íàñëåäîâàíèå ó ÷åëîâå-
êà» (OMIM). Ñ öåëüþ ïîäòâåðæäåíèÿ íàëè÷èÿ îáíàðó-
æåííûõ ïàòîãåíåòè÷åñêè çíà÷èìûõ ìèêðîäóïëèêàöèé
ó ïðîáàíäîâ è îïðåäåëåíèÿ èõ ïðîèñõîæäåíèÿ áûëè ïîäî-
áðàíû ïðàéìåðû è ïðîâåäåíà êîëè÷åñòâåííàÿ ÏÖÐ â ðå-
æèìå ðåàëüíîãî âðåìåíè íà ïðèáîðå AriaMXReal-Ti-
mePCRSystem (Agilent Technologies, ÑØÀ).

Ðåçóëüòàòû è îáñóæäåíèå

Â ðåçóëüòàòå ïðîâåäåííîãî ìîëåêóëÿðíî-öèòîãåíåòè-
÷åñêîãî èññëåäîâàíèÿ ó 135 èíäèâèäîâ èç 216 (63%) íå âû-
ÿâëåíû CNVs èëè çàðåãèñòðèðîâàíû âàðèàíòû, îòíîñÿ-
ùèåñÿ ê êàòåãîðèè ïîëèìîðôíûõ. Ó 81 ïàöèåíòà (37%)
îáíàðóæåíû ïàòîãåííûå è ïîòåíöèàëüíî ïàòîãåííûå
CNVs. Ñðåäè äàííîé ãðóïïû 9 ÷åëîâåê èìåëè íåñáàëàíñè-
ðîâàííûå òðàíñëîêàöèè èëè êîìáèíàöèè ðàçíûõ òèïîâ
ÑNVs, 2 ïàöèåíòà — êîëüöåâûå õðîìîñîìû 13 è 22, îáðà-
çîâàíèå êîòîðûõ îáóñëîâëåíî ìèêðîäåëåöèÿìè 13q34 è
22q13 (ñèíäðîì Ôåëàí-ÌàêÄåðìèä, OMIM 606232) ñîîò-
âåòñòâåííî [4, 5]. Ñî÷åòàíèÿ òåðìèíàëüíûõ äåëåöèé è
äóïëèêàöèé, óêàçûâàþùèõ íà íåñáàëàíñèðîâàííóþ
òðàíñëîêàöèþ, îïèñàíû ó 5 ïàöèåíòîâ: del5p15.33-p15.1
(15 ìëí ï.í.) è dup5q33.3-q35.3 (24,7 ìëí ï.í.); del9p24.3
(1,4 ìëí ï.í.) è dup16p13.3-p13.11 (16,1 ìëí ï.í.);
dup4p16.3-p15.32 (18,4 ìëí ï.í.) è del9p24.3-p22.1
(18,8 ìëí ï.í.); del5p15.33 è dup8q24.22-q24.3 ó äâóõ ñèá-
ñîâ. Åùå ó 4 ïàöèåíòîâ ïîêàçàíû ðàçëè÷íûå ñî÷åòàíèÿ:
dup4q34.1-q34.3 (5,9 ìëí ï.í.), trip4q34.3-q35.2
(5,9 ìëí ï.í.) è del4q35.1-q35.2 (5,6 ìëí ï.í.); dup17p13.3
(732 ò.ï.í., OMIM 613215) è dup22q11.1-q12.2
(13,97 ìëí ï.í.); del1q21.1 (115 ò.ï.í., OMIM 274000) è
del22q11.21 (2,5 ìëí ï.í., OMIM 188400, 192430);
del9p24.3-p24.2 (3 ìëí ï.í.), dup9p24.3-p13.3
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(32,2 ìëí ï.í.) è dup9p21.1-p13.3 (3,6 ìëí ï.í.). Âêëàä
îïðåäåëåííîé ÑNV â ôîðìèðîâàíèå àíîìàëüíîãî ôåíî-
òèïà ïðè íàëè÷èè íåñêîëüêèõ âàðèàöèé ó îäíîãî áîëüíîãî
ñëîæíî îöåíèòü, ïîñêîëüêó èõ âëèÿíèå ìîæåò áûòü ñî÷å-
òàííûì, ëèáî îáóñëîâëåíî ìîäèôèöèðóþùèì èëè êóìó-
ëÿòèâíûì ýôôåêòîì.

Ó 70 äåòåé, èìåþùèõ ïàòîãåííûå è ïîòåíöèàëüíî
ïàòîãåííûå CNVs, èäåíòèôèöèðîâàíî 34 äóïëèêàöèè è
36 äåëåöèé, ÷òî â îáùåé ãðóïïå ïàöèåíòîâ ñ óìñòâåííîé
îòñòàëîñòüþ ñîñòàâèëî ñîîòâåòñòâåííî 15,7% è 16,7%.

Â îáñëåäîâàííîé íàìè âûáîðêå èäåíòèôèöèðîâàíî
9 èçâåñòíûõ ìèêðîäåëåöèîííûõ è ìèêðîäóïëèêàöèîííûõ
ñèíäðîìîâ ó 12 ïàöèåíòîâ. Ñðåäè ìèêðîäåëåöèé âûäåëåíî
7 ñèíäðîìîâ: ìèêðîäåëåöèè ðåãèîíîâ 1p36 (OMIM
607872), 7q11.23 (ñèíäðîì Âèëüÿìñà, OMIM 194050),
15q11-q13 (ñèíäðîì Ïðàäåðà-Âèëëè, OMIM 176270, 2 ñëó-
÷àÿ), 15q24 (OMIM 613406, 2 ñëó÷àÿ), 16p11.2-p12.2
(OMIM 613604, 2 ñëó÷àÿ), ïðîêñèìàëüíîé ìèêðîäåëåöèè
22q11.2 (âêëþ÷àÿ ñèíäðîì Äè Äæîðäæè (OMIM 188400) è
âåëîêàðäèîôàöèàëüíûé (OMIM 192430)). Ñðåäè ìèêðî-
äóïëèêàöèé òîëüêî 2: ñèíäðîìû ïðîêñèìàëüíîé è äèñòà-
ëüíîé ìèêðîäóïëèêàöèè 1q21.1 (OMIM 612475) è ìèêðî-
äóïëèêàöèè 15q11-q13 (OMIM 608636).

Äëÿ 18 îáíàðóæåííûõ íàìè õðîìîñîìíûõ ìèêðîäóï-
ëèêàöèé áûëà ïðîâåäåíà ïîäòâåðæäàþùàÿ äèàãíîñòèêà
ìåòîäîì êîëè÷åñòâåííîé ÏÖÐ â ðåæèìå ðåàëüíîãî âðå-
ìåíè (òàáëèöà). Â áîëüøèíñòâå ñëó÷àåâ (ó 13 áîëüíûõ)
÷àñòè÷íûå òðèñîìèè îêàçàëèñü óíèêàëüíûìè ñ âîâëå÷å-
íèåì ñëåäóþùèõ õðîìîñîìíûõ ñåãìåíòîâ —

1q25.1-q25.2, 2p12-p11.2, 2p25.3-p25.2, 3p26.3,

5p15.2-p14.1, 5q33.1, 6p21.2-p12.2, 6p22.2, 7q34, 10q26.3,

14q11.2, 18p11.31, 20q13.12. È ëèøü äëÿ äâóõ ðåãèîíîâ

(12p13.31, 12q24.12) çàðåãèñòðèðîâàíî ïî äâå àíàëîãè÷-

íûå ìèêðîäóïëèêàöèè. Îäèí ïàöèåíò ÿâèëñÿ íîñèòåëåì

âïåðâûå âûÿâëåííîé òðèïëèêàöèè 4q21.21-q21.22, ïðî-

òÿæåííîñòüþ 1,6 ìëí ï.í., ïåðåêðûâàþùåéñÿ ñ ìèíèìà-

ëüíîé êðèòè÷åñêîé îáëàñòüþ äëÿ èçâåñòíîãî ñèíäðîìà

ìèêðîäåëåöèè 4q21 (OMIM 613509) [6].

Âïåðâûå âûÿâëåííûå ñåãìåíòíûå òðèñîìèè, ðàíåå íå

îïèñàííûå â ëèòåðàòóðå, óñòàíîâëåíû äëÿ 12 õðîìîñîì-

íûõ ðåãèîíîâ èç 15. Ïàòîãåííàÿ èëè âåðîÿòíî ïàòîãåííàÿ

çíà÷èìîñòü ìèêðîäóïëèêàöèé îïðåäåëÿëàñü ðàçìåðàìè

ïåðåñòðîéêè, ïðîèñõîæäåíèåì, êîëè÷åñòâîì è ñòàòóñîì

ãåíîâ âíóòðè àáåððàöèè. Ïîêàçàíî, ÷òî ðàçìåð ìåíåå

500 ò.ï.í. õàðàêòåðåí, êàê ïðàâèëî, äëÿ ïîëèìîðôíûõ âà-

ðèàíòîâ, à áîëåå ïðîòÿæåííûå èçìåíåíèÿ êîïèéíîñòè

ÄÍÊ èìåþò âûðàæåííûé ïàòîãåíåòè÷åñêèé ýôôåêò.

Áîëüøèíñòâî ïàòîãåííûõ âàðèàöèé èìåþò ðàçìåð áîëåå

1 ìëí ï.í. Ïðîòÿæåííûå äóïëèêàöèè âûÿâëåíû íàìè

ó äâóõ ïðîáàíäîâ dup5p15.2-p14.1 (15,8 ìëí ï.í.) è

dup6p21.2-p12.2 (11,47 ìëí ï.í.). Îñîáîå çíà÷åíèå èìååò

àíàëèç ãåííîãî ñîñòàâà CNV: ÷åì áîëüøåå êîëè÷åñòâî ãå-

íîâ ñîäåðæèò CNV, òåì áîëåå âåðîÿòíî, ÷òî îíà ëåæèò

â îñíîâå êëèíè÷åñêèõ ïðèçíàêîâ ïàöèåíòà. Ïðè ýòîì íå-

îáõîäèìî ó÷èòûâàòü ôóíêöèè ãåíîâ, èìåþùèå îòíîøå-

íèå ê íàðóøåíèþ èíòåëëåêòóàëüíîãî ðàçâèòèÿ. Ñëîæíî-

ñòüþ ïðè îïðåäåëåíèè ïàòîãåíåòè÷åñêîé çíà÷èìîñòè

äóïëèêàöèé ÿâëÿåòñÿ ïðèðîäà èõ âîçíèêíîâåíèÿ: de novo
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Òàáëèöà
Ïîäòâåðæäåííûå ïàòîãåííûå è ïîòåíöèàëüíî ïàòîãåííûå ÑNVs

Ïàöèåíò Ðåãèîí Êîðäèíàòû (hg18) Ðàçìåð, ìëí ï.í. Ïðîèñõîæäåíèå

1 dup1q25.1-q25.2 chr1:172269000-178409000 6,14 Îòöîâñêîå

2 dup2p12 — p11.2 chr2:75923094-83749392 7,82 De novo

3 dup2p25.3-p25.2 chr2:632724-6052614 5,42 De novo

4 dup3p26.3 chr3:701645-1467721 0,77 Îòöîâñêîå

5 trip4q21.21-q21.22 chr4:82189943-83801062 1,61 De novo

6 dup5p15.2-p14.1 chr5:12625661-28429732 15,8 De novo

7 dup5q33.1 ñhr5:148620000-148735000 0,11 Ìàòåðèíñêîå

8 dup6p21.2-p12.2 chr6:40109825-51588796 11,47 Ìàòåðèíñêîå

9 dup6p22.2 ñhr6:25677000-26393000 0,71 —

10 dup7q34 chr7:137850612-138121572 0,27 De novo

11 dup10q26.3 chr10:131662281-134969700 3,31 De novo

12 dup12p13.31 chr12:7696275-7894740 0,2 Ìàòåðèíñêîå

13 dup12p13.31 chr12:7696275-7894740 0.2 Ìàòåðèíñêîå

14 dup12q24.12 chr12:110668504 -110853677 0,19 Ìàòåðèíñêîå

15 dup12q24.12 chr12:110668504-110793312 0,12 Ìàòåðèíñêîå

16 dup14q11.2 chr14:20767632-22722130 1,9 De novo

17 dup18p11.31 chr18:7005750-7050714 0,05 De novo

18 dup20q13.12 chr20:42595506-43137505 0,54 Îòöîâñêîå



èëè óíàñëåäîâàííûå. Ìèêðîäóïëèêàöèè ÷àñòî íàñëåäó-
þòñÿ îò êîãî-ëèáî èç óñëîâíî çäîðîâûõ ðîäèòåëåé, ïîý-
òîìó ñ÷èòàþòñÿ íå ïàòîãåííûìè è ïðèíèìàþòñÿ çà ñëó-
÷àéíûå íàõîäêè, à íå ïðè÷èíû ïàòîëîãèé. Â òàêîì ñëó÷àå
ìîæíî ïðåäïîëîæèòü, ÷òî òàêèå CNVs ïðåäñòàâëÿþò ñî-
áîé ãåíîìíûå ïîëèìîðôèçìû. Â íàøåì èññëåäîâàíèè
äëÿ ñåãìåíòíûõ òðèñîìèé, îáíàðóæåííûõ ó ïðîáàíäîâ,
áûë ïðîâåäåí àíàëèç ïðîèñõîæäåíèÿ ñ èñïîëüçîâàíèåì
êîëè÷åñòâåííîé ÏÖÐ â ðåæèìå ðåàëüíîãî âðåìåíè
ñ ïðåäâàðèòåëüíûì ïîäáîðîì ïðàéìåðîâ. Ñåìåéíûé ìà-
òåðèàë (ðîäèòåëåé, â íåêîòîðûõ ñëó÷àÿõ áàáóøåê è äåäó-
øåê) áûë äîñòóïåí â 17 ñëó÷àÿõ. Â ðåçóëüòàòå èäåíòèôè-
öèðîâàííûå ìèêðîäóïëèêàöèè â 8 ñëó÷àÿõ (47%) èìåëè
ïðîèñõîæäåíèå de novo, à â 9 ñëó÷àÿõ (53%) áûëè óíàñëå-
äîâàíû îò ôåíîòèïè÷åñêè çäîðîâûõ ðîäèòåëåé; â 33%
ñëó÷àåâ âûÿâëåííûå èçìåíåíèÿ áûëè îòöîâñêîãî ïðîèñ-
õîæäåíèÿ, â 67% — ìàòåðèíñêîãî. Ñëåäóåò ïðåäïîëàãàòü,
÷òî íàñëåäóåìûå äåëåöèè è äóïëèêàöèè ìîãóò èìåòü íå-
ïîëíóþ ïåíåòðàíòíîñòü, âàðèàáåëüíóþ ýêñïðåññèâíîñòü
èëè çàòðàãèâàòü èìïðèíòèðîâàííûå ëîêóñû, àññîöèèðî-
âàííûå ñ íàðóøåíèÿìè óìñòâåííîãî ðàçâèòèÿ.

Â ñèòóàöèè ïîêàçàííîé íàìè ðàâíîïðåäñòàâëåííîñòè
ïîëÿðíûõ èçìåíåíèé êîïèéíîñòè ãåíîâ (â íàøåé ðàáîòå
ñîîòíîøåíèå ïî ÷èñëó äåëåöèé è äóïëèêàöèé ñîñòàâèëî
ïðàêòè÷åñêè 1:1) ïðàâîìåðåí âîïðîñ î íåäîîöåíêå ðîëè
ìèêðîäóïëèêàöèé â ðàçâèòèè ïàòîëîãèè, â ÷àñòíîñòè, ïðè
óìñòâåííîé îòñòàëîñòè. Ïîäàâëÿþùåå ÷èñëî ðàáîò ïî èñ-
ñëåäîâàíèþ ïàöèåíòîâ ñ ïñèõîíåâðîëîãè÷åñêèìè íàðóøå-
íèÿìè, çàäåðæêîé ðàçâèòèÿ, âðîæäåííûìè àíîìàëèÿìè è
äèçìîðôèÿìè äåìîíñòðèðóþò ïðåîáëàäàíèå äåëåöèé
â ãðóïïå çàðåãèñòðèðîâàííûõ CNVs ñ ïàòîãåíåòè÷åñêîé
çíà÷èìîñòüþ. Ê ïðèìåðó, ãðóïïà èññëåäîâàòåëåé Park ñ ñî-
àâòîðàìè îáíàðóæèëà 8,3% ïàòîãåííûõ CNVs â âûáîðêå èç
407 ïàöèåíòîâ ñ âûøåîáîçíà÷åííûìè ôåíîòèïè÷åñêèìè
ïðèçíàêàìè, ñðåäè 34 âûÿâëåííûõ äèñáàëàíñîâ 68% ñîñòà-
âèëè äåëåöèè (23 ñëó÷àÿ), à 32% — äóïëèêàöèè (11 ñëó÷àåâ)
[7]. Ýòè äàííûå ñîïîñòàâèìû ñ ðåçóëüòàòàìè ðàáîò äðóãèõ
ó÷¸íûõ: ó 52 èç 329 áîëüíûõ âûÿâëåíî 64% äåëåöèé (33 ñëó-
÷àÿ) è 36% äóïëèêàöèé (19 ñëó÷àåâ), êîòîðûå îáóñëîâèëè
16% îáíàðóæåííûõ ïàòîãåííûõ CNVs [8]; à òàêæå 61% äå-
ëåöèé (65 CNVs) è 39% äóïëèêàöèé (42 CNVs) óñòàíîâëåíî
ó 65 ïàöèåíòîâ èç 214 (30% ïàòîãåííûõ CNVs) [9].

×àñòè÷íîå ïðîÿñíåíèå ïðîáëåìû áîëåå ðåäêîãî âûÿâ-
ëåíèÿ ïàòîãåííûõ äóïëèêàöèé ìîæåò ñîäåðæàòüñÿ â ïðî-
öåññå âîçíèêíîâåíèÿ ðåöèïðîêíûõ CNVs. Èçâåñòíî, ÷òî
îñíîâíûì ãåíåòè÷åñêèì ìåõàíèçìîì, îáóñëîâëèâàþùèì
ãåíåðàöèþ òàêèõ íàðóøåíèé, ÿâëÿåòñÿ âíóòðè- èëè ìåæõ-
ðîìîñîìíàÿ íåàëëåëüíàÿ ãîìîëîãè÷íàÿ ðåêîìáèíàöèÿ
(NAHR). Îäíàêî ïðè âíóòðèõðîìàòèäíîé NAHR ðåöèï-
ðîêíûå äóïëèêàöèè îòñóòñòâóþò [10]. Òàêæå ãåíî-ôåíîòè-
ïè÷åñêèå êîððåëÿöèè ïðè äóïëèêàöèÿõ íå ñòîëü îäíîçíà÷-
íû, êàê ïðè äåëåöèÿõ. È åñëè î÷åâèäíî, ÷òî äåëåöèè ïðè-
âîäÿò ê ãàïëîíåäîñòàòî÷íîñòè, òî äóïëèêàöèè â çàâèñèìî-

ñòè îò òî÷åê ðàçðûâà, ìîãóò áûòü êàê íåéòðàëüíûìè, òàê è
ïðèâîäèòü ê ðåàëèçàöèè ïàòîëîãè÷åñêîãî ôåíîòèïà ÷åðåç
óñèëåíèå ôóíêöèè èëè ñíèæåíèå/ïîòåðþ ôóíêöèè ãåíà.
Êðîìå òîãî, äóïëèêàöèè ïðèíÿòî ñ÷èòàòü ìåíåå ïàòîãåí-
íûìè, ïî ñðàâíåíèþ ñ äåëåöèÿìè, âîçìîæíî, ââèäó îñî-
áåííîñòåé èõ êëèíè÷åñêîãî ïðîÿâëåíèÿ, êîòîðîå ÿâëÿåòñÿ
áîëåå ìÿãêèì è âàðèàáåëüíûì, â ðåçóëüòàòå ÷åãî íåêîòîðûå
ïðèçíàêè ìîãóò îñòàòüñÿ íå çàìå÷åííûìè âðà÷îì.

Òàêèì îáðàçîì, âûÿâëåííàÿ â íàøåé ðàáîòå ðàâíî-
ïðåäñòàâëåííîñòü ïàòîãåíåòè÷åñêè çíà÷èìûõ ïîëÿðíûõ
èçìåíåíèé êîïèéíîñòè ÄÍÊ, â îòëè÷èå îò ïðåâàëèðóþ-
ùèõ àíàëîãè÷íûõ èññëåäîâàíèé, ðåãèñòðèðóþùèõ äèñáà-
ëàíñ ïî ÷èñëó êëèíè÷åñêè çíà÷èìûõ CNV ñ ïðåîáëàäà-
íèåì äåëåöèé, âåðîÿòíî, ìîæåò óêàçûâàòü íà íåäîó÷åò
ìèêðîäóïëèêàöèé êàê ïðè÷èíû ðàçâèòèÿ ïàòîëîãè÷å-
ñêèõ ñîñòîÿíèé è íà âàæíîñòü èõ áîëåå äåòàëüíîãî èçó÷å-
íèÿ. Ïîäðîáíàÿ êëèíèêî-ãåíåòè÷åñêàÿ õàðàêòåðèñòèêà
ïàöèåíòîâ ñ ïàòîãåííûìè ìèêðîäóïëèêàöèÿìè ìîæåò
ïðèâåñòè â äàëüíåéøåì ê âûäåëåíèþ íîâûõ ñèíäðîìîâ,
àññîöèèðîâàííûõ ñ íàðóøåíèÿìè óìñòâåííîãî ðàçâèòèÿ.
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