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Àêòóàëüíîñòü: Â íàñòîÿùåå âðåìÿ âàðèàöèè ÷èñëà êîïèé ó÷àñòêîâ ÄÍÊ ðàññìàòðèâàþòñÿ êàê îäíà èç âåäóùèõ ïðè÷èí èí-
òåëëåêòóàëüíûõ ðàññòðîéñòâ. Ó ïàöèåíòîâ ñ óìñòâåííîé îòñòàëîñòüþ è íàðóøåíèÿìè ðàçâèòèÿ îïèñàíî ïîðÿäêà 230 ìèêðî-
äåëåöèîííûõ è òîëüêî îêîëî 80 ìèêðîäóïëèêàöèîííûõ ñèíäðîìîâ. Â ñâÿçè ñ ïðåîáëàäàíèåì ìèêðîäåëåöèé ñ äîêàçàííîé ïà-
òîãåíåòè÷åñêîé çíà÷èìîñòüþ âîçíèêàåò âîïðîñ î íåäîîöåíêå ðîëè ìèêðîäóïëèêàöèé â ðåàëèçàöèè ïàòîëîãè÷åñêèõ ñîñòîÿ-
íèé. Öåëü: ïîèñê ïàòîãåíåòè÷åñêè çíà÷èìûõ õðîìîñîìíûõ ìèêðîäóïëèêàöèé ó ïàöèåíòîâ ñ íåäèôôåðåíöèðîâàííûìè ôîð-
ìàìè èíòåëëåêòóàëüíûõ ðàññòðîéñòâ è õàðàêòåðèñòèêà èõ êëèíè÷åñêèõ ïðîÿâëåíèé. Ìàòåðèàëû è ìåòîäû: Íà ìèêðî÷èïàõ
(8õ60K, Agilent Technologies) ïðîâåäåíî ìîëåêóëÿðíîå êàðèîòèïèðîâàíèå 200 ïàöèåíòîâ â âîçðàñòå îò 2 äî 18 ëåò ñ çàäåðæ-
êîé ðàçâèòèÿ (äî 5 ëåò), ëåãêîé ñòåïåíüþ óìñòâåííîé îòñòàëîñòè (IQ 50—70), äèçìîðôèÿìè è/èëè âðîæäåííûìè àíîìàëèÿìè.
Âåðèôèêàöèÿ è àíàëèç ïðîèñõîæäåíèÿ ìèêðîäóïëèêàöèé îñóùåñòâëåíû ñ èñïîëüçîâàíèåì ÏÖÐ â ðåàëüíîì âðåìåíè. Ðåçóëü-
òàòû: Â îáñëåäîâàííîé âûáîðêå èç 200 áîëüíûõ ó 70 èíäèâèäîâ (35%) íå îáíàðóæåíû âàðèàöèè ÷èñëà ïîâòîðîâ ÄÍÊ, ó 63
(31,5%) çàðåãèñòðèðîâàíû äîáðîêà÷åñòâåííûå âàðèàíòû. Ó 67 ïàöèåíòîâ (33,5%) óñòàíîâëåí øèðîêèé ñïåêòð ïàòîãåííûõ è
ïîòåíöèàëüíî ïàòîãåííûõ âàðèàöèé ÷èñëà êîïèé ó÷àñòêîâ ÄÍÊ (CNVs), íå âûÿâëåííûõ ïðè ñòàíäàðòíîì öèòîãåíåòè÷åñêîì êà-
ðèîòèïèðîâàíèè. Ó 39 äåòåé-íîñèòåëåé CNVs ñ âåðîÿòíî ïàòîãåíåòè÷åñêîé çíà÷èìîñòüþ èäåíòèôèöèðîâàíî 14 äåëåöèé è
25 äóïëèêàöèé, ÷òî â îáùåé ãðóïïå ïàöèåíòîâ ñîñòàâèëî ñîîòâåòñòâåííî 7% è 12,5%. 18 ÷åëîâåê (9%) èìåëè ñî÷åòàíèÿ ðàç-
ëè÷íûõ òèïîâ CNVs (ñ ïàòîãåííûì è ïîòåíöèàëüíî ïàòîãåííûì çíà÷åíèåì). 10 áîëüíûì óñòàíîâëåí äèàãíîç ìèêðîäåëåöèîí-
íîãî/ìèêðîäóïëèêàöèîííîãî ñèíäðîìà, îáóñëîâèâ ÷àñòîòó âñòðå÷àåìîñòè ïàòîãåííûõ CNVs, àññîöèèðîâàííûõ ñ èçâåñòíûìè
ÌÌÑ, ðàâíóþ 5%. Âûâîäû: Íàìè îïðåäåëåíû ÷àñòîòà, ñïåêòð, ïðîèñõîæäåíèå êëèíè÷åñêè çíà÷èìûõ õðîìîñîìíûõ ìèêðîäóï-
ëèêàöèé ó ïàöèåíòîâ ñ íåäèôôåðåíöèðîâàííûìè ôîðìàìè èíòåëëåêòóàëüíûõ ðàññòðîéñòâ è îõàðàêòåðèçîâàíû èõ êëèíè÷å-
ñêèå ïðîÿâëåíèÿ. Ñâîåâðåìåííàÿ ìîëåêóëÿðíî-öèòîãåíåòè÷åñêàÿ äèàãíîñòèêà âàæíà äëÿ èäåíòèôèêàöèè ïðè÷èíû çàáîëåâà-
íèÿ è êà÷åñòâåííîãî ìåäèêî-ãåíåòè÷åñêîãî êîíñóëüòèðîâàíèÿ ñåìåé.

Êëþ÷åâûå ñëîâà: íåäèôôåðåíöèðîâàííûå èíòåëëåêòóàëüíûå íàðóøåíèÿ, ìàòðè÷íàÿ ñðàâíèòåëüíàÿ ãåíîìíàÿ ãèáðèäè-
çàöèÿ, õðîìîñîìíûå ìèêðîäóïëèêàöèè.

Àâòîðû ñîîáùàþò îá îòñóòñòâèè êîíôëèêòà èíòåðåñîâ.
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Introduction: Copy number variation is regarded as one of the leading genetic causes of intellectual disorders. About
230 microdeletions and only about 80 microduplication syndromes are described in patients with intellectual disability and develop-
mental disorders. In connection with the prevalence of microdeletions with proven pathogenetic significance, the question arises
about underestimation of the role of microduplications in the realization of pathological conditions. Aim: search for pathogenetically
significant chromosomal microduplications in patients with idiopathic intellectual disability and characterization of their clinical mani-
festations. Materials and Methods: Using 8õ60K arrays the molecular karyotyping for 200 children of 2—18 years old with develop-
mental delay, intellectual disability (IQ 50—70), and dysmorphic features / congenital anomalies was performed. Verification and anal-
ysis of the origin of microduplications were carried out using PCR-RT. Results: Seventy patients (35%) showed no clinical significant
CNV, and 63 (31.5%) reported benign variants. A wide spectrum of pathogenic and potentially pathogenic CNVs was identified for 67
patients (33.5%), not detected with standard karyotyping. In 39 children of CNVs with probable pathogenetic significance,
14 deletions and 25 duplications were identified, which in the general group of patients consist of 7% and 12.5%, respectively. Eigh-
teen patients (9%) had combinations of different types of CNVs (with pathogenic and potentially pathogenic significance). Ten pa-



tients (5%) were diagnosed with a microdeletion / microduplication syndrome. Conclusions: We determined the frequency, spec-
trum, origin of clinically significant chromosomal microduplications in patients with idiopathic intellectual disability and characterized
its clinical manifestations. Timely molecular cytogenetic diagnosis is important for elucidating the causes of the disease and providing
quality medical genetic counseling for the family.

Key words: undifferentiated intellectual disability, array comparative genomic hybridization, chromosomal microduplications.

Ââåäåíèå

Óìñòâåííàÿ îòñòàëîñòü (ÓÎ) — âîçíèêøàÿ â ðàííåì
äåòñêîì âîçðàñòå (äî 3 ëåò) çàäåðæêà ðàçâèòèÿ ïñèõèêè,
ïðîÿâëÿþùàÿñÿ íàðóøåíèåì èíòåëëåêòà è ñîöèàëüíîé
àäàïòàöèè [1]. Âûäåëÿþò ÷åòûðå ñòåïåíè ÓÎ (ëåãêàÿ,
ñðåäíÿÿ, òÿæåëàÿ, ãëóáîêàÿ), ÷àùå èç êîòîðûõ â ïîïóëÿ-
öèè ðåãèñòðèðóåòñÿ ëåãêàÿ ôîðìà (85%), ñ óðîâíåì ñíè-
æåíèÿ èíòåëëåêòà îò 70 äî 50—55 [2]. Ñîãëàñíî ñîâðå-
ìåííûì ïðåäñòàâëåíèÿì óìñòâåííóþ íåïîëíîöåííîñòü
êîíöåïòóàëèçèðóþò êàê «ðàññòðîéñòâà èíòåëëåêòóàëüíî-
ãî ðàçâèòèÿ», ïîä÷åðêèâàÿ, ÷òî îíà ÿâëÿåòñÿ íå îòäåëü-
íîé íîçîëîãè÷åñêîé åäèíèöåé, à ñëîæíûì ñèìïòîìî-
êîìïëåêñîì, õàðàêòåðíûì äëÿ êðàéíå ãåòåðîãåííîé
ãðóïïû áîëåçíåé, èìåþùèì ðàçíîîáðàçíóþ è ñëîæíî
êëàññèôèöèðóåìóþ ñòðóêòóðó êëèíè÷åñêèõ ïðîÿâëåíèé
è ñîïóòñòâóþùèõ õðîíè÷åñêèõ çàáîëåâàíèé. Â ñâÿçè
ñ ýòèì, ïðîáëåìà ýòèîïàòîãåíåòè÷åñêèõ âçàèìîîòíîøå-
íèé äàííûõ ïàòîëîãè÷åñêèõ ñîñòîÿíèé è èõ äèôôåðåí-
öèàëüíàÿ äèàãíîñòèêà îñòàåòñÿ îäíîé èç ñàìûõ îñòðûõ
â ïðàêòè÷åñêîé äåÿòåëüíîñòè âðà÷åé ðàçíûõ ñïåöèàëüíî-
ñòåé. Øèðîêîå èñïîëüçîâàíèå â êëèíè÷åñêîé ïðàêòèêå
âûñîêîðàçðåøàþùèõ òåõíîëîãèé (ìåòîäîâ ìàòðè÷íîé
ñðàâíèòåëüíîé ãåíîìíîé ãèáðèäèçàöèè (aCGH), ñåêâå-
íèðîâàíèÿ íîâîãî ïîêîëåíèÿ (NGS)) ïðèâåëî ê áîëåå
òî÷íîìó îáíàðóæåíèþ ìåëêèõ âàðèàöèè ÷èñëà êîïèé
ó÷àñòêîâ ÄÍÊ (copy number variation, CNV) ïî âñåìó ãå-
íîìó è îïèñàíèþ íîâûõ ñèíäðîìîâ, ñâÿçàííûõ ñ ñóá-
ìèêðîñêîïè÷åñêèìè õðîìîñîìíûìè àáåððàöèÿìè, èìå-
þùèìè ðàçìåð äî 5 ìëí ï.í. (ñèíäðîìû ìèêðîäåëåöèé è
ìèêðîäóïëèêàöèé). Òàê, ó ïàöèåíòîâ ñ óìñòâåííîé îò-
ñòàëîñòüþ è íàðóøåíèÿìè ðàçâèòèÿ îïèñàíî áîëåå
230 ìèêðîäåëåöèîííûõ, íî òîëüêî ïîðÿäêà 80 ìèêðîäóï-
ëèêàöèîííûõ ñèíäðîìîâ [3]. Îáðàùàåò íà ñåáÿ âíèìàíèå
òîò ôàêò, ÷òî ìèêðîäóïëèêàöèé ñ äîêàçàííîé êëèíè÷å-
ñêîé çíà÷èìîñòüþ ïðèìåðíî â òðè ðàçà ìåíüøå, ÷åì
ìèêðîäåëåöèé, â ñâÿçè ñ ÷åì âîçíèêàåò âîïðîñ î íåäî-
îöåíêå èõ ðîëè â ðåàëèçàöèè ïàòîëîãè÷åñêèõ ñîñòîÿíèé.

Íàñòîÿùàÿ ðàáîòà íàïðàâëåíà íà ïîèñê ïàòîãåíåòè-
÷åñêè çíà÷èìûõ õðîìîñîìíûõ ìèêðîäóïëèêàöèé ó ïà-
öèåíòîâ ñ íåäèôôåðåíöèðîâàííûìè ôîðìàìè èíòåë-
ëåêòóàëüíûõ ðàññòðîéñòâ è õàðàêòåðèñòèêó èõ êëèíè÷å-
ñêèõ ïðîÿâëåíèé.

Ìàòåðèàëû è ìåòîäû

Bûáîðêà âêëþ÷èëà 200 ïàöèåíòîâ â âîçðàñòå îò 2 äî
18 ëåò, ñòðàäàþùèõ çàäåðæêîé ðàçâèòèÿ (äî 5 ëåò), óìñò-
âåííûìè íàðóøåíèÿìè (ëåãêàÿ ñòåïåíü óìñòâåííîé îò-

ñòàëîñòè ñ óðîâíåì ñíèæåíèÿ èíòåëëåêòà îò 70 äî
50—55), èìåþùèõ äèçìîðôè÷åñêèå ÷åðòû è/èëè âðîæ-
äåííûå àíîìàëèè. Áîëüíûå îáñëåäîâàíû ìåòîäîì
aCGH ñ èñïîëüçîâàíèåì ÄÍÊ-ìèêðî÷èïîâ Human Ge-
nome CGH SurePrintG3 HumanCGH 8õ60K (Agilent Tec-
hnologies, ÑØÀ), ñîãëàñíî ðåêîìåíäàöèÿì ïðîèçâîäè-
òåëÿ [4]. Ðåçóëüòàòû îáðàáîòàíû â ïðîãðàììå Cytogeno-
mics (v3.0.2.11) (Agilent Technologies, ÑØÀ). Èíòåðïðå-
òàöèÿ CNV ïðîâåäåíà ñ èñïîëüçîâàíèåì Áàçû äàííûõ
ãåíîìíûõ âàðèàíòîâ (DGV) è îíëàéí-âåðñèè Êàòàëîãà
íàñëåäñòâåííûõ áîëåçíåé «Ìåíäåëåâñêîå íàñëåäîâàíèå
ó ÷åëîâåêà» (OMIM). Ïàòîãåíåòè÷åñêè çíà÷èìûå ìèê-
ðîäóïëèêàöèè ïîäòâåðæäåíû ìåòîäîì êîëè÷åñòâåííîé
ÏÖÐ â ðåàëüíîì âðåìåíè íà ïðèáîðå AriaMXReal-Ti-
mePCRSystem (Agilent Technologies, ÑØÀ), è îïðåäåëå-
íî èõ ïðîèñõîæäåíèå. Èññëåäîâàíèå îäîáðåíî Êîìèòå-
òîì ïî áèîìåäèöèíñêîé ýòèêå ÍÈÈ ìåäèöèíñêîé ãåíå-
òèêè Òîìñêîãî ÍÈÌÖ è ïðîâîäèëîñü ïîñëå ïîëó÷åíèÿ
èíôîðìèðîâàííîãî ñîãëàñèÿ îò ðîäèòåëåé ïðîáàíäîâ.
Ðàáîòà âûïîëíåíà íà áàçå Öåíòðà êîëëåêòèâíîãî ïîëü-
çîâàíèÿ íàó÷íî-èññëåäîâàòåëüñêèì îáîðóäîâàíèåì è
ýêñïåðèìåíòàëüíûì áèîëîãè÷åñêèì ìàòåðèàëîì «Ìå-
äèöèíñêàÿ ãåíîìèêà» ÍÈÈ ìåäèöèíñêîé ãåíåòèêè
ÒÍÈÌÖ ñ èñïîëüçîâàíèåì ðåñóðñîâ áèîêîëëåêöèè
«Áèîáàíê íàñåëåíèÿ Ñåâåðíîé Åâðàçèè».

Ðåçóëüòàòû è îáñóæäåíèå

Ïî äàííûì ïðîâåäåííîãî ìîëåêóëÿðíî-öèòîãåíåòè-
÷åñêîãî èññëåäîâàíèÿ ó 70 èíäèâèäîâ (35%) íå îáíàðó-
æåíû CNVs, ó 63 (31,5%) çàðåãèñòðèðîâàíû äîáðîêà÷å-
ñòâåííûå âàðèàíòû. Ó 67 ïàöèåíòîâ (33,5%) èññëåäóå-
ìîé ãðóïïû óñòàíîâëåí øèðîêèé ñïåêòð ïàòîãåííûõ è
ïîòåíöèàëüíî ïàòîãåííûõ CNVs, íå âûÿâëåííûõ ïðè
ñòàíäàðòíîì öèòîãåíåòè÷åñêîì êàðèîòèïèðîâàíèè.
Ñðåäè íèõ èäåíòèôèöèðîâàíî 14 äåëåöèé è 25 äóïëèêà-
öèé, ÷òî â îáùåé ãðóïïå ïàöèåíòîâ ñ ñèíäðîìàëüíûìè
èíòåëëåêòóàëüíûìè íàðóøåíèÿìè ñîñòàâèëî ñîîòâåòñò-
âåííî 7% è 12,5%. Åù¸ 18 ÷åëîâåê (9%) èìåëè ñî÷åòà-
íèÿ ðàçëè÷íûõ òèïîâ CNVs (ñ ïàòîãåííûì è ïîòåíöèà-
ëüíî ïàòîãåííûì çíà÷åíèåì). 10 áîëüíûì óñòàíîâëåí
äèàãíîç ìèêðîäåëåöèîííîãî/ìèêðîäóïëèêàöèîííîãî
ñèíäðîìà, îáóñëîâèâ ÷àñòîòó âñòðå÷àåìîñòè ïàòîãåííûõ
CNVs, àññîöèèðîâàííûõ ñ èçâåñòíûìè ÌÌÑ, ðàâíóþ
5%. Äàííûé ïîêàçàòåëü ñâèäåòåëüñòâóåò î òîì, ÷òî ó èç-
âåñòíûõ ñèíäðîìîâ íàáëþäàåòñÿ ôåíîòèïè÷åñêàÿ âàðè-
àáåëüíîñòü, íå ïîçâîëÿþùàÿ ïðîâåñòè äîñòàòî÷íî òî÷-
íóþ äèôôåðåíöèàëüíóþ äèàãíîñòèêó. Îáðàùàåò íà ñåáÿ
âíèìàíèå íåçíà÷èòåëüíàÿ ñèìïòîìàòèêà, ñòåðòàÿ êàð-
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òèíà ñèíäðîìîâ, çàòðóäíÿþùàÿ ïîñòàíîâêó êëèíè÷å-
ñêîãî äèàãíîçà.

Ïîëó÷åííûå íàìè â õîäå èññëåäîâàíèÿ äàííûå, èë-
ëþñòðèðóþùèå ñòðóêòóðó ãåíåòè÷åñêèõ íàðóøåíèé, àñ-
ñîöèèðîâàííûõ ñ ðàññòðîéñòâàìè èíòåëëåêòóàëüíîãî
ðàçâèòèÿ, óêàçûâàþò íà òî, ÷òî çàìåòíîå ìåñòî â íåé çà-
íèìàþò õðîìîñîìíûå ìèêðîäóïëèêàöèè. Ïðîäåìîíñò-
ðèðîâàííîå â íàøåé ðàáîòå ïðåîáëàäàíèå ïàòîãåíåòè÷å-
ñêè çíà÷èìûõ óâåëè÷åíèé êîïèéíîñòè ÄÍÊ, â îòëè÷èå
îò ïðåâàëèðóþùèõ èññëåäîâàíèé àíàëîãè÷íûõ âûáîðîê,
ðåãèñòðèðóþùèõ äèñáàëàíñ ïî ÷èñëó êëèíè÷åñêè çíà÷è-
ìûõ CNVs ñ ïðåîáëàäàíèåì äåëåöèé, âåðîÿòíî, ìîæåò
óêàçûâàòü íà íåäîîöåíêó ðîëè ñåãìåíòíûõ òðèñîìèé
â ðàçâèòèè ïàòîëîãèè è íà âàæíîñòü èõ áîëåå äåòàëüíîãî
èçó÷åíèÿ.

Îäíèì èç îáúÿñíåíèé ïðîáëåìû áîëåå ðåäêîãî âû-
ÿâëåíèÿ ïàòîãåííûõ äóïëèêàöèé ìîæåò ÿâëÿòüñÿ ïðî-
öåññ âîçíèêíîâåíèÿ ðåöèïðîêíûõ CNVs: îñíîâíûì ãå-
íåòè÷åñêèì ìåõàíèçìîì, îáóñëîâëèâàþùèì ãåíåðàöèþ
òàêèõ íàðóøåíèé, ÿâëÿåòñÿ âíóòðè- èëè íåàëëåëüíàÿ ãî-
ìîëîãè÷íàÿ ðåêîìáèíàöèÿ. Äóïëèêàöèè ïðèíÿòî ñ÷è-
òàòü ìåíåå ïàòîãåííûìè, ïî ñðàâíåíèþ ñ äåëåöèÿìè,
âîçìîæíî, â âèäó îñîáåííîñòåé èõ êëèíè÷åñêîãî ïðîÿâ-
ëåíèÿ, êîòîðîå ÿâëÿåòñÿ áîëåå ìÿãêèì è âàðèàáåëüíûì,
â ðåçóëüòàòå ÷åãî íåêîòîðûå ïðèçíàêè ìîãóò îñòàòüñÿ
íåçàìå÷åííûìè âðà÷îì. Êðîìå òîãî, ãåíî-ôåíîòèïè÷å-
ñêèå êîððåëÿöèè ïðè äóïëèêàöèÿõ íå ñòîëü îäíîçíà÷-
íû, êàê òàêîâûå ïðè äåëåöèÿõ: èçâåñòíî, ÷òî äåëåöèè
ïðèâîäÿò ê ãàïëîíåäîñòàòî÷íîñòè, à äóïëèêàöèè â çàâè-

ñèìîñòè îò òî÷åê ðàçðûâà ãåíà ìîãóò áûòü êàê íåéòðàëü-
íûìè, òàê è ïðèâîäèòü ê ðåàëèçàöèè ïàòîëîãè÷åñêîãî
ôåíîòèïà ÷åðåç óñèëåíèå ôóíêöèè èëè ñíèæåíèå/ïîòå-
ðþ ôóíêöèè ãåíà. Ïðè ýòîì, òî÷êè ðàçðûâîâ ïðè õðîìî-
ñîìíîé ïåðåñòðîéêå ìîãóò íàðóøàòü êîäèðóþùóþ ïî-
ñëåäîâàòåëüíîñòü ãåíà, à òàêæå ñïîñîáíû ïðèâîäèòü
ê ïîÿâëåíèþ íîâûõ õèìåðíûõ ãåíîâ ïîñðåäñòâîì ñëèÿ-
íèÿ äâóõ äðóãèõ.

Ïîäòâåðæäàþùàÿ äèàãíîñòèêà áûëà ïðîâåäåíà äëÿ
17 õðîìîñîìíûõ ìèêðîäóïëèêàöèé. Â 13 ñëó÷àÿõ ÷àñ-
òè÷íûå òðèñîìèè îêàçàëèñü óíèêàëüíûìè, 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 (òàáëèöà).

Êëèíè÷åñêàÿ çíà÷èìîñòü ÷àñòè÷íûõ òðèñîìèé, íå
çàðåãèñòðèðîâàííûõ â áàçàõ äîáðîêà÷åñòâåííûõ âàðèàí-
òîâ, îïðåäåëÿëàñü ïîñðåäñòâîì àíàëèçà ãåíåòè÷åñêèõ õà-
ðàêòåðèñòèê èäåíòèôèöèðîâàííûõ ïåðåñòðîåê: ðàçìåðà,
ïðîèñõîæäåíèÿ, êîëè÷åñòâà è ôóíêöèé ãåíîâ âíóòðè
àáåððàöèè. Ïðè ðàñïðåäåëåíèè ïî ðàçìåðó îáíàðóæåí-
íûõ íàìè â õîäå èññëåäîâàíèÿ ìèêðîäóïëèêàöèé ïîêà-
çàíî ïðåîáëàäàíèå âåðèôèöèðîâàííûõ àáåððàöèé ïðî-
òÿæåííîñòüþ äî 1 ìëí ï.í. (10 ìèêðîäóïëèêàöèé, ÷òî
ñîñòàâëÿåò 59% îò èõ îáùåãî ÷èñëà 17). Ïîñêîëüêó ðàç-
ìåð àáåððàöèè è ñâÿçàííîå ñ íèì êîëè÷åñòâî âîâëå÷åí-
íûõ ãåíîâ, êàê ïðàâèëî, àññîöèèðîâàí ñ òÿæåñòüþ êëè-
íè÷åñêèõ ïðîÿâëåíèé, ñëåäóåò ïðåäïîëàãàòü, ÷òî îòíî-
ñèòåëüíî âûñîêàÿ âñòðå÷àåìîñòü ìèêðîñòðóêòóðíûõ ïå-
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Òàáëèöà
Ïîäòâåðæäåííûå ïîòåíöèàëüíî ïàòîãåííûå ÑNVs ó ïàöèåíòîâ ñ èäèîïàòè÷åñêîé óìñòâåííîé îòñòàëîñòüþ

Ïàöèåíò Ðåçóëüòàòû aCGH (ISCN (2013)) Ðàçìåð, ìëí ï.í.

1 arr[hg18] 1q25.1-q25.2(172269000_178409000)õ3 pat 6,14

2 arr[hg18] 2p12 — p11.2 (75923094_83749392)õ3 dn 7,82

3 arr[hg18] 2p25.3-p25.2(632724_6052614)õ3 dn 5,42

4 arr[hg18] 3p26.3(701645_1467721)õ3 pat 0,77

5 arr[hg18] 4q21.21-q21.22(82189943_83801062)õ4 dn 1,61

6 arr[hg18] 5q33.1(148620000_148735000)õ3 mat 0,11

7 arr[hg18] 6p22.2(25677000_26393000)õ3 * 0,71

8 arr[hg18] 7q21.3(94,769_94,901)õ3 ** 0,132

9 arr[hg18] 7q34(137850612_138121572)õ3 dn 0,27

10 arr[hg18] 10q26.3(131662281_134969700)õ3 dn 3,31

11 arr[hg18] 12p13.31(7696275_7894740)õ3 mat 0,2

12 arr[hg18] 12p13.31(7696275_7894740)õ3 mat 0,2

13 arr[hg18] 12q24.12(110668504_110853677)õ3 mat 0,19

14 arr[hg18] 12q24.12(110668504_110793312)õ3 mat 0,12

15 arr[hg18] 14q11.2(20767632_22722130)õ3 dn 1,9

16 arr[hg18] 16q23.1(75761600_77528224)õ3 mat 1,76

17 arr[hg18] 20q13.12(42595506_43137505)õ3 pat 0,54

Ïðèìå÷àíèå. * — Ïîäòâåðæäåíà, ðîäèòåëè íå äîñòóïíû; ** — íå îò ìàòåðè.



ðåñòðîåê íåïðîòÿæåííîãî ðàçìåðà ãîâîðèò î íèçêîé âå-
ðîÿòíîñòè ðåàëèçàöèè ïàòîëîãè÷åñêîãî ôåíîòèïà. Îñî-
áîå âíèìàíèå áûëî óäåëåíî àíàëèçó ãåííîãî ñîñòàâà
õðîìîñîìíûõ ïåðåñòðîåê. Â îáëàñòè êàæäîé ïîòåíöè-
àëüíî çíà÷èìîé ìèêðîäóïëèêàöèè íàõîäÿòñÿ ãåíû, óâå-
ëè÷åíèå êîïèé êîòîðûõ ìîæåò èìåòü îòíîøåíèå ê ïàòî-
ãåíåçó èíòåëëåêòóàëüíûõ íàðóøåíèé.

Îïðåäåëåííóþ ñëîæíîñòü ïðè îòíåñåíèè CNVs ê êà-
êîé-ëèáî êëèíè÷åñêîé êàòåãîðèè ñîñòàâèëà ïðèðîäà èõ
âîçíèêíîâåíèÿ: de novo èëè óíàñëåäîâàííûå. Ìèêðî-
äóïëèêàöèè ÷àñòî íàñëåäóþòñÿ îò êîãî-ëèáî èç óñëîâíî
çäîðîâûõ ðîäèòåëåé, ïîýòîìó ñ÷èòàþòñÿ íå ïàòîãåííû-
ìè. Îäíàêî, íåêîððåêòíî ðàññìàòðèâàòü íàñëåäîâàíèå
êàê äîêàçàòåëüñòâî îòñóòñòâèÿ ñâÿçè ìåæäó áîëåçíüþ è
CNV. Âàðèàöèÿ ÷èñëà êîïèé ÄÍÊ ìîæåò ÿâëÿòüñÿ ïàòî-
ãåííîé, íî íå ïðîÿâëÿòüñÿ ó ðîäèòåëÿ. Ïðè÷èíàìè ýòîãî
ìîãóò áûòü íåïîëíàÿ ïåíåòðàíòíîñòü, âàðèàáåëüíàÿ ýêñ-
ïðåññèâíîñòü, èìïðèíòèðîâàííîñòü àññîöèèðîâàííûõ
ñ íàðóøåíèÿìè óìñòâåííîãî ðàçâèòèÿ ëîêóñîâ, ìîçàè-
öèçì ó ðîäèòåëÿ, ïðè êîòîðîì CNV ìîæåò íå ïðèñóòñò-
âîâàòü âî âñåõ òêàíÿõ è íå ïðîÿâëÿòüñÿ â ïîëíîé ìåðå,
ñåíñèáèëèçèðîâàííûé ãåíåòè÷åñêèé ôîí è äîïîëíèòå-
ëüíûå ìîäèôèöèðóþùèå çàáîëåâàíèå ãåíåòè÷åñêèå
îñîáåííîñòè ó ïðîáàíäà, îòñóòñòâóþùèå ó ðîäèòåëÿ
â ñòàòóñå íîñèòåëÿ. Â íàøåì èññëåäîâàíèè áûë ïðîâå-
äåí àíàëèç ïðîèñõîæäåíèÿ ñåãìåíòíûõ òðèñîìèé, îáíà-
ðóæåííûõ ó ïðîáàíäîâ, ñ èñïîëüçîâàíèåì êîëè÷åñòâåí-
íîé ÏÖÐ â ðåæèìå ðåàëüíîãî âðåìåíè ñ ïðåäâàðèòåëü-
íûì ïîäáîðîì ïðàéìåðîâ. Ñåìåéíûé ìàòåðèàë ðîäèòå-
ëåé, à â íåêîòîðûõ ñëó÷àÿõ áàáóøåê è äåäóøåê áûë äî-
ñòóïåí äëÿ 17 ïàöèåíòîâ. Â ðåçóëüòàòå, èäåíòèôèöèðî-
âàííûå ìèêðîäóïëèêàöèè â 8 ñëó÷àÿõ (47%) èìåëè ïðî-
èñõîæäåíèå de novo, à â 9 ñëó÷àÿõ (53%) áûëè óíàñëåäî-
âàíû îò ôåíîòèïè÷åñêè çäîðîâûõ ðîäèòåëåé; â 33% ñëó-
÷àåâ âûÿâëåííûå èçìåíåíèÿ áûëè îòöîâñêîãî ïðîèñ-

õîæäåíèÿ, â 67% — ìàòåðèíñêîãî. Ïðè ýòîì íàìè ïîêà-
çàíî, ÷òî óíàñëåäîâàííûå ìèêðîäóïëèêàöèè èìåþò ðàç-
ìåð äî 1 ìëí ï.í., òîãäà êàê äëÿ áîëåå êðóïíûõ ïåðå-
ñòðîåê õàðàêòåðíî ïðîèñõîæäåíèå de novo.

Î÷åíü âàæíûì ïðåäñòàâëÿåòñÿ îïèñàíèå ôåíîòèïè-
÷åñêèõ îñîáåííîñòåé ïàöèåíòîâ, ÿâëÿþùèõñÿ íîñèòåëÿ-
ìè êëèíè÷åñêè çíà÷èìûõ õðîìîñîìíûõ ìèêðîäóïëèêà-
öèé, ÷òî ïîìîãàåò ðàñøèðèòü çíàíèÿ îá ýòèîëîãèè èí-
òåëëåêòóàëüíûõ ðàññòðîéñòâ. Êëèíè÷åñêàÿ êàðòèíà
ó áîëüíûõ ñ óâåëè÷åíèåì êîïèéíîñòè ãåíîâ õàðàêòåðè-
çóåòñÿ çíà÷èòåëüíîé âàðèàáåëüíîñòüþ ñòåïåíè âûðà-
æåííîñòè ïðîÿâëåíèé, è âêëþ÷àåò èäåíòè÷íûå, óíè-
êàëüíûå è çåðêàëüíûå ïðèçíàêè, ïî ñðàâíåíèþ ñ ôåíî-
òèïàìè ïàöèåíòîâ, èìåþùèõ ìèêðîäåëåöèè â ñîîòâåò-
ñòâóþùèõ õðîìîñîìíûõ ðåãèîíàõ. Ïîäðîáíàÿ êëèíè-
êî-ãåíåòè÷åñêàÿ õàðàêòåðèñòèêà ïàöèåíòîâ ñ ïàòîãåí-
íûìè ìèêðîäóïëèêàöèÿìè îáåñïå÷èâàåò íàêîïëåíèå
èíôîðìàöèè è ðàñøèðåíèå óñòîÿâøèõñÿ ïðåäñòàâëå-
íèé, ÷òî âïîñëåäñòâèè ìîæåò ïðèâåñòè ê îïèñàíèþ íî-
âûõ ñèíäðîìîâ, àññîöèèðîâàííûõ ñ èíòåëëåêòóàëüíûìè
ðàññòðîéñòâàìè.
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