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Àêòóàëüíîñòü. Âàðèàöèè ÷èñëà êîïèé ó÷àñòêîâ ÄÍÊ (CNV) ó ïàöèåíòîâ ñ èíòåëëåêòóàëüíûìè ðàññòðîéñòâàìè, ïðè êîòîðûõ
õðîìîñîìíàÿ ìóòàöèÿ çàòðàãèâàåò åäèíñòâåííûé ãåí, çà÷àñòóþ ïðîÿâëÿþòñÿ ïàòîëîãè÷åñêèìè ïðîöåññàìè íå òîëüêî â ÖÍÑ,
íî è â äðóãèõ ñèñòåìàõ îðãàíèçìà. Ðàíåå íàìè è äðóãèìè àâòîðàìè áûëî ïîêàçàíî, ÷òî èçîëèðîâàííûå ìèêðîäåëåöèè è ìèê-
ðîäóïëèêàöèè ãåíà CNTN6 ó ïàöèåíòîâ ñ óìñòâåííîé îòñòàëîñòüþ ñîïðîâîæäàþòñÿ àíîìàëèÿìè ÷åðåïà, ëèöåâûìè äèñìîð-
ôèÿìè, ñêîëèîçîì, êàðäèîëîãè÷åñêèìè íàðóøåíèÿìè, ýïèëåïòèôîðìíûìè ïðèïàäêàìè. Îäíàêî ÷åì îáóñëîâëåí òàêîé ýô-
ôåêò, íåèçâåñòíî. Öåëü. Ïîèñê ìîëåêóëÿðíûõ ïóòåé è ïàðòíåðîâ ãåíà CNTN6 â ðåãóëÿöèè êðàíèîãåíåçà. Ìàòåðèàëû è ìåòî-
äû. Íà ÄÍÊ-ìèêðî÷èïàõ 44K è 60K (Agilent Technologies) ïðîâåäåíî ìîëåêóëÿðíîå êàðèîòèïèðîâàíèå 117 äåòåé â âîçðàñòå îò
3 äî 17 ëåò ñ çàäåðæêîé ðàçâèòèÿ, íåäèôôåðåíöèðîâàííûìè èíòåëëåêòóàëüíûìè ðàññòðîéñòâàìè (ÈÐ) è äèñìîðôèÿìè. Àíà-
ëèç ïîòåíöèàëüíûõ ìîëåêóëÿðíûõ âçàèìîäåéñòâèé CNTN6 è áåëêîâûõ ïðîäóêòîâ ãåíîâ, âîâëå÷åííûõ â CNVs, ïðîâåäåí ïóòåì
ïîñòðîåíèÿ ãåííûõ ñåòåé â ðåñóðñå STRING. Ðåçóëüòàòû. Ïàòîãåííûå è ïîòåíöèàëüíî ïàòîãåííûå CNVs îáíàðóæåíû ó 30 ÷åë.,
ñðåäè êîòîðûõ àíîìàëèè ÷åðåïà äèàãíîñòèðîâàíû ó 24 ïðîáàäíîâ. Äëÿ òðåõ äåòåé ñ èçîëèðîâàííîé ìóòàöèåé â ãåíå CNTN6
çíà÷èìûìè îêàçàëèñü ñèãíàëüíûå ïóòè Notch è CAM, ãåíû êîòîðûõ NOTCH1 è ALCAM ó÷àñòâóþò â ðåãóëÿöèè îñòåîãåíåçà. Ïðè
ïîñòðîåíèè ñåòåé äëÿ 17 ïàöèåíòîâ ñ CNVs, çàòðàãèâàþùèìè äðóãèå õðîìîñîìíûå îáëàñòè, ñ àíîìàëèÿìè ÷åðåïà (N = 11) è
áåç (N = 6), âîâëå÷åíèå ãåíîâ CAM-ïóòè âûÿâèëî åùå äëÿ îäíîãî ðåáåíêà ñ àíîìàëèåé ÷åðåïà. Âîâëå÷åíèå Notch-ñèãíàëüíî-
ãî ïóòè áûëî îòìå÷åíî â îáåèõ ãðóïïàõ. Âûâîäû. Àíîìàëèè ÷åðåïà ó ïàöèåíòîâ c èçîëèðîâàííûìè ìèêðîäåëåöèÿìè è ìèêðî-
äóïëèêàöèÿìè â ãåíå CNTN6 íàèáîëåå âåðîÿòíî îïîñðåäîâàíû CAM-ñèãíàëüíûì ïóòåì ÷åðåç âçàèìîäåéñòâèå CNTN6 ñ ïðî-
äóêòîì ãåíà ALCAM.
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Introduction: Copy number variations of single gene (CNVs), that have been described in patients with intellectual disability, fre-
quently affect not only the central nervous system, but also some other systems. We and other authors have shown that isolated
microdeletions and microduplcations of CNTN6 gene in patients with intellectual disability were accompanied by cranial malforma-
tions, facial dysmorphism, scoliosis, cardiological abnormalities, and seizures. However, it is unclear what underlies this effect. Aim.
This work aims to search for molecular pathways and partners of CNTN6 that may regulate craniogenesis. Materials and methods.
The molecular karyotyping for 117 children of 3—17 years old with developmental delay, intellectual disability and dysmorphic fea-
tures was performed using 44K and 60K arrays (Agilent Technologies). The analysis of possible molecular interactions of CNTN6 and
proteins encoded by genes of likely pathogenic CNVs was done by STRING gene networks. Results. Pathogenic and potentially
pathogenic CNVs were found in 30 patients, among which 24 patients had skull anomalies. For three children with isolated CNTN6
mutation the Notch and CAM signaling pathways with NOTCH1 and ALCAM participating in osteogenesis appeared to be significant.
When building gene networks for the 17 patients with the CNVs, affecting other chromosomal regions, with skull abnormalities
(N = 11) and without them (N = 6), the involvement of CAM pathway genes was shown for one more child with skull anomaly. Notch



signaling pathway was found in both groups. Conclusions. Skull anomalies in patients with CNTN6 microdeletions and
microduplications are more likely mediated by CAM signaling pathway through the interaction of CNTN6 with the product of ALCAM
gene.
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Ââåäåíèå

Õðîìîñîìíûå áîëåçíè, îáóñëîâëåííûå âàðèàöèÿìè
÷èñëà êîïèé ó÷àñòêîâ ÄÍÊ (CNV), êàê ïðàâèëî, ïðîÿâ-
ëÿþòñÿ ïàòîëîãè÷åñêèìè ïðîöåññàìè â ðàçëè÷íûõ òêà-
íÿõ è îðãàíàõ. Òðàäèöèîííî ýòî îáúÿñíÿåòñÿ èçìåíåíè-
ÿìè êîïèéíîñòè íåñêîëüêèõ ãåíîâ, âîâëå÷åííûõ â õðî-
ìîñîìíóþ ìóòàöèþ. Îäíàêî ìíîæåñòâåííîñòü ïðîÿâëå-
íèé íàáëþäàåòñÿ è ó ïàöèåíòîâ ïðè ìèêðîäåëåöè-
ÿõ/ìèêðîäóïëèêàöèÿõ, çàòðàãèâàþùèõ îäèí ãåí. Ðàç-
ëè÷íûìè ÷åðåïíî-ëèöåâûìè àíîìàëèÿìè ñîïðîâîæäà-
þòñÿ ìèêðîäåëåöèè/ìèêðîäóïëèêàöèè CNTN6, ýêñï-
ðåññèðóþùåãîñÿ ïðåèìóùåñòâåííî â ÖÍÑ [1, 2]. Âîç-
ìîæíàÿ ðîëü äàííîãî ãåíà áûëà òàêæå ïîêàçàíà â ïðî-
öåññå âîçíèêíîâåíèÿ áðàõèöåôàëè÷åñêîé ôîðìû ÷åðåïà
ó êîøåê ïåðñèäñêîé ïîðîäû [3].

Â îñíîâó íàñòîÿùåãî èññëåäîâàíèÿ ëåãëà ãèïîòåçà î
òîì, ÷òî èçìåíåíèå êîïèéíîñòè îäíîãî ãåíà îòðàæàåòñÿ
íà ôóíêöèîíèðîâàíèè äðóãèõ ãåíîâ, âçàèìîäåéñòâóþ-
ùèõ ñ íèì. Ðàáîòà íàïðàâëåíà íà âûÿâëåíèå ìîëåêóëÿð-
íûõ ïóòåé è ïîèñê ïîòåíöèàëüíûõ ïàðòíåðîâ ãåíà
CNTN6, çàäåéñòâîâàííûõ â ðåãóëÿöèè êðàíèîãåíåçà.

Ìàòåðèàëû è ìåòîäû

Ñ ïðèìåíåíèåì ìèêðî÷èïîâ Human Genome CGH
Microarray Kits 4õ44K è 8õ60K (Agilent Technologies,
ÑØÀ) îáñëåäîâàíî 117 äåòåé â âîçðàñòå îò 3 äî 17 ëåò
ñ çàäåðæêîé ðàçâèòèÿ (äî 5 ëåò) èëè ÈÐ (IQ<70) è
èìåþùèìè äèñìîðôèè. Ïðîâåäåíèå èññëåäîâàíèÿ
îäîáðåíî Êîìèòåòîì ïî áèîìåäèöèíñêîé ýòèêå
ÔÃÁÍÓ ÍÈÈÌÃ. Èíôîðìèðîâàííîå ñîãëàñèå îò ðî-
äèòåëåé ïðîáàíäîâ ïîëó÷åíî. Èíòåðïðåòàöèÿ CNVs
ïðîâåäåíà ñ èñïîëüçîâàíèåì Áàçû äàííûõ ãåíîìíûõ
âàðèàíòîâ [4].

Ñ ïîìîùüþ ðåñóðñîâ STRING (ñòåïåíü äîñòîâåðíî-
ñòè àññîöèàöèé >0,4; ÷èñëî ìîëåêóëÿðíûõ ïàðòíåðîâ
50) è KEGG PATHWAY (p<0,05) ïîñòðîåíû ñåòè áå-
ëîê-áåëêîâûõ âçàèìîäåéñòâèé CNTN6 è ïðîäóêòîâ ãå-
íîâ, âûÿâëåííûõ ïðè àíàëèçå ïîòåíöèàëüíî ïàòîãåííûõ
CNVs, à òàêæå âèçóàëèçèðîâàíû áèîëîãè÷åñêèå ïóòè,
çàòðàãèâàåìûå òàêèìè âçàèìîäåéñòâèÿìè. STRING ïî-
êàçûâàåò íàëè÷èå âçàèìîäåéñòâèÿ ìåæäó áåëêàìè â ñëó-
÷àå, åñëè îíè ñîâìåñòíî âûïîëíÿþò íåêîòîðóþ ôóíê-
öèþ, îäíàêî íå îáÿçàòåëüíî ôèçè÷åñêè âçàèìîäåéñòâóÿ
ïðè ýòîì äðóã ñ äðóãîì.

Ðåçóëüòàòû è îáñóæäåíèå

Ïàòîãåííûå è ïîòåíöèàëüíî ïàòîãåííûå CNVs îáíà-
ðóæåíû ó 30 èç 117 ïàöèåíòîâ (26%). Àíîìàëèè ÷åðåïà

(À×) â ýòîé ãðóïïå äèàãíîñòèðîâàíû ó 24 äåòåé, ïðè
ýòîì ó 3 áûëè âûÿâëåíû CNV, çàòðàãèâàþùèå òîëüêî
ãåí CNTN6. Ó îñòàëüíûõ 6 ïàöèåíòîâ ÷åðåï áûë áåç îñî-
áåííîñòåé. Èç äàëüíåéøåãî àíàëèçà èñêëþ÷åíû 10 ïà-
öèåíòîâ ñ À× è êðóïíûìè CNVs, ðàçìåðîì áîëåå
5 ìëí ï.í. Íà ïåðâîì ýòàïå áûëè ïîñòðîåíû ñåòè áå-
ëîê-áåëêîâûõ âçàèìîäåéñòâèé äëÿ CNTN6. Ïîêàçàíî,
÷òî äàííûé áåëîê ïîòåíöèàëüíî ìîæåò ó÷àñòâîâàòü â ðå-
ãóëÿöèè îñòåî- è êðàíèîãåíåçà ÷åðåç ñèãíàëüíûå ïóòè
Notch è ìîëåêóë ìåæêëåòî÷íîé àäãåçèè (CAM) (òàáë. 1).
Notch1 ðåãóëèðóåò äèôôåðåíöèðîâêó îñòåîáëàñòîâ [5].
Ïîêàçàíî, ÷òî ýêñïðåññèÿ ALCAM èãðàåò âàæíóþ ðîëü
â ôîðìèðîâàíèè êîñòíîé òêàíè [6].

Äàëåå äëÿ êàæäîãî èç 14 äåòåé ñ À× áûëè ïîñòðîåíû
ñåòè äëÿ âûÿâëåíèÿ ó íèõ KEGG-ïóòåé, â êîòîðûå âî-
âëå÷åíû ãåíû èç CNVs è êîòîðûå ìîãóò èìåòü îòíîøå-
íèå ê îñòåî- è êðàíèîãåíåçó, à òàêæå äëÿ îöåíêè ÷àñòî-
òû âñòðå÷àåìîñòè ñðåäè íèõ Notch è CAM ïóòåé
(òàáë. 1). Äàííûå ïóòè áûëè çíà÷èìûìè äëÿ ïàöèåíòîâ
¹ 13 è ¹ 9 ñîîòâåòñòâåííî.

Î÷åâèäíî, ÷òî ìíîãèå èç âûÿâëåííûõ ïóòåé ìîãóò
ðåãóëèðîâàòü íå òîëüêî êðàíèîãåíåç, íî è äðóãèå ïðî-
öåññû, â òîì ÷èñëå èíòåëëåêòóàëüíîå ðàçâèòèå ðåáåíêà.
Äëÿ èäåíòèôèêàöèè ñïåöèôè÷íûõ äëÿ êðàíèîãåíåçà
ìåõàíèçìîâ è ãåíîâ ïîñòðîåíû ñåòè âçàèìîäåéñòâèÿ
ïðîäóêòîâ ãåíîâ, âîâëå÷åííûõ â CNVs ó ïàöèåíòîâ
ñ ÈÐ, íî áåç àíîìàëèé ÷åðåïà, è âûäåëåíû KEGG-ïóòè,
îáùèå äëÿ äâóõ ãðóïï ïàöèåíòîâ. Ñèãíàëüíûé ïóòü
Notch áûë òàêæå çàðåãèñòðèðîâàí è â êîíòðîëüíîé
ãðóïïå — ïàöèåíò ¹ 4 (òàáë. 2).

Òàêèì îáðàçîì, î÷åâèäíî, âëèÿíèå CNTN6 íà ïðî-
öåññû îñòåî- è êðàíèîãåíåçà íàèáîëåå âåðîÿòíî ÷åðåç
CAM-ñèãíàëüíûé ïóòü, ãäå ìîëåêóëÿðíûì ïàðòíåðîì
êîíòàêòèíà 6 ÿâëÿåòñÿ ïðîäóêò ãåíà ALCAM, ëîêàëèçî-
âàííîãî â ñóáñåãìåíòå 3q13.11 (OMIM 601662). Ïîêàçà-
íî, ÷òî ìèêðîäåëåöèè îáëàñòè 3q13.11, çàòðàãèâàþùèå
ãåíû ALCAM è CBLB, ñîïðîâîæäàþòñÿ ÷åðåïíî-ëèöå-
âûìè àíîìàëèÿìè ó ïàöèåíòîâ [7, 8]. Ó÷èòûâàÿ ó÷àñòèå
áåëêà ALCAM â ðåãóëÿöèè îñòåîãåíåçà [6], îí ìîæåò
îïîñðåäîâàòü íàðóøåíèå êðàíèîãåíåçà ó ïàöèåíòîâ
ñ ìóòàöèÿìè â ãåíå CNTN6.

Àâòîðû äåêëàðèðóþò îòñóòñòâèå êîíôëèêòà èíòåðåñîâ.

Ðàáîòà ïîëó÷èëà ôèíàíñîâóþ ïîääåðæêó ãðàíòà Ðîñ-
ñèéñêîãî íàó÷íîãî ôîíäà (¹ 14-15-00772).

ISSN 2073-7998 11

ÌÅÄÈÖÈÍÑÊÀß ÃÅÍÅÒÈÊÀ. — 2016. — ¹5



«ÀÊÒÓÀËÜÍÛÅ ÏÐÎÁËÅÌÛ ÌÅÄÈÖÈÍÑÊÎÉ ÃÅÍÅÒÈÊÈ»

12

Òàáëèöà 1
Ïàòîãåííûå CNVs ó ïàöèåíòîâ ñ èíòåëëåêòóàëüíûìè ðàññòðîéñòâàìè è àíîìàëèÿìè ÷åðåïà

¹ Ðåçóëüòàòû aCGH (ïî ISCN (2013)) Ðàçìåð,
ìëí ï.í.

KEGG-ïóòè Ãåíû-êàíäèäàòû
êðàíèîãåíåçà,
âîâëå÷åííûå â

CNVs

Àíîìàëèè ÷åðåïà

1 arr[hg18] 3p26.3(1,172,623-1,467,721)
x 1

0,29 Ñèãíàëüíûé ïóòü Notch**
Êëåòî÷íàÿ àäãåçèÿ (CAMs)**

CNTN6 Ìèêðîöåôàëèÿ

2 arr[hg18] 3p26.3(1,172,623-1,467,721)
x 1

0,29 Ñèãíàëüíûé ïóòü Notch**
Êëåòî÷íàÿ àäãåçèÿ (CAMs)**

CNTN6 Îêñèöåôàëèÿ, âûñòó-
ïàþùèå ëîáíûå áóãðû

3 arr[hg18] 3p26.3(701,645-1,467,721) x
3 pat

0,77 Ñèãíàëüíûé ïóòü Notch**
Êëåòî÷íàÿ àäãåçèÿ (CAMs)**

CNTN6 Äîëèõîöåôàëèÿ

4 arr[hg18]
11q22.3(107,970,000-108,140,000) x 1

0,17 Áèîãåíåç ðèáîñîì ó ýóêàðèîò*

——

Ìèêðîöåôàëèÿ,
óäëèíåííîå ëèöî,

ãèäðîöåôàëè÷åñêàÿ
ôîðìà ÷åðåïà

5 arr[hg18]
2q12.3(107,971,000-108,435,000) x 1

0,46
—- ——

Ìèêðîöåôàëèÿ

6 arr[hg18]
12q24.12q24.13(110,668,504-110,811,1
79) x 3 mat

0,14 Ñèãíàëüíûé ïóòü MAPK*
Ñèãíàëüíûé ïóòü VEGF*
Ñèãíàëèíã ÷åðåç NOD-ïîäîáíûå
ðåöåïòîðû*
Ñèãíàëèíã ÷åðåç RIG-I-ïîäîáíûå
ðåöåïòîðû**
Ñèãíàëüíûé ïóòü ïðîëàêòèíà*
Ñèãíàëüíûé ïóòü ýíäîêàííàáèîè-
äîâ**
Ñèãíàëèíã ÷åðåç Toll-ïîäîáíûå
ðåöåïòîðû*
Ñèãíàëüíûé ïóòü TNF*
Ñèãíàëüíûé ïóòü FoxO*
Äèôôåðåíöèðîâêà îñòåîêëàñòîâ*
Ñèãíàëüíûé ïóòü Rap1*
Ñèãíàëüíûé ïóòü èíñóëèíà*
Ñèãíàëüíûé ïóòü PI3K-Akt*
Ìåòàáîëèçì ïèðóâàòîâ**
Ñèãíàëüíûé ïóòü AMPK*
Ñèãíàëüíûé ïóòü ErbB*
Ñèãíàëüíûé ïóòü ýñòðîãåíà*
Ñèãíàëüíûé ïóòü mTOR*
Ñèãíàëüíûé ïóòü cGMP-PKG*
Ñèãíàëüíûé ïóòü HIF-1*
Ñèãíàëüíûé ïóòü òèðåîèäíîãî
ãîðìîíà*
Êëåòî÷íûé öèêë*
Ñèãíàëüíûé ïóòü Wnt* Ñèãíàëü-
íûé ïóòü àäèïîöèòîêèíîâ**

MAPKAPK5 Àêðîöåôàëèÿ

7 arr[hg18]
4q21.21q21.22(82,189,943-83,801,062
) x 4 dn

1,61

—

BMP3 Ìàêðîöåôàëèÿ, âûñòó-
ïàþùèå ëîáíûå áóãðû,

íåïðîïîðöèîíàëüíî
äëèííûå êîíå÷íîñòè

8 arr[hg18]
22q11.21(17,277,000-19,713,000) x 1

2,44 Êëåòî÷íûé öèêë*
Ñèãíàëüíûé ïóòü ErbB*

CDC45 Àêðîöåôàëèÿ, âûñòóïà-
þùèå íàäáðîâíûå äó-
ãè, óïëîùåííîå ëèöî

9 arr[hg18]
15q22.2(60,137,384-60,978,277) x 3

0,84 Ôîêàëüíàÿ àäãåçèÿ*
Ñèãíàëüíûé ïóòü Rap1*
Ñèãíàëüíûé ïóòü PI3K-Akt*
Ñèãíàëèíã ÷åðåç ECM-ðåöåïòî-
ðû**
Êëåòî÷íàÿ àäãåçèÿ (CAMs)**
Àäãåçèîííûå êîíòàêòû*
Öèòîòîêñè÷íîñòü, îïîñðåäîâàí-
íàÿ NK-êëåòêàìè*

TLN2 Ìèêðîöåôàëèÿ
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Òàáëèöà 1 (îêîí÷àíèå)

¹ Ðåçóëüòàòû aCGH (ïî ISCN (2013)) Ðàçìåð,
ìëí ï.í.

KEGG-ïóòè Ãåíû-êàíäèäàòû
êðàíèîãåíåçà,
âîâëå÷åííûå â

CNVs

Àíîìàëèè ÷åðåïà

10 arr[hg18]
16p11.2(29,233,000-30,106,000) x 1

0,87 Ñèãíàëüíûé ïóòü HIF-1*
Ñèãíàëüíûé ïóòü MAPK*
Ñèãíàëüíûé ïóòü ErbB*
Ñèãíàëüíûé ïóòü ýñòðîãåíà*
Ñèãíàëèíã ÷åðåç Toll-ïîäîáíûå
ðåöåïòîðû*
Öèòîòîêñè÷íîñòü, îïîñðåäîâàí-
íàÿ NK-êëåòêàìè*
Ñèãíàëüíûé ïóòü VEGF*
Ñèãíàëüíûé ïóòü îêñèòîöèíà*
Ñèãíàëüíûé ïóòü ïðîëàêòèíà*
Ùåëåâûå êîíòàêòû*
Ôîðìèðîâàíèå äîðçî-âåíòðàëü-
íîé îñè*
Ñèãíàëüíûé ïóòü TNF*
Ñèãíàëüíûé ïóòü FoxO*
Äèôôåðåíöèðîâêà îñòåîêëàñ-
òîâ*
Ñèãíàëüíûé ïóòü cGMP-PKG*
Ñèãíàëüíûé ïóòü Ras*
Ñèãíàëüíûé ïóòü òèðåîèäíîãî
ãîðìîíà*
Ñèãíàëüíûé ïóòü èíñóëèíà*
Ñèãíàëüíûé ïóòü Rap1*
Ôîêàëüíàÿ àäãåçèÿ*
Ñèãíàëüíûé ïóòü mTOR*
Ñèãíàëüíûé ïóòü PI3K-Akt*
Ñèãíàëèíã ÷åðåç NOD-ïîäîáíûå
ðåöåïòîðû*
Ñèãíàëüíûé ïóòü TGF-beta*
Ñèãíàëüíûé ïóòü AMPK*
Ñèãíàëüíûé ïóòü ýñòðîãåíà*
Ñèãíàëüíûé ïóòü õåìîêèíîâ*

ALDOA
TAOK2

Ìèêðîöåôàëèÿ

11 arr[hg18]
14q11.2(20,767,632-22,722,130) x 3
dn

1,95 Ïðîòåàñîìíûé êîìïëåêñ** PSMB5,
PSMB11

Ìèêðîöåôàëèÿ

12 arr[hg18] 7q21.3(94,769-94,901) x 3 0,13 Ñèãíàëüíûé ïóòü PPAR*
——

Ìèêðîöåôàëèÿ,
ãèäðîöåôàëè÷åñêàÿ

ôîðìà ÷åðåïà

13 arr[hg18]
6p22.2(25,677,000-26,393,000) x 3

0,72 Êëåòî÷íûé öèêë*
Ñèãíàëüíûé ïóòü Notch*
Ñèãíàëüíûé ïóòü òèðåîèäíîûõ
ãîðìîíîâ*
Ñèãíàëüíûé ïóòü FoxO*

——

Äåôîðìàöèÿ ÷åðåïà

14 arr[hg18]
17q21.31(41566540-41700815) x 3

0,13 Ñèãíàëüíûé ïóòü Wnt*
——

Ìàêðîöåôàëèÿ

Ïðèìå÷àíèå. * — ïóòè îñòåî- è êðàíèîãåíåçà, îáùèå äëÿ ïàöèåíòîâ ñ àíîìàëèÿìè ÷åðåïà è áåç íèõ; ** — ïóòè îñòåî- è
êðàíèîãåíåçà, ñïåöèôè÷íûå äëÿ ïàöèåíòîâ ñ àíîìàëèÿìè ÷åðåïà; «—» — îòñóòñòâèå KEGG-ïóòåé, êîòîðûå ìîãóò èìåòü
îòíîøåíèå ê íàðóøåíèþ îñòåîãåíåçà; «——» — â âûÿâëåííûõ KEGG-ïóòÿõ ó÷àñòâóþò íå ñàìè ãåíû, âîâëå÷åííûå â CNVs,
íî èõ ìîëåêóëÿðíûå ïàðòíåðû.
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Òàáëèöà 2
Ïàòîãåííûå CNVs ó ïàöèåíòîâ ñ èíòåëëåêòóàëüíûìè ðàññòðîéñòâàìè è íîðìàëüíîé ôîðìîé ÷åðåïà

¹ Ðåçóëüòàòû aCGH (ïî ISCN (2013)) Ðàçìåð,
ìëí ï.í.

KEGG-ïóòè

1 arr[hg18] 3q22.1(133,649,717-133,761,328) x 1 0,11 Ñèãíàëüíûé ïóòü PPAR*

2 arr[hg18] 18p11.32(2,322,000-2,672,000) x 3 pat 0,35 Êëåòî÷íûé öèêë*

3 arr[hg18] 1q44(244,417,000-244,798,000) x 3 0,38 Áèîãåíåç ðèáîñîì ó ýóêàðèîò*

4 arr[hg18] 15q24.1q24.2(70,766,177-73,754,412) x 1 dn 3 Áèîãåíåç ðèáîñîì ó ýóêàðèîò*
Ñèãíàëüíûé ïóòü òèðåîèäíûõ ãîðìîíîâ*
Ñèãíàëüíûé ïóòü Notch*
Êëåòî÷íûé öèêë*

arr[hg18] 15q24.1q24.2(73,035,132-73,419,685) x 1 dn 0,38 Áèîãåíåç ðèáîñîì ó ýóêàðèîò*
Àäãåçèîííûå êîíòàêòû*

5 arr[hg18] 5q33.1(148,620,000-148,735,000) x 3 mat 0,12 Ñèãíàëüíûé ïóòü ýñòðîãåíà*
Ñèãíàëüíûé ïóòü MAPK*

6 arr[hg18] 16p11.2(29,581,000-30,105,000) x 1 0,52 Ñèãíàëüíûé ïóòü MAPK*
Ñèãíàëüíûé ïóòü HIF-1*
Ôîðìèðîâàíèå äîðçî-âåíòðàëüíîé îñè*
Öèòîòîêñè÷íîñòü, îïîñðåäîâàííàÿ NK-êëåòêàìè*
Ñèãíàëüíûé ïóòü TNF*
Ñèãíàëüíûé ïóòü FoxO*
Ñèãíàëüíûé ïóòü ýñòðîãåíà*
Ñèãíàëèíã ÷åðåç Toll-ïîäîáíûå ðåöåïòîðû*
Ñèãíàëüíûé ïóòü ErbB*
Ñèãíàëüíûé ïóòü VEGF*
Ñèãíàëüíûé ïóòü ïðîëàêòèíà*
Äèôôåðåíöèðîâêà îñòåîêëàñòîâ*
Ñèãíàëüíûé ïóòü Rap1*
Ñèãíàëüíûé ïóòü mTOR*
Ñèãíàëüíûé ïóòü îêñèòîöèíà*
Ñèãíàëüíûé ïóòü òèðåîèäíûõ ãîðìîíîâ*
Ñèãíàëüíûé ïóòü èíñóëèíà*
Ôîêàëüíàÿ àäãåçèÿ*
Ñèãíàëüíûé ïóòü cGMP-PKG*
Ñèãíàëüíûé ïóòü PI3K-Akt*
Ùåëåâûå êîíòàêòû*
Ñèãíàëüíûé ïóòü Ras*
Ñèãíàëüíûé ïóòü AMPK*
Ñèãíàëèíã ÷åðåç NOD-ïîäîáíûå ðåöåïòîðû*
Ñèãíàëüíûé ïóòü TGF-beta*
Ñèãíàëüíûé ïóòü Wnt*
Ñèãíàëüíûé ïóòü ýíäîêàííàáèîèäîâ*
Ñèãíàëüíûé ïóòü õåìîêèíîâ*

Ïðèìå÷àíèå. * — ïóòè îñòåî- è êðàíèîãåíåçà, îáùèå äëÿ ïàöèåíòîâ ñ àíîìàëèÿìè ÷åðåïà è áåç íèõ


