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Momusayus u yenv. CormacHo MKB-11, HapymieHusi MCHXOMOTOPHOTO pa3BUTHS
(HITP) — rpynma moBeeHYECKHX WM KOTHHTHUBHBIX PACCTPOICTB, BO3HUKAIOIINX B
NEPUO] PAa3BUTHUSI HEPBHOM CHCTEMbI (MHTEIUIEKTyaIbHbIC HAPYILEHHS, PacCTPOUCTBO
pasBUTHS sI3bIKA WMJIM PEYH, PACCTPOMCTBO ayTHCTHYECKOTO CIEKTpa, paccTpoicTBO
pasBUTHS Y4eOHBIX HABBIKOB, PACCTPOMCTBO pPa3BUTHS KOOPAMHALMM JBHXCHUI,
CHUHIPOM JeQULNTa BHUMAHUS C TUIIEPAKTUBHOCTBIO, a TAK)KE CHHAPOM CTEPEOTUITHBIX
newkenuit). K HITP Mmoryt npuBoauTh Kak cpeaoBbie, Tak U reHeTuueckue paktopsl. C
pa3BUTHEM METOJIOB MOJICKYJISIPHOTO KapHOTUIIMPOBAaHUS OBUT BBISABICH TaKOH THII
XPOMOCOMHOTO nrcOananca, BHOCSIINN 3HAYMTENbHBIA BKIaa B aTronoruio HIIP, kak
Bapuanuu uncia kormmii ydactkoB JIHK (copy number variation, CNV), kotopsie
npencrasisitor  coboit  pparmenr JHK pasmepom Oonee omHO# ThICSYM map
HYKJICOTH/IOB, IO YHCIY KONWH OTIMYarolmiics ot pedepeHcHoro rexHoma [1].
Esxeronno B 6aze manubix NCBI PubMed ny6aukyercst cBoime 100 wccnemoBaHmit
otHocutensHO cnekTpa CNV cpean mammentoB ¢ HIIP. B pesynbrare mosiBisieTcs
HEOOXOIMMOCTh B CHCTeMaTH3alluK uMeronielicss nadopmannu. JJaHHoe uccienoBanne
MpescTaBiIsieT coO0oi KoMIUIeKCHBINM aHamm3 crnektpa CNV, omyOnukoBaHHOTO B
MHUPOBOH JIUTEpAType, a TAKKE CpaBHEHUE UMEroIIelics MHPOpMaIK ¢ COOCTBEHHBIMU
JAHHBIMH.

Memoowr u aneopummur. Ha mepBoM 3Tame wucciiegoBaHMsA ObLI HPOBEICH ITOMCK
auteparypsl B 0ase ganaeix NCBI PubMed ¢ ucmonb3oBaHueM IBYX MOMCKOBBIX
3anpocos: ‘“neurodevelopmental disorders, copy number variation” (n = 1410) u
“neurodevelopmental disorders, aCGH” (n = 208). B aHanu3 BKIOYaIUCh pabOThI, B
paMKax KOTOPbIX OblIM 0OciiefoBaHbl ToJbKO nanuentsl ¢ HIIP Ha mpeamer Hannums
CNV B ux renomax. [Ipu 3ToM myOIMKamuy JOMKHBL ObLUTH COJIEPKATH MOJTHBIN CITCOK
00HapyXCeHHBIX a0deppaluii ¢ ykazaHueMm Bepcun cOopku rerHoma, Bce CNV 1omkHbBI
Obutn  OBITH KJIacCU(HUUMPOBAHBI IO KIMHUYECKOW 3HauuMmocTH. Kpome storo,
nyOIMKanust 10JhKHA ObUIa OBITh Ha PYCCKOM HMJIM aHTJIMICKOM SI3bIKE M HAXOAMTHCS B
OTKPBITOM JIOCTyIle. B KOHEYHBIH aHaIW3 BKIIOYATUCH HCCICIOBAHUS, KOTOpBIE
coJlepKaii BblllieyKa3anHyro uHpopmarmioo (N = 7) [2-8]. Ha Bropom stame Obuia
chopmupoBana coOcTBeHHass BbiOOpka manueHToB C HIIP. IlpoGanmger  Obimm
00cyIe10BaHbl ¢ MOMOIIBI MAaTPUYHOHW CPABHUTEIBLHOW I'€HOMHON THOpUAM3AIMU Ha
mukpoynnax «SurePrint G3 Human CGH Microarray, 860K (Agilent Technologies,
CLIA). IIpu noctymHOCTH MaTepualia poauTenel npoBoauwiack konuuectseHHast [1L[P
B pEXKHUME PeabHOT0 BPEMEHH C 1IeTbi0 Bepu(UKaIMK BapHaHTa U YCTAHOBJICHUS €ro
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npoucxoxnaenusi. Bce CNV kiaccuduiupoBaiv Ha msTh TPYII B COOTBETCTBHH C
PEKOMEHIAIUAMN AMEPUKAHCKON KOJIJICTUH MO MEIUIIUHCKOW I'EHETHKE U TCHOMHKE
COBMECTHO ¢ mpoekToM «KimnHn4ecKuii reHoMHBIN pecype» [9]. MHANBHIBI, HMEIOIIIHE
BEPOSATHO J0OpOKAaYeCTBEHHBIEC U J00pOKauecTBeHHBIC abeppaiun, a Takke CNV pas-
MepoMm Oonee 10 MO, uckirodanucey U3 uccueaoBaHus. [ HCKII0UeHHsT BO3MOXKHOTO
pdekTa B3aUMOACUCTBHS HECKOJBKHX BapUAHTOB B KOHEYHBIC TPYIIBI OBLIH
BKJIFOUCHBI MAIIMEHTHI ¢ 0OIHOM nartoreneTnvecku 3Haunmoit CNV — 345 (nmuteparypubie
nannbie) u 209 (cobcTBeHHbIe aHHBIE). Ha mocneanem stamne npoBOAUIOCH CPaBHEHHUE
criektpoB CNV OTHOCHTENBEHO Yncia KOMUH, IPOUCXOXKACHUS U pazmepa. CTaTUCTH-
Jeckast 00pab0TKa IaHHBIX MPOBOIMIIACH C IOMOIIBIO KPUTEPHsI XU-KBapat. Pesynbrar
cunTaincs 3HauuMbIM ipu p < 0.05.

Pezynomamur: Yactota natoreHHsIx CNV B cOOCTBEHHBIX BBIOOPKE MPEBBIIIACT KO-
YeCTBO JIaHHBIX abeppanuii, onucanHbIX B ureparype — 37.3 u 25.2 % coOTBETCTBEHHO
(p =0.003) (Tabm. 1).

Taoauua 1. Xapakrepuctuka CNV B cpaBHHBaeMbIX IpymIax

Xapakrepuctuka CNV

JlutepaTypHble JaHHbBIE CoOcTBeHHBIE TaHHBIE

Kananyeckasi 3HAYMMOCTD

KIHHAYCCKON 3HAYUMOCTH

204/345 (59.1 %)

IlaToreHHsie 87/345 (25.2 %) 78/209 (37.3 %)
BeposiTHO aTOreHHbIC 54/345 (15.7 %) 17/209 (8.1 %)
Heonpenenennoit

114/209 (54.5 %)

Yucyo Konmii

Mukpo/ienenuu 162/345 (46.9 %) 97/209 (46.4 %)
MHUKPOIYILTHKALUH 182/345 (52.7 %) 109/209 (52.2 %)
MHUKPOTPHUILTHKALUH 1/345 (0.3 %) 3/209 (1.4 %)
ITpoucxoskaenue

De novo 55/150 (36.7 %) 15/64 (23.4 %)
MarepuHcKoe 55/150 (36.7 %) 25/64 (39.1 %)
OTII0BCKOE 40/150 (26.7 %) 24/64 (37.5 %)
Pa3mep

o 0.5 m.1.0. 175/345 (50.7 %) 145/209 (69.4 %)
0.5-1 m.mm.o. 48/345 (13.9 %) 21/209 (10.0 %)
1-5 m.m.o. 106/345 (30.7 %) 36/209 (17.2 %)
5-10 m.11.0. 16/345 (4.6 %) 7/209 (3.3 %)

[Tpu 3TOM 3HAYUTETHHOE KOJIMYECTBO BApUAHTOB ObLIO Kiaccupuiposano kak CNV ¢
HEOTIPEICNICHHON KIMHUYECKOH 3HAYMMOCTBIO B O0EMX TpyNIax, 4YTO CBS3aHO C
TPYIHOCTSMH KIMHUYECKON HMHTEPIPETAlMU HE PEKypPEHTHBIX BHOBBH BBISBIISIEMBIX
abeppanuii. B Beibopke CNV kak u3 JMTepaTypHBIX, TaK U COOCTBEHHBIX JaHHBIX
MHKPOJICTICIUH ¥ MUKPOIYIUTMKAIUK BCTPEYAUCh C COMOCTABMMOM YacTOTOH, C
HE3HAYUTEIHHBIM MTPeodiialanneM MUKPOIYIUIHKAIi — 52.7 u 52.2 %. Muxpoayrm-
Kalluk TPaJHWIMOHHO CUYUTAIOTCS MEHee NaTOreHHBIMH, 3a4acTyl0 HMes MeHee
BBIpKEHHBIH KITMHHYeCKHi 3 dekT, 1 MOTyT paciieHUBATHCS KaK BAPUAHTHI C HEOTIPE-
JICJIEHHON KJIMHUYECKOW 3HaYMMOCThIo. B o0eux rpynmax vamie Bctpeuatotcss CNV,
YHACJIEeOBaHHBIE OT POAMTENEH, 10 CpaBHEHHMIO ¢ BO3HUKIIMMH de novo — 63 %
(muteparypHbie nanubie) 1 76 % (cobctBennbie nanubie) (P = 0.059). YHacmeoBaHHBIH
xapaxTep abeppaluu, ¢ OIHONH CTOPOHBI, YMEHBIIAET BEPOATHOCTh €€ MATOIr€HHOCTH; a
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C Jpyroil CTOPOHBI, MOXET yKa3blBaTh Ha €€ HEMOJHYIO NEHETPAaHTHOCTh M HAIUYHE
JIOTIOJTHUTENBbHBIX TeHETHYECKHX, AIIUTCHETHYECKUX U CPEIOBBIX (PAKTOPOB, BIUSIOMINX
Ha pa3BuTHe 3a0oyieBaHWs. B rpynme muTepaTypHBIX MaHHBIX HPEHMYIIECTBEHHO
Bctpevatorcst CNV paszmepom a0 0.5 m.an.o. — 50.7 %, ipu atom cpenu CNV u3 cober-
BCHHBIX JaHHBIX YaCTOTa TaKuX abeppauuii 3HaunTesnsHo Bhime — 69.4 % (p < 0.001).
Pasmep BBIABISEMBIX BapHAHTOB OOYCIIOBIICH, NPEXKAE BCEro, pasperaronen
BO3MOKHOCTBIO MeToJa aHainm3a. O4YeBHIHO, YTO HAKOIUICHWE KPYITHOTO MAacCHBa
JAHHBIX OTHOCHUTENBHO BeposATHO maToreHHbix CNV U BapuaHTOB C HEONpeeNeHHOM
KIMHAYECKOH 3HAYMMOCTBIO B OJHHX W T€X YK€ PErHoHaX MOXKET CII0COOCTBOBATH
OIMCAaHUIO HOBBIX CHHIPOMOB. B mnHTepaTypHBIX M COOCTBEHHBIX ITAaHHBIX Yalle
Bctpeuannck CNV B permonax 7033, 7936.2, 8p23.3, 11923.3, 15911.2, 16p13.11,
16p12.3, Xp22.31, koTopble ObUIN KIaCCU(PHUINPOBAHBI KAK BEPOSITHO MATOTCHHBIE MU
BapHaHThI C HEOTIPEICTIEHHON KIIMHUYECKON 3HAUUMOCTBIO.

3akniouenue: IlpoBeneHHbIH aHATH3 TO3BOIMI onucaTh cTpyktypy CNV y mannenrtos
¢ HIIP, BeiienuTh YacThie BAPHAHTHL B OTHUX M TEX K€ PETHOHAX, YTO HEOOXOUMO IS
Oosee TTyOOKOT0 MOHUMAHUS X BOBMOKHOT'O MAaTOreHHoro S dexta. OHaKo BEICOKas
gactota onpeneneHHOW CNV He MOXET SBIATHECA OCHOBHBIM (DaKTOpPOM ISt
WHTEPIpPETAllUl €€ KaK NaTOreHHoro BapuaHTa. CyliecTByeT HEOOXOIUMOCTh B
9KCIIEPUMEHTAILHOM MOATBEPKIACHUH MAaTONOTHUECKHX 3(PQPEKTOB 4acTO BCTpEYAro-
IIUXCSL BEPOATHO MaToreHHbIX BapuanToB M CNV c HeompenerneHHONW KIMHHUYECKOMH
3HAYMMOCTBIO Ha MOJICTIbHBIX CHCTEMaX.

Qunancuposanue: Viccnenosanue nojiiepxano rpantoM Poccuiickoro HayuHoro Gonma
Ne 21-65-00017, https://rscf.ru/project/21-65-00017/.
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Motivation and Aim: According to ICD-11, neurodevelopmental disorders (NDDs) are
a group of behavioral and cognitive disorders that occur during the nervous system
development (intellectual disability, language or speech developmental disorder, autism
spectrum disorder, learning disabilities, movement coordination disorder, attention
deficit hyperactivity disorder, and stereotypic movement disorder). Both environmental
and genetic factors can lead to NDDs. Due to the development of molecular karyotyping
methods, a type of chromosomal imbalance that contributes significantly to the etiology
of NDDs has been identified — a copy number variation (CNV), which is a DNA
fragment of more than one thousand nucleotide pairs that differs in copies from the
reference genome [1]. Annually, more than 100 studies regarding the spectrum of CNVs
among patients with NDDs are published in the NCBI PubMed database. As a result,
there is a need to systematisation of available information. This study was aimed as a
comprehensive analysis of the CNV spectrum published in the world literature, and
comparison of the available information with our own data.

BGRS/SB-2024 797


https://rscf.ru/project/21-65-00017/

Methods and Algorithms: In the first stage, a literature search was performed in the NCBI
PubMed database using two search terms ‘neurodevelopmental disorders, copy number
variation’ (n=1410) and ‘neurodevelopmental disorders, aCGH’ (n=208). Studies that
examined only patients with NDDs for the presence of CNVs in their genomes were
included in the analyses. In this case, publications had to contain a complete list of
detected aberrations with the genome assembly version, and all CNVs had to be
interpreted by clinical significance. In addition, the publication had to be in Russian or
English and open access. Studies that contained the above information (n=7) were
included in the final analysis [2-8]. At the second stage, our own sample of patients with
NDDs was formed. The probands were screened using array comparative genomic
hybridization (aCGH) on SurePrint G3 Human CGH Microarray, 8x60K (Agilent
Technologies, USA). In case of parental material availability, quantitative real-time PCR
was performed to verify the variant and establish its origin. All CNVs were classified
into five groups according to the recommendations of the American College of Medical
Genetics and Genomics in conjunction with the Clinical Genomic Resource Project [9].
Individuals with likely benign and benign aberrations and CNVs larger than 10 Mb were
excluded from this study. In order to exclude the possible interaction effect of several
variants, patients with one pathogenically significant CNV were included in the final
groups, 345 (literature data) and 209 (own data). In the last step, set of CNV was
compared with respect to the number of copies, origin and size. Statistical analysis of
the data was performed using chi-square criteria. The result was considered significant
atp <0.05.

Results: The frequency of pathogenic CNVs in our own data exceeds the number of these
aberrations found in the literature, 37.3 and 25.2 %, respectively (p = 0.003) (Table 1).

Table 1. Characterisation of CNVs in the compared groups

Characteristic | Literature data | Own data
Clinical significance

Pathogenic 871345 (25.2 %) 78/209 (37.3 %)
Likely pathogenic 54/345 (15.7 %) 17/209 (8.1 %)
Uncertain clinical significance | 204/345 (59.1 %) 114/209 (54.5 %)
Number of copies

Microdeletions 162/345 (46.9 %) 97/209 (46.4 %)
Microduplications 182/345 (52.7 %) 109/209 (52.2 %)
Microtriplications 1/345 (0.3 %) 3/209 (1.4 %)
Origin

De novo 55/150 (36.7 %) 15/64 (23.4 %)
Maternal 55/150 (36.7 %) 25/64 (39.1 %)
Paternal 40/150 (26.7 %) 24164 (37.5 %)
Size

Up to 0.5 Mb 175/345 (50.7 %) 145/209 (69.4 %)
0.5-1 Mb 48/345 (13.9 %) 21/209 (10.0 %)
1-5Mb 106/345 (30.7 %) 36/209 (17.2 %)
5-10 Mb 16/345 (4.6 %) 7/209 (3.3 %)

At the same time, a significant number of variants were classified as CNVs with
uncertain clinical significance in both groups, which is associated with difficulties in
clinical interpretation of non-recurrent new aberrations. In both the CNV sample from
the literature and our own data microdeletions and microduplications occurred with
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equal frequency with a slight predominance of microduplications, 52.7 and 52.2 %.
Microduplications have traditionally been considered less pathogenic, often having less
clinical effect, and may be considered as variants of uncertain clinical significance.
Parentally inherited CNVs were more common in both groups, 63 % (literature data) and
76 % (own data) (p = 0.059). The inherited nature of the aberration, on the one hand,
reduces the likelihood of its pathogenicity; on the other hand, it may indicate its
incomplete penetrance and the existence of additional genetic, epigenetic and environ-
mental factors influencing the development of the disease. CNVs as small as 0.5 Mb are
predominantly found in the literature data group — 50.7 %, while the frequency of such
aberrations is significantly higher among CNVs from our own data — 69.4 % (p < 0.001).
The size of the identified variants is primarily determined by the resolution of the
analysis method. Obviously, the accumulation of a large amount of data regarding likely
pathogenic CNVs and variants with uncertain clinical significance in the same regions
may contribute to the description of new syndromes. In the literature and our own data,
CNVs in regions 7933, 7936.2, 8p23.3, 11923.3, 15q11.2, 16p13.11, 16p12.3, Xp22.31
were more frequently observed and classified as likely pathogenic variants or aberrations
with uncertain clinical significance.

Conclusion: This analysis made it possible to describe the structure of CNV in patients
with NDD, allowed to identify frequent CNVs in the same regions, which is necessary
to better understand the possible pathogenic effect of some variants. However, the high
frequency of occurrence of a particular CNV cannot be the main factor for interpreting
it as a pathogenic aberration. There is a need to experimentally validate the pathological
effects of frequently occurring likely pathogenic variants and CNVs of uncertain clinical
significance on model systems.

Funding: This study is supported by the Russian Science Foundation grant No. 21-65-
00017, https://rscf.ru/project/21-65-00017/
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