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Momusayua u yens. HapylieHue yMCTBEHHOTO pa3BUTHS CUMUTAETCS OJHUM U3
paclpoCTpaHEHHBIX PACCTPOMCTB NMCUXUKH. YMCTBEHHasl OTCTAJIOCTh BCTPEUAETCS Y
3% pomuBmKXCAd JEeTe M UMEET BBICOKMH YPOBEHb  COIyTCTBYIOLIMX
HeHporcuxuaTpuueckux naronoruil. [lpudmHBl MOMOOHBIX HApYIICHHH YacTo
CKPBIBAIOTCS B HacieACTBEHHbIX ¢axTopax. IlokazaHo, uyto no 25 % stux mpobnem
cBsizaHbl ¢ COPY number variations (CNVS) pasnuunbix reHoB. OfHAKO Ha JAHHBINA
MOMEHT HET YETKOTO OIMCAHUS TeHETHYECKON ITHOJIOTMH HAPYIICHHS KOTHUTHBHBIX
GyHKIUH.

OOBEKTOM HAIlero HUCCIENOBAHUS ABISIETCS TeH-KAaHAWAAT Uil HapyLIeHUH
ymctBeHHOTO pa3Butusi — CNTNG. B Hacrosiee BpeMs OnMmiucaHo HECKOJIBKO JECATKOB
MAaIMEHTOB C YMCTBEHHOH OTCTAJIOCTHIO, Y KOTOPBIX ObLTH 00HapyxkeHbl CNVS nanHoro
rera [1-3]. UHTEpecHO, 4TO OONBIIMHCTBO OOHAPYKEHHBIX MYTAaIlUi MPEICTABICHBI
JeNIeMsIMA U IyTUIMKAUUSIMHM KPYIHBIX pa3MepoB, OAHAKO TOYEYHAs 3aMEHa Oblia
OoOHapyXeHa JIMIIb B OJHOM KJIMHHYECKOM citydae [4]. B cBsi3u ¢ 3TUM HaMu ObLIO
BBIJIBUHYTO MPEOI0KEHUE 0 HATUYMH (DyHKIIMOHAIBHBIX yuacTKoB B iokyce CNTNG,
U3MEHEHue B paboTe KOTOPBIX MOXKET MPHUBECTH K HApYIICHUSM PaHHUX 3TaloB
Pa3BUTHUS MO3Ta YEIOBEKA.

AHHOTHPOBaHHBIX PETYISTOPHBIX 3JIEMEHTOB B JAHHOM JIOKyce He ObIJI0 0OHApYKEHO,
OJIHaKO OBUIM BBIABJICHBI Ba PETHOHA, OBICTPO SBOJIOLHOHUPOBABILINX Y YEJIOBEKa —
human accelerated region (HAR) [5]. Otu yyactku JIHK 9acTo SBISIOTCS SHXaHCEpaMH
T€HOB, BOBJIEUEHHBIX B Pa3BUTHE MO3ra YenoBeka. Taxke Ha JaHHbBII MOMEHT U3BECTHBI
mytaimd B HAR, wu3MeHsIOmME 3KCIPECCHI0 T€HOB-KaHIUAATOB IS Pa3IMYHBIX
TICUXWYeCKuX paccTpoicTB [6]. Llenmp mannHO# paboTel — wmccnemoBanue 3ddekTa
neneruun HAR, pacnonoxennsix B nokyce CNTNG, Ha paHHuWe 3Tambl Helporenesa
YeJIOBEeKa C IMOMOIIIbI0 1iepedpanbHbix opranouios (L1O) [7].

Pesynomamur. ]Iy BBIMOSHEHHS JaHHOM 1ieau ¢ momortpio cuctemMbl CRISPR/Cas9
obutn nomyuensl TuHUKA UTICK ¢ roMO3UTOTHBIMY ICTENUSIMHA PAaiiOHOB, COJEpPIKAIIIX
HAR. [y nojy4eHHbBIX JIMHUH OblIa MOATBEPKICHA UX CIIOCOOHOCTh MOJIEPKUBATH
TUTIOPUTIOTEHTHOE COCTOSTHUE 1N VItro mo skcnpeccun (pakTopoB ILTFOPUIIOTEHTHOCTH U
HAJIMYHMIO MOTEeHIHaMa K A pepeHInpoBKe B TPU 3apOABIIEBBIX IUCTKA. TakxKe JIMHAN
UIICK Obumu npoBepeHsl Ha OTCYTCTBHE XPOMOCOMHBIX a0eppariuid.
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[Momyuennsie muaumn ObiH quddepenuponansl B 11O, [Ipu muddepennmpoBke Oblia
BBISIBJICHA TEHJCHIMS K YMCHBIICHUIO pa3MepoB opraHouzoB ¢ nenenued HAR mo
cpaBHEeHHIO ¢ KOoHTpojeM. MccrmenoBanne BHyTpeHHel opranuzamuu L{O mo3Bommmo
BBEIIBHTH, uTO Ha 20-i meHb muddepeHmMpoBkH B opranonmax ¢ menerueit HAR
JIOCTOBEPHO YMEHBIIAETCS TONIIMHA M IUIOIAAb SKETyJAOYKOTOAOOHBIX CTPYKTYD.
NMMyHOTHCTOXMMHUYECKHH aHaIN3 HAa MapKep IUIOTHBIX MEXKJIETOYHBIX KOHTaKTOB
Z01 ITOKa3an 3HAYUTEIHHBIC YMEHBIIIEHUS anMKaIbHON MeMOpaHBI
JKEITyTOYKOMOIOOHBIX CTPYKTYp OPTaHOWAOB C JeNelueld, YTO MOXET TOBOPHTH O
HapyIIEHUU MPOLEcCa CAMOOPTaHU3alMK KJIETOK PaAualbHON TIIMH. DTOT THIT KIETOK
WUTpaeT BaXHEWIYI0 pOJIb B TPOIECCE Pa3BUTHSA NAaHHBIX CTPyKTyp. OmHUM ©3
OCHOBHBIX MapKepOB JUIsS KJICTOK paauaibHON riwu cuntaetcs O0enok PAX6. Panee B
Hamiel nabopaTopuu OBLIO yCTaHOBJIGHO, 4TO Hamuume gAeneruu reHa CNTN6
MIPUBOIUT HAPYIICHHUIO KJIETOYHOM JIOKANH3AINY OeJIKa ¥ YMEHBIIIEHUIO €ro KOJTHIeCcTBa
B I1O. Omnako B opranommax c¢ genernueir HAR momoOHbIN (heHOTHI HE HAOIIOMAICS
(puc. 1). MMMyHOTHCTOXMMHYECKHI aHalIM3 IOKa3ajl HapylleHHe paclpeieeHus
PAX6 curnana, olHaKO JOCTOBEPHBIX M3MEHEHUH 10y iomand PAX6G-mo3uTHBHOTO
curHana Ha cpese L{O He 0110 00HApYKEHO.
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Puc. 1. IMmMyHOOKpaIInBaHHe KOHTPOJIBHBIX IIepedpaibHbix opranounoB (Normal phenotype) u
opranounoB ¢ neneruedl (del HAR) ¢ ucnonp3oBanmem antuten npotuB ZO1. MacmTaOHas
JmHerka — 200 MkM

Buvisoowi: Takum obpazom, aeneruss HAR B rere CNTNG npuBomuT K yMEHBIIEHUIO
pasMepoB OPraHOM/IOB M HAPYIIEHHUM (hOPMHUPOBAHUS JKEITYT0UYKOTIOAOOHBIX CTPYKTYD,
YTO yKa3bIBaeT HA y4acTHE JIAHHOM TMOCIIE0BATEIbHOCTH B PETYIISIIMHA PAaHHETO JTara
HeliporeHesa yesoBeka in Vitro. OHako 1aHHast perysiius HUKaK He cBsizana ¢ PAX6-
OIIOCPEIOBAHHBIM KOHTpPOJIEM TU(PEePeHINPOBKU KICTOK PaJHaIbHOM IITHH.
Qunancuposanue: Pabota BbinosHeHa npu noyiepxke PHO (nmpoext Ne 24-24-00447).
bnazooaprnocmu: Kynerusupoanume nuauid MHIICK mnposommnmmu Ha 6Gaze LIKII
«Komnexuust IUIIOPUIIOTEHTHBIX KYJbTYP KJIETOK 4YeJIOBeKa W MIIEKOIMTAIOIUX
obmebunonorndeckoro u  OuomenuuuHckoro Hampasienusi» WLl CO PAH.
Mukpockoniueckuii ananmu3 npoBeneH Ha Oaze [IKIT mMukpockomndeckoro ananmza
ouonorunueckux oonrexktoB Ulul' CO PAH.
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Motivation and Aim: Mental retardation is one of the most common mental disorders.
Intellectual disability occurs in 3 % of born children and has a high rate of associated
neuropsychiatric pathologies. The causes of such disorders often lie in hereditary factors.
It has been shown that up to 25 % of these problems are associated with copy number
variations (CNVSs) of various genes. However, there is currently no clear description of
the genetic etiology of cognitive impairment.

The object of our study is a candidate gene for mental retardation disorders — CNTNG.
Currently, several dozens of patients with mental retardation in which CNVs of this gene
have been detected have been described [1-3]. Interestingly, large deletions and
duplications represent most of the associated mutations, but a point substitution was
found in only one clinical case [4]. Therefore, we hypothesized the presence of
functional regions in the CNTNG locus, the alteration of which may lead to abnormalities
in the early stages of human brain development.

Annotated regulatory elements were not found at this locus, but two regions that evolved
rapidly in humans — human accelerated region (HAR) — were identified [5]. These DNA
regions may function as enhancers of genes involved in human brain development.
Mutations in HAR are also known to alter the expression of candidate genes for various
psychiatric disorders [6]. This work aims to study the effect of HAR deletion located in
the CNTNG6 locus on the early stages of human neurogenesis on the cerebral organoid
model (CO) [7].

Results: To realize this goal, hiPSC lines with homozygous deletions of HAR were
obtained using the CRISPR/Cas9 system. Their ability to maintain the pluripotent state
in vitro was confirmed by the expression of pluripotency factors and the potential for
differentiation into three germ sheets. iPSC lines were also tested for the absence of
chromosomal aberrations.

The obtained lines were differentiated into COs. The differentiation revealed a tendency
to decrease the size of organoids with HAR deletion compared to the control. Analysis
of the internal organization of the COs revealed that on day 20 of differentiation, the
thickness and area of ventricle-like structures were significantly reduced in mutant
organoids. Immunohistochemical analysis for the tight junction-associated proteins
showed significant reductions in the apical membrane of ventricle-like structures of
organoids with HAR deletion (Fig. 1), which may indicate impaired self-organization of
radial glial cells.
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This cell type plays a crucial role in the process of these structures' development. One of
the key markers for radial glial cells is considered to be PAX6 protein. In our previous
study it was found that the presence of CNTNG6 gene deletion leads to the disruption of
cellular localization of the protein and a decrease in its quantity in the COs. However,
no such phenotype was observed in organoids with HAR deletion.
Immunohistochemical analysis showed the distribution disorder of PAX6 signal; though,
no significant changes in the area fraction of PAX6-positive signal were detected on the
slice of COs.
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Fig. 1. Immunostaining of control cerebral organoids (Normal phenotype) and organoids with
deletion (del HAR) using antibodies against ZO1. The scale bar — 200 um

Conclusion: Thus, HAR deletion in the CNTNG6 gene leads to decreased organoid size
and impaired ventricle-like structure formation, indicating that this region is involved in
the regulation of the early stage of human neurogenesis in vitro. However, this regulation
is unrelated to PAX6-mediated control of radial glial cell differentiation.
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