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Momusayuss u yenv: KoresuH — 3BOJIOIMOHHO KOHCEPBATHUBHBIM MYJIbTUMEPHBIH
OCJIKOBBI KOMIUICKC, COCTOSIIUNA W3 HECKOJNbKHX cyobemuuuil: SMCI1A, SMC3,
RAD21 u STAGI mnmu STAG2. Kore3un — Ba)KHBIH O€I0K MUTOTHYECKOrO LIMKJIIA,
o0ecreunBarInil KOTe3HI0 CECTPHHCKUX XPOMATHI, YYaCTHHK MIPOIIECCOB perapaui
nByrenodeyHsx paspbiBoB JJHK mo mexanusmy romosioruuHoit pexkomOuHarmu [1];
Y4acTBYET BO B3aUMOJICUCTBUSAX MEXKIY IIUC-PETYIATOPHBIME JI€MEHTaMu TeHoMa [2].
MyTaiuu 0eIKOB KOT€3MHOBOTO KOMIUIEKCA CBS3aHbI C BOSHUKHOBEHUEM 3a00JIeBaHU,
KOTOpPBIC TIOJYYHIIM Ha3BaHUs Kore3nHonatuu. Hanbonee oxapakTepru30BaHHON U3 HUX
spisiercs: cuHapom Kopuenuu ne Jlanre, Bei3piBaeMblii MyTarnusimu B reHax NIPBL,
SMCI1A wmu SMC3 [3, 4]. Mukponaymmukanun Xq25, BKIIOYAIONINE BCIO IMOCIe-
moBarenbHOCTE, TeHa STAG2, TaxkKe BBI3LIBAIOT KOIE3WMHONATHH, OCHOBHEIMU
(hEHOTUITUYCCKUMHU TIPOSBICHUSIMU KOTOPBIX SBJISIOTCS: TMIIOTOHUS, 3a/ICPKKa pa3Bu-
THS PEYH, YMCTBEHHAS OTCTAJOCTh OT JIETKOH 0 YMEPEHHOW CTETIeHH W aHOMAaJIbHOE
noBegeHue [5, 6]. OnHako MeXaHU3M Pa3BUTHUS NATOJOTUU B PE3yNbTaTe AYIIUKALUN
STAG2 neussecteH. Panee ObLiv 0OHApYIKEHBI /1Ba MAIIMEHTA C aMIUTM(UKaIUe paiioHa
Xq25 pazmepom 377 kb (chrX:123056490-123433630, GRCh37), koTopast 3aTparuBaet
enuHCTBeHHBIH TeH — STAG2. TlanmeHTsl — CBOHBIE OpaThs, y 000MX HaONFOmaeTCs
3aJIep)KKa Pa3BUTHS W ayTHCTUYECKHE dYepThl. Llenbio uCCaemoBaHUS  SBIISETCS
oTpeiesieHUe POJIM HapyIlleHUi konuiHOoCTH reHa STAG2 Ha paHHHUX 3Tanax pa3BUTHS
KJIETOK MO3ra. MBI OKHUIaeM, 4TO 3TH SKCIIEPUMEHTHI IIPOJIBIOT CBET Ha MOJIEKYJISPHBIE
MEXaHHU3MbI Pa3BUTHS NATOJIOTHH, JIeXKaIlue B ocHOBe ¢ (dekra amiuinpukanuu Xq25.
Memoowt u ancopummor: JIns TONy4YeHHMs] WMHIYLUHPOBAHHBIX IUIFOPUIIOTEHTHBIX
ctBos10BBIX KieToK (MIICK) uenoBeka u3 MOHOHYKJIEAPHBIX KJIETOK MepudepruvIecKoi
KPOBH MBI HCIOIB30BAIA KOTPAaHCHEKIHIO SMHCOMAIBHBIX BEKTOPOB, HECYIIHUX
cneayromue rers: OCT4, MYC, LIN28, shRNA p53, SOX2, KLF4, EBNAL, — coriacho
npotokony [7]. JuddepeHunpoBky B HeWpalibHbIe KJICTKH MPEIIIeCTBEHHUKU
MPOBOMIIN 4Yepe3 00pa3oBaHWE IMOPHOWAHBIX TeNell W TMOCIEAYIONIYIO CEIEKIIHIO
He#paneueix po3etok [8]. PHK Oblna BeIfEIeHA ¢ MCHOJIB30BaHHEM Habopa Hi pure
Total RNA Plus kit (Magen), cornacHo uHCTpyKIHHU por3BoanuTesst. CeKBeHUpOBaHKE
polyA-cenextupoBannoid PHK mnpoBogunu Ha muargpopme DNBSEQ mapHbiME
npoureHussMd 1o 100 m.H. [ouck auddepeHnnanbHO 3KCIPECCUPYIOMIUXCS TEHOB
npoBoaniH npu momonty DESeq?2.

164 BGRS/SB-2024



Pezynomamur: Y 060X manueHTOB HAOMIOAAETCS 331€P’KKa PAa3BUTHS U Ay THCTHUECKHUE
YEePThI, TIOATOMY MOXKHO MPEIIONOKUTh, YTO nymutukanus reHa STAG2 npuBoauT K
HapyIICHWIO PaHHETO Pa3BUTHs TONOBHOrO Mo3ra. [losToMy B KaudecTBe IeeBOit
MIOTTYJISIIAN KJIETOK JUTSI OIEHKH 3(PPEeKTOB MUKPOAYIUTHKAIIMA MBI PEIIMIN HUCTIONB30-
BaTh KJIETKU HEWpaJbHBIX NPEALIECTBCHHUKOB. Ha mepBoM aTamne u3 MOHOHYKIICapHBIX
KJIeTOK nepudepudeckoir kpoBu Mbl moyumn Juaun UIICK mis o6onx manueHToB u
3I0POBBIX MOHOPOB. I Ka)Kmoro TeHoThIia ObuIM BEIOpaHbl 1Mo Tpu juHuu MIICK.
VBenuueHne KOMUIHOCTM TEHOB HE BCerja MPHUBOAUT K YBEIUUEHHUIO YPOBHS HX
skcnpeccud [8]. MbI mokaszanu, 4To ypoBeHb 3kcrpeccun STAG2 Obul BhIlIe BO BCeX
npoananu3upoBaHHbXx JMHUAX MIICK manueHToB, MO CpaBHEHHWIO C KIETKAMH
300pOBbIX A0HOPOB. [anee mbl muddepenunposanu BeiOpannbie UIICK, nomyunnm
KJIETKH HeHpaJbHBIX MPEAIIECTBEHHUKOB U MPOBENN aHanu3 TpaHckpuntoma. PCA mo
BCEM TeHaM II0Ka3ajl, YTO PEIUIMKH XOPOIIO CXOIATCS MeXTy coOoi. Taxke Mbl
0OHapY XU PsIl OCOOCHHOCTEW TPAHCKPHUIIINN B KJIETKaX HEHpaTbHBIX IMPENIIecT-
BEHHHMKOB TIallMEHTOB.

Bri6oowi: Mukponymiukanus reHa STAGZ NpUBOAUT K YBEJIIMUEHUIO €TO IKCIIPECCUH B
UIICK, no cpaBHEHUIO C KJIETKAMU C HOPMalbHBIM KapUOTUIOM. B HelpalbHbIX
KJIETKaX-MIPEIIICCTBeHHUKaX ¢ ayruinkanuedi rena STAG2 oOHapyxeH psl 0COOCH-
HOCTEH TPaHCKPHUIIIHMHU TI0 CPABHEHUIO C KJIETKAMHU C HOPMAIBHBIM KapUOTHUIIOM.
Qunancuposanue. VccnenoBanue mnoaaepxkaHo Poccuiickoil Penepauueid B nuue
Muno6paayku Poccuu, Homep Cormamenust Ne 075-15-2024-539 ot 24.04.2024.
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Motivation and Aim: Cohesin is an evolutionarily conserved protein complex consisting
of several subunits: SMC1A, SMC3, RAD21 and STAGL1 or STAG2. Cohesin is an
important protein of the mitotic cycle, involving in the cohesion of sister chromatids, in
a the repair of double-stranded DNA breaks through the mechanism of homologous
recombination [1] and in interactions between cis-regulatory elements of the genome
[2]. Mutations in the cohesin complex proteins are associated with the called
cohesinopathies. The best characterized of these is Cornelia de Lange syndrome, caused
by mutations in the NIPBL, SMC1A or SMC3 genes [3, 4]. Microduplications of Xq25,
including the entire STAG2 gene sequence, also cause cohesinopathies, the main
phenotypic manifestations of which are: hypotonia, delayed speech development, mild
to moderate mental retardation and abnormal behavior [5, 6]. However, the mechanism
of the pathology development is unknown. Previously, two patients were identified with
amplification of the Xq25 region of 377 kb (chrX:123056490-123433630, GRCh37),
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which affects a single gene, STAG2. The patients are half-brothers and both have
developmental delays and autistic traits. The purpose of the study is to determine the
role of STAG2 gene copy number variations in the early stages of brain cell development.
We expect that these experiments will shed light on the molecular mechanisms of
diseases resulting from Xq25 amplification.

Methods and Algorithms: Reprogramming of human blood cells into induced pluripotent
stem (iPS) cells was performed by episomal vectors cocktail contained: reprogramming
vectors expressed OCT4, MYC, LIN28, shRNA against p53, SOX2, KLF4 and EBNAL,
according to the previously described protocol [7]. iPS cells were cultured and
differentiated into neural progenitor cells as described before [8]. RNA was isolated
using the Hi pure Total RNA Plus kit (Magen) according to the manufacturer's
instructions. Sequencing of polyA-selected RNA was performed on the DNBSEQ
platform using paired 100 bp reads. The statistical analysis and identification of
differentially expressed genes was performed using DEseq?2.

Results: Both patients have developmental delay and autistic features, suggesting that
STAG2 gene duplication leads to impairment of early brain development. Therefore, we
decided to use neural progenitor cells as the target cell population to evaluate the effects
of microduplication. We obtained iPS cell lines from peripheral blood mononuclear cells
for both patients and healthy donors. Three iPS cell lines were selected for each
genotype. An increase in the copy humber of genes does not always lead to an increasing
in their expression level [8]. We showed that the STAG2 expression was higher in all
patient iPS cell lines compared to cells from healthy donors. Next, we differentiated the
selected iPS cells into neural progenitor cells, and performed transcriptome analysis. The
replicas converged well with each other according to PCA for all genes. We also
discovered a number of transcriptional features in the patients’ neural progenitor cells.
Conclusion: Xg25 microduplication leads to an increasing of the STAG2 gene expression
in iPS cells compared to cells with a normal karyotype. A number of transcriptional
features were found in neural progenitor cells with STAG2 gene duplication compared
to cells with a normal karyotype.

Funding: The study was supported by the Ministry of Education and Science of Russian
Federation, Agreement number No. 075-15-2024-539 dated April 24, 2024.
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