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MonekynapHoe kapmupoegaHue aghuouKo/IUH-4y8CMaeUMes1bHbIX IOMKUX Calimog XpoOMOCOM
8 UINCK yenoeseka ebiagus1o HecmabusibHOCMb OJIUHHbIX KJIUHUYECKU 3HAYUMbIX 2eHO8
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BBepgeHue. VIHoyLMpoBaHHbIe NIOPUNOTEHTHblE CTBONOBbIE KneTkn (UMNCK) BbICTynatoT BaXXHOM MoAesNbio ANA U3yYeHUsa NpoLeccos
ambpuoreHesa v reHeTUYecKUx 3abonesaHuii. B 1o xe Bpema ana UMCK xapakTepHbl MOBbILWEHHbIV YPOBEHb CTPecca pennmKkaumm u
reHeTYyecKasa HeCTabuNbHOCTb B MUTO3€. B ycnoBuaAx ctpecca pennmkaumy B XPOMOCOMHOM MaTepurane NpouCXofAT Pa3pbiBbl B y4acTKax
KOHCTUTYTUBHbIX TOMKUX caiToB (kJ1C), Habnoaaemble Ha MeTadasHbIx NnacTnHKax. KaptuposaHue kJ1C B IMCK nomoraeT nyuiie NOHATb
byHKUMOHanbHble NOCNeACTBMA CTPecca penaukaummn Ana nonyyeHHbix 13 UMCK npousBogHbIX, a Takke MexaHU3Mbl COMaTN4eCKoro
MyTareHesa (B TOM umcsie B SMOproHanbHOM nepuoge). Tekylyee nccnefioBaHue Npofgoskaet paboty no kapTuposaHuto KJ1C B UMCK
yerioBeKa B KOHTEKCTe 13yUYeHNA X reHeTUYeCKo CTabmnbHOCTY 1 6e30MacHOCTU.

Llenb: monekynsapHoe kaptnposaHue KJ1C xpomocom B UMCK meTtogom FISH ¢ 30HAaMu, MapKnpyoLwmmmy rpaHuLbl AANHHBIX TEHOB.
MeTtogbi. UINMCK uenoseka KynbTrBMpoBanuch bechraepHbim MeTogom. IHAYKLMIO XpOMaTMAHbBIX Pa3pbiBOB NPOBOAUIN foOaBIEHNEM B
cpeny adugukonviHa u kodeunHa. 3oHabl FISH, cneyudunuHble K rpaHmLam nyyaembix reHoB, 6bi1v nonyyeHbl ¢ nomoLbto MUP anvHHbIX
bparMeHTOB 1 HUK-TPAHCALNN.

Pesynbratbl. [eHbl-MyiLLEHY Gbln BbIOpaHbl Ha OCHOBE VX Pa3Mepa BHYTPY rPaHUL, XPOMOCOMHbIX 63HA0B, B KOTOPbIX Habnoaanmcb
XpOMaTuaHble pa3pbiBbl Npy 06paboTke MHrMOMTOPamMn pennnkaummn. OnyopecueHTHble curHasbl oT 30HA0B FISH, cneuuduryHbix
K rpaHuuam reHos ANKS1B, LRP1B, WWOX, NRXN3, LINGO2, PRKN, pernctpupoBanucb no pasHble CTOPOHbI OT XPOMaTUAHOIO pa3pbiBa,
4TO CBMAETENbCTBOBANO O Nnokanusauun KJ1C B npefenax reHa-mMuLLIEHN.

BbiBogbl. [loKa3zaHa pennukKauroHHas HecTabunbHocTb B UMCK ans wecTy KIMHNYECKN 3HaUYMbIX FeHOB, KOTOpble QYHKLUMOHAIbHO
CBA3aHbl C OHKOTEHe30M 1 pa3BUTEM 1 GYHKLIMOHUPOBAHVEM HEPBHOW TKaHW. Ty pe3ynbTaTbl MOTYT NMPOACHUTb POJb CTpecca
pennvKkauum npy GopMUPOBaHNM COMATUYECKOTO MO3auLM3Ma B aMbpuroreHese. Takxke MyTaLMmn B 3TVX reHax MOryT cKa3aTbCA Ha
bYHKLMOHANbHOW coCToATENbHOCTU AnddepeHLnpoBaHHbIX Npor3BogHbix UMCK.

KnioueBble cnoBa: nHAyUpoBaHHbIe NpnnoTeHTHble ctBonoBble Knetku (UMCK), ctpecc pennukauum, ANKS1B, LRP1B, WWOX,
NRXN3, LINGO2, PRKN.
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Molecular mapping of aphidicolin-sensitive fragile chromosome sites
in human iPSCs reveals instability of long clinically relevant genes
Kislova A.V., Sviridov F.S., Pozhitnova V.0., Sviridova V.V., Kiselev D.S., Gumerova L.l., Voronina E.S., Zheglo D.G.
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Background. Induced pluripotent stem cells (iPSCs) serve as an important model for studying the processes of embryogenesis and
genetic diseases. At the same time, iPSCs are characterized by elevated levels of replication stress and genetic instability during mitosis.
Under conditions of replication stress, breaks occur in the chromosomal material at constitutive fragile sites (CFS), which are observed on
metaphase plates. Mapping CFS in iPSCs helps to better understand the functional consequences of replication stress for the derivatives
obtained from iPSCs, as well as the mechanisms underlying somatic mutagenesis (including those occurring during the embryonic
period). The current study continues the work on mapping constitutive fragile sites in human induced pluripotent stem cells in the
context of investigating their genetic stability and safety.

Aim. Molecular mapping of constitutive fragile sites in iPSCs using FISH probes marking the boundaries of long genes.

Methods. Human iPSCs were cultured using a feeder-free method. Induction of chromatid breaks was performed by adding aphidicolin and
caffeine to the medium. FISH probes specific to the boundaries of the studied genes were obtained using long range PCR and nick translation.
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Results. The target genes were selected based on their size within the boundaries of the chromosomal bands where chromatid breaks
were observed following treatment with replication inhibitors. Fluorescent signals from FISH probes specific to the boundaries of the
genes ANKS1B, LRP1B, WWOX, NRXN3, LINGO2, and PRKN were detected on either side of the chromatid break, indicating the localization
of the CFS within the target gene.

Conclusion. Replication instability has been revealed in iPSCs for six clinically significant genes that are functionally associated with
oncogenesis and the development and functioning of nervous tissue. These results may clarify the role of replication stress in the
formation of somatic mosaicism during embryogenesis. Additionally, mutations in these genes may affect the functional viability of

differentiated derivatives of iPSCs.
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BBepgeHume

HAYLUMPOBAaHHBIC TUIIOPUIIOTEHTHBIE CTBOJIOBBIE
kietku (UITTCK) BeICTYnaoOT BaxkHOW MOJENbIO
IIJISI U3yYEHUS MPOLIECCOB SMOpHOreHe3a 1 TeHe-
tnueckux 3adoneBanuii. MUTTCK takke siBIsiIoTCSI pecyp-
COM ISl TOJIYYEHMST TIPOrPaAaMMUPYEMbIX TPOU3BOIHBIX.
B 1o ke Bpemsa nia MITCK xapakTepHbI MOBBILIEHHBII
YPOBEHbB CTpecca perIKallMy U TeHeTUYeCKasi HeCTaOWIIb-
HOCTh B MUTO3¢e. B yCI0BUMSIX cTpecca perimkaliy B Xpo-
MOCOMHOM MaTepuaje MpOUCXOasT pa3phIBbl B yJacTKax
KOHCTUTYTUBHBIX JJOMKUX caiiToB (KJIC), HabmomaemMble
Ha MeTtada3Hbix actuHkax [1, 2]. IMarrepn kJIC TkaHe-
cneunduueH u He 661 paHee usyueH mist MTTCK. B na-
O0opaTopuu BeneTcs padboTra 1Mo UACHTU(MUKAIIUY TeHOB,
IIJISI KOTOPBIX XapakTtepHa HectabuinbHocTh B UTTCK. Pa-
Hee KOMaHI0i1 1TabopaTopuy yxke Obljia oImyoJIMKoBaHa pa-
6ota o nepBoM KaptupoBaHHoM B MTTCK KoHCTUTYTUB-
HOM JIOMKOM CaiTe, HaXOOAIIEMCS B HEUPOHAJIbHOM T'e€HE
ANKSIB. Tekyliee ucciaenoBaHue IPoaoJiKaeT U3ydeHue
kJIC B UTTICK B KOHTEKCTE X FeHETUYECKOM CTaOMIbHO-
CTU U O0€30IMaCHOCTHU.
Ieas ucciexoBaHnsa: MOJICKYISIpHOE KapTUPOBaHUE
kJIC xpomocoMm B UTTCK metogom FISH ¢ 3oHmamu, map-
KUPYIOIIMMU TPAaHUIIBI JUTMHHBIX TEHOB.

MeTtopgb!

JIunng kietok MTICK RCMGIi001-A 6b1ma B3sTa
u3 buobanka «Bcepoccuiickast KoyuieKuus 01ojoruue-
CKUX 00pa3IoB HaC/IeACTBEHHBIX 3a00neBanmii» (PIBHY
MTI'HLI, Mocksa, Poccus). KynabTypy Bel Ha OIJIOXKE
IPS-Verified Star Matrigel (ABW, Kuraif) B cpene TeSR-ES

(StemCell Technologies). AbuaukonauH (A4487, Sigma
Aldrich) B koHeuHol1 KoHUeHTpauuu 0,1 MKM u 1 MM Ko-
deun (C0750, ReagentPlus®) noGasiisuin co cBeXel cpe-
Jloii 3a 24 4 10 (puKcaluuu KJIETOK.

CoobcteHHble FISH-30HABI ObUTH MOJyYEHBI MTyTEM
dayopecueHTHOro MeueHus1 aMraukoHoB TTHP gauH-
Hbix ¢pparmeHToB (BioMaster LR HS-PCR 2 X master mix
(Biolabmix, Poccus)).

Hnsa nposenenus FISH npenapatel metadas Ko-ae-
HATypUPOBaJIu ¢ 30HAOM Ipu 76°C B TedeHUE 5 MUH U TU-
opuauzoBanu npu 37°C B TeueHue 24—48 4 B cucteme
LFHS-A10.

PesynbraTtbl n 06cyKaeHNe

Jj1s1 MoeIMpOBaHUsl CTpecca peIiMKaluy B J1abo-
PaTOPHBIX YCIOBUSIX KJIETOUHAs! KY/IbTypa 0OpabaThiBaeT-
cs 0,1 MxM acduaukonuHa u 1 MM KodenHa, 1 B TOUKax
pacnionoxeHust kKJIC Habmomal0TCs poOebl U pa3phi-
Bbl Ha MeTada3HbIX IJIACTUHKAX. YCTAaHOBUTD JIOKAJIM-
3alldI0 pa3pbiBOB B reHOME MOXHO TyTéM G-02HIUHTA,
OJIHAKO €ro paspeliamplias ClioCOOHOCTb He MO3BOJISI-
€T OIpeNeIUTh, KaKe UMEHHO TeHBI SIBJISTIOTCSI TOPSTUM -
MM TOYKAMM XPOMOCOMHOI HECTaOUIbHOCTU B YCIOBU-
X MHAYyUMpOoBaHHOTO cTpecca perutnkanuu B UTTCK.
Ha ocHoBe npeaBapuTebHbIX JaHHBIX G-03HIMHTA ObLIT
MPOBEAEH aHAIM3 Y4aCTKOB XPOMOCOMHOI1 JIOMKOCTH B re-
HoMHOM Opay3epe UCSC. Tak kak n3zBecTHO, uto KJIC
yaille BCero pacIioyioXeHbl B JUIMHHBIX TeHax (1 MJIH I1.H.
1 00JIbllIe), Ha OCHOBE 3TOT0 OBLIM OTOOpPAaHBI TeHbI-KaH-
muaatel. Cuntesuposanu 3oHabl FISH, cneunduynbie
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K y4acTKaM, COOTBETCTBYIOIIMM HavyaJly U KOHIIY KaXX10-
ro reHa-KaHauaata. Takum o0pa3oM, Ipu 0OHAPYKEHUU
Ha MeTada3HON MIaCTUHKE pa3pbiBa CUTHA HabI01a1Cs
110 00€ CTOPOHBI OT HETO (PUCYHOK).

B HacTosiiuii MOMEHT JlabopaTopreil KapTUPOBaHbI
kJIC B UTICK B mectu reHax: ANKSIB, LRPIB, WWOX,
NRXN3, LINGOZ2, PRKN. T'ennvt LRPIB [31u WWOX |4,
5] onMcaHbl B IUTEpaType Kak OIyXOJeBble TeHbI, TAKXKE
YIIOMMHAETCSl OHKOCITypeccopHasi ¢hyHK1MsI reHa PRKN
[6]. OcTanbHble TeHBI CBSI3aHbI C Pa3BUTUEM U (DYHKIIM-
SIMUA HEepBHBIX TKaHeil [7, 8, 9, 10]. OTmeueHa cBsI3b re-
Ha WWOX c snunentuyeckoit sHuedanonatueii [11, 12].

3ak/oyeHmne

Huddepennmpobannbie mpousBoaHbie MTTCK MoryT
HacJIea0BaTh BO3HUKIINE B HUX TCHETUICCKIEC AaHOMAITHH.
[TosToMy BaxKHO YAEJIsITh BHUMAHKE BOIPOCY CTAOMILHO-
CTHU T€HOB, BaXKHbIX JJISI ITOJIyd4aeMbIX U3 HUX auddepeH-
LIMPOBAHHBIX IIPOMU3BOIHbBIX, 4 TAKXKE CBSI3aHHBIX C KaH-
LIEPOTE€HE30M.

LEP1B PREN

NEXNI

ANKSI1B

Medical genetics 2025.Vol. 24. Issue 5

HeiipoHanbHble MPOreHUTOPHBIE U CTBOJIOBBIEC KJIET-
KU, B ToM yuciie nonyyeHHble u3 MTICK, Hamm mmpo-
KO€ TMPUKJIaJHOE MPUMEHEHUE B JICUEHUN HelpoaereHe-
paTUBHBIX 3a00seBaHuit (001e3Hb [TapkuHCcOHa, 6OKOBOIA
aMUOTpO(UUYECKUI CKIIEPO3, PACCESHHBIN CKIepo3, 00-
ne3nb ['eHTuHrroHa) [13]. Takum 006pa3om, pereHepaTUB-
Hasl MeIULIMHA MTOAHSJIa BOIIPOC 00 U3yYeHUU CTaOUIbHO-
ctu HeiipoHanbHbIX TeHOB B UTICK. B T0 e BpeMs B cuity
JUTUHBI HEMPOHAJIBHBIX TEHOB YaCTO MMEHHO OHU COfep-
xat B cebe KJIC, yTo roBopUT 00 MX BaXKHOCTU KaK 00b-
€KTOB UCCJIeIOBAHUSI.
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