3y4yeHne reHeTM4eCKUX OCHOB M pa3padoTka NPOTOKOOB
ONA AMarHoCTUKW HacNe4CTBEHHbIX 3a6oneBaHuni
opraHa 3peHus Ha npumepe BPOXAEHHON aHupuanmn*

Bacunbesa T.A.', Xne6Hukosa 0.B.", Mapaxonos A.B."2, MeTtposa H.B.,
BockpeceHckas A.A.3, Mospeesa H.A.3, KpbiHckas U.A.", Kosnosa 10.0.",
PaaHuHckas H.B.!, Yyxposa A.J1.', LLUunoea H.B.", 3unyenko P.A."*

! — denepanbHoe rocyaapcTBeHHOe BIOMKETHOE Hay4HOE yupex/eHne «MeanKo-reHeTUECKNi HayHbIi LIeHTp»

2 — denepanbHoe rocyaapcTeeHHoe aBTOHOMHOE 06pa3oBaTeNbHOe yupex/aeHne BbICLIEro 06pa3oBaHus
«MOCKOBCKININ PU3NKO-TEXHNYECKNIN UHCTUTYT (FOCYAAPCTBEHHbBIN YHNBEPCUTET)>»

8 — YebBokcapckuit dunman denepanbHOro rocy1apcTBEHHOrO aBTOHOMHOO YYpPEXAeHNs
«MexoTpacneBoil Hay4HO-TEXHUYECKUI KOMMneke «Mukpoxmpyprus rnasa» um. akagemuka C.H. ®epnoposa
MuHucTepcTBa 3apaBooxpaHeHns Poccuiickon denepauyn

4 _ locynapcTeeHHoe GloxeTHoe 06pa3oBaTeNibHOE yHpPeX/eHe BLICLLEro NpopeccuoHansHoro 06pasoBaHms
«Poccuninckmin HaumoHanbHbI nccnefoBaTebCKUii MeauUMHCKUn yHmesepcuteT um. H.W. NMuporosa»
MuHucTepcTBa 3apaBooxpaHeHust Poccuiickoin depepaumn

AKTyanbHOCTb. BpoXaeHHble MOPOKN Pa3BUTHSI OpraHa 3peHNs COCTaBASAIOT HEMASTYIO OO0 NMPUYKH MHBANMAN3ALMMN B AETCKOM
BO3pacTe. BpoxaeHHas aHnpuans aBnsetcs TsSXeNblM HaCNeACTBEHHBIM NOPOKOM Pa3BUTUS, HACNEAYIOLMMCS ayTOCOMHO-A0MM-
HaHTHO. BpoxaeHHas aHMpuams Bbi3biBaeTcs MyTaumamm reHa PAX6. Llesb. OueHUTb CNekTp reHEeTUYECKUX HapyLLEHWIA B rpynne
60J1bHbIX BPOXAEHHO aHUPUANEet U3 POCCUIACKOI Nonynaumn. Ha ocHOBe noslydeHHbIX pe3ysibTaToB pa3paboTaTtb NPOTOKON AxarHo-
CTUKN BPOXAEHHOW aHnpuann. Matepuassl v MeToasl. TpyaLaTv 4eTblpeM NaumMeHTam n3 27 HEPOACTBEHHbIX CEMEN NPOBEAEHbI Od-
Tanbmonorunyeckoe obcneposanve n IHK auarHocTvka, BKOYaloLLas CEKBEHPOBAHME KOAVPYIOLWMX 9K30HOB reHa PAX6 ¢ nocne-
LYIOLLMM aHanM30M KPYMHbIX XPOMOCOMHbIX nepecTpoek Jiokyca 11p13. Pesysbratsl. NpoaHannanpoBaHo 22 60bHbIX 683 0Taro-
LLIEHHON CeMEeHON ncTopmmn 1 12 ceMerHbIX Cly4aeB BPOXAEHHOV aHnpuamun. Y ABYX NaLVEHTOB OnpeaeneHa npoTsxeHHas aene-
umst pernonHa 11p13, N03BoMBLIASA YyCTAHOBUTL NPEANONOXMTENLHBIN AnarHo3d cuHapoma WAGR. Cpeau ocTaBLImMxcs nauyeHToB My-
Taumu 6biIn onpeneneHbl BO Beex crydasx. Y 23 naumeHToB 6bliv 06HapyXeHbl TOYKOBbIE MyTaLmmn reHa PAX6: ceMb HOBbIX 1 BOCEMb
pasnnyHbIX paHee onucaHHbIX MyTauuii. KpynHele aeneuuy onpeneneHbl y OAMHHAAUATK NauneHToB. [1poaHanM3npoBaHHbIn CRekTp
MyTaLMii NO3BOSINA OMPEAENINTb 0COOEHHOCTY FEHETUYECKNX MPUYMH BPOXAEHHON aHUPUAMMN Y POCCUIACKUX BOMBHBIX 1 pa3paboTatb
NPOTOKOJ AMArHOCTMKN BPOXAEHHOW aHnpuaun. Beieogs!. Onpenenexsl mytaumn y 100% npoaHanvanpoBaHHbIX 60/1bHbIX. Paspabo-
TaH NPOTOKON AYArHOCTUKN BPOXAEHHON aHUPUAMM C YYETOM 0CODEHHOCTEN CnekTpa HacNeACTBEHHbIX U3MEHEHWI, NMPUBOASLLMNX
K aTOMy 3a60N€BaHNIO0, B POCCUIACKOW NONynsiumu.

KntoueBble ciioBa: HacneACcTBEHHbIe 3a6051eBaHNs, opraH 3peHus, aHupuams, WAGR cuHapoM, TecT-cuctema, KpyrnHble XpoMo-
COMHble abeppauymu, Bapuaumm yucna konumii, FISH aHanns, noteps retepo3vroTHOCTU, MyTaLym

HO Ipe/icTaBsieTcsl pa3padoTKa MPOTOKOJIOB /ISl IMAarHoC-
Tk BIIP oprana 3peHwusi.

PazpaboTka Takux MpOTOKOJIOB CBSI3aHA CO 3HAYUTEJIb-
HBIMM TPYAHOCTSIMHU, BbI3BAHHBIMM Pa3HOOOpa3veM 3THO-
normyecknx mnpwunH BIIP rtmasza. Ilo aTmomormyeckom
MPUHIMITY Pa3IMYaloT TPU TPYIIbI MOPOKOB: HAC/IEACTBEH-
HbIe, K30reHHble, MHorodakropHsie [1]. Jloasg MOHOreH-
Hbix BIIP cpenu HaciencTBeHHON MATOJIOIMM IIa3 B pas-

Baenenne

Bpoxnennrsie mopoku passutusi (BIIP) oprana 3penus
SIBJISIIOTCS. OfIHOW M3 OCHOBHBIX TMPUYMH MHBAJIUMIHOCTH
B JIETCKOM BO3pacTe ¢ Majioil 3P HEeKTUBHOCTBIO JICUCHUS.
PacripocTpaHeHHOCTh 3TOM MATOJIOTMU COCTABISIET HE Me-
Hee 2,7 Ha 10 000 HaceneHusi. B cBs3M ¢ oTcyTCTBUEM MJIST
oonpiurHcTBa BITP oprana 3peHust a¢p(peKTuBHOI XUpypru-

YECKOM M TepamneBTUYECKOW KOPPEKIIMU BO3PACTAET POJIb
NpopUIaKTUYECKUX MEPONPUITUIL, HANpPaBICHHBIX Ha
MpeLOTBpALLEHKE TMOSIBJIEHUSI NIOBTOPHBIX CllyyaeB 3aboie-
BaHUSl B OTATOLUEHHBIX ceMbsIX. IMEHHO MO3TOMY aKkTyaslb-

JuHbIX nonyistius P® cocrasisier ot 14 10 55% [2]. OnHa
u3 vyacteix opM BITP opraHa 3peHuss — BpoXXIeHHAsl aHU-
pUAMST — HACJIEACTBEHHBII MOHOTE€HHBI WJIM XPOMOCOM-
HbII MHOXECTBEHHbBI MMOPOK pa3BUTHSI, 3aTparvBarolInii

* ABTOpPBI 3asIBJISTIOT 00 OTCYTCTBMU KOHMIMKTa MHTEPECOB.

HccnenoBaHue 60JbHBIX BPOXKIEHHOIN aHUPUAKMEN YacTUUHO noaaepxxaHo rpantaMmu POOU 14-04-00525 u 15-04-01859. Yactb uccnenona-
Huli orutayeHa brarorBoputenbHbM hoHIoM «Co3uaaHue».

ABTOpBI OJ1aronapHbl 32 HEOLIEHUMYIO TIOMOILIb U1 MHULIMATUBY B OPraHU3alMK MCCIIENOBaHUsl BPOXKICHHON aHUPUIMU B Halleit ctpaHe ['a-
nuHe HukonaeBHe ['eHUHT — mipe3uneHTy MeXpernoHaibHON OOIIECTBEHHON opraHu3alnu «MexXperoHaabHbIN 1LIEHTP MOMOIIU 00b-
HbIM aHupuaKei «Pamyxka»», BceM MaluuMeHTaM ¥ X CeMbsIM 3a UX yJyacTue, a Takxke EneHe TumoninHoit — npencenatenio biarorsopure-
JpHOrO (hoHma «Co3umaHue» 3a MOMAEPXKKY B Pa3BUTUM MPOEKTA.
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B OOJBIIMHCTBE CIy4aeB Bce CTPYKTypol riaza, LIHC
(B 10—17% 310 TpyObBIC HAPYLICHKS M 33J€PKKa Pa3BUTHSI),
MOIKEIyIOUYHYIO 3Kene3y (ee SHOOKPUHHAas (PYHKIUS He-
MHOTO CHUKEHa, Y TMallMeHTOB HapyllleHa TOJIePaHTHOCTb
K TJII0KO3€ M3-3a CHUXKEHUST YPOBHSI CEKPETUPYEMOIO MHCY-
JIMHA, WHOTJA Pa3BUBAETCS CaxapHbIi TUabET BTOPOTO THU-
I1a), TUIOTAIaMO-TUTIO(U3aPHYIO CUCTEMY, a MHOTIA U IPY-
rue cucteMbl opraHoB (MeHee 10%) [3, 4]. C 2003 r. B Poc-
cun 3apeructpupoBaHo okojo 300 ciayyaeB BpOKIEHHOM
anupuanu (HeomnybnnkoBaHHble maHHble PTAY «MHTK
«Muxkpoxupyprusi riaza» uM. akan. C.H. ®PenopoBa» u
MexpernoHaabHOI 00111eCTBEHHOI opraHu3auu «Mexpe-
TMOHAJBHBINA IIEHTP IMOMOIIM OOJBHBIM aHUpumuei «Pa-
IyXKa»»). B mocaeqHue roabl mpeaiaracTcss BMECTO Ha3Ba-
HUST HO30JIOTMUECKOM (DOPMBI «BPOKIEHHAS AaHUPUINSI» UC-
M0JIb30BaTh HOBbIN TepMUH PAX6 cuHapom [5].

BpoxneHHast anupuausi B 75% cityyaeB BCTpEUaeTCsl Kak
M30JIMPOBAaHHBIN TOPOK pa3BUTHA IJa3a 0e3 OYeBUIHOTO
BU3yaJIM3UPOBAHHOTO BOBJICUEHMSI IPYTMX OPraHOB U CHUC-
TeM, B 10% BIIP pamy:kKu OCIIOXHEH IOMOJTHHUTECIbHBIMU
nopaxeHusmMu. B oboux ciydasix BpoXIeHHas aHUPUIUS
00yCJIOBJIEHA TeTePO3UTOTHBIMU MyTallMsMu B reHe PAXG,
B TOM YMCJIE XPOMOCOMHBIMU MEPECTPOiKaMu, BOBJIEKalO-
mumu pervioH 11pl13. B 13% cnyyaeB aHupuaus BcTpevyaeT-
cs Kak yactb cuHapoma WAGR [6]. Cunagpom WAGR o06y-
cJioBJieH Aenenueil peruoHa 11pl3, 3axBaTbiBalouiei JoKy-
cbl TeHa PAX6 u reHa INpeapacroNoXeHHOCTH K Pa3BUTHIO
onyxonu Bunebmca WT1. WAGR Bctpeuaetcsi, B OCHOBHOM,
B BUJIE CIIOpamdyecKux ciiydaeB. Bo Bcex criopaanueckux
cJyyasix BPOXKIEHHON aHMPUAMM 10 YCTAHOBJIEHMS T€HETH-
YeCcKON TPUUYMHBI OoNbHON aHupumueil umeer 50%-Hblii
puUCK pa3BuTHsl HepoOacToMbl 10 8 JieT xku3Hu [7]. Beico-
KU PUCK M 37I0KAQUECTBEHHOCTb KapLUMHOMbBI MOYKHU, CO-
crapsiiomeit cunapom WAGR, — omnpenensiior BaXKHOCTb
nuddepeHIIMaNIbHOTO TMarHo3a.

B 2—5% cnyuaeB aHMpUIMS aCCOUMMPOBAHA C APYTUMU
MOHOTEHHBIMU M XPOMOCOMHBIMU CHUHIpoMamu, Ooiee
peakuMHu 1o yactote [6]. B MexmyHapoaHoi 6a3e TaHHBIX
OMIM BbimeneHo 25 pa3iIuyHbIX CMHAPOMOB. B pemkux
cayuasx (ot 4 1o 10%) BpoxkIeHHast aHUPUINS MOXET OBbITh
accouMMpoBaHa ¢  MytauussMu B reHax FOXCI
(OMIM*601090), PITX2 (OMIM*601542), PITX3
(OMIM*602669) u npyrux [8—10]. TTpu 3TOoM B TIOIABIIS-
foleM OOJIBIIMHCTBE ciy4yaeB MyTaluu B reHax FOXCI u
PITX2 accounupoBaHbl ¢ CUHIpoM AkceHpenapaa—Purepa
(OMIM #, OMIM #602482) u anomanueit Ilerepca
(OMIM #) [11]. Cunapom AkceHpenbia—Purepa — ato
pa3MuHbIe BapUaHThl (DEHOTUIIOB, OOILIEH YEPTOil KOTO-
PBIX SIBIISIETCSI PUCK Pa3BUTHUA TJayKoMbl B 50% ciydaes,
BBI3bIBAETCSI MyTauusiMu B reHax PAX6, FOXCI, PITX2 u
npyrux. AHomanusi Iletepca xapakTepusyeTcsl LieHTpaib-
HBIM GEJIbBMOM U OTCYTCTBUEM 3aTHEN 4aCTH CTPOMBI POTO-
BUILIBI M JIECLIEMETOBOI MeMOpaHbl, CpallleHueM paiy>XKu
C 3aJiHeli YacTbl0 POTOBUIIbI. YUUTHIBASI CXOXECTh (DEHOTHU-
OB, TIPUXOAUTCS IPOBOAUTH Au(GepeHINATbHYIO IHa-
THOCTUKY aHUPUIWU U C ITUMU TOPOKAMM pPa3BUTHUS TIe-

penHeit Kamepsl m1aza. AHoManuu [letepca u AKceHdenb-
Jla TEHETUYECKU TeTepOreHHbl U OOBIYHO ACCOLIMMPOBAHbBI
C MyTallMsIMU B oqHOM M3 reHoB: PITX2, FOXCI1, CYPIBI,
PAX6 v npyrumu [12].

3HAYUTENBHYIO CIIOXKHOCTh B MOJIEKYJIIPHOM TOATBEPK-
NEHUW TUarHO3a BPOXIECHHON aHUPUAWM TPEICTaBIISIeT Te-
TEPOreHHOCTh MOJIEKYJISIPHBIX MEXaHU3MOB ITOBPEXKICHUS
reHa PAX6. OHu BKIIIOUYAIOT B ce0sI HE TOJIbKO TOYKOBBIE MY-
Talyu, HO U KPYITHBIE XPOMOCOMHBIE TIEPECTPOMKH C BOBJIE-
yeHureM obsactu pl3 xpomocomsl 11. [Tpu 3TOM XpomMocom-
HbI€ TIEPECTPOMKHM B psifie CIydaeB MOTYT 3aTparuBaTh He KO-
JIUpYIOLIYIO YacTb TeHa PAX6, a MUCTaNbHBIA yuc-peryns-
TOPHBIN pailoH, HaXOAdIIMiicsa Ha paccTossHuU 150 T..H. OT
reHa. Kpome Toro, Kak u Ipu Apyrux ayTOCOMHO-TOMUHAH-
THBIX COCTOSIHUSIX, TIPU BPOXAECHHOW aHUPUAWKM TOBOJHHO
BBICOKA YaCTOTa COMATMYECKOro MO3aMIIM3Ma IO MaToOreH-
HOW MyTaluu, oueHuBaemas B 17,5% criopannyeckux ciy-
yaeB [13]. M3yueHue crekTpa M 4acTOT MyTalldii B TeHE
PAX6 B pa3HbIX MOIYJISILIUSIX MUPa MOKa3ajl0 HAIMYUE Peru-
OHAJIbHBIX OcOOeHHOcTell [14—16]. Bbicokass reteporeH-
HOCTb HapyllueHuit reHa PAX6 n BapuabeabHOCTb CIIEKTpa U
YacTOT MyTalWil TMPU BPOXICHHON aHUPUIUW TPUBOIUT
K HEOOXOIMMOCTH pa3pabOTKM Pa3IUYHBIX METOAMUYECKUX
MOIXOAOB K AMAarHOCTUKe U AuddepeHmaibHONi AMarHoc-
THKe 3abojeBaHus s PD.

Ileab u 3a0auu: u3yyeHue CrieKTpa MyTaluii 1 pa3paboT-
Ka MPOTOKOJIA ISl TMaTHOCTUKY BPOXIEHHOW aHUPUINY Ha
BbIOOpKE 34 GosibHBIX U3 Poccun.

Marepuaibl 1 METOIbI

OT Bcex 00c/ief0BaHHbIX OOJbHBIX WM MX 3aKOHHBIX
npeactaBuTeNeil (poauTesieil) mojydeHO MHGOPMUPOBAH-
HOE corjlache Ha ydyacTue B uccienoBaHuu. MccienoBaHue
onobpeHo satnyeckuM komutetoM GI'BHY «MTI'HII».

B uccnenoBanue BkiItoueHbl 34 OOJTbHBIX C BPOXACHHOMN
aHupuaueit u3 27 HepoACTBeHHbIX ceMeit 3 Poccun. bosb-
IIMHCTBO CJIyYyaeB MPEACTaBIeHO eNMHUYHBIMU OOJbHBIMU
0e3 OTATOLIEHHOro ceMeiiHoro aHamuesa (62%). Bospact
MalMeHTOB BapbUPOBaJ OT 6 MecsleB 10 51 roma (cpemHuit
BO3pact 15 yieT), 60JbIUIMHCTBO OOJIbHBIX B BEIOOPKE 0OCIe-
JIOBaHbI B Bo3pacTe 10 15 jer. JluarHos nmocrapjieH Ha OCHO-
Be kinHuYeckoit kKaptuHel B ®TBHY «MT'HL» (12 601b-
HbeIM) 1 B Yebokcapckom pummare PIAY «MHTK «Muk-
poxupyprust Tna3a» uM. akan. C.H. ®demoposa» (22 60b-
HbIM). JI7151 BepruduKalmum KIMHUYECKOTo 1MarHo3a NCroib-
30BaH COBPEMEHHbBIN KOMILUIEKC O(TaIbMOIOTUYECKUX Me-
TOIOB TMArHOCTUKK (KIWHUYEeCKUE, WHCTPYMEHTAIbHBIE U
np.). [IpoBeneH aHanu3 pe3yabTaToB 00CIE€AOBAHUS MalU-
€HTOB Y MeAMaTpa U HeBPOJIOora.

Boinenenne JIHK u3 nepudeprueckoii KpoBu maimneH-
TOB TIPOBOJIMJIOCH C UCITOJIb30BAaHUEM HAOOPOB /IS Bblaee-
nus «Wizard Genomic DNA Purification Kit» (USA) B co-
OTBETCTBUU C PEKOMEHAALUSIMU TPOU3BOJUTESL.

AHanu3 MyTaluii B reHe PAX6 BKITIoua: AByHAIpaBJIeH-
Hoe TIpsiMoe ceKBeHUpoBaHue 14 5K30HOB reHa PAX6, Myib-
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TUIJIEKCHYIO peakliMio JIMTa303aBUCUMOI aMIuiMduKanuu
npo6 (MLPA) ¢ mocneayiolnM NOATBEPKAAOIINM aHAIH -
30M IOTEPU FeTePO3UTOTHOCTHU MyTEM MCCIIeOBaHMSI cerpe-
raunu STR MapkepoB B ceMbsIX.

Inst cekBeHupoBaHusl 1Mo CaHrepy ObLIM IMOAOOPaHbI
nmpaiiMepbl K DK30HaM TPAHCKPUITLIMOHHOTO BapMaHTa
NM_000280.4 u xk 5k30HY Sa (TpaHCKPUIILIMOHHLII BapuaHT
NM_001604.5), pacrmonoxXeHHOMY BHYTpM MHTpOHA 5
MaxopHoit u3zodopmbl. [IpaiiMepsl MCMOIB30BATUCH IS
aMITIMGUKALIUMN 9K30HHBIX U (PIaHKUPYIOLIMX UX UHTPOH-
HBIX TTOCJICIOBATEIFHOCTEH TT0 CTAaHAAPTHBIM MTPOTOKOJIAM.
TTpoayKThl CEKBEHUPOBAIM U aHAJTM3UPOBAIU C MCIIOIb30-
BaHueM BigDye Terminator vl.1 Cycle Sequencing Kit Ha
anammsatope 3130x]1 Genetic Analyzer (Applied Biosystems,
Foster City, CA). YacroTa uaeHTUOUIMPOBAHHBIX aJuleseit
B MUPOBBIX TOIYJISIIIVSIX YCTaHABIUBAJIACH C TIOMOIIBIO 6a3
naHHbIx: dbSNP (http://www.ncbi.nlm.nih.gov/snp/), 1000
reHomoB  (http://www.1000genomes.org/), 6500 3K30MOB
(ESP6500, http://evs.gs.washington.edu/EVS/) u ExAC
browser (http://exac.broadinstitute.org/).

Bo3MoxxHbI (pyHKIMOHANBHBIN 3¢ deKT MHUCCeHC-Ba-
PUAHTOB YCTAHOBJIEH C MPUMEHEHWEM HECKOJbKUX TMpe.-
ckaszatesnbHBIX anropuTmoB: SIFT, PolyPhen, MutationTas-
ter, MutationAssessor, FATHMM u Radial SVM, a Takxke
¢ mpuMeHeHueM 1Kan KoHcepatudma GERP++ u PhyloP.

WHTpoHHBIE BapMaHTHI M M3MEHEHMS KOHCEHCYCHBIX
MOCJIEI0BATEbHOCTEN CAUTOB CIUIAiCUHIA ITPOAHAIU3UPO-
BaHbl ¢ TioMoipio ainroputmMa Human Splicing Finder
v.2.4.1[17].

CraTyc MaTOreHHOCTU MACHTU(MUIMPOBAHHBIX BapuaH-
TOB MOCJIEIOBATEILHOCTH YCTAHOBIIEH HA OCHOBE MCITOJIb30-
BaHMSl PEKOMEHIAIMII aMEePUKAHCKOTo KoJUlemkKa Meau-
LIMHCKOM T€HETUKU M acCOLMALIMU MOJICKYJISIPHOM TaToJIo-
run (American College of Medical Genetics and Genomics,
the Association for Molecular Pathology) [18].

MLPA-ananu3 mpoBeneH ¢ wucrojib3oBaHneM SALSA
MLPA nHa6opa npo6 P219-B2 PAX6 (MRC-Holland, Ams-
terdam, the Netherlands) B cooTBeTCTBUM C peKOMeHIAIINS -
mu nipousBoautensi [19]. Pesynbratst MLPA npoaHanusu-
poBaHbl ¢ mnomouipto  rnporpammbl  Coffalyser.Net
(MRC-Holland). Ha6op MLPA 1nipo6 P219-B2 nokpsiBaet
obmactp chrl1:27636398-35117389 (NCBI36/hgl8) u co-
JEepKUT TIPOObI Ha KaXIblii 5K30H reHa PAX6 (kpome 7 u
13), HecKoabKO MpoO Ha 3K30HBI TeHa WTI u HeKOTophie
Jpyrve reHbl: coceHue ¢ PAX6 co CTOPOHBI TeJoMepbl U
LIEHTPOMEPBI XPOMOCOMBI, a Takxke Ha reH SOX2, pacmoio-
JKEHHBI Ha Xpomocome 3.

JIJisi IOATBEPXKAEHMST TIPOTSKEHHBIX JAeIeil 001acTh
11p13, obHapyxkeHHBbIX peakiueit MLPA, ucnonab3oBaiu
aHaJIM3 MOTepU TeTePO3UTOTHOCTU, OCHOBAHHBIN Ha ceMeii-
HOM aHaJIM3e Cerperaluy ajuiesiell CLIETIeHHBIX C AeIelms-
MU MapKepoB. BricokononumopdHbie Mapkepbl — KOPOT-
kue taHaemMHbie ToBTOpbl (STR) — BeiOpansl n3 STR Cata-
log Viewer [20]. B cembsix, rne y npobaHga oOHapyxkeHa
XPOMOCOMHasl JeJIeliMsl, BBITIOJHEHO TeHOTUITMPOBAHUE T10

12 STR-mapkepaM,  pacrojiO)XGHHbIM B 00JlaCTH
chr11:30632179-33144526 (NCBI 36/hgl8).

Bce BHyTpureHHbIe MyTallMyM Ha3BaHbl B COOTBETCTBUU
C TPAHCKPUITILMOHHBIM BapuanTtoMm 1 PAX6 (NM_000280.4).
I'paHuibl nesennii Ha3BaHbl B COOTBETCTBUU C MOJIOXEHUEM
MLPA-11po6 ¢ yMeHBIIEHHBIM CUTHAJIOM (M B COOTBETCTBUU
co coopkoit NCBI 36/hgl8).

Hns Bepudukanum pe3ynbratoB MLPA B ciryuyasix BBISIB-
JIEHUSI MUKDPOJIEJELIMU B KOPOTKOM Ilieye XpoMocombl 11
(p13), sarparuBatouieit ren WTI, mpoBeneHa TapreTHas
dnyopecuentHas in situ tubpuamzauus (FISH) ¢ so-
kyc-crieuuuudeiM  JIHK-30onmom (LSP WT1). [Jluzaitn
JHK-30H1a ipeaycMaTpuBaeT HaIuuue KOHTPOJIBHOTO JIO-
Kyca (LE€HTPOMEPHbII pailoH XxpoMocoMbl 11), MeueHHOro
KOHTPACTHBIM IO OKpacKe (PIyopoxpoMoM, ISl OLIEHKHU 3] -
(bexTUBHOCTH TMOpPMAM3AIIUU, HA TPUILEHTPOMEPHBIN JIO-
Kyc, JokanuzoBaHHblii B permone llp (CENl1lp (FITC)
FISH Probe, FC0096, Abnova). s nposeaenust FISH uc-
nojab3oBancsa Habop FA0275 (Abnova, Taiwan).

Marepuanom nmna nposeaeHust FISH-uccnemoBanus
CITY>KWJIM TIpeTiapaThl U3 CYCTIEH3UN (PUKCUPOBAHHBIX HEKY-
JITUBUPOBAHHbBIX JIMMMOILMTOB Tiepudepruiyeckoil KpoBU
naueHToB (uHTepdasHas FISH). B kaxaoMm cete rudbpuau-
31y ObUTM MPOAHAIM3MPOBAaHbI KaK Iperaparbl malueH-
TOB, TaK M KOHTPOJIbHBIE TIperapaThl HeKyJIbTUBUPOBAHHBIX
JUMOOUUTOB, MOJYyYeHHblEe OT MalMEHTOB 0e3 nejeluu
WTI (case-control). Kak B ONBITHBIX, TaK U B KOHTPOJbHbIX
obpasuax ObLI0 MpoaHaIM3upoBaHO He MeHee 50 nHTepdas-
HBIX sIIep.

Pe3yabTaTnl

[TepBoHayasbHO, C 1IEJbIO MCCAEIOBATh TEHETUYECKYIO
reTeporeHHOCTh OOJIbHBIX BPOXIEHHON aHupunueii, 34 6o-
JLHBIM U3 27 HEpOICTBEHHBIX CeMeii ObUT TTPOBEAeH MOJie-
KYJISIpPHO-TeHETUYECKUIA aHaIn3, BKJIIOYABIIUIA TTOJTHOE CEK-
BEHMPOBAHUE BCEX KOAMPYIOIIMX 9K30HOB reHa PAX6 ¢ mo-
caenyominmM MLPA-ananu3oM. 21 601bHOM He MMEJ OTSTO-
IIEHHOTO CeMEHOro aHaMHe3a, B TO BpeMsl Kak 13 ocTaib-
HBIX UMEJTU TIOpaXkKeHHBIX YJIEHOB CEMbU IEPBOI U/WJIN BTO-
poii cTeneHu pojaCTBa.

[IpsiMmoe nByHaNpaBIeHHOE CEKBEHUPOBAHUE MTO3BOJINIIO
BBISIBUTh Te€HETHUYeCKMit nedekT B 67,6% (23/34) cnydaeB
BPOXIEHHON aHMPUAWK. BbIABIEHBI 15 pa3HBIX TOYKOBBIX
MyTalluii, B TOM Yuciie 7 He3aperuCTpUPOBAHHBIX T€HETHYE-
CKMX BapuMaHTOB, U 8§ M3BECTHBIX MyTaluii [21—28]. Brep-
BBIC BBISIBJICHBI: TISITh KOPOTKUX WHCEPLUN W/WIU OeJenit
(c.291_294dup4(CTTT),
¢.449_453del5(ACGGG)ins7(CCGGAACQ), ¢.760delA,
¢.879delC, c.1047_1050del4(CCAQG)), onHa MucceHCc-MyTa-
must ¢.19G>C, ogna HoHceHc-myTaums ¢.511C>T. Kpome
TOro, ObUTM UAEHTU(hUIIMPOBAHBI paHee OMUCAHHbIE MyTa-
LIMM: OjIHA MyTallMsl caiiTa cruiaiicuura (c.-128-2delA), onHa
mucceHc-myTtauust (¢.140A>G), nBe MHTPOHHBLIX MyTallKU
(c.141+4A>G, ¢.1032+6T>G), uyeTbipe pa3IUYHBIX HOH-
ceHc-myratmu — (¢.307C>T,  ¢.607C>T,  c.718C>T,
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¢.781C>T). Bce obHapy:XeHHBIE U TTOATBEPXKICHHBIE MyTa-
LIMM 3apeTUCTPUPOBAHBI B OTKPBITOM 6a3e MaHHBIX O MyTa-
musix yenoeka LOVD 3.0 (http://databases.lovd.nl/sha-
red/genes/PAX6). B omHoit ceMbe Y OMHOTO M3 pomMTENeit
0oOHapyXeH coMaTuueckuii Mozaniuam (>10%) mo myrauumn
¢.19G>C, accolMMpoOBaHHbIN C CYyOTUJIBHBIM MOpPaKeHUEM
pamyxku. Yactas U B ApYrux MOMYJISLUSX HOHCEHC-MyTa-
mus ¢.607C>T (p.Arg203*) BcTpeTUaach y TPOUX HEPOACT-
BEHHBIX OOJIbHBIX M3 TaHHOU BbIOOpKU. Hu omHa u3 Briep-
Bble OOHApYXEHHBIX MyTallMii He BCTPETUJAch B HAaHHBIX
MOJTHOOK30MHOTO ceKBeHUpoBaHus 60 706 HepOACTBEHHBIX
3M0POBBIX MHAMBUIOB M3 pas3HbIX monynsinuii Exome Aggre-
gation Consortium (ExAC) [29]. O6HapyxeHHbIe HEOOJIb-
1IMe BHYTPUTEHHBbIE M3MEHEHUSI paclpenesieHbl TI0 BCEMY
TeHy OTHOCUTEJIbHO PaBHOMEPHO.

B ocraBimxcs 11 ciyvasx (32,4%) HUKAK1X BHYTPUTEH-
HBIX MyTaluMidi He OOHapyxXeHOo. Y OTUX OOJBHBIX
MLPA-aHann30M BBISIBJICHBI TTPOTSKEHHBIE XPOMOCOMHBIE
JeJielinu, 3aXBaThiBaloIIMe JIOKYC reHa PAX6 u/vaum J10KyCh
coceqHUX reHoB. [ToydeHHBII B HACTOSIIIIEM UCCIIeIOBAaHUN
Ha POCCHIICKOI BHIOOPKE OOTBHBIX TIPOLIEHT AEIELINii HE OT-
JINYAeTCs OT JaHHBIX JIUTepatyphl [14].

Y nBoux OOJBHBIX C aHUPUAMEN OOHapyXXeHa JeJeLusl,
no KpaiiHeit mepe, 7500 T.m.H. (A), 3aTparuBarolasi reH
WTI. leneunst 6buta Bepuduimponana meronom FISH mo
XapaKTepHOMY MAaTTepHy TUOpUAM3AIUU — EIUHUIHOMY
CHUTHaJIy, COOTBETCTBYIOLIEMY JOKycY WT1 (pUCYHOK).

Y 3TUX NauueHTOB MPEANONIOXEH TUArHO3 CUHOPOM
WAGR ¢ pekoMeHIalusIMU IIOCTOSHHOTO HaOIIOIeHUs
Yy OHKOJIOTOB JI0 8§ JIET.

VY ocraapHBIX 9 MALIMEHTOB C OMATHO30M GPOJICOCHHAs
aHupuous BBISIBJICHBI IeNIelIMM  pa3MepoM OT 16 1o
2200 T.m.H. (tabmuua; neneunu B-G), 3aTparuBaioine pe-
ruoH 11p13. B nByx ciayyasix oOHapyKeHa CXOAHasl AesIelus
MPOTSKEHHOCTBIO OKOJIO 446 T.I1.H., 3aXBaThIBAIOLIAS JIOKY-
cbl TeHOB PAX6, ELP4 v DCDCI (tabnuua; neieuus D),
elle Y TPOUX HEPOJACTBEHHBIX MPOOAaHI0B OIpeiesicHa ese-
us yganeHHou 3’ yuc-peryisiTOpHOIl 00JIacTH, pacIiojio-
XeHHoit Ha ypoBHe reHoB ELP4u DCDCI. CornacHo noso-
JKEHUIO TIPo0, ITMHA AeJIeTUPOBAHHOTO YYacTKa B 3TOM CITy-
yae MoxeT BapbupoBath oT 500 1o 1000 T.1m.H. (Tabnuua; ae-
nenust C).

Taxk kak pe3yabTatel MLPA-aHanu3a Hy:XIaK0TCS B MO/~
TBEPXIECHUM IPYTMMM METOAaMM, ObLI TIPOBEACH aHaIu3
MOTEPU TETEPO3UTOTHOCTU B 6 JOCTYIHBIX CEMBSIX. YCTa-
HOBJIEHBI MTH(OPMAaTUBHBIC MAapKephl, TPOBEICH aHAIMU3 T10-
TepU TETEPO3UTOTHOCTH Y MPOOGAHJIOB 11O 3TUM JIOKyCaM, KO-
TOPBIH MO3BOJIUI TOATBEPAUTH OOHAPYXKEHHbIE OeJelnH, a
TaKXe B Psiie CTydaeB OTMPENETIUTD MPOUCXOXKICHIUE MYTaHT-
HOTO ajuiesis. B yeThipex ciyvasix U3 1ecTy onpeaeeHa mo-
Tepsl OTLIOBCKOTO aJuiessl.

Ha ocHoBe mMoJly4eHHBIX MOJIEKYJSIPHBIX NAHHBIX ObLI
pa3paboTaH MPOTOKOJI ISl AMATHOCTUKY BPOXKICHHON aHM-
PUINN.

PenpesenTatueHblii FISH aHanua nitepdasHbix aaep numooumtos nepudepuyeckoin kposu 6onbHoro 20.03 ¢ neneumein «B», 3aTparuBaroLLeil reHbl
¢ FSHB no WT1 del, no cpaBHEHWMIO C KOHTPOJbHBIM 06pa3LoM. 3oHA Ha reH WT1 MeyeH KpacHbIM KpacuTeNneM, 30HA, Ha NPULLEHTPOMEPHbIA PErmoH

11p MeyeH 3eneHbIM KpacuTenem:

A — FISH aHanu3 koHTponbHoro obpasua; b — FISH ananna nauperTa Ne20.03 (aeneumns «B»).
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1. JleranbHOoe 0(TAaTLMOJIOTUYECKOE U MEIUKO-TeHETH~
yeckoe 00cieloBaHKe MallMeHTa U BCeil ero ceMbU BpauyaMu
0(TAILMOJIOTOM M T€HETUKOM C 1I€JIbl0 MTOCTAHOBKM Tep-
BUYHOTO KJIMHUYECKOTO JMarHo3a C YY4eTOM BO3MOXHOI
CHH/IPOMAJIBHOM TaTOJIOTUM.

2. TloarBepxknarolasi MOJICKYJISIpHAsi JIMarHOCTHKA,
BKJIIOYAIOIIIAsT CIIEAYIOIINE DTarlbl:

® KapUOTUMUPOBAHUE TPOOAHIOB IS HUCKIIOUYEHMS
CHHIPOMAJILHOM TIaTOJIOTUN U IPYOBIX XPOMOCOMHBIX Hapy-
LLICHUIA.

® [pOBe/ICHUE aHajiM3a KOMWHHOCTU T€HOB B JIOKYCE
11p13 nyremM peakuMM JUTra303aBUCUMON aMIUTU(UKALIUU
30H10B (MLPA-ananms).

® [Ipy OGHAPYKEHUW KPYITHBIX JAETCLMiA, TSl Bajuma-
LIUU BBITIOJTHSIETCS] TEHOTUITMPOBAHME OTSITOLLIEHHBIX CeMei
M0 HECKOJbKUM MUKPOCATE/UIMTHBIM MapKepaM XpoMOCO-
Mbl 11. B ciryyasix oOHapykKeHUsl KpYyIHBIX IeJIeLni, 3aTpa-
ruBatomux reH WTI, nmpoBoautcs (pyopecleHTHAs in Situ
rubpuausanusi FISH ¢ 3oHmom, creunduyHbBIM K TeHY
WTI, nns BaluaallMu TeMU3UTOTHOTO COCTOSIHMSI JIOKYycCa
y npobaHga. Y Takux MalyeHTOB IpeanoaraeTcsl MarHo3
WAGR-cunmpoma n gaiorcs peKOMEHIALMY MOCTOSIHHOTO
HaOJII0IeHUsT Y OHKOJIoTa J10 8 JIeT.

® [IPU OTCYTCTBUU KPYIHBIX CTPYKTYPHBIX U3MEHEHU
nokyca 11p13 y npobaHaa, NpsiMbIM CEKBEHUPOBAHUEM 10
CoHrepy OINpeAeNsioTcsl TOYKOBbIE WM3MEHEHMSI TeHa
PAXe6.

® [IPOBOJIUTCSI TIOATBEPKACHNE MATOTEeHHOCTU BITEPBbIC
HailJIeHHbIX BHYTPUT€HHbIX MyTauuii B reHe PAX6 c mo-
MOIIIbIO AHAM3UPYIOLIMX MPeacKa3aTeNbHbIX IPOrpamMM,
JMaHHBIX 00 OTCYTCTBUM 3TOTO U3MEHEHHS B BBIOOPKE 3710pO-
BBIX JIIOJIEH M/WJW Y 30POBBIX YJIEHOB CEMbU.

® OIPENENSIIOTCSI MyTallui y OOJIbHBIX UYJICHOB CEMbU
npobaHja, ecliM MMeeTcsl ceMmeiiHast ucTtopusi. B ciyuae,
KOTJIa OYeBMIHOIN MCTOPUYU HET, HEOOXOIMMO TMOATBEPAUTD
cTaTyc MyTalluu de novo M0oKa3aTedbCTBOM OTCYTCTBUS MY-
TauMu rpodaHga y ponureneit. Ha 3Tom e 3tame mpoBo-
JIUTCSl aHaIU3 BO3MOXKHOTO COMAaTMUYECKOro MO3aulu3Ma
y pOOouTENICH.

® [Ip1 OTCYTCTBUM MATOTEHHBIX MyTaluii B Jokyce 11pl3
BO3MOXEH [NANBHEMIIMI MOUCK HapyLEHUHd B reHax
B3GALTL, BMP4, CYPIBI, FOXCI, FOXE3, OTX2, PITX2,
PITX3, SOX2, VSX2 (CHX10), KoTOpbIe aCCOIMNPOBAHLI CO
CXOXUMHU (PEeHOTUTIAMU B HU3KOM IpoLIeHTe ciyyaeB (4%)
[30].

OO6cyxnenue

B pesynbTarte npoBeAeHHOrO MCCIEA0BAHUS OIpeaesieH
criekTp Mmyrtauuit B reHe PAX6 Ha BbIOOpKE POCCHICKHX
00bHBIX. OOHApYKeHbl HEKOTOPHhIE XapaKTepHbIE ISl pOC-
CUICKOM TIOTYJISILIMKM 0COOeHHOCTH. B criekTpe sicHO ompe-
JEJINIIOCh CMEILIEHWE B CTOPOHY KPYITHBIX JIeJIeIIUiA U MyTa-
LIMiA, MPUBOMSILIMX K CIBUTY PAMKHU CUMUTBhIBaHMs. YacTo mo-
SIBJISIIONIMECS B JIPYrUMX TOMYJSLMSIX MUCCEHC-MyTaluu
BCTPETWINCH JIUNIb Y TIATH TAllMEeHTOB, B TOM YUCIIE B IBYX
ceMeiHBIX ciydasix. Obe MyTaluu B CEMEMHBIX CyJasix 3a-
TparuBaloT MapHbii noMeH. B obcienoBaHHOl BbIOOpKE
OOJIbHBIX aHUPUIWEN BBISBACHBI HE BCTpeUyaBIIMeCs B APY-
THX TTOMYJISIIUSIX HEOObIINe MeIeIUU U MHCEPLIMK, TIPUBO-
ISIIIME K COBUTY OTKPBITOM paMKHU CYMTHIBAHUS U BO3HUK-
HOBEHHUIO MPEXIEBPEMEHHOTO CTOM-KOAOHA. i1 maHHOM
BBIOOPKM XapaKTepHO OOJbIIOE KOJMYECTBO CHOpagudye-
CKUX CTydyaeB aHUPUANM, & CPEId HUX — CIy4aeB, aCCOIMU-
POBaHHBIX C TEHOMHBIMU JiefenusiMu. YacTtora BecTpeyaeMo-
CTH JleJIellny yAaJeHHOM yuc-peryasiTopHoil obiacTu, pac-
MOJIOKEHHOM Ha ypoBHe reHoB ELP4wn DCDCI1 (mpuMepHO
200 1.1.H. oT reHa PAX6) 1 ocTaBisIOLIEH MHTAKTHOM KOIU-
pyolyio obracth camoro reHa PAX6 (3/34), muKTyeT He0O-
XOIMMOCTb BKJIIOUEHUST UCCEOBaHMS 9TOTO PerMoHa B py-
TUHHBIA MOJIEKYJISIPHO-TEHETUYECKUI aHAIM3 BPOXKIACHHOM
aHMpUANM. B omHOI ceMbe OMH U3 pOAUTENIel MMeT MO3a-
WIU3M T10 MYTalluu, TiepeJaHHO MpoOaHIy.

YuutbiBasi 0OHApYy:KEHHYIO I€TepOreHHOCTb M 3HAYl-
TEJIBHBIN KITMHUYEeCKUI TTOTMMOPGHU3M pa3TMYHbBIX HO30JI0-
ru4eckrx hopM, aCCOUMMPOBAHHBIX C AaHUPUIIMEH, a TAKXKe
BBICOKYIO BEPOSITHOCTb pa3BUTUSI omyxonu Buibmca (6osee
50% criopagruecKux CIydaeB), IPU COCTABICHUU AJTOPUT-

Tabmuya

O6HapyxeHHble geneunu pervonHa 11pi13

MauneHt O603HayeHne | FeHOMHbIE KoOpAMHATLI B | [pnbnuantensHas BoBrneyeHHble reHbl
cooTBeTcTBUM € hg18 anvHa (4aCTUYHBIN CNUCOK)
52.03 07.03 (WAGR) A 27 636 398-35 117 389 ~7,5 MJH N.H. BNDF-FSHB-DCDC1-ELP4-PAX6-
RCN1-WT1-HIPK3-LMO2-EHF-CD44
20.03 B 30 210 128-32 413 841 ~2,2 MJIH M.H. FSHB-DCDC-ELP4-PAX6-RCN-WT1
09.03, 02.12, 30.0k C 30 675 524-31 628 232 ~1 MJIH M.H. DCDC1-ELP4 exon9 (xogmpytoLias
yacTb reHa PAX6 He 3aTpoHyTa)
04.14 48.03 D 31 347 785-31 794031 ~0,4 MIH M.H. DCDC1exon1-ELP4-PAX6 intron1
07.17 E 31 628 232-32 413 841 ~0,8 MAH M.H. ELP4exon 9-PAX6-RCN1-WTT1 exon 1
36.03 F 31778 912-32 208 363 ~0,4 MAH M.H. PAX6 exon9-RCN1
57.0k G 31778 912-31 794 631 ~16 T.M.H. PAXG6 intron 1- PAX6 exon 9
KoopauHatel PAX6: 31,762,916-31,789,477 (hg18)
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Ma IMarHOCTMKM aHUPUAMM HEOOXOAMMO TPUHUMATh BO
BHUMaHUE Psii 0COOEHHOCTEN.

ITpu HanM4YUM MOpakeHHBIX POAUTENEi, AeJelus re-
HOB WTI1u PAX6 penxo sIBASETCSI TEHETUYECKOM MPUUK-
HOW aHUPUIUU (XOTsI HECKOJIbKO CeMEMHBIX Cy4aeB CUH-
npoma WAGR 3apeructpupoBanbl). Ecnu y manueHra
¢ anupuaueit onpeaeneHa WAGR-genenus, y Hero pe3ko
BO3pacTaeT pUCK pa3BUTHs omyxonu Buiabmca. Ecnu 06-
JlacTh AejielMu He 3axBarbiBaeT reH WTI, nanbHeiilee
omnpejefeHre BHYTPUTeHHbIX MyTaliuii B reHe PAX6 B Ka-
YyecTBe MPUUUH «@HUPUAUNHOTO» KIMHUYECKOTOo (heHOTH-
1a CTAHOBUTCSI MeHee 6e30TaraTeJbHbIM, XOTS U MPOsIC-
HSIET TEHETUYECKOEe KOHCYJIbTUPOBAHUE B OTSITOLIEHHBIX
cembsix [12]. Beicokas yactora cropaiuuyecKux KpYIHbIX
neneuuii pernoHa 11pl3, a takxke HeoOXOAUMOCTh AUD-
depeHIUaNbHON auarHocTuku ¢ cuHapomoM WAGR
OIpeesISIIOT HeoOXonuMocTh TipoBeaeHuss MLPA-ananu-
33 Ha MEpPBOHAYAJIbHOM 3Tane NUarHOCTUYECKOTO ajro-
puT™Ma.

OpHako B J1I000OM Cilydyae OOHapy:KeHHBIE KPYITHBIE [Ie-
JIEUUM HEOOXOAMMO TOATBEPXIaTh albTePHATUBHBIMU Me-
tonamu. [Ipu oOHapyxxeHuu neneuuu peruoHa 11pl3, 3a-
XBaTbIBalolIUii reH W11, mpoBOIUTCS MPSIMOE MOATBEPKIe-
HUE CHHIpOMa METOmOM JIoKyc-crmenuguunoin FISH.
B ocTanbHbIX ciydasix pazpaboTaHHasl TTaHeJIb MUKpOCcaTei-
JINTHBIX JIOKYCOB TIO3BOJISIET OIPENEIUTh MOTEPIO Y TPOOaH-
Jla MapKepoB OJHOTO W3 POAMTENEei, NPYTMMU CJIOBaMU
ONPEeAETUTh TTOTEPIO TETEPO3UTOTHOCTH TT0 JIOKYCaM MUKPO-
CaTeJIJIMTHBIX TTOBTOPOB, CIIETUIEHHBIX C OOHAPYKEHHOM Je-
Jermet XxpoMocomsal 11.

M3-3a BBICOKOIT YaCTOThI MyTalluii de novo U BCTpeuaro-
LIETOCS] COMaTUYECKOro MO3auIM3Ma 1o MaTOTeHHOM MyTa-
MK B reHe PAX6 oyeHb BaxkKHYIO pOJIb UTpaeT BHUMATEIb-
HOE U3YyYEHUE CEMEWHOW MCTOPUMU, IOMOJHUTEIBbHOE KIIU-
HMYECKOe 00caeoBaHUE POIUTENEi U BbISICHEHUE UX TeHe-
TUYECKOTO cTaTyca, OT KOTOPOTO 3aBUCUT PUCK MTOBTOPHOTO
poxpaeHust 601bHOTO pedbeHka B ceMmbe. Eciu y omHoro us
poauTeeil ecTh U30JIMPOBAHHAS aHUPUAUS (axke ¢ MUHU-
MaJbHBIMU KJIMHUYECKMMU MPOSIBICHUSIMU, B BUIIE AUCTLIA-
3UM PaLyXKH), puck coctapiser 50%. Eciau ponurenu 310-
POBBI, C Y4ETOM BO3MOXHOTO TOHATHOTO MO3aUIIM3Ma, PUCK
pPacCUYMTHIBAETCSI MHAWBUYATbHO, C YYETOM POJIOCIOBHOM U
JOJIM MO3aWYHBIX KJIETOK, OH HEMHOTO BBILIE CPEIHEro
B TIOTYJISILIUM.

WnenTudukanums MaTOTeHHBIX HM3MEHEHUN KOAMPYIO-
el TTOCIeI0BaTeIbHOCTU WU JeJIellM JJoKyca reHa PAX6
MOATBEPXKIAET TUArHO3 M30JMPOBAHHON aHUPUAMM, OMpe-
neJeHue nejieliny o01acTu, 3axBaTbiBatolieii PAX6 u WTI
npeanonaraet nuarHo3 WAGR (151 Takoro 60J15HOTO pe3Ko
BO3pAcTaeT PUCK Pa3BUTHS OIYyXOJIU TMOYKH).

BoiBoapl

MonekynsapHblii aHaIM3 TPUALIATH YEThIpeX MallMeHTOB
C BPOXIEHHOW aHWPUIMEN TO3BOJIMI OMPEAETUTh CIEKTP
MyTaluii B reHe PAX6 n B pernone 11pl3 B poccuiickoii mo-

nyssiu. Kpome Toro, 66110 onpenesaeHo, YyTo ABa MalueHTa
MMEIOT TIPOTSDKEHHYIO Jesielinio peruoHa 11pl3, 3arparusa-
o1ryto reH WT1, 4To mo3BOJIMIIO MPEATOI0KUTEIbHO MOCTa-
BUTb UM 1UarHo3 curdpom WAGR. BbisiBIeHbI TEHETUUECKUE
OCOOCHHOCTU POCCHICKMX OOJIbHBIX C BPOXKICHHON aHUPU-
JIMeii: BbICOKAsl yacTtoTa ciydyaeB 0e3 CeMeHHOM MCTOpuH,
KPYIHBIX Aejenuii pernoHa 11pl3, OTHOCHUTENIBHO HU3Kask
4yacToTa pPaclpoOCTPaHEHHBIX B JPYIMX TOIMYJISIIUSIX HOH-
ceHc-myTtauuid. C ydeToM 0cOOEHHOCTEl CIeKTpa MyTaluii u
3apy0OesKHOTO OIbITa pa3padoTaH MPOTOKOJ AMArHOCTUKM Ofl-
Horo u3 BIIP rmaza — anupuauu.
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Study of genetics and design of the test-system for diagnosis
of eye anterior chamber hereditary disorders: the case of congenital aniridia

Vasilyeva T.A.", Khlebnikova 0.V.'!, Marakhonov A.V."2, Petrova N.V.',
Voskresenskaya A.A.3, Pozdeyeva N.A.3, Krynskaya I.A.", Kozlova Yu.0.',
Ryadninskaya N.V.!, Chukrova A.L.", Shilova N.V.!, Zinchenko R.A."*

! — Federal State Budgetary Institution «Research Center for Medical Genetics, Moscow
2 — Moscow Institute of Physics and Technology (State University), Moscow
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— Cheboksary branch of S. Fyodorov Eye Microsurgery Federal State Institution, Cheboksary

4 _ Pirogov Russian National Research Medical University, Moscow

Importance. Congenital malformations are the main cause of disability in infancy. Aniridia (OMIM # 106210) is a severe autosomal
dominant congenital disorder. Aniridia is mainly associated with pathogenic variants in the PAX6 gene. Objective. To investigate the
mutational and clinical spectra of congenital aniridia in a cohort of Russian patients. To make a design of a protocol for diagnosis of
congenital aniridia. Design, Setting and Participants. 34 patients with congenital aniridia from 27 unrelated families were analysed.
DNA-diagnosis included sequencing of all coding exons of PAX6 gene as well as analysis of large 11p13 region deletions. Results. 22
sporadic and 12 familial cases of congenital aniridia patients underwent detailed ophthalmic examination and molecular diagnosis.
Large 11p13 deletion affecting PAX6 and WTT genes was identified in two patients, therefore they were diagnosed with WAGR syn-
drome. Molecular analysis involved Sanger sequencing of all PAX6 exons, as well as Multiplex Ligation-dependent Probe Amplification
(MLPA), Loss Of Heterozygosity (LOH) assays and FISH analysis. Small intragenic mutations in PAX6 gene were identified in 23 pa-
tients including 7 novel and 8 different previously reported changes. Large deletions were found in the remaining 11 patients. This al-
lowed designing the protocol for congenital aniridia diagnosis. Conclusions and Relevance. Mutation detection rate is 100% in the
current study. The protocol for diagnosis of congenital aniridia was designed on the basis of genetic peculiarities in Russian aniridia
patients.

Key words: medical genetics, hereditary diseases, the organ of vision, aniridia, WAGR syndrome, a test system, major chromo-
somal aberrations, copy number variations, FISH analysis, loss of heterozygosity analysis, mutations
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