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Momusayus u yeav: Hammm KoiieraMu Ui KOHCYJIBTAMHA M METUKO-TEHETHYECKOTO
WCCIIeIOBaHUS OBLT HATIPaBJIeH MAUEHT (JIeBoYKa 16 J1eT) ¢ TuieBhIMHI TUMOphHU3MaMH,
3aJep)KKOM  pa3BUTHA, AyTHCTHUCCKUMHM YepTaMH M TYroyxocThio. Cxoxue
KIMHAYECKHE TPOsIBIICHUsT OOHApYXeHbl y ee OpaTa W oTua. B pesynbrare reHeTH-
Y4eCKOro uccienoBanus Obiia oOHapyxkena nmenerms 95 Kb 2p2l (chr2:45187369-
45282639, GRCh37), sarparuBaromast Toabko reH SIX2. M3BecTHO, YTO HJICHBI
CceMeliCTBa TPaHCKPUIIMOHHBIX (hakTopoB SIX ydacTBYIOT B 3MOpPHOHAIEHOM
MopdoreHese uepena U MmoveyHor cucteMbl. ['eH SIX2 mupoko skcmpeccupyercs y
IUI0/1a B KOHIIE NEPBOr0 TPUMECTPa, B TOM 4YHCJIE B KOHEUHOCTSX, CPEAHEM YyX€ U
MOYKaX, HO €ro SKCIpPECCHs MPOUCXOAUT B OTPAaHMYCHHOM JWamna3oHe TKaHed Yy
B3pocibiX. M3BecTHO, uTo MyTanuu SIX2 y denoBeka MPUBOAAT K CUHAPOMY JOOHO-
HOCOBOI1 tuciuiasuu [1] 1 mopokaM pa3BUTHS KOCTOUEK BEPXHETO BEKa M CPEIHETO yXa,
YTO MPUBOIMT K MOTEpe cinyxa [2], Habmromaemoii y manuenta. Ha maHHbIi MOMEHT He
nmoka3zaHo ydactue SIX2 B pa3BUTHHM TOJIOBHOTO MO3Ta, YTO MOTJIO Obl OOBSICHUTH
ONHCAaHHYIO 3aJepKKy MEHTaJbHOro pa3BUTHA. OAHAKO TOJO00HBIE HAPYIIECHUS
OTIHCAaHHKI I Apyroro reHa — SIX3, pacmonokeHHOro B TOM e JIOKyce, uTo U SIX2, Ha
paccrosauu 14 T.11.0. oT Tpanu aenenuu. SIX3 — GaxkTop TPaHCKPHIINH, KOTOPBIH
YYacTBYET B Pa3BUTHS TJa3, HOCA, KEHCKOH PENpOJYKTUBHON CHCTEMBI U TEPETHETO
Mo3sra. Paznnunele Hapymenusi reHa SIX3 npuBOAT K TSDKEIOMY MOPOKY PasBUTHSA
royioBHoro mosra — rosonpossuiedamun [3]. Jlokyc SIX2/SIX3 ¢ Touku 3peHus
TPEXMEPHOHN OpraHU3alMy XpPOMATHHA COCTOUT U3 JIBYX JOMEHOB, IpU4eM TeHbl SIX2
u SIX3 nexart B pa3Hbix foMeHax. OOHapyKeHHas y IallMeHTa JeJIeLHsl 3aTparuBaeT He
TONBKO e’ SIX2, HO M rpaHully, pa3AessioILyo 3TH JOMEHbl. MBI penosaraeM, 4To
Jenenysi, OOHapyXEHHas y TMAalUeHTOB, MOXET TNPHUBOAWTh K H3MCHEHHIO
MPOCTPAHCTBEHHOW OpraHu3aluy okpyxaromero ydactka JJHK, uto B cBOlo ouepenb
MOJKET BBI3BAaTh HapylIEHHE peryisauuu rera SIX3. JlonmomHuTenbHbIE UCCIEOBAHUS,
BKIIOYAsi aHaJ3 IPOCTPAHCTBEHHOM OpraHM3alliil JaHHOTO JIOKyca B KIJIETKax
MAIMEHTOB U aHaju3 3Kcipeccuu reHoB SIX2 u SIX3, MoryTt aath JOMOJHUTEILHYIO
MOJIEPAKKY 3TOW THIIOTE3E.

Memoowr u ancopummsi. Ilockonbky skcnpeccus reHa SIX3 HeoOxoamma Ha caMbIX
paHHUX DdTanax pa3BUTHUS HEPBHOW CHCTEMBI IS TPABHIBLHOTO (OPMHUPOBAHUS
nepexHero Mosra [4], B kadyecTBe 1eJIeBOH MOMYJISIMU KIETOK, Ha KOTOPOW MBI Oynem
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oneHUBaTh 3P PeKThl XPOMOCOMHOM TEPECTPOHKH JAaHHOTO JIOKYCa, MBI HCIIOIB3yeM
KJICTKM HEeHpaJIbHBIX TPEIIIECTBEHHUKOB. Ha mepBoM 3Tarne Mbl IJIaHUPYEeM MOJTYYUTh
WHIYIIUPOBAaHHbIC IUIFOPUIIOTCHTHBIC CTBOJIOBBIE KJICTKH W3 TNepUPEPUIECKUX
MOHOHYKJICAPOB KPOBU TAIMEHTOB, a 3areM aud@epeHrpoBaTh UX B KICTKH
HeWpaJbHBIX TPEIIICCTBEHHUKOB 10 mnporokony Muratore et al. [5]. B kierkax
MAIMEHTOB ¥ 3I0POBBIX KOHTPOJIEH MBI INIAHUPYEM OIICHUTH dKCIpecchto reHa SIX3.
Pesynomamer: Mbl nonyuunu u npoananusupoBanu gaHHele PHK-cekBeHupoBanus B
Tpex obpasuax ¢ genenueid reHa SIX2 u geBaru obpasnax HOpMBL. bputa mokazaHa
JIOCTOBEPHAsT KOppeMAIus Mexny 3kcnpeccuer reHoB SIX2 u SIX3. Tak, Bo Bcex
oOpasuax ¢ aeaenuert SIX2 axcapeccust SIX3 3HAYUTEIBHO MMOBBIIIANIACE.

Buigoowi: B kineTkax HeWpaJbHBIX MPEAIIECTBEHHUKOB OblIa MOKa3aHa KOPPENSLus
Mexay oakcnpeccuedt reHa SIX2 wm SIX3: pmenenms rena SIX2 mpuBoaur K
3HAYHUTENILHOMY TIOBBIIICHHIO dKcTIpeccuu rera SIX3.

Qunancuposanue. Uccnenopanne noaaep:xano rpanrom PH® 22-14-00247.
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Motivation and Aim: Our colleagues for consultation and medical genetic research
referred a patient (a 16-year-old girl) with facial dimorphisms, developmental delay,
autistic traits and hearing loss. Her brother and father had similar clinical manifestations.
A genetic study revealed a deletion of 95 KB 2p21 (chr2:45187369-45282639, GRCh37)
affecting only the S1X2 gene. It is known that members of the SIX family of transcription
factors are involved in the embryonic morphogenesis of the skull and renal system. The
SIX2 gene is widely expressed in the fetus at the end of the first trimester, including in
the extremities, middle ear and kidneys, but its expression occurs in a limited range of
tissues in adults. Currently, SIX2 mutations in humans have been shown to lead to frontal
nasal dysplasia syndrome [1] and malformations of the bones of the upper eyelid and
middle ear, which leads to hearing loss [2] observed in the patient. The participation of
SIX2 in the development of the brain has not been shown and gene deletion could not
explain the described delay in mental development. However, similar disorders have
been described for another gene, SIX3, located at the same locus as SIX2 at a distance
of 14 bp from the boundaries of the deletion. SIX3 is a transcription factor that is
involved in the development of the eyes, nose, female reproductive system and forebrain.
Various disorders of the SIX3 gene lead to severe brain malformation —
holoprosencephaly [3]. From the point of view of the three-dimensional organization of
chromatin, the SIX2/SIX3 locus consists of two domains, with the SIX2 and SIX3 genes
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lying in different domains. The deletion detected in the patient affects not only the S1X2
gene, but also the boundary separating these domains. We suggest that the deletion found
in patients may lead to a change in the spatial organization of the surrounding DNA
region, which in turn may cause a violation of the regulation of the SIX3 gene.
Additional studies, including analysis of the spatial organization of this locus in patients'
cells and analysis of the expression of genes SIX2 and SIX3, may provide additional
support for this hypothesis.

Methods and Algorithms: Since the expression of the SIX3 gene is necessary at the
earliest stages of the development of the nervous system for the proper formation of the
forebrain [4], we use neural progenitor cells as the target cell population on which we
will evaluate the effects of chromosomal rearrangement of this locus. At the first stage,
we plan to obtain induced pluripotent stem cells from peripheral mononuclear blood of
patients, and then differentiate them into neural progenitor cells according to the protocol
Muratore et al. [5]. In the cells of patients and healthy controls, we plan to evaluate the
expression of the SIX3 gene.

Results: We obtained and analyzed RNA sequencing data in three SIX2 gene deletion
samples and 9 normal samples. A significant correlation was shown between the
expression of the SIX2 and SIX3 genes: in all samples with the SIX2 deletion, the
expression of SIX3 was significantly increased.

Conclusion: A correlation between the expression of the SIX2 and SIX3 gene was shown
in neural progenitor cells: deletion of the SIX2 gene leads to a significant increase in the
expression of the SIX3 gene.

Funding: The Russian Science Foundation supported the study (No. 22-14-00247).
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