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R2'? B IJMATHOCTHUKE U TEPATINHA

O6aacTh TEXHHKH, K KOTOPO# OTHOCHTCS H300peTeHne
Hactosmee  u3oOperenne  obecnedMBaeT  HOBHIE  TI'€HBl,  IOAJAEP)KUBAIOIIKE
pa3BUTHE/COXpaHEHHE TOHKOH TPEeXMEpPHOM apXUTEKTYpHl JIETKHX, @ TaKK€ MEIHMKAMEHTHl U

KOMITIO3MIMH IJIs JICYCHUSA 3a00JIeBaHHil W/UIM COCTOSTHUH JIETKHUX.

IIpenmecTBy0IHUi YPOBEHb TEXHUKH

OKkcmpeccusi reHOB  npoMexyrouHoro ¢miameHta (Krt6), EDC  (kommiekca
snuaepmansHoil nuddepenurpoBkr) 1 SCC (reHHOro KoMIulekca OElKOB, CEKPETHPYEMBIX
MHOTOCIIOWHBIM 3mUTeNHeM) obecreyuBaeT BBDKMBAHME KIETOK B  HEOJIAronpusTHOM
OKpY>XE€HHH. OTOT NPOGHIb IKCIPECCUH MPHUBOIUT K IUIOCKOKJIETOYHOH TU(PEepeHIIHPOBKE, U
ABJISETCS IPU3HAKOM SIHUTEIHANBHBIX KIETOK KOXHU. ABTOpH! U300peTEeHNs YCTaHOBMIIY, YTO 3Ta
IporpaMMa TpPaHCKPHIILIMM TaKKe SBISETCS JXU3HEHHO BAXHOH 1 NOpabOTKU JIeroyHOH
apXUTEKTYphl (MO3JHEr0 MOp(OreHe3a BETBIICHHUS): KIETKaM B JUCTAIBHBIX BO3LYyXOHOCHBIX
OYTAX M KPOBEHOCHBIX COCyJaX HYXHO NPHOOPECTH IUIOCKYH0 (OpMy H MEXaHHYECKYIO
ru6KOCTh B cpene, 6oraroi kucnopoaoM. benku, kogupyeMble rpynmnoi reHoB MPOMEXyTOYHOTO
¢miamenra u cBsa3aHHbBIX reHoB EDC m SCC, obecneunBaroT 3ToT THIT (OPMBI ¥ THOKOCTH
KJIEeTOK. B TO e camoe BpeMms, JIErKUM HEOOXOAUMO MOANEP>KUBATh KIETKU-TIPEIIIEeCTBEHHUKH,
crniocobHble Iub¢epeHIUPOBaTECS B KIETKH, CIOCOOHBIE K CHHTE3Y TakuX OeNKoB. OTH
NpEeAIECTBEHHUKH WIKM 0a3ajbHble KIETKH TUIHMYHO SKCHPECCUPYIOT I'eH IIPOMEXYTOYHOTO
¢unamenra Krtl4.

Jlerkue nojBEpraloTCs CHIBHOMY BO3ICHCTBHIO MEXAHMYECKOTO M OKHCIHMTEIHHOTO
cTpecca, M B O3TOM OTHOWIEHMH nOHOOHEI Koxe. IlporpamMma IUIOCKOKJIETOYHOIM
i depeHIUpOBKH, KaK YIIOMSHYTO BHIIIE, SIBISECTCS NEPBUYHON JHHMEH 3amuthl. Kierky,
BBICTHJIAIOIIME JAUCTAJBHBIE BO3LYXOHOCHBIC ITyTH M KPOBEHOCHBIE COCYHBI JIETKHX, JOJKHBI
BBIIEPXKHUBATh 3TOT CTPECC, M HYXKIAIOTCS B 3aMEHE B Cllydae KICTOYHOH T'MOeIM ¢ MOMOINBIO
myJia KJIE€TOK-IIPEIIIECTBEHHUKOB.

ITpu HapyIIEHHH 3TOM CHCTEMBI BO3HHKAIOT /IBa BU/a IATOJIOTUH YEIOBEKa.

1. Bponxoneroynas aucmnasus (BJI/I): nerkue HeXOHOIIEHHEIX HOBOPOXXKIEHHBIX 0C060
BOCIIPUMMYMBEl K IIOBPEXKIECHHIO JIETKUX, TAKOMY KaKk MeXaHHW4eckuit crpecc. Kpome Toro,
JIETKUE HEJOHOLIEHHBIX HOBOPOXAEHHEIX, IEPEHECIINX TOBPEXKIAECHHUE JIETKUX, YaCTO 3a)KHUBAIOT
C CylLIecTBeHHBIM pyOueBaHueM wiud OponxoneroyHod aucrasueit (BJIJ]). Takue nerkue

06HaIIaIOT OIrpaHH4€HHBIM HJIM HEAOPA3BUTHIM PETCHCPATUBHEIM ITOTCHIIUATIOM.
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2. Xpouunyeckas obcrpykruBHas Goses3Hs jerkux (XOBJI): nerkue B3pocnbiX GONBHBIX
XOBJI mo Bceill BUOUMOCTH HEANeKBAaTHO OTBEYAlOT Ha BPEIOHOCHBIE CTHMYJIbI, TAKHE Kak
Kypenue. X0oTs OHHM pasBHBAIOT Oapbep MPOTHB 3THUX CTUMYJIOB, OTCYTCTBHE PETCHEPATHBHBIX
criocoGHOCTEl B cilydae rH0en KIeTOK BeAeT K AedhopMaliy JErOYHBIX BO3AYXOHOCHEIX Iy TeH
¥ KpoBeHOCHBIX cocynoB. Kak BJIJI, Tak 1 XOBJI npuBoAsAT K 3HAUMTENBHOH 3a00€BAEMOCTH U

CMEPTHOCTH.

H3znoxeHne CymiHOCTH H300peTeHnst

Hacrosimee wu3oOpereHHe OCHOBAaHO Ha OOHApy»XEHHMHM TOrO, YTO JBa I€HAa HIPaloT
BaXHBIE PONM B Pa3BUTHM TKaHed M Ouonorum paka. B 4acTHOCTH, aBTOPHI HACTOSLIETO
M300pETEHHsT OTKPHUIM, YTO 3TH JABa I'€Ha SKCIIPECCHUPYIOTCSA B KIETKAX JETKMX W HEOOXOIMMEL
I mo3gHero  MopdoreHesa  JITOYHOTO JOHMTENUS M OHJIOTENMsS, M IOIICPKKH
Pa3BUTHA/COXPAHEHHUS TOHKOW TPEXMEPHON apXUTEKTYpHl JErkux. OTH IeHbl HEOOXOIUMEI B
HporpamMme IUIOCKOKIETOYHOM qubdepeHIIMPOBKY, X B pa3BUTHH/COXPaHEHHH KIETOYHOTO IIyJia
IpeAlIeCTBEHHUKOB (dKcmpeccupyrommx Krtl4). Jlanee, aBTOpsl HACTOSIIETO H300peTEHMS
YCTaHOBWIM KPHUTHYECKHE DPOJIM 3THX T'eHOB B OHOJIOTMM Daka, B YaCTHOCTH B IIpOlEccax,
CBA3AHHEIX ¢ MNpHOOpeTeHHeM OecCMEepTHOro M MeTacTarudeckoro QeHoTuna (BKIOYaAs
IPOrpecCHPOBaHUE U METacTa3HpOBaHUE paka), ¥ Pa3BUTUH CEpALa.

ABTOpBl HACTOSIIETO H300PETEHHUs] ONPEACTHIN IOCIeI0BaTeAbHOCTH MBIIMHBIX H
yeoBed4ecKuXx (opM 3TuX reHoB. C y4€TOM HX KOOPAMHUPOBAHHOM 3KCIPECCHM U QYHKLHUH B
Ka4yeCTBE pErcHepaTHBHBIX TIE€HOB I PECIHPATOPHBIX KIETOK, aBTOPHI H300peTeHus
oGo3uaummi 3ty rensl kak R2R! u R2R%. Jlnst mpoCTOTEI, B ZAHHOM OIMCAHHH TIPHMEHEHHE
TEpMHHA «R2R"?» IpeIHa3HaYeHo A1 0003HaYeHUs 6ojee JIMHHOIO BBIPaXKCHUS «R2R! w/unn
R2R?».

COOTBETCTBEHHO, HEOGXOAMUMO IIOHSITh, YTO cchllkM Ha R2R' oxsatsiBatoT Bee (hopMbl
STHX T'€HOB y MIICKOIMTAIOINMX, BKJIIOYas, HalpUMep, GOpMBl YelloBeKa M I'PBI3YHOB (MBIIIH,
KpOJIMKa, MOPCKOH CBHMHKH, KpBICBI, U T.A.). [amee, B pgobaBieHHEe K 0XBaTy BCEX
nocnexosatensHocTei renos R2R! w/mm R2R2, HEOOXOMMO ITOHATH, YTO 3TH 0003HAYEHHUS
TAKX€e OXBAaTHIBAIOT ()ParMeHTHI, YaCTH, MYTAHTHI, MPOU3BOJHBIE W/UIM TOMOJIOTH/OPTOJIOTH
M060r0 U3 3THX IeHOB, ONMCAHHBIX 31€Ch. B 3TOM OTHOIIEHUH, HEOOXOAUMO INOHSATH, YTO
TEPMUH «R2R'» oxBaTBBaeT MBINIMHYIO IIOCTENOBATENLHOCTh, KOAMpOBaHHYI0 KJIHK
IIOCIE0BATENEHOCTAMH, 0003HaueHHBIMH Kak 2200001115Rik wiu RIKEN x/IHK 2200001115,
a TakKe CEMb YEJOBEUYECKHX I'OMOJIOroB, 00o3HaueHHBEIX kak FAM25A, FAM25B, FAM25C,
FAM25D, FAM25E, FAM25G u FAM25HP.

Kpowme Toro, rae 3To yMeCTHO, TEpMHUH «R2R ") oxBaTEIBaeT GEIKOBBIE IPOJYKTH TE€HOB
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R2R! w/mm R2R?, mmmt ux (bparMeHTHl WM YacTH.

B wacTtHOCTH, TEpMHUH «RZRUZ», WK 10001 U3 TEpMHHOB «R2R'» wm «R2R2»,
OXBATHIBAET INOCIIEA0BATENLHOCTH, yka3aHusie B SEQ ID Ne:1-12 Hmke, WM UX QparMeHTsl,
YaCTH, aHAJIOTH, BAPHAHTHI WM POU3BOJHBIE.

Huxe npuBeneHa IOCIENOBATENIFHOCTh NPHUMEPHOTO TPAaHCKPHIITA MBIMIHHOTO TeHa
R2R! kak SEQ ID Ne:1.

SEQ ID Ne: 1

acactgacacggaccgaaggagtggaaaaagctttacctgtcactgtetgetgecatacgATGCTGGGAGGCCTG
GGGAAGCTGGCGGCCGAGGGCCTGGCCCACCGCACAGAGAAAGCCACTGGGGGAG
CAGTTCACGCAGTGGAAGAGGTGGTGAGCGAGGTGGTGGGCCACGCCAAGGAGGTT
GGAGAGAAGACCATTAATGACGCCCTAAAGAAAGCCCAAGAATCAGGAGACAGGG
TGGTGAAGGAGGTCACTGAGAAGGTCACCCACACCATCACTGATGCTGTTACCCAT
GCGGCAGAAGGCCTGGGAAGACTGGGACAGtgagcectgectaccageatggetggececttcctgaaggtcaa

taaagagtgtgaaacgtgaaaaaaaaaaaaaaaataacaaaaaaaaaaaaaaaaaa

Komupyromass wiM TpaHCIHpyeMas 4YacTb O3TOH IOC/IENOBAaTENBHOCTH BBIIEICHA
HOAYEPKHUBAHHEM U COIEPXKHUT NpUMeEpHO 267 Hykieotuaa. Jta koHkpeTHas 9acTb SEQ ID Ne:1
o6o3Hauena kak SEQ ID Ne:2,

CrienManucTy B JaHHOHW OOJIAaCTM TEXHHMKHM IIOHATHO, 4TO 267 TpaHCIMPYEeMBIX
HYKJICOTHAOB [HaloT Oellok, conepkamuit 89 aMHHOKHCIOT, M HMMEIOIMHA CIEAYIOIYIO
nocaexoBaTenbHOCTh (0603HaueHHYI0 SEQ ID Ne:3)

SEQ ID Ne:3

MLGGLGKLAAEGLAHRTEKATGGAVHAVEEVVSEVVGHAKEVGEKTINDALK
KAQESGDRVVKEVTEKVTHTITDAVTHAAEGLGRLGQ

B jmomonHeHHE, aBTOPH M300pETeHMs YCTaHOBHIM IONHYKO IIOCIEA0BATEIBHOCTD
IIPUMEPHOTO YEJI0BEYECKOr0 TPAaHCKPHIITA F'EHA R2R', npusenennoro 8 SEQ ID Ne:4 mxe:

SEQ ID Ne:4

actgtctgetgecacacgATGCTGGGAGGCCTGGGGAAGCTGGCTGCCGAAGGCCTGGC
CCACCGCACCGAGAAGGCCACCGAGGGAGCCATTCATGCCGTGGAAGAAGTGGTGA
AGGAGGTGGTGGGACACGCCAAGGAGACTGGAGAGAAAGCCATTGCTGAAGCCAT
AAAGAAAGCCCAAGAGTCAGGGGACAAAAAGATGAAGGAAATCACTGAGACAGTG
ACCAACACAGTCACAAATGCCATCACCCATGCAGCAGAGAGTCTGGACAAACTTGG
ACAGtgagtgcacctgctaccacggececttccccagtetcaataaaaagecatgacatgtg

Kogupyromass wuia¥ TpaHCIUpyeMas 4YacTb 3TOM IIOCIENOBaTENBHOCTH BEIAEICHA
HOAYEPKUBAHUEM U COJEPXKHT MpHMepHO 267 HykieoTHIa. JTa KoHKpeTHas 9acTh SEQ ID Ne:4

o6o3nauena kak SEQ ID Ne:S5.
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CrneunuanvcTy B JaHHOH 00NacTH TEXHHMKH IIOHATHO, 4TO 267 TPaHCIUPYEMBIX
HYKJICOTHAOB J[JaloT Genok, coaepxanmmii 89 aMHHOKMCIOT, M MMEIOIMH CIEAYIONIyIO
rocienoBaTeasHOCTs (0003HaueHHYI0 SEQ ID Ne:6)

SEQ ID Ne:6

MLGGLGKLAAEGLAHRTEKATEGAIHAVEEVVKEVVGHAKETGEKAIAEAIKK
AQESGDKKMKEITETVINTVINAITHAAESLDKLGQ

[TocrnenoBaTeIbHOCTE NPUMEPHOTO TPAHCKPHUIITA MBIILIMHOIO TIeHa R2R? npusenena
HKe Kak SEQ ID Ne:7.

SEQ ID Ne:7

Gtgactggctgctgtctetagttgttgaggectettgggatetyggegetmacmecewtgetytagwgactccgatagetecer
mggctccagtgsasmcectcggkeggnggnagggaaaaggceacttgetggtagcetetgetcaceegeactgggacctggagetggagg
actaagaagacagacggctgetgettgecacageetggaccATGGACCCCCATGAGATGGTTGTGAAGAAT
CCATATGCCCACATCAGCATTCCTCGGGCTCACCTGCGCTCTGACCTGGGGCAGCAG
TTAGAGGAGGTTCCTTCTTCATCTTCCTCCTCTGAGACTCAGCCTCTGCCTGCAGGAA
CATGTATCCCAGAGCCAGTGGGCCTCTTACAAACTACTGAAGCCCCTGGGCCCAAA
GGTATCAAGGGCATCAAGGGTACTGCTCCTGAGCACGGCCAGCAGACCTGGCAGTC
ACCCTGCAATCCCTATAGCAGTGGGCAACGTCCATCGGGACTGACTTATGCTGGCCT
GCCACCTGTAGGGCGTGGTGATGACATTGCCCACCACTGCTGCTGCTGCCCTTGCTG
CTCCTGCTGCCACTGTCCTCGCTTCTGCCGTTGTCACAGCTGTTGTGTTATCTC Ctagetg
actattgaacctccagggctgtgcageccaggttcctgetcaatgecaaagtgttgetggacatcaggageagecgttgtcatgagceatcag

ccatttectgeectgagecaggggagectgtccaccagegttcagetgtagecttetggaatagggttccagecactagecatgttggeaaca
acagggacacccttcacgtcctgecaagactitggeaataaagecaggatgagegttgetgnnectgntgaaaanaaamwaaawacwgce
cgttgtcacarcygttrtgttatctmmkagstgacwattgtaammtycagrgctgtrmageccrggkksckgetcaatgccaaagtgttg
mtgsmemtcrggrgsrgccaagctttacgeggtacccgggattttttttgtacaaaaaggggccccctattagg

Kopmupyromas uiIM TpaHCHIMpyeMas 4YacTh OJTOM II0CIEAOBAaTEIbHOCTH BBIIEIEHA
MOXYEPKUBAHHUEM U COIEPKHUT NIPUMEPHO 426 HyKIeoTHAA. JTa KOHKpeTHas 4acTb SEQ ID Ne:7
ob6o3HayeHa kak SEQ ID Ne:8.

Cnemumanvcry B JaHHOM 001acTH TEXHHKM IOHATHO, 4TO 426 TpaHCIHPYEMBIX
HYKJIEOTHUJIOB JaloT Oenok, cojepxamuid 142 aMHUHOKUCIOTHE, U HMEKOIUN CIeTYyIOIIYIo
nocnenoBaTenbHOCTh (0603HaueHHYI0 SEQ ID Ne:9).

SEQ ID Ne:9

MDPHEMVVKNPYAHISIPRAHLRSDLGQQLEEVPSSSSSSETQPLPAGTCIPEPVG
LLQTTEAPGPKGIKGIKGTAPEHGQQTWQSPCNPYSSGQRPSGLTYAGLPPVGRGDDIA
HHCCCCPCCSCCHCPRFCRCHSCCVIS

KpOMe TOTO, aBTOPBI HaCTOAIICTO I/IBOGPCTCHI/IH YCTaHOBHJIH HOJHYIO
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II0CJIEI0BATENHLHOCTh IPUMEPHOTO YEJIOBEYECKOI0 TPAHCKPHUIITa IT'eHa R2R?, npuBeNeHHOTO KaK
SEQ ID Ne:10 BHuzy:

SEQ ID Ne:10

cttgaacccgggaggcagaggttgcagtgagecgagatcgegeagcetgeactcecagectgggeaacagageaagactceat
ctcagaaaagaagcagaaagcctccaagagecaatggetetcaageatettggtetetgetaagaagaggetcagaggcettagaageect
gcctcgccggggctttgaggtgtgtgagcaatggctggggactgcaggcccgggaatctgagggcctcaccccacttcctttccagagcc
gtgacctcaggctcacctcctgccctcctctcaggcaagctgcagatgccctttagggcccaggccatgccccggatgtgaggggctgagt
cactggtttggcagtgcccctcagagcccaggcctgggctgccacccacctgaggacgagggctgggccagctgtcgtgctccagttgct
ggggectettgggatettgggaaccecatetetgageceegecccATGGCCCCGCCCCTCCCAAGGAGGGAAA
AGGCGGCTGCCAGTCGCTCAACTCAGGCACTGGGACCTAGAGCTCAGAAGACCGAG
AGGACAGACTGCCGTGTTGCCACCACAGGCTGGACCATGGACCCCCAAGAGATGGT
CGTCAAGAACCCATATGCCCACATCAGCATCCCCCGGGCTCACCTGCGGCCTGACCT
GGGGCAGCAGTTAGAGGTGGCTTCCACCTGTTCCTCATCCTCGGAGATGCAGCCCCT
GCCAGTGGGGCCCTGTGCCCCAGAGCCAACCCACCTCTTGCAGCCGACCGAGGTCC
CAGGGCCCAAGGGCGCCAAGGGTAACCAGGGGGCTGCCCCCATCCAGAACCAGCA
GGCCTGGCAGCAGCCTGGCAACCCCTACAGCAGCAGTCAGCGCCAGGCCGGACTGA
CCTACGCTGGCCCTCCGCCCGCGGGGCGCGGGGATGACATCGCCCACCACTGCTGCT
GCTGCCCCTGCTGCCACTGCTGCCACTGCCCCCCCTTCTGCCGCTGCCACAGCTGCTG
CTGCTGTGTCATCTCCtagcccageccaccetgecagggecaggacccagacttcageaaatgtggetcacacagtgeeg

ggacatgcecgggacatgeggggtggetgttgtcatgggegtetgeccettcacaccaggeactggggetcagacccaccaggaaggtgg
cegttcageccgagcetectgaaacggaatcecaggtectggetggagagggacaccecctgattaccttaaggeccaggeaataaageag
ggtgatcttc

Kopupyromas WIM TpaHcIUpyeMas 4YacThb 3TOH IIOC/IENOBATEIbHOCTH BBHIJE/ICHA
IOJYEPKUBAHHEM H COAEPXKHUT IpUMEpHO 552 HykieoTHaa. OTa KoHkperHas dacte SEQ ID
Ne:10 o6o3nauena xak SEQ ID Ne:11.

Cneupanucrty B JaHHOM oOONacTH TEXHHMKH IIOHATHO, 4TO 552 TpaHCIHPYEMBIX
HyKIEOTHAa JaloT Oenok, comepxamui 184 aMMHOKMCIOTBL, M HMEIOIIMA CIEAYIOIIYIO
nociefoBarensHocTs (0603HadeHHy0 SEQ ID Ne:12).

SEQ ID Ne:12

MAPPLPRREKAAASRSTQALGPRAQKTERTDCRVATTGATMDPQEMVVKNPYA
HISIPRAHLRPDLGQQLEVASTCSSSSEMQPLPVGPCAPEPTHLLQPTEVPGPKGAKGNQ
GAAPIQNQQAWQQPGNPYSSSQRQAGLTYAGPPPAGRGDDIAHHCCCCPCCHCCHCPP
FCRCHSCCCCVIS

Kak TakoBoe, Hacrosinee MH300peT€HHME OTHOCUTCI K TI€HaM, KOIHPYEMBIM

MoCJIeI0BaTENbHOCTAMH, 0003HaueHHEMHM Kak SEQ ID NO: 1, 2, 4,5, 7, 8, 10 u 11, a Taxke
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moObpIM  HMX  (parMeHTaM, 4acTAM, MyTaHTaM, BapHaHTaM, HPOU3BOJHBIM W/WIH
roMosioram/oprojioraM. Kak npaBuio, QpparMeHTEl, 9aCTH, MyTaHTBI, BADHAHTEI, POU3BOAHEIC
W/MIA TOMOJIOTH/OPTOJIOTH SBISIOTCS (QYHKIMOHAIBHBIMA WIM aKTHBHBIMM, TO €CTb OHH
COXPaHSAIOT (PyHKIUIO TEHOB R2R ' nukoro Trma.

TepMHH «MYTaHTBD» MOXET OXBaTHIBATh BCTPEYAIOIIMECS B INPHPOAE MYTAHTBI MIH
MCKYCCTBEHHO CO3/IaHHBIE ITyTeM N00aBICHHS, NENCIHH, 3aMENICHUs HWIX HHBEPCHH OJHOH HIH
HECKOJIBKMX aMUHOKHCJIOT.

Coenuanucty B AaHHOW 0OJAacTH TEXHHKH IIOHATHO, 9YTO TEHBI, TOMOJIOTHYHBIE
yenoBedeckuM M MbmMEBIM R2RY? remam, mepeumciieHHBIM BBIE, MOXHO HaifTH y pana
Pa3NUYHBIX BHIOB, BKIIOYasi, HANPHUMeEp, JAPYTUe BU/bl MICKONUTAIOMHX. ["OMOIOrHHEIE IEHBI
MoryT oGiamate Bcero npumepHo 20 umu 30% romojorueit WIH WACHTUYHOCTBIO, OJHAKO B
IPYTHX CIy4asx FOMOJIOTHYHBIE IT€HBl MOTYT MMETh 10 MeHbiuel Mepe 40, 50, 60, 65 70, 75, 80,
85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99% romonoruu ¢ PasaTUYHBIMU HYKICOTHIHBIMH
[OCIIE0BATEILHOCTAMY, IIPUBEACHHBIMY Bhllle. Kak TakoBBIE, TOMOJOTMYHBIC I'eHBl OT APYIUX
BHJIOB ITOLIEXKAT BKJIIOYEHHIO B 0OBEM HACTOSIIIEro H300peTeHusl.

C npuMeHeHHEM  pa3sMYHBIX  HyKJICMHOBO-KHCIOTHBIX M aMHHOKHCIOTHBIX
[OC/ICAOBATENFHOCTEN, OMMCAHHBIX 3[€Ch, CHCIUATUCT B NAaHHOM 0OIACTH TEXHUKH MOXKET
OBICTPO HACHTH(HUIMPOBATh POJCTBEHHBIE MOCIEAOBATENLHOCTH Yy IPYTHX BHIOB, TaKUX Kak
ApyrHe MIekonuraiomue, ¥ Ip. Hanpumep, HYKICHHOBYIO KHCIOTY, IOIYYEHHYIO Y
KOHKPETHBIX BHIOB, MOXKHO HCCIEOBaTh C IPUMEHCHHEM 30HJOB, OMHMCAHHBIX 31€Ch, I
TOMOJIOTHYHEBIX MM GJH3KOPOACTBEHHBIX [10CIEN0BATENBHOCTEN.

KpoMe Toro, HeOGXOLMMO IIOHATH, YTO HACTOAIIEE M300pETEHHME TaKXKe OTHOCHUTCS K
IPOAYKTaM I'€HOB, OXBaTHIBAEMBIX U300pPETEHHEM, U B YACTHOCTH, K MENTHAAM, KOAUPOBaHHBIM
SEQ ID NO: 3, 6, 9 u 12. KpoMe Toro ¢parmMeHTEl, 4acTH, aHAJIOI'H, BAPHAHTHI, IIPOU3BOAHEIE
MIOOBIX M3 HUX, WM TOMOJIOTH M/WIM UICHTHYHEIE GEKH Taloke HaXOJATCs B Mpejenax oobema
Hacrosmero usobperenus. Kak npasuio, $hparMeHTH], YacTH, MPOU3BOAHEIE, BAPUAHTHI /UM
TOMOJIOTH SIBJISAIOTCS (YHKIMOHAIBHBIMH WIA aKTHBHBIMH, TO €CThb OHH COXPAHSIOT (DYHKLHIO
6enxa R2R 2 JIUKOTI'0 THIIA.

Kpome TOro, Genkd, NONUIENTHIBY/TIENTHAB, TOMOJOTHYHBIE/HACHTHYHEIE JIIOOBM
6enkaM, koaupyeMsiM SEQ ID NO:3, 6, 9 u 12, Taioke Haxozsarcs B Ipejenax o0nema
HACTOSILEro M306peTeHus. BelKoBrle WM NONHUNENTHAHBIE/IENTHAHEIE MTOCIEI0BATENBHOCTH,
CUHTAIOIIMECS TOMOJOTHYHBIMYM MM HAECHTHYHBIMH JIIOOOW IOCIEeNOBATENbHOCTH, OIMHMCAaHHOH
371eCh, MOTYT IposBIATE Bcero 20% umu 30% HISHTUYHOCTH/TOMOJIOTHH I10CIIEI0BATEIbHOCTH.
OmHAaKO TOMOJIOTHYHbIE/HIEHTHYHEIE MTOCIEA0BATEAPHOCTH MOTYT OBITh 10 MEHBIIEH MEpe Ha

40, 50, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98 unu 99% roMOJOTHUHEIMM UK HAECHTHIHBIMH.
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B Toii Mepe, B KOTOpO# H300peTeHHe OTHOCHTCA K (parMeHTaM JHO6O0H U3 OEIKOBBIX MM
TIOJIMIENTHIHEIX/IEITHAHBIX [OCIEI0BATeIbHOCTEN, ONMUCAHHBIX 3/1€Ch, HEOOXOIUMO IOHSTS,
4TO (DparMEHT MOXET COAEPkaTh JH060E YHCI0 aMHHOKHCIIOT, Haxojsmeecs Mexay 10 u n-1
AMHHOKUCIOTaMH (THe «n» SBISETCS YMCIOM aMMHOKHCIOT B IOJHOH IOCIENOBATENBHOCTH).
Hanpumep, GparMeHT MOXeT comepkats npumepro 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100,
110, 120 niau oxono 125 aMHHOKHUCIOT (MaKCUMAIbHOE YHCIIO aMHHOKHUCIOT OINPEACIAETCH
YUCIOM aMUHOKHCIOT B TOJHON MOCIENOBaTENbHOCTH) — TaKHe (parMeHTH/4aCTH MOTYT
0603HaYaThCs KakK MeNnTHAHBIE (parMeHTH. B OZHOM BapHMaHTe OCYIIECTBJICHHSA NENTHIHBIE
¢parMeHTs! MOryT OBITH AHTHTCHHBIMH W/MIM MMMYHOTCHHBIMH — TO €CTh, OHH COXPAaHSIOT
CIIOCOGHOCTD K CBS3BIBAHHIO C AHTHUTEIAaMHM, NPOSBISIOIMMH ClelHbHIHOCTD, apPUHHOCTD
W/MIH CENeKTHBHOCTh B OTHOLIEHHWM HATHBHOro (TOJHOTO) aHTHIeHa — TakKoro Kak
xonuposannslit SEQ ID NO:3, 6,9 u 12.

Creunanucty B JaHHOW 00JIACTH TE€XHHKU IMOHATHO, YTO JJIS Pa3sIMYHBIX HYKJIEHHOBO-
KUCJIOTHBIX TOCJIEN0BATEIBHOCTEH M TOJUNENTUAOB, ONIMCAHHBIX 3€Ch, MOTYT CYLICCTBOBATbH
MPUPOIHbIE BapHaluy, OOYCIOBJICHHbIE, HAPUMED, NOIMMOPHHU3MOM, Cpeay R2R'? renoB u
GEIKOB, BEIICJECHHBIX Y JIOOBIX U3 UMEIOIIHXCS BUIOB. KpoMe TOro, B JaHHOM 00IaCTH TEXHUKH
XOPOIIIO M3BECTHO, YTO BEIPOXKICHHOCTH FEHETHYECKOTO KOZIa 00ECIIeYUBAET 3aMEILICHHE OHOTO
WM HECKOJIHKMX OCHOBaHMH B KONOHE 0€3 HapyLIeHUs IIepBUYHON aMHHOKHCIOTHOH
NOC/IENOBaTENLHOCTH. Kak TaKOBYIO, T€HETHUYECKYIO BBIPOXKICHHOCTh MOXXHO IPHUMCHSTEH UL
NONYYEHHS  BapHaHTOB  HYKJIEUHOBO-KHUCIOTHHIX  IOCIEIOBATENIBHOCTEH, KOOMPYIOMIHX
IENTHIHBIE MMM OEJKOBBIE IOCIEIOBATEIBHOCTH, MO CYIIECTBY MICHTHYHBIE aHTUICHHBIM
[I0CJIEA0BATENBHOCTAM, OIMCAHHEBIM 371eCh. JIeHCTBUTEIBHO, BapHAHTHI IOC/IECAOBATEIBHOCTH,
obecrieueHHbIE HACTOSIIMM H300pPETEHHEM, MOTYT IPOSBIATBCS Kak ONKH, W/MIM TEHEI,
KOTOPHIE COJEPXAT OJHY WIH HECKOJNBKO AMHHOKHCIOTHBIX/HYKIEHHOBO-KHCIIOTHBIX 3aMeH,
N0GaBIEHHUH, Jeneluil /I MHBEPCHH, 10 OTHOLICHHIO K pedepeHCHOH MOoCiIef0BaTEIbHOCTH
(nanpuMep, mo60oii U3 ITOCIeJOBATENFHOCTEH, ONMMCAHHBIX BBIIIE).

Takum 06pa3oM, HEOGXOIUMO OHSTH, YTO BCE TAKUE BAPHAHTHI, B OCOOEHHOCTH T€, YTO
ABJISAIOTCS (QYHKIHMOHAJIBHBIMM JIM MpPOSBISIOT HEOOXOOMMYIO aKTHBHOCTB, IOIJIEKAT
BKJIIOYEHHIO B 00bEM HACTOSILETO H300pETEHHU.

B Jpyrom BapHaHTe OCYLIECTBIEHHS H300peTeHHe OTHOCHTCS K IIPOM3BOHEIM JII000# 13
R2R'? nocnenoBatensHOCTEH, OMMCAHHBIX 316Ch. TEPMUH «IPOM3BOIHEIE» MOXKET OXBAaTHIBATh
R2R"? reHpbl WM mENTHOHBIE MOCIENOBATEIHOCTH, KOTOPEIE, IO CPABHEHHIO C OIHCAHHBIMU
371eCh, COJEPXKAT OJIHy WM HECKOJBKO aMUHOKHCIOTHBIX 3aMeH, JelelMi, no6aBnenuil n/wiu
HHBEPCUH.

B pononneHne uim QJIbTEPHATHBHO, QHAJIOTU Pa3INYIHbBIX IIENTHAOB, ONHCAHHLIX 3/1CCh,
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MOryT OBITh TIONy4eHBl IIyT€M BBEJCHHS OJHOM MIM HECKOJBKHX KOHCEPBaTHBHBIX
aMHHOKHCJIOTHEIX 3aMEH B MEPBUYHON MocienoBarenbHocTd. Crenuanicty B JaHHOM 067acTH
TEXHHMKH IIOHATHO, YTO TEPMHH «KOHCEpPBATHBHAs 3aMEHa» MPEJHA3HAYEH /IS OXBaTa aKTa
3aMElICHAs OJHOM MIM HECKOJBKHX aMHUHOKHCIOT B Oenke WIM INENTHAE aJbTePHATUBHOM
AMHHOKHCIIOTOM ¢ MOJOOHLIMH CBOWCTBAMH, M KOTOpas CYIIECTBEHHO HE M3MEHSET (QH3HKO-
XUMHYECKMX CBOMCTB W/HIM CTPYKTYphl WiH (GYHKIMH HaTuBHOro Oemka (WM Gelka JMKOro
THIA). AHAJIOrH JQHHOTO THIIa TAKXKE OXBATHIBAIOTCA 00BEMOM HACTOSILErO U300PETEHHUS.

Kak xopomo H3BeCTHO B JaHHOH O0JacCTH TEXHMKH, CBOMCTBO BBIPOXACHHOCTH
IEHETHYECKOr0 KOJa II03BOJIAET 3aMEHHMTh OJHO WM HECKOJIBKO OCHOBaHHMH B KOJOHE 06e3
HU3MEHEHUS TEpBHYHOM aMHHOKHCIOTHOH mnocnenoBaTebHOCTH. (COOTBETCTBEHHO, XOTs
MOCJICIOBATEbHOCTH, ONUCAaHHbIE B JAHHOM 3asiBKe, KaK MW3BECTHO, KOAHPYIOT R2R'"? Genkn,
OIHCAHHBIC 3/1€Ch, BBHIPOXKAECHHOCTH KOAA MOXET NPHMEHATHCA IS IOJMY4YEHHS BapHaHTOB
IIOCJIeIOBATEeIbHOCTEH HYKJIEHHOBBIX KHCJIOT, KOIOMPYIOIIMX T€ )K€ CaMble IEPBHYHBIC
aMHHOKHCJIOTHBIE T10C/IE0BATEILHOCTH.

Kak yxa3aHo, aBTOpBHl HaCTOSILEr0 H300pETCHUs yCTaHOBHIIH, YTO R2R' renst (1 ux
GeNKOBEIE MPOAYKTHI) YY4acTBYIOT B COOGBITHSIX JErOYHOIO M CEPAEYHOro MopdoreHesa (TakoM
KaK Iepejaya KJIETOYHBIX CHIHAJIOB/Pa3sBUTHE KIETKH), ¥ NOJAEPIKUBAIOT Pa3BUTHE TPEXMEPHOM
ApXUTEKTYpEl JIETKHX H cepiaua. TakuM oOpa3oM, MepBbiii acHEeKT HACTOSIIET0 M300peTeHHs
o6ecrieanBaer R2RY? rensr wmmu R2R'? Genxu, mms NIPUMEHEHUs B KauyeCTBE MEIUKaMEHTOB
WIM Ui IpPUMEHEHHS IpH JiedeHHWH 3aboNieBaHU, BIMSIOIMX Ha KJIETOYHOE/TKaHEBOE
Pa3BHTHE/CTPYKTYpY, AubbdepeHunpoBKy, nponudepamyio u/unu Mopdorenes. Hampumep,
R2R " rennr n/mmm R2R"? Genxn MoxHO NPUMEHSTH JUIA JIEYEHHsI, HApUMep, JIETOYHBIX H/HIU
cepAedHBIX 3a00NeBaHUM W/WIM COCTOSIHUM, TaKMX KakK pakK, B YaCTHOCTH OHKOJIOTHYECKHMX
3ab0JIeBaHU, OPAKAIOIUX TKAHHU JICTOYHOH MM CEPAECYHON CHUCTEM.

B HEKOTOpPHIX BapHaHTaxX OCYILECTBJICHUS HU300peTCHUE MOXET 00eCeUnTh R2R"? rener
w/inr R2R'? Genku 11 npuMeHenys B MOAYJIALINY COOBITHIT KIIETOYHOTO TIEPEX0/a, HAIPHMED,
TAKHX KaK COOBITHA Me3eHXHMaIbHO-3MuTeInaibHoro nepexoaa (MOII) u cobeiTus B o6paTHOM
Ipollecce SMUTETHATbHO-Me3eHXUMaAIIBHOT 0 rtepexoaa (OMII).

Bo BTOpOM acniekTe Hacrosllee u3obpereHre obecrieunBaeT R2R"? rensr wmin R2R'?
OeqKy Ui NPUMEHEHHS B JICYEHHH JICTOYHBIX 3a00JCBaHUM W/MIM COCTOSHHUM, HIH HX
IpUMEHEHHe B IIPOM3BOJCTBE MEAMKAMEHTa [UIf JIEUYEHUS JIETOYHBIX 3aboieBaHWH H/MIK
COCTOSIHUH.

B mpyrom acnekre u3obpereHue obecneynBaeTt R2R' ren w/umu Genox i NpUMEHEHHS
B JICYEHNH CepACUHBIX 3a6oeBanuii. B oxgHoM BapuanTe ocymectsienus R2R' ren u/umi Genok

MOXXHO MpPHMEHSTh MIJs JiedeHus 3aboyieBaHMH, BIMAIOMIMX HAa Pa3BUTHE/CTPYKTYPY,



9

aubdepeHupoBKy, npoaubepauoo H/uIH MopdoreHes KIETOK/TKaHed cepaua. B oaHoM
BapHaHTE OCYILECTBICHHUS, HU300pETEHHE MOXET OOECHEYUTH R2R! ren w/mm Genox mis
NPUMEHEHU B JIEUEHMH 3a00J€BaHUH W/WIM COCTOSIHHH, BIHSIONMX HAa Pa3BUTHE W/WJIH
(bopMHpOBaHHE MEXOKETY JO9KOBOM IIEPErOPOIKH.

B mpyrom acnexre m3obpereHue obecrneunBaeT R2R! ren w/unu 6enox mis MpUMEHEHUS
B JICYEHHH OHKOJOTMYecKoro 3aboneBaHus. B 0HOM BapHaHTe OCYIIECTBIEHUS R2R! ren w/umm
0eJ0K MOXHO IPUMEHATH I JICYEHHS OHKOJOTMYECKHMX 3a00JieBaHMM, IOPaXKarolux
pasIuYHBle TKAHM, BKIIOYas, HaIpUMeEp, JIErOYHYI0 H/WIH CepAeYHyIo TKaHb. B 1eiom,
H300peTEeHHe MOXET PaclpOCTPAHATHCSA HA JIEUYEHHE TH000r0 OHKOJIOTMYECKOro 3aboieBaHuS,
CBsI3aHHOTO C abeppaHTHBIMHU/AedekTUBHBIMU npoueccaM MOII/OMII. IIpuMepsl HEKOTOPBIX
OHKOJIOTMYECKHX 3a00s1eBaHuii, KOTOPbIE MOXXHO JICYHTH C IPUMEHEHHEM I'€HOB H/HIIH OEIIKOB B
COOTBETCTBHH C HACTOAIIMM H300pETEHUEM, TOAPOOHO ONMMCAHBI HUXKE.

IToBTOpsieM, YTO TEPMHHEL «R2R'y, «R2R* 1 «R2R"%» 0XBATHIBAIOT HE TONBKO IOJHEIE
TeHHBIE/NENTHIHEIE TIOCIEJOBATEEHOCTH, KaK ONMCAaHO BEHINIE, HO TAKkkKe HX (parMeHTHl,
aHaJIOTH, TOMOJIOTH, OPTOJIOTH, BADHAHTHI M IIPOU3BOJHBIE.

TepmuHbl «ierouHoe 3aboiieBaHHE» HWIN <«JIETOYHOE COCTOSIHHE» MOTYT BKIKOYATh
MATOJIOTHH JIETKHX, TaKue KaK Te, YTO BIMUAIOT Ha pa3BUTHE JIETKUX HIM TPEXMEPHYIO
apXUTEKTypy JIETOYHBIX TkaHeW. Haripumep, «ieroussle 3a0oieBaHUS» MOTYT BKIIOYATh
3a00JICBaHUS W/WIM COCTOSHHSA, BIUAIOIIME HAa DIUTECIHAIBHBIE KIETKH, BBICTHIIAIOILUE
BO3/IyXOHOCHBIE ITyTH JIETKOTO, SHIOTEIHAJILHBIE KJIETKU JIETOYHOH COCYIUCTOM CeTH, /WM Ha
I PepeHIMPOBKY W/WIM POCT STUX KIETOK. Kak TakoBbie, JIerodHble 3a00JeBaHUs MOTYT
BKJIIOYAThH 3a00JIeBaHMs, BIMSIONIME Ha ITyTH M COOBITUS JIErOYHOro Mopdorenesa. Jlerounsie
3a00JIeBaHUs W/HWIM COCTOSHHS, BIMAOMME Ha AU(GEpEeHINPOBKY HEKOTOPHIX THUIIOB KJIETOK
nerkux (HarnpuMep, KIETKH IUIOCKOrO SIMTENUs) WIM Ha CO3JaHue W/WIH MOIJIEepXaHHe
HOMYJIALIMHA KJIETOK-IPEANIECTBEHHUKOB (0a3albHBIX), TaKKe MOXKHO JIEUMTh COCIMHEHHSIMHU,
MeIHUKaMEHTaMH U crocobaMHM, ONMCAaHHBIMH 37lech. B KadecTBe cnenudpuyeckoro npuMepa,
takue 3abomeBaHus, Kak Oponxo-nmerouHas gucmiasust (BJIJI) wwim XxpoHuyeckas
obctpyktuBHas 6one3np nerkux (XOBJI), MOXHO J€YUTh C IPUMEHEHHEM COCIMHEHUH,
OIMMCAHHBIX 371eCh. B Ipyrux BapuaHTax OCYLIECTBIEHHS, TEPMHH «JIETOYHOE 3a00I€BaHIE)» WITH
«JIETOYHOE COCTOSHHE» MOXKET BKJIIOYATh PACCTPOMCTBAa KIETOYHOH Iponudepanud I
HEOIUIaCTHYECKHE PAaCCTPOICTBA, TaKUE KaK pak, BKJIIOYas, HaPUMEp HEMEIKOKIECTOYHEIN pak
nerxoro (HMPJI) w/unu MenkokieTouHsli pak erkoro (MPJI).

TepMuH «cepAeyHoe 3abosieBaHHE» WM «CEPACYHOE COCTOSHME» MOXET BKIIOYATh
TaKWe NaTOJOTUH Cep/ilia, KOTOPHIE BIMSIOT Ha Pa3BUTHE CEPALA UM TPEXMEPHYIO apXUTEKTYPY

cepreunbix TkaHeH. CepneuHble 3aboieBaHMsA MOIYT BKIIOYATh 3a00JeBaHHsA, BIMAIONIME Ha
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myTH ¥ CcOoOBITHS MopdoreHesa cepiia, B YaCTHOCTH, MEX3E€HXHMaJbHO-OIHTEIHATIBHEIH M
SMUTEIMANLHO-ME3EHXMMANBHEIA Tepexo]. B kadecTBe crelu(UYEcKOro IpUMEpPa, TaKhe
3a6oneBanusd, Kak AedEKTH MEXIPEICEPIHOR H MENOKEIYHOUKOBOH Meperopoiku, Ae(eKTsI
aTPHOBEHTPHUKYJIAPHOTO KaHaia, AeGOpMaliy CepAeYHBIX (aTPHOBEHTPHUKY/IAPHEIX) KIIaNIaHOB H
KOPOHAPHBIX apTepHii, MOXHO JIEYUTh C IPHMEHEHUEM COETUHEHMH, OMMUCAHHBIX 31ECh.

Taxxe HeOOXOJUMO IOHATH, YTO MOCKOJBKY ONHCAHHBIE 31ECH R2R'? renni/6Genkn  Kax
ObLI0 MOKA3aHO MIPAIOT POk B Mpoleccax MopdoreHesa (TakMX KaK Iepelada CHUTHAIIOB
KJIETKaMH, | T.Z.) ¥ MOJAEPKKU Pa3BUTHA TPEXMEPHOH CTPYKTYPHI CIOXKHEIX TKaHEH, TAaKUX Kak
JIETKME W/WIH CEepJle, OHH TAkKe MOTYT HaWTH NpHMEHEHHE B PEereHepaTHBHON MeauluHe. B
KauecTBE IpUMepa, KOrZa CTBOJOBBIE KIETKH (HAIpHUMeEp, B3pOCibIE, SMOPHOHAIBHEIE HIIH
HepenporpaMMHPOBAHHEIE COMATHYECKHE KIETKH (Takue Kak iPS KIeTkH)) NpUMEHAIOTCS IS
BOCCTAHOBJIEHHA MM PEKOHCTPYKLMH, HAIPUMEp, MOBPEXICHHONH MM 60IbHON TKaHH, GEIKH
W/MIN TeHBl, O0eCIIeYeHHBIE HACTOAIMIAM H300pETEHHEM, MOXHO NPHUMEHATH I 00JeTr4eHHUs
Pa3BUTHUS TKaHH.

R2R'? Genok u remst UIpaloT BaXHYK pONb B COOBITHAX MOpGOreHes3a B JIETKHX H
CepAlle, B KAa4yeCTBE pETYJATOPOB JIHUTEIHATBHO-ME3CHXHUMAIBHOIO H MEXEHXHMAaJbHO-
SMMUTEIHANBHOrO Hepexoaa. Takum oOpa3oM, OHM MOT'YT HaHTH NMPUIOKEHHUE B OHKOOHMOJIOTHH H
JEYEHUH OHKOJIOTMYECKHMX 3abojeBanuii. B kauecTBe mnpumepa, Takue 3a0oieBaHUs, Kak
TpaHcopMalMs JOKAIN30BaHHOTO paka B METACTa3bl paKa, MOXXHO JIEYUTh C IPHMEHEHHEM
COEIHUHEHHUH, OMMMCAHHBIX 3/1€Ch.

B nonoiHeHHE K INPUMEHEHUI0O U MEQUKaMEHTaM, BKIIOYaOIIMM R2R' rensr u/mmm
OenKH, OMHUCAaHHBIC 3€Ch, HACTOsAIIEe H300peTeHHe Taloke 0OeCIeYrBaeT CHOCOOBI JIEUCHHS
CcyOBEeKTOB, CTpajalolUX JIOOBIM H3 3a00NeBaHMH H/UIM COCTOSHHH, OIMCAHHBIX 37€ECh,
BKJIIOYas JI000€ M3 CepAEeYHBIX/JIErOYHBIX 3a00J€BaHUN M/UIM COCTOSHHM, YKa3aHHBIX BBILIE.
Kak TakoBoOif, TpeTuii acmekT HacTosero usobpereHus obecneyuBaeT crocod JedeHHUs
CepAeYHOro/IeroyHoro 3abojeBaHUs W/WIN COCTOSIHHS, BKJIIOYAIOIIMM 3Tanbl MPUMEHEHHS Y
cyOBeKTa, HY)KIAIOUIETroCs B JICUEHUH, TEPaNeBTHUECKU 3P GEKTHBHOIO KOJIUYECTBA R2R! wnn
R2R?renos, w/wm R2R! w/unu R2R? GenkoB, ONMHCAHHBIX BBIILE.

TaM, rme cepmeyHoe wiaM Jero4Hoe 3a00JeBaHHE WM COCTOSIHHE BO3HUKAeT B
pe3yJbTaTe, WM CBA3aHO C OTCYTCTBHEM WM JePEKTOM JKCIpecCUu/(QyHKIUU R2R'? rena
u/unu Genka, MpUMEHEHHE R2R'? rena w/mim Genka, KaKk OIFCAHO BHIIIE, MOXKET 0OECIICUHTD
CpeAcTBa BOCCTAHOBJIEHHS (YHKIIMH HOPMAIBHOTO (WK JIUKOTO THIIA) R2R"? rena/ Genka Tak,
YTOOE!I JIEYNTH W/HIH 06JIer4aTh CHMIITOMEI 3200JIEBaHHUA WJIH COCTOSHUS.

Heob6x0auMo MOHATE, YTO MPUMEHEHHS, MEUKAMEHTHI U CLIOCOOEI JIEUeHUS, OITMCAHHbIE

31ech, MOryT TpeOOBaTh CO3JaHUs] PEKOMOMHAHTHBIX R2R'? renop/6enkoB, u TakuM oGpa3oM,
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HACTOSIIIEee H306PETEHHE JAOMOIHUTENBHO IIOIPa3yMeEBaeT CIIOCOOBI CO3MIAaHHS H/WIIH IKCIIPECCHH
PEKOMOHMHAHTHBIX R2R'? renos w/mmu GenxoB. CHeNMAamMCTy B JAaHHOM OONAacTH TEXHHKH
NOHATHO, 4TO II[[P METOAMKH MOXXHO NPHUMEHATH I H30HMPaTENBHOIO IIONYYCHHUS R2R'?
TeHHBIX IIOCIENOBATENBHOCTEH W3 pa3lIWYHBIX HMCTOYHHMKOB, BKIIIOYas, HallpUMeEp, JIETOYHYIO
TKaHb. DTH I10CJIEI0BATEILHOCTH MOTYT OBITH CBSI3aHBI C Pa3slIMYHLIMM MTOCIEA0BATEIBHOCTAMHI
KOHTPOJIS 3KCIPECCHH WM PETyNAlUH, HaNpHMED, TAaKMMH KaK MPOMOTOPHBIE, ONCPATOPHEIE,
HHIYKTOPHBIE, OJHXAHCEPHblE W/HIM CaHICHCEPHBIC JJIEMEHTHI, YYacTKH CBI3BIBAHMA C
pubOCOMON H/MIIM TePMHHHPYIOIIME MOCIEA0BATeIbHOCTH. lloaxonsiue peryisTopHeIe
HIOCITEIOBATEIFHOCTH MM IIOCJIEOBATENBHOCTH KOHTPONIS 3KCIPECCHM MOTYT OBITh BHIOpPAHEBI
CreUaINCTaMH B JI@aHHOM 0061acTH TEXHHKH Ui JII0O0ro HMMEIOIIErocs Xo3suHa. B apyrom
BapHaHTE OCYILECTBJIEHHUs I€HHBIE [TOCIEI0BATEIbHOCTH R2R', noxy4eHHsie ¢ nomouso 1P,
MOXKHO BBECTH B BEKTOp (Takoi Kak IUIa3MHIa MIM KacceTa SKCIpeccuH). B oqHoM BapuaHte
OCYILECTBICHHS BEKTOP MOXKET NOMOJIHHUTEIBLHO BKIIOYATH HYKJICOTUAHYIO IOCIEI0BATEIBHOCTD
C MapKepOM HJIX METKO# Jisl 00IerdeHus Npoueayp O4uCTKH Genka.

KneTka-x0344H MOXeT ObITh TpaHC(GOpPMHUPOBaHA BEKTOPOM, M IIOJACPKUBATHCA B
YCIOBUAX, IPHUIOAHBIX I8 HMHAYKIMH 3KCIPECCHH I€HHOH IIOCIENOBATEIbHOCTH R2R" u
IPOAYKIHMHA PEeKOMOMHAHTHOTO R2R"2. BekTops, B KOTOPHIX KJIOHHPYIOT TEHHEIE
nocrnegoarensroctd R2RY? (i ux dparMeHTHI), MOXHO BBECTH WM TPaHCHUIMPOBATE B
KJIETKH C IIPUMEHEHHEM Pa3IMYHEIX METOJMK — TaKUe METOAMKH MOTYT OBITh MHa4€ 0603HaYECHEI
KaK npouenypa tpanchekuuu. B mponenype TpaHcheKkiMM NPUMEHSIOTCS YCIOBHS, KOTOpPBIE
JENIAI0T KIETOYHBIE MEMOpaHBl NPOHMIAEMBIMH IS TaKUX COEIMHEHHH, KaK HYyKICHHOBBIE
KHCJIOTEL. B KauecTBe npuMepa, MOXXHO 00GJEer4uTh TpaHC(HEKIUIO0 BEKTOPOB, BKIIOYas BEKTOPEI
OKCIIPECCHH, B KJIETKH C IPHUMEHEHHEM 3JEKTPONOpalliM, TEIUIOBOTO IIOKA, XHMHUYECKHX
COeNMHEHMI, HalpuMep, TakuX Kak ¢ocoar kanpuus, ¢ocdar CTPOHIMSA, METOTUKH
MHUKPOHHBEKIIMH W/WIIH Fe€HHBIE ITyIIKH.

MeToaMKH, WCIONb3yeMbIe JUIS OYHUCTKA DPEKOMOMHAHTHBIX OCIKOB, IOJYyYEHHBIX
JaHHBIM CIIOCOOOM, M3BECTHBI, €CIIM PEKOMOWHAHTHBIA OENOK MeYeH WM MapKHpOBaH, OHH
MOTYT BKJII0YaTh IPHMEHEHHE, HAlpuMep, MeToauK ahduHHON XpoMaTorpadum.

B cBeTe BBINIEH3I0XKEHHOrO, YETBEPTHIM U ISATHIM acleKTHl HACTOAILIEro M300pETEHUA
00€ecneynBalOT SKCIPECCHPYIOIUICS BEKTOp, COAEPXAIIMi TIE€HHYIO [OCIENI0BAaTEAbHOCTD
R2R'2, 1 kireTky-Xx0351Ha, TPaHC(HOPMHPOBAHHYIO UM, COOTBETCTBEHHO.

B pomonHenne k obecnedenno R2R' reHoB w/mmm GenkoB KaK CpENCTBA JIEYEHHUS
pasIMYHBIX 3a00N€BaHMI W/HIM COCTOSHUM (HampuMep, CEpIAECYHBIX H/MIM JIETOYHEIX
3a00/IeBaHMi W/WIM COCTOSHMI), Hacrosllee M300peTeHHe Taloke 0OecredBacT COENMHEHM,

CrIOCOOHBIE MOyJIMPOBATh 3KCIIPECCHIO R2R'? remos, KOTOPBIE MOXXHO NPUMEHATE B JICYCHHH
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COCTOSIHM}, BO3HHKAIOLIMX B pe3yJbTaTe, WIH CBA3aHHBIX C H30BITOYHOM IKCIpECCHEH R2R'?
reHa/0enka. Takue coegMHEHHs MOTYT OBITH ONMIOHYKICOTHIAMHM, HPEAMOYTHTEIBHO,
AHTHCMBICTIOBEIMH OJIMTOHYKJIEOTHIAMH, KOTOPBIE MOTYT IpHHUAMATh GopMy, HanpuMep, JHK
w/umn PHK. B npyroM BapuanTe OCYIIECTBICHHS OIMIOHYKJICOTHIBI SBIAIOTCS MOJIEKYJIaMU
PHK, W3BECTHBIM CIIELIMAIWCTAM B [JAaHHOM OONAacTH TEXHHKM KaK Majas/KopoTKas
unrepdepupyromas PHK w/unu PHK caiinencunra, kotopas ganee o6ozHavaercsa kak MHPHK.
Taxne MmuPHK omuronykieotuasl MoryT npuHumarhk ¢opMmy HatuBHBEIX PHK nymiexcos, wid
IyIIEKCOB HEKOTOPEIM 00pa3oM MOAM(DULMPOBAaHHBIX (HANpHUMEp, IOCPENCTBOM XMMHYECKOH
MoaudUKaLUK) IS IPUIAHUS YCTOHYUBOCTH K HyKjease. B JononHeHne Wik albTePHaTHBHO,
MuPHK omurodykieoTuasl MoOryT npuHumars ¢opmy Manoi mmuaeyHod PHK (MmPHK),
9KCIIPECCUPYIONIMXCS WM IUIa3MUIHBIX KOHCTPYKLMH, KOTOPBIE COOTBETCTBYIOT MJIM COAEPIKAT
MuUPHK, ormcaHHbIe 371€Ch.

OJNMTOHYKIEOTHAB, OOECIEYCHHbIE HACTOSLIMM  H300peTeHHeM, MOTyT  OBITh
IpeIHa3HAYEeHbl I MOXYJSIMHM 3KCIIPECCHH R2R' remos. Ilpu amamuse R2R'?
IIOCIE0OBATENIFHOCTEH HAaTHBHOTO HMJIM JUKOTO THIMA C IIOMOIIBIO aJrOPUTMOB, TaKHMX Kak
BIOPREDsi, cmenuanucT B JaHHOM OOJACTH TEXHHKH CMOXKET JIETKO OINPEACIHTH HIIM
CIPOTHO3UPOBATh C IIOMOIIBGI0 KOMITBIOTEpA HYKJIEHHOBO-KHCIOTHYIO IOC/IEA0BATEIBHOCTD,
00/ajamiyl0 ONTUMAIbHEIM  3d¢eKkraM HOKJayHa O3THX TIeHOB (CM., HanlpHuMep,

http://www.biopredsi.org/start.html). CooTBETCTBEHHO, CIEUAIMUCT B JAHHOH 00J1aCTH TEXHUKH

MOJXXET CO3/IaTh U NPOAHATU3UPOBATh MAacCHB WM OMOJMOTEKY pa3iIMYHBIX HYKJIEOTUIOB IS
OTIpEeAEIEHHS TOr0, CIIOCOOHBI JIM OHU MOZYJIMPOBATh SKCIIPECCUIO R2R "2 renos.

B cBeTe BBIIEH3IIOKEHHOTO, aHTUCMBICJIOBBIE HyKiIeoTHasl w/uid MUPHK Monexyssbl,
OIMMCaHHBIE 37IECh, MOXKHO MPHUMEHATH (1) A JedueHus Jro0bIX 3a001eBaHUi W/ UM COCTOSIHUY,
OIHMCAHHEIX 371€Ch, B YaCTHOCTH (ii) I JIEYSHHUS JIETOYHBIX 3a00JIeBaHMM H/WIN COCTOSIHUH, (iii)
JUISL JIEYCHHS CEpACYHBIX 3a0ojeBaHUd W/UIM cocTOsSHUE M (iv) ans yedeHus paka. [larnee,
AHTHCMBICJIOBBIE HYKJIeoTHAb W/uii MUPHK Monekynbl, OmicaHHbIE 31€Ch, MOXKHO IPUMEHSTh
B TIPOM3BOJICTBE MEIMKAMEHTOB JUIA JieueHHs 3aboneBaHui, yka3zaHHBIX B HyHKTax (i)-(iv)
BEIIIE, WM B crocobax JieueHus CyOBEKTOB, CTpPaJalolUX TaKUMH 3a00JIeBaHUAMHU HIIU
pacCTpOHCTBaMH.

Kpome Toro, anTurena (WIM WX aHTUIEH-CBS3bIBalomue (parMeHTHI), CIIOCOOHEBIE
cBasBath R2R'? OenKHd, MOXHO IPUMEHSTH B JieueHUHM 3a00JIeBaHUN H/MIM COCTOSIHMH,
ONMHCaHHBIX 3ECh, BKJIIOYAs, HANpPUMEp, CEpAEYHBIE W/WIM JIErOYHblE 3a00J€BaHHUS W/UIH
COCTOSHMA. AHTHTENa, KOTOpHIe OJIOKMPYIOT HJIM HEHTpamu3yloT (yHKIMIO R2R'? Genxos,
MOTYT OBITH 0CO00 IIPUTOXHBIMH, €ClIi 3a60JIeBaHNE W/HIH COCTOSHHE BO3HHKAET B pE3y/bTaTe

HU3OBITOYHOM  SKCIPECCUH R2R?  Genxka. MeToauKH, HCIONB3yEMBIE IS CO3JaHus
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MOHOKJIOHAIBHEIX aHTHTeNl (MAT), XOpomIO H3BECTHBI, U JIETKO MOTYT INPHMEHATHCA IS
co3gaHusa MAT, crieluUIHBIX IS R2R! w/umm R2R? GenkoB umy ux ¢parmenToB. [Togo6HEIM
00pa3oM, CrocoObl, HCITONB3YEMBIE UL CO3JaHMS MONMKIOHAIBHBIX AHTHTEN, TAKXKe XOPOIIO
M3BECTHEI, M MOTYT NPUMEHSTECS /ISl CO3AAHUS aHTUTEN, CIICUpUIHBIX I R2R! wnnmum R2R?
6eJKOB U X (parMEeHTOB.

Jlpyrvie CoeMHEHHUS, TIPUTOAHbIC B JICYEHUH 3a001€BaHUM M/HIIM COCTOSHUM, ONUCAHHBIX
37ech (HampuMep, CEpAEYHBIX H/WIH JIETOYHBIX COCTOSHHMM H/WIM 3a00/NeBaHHH, WIM Daka),
MOTyT BKIIOYaTh, Halpumep, OeNKH, NMeNTHABl, aMHHOKHCIIOTHI, YIJI€BOIABI H APYTHE Majble
OpraHMYECKHE MOJIEKYJIBL.

B [ononHeHKe K BBINIEU3JIOKEHHOMY, M30JHUPOBAHHBIC HYKICOTUAHBIE H/UIH OENIKOBEHIE
nocnenosatensHoctd R2R2 MOXKHO IPHMEHATh B KaYeCTBE OCHOBBI I KOHCTPYKLMH 30H/IOB
W/WIIK TIPaiiMEepPOB Il IPUMEHEHHS B UCCIEIOBaHHAX 10 JETEKIMH U DKCIPECCUH ex Vivo H/HIH
in situ. TANHYHBIE UCCIEAOBAHMS 10 JETEKIMH BKIIOYAIOT, HAIIPUMED, IOJIMMEPA3HYIO HEIHYIO
peakuuio (IT1IP), rubpuau3anuoHHbIe HCCIEI0BaHHUs, IPOLIEAYPBI CCKBEHUPOBAHUSA B METOANKH
AMMYHOJIOTHYECKOH ETEKIUH U Cay3epH-HO3EPH OJIOTTHHTA.

B npunnumne, 000 MONAHYKICOTHAHBIH (WIM  ONHIOHYKJICOTHAHBIM) MM
[OJMNENTHIHEIM QparMeHT, CKOHCTPYHUPOBaHHEIH U3 IOCIEI0BATEIBHOCTEH, ONIMCAHHBIX BHIIIE,
MOXHO IIPUMEHSTH B YKa3aHHBIX HCCIEOBAHMAX 10 AETEKIMU H/UIIU 3KCIIPECCHH.

Kak mnpaBuno, MoMuHYyKICOTUAHBIE (PAarMEHTH I NMPUMEHEHHs B KadyeCTBE 30HIOB
W/ung npaiiMepoB, BKIOYAOT 10-30 HYKIEOTHIOB (XOTS B HEKOTOPHIX NPHIIOXKEHHAX MOXKHO
NpUMEHATh JPYIYIO [UIMHY), ¥ MpPOSBISIIOT OMNpEEJICHHYIO CTENEeHb CIeNU(PUYHOCTH K
KOHKPETHOM  IOCIEJOBaTeNbHOCTH, M  HE  CBA3BIBAIOTCA  C  HEPOJACTBEHHBIMH
nocienoBarebHOCTAMHU. I10106HEIM 00pa3oM, MOIHIIENTHAHEIE GparMeHTH! Al IPUMEHEHUS B
Ka4ecTBE 30HIOB MOTYT TaKKe OBITh OTHOCHTENHHO KOPOTKHMMH, M Kak IpaBHJIO MOIYT
cozepxath 5-20 aMHHOKHCIOT (XOTS B HEKOTODPBIX NPHIJIOKEHUAX MOMKET NPUMEHATHCS Apyras
ciierka 6ojiee KOPOTKasi UM NPOJOJDKUTENbHAS JIJIHHA).

Jlerko TMOHATH, YTO TIIATENBHBI BHIOOP MOCIEIOBAaTEIBHOCTH IIpaiMepa/3oHIa H
NpHMEHEHHE XKECTKUX (MPEeANOYTHTEIPHO OYEHb JKECTKHX) YCIOBMH TMOpHIM3anuM CBEIET K
MHHUMYMY Jit060€ Hen30HpaTeabHOE CBA3BIBAHKE.

CoOOTBETCTBEHHO, OJMIOHYKJIEOTHAHBIC IOCIEAOBATENRHOCTH 30HAAa W/HMIHM IIpaiMmepa,
umeromye 1o MeHsied Mepe 50%, nmo Menbmel Mepe 75%, nmo menemed Mepe 90%, uiam mo
MeHbIIEeH Mepe 95% KOMILIEMEHTAapHOCTh, a Takke Te, KOTOphle MMEIT noyHyo (T.e. 100%)
KOMIUIEMEHTApHOCTh KO BCEM YaCTSAM HYKJICOTHIIHBIX IOCIEHOBAaTENBHOCTEN, OMUCAHHEIX 3/1ECh,
HaxOAATCA B Ipeeiiax o6beMa HaCTOAIIEro H300peTeHuUs.

I'ubpunuzaimio MEXTY 30HJOM/nIpaiiMepoM U HYKJIEMHOBO-KHCJIOTHOH
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IOCIIEIOBATENBHOCTEIO (TaKkod Kak JioOble, ONMHCAHHBIE 31€Ch), MOXHO IPOBOAUTE MpH
TemnepaType okono 40°C-75°C B 2-6 x SSC 6ydepHoM pacTBope (T.€. pactsope 2-6 x NaCl
17,5 r/1 u uutpara Hatpus (SC) 8,8 r/i), copepxamem 0,1% noxemmwicynsdar Hatpus ([ICH).
KoHeuno, B 3aBUCHMMOCTH OT CTEIEHH CXOACTBA MEXIy 30HIOM/TIpalimMepoM |
IOC/IEIOBATEIPHOCTBIO, MOXHO IIPHMEHSTh OydepHble pacTBOPhl €  YMEHBIIECHHOM
xonnenTpamueit SSC (r.e. 1x SSC, comepxamuii 0,1% JICH; 0,5 x SSC, conepxanmit 0,1%
JICH; u 0,1x SSC, conepxauwuii 0,1% JICH).

IMonunenTHAHBIE 30HAB], obnafamonme 1o MeHpei mepe 30%, 50%, 70%, 75%, 80%,
85%, 90% mmm 95% MIEHTHYHOCTHIO, a Tawke obmajgatomme mnomHo (1.€. 100%)
MIEHTHIHOCTBIO KO BCEH WJIM K YaCTH [OCIIEA0BATEIbHOCTH, PAaCKpPHITOH 31eCh, BXOAAT B 00beM
HACTOSIIIEro H300pEeTEHHs.

Kak TakoBOM, JIONOJHUTENBHBIM acIeKT HacTOSIIEro H300peTeHHs 00ecIeynBaeT
ONMTOHYKJICOTUAHbIE 30H/BI W/UIH NpaifiMepHl, PeTHa3HAYEHHBIE Ul THOPHUIAU3ALMA BCEH WU
YaCTH NIOCIIEI0BATENLHOCTH, BEIOpaHHOM U3 rpymmbl, coctosmel u3 SEQ ID NO: 1, 2, 4, 5, 7, 8,
10 u 11. Kpome Toro, nmpyrod acmekT obecrneyuBacT MOJMICOTUAHBIE 30HIEL,
CKOHCTPYMPOBaHHbIE [JIsl CBA3BIBAHUS CO BCEH MM € YACThIO II0CIEA0BATEIbHOCTH, BEIOPaHHOM
u3 rpymisl, cocrosmeid u3 SEQ ID NO: 3, 6,9 u 12.

B gpyrom acmekTe Hacrosimee H300peTeHHE obecneduBaeT Crnoco0 IUarHOCTHKH
JeroyHoro 3a00JeBaHMs WM COCTOSHHUS, W/WIM BOCIPUHMYHMBOCTH K HEMy, Iae crmocob
BKJIIOYAET OIpeJieIeHHe TOro, OTMe4aeTcs M abeppaHTHast SKCIPECCHS TEHOB R2R! w/umm R2R?
y cyOBeKTa.

V CcyOBeKTOB ¢ [OMardo3oM, HalpuUMep, paka W/HIHM CepACYHOro HW/HIK JIErOYHOro
3260J1€BaHUA MOXET MIPOSIBIATECS abeppaHTHas (T.€. MOBBIMIEHHAs MM CHIDKEHHAs) SKCIIPECCHS
rena/6enka R2R' w/wmu R2R®. TepMmuH «aGeppaHTHAs JKCIPECCHS» HYKHO MOHMMATh, KakK
OXBaTLIBAIOIMH YpPOBEHb OSKCIPECCHM TI'eHa KaK HOBBIIICHHBIA W/HIM CHHKCHHBIH, IIO
CPaBHEHHIO ¢ 00pa3IioM, MONYYEHHBIM Yy 3/I0POBOTO CyOBEKTa HiIM CyOBEKTa, HE CTPAJAIoIIEro
3a60JIcBAHHEM /MM COCTOSHMEM (2 HIMEHHO, CEPICYHBIM I JIETOYHEIM 3a00JIeBaHUEM W/MIH
COCTOSTHHEM HJIH PAKOM).

TepMun «obpasely HeOOXOIMMO MOHMMATh KaK BKIIOYAIOMHMH 00pasubl >KHUAKOCTEH
OpraHM3Ma, TaKHe KakK LieJibHas KpOBb, IUIa3Ma, ChHIBOPOTKA, CNIOHA, NMOT W/WiH crepMa. B
APYTHX CIy4asx MOTYT IPUMEHSATHCS Takue «oOpaslpl», Kak OHONTATh H/WIH COCKOOEI TKaHEH.
B 4acTHOCTH, MOXXHO MPUMEHSATh GHONTATHl W/MIH COCKOOBI JerouHoi Tkanu. Kpome Toro,
oOpasel] MOXeT coJep)kaTh TKaHb HIM CEKPET JKeNE3bl, H MOIYT IPHUMEHATHCS MPOLEIyphI
IPOMEIBaHMs Ui IOJydeHHs oOpa3sla >KHIKOCTH, CEKPETHPYEMOH, HalpHMEp, B JIETKOM.

[Mogxopsuye npouenypsl MPOMBIBaHHUS MOTYT BKIIOYATh NPOLEAypY OpOHXO-alibBEONAPHOrO
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naBaxa. CrenyanicTy B JaHHOW 00JIaCTH TEXHHKH IOHSTHO, 9TO 00pas3libl, ONMCAHHEIE BBIILE,
MOryT 00ecrednBaTh GONIBIINE KOIHYECTBA HYKIEHHOBOH KHCIIOTEI R2R'? (t.e. AHK unu PHK)
w/uma R2R'? Genkos, mentunos (wm ux dparmenTos). Jlanee, 3TH COCOGbl MOTYT COIEPKATh
epBLIi 3Tan obecrnedeHus obpasua oT CyOBeKTa, NPEANOIOKHUTENLHO CTPALAIONIETO JITOUYHBIM
3a60J€BaHHEM M/HIH COCTOSHHEM, HIM IIOJABEPKEHHOIO PHCKY DPa3sBUTHS JIETOYHOIO
3a00JIeBaHMS U/WIIM COCTOSHHUA.

[ToBbilIEHHE YPOBHS 9KCIIPECCUM reHa/beinka R2R! w/unu R2R? moskeT 6HITH CBA3aHO C
M00BIM 13 3a00JI€BaHU W/WIHM COCTOSIHUM, OIMCAHHBIX BBHIIIE, UM BOCHPUUMYHBOCTBIO K HUM.
Hampumep, MOBBIMIEHHE IKCIPECCHU R2R' rena/Genka MoXeT ykasblBaTh Ha H3GBITOUHYIO
KIETOYHYIO nIpoiudepanuio u/ui auddepeHIUpoBKy, H MOXET OBITh CBA3AHO, HAIpUMED, C
HEOIUIaCTMYECKUM COCTOSHMEM, TaKUM Kak pak (T.e. pak Jerkux). CHIKEHHE 3KCIPECCHH
rena/6enka R2R! wmmm R2R? MoxeT yKa3HBaTh Ha IIaTOJOTHYECKHE COCTOSHWS,
XapakTepHu3ylonyecs: IUVIOXUM HIIM HapylIeHHBIM pa3BHTHEM cepaua/nerkoro. Takue ycioBus
MOTYT HPHBOJMTH K HOBPEX/CHHIO TKaHeH (M3-32 MEXaHHYECKOTO CTpecca B CEpALE/IErKHX),
pyOlLieBaHMIO, IOTepe CTPYKTYPHOH LEJIOCTHOCTH CepAua/JIerkux, H AeopMmaluu HiIu
MOBPEXICHUIO CTPYKTYPbI BO3yXOHOCHBIX ITyTEH JIEMKUX MJIM CEPJLA.

CrienyaucTy B JAHHOW 00JacTH TEXHUKH H3BECTHBl METOAMKH, KOTOPHIE MOXHO
NPUMEHATh 1/ WACHTH(GUKAIMM YpOBHEH GEIKOB M/WIU TEHOB, TaKUX KaK R2R" rensr w/mmu
OenkH, B TaKMX 00pasuax, Kak [epedrCclICHO BEIILE.

Takne METOOUKHA MOTYT BKJIIOYATh, HarlpMMep, METOJUKH Ha OCHOBE IOJHUMEPAa3HOM
nenuoit peakuuu (I1LP), Takue xak IIL[P B pexuMe peaabHOro BpeMEHH (MHAYe M3BECTHAS Kak
konuuectBeHnas [II[P). B manHom ciyuae, I[P B pexume pealbHOIO BPEMEHH MOXHO
NPUMEHATh JJIS OIpEAEICHUs] YPOBHSA DKCIIPECCHM IE€HOB, KOAMPYIOIIMX R2R! wmm R2R?
6enku. Kak mpaBuio, /Ui KOJHYECTBEHHOTO ONPEACICHUsS YPOBHS 3KCIIPECCHH KOHKDETHOM
HYKJIEUHOBO-KHCJIOTHOH IIOCIENOBAaTEeILHOCTH, MOXHO rpumeHsats IIIP ¢  o6paTHoi
TpPaHCKpHUNTa30d Juis oOpaTtHoro TpaHCKpuOupoBaHusi coorBeTcTByromeii MPHK B
xomiuiemenrapayio JTHK (xJHK). IIpennoururensHo, B npoueaype oOpaTHOM TpaHCKPHIIIHH
MOXKHO IIPUMEHATh TpaliMeprl, MpeJHa3Ha4YeHHBIC MU CHELU(QUYECKOH aMIUTMOHKALHU
nociaepoBarenbHocTH  uHTepecyromeit MPHK. anee, IILIP MOXHO nNpHUMEHATE AU
ammumudukauuu k/IHK, obpasyemoi npu o6paTHOH TpaHCKPHIILHH.

Kak mpasuno, x/IHK aMnnmuouuupyroT ¢ NpUMEHEHHEM NIPaiMEPOB, NPEAHa3HAUYEHHEIX
i cnenrudeckord rubpuAn3aliy C ONpPEACIICHHOH MOCIEN0BaTENbHOCTEIO, @ HYKIEOTHIHI,
ucrojbs3yemble st I[P, MoryT ObITh MOMEYEHB (IIOOPECLEHTHBIMUA MM PafgMOaKTHBHBEIMU
COETHHEHHSMHU.

Cneuuanncry B JAaHHO# 00JIaCTH TEXHHKH M3BECTHBI METOIUKH IMPpUMCHECHHUA MCYCHBIX
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HyKJICOTUIOB JUIs KoauyecTBeHHoro onpeneneHus JJHK, nomyyenno# Bo Bpems IILP. Bxparie,
U B KAuecTBE IPUMEPA, KOJMYECTBO MEUeHOH aMIUIMGHIMPOBAHHOM HYKIEUHOBOH KHUCIOTHI
MOXXHO OIPEENIUTh IIyTeM MOHHUTOPHHIA KOJIHMYECTBA BKJIIOYEHHOIO MEYCHOI'O HYKICOTHAA BO
BpeMs nukios ITHP.

JlononHUTENbHY0 HH(BOPMALHMIO, Kacallilylocss MeToauk Ha ocHose IILIP, ommcaHHBIX
371ech, MOXHO HaiiTH, Hanpumep, B «PCR Primer: A Laboratory Manual, Second Edition Edited
by Carl W. Dieffenbach & Gabriela S. Dveksler: Cold Spring Harbour Laboratory Press» («IILIP
npaiimep: JlaGopaTopHoe pykoBonactBo») u «Molecular Cloning: A Laboratory Manual by
Joseph Sambrook & David Russell: Cold Spring Harbour Laboratory Press» («MonekyispHoe
KIoHHpoBaHHe: JlabopaTopHOE PyKOBOJCTBOY).

Jpyrue MEeTOIUKH, KOTOpPhIE MOXHO NMPHUMEHATH /I ONpEEIeHHs YPOBHS 9KCIIPECCHU
rera R2R! w/um R2R? B o0pasue, BKIIYAIOT, HallPUMEP, METOAUKH HO3epH-OJIOTTHHra H/MIIH
cay3epH-OnoTTHHra. HO3€pH-OIOTTMHI MOXXHO NPHMEHATH JJId ONpEACICHHMS KOJIHYECTBA
xoukperHoit [THK, npucytcrByromei B o6paslie, 1 TaKMM 06pa3oM, MOXHO HMCIIONB30BaTh IS
ONpeNeNeHUss KOJUYECTBA IKCIIPECCHH R2R' wmmn R2R? rema. Bkparne, MPHK MoxHO
9KCTParMpoBaTh, HANpUMEP, M3 OCHOBAaHHOHW Ha KJIETKax WIH OECKIETOYHOH CHCTEMBI,
MOIUGUIMPOBAHHON Ul BKIIOYEHHUS IKCIPECCUPYEMBIX R2R' wmmm R2R® remoB, c
IIPMMEHEHHEM METOIUK, U3BECTHBIX CIIELHAIUCTaM B TaHHOW 00JacTH TEXHUKH, U NOABEPrHYTh
anektpodopesy. HykIeHHOBOKHUCIOTHBIA 30HN, NpelHa3HAYeHHbIH 11 rubpuausamuu (T.e.
KOMILUIEMEHTapHBINH) MHTepecylomeit nocnenosarensHoctd MPHK, B nanHOoM ciysae MPHK,
KOIUpYIOLIeH R2R! w/umu R2R? OenKky, MOXKHO MPUMEHATH I JETEKIMH U KOJUYECTBEHHOIO
onpenenenue koHkpetHo# MPHK, npucyTcTByromeii B ob6pasue.

B nononHeHue uiu albTEepHATUBHO, YPOBEHb 3KCIIPECCHU R2R' w/mmu R2R? rena MojxHO
BBISIBHTH C IIOMOIIBI0 MUKPOMATPUYHOTO aHaiu3a. Takoi croco6 Bxmodaer npumeHenne JTHK
MHKpOMATpHLEI, COIEpXalleif HyKIeHHOBYIO KHCIOTY, HoiydenHylo u3 R2R' w/mmn R2R?
reHoB. Il MAECHTUOUKAIUM YPOBHSA JKCIPECCHU R2R! wmmn R2R? remos, cnermanucr B
JIAHHOH OO0JIaCTH TEXHUKH MOXXET 3KCTParHpoBaTh HYKIECHHOBYIO KUCIIOTY, MPEATIOYTHUTEIBHO
MPHK u3 cucreMbl (OCHOBaHHOH Ha KJIE€TKaX WJIH OECKJIETOYHOH), MOABEPrHyTOH crocoby,
OIMCAHHOMY B NEPBOM AacleKTe HACTOAIMIEro U300peTeHus, M IMOABEPTHYTH €€ Ipolexype
ammoukanuy, Takomy Kak I[P ¢ obpatHoil Tpanckpumraszod, mns cosganus k/IHK.
IIpenmoyuTHTENEHO, MOXHO IPHUMEHATh IpaiiMephl, CIEeUUGHUYHBIE M OIpENEIEHHON
nociaenoBarensHocTd MPHK, B TaHHOM clTydae IOCIeI0BATeIbHOCTH, koaupyiomue R2R ' w/mmu
R2R? reHsl.

AMILTHGHUITEPOBAHHYIO R2R! wmmu R2R? xJHK MoxHO OABEpraTh JTaIy

JIOIIOJTHUTEIBHOMN aMIUII/I(l)I'IKaHI/II/I, Heo0s3aTeIbHO B IIPAUCYTCTBHHU MCUYCHBIX HYKJICOTUIOB (KaK
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ONMCAHO BHINIE). 3aTeM MOXHO KOHTAaKTHpoBaTh amim¢uumposanHyo K/IHK, koropas
HeoOs3aTeIbHO TIOMEYEHA, ¢ MUKPOMATpHLEH B YCIOBHUAX, 00€CIEYMBAIOIIUX €€ CBA3BIBAHHUE C
JHK muxpomarpuisl. Takum 06pa3oM, MOXHO HACHTHOUIHMPOBATE YPOBEH 3KCIIPECCUH R2R!
w/nm R2R? renos.

JIONOMHUTENBHYI0 HH(POPMALHIO, KacaloUIyIOCs BBHIICONMMCAHHBIX METOMHK, MOXHO
HaiitH, Hanpumep, B «PCR Primer: A Laboratory Manual, Second Edition Edited by Carl W.
Dieffenbach & Gabriela S. Dveksler: Cold Spring Harbour Laboratory Press» («I[IP npaimep:
JlaGoparoproe pykoBoacTBo») u «Molecular Cloning: A Laboratory Manual by Joseph
Sambrook & David Russell: Cold Spring Harbour Laboratory Press» («Monekysproe
KJIOHMpOBaHue: JlabopaTopHOE pyKOBOACTBOY).

HOns onpeneneHus  ypoOBH:A R2R!? GemxoB B o6pasme MOXHO MPUMEHSTH
MMMYHOJIOTHYECKHE METOJUKH C IPHMEHEHHEM areHTOB, CIIOCOOHBIX CBA3BIBATH R2R"? 6emnxn.

B oQHOM BapHMaHTe OCYLIECTBICHHS IUACHOCTHYECKHE CIMOCOOBI, ONMCAHHBIC BBHIIIE,
MOTYT BKJIIOYATh 3Tal KOHTAKTa CyOcTpata (WIM €ro 4YacTH) C HCCIEAyeMbM 00pasuoM, B
yCIOBUAX, OOECTEUMBAIOIMX  ACCOLMALMIO,  B3aHMOJCHCTBHE,  CBA3bIBAHHE  W/WIH
ummobmmm3ammio oGoro R2RY Gemka, mpucyTcTByromero B o0pasie, C yKasaHHBIM
cybcrpaToM.

IMomxoasmpe cyb6CTpaTel MOTYT BKIIOYAaTh, HANPUMEpP, CTEKJIO, HHUTPOLEIUIIONO3Y,
OyMary, araposy, W/uiM IIacTUku. TakoH cyb6cTpar, HapuMep, IIACTHKOBBIA MaTepHal, MOXeT
UMeTh GOpMY ILIaHIIETa I MUKPOTUTPOBAHHA.

AJIBTEepHATHBHO, CyOCTpaT Ui KOHTaKTa ¢ MCCIeLyEMBIM 00paslioM MOXET COJACpKaTh
arcHT, CrIOCOOHBIN CBSA3BIBATHCA C R2R'? 6enxom(amu). TIpeaIOYTUTENBHO, areHT, CIOCOOHBIM
cesaspBathes ¢ R2RY? Genkamu, cam cBssaH ¢ cyGcTpaToM (WIM MO MeHBIIEH Mepe C ero
4acThI0). [JoaXomsiipe CBS3BIBAIONIME areHThl MOTYT BKIIOYaTh, HAPUMED, aHTUTENA, TaKHUe
KaK MOHOKJIOHJIbHBIE WIM IIONHKIOHAJILHEIE aHTHTENa, W/WIX APYTHE THIBI NENTHIOB HIH
MaJIBIX MOJIEKYJI, CIIOCOOHBIX CBSA3BIBATBECS C R2R'? Genxamu. Heo0xoauMo IOHATH, YTO 3TO
omnpeeeHue MPUMEHSAETCSs KO BCEM THIAM CBA3BIBAIONIMX AareHTOB, YNOMHUHAEMBIX 37ECh.
Takum oOpa3oM, cyOcTpaT (WJIM €ro 4YacTh) MOXET KOHTaKTHPOBATh C aHAIM3UPYEMBIM
00pa3loM B YCIOBHUSX, 00ECIIEUMBAIOIIUX CBA3BIBAHUE MIIM B3aMMOJCHCTBHE MEXIY areHTaMu,
criocoGubMH cBsi3biBaTh R2R Y2 Gerok, 1 mo6smM R2R'? Genkom, nmpucyTeTBytonum B o6pasne.

Jlio6oii R2RY? Genok, cessaHHblf ¢ Cy6CTpaTOM MM areHTamH, CIOCOGHBIMH K
cesspBanmio R2RY2 Genka(oB), MOXKHO ONpEIETHTh C IPUMEHEHHEM JOTOIHATENLHOTO areHTa,
criocoBHoro caaseatecs ¢ R2R'? Genkom(amu) (mamee 0603HAYaEMOro Kak «IIEPBHYHBLH
CBA3YIOIMH areHT»). B JOMONHEHWE WIM aJbTEPHATHBHO, NEPBHYHBIC CBS3YIOLIME arc¢HTHI

MoryT obnagath ah(HHHOCTBIO K, HIM CBA3BIBATHCA C KOMIUIEKCaMH R2R'/R2R? 6Genoxk:
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cyOCTpar WM KOMIUIEKCAMH, COAEPXKALIMMH R2R'? Genkn M BHINEYHOMSHYTHIE ATEHTEL,
crioco6Hsle cBs3bBathes ¢ R2R ' Genmkamu.

[epeuyHBIEe CBA3YIOIIME AareHTHl MOTYT OBITh KOHBIOTMPOBAHBI C KOMIIOHEHTAaMH,
ofecreuyrBalOIMMH  HMX  JeTeknuio (mamee 0003HA4aeMBIMH  KaK  «JIE€TEKTHPYEMbIe
KOMIIOHEHTE»). Hanpumep, nepBUuHbIE CBA3YIOLIME arcHTBl MOTYT OBITH KOHBIOTHPOBAHBI C
(epMeHTOM, YPOBEHb KOTOPDOIO MOXHO ONPEAETIHTh C IOMONIBIO KOJIOPHMMETPUYECKOH
XEMIIIOMMHECIIEHTHOH peakuud. Takue KOHBIOTHPOBAaHHBIE (EPMEHTBI MOIYT BKJIIOYATH
nepokcuaasy xpena (IIX) u menounyo docdarasy (IID), Ho He orpaHMUMBaKOTCS umu. B
JOTIOJIHEHHE WY AIbTEPHATUBHO, TIEPBUYHBIE CBA3YIOIHME areHTHl MOIYT OBITh KOHBIOTMPOBAHEI
¢ GmroopecueHTHON MoJIeKyIo#, HanpuMep, dmoopodopom, Takum kak PUTI, poxamuH, WK
KPACHTENb TeXaCCKUii KpacHbIi. J[pyrue THIIBI MOJIEKYJI, KOTOPBIE MOTYT OBITh KOHBIOTMPOBAHEI
CO CBSI3YIOIMMH areHTaMH, BIJIIOYAIOT MEYCHBIE PaJHOaKTHBHO KOMIIOHEHTEI.

ANbTepHATUBHO, TI000H R2R!? Genok, cessaHHBIE ¢ Cy6CTPAaTOM MIM areHTamy,
CrIOCOGHBIMA cBsi3EIBaThes ¢ R2R'? GenkaMu, MOXHO ONpPEAeTHTh TOCPEACTBOM €IIE OXHOIO
CBA3YIOIIETO areHTa (majee 0003HAYaeMOro KaK «BTODHYHBIA CBSA3YIONIMH —areHT»),
obnanaromero ap@UHHOCTRI0O K IEPBHYHBIM CBSA3YIOIUMM areHTaM. IIpeanoyTHTeNnsHO,
BTOPHYHBIE CBS3YIOIIUE areHThl KOHBIOTHPOBAHEI C NETEKTUPYEMBIMU KOMIIOHEHTaMH.

KomuuecTBO mepBUYHOTO CBS3YIOIIEro areHTa (MM BTOPHYHOTO CBS3YIOLIETO areHTa,
COCAMHEHHOTO C HHUM), CBA3aHHOIO C R2R' Genxom(amu), MOXET OTpakaTh YPOBEHE R2R'?
Genka(oB), MPHUCYTCTBYIOLIETO B HCCIIeAyeMOM obpa3slie.

B oaHOM BapHaHTe OCYILIECTBICHUS CHOCOOB! WACHTU(HKAIMM YPOBHS R2R'? Genka
MOTYT HMETh (POpMy aHaIHM3a C TECT-NIOJOCKOH, rae cybcTpaT (MM €ro 4acTh) INPUBOIAT B
KOHTAKT C HCCIEQyeMBIM 00paslioM B yCJIOBHAX, 00€CIEYMBAIOIHUX CBS3BIBAHHE KAaKOT0-IHO0
R2R!" Genka(oB), mpucyTCTBYyIOIEro B 06pasie, ¢ CyGCTpaTOM MM CBA3YIOIIMM areHTOM,
NPHUCOEIMHEHHBIM WIX KIMMOOHIN30BaHHEIM Ha HEM.

B npyrom BapHaHTE OCYILECTBIEHHS CIIOCOOBI MOTYT UMETh HOPMY MMMYHOJIOIHYECKOTO
aHaJIM3a, HalpuMep, TaKOro Kak TBepaodasHelii nMMyHopepMeHTHBIH anamu3 (ELISA). ELISA
Moxer umeTh Gopmy ELISA «c 3axBaToM», B KOTOpPOM aHAIHM3UPYyEMBI oOpasel MpUBOAAT B
KOHTaKT ¢ cyOcTpaToMm, U 000 R2R ' 6enox(u), mpucyTcTByromIuit B 06pasiie, 3aXBaTEIBACTCS
WIA CBSA3LIBAETCSA CBSA3YIONIMM areHToM (CIOCOOHBIM K CBSI3BIBAHHIO C R2R"? OenkaMu),
CBS3aHHEIM HJIH HMMMOOWIHM30BaHHEIM Ha cyOcrpaTe. ANBTEpPHaTHBHO, o0Opasell MOXET
KOHTAaKTHPOBAaTh C CyOCTpaTOM B YCIOBHSX, OOECHEUHBAIOLIMX «IIPSIMOE» CBA3LIBAHUE MEXIY
mo6siM R2R' Genxom(amu), IPUCYTCTBYIONMMM B 06paslie, H CyGCTpaToM.

Kaxnpiit u3 cnocoboB ELISA, onucaHHBIX BBIINIE, MOXET BKJIIOYAaTh 3TAall «IIPSIMOIoO»

oisBiernst R2RY? Genka, nimn stan «HenpaMoity unentudukaruu. ELISA, Brtrovaromuit Takue
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3Tambl, MOXKHO 0603HaUMTh Kak «npsmoii» ELISA wnn «Henpsamoi» ELISA.

«IIpsamoit» ELISA MoxeT BKIouaTe oOecreyeHHe KOHTaKTa HCCIELyeMOoro obpasua c
cy6CTpaTOM B YCIOBHAX, OOECICYMBAIOIMX  CBA3bIBAaHHE  JHOOOro R2R'?  Genxa,
IPUCYTCTBYIOIIETO B 06paslie, ¢ CyOCTpaTOM H/WIH CBA3YIOLIUM areHTOM, COSIMHEHHBIM C HUM.
ITocne Heo6A3aTENLHOrO 3Tana GJIOKUPOBAaHUS, CBA3aHHBIN R2R'? Genok(¥1) MOKHO BBISABUTE C
IIOMOIIBI0 areHTa, CIIoCOOHOI0 CBA3LIBATHCA C R2R'" Genkamu (T.e. EPBUYHOTO CBSI3YIOLIETO
aresra). IIpeAnoOYTHTENHHO, TIEPBHYHBIE  CBA3YIOIIME  arcHTl ~ KOHBIOTHPOBaHBI  C
JETEKTUPYEMbIM KOMIIOHEHTOM.

«Henpsamoit» ELISA MOXeT BKIIOYaTh JONOJIHUTEbHBIN JTall, TOC]Ie KOHTAKTa C R2R"?
Genka(oB) C IEPBUYHBIM CBS3YIOLIMM areHTOM, C IPMMEHEHUEM JOTIOIHUTEIBHOIO CBA3YIOIIETO
areHTa (BTOPHYHOTO CBA3YIOIIETO areHTa), 06aaaomero abGUHHOCTBIO Wl CIIEIU(HIHOCTEIO
B OTHOIIEHHWH NEPBHYHOIO CBS3YIOWETO areHTta. IIpeinmodTUTENsHO, BTOPHYHBIA CBS3YIOLIUHA
areHT MOJXET OBITh KOHBIOTUPOBAH C JIETEKTUPYEMBIM KOMIIOHEHTOM.

Jlpyrie  UMMYHOJOTMYECKHE  METOAMKM, KOTOPBIC MOXXHO  NpPUMEHATH LA
UACHTUGUKALUN  YPOBHSA R2R?  Genka B  obpasme, BKIIOYAIOT,  HAIPHMED,
MMMYHOT'MCTOXUMHYECKUH aHalIu3, NpH KOTOPOM CBS3YIOIME areHTHl, TaKue KaK aHTHTEIa,
crioco6usIe cBasbBaTe R2RY? Genok(n), NpUBOAAT B KOHTAKT ¢ 06pasoM, NPEANOYTUTEIBHO,
06pasoM TKAaHH, B YCIOBHSX, OOECICYMBAIOIMX CBA3BIBAHHE MEXAY JIOOLIM R2R'
OenkoM(aMi), TPUCYTCTBYIONIMM B 0Opaslie, ¥ areHTOM, CBS3BIBAIOLINM R2R"? Genok. Kax
NpaBHIO, Nepel KOHTAakTOM ofpasia co CBS3YIOIIMM areHToM, obpasen o0pabathiBalor,
HanpuMep, feTepreHToM, TakuM kak Tpuron X100. Takas MeToqMKa MOXET 0003HAYATHCS KakK
«IIPSIMOE» UMMYHOTHCTOXHMHUYECKOE OKPaIlMBaHHUE.

AJILTEpHATHBHO, aHAIU3UPYEMBIH 00pasell MOXHO NOABEPraTh NMpolefype HENpsMOro
MMMYHOTHCTOXHMHYECKOTO OKpPAIlMBaHUs, B KOTOPOM IIOCIE KOHTakTa obpasia C arcHToM,
cesspBaromumM R2R'? Genok, NPUMEHAIOT JOIOMHUTENBHEIN CBA3YIOMIMHA areHT (BTOPHYHHIA
CBA3YIOIIMI areHt), KOTOphlA crmenuduyer, obmamaer ad@UHHOCTBIO, WM CNOCOOEH
CBSI3BIBATECS C areHTOM, cBsssiBaromM R2R'? Genok, i BEISBIEHHS KOMIUIEKCOB R2R'?
0eIOK/CBS3YIOIIMN areHT.

Crenyaiucty B JaHHOM OOIacTH TEXHUKM IIOHATHO, YTO B IPAMBEIX M HENPSIMBIX
HMMMYHOTHCTOXMMHYECKAX METOAMKAX CBA3YIOIHM areHT MOXET OBITh KOHBIOTHPOBaH C
JETEKTUPYEMBIM KOMIIOHEHTOM. IIpearouTHTENbHO, CBA3YIOMHUH KOMIIOHEHT WX BTOPHYHBIA
CBA3YIONIMI areHT KOHBIOTMPOBaH C KOMIIOHEHTOM, CHOCOOHBIM OOECHEYHTH ONpexeseHne
YPOBHA NPHCOCAVHEHHOTO CBS3YIONIETO areHTa HWIM BTOPUYHOIO CBS3YIOIICTO arcHTa, ¢
IIOMOUIBIO KOJIOPUMETPHYECKOH XEMUIIOMUHECLIEHTHON PEaKIHH.

s uneHTudUKaliy ypoBHEH R2R'? Genka(oB), IpHUCYTCTBYIOIEX B 06pa3Lie, MOXHO
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CPaBHMTH  pPe3yNbTaThl MMMYHOTHCTOXHMHMYECKOTO  OKpallUBaHHA C  PE3yiIbTaTaMu
MMMMYHOTHCTOXMMHYECKOT0 OKpAalIMBaHHA 3TaIOHHOro ofpasuma. B KkauecTBe IpHMeEpa,
obOpaser;, coiepxamui Ooiblle HIM MEHbINE arcHTa, CBSI3YIOIIETO R2R? Genox (unm
BTOPHYHOTO CBA3YIOLIETO areHTa), 4eM B STAIOHHOM 00paslle, MOXKET OBITh MOIyYeH y CyObeKra
C KOHKPETHBIM 3a00JI€BAHHEM HM/HIIH COCTOSHHUEM.

JlpyTue METOIMKH, BKIIOYAIOIHEe NPUMECHEHHE areHTOB, CTIOCOOHBIX CBSI3bIBATH R2R!"
GenKH, BKIIOYAIOT, HAIIPUMED, TAKHE METOAMKH, KaK BECTEPH-OIOTTHHT WK J0T-6710T. BectepH-
OIOTTMHT MOXET BKIIOYATh diekTpodope3 obpasua [uisd pa3AelCHUsA WIM DPa3loXKEeHHs Ha
COCTABJIAIONIME KOMIIOHEHTOB ofpasua, HampuMmep, OEIKOBBIX KOMIIOHEHTOB. PasjeneHHbie
KOMITOHEHTHl MOXKHO 3aT€M IIEPEHECTH Ha CyOCTpaT, Takoi KaK HHUTpOHe/Ionosa. [l
HaeHTH(QUKALWN KaKoro-aubo R2R!? Genka(o), mpuCyTCTBYIOmHX B 00pasie, MOXKHO
oOecIednTh KOHTaKT cy0cTpaTa CO CBS3YIOIMM areHTOM, CIOCOOHBIM CBA3BIBATH R2R'?
6enok(u) B yCIOBHAX, O0ECICYMBAIOMMX CBS3BIBAHHE MEXIY JHOOBIM R2R"? Genxom(amu),
NPUCYTCTBYIOILMM B 06pasLie, X areHTaMH, CIOCOOHBIMH CBS3BIBATH R2R ' Genox(w).

[TpeAnoYTHTENbHO, areHT, CHOCOOHBIA CBA3BIBATH R2R!2 oenok(u), MoxeT OBITH
KOHBIOTHPOBAHHBIM C IETEKTUPYEMBIM KOMIIOHEHTOM.

ANbTEpPHATHUBHO, CyOCTpaT MOXXET KOHTaKTHpPOBAaTh C JPYTHM CBS3YIOIIAM arcHTOM,
obnanaromuM ad@GUHHOCTBIO K CBS3YIOIIEMY areHTy(aMm), CIoCOOHOMY CBA3BIBAThH R2R'?
6enok(u). ITpeAroYTHTENBHO, OMOMHHTEIbHBIA CBA3YIOIMI areHT MOXET OBITh KOHBIOTHPOBAH
C JIETEKTHPYEMBIM KOMIIOHEHTOM.

B ciyuae J0T-6710Ta MOXHO 00€CIeYnTs KOHTAKT 00pasiia Hill €ro 4acTH ¢ CyOCTparoMm,
TaK 4To6Bl M060 R2R'? Genok(n), npucyTcTBytomui B o6pasie, CBA3LIBAICA C CyGCTpaToM
UM MMMOOHIM30BaNICA Ha cyGcerpare. MaeHTUUKAIUIO CBI3aHHOTO MIIM MMMOOMIN30BaHHOTO
R2R ' Gesnka(0B) MOXHO IPOBOJHTH, KaK OMHCAHO BHIIIIE.

B mo60#i U3 BBILIEYIOMSIHYTHIX METOAUK KOJIMYECTBO OOHApyKMBAEMOTO IEPBHYHOTO
WIH BTOPUYHOTO CBA3YIOILETO areHTa INpeACTaBiIseT WIM SABISETCS MPONOPUHOHAIBHEIM
KOJIUYECTBY R2R"? Genka, mpucytcTBytomero B obpasue. Jlanee, pesyIbTaThl, MONydYEHHEE B
11060M MM BO BCEX IUArHOCTHMYECKHX Croco0aX, OMMCAHHBIX BHIIIE, MOXXHO CPAaBHUTH C
pe3yJibTaTaMH, MOJYYEHHBIMH IS STAJIOHHOTO MM KOHTPOJBHOrO 06pasloB, MOIYYEHHBIX Y
3JI0POBBEIX CYOBEKTOB, KOTOpDHIE, KaK HM3BECTHO, HE CTpAJaloT M HE IOABEPXKEHBI Pa3sBUTHUIO
KOHKPETHOTO 3a00JIeBaHusi WM pacCTPOMCTBA (HAmpHMep, TaKOro Kak CEpAEYHOE HW/HIH
neroudoe 3abojeBaHue WIH pacCTPONUCTBO, U/HIH PaK).

JIOTIONHAUTEBHBIN aCHEKT HACTOSIIEro W300peTeH:s BKII0YAET crnocod HaeHTUHKALUN
WIM NOJIyYEHHS areHTOB, MOAYIHUPYIOIIHX IKCIPECCHIO R2R! w/mmu R2R? reHoB, BKITIOUAIOIIHMIA

stamsl koHTaxTa R2R! w/mmm R2R? reHOB ¢ areHTOM TECTMPOBAHHS, M BEIABIEHHE MOIYIIALMM
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3KCTIPECCUH R2R"? rena.

CrienHaaycTy B JaHHOH 06NACTH TEXHUKH MOHATHO, YTO TaKOH criocob, Kak orucaH B 9-
M acIeKTe HaCTOALIEro H300peTeH s, MOXET OBITh NIPOBEJIEH B TAKHX CHCTEMaX, KaK HallpUMeED,
CHCTEMBI Ha OCHOBE KJIETOK MIIM OECKIETOUHEIX CHCTEMAaX, MOAUGHIMPOBAHHbIE IS BKIIIOYCHHS
R2R! w/mmi R2R? renos. B kauecTBe npuMepa, KIETKH MOXKHO TPaHCOUIMPOBATH HYKIEHHOBOH
KUCJIOTOM, coepxallen R2R! um R2R? ren. B 0[HOM BapHaHTe OCYIIECTBIEHHS HYKICHHOBYIO
KHMCJIOTY MOXKHO B3sTh B (popMe BeKTopa (HanpuMep, IUIasMHUIbl WX KacCeThl SKCIPECCHH, KaK
OINKCAHO BHIILE).

B 01HOM BapHaHTE OCYIIECTBIEHHUS Pe3yIbTaThl, OTy4EHHBIE H3 CIIOCOOOB, OIMCAHHBIX
BBIIIIE, MOXKHO CPABHHUTH C PE3y/IbTATAMH, [IOJyYSHHEIMH OT KOHTPOJIBHOIO Crocoba, B KOTOPOM
R2R' w/mmm R2R? reHsl He KOHTAKTHPOBAIH C HCCIEAyeMBIM areHToM. TakuM 06pa3oM, MOXKHO
ONpeeNTh, CIOCO0EH M yKa3aHHBIH areHT MOJYJIHPOBAaTh IKCIPECCHIO R2R!' wmmu R2R?
reHoB. Eciu ypoBeHB 3KCIIpECCHHU R2R! wmmm R2R® reHoB MeHbplne HiM GONbIIE YPOBHS
3KCIIPECCHH, BBIABJEHHOIO B KOHTPOJBHOM CIOCOOE, MCCIEeTyeMEIH areHT MOXeT OBITh
IpUToJIeH B KayeCcTBE MOJYJIATOpAa IKCIPECCHH R2R! wumn R2R* remos. Ecimu ypoBeHs
3KCIIPECCHH ABJISETCS TAKUM e, KaK B KOHTPOIBHEIX CTIOCO0ax, HCCIEyeMBli areHT, BEPOATHO,
He croco6eH MOAYIHPOBAaTh SKCIIPECCHIO R2R! w/umn R2R? renos.

Moaxoadmpe HccIeLyeMble areHTHl MOTYT HMeTb (OpMY HYKIEMHOBEIX KHCIOT,
HallpdMep, AaHTHCMBICIIOBBIX  HYKJICOTHIOB, ONHCAHHBIX BBINE, O€NKOB, MENTHUIOB,
aMMHOKHCJIOT, aHTure]l (M MX (GparMeHTOB), YIJIEBOJOB M APYTHX MallbIX OPraHHYeCKHX
MOJIEKYJI.

B gpyroM acnekre Hacrosiiee u3o0OpereHHe obecreynBaeT (apMalleBTHIECKHE
KOMIIO3UIMH, COACpIKallye R2R"  rempi/6enku, ONHCAaHHEIE BBIIIE, AHTHCMEICIOBEIE
omuronykiaeotuabl (JJHK wim PHK), kak onucaHo BHIIIE, H/HIH TIOOBIE areHTHI, 00eCeyeHHbIe
B crmocobax, obecHeueHHBIX B 9-M acleKkre HacTOSLIEro H300peTeHHs, CIOCOOHBIE
MOMIYJIHPOBATh 3KCIIPECCUIO HIM (QYHKIHUIO R2R' w/umu R2R* renos/GenkoB, B aCCOLMAIUU C
(GapMaKoIOrM4eCcKd IPHEMIEMBIM HAMONHUTENEM, HOcUTeleM WM pasbaBurenem. Takue
KOMIIO3MIIMH MOTYT HaiTH [PMMEHEHHE, HAIPUMeD, B JIeYCHUH Pa3IMYHBIX 3a001eBaHUN W/WIH
COCTOSIHHH, ONHCAHHBIX 3/1€Ch, BKIIOYAs CEpAEYHbIC W/WIH JEro4Hble 3a00/CBaHus W/UIH DPaK,
KaK OIMCAHO BBIIIE.

[IpeaAnoYTHTENBHO, (HAapMaleBTHYECKHE KOMIIO3ULUH, OOECIEYECHHEIE HACTOALIINM
H300peTEHNEM, SABISIOTCA CTEPUIBHBIMH (apMalleBTUYECKMMM KomnosunusamH. Iloxxopsuime
HaIlOJHUTENN, HOCHUTEIM MM pa30aBHTeNH MOTYT BKIIOYaTh, HallPUMEp, BOAY, COJICBOH
pacteop, ¢ocdaTHO-coneBoit OydepHBIf  pacTBOp, AEKCTPO3y, IVIMLUEPHH, 3TaHOI,

HOHOO6MCHHHKI/I, OKMCH allIOMHHMs, CTCapaT aJIlOMUHHUA, JICLIUTHH; CEIBOPOTOYHBIC 6eJIKI/I, TaKue
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KaK CHLIBOPOTOYHBIA anbOymuH; OydepHble BemecrBa, TakHe Kak (ocdarhl; TIHIKH,
COpOMHOBYIO KHUCIIOTY, copbaT Kajus, 4aCTUYHBIE IIMIEPHIHEIE CMECH HACBHIIEHHBIX JXUPHBIX
KUCIOT PacTHTENIBHOTO MPOHMCXOXICHHUS, BOJHBIE CONM MIM DJIEKTPOJINTHI, TaKue Kak
nporamMuHCyabdar, QuHaTpus ruapodocdar, kamus ruapodocdaT, HATPHS XJIOPHA, COJIH LMHKA,
KOJUIOMIHBIH KBapl, TPUCHIMKAT MAarHus, NOIMBHHMINKMPPOIMIOH, BEIIECTBA HA OCHOBE
IEJUTIONIO3b], OJHATHIICHTINKOIb, HATpUA KapOOKCHMETILECIUIIONO03Y, OMMAaKPHIIATEI, BOCKH, U
JIAHOJIH ¥ TOMY MoJ00HOE, MM UX KOMOHHALHH.

Vka3aHHas (apMaleBTHYeCKas pelenTypa MoXeT ObITh B GopMe, HaIpUMEp, IIPUTOAHOM
JUIA T[IEPOpAIIbHOIO, IApEHTEPaJbHOIO HIM MECTHOrO IIpMMEHEHHMA. B oJHOM BapuaHTe
oCyIIecTBIeHus (papMalleBTHIECKass KOMIIO3UIUS MOXET OBITh B (GOpME, IPEAHA3HAYECHHOM 1Ist
dHrajsud. KoMmosunuu, npeaHasHaueHHbIe A IPUMEHEHHUS ITyTeM HHTalAlMH, MOTYT OBITh
B (hopMe MENKHX IIOPOIIKOB HJIH pacTBOPOB, KOTOPEIE MOXKHO IIPHUMEHATEH B BUAE a3p030JIs, HIIH
BALIXaTh B BHOe Karenek. CrenualtucTy B JaHHOHW 0ONacTH TEXHMKU HM3BECTHBI yCTPOMCTBA,
KOTOpBI€ MOXHO IIPUMEHATH AJIs JOCTABKH KOMIIO3HLIUH HETIOCPEACTBEHHO B JIETKHE, HAIPUMED,
NIOCPEeICTBOM HMHTAJIALMU. PazMep Kanenexk KOHKPETHOH KOMITO3MIIMM MOXHO H3MEHHTh Tak,
4TOOBI JIEKApCTBO OBUIO JOCTYIHO Ui pa3iMYHBIX Y4acTKOB Jierkux. Hampumep, npu
MHTaJISIIMA MaJIble YaCTHULBl MM KalelIbKH MOTYT INyOOKO NPOHMKATh B JETOYHYIO TKaHb, U B
HEKOTOPEIX CIIydasiX MOTYT JOCTUTaTh albBEOIL.

@dapMalleBTHYCCKAE KOMIO3MLMK JI1 MECTHOTO IPUMEHEHH MOTyT OBITH
Npe/ICTaBICHE B (OpME MasH, pacTBOpa WM CYCHEH3MH B BOJHOM WM HEBOJHOM >KMIKOCTH,
WIH B BUJE OMYJIBCUU MaciiO-B-BOJIE.

Coenunenus, cnocobHbple MOAYIHPOBATh R2R! n/umu R2R? IeHBI, HAalIPAMEP, TaKHe Kak
TeHbl, BBISBICHHBIC C IIOMOIIBIO CIIOCOGOB, OIMCAHHBIX 37€Ch, WM (parmentsi R2R'?
reHOB/GEJIKOB, aHTHCMBICIIOBBIE OJIMTOHYKJIEOTH/IB! H @aHTHUTENIA, OIIMCAHHEIE 3/1€Ch, MOT'YT HAHTH
JIOIIOJIHUTENbHOE MPUMEHEHHE B KaueCTBE MOIYJSATOPOB kieTouHoi muddepenmmponku. Kax
yKa3aHO, aBTOPHI H306peTeHus onpenennai, 4o R2R! i R2R? reHs! H MX IPOXYKTH! BOBIEUEHE]
B IIYTH MOIYSIIHH AW(GEpEeHIIMPOBKH SIUTEINATIBHBIX KIETOK JIETKHX, B YaCTHOCTH KIETOK
IUIOCKOTO JIUTENHs, o0pa3yeMbIX H3 TONYISLHH KIETOK-IPEAIIECTBEHHUKOB JIETOYHOTO
SIHUTEINs WK Ga3aIbHBIX KIETOK (T.e. Krtl4'*® kineTok).

Coenunenus, Mogynupyromue AuGGEepeHIUPOBKY KIE€TOK (HalmpuUMeEp, MUTEIHATBHBIX
KJIETOK JIETKHX), MOTYT OBITH 0CO00 MPUrOJHBIMH JUIs JeueHHs Takux 3aboseBanuil, kak BJI/I,
NPUBOIAIIMX K IOBPEXIEHUIO M pyOlleBaHUIO JIETKUX CO CHIDKEHHBIM WM HEJOPa3BUTHIM
pereHepaTHBHBIM IOTEHIMANOM. TakuM oOpa3oM, IpH NPUMEHEHMH HIM HCIOJIB30BaHUH
COCNMHEHMs, MOIYIHUpYyIomero JaubGepeHUUpOBKY KIETOK, MOXHO YIYyYIIMTh MM

BOCCTaHOBHTB pCTCHepaTI/IBHHﬁ IIOTCHIIHAJI JICTKOI'O. CHCHHaJIHCTy B JaHHOM 001aCTH TEXHUKHU
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IOHSTHO, YTO COSHMHEHHMs, CHOCOOHBIE YCUINTh I CTUMYJIMPOBATEH SKCIIPECCHIO R2R' w/umm
R2R? reHOB, WM BOCCTAHOBHTH (YHKITHIO 3THX T€HOB, MOTYT GBITh 0COGO MOJNE3HBIMH.

B npyrom acmekre Hacrosimee H300peTeHHE OOECNEeuMBacT JKHUBOTHYIO MOICTb UL
U3yYeHHS] OPOLECCOB pa3BUTUS TKAHM HM/MIIM KIETOYHOrO IEPEXofa, a TaKkkKe HEKOTOPBIX
3a60JIeBaHUI W/MIM COCTOSHMM (BKIIOYas CeplevHble W/WIM JIETOYHBle 3a00NIeBaHUs W/HIIHU
COCTOSIHMS, U paK). B 0HOM BapuaHTe OCYLIECTBICHHUS XKHUBOTHAs MOJICIb MOXKET OBITH CO3MaHa
IMyTeM MAaHMITYJISIMA WM MOIY/UMK (T.e. IOBBILUAIOIEH HIM IOHMKAIOMEH perysmnuu)
skcrpeccnn R2R'? renos/6enkos. B J0TONHEHHe MM albTEPHATHBHO, XWBOTHAS MOJENb
MOKeT GBITh co3/aHa IMyTeM HapyleHus sxcnpeccui R2ZR'? renop/6enko. Kak omrcaHo BEIe,
OTKpHITHe psifa mocienoBarenbrocteiit R2R"? reHoB/6GenkoB HenoBeka U MBI 0GECIedHBaeT
U CIIELMAIACTa B JaHHOM 00JaCTH TEXHUKM BO3MOXKHOCTB IPOCTOM MAHMITYJISIUH 3THMH
HIOCJIEIOBATEIBHOCTAMM in Situ U CO3IAAHUS KUBOTHBIX Mozeneil. Hanpumep, MOXHO co31aTh
«HOKayTHBIX» JKMBOTHBIX, T.€. CHU3UTh MIM 10 CYHIECTBY YCTPAaHMTL OKCIIPECCHIO
nocnegoBatensHoctd R2RY remo. Takue MOJENH NpPHTOAHEI [ NPUMEHEHHS C LEJBIO
TeCTUpOBaHUs 3(PEKTOB JIEKapCTB, IMOTCHIMATLHO INPUTOAHBIX I JIedeHHs 3aboseBaHMH
H/WIH PaccTpOMCTB, OMHCAaHHBIX 3[eCh, W/HIH Ul ONpeAcieHHs QYHKUMH HIH DPOIH
KOHKPETHOTO reHa. AJIBTEPHATHBHO, MOXHO TAKXKE CO3/aTh )KUBOTHBIE MOZIENIHU C MTOBBIIIAOIIEH
perymsnueii skcrpeccns R2R'? renop/GemkoB. Takum 06pa3oM, MOXHO aHATH3UPOBATH
3 PEKTUBHOCTh M (YHKIIMIO JIEKaPCTB, HALIENICHHBIX Ha CYIPECCHIO MOBBINAIOILEH PEryIIiluu
9KCIIPECCUH R2R'? renos/Genkos. Takke MOXHO HCCIen0BaTh S(BGMEKT IOBBIIAIOIIEH
PEryJISLIMH 3KCIIPECCUU R2R " renoB/6enkos Y 3TUX XXUBOTHBIX.

B 1Opyrux BapHaHTax OCYNISCTBJCHUS 3aMEHEI, NOOaBIEHHs, AENEIMU W/UIM MHBEPCHH
MOXHO BBECTH B nocienoBatenbHoctst R2RY reHoB 11 H3MeHeHMs aKTHBHOCTH GEIKOB M I
BBIABJICHHA (DYHKIMM HEKOTOPHIX JOMEHOB, aMHHOKHCIOT M TOMy HomoOHoro. B nmomonneHue
WM ajJbTePHATHBHO, HOKAyTHBIX J>KMBOTHBEIX, TaKMX KaK T€, YTO OIHKCAHBl BBIIIE, MOXXHO
TpaHC(HOPMHPOBATE C JI000# U3 NOCIEN0BATENFHOCTEH I'€HOB, OIUCAHHEIX 3A€Ch. JTO OCODEHHO
IOJIE3HO, €CIM HYXHO M3y4aTh 5(QdEKT BApHAHTHOrO WIM MyTantHoro R2RY rema, wim
3¢ (EeKTHBHOCTL JIEKApCTBA MM COEAUHEHHS, CIOCOOHOrO IIOJABIATh 3KCIPECCHUIO HIIH

(bYHKIUIO yKa3aHHOM BapHaHTHOMN MM MyTaHTHOH I10CJIEI0BAaTEIbHOCTH.

ITogpo6Hoe onucanne n3odpereHnst

Hacrosimee wu3obperenue [nanee NOApoOHO ONHCAHO CO CCBUIKOM Ha CIEOYIOLIHE
¢burypsl, Ha KOTOPBIX H300paXkeHO:

®urypa 1. CpaBHCHHE SHAOTEIHABHEIX U SIHTEIHATIBHEIX KIETOK U3 Vegf+/+ Ha E16.5

auarpamMme p336p0C3 JaHHBIX AEMOHCTPUDPYET Ha BepTI/IKaJILHOﬁ OCH 3HAQYCHHC KaXOI0ro rcHa
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npy aHanm3e 3¢ deKTa KIeTouHoro npoucxoxaeHus (Ha ociose LIMMA). 1o ropu3oHTansHO#M
OCH IIOKQ3aHO KpaTHOEe M3MEHEHHE IPU CPaBHEHHH 2 TKaHeH. Ker+ KIETKH 3KCIPECCHPYIOT
APXUTEKTYpHBIE DNHMTEIHATBHEIE TE€HB, B TO BpeMs KaK i/+ KIEeTKM TPaHCKpPUOUPYIOT
pETpe3eHTATHBHEIE SHAOTEMANBHbIE TeHbl. DHIoTenmuanbHei Cldn n snutenuaibhbil Foxal
BBIZICTICHE], TIOCKOJIBKY OHM TAK)Ke IIPUCYTCTBYIOT B Ka4eCTBE BEPXHHX I'€HOB I10 BEPTUKATNBHOM
ocH (PC;,) HEKOHTPOIHPYEMOTO aHAIIH3a CIEKTPAIBHBIX KapT (cM. ¢ur.3).

®urypa 2. CxemaTHyeckoe INpEeCTABICHUE IPOLIECCAa JIa3€PHOM 3aXBaThIBAKOLIEH
MHKPOIUCCEKIMH. [ pyAHbIe KIeTKH SMOPHOHOB (A) Hape3aaH Ha CEKLUH I10 8 MM U IOMEIIAIN
Ha cnaias! (B). JIBoliHOE MMMYHOTHCTOXMMHYECKOE OKpAallUBaHUE STHUX TKaHEBHIX cpe3oB (C)
agTuTeNaMu Kk TnaHkepatuHy u  GS-IB4  usoneduMHOM pasfensiio  KIETKH JIETOYHBIX
BO3IyXOHOCHBIX myTe#l ¢ snurenuanbHoi (D) mudbdepeHIMpOBKON OT OKPYKAIOUIMX KIETOK C
supoTenuanbueiMiA (E) xapakrepuctukamu. Crnenuuyeckue TPYINIBl KJIETOK, BBIIEICHHEIE C
IIOMOIIBIO JIa3epHON 3aXBaThIBAIONIEH MUKpoauccekiuH, nokasansl Ha F u G (L — nerkoe, H-
cepale).

®urypa 3. AHanu3 CIEKTpaJbHOM KapThl ¢ NEPBEIM OCHOBHBIM KommoHeHToM (PC1 mo
X-ocH) U BTOpbIM OCHOBHBIM KoMIoHeHTOM (PC2 mo Y-ocu. BiusHue BpeMeHH MM BO3pacTa
amOproHoB onenusanu o PC1 (c yuerom 35% Bapuanuu B Habope AaHHEBIX). 'eHeTHYecKue
30HABI KJIM TEHBI, DKCIPECCHPYEMBIE MMO31Hee B OMOPHOHAIBHOM JXHU3HH, Takue Kak Sfipc,
PacIoIOXKeHH! Jaibiue 0 X-0cu. Pa3muyne B KIETOYHOM NPOUCXOXKACHHUH (KIETKHU i/+ NMPOTHUB
ker+) 6put0 ycranosneHo B PC2. I'enetnueckue 30HIB! anuTennanbHeIX reHoB (‘EPIY) Gbumm
pacroyioKeHbl Jajiplie MO0 Y-OCH, [0 CPaBHEHHIO C TIeHETHYECKUMM 30HIOAMH CEMEHCTB
suportenuanbHeix reHoB ((ENDQO'). Paznuunsle rpynmsl o6pasioB pasneisuld Ha CIIEKTPaIbHOM
kapre no PC1 (Bo3spacty sMOproHOB) u PC2 (KIeTOYHOMY MpPOMCXOXKAEHHIO). Ker+ oOpasiel
coOpaHsl Ha OIMTENHANBHOH cTOpoHe Y-ocu, a il+ oOpa3uel CrpynnupoBaHbl Ha
SHIOTENHANBbHONH cTopoHe. OOpa3mpl Takke pacnpefieneHsl M0 X-OCH B COOTBETCTBHM C
BO3pacToM 3MOpHOHOB. OOpa3usl ¢ 6onee MO3THHUM BO3PACTOM pacroJaraloTcs Jaiaslue no X-
ocu. Ha manemu Hyxe nokasasl 3 npoduis sxenpeccuu: (1) mokasbIBarOUi pasHULYy MEXIY
SMHUTEIHAIBHEIMHA ¥ 3HIO0TEIHATBHBIMH KIETKAaMH IO 3kcnipeccud Foxal, (2) moka3pIBarOUIMM
a¢dexr Bo3pacTta SMOPHOHA B OTHOILEHHH SKcrpeccud Afp M (3) moxas3bIBaloIUi MpoQHIb
3aBUCHMOCTH OT I'€HOTHIIa ¥ BO3pacTa 3IMOPHOHOB Ul SKcnpeccuu Hmr.

®urypa 4. CpaBHeHye 3MUTETHAIBHEIX KICTOK T'eHOTUNOB Vegf+/+ u Vegf120/120. A.
JuarpamMma pa3bpoca JaHHBIX IOKa3hbIBaeT Ha Y-OCH 3HA4YEHUE KaXIOro reHa MUl aHalu3a
pasnuuus npoduiis OTIMYHSA B 3aBUCHMOCTH OT BO3pacTa 3MOpHOHA MEXAy TIE€HOTHIIAMH
Vegf+/+ n Vegfl120/120 (na ocnoBe LIMMA). Ilo X-ocH mokasaHa KpPaTHOCTh H3MEHEHHSA
WHIYKIMH TIpA CpaBHEHWH 2 TEeHOTHINOB, Vegf+/+ mporuB Vegfl120/120 npu EI16.5.
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TMoBeimaromas perymsiuus Krt6a, EDC u SCC reHoB B KieTkax AUKOTO TUIA ker+ BblAEICHA. B.
OnurenuanbHele KIETKH BO3XYyXOHOCHBIX IyTeil B E16.5 Vegf+/+ nerkux onpeneiacHsl
OKpallMBaHUEM aHTUTEIaMHU K LuTokepatuny 4, 5, 6, 8, 10, 13 u 18. Kierkn nucranpHeIX
BO3IyXOHOCHHBIX IIyTeH MMEIOT MOPQOIOTHIO TUIOCKUX KJIETOK (JKeNTass CTpelKa), B OTIMYUE OT
X IpPOKCUMaNBHEIX coceneil (Oemas crpenka). C. Pacmpenenenue nuddepeHunanbHOMN
9KCIIPECCHH MO0 XpomocoMe 3. DTO MOJYEpPKHBAET MOHMXKAOUIYI0 peryisnuio resoB EDC u3
Vegf120/120 1o CpaBHEHHUIO C IUKUM THIIOM.

@urypa 5A. I'pynna IF= xepaTHHOB NpPOMEXYTOYHBIX (HIAMEHTOB (KpacHEIE),
IpUKpEIUIEHHAs K JecMocoMe (opamxkeBoi), conepxamieit Dscl. Pkpl (dbuonerosslif) cBsi3piBaeT
IIPOMEXYTOYHblE KEPATUHOBHIE (PMIaMEHTH C KaJAr€pUHOBBIMH O€lKaMM COEAMHEHHMHM Tumna
aAre3MOHHBIX KOHTaKTOB (kenThii). Pkpl Taxxke perynupyer conepxanue 6€IKOB B I6CMOCOME.
EDC u SCC knacTepsl TeHOB B3aUMOJAEHCTBYIOT ¢ KEPaTUHAMHU IPOMEXKYTOYHBIX (PUITaMEHTOB.
3BE340YKOH BBIEICHB TE€HBl M KJIACTEPHl T€HOB C IIOBBILAIOMIEH peryysinued B CeTH
IPOMEXYTOYHBIX (uiaamMeHToB. IloBblmaromas peryauus Eps8l] (KoOupyrOIero akTHH-
KOMNUPYIOIKH 6el0K), KOOPAMHHPYET PEMOAEIMPOBAHHE IPOMEXYTOUHBIX (GHIAMEHTOB H
aKTHHA.

®urypa 5B. /luarpamma pa3bpoca JaHHBIX IOKa3bIBacT IO Y-OCH 3HA4YE€HHE KaXXIOTO
reHa U1 ONpedefeHHs TOro, OTJIMYaeTcs JU NpoPuiIb OKCIPECCHH Ha MPOTSKECHHUH
3MOPHOHAIBHOIO BO3pacTa It S9HJOTEIHAIBHBIX KIETOK FeHOTHITOB Vegf+/+ u Vegf120/120 (ua
ocHose LIMMA). Ilo X-ocH noka3aHa KpaTHOCTb M3MEHEHUs MHIYKLHH IPH CPaBHEHHH ABYX
TEHOTHIIOB, Vegf+/+ mpotuB Vegf120/120 na E16.5. Brigenens kuactepsl renoB Krt, Dscl,
Pkpl, EDC u SCC. Krt reHpl, HOABEPIIIHECS MOBHIIIAOMIEH PETyIsSIMY B KIETKaX JHKOIO THIIA
Vegf+/+ il+, ornu4arorcs ot Krt reHOB, 3KCIIPECCHPOBAHHEBIX B SKBHBAJIEHTHBIX KJIETKAX JUKOTO
tuna ker+. Krt14 v Krtl sBnSroTCsS reHaMH, XapaKTEPHEIMM 1151 6a3aIbHBIX KIETOK.

®urypa S5C. HmmynodumoopecuenTHoe un3obpaxenue (yBenudeHue X 40) KIETOK,
okpanieHHbIX GS-IB4 n3onextunoM (i/+ knetok) B Jierkux sMOpuona E16.5 nukoro tuna. YV I/+
OTMEYaeTcs TaKas XKe caMas apXUTEKTypa, KaK y ker+ KJIETOK M3 JUCTAJIHHBIX BO3IYXOHOCHBIX
MyTEeH.

®@urypa 6. /luarpaMma paszbpoca AaHHBIX Ha ocHoBe LIMMA aHanusa [uis rpyIibl
KJIETOK, OKPAIIEHHBIX aHTHTEIaMH K HUTOKepaTHHY 4-5-6-8-10-13-18. (JIuneiHble Monenu st
JAHHBIX MHKDOMAaTpPHYHOIO aHalu3a: AHaIM3UpoBaIM pa3nuuus Mexay Vegf120/120
HOKAYTHBIMH XXMBOTHBIMU ¥ OHOIIOMETHBIMH JKHBOTHBIMH JMKOT'O THIIA B MPOGHIEIKCIIPECCUH
Ha NPOTSDKEHMH SMOpHOHANBHOTO BO3pacTa, C IOMOILBI MapHOro B3amMopeiicTeus Vegf
reHoruna u BpemeHn). Beienensl RIKEN ¢cDNA 2200001115 rer u RIKEN ¢cDNA 2310002J15

T'CH.
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®urypa 7. JuarpamMma pasbpoca nanHbIx Ha ocHoBe LIMMA ananu3a ans rpynnst GS-
[B4-cBa3piBatomux Kkierok. (JIuHeiHble Monaeny IUIf AAaHHBIX MMKDOMATPUYHOIrO aHallk3a:
AHamuzupoBayy paznnaus Mexay Vegfl20/120 HOKayTHBIMH KUBOTHBIMH U OJHOIOMETHBEIMH
’KMBOTHBIMH JHMKOT'O TUIIA B poduiie IKCIIPECCHH Ha MPOTHKEHUH 3MOPHOHAIBHOrO BO3pacTa, ¢
OMOIIBIO MapHoro B3aumopeicTBus Vegf renoruna u Bpemenu). Beigenensl RIKEN ¢cDNA
2200001115 ren u RIKEN cDNA 2310002J15 ren.

®urypa 8. BrpaBHuBanue mnocnenosarensHocTH KJHK denoBeueckoro hR4RA
TPAaHCKpUNTa ( = YeJOBEUECKHH R2R') nporus memmmzoro R4Ra TpanckpunTta ( = MBIIIHHEIH
R2R! ). HeoGxoammo OTMeTHTh, 4TO HAMGONBMMI KOHTHI, CKOHCTPYMDOBAaHHEIA U3
nociaegoBarensuocTeil ki1oHoB RIKEN ¢DNA 2200001115 rena, 0003Ha4aeTCs KaK «MBIITHHBIH
R4Ra tpanckpunt ( = MbimmEbI R2R' )».

®urypa 9. BripaBHHBaHHe O€NKOBOM IOC/IENOBAaTEIbHOCTH TPAHCIHPOBAHHOIO
yenoBeueckoro hR4RA (= uemoseueckoro R2R') TPAHCKPHIITAa IPOTHUB TPAHCIMPOBAHHOTO
MBIm#HOro R4Ra (= MbimmHOro R2R") TPAHCKPHIITA.

®urypa 10. BripaBHuBanue mnocienoarensHocTH KJIHK wenoseueckoro hR4RD (=
Y4eJI0BEYECKOI0 R2R2) TPAaHCKpUNTA IPOTHUB TpaHCIHpoBaHHOro MeimuHOro R4Rd (=
mpimuHOro R2R?)  TpanckpunTa. HeoGXOAMMO OTMETHTb, YTO HAMOOIBUIMIA KOHTHT,
CKOHCTPYMPOBaHHBIM M3 CEKBEHHUPOBAHHBIX KIOHOB RIKEN c¢DNA 2310002J15 reHa,
obo3HayaeTcs KaKk «MbBIINHBIH R4Rd TpaHCKpUNT (= MBIIIUHBINA R2R?)».

®urypa 11. BripaBHUBaHUE O€ENKOBOM IOCIENOBATEIHHOCTH TPAHCIUPOBAHHOTO
yenoBeyeckoro hR4RD (= uenoseyeckoro R2R?) TPAHCKpUIITa IIPOTUB TPAHCIUPOBAHHOTO
mpimEoro R4Rd (= Memmmsoro R2R?) TPaHCKPHUIITA.

®urypa 12. VEGF-A (VEGF'®") — saBucumas noBbimaromas perymamus R2R' mpu
Pa3sBUTHH MEXOKEIYIOYKOBOM IEPEropoAKH MbIIIHHOrO 3MOpuoHa. KpacHelif — aukwii T,

F'® yzodopmer.

cunuii - VEGF!2120 HOKayTHOH MBI, He umetome VEG
®urypa 13. Dxenpeccus yenosedeckoro R2R? romornora (=C90rf196) na npoTsKEeHUU
BpeMeHH (24-72 4aca) B IEpBUYHBIX SIUTENIHANBHEIX KIETKaX JIETKHX B3POCIOTo YeJI0BeKa.
®urypa 14, Hoxzayn MuPHK VEGF'®® IIPUBOJHUT K HOKJAyHY I'€HOB, OTBETCTBEHHBIX 32
nporpaMMy 6a3aJIbHBIX KJIETOK H IporpamMMy IockokieTouHod auddepenmmposku. Hoknays ¢
nomompo MEPHK nepeuunbix knetok Oponxuansnoro snurenus (PBEC) wemoexa HamexHO
MozaeaupyeT 3G¢ekT oT HOokJayHa HHTepecyromux renoB. a) KomuuectBennas OT-IIIIP:
MuUPHK-onocpenoBannsiii HoknayH skcnpeccud VEGFA wu VEGEF'® NPUBOAUT K HOKIAyHY
sxcnpeccny KRT14 (mapkepa 6asanpHbix KieTok). OtHocuTenbHas akcnpeccusa KRT14 (PGK1

- HopmammsosanHas), VEGFA u VEGF'® noctpoena mnpotuB MHPHK. Brximouensl nsa

OTpHLATENBHBIX KOHTpONs (06o3HaueHHbIe NoNelO u 11). Oxcnpeccus MuPHK, HanpasnenHON
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nporus KRT14, BrmodeHa kak nonoxutenbHbli koHTpons. MUPHK VEGFA nanparnena
npoTuB Bcex u3odopm VEGFA.

®urypa 15A-J. ['no6ansHble H3MEHEHHUs KCIPECCHH I'eHoB, 0byciopieHHbie MUPHK-
onocpenosantsiM HokayHoM VEGFA B PBEC. M3MeHeHus B riio6anpHON SKCIIPECCHH EHOB
TOYHO COOTBETCTBYIOT M3MEHEHHsM, Habmromarommmes y Vegf120/120 roxayTtHOHM MbimM. Ha
rpadukax (a) — (j) u300paxkeHO 3HAUYCHHE M3MEHEHHH 3KCIPECCHM T'€HOB I10CIE MPUMEHEHNS
muPHK, nanpasnennoit npotus VEGF B Teuerume 24 wyacoB. I'padux (a)-(j) cosmaHsl
ABTOMATU3MPOBAHHBEIM CIEJOBBIM aHAIW30M. Bce myTu BoBieueHH B JUGPEPEHLIMPOBKY
KEPaTUHOLIUTOB: PEreHepalnio 0a3aIbHBIX KJIETOK U INIOCKOKIETOUHYIO TUPQEPEHIHPOBKY.

®urypa 16A-C. MmuPHK npoTHB roMoJIOroB 4€J0BEYECKHUX R2R' u R2R?. T'omornor(n)
R2R! uenoseka BKIIOUaET CeMEHCTBO FAM25, oxBaTbIBaOlIce CEMb Y€JIOBEUECKUX I1apajiOroB,
ob6o3nauennpix FAM25A, FAM25B, FAM25C, FAM25D, FAM25E, FAM25G u FAM25HP.
OHM SBJISIOTCS Y€JIOBEYECKMMH MOMOJIOTaMH MBIIIMHBIX TOCIEI0BATEIbHOCTEH, KOAUPOBAaHHBIX
nocnenosarensHocTaMH  kJIHK, o6o3mavennsiMa  2200001115Rik wmm RIKEN cDNA
2200001115. CxomctBo FAM25 napanoroB HCKJIIOYaeT IpPOBEACHHE CHEH(PHUYIECKOH
xonuuecTBennoi ITIIP ¢ oOpaTHO# TpaHCKpHIITa30i pasnuyHbIX napanoroB. FAM25 mapanoru
TaKKe OTCYTCTBYIOT Ha OMOYMIIAX 3KCIPECCHUPYIOIIUXCS reHoB yenoBeka Affymetrix, Takux kak
HT HG-U133 uwmu HT HG-U219. M= BeiOpanu s konundectseHHO#H OT-IIL[P Habop mpaitmep-
301 Hs04194072 ml1 (Applied Biosystems) mns onpeneneHus nuddepeHIuanbHOMN
JKCIpeccHH TeHoB ceMmeitictBa FAM?2S5. Applied Biosystems ycraHoBui, 4To 3TOT Habop
npaiiMep-30HA He obecrneunBaeT AU(QEepeHIUPOBKY MEXIY pa3lIMYHBIMU Napajoramu. Tpu
MuPHK, cxoHcTpyupoBaHHEIE MpoTHB ceMeiictBa FAM2S, Opui BEIOpaHB! 10 MX CIOCOOHOCTH
Kk noHmwkaromei perymsinun Hs04194072_m1 skcnpeccun B8 PBEC. Mrb1 o603naunmu MuPHK
HoMepami 18, 20 u 22, cooTBeTCTBeHHO. ['paduk (a) WIMIOCTPUPYET MOHIKAIOLIYIO PErYIISALHUIO
akcrpeccun FAM25 (Hs04194072 ml1) (PGK1 nopmanu3oBaHHOH) cmycTs 24 yaca mocie
npumerneHus coorsercTBytomux MUPHK B PBEC. I'omoinor R2R? uenosexa: ase MUPHK (HoMep
15 u 17), cxoHcTpyupoBanHble mpoTHB C9orfl69 (B koHuenTtpamusax S5 u 20 HM,
COOTBETCTBEHHO), ObUIM BHIOpaHBI Ha OCHOBE HMX CIIOCOOHOCTH K IIOHIDKAIOIIEH peryJsiuy
skcnpeccun C9orf169 B PBEC. Okcnpeccuto C9orfl 69 onenuBami MUKpOMaTpHYHBIM aHAIA30M
u xomurdectBenHoi OT-ITIP. 3ouas mis C9orfl69 mpucyrersyrot Ha Affymetrix HT HG-U219
Ououune 3KCIPECCHPYIONMMXCSI MeHOB 4esoBeka. I'paduk (b) MILTIOCTPHPYET MOHMKAIOLIYIO
perymsuio (OLEeHUBaeMYIO0 MEKPOMaTpHYHBIM aHanu3oM) skcnpeccun C9orfl69 crycts 24 yaca
npumeHneHuns cootBercTByomeit MUPHK B PBEC. Ilpumenenne MuPHK, nanpaBieHHON NpOTHB
cemeiictBa FAM25 unn VEGFA, ne Biausuio Ha skcnpeccuio C9orfl169. muPHK, Hanpasiennas

IIPOTHB R2R! (cemeiicrBa FAM25 uenoBeka) u R2R? (yenoseyeckoro C9orfl69), obecreurpana
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HOHIKAIONIYO peryisnuioo 3kcnpeccuio KRT14, 9To SBISIOCH OTBETOM, MOJOOHBIM OTBETY,
HabmogaemoMy nociie mpumenenuss MHPHK, wnanpaenensoii mnpotu VEGFA wu
VEGF!®® Onocpenosanneii MuPHK Hokmayn cemeictea FAM25 u C9orfl69 mpusoun k
NOHIKAIOWEeH peryasuuu dkcnpeccun reda KRT14 (mapkepa 6a3albHBIX KJIETOK). DTOT OTBET
sABJIseTCA Haubollee 0ueBUAHBIM rociie npumenenns MUPHK, nanpasnenHoi npotus CY9orf169.
I'papux (c) wWunOCTpHpyeT mOHMKaromylo peryminuio skcmpeccun KRT14  (PGK1
HOpMAaJIM30BaHHOH) cimycTst 24 yaca mocne npuMmeHeHus coorsercTByrommi MuPHK B PBEC.
Brxmouens! Takoke MuPHK, Hanpasnennsie npotuB VEGFA u KRT14, ans cpaBHeHus.

®@urypa 17 sBisercs cxeMaTHiecKMM mpejacTaBieHueM 3¢ddekroB R2R romonoros.
Okcnpeccus R2R romornoros BeneT k oqHoBpeMeHHON Moxysnuu nepegaun HIF1A curnanos
(obecneunBas TOJIEPAHTHOCTH K Kuciopoxy) (6mok 5), u Moxymsnuu crenupudeckoro (PERP)
aHTH-arontoruyeckoro myTtu (6mok 4). OT10 obecnednBaer (pe) TIEHEpALHIO 3I0POBBIX
SMMTENHANBHBIX KJIETOK (C OCHOBHBIM 3alllUTHEIM 0aphepoM OT cTpecca), 0€3 YCTaHOBKH
HEOrpaHHYEHHOTO POCTOBOTO IOTEHUHMana. J[pyrMMH clOBaMH, MOIYJALMUS CHELH(PHYECKOro
AHTH-aIllONTOTHYECKOTO IIyTH He BBI3BIBAaET OOIIEH TOJNEpaHTHOCTH K amomnTo3y. Obmias
TOJICPAHTHOCTD K allONITO3y MOXET NPUBOAUTE K ONACHOM CHUTyalli¥ MMMOpPTAIH3alUH KIETOK —
IIPEBPALICHUIO KJIETOK B pakoBble KIeTKU. IIyTh ObLT NOCTPOEH Ha OCHOBE MHKPOMATPHYHOIO
aHamu3a MUPHK — onocpenoBaHHOro HOKJayHa YelIOBEHYECKOTO R2R' romonora (cemeiicTBo
FAM25) u uenoseueckoro R2R? romoiora (C9orf169).

®@urypa 18. R2R romonorn HeobxomauMmel mis «perenepauuu U auddepeHIIMPOBKU
KkepatuHonuToB» (610K 1) M «momymsanuu amonro3a» (6mok 2) B VEGFA — VEGF'®® Iy TH.
Bnusaue Ha skcmpeccuio reHoB R2R romomoroB mis «pereHepauuu U JudbepeHIMPOBKU
KepatuHouuToBy» (6110 1) oueBuaHO u3 ¢ur. 18A u 18B. BiusHue Ha skcrpeccuto reHoB R2R
TrOMOJIOTOB Ul «MOAYJsiuM amonro3a» (6mox 2) odeBupHo u3 ¢ur. 18C. OHM sBIAIOTCA
OKOHYaTENbHBIMH 3¢ (deKTaMu U3 KBaApaToB 3, 4 u 5.

®urypa 19A-B. Biusgaue Ha kierouHoe aeixanue (cM. brnok 3 Ha dur. 17) sBusercs
Boicoko crnenuouunsiM: MUPHK-onocpenoBanusiii HokaayH R2R romomoroB obecrneunBaer
NOHIKAIONIYI0  PEryJSLHUI0  OKUCIHTENbHOro  (QocdopunupoBanus. Ikcmpeccuss R2R
obecreyrBaeT MOBHIMIAIOINYIO PETYSLUI0 OKUCIUTENBHOro (ocopunupoBanusi. Mel MoxeM
Habmomath 3TOT 3bdexr Haubonee  BBHIPAXEHHHIM B OTHOLICHHWH  JKCIIPECCHH
mutoxouapuaneHoit ATP5A1 — AT®-cunrasm (tpancmopra H+) (dur. 19A). MuPHK,
HanpaBieHHas Ha R2R romonoru, ofecrneduBaeT NOHWXKAIONIYIO PEryIALHI0 3IKCIPECCHH
ATPS5A1. ®urypa 19B mmmroctpupyet sxcnpeccuto ATPSA1 cpenu rnobanbHBIX M3MEHEHMH
3KCIPECCHUU I'€HOB ITyTH OKHUCIUTENBHOTO $HoCchHOpHINpOBaHUs.

®urypa 20. Bnuaaue R2R romosnoros Ha nepenauy cursHanoB P53-P63 (cMm. biok 4 Ha
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¢ur. 17). Ocymectasercs noHmkatomas perymsinus PERP (TP53 asddexrtopa anonrosa)
nocpeacrsoM MUPHK-omocpenoBanHoro HokgayHa denoBeyeckux R2R romomoros. PERP
sBseTCs p63-peryaMpyeMsIM reHoOM, HeOOXOIMMBIM IS IIEJIOCTHOCTH 3nuTenus. P63 sBisercs
TJIaBHBIM PEryIsSTOPOM pa3BUTHUS MHOTOCIOHHOTO SMHUTENMs, HEOOXOAMMBIM H JOCTaTOYHBIM
JUISL OTIPEZIETICHHS 3TOM MHOTOACIEKTHOM ImporpamMMel. Perp, MeMOpaHHBIH Oenok U3 cemeicTBa
TETPAacIaHUHOB, KOTOPBIH HCXOAHO OBUI HMIACHTH(GUUHUPOBAaH KaK aIloNTO3-aCCOLUMPOBAHHAs
MULIeHb pS3 cympeccopa OIyXOiH, SIBISIETCS IepBOH INpsAMOH MHIIEHBIO p63, sBHO
OIIOCPEYIONIEro 3Ty MPOrpaMMy pasBHTHS in vivo — 3TO OBLIO MpoAeMOHCTpHpoBaHO Rebecca
A. Thrie et al. in 2005 (Cell, Vol. 120, 843—856, March 25, 2005) (xypcuBOoM ITOKa3zaH aBTOp B
pedepate naHHOM craThu). I'padUK NEMOHCTPHPYET MOHIKAIOUIYIO PETryJIALHUI0 3KCHPECCHUU
PERP nocne muPHK onocpenoBanHoro HokaayHa denoBedyeckux R2R romororos.

®urypa 21. O630p 3xcnpeccuu PERP cpenu rmobanbHBIX U3BMEHEHUH 9KCIIPECCHH TEHOB
P53 nmytu nocne npumenenus FAM2S5 Ne20 (HanpaBiI€eHHOTO Ha 4eJI0BEYECKHHA TOMOJIOT R2RY.

®urypa 22. O630p sxcnpeccuu PERP cpenu rno6anbHEIX H3MEHEHHH KCIIPECCUH TEHOB
P53 myTtu nocne npumenenus FAM25 Nel8 (HanpaBineHHOTO Ha Y€IOBEYECKHI TOMOJIOT R2R1).

®@urypa 23. O630p 3xcnpeccuu PERP cpeny rinobaibHBIX U3MEHEHUH SKCIPECCUH TeHOB
P53 nyru nocne mpumenenus C9orfl69 Nel5 (HampaBIE€HHOro Ha YeJOBEYECKHHA TOMOJIOT
R2R?).

®urypa 24. O630p sxcnpeccuu PERP cpeny rinobanbHIX H3MEHEHUH 3KCIPECCHU I'€HOB
P53 mytu nocne npumenenus CO9orfl69 Nel7 (HampaBIIEHHOTO Ha YeJIOBEYECKHI rOMOJOT
R2R?).

®urypa 25A-C. Okcnpeccus HIF1A (cM. 610k 5 Ha ¢ur. 17) cCHiIbHO peryimpyercs
skcnpeccueit yenosedeckux R2R romonoros. MuPHK-onocpenoBanHbIi HOKayH Y€I0BEYECKUX
R2R romonorop obecneunBaer nmoHmkawmyo peryminuio HIFIA skcnpeccuu (dur. 25A).
Bmusane HIF1IA Ha nocnenxyromue 3BeHBST KISTOYHOTO JbIXaHHS  (OKHCIHMTEIHBHOTO
docthopmupoBanus) onucado B 3 (cm. ¢ur. 17, «Kietounoe apixanue»). R2R romonoru
HanpaBisioT akcnpeccuio «PERP tunma p53-p63» u HIF1A. Takum o6pa3oM, <OKECTKHEM
SMHUTENHAIbHEIE KIETKH, ocHamieHHele HIF1A apceHanoMm, MOryTr pasBHTh HeOIpaHUYEHHBIH
POCTOBO# MOTEHIIMAJ MO BIUIHHEM VEGFA/VEGF'®, OpnHako MBI HaOMIOJaeM B TO K€ CaMOE
BpEMs, YTO JNHUTEIHAIBHBIE KIETKHM 3allUIIEHB OT IHepexofa B OeccMEPTHOE COCTOSHHE.
Oxkcnpeccust R2ZR roMosoros Hapyluaer SKCIIPECCHIO M'€HOB, KOTOPEIE MOTYT HMMOPTAIH30BaTh
KJIETKH. DT0 0cobeHHO sBHO B ciiydae BCL2A1 (¢wur. 25B), aHTH-anmoNTOTHYECKOTO I'eHa, Ybs
3KCIIPECCHS BBI3BIBAET PE3UCTEHTHOCTD K TEpaliM y paKoBhIX KieTok. MUPHK-onocpenoBaHHEI#H
HokzayH R2R Bemer k noseimaromeit perymsanuu skcrnpeccun BCL2A1. R2R romonoru

paspymaroT s3kcnpeccuio BCL2A1,
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R2R Taxxe CTUMYIHPYIOT 3KCIIPECCHIO I'€HOB, 0OECIEYMBAIOLIMX ANONTO3 KIETOK IIPH
HeobxogumocTH. OT1o  aemoHcrpupyercs MuPHK-omocpenoBanHeiM — HOokzayHoM R2R
rOMOJIOrOB: HOKJAYH BBHI3BIBAaeT MOHMKamomnywo peryminno MAP2K4 (dur. 25C) cynpeccopa
OITyXOJIH B aJICHOKapIITHOME JIETKHUX.

Ta6auua 1. RIKEN ¢cDNA 2200001115 rex u RIKEN cDNA 2310002J15 ren cpenu
OCHOBHOTO CIIKCKa IeHoB npu SAM aHanuze quddepeHanbHoi 3kenpeccun reHoB B E16.5 B
KJIeTKaX IUKOrO0 THNa W HOKayTHBIX Vegfl20/12(0 xieTkax NIpH OKpacKe C aHTUTEIaMH K
uTokepaTuHaMm 4-5-6-8-10-13-18.

Ta6muna 2. RIKEN cDNA 2200001115 rer u RIKEN cDNA 2310002J15 ren cpenu
OCHOBHOI'O Cr¥cKa reHoB npu SAM anammse nuddepeHnuanbHoN skcnpeccuy resos B E16.5 B
KJIETKaX JUKOTO THIIA ¥ HOKAYTHRIX Vegf120/120 knetkax npu okpacke GS-1B4.

Tab6muua 3. PacnpeneneHue SMOpPHOHOB 1O BO3pacTy M TIeHoTumy Vegf. O1/ar =
roMo3uroTHeil qukuil tun (Vegf+/+), 120/t = rereposurotsiii Vegf120/+ tun, u 120/120 =
roMo3urotHeiid, Vegfl120/120 woxaytHelii THn. (NG = He TEHOTHIIMPOBaH H3-3a IUIOXOH

Mopdonorui sMOpHoHa).



Tabnuna 1

Ne mpo6r1 BApHAHT UniGene ID BhIpaBHESARBA Haspanue rena CHMBOIreHA
1448745 _s_at 44.327\Mm. 1121 chr3:92166199-9216906 {nopexpu= Lor

1451613 _at 25,931{Mm. 208047 chr3:93405151-934 1897 Jxopucpmn Hmr

1449986 at 21.731/Mm. 160339 chr16:88647705-8864864 RIKEN cDNA 2310034C09 ren 2310034C09Rik
1440186 s_at 19.595{Mm.44242 chr5:36523188-36523428 RIKEN cDNA 2310020A21 rex 2310020A21Rik
1421575 at 18.532]Mm.358728 chr16:88666693-8866767 RIKEN cDNA 2310057N15 ren 2310057N15Rik
1453218_at 16.908! Mm. 292458 chr3:82764648-92766321RIKEN cDNA 1110014K05 rex 1110014K05Rik
1459897 a at 16.677;Mm.250717 ¢hr7:30460230-30464892 cynpasazmu | Sbsn
1420676_at 16.402;Mm.41969 Chr3:92731934-927 337 1§mam.rit nposmm oGor amersto-nono b1 3 Spmi3
1420358 at 13.819'Mm. 353193 chr16:88647705-887093xeparms-accommmpopammbiit Genox 13 Krtap13
1437019 _at 13.44iMm.27156 ¢chr14:331809871-331844¢ RIKEN cDNA 2200001115 ren 2200001115Rik
1456248 at 12.776,Mm.46390 chr3:93078529-93078828 RIKEN cDNA 2310002A05 rex  ///12310002A05Rik /// L OC630971
1434227 at 12.373:Mm.268157 chr7:30496664-30499858 camanmi ¢ xupepenn. xeparanomaron Kntdap
1420677_x_at 12.312|Mm 41969 chr3:92731934-927337 1§mam.ti nposmut-oGor amenmo-mogo i -3 Sprr3
1439630_x_at 12.212:Mm.250717 chr7:30463567-30464893 cyapacazm Sbsn
1420350_at 11.873Mm._276773 | chr3:62754015-027557 1§mamt mpormun o5 omm2 _|Spmi2
1428781_at 11.64|Mm.30138 chr7:30485165-3048982¢ RIKEN cDNA 1110014F24 ren 1110014F 24Rik
14562732 _at 11.02)Mm. 183043 chr6:86593812-8659533€ RIKEN cDNA 2300003P22 ren 2300003P22Rik
1419394 s_at 10.266! Mm.21567 chr3:90754997-90755961S100 xammmis-cesbmaronmit 6enox A8 (C|S 10028
1453092_at 10.127;Mm.35806 chr3:93099607-83101077 RIKEN cDNA 2300002G24 ren 2300002G24Rik
1435111_at 9.396, Mm. 32861 chr7:24063581-24063863 RIKEN cDNA 2310011E23 ren 2310011E23Rik
1419709 _at 9.22;Mm. 136573 chr16:36369769-3637463 cregm A3 Stfa3
1435761_at 9.202{Mm.383370 chr16:36196367-362046 1 creéms A3 Stfa3
1422784 at 7.244/Mm.302399 chr15:101517949-101522 separmmonsiii kovmurerc 2, ocaosront, ren 62 | Krt2-6a
1435760_at 7.165|Mm.300592 | chri8:42209151-422997 {macrarmn A Csta

1448756 _at 6.71;Mm.2128 chr3:90778558-90781228 S 100 xam muit-cesmmaronmi 6etox - A9 (¢{ S 100a8
1447669 _s_at 6.627}Mm.215394 chr13:13619774-136200 1y VRACOTI CBA it Gestox (Gng4
1425336_x_at 5.61{Mm.422886 chr17:33606481-3361074 racrocormecrmiocrn 2, K1, K pernon H2-K1
1437145_s_at 5.455|Mm.46431 chr2:25060827-25061091RIKEN ¢cDNA 2310002J15 rem 2310002J15Rik
1420741_x_at 5.247{Mm.291782 chr3:92862612-92864304 RIKEN cDNA 2310069N01 ren 2310069NO1Rik
1442339 _at 4.062|Mm. 187847 chr16:36076009-36081 1§ credm: A2-nono6msai 1 Stfa2l1

1427492 _at 3.963|Mm.34964 chrX: 108755370-1087622 cemxpom ner s 1B Pofib

1418722 _at 3.693|Mm.236225 chr9:110265012-110268 {6emox mefirpodmmemrx rpasyn Ngp

1419409_at 3.69:Mm.291769 chr3:92741051-9274165 {mam.xit o Gorame NoGEmL L 5 Spnis
1436936_s_at 3.42|Mm.274770 chrX.99684922-99685968 s axmimrsie X-cnemagmrmpie Tpapckpimms: | XISt

1427262 _at 3.408{Mm.274770 chrX 99663093-9968593¢He axmmmHbic X-caemg e TPAHCKPIITSL | XSt

1€




1430567_at 3.377|Mm.35369 chr18:44114683-441478 | mrutitrop cepumonoit nexrrumases, KAZAl 1 | SPink5
1422667_at 3.336,Mm.38498 ¢chr11:99847848-9995203 KEPATIHOBBH1 KOMILICKC 1, KIICILIL, CeH 15 16 |Knt1-15
1448881_at 3.243;Mm.26730 chr8:112464257-1 124687 ranroriotim Hp
1423547 _at 2.71{Mm.45436 chr10:116681442-11 oM Lyzs
1449586 _at 1.939;Mm. 4494 chr1:137687809-1377 356 wmaxogmmm -1 Pkp1
1449133_at 1.932{Mm. 331191 ¢chr3:92569339-9257 1288mamiit ] O/IH-060r AVICHELI Gesok 1A Sprr1 a
1449106_at 1.901|Mm.200916 chr11:564746194-547537Grmyramuon-nepokcnaasa 3 Gpx3
1452543 a_at 1.862{Mm.2258 chr19:9150684-9154982 |cexperorsodim, cepeitcreo LA, “wier 1 Scgbiat
1450633 _at 1.859{Mm.21075 chr13:3837003-3837919 | xvmoxymm 4 Calm4
1459898 _at 1.826|Mm.250717 chr7:30460230-30464897 crupasazm Sbsn

1 429565_5_3‘ 1.815|Mm. 292457 chr3:93103210-9310446 3103 manx porosan 050107 KA SA Lceba
1429540 _at 1.727{Mm. 34382 chr?7:25076381-2507848 {xopmméemm Cnfn
1453801_at 1.5697|Mm. 180200 ¢hr3:94427502-9443259( cyuepcerteiicTso Tnorcrepase, wwien § Them5
1422672 _at 1.568/Mm. 140151 ¢hr3:92522208-92524 194 mam.nit npomn-odor amesnm bt Gestox: 1B Spirib

[43




Tabnumna 2

Homep nipo6e1
1449586 _at
1423935 x at
1460347 _at
1438856_x_at
1422667 _at
1422481 _at
1424096 _at
1451613 _at
1453218 at
1441941 x at
1456203 _at
1434227 _at
1429067 _at
1440186_s_at
1419709 _at
1422939 at
1422308 _a at
1437019 _at
1450633 _at
1421117 _at
1421752 _a at
1418799 a_at
1453801 _at
1422940 _x_at
1436392 s at
1452166_a_at
1449938 at
1421040 a at
1437232 _at
1424623 _at
1418748 at
1418158 at
1430551 _s_at
1430550 _at

Bapuant UniGene ID

32.877Mm.4494
30.173 Mm.6974
28.662Mm.6974
23.207Mm.268618
21.017 Mm.38498
20.962Mm.183137
20.14Mm.383993
20.135Mm.208047
18.792 Mm.292458
18.5Mm.268618
17.757 -
16.95 ---
16.396 -—-
16.186 Mm.378865
15.648 Mm.136573
14.807 Mm.337362
14.219Mm.20973
13.876 Mm.27156
13.842Mm.21075
12.773 Mm.336625
12.718 Mm.268618
12.316 Mm.1225
11.671 Mm.180200
11.333Mm.337362
11.112Mm.3629
10.901 Mm.22662
10.491 Mm.1001
10.27Mm.371562
10.198 Mm.107214
9.782Mm.268618
9.085Mm.20940
9.029 Mm.20894
8.917Mm.195937
8.679Mm.195937

HaumeHoBaHue rena

IUIaKoQuIHH |

KepaTunosetii koMIuiekc 1, kucisiii, req 14

KepatuHoBkrii xoMIuiekce 1, KucIibli, req 14

HurubuTop cepHHOBO# (WIM IIMCTEMHOBOM) NENTHA3b], TaKCOH B, wien 5
KeparuHnoBsiit koMIUiekc 1, KMcasii, ren 15

KepaTuHOBEI KOMIUIEKC 2, OCHOBHOM, TeH 1

KepatunoBsrit koMILTEKC 2, OCHOBHOM, TeH 5

XopHepHuH

RIKEN cDNA 1110014K05 ren

Huruburop cepuHOBOI (WIIH LHCTEUHOBOI) HENTHAA3H, TakcoH B, wieH 5
RIKEN cDNA 1110020A10 ren

berok, cea3annblii ¢ nuddepeHIMpOBKOl KEpaTHHOLMTOB

Kambnaun, Manas cy6beauuuua 2

TpanckpubupyeMslii 1okyc

Credun A3

NHruurop cepuHOBOM (MM IMCTEHHOBOM) NeNTHAA3bl, TAKcOH B (oBans6ymun), wieH 3B
JlexTrH, CBA3BIBAIOLIMI IAJIAKTO3Y, PACTBOPUMEIH 7

RIKEN c¢DNA 2200001115 ren

Kansmoxynuu 4

JuctoHuu

Wrruburop ceprHOBOIM (MM LUCTEMHOBOM) ENTHAA3E], TAKCOH B, wieH 5
npoTokonnares, tin XVII, amsda 1

UneH 5 cymepceMeicTBa THOICTEPA3HI

VHru6utop cepuHOBOI (HIN MMCTENHOBOI) NENTHAA3bL, TakcoH B (oBansbymun), wieH 3B
®akTop TpaHckpununy AP-2, ramma

KepaTuHoBEIit KOMIUIEKC 1, KucbIi, Ted 10

ITnanentapHbni 6enok-11 cBa3aHHELH

I'mytatron- S-tpancdepasa, ansda 2 (Yc2)

Benok, HOBHIIAIOMAIA GaKTEpHAIEHYIO IPOHUIIAEMOCTE- NOJOGHEIH 2
WHrnbutop cepnHOBOM (WM UCTEMHOBOM) MENTHAA3E], TAKCOH B, wieH 5
Kacnaza 14

benok, ces3anHEIi ¢ TpaHchopMmanueii 63

JIunazo-noxo6HbIH, conepxanuii foMeH ab-ruaponassr 3
JIvnaso-noxo6HbIH, conepxauuii foMeH ab-rugponassl 3

CuMBos rena
Pkpl

Krtl-14
Krtl-14
Serpinb5
Krtl-15
Krt2-1

Krt2-5

Hmr
1110014K05Rik
Serpinb5
1110020A10Rik
Krtdap
Capns2

Stfa3
Serpinb3b
Lgals7
2200001115Rik
Calm4

Dst

Serpinb5
Coll7al
ThemS5
Serpinb3b
Tefap2c
Krtl-10
Ppllr

Gsta2

Bpil2
Serpinb5
Caspl4
Trp63

Lipl3

Lipl3

€€




1435761 _at
1448397 _at
1459898 _at
1422672 _at
1459897 a_at
1428781 _at
1419492 s _at
1439183 _at
1419491 _at
1427263 _at
1416930_at

1435760_at
1439630 x_at
1435639 _at
1424976 _at
1455519 _at
1455715 _at
1434534 _at
1426048_s_at
1449500 _at
1430582_at
1435670_at
1422588 _at

1445187 _at
1421996 _at
1423323 _at
1452228 at
1449959 x at
1419731 _at
1442279 at
1455408 at
1416271 _at
1418722 at
1437351 _at
1440162 x_at
1426641 _at

8.652Mm.136573
8.545Mm.25652
8.407Mm.250717
8.373Mm.140151
8.371 Mm.250717
8.218Mm.30138
8.128 Mm.5341
8.102Mm.218784
8.028 Mm.5341
7.99---
7.471 Mm.878

7.251 Mm.300592
7.031 Mm.250717
6.509 -—-
6.23Mm.120274
6.163Mm.383274
5.932Mm.373656
5.693 -
5.603 Mm.85544
5.535Mm.66015
5.508Mm.133101
5.464Mm.137021
5.427Mm.358617

5.408 Mm.329504
5.28 Mm.85544
5.278 Mm.154045
5.242Mm.257819

5.214Mm.23784
5.211 Mm.14098
5.14Mm.312133
5.008 Mm.24880
4.925Mm.28209
4.888Mm.236225
4.809Mm.224814
4.662Mm.208144
4.647Mm.266679

Credpun A3

benox MEMKIETOYHBIX INENEBEIX KOHTAKTOB MeMOpaHHOro kanana 6eta 6
Cynpabazun

Mautslit nponuH-o0oralneHHsN 6enok 1B

Cynpabazux

RIKEN cDNA 1110014F24 ren

Hedenznun Gera |

N-auuncuHroznn aMuaornaponasa (LenodHas epamuaasa) 3
Hedenzun Gera 1

HeaktuBHble X-crenuduyueckie TPaHCKPHIITEL
JInmdouuTapHOro aHTHreHa 6 KOMILIEKC, JIOKyc D

IMuctatun A /// mopo6HEIA roMonory creduna
cynpabaszun

RIKEN cDNA 2610528A11 ren

ras rOMOJIOT CEMEHCTBA T'eHOB, WieH V
JHecmorneus 1 6eta

PREDICTED: Mus musculus RIKEN cDNA 2700099C18 ren (2700099C18Rik), mRNA

®akrop Tpanckpunmu AP-2, anbha

Huruburop cepunoBoit (MM LIMCTEUHOBOM) NENTHAA3E], TAKCOH B, wieH 7
SNF2 rucron muakep PHD RING renukasa

®axrop TpaHckpunun AP-2 Geta

KepaTuHOBEIl KOMILIEKC 2, OCHOBHOI, TeH 6b

RIKEN cDNA 9430070013 reu /// mogens rena 979, (NCBI)

®akrop Tpanckpummu AP-2, atpda

AcCOUUHMPOBAHHEIH € OIYXOJIBIO TPAHCAYKTOP KAIBLMEBOTO CUTHANA 2
RIKEN ¢DNA 4930451A13 ren

Mausiit mponus-oboraieHo-oa00HEH 9

ITuroxpom P450, cemeiictBo 2, momceMelicTeo b, monunenrtun 19

Yeumarens romonora polycomb 1 (Jposodmna) (Epcl), Bapuant tpauckpunra 1, MPHK

RIKEN cDNA 4732472107 ren
PERP, TP53 a¢ddexrop amorrroza
benox HEATPOIBEHEIX IPaHy.T
ITanen c CXXC 4

I'mmorernyeckuii 6enox A630043P06
T"omornor tribbles 2 (Jpozodmna)

Stfa3

Gjb6
MGI:2446326
Sprrlb
MGI:2446326
1110014F24Rik
Defbl

Asah3

Defbl

Xist

Lyéd
MGI:3524930 ///
LOC547252
MGI:2446326
2610528A11Rik
Rhov

Dsglb

Tcfap2a
Serpinb7

Shprh

Tcfap2b

Krt2-6b
9430070013Rik ///
Gm979

Tcfap2a

Tacstd2
4930451A13Rik
Sprrl9

Cyp2b19

Epcl
4732472107Rik
Perp

Ngp

Cxxc4
A630043P06
Trib2
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1442349 at
1425624 _at
1460038 _at
1440523 _at
1431211 _s at
1447329 at
1443687 x_at
1420988 _at
1456248 at
1430000 at

1446490 _at
1441909 _s_at
1427747 _a at
1437145_s_at
1419463 _at
1441440 at
1437705_at
1418028 _at
1442786 _s_at

4.643 Mm.259334
4.593 Mm.209005
4.577Mm.297371
4.562 Mm.98096
4.438 Mm.180200
4.351---

4344 ---

4306 Mm.311585
4.189Mm.46390
4.157---

4.154 Mm.29966
4.1 Mm.225253
4.035Mm.9537
3.994 Mm.46431
3.985Mm.20897
3.976 Mm.277366
3.854---
3.846 Mm.19987
3.804 Mm.270469

RIKEN cDNA C630028N24 ren C630028N24Rik
EPM2A (nadopun) B3auMozeicTByomMii 6enok 1 Epm2aip1

POU nomen, wracc 3, paxrop TpaHcKpunimu 1 Pou3fl
PervnansHON KOPOTKOHENOYEYHO#H JETHAPOreHassl peayKTasa 2 MGI:2668443
UneH cynepceMeiicTBa THO3CTEPA3EI S Them5
JHK-nonmuMepasa, 51a, (RAD 30 cesasannas) Polh

RIKEN cDNA 2310002A05 reu 2310002A05Rik
RIKEN cDNA B230117015 ren B230117015Rik
bemok 2, ceaspiBaromuiics ¢ nomurmpumMuauHoBsiM Tpaktom, MPHK (xTHK xiion MGC:11671
IMAGE:3709255) Ptbp2

RIKEN cDNA 9530066K23 ren 9530066K23Rik
Jlunokamnsx 2 Len2

RIKEN cDNA 2310002J15 reu 2310002J15Rik
AKTHBHpYEMBIH KalbLHEM XJIOPUIHEIH kaHan 2 Clca2
Cas3anHbIi ¢ ayTodarueii 4C (apoxokn) Atgéc
Jonaxpom-tayTomMepasa Dct

JHK cerment, xpomocoma 5, Brigham & Women's Genetics 0860 sxcripeccipoBaHHEIH D5Bwg0860e
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Tabnuna 3
E7734
E7733E12,5 A  pgr/ar E12,5 A 120/120
B  a1/120 B na1/120
C 120/120 C nr1/120
D ar/120 D n1/120
E n1/120 E n1/120
F  nor/ar F n1/120
G nor/aT G n1/120
H 120/120 H 120/120
I nar/nr
K 120/120
E7494
E7232E145 A  120/aT E14.5 A 120/120
B 120/nT B nar/ar
C 120/120 C 120/ar
D  ar/ar D 120/ar
E 120/nT E 120/120
F 120/nt F 120/ar
G nar/ar G 120/nT
H 120/120 H 120/noT
I 120/ar I nor/ar
K ar/or
L nar/aor
E7477
E7119E16.5 A  120/ar E16.5 A 120/120 | E7478 E16.5 A 120/120
B 120/nT B nar/ar B  nor/ar
C 120/120 Cc ? C 120/ar
D 120/nr D 120+ D 120/ar
E 120/nt E nor/oT E 120/n1
F 120/nT F nr/nr F 120/120
G 120/120 G ? G aT/aT
H 120/aT H 120/aT H 120/ar
I OT/OT I 120/nr I 120/n1
J 120/aT K 120/gr K nr/ar
K 120/ar L 120/120 L 120/120
L 120/nT M  not/ar
BBenenne

R2R reHpl, TpaHCKpUNTBI M COOTBETCTBylomue Oenku ObuiH OTKpHITHI Ha VEGF

MBIIIHHON HOKayTHOH Mojnenu. Vegfl120/120 HOKayTHBIE MBIIIM HECIIOCOOHHI MPOAYLHPOBATH

£164 £188 f16% gBIIsIeTCH rOMOJIOrOM Ye0BEeYecKoro VEGF165). Jlerkue

Vegf ™ u Vegf ™ usodopmsl (Veg
Vegf120/120 HOKayTHOM MEBIIIK SBJSIOTCS TUIOIUIACTMYECKUMH IPH  POXACHUH, U
nepugepruIecKHe BO3yXOHOCHBIE TyTH U cocyaucTas AU GepeHIIMpOBKa TSHKENI0 HapyLIaloTCs

B Vegf120/120 HOKayTHBIX dMOpPHOHAIBHBIX JIETKUX. | €HOMHBIA NOAXOJ MpHUBENI K OTKPBHITHIO
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f164 F165

TOro, 4ro Veg y Mmbiueit u VEG y deloBeKa YIPaBJIAIOT O4YEHb CIELU(PUUECKON
NpOrpaMMOi 3KCHPECCHM TI'e€HOB. JTa IpOorpaMMa COCTOMT U3 JIByX KOMIIOHEHTOB. IlepBEIM
KOMIIOHEHTOM sBisfeTcs (pe)reHepanus 0a3aJbHBIX KIETOK SIUTENUS BO3LYXOHOCHBIX ITyTEH:
0a3anbHble KJIETKH SBISIIOTCA HCTOYHMKOM IIO MEHBLIEH Mepe IONyJsIMH KIETOK B
NPOKCHUMAJBHBIX BO3XYXOHOCHBIX NYyTiIX. basanpHble KJIETKH Takke OOpasyloT CHIBHOE
MEXKJIETOYHOE COeIUHEHHE ITyTEM ITOCTPOCHUS XEMHJIECMOCOMBI U (POKAJIBHBIX aAr€3HMOHHBIX
coeVHEHNH. ba3anbHbIE KIETKH YKPEIUITIOT BHYTPHUKJIETOYHYIO apXHTEKTYpy IOCPEICTBOM
oenxoB npomexyTouHslx ¢miamentoB KRT14 u KRTS. Otu nBa Oenka IPHUCOEOMHEHBI K
(xemu)aecmocome.

BTOpEIM KOMIIOHEHTOM SBISE€TCS Nporpamma AU(PQEpEeHIUPOBKH: 3TO «IIporpaMma
YKpeIuIeHus» (IUIOCKOKIETOUHOR nubGdepeHIUpOBKY) KIETOK, BBICTHIAIOUIMX BO3J1yXOHOCHBIE
nyTH. OTH KIETKH JODKHBI OBITH JXKECTKMMH IIPH DPOXXKICHUH, IIOCKOJIBKY OHH OymyT
MOJBEPraTeCs MEXAHWYECKOMY CTpPecCy M BO3ACHCTBHIO BBICOKHMX YPOBHEH KHCIOpOZA.
VkpemneHue BO3MOXHO Omaromaps cemeicTBy O€lKOB, YCHIMBAIOIIMX  KJIETOYHYIO
apXMTEKTypy. OTO ceMeHCTBO OENKOB COCTOMT M3 IpYMNIBI NPOMEXYTOYHBIX (UIAMEHTOB, U
6eKoB, yKpeIUIIonx npoMexyrounsle ¢punameHTsl (SPRR 6enkxos, LOR, HRNR, u 1.1.). O1H
IBE IPOrpaMMbl MOXHO OOOOLIMTH IOJ 3arojoBKaMH «IuddepeHIpOBKa KEPATUHOLUTOBY,
«audpdepeHIUpOoBKa  OIHUTEIHATBHBIX  KIETOK»,  «PEOpPraHM3alisd  MPOMEXYTOYHBIX
¢buIaMeHToB», «poroBas 000JIOYKA», «KEPATHHOBHIE (UIAMEHTBl, PEMOACIHPYIOIINE
ITUTOCKEIIETY.

F'® Gemok st pereHepali MOBPEXIEHHBIX

B T0 xak mepcnekTuBHO npumeHsTs VEG
nerxkux y uenoseka, VEGFA u VEGF'®® spisiorcs BaXHEIME PEryJisATOpaMH LIUPOKOro psia
npoueccos B opranusMe. CrnenoBarensHo, npumenenue VEGFA or VEGF'® moxer IIPUBECTH K
CJIMIIIKOM MHOTHM MOOOYHEIM 3 deKTam.

BeutM OTKpHITHI IBa HoBhIX rema (R2R' u R2R%) B [IPOTpaMMe OJKCIIPECCUU TE€HOB,

f'%* y mpmmeit 1 VEGF'®

KOTOpBIE€ YIpaBIAIOTCS Veg y 4HeIOBeKa. OJTH HOBBIE T'€HBl, HX
TPaHCKPHIITH! U TPAHCIMPOBaHHEIE O€JIKM HE CBA3aHBI C TeHAaMH U MX MPOJYKTAMHU U3 MO3THUX
3BEHBEB IIPOrPaMMBI IKCIIPECCUH 6a3aIbHBIX U MIIOCKOKIETOYHBIX TEHOB.

Beuln IIpoBeAEHBI 3KCIIEPUMEHTHI VI JIEMOHCTPAllUM TOTO, YTO 3TH T'€HBI SBISIOTCS
Ba)XHBIMU MOJXYJISITOPaMH IIPOrpaMMBl 0a3ajbHOM M IUIOCKOKJIETOYHOH AHG(epeHIMPOBKH.
OpHoM u3 Hambosiee BaXKHBIX HaXOJOK 3THX OKCIIEPUMEHTOB SBISIETCS TO, YTO 3TH T'€HBEI
ABIAIOTCA BaXHBIMH Mognyisitopamu skcnpeccud HIFla u PERP B knerkax. B Hammx
akcriepuMeHTax R2R TreHBl SBIAIOTCS INO3UTHUBHBIMU PETYJISTOPaMH, U HHTEpOEpPEeHIHS C

JAaHHBIM MCXaHH3MOM OTKPEBEIBACT TECPAINICBTHYCCKHC BO3SMOXXHOCTH B JICHCHHH paka.
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Marepuanbl 1 METOALI

MbimnHbIe SMOPHOHBI H 00pa6oTKa TKaHei. Bce SKCIIepUMEHTHI Ha )XUBOTHBIX OBLIN
yTBepKIeHs DTHYecKUM KOMHTETOM 0 MCCIEOBAHHSM Ha JKMBOTHBIX B MeEIUIMHCKOM
nentpe JIelIeHCKOro yHHBEPCUTETa, U BBIIIONHEHE! B COOTBETCTBHY C PYKOBOJICTBOM IO yXOIy
M TIPYMEHEHHIO J1aGopaTopHBIX JXHBOTHBIX, OITyONMKOBAaHHBIM HallMOHAIBHEIM HHCTHTYTOM
310poBbsl. ['eTepo3HroTHEIX Vegf+/I20 MBIeH CKpEIMBaIM MIJd IOTY4CHHs 3MOpPHUOHOB
Vegf120/120 v OOHOTIOMETHBIX MBILIEH IUKOrO THIIA Vegf+/+. Ilo yTpam IO BarvMHalbHOH
npobke onpenemsuid Bospact sMOpuoHa B cyTkax (E) 0,5. bepeMeHHBIX CaMOK yMEpIIBIISIN
LepBUKANBHOM uciokanueil. Om6proros E12.5, 14.5 n 16.5 usommposany B crepunbrom OBP.
['pyIHEle KIETKH SMOPHOHOB OCTOPOXHO Pa3pe3aly B yCIOBHSX, CBOGOHBIX OT PHOOHYKIIEa3H,
OMEILaJIH B cpedy Ml 3amopaxusanus tkaneit (TBS, Triangle Biomedical Sciences, [lapem,
Cesepras Kaponuna), samopaxxuBamy ¥ xpaHumu npu -80°C. Pacrpesenenue 3MOPHOHOB IO
BO3PACTY M IPOMCXOXAEHHIO Ipe/cTaBIeHo B Tabaume S1.

Ilony4aau cpe3sl ¢ MOMOIBIO KpHocTaTa (8 MKM), H NPHKPEIUIIM K craijaM Juid
mukpockonun SuperFrost Plus (Menzel Gmbh & Co KG, Bpaynmseiir, I'epmanms). [Tony4enne
CPe30B M JIPYIyl0 HMMYHOTUCTOXMMHMYECKYIO 00paGOTKy TIpyAHBIX KIETOK 3MOPHOHOB
Pas3IHYHOro BO3pacTa NPOBOIHIHN IPOU3BOJIBHO.

HMMMYHOrMCTOXMMHSI M Jia3epHasi 3aXBaThIBAalOMIas MHUKpoauccexums. Tpu cpesa
TKaHH OT KaXJOM IpyaHON KIeTKH S5MOpHOHA BHIOMpaIM Ha YpOBHE BHIA cepAla ¢ AByM:
kemygaoukamu. Cpessl II0/(BEprajly MMMYHOTHCTOXMMHYECKOH 06paboTke B OIHON MapTHH.
KprocTaTiueckue cpesbl GUKCHPOBAIH, NOMeIlast MX B X0JIOAHbIH aneToH (4°C) Ha 2 MUHYTHI
nocie m3piedeHus u3 -80°C MoposmwisHHKA. Bee OMONHUTENbHEIE HMMYHOTHCTOXHMHYCCKHE
STamb! MPoBOMIH HpH 4°C, 1 Bee GydepHsie pacTBOPHI M PaCTBOPHI aHTHTEN XpaHwiu npy 4°C.
BydepHslit pacTBOp, He copepxKalumii puboHykiIeassl, uiu D-PBS 6yepHbiii pacTBOp rOTOBUIN
myTeM pasbasnerus RNAsecure (25x, AM7006, Ambion TX) 1o 1x B ucroneszyemom 6ydepHom
pacrBope. Bce pactBopsl amrturen rotopwin B ®OBP, B To Bpema kak usonekTHH GS-IB4
koHbIoraT pasz6asnsum B D-PBS. Superase.In (AM2696, Ambion, Ocrums, Texac) nobapnsinm
KaXJIOMy pPacTBOPY aHTHTe] B KOHe4HO# KoHueHTpanuu 1 Ep/mkn. Chaiims! cymuny Ha
BO3IyXe, M Cpe3bl TKaHeld OrpaHMYMBaIM KapaHiamom i ruapopobHoro Gapwepa. Ilocme
[IOMELICHUs CIAiiloB Ha XOMOAHEIM Merammuueckuii 6ok (4°C), 30 Mxn ®BP Hanocwiy Ha
KaXIBIM TKaHeBOM cpe3, u cymwid. 3atem 30 Mk aHTH-KepatuH (4, 5, 6, 8, 10, 13, 18)
MOHOKJIOHATBHBEIX anTHTen (MAB1636, Chemicon) B koHueHTpanun 10 Mxr/100 Mk HaHOCHIIH
Ha oOpasell. PacTBop aHTHTeN BBICYIIMBAIM CIOYCTA 2 MHMHYTBEl, H Cpe3 TKaHH OCTOPOXHO
npomsiBamk 250 mxn ®BP. 30 mxa Alexa-fluor-488 kypunoro antu-memmmsoro IgG (H+L)

xoHbIorata (A21200, Invitrogen, Kamudopuus) B xoHueHTpamuy 10 mxr/100 mki, HaHOCHIH
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3aTeM Ha 2 MHHYTEL, 32T€M OISTH OCTOPOXKHO nmpoMEBaiy 250 M OBP. Hakonen, TpeTuii muk
2-MuHyTHOTO OKpammBanus ¢ 30 Mk n3onektiH GS-1B4 Alexa Fluor 594 konbrorata (121413,
Invitrogen, Kamudopuus) B koHeHTpanuy 10 Mxr/100 M1 3aBepinai nIpoueaypy OKpalidBaHuUs.
TxaHeBEIe Cpe3bl IIOABEPrald JErUApaTalyy P KOMHATHO#H Temmnepartype: 75% EtOH (30 cex),
95% EtOH (30 cek), 100% EtOH (30 cex), 100% EtOH (120 cex), kcunon (180 cek). JIasepHyio
3aXBATHIBAIOLIYI0 MHKDPOJMCCEKIMIO MPOBOAWIM Ha mNpubope Ui MHKPOIMCCEKUMM Veritas
Microdissection Instrument (Arcturus Bioscience Inc.,, MaynTun-Bero, Kamudopuus)
HEMEJICHHO I10CJIE 3TAIOB nernnparauﬁn. Mu1 rotoBuiy cpessl u3 3x 300 - 400 xerok (B Buze
00pasLIoB B TPeX MOBTOPHOCTSX) U3 BHYTPUIETOUHBIX BO3JYXOHOCHBIX ITyTEH MM KPOBEHOCHBIX
COCY/IOB B SMOPHOHAJBHEIX JIETKUX Ha TKAHEBBIX CPE3aX Ha YPOBHE 00OMX XKEIYIOYKOB CEpLa.
KieTkM, OKpalleHHBIE MOHOKIOHAJIBHBIMH aHTHTEJNaMH K MBIIIMHOMY NaHKEPaTHHY/KYpPHHEIM
anTH-MbIEHBIM [gG Alexa-fluor-488 xoHbroraTtom, OBLIM MAECHTHQUIMPOBAHBl KaK 3€ICHBIC
dmoopecuupyromue Kietky (cHHuM GUIbTP). DT 3eeHsle QIIoopecHUpyIONHUe KIETKH ObLIH
onpefieNieHbl KaK OJIHTENHaNbHBIE KICTKH BO3MYXOHOCHBIX HyTeH (ker+ KI€TKM), W OpuIM
[IPOM3BOJIFHO BBIJETICHBI, HE3aBUCHMO OT MX MOPQOIOTMH XapaKTEPHOH I MPOKCHUMAIBHBIX
WM JUCTAIBHBIX BO3MYXOHOCHEIX myTeit. Kietku, oxpaitenusie u3onexTu GS-IB4 Alexa-fluor-
594 xoHbroraroM, OBUIM HICHTHGHWIMPOBAHBI KaK KpacHble (GIIOOPECHHUPYIOIINE KIETKU
(3eneHnlii  GQwIbTp). OTH KIETKM OBUIM ONpEAENCHBl KaK ME3CHXMMaJbHBIE KIETKH C
SHIOTEIHANBHEIME XapakTepucTrkamu (i/+ kiuetky). OKpalIMBaHUE KIETOK 000MMH MapKepaMu
He HabIIomanoch Ha TpeX Touykax sMmOpuonansHoro passutus (E 12.5, 14.5, 16.5). daktuyecky,
3el€HbIE W KpacHble (QUIIOOpecUHpyIOIIMe KISCTKH MOXHO Obulo Habmrogare  Kak
NO3UTHUBHOE/HEraTUBHOE M306paXkeHue Opyr apyra. [loABeprHyThie MUKPOAUCCEKIHH ker+ HIH
il+ xnerkum cobupamn B mnpobupky Gene Amp (Applied Biosystems, Pocrep-Curi,
Kamudopuus), 3anonuennyio 75 mixa RNeasy nutinyeckoro 6ydeproro pactsopa (RLT; Qiagen,
XunbaeH, ['epmanus), copepxamero 0,14M 6era-MepkantosTadond ¥ 200 Hr IOJMHHO3UHOBOM
KHCJIOTHI (Sigma).

Boigenenue, aMminukanus, MapKHPpOBKa, U MHKpPOMATpH4Hasi rmOpuaM3anvs
PHK. 3axBaueHHsle J1azepoM oOpasubl HHKyOupoBanu npu 42°C B TedyeHue 20 MHHYT, a 3aTeM
oxNIaxaam¥ Ha apay. O6pasiusl xpanwiu npu -80°C mepen manpHeiimeid o6pabotkoil. ITocie
oTTaMBaHMs paBHBIH 06beM 70% sTaHoNa K00aBIANM B KaXKIbIM oOpasell, a 3aTeM IEPEHOCUIH
Ha kojoHkH RNeasy MinElute Spin Columns (Qiagen). PHK o4mmaid B COOTBETCTBMM C
HUHCTPYKIMAMHE TIPOU3BOIMTENS, IIIOUPOBATN 14 MK BOJBI, HE CollepXKallel puOOHYKIIEassl, U
JIOBOJNHIH 10 4 MKJI BakyyMHOM cymkoi. J[Ba nukna muHeliHOH MPHK amMmmudukanmu 66110
HeoOxoaumo Ui oOpasoBanus moctaToyHslx koimdecTB KPHK. JiBa-nukia cunresa xIHK u

cuHTe3 OuoruH-MapkupoBaHHod KJ/IHK npoBomuim B COOTBETCTBHM C PYyKOBOJCTBOM
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«GeneChip Eukaryotic Sample and Array Processing Manual» («PykoBozactBo no obpabotke
TEHHOTO 4YHNa JSyKapuoTHdeckoro ofpasma u Matpuub») (Affymetrix, Canrta-Kiapa,
Kamudopuus). B kadecTBe KOHTpONS U3BJICUEHHsS MCIONB30BAIM KOHTPOJIBHBIN Habop
GeneChip Poly-A RNA control kit (Affymetrix). MEGAscript T7 kit (Ambion, Octus, Texac)
HCTIOIB30BAIU A TPAHCKPHIILUY in vitro Bropoit HUTH K/IHK B nepBoM 1uxiie aMniupukany,
nostyqast 112-457 ur aPHK. Bo BTOopoM nukie aMmiudukanuy, HauuHas ot 100 ar aPHK u3
nepBoro nuxia, nomydand 11-86 mxr xPHK ¢ npumenHenmem HabGopa [yt MapKHPOBKH
tpaHckpunuuu in vitro (IVT) GeneChip. MapkupoBanHyo PHK ruGpunuzoBanu B MBINIMHBIX
reHoMHBIX Matpuiax GeneChip (Affymetrix). ['ubpuansamuio npoBoawIN ¢ NpuMeHeHueM 12,5
MKr MapkupoBaHHOM OmotmHOM PHK mpu 45°C B Teuenue 16 yacoB mpH HENpEepHIBHOM
BpameHuH. Matpunsl okpamusanu B ycranoBkax Affymetrix Fluidics stations ¢ nmpumeHennem
cTpenTaBuanMHa-pukodputpuHa (SAPE), ¢ nociexyromuMm OKpallMBaHHEM aHTHTEIaMH K
crpenTaBuAMHy, U BTOpIM SAPE okpammuBaHueMm. 3areM MaTpulbl CKaHHpOBAJIM Ha
nHcrpymenre Agilent Laserscanner (A ffymetrix).

Crarucruyecknii anaau3. JlaHHele 1Mo ypoBHIO 30Hma Affymetrix o6Go6mamn c
npumenenueM FARMS (®aktopHoro aHainusa ajisi po6acTHOr0 CyMMHPOBaHHS MUKPOMATPHII) L
HeobpaboraHHble HMHTEHCUBHOCTH HOJBEprayii JorapudMudeckoi TpaHchopManuu s
NOJTy4EHUs  HOPMAlBbHOTO  paclpeleleHHs  JaHHbIX. BHayame  HEKOHTPOJIHPYEMBIH
MHOTOBAPHAHTHEIH METOX NPOEKIHH, aHATH3 CIIEKTPAIBHEIX KapT’, IPUMEHSIN IS CHIKEHHUS
CJIOXXHOCTH CJIMIOKOM MHOTOMEDHBIX JaHHBIX (# TE€HOB NPOTHB p 00pas3loB). AHaH3
CIIEKTPAIbHBIX KapT obecreyrBal 0OBEKTUBHYIO HACHTUDHKALUIO IpeobafaoliXx KIacTepOB
T€HOB M TMpPEIMETOB, IIPUCYTCTBYIOIUMX B Habope HaHHBIX. BoO-BTOpPBIX, TECTHI A
auddepeHINaIBHON SKCIIPECCHH TeHOB MEXAY KIETKaMU ABYX BUIOB (ker+ MpOTHB il+ KIETOK)
nposogwte B LIMMA (IMHEHHBIX MOJENsX s JAaHHBIX MHKDOMATDHIL), IIOCKOJIBKY 3TOT
aHalIM3 UCIOJNB3yeT HHPOPMALUIO sl COBOKYITHOCTH I'€HOB, Jellas aHalu3 CTaOMIbHBIM JaXe B
JKCIIEDUMEHTaX C MAalBIM  KOMMYECTBOM MATPHI[. B-TpeTbHX, pasiuubs  Mexuy
OIHONIOMETHBIMH Vegfl120/120 HOKayTHBIMM MBIIIaMHM ¥ MBIIIAMH JAUKOTO THIA [0 MPOGHIAM
OKCIIPECCHM HA MPOTSHKEHHM 5SMOPHOHAIBHOTO TIEepHoJa TECTHPOBAIH C  IIOMOIIBIO
B3aMMOJICHCTBHA IBYX (akTOpoB, Vegf TeHOTHIIAa M BPEMEHH, BHOBb ¢ momormso LIMMAZ,
Hannpie mo E12.5 u E14.5 6pun coOpaHBl, NOCKONBKY Hac HHTEPECOBAl KOHTPACTHBIM
BpeMeHHOM npoduns E16.5 npotus E14.5 u E12.5. Orot TecT mpoBoaunu Ha obpasuax ker+ u
il+ 110 OTAENBHOCTH, TOCKOJIBKY 3TH JIBE TKAHH OBLIM ITOJYYEHEI U3 OMHUX M TeX XKE IMOPHOHOB.
Takue mozenu, xak LIMMA o6ecnednBaroT IPOHM3BOJBHBIM M HE3aBUCHMBIA COOp Bcex
obpasuoB. Koppekuus oTOM 3aBUCHMOCTH TpeOyeT Oolee CIIOXHOM MOIENHM, €CiH

aHaIM3NpOBaTh ker+ W il+ OXHOBpeMEeHHO. ['€HOMHBIC BapHallMK IpPHd EIUHUYHOM
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B3aUMOJCHCTBIM THNa TKaHH (oOpasusl ker+ mnpoTuB il+) Takke OOHapyXUBaIOTCS
nocpeacrsoM LIMMA ananusa. Pacnpenenenne nuddepeHIHanbHOM 3KCOpeccHy MO BCEMY
reHoMy omnpefemstmn ¢ npumeHenneM MACT (uHCTpyMeHTa Uit  MHUKPOMAaTpHUYHOTO
XPOMOCOMHOTO aHAJIH3a).

PesyabTaTtel/O06cyxaenne

ITpu poxxnennu Heobxomum obMeH O, U CO;, B nerkux Ha GONBLION rpaHHIlE paziena
BO3JyXOHOCHBIX ITyTeli 1 KPOBEHOCHBIX COCYZOB. OMOpPHOHAJIBHOE pa3BUTUE JIETKUX Yy MBIIIEH
ToJIBEpraeTcss CHIbHOMY caBury mpu E (= cyrku mocme 3auartus) 16.5'. B 5To Bpems
IEPEILIETEHHEIE BO3AYXOHOCHBIE IIyTH M COCYIHUCTas CETh PACIyCKalOTCA MyTeM YMHOXXEHHS M
YCOBEPIICHCTBOBaHMS MX JOUCTAIBbHBIX BETBEH. JIUCTaNbHBIE BO3MYyXOHOCHBIE IIyTH WIH
pecnMpaTopHEIe TPYOKH YMHOXAIOTCS ITyTeM IOJpa3felIeHUsI TOHKOCTEHHBIX MEIIOYKOB nepes
pOXIeHHeM. DTH MEIIOYKHM pAa3BMBAIOTCS B HTOTe€ B IOCTHATAIBHBIE AlbBEONBI. Jlis
TOHKOCTEHHBIX BO3JYXOHOCHBIX IyTe#f HEOOXOIMMBI IUIOCKHE KJIETKH JUIs OONerdeHus
Tpancnopra rasa. Takum obpasoM, ¢eHorunmyeckas audpGepeHIUpOBKa B ILUIOCKHE KICTKH
BO3NYXOHOCHBIX ITyTeH, mnpoucxozsimas oxono E16.5, sBusercs xpurtuueckod azoit
5MOPHOHATBHOTO PA3BHTHS JICTKHX. OUUTEIHATbHBIC KIETKH, MOKPHIBAIOIME BO3LYXOHOCHEIE
IYTH, IPOUCXOAAT U3 Pa3BETBICHHON SHTOAEPMEI roioBHOH kuiku. Ot E16.5, snurenuansasie
KIETKH B JMCTAIbHBIX BO3JYXOHOCHBIX ITyTAX HAYMHAKIOT YIUIOMATECS, B TO BpeMs Kak
IIPOKCUMAJIbHBIE KIETKM COXPaHSIOT CBOIO cToabuaTyio GopMy. Hanbonee nucTaabHbBIE U3 ITHX
KJIETOK OyIyT BEICTHJIATh MEIIOYKHU M aJbBEOJIbl, U PAa3BUBATH IUIOCKYIO HJIM JaXe YeLlyiHdaTyro
mopdonormo Ha E18.5. Kanumnsps! BEICTIaHBI ¢ IUIOCKAMH SHIOTEIMANBHBIMH KIETKAMH U
NPEACTaBJIAIOT AUCTAIBLHBIE KPOBEHOCHBIE COCY/IBI COCYAUCTON CETH. DHAOTEIHAIBHBIE KIETKH,
IOKPHIBAIOLIME JIETOYHEIE KPOBEHOCHBIE COCYIBI, IIPOHCXOIAT U3 ME30JEPMAIBLHOM ME3EHXUMBE.
WX pocT [OMKEH TECHO COOTBETCTBOBATH POCTY MX OSIHTENHANbHBEIX dHAJIOTOB, YTOOBI
obecrieynTs GONBIIYIO AlbBEONSPHO-KAMWULIPHYIO TIPaHHUIY pasfieNa, uepe3 KOTOPYIO
Ha4YUHACTCsl ra3000MEH IIPH DPOXICHHH. PEIUNPOKHOE B3aUMOIEHCTBUE MEXAY SIUTEINEM
BO3JAyXOHOCHBIX IyTel, NMPOM3OMIEANINM H3 3HTOJACPMBI, M OKPYXXAOIIeH Me301epMajIbHOM
ME3eHXMMOM, HAYMHAETCS B paHHEM Mopdorenese nerkux”. Haummas or E9.5, Fgfl10,
NPOIYLHPYEMBIH ME3CHXUMaJIbHBIMH KIETKaMH B OKPY Karolllel Me30/iepMe, BjIseTcs Hauboree
BaXXHBIM CHTHAJIOM JijIsl Pa3BETBIECHHUS SHTOAEPMEL. TecHOE B3aMMOJICHCTBHE MO MEHBIEH Mepe
¢ Shh, Bmp, TGF-, 1 Wnt ¢axTopamu nepefayn curaana MoAyJIMPYeT 3TOT PaHHHI MEXaHHU3M
pasBeTBieHHA. OOHAKO, MOJICKYIAPHBIH MEXaHU3M, JIEXKAIMi B OCHOBE IO3JHMX KIETOYHBIX
(QEHOTHUITMIECKMX H3MEHEHHUA M JIMTEIHAIBHO-3HIOTEIMATBHOIO B3auMomeicTeus npu E16.5
MeHee H3y4eH.

JUia panepedmiero usydeHus nosnHedl muddepenuupopku jerkux nociae E12.5, MblI
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paszpaborasiu ocHoBaHHyr0 Ha PHK mponenypy HMMYyHOXMMHUYECKOrO OKpalIHUBaHUS IS
Ja3epHOM 3axBaTHIBAIOIIEH MHUKPOAMCCEKLUMH OSIHUTEIHANIBHBIX KIETOK B DPa3BHBAIOHIMXCS
BO3JYXOHOCHBIX ITyTSIX. MBI NPEAIOIOKIIH, YTO OIpesiclieHHe NMPOGHIs 3KCIPECCHH MO3THUX
reHoB ¢ noMourpio PHK, BEIIENIEHHON U3 KIIETOK BO3IYyXOHOCHBIX ITyTEH, pa3Aemsromux obmui
SNUTENHANbHBIH aHTUIEH B DPa3IM4HOM 3MOpPHOHAJIBHOM BO3pacTe, IO03BOJIUT BBIACHHTH HX
TPaHCKPUIIOHHBIE M3MEHEHHS CO BpeMeHeM. OJTa NporpaMMa AOJDKHA IO MEHbIUEH Mepe
OTPA3UTh XapaKTEePUCTHUKH JSMHTENHsA, NPEANOYTHTENBHO TUIA BO3JYyXOHOCHBIX IyTEH JIETKHX.
To Xe caMoe TIpPEANIONOKEHHE INPOBEPSUIM Ha JIETOYHBIX KIETKaX, MapKHPOBaHHBIX
SHJIOTENIHUAIBHBIM MapKEpOM, YHHBEPCAIbHO JKCIPECCUPYEMBIM B Pa3lIndHOM 3MOpPHOHAIBHOM
Bo3pacTe. KpoMe Toro, MBIIMHYI0 HOKAyTHYIO MOJEb C MO3JHIM aHOMAJIBHBIM MOP(OreHe30M
pa3BeTBJICHHS B JIETKUX, BKIIOYHIH B JaHHBIA noaxon. Msl BeiOpamu Vegf120/120 monens,

MOCKOJIBKY Nepudepuueckas mudbepeHIMpoBKa BO3LYXOHOCHBIX Ty Tel U cocynoB™>’

CEpPBE3HO
nospexaaercs B 3TUX Vegf120/120 HOKayTHBIX SMOPHOHAIBHBIX JETKUX. OMUTEIUANBHEIE U
3HIOTEINATIbHBIC KICTKM JAWUKOTO THIA, KaK OXHMIAloch, SKCIPECCHPOBaNM HaboOp TIEHOB
nudQepeHIMPOBKH BO3IYyXOHOCHBIX NMyTed M COCYHOB, He HMeBIIMiics y ux Vegf120/120
HOKayTHBIX aHainoroB. Vegf120/120 memuu He uMmenun VEGF-A wuzodpopm 164 u 188, HO
akcnpeccupoan uzodpopmy 120. VEGF-A usodopmsr 164 u 188 (VEGF164 and VEGF188)
Haubojee TECHO CBA3aHBl C OJKCTPALCIUIIONSAPHBIM MAaTpUKCOM, 4YeM Oojiee pacTBOPUMBIH
VEGF 120 BapHaHT, # KOHIIEHTPHPYIOTCS JIOKAJIGHO BOKPYT JWCTAIBHBIX BO3MyXOHOCHBIX ITyTEH.
CranznaprHas TOYKa 3pEHHUs YCTAHABIMBAET, YTO JICTOYHBIC OIUTEIHATBHBIE KIETKH
cexkpetupyrT 3T VEGF-A wuzodopmsl, B To Bpems kak VEGF164 u VEGF188 noompsior
JIOKaJIBHBIA POCT JIETOYHBIX 3MMTEIHAIBHBIX KIETOK 4Yepe3 CTHMYJIALUIO PeLenTopa TUPO3UH-
kuHa3z Flkl (VEGF penenrtop-2) u Fltl (VEGF peuenrtop-1). OrpaHuueHHas 3KCIAHCHS
SHIOTENMAIBHBIX KIETOK COBEpIIECHCTBYET JIETOYHYI) COCYIOMCTYIO CE€Thb M O00ECIEeYHBACT
COOTBETCTBYIOIMI POCT SHHTENHATBHEIX KIETOK™. DTO SIHTEIHATBHO-3HIOTEIHANBHOE
B3aUMOJICHCTBHE obecneunBaeT raz000MeH NpU POXIEHUH IyTeM (POPMHPOBaHHS TECHOH CBSI3H
MEXIY aJbBEOJIaMM JYCTAIBHBIX BO3AYXOHOCHBIX IMyTeH U KalWLIIPaMH JIETOYHOH COCYIUCTOMH
ceth. OIHaKo, 3TOT THII B3aUMOACUCTBUS He MoOXeT oOBsicHUTH npucyrcrBue VEGF-A B
ME3CHXUMAIIBHBIX KIETKaX, OKPYXKAIOMIUX SIUTEIHABHEIE KIETKH JUCTAIBHBIX BO3AyXOHOCHBIX
Iy TEH.

HMMyHOXMMHYECKOE OKpAIllMBaHHWE NPOBOAMIM Ha Cpe3aX 3aMOpPOXKEHHBIX TKaHed u3
rpyaHbeIx kierok ambpuoHoB Ha E12.5, E14.5 u E16.5 (dur. 2). [eHOMHOE pacmpejeicHue
9MOpHOHOB IoKa3aHo B Tabnuie S1. Ml BeIOpain aHTHTENa, 00ECIIEYHBAIOIHE JOCTATOUHYIO

IIPOIMyCKHYHO CIOCOOHOCTH JJIs1 CBA3BIBAHUA C DJIHUTCIWAJIBHBIMH HJIHM 3HAOTCIHAJIbHBIMHU

AHTUI'CHaAaMH B TIpaHHIAxX 3M6pI/IOHaJII>HOFO neépuoga B HaEM HCCICAOBaHWH. AHTH-



43

IIMTOKEPATHHOBEIE aHTUTeNa (HAalpaBieHHbIE NPOTHUB LuUTOKepathHa 4, 5, 6, 8, 10, 13, u 18)
ObUIM BBIOp@HBI I MAapKHAPOBKH SIUTEIMAIBHBIX KIETOK (ker+ KIETOK), BBICTHJIAKOIIMX
BO3JyXOHOCHBIE IIyTH, ITOCKOJBKY IpPUMHTHBHEe M IU(PQEPEHIMPOBAHHEIE OSMMTEIHATLHBIE
KIETKH IJI00ANIBHO OKCIPECCHPYIOT HPOMEXYTOYHBIE GHIAMEHTHI Pa3lIUYHBIX KEPaTHHOB.
DHIOTeIHAIbHbIE KJIETKM B OJHOM M TOM e Cpe3e TKaHU OKpamuBaau u3oiaekTuH GS-IBy

. . . .. . - 0
(Griffonia simplicifolia) Alexa-fluor-594 KoHBIOTaTOM, KOTODEIM CBA3BIBAETCH C paHHI/IMI/Il U

NO3HAMH SHIOTEIHATHBIMU KIeTKaMu "2 y Mpmuelt (il+ kimetkamu). OKpallMBaHHE KIETOK
000MMH MMMYHOTHCTOXHMHUYECKUMH MapKepaMH He HaOIroJalock B TPEX MOMEHTaX BPEMEHH
aMOpuoHansHOro pa3sutus. 300 — 400 ker+ u il+ kneTox H30HpaTENbHO M30IHPOBAIA ITYyTEM
Ja3epHOM 3axBaTHIBAIOIIEH MUKpoauccekiuu. JIBa mukna auHeiHod MPHK aMIuIUUKAIUU
obecnieuwnu pocraroysoe komuuectBo KPHK s rubpummszanuu Ha Martpuiax Affymetrix
Mouse 430_2.0 Genechips.

Bo mepBEIX, MBI UCCIIEIOBAIH, OTPAXAET JIU ONpeAeiIcHUue MpOoGHUIs SKCIPECCHH IEHOB,
PEryIHpYIOUIKX IOCHEIYIOIHE 3BE€HbsS CHTHAIBHBIX KacKaJoB, TU(GOEpEHIMPOBKY C BO3PACTOM
B 3aBUCHMOCTH OT OIMTEJHAIPHOr0O M DHIOTEIHAIBHOTO IpPOUCXOXJeHHUs. JlaHHBIE
HCCIIEIOBATEILCKOTO, HEKOHTPOJIMPYEMOr0 aHajiu3a OKCIPECCHHM T€HOB YCTaHOBWIH, YTO
SKCIIPECCHsl T€HOB MEHSETCS BO BpeMs 3MOPHOHAIBHOTO PasBUTHA C Yy4eToM HaubomplueH
Bapuauuu (35%) B HaGope HaHHBIX. JTa BapHalyMs Ipauueckd MNpeAcTaBlIeHa B IIEPBOM
O0CHOBHOM KommoHeHTe (X-ocu wiu PCi) ciexTpanbHOi kapts > (¢ur. 3). [eHbl, IpoOsBISIONIHE
HauOoIbIIKE U3MEHEHHS SKCIIPECCHH Ha MPOTHKEHUH TPeX CTaauii SMOpHOHAIBHOTO pa3BUTHA,
HaxOoAWIUCh Ha Kpasix X-ocu. OJMH M3 3THX I'€HOB, cypdaKTaHT-accOlMHpoBaHHBIN 6en0k C
(Sftpc), kax HM3BECTHO, OCYIIECTBISIET BaXKHYIO (H3HOJOTHYECKYIO IOBBILAIOIIYIO PErYIISLUI0
BO BpeMs 3MOpHOreHe3a, U JOCTaTOYHBIE KOJIMYeCTBa €ro OENKOBOTO MPOAYKTa HEOOXOIMMEI
JJIs1 HOPMAJIBHOTO JIbIXaHUSA IIPH pomueunn”’ls. Bropoit ocHoBHO# kommoHeHT (Y-ocs unu PCy),
obbsicHsromui apyrue 17% Bapuanuu B HaOope AaHHBIX, MOXKET OBITh CBS3aH C pa3IM4YMsiIMHU B
3KCIIPECCHH I'€HOB B 3aBHCHMOCTH OT KJIETOYHOIo Iponcxox/eHus. HexoTopsle u3 Hambonee
KpallHUX mpoO, ycraHOBIeHHBIX 10 PC,; OCH, MpeACTaBIAIOT I'€HBI, KOTOPHIE, KaK H3BECTHO,
SBJIAIOTCS XapaKTePHBIMH JUIS JIETOYHOIO SNUTeNus Win sHpoTenus. Cpeny BocbMH Haubolee
KpaiiHux HabopoB mpobO, Mbel maeHtHuimpoBanrd CD 93 aHTHreH (CD93)16 W KIayauH 5
(Cldn5)"" B kauecTBe HIMIOCTPAaTHBHEIX JHJIOTEIMAIBHEIX T€HOB, M HAa IIPOTHBOTIONOXKHOM
cropone Y-ocd, ¢akTtop cemeiictBa Forkhead, 6mok Al u kepatuH 8 (Krt8)"”® B xauectse
BKCIIPECCHPYEMBIX SIHUTEIHANBHBIX reHoB. Hano)xeHue pa3indHbIX 00pa3iioB Ha CIEKTPAIbHYIO
KapTy MOKa3alo MX paclpeleleHHe IO IBYM OCHOBHEIM KOMIIOHeHTaM. I'pymmel ker+ u il+
OBLIM SICHO pa3lielieHBl B COOTBETCTBHU C WX KJIETOUHBIM IpoucxoxiaeHueM no PC, (¢wur. 3).

Ker+ o0pasupl rpyInupOBAINCE BMECTE C F€HaMH SIUTENHANBHOTO THNA, a i/+ obpasip! 6buIH
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cobpaHEl BMECTe C IeHaMH 3HAOTenuanpbHoro THma. O6a BHAA KIETOYHOTO MPOUCXOXKACHHUA
cobupanmck BMecTe ¢ PC; B OHOM ¥ TOM ke 3MOPHOHAIBFHOM BO3pacTe. JTO YKa3bIBAJIO, YTO
o6IIHe M3MEHEHHs SKCIIPECCHHA M€HOB PasBUTHS OBUIH IMTOXOOHBIMU [UIs SIHTENHANBHEIX (ker+)
U 3HIOTeIHAILHEIX (i/+) xieTok. B 1ienom, 06pasisl rpyInupoBaICh BMECTE B 3aBUCUMOCTH OT
KJIETOYHOr0 NPOUCXOXKAEHHs (ker+ mpOTUB il+ KIETOK) M 3MOPHOHAILHOTO BO3pacTa, MpPH
HCIOIB30BAHMM aHAIM3a C HEKOHTPOJIHUPYEMBIMH YIPaBISEMBIMH JaHHBIMH. AHAJIM3
CIEKTPaJbHOM KapThl MOJYEPKMBACT, 4YTO HM30WpaTelibHas JiasepHas 3axBaThIBaroNIas
MHUKDPOAMCCEKIMA oOecreynBaeT Xopollee paspeilleHHe Npoduiedl OSKCIpecCHH I'CHOB.
He3aBucuMBIH KOHTPOIHUPYEMBIH OZHOMEPHBIH (OT IeHa K reHy) aHalu3 BIMSHHUsS TKaHEBOI'O
IpOUCXOXAeHHsT 06pasuoB (ker+ ODpOTHB il+) HONOIHUTENBHO NMOATBEPAWI, 4TO ker+ W il+
KJIETKH COOTBETCTBYIOT Ha T€HOMHOM YPOBHE 3IUTEIMAIBLHBIM KM SHIOTEIHAIBHEIM KIETKaM,
COOTBETCTBEHHO (¢wur. 1).

Ianee, B il+ u ker+ xieTkax OBUT BBISBICH TPAHCKPUIIIIMOHHBIM MPOQHUIIE, CBI3aHHBIN C
aHOMAJIBHBIM Mopdorene3om passeTBieHus B Vegf]20/120 nokayTHOM deHoTHIE. [ljid KaXIoro
reHa MBI aHATM3UPOBANIM, MMEIOTCS JH CYIIECTBEHHBIE Pa3iIM4Ms NpoQHIs 3KCIPECCHH Ha
NPOTHKEHHH SMOPHOHAIBHONO BO3pacTa MeXOy ONHOIOMETHBIMH Mblmamu Vegf120/120
HOKayTHOro M aukoro tuma (Vegf+/+). OTH pasnu4us B 3aBHCHMOM OT BO3pacTa Ipoduie
sKcpeccud Mexay Vegft/+ u Vegfl20/120 pa3BepTHIBAlOT T€HOMHYIO KapTy B Tpex
HanpasieHusXx. VIMeTcs HECKONBKO T'eHOB, WASHTH(OHLUPOBAHHBIX TOIBKO IIPH SBHOH
TOBBIIAIONIEH peryisinuu Vegf+/+ reHOTHIa Ha NPOTSHKEHHMM 3MOpHOHANBHOTO BO3pACTa,
Hanpumep, Hmr (pur. 2). Vegf120/120 renotun ocnalisics MpH MHAYKLIMH, 3aBACHMOM OT
BO3pacTa.

Bo-nepBEIX, NPUYHHA CTPYKTYPHOTO AehuUMTa B BO3LYXOHOCHBIX IyTsiX Vegfl120/120
HOKAQYTHEIX JIEFKMX CTaHOBHTCs sABHOM. KileTku qukoro Tumna ker+ skcnpeccupyloT H30sITOK 44
SMHUTENHATRHO-CIIenuuuecknx reHoB B E16.5, mo cpaBHeHHI0 ¢ ux Vegf120/120 HOKayTHBIMHU
aHajoramu. I'pynma reHoB KoMIUIeKca snuaepMansHoi nuddepenuuposku (EDC) npeobnanaem
B mnpooduie sxcrnpeccun (dur. 4). S100a8 u S100a9, n3obpaxeHusie cpeau 3toro EDC cy6-
Habopa, M Kak H3BecTHO, sBsitorcs VEGF-A 3aBHCHMBIMEHZ XeMoaTTpakTaHTaMu. JIpyrue
aneMenTsl EDC, TakMe Kak TeHbl MaJoro NpOJHH-000TameHHOro ydyactka (Sprr), U IO30HUE
KOMITOHEHTHl SIHACPMATFHOIO POrOBOTO KOHBEPTAa, TAKKE HMpPEACTaBlIeHBl. LIMTOCKEIETHBIN
kepaTHH Krt2-6 coBMectHO 3kcnpeccupoBaics ¢ EDC cy6-HabopoM B KJIETKaX QMKOr0 THIIA
ker+ ma E16.5. HruGuTOopsl CEpUHOBBIX-LIUCTEHHOBEIX MpoTenHa3s U Tpu reHa SCC (rena,
KOXUpYIoniero GesloK, CEKPEeTHPYEMBLil IUIOCKOKJIETOYHEIM SIIUTENHEM) KOMILIEKCA, 3aBEpIaly
IPYIIIY T'€HOB, TOABEPTAOIIMXCS MOBHIIIaroNe# peryiasauuu (dur. 4).

I/ICC.TICIIOBaHI/IC B3aUMOJICHCTBHSA MEXay 3M6pI/IOHaJIBHI>IM BO3pacTOM H I'€HOTHUIIOM B
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KIeTKaX JOUKOoro Tuma i/+ oOOHapyXWI0 BBIP@KEHHYI0 IOBBIIAIOHIYI0  PErYJIAIHIO
orpaHuyeHHoro Habopa resoB B E16.5. OToT oOTBET BeAE€T K IpUEMY OJNUTEIHATIBHO-
crieruUeckoil mporpamMmel TpaHchopMmalu B Kierkax aukoro tuma i/+ B E16.5, mo
cpaBHeHuto ¢ Vegf120/120 HokayTHRIMH KieTkaMd. Kak B kieTkax Agukoro tuna ker+, EDC
knacrep, SCC xiacTep, HHTHOUTOPH! LIUCTEMHOBBIX IIPOTEHHA3 U 3KCKIIO3MBHBIE KEPATHHOBEIE
FeHbl SBHO IIOJBEPrajMcCh MOBBIMAIOIICH pPEryJISIUl Ha MPOTSHKCHUHM 3MOPHOHAIBHOIO
Bo3pacta. Rikenll110020410, coorBercTBylomUii Dscl TreHy, HNOABEPrajics MOBBIIIAIOLIEH
perysiuue B Kierkax gukoro tuma i+ B E16.5. Ianee, Pkpl (nmnakodunuH 1) oTobOpaxcan
WIEHTHYHBIA npodwmns TpaHckpunuud B E16.5 (dwur. 5). Kak xaxercs, BBICOKO JIOIMYHBIN
PEeXHUM YIpaBisieT KJIACTepHOW MOBHINIAIONEH peryisinuei 3TuX reHoB. Kepatunel u 6enku
IPOMEXYTOYHOrO (GHIaMEeHTa 00€CIeYHBalOT CTPYKTYpPHYIO IPOYHOCTh 3TUX KJIETOK, Hanboiee
TUIMYHO OIHTEIUAIBHBIX KIETOK .. Bbenku, xomupoBanueie EDC u SCC xnactepoM, H
UHTHOUTOPHl CEPUHOBBIX-IIUCTEUHOBEIX NPOTEHHA3, YKPEIUIOT 3Ty KEePaTHHOBYIO ceTh. Dscl
(necMOKOILTHH 1) KOTUpYeT OfiH U3 GeKoB, GOPMEPYIOLIEX AeCMOCOMBI>>", [IpOMEXYTOUHEIE
KEepaTHHOBBIE (UIAMEHTH CBS3aHBl C MEXKIETOYHBIMH JECMOCOMaMHM, (OpMHpPYIOIIMMHU
KJIETOYHOE COCIMHEHHE BMECTE C IICJIEBBIMH KOHTAKTaMHU M aAre3MOHHBIMH KOHTaKTaMH. benok,
KogupyeMmbld Pkpl, sBiIsSeTcs OCHOBHBIM M3 TIO3UTHBHBIX PpETyJIITOPOB COJEpXKAHUSA

JIECMOCOMAJILHOTO 6enka’t?

, 1 caM SIBJISIETCSI KOMIIOHEHTOM JIE€CMOCOMAJIBHOI0 KOMILIEKCA.
Pkpl Taxxe CBS3BIBAaCT MPOMEKYTOUHBIC KEPATHHOBEIE (PHIAMEHTHI C KalIr€pUHOBBIMU OelIKaMu
B aJre3MOHHBIX KOHTAaKTaX. OTH pPe3yJIbTaThl HACHTHOHUIMPOBAIH CTHMYJIAIHIO pelentopa
TUpo3uH-kuHa3el VEGF-A m3opopmamu 164 n 188 B KauecTBe OCHOBHOI'O IEPEKITIOUEHUS B
cOopKe 1ecMOCOMaNIbHOM/ IPOMEXYTOYHOH (HIAMEHTHOM CTPYKTYPHI B JIETKHX. DTOT MEXaHU3M
nobaBisieT ApYrod CTPOUTENBHBIA ONOK K LHUTOCKEJIIETHOM M MEXKIETOYHOH apXUTEKType
HaBepxy Wnt/B-kaTeHMH-3aBUCHMOr0O aare3noHHoro coeauHeHus (E-kaarepuna). GakTuueckw,
noBbIaromas peryiasuusa Eps8l] B E16.5 B kiieTkax QUKOro Tuma il+ OTKPHIBAET €HIe MPSMYIO
HHTEpOEPEHIUIO C aKTHHOM, KIIOYEBBLIM CTPYKTYPHBIM OEIIKOM, HE CBA3aHHEIM C CHCTEMOM
IIPOMEXYTOYHBIX (unaMeHTOB. KoopIMHUpOBaHHAasT ¥ KJIACTEpPHas 3KCIPECCHs OTHX
LUTOCKEIETHBIX M JECMOCOMAIBHBIX I'€HOB obecnedynBaeT (OpMHUpOBaHHE IMIOCKOKIETOYHOM
CHCTEMBI B JUCTAIBHBIX BO3YXOHOCHBIX ITyTSX.

Bo-BTOpEIX, MOMMMO aKTHBallUM TE€HOB, KOAMPYIONHMX CHenM(HUYECKHE CTPYKTYpHBIE
Oenky, MHTPUTYIOLIEH HAXOIKOW OKa3ajach IMOBHIIAIOIIAS peryisuus Mapkapk3 B kieTkax
nukoro tuna il+ B E16.5. Mapkapk3 unterpupyer mytu nepenayd ERK u p38 CHTHATOB™ IpH
CTpecce U MUTOT'€HHOM OTBETE, TaKOM Kak Ipyu ctuMyasimid VEGF-A anjoTenuanbHbIX KIETOK.
Cdkn2b (p15™* wma Ink4b), wactm Ink4b-ARF-Ink4a 1no0Kyca CYNIPECCHH  OITyXOJIH,

OMHOBPEMCHHO ITIOABECPTAIACH MOBBIIAIOIIEH PETYJALUUA. Hapexusie JAAQHHBIC YKa3pIBalOT Ha
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CYTPECCHIO 3TOTO JIOKYCa CBI3aHHBIMH PEIPECCOPHEIMU KOMIUIEKCaMu Ipymmsl polycomb (Pcg).
Hepenpeccus JIOKyca MPOUCXOAUT MPH AMCCOLMALMHE PCg KOMILICKCOB ITyTeM aKTHUBAaLUHM HIIH
u3GHITOUHON oKcrmpeccun  Mapkapk3?’. DToT TOpMO3HOM pBMNAr B KJIETOYHOM  ILIHKIE
obecrmeunBaer  aUGGEpeHIMPOBKY TNpH  NPONHGEPATUBHEIX CTI/IMyJIaxzs, u  Obvld
IPOJIEMOHCTPUPOBAH 3[ech BHauane in vivo. B CyIHOCTH, OCTaHOBKa KJIETOYHOTO IMKJIA,
obecneunBamOas dSIUTEIHAIBHYIO TpaHchopManuio il+ kierok, sBiagercs VEGF164- wu
VEGF188-3aBucuMoii B jierkuX. YIUBHUTEIBHO, YTO MOBHIIIArOmas peryasiuus Krt5, Krtl4 u
Tc¢fap2c 6sl1a OUEHb MOX0Xa Ha MPOGHIb SKCIPECCUH IPENIIECTBEHHHKOB 0a3albHbIX KIETOK B
STMTEINH BO3IYXOHOCHBIX IyTei>. (DEeHOTHN 6a3aibHBIX KIETOK MPOSBIAETCS TOJNBKO IIPH
POKAEHHH B SIHUTEIMH BO3LYXOHOCHBIX IyTel JIETKHX, U OOBIYHO CBA3aH C M30JeKTHHOM. C
apyroii cropoHsl, skcnpeccus kinactepoB reroB Krtl, EDC m SCC sBisercs mporpamMMoin
wiockokiieToyHoi nuddepennupokr. benku ANp63 u TAap63 HanpaBiasdioT IpOrpaMmy
NpeNIIeCTBEHHNKA  KepaTMHa W  [OpOrpaMMy  IUIOCKOKJIETOYHOH  IuGdEpeHIUPOBKY,
cootBercTBeHHO. ['eH Trp63, xomupylomuid 3TH JBa Oenka, NOABEPraerTcs MOBBILAOLIEH
PEryJIsLUy B KJIETKaxX JUKoro tuna i/+. Kak ynoMuHanoch, OKpaluBaHUe KJIETOK aHTUTEIAMHM K
uuTokeparuny (aHtu-4, 5, 6, 8, 10, 13, u 18) u m3onekruHom GS-IB4 He Habmonanoce B
uccreayemele MomeHThl Bpemenu. OtcyrctBue Krtl u Krtl4 cBs3piBaHHsA aHTUTENaMH K
LIUTOKpPEaTHHY II03BOJIIO HIACHTHUQUIMPOBATH CHEUU(PUYECKYIO IMPOrpaMMy 3NUTEIHATbHOM
TpaHchopMaluu KiIeTok nukoro Tuma i+ B E16.5. Kaxkercs MaloBEpOATHBIM, 4TO
SNMTENHAIBHBIE KJIETKH ker+ TEHEpUPYIOT OTY SIUTEIHAIBHYI TPaHCKPUIIMOHHYIO
nporpammy. 31o norpedyeT yTpaThl CIOCOOHOCTH K CBS3BIBAHUIO aHTUTEIAMU K LIUTOKEPATUHY,
yTOOBl U30exaTh ker+ MapkupoBKH. B TO ke caMoe Bpems ker+ KJIETKH JOJDKHBEI IpUOOpEecTH
UCKIIOYUTENbHOE H30JeKTUH- GS-IB4 okpammBaHue. B pesynbrate MBI NMPENIIONOXKUIN, YTO
Jero4yHsle i+ KMMEIOT pe3epByap KJIETOK, pacTymux B 3penslid snurenuit B E16.5. [Ipyrumu
CJIOBaMH, JICTOYHBIE ME3CHXUMAJbHBIC i/+ KJIETKM OXBaTHIBAIOT KJIETKH C SHAOTEIHAIBHON H
SIUTEIUAIBHON KOMIIETEHIINEH.

B Tperpux, ren, npencraBineHHBIH 30HAOM Affymetrix 1437019 at (RIKEN cDNA
2200001115 2zen) m reH, NpeACTaBICHHEI 30HAOM Affymetrix 1437145 s at (RIKEN c¢DNA
2310002J15 zemn), noasepraiuch nopblmaronieid perynsuud B E16.5 B sIIUTeTHaNBHBIX KIETKAX
JUKOTO TUIIA, OKpAIICHHBIX aHTHTEJIaMU K IUTOKepaTuHy 4-5-6-8-10-13-18, u kietkax ITUKOro
TUna, cBa3piBaoUX GS-IB4. Mb1 ycTaHOBUIIH, YTO 3TH JiBa reHa (HE UMeromue OHOJIOrHuYecKon
aHHOTAIlMM)  KO-3KCIIPECCUPYIOTC €  IUIOCKOKIETOYHOM M 6a3anbHO-KIETOYHOH
TPaHCKPUIIMOHHOW mnporpaMMoil. OHU HrpaloT BaKHYIO pOJb B IPOAYKUHHM H pereHepalyH
I depeHIIIpOBaHHBIX KIETOK BO3XyXOHOCHBIX IyTeH (dur. 6, gur. 7, tabauua 1, Tabauna 2).

Hauunas ¢ camoro AJIMHHOTI'O KOHTHra, CKOHCTPYHPOBAaHHOI'O U3 CEKBCHUPOBAHHBIX KJIIOHOB, MBI
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OTKPBUIH 4YeloBedecKuii romosor TpaHckpunta reHa RIKEN cDNA 2200001115 (¢ur. 8) u
tpackpunTa rena RIKEN ¢DNA 2310002715 (dur. 10). Janee, BEIpaBHUBAaHHS OENKOBBIX
I10C/IeJOBATEIbHOCTEH OATREP/IMIN CyIECTBOBAHHE YET0BEYECKOr0 TOMOJIIOTHYHOTO Oeska st
COOTBETCTBYIOMIErO TpaHCIUpoBaHHOro Genka reHa RIKEN ¢cDNA 2200001115 (¢ur. 9) u rena
RIKEN ¢DNA 2310002J15 (¢ur. 11). Msl npeiioxRuId HaHMEHOBaHHE R2R! mns romosoros
miexonuTaronumx s resa RIKEN ¢cDNA 2200001115, tpanckpunTta U 6enka, 1 R2R? n1st rena
RIKEN c¢DNA 2310002J15, Tpanckpumta ¥ Oeika, IIOCKONBKY 3TH TeHBl M HX O€IKOBbIE
NPOYKTHI OTBETCTBEHHHI 32 (yHKIMIO PET€HEPALIMH B PECIIUPATOPHON CHCTEME.

B-ueTBepTrIX, MBI ycTanoBuin, 4To VEGF-A skcnpeccupyercs B ker+ u il+ KieTkax,
He3aBUCHMO OT AMKOro Tuna umu Vegfl20/120 nokayTtHoro craryca. Jlanee, reH, KOAMPYOLWIH#
VEGF penenrop 1 (Flk-1 wnu Kdr), B GOIBIIOM KOJHYECTBE IKCIIPECCHPOBAJICS B i+ KIIeTKaX,
HO TAKXe CyIIeCTBEHHO roBblmancs yxe B E14.5 B ker+ xnerkax. Otot Bua skenpeccun VEGF-
A u VEGF penentopa MeHS€T KJIAaCCHYECKYIO TOUKY 3PEHHS Ha TO, YTO ME3CHXHMMa ITaCCHBHO
oxugaer VEGF-A crumMyl M3 JIErOYHOTO OBIHUTENUs. OTO IO CYHMIECTBY MOATBEPXKIACT
HeJIaBHIOK paboTy, IEMOHCTPUPYIONIYI0 He06X0MMMOCTh dHIoreHHoH skcnpeccud VEGF-A n
ayTOKPUHHOM Nepeayu CUTHaIOB AJIs BEDKHBAHMS SHAOTEIHATBHBIX xietox !, I3 reHOMHOTO
KapTHPOBAaHHUA IUKOTO TUIA NPOTUB Vegfl20/120 HOKayTHBIX il+ KIETOK, Takxe ACHO, 4TO il+
cells 9acTo OTBETCTBEHHBl 3a OTIPaBKY CTHMYJIOB OJIHTEIHaIBHOH TpaHC)OpMaLMH.
Iossmmaromasn perynsauus Fgfbpl, Lgals7, Lgals3 n 1118 B xietkax aukoro tuna il+ B E16.5
TIpEe/ICTABJISAET 3TH CTUMYJIBL. DTa MOBLIMIAONIAs PEry AN IeHa, KOJUPYIOMIETO CBA3BIBAOIIMHA
daxTop pocra @ubpobnacroB 6Gemok 1 (Fgfbpl), ykaseBaer, uro mnepsuuHoe FGF-
KOHTPOJIMPYEMOE ITIOYKOBAHHME JIETKMX TAKXe IPOMCXOAUT Ha KOHEYHBIX CTaJUAX JErOYHOH
nuddepennuposku. Fgfbpl meiictByer nmyrem konuentpuposanus FGF2, u ABiAeTCA TOHKMM
MOZYJIATOPOM pocTa U A bepeHIMPOBKH IUTENHANBHEIX TKaHel B 0TBeT HAa FGF crumyer ot
MmeseHxuMel. e peuenrtopa FGF 2 (Fgfir2) 6bu1 B 3TOM OTHOIIEHHWM WHTEHCHBHO
SKCIIPECCHPOBaH B ker+ W il+ KOMITapTMEHTE.

B wurore, Opu1a MpoBeneHa W30HpaTelbHAasl Jla3epHasl 3aXBaThIBAIONIAss MUKPOIAUCCEKIIMS
KJIETOK, pa3elAIoMuX CueuuuyecKuii MapKep B pasiMYHOM 3MOPHOHATBEHOM BO3pacTe. JDTO
no3Bonuiao AubQpepeHIHpOBaTh IPOPUIH SKCIPECCHH I'EHOB B OTHOIIEHMH SMOPHOHAIBHOIO
BO3pacTa, KJIETOYHOTO MPOMCXOXIEHHS H Vegf reHoruna. TpaHCKPHUIIHOHHAS MpOTpaMma,
BBIABJIEHHAs C TOMOINIBI0 3TOTO MOAXOJAa, IIOAYEPKHYJAa BaXHOCTh IPOMEXYTOYHBIX
(GUIaMEHTOB ¥ JECMOCOMAJIBHOM ceTH B A0pabOTKE JIETOYHOM apXUTEKTYphl. JTOT MEXaHH3M
no6apigeT Apyroid CTPOMTENBHBIA OIOK B IIMTOCKENECTHYIO M MEXKIECTOYHYIO apXUTEKTYpy
HaBepXy Wnt/B-kaTeHUH-3aBUCHMOTO aJre3uOHHOTO COCIMHEHHUS (E-xagrepuna).

HpOMC)KyTO‘-IHBIC (bI/IJIaMCHTBI obecreyuBaloT HCOGXO)IHMyIO ITPOYHOCTH KJCTOK,
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HOABEPTalOIUXCA CHIBHOMY BO3JCHCTBHIO MEXaHHYECKOTO M OKHCIMTENBHOro crpecca. He
YAMBUTEJBHO, YTO JIETOYHBIE KIETKH NPHHHUMAIOT Ty XK€ CaMyl0 TIE€HOMHYIO 3allMTHYIO
porpaMMmy, 4YTO U KJICTKH KOXXH, KOTOpHIE IIOJBEPralOTCs TEM XK€ CaMbiM BO3IEHCTBHSM.
[Tapa/uteIbHO YCIOXKHEHHIO LHATOCKENETa, NpOrpaMMa NpeIIECTBEHHHKOB 0a3aJbHBIX KIETOK
npuobpeTaercs il+ KiIeTKaMd Mo3/Hee B 3MOPHOHANBbHOH Xu3HHM, U sBaserca VEGF164-188-
3aBUCHUMOH.

MBI pOJEMOHCTPUPOBATIM, YTO IOHIDKAlomas peryiasuus cemeidcrea FAM25 u
HOHHIKAKOIIAs perysus sxcrnpeccud reHa C9orf169 camxaer skcnpeccuro KRT14. Jlanee, Mer
3HaeM, 4YTO 3Kcmpeccus ceMmeiictBa FAM2S5 (denoBedeckoro R2R' romomora) u C9orf169
(uenoBeueckoro R2R? romorora) noxsepraercs noseimatomeid peryminuun VEGFA/ VEGF'®,
Kaxk stu rens! neiicryor B VEGFA/ VEGF'® mytu? MmuPHK-onocpenoBanHsii HoknayH R2ZR
I'OMOJIOTOB MOXHO IIPUMEHATH AJIs HccileoBaHus crenuduyeckor poid R2R romosnnoros B atom
nyTd. JleiicTBuTenabpHO, poias R2R romosioros cocrout B Moxymsituu VEGFA/ VEGF'® orera B

F'® gpnsercs BBICOKOM B JIE€rOYHOM

kietke. bazanpHas sxcnpeccus mzodhopm VEGFA u VEG
SMUTEINU. DNUTETHATbHEIE QYHKIIMU U CTPYKTYpHl ABIAIOTCS ropasfo 0ojee CIOXKHBIMY, 4EM
UX DHIOOTeNHa bHbIe ananoru. Takum obpazoM, Tunuynsle VEGFA/ VEGF'®® s¢dexts pocra n
YMHOXKEHHSI B OHJOTEIUHM JO/DKHBI OBITH OoJyiee YCIOXKHEHHBIMM B SHAoTeauH. Kak sro
peanuzyercsa? Okcnpeccus R2R roMonoroB BemeT K CIOHTaHHOM MOIYIALMH Iepeladyd
curnanoB HIF1A (o6ecreunBasi TOJEPaHTHOCTD K KHUCIOPOLY), U MOAYJIALMU CHeLHUPUIECKOro
(PERP) aHTH-alONTOTHYECKOr0 IyTH. OJTO obecrneduBaeT (pe)reHepaluio HpOYHBIX
SIMUTEHANBHBIX KIeTOK (C OCHOBHBIM 3allUTHEIM OapbepoM IPOTHB CTpecca), 6e3 yCTaHOBKH
HEOrPaHHYEHHOI0 POCTOBOrO MOTEHIHaNa. J[pyrHMH ClIOBaMM, MOIYJSIMS cHenu(pUUEecKoro
aHTH-aMONTOTUYECKOrO IIyTH He I03BOJIIET Pa3BUTh OOIYIO TOIEPAHTHOCTH K anonTosy. Obmas
TOJEPAaHTHOCTH K aIlONTO3y MOXET INPUBECTH K ONAaCHOM CUTyalli¥ MMMOPTAJIU3alMH KICTKH —
KJIETKa CTAaHOBHUTCS PaKOBOM KJIETKOM.

JlanHOe HcclenoBaHHe NMPOJIMIO CBET Ha HEKOTOpHIe 3a00JIeBaHuUs JIETKUX YeloBeKka. Y
HEIOHOIIIEHHEIX HOBOPOX/ICHHBIX MO3AHEE SMOPHOHAIBHOE Pa3BUTHE JIETKUX HAapyIIacTcs IpH
IpeXIeBPEeMEHHOM poxaeHnn pebenka. HenmocraTouHsle ypoBHM cypdakTaHTHOro Oeika B
JIETOYHBIX ajbBeOJlaX BEAYT K TXKEIOMY pECUpaTOpHOMY IHCTpeccy B OonbmIoON rpymme
HEeJIOHOIIEHHEIX HOBOPOXAEHHBIX. MHCTHIAIMS cypakTaHTa B JIETKUE HOBOPOXXAECHHOIO
HalleJeHa Ha NpOQHIAKTUKY M JICYCHHE [BIXAaTENbHOH HEIOCTaTOYHOCTH Y HEJOHOIIEHHBIX
HOBOpPOXACHHBIX. OIHaKO BBHICOKHH YPOBEHb KHCJIOpOJAa U CTPECC M3-3a HANPSDKEHUS IIpH
MEXaHMYECKOH BEHTWIILIMM BeAeT K XPOHHYECKOMY IIOBPEXICHHUIO JIETKUX  HIH
oponxonerounoit aucmazuu (BJI]). YckopeHHe NIOCKOKIETOYHOW IU(pGEpeHIIUPOBKA B

AUCTAJIBHEIX BO3QYXOHOCHBIX ITYTAX HCAOHOIICHHBIX HOBOPOXIACHHBIX MOXKET IIPEAOTBPATHTH
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3TO HCTOIIaoImee cocTosHue. CeTh MPOMEXYTOUHBIX (MIAMEHTOB M CHHXPOHU3MPOBAHHOE
BOCIIOJIHEHHE ITyJIa 6a3aJbHBIX KJIETOK MOTYT TAKXKE UMETh IIEPBOCTEIICHHOE 3HAYEHHE B TIOUCKE
JeYeHH HEKOTOPhIX 3aboNieBaHUi JIeTKHX Yy B3pocibiX. [IpuobpereHne IUIOCKOKIETOYHOTO
¢benoTHna ¢ 3kcripeccueit Hekotopeix EDC kiacTepoB reHOB XapaKTEPU3YET MIOCKOKIETOYHYIO
METAILIA3UI0 B BO3MYXOHOCHBIX MYTSAX B3POCHIBIX C XPOHHYECKOH OOCTPYKTHBHON 60JIE€3HBIO
nerkux (XOBJI). OTOT MexaHHU3M 3aIUTEI OT BPEAOHOCHOIO CTUMYIA, OAHAKO, COIIPOBOXKIACTCH
norepeil pereHepUpyomKX 6a3albHBIX x1eTok 2. HanpoTus, SMOPHOH CleyeT IIpH pasBHTHH
IporpaMMme IUIOCKOKJIETOYHOH Iud@epeHIMpOBKM IPH  OJHOBPEMEHHOM  IIOCTPOECHHH
pe3epByapa 6a3aJbHBIX KJIETOK C XOpOIIO ONpeAEIeHHON KapToi. DTa KapTa CIIy)KHT B KaYeCTBE
pyKoBoACTBa UIs (GapMaKOJIOTHYeCKOTO BMENIATENbCTBA B MEXAHHM3M TPAHCKPMIILIMK VIS
MPOMEXYTOYHBIX (GWIaMEHTOB wuiaM OazanpHbIX KiIeTok. OHa TakKe YyKasblBacT Ha
TpaHCHOpPMUPOBaHHbIE i/+ KIETKH Kak Ha UCTOYHHK SIUTEIUATBHBIX KJIETOK JIETKHX.

(DYHKUHOHAJIbHbIE XaPAKTEPHCTHKH R2R' u R2R?

VEGF-A (mpimuHas uzopopma VEGF'* = uzopopma VEGF 165) 3aBUCHMasl IKCIIPECCUS
TPYIIIEI TEHOB MPOMEXYTOYHBIX (priiaMeHTOB ObLIa NOATBEPXKAEHA Ha MBIIIMHBIX 3MOpHOHAX.
OKcnpeccHs STHX I'€HOB IIPOMEXYTOYHEIX (QMIAMEHTOB BeleT K AUGb(EepEeHIUPOBKE JIETOYHBIX
SMHUTEIHANBHBIX KJIETOK M Pa3BUTHIO NpOrpaMMbl 0a3albHBIX KIETOK B  JIETOYHBIX
ME3CHXUMAaNbHEIX KIIETKaX.

Hanee, VEGF-A (MpiminHasg usodopma VEGF'* = msodpopma VEGF 165) 3aBUCHUMas
DKCIIPECCHS] TE€HOB IPOMEXYTOYHBIX (PUIAMEHTOB Takke OblIa MOATBEPXKIECHA IEPBUYHBIX
SIUTENTHANBHBIX KJIETKaX B3pocabX moped. Ctumymnsauus stux wietok VEGF-A uzodopmoit
VEGF'® Beger k moBbImaommell pery/Isiiy SKCIPECCHH TeHa MPOMEXYTOYHBIX (DHIAMEHTOB.
DKcnpeccus reHa NIPOMEXYTOYHBIX (PHUIAMEHTOB B 3TUX KJIETKaxX MOJBEpPraercs MOHUXKaroIeH
peryysiniug nocpenctsoM MUPHK, crienuduueckux B OTHOIEHUH H30(OpMEI VEGF'®. B urore,
SKCIIPECCUS] T€HOB NPOMEKYTOUHBIX (GHIAMEHTOB CIYXKUT IapagurMod IudGbepeHIpoBKH H
perenepanuu Bo3gyxoHocHsix myred. R2R! u R2R? urparor cremuduueckylo ponb B 3TOMH
IIpOrpaMMe 3KCIIPECCUH.

R2R'

JKcrpeccus R2R' smsercs VEGF-A (MpImmHas uzogpopma VEGF'**

= yejnoBeYecKas
msopopma VEGF'®)-zaBucumoit y Memmeif. Me3eHXHMaIbHblE KICTKH JErkuX (KJICTKH C
no3utuBHbIM GS-IB4 oxpamuBaHieM) IpHOOPETAIOT NPOrpaMMy 3KCIPECCHU I'eHOB Oa3aibHBIX
SIMTENHANBHBIX KIeTOK. Okcrmpeccus R2R! snsercs HeoGxommmolt s Me3eHXHMATBHO-
sSnuTeIMaNbHOro nepexona (MOII).

Pors R2R' B MDIT 6sia moxTBEpKaAEHA B HHOM SMOPHOHANBHOM TKAHH, YeM JIErKHe —

3aBEpIICHUE MENOKETYJOYKOBOH NMEPEropofkH B CEpAlle COBepIIalock ¢ nomMompo MIIL YV
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mpimreif R2R! BBICOKO 3KCIpeccHpyeTcsi MpH DasBHTHM MENOKEIYJOYKOBOH NEPETOPOIKH, H
apiasercs VEGF-A (MpimuHas usopopma VEGF'® = uenopeueckas uzodopma VEGF'®)-
3aBHCHMBIM. HampoTus, skcnpeccus R2R! He ycTaHOB/NeHa NpH Pa3BUTHH BEIBOJHOTO TPaKTa
TIPaBOrO XeTyJ0uKa: PasBUTHE 9TON CTPYKTYpHI, KaK M3BECTHO, ABNseTcs MOII-He3aBUCHMBIM
(cm. dur. 12).

R2R! sBisercss TEHOM-KaHAMAATOM y MBIIIM M YeEIOBEKa IS ME3CHXHUMAIbHO-
SIUTENTHAIBHOTO IIEpeXolia — OJKCIpeccHs dToro rena mnpeobpasyer VEGF-A  (Mbiunast
uzobopma VEGF'® = uenoBeueckas wu3odopma VEGF'®)-apdexr na MDII. O6paTHBEIM
nponeccom mii MOII sisusercss OMII (onuTeNHaIbHO-ME3eHXUMANbHEIH mepexon). OMII
ABJIICTCS BAYKHOM YACTBIO IIPOrPECCHPOBAaHMS M METaCTa3HpOBaHUA paka. Takum obpa3om, R2R'
MOXET UIpaTh BaXKHYIO pPOJib B GHOJOTHMH U TEPAlMHU paKa.

Hanee, aHanu3 in silico ycTaHOBWJI, 4YTO O€JKOBBIH IPOMYKT R2R!, BEpOSATHO,
B3auMojelcTByeT ¢ pubocomoii. [loMuMO HaydHOro 3HA4€HHs, B3aMMOJECHCTBHUE R2R!
GEIKOBOH CTPYKTYpPHI ¢ pHOOCOMOIf MOXHO HMPUMEHATH JUIA pa3spaboTKU JIEKapCTB B 001acTH
6uoioruu paka u MOIL

R2R’

BUI0 YCTAaHOBIEHO, 4T0 R2R’ BBICOKO IKCIPECCHDPYETCS B IMEPBHYHBIX JIETOYHBIX
SMUTEIHANBHBIX KJIETKaX B3pPOCJIOro 4elnoBeKa. BBIIO YCTaHOBIECHO, YTO JKCIIPECCHS R2R! in
Vitro ToABepraeTcs MOBBILAIOIIEH PeryIslMU co BpeMeHeM, U saBitercs VEGF-A (u3odopma
VEGF165)-3aBHCHM0171. BenkoBbli NpOAYKT R2R? sBusercs BaXKHBIM IS HOPMANBHOH

i HepeHIHPOBKY M IOIIEPIKKH JIETOYHOr0 SIUTENHS Y B3pOCbIX (cM. dur. 13).
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acactgacac ggaccgaagg agtggaaaaa
atgctgggag gcctggggaa gctggcggec
actgggggag cagttcacgc agtggaagag
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atgctgggag gcctggggaa gctggcggec
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gctttacctg

gagggcctgg
gtggtgagceg
ctaaagaaag
cacaccatca
gcctgectac

aaaaaaaaaa

gagggcctgg
gtggtgagcg
ctaaagaaag

cacaccatca

tcactgtctg
cccaccgceac
aggtggtggg
cccaagaatc
ctgatgctgt
cagcatggct

aaataacaaa

cccaccgceac
aggtggtggg
cccaagaatc

ctgatgctgt

ctgccatacg
agagaaagcc
ccacgccaag
aggagacagg
tacccatgcg
ggcccttect

aaaaaaaaaa

agagaaagcc
ccacgccaag
aggagacagg

tacccatgcg

Met Leu Gly Gly Leu Gly Lys Leu Ala éga Glu Gly Leu Ala Eés Arg
5

Thr Glu Lys Ala Thr Gly Gly Ala val His Ala val Glu Glu val val
20 25 30

ser Glu val val Gly His Ala Lys Glu val Gly Glu Lys Thr ITe Asn

CTpanuua

1344210

Academisch ziekenhuis Leiden a/u Leiden university Medical Centre

60
120
180
240
300
360
420
425

60
120
180
240
267



35

40

45

Asp Ala Leu Lys Lys Ala Gln Glu ser Gly Asp Arg val val Lys Glu
50 55 60

65

Ala Glu Gly Leu §1y Arg Leu Gly Gin
5

<210> 4
<211> 342
<212> DNA
<213> Homo
<400> 4
actgtctgct
caccgcaccg
gtggtgggac
caagagtcag
aatgccatca
ccacggccect
<210> 5
<211> 267
<212> DNA
<213> Homo
<400> 5
atgctgggag
accgagggag
gagactggag
aagatgaagg
gcagagagtc
<210> 6
<211> 89
<212> PRT
<213> Homo
<400> 6

Met Leu Gly
1

Thr Glu Lys

Lys Glu val
35

sapiens

gccacacgat
agaaggccac
acgccaagga
gggacaaaaa
cccatgcagc

tccccagtct

sapiens

gcctggggaa

ccattcatgc
agaaagccat
aaatcactga

tggacaaact

sapiens

gctgggaggc
cgagggagcc
gactggagag
gatgaaggaa
agagagtctg

caataaaaag

gctggctgcec
cgtggaagaa
tgctgaagec
gacagtgacc

tggacag

ctggggaagc
attcatgccg
aaagccattg
atcactgaga
gacaaacttg

ccatgacatg

gaaggcctgg
gtggtgaagg
ataaagaaag

aacacagtca

tggctgecga
tggaagaagt
ctgaagccat
cagtgaccaa
gacagtgagt
tg

cccaccgceac
aggtggtggg
cccaagagtc

caaatgccat

val Thr Glu Lys val Thr His Thr Ile Thr Asp Ala val Thr His Ala
70 75 80

aggcctggec
ggtgaaggag
aaagaaagcc
cacagtcaca

gcacctgcta

cgagaaggcc
acacgccaag
aggggacaaa

cacccatgca

Gly Leu Gly Lys Leu Ala Ala Glu Gly Leu Ala His Arg
5 10 15

0

Ala Thr Glu Gly Ala Ile His Ala val Glu Glu val val
2 25 30

val Gly His Ala L%s Glu Thr Gly Glu h%s Ala Ile Ala
4

CTpaHuua

60
120
180
240
300
342

60
120
180
240
267



Glu Ala Ile Lys Lys

50

Ile Thr Glu Thr val

65

Ala Glu Ser Leu Asp
85

<210>
<211>
<212>
<213>

DNA
Mus

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400> 7
gtgactggct

tytagwgact
ggcacttgct
cagacggctg
tccatatgec
agaggaggtt
tatcccagag
gggcatcaag
ctatagcagt
tggtgatgac

tcgettctge

7
1078

7

musculus

misc_feature
(109)..(109)
n is a, ¢, g,

misc_feature
(112)..(112)
nis a, ¢, g,

misc_feature
(887)..(888)
n is a, ¢, g,

misc_feature
(893)..(893)
n is a, ¢, g,

misc_feature
(900)..(900)
n isa, ¢, g, or t

gctgtctcta
ccgatagctc
ggtagctctg
ctgcttgcca
cacatcagca
ccttcttcat
ccagtgggcc
ggtactgctc
gggcaacgtc
attgcccacc

cgttgtcaca

55

0

gttgttgagg
ccrmggctcc
ctcacccgca
cagcctggac
ttcctegggce
cttcctectce
tcttacaaac
ctgagcacgg
catcgggact
actgctgctg
gctgttgtgt

75

Lys Leu Gly Gln

cctcttggga
agtgsasmcc
ctgggacctg
catggacccc
tcacctgcegce
tgagactcag
tactgaagcc
ccagcagacc
gacttatgct
ctgceccttgce

tatctcctag

CTpaHuua

tctyggcgcet
tcggkeggng
gagctggagg
catgagatgg
tctgacctgg
cctctgectg
cctgggccca
tggcagtcac
ggcctgecac
tgctcctgcet

ctgactattg

Ala GIn Glu Ser Gly Asp Lys Lys Met Lys Glu
60

Thr Asn Thr val Thr Asn Ala Ile Thr His Ala

macmccwtgce
gnagggaaaa
actaagaaga
ttgtgaagaa
ggcagcagtt
caggaacatg
aaggtatcaa
cctgcaatcc
ctgtagggcyg
gccactgtcc

aacctccagg

60
120
180
240
300
360
420
480
540
600
660



gctgtgcagc
tgtcatgagc
tgtagccttc
tcacgtcctg
aaamwaaawa
ycagrgctgt
gccaagcttt
<210> 8

<211> 426
<212> DNA
<213> Mus

<400> 8
atggaccccc

cacctgcgcet
gagactcagc
actgaagccc
cagcagacct
acttatgctg
tgcccttget
atctcc
<210> 9
<211> 142
<212> PRT
<213> Mus
<400> 9
Met Asp Pro
1

Ile

Pro Arg

Ser
35

val Pro

Thr Cys Ile

50

Gly Pro

65

Lys

Gln GIn Thr

ccaggttcct
atcagccatt
tggaataggg
caagactttg
cwgccgttgt
rmagcccrgg

acgcggtacc

musculus

atgagatggt
ctgacctggg
ctctgcctge
ctgggcccaa
ggcagtcacc
gcctgecacc

gctcctgetg

musculus
His Glu
5

Ala His

20

Ser Ser

Pro Glu
Ile

Gly

Gln
85

Trp

Met

Leu

ser

Pro

gctcaatgcc
tcctgecectyg
ttccagccac
gcaataaagc
cacarcygtt
kksckgctca

cgggattttt

tgtgaagaat
gcagcagtta
aggaacatgt
aggtatcaag
ctgcaatccc
tgtagggcgt

ccactgtcct

val val

Ser

Arg

ser
40

ser

val
55

Gly
Ile

Gly

Pro Cys

aaagtgttgc
agcaggggag
tagccatgtt
aggatgagcg
rtgttatctm
atgccaaagt

tttgtacaaa

ccatatgccc
gaggaggttc
atcccagagc
ggcatcaagg
tatagcagtg
ggtgatgaca

cgcttctgec

Asn Pro

10

Lys

Asp Leu Gly

25

Glu Thr Gln

Leu Leu Gln

Thr
75

Lys Gly

Asn Pro

90

Tyr

CTpaHuua

tggacatcag
cctgtccacc
ggcaacaaca
ttgctgnncc
mkagstgacw
gttgmtgsmc

aaggggcccc

acatcagcat
cttcttcatc
cagtgggcct
gtactgctcc
ggcaacgtcc
ttgcccacca

gttgtcacag

Tyr Ala His

GIn Gin Leu

30

Leu
45

Pro

Thr Thr Glu

60

Ala Pro Glu

Ser Ser

Pro

Gly

gagcagccgt
agcgttcagce
gggacaccct
tgntgaaaan
attgtaammt
mtcrggrgsr

ctattagg

tcctegggct
ttcctectet
cttacaaact
tgagcacggc
atcgggactg
ctgctgetgce

ctgttgtgtt

Ile
15

ser
Glu Glu
Ala Gly
Ala

Pro

Gly
80

His

GIn
95

Arg

720
780
840
900
960
1020
1078

60
120
180
240
300
360
420
426



Pro Ser Gly Leu Thr Tyr Ala Gly Leu Pro Pro

100

105

Asp ITe Ala His His Cys Cys Cys Cys Pro Cys
120

115

Ccys ;;8 Arg Phe Cys Arg Cys His Ser Cys Cys

<210>
<211>
<212>
<213> Homo

<400> 10
cttgaacccg

10
1291
DNA

ggcaacagag
ctcaagcatc
gggctttgag
ccccacttcc
ctgcagatgc
tggcagtgcc
cagctgtcgt
ccgceccatg
ggcactggga
ctggaccatg
ccgggctcac
atcctcggag
gcagccgacc
ccagaaccag
cggactgacc
ctgctgctgce
ctgctgctgt
caaatgtggc
gcgtctgecec
cccgagcetcc
aaggcccagg
<210>
<211>

<212>
<213>

11
552
DNA
Homo

sapiens

ggaggcagag
caagactcca
ttggtctctg
gtgtgtgagc
tttccagagc
cctttagggce
cctcagagcec
gctccagttg
gccececgeccc
cctagagctc
gacccccaag
ctgcggectg
atgcagcccc
gaggtcccag
caggcctggce
tacgctggcec
ccctgcetgec
gtcatctcct
tcacacagtg
cttcacacca
tgaaacggaa

caataaagca

sapiens

135

gttgcagtga
tctcagaaaa
ctaagaagag
aatggctggg
cgtgacctca
ccaggccatg
caggcctggg
ctggggcctce
tcccaaggag
agaagaccga
agatggtcgt
acctggggca
tgccagtggg
ggcccaaggg
agcagcctgg
ctccgeccge
actgctgcca
agcccagecc
ccgggacatg
ggcactgggg
tcccaggtec

gggtgatctt

gccgagatcg
gaagcagaaa
gctcagaggc
gactgcaggc
ggctcacctc
ccccggatgt
ctgccaccca
ttgggatctt
ggaaaaggcg
gaggacagac
caagaaccca
gcagttagag
gcectgtgec
cgccaagggt
caacccctac
9999cgcggyg
ctgcecccccc
accctgccag
ccgggacatg
ctcagaccca
tggctggaga

C

CTpaHuua

val Gly Arg Gly Asp
110

Cys Ser Cys Cys His
125

val Ile Ser

140

cgcagctgea
gcctccaaga
ttagaagccc
ccgggaatct
ctgccctect
gaggggctga
cctgaggacg
gggaacccca
gctgccagtc
tgccgtgttg
tatgcccaca
gtggcttcca
ccagagccaa
aaccaggggag
agcagcagtc
gatgacatcg
ttctgecget
ggccaggacc
cggggtggct
ccaggaaggt

gggacacccc

ctccagectg
gccaatggct
tgcctegecy
gagggcctca
ctcaggcaag
gtcactggtt
agggctgggc
tctectgagec
gctcaactca
ccaccacagg
tcagcatccc
cctgttectce
cccacctctt
ctgcccccat
agcgccaggc
cccaccactg
gccacagctg
cagacttcag
gttgtcatgg
ggccgttcag

tgattacctt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1291



<400> 11
atggccccgce

ggacctagag
atggaccccc
cacctgecggc
gagatgcagc
accgaggtcc
cagcaggcct
acctacgctg
tgccectget
tgtgtcatct
<210>
<211>
<212>
<213>
<400>

12
184
PRT
Homo

12

Met Ala Pro
1

Thr GIn Ala

Ala
35

Arg val

Asn
50

Lys Pro

Asp Leu Gly

65

Glu Met Gln

Leu Leu Gln

Ala
115

Gln Gly

Asn Pro

130

Tyr

Pro Pro Pro

145

cccteccaag
ctcagaagac
aagagatggt
ctgacctggg
ccctgecagt
cagggcccaa
ggcagcagcc
gccctecgec
gccactgctg

cC

sapiens

Leu

Pro

Leu
20

Gly
Thr Thr
Tyr Ala
Gln

Gln

Leu
85

Pro

Pro Thr

100

Ala Pro

ser

Ser

Ala Gly

Pro

Pro

Gly

Leu

70

Pro

Glu

Ile

ser

gagggaaaag
cgagaggaca
cgtcaagaac
gcagcagtta
ggggccctgt
gggcgccaag
tggcaacccc
cgcggggege

ccactgccecc

Arg Arg

Ala

Arg

Thr
40

Trp

Ile
55

Ser

Glu val

val Gly

val Pro

Gln Asn

120

Glin
135

Arg

Gly Asp

gcggctgeca
gactgccgtg
ccatatgccc
gaggtggctt
gccccagagce
ggtaaccagg
tacagcagca

ggggatgaca

cccttectgece

Glu Ala

Gln Thr

25

Lys

Met Asp Pro

Ile Pro Arg

Thr
75

Ala Ser

Pro Ala
Lys
Ala

Gin

Gln Ala Gly

Ile Ala
155

Asp

CTpaHuvua

gtcgctcaac
ttgccaccac
acatcagcat
ccacctgttc
caacccacct
gggctgcccc
gtcagcgceca
tcgcccacca

gctgccacag

Ala Ala Ser

Thr
30

Glu Arg

Glu
45

Gln Met

Ala His Leu

60

Cys Ser Sser

Pro Glu Pro

Gly Ala Lys

110

Gln GlIn

125

Trp

Leu Thr

140

Tyr

His His Cys

tcaggcactg
aggctggacc
ccceccgggcet
ctcatcctcg
cttgcagccg
catccagaac
ggccggactg
ctgctgctgce

ctgctgctgce

Arg Ser

15

Asp Cys

val val
Pro

Arg

Ser
80

ser

Thr
95

Gly Asn

Pro Gly
Ala

Gly

cys
160

cys

60
120
180
240
300
360
420
480
540
552



Cys Pro Cys Cys His Cys Cys His Cys Pro Pro Phe Cys Arg Cys His
165 170 175

Ser Cys Cys Cys Cys val Ile Ser
180

CTpaHuua



51
OOPMYJIA U3OBPETEHUA

1. TToMHHYKIEOTH I, COEpIKAIIHI R2R' ren, mis npuMeHeHHs B J€UEHUH OHOTO M
HECKOJIbKUX 3a00eBaHU# U/UIHM COCTOSTHUM, BEIOpAHHBIX U3 IPYIIIEL, COCTOSAIIEHN U3:

(a) cepneunsIx 3a60I€BaHUI U/UIIM COCTOSIHUM;

(b) nerouynsix 3aboneBaHUNA /WK COCTOSTHUN; U

(c) paxa;

rae R2R'? reH koaMpoBaH MOCIEA0BATENPHOCTHIO, BEIOPAHHON U3 TPYIIH, COCTOSMEH
M3 TocienoBaTenbHOCTeH, 0003HaueHHRIX SEQ ID NO: 1, 2, 4, 5, 7, 8§ 10 u 11, umm
IIOCJIE10BATENbHOCTH, HACHTUYHOH UM 110 MeHblleH Mepe Ha 60%.

2.ITonunentun, coaepxaiun R2R"? Oenok, /I IPUMEHEHHUS B JICYEHUH OJHOTO WIIH
HECKOJIBKUX 3a00J1€BaHMH W/WIIH COCTOSTHUM, BEIOpPAHHBIX U3 IPYIIIBL, COCTOSIICH U3:

(a) cepneuHsIx 3a00J1€BaHUN H/MITH COCTOSTHUI;

(b) nerounsix 3a601€BaHMii H/UIH COCTOSIHUN; U

(c) paxa;

rme R2R'? Genok KOAMpOBaH IOCIENOBATENBHOCTHIO, BHIGPAHHOW M3 TPy,
cocTOsIIeH M3 mociaeaoBaTelbHOCTEH, 0003HadeHHBIX SEQ ID NO: 3, 6, 9 u 12, wm
[OCJIeOBATEILHOCTH, MACHTUYHONW UM I10 MeHbIIEH Mepe Ha 60%.

3. AHTHCMBICIIOBOHM HYKJIEOTH[, CIOCOOHBIH MOIYJIMPOBATH 3KCIIPECCHIO R2R" renos,
JUIsl TIPUMEHEHHS B JICUEHUWH OJHOTO WJIM HECKOJBKMX 3a00JeBaHUNA W/UIM COCTOSHHA,
BBIOpaHHBIX U3 IPYIIIB], COCTOSLICH H3:

(a) cepneuHbIx 3a00JC€BaHUI H/HIIH COCTOSHUIT;

(b) nerounsix 3aboneBaHKi W/UIIH COCTOSHHIA; U

(c) paka.

4.AHTUTENO0 WIHM €r0 aHTUICH-CBS3BIBAIOLMH ()parMeHT, CHOCOOHBIH K CBSI3BIBAHHIO
R2R"? 6enkos i ux dparmenra.

5.AHTHTENO TO 1. 4, B KOTOpPOM R2R'? 6enok KOAMPOBaH IIOCIEA0BATENBHOCTHIO,
BBIOpPaHHOM M3 IPYIIIEL, COCTOSMIEH U3 nocnenoBarenbHocTel, o6o3HaueHHbIX SEQ ID NO: 3, 6,
9 u 12, unm nocnegoBaTENFHOCTH, UACHTUYHOM UM 110 MEHbIIEH Mepe Ha 60%.

6.AHTUTENO TO T.O. 4 Wik 5, A1 MPUMEHEHHS B JICUEHHH OJHOTO HIIM HECKOJBKUX
3a607eBaHUi W/WIH COCTOSIHUH, BRIOPAaHHBIX U3 IPYIIIIBI, COCTOSAIIEH H3:

(a) cepneunsIx 3a60€BaHUH W/UITA COCTOSHHIA;

(b) nerounsx 3a60€BaHUI W/HIIH COCTOSHHIA; U

(c) paka.
7.Crnoco6 IHAarHOCTHKH OJHOIO0 HJIM HECKOJBKHUX 3a00JIeBaHMM HW/WIM COCTOSHHIM,
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BBIOpaHHBIX U3 IPYIIBL, COCTOSILEN H3:

(a) cepaeuHbIx 3a00sieBaHUN H/UIH COCTOSHHIH;

(b) nerounsIx 3a601€BaHUNA U/UIIKM COCTOSTHUHA;

(c) paka;

(d) BoCIIpMHMYMBOCTH MK MPEAPACIIONI0NKEHHOCTH K Jitobomy U3 (a)-(c);

IJie yKa3aHHBIH CIoco0 BKJIIOYAET 3Tall BBIABICHMS YPOBHS 3KCIPECCHH R2R' w/mmm
R2R? rena B o6pasile, OTYYEHHOM y HCCIEIYEMOTO CyObeKTa, I/ie BHIABICHHE abeppaHTHOro
YPOBHSA R2R' w/mm R2R? rena B obpasue sABIAETCSA IOKa3aTEIEeM OJHOr0 MM HECKOJIBKHX
3a00JIeBaHMH W/WIM COCTOSHHM, YKa3aHHBIX Kak (a)-(C) BBILIE, W/HIU BOCIPHMMYMBOCTH MM
TIPEIPACIIONIOKEHHOCTH K HUM.

8.Crioco6 mo m. 7, BKIIOYAIOMINIA NPHMEHEHHE OJMIOHYKJICOTHIHOIO 30HJA H/HIM
npaiiMepa, MpeIHa3HAYEHHOTO Ui THOpPHUAM3alMM B JKECTKHUX YCIOBHSX, KO BCEH WM YacTH
TI0CJI€I0BATEILHOCTH, BEIOpaHHO# U3 rpymmsl, cocrosmei u3 (a) SEQ ID NO: 1; 2; 4; 5; 7; 8; 10
W/ 11,

9.Crnoco6 uaeHTU(GUKAIUHN MU II0JIy4YEHHUs areHTOB, MOAYJIMPYIOIIMX SKCIIPECCHIO R2R!
wum R2R? I'eHOB, BKJIIOYAIOUIHH 3Tambl o0ecredeHus KOHTaKTa R2R! w/wm R2R? remos ¢
HCCIIEyEMBIM areHTOM, M ACTEKIMH KaKOH-ITH00 MOYJISLIUH SKCIIPECCUH R2R' renos.

10. (dapmalieBTUYECKass KOMIIO3ULIMA, BKIIIOYAOLIAs R2R'? reHsl, oOeclieyeHHEIe
SEQIDNO:1,2,4,5,7,8, 10 u 11, 1ix nocienoBaTeIbHOCTEIO, HASHTUYHOA UM IO MEHBLIEH
Mepe Ha 60%, BMecTe ¢ (apManeBTHYECKH NPUrOJHBIM HANOJIHHUTENIEM, HOCHTENEM HIU
paszbaBurenem.

11. ®QapmarneBTHUECKass KOMIIO3UIMUS, BKIIOYArOLas R2R'? Genxu, obecneucHHble
SEQ ID NO: 3, 6, 9 u 12, uim nociieaoBaTeIbHOCTIO, HASHTUYHON UM 110 MEHBIIEH Mepe Ha
60%, BMecTe ¢ (hapMalleBTHYECKH MPUTOAHBIM HAIIOJHUTENEM, HOCUTENIEM WU pa30aBUTENIEM.

12.  JXKuBoTHast MOJEJb JJIs UCCAEOBaHUA CEPACYHOTO M/ JIETOYHOTO 3a00/IeBaHUS
WIA COCTOSHHS, WM paka, IZA€ J>KUBOTHYI0 MOJAEIb IOIYYalT IIyTeM MOAYIALUH WIIH

HapylIeHus R2R" renos.
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hR4RA__ENSTO0000343953 (1) ~---=-=-=-<--=---s-=-omscccmmom oo mn s m -
R4Ra_pDONR201 (1) ACACTGACACGGACCGAAGGAGTGGAAMAAGCTTTACCTGT

KOHCeHcyC (1)

yacTtb 2

42) 42 50 80 70 62

hR4RA__ENSTU[I][l]343959 M ~ACTGTCTGCTGCCACACGATGCTGEGAGGCCCTCCGEGAAGC

R4Ra_pDONR201 (42) CACTGTCTGCTGCCATACGATGCTGGGAGGCCTEEGGAAGC

KOHCGHcyC (42) ACTGTCTGCTGCCA ACGATGCTGGGAGGCCTGEGGAAGC

yacTb 3

@83 B8 z]i] 100 110 123

hR4RA__ENSTO0000343953 (41) TGGCTGCCGAAGGCCTGEGCCCACCGCACCGAGAAGGCCACC

R4Ra_pDONR201 (B3) T6GCGGCCEAGGECCTGGCCCACCGCACAGAGAAAGCCACT
KOHCBHCYC (BB) TGEC GCCGA GOCCTGEGCCCACCGCAC GAGAA GCCAC

4YacTb 4
(124) 124 130 140 150 164

hR4RA__ENSTUCOm343959 ©B2) GAGGGAGCCATTCATGCCOTGGAASAACGTGGTGAAGGAGGET

R4Ra_pDONR201 (124) GGGGGAGCAGTTCACGCAGTECAAGAGGTGETCAGCCAGST

KOHCEHCYC (124) G 6GGAGC TTCA GC GTGGAAGA GTGGTGA GAGET

yactb 5

205

(165) 185 170 180 190
hR4RA_ENSTO0D00343959 (123) GGTGGGACACGCCAAGCAGACTGGAGAGAAAGCCATTGCTE
R4Ra_pDONR201 (165) GGTGGGCCACGCCAAGGAGGTTGGAGAGAAGACCATTAATG
KOHCEHCYC (165) 66TGGG CACGCCAAGGAG TGGAGAGAA CCATT T&

4YacTb b
(206) 206 220 230 246
hR4RA__ENSTOD000343959 (164) AAGCCATAAAGAAAGCCCAAGAGTCAGGGGACAAAAAGATG
R4Ra_pDONR201 (206) ACGCCCTAAAGAAAGCCCAAGAATCAGGAGACAGGGTGETE

KOHCEHCYC (206) A GCC TAAAGAAAGCCCAAGA TCAGG GACA G TG
Yactb 7
(247} 247 260 270 287

hR4RA__ENSTDDD00343959 (205) AAGGAAAT CACTGAGACAGTGACCAACACAGTCACAAATGC
RARa_pDONR201 (247) AAGGAGGTCACTGAGAAGGTCACCCACACCATCACTGATGE
KOHCEHCYC (247) AAGGA TCACTGAGA GT ACC ACAC TCAC ATGC

4acTb 8
(288) 288 300 310 328
hR4RA__ENSTO0000343959 (246) CAT CACCCATGCAGCAGAGAGTCTGGCACAAACTTGGACAGT
R4Ra_pDONR201 (288) PGTTACCCATGCGGCAGAAGGCCTGGCAAGACTGGGACAGT
KOHCEHCYC (288) T ACCCATGC GCAGA G CTGG A ACT GGACAGT

4YacTb 9
(329) 328 340 350 369
hR4RA__ENSTD0000343859 {2687) GAGTGCACCTGCTACCACGGC- —= -CCTTCCCCAGTCTCAA
R4Ra_pDONR201 (329) GAGCCTGCCTACCAGCATGGCTGGCCCTTCCTGAACETCAA
KOHCEHCYC (329) GAG CCT € A CA GGC CCTTCC A TCAA
YyacTb i
(1 10 2 34

Translation of hRARA ENSTOOOD0343989 (1) msenem.ussuamzmmsﬁvnnvvxs
TPAHCNMPOBaHHBI R4Ra_pDONRZ0! (1) MLGGLGKLAAEGLAHRTERATGGARHAVEEVVSE
KOHCGHCYC 1 MLGGLGRLAAEBGLAHRTERAT GAIHAVEEVV E

YyacTb 2
@) 38 40 50 68
Translation of hRARA__ENSTDO000343953 (35) VUGHARETGERATL RRAQE ssoiaxmw
TpaHcnupoBaHHbIM R4Ra_pDONR2D1 (35) VVGHAKEVGEKTI KKAQE 8GD K BK
KOHCEHCYC (35) VVGHARE GEK I DAIKKAQESGDEK uxsérT'isa
Ya

20

€9) &8 g
Translation of hR4RA__ENSTO0000343858 (£9) wui'ﬁﬁlimnsx%[:so-
TPaHCMpoBaHHLIA R4Ra_pDONR201 (B9) VT HTETDANTHAAEGLGRLGQ-

KOHCEHCYC (9) VT TIT AITHAAE I RLGQ

dur. 9
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KOHTUI hR4Rd ENSTO0000359068
R4Rd_2310002J15
KOHCEHCYC

4acTb 10

(370) 370 30 390 400 410

(
©70)
yacTb 11

KOHTUT hRARd_ENSTODD00359069
R4Rd_2310002J15

{411) 411 420 430 440 451
(411) AGGGCTGGGECCAGCTECTCETGCTCCAGTTGCTGSEGGCCTCT
() ~----- GTGACTGECTGCTET~ CTCTAGTTGTTGAGGCCTCT

KOHCEHCYC (411) 6 C GCTG GT CTC AGTTG TG GGCCTCT
4acTb 12
(452) 452 460 470 480 492

KOHTUT hR4RJ_ENSTOD000359069
R4Rd_2310002J15

(452) TGGGATCTTGGEG- - ~AACCCCAT-CTCT-GAGCCCC— =~ -
(36) TGGGATCTYGGCGCTMACMCCWTGCEYTAGWGACTCCGATA

KOHCEHCYC (452) TGGGATCT GG ACCCTCTTGGCC
4acTb 13
(493) 493 500 510 520 533
KOHTUI hR4Rd_ENSTDOD00359063 (483) --------- GCCCCA-TGGCCCCGECCCCTCCCAAGGAGGGA

R4Rd_2310002J15

(77) GCTCCCRMGGCTCCAGTGSABMCCTCGGKCGENGGNAGGGA

KOHCEHCYC {493) GC CCA TG c ¢c ¢ G AGGGA
yacTb 14
34534 540 550 560 574

KOHTUT hRARd_ENSTO0000359069
R4Rd_2310002J15

(514) AAAGGCGGCTGCCAGTCGCTCAACTCAG - GCACTGGGACC
(118) AAAGGCACTTGCTGGTAGCTCTGCTCACCCGCACTGGGACT

KOHCEHCYC (534) AAAGGC  TGC GT GCTC CTCA  GCACTGGGACC
4acCTb 15
575) 575 560 580 Bo0 815

KOHTWT hR4Rd_ENSTO0000359063
R4Rd_2310002J15

{(553) TAGAGCTCAGAAGACCGAGAGGACAGACT GCCGTGTTGCCA
(169) TGEAGCTG-GAGGACTAAGAAGACAGAC GGC~-TGCTGCTT

KOHCEHCYC (575) T GAGCT GA GAC AGA GACAGAC GC TG TGC
yacTb16
©16) 616 630 640 656

koHTMr hR4Rd_ENSTODD00359069
R4Rd_2310002J15
KOHCEHCYC

(594) - CCACAGGCTGGACCATGGACCCCCAAGAGATGGTCGTCAA
(197) GCCACAGCCTEGACCATGGACCCCCATCGAGATGGTTGTGAA
{616) CCACAG CIGGACCATGGACCCCCA GAGATGGT GT AA

KOHTUT hR4RJ_ENSTO00D0359069
R4Rd_2310002.15

yacTb 17
€57) 657 570 £80 897
(534) GAACCCATATGCCCACA\TCAGCATCCCCCGGGCTCACCTGC

{238) GAATCCATATGCCCACATCAGCATT CCTCGGECTCACCTEC

KOHCEHCYC B57) GAA CCATATGCCCACATCAGCAT CC CGGGCTCACCTGC
4yactb18
%) 68 710 78 738

KOHTUAr hRARd ENSTDO000359063
R4Rd_2310002J15
KOHCEHCYC

675) GGCCTGACCTEGCGGCAGCAGTTAGAGGTSGCTTCCACCTGET
{279) GCTCTGACCTGGGGCAGCAGTTAGAGGAGGTTCCTTCTTCA
f98) ¢ CTGACCTGGGGCAGCAGTTAGAGS 66 T C C T

dur. 10
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Y4acTbh18

KOHTUI hR4Rd ENSTOO000359063
R4 Rd_2310002J15

39) 739 750 760 779
{716) TCCTCATCCTCGGAGATGCAGCCCCTECCAGTGGBECCCTE
(320) TCTTCCTCCTCTGAGACTCAGCCTCTGCCTGCAGGAACATG

KOHCEHCYC (739) PC TC TCCTC GAGA CAGCC CTGCC 6 GG C TG
4acTb20
{780) 780 70 800 810 820

KOHTUI hR4Rd_ENST00000359069
R4Rd_2310002J156

(757) TGCCCCAGAGCCAACCCACCTCTTGCAGCCGACCGAGGTCC
(361) TATCCCAGAGCCAGTGGGCCTCTTACAAACTACTGAAGCCC

KOHCEHCYC (780) T CCCAGAGCCA CCTCTT CA € AC GA G CC
YacTb 21
{g21) 821 830 B840 850 %1

KOHTUr hR4Rd_ENSTDO0D0359065
R4Rd_2310002J15

798) CAGGGCCCAAGEGGCGCCAAGGGTAACCAGGGGGCTGCCCCC
{402) CTGGGCCCAAAGGTATCAAGGGCATCAAGGGTACTGCTCCT

KOHCEHCYC @21) ¢ 66GGCCCAA GG  CAAGGG A C AGGG CTGC CC
Y4acTb 22
862) 862 870 680 B0 902

KOHTMr hR4Rd_ENSTO0000358069
R4Rd_2310002J15

{839) ATCCAGAACCAGCAGGCCTGGCAGCAGCCT GGCAACCCCTA
{443) GAGCACGGCCAGCAGACCTGGCAGTCACCCTGCAATCCCTA

KOHCGHCYC m) CA CCAGCAG CCTGGCAG CC GCAA CCCTA
4acTb 23
©u3) 903 310 920 930 843

KOHTWUr hR4Rd_ENSTOD000359069
R4Rd_2310002J15

(880) CAGCAGCAGTCAGCGCCAGSCCGSACTGACCTAC GCTGGCC
(484) TAGCAGTGGGCAACGTCCATCGGGACTGACTTATGCTGGCC

KOHCEHCYC ©@03) AGCAG G CA CG €  C GGACTGAC TA GCTGGCC
: YacTb 24
(044) 944 950 960 970 984

KOHTVI hRARJ_ENSTO0000353069
R4Rd_2310002J15:

(821) CTCCGCCCGCEEGECECEECCATGACATCGCCCACCACTEC
(625) TGCCACCTGTAGGGCCTGGT GATGACATTGCCCACCACTGC

KOHCEHCYC {©44) cC CC 6 GGGCG GG GATGACAT GCCCACCACTSC
yactb25
©e5) 985 90 1000 1010 1025

KoHTUr hR4Rd_ENSTO0000359069
R4Rd_2310002J15
KOHCEHCYC

{962) TGCTGCTECCCCTGCTGCCACTECTGCCACTECCCCCCCTT
(566) TGCTGCTGCCCTTGCTECTCCTGCTGCCACTGTCCTCGCTT
(985) TGCTGCTGCCC TGCTGC CTGCTGCCACTE CC € CTT
YacCTb 28

(1026) 1026 1040 1050

1068

koHTvr hR4Rd_ENSTO0000359069 (1003) CTGCCGCTGCCACAGCTGCTGCTGCTETGT CATCTCCTAGC

R4Rd_2310002J15

KOHCEHCYC (1026) CTGCCG TG CACAGCTG T

(607) CTGCCGTTGTCACAGCTGTT-~~~~= GTGTTATCTCCTAGC
GTGT ATCTCCTAGC
YyacTe 27

(1067) 1067

1080 1080 107

koHTVr hR4Rd ENSTO0000359069 (1044] CCAGCCCACCCTGCCAGEGCCAGGACCCAGACTTCAGCAAA

R4Rd_231000215

KOHCEHCYC (1087)

————— TGACTATTGAACCTCCAGGEGCTGTE~ -~~~ CAGCCCA
AC T A CCAGG C 54 CAGC A

(642)

dur. 10 (npogormkeHvie)
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4acCTb 28
(1108) 1108 1120 1130 1148
KOHTWT hR4Rd ENSTODDON358069 (1085) TETGECTCACACAGTGCCGEGACATGCCGGGACATGCGGEE
R4Rd_2310002J15 (674) GGTTCCTG-CTCAATGCCAAAGTGTTGCTGGACATCAGGAS
KOHCEHCYC (1108) T CT C CA TGCC T € GGACAT GG G
X
{1149) 1148 1160 1170 1189
hRARd_ENSTONN0O359069 (1126) TGECTGTTGTCATGEGCETCTECCCCTTCACACCAGGCACT
R4Rd_2310002J15 | {714) CAGCCGTTGTCATGAGCATCAGCCATTTCCTGCCCTEGAGCA
:(1149) 6C GTTGTCATG GC TC GCC TTC ¢ G C
4acCTh 3o
(1190} 1190 1200 1210 1220 1230
KOHTHF hR4Rd_ENSTOD000359069 (1167} GEGGCTCAGACCCACCAGGAAGETGGCCGTTCAGCCCGAGE
R4Rd_2310002J15 (755) GGGGAGCCTGTCCACCAG-~~ ===~~~ CETTCAGCTGTAGC
KOHCEHCYC (1190) ceee ¢ CCACCAG CGTTCAGC  AGC
4acTb 31
(1231) 1231 1240 1250 1260 1271
KOHTUT hR4Rd_ENSTO0000359069 (1206) - TCCTGAAACGGAATCCCAGGTCCTGEC -~~~ 1GG=~==~
R4Rd_231000215 {787) CTTCTGGAATAGGGTTCCAGCCACTAGCCATGTTGGCAACA
KOHCEHCYC (1231) T CcTG AA G T CCAG CT GC TGG
YacTb 32
(1272) 1272 1280 1280 1300 1312
KOHTUr hR4Rd_ENST00000359069 (1238) AGAGGGACACCCCTGATTACCTT - AAGGCCCAGGCAATAAA
R4Rd_2310002J158 (828) ACAGGGACACCCTTCACGTCCTGCAAGACTTTGGCAATAAA
KOHCEHCYC (1272) A AGGGACACCC T A  CCT AAG C  GGCAATAAA
YyacTb 3
{1313) 1313 1320 1330 1340 1353
xoHTVr hRARd_ENSTO0000359063 (1278) GCAGEETGATCTPL-~-~—==~===-=—==-=-=--"======""
R4Rd_2310002J15 (859) GCAGGATGAGCGTTGCTGNNCCTGNTGAAAANAAAMWAAAW

KOHCEHCYC (1313) GCAGG TGA C T

dur. 10 (NpoponkeHue)
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4acTb 1

M1 10 20 33

TpaHcnMposaHHblit hR4Rd ENSTO0000359069 (1) MAPPLPRRERAAASRSTQALGPRAQRTERTDCR

TpaHCNMpoBaHHLIA koHTUr R4Rd_2310002J15 ) ittt
KOHCeHcyc (1)

YacTm 2
(34) 34 40 50 66

TPaHCNMpOoBaHHbI hR4RA_ENSTO00003SI0ES (34) VATTGWTMDPQEMVVRNEYAHT SIPRAHLRPDL
TPaHCNMPOBaHHBIW KOHTUI R4Rd_2310002J15 (1) ~====-- MDPHEMUVVRNPYAHISIPRAHLRSDL
KOHCEHCYC (34) MDP EMVVKNPYAHISIPRAHLR DL

YacTb 3
7) B7 80 99

TPaHCHVngBaHHbIVI'hRde_ENSTOOOUl)s‘SQ]SQ (67) GQQLEVAsIcsssszuophvaPCApnp'rHI.I.Q
TPaHCIMPOBAHHBIA KOHTUT R4Rd_2310002J15 (27) GQQLEEVPESS88SETQPLPAGTCIPRPVGLLQ
KOHCeHcyC (67) GOQLE S 898SE QPLP 6 C FEP IIQ

4yacTb 4

5 (100) 190 110 120 132

TPaHCNPOBaHHLIM KRARI_ENST00000359069 (100) PTEVP GPRGARGNQGAAP IQNQQAWQQPGNPYS
TPaHCNWPOBAHHBIV KOHTU R4RE_2310002J15 (60) TTEAPGPRGIRGIRGTAPEHGQQTWQSPCNPYS
KOHCEHCYC (100) TE PGPKG KRG G AP QQ WQ P NPYS

4YacTb 5
(133133 140 150 165

TpaHcnMpoBaHHbIH hR4Rd_ENSTO0000353069 (133) S3QRQIGLTYAGPPPAGRGDDIA!-!HCCCOPCCH
TPaHCNNPOoBaHHLIA KOHTUT R4 Rd_2310002J15 (93) 8GORPRGLTYAGLPPVGRGDDIAHHCCCCECCSH

KOHCEHCYC (133) 8 QR AGLTYAG PP GRGDDIAHHCCCCECC
4acTb 6

) (166) 166 184

TPaHCNMpOBaHHbIA hR4Rd_ENSTD0000359069 (166) CCHCPPFCRCHSCCCCVIS

TPaHCNUPOBaHHbLIN KOHTUF RARd_2310002J15 1(126) CCHCPRFFCRCHECCVIZ- -
KOHCEHCYC.(168) CCHCP FCRCHSCC

dur. 11
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-,375791_at - C9orf169

spepoosoREl

» ! ’ ]

b CPENA /| KOHLETPAUMR;
mv GFAIwanpp:uuu: 5
MPHK12 KRT14 / xonuentoauma: §

muPHK17 C8arf 169 / kohuenTpaums: 5
muPHK18 fam25A / konuenTpauss. 5
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X0 HK: FAM25A18
He XOBMimuPHK: FAM25A18
X0 HK:
we XOl HK: F
X0l HK: FAM25C22
He XOBMimwPHK: FAM25C22
X0 HK: CBorf168 17
cocrosnwe 3a6conesatun: ne XOBIUMAPHIC COorf168 17
X0 HK: CBorf168 15

He XOBNMwPHK: CSorf189 15
cocTosrue sabonesanns: XOBM/mwPHK: orp. 11
ne XOBAmPHK: orp 11

87484
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