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OfHUM 13 BaXKHENLLNX HanpaBieHNI COBPEMEHHON MOJIEKYIAPHON
reHeTUKN 1 BUOMEAULIMHBI ABAETCA NMOUCK NPEAUKTUBHBIX MapKepoB,
nomoratwoLmx Bblopatb Hanbosnee 3¢pPpeKTBHBIN CNOCO6 NeyeHnsa n
npenapart, a Takxke NHAVBMAYanbHO NofobpaTb ero Ao3npoBKy. Oco-
6eHHO NepcrneKTVBHbIMY CYATAIOTCA Te MapKepbl, KOTopble MoryT obe-
CneynTb BO3MOXHOCTb NMPUMEHEHNA HEMHBA3UBHOW, TaK Ha3blBaemMow
XKMAKOCTHOW BMOoNCHn. STOT METOA NMO3BONAET OLeHUTb COCTOAHME
ONyXOMN NO aHaNM3y eCTeCTBEHHbIX XUAKOCTEN OpraHn3mMa, Takunx Kak
KPOBb, MOYa Unu cioHa. MofgobHble nccnefoBaHna Havbonee yao6HbI
B C/lyYasnx, Korga Heo6XoArMO NPOBOANTb MOHUTOPUHT 3bdeKTUB-
HOCTV Tepanuu, 4Tobbl BOBpeMA 3adpnKCMPOBaTb MOMEHT BO3HUKHO-
BEHWA PE3UCTEHTHOCTI OMNYXONeBbIX KNETOK, Hauano peuuarea u
nepenTu Ha cneayoLyo NMHWIO Tepanuu. MNpu neyeHun arpeccuBHbIX
1 6bICTPO MeTacTasnpyoLMNX 3710KaYeCTBEHHbIX HOBOOOPA3oBaHMA,
TaKMX Kak MenaHoMa, Hannume AOCTOBEPHbIX MapKepoB, NO3BOSIA-
IOLLUX BBICTPO 1 TOYHO OMPEAENUTD TaKTUKY NIeYeHs, 0COBEHHO BaXKHO.
B nocnepHee Bpema noasnaetca Bce 60sbLue NCCEAOBaHMIA, NOCBA-
LLIeHHbIX NOWCKY NPefNKTUBHbIX MapKepoB SPGEKTUBHOCTU UMMYHO-
Tepanuu. MenaHomMa xapaKkTepu3yeTcs BbICOKON MMMYHOT€HHOCTbIO,

B CBA3U C YeM OHA CTasa MOAesIbHbIM 0ObEKTOM Af1A UCCNIEA0BAHMSA 1
BHePeHVA HOBbIX MOAXOA0B MMMyHOTepanuu. B HacToALwen paboTte
NpoBefEHO CPAaBHEHME ABYX FPYNn 60MbHbIX MeTacTaTYeCKon mena-
HOMOW KOXW C pa3fiyHbIM OTBETOM Ha UMMYHOTepanuio 61o0KkaTopamm
VNMMYHHbIX KOHTPOJIbHbIX TOUEK C LieNblo AEHTUGNLMPOBATbL HOBbIE
npeanKTMBHbIE SKCMPECCMOHHbIe BLUoMapKepbl Cpen MAKPO- 1 MaT-
pruHbIX PHK, a TakXe onpegenuTb reHbl, OTBETCTBEHHbIE 33 BO3HUKHO-
BeHVe 06EKTUBHOIO OTBETa Ha Tepanuio y naumeHToB. B uccnegosa-
HUW BbIABMIEHO HECKOJTbKO MUKPOPHK €O 3HaunTenbHbiM U3MeHeHrem
cofep)kaHnaA B OMyxoneBoN TKaHWN NaLMeHTOB, NO-pPa3HOMyY OTBeYa-
IOLLMX Ha MMMYHOTepanuto. O6Hapy»KeHbl TakXKe pa3nnuna Ha ypoBHe
3KCMPEeCcHmn NX reHoB-MULLEHe, KOTopble NO3BONAT 6onee feTanbHO
npoaHanM3npoBaTb MOJIeKYNAPHbIE MeXaHU3MbIl, onpeaensoLmne
YYBCTBUTENbHOCTb UM PE3UCTEHTHOCTb KNETOK 3/10KaueCTBEHHOM
MenaHoOMbl K AeCTBMIO UMMYHOTepanuu. Ha ocHoBe NonyyYeHHbIX
pe3ynbTaToB NPeANnoXeHbl SKCMPECCUOoHHbIe MapKepbl (MPHK n
MUKpPoPHK), koTopble nocne fanbHellwen anpobaumm MoryT 6biTb
MCMONb30BaHbl KaK MPeANKTOPbl OTBETA ONyXOJielt 3510KauyeCTBEHHOW
MenaHOMbl K UMMYyHOTepanuu.
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MapKepbl; NpodunmposaHre MKpoPHK; BbicokonpounssogutenbHoe
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One of the most important branch of modern mole-
cular genetics and biomedicine is the search for pre-
dictive markers that help choose the most effective
way of treatment, drug and also determine its indi-
vidual dosage. Among the markers, those that can pro-
vide the possibility of using a non-invasive, so-called
“liquid biopsy” are considered particularly promising.
This method allows the condition of the tumor to be
assessed by analyzing the body’s natural fluids, such as
blood, urine or saliva. Such studies are most conve-
nient in those cases when it is necessary to monitor
the effectiveness of therapy in order to record the time
of the onset of resistance of tumor cells, the onset of
relapse and to move on to the next line of therapy.

In the treatment of aggressive and rapidly became
metastatic malignant tumors, such as melanoma, the
presence of reliable markers that allow quick and ac-
curate determination of treatment tactics is especially
important. Nowadays, there is an increasing number
of studies devoted to the search for predictive markers
of the effectiveness of immunotherapy. Melanoma is
one of the most immunogenic tumors and, as a result,
has become a model object for research into and
introduction of new approaches to immunotherapy. In
this study, we compared two groups of patients with
metastatic skin melanoma, with different responses

to immunotherapy with blockers of immune control
points, to identify new predictive expression biomark-
ers among microRNAs and mRNAs, and to identify the



KAK UUTUPOBATbD 3TY CTATbIO:

genes responsible for the occurrence of an objective
response to therapy. As a result, the study detected
several microRNAs with a significant change in expres-
sion level within the tumor tissue of patients respond-
ing differently to immunotherapy. Differences in the
level of expression of their target genes have also been
found, that will allow a more detailed analysis of the
molecular mechanisms that determine the sensitiv-

ity or resistance of malignant melanoma cells to the
immunotherapy. Based on the obtained data, we have
proposed expression markers (MRNAs and microRNAs)
that can be used as predictors of malignant melanoma
tumors to immunotherapy.

Key words: melanoma; immunotherapy; predictive
biomarkers; NGS; miRNA profiling; transcriptomic
analysis; regulation of gene expression.
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€CMOTpsI Ha 3HAYUTEIbHBIC JOCTHKCHHS B OOJIACTH

pacinppoBKH MEXaHHW3MOB KaHIlEpOoreHe3a, pa3pa-

0OTKM METO/I0B IMATHOCTHKY U HOBBIX JIEKAPCTBEHHBIX
CpeJICTB, 3200J1€BaEMOCTb 3JI0KaYeCTBEHHBIMI HOBOOOpa30Ba-
HUSIMU M CMEPTHOCTH B Poccuyt 1 BO BceM MUpe HEYKIIOHHO
pactyt (ITerpoBa u ap., 2014).

CrpeMuTenbpHOE TeUCHNE OHKOIOTHYECKUX 3a00JI€BaHu, a
TaKK€ BbICOKAasl TOKCUYHOCTD JICKAPCTBEHHOM U JIy4eBOU Te-
panuu 00yCIOBINBAIOT HEOOXOTUMOCTH TIEPBOHAYAIHHO Ipa-
BWJIHOTO OTIPEJICNICHNS] TAKTUKH JiedeHus1. [loatomy ogHuM
13 BaKHEUIINX HAIPAaBICHUN COBPEMEHHOMN MOJEKYISIPHON
TEHETHKN U OMOMEIUIINHBI SBIIAETCS MOUCK MPEANKTHBHBIX
MapKepoB, IIOMOTAIOIINX BEIOpaTh Hanbosee 3(h(HeKTHBHBII
Croco0 JIeYeHus ¥ IIpernapar, a TakKe HHAUBU1YaIbHO 11010~
Opatp o3y (Szczepaniak Sloane et al., 2017). I[IpeauxTus-
HBIMH MapKepaMH MOTYT OBITh OJJHOHYKJICOTH/IHBIE 3aMEHbI
1 HeOobIKe nHcepuuu u nenenuu (Martin-Liberal, Larkin,
2015; Krawczyk et al., 2017), ammum¢pukanmm (Bouchalova
etal., 2009), xpomocomusie nepectpoiiku (Sokolenko, Imya-
nitov, 2017), ciiuteie TpanckpunTsl (Rix et al., 2013), a raxke
sKcrpeccus reHoB (Ha yposae MPHK un 6enka) n Hekonmupyro-
mux PHK (Shindo et al., 2017). Cpenu MapkepoB 0COOCHHO
MEePCIIEKTUBHBIMU CYUTAIOTCS T€, KOTOPHIE MOT'YT 00€CIIEYHTh
BO3MOKHOCTh IPUMEHEHHsI TaK HA3bIBAEMOW XKHKOCTHOH
Ouoricuy. DTOT METOJ] MO3BOJISIET OIIEHUTH COCTOSIHHE OITy-
XOJIM He 110 (hparMeHTy TKaHU OHOITara, a 10 aHaJIN3y ecTe-
CTBEHHBIX XHIKOCTEH OpraHm3mMa (KpoBb, Mo4a, CITfoHa). Takwe
HCCIIEI0BaHMUS 0COOCHHO Y/IOOHBI M BasKHBI, KOT/Ia HEOOX0/I1-
MO [IPOBOANTH MOHUTOPUHT 3(P(HEKTUBHOCTH TEPAIIHNH, YTOOBI
BOBpeMsI 3a(DMKCHPOBATH MOMEHT BO3HUKHOBEHUSI PE3UCTEHT-
HOCTH OITyXOJIEBBIX KJICTOK, HA4aJI0 PELUIMBA U IEPEHTH Ha
CJIeIYIONIYI0 TUHUIO Tepanuu. Oco00ro BHUMAaHUs 3aCITyKU-
BatoT MUKpoPHK, Tak kak B KpoBM OHH IJIaBHBEIM 00pa3oMm
HaxOATCS B COCTaBE 3K30COM HIIM CBSI3aHBI C OEIIKOBBIMU KOM-
IUIeKCaMu U mo3tomy oosee ctabuibHbl (Huang, Hoon, 2016).

Heo0xonnmoe ycrioBre pa3BUTHs HOBBIX CIIOCOOOB Jieue-
HUSI OHKOJIOTMYECKUX 3a00JICBaHUH — IeTalIbHOE TIOHNMaHUe
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MOJICKYJISIPHBIX MEXaHH3MOB, JIS)KAIINX B OCHOBE OTBETA 3710~
KaueCTBEHHBIX KJIETOK Ha Mpernaparbl. JTO I103BOJISET Ipa-
BUJILHO BBIOMPATH LIENIEBYIO IPYIITY MAIIMEHTOB, KOHTPOIHPO-
BaTh JICUCHNE M KOPPEKTUPOBATH TAKTHKY TEpPAITUK HA OCHOBE
MOHUMAaHHsI MEXaHM3MOB BO3HUKHOBEHHSI PE3MCTEHTHOCTH
(Milik et al., 2017).

[TonoGubIe TaHHBIE TPHOOPETAIOT 0CO0YI0 3HAYUMOCTb ITPU
TEpanuy arpecCUBHBIX M OBICTPO METACTAa3MPYIOIIUX 3J10-
KaueCTBEHHBIX HOBOOOpA30BaHMil, TAKUX KaK MeJIaHOMa.
YoBIEeTBOPUTEIBHBIC PE3YIIBTATHI JICUCHNSI METIAHOMBI, KaKk
MPaBHJIO, MOTYT OBITh [TOJTyYEHBI TOJILKO B CIIy4ae JHUarHOCTH-
K1 3a00J1€BaHNS Ha CaMbIX PAaHHUX CTAIMAX U IIPHU CBOEBpe-
MEHHOM XHpyprudeckoM BMeniarensctse (Leong etal., 2012).
Menanoma — ofHa U3 HanboJIee UMMYHOTCHHBIX OIYXOJIeH,
B CBSI3HM C YEM OHA CTaJla MOJCIBHBIM OOBEKTOM IS HcCIle-
JIOBAaHWS M BHEIPEHUS] HOBBIX TOJXO0B MMMYHOTEPAIHH.
Bbicokasi 4yBCTBUTEIBHOCTh K OHKOMMMYHOIIpENaparaM BO
MHOTOM OOBSCHSETCS BRICOKOW MYTAI[IOHHOM HAarpy3KoH pH
MeJlaHOMe, 00y CIIOBIIMBAIOMIEH MPOJTYKIIUIO OOJIBIIOTO Ynciia
HEOAHTUI'CHOB, YTO, B CBOIO OUEPE/lb, YCHIMBAET HIMMYHHbIH
otBet (Alexandrov et al., 2013).

B nacrosimee Bpemst Hanbonee 3pPpeKTUBHBIN cr1ocod
MMMYHOTEpauyi — UHI'MOMPOBaHNE TaK HAa3bIBAEMBIX M-
MYHHBIX KOHTPOJIBHBIX TOYEK JUTS TOCIEAYIOIIEl aKTHBANT
T-KJIeTOYHOTO OTBETa M OIOCPEIOBAaHHOW MM CMEPTH OIy-
XOJIEBBIX KJIETOK. K OCHOBHBIM MUIIIEHSIM OJIOKa, bl KOHTPOJIb-
HBIX Touek oTHOCATCSI CTLA4 n PD-1, 1Ba KITFO9EBBIX perien-
TOpa IMMYHHOH TOJIEPAHTHOCTH.

J1o cux nop HeT OOIIENPHHSATOTO MOAX0/a K 0TO0pY Maru-
€HTOB, JUII KOTOPBIX OyzeT 3¢h(heKTHBHA Tepanust HHTHOUTO-
paMu UIMMYHHBIX KOHTPOJIBHBIX TOYEK, M K ONTHMaJIbHOMY
KOMOWHHMPOBAHMIO PA3JIMUYHBIX B3aWMOJIONOIHSIONMX IO/
XOJIOB K IMMYHOTEPAIHH JIPYT C JPYTOM U C TPaJUIHOHHBIMU
MeTonamu JiedeHus paka (Hodi et al., 2010; Roh et al., 2017).
OCHOBHBIM METOJIOM OLIEHKH 3P ()EKTHBHOCTH HMMYHOTEpa-
UM CYUTAETCA MMMYHOTHCTOXMMHUYECKOE OKpAIINBaHUE,
Hanpumep antutenamu k PD-1. OpgHako npeanKTUBHAs TOY-

Systems biology and biomedicine



DKCNPECCHOHHDIV MPOodUIb 60IbHBIX 310KAaYeCTBEHHOW
MeflaHOMOW B 3aBUCMOCTY OT OTBETA Ha IMMYHOTEPanuio

HOCTbh OCTaeTCs OTHOCHTEJLHO HHM3KOHW, Oosiee Toro, cylie-
CTBYIOT 3HAUUTEJbHBIE CIOKHOCTH C YHU(HUKaLUEH HHTEp-
MpeTaluy JaHHbIX.

[MosiBisieTcst Bce OOIblIe MCCIEOBAHHUM, OCBSIIEHHBIX
MOUCKY NPEIUKTUBHBIX MapKepoB 3(h(HEKTUBHOCTH HMMYHO-
teparmu. [TokazaHo, 4TO HaIMYKME AHEYTUIOMIUH B OITyXOIH
KOPpEeNIUpyeT C MapKepaMu UMMYHHOTO «yCKOJb3aHHUA» U C
MTOHIKEHHBIM OTBETOM Ha mMmyHotepamnuio (Davoli et al.,
2017). IloBbrennast MytanonHast Harpyska (MH) moxer
CBUACTCILCTBOBATE O YYBCTBUTCIBHOCTH, B TO BpEMA KakK
HaKOIIJICHUE JEJIEHHH TeHOB — O PE3UCTCHTHOCTH K TIpera-
param-0iiokaTropaM MMMYHHBIX KOHTPOJBHBIX To4dek (Roh
et al., 2017). B nacrosiiee Bpemst Beicokast MH — Haubosee
TOYHBINA reHeTndeckuid mMapkep. IIpu menanome 3TOT moKa-
3aTelb B IIEJIOM BBINIE, YEM TIPH JPYTHX 370KAYECTBEHHBIX
HOBOOOpasoBanusx (Alexandrov etal., 2013). OgHako TecTH-
poBanre MH nMmeeT cylecTBeHHbIN HEN0CTATOK — BEICOKYIO
CTOMMOCTB UCCJIE/IOBaHMS, YTO, HECOMHEHHO, OTPAHIYNBACT
BO3MOXXHOCTU NPUMEHECHHA 3TOT'0 MMOAX04a B pyTHHHOfI Ja-
60opaTopHOIl TMarHOCTHKE.

Beicokas MH, kak npaBuito, CBsi3aHa ¢ HapyIIeHHEM QyHK-
IIUOHUPOBAHUA CHCTEMBI penapanuu. [Ipm memanome oHa
BBI3BaHA JICHCTBHEM YIBTPA(HOIETOBOTO M3IY4YEHHS U CO-
MIPOBOYK/IACTCS CIIEIN(PUUSCKON «MYTallMOHHOH MOAITHCHIO
(Alexandrov et al., 2013). Ha omyxousisix TOJICTOH KHMIIKH
MIOKa3aHO, YTO MAIMEHTHl C MyTalUsIMH B T€HAX CHCTEMBI
penapanyuy HECHapeHHBIX OCHOBAaHMMH, Takux kak MLHI,
MSH2, MSH6 n npyTHx, XapakTepu3yoTcst noBbimeHHoi MH
U HanboJee TyBCTBUTEIbHBI K NUMMYHOTEPANN. BBIsSBICHDI
TaKXKe SMUTCHETHYECKHE MPEIUKTOPEL. AMIUTM(PHUKAINN U
AKTUBHUPYIOIME COMaTHYECKUe MyTaluu B rene EZH?2 xop-
penupytot ¢ yposaeM metunuposanus JJHK, obecnieunBas
SMUTECHETHYECKYI0 MHAKTUBALMIO PSI/Ia TEHOB, BOBJICUCHHBIX B
OILYXOJIEBYIO CYIIPECCUI0, U UMMYHHBIM OTBET IIPU MEJIaHOME
(Tiffen et al., 2016).

B pabote mpoBeseHO cpaBHEHHE ABYX I'PYMIT OOJBHBIX
METacTaTUYECKOM MEIAHOMOU KOXKU C Pa3IU4YHBIM OTBETOM
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Ha MMMYHOTEpanuoo OJ0KaTOpaMu KOHTPOJIbHBIX TOYEK,
JUISL TOTO YTOOBI HICHTH()UIIMPOBATH HOBBIE MPEINKTHBHBIE
9KCTIPECCHOHHBIC OMOMAapKEPBI, & TAK)KE BBISIBUTH TC€HBI, OT-
BCTCTBCHHBIC 34 BOSHHUKHOBCHHC 06’I)GKTI/IBHOFO OTBCTA Ha
Tepanuio y NaueHToB. B nanpHelemM 3To Io3BOIUT paspa-
60TaTh CrI0OCOOBI ONITUMAIBHOTO BBIOOpPA TEparuy B paMKax
MEPCOHAIM3UPOBAHHOIO TTOX0/1a K JIEUEHHIO, 8 TAKIKE MOJY-
JMPOBATh UMMYHHBIH OTBET B LIEJISIX YITyUIICHUSI PE3YIbTaTOB
JIeYeHUsI ”HTHOUTOpaMH KOHTPOJIBHBIX TOYEK.

MaTeleaﬂbI n metogbl

B mccnenoBaHuy MCIIONB30BAHBI PE3YIIBTAThl BBICOKOIIPO-
M3BOAMTEIHLHOIO CeKBeHUpoBaHMs Ha ruiardopme [llumina,
JIETTOHUPOBaHHBIE B 0a3zy maHHBIX mpoekra «The Cancer
Genome Atlas» (TCGA-project). O6miast BBIOOpKa OOIBHBIX
METacTaTUYECKON MeJIaHOMOW KOXKH cocTaBuia 13 manumen-
TOB, TIOJIyYaBIIHX ITTOCIIE XUPYPTHUECKOTO JICUCHHs Mpera-
parsl nnuaIMMyMa0 nin HuUBoTyMad. B anHoTanmy o6pasinoB
MPUCYTCTBOBANIN CBeZieHHs 00 3(pdeKkTuBHOCTH Tepanuu:
yactnuHblid oTBeT (PR), momusni otBet (CR) 1 mporpeccus
3aboneBanust (PD). Beibopka Obliia pasienena Ha ABe TpyIIIIbL:
1) manueHThl, IMEBIINE YaCTHYHbIM WM MOJHBIA OTBET Ha
Tepanuio (py YaCTUYHOM YMEHBIIECHUH PA3MEPOB OITyXOIH
WJIN €€ TIOJTHOM BHIMMOM HCUE3HOBCHHH); 2) MALUCHTHI, y
KOTOPBIX HAONIOAAach OBICTpast IpOrpeccus 3a00JICBaHMS.
D¢ dexTuBHOCTH OTBETa HA TEPANUIO OLIEHMBAJIACH B COOT-
BerctBur ¢ kputepusimu RECIST (Response Evaluation Cri-
teria in Solid Tumors), Ipy 3TOM yUUTHIBaJIACh BO3MOXKHOCTh
BPEMEHHOTO YBEITMUYCHHSI 00bEMa OITyXOJIH BCJIE/ICTBUE MOBBI-
IICHUS COICPKaHMUS KIIETOK MMMYHHOH cucteMbl. OCHOBHBIE
XapaKTEePUCTUKHU NALMEHTOB, BKIIOYEHHBIX B HCCIIEyEMYIO
BEIOOPKY, TIpe/ICTaBICHBI B Ta0I. 1.

Anamu3 nuddepennmansHoi skenpeccnn MukpoPHK n
MPHK mnpoBenen B craructuueckoit cpeae R ¢ ucnonszona-
uueMm nakera DESeq2. [Tomyuenst cricku quddepeHnuansHo
skcnpeccupyembix MukpoPHK u MPHK, ynosnerBopsto-
IUX CJIEIYIOUUM YCIOBUSIM: 1) ypOBEHb JIOCTOBEPHOCTH

Ta6bnuua 1. KnuHrKo-naTonornyeckas xapakTepucTrika aHannsmpyembix o6pasLos

MNaymeHT OTtBeT Ha Tepanuio  [lon Bo3pact Tepanus KnnHnueckas cragmsa OTtBeT
TCGADAA3F2 ...................... p RM55aCT|_A4 ............... I.l.l.b. ......................................... + .......................
TCGAEEAZGS ....................... P szgaCTLA4 ............... |b ........................................... S
TCGAEEA3_]| ......................... P DM4gaCT|_A4 ............... e S
TCGAFRA3YNCRM44aCT|_A4 ............... |b ........................................... + .......................
TCGAGFAgoT ...................... P D>|<5gaCT|_A4 ............... |.|.|; .......................................... R
TCGAGNA4u4 ..................... P RM ........................ 7 3aCT|_A4 ............... I.I; ........................................... + .......................

TCGAGNA4ug ..................... P RM ........................ 7 1aCT|_A4 ............... |.|.|; .......................................... + .......................

TCGAGNASLK ...................... P DM ........................ 7 OaCTLA4 ............... |b ........................................... S

TCGAGNASLN ..................... P RM68aCTLA4 ............... |.|;_ ........................................... + .......................

TCGAQBAAgo ..................... P DM ........................ 7 3aCT|_A4 ............... |.|.|; .......................................... R
TCGAWEA3K5 ...................... P DM55aCT|_A4 ............... |.\., ............................................ R
TCGAWEAgzN ..................... P DM57aPD1 ................... I.I.l.). .......................................... S
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‘A
a
b
=
m
>
>
>
o
e
o
=<
D
~N

CucremHas 6uonorus n 6romeguumnHa

BaBuNOBCKMI XKypHan reHeTUKn n cenekuyumu « 2017 <21+ 8



Expression profiles in malignant melanoma
patients according to immunotherapy response

(p-3HavueHue) ¢ KOPPEeKIUe cpeTHed TOMU JTOKHBIX OTKIO-
nennii (FDR-corrected p-value) menee 0.05; 2) mapametp
nopora ntuddepennmansaoi sxcnpeccnu (log2FoldChange)
mo moyitto 6ostee 1.0.

Hanee mns xaxnoit mukpoPHK u3 nonyuenHoro cnucka
uneatuunuposarn MPHK-mumenn. C 3Toi 1ENBI0 IPOBE-
JieH aHanu3 6a3 nanabix: miRDB (http://mirdb.org/download.
html) m microRNA.org (http://www.microrna.org/microrna/
getDownloads.do). [Tomyuennstii cimcoxk MPHK-norenimans-
HBIX MHIIICHEH COMOCTABUIIM CO CIIUCKOM AU HepeHIIHaTbHO
skcrpeccupyembix MPHK B cpaBHMBaeMBIX rpymmax 00ib-
HbIX. bputn BeIOpanst Tonsko Te MPHK, KoTOpBIE TprcyTCTBO-
BaJIM B 000MX CIMCKaX M U3MEHEHHE JKCIPECCUHM KOTOPBIX
UMEJIO Pa3HOHAIPABICHHBINH XapaKTep IO OTHOIIEHUIO K
cootBercTByole MukpoPHK. Mcnonb3oBanubiii moaxon
MIO3BOJIMJI BBIOPATH UIsl AIbHEHIIIEro aHaln3a CpPean BCeX
npeackazaHabix MPHK-MumeHeit Harboree J0CTOBEpHO CBsI-
3aHHBIC C MOJICKYJIIPHBIMH MEXaHHU3MaMH, OTBETCTBCHHBIMHU
32 4yBCTBUTEILHOCTh HJIM PE3UCTEHTHOCTD KIIETOK MEJIAHOMBI
K UMMyHoOTepanuu. ClIeayeT OTMETUTb, YTO IPHU HEOOIIBIIIOM
pa3Mepe BBIOOPKH HEOOXOIMMO paccMaTpuBarh TOJIBKO H3-
MEHEHHUS, IEMOHCTPUPYIONINE BbICOYAWIINE 3HAYCHHUS JI0-
cToBepHOCTH. [IpoaHanu3upoBaHb! (YHKIIMH BBISBICHHBIX
TEHOB JIJIs OLICHKH MX POJIM B MEXaHN3MaX, 00€CIEUHBAIONIIX
YyBCTBUTEIBHOCTb MJIM YCTOHYMBOCTh K IMMYHOTEPAITUH.

Pe3ynbratbl
[IpoBeneH OMOMH(pOPMATHICCKUI aHAIN3, HATIPABJICHHBIH Ha
MTOWCK B 00pasnax 3JI0Ka9eCTBEHHON MeITaHOMBI TudQepeH-
[IMATIBHO 3KcnpeccupyeMblx MUKpoPHK 1 mx reHoB-mumre-
Hel, KOTOpbIE OTJINYAOT MAIMEHTOB, IEMOHCTPUPYIOIIUX 00b-
eKTHBHBIN JIeueOHBIH 3(phekT IMMyHOTepariy, OT TAalHeHTOB
6e3 3HaunMoro oreeta. Mnentudunuposan psg MmukpoPHK,
YAOBIIETBOPSIIOIINX YCJIOBUSIM OTOOpA, ¥ BBISBICHBI ITOTEH-
nuaiapasie MPHK-Mummenwn (Tabm. 2).
buonnpopmaTniyecknii MOUCK TeHOB-MHILEHEH, pery-
JMPYEMBIX BBISBICHHBIMU HaMu MapkepHbIMH MUKpOPHK,
MIPOBEICHHBIN C HCIIOIb30BAHUEM JIBYX Pa3HbIX 0a3 JaHHBIX,
miRDB u microRNA.org, mo3Bosmi uaeHTHGUIHPOBATH
JIEBSITh TCHOB (TabI1. 3).

Iepeunciennsle B Ta0. 3 TeHBI BOBJICUCHBI B Pa3INYHbIE
KJIETOYHBIE TIporiecchl. DYHKINU HEKOTOPBIX U3 9THX TCHOB
JIO CHX TOp JIETAIBHO HE U3BECTHBI.

I'en GPR22 (G Genok-cuerieHHbIH pernentop 22) pac-
MOJIOKEH Ha JJIMHHOM IIeYe XPOMOCOMBI 7 B peruone 22.3
(7922.3), ero OeJIKOBBII MPOAYKT MPUHAIICIKUT K CEMEUCTBY
penentopoB | u cBsa3aH ¢ G-0eTKOM-penenTopoM; (pyHKITHH
GPR22 ne nzsectnsl (O’Dowd et al., 1997).

docdonunaza C, komupyemasi reHom PLCXD3, nokaiu-
30BaHHBIM Ha KOPOTKOM TIJIeue XpOMOCOMBI 5 B obmactu 13.1
(5p13.1), oTHOCHTCS K cyniepceMeicTBy (hochOnHO3UTH ICTIC-
muduyeckux ¢pocdonunaz C, perynmpyeMbix perenTopom
thochommacTepassl. Pochonumazsl C IPUHAMAIOT ydacTre
B PETYJSIIIMN YPOBHSI IIUTO30JIHOTO KaJIBIMS U AKTHBHOCTH
nporeunkunas (Gellatly et al., 2012). JleranbHo QyHKIMU
rera PLCXD3 He n3y4eHsl, OTHAKO KOTUPYEMBIH UM (pepMEHT,
MIPE/IIOIOKUTEIEHO, BIMSACT HA AKTHBHOCTh MHOTHX OEJIKOB
knetku (Katan, 2005).

T'er MYT]1L (MuennHOBBIN TPAHCKPUIIIMOHHBIN (hakTop 1)
PAacIoJIOKEeH HAa KOPOTKOM IIEYe XPOMOCOMEI 2 B 00acTu 25.3
928
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(2p25.3), xonupyet O€JIOoK, CoAep KAl MOTUB LINHKOBOTO
majbia. DTOT 0ok (YHKIIMOHHPYET B pa3BUBAIOIICHCS
LEHTPaJIbHON HEPBHOW cHCTEME MIICKOTIMTAIONIHX. B sKcie-
PUMEHTAJIBHBIX YCIOBUAX 3Kcnpeccust MYT1L B codeTaHuH ¢
OCHOBHBIM (DaKTOpaMH TPAHCKPHIIIUH THIA CIIUPATb-TIETIIs-
CIHPAJIb MOXKET MPe00pa30BhIBATh yenoBeueckue Gpudpoodia-
CTBI B MHAYIIMPOBaHHbIE HEHPOHBI, KOTOPBIE CIOCOOHBI IeHe-
pupoBath moteHuans! aericteus (Pang et al., 2011; Yoo etal.,
2011). Hanusle o BoBeueHHOCTH M YT/ L B UMMYHHBIE peak-
ILIUH WJIH B TIPOIIECC KaHLIEPOTeHe3a B INTEPaType OTCYTCTBYIOT.

Bermokx A4 cemeiicTBa MEpPEeHOCYNKOB PACTBOPEHHBIX Be-
mecTB 24 kogupyercsi reHoM SLC24A44, nokaan30BaHHbIM Ha
JUTMHHOM T11eue XpoMocoMbl 14 B peruone 32 (14q32). On
MPUHAUIEKHUT K CEMEHCTBY MEPEHOCUYNKOB PACTBOPEHHBIX
BemiecTB. B uactHocTH, SLC24A4 cB3aH ¢ TpaHCIIOPTOM
IJTIOKO3BI U IPYTUX CaxapoB, OPraHUYECKUX KUCIOT, MIOHOB
MeTaJuIoB ¥ aMuHOB. [TokazaHo, 4To Tpu monumopusMa B
rene SLC24A44, a umenno: rs28777, rs35391 u rs16891982,
ACCOIMMPOBAHBI C MMOBBIIIEHHBIM PHCKOM Pa3BUTHS 310Kaye-
ctBerHO# MenmanoMmel (Duffy et al., 2010).

B obnacTi IMITPUHTHPOBAHHBIX TEHOB Ha KOPOTKOM ITJIede
xpoMocomsl 11 B peruone 15.4 (11p15.4) pacnonaraercs ren
PHLDA2 (TSSC3). DTOT pernoH CONEpKHUT KIacTep TeHOB-
CYIIPECCOPOB OIyXOJIEBOTO POCTA, U3MEHEHHS B KOTOPOM
MOT'YT OBITh CBSI3aHBI CO MHOTUMH BUIAMH PaKa, TAKUMH KaK
KapIMHOMA Ha/IMOYEYHNKA, PAK JIETKUX, IMYHUKOB U MOJIOU-
HoOM xene3sbl (Schwienbacher et al., 1998; Miiller et al., 2000).

T'en LIN28A nokanuzyercs Ha KOPOTKOM ILJIeYe XPOMOCO-
Mel | (1p36.11), komupyeT cyosemuanity PHK-cBsa3pBarormero
6enka LIN28A/LIN28B, perynupyiomero, B 4aCTHOCTH,
ouorenes mukpoPHK cemeiicTsa let-7, 00pasyromux peryisi-
TOpHYIO NeTo. [Ipy 3mokauecTBEHHBIX HOBOOOPA30BAHMAX
4acTO HAOONACTCs MOBBIMICHHAs dKcnipeccus LIN28A, dato
MOXET OBITh ACCOI[MUPOBAHO C IOTIOJHUTEIILHON aKTHBAIHCH
onkoreHoB RAS, MYC n HMGA?2, a Taxoke ¢ '3SMEHEHUSIMU B
KJICTOYHOM MeTabonu3Mme, ponudepannei, aHrnoreHe3om,
MPOIECCaMU MPOrPAMMHPYEMON KIICTOUHOM THOEIIH, TCHOM-
HOH HECTaOMIBHOCTHIO, BOCIIAJICHUEM B 30HE OITyXOJIH, METa-
CTa3MpOBaHUEM. B COBOKYITHOCTH 3TH M3MEHEHUS IPHBO-
JIIT K IMMOPTAJIM3aI|H 3JI0KaUYeCTBEHHBIX KJIETOK U «YCKOJIb-
3aHMIO» OT MIMMYHHOM cucTeMbl. IIokasaHo Takxke, 4TO IO-
BBIIIEHHAs 9KcTipeccust LIN28A koppenupyet ¢ Henaromnpu-
SITHBIM [IPOTHO30M IIPH PSIJIe OHKOJIOTHUECKUX 3a001eBaHUI
(Wang et al., 2015).

MenaHoCOMaIbHBIH TpaHCMEMOpaHHBIA OEOK, KOIUpYy-
emblii reHoM OCA2, pacnonararomyuMcs Ha JUIMHHOM Iuiede
xpomocomsl 15 (15q12-q13.1), ssBisieTcst BBICOKO mOTUMOopd-
HBIM 1 (DYHKIIMOHAIBHO CBSI3aH C TPOIIeCCaMy ITUTMEHTAIHH.
Psin monumopdHbIX BapuanToB rena OCA2 y 4enoBeka urpaet
POJIb B OIIPEAEIEHIH HOPMAJIbHBIX (PEHOTUIIMYECKHUX BapHa-
I [BeTa Iiasza, a HEKOTOPbIE M3 HUX aCCOIMHUPOBAHBI C
puckoM Bo3HUKHOBeHHUs1 menaHombl (Hawkes et al., 2013).
[Toxazano, uto cHIKeHHas dKcnpeccust reHa OCA2 xoppe-
nmpyer ¢ nporpeccueii menanomsl (Ryu et al., 2007).

WnentndunupopanHbie B JaHHOU padote reHbl BANKI u
RYR?2 BOBJIEUEHBI B MPOIIECCH BHYTPHKICTOYHON Tepenadn
kanbiust. [omnepixanue Gananca Ca?" BHYTPHKIECTOYHOTO
cBoGoaHoro kapuus (Ca2"), B ToM yncie paboTa KalbLHUeBbIX
KaHaJIOB, UTPAET OOJNBIIIYIO POJIb B PEAT3ALIMH MHOTHX JKU3-
HEHHO BaKHBIX (DYHKIIMH KIETKH U HEOOXOANMO JUTS TIPOITH-

Systems biology and biomedicine



DKCNPECCHOHHDIV MPOodUIb 60IbHBIX 310KAaYeCTBEHHOW
MeflaHOMOW B 3aBUCMOCTY OT OTBETA Ha IMMYHOTEPanuio

2017
218

E.H. NlykbaHoBa, M.C. ®epoposa, E.A. lMypoBa ...
A.B.JlnunatoBa, A.C. 3acenatenes, A.B. Kyapasuesa

Ta6nuua 2. Cncok MMKpoPHK, anddepeHumanbHo SKCMPecCcrpyowmxca B ONyxXoneBblX TKaHAX MeNaHOMbI KOXM

1 UX FeHOB-MULLIEHEN

MUKPOPHK

log2FoldChange

FDR-corrected p-value

[eHbl-MULLEHN

(eparmu u Murpauun. HapyuieHue 3TuX mporeccoB CBsI3aHO
C psizioM 3a00J1€BaHNH, B TIEPBYIO OYEPEb OHKOJIOTHUECKHX.

I'en BANK! (B-kneTo4HbIH KapKacHBIH OEJIOK ¢ aHKHPH-
HOBBIMH ITOBTOPHOCTSIMH 1) TOKaJTM30BaH Ha JUTMHHOM IIeue
xpomocoMmsl 4 (4q24). Kogupyemsrit 1M OeTKOBBIH MPOTYKT
(DYHKIIMOHUPYET B Ka4eCTBE BXKHOH a/IalTePHOI MOJIEKYJIbI,
CBA3BIBAETCA C B-KJIETOYHBIM PELEenToOpoM, TMOCcie 4ero B
B-kieTkax 00pa3yroTcst BHyTPUKIIETOYHBIE BTOPUYHBIE MEC-
CCH/DKEPBI, UTO MPUBOANUT K MOOMITM3AIINY KaJIbIIMs U3 BHYT-
puKIieToYHbIX XpaHunuil (Aiba et al., 2006). Ycranosiena
accoranys reaa BANK | ¢ maToreHe30M ayTOMMMYHHBIX 3a-
OorneBaHMii, TaKMX KaK CHCTEMHast KpacHast Boyrdanka (Kozyrev
etal., 2008) u ayroummyHHbIi THpeouut (Muhali et al., 2013).

Kommpyrommii petienirop puanonuna 2 reH RYR2 nokanusy-
eTcs Ha JUIMHHOM IIiede XpoMocoMsl | B o0mactu 43 (1g43).
benkoBbIil MPOAYKT JAHHOTO IreéHa — OJIMH U3 KOMIIOHEHTOB
kajprueBoro kanana (Benkusky et al., 2004).

O6cyxpeHue

Haunbonee >¢p¢pexTuBHBIM crIOCOOOM MOWCKA MPETUKTOPOB
OTBETa HA JICKAPCTBEHHYIO TEPAITUIO CUUTACTCS COMOCTaBIIE-
HHE Py NAlMeHTOB, Pa3IMYaroIXcs 110 3Q(HEeKTHBHOCTH
nedenus. Jlaxe B ciTyyae IPUMEHEHNS TAPTeTHBIX PETIapaToB
C 3aBE/I0MO U3BECTHOM MOJIEKYIISIPHOI MUIIICHBIO MOTYT OBITH
BBIABJICHBI JOITOJTHUTEIIbHBIC TPEAUKTOPHBI OTBETA. Haan/IMep,
mpu pa3paboTke npenapara Kpu3oTHHUO, nHrnomTopa MET,
0Ka3aJI0Ch, YTO TIPETUKTOPOM OTBETA HA TAPTETHYIO TEPAITHIO
ANCHOKAPIUHOMBI JICTKOT'O SBJIACTCA HAJIUYNEC TPAaHCIOKAIIUN
rena ALK.

[Ipu cpaBHEeHMHU OBYX TpymIl OOJBHBIX 370Ka4eCTBEHHON
MeﬂaHOMOﬁ, paszanvaromuxcs 1mo 4yBCTBUTCIBHOCTH K UM-
MYyHOTEpanuu, HaMH omnpeaeneHsl auddepernnanbHo IKe-
npeccupyemsle MUKpoPHK, a nanbHemmii aHatn3 No3BoIUI
l/I[leHTI/Iq)I/II_II/IpOBaT]) HUX T'CHBI-MUIICHU, TAKKC XapaKTe-
pusyromuecs auddepeHnnansHoi akcnpeccueit: GPR22,
PLCXD3, MYTIL, BANKI, SLC24A4, PHLDA2, LIN28A4,
OCA2 v RYR2.

o nuTepaTypHBIM JaHHBIM, HICHTH()UIIMPOBAHHAS HAMU
rpymma renoB (GPR22, PLCXD3 w MYT1L) u3yueHa kpaiine
c11a00. J171st HEKOTOPBIX U3 TIEPEUNCIICHHBIX T€HOB OTCYTCTBY-
0T CBEJICHUS O (PYHKIMAX OEIKOBOTO NMPOIYKTA UM YPOBHE
9KCTIPECCUH NPH PA3IMYHBIX ITaTOJOTMYECKUX COCTOSHUSX.
OrpanndeHHas WHPOPMAIHI MOXKET OOBSCHSITHCS, HAIPHU-
Mep, KpaiHeW TKaHeCTeIN(UIHOCTHIO IKCIPECCHU T'eHa
7100 TEM, UTO OH AKCIPECCHPYETCS Ha OYeHb KOPOTKOM 3Ta-
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Ta6nuua 3. MI3MeHeHVA 3KCNPeccum reHoB, Perynpyembix
nccnegyembimyi MrKpoPHK, B rpynne naumeHToB
C 0ObEKTMBHbBIM OTBETOM Ha UMMYHOTEPANUIo

leH-muLIeHb Log2FoldChange FDR-corrected p-value
OCA2_6088176199281E_05 ............................
5Lc24A4_44430780933115_05 ............................
pHLDA2_3337098901 ................. 1615_07 ............................
BANK1 ........................ 26733975653975_06 ............................
RYR2 .......................... 4 2290184766995_05 ............................
GPR22 ........................ 5116691047355_06 ............................
pLCXD3 ...................... 6 48759 3 377 ................ 1 3 9 E_05 ............................
L/Nng ....................... 8 5035991554775_07 ............................
MYT”_ ........................ 9 4479908722715_09 ............................

TIe OHTOTEHE3a ¥ Ha HU3KOM YPOBHE. BO3MOXXHO Tarke, 4To
TEeH IPOU30LIEN B pe3yJbTare TyTUIMKAlNH, y HETO €CTh P
POACTBCHHBIX T'€HOB, CIIPABJIAIOIINUXCA C HeO6XO[lI/IM])IMI/I
OPTaHU3MY M MCXOIHO BO3JIOKCHHBIMHU Ha HETO (DYHKIHAMHU.
DTO MO3BOJISIET TEHY TOCTENEHHO TMBEPTUPOBATh U MPHOO-
pECTH JIOTIOIHUTENbHBIE CBOWCTBA, 00ECIIEUHBAIOIIIE CBSI3b
C UMMYHHOW CHCTEMOI M ONOCPENYIOLINE CTENEHb OTBETA
KJIETKH HA IMMYHOTEPAITHIO.

WnentuunyposanHsle B pesyasrare OnonHdopmarude-
ckoro a"anuza reusl SLC24A4, PHLDA2, LIN28A u OCA2
MIPOJIEMOHCTPHPOBAIIN BOBJIEYEHHOCTD B ITPOIECCH OHKOTe-
HEC3a, HO UIsd MHOT'MX M3 HUX HCT AOCTATOYHOT'O KOJIMYCCTBA
JUTEPATYPHBIX TAHHBIX IS MPOBEIEHUS IMOJHOIEHHOTO
aHanm3a. Tem He MeHee Jaxke Mo UMEIoLIeHcst nHpOopManu
BU/IHA QYHKIMOHAIbHAS CBSI3b HICHTH()UIIMPOBAHHBIX TCHOB
C KaHIIeporeHe30M Ipu Menanome. Hampumep, rern LIN28A
y4YacTBYeT U B OHKOTEHE3E, 1 B IIPOIIECCaX UMMYHHOTO OTBETA,
B TO BPEMs KaK OIPCACIICHHBIC HACJICACTBECHHBIC BaApUAHTHI
reHa OCA2 cBs3aHBI C TOBBIIIEHHBIM PHCKOM BO3HHKHOBE-
HUSI MeJTaHOMBL. B pa0ore, MOCBSIIIEHHOW MMMYHOTEpanuu
OHKoJIornueckux 3adonesanuii (Yang et al., 2013), npoBeneHo
CPaBHEHHE Pa3IMYHBIX KOMOWHAIMH IUTOKWHOB C IIEIBIO
noiay4eHus: reHHo-uHxkeHepHelx CD8+T-knerok. HMccneno-
BaTeJIM MONBITAJIKMCH CO3aTh MeHee quddepeHnpoBaHHbIe
nporuBoormyxonesbie CD8+T-kieTku ex vivo, 3akiabiBast
OCHOBY /ISl JTAUIbHEHIIIETO Pa3BUTHS OHKOMMMYHOTEPAIHH.
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OOHapyXeHO, 4TO TOJ[ BO3JAEHCTBUEM CMECH IUTOKHMHOB
aKTUBHPOBAJIACh dKcTpeccrs reHa LIN28A.

V3meHeHus B 3KcIpeccHu OEIKOB, yUacTBYIOMINX B MPO-
1ecce NPOABMIKEHHS KaJIbIHs Yepe3 IIa3MaTHUECKy0 MeM-
OpaHy ¥ KJIETOYHBIE OpPTaHEIUIBI, HICHTU(PHUIUPOBAHBI TIPH
Pa3IMYHBIX 37I0Ka4eCTBEHHBIX HOBOOOpa3oBauusx (Monteith
et al.,, 2012). B HEKOTOPBIX CiIy4asX KaJbI[HCBbIC KaHAJIbI
paccMaTpHBaIOTCS B KAY€CTBE MOTEHIMAIBHBIX TEPAEBTHYC-
CKUX MHIICHEH JUISl ONPE/ICIICHHBIX HO30JIOTHUECKUX (OpM,
a YPOBEHb UX IKCIPECCUU YaCTO KOPPEIUPYET C MPOrHO30M
3aboneBanust. HakonneHHbIE JAHHBIE CBUIETENBCTBYIOT O TOM,
YTO KaJIbLIEBas CHTHAIM3ALUSI UTPAET BXKHYIO POJIIb BO MHO-
I'MX KJIETOUHBIX MPOIeccax, B TOM YHCJIE 3JI0KaueCTBEHHOI
Tpanchopmanuu u noxnepxannu uMMmyHuTera (Hanahan,
Weinberg, 2011). [Tomy4yeHubie HaMH pe3yJIbTaThl IEMOHCTPH-
PYIOT 3HAUUTENBHBIE PA3JINYHMs B YPOBHSIX IKCIPECCHU TEHOB
BANKI v RYR2, B 3aBUCHMOCTH OT CTENIEHH OTBETA OOIBHBIX
MeNIaHOMOW Ha IMMYHOTEPAITHio. DTOT (haKT OTKPHIBACT BO3-
MOXXHOCTb MX HCIIOJIb30BaHMs B Ka4€CTBE MPEIMKTUBHBIX
MapKepoB, a TaKkKe MOTBEPKIAET POJIb KAJIBIIMEBOr0 OalaHca
IIPY HOPMAJIBHBIX M MTATOJIOTHYECKUX COCTOSTHUSIX OPTaHU3Ma.

YcraHOBIICHBI Pa3vyusl Ha YPOBHE 3KCIIPECCHUU TE€HOB,
KOTOpBIE MO3BOJISIT OOJee AeTalbHO IMPOAHATM3HPOBATh MO-
JIEKYJISIPHBIC MEXaHU3MBI, ONPEIEISIOINE TyBCTBUTEIILHOCTh
WJIN PE3UCTEHTHOCTD KJIETOK 3/I0Kau€CTBEHHOHN MEJIaHOMBI K
JEUCTBHUIO NMMYyHOTepanuu. [IpeoxkeHb! 3KCIIPECCHOHHBIE
Mapkepsl Ha ocHoBe MPHK u muxpoPHK, xotopsie nocne
JlaJibHeHIed anpobauu MOTyT ObITh MCHOJIB30BaHBI KaK
MIPENKTOPBI OTBETA OIYXOJIEH 37I0Ka4eCTBEHHON MEJIaHOMBbI
Ha UMMYHOTEPAIHIO HHI'MOUTOPAMHU KOHTPOJIBHBIX TOUCK.

Cpenu mapkepoB MPHK Bb1/1eI€HO ATH TE€HOB, SKCIIPECCHS
KOTOPBIX yBEIMYHMBAETCs OoJiee ueM B ueThIpe pasa. [Ipume-
HEHHE B KaYE€CTBE MAapKepa IMOBBIIICHNS YPOBHS SKCIIPECCUHT
(a HE MOHMKEHUS) TPAIUIIMOHHO CUUTACTCs 00Jiee YIOOHBIM
B 1a0OpaTOPHON MpakTHKe. DTO MO3BOJSET MCIOIH30BATH
JUISl aHAJIM3a MEHbIIIee KOJIMIECTBO UCXOAHOTO MaTepHana u
TOYHEE MHTEPIIPETUPOBATH MOJTyUYSHHBIE PE3YyJIbTaThl TECTOB.

BrisiBnenne Heckonbkux MUKpOPHK co 3HaunTenbHbIM
N3MECHEHHEM COJICp)KaHHs B OITyXOJICBOH TKaHH MALMCHTOB,
M0-pa3HOMY OTBEYAIOUIMX HA UMMYHOTEPAIIUIO, TO3BOJISIET
HaJIesIThCs B Oy/IyIieM Ha BO3MOXKHOCTD IEpexo/ia Ha HEWH-
Ba3UBHYIO JHarHOCTHKY.

bnarogapHocTn
Pabora BeinoHeHa mpu (huHAHCOBOM oiepxke Poceniicko-
ro HayuHoro ¢ouna (rpant Ne 14-35-00107).

Astopsr onarogapsat LUKIT «'erom» MHCTHTYTAa MOTEKY-
nspuoi 6monornu PAH (http://www.eimb.ru/rus/ckp/ccu
genome_c.php) u OO0 «MuuTHyM-Dapm» 32 BO3SMOKHOCTh
UCTIONIb30BAHMUS BBIYUCIUTEIBHBIX MOIIHOCTEH.
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