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KomnnekcHbIl aHanus memunupoeaHus 2eHo8 p53-pecnoH3u8HbIx MUKpoPHK
u mymayuti 2eHa TP53 npu oue¢py3Holi B-kpynHokiemoyHolu numgome
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AkTyanbHocTb. CpaBHeHMue sKkcnpeccun MKpoPHK B onyxoneBorn TKaHy NMMM$OM 1 HOpManbHOW NMMQOVAHON TKaHW BbIABUIIO
CHVXXeHVe YPOBHA 3Kcnpeccnmn paga p53-nHAyLMpyemMbIX OHKOCYMPeCCOPHbIX MONeKy N, Taknx Kak MUKpoPHK-34a, mnkpoPHK-34b/c,
MUKPOPHK-129 1 mnkpoPHK-203, koTopoe noMuUmo mMyTaumii B reHe TP53 MOXeT 6bITb Bbl3BaHO abeppauuaMy B yYacTKax reHoma,
Koampyowmnx camm MuKpoPHK.

Lienb. lNpoBecT KOMMNIEKCHbIN aHanmn3 MeTUINPOBaHUA reHoB p53-pecnoH3nBHbIX MUKPOPHK MIR-34A, MIR-34B/C, MIR-203 v MIR-129-2
1 MyTaumii reHa TP53 npu anddysHol B-kneTouHow KpynHokneTouHon numdome (JBKK).

MeTogapl. [MpoaHanu3nposaHo 73 obpasua AHK, BbiaeneHHon 13 onyxoneBoi TkaHu naumeHTos ¢ [IBKKJ/1. MeTogom KanuanapHoro npsamoro
cekBeHvpoBaHua no CaHrepy onpepeneHa HykneoTuaHasA nocneposatenbHocTb IHK-cBA3bIBatoLLero fomeHa reHa TP53. Onpenenexve
CTaTyca MeTUNMPOBAHVA OCYLLECTBAANN MeToaamun meTun-cneundunyHon MUP (ana MIR-203 n MIR-129-2) n MeTnn-4yBCTBUTENBHOIO aHanv3a
KpWBbIX MaBneHNA BbICOKOro paspetueHus (ana MIR-34A n MIR-34B/C) c npumerermnem [1HK, noasepriuelica 06paboTke bucynbdrtom HaTpus.
Pesynbratbl. Yactota metunnposaHuna reHos MIR-34A, MIR-34B/C, MIR-203 n MIR-129-2 n myTtaumn B reHe TP53 coctasuna 27%, 62%,
66%, 67% 1 25%, COOTBETCTBEHHO. MeTUAnpOBaHMe aHann3npyemMblX reHoB p53-pecnoH3nBHbIX MUKPOPHK 1 myTauuu B reHe TP53 B
onyxoneso TkaHu [IBKKJ1y 6onbLueit 4acT naumneHToB NMeNn TEeHAEHLMIO K B3aMMHOMY UCKoYeHIo. [oKka3aHa 3Haummasn accoumauma
(p<0,05) mexay meTnunpoBaHmem reHoB MIR-203, MIR-129-2 v MIR-34B/C, a Takxe napoit MIR-34B/C n MIR-34A. B 14% cnyyaeB umeno
MeCTo MeTUnpoBaHue Bcex 4, a B 47% — 3 npoaHan3npoBaHHbIX FeHOB.

BbiBogbl. Hapagy c myTaumamu B reHe TP53, abeppaHTHOE METUIMPOBAHUE MOXET ABMATHCA CAMOCTOATENIbHON NMPUYNHON CHUXKEHUA
sKcnpeccnumn MukpoPHK-34a, mukpoPHK-34b/c, MukpoPHK-129 n mukpoPHK-203. MeTtunuposaHue reHos MIR-34A, MIR-34B/C, MIR-203
1 MIR-129-2 B onyxoneBoii TkaHy [1BKKJ1 B 60/bLIMHCTBE CllyyaeB HOCUT COYETAHHDBIN XapaKTep.
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[Ana untnposanma: Boponaesa E.H., Nocnenosa T.W., YypknHa MU, Typaxesa A.A., Boesoga M.WN., Makcumos B.H. KomnnekcHbIl aHanu3 meTtu-
JIMPOBAHUA reHoB p53-pecrnoH3nBHbIX MUKPOPHK 1 myTaumin reHa TP53 npu guddysHoi B-kpynHokneTouHon numbome. MeduyuHckas 2eHemuka
2022;21(11): 62-66.

ABTOp Ansa KoppecnoHgeHuun: Boponaesa E.H.; e-mail: vena.81@mail.ru

(DuHaHcpoBaHme. VccnefjoBaHve BbINOHEHO 3a cYeT rpaHTa Poccuiickoro HayuHoro doHaa N2 22-25-00222.
KoH$nuKT nHTepecoB. ABTOPbI 3aABNAIOT 06 OTCYTCTBUUN KOHPMKTA MHTEPECOB.

Moctynuna: 20.10.2022

Complex analysis of p53-responsive microRNA genes methylation and TP53 gene mutations in
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Relevance. Comparison of microRNA expression in lymphoma and normal lymphoid tissue revealed a decrease in the expression
level of a number of p53-induced oncosuppressive molecules, such as miR-34a, miR-34b/c, miR-129 and miR-203, which, in addition to
mutations in the TP53 gene, can be caused by aberrations in the genome regions encoding the microRNAs themselves.

Purpose. To carry out a comprehensive analysis of the p53-responsive microRNAs genes MIR-34A, MIR-34B/C, MIR-203 and MIR-129-2
methylation and mutations of the TP53 gene in diffuse large B-cell ymphoma (DLBCL).
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Methods. 73 samples of DNA isolated from tumor tissue of patients with DLBCL were analyzed. The nucleotide sequence of the TP53
gene DNA-binding domain was determined by capillary direct Sanger sequencing. The methylation status was determined by methyl-
specific PCR (for MIR-203 and MIR-129-2) and methyl-sensitive analysis of high-resolution melting curves (for MIR-34A and MIR-34B/C)
using DNA treated with sodium bisulfite.

Results. The frequency of MIR-34A, MIR-34B/C, MIR-203 and MIR-129-2 genes methylation and TP53 gene mutations was 27%, 62%,
66%, 67% and 25%, respectively. Methylation of the analyzed genes of p53-responsive microRNAs and mutations in the TP53 gene in
the tumor tissue of DLBCL in the most patients tended to mutual exclusion. A significant association (p < 0.05) was shown between
the methylation of the MIR-203, MIR-129-2 and MIR-34B/C genes, as well as the MIR-34B/C and MIR-34A pair. In 14% and 47% of DLBCL
cases all four genes and three of the analyzed genes were methylated, respectively.

Conclusions. Along with mutations in the TP53 gene aberrant methylation may be an independent cause of decreased miR-34a, miR-
34b/c, miR-129 and miR-203 expression. Methylation of the MIR-34A, MIR-34B/C, MIR-203 and MIR-129-2 genes in the tumor tissue of

DLBCL in most cases is of a combined nature.
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BeBepgeHune

nddysHas B-kiierouHas KpynHOKIETOUHAS JIUM-

¢doma (ABKKJI) siBasiercst Haubosiee pacnpocTpa-

HEHHBIM TUIIOM arpecCHBHBIX HEXOIKKMHCKUX

JI0KaYeCTBEHHBIX JINM(MOM, MOJIEKYJISIPHO-TEHETUYECKIE

MeXaHU3Mbl (POPMHUPOBAHUS U OITyXOJIEBOM MPOrpecCum
KOTOPBIX aKTUBHO M3y4alOTCSI.

CpasHeHue akcnpeccun MmukpoPHK B onyxoneBoii
TKaHM JUMGbOM U HOPMaJIbHOM JIMM(bOUIHON TKAHU BbI-
SIBUJIO CHUXKEHME YPOBHSI 3KCIPECCUM psina pS3-uHIY-
LIUPYEMBIX OHKOCyIpeccopHbix MUKpOPHK, Takmx kak
mukpoPHK-34a, MukpoPHK-34b/c, mukpoPHK-129
n MmukpoPHK-203 [1, 2]. B xonupyomux ux reHax pac-
MOJIOXEHBI PS3-pecroOH3UBHBIC 3JIEMEHTBI, CBS3bIBAsICh
C KOTOPBIMU 0€JIOK MHAYLUPYET UX TpaHCKpUIuio |3, 4].
B perynsiuuu akenpeccun MukpoPHK-203 p53 yuacTtByer
MyTeM YCKOPEHMUSsI MpoleccuHra [4].

Mytauuu B reHe 7P53, OTBETCTBEHHOM 3a CUHTeE3 OeJI-
Ka p53, npHu 310KaueCTBEHHBIX HOBOOOPA30BaHUSIX YeJI0-
Beka B 95-98% ciryyaeB Haxonsitcst B J1HK-cBsi3biBatoliemM
JIoMeHe (3K30HBI ¢ 5 110 8), KoTopbliii KoHTakTupyeT ¢ JHK
M TIO3BOJISIET aKTUBHMPOBATh TeHbI-MUIIIeHU. HenaBHo mosi-
BUJIMCh JaHHBIE O TOM, YTO TPAHCKPHUITIIMOHHO HEaKTUBHBIC
MYTaHTHBIE BAPMAHTHI P53 MPEISTCTBYIOT (DYHKIIMOHATBHOM
cbopke komIuiekca ¢ Drosha, urpatoiiiero OCHOBHYIO POJib
B MHULIMauuu npoueccuHra MUukpoPHK B sipe. B vact-
HOCTH, MyTallM¥ B «ropstanx» Toukax p.R175H u p.R273H
KOPPEJUPYIOT C KpaliHe HU3KOI akTMBHOCTBIO Drosha [5].

boabmmHcTBO reHoB Mukpo-PHK oGHapyxeHO
B CpG-0oraTbIx permoHax, 1 abeppaHTHOE METUJIMPOBaHUE
MOXET MMETh BaXKHOE 3HaYeHUE B HAPYIIEHUU UX SKCIIPEC-

CUM TIpU onyxoJisix [3, 4]. 3HaHus 06 yuactun MukpoPHK
B JIMM(oOMOreHe3e HaKarIMuBarOTCsl OBICTPBIMU TEMITAMH,
OIHAKO JaHHbIE IO YACTOTE U CHEKTPY METUIMPOBAHUS
KOIMPYIOIIUX UX TEHOB MPpH JIMM(MOMax BECbMa CKyIHBbIE.

Ilean: mpoBecTU KOMITJIEKCHBIM aHAIU3 METUIUPO-
BaHUS TeHOB pS3-pecnoH3uBHBIX MUKPOPHK MIR-34A,
MIR-34B/C, MIR-203 v MIR-129-2w mytauuii reHa TP53
npu IBKKII.

MeToabi

IIpoananusupoBaHo 73 obpasua JHK, BoimeneH-
HoI1 13 onyxoneBoi TkaHu mauueHToB ¢ JIBKKIJI. Cpe-
[ TALIMEHTOB ObUIO 36 MYXUMH U 37 XEHIIUUH, CPEIHUIA
Bo3pacT coctaBuia 53,7+15,2 ner. MeToaoMm Kanuiisp-
HOTO TIPSIMOTO CeKBeHMpoBaHMs mo CaHTepy Ha arma-
pate Hitachi 3500 Genetic Analyzer onpeaeneHa HyKJIe-
OTUIHAas MmocjaenoBaTebHOCTh TP53 (3k30HBI 5—10).
BucynsputHyio konBepcuio BoiaeneHHoi JJHK mpoBo-
ounn ¢ npuMeHeHueM HabopoB EZ DNA Methylation-
Gold Kit. OnpeneneHue ctaryca METHJIMPOBAHUS TeHA
OCYILECTBIISUIM MeToIaMu MeTuJ-crienuduunoii IMLP
(MIR-203 u MIR-129-2) u METUI-4yBCTBUTEIHLHOTO
aHajaM3a KPUBBIX TUIABJICHUS BBICOKOTO pa3pelleHUS
(MIR-34A v MIR-34B/C). 1151 KOHTPOJISI TTOJTHOTHI KOH-
Bepcuu npumeHsiiacgad Habop Human Methylated and
Unmethylated DNA Control Kit (puc. 1).

KonuuecTBeHHBIN aHAIM3 COYETAHHOTO BBISIBICHUS
METWJIMPOBAHMS M3YYEHHBIX T€HOB U MyTaIllMOHHOTO CTa-
tyca TP53 nnpoBoauics nyteMm BolunciieHus Log2 Odds
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Ratio m omHOCTOPpOHHETO TOYHOTO KpuTepust Ouinepa
(p-value) ¢ momnpaBKOil Ha MHOXECTBEHHOCTh CpaBHEe-
HU ¢ moMoubio npolenypbl beHmkamuau — Xoxbepra
(g-value). C momoniblio oHnaitH-cepBruca OncoPrinter [6]
Obl1a ToJTyYeHa KapTHHA COYETAHHOTO BBISIBJICHUS U3yJa-
eMbIX abeppaLuii.

Pesynbrartbl

Yactora MeTuauMpoBaHUS TeHOB MIR-34A,
MIR-34B/C, MIR-203 n MIR-129-2 B OITyX0JIeBOIi TKAHN
JOBKKJI cocraBuna 27%, 62%, 66% u 67%, COOTBETCTBEH-
HO. MyTalmu B NCCIIEI0OBAaHHOM KOMMPYIOIICH 4acT TeHa
TP53 umenu yetBepTh (25%) GONBHBIX: 8 cilyyaeB B 5-M,
mo4 —B6-Mu 8-Mu 2 — B 7-M 9K30HaX.

CoBMeCTHOE BBHISIBJICHHE METHJIMPOBAHUSI TCHOB MU-
kpoPHK u myranuit TP53 myist KaXXI0ro U3 UCCiaenoBaH-
HBIX 00Pa3IIOB MPEACTaBICHO Ha PHC. 2.

Medical genetics 2022.Vol. 21. Issue 11

AHaJIU3 COYETAaHHOCTU M3yyaeMbIX abeppaluii moka-
31 HaJIMYMe 3HaYMMOM accolMalluy MeXIy METUJIMPOBa-
HUEM psila U3yYeHHBIX TeHOB, a UMeHHO MITR-203, MIR-
129-2u MIR-34B/C, a Takxe napoit MIR-34B/C u MIR-
34A. B 10/73 (14%) cinydaeB MMEJIO MECTO METHUITMPOBAHNE
Bcex 4, a B 34/73 (47%) — 3 U3 mpoaHaIU3NPOBAHHBIX Te-
HOB (TadJMua).

BwMmecrte ¢ TeM, METWIMPOBAHUE aHATTU3UPYEMbIX TEHOB
p53-pecnion3uBHbIX MUKpOPHK 1 myTtauuu B rene 7P53
B onyxoJieBoil TkaHu JIBKKJI y 6osb1ieit yactu nauueH-
TOB, HAITPOTUB, UMEJIU TEHACHLIUIO K B3AUMHOMY MCKJTIO-
yeHu1o (Tabauua).

O6cyxpaeHne

Pacryiee KommuecTBo MCCIeIOBaHMIA TTOKA3BIBACT BaX-
HOCTb B3anMoeicTBYsI Mexkmy TeHamu MukpoPHK u Tpanc-
KPUITLIMOHHBIMA (DAKTOpaMU, YYACTBYIOIIMMHE B OTIpeIese-

Puc. 1. ®parmeHTbl XpoMaTorpamm bucynbdutHoro cmkBeHca CpG-ocTpoBkoB reHoB MIR-34A (A) n MIR-203 (B): Met — unTO3UH B Me-
TUANPOBaHHOM cocToAHMM, UMet — TUMUH Ha MecTe LMTO3KHa B HEMETUSIMPOBAHHOM COCTOAHUN, KPacHOW pamkoli BbiaeneHbl CpG-au-

HyKneotunabl.

Fig. 1. Chromatogram fragments of the bisulfite sequence of the CpG islands of the MIR-34A (A) and MIR-203 (B) genes: Met is cytosine
in the methylated state, UMet is thymine in place of cytosine in the unmethylated state, CpG dinucleotides are highlighted in red.

MIR-34B/C 62% MNNNNNNNNNNNN RN

MIR-34A 27% MENNENNNNERREREAR (1]

MIR-203 66% HNENNNNEENNENREN AN EEREN N NERENEREREEER

MIR-129-2 67% NERENEERNN AN  NNNRENENEEENNEEEEREE] | ARER VLT (1111
TP53 25% WN | N REEER | | | | | (1]11]

Genetic Alteration B Other Mutation

No alterations

Puc. 2. CoBmecTHOe BblfiBNeHne MeTUINPOBaHMA reHoB MUKPOPHK 1 myTauni reHa TP53 B rpynne ncciefoBaHuA.

Fig. 2. Joint detection of miRNA gene methylation and TP53 gene mutations in the study group.
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HUU CyIbOBI KJIETKU, BKJIIOYast XOPOILIO U3BECTHBIN «XpaHU-
TeJib reHoMa» 0e1oK pS3 [7]. U3BecTHO, YTO MHAYyLMpYeMbIe
0e1koM p53 oHKocymnpeccopHbie MUKpoPHK nmeror BaxkHyto
poJib B paboTe UMMYHHOM CUCTEMbI, HAUMHAsI OT MoAaepxkKa-
HUS TTyJ1a CTBOJIOBBIX KPOBETBOPHBIX KJIETOK U 3aKaHUMBast
CcO3peBaHUEM U (PYHKIITMOHUPOBAHUEM B X0O/1€ HOPMAJILHOTO
uMMyHHoro oteTa T- u B-nmumdoriutos [8§].

HN3menenue ypoBHsa MukpoPHK B kieTkax moxer
ObITh BBI3BAHO Pa3IWYHBIMU MeXaHU3MaMU. B ciyyae
p53-unayuupyembix MUKpoPHK momumo mytanuii B re-
He TP53 cHUXeHMe UX 9KCIPECCUU MOTYT BbI3bIBaTh MY-
TalMU B MPEeIIIECTBEHHUKAX U KIIOUEBBIX MOCE10BATE/b-
HOCTSIX 3pEJTbIX MOJIEKYJT, & TAKXKe NEeJeIUs y9acTKa XpOMO-
COMBI Un abeppaHTHOe MeTuaupoBaHue JHK.

B nanHoit pabote Ha BhIOOpKe obpasuoB JIHK, Bbige-
JIEHHOI 13 omyxoJjieBoii TkaHu rnaiueHToB ¢ JIBKKIJI, BbI-
MOJHEH KOMILIEKCHBIN aHaIU3 METWJIMPOBAHUSI TEHOB MU-
kpoPHK-34a, mukpoPHK-34b/c, mukpoPHK-129 u mu-
kpoPHK-203 u mytaumonHoro cratyca reHa 7P53. boiio
MoKa3aHo, YTO XOTS B psifie cayyaeB MeTuarupoBaHue MIR-
203, MIR-129-2, MIR-34B/C w MIR-34A u MyTallMOHHbBIA
craryc TP53 B onyxonesoii TkaHu JIBKKJI couerarores,
abeppaHTHOE METUJIMPOBAHUE MOXKET SIBJISIThCSI CAMOCTOSI-
TEeJIbHOW MPUUYMHON CHIKeHus akcnpeccun MuKpoPHK-34a,
mukpoPHK-34b/c, mukpoPHK-129 u MmukpoPHK-203.

brio nokaszaHo, uTo abeppaHTHOE METUJIMPOBAHUE I'e-
HOB MIR-34A, MIR-34B/C, MIR-203 u MIR-129-2 sBnsi-
eTcsl YacThIM U KOMIUIEKCHBIM TpoueccoM nipu JIBKKII,
YTO MOXKET ObITh MPUUMHON CHUKEHUS 9KCITPECCUHU B OITY-
XO0JIeBOM TKaH! JTUMGbOMBI cpa3y HeckoJbkrx MUkpoPHK.

Medical genetics 2022.Vol. 21. Issue 11

MoOXHO MPearoa0XuTh, YTO COYETAHHOE METUIIMPO-
BaHue MIR-203, MIR-129-2w MIR-34B/C, a Takxe mapbl
MIR-34B/C v MIR-34A noTeHIIMaIbHO UMeeT OoJiee BbIpa-
>KEHHBIU MPO-0IyX0JeBbIil 2 GhEKT 3a CUeT HATMYUS Y KO-
nupyeMmbix MU MUKpoPHK o61iux mutieneii [3, 4]. Ha-
npumep, Ha MPHK 1muknniakunaz CDK4 u CDK6 u aH-
tranontotuyeckux 6eskoB BCL2 u MCLI1 HaueneHbl Kak
mukpoPHK cemerictBa miR-34, tak 1 mukpoPHK-129
n MmukpoPHK-203 (puc. 3).

miR-34a

miR-34b/c

Puc. 3. O6wme muiueHn p53-pecnoH3nBHbIX MUKPOPHK mrnkpoP-
HK-34a, mukpoPHK-34b/c, MukpoPHK-129 n mukpoPHK-203.

Fig. 3. Common targets of p53-responsive miRNAs miRNA-34a,
miRNA-34b/c, miRNA-129 and miRNA-203.

CBA3b MeXAy MeTWINPOBaHNEM reHOB p53-pecnoH3nBHbIX MUKPOPHK n mytauunamn reHa TP53

Relationship between p53-responsive miRNA genes methylation and mutations in the TP53 gene

Ien 1 Ien 2 p-value g-value XapakTep CcBsI3U
MeTwinpoBaHue nap reHoB MUKpoPHK
MIR-203 MIR-129-2 0.003 0.018 CoueTaHHOCTb
MIR-34B/C MIR-34A 0.010 0.029 CoueTaHHOCTb
MIR-34B/C MIR-129-2 0.014 0.029 CoveTaHHOCTh
MIR-34B/C MIR-203 0.024 0.036 CoueTaHHOCTb
MIR-34A MIR-203 0.207 0.345 CoueTaHHOCTb
MIR-34A MIR-129-2 0.422 0.545 BzanMHas UCKITI0YaeMOCThb
MetunupoBanue reHoB MUKpoPHK v myrauuu TP53

MIR-34A TP53 0.406 0.536 B3anmHas HCKIII0YaeMOCTb
MIR-34B/C TP53 0.585 0.585 Bzaumnas uckimoyaeMocTb
MIR-203 TP53 0.221 0.368 BzanMHas MCKITIOYaeMOCThb
MIR-129-2 TP53 0.180 0.359 BzanMHas UCKITI0YaeMOCThb
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Bricokast yacToTa BbISIBIEHUS a6eppaHTHoro ME-

TUJupoBaHusl pS3-pecnoH3uBHbIX MUuKpo-PHK mnpu
ABKKIJI yka3biBaeT Ha HEOOXOAMMOCTb WX JaJlbHEUIIero
U3y4YEHUs C TOUKU 3peHUs] pa3padOTKK TapreTHOro Jieye-
Husl. BO3MOXHBIMY HanpaBJeHUSIMU MOTYT ObITh KaK MC-
MnoJjib30BaHKe MHrMuouTopoB MeTuaupoBanus JJHK, Takux
KakK MpoU3BOAHBIE S-a3allUTUANHA, KOTOPhIE YKe 0100pe-
HbI U151 IEYeHUsT OTAEJIbHBIX 37T0KaYeCTBEHHBIX HOBOOOpa-
30BaHMIT KpoBU, Tak U MUKpOPHK Mumernkos [4].
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