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AHHOTAIIUA

BBengenwue. MukpoPHK miR-142 Ha MHOTHX YPOBHSIX BOBJIEUeHA B IyTH naToreHe3a auddys3Hon B-kieTouHOM
KpynHOKJIeToOUHOU JuMdombl (JIBKKJI): 3pesible menu sABISIOTCS OHKOCYIIPECCOPHBIMY U HAaIleJIEHbI Ha PAJT BAXKHEHIIINX
Juisg TuMpOoMOoreHe3a IPOOHKOI'€HOB.

Il e 1 b . BBINOJHUTH CPABHUTEJIPHBIM aHAIU3 YACTOTHI U CIIEKTpa abepparuil (MyTamui, craTyca METHJIUPOBAHUS U
HapyIlIeHus KOMUHHOCTH) B TeHe MIR142 B OTyX0JIeBOM TKaHH HaIueHToB ¢ cucteMHoit JIBKKJI u nepBuuHO# TrMbOMOii
IeHTpaIbHOH HepBHOH cucteMsl (IIJIITHC), a Tak)Xe IPOBECTH aHAJIN3 UX KIIMHUYECKOTO 3HAYEHHU .

Matepuaab W MeTO/ bl . VceaegoBanbl 6uontarsl 137 marueHToB ¢ cucreMHoi JIBKKJI, 35 60IbHBIX
TIJIITHC © 11 maleHToB ¢ peaKTUBHOH JinMbazeHonaTuel (KOHTPOJIb). AHATM3UPOBAJINCH MyTAllUH ¥ METUJINPOBAHIE
reHa MIR142. JIJisi IpOBEPKH U3MEHEHUsI KOITUIHOCTH JIOKyCa PACIIOJIokeHus reHa MIR142 npoaHaIu3upOBaHbI pe3yJib-
TaThl MPOGUINPOBAHNS C MpUMeHeHreM MUKpouuiioB Affymetrix SNP 6.0 omyxosieBoro matepuasia 364 60JbHBIX CHCTEM-
uo#t IBKKJI u 43 — IVIITHC, npencraBiennbie B 6a3e manubix cBioPortal for Cancer Genomics.

PesynbTartsbl. IlokazaHbl O0OJBIIAS YACTOTA BRISABIEHUA MyTanuii B MIR142 (p = 0,010) ¥ OTJIMYHBIHA CIIEKTP UX
pacnosioxkerus npu [IJIITHC B cpaBuenuu c¢ cucrtemuoi JIBKKJIL. ITpu ITJIITHC moarpynma mamueHToB ¢ MyTaI[UsIMU B
MIR142 XapaKTepU30BaJIaCh JOCTOBEPHO 0OoJiee BBICOKUM IPOIHGEPATHBHBIM IIOTEHIIMAIOM OILyXO0JIEBOTO cybcTpaTa
(p = 0,021). IIpu cucremuoi IBKKJI myranuonsbii ctatyc MIR142 acconiuupoBaH ¢ 60siee paHHUM /1e610TOM 3a60J1eBa-
HuA (p = 0,025), a TakKe OOJIbIIEH YACTOTON BOBJIEYEHHUS B OIIYX0JIEBBIH IIPOIECC HETMM(ATHIECKUX OPTAHOB (P = 0,046).
CpaBHUTENBHBIN aHAIN3 TOKa3aJl HauOOJIBIIYI0 I'eTePOreHHOCTh IIPEJCTAaBI€HHOCTH METHJIMPOBAHHOIO ajllesid IeHa
MIR142 B omyxoaeBoil iuMbouHON TKaHU nanueHToB ¢ cucteMHON JIBKKJI. B 43,6 % ciyuaeB cucremuou [IBKKJI u
30,0 % IIJIITHC nMes1o MeCTO NOJIHOE IeMeTUINPOBaHNE aHAJIU3UPYEMOTr0 TeHa, YTO He BCTPeYasioch B IPyIIe KOHTPOJIb-
HBIX 00pasIioB (p = 0,007 U p = 0,040 cOOTBETCTBeHHO). OTMeueH OOJIBIINE YPOBEHb METUJIMPOBAHUS aHATTU3UPYEMOTO
reHa y mamueHToB crapiie 60 Jiet kak npu [IJIITHC (p = 0,042), Tak u npu cucremuoii JIBKKJI (p = 0,077). [TosnyyeHHbIE
pe3yJIbTaThl CBUJETENILCTBYIOT O TOM, UTO OCHOBHBIM MEXaHHU3MOM HapylIeHUsI KOMUHHOCTH MIR142 SIBJIAIOTCA MUKDPO-
JleJlelIMOHHbIe/ MUKPOAYIUIMKAllUOHHbIe coObITUA, Oostee yacTble npu [TJIITHC. BiaronpuAaTHoe 3HaYeHUe s oO1ei
BBDKUBAEMOCTH IPU M3YUYEHHBIX JUM(OMax MMeJI0 CHUKeHUEe KOMUUHOCTU reHa. Tak, mokasareiau 5-yieTHeH oOIiei
BeiKUBaeMoctu 60bHbIX IIJIITHC cocraBiiu 71,4 % B MOATPYIIIIE C AIEUAME, 56,3 % B IMMOATPYIIIE C AyIUIMKAITUAMA U
25 % IIpU OTCYTCTBUU U3MEHEHUI.

3akKJ04YeHUe. BHameM uccaefoBaHUU BIIEPBBIE BBIIIOJIHEH CPABHUTEIBHBIN aHAIN3 YACTOTHI U CIIEKTPa abep-
pauuii (MyTarui, craTyca METUJIMPOBAHUS U HAPYIIEHUs KOMMUHHOCTH) B reHe MIR142 B OIyX0JI€BOM TKAaHU HAIEHTOB C
cucremuoi JIBKKJI u ITJIITHC, a Takke aHa/IM3 UX aCCOIMAIIUH C 0COOEHHOCTAMH KJINHUUECKOTO TeUeHUsA JaHHBIX 3200~
JIeBaHUH. B 11€710M 1osyueHHBIE JaHHBIE B OTHOIIIEHUU OT/AJIEHHBIX Pe3yJIbTaTOB Tepanuu Kak cucteMHol JIBKKJI, Tak u
TIJIITHC KOCBEHHO COTJIACYIOTCS € pesyJsibTaTaMu 0oJiee paHHUX paboT, B KOTOPHIX MOKa3aHa acCOIHAIIUS BHICOKOH HKC-
mpeccuy miR-142 ¢ yXy/AllleHueM IoKas3aTesield BbKHBAEMOCTH MAIUEHTOB C JINMGOMaMHU.

Kmoueeste crosa: MIR142, nubdysHas B-kierounas kpynHokierouHas auMmdboma (JIBKKJI), nepsuunas sumdoma
neHTpanbHON HepBHOU cucrembl (ITJIITHC), peryssiusa mukpoPHK, skcmpeccusi reHOB, MyTaIllMOHHBIN TPO(UIIb, CEKBE-
HUPOBaHHUE.
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ABSTRACT

Introduction. MicroRNAmiR-142isinvolved at multiple levels in the pathogenesis of diffuse large B-cell lymphoma
(DLBCL): mature chains are oncosuppressive and target a number of pro-oncogenes that are essential for lymphomagenesis.

A i m . To perform a comparative analysis of the frequency and spectrum of aberrations (mutations, methylation status,
and copy number alterations) in the MIR142 gene in the tumor tissue of patients with systemic DLBCL and primary central
nervous system lymphoma (PCNSL), and to analyze their clinical significance.

Materials and meth ods.Biopsiesfrom 137 patients with systemic DLBCL, 35 patients with PCNSL, and
11 patients with reactive lymphadenopathy (controls) were examined. Mutations and methylation of the MIR142 gene were
analyzed. To verify changes in the copy number of the MIR142 gene locus, the results of profiling, using Affymetrix SNP 6.0
microarrays, of tumor samples from 364 patients with systemic DLBCL and 43 patients with PCNSL, presented in the
cBioPortal for Cancer Genomics database, were analyzed.

R e s ult s .Ahigher frequency of mutations in the MIR142 gene (p = 0,010) and a different spectrum of their location
in PCNSL compared to systemic DLBCL were demonstrated. In PCNSL, the subgroup of patients with MIR142 mutations
was characterized by a significantly higher proliferative potential of the tumor substrate (p = 0,021). In systemic DLBCL,
the MIR142 mutation status was associated with an earlier disease onset (p = 0,025), as well as a higher frequency of non-
lymphatic organ tumor involvement (p = 0,046). Comparative analysis revealed the greatest heterogeneity in the represen-
tation of the methylated allele of the MIR142 gene in the tumor lymphoid tissue of patients with systemic DLBCL. Com-
plete demethylation of the analyzed gene was found in 43,6% of systemic DLBCL and 30,0% of PCNSL patients, which was
not observed in the control group (p = 0,007 and p = 0,040, respectively). A higher methylation level of the analyzed gene
was noted in patients over 60 years of age in both PCNSL (p = 0,042) and systemic DLBCL (p = 0,077). The results
obtained indicate that the main mechanism of alterations in MIR142 copy number is the occurrence of microdeletion/
microduplication events, which are more frequent in PCNSL. A decrease in the gene copy number had a favorable effect on
overall survival in the patients with lymphomas studied. Thus, the 5-year overall survival rates of patients with PCNSL were
71,4% in the group with deletions, 56,3% — in the group with duplications, and 25% — in the absence of changes.
Conclusion. Ourstudyisthe first to compare the frequency and spectrum of aberrations (mutations, methylation
status, and copy number alterations) in the MIR142 gene in tumor tissue from patients with systemic DLBCL and PCNSL,
as well as to analyze their association with the clinical course of these diseases. In general, the obtained data on long-term
treatment outcomes for both systemic DLBCL and PCNSL are indirectly consistent with the results of previous studies
showing an association between high miR-142 expression and decreased survival in lymphoma patients.

Keywords: MIR142, diffuse large B-cell lymphoma (DLBCL), primary central nervous system lymphoma (PCNSL),
microRNA regulation, gene expression, mutational profile, sequencing.
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BBEJAEHHNE

MukpoPHK — BakHeWIllee 3BEHO PETYJIANUU
DKCIIPECCHH TeHOB. MexaHu3M uX paboThl OCHOBaH
Ha KOMILIEMEHTAPDHOM CBS3bIBAHUU C II€JIEBBIMH
MaTpuyHbiMu PHK, 4YTO mpensaTcTByeT CHHTERY
KozupyeMoro umu Gesnka. /J[o HeZJaBHETO BpeMeHH
OBLIIO MAJIO UTO U3BECTHO 00 U3MEHEHUAX B KOJIUPY-
romux MUKpoPHK yuacTkax reHoma mpu 3J10Kade-
CTBEHHBIX HOBOOOpPa3oBaHUAX [1—3].

INTRODUCTION

MicroRNAs are a key component in the regulation of
gene expression. Their action is based on complemen-
tary binding to target messenger RNAs, which inhibits
the synthesis of the protein they encode. Until recently,
little was known about changes in the microRNA-encod-
ing regions of the genome in malignant neoplasms [1—3].

In 2020, as part of The Cancer Genome Atlas
(TCGA) project, high-throughput sequencing was
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B 2020 r. B paMkax mnpoekra «ATjac reHoMa
paka» (The Cancer Genome Atlas — TCGA) meTto-
JlaMU BBICOKOIIPOU3BOJIUTEIFHOTO CEKBEHUPOBAHUA
BBIIIOJTHEH AQHAJINU3 IIOCJIEZOBATEIHHOCTH OKOJIO
2 Tpic. reHOB MUKpOPHK mnpu 33 Tunax syokaue-
CTBEHHBIX HOBOOOpasoBaHUU. B wucciaemoBaHue
BOIILJIO O0JIEe 10 THIC. TAPHBIX 00Pa3Il0B OITyX0JIEBOK
U 37I0POBOM TKaHU MAIIMEHTOB, B TOM YHUCJIe Guoma-
Tepuasn 37 OosbHBIX AudodysHOU B-KIIETOUHON
KpymHOKJIeTouHoW  Jsiumpomont  (ABKKJI). Ilo
pesynbTatam pabotsl JIBKKJI okazanack Ha BTOPOM
MecTe II0 YacTOTe COMATHYeCKUX MyTallui B reHax
MmukpoPHK, cpasdy mocse MesaHOMBI, IpU 3TOM
OKOJIO TPETH BCEX MyTallui P JAaHHOM BapHUaHTE
auMGbOMBI IIPUXOJIWJIOCh HAa OJUH €IUHCTBEHHBIN
red MIR142, konupytomen miR-142 [4].

YaukanpHocte MUKpOPHK miR-142 cocroutr
TaKKe B TOM, YTO OOBIYHO PETYJIATOPHBIE B3aHMO-
nerictBuss MUKpOPHK SIBJISAIOTCS CJIOXKHBIM pa3BeT-
BJIEHHBIMH ceTsAMU. [0 5TON NmpuumHe HapyllleHHe
pabotsr ogHOl MUKpoPHK He nMeeT dheHOTHIINUE-
CKHUX IOCJIECTBUN, ee PYHKIUA JTyOIUpyeTcs: Apy-
THMH yJacTHHUKaMu ceTu [5, 6]. OgHako HOKayT
€INHCTBEeHHOTO TeHa MIR142 IpUBOAUT K MIOJTHOMY
OTCYTCTBUIO (OPMUPOBAHUSA  IUIIOPUIIOTEHTHBIX
CTBOJIOBBIX T€MOIIO3THYECKUX KJIETOK B IEPUOJ
sMOpuroreHesa; BO B3pOCJIOM JKe OpraHu3Me — K pas-
BUTHIO TSKEJIOH TPOMOOIUTOIIEHUH, aHEMH U, DYHK-
[IMOHAJIBHBIX U KOJIUUECTBEHHBIX Je(DEKTOB UMMYyH-
HBIX KJIETOK. boJjiee TOro, Hoka3aHo, 4YTo eJJUHCTBEH-
HOU MyTtanuu B TeHe MIR142 J0CTaTOYHO JJist
pasButus auMdonpoandepaTuBHOTO 3a001€BaHUS,
TOTZla Kak /I PasBUTUA OCTPOTO MHEJIOUIHOTO
JIefiKko3a TpebyeTcss CHHEPTUYHOE B3aUMO/IEHCTBHE C
JIDyTUMU JpaiiBepaMH OIIyXOJIEBOTO IIpOIiecca,
Hanpumep, mytanusvu IDH2 [7].

Omny6IMKOBaHHBIA paHee 0030p JIUTEPATYPhI
nokasaj, u4to fanHasd MukpoPHK Ha MHorux ypos-
HAX BOBJIedeHa B Iyt natoresesa JIBKKJI: 3pesbie
menu miR-142 SABJIAIOTCS OHKOCYIIPECCOPHBIMU U
HaleJIeHbl Ha P/ BAXKHEUIITNX JIUTs TUM@OMOreHe3a
IIPOOHKOTEHOB, VYaCTHUKOB CHUTHAJIBHBIX IIyTeHd
BBDKUBAHUA U mnposudepanuu B-mumdonuTos,
MHTUOUTOPHI amomnTo3a, (GepMeHTh MeTabosuue-
CKOI'O IepernporpaMMUPOBAHUA, MOJIEKYJIBI, CIIO-
cOOCTBYIOIIME CO3JQHHUI0 HMMYHOCYIIPECCUBHOU
MUKpOCpeZs! u ap. [7].

IlepBuuyHas suMdoMa LEeHTPAJIbHON HepPBHOU
cucrembl (IIJIIIHC) — 3T0 pexkuii BApUAHT SKCTPa-
HOJIQJIBHBIX HEXO/PKKUHCKUX JIUM(OM, KOTOPBIH
HU30JIMPOBAHHO BO3HUKAET B 'OJIOBHOM MO3Te, JIel-
TOMEHUHTeAJbHBIX 000JI0UKAaX, CIIMTHHOM MO3Te WU
mIazax 0e3 MPU3HAKOB CUCTEMHOTO 3a00JieBaHUs
[8, 9]. Tucromornuecknsi tun JIBKKJI sasisercsa

used to analyze the sequences of approximately
2000 microRNA genes in 33 types of malignancies.
The study included over 10 000 pairs of tumor and
healthy tissue samples from patients, involving sam-
ples from 37 patients with diffuse large B-cell lym-
phoma (DLBCL). The study revealed that DLBCL
had the second-highest frequency of somatic muta-
tions in microRNA genes, just behind melanoma.
Interestingly, approximately one-third of all muta-
tions in this lymphoma variant were in a single gene,
MIR142, encoding miR-142 [4].

The uniqueness of miR-142 also lies in the fact
that usually the regulatory interactions of micro-
RNAs are complex, branched networks. For this rea-
son, alteration of the function of a single microRNA
does not have phenotypic consequences; its function
is duplicated by other network participants [5, 6].
However, knockout of a single MIR142 gene leads to
a complete breakdown of the production of pluripo-
tent hematopoietic stem cells during embryogenesis;
in an adult organism, it leads to the development of
severe thrombocytopenia, anemia, and functional
and quantitative defects of immune cells. Moreover,
it has been shown that a single mutation in the
MIR142 gene is sufficient for the development of
lymphoproliferative disease, whereas acute myeloid
leukemia requires synergistic interaction with other
tumor drivers, for example, IDH2 mutations [7].

A previously published literature review showed
that this microRNA is involved at many levels in the
pathogenesis of DLBCL: mature chains of miR-142
are oncosuppressive and target a number of pro-
oncogenes that are essential for lymphomagenesis,
participants in signaling pathways for the survival
and proliferation of B-lymphocytes, inhibitors of
apoptosis, metabolic reprogramming enzymes, mol-
ecules that contribute to the formation of an immu-
nosuppressive microenvironment, etc. [7].

Primary central nervous system lymphoma
(PCNSL) is a rare variant of extranodal non-Hodgkin
lymphomas that occurs isolated in the brain, lepto-
meninges, spinal cord, or eyes without evidence of
systemic disease [8, 9]. The histologic type of DLBCL
is the most common (approximately 95%) in PCNSL.
Although the tumor is morphologically indistin-
guishable from systemic disease, DLBCL with pri-
mary CNS involvement is characterized by high
aggressiveness, rapid progression, extremely poor
prognosis, and differs from systemic DLBCL at
molecular and genetic levels, as well as at the pro-
teomic level [8, 10—13]. PCNSL exhibits a distinct
microRNA pattern compared to systemic DLBCL,
suggesting the involvement of different molecular
mechanisms in the pathogenesis of these two lym-
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HauboJiee pacIpocTpaHeHHBIM (OKOJI0 95 %) Tpu
ITIVIITHC. HecmoTps Ha TO, YTO MOPQOJIOTUUECKU
OTIyXOJIb HE OTJIMUYMMA OT CUCTEMHOTO 3a60JIeBaHus,
JBKKJI ¢ nepBuuHoi jokanu3zanuei B IIHC xapax-
TEpU3YETCs] BBICOKOM arpecCUBHOCTHIO, OBICTPHIM
MIPOTrpeccCHpOBaHUEM, KpailHe TIJIOXUM IIPOTHO30M U
ommyaerca ot cucreMHol /IBKKJI mosekysspHO-
TeHeTHYeCcKH, BKJIIOYas IIPOTEOMHBI YPOBEHb
[8, 10—13]. IVIITHC memoHCTpUpYeT OCOOBIH maT-
TepH MukpoPHK 1o cpaBHeHuio ¢ cucreMHOHU
JBKKJI, uTo cBUETENBCTBYET 00 YIACTHU Pa3jIud-
HBIX MOJIEKYJISIPHBIX MEXaHU3MOB B IIATOTEHE3€E STUX
JiByx TUIOB JiuMdoM. B To xe BpeMs npoduiib sKc-
npeccun MukpoPHK npu JIBKKJI, napany ¢ myra-
[IMOHHBIM MPOQUIEM, MOXKET CIIYKUTh MPEUKTO-
poM pucka peruauBa cucreMHOU omyxonu B [THC
[11, 12, 14].

ITEJIb NCCJIEJOBAHUA

IIpoBecTr CpaBHUTEJIBHBIN aHAJIN3 YacCTOTHI U
criekTpa abeppanuil (MyTaun, cTaTyca METHIUPO-
BaHUsA U HapyNIeHUs KOMUUHOCTH) B reHe MIR142 B
OITyX0JIEBOU TKAHU MarueHToB ¢ cucteMHol JIBKKJI
u [TJITITHC, a Takke MPOBECTH aHAJIN3 UX KIIMHUYe-
CKOT'O 3Ha4YeHUs.

MATEPUAJIBI 1 METO/IbI

Buomarepuas aia ucciaegoBaHus. B co6-
CTBEHHYIO TPYIIITy UCCJIeZIOBAHUA BOILLIN 137 MaIu-
eHToB ¢ cucremuoi [IBKKJI u 35 6oipubix ITJIITHC
¢ MOPGOJIOTUYECKU ITOATBEPKIeHHBIM BapHUaHTOM
JBKKJL. I'pynity KOHTPOJIA COCTAaBUIN 11 TAITUEHTOB
C PEaKTUBHOU MOJIMKJIOHAJIBHOU B-KJ1eTouHOH mpo-
smdepanyei B 1nMdOy3IIax.

C 6J10KOB C IUarHOCTUYECKUM OMOMATEPUATIOM —
(pukcupoBaHHBIX (PopMaTMHOM U NapadUHU3UPO-
BaHHBIX OMONTATOB — Opayu 3—4 cpe3a TOIIIMHOMN
10—12 MKM U BbIesisuin reHoMuyio JJTHK. Onenka
KOHIIEHTPAIIUU U YHCTOTHI BbIJI€JIEHHBIX HYKJIEMHO-
BBIX KHCJIOT IIPOBOJWJIACH IIyTeM OIlpeJiesIeHus
OTHOIIEHUS CHEKTPOGOTOMETPUUECKOTO IOIJIOIIe-
Hus obpasija Impu JJIMHE BOJIHBI 260 B 280 HM
(A260/A280) na armmmapare Epoch (BioTek).

Ananms myramuii B reHe MIR142. CekBeHU-
poBanue reHa MIRi142 B o0pasiax OIyXOJeBOH
TkaHu nanueHToB ¢ IBKKJI u 6uonndopmannoH-
HBI aHaIU3 BBIABJIEHHBIX MyTaIluil IIPOBOIMIIN
ONMCaHHBIM paHee MerozioM [15]. McciemoBanach
BCA I10CJIEJI0OBATEIBHOCTD IEPBUYHOIO TPAHCKPUIITA
miR-142 BMecTe ¢ GJIaHKUPYOIUMU 00JIACTAMU
JUTMHOM OKOJIO 25 Map HyKJIeoTu 108 (I1.H.).

Ananmu3 mMerwinposanusa reHa MIRi142. Tlo
250 HT Kaxzoro obopasna /IHK nozasepranu Gucysib-
¢utHOI KOHBepcHY ¢ TpuMeHeHHeM HabopoB EZ DNA

phoma types. At the same time, the microRNA
expression profile in DLBCL, along with the muta-
tional profile, can serve as a predictor of the risk of
systemic CNS tumor recurrence [11, 12, 14].

AIM OF THE RESEARCH

To perform a comparative analysis of the fre-
quency and spectrum of aberrations (mutations,
methylation status and copy number alterations) in
the MIR142 gene in the tumor tissue of patients with
systemic DLBCL and PCNSL and to analyze their
clinical significance.

MATERIALS AND METHODS

Samples for research. The main (study) group
included 137 patients with systemic DLBCL and
35 patients with PCNSL with a morphologically con-
firmed variant of DLBCL. The control group con-
sisted of 11 patients with reactive polyclonal B-cell
proliferation in the lymph nodes.

Three to four 10- to 12-um-thick sections were
taken from formalin-fixed, paraffin-embedded
blocks of tissue samples, and genomic DNA was iso-
lated. The concentration and purity of the isolated
nucleic acids were assessed by determining the spec-
trophotometric absorbance ratio of the sample at a
wavelength of 260 and 280 nm (A260/A280) using
an Epoch spectrophotometer (BioTek).

Mutation analysis of the MIRi142 gene.
Sequencing of the MIR142 gene in tumor tissue sam-
ples from patients with DLBCL and in silico analysis
of the identified mutations were performed using the
method described previously [15]. The entire
sequence of the primary miR-142 transcript was ana-
lyzed, along with flanking regions of approximately
25 base pairs (bp).

Methylation analysis of the MIR142 gene.
A 250 ng of each DNA sample was subjected to bisul-
fite conversion using an EZ DNA Methylation Kit
(Zymo Research, USA), according to the manufac-
turer’s protocol. A Human Methylated and Unmeth-
ylated DNA Control Kit (Zymo Research, USA)
served as a negative and positive control, as well as a
control for complete conversion.

The methylation status of the MIR142 gene was
determined by methylation-specific polymerase
chain reaction (PCR) using a TherCyc DNA amplifier
(DNA-Technology, Russia) in two test tubes: one
with primers for the methylated allele and one with
primers for the unmethylated allele [16]. Electropho-
retic analysis of the PCR results was performed in a
5% polyacrylamide gel, onto which 8 pl of each sam-
ple were applied; a 100 bp molecular weight marker
was used. After electrophoresis, the gel was incu-
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Methylation Kit (Zymo Research, CIIIA), coriacHo
IIPOTOKOJTy TIPOUBBOJIUTENSA. B KauecTBe OTpULIATE b
HOTO U TIOJIO’KUTEIBHOTO KOHTPOJISI M KOHTPOJIA TOJI-
HOTbI KOHBEPCUU NPUMEHSUTH HAOOpP KOHTPOJIBHBIX
JOHK Human Methylated and Unmethylated DNA
Control Kit (Zymo Research, CIIIA).

OmnpezieneHne cratyca METWINPOBAHUSA TeHA
MIR142 npOBOJINJIA METOJIOM METHJICITENTUDUIHOU
noauMepasHol 1enHou peaknuu (ITIP) ma JTHK-
ammudukarope «Tepuumk» (JHK-Texmonorus,
Poccust) B ByX mpobupKax: ¢ mpaiMepamu, KOM-
IJIEMEHTAPHBIMU K METWIMPOBAaHHOMY U HEMETH-
JIMPOBAaHHOMY ayuienio [16]. Dnexrpodoperuue-
CKUM aHanu3 pesysabratoB 1P BeIMOMHAIN B 5%
MIOJIMAaKPUJIIAMUHHOM TeJjie, Ha KOTOPhI HAHOCUJIH
0 8 MKJI Ka)KJI0TO 00pasIia, UCIIOIb30BAJICA Map-
Kep MOJIEKYJIAPHOU Macchl 100 I.H. Ilocite ayek-
Tpodopesa Tesib BhIZIEpKUBAIN B Oydepe, comep-
JKaIleM WHTEPKUTHPYIONUH KPacuTelab — OpoMu/L
STUZUA B KOHIEHTpanuu 0,5 MKr/miu. Jlasiee
BBIMOJIHAIACh NU(PPOBAsT ChEeMKa CBEKEOKpaIleH-
HOTO TeJIsl.

MeTo/1I0M OLIEHKH COOTHOIIEHHs B OUOMaTepu-
ajle METWJIMPOBAHHOTO M HEMETUJIUPOBAHHOTO
aJIesIs CIyKUJIa aHATUTHYeCKas NudpoBas JeHCU-
TOMETpHUS TeJied ¢ IMTOMOIBI0 IMPOrpaMMHOTO obe-
cneuenus ImageJ (puc. 1) [17]. CyTs MeTOZA 3aKITIO-
YaeTcs B PeaTU3allUU aJTOPUTMA JJIs YCTPaHEHUS
[IEPEHACHIIIIEHHOCTH TTUKCesIeH, BBIYuTaHusA (poHa u
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3 4
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?
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W

bated in a buffer containing an intercalating dye,
ethidium bromide, at a concentration of 0,5 pg/ml.
Digital imaging of the freshly stained gel was then
performed.

The method for assessing the ratio of methylated
and unmethylated alleles in the samples was analyti-
cal digital densitometry of gels using ImageJ soft-
ware (Fig. 1) [17]. The essence of the method lies in
the implementation of an algorithm for eliminating
pixel overabundance, background subtraction, and
subsequent semi-automated quantitative determi-
nation of nucleic acids in the gel. Since the amount of
bound ethidium bromide is proportional to the
amount and length of DNA, the nucleic acid content
in a certain area of the gel is proportional to the pixel
intensity in the corresponding area of the image [18].
Unlike other methods, such as spectrophotometry
and colorimetric analysis, digital densitometry of
gels allows for both qualitative and quantitative
assessment of the DNA isolated [19].

Analysis of copy number alterations in the
MIR142 gene. To check for changes in the copy
number of the chromosome region, the location of
the MIR142 gene, the results of profiling tumor sam-
ples from lymphoma patients, presented in the cBio-
Portal for Cancer Genomics database, using Affyme-
trix SNP 6.0 microarrays, were analyzed.

The copy number of the MIR142 gene region
(chr17:56,408,593-56,408,679 in the GRCh37/hg19

.MUM MUM MUM MUM

19,75 1540
o leadiyy 18,34
v -.,__’,"ﬂs_g.,. 17,18

M s.58
L 4,02

L

Puc. 1. Pe3ynprarhl MeTHIICTIEITNGbUYUECKOH TOTMMepa3Hoi enmHol peakiiuu (IT1P) /7151 onpeiesieHust CTaTyca MeTHUITH-
poBanws rena MIR142 (BBepxXy) U nudpOBOH IEHCUTOMETPUU T'eJis ¢ pe3ybTataMu Metuicnenuduaeckoi TP rena
MIR142 (Bauzy) (M — IIIIP c npaiimepamu, crieliupUIHBIMU K METHJIUPOBAHHOMY aJLJIETIO;

UM - IILIP c npaiimepamu, crienuUIHbIMUA K HEMETUINPOBAHHOMY aJIJIENIO; 1—Q — KOHTPOJIbHBIE 00Pa3IIbl;

MW — Mapkep MOJIEKYJISIDHOH Macchl 100 II.H.)

Fig. 1. Results of methylation-specific polymerase chain reaction (PCR) for determining the MIR142 methylation status
(at the top) and digital densitometry of the gel with the results of MIR142methylation-specific PCR (at the bottom)

(M — PCR with primers for the methylated allele; UM — PCR with primers for the unmethylated allele;

1—9 — control samples; MW — marker of molecular weight of 100 base pairs)
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MOC/IEAYIONIET0  ITOJIyaBTOMATHUYeCKOro  KoJInde-
CTBEHHOTO OIIpeZieIeHUsI HYKJIEMHOBBIX KHCJIOT B
resie. [TOCKOJIBKY KOJIMUECTBO CBS3aHHOTO OpPOMHU-
CTOTO 3THUAMS MPOIOPIUOHAIBLHO KOJIMUECTBY U
munHe JTHK, comepskaHue HyKJIEMHOBOU KHCJIOTHI B
OTIpeJIeJIEHHOM 00JIaCTH TeJisi COOTBETCTBYET MHTEH-
CUBHOCTH TIHKCEJIS B COOTBETCTBYIOUIEH 00JIaCTH
n3o0pakeHus [18]. B omyimyue oT Ipyrux MeTOOB,
TaKUX KaK CIIEKTPO(GOTOMETPUS U KOJIOPUMETPUYE-
ckuil aHanu3, 1udpoBas AEHCUTOMETPUA Tejieil
[I03BOJISAET TOJIYYUTh KaK KayeCTBEHHYIO, TaK U
KOJINUECTBEHHYIO onleHKy npenapata JJHK [19].

AHa/IM3 HapyHIeHUs KONUWHOCTH TeHa
MIR142. ]Iyt TPOBEPKU U3MEHEHUs KOMUWHOCTU
yJ9acTKa XpOMOCOMBI — MECTa PACIOJIOKEHHUA T'eHa
MIR142 — mnpoaHAJIU3UPOBAHBI COJiep:Kaliuecs B
6asze pauHbix cBioPortal for Cancer Genomics
pe3yabTaThl TPOPUIUPOBAHUSI C€ IPUMEHEHHEM
MukpounnoB Affymetrix SNP 6.0 omyxoseBoro
MaTepuaiia 00JIbHBIX JuMpoMamMu. OleHKa KOIHH-
HOCTU PperuoHa pacrnoJiokeHus reHa MIRi42
(chr17:56,408,593-56,408,679 B cbopke GRCh37/
hg19) BeimosiHeHa B 364 o6pasiax CHCTEMHON
JBKKJI u 43 obpasuax IJIITHC [20].

Ananns myranuu p.L265P B rene MYDS8S.
B moarpynme IIJIITHC npoBoawsicss CKPUHUHT
pekyppeHTHOM Myramuu p.L265P B rene MYDS8S8
metogom IILP-TI/IP® (IIIIP u aHaIU3 MOJIUMOP-
pusMa UIMH PECTPUKIIMOHHBIX (ParMeHTOB) C
HCIIOJIb30BAHUEM DHAOHYKIeas3sl pecTpukiuu Hinfl
¢ TOCJIEYIOMUM IOATBEPKIeHHEM METOJOM IIps-
MOTro cekBeHupoBaHus 1o CeHrepy (puc. 2).

CraTucrtuueckasi 00padoTka. AHAINU3 code-
TAHHOCTH HM3yYaeMbIX MOJIEKYJIIPHO-T€HETHIECKUX
HapylIIeHUH TPOBOAWICA IIyTeM BbIUmciIeHHUsA Log2
cootHoteHus mancoB (Log2 Odds Ratio) u Tounoro
kputepus @urepa (p-value). [TompaBka Ha MHOXKe-

N

assembly) was assessed in 364 systemic DLBCL and
43 PCNSL samples [20].

Analysis of the p.L265P mutation in the
MYDBS8S8 gene. In the PCNS group, screening for the
recurrent mutation p.L265P in the MYD88 gene was
performed by PCR-RFLP (PCR and restriction frag-
ment length polymorphism analysis) using the
restriction endonuclease Hinfl, followed by confir-
mation by direct Sanger sequencing (Fig. 2).

Statistical processing. The co-occurrence of
the studied molecular and genetic abnormalities was
analyzed using the Log2 Odds Ratio and Fisher’s
exact test (p-value). False Discovery Rate (FDR) con-
trol was performed using the Benjamini-Hochberg
procedure (g-value). Using the OncoPrinter online
service, a picture of the combined detection and
mutual exclusion of mutations and methylation of
the analyzed microRNA gene was obtained.

The distribution of variables was assessed using
the Kolmogorov-Smirnov test. The median, 25%, and
75™ percentiles (Q25; Q75) were used. Calculations
were performed using the Mann-Whitney test. ROC
analysis, based on the area under the curve, assessed
the quality of the proposed classification models; for
each model, a search was performed for threshold
values with comparable sensitivity and specificity
values. The Spearman rank correlation coefficient
was calculated. Differences were considered signifi-
cant at p < 0,05. SPSS version 16.0 (SPSS Inc., USA)
was used for statistical analysis.

RESULTS

Mutations in the MIR142 gene in the tumor
tissue of systemic DLBCL and PCNSL patients.
The mutation status of MIR142 was successfully ana-
lyzed in tumor tissue samples from 125 patients with
systemic DLBCL and 35 patients with PCNSL (Fig. 3).

Puc. 2. XpomaTorpaMMa CUKBEHCa ¢ IPSIMOTO paiiMepa obpasia ¢ myranueii p.L265P B rene MYD88
Fig. 2. The chromatogram of the sequence from the forward primer of the sample with the p.L265P mutation
in the MYD88 gene
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cTtBeHHOCTh cpaBHeHmii (False Discovery Rate —
FDR) mpoBojmiach ¢ MOMOIIBIO IpONEAyphl beH-
okamuHu — Xoxb6epra (g-value). C momorrbio
onsafiH-cepBuca OncoPrinter monyuena kapTunHa
COBMECTHOTO BBIAIBJIEHUS I B3AUMHOTO HUCKIIOUEHUS
MyTaIllui ¥ METWJINPOBAHUSA aHAJIU3UPYEMOTO TeHa
mukpoPHK.

HopmanpHOCTh pacupesiesieHHsl I1apaMeTPOB
MpoOBepsid C MOMOIIbID Tecta Kosmoropoa —
CMmupHoBa. Vcmnosip30Basiuch 3HaUEHUA MeJIMAHBI,
25-ro U 75-r0 npornentwied (Q25; Q75). Pacuersr
MPOBOAWJINCh C NpPUMeHeHHeM Tecta MaHHa -—
YutHu. B xone ROC-anannsa 1o mwiomaiu noj Kpu-
BOH OIIEHUBAJIOCH KAUECTBO IPeJIaraeMbIX KJIACCU-
(pUKaIMOHHBIX MOJIEJIeH, JIUT KaXKJ0H MOEIN IIpo-
BeJleH MOKCK IIOPOTOBBIX 3HAUYEHUN CO CPABHUMBIMU
3HAYEHUSIMHU YyBCTBUTEIBHOCTU U CIIENUDUIHOCTH.
PaccuursiBasica k03hGUITIEHT PAHTOBON KOppeis-
nuu CnupMeHa. Paznuyusa cuutaauch 3HAUUMBIMU
npu p < 0,05. JJI CTaTUCTAYECKOTO aHAaJIM3a
HCI0JIb30BAJIOCH ITpOorpaMMHoe obecrieueHue SPSS
Bepcuu 16.0 (SPSS Inc., CIIIA).

PE3YJ/IBTATDI

Myrtanuu B reHe MIR142 B OIyXoJieBOI
TtkaHu cucremHou /IBKKJI u IIJIITHC. Myrta-
IHMOHHBIN cTtaTyc MIR142 yCHENTHO TPOaHATU3UPO-
BaH B 00pasIax OMyXx0JeBOU TKaHU 125 MMAIUEHTOB ¢
cuctemuou JIBKKJI u 35 6oasubix [TJIITHC (puc. 3).
YacroTta Myranuii cocraBmia 21/125 (16,8 %) mpo-
tuB 13/35 (37,1 %) Ipu p = 0,010 COOTBETCTBEHHO.
B cayuasx ¢ myranusamu B 28,6 % ob6pasnos JIBKKJI
u 30,8 % — IIJILHTHC BBIABIIEHBI MHOKECTBEHHBIE
MyTaIlU¥ B aHAJIU3UPYEMOM TeHE.

[Ipu cucremuot JIBKKJI BbIsiBJIEHHBIE MyTalliu
ObLTM paccessHbl 10 IOCJEJOBATEIPHOCTA TeHa
MIR142, torga xak npu IIJIITHC — oGoraieHbl B
obJtacTv, KOAUPYIOIIEH 3pesyro menb miR-142-5p, u
B OCHOBaHUU mNuiabku MUKpoPHK-npeamiectseH-
HuKa (puc. 4). I3MeHeHUA B « KJIFOUEBBIX» 00JIaCTAX
3penbix MUKpoPHK B 06enx moarpynmnax 66111 ofu-
HAKOBO penku: 11,5 % mpu cucrtemuou JIBKKJI u
5,6 % nipu IJIITHC. Ilpu aTom B 5/21 (23,8 %) ciy-
vaeB cucremuoi JIBKKJI u 3/13 (23,1 %) ciyuaes
IIJIITHC BBIABIEHBI MyTalluy B IEDBUYHOM TPAHC-
kpunte MukpoPHK 3a mnpenmenamu mukpoPHK-
IpeAIeCTBEHHUKA.

IMpenckazannas Hamu ¢ nomorsio UNAFold
Web Server (https://www.unafold.org/) Hop™masib-
Hasl CTPYKTypa INMIJIBKH pri-miR-142 copepskana
KJIIOUEBbIE BJIEMEHTHI, HEOOXOAWUMBbIE JJIsi 0o0pa-
6otku koMmiuiekcom Drosha-DGCRS8 (puc. 5). Kak
BUIHO M3 TabJI. 1, B IOJABJIAIONIEM OOJIBIITMHCTBE
cirygaeB myTtanuu B MIR142, BbIIBJICHHBIE B OILyXO-

The mutation frequency was 21/125 (16,8%) versus
13/35 (37,1%) at p = 0,010, respectively. Multiple
mutations in the analyzed gene were detected in
28,6% of DLBCL and 30,8% of PCNSL samples with
mutations.

In systemic DLBCL, the mutations were scattered
throughout the MIR142 gene sequence, whereas in
PCNSL, they were accumulated in the region encod-
ing the mature miR-142-5p chain and at the base of
the microRNA precursor hairpin (Fig. 4). Changes in
the “key” regions of mature microRNAs were equally
rare in both groups: 11,5% in systemic DLBCL and
5,6% in PCNSL. Moreover, in 5/21 (23,8%) cases of
systemic DLBCL and 3/13 (23,1%) cases of PCNSL,
mutations were detected in the primary microRNA
transcript outside the microRNA precursor.

The normal structure of pri-miR-142 hairpin pre-
dicted using the UNAFold Web Server (https://www.
unafold.org/) contained key elements required for
processing by the Drosha-DGCR8 complex (Fig. 5).
As can be seen from Table 1, in the overwhelming
majority of cases, mutations in MIR142 identified in
systemic DLBCL and PCNSL tumor tissue led to
changes in stem length, the appearance of additional
unstructured elements (such as nucleotide mis-
matches and bubbles on the stem), as well as to dis-
ruption of key functional motifs required for miRNA
processing: in 13/13 versus 5/21 cases (p = 0,057),
respectively.

Association of MIRi142 gene mutations
with clinical features of lymphoma. In PCNSL,
the group with mutations in the analyzed gene was
characterized by a significantly higher level of ki-67
expression by tumor cells (p = 0,021) and a tendency
toward higher erythrocyte sedimentation rate (ESR)
values (p = 0,077). Multiple foci of CNS lesions were
observed 1,6 times more often in cases of mutations
in MIR142, although the differences with the group
without mutations did not reach the significance
level (p = 0,332), which may be due to the small
number of the sample (Table 2).

Data were obtained on the earlier onset of sys-
temic DLBCL in patients with mutations in MIR142
(p = 0,025), as well as a higher frequency of non-
lymphatic organ tumor involvement (p = 0,046) in
this subgroup. Differences in the level of ki-67
expression between the groups with and without
MIR142 mutations did not reach significance
(p = 0,114) (Table 2).

Associated analysis of mutations in the
MIR142 gene and p.L265P in the MYD88 gene
in PCNSL. The detection rate of p.L265P in the
MYDS88 gene in PCNSL was 18/35 (51,4%). The data
obtained indicate the independence of mutations in
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Puc. 3. XpomaTorpaMmbl CHKBEHCOB ¢ 0OpaTHOTO ITpaiiMepa o6pasmos ¢ Myraiuei B rene MIR142
Fig. 3. Chromatograms of sequences from the reverse primer of samples with the mutation in the MIR142 gene
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Puc. 4. PacripesiesieHrie MyTaIiuii 1Mo mMocjeZioBaTeIbHOCTH Ipe/iiecTBeHHnKa MUKpoPHK miR-142
B HCCJIEZIOBAHHBIX 0Opasnax 1uddy3HoN B-KI€TOUHOH KPYITHOKIETOUHOH JTUMMOMBI ¥ TEPBUIHOHN JTUM(POMBI
[IEHTPaJIbHON HEPBHOM CUCTEMBI (KPY?>KKaMU KPaCcHOTO I[BeTa 0003HAYEHO PACIIOJIOKEHNE MyTAIIUN B UCCIIE/IOBAHHBIX
obpasiiax mareHToB ¢ IepBUYHOM JTUMGOMO IIeHTPaIbHOH HEPBHOM CUCTEMBI, KPY>KKaMU CHHETO I[BETa —
60IbHBIX cHCTeMHOH Aubdy3HOH B-KIeTOYHON KPYITHOKJIETOUHOH INMGPOMOH; Iudpa B KPY»KKaX YKa3bIBAeT
Ha YHUCJIO CIyYaeB ¢ MyTALIASMH)

Fig. 4. The distribution of mutations throughout the miR-142 precursor sequence in the studied samples of diffuse large
B-cell lymphoma and primary central nervous system lymphoma (red circles indicate the location of mutations in the
studied samples of patients with primary lymphoma of the central nervous system, blue circles indicate patients with

systemic diffuse large B-cell cell lymphoma; the number in the circles is represented the number of cases with mutations)
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Puc. 5. BropuuHas cTpyKTypa IINUIBKY Ipe/irecTBeHHIKa MUKPOPHK ¢ OCHOBHBIMY 3/1€eMeHTaMH,
He0oOXOUMBIMH /IJIsI IEPBUYHOM 06paboTku komiuiekcom Drosha-DGCR8
Fig. 5. The secondary structure of the microRNA precursor hairpin with key elements required for primary processing
by the Drosha-DGCRS8 complex

neBolt Tkanu cucteMuo JIBKKJI u IVIITHC, mpuso-
WA K U3MEHEHUIO JJIMHBI CTe0JIfA, IIOSBJIEHUIO
JIOTIOJTHUTEJIbHBIX HECTPYKTYPHUPOBAHHBIX 3JIEMEH-
TOB (TaKMX KaK HECOBIAJIEHUsA HYKJIECOTHAOB U
«Iy3bIpH» Ha cTebJIe), a TaKKe HapYIIIeHUI0 OCHOB-
HBIX QYHKIUOHATHHBIX MOTHBOB, HEOOXOTUMBIX JIJIsI

the MIR142 gene and p.L265P in the MYD88 gene in
PCNSL (p = 0.467) (Fig. 6).

Methylation of the MIRi142 gene in the
tumor tissue of patients with lymphomas
and lymph nodes of patients with reactive
polyclonal B-cell proliferation. For method-
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Ta6smua 1. KitoueBble U3MeHeHHsI BO BTOPUYHOM CTPYKTYpe WINUJIBKY NpejliecTBeHHUKAa MUKpoPHK B pesysibraTe
MyTauui B rene MIR142
Table 1. Key changes in the secondary structure of the microRNA precursor hairpin due to the mutations in the MIR142 gene

O6pasern c MyTanuei
Sample with mutation

KiroueBoe CTPYKTypHOe H3MEeHeHHe
Key structural change

JABKKJI (DLBCL)1 n.33U/A W3MeHeHUe B «KJIIOUEeBOM» NOC/Iel0BaTeIbHOCTU mMiR-142-5p
Change in the “key” sequence miR-142-5p
JBKKJI (DLBCL) 2 n.13C/U W3MeHeHMe B «KJII0UEeBON» NOCJIel0BaTebHOCTH miR-142-3p
n.68G/A Change in the “key "sequence miR-142-3p
JBKKJI (DLBCL)3 n.69U/C W3MeHeHUe B «KJIIOUEBOM» NOC/IeL0BaTeIbHOCTU miR-142-3p
Change in the “key "sequence miR-142-3p
JBKKJI (DLBCL)4 n.35G/A JlonosiHUTEIbHOE HECOOTBETCTBUE HYK/JIEOTU/A0B
n.39G/A Additional nucleotide mismatch
n.52C/U
JBKKJI (DLBCL) 5 n.45C/U YkopoyeHHe AJUHBI CTe6JIs 33 CYET U3MEeHEHHUsl PacIoJIoXKeHus, popMbI U pa3Mepa
KOHIIeBOW NeTJ/IM WNUAbKU ¢ yTpaToit GUG MoTHBa
Shortening of stem length due to changes in the location, shape and size of the terminal
loop of the hairpin with GUG motif loss
JBKKJI (DLBCL) 6 n.40C/G JlonosiHUTE/IBHOE HECOOTBETCTBUE Hyk1eoTHAoB / Additional nucleotide mismatch
JBKKJI (DLBCL) 7 n.40C/U JlomosiHUTEIbHOE HECOOTBETCTBUE HYKIeoTUA0B / Additional nucleotide mismatch
JIBKKJI (DLBCL)8 n.83G/U Paspymenue 5’-caiita pacuiensienuss DROSHA / Degradation of the 5° DROSHA cleavage site
JBKKJI (DLBCL)9 n.80A/C JlonosiHUTEe/IbHOE HECOOTBETCTBUE HYKJIeoTUA0B / Additional nucleotide mismatch
JBKKJI (DLBCL) 10 n.95G/A YkopoyeHHe AJUHBI CTe6JI 3a CYET U3MEeHEHHsI PACIoJIOKeHNs 6a3aJIbHOT0 COeIMHEHUS
C U3MEeHeHUueM BTOPUYHOH CTPYyKTyphbl B MoTHBe CNNC
Shortening of stem length due to change in the location of the basal junction with a change
in the secondary structure in CNNC motif
JBKKJI (DLBCL) 11 n.57G/C HeT manubix / No data
JBKKJI (DLBCL) 12 n.53A/G Het nanHbix / No data
JBKKJI (DLBCL) 13 n.93C/G Paspyuenue ctabuabHOM M1aTGOPMbl B OCHOBAHUM LIMUJIBKU
Degradation of the stable platform at the hairpin base
JIBKKJI (DLBCL) 14 n.92A/U YKopoueHHe JJIMHBI CTe6JIs 32 CYET U3MEHEHHS PACIOIOKeHUsA 6a3aJIbHOTO
coefiHeHUs1, yTpaTa MoThBa GHG Ha 3’-KoHl1ie Bblllle 6a3a/JbHOI0 COeJUHEHUS
Shortening of stem length due to change in the location of the basal junction, GHG motif
loss at the 3’ end above the basal junction
JBKKJI (DLBCL) 15 n.93C/U PaspyieHue cTabuIbHOMN MIaTGOPMBI B 6a3aIbHOM OTZeJie CTe6JIs IIUIbKY
Degradation of a stable platform in the basal part of the hairpin stem
JBKKJI (DLBCL) 16 n.85U/C JlonoJIHUTE/IbHOE HECOOTBETCTBUEe Hyk1eoTHZoB / Additional nucleotide mismatch
JBKKJI (DLBCL) 17 n.23A/U Paspymenue 5’-caiita pacuienyienust DROSHA
n.25C/U Degradation of the 5’ DROSHA cleavage site
JIBKKJI (DLBCL) 18 n.5C/U HeT nanubix / No data
JBKKJI (DLBCL) 19 n.100C/U  YBesu4eHUe JJUHBI CTe6JIS 32 CUET U3MEHEHHUS PaCoJIoKeHHUs 6a3a/IbHOT0 COeIMHEeHUS
Increase in stem length due to change in the location of the basal junction
JBKKJI (DLBCL) 20 n.109+4G/A Het ganubix / No data
JBKKJI (DLBCL) 21 n.8A/C Het nanHbix / No data
n.1-18C/U
[IJIOHC (PCNSL) 1 n.13C/U M3MeHeHNe B «KJII0YEBOW» NOCIeA0BaTeNbHOCTH MiR-142-5p
n.29A/G Change in the “key” sequence of miR-142-5p
n.36A/G
[IJIOHC (PCNSL) 2 n.20G/C YTpaTta motuBa GHG Ha 3’-KkoH1le Bblllle 6a3a/IbHOTO COeIMHEHUS
n.35G/A GHG motif loss at the 3’ end above the basal junction
[IJIOHC (PCNSL) 3 n.95G/A YkopoueHUe cTebJIs 3a CYET U3MEeHEeHHsI PACIoJIOXKeHUs 6a3aIbHOTO COeIMHEHHUS
n.97G/A Shortening of the stem due to a change in the location of the basal junction
[IJILHC (PCNSL) 4 n.95G/U YkopodeHue cTebJIs WIMUIbKH, U3MEHEeHHe MecTa 6a3a/IbHOTO COeJUHEHUSI U BTOPUYHOU
n.113C/G  CTPYKTYypbl B o6s1act MoTHBa CNNC

Shortening of the hairpin stem, change in the basal junction site and secondary structure
in the CNNC motif region
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OkoHyaHue Tab6s1. 1 / End of Table 1

0O6pas3sern c MyTanuei

Sample with mutation Key structural change

KiIroueBoe CTpyKTypHOE H3MEHEHHE

TJILHC (PCNSL) 5 n.40C/U

AOHOJIHI/ITEJII)HOQ HECOOTBETCTBUE HYKJIECOTH OB

Additional nucleotide mismatch

TJILHC (PCNSL) 6  n.20G/C

Ytpara motrBa GHG Ha 3'-KoHIe Bblllle 6a3a/1bHOT0 COe/JUHEHHs]

GHG motif loss at the 3’ end above the basal junction

TJILHC (PCNSL) 7 n.100C/U

y,ELJ'II/IHeHI/Ie crebus HIMNHUJIBbKH, YKOPpOYEeHHEe OJHOLeIOYEeYHbIX CETMEHTOB HUXeE

6a3asIbHOTO coeJUHeHUs ¢ yTpaToi MoTuBa CNNC
Elongation of the hairpin stem, shortening of single-stranded segments below the basal

junction with CNNC motif loss

TJILHC (PCNSL) 8  n.93C/G

PaspyiieHnue cTabupHOM N1aTGOPMbI B OCHOBAaHHUH IIITHJIBKU

Degradation of the stable platform at the hairpin base

[IVIOHC (PCNSL) 9 n.93C/G

PaspyieHue cTabuIbHOMN MIaTGOPMBI B OCHOBAHUH LIITUIBKH

Degradation of the stable platform at the hairpin base

[JILHC (PCNSL) 10 n.89U/A
6a3aJIbHOTO COeJJMHEHUS

M3MeHeHMe BTOPUYHOM CTPYKTYpHI B 061acTH MoTuBa GHG Ha 3’-KOH1Lie BhILIe

Change in the secondary structure in the GHG motif region at the 3’ end above the basal

junction

[JIHC (PCNSL) 11 n.89U/A
6a3aJIbHOTO COeJJMHEHUS

W3meHeHNe BTOpUYHOH CTPYKTYpHI B 06s1actu MoTuBa GHG Ha 3’-KoHIe Bbllre

Change in the secondary structure in the GHG motif region at the 3’ end above the basal

junction

TJILHC (PCNSL) 12 n.95G/U

YkopoyeHue cTebisA 32 c4eT U3MeHEHHS PaCoJIOKeH s 6a3aJbHOT0 COeAMHEHHS U

BTOPUYHOU CTPYKTYpbl B 061acTu MoTHBa CNNC
Shortening of the stem due to changes in the location of the basal junction and secondary
structure in the CNNC motif region

TJILHC (PCNSL) 13 n.101U/G

YKopo‘{el-me OJIHOLIEIIOYEeYHbIX CETMEHTOB HUXKe 6as3aJibHOTO CoOeJUHEHUA U UBMEHEHHE

BTOPUYHOH CTPYKTYphl B 06s1acTu MoTHuBa CNNC
Shortening of single-stranded segments below the basal junction and a change in the
secondary structure in the CNNC motif region

[IpumMevyaHnue.
HepBHOH CUCTEMBL.
Abbreviations:

nporeccuara MukpoPHK: B 13/13 mporus 5/21 ciy-
gaeB (p = 0,057) COOTBETCTBEHHO.

Accornuarnusa myramuii reda MIR142 ¢ oco-
O0EHHOCTAMY KJIUHUYECKOTO TEYEHUA JIUM-
¢owmsbi. [Ipu IUVIIMHC noarpynmna ¢ MyTanusamMu B
aHAJU3UPYEMOM TeHe XapaKTepHU30Balach JOCTO-
BepHO 60Jiee BBICOKUM YPOBHEM SKCIIPECCHH OITyXO0-
JieBbIMU KyieTKamu Ki-67 (p = 0,021) 1 TeHAEHITUEeH K
0oJiee BBICOKMM IIOKAa3aTesIM CKOPOCTU OCETaHUs
sputponutoB (CO3) (p = 0,077). MHOXKeCTBEHHBIE
ouaru mnopaxkenus IIHC ormeuanuce B 1,6 pasa
yaile B CIy4yae BBIABJIEHHUS MyTaHTHOTO CTaTyca
MIR142,X0Ts1 pa3Iu4us C IOATPYIIION 6e3 MyTarui
HE JIOCTUTAJI yPOBHSA 3HAYUMOCTH (p = 0,332), 4TO
MOXKET OBITh CBSI3aHO C MaJIBIM YHCJIOM HabJIIofe-
Hu# (Tabr. 2).

[TonyueHnsl saHHBIE O Oojiee paHHEM Je0IOTe
cuctemuoi [IBKKJI y manimeHTOB ¢ MyTaHTHBIM CTa-
tycom MIR142 (p = 0,025), a Takke OOJIbIIEH
YacToTe BOBJIEUEHUS B OITyX0JIEBBIH ITPOIIeCC HEJTUM-
daTmyeckux opraHoB (p = 0,046) B JaHHOHU IOJ-

JBKKJI - nuddysnasn B-knertounas kpynHoksaeToyHas suMdoma; [IJILHC - nepBuyHas 1uMdomMa LeHTpaJbHOU

DLBCL - diffuse large B-cell lymphoma; PCNS - primary central nervous system lymphoma.

ological reasons, the analysis of MIR142 gene meth-
ylation was only performed in 101 DLBCL,
30 PCNSL, and 11 reactive lymph node samples
(Table 3). The Kolmogorov-Smirnov test revealed
an irregular distribution of the MIR142 methylated
allele level in samples. Therefore, the median, 25™,
and 75" percentile (Me (25; 75)) values were used
for calculations.

When analyzing the representation of the methyl-
ated allele of the MIR142 gene in DNA samples iso-
lated from lymph nodes, it was found that the tumor
tissue samples from patients with reactive polyclonal
B-cell proliferation exhibited greater homogeneity
compared to the samples from patients with systemic
DLBCL (Fig. 7).

The median values of the proportion of the meth-
ylated allele in systemic DLBCL and PCNSL were
statistically significantly lower than in reactive lymph
nodes: Me = 3,75% (0,0; 39,37) and Me = 16,11%
(0,0; 27,60) versus Me = 47,01% (22,68; 59,37) at
p = 0,002 and p = 0,001, respectively (Table 1).
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Ta6una 2. Acconuanus MyTtanuii B rene MIR142 c oco6eHHOCTSIMU KJnHU4Yeckoro TedeHust [IBKKJT u TTIJIHC

Table 2. The association of mutations in the MIR142 gene with

clinical features of DLBCL and PCNSL

CucremHas JBKKJI (Systemic DLBCL)

TJIIIHC (PCNSL)

C MyTaLiisiMU B reHe 6e3 MyTalMi B reHe
MIR142 MIR142
with MIR142 mutations without MIR142 mutations

C MyTalLiisiMU B reHe
MIR142
with MIR142 mutations

6e3 MyTaUMi B reHe
MIR142
without MIR142 mutations

Bospacr, sieT / Age

, years, Me (25; 75)

45,0 (28,0; 58,5) | 58,5 (46,0; 71,0)

61,5 (49,5; 68,0) | 65,0 (55,0; 70,0)

p=0,025

p=0,674

YactoTa BoBJieueHUsI HeTUMATUYECKHUX OPraHoB, adc. (%)
Frequency of non-lymphatic organ involvement, abs. (%)

MHoKecTBeHHbIe oYaru nopaxeHus, adc. (%)
Multiple lesions, abs. (%)

14/14 (100,0) | 29/38 (76,3)

5/11 (45,5) | 5/18 (27,8)

p=0,046

p=0,332

Jkcnpeccus ki-67 / Expression of ki-67, Me (25; 75), %

76,0 (50,0; 78,5) | 66,50 (66,0; 81,3)

90,0 (70,5; 90,0) | 55,0 (50,0; 70,0)

p=0,114

p=0,021

C03 / ESR, %, Me (25; 75)

26,0 (18,0; 36,5) 23,1 (17,3; 32,4)

20,0 (18,5; 30,2) 11,5 (6,1; 18,5)

p=0,972

p=0,077

[Ipumeuanue. [ABKKJ/I - guddysHas B-kieTounas KpymHo
HepBHOU cucteMbl; COJ - CKOPOCTb OCEJaHUS SPUTPOLIUTOB.
Abbreviations:
sedimentation rate.

rpymme. Pasnuuus B ypoBHe skcmpeccuu Kki-67
MEK/Ty TOATPYIIIaMHU ¢ ¥ 6€3 MyTalui B aHATU3UPY-
€MOM TeHe He JIOCTUTAJIM 3HAaYuMOCTH (p = 0,114)
(Tabs. 2).

CoueTaHHBIA aHAJIN3 MyTalluidi B TIeHe
MIR142 n p.L265P B reme MYDS88 npmu
IIVITTHC. Yacrora BbeisiBienus p.L265P B rene
MYDS88 npu IUIITHC cocraBuna 18/35 (51,4 %).
ITosy4ueHHBIE TaHHBIE CBUIETEIHCTBYIOT O HE3aBU-
cuMocTd Myranui B reHe MIR142 u p.L265P rena
MYDS88 npu IUIITHC (p = 0,467) (puc. 6).

Merniauposanue reHa MIR142 B omyxoJie-
BOU TKaHHU MAIUEHTOB ¢ JUM(OMaMHU U JIUM-
¢doysaax GOJBHBIX C PEAKTHBHON MOJIUKJIO-
HaJIbHOU B-Kj1eTouHOI nmposudepanueii. AHa-

ksaeToyHas uMdoma; [IJILHC - nepBuyHas 1uMdomMa LeHTpaJIbHON

DLBCL - diffuse large B-cell lymphoma; PCNS - primary central nervous system lymphoma; ESR - erythrocyte

Moreover, in the tumor tissue of patients with sys-
temic DLBCL and PCNSL, complete MIR142 demeth-
ylation was observed in 44/101 (43,6%) and 9/30
(30,0%) cases, respectively (Fig. 8), which was not
revealed in the group of control samples (p = 0,007
and p = 0,040, respectively).

ROC analysis was used to determine the cutoff
value for the proportion of the methylated alleles in
lymph node samples. This cutoff value was selected
based on the requirement for maximum overall sen-
sitivity and specificity of the model. It was found that
a methylated allele proportion of less than 10,97%
allows for the differentiation of DLBCL patient sam-
ples from reactive ones with a sensitivity of 90,9%
and a specificity of 49,4% (p = 0,002). The area

I3 MeTUIUpoBanus reHa MIR142 110 METOAUYECKUM

R
el T
AR 6RO

cucrewsas IITTTIRRRRRRRRRRRARRRNN
Syaomic MIRRRRRNNNNNINNNNNNNREE

Systemic
DLBCL

I
I
I
I
I

H Myrauuu MIR142
MIR 142 mutations

under the ROC curve was 0,780, 95% confidence

I
LR TEEREREEE G

§ Myrauus p.L265P MYDSS
p-L265P MYD&88 mutation

LR

be3 n3amenenmi
No alterations

[

I
ﬁ Mertunuposanue MIR142 H
MIR 142 methylation

Puc. 6. CoueTaHHBIN aHAIN3 U3y9IaeMbIX abepparuil mpu cucreMHoU 1uddy3HONU B-KJI€TOYHON KPYITHOKJIETOTHOH JINM-
dome (IBKKJI) u nepBuuHOi inMpome nieHTpanbHoi HepBHOU cucteMbl (ITJIITHC) B ka:k/10M 13 N3y4eHHBIX 00pa3IioB
Fig. 6. The associated analysis of the studied aberrations in systemic diffuse large B-cell lymphoma (DLBCL)
and primary central nervous system lymphoma (PCNSL) in each of the samples
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Ta6mmua 3. [los11 MeTHIMPOBaHHOTO aiens rena MIR142 (%) B 1nM¢oysJiax NalMeHTOB C peaKTUBHOW JIMMaZieHolaTHel
Y B OIIyX0JIEBOM TKaHU NauueHToB ¢ cucteMHoi JABKKJI u IIJILLHC

Table 3. The proportion of the MIR142 methylated allele (%) in the lymph nodes of patients with reactive lymphadenopathy
and in the tumor tissue of patients with systemic DLBCL and PCNSL

Iloka3zaTesb
Parameter

YpoBeHb 3HAYMMOCTH pa3JIndni

PeakTrBHBIe 1MMoOy3Jbl / Reactive lymph nodes (n=11)
CucremHas [IBKKJI / Systemic DLBCL (n = 101)
TJIL[HC / PCNSL (n = 30)

16,11 (0,0; 27,60)

Me (25;75) Significance level
47,01 (22,68;59,37)  p,,=0,002
3,75 (0,0; 39,37) p,,=0,001

Pys= 0,959

[IpumMevyaHnue.
HEPBHOH CHCTEMBI.
Abbreviations:

MpUYMHAM YAAJ0Ch BBIIOJHUTH B 101 obpasile
JIBKKJI, 30 — IIVIITHC u 11 oOpasnax peakTHBHBIX
sumboysiioB (tabs. 3). Tect Kommoroposa — Cvmup-
HOBa CBHUJIETEJILCTBOBAJI O HEMPABUJIBHOCTH pacIpe-
JleJIEHUs] YPOBHS METHJIMPOBAHHOTO aJUlesis TeHa
MIR142 B 6uomatepuase. [To 5To# IpuunHe /71 pac-
YETOB HCII0JIb30BAINCh 3HAUEHUS MeUAHbI, 25-T0 U
75-ro iponieHTHNEN (Me (25; 75)).

[Ipu aHanm3e NpeACTaBIEHHOCTA METHIUPOBAH-
Horo asiens reHa MIR142 B obpasnax JIHK, Bbige-
JIEHHOU W3 JINM(ATUUYECKUX Y3JIOB, YCTAHOBJIEHO,
yTo B OMoOMaTepuasie MAlMEHTOB C PeaKTUBHOH
MMOJINKJIOHAJILHOW  B-KileTouHOU mposiudepamnueit
MMeJia MeCTO OOJIbIasi OJTHOPOJTHOCTh, YeM B OHO-
MaTepHuaJie OIyX0JIeBOU TKaHHU OOJIBHBIX CHCTEMHOM
JBKKJI (puc. 7).

MenuaHHble 3HAUEHUs JIOJIA METHJIUPOBAHHOTO
aytensa npu cucremuoit JIBKKJT u ITJILHC 6wt
CTATUCTUYECKU 3HAUYMMO HHUKE, YeEM B PEAKTHBHBIX
aumdoysnax: Me = 3,75 % (0,0; 39,37) u Me =
= 16,11 % (0,0; 27,60) npotus Me = 47,01 % (22,68;
59,37) IpA p = 0,002 U p = 0,001 COOTBETCTBEHHO
(cm. Tab:. 1). [Tpu 5TOM B OIyX0JIEBOU TKAaHU OOJIH-
HbIx cucremuoi JIBKKJI u IVIIIHC B 44/101 (43,6%)
u 9/30 (30,0%) ciydaeB COOTBETCTBEHHO WMEJIO
MECTO TOJTHOE JIEMETHINPOBAHUE aHATU3UPYEMOTO
reda (puc. 8), YTO He BCTPEUAIIOCh B TPYIIIE KOH-
TPOJIbHBIX 00pasIoB (p = 0,007 U p = 0,040 COOT-
BETCTBEHHO).

Merogom ROC-aHanmza oIpeJieJIeHO 3HaYeHue
TOpora OTCEUEHUsI JIOJIM METHJIMPOBAHHOTO aJUiesisi B
6uomareprasie TUM(ATHIECKUX Y37I0B, KOTOPOE BBIOW-
pajioch UCXofisi U3 TpPeOOBaHUs MAKCHMAJIBHOU CyM-
MapHOU YyBCTBUTETLHOCTU U CIIEU(PUIHOCTH MOZIEITH.
YeTaHOBIEHO, YTO 3HAYEHHE JI0JTU METHJIMPOBAHHOTO
ajuiesiss MeHee 10,97 % TIO3BOJIIET C UYBCTBUTEIHHO-
CTBIO 90,9 % U CIerUUIHOCTBIO 49,4 % OTIMYATh
obpasupl maruentoB ¢ JIBKKJI or peakTHBHBIX
(p = 0,002). Inomans mog ROC-KpuBOIi cocTaBUIa
0,780, 95% NOBEepPUTENIBHBIN HHTEPBAT — 0,670; 0,891,
YTO COOTBETCTBYET MOZIEJTH XOPOIIIEro KauecTsa (pHC. 9).

JIBKKJI - nuddysHas B-kierounas kpynHoksieToyHas suMdoma; [IJILHC - nepBuyHas 1uMdomMa LeHTpaJbHOU

DLBCL - diffuse large B-cell lymphoma; PCNS - primary central nervous system lymphoma.

interval — 0,670; 0.891, which corresponds to a
good-quality model (Fig. 9).

No significant difference was found between the
groups of systemic DLBCL and PCNSL in terms of
the methylated allele proportion (Table 3) or the fre-
quency of detection of complete demethylation of the
gene under study (p = 0,239).

At the same time, a higher level of MIR142
methylation was noted in patients of the older age
group (over 60 years) both with PCNSL (p = 0,042)
and with systemic DLBCL (p = 0,077) (Table 4).

A strong negative correlation was observed
between the levels of MIR142 methylation and serum
lactate dehydrogenase (LDH) in patients with PCNSL
(r=-0,72 at p = 0,045).

The presence of a moderate negative correlation
was shown between the levels of MIR142 methyla-
tion level and blood leukocytes in patients with sys-
temic DLBCL (r = —0,51 at p = 0,021).

Associated analysis of methylation and
mutations in the MIR142 gene. An associated
analysis of mutations and methylation status of
MIR142 was performed in 89 samples of systemic
DLBCL and 30 — PCNSL. Groups with and without
mutations in MIR142 did not differ in the methylated
allele proportion or the frequency of complete
demethylation (Table 5).

It was shown that 49/89 (55,0%) samples of sys-
temic DLBCL and 12/30 (40,0%) samples of PCNSL
had mutations and/or demethylation in the MIR142
gene, and the aberrations analyzed were indepen-
dent events in tumor lymphoid tissue (p = 1,000 and
p = 0,611, respectively) (Fig. 6).

Alteration in the copy number of the MIR142
gene locus in tumor lymphoma tissue. To check
for loss of the copy number in the region
chr17:56,408,593-56,408,679 (GRCh37/hg19 assem-
bly), where the MIR142 gene is located, the results of
the Affymetrix SNP 6.0 microarray analysis of tumor
tissue samples from 364 patients with systemic DLBCL
and 43 patients with PCNSL were assessed.
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Puc. 7. Jloaa METUIHPOBAHHOTO ajiesis rena MIR142 B u3y4eHHBIX o6pasiax
(ABKKJI — nuddysHast B-keTouHasi KPyIHOKJIETOYHAas TUMQoMa)
Fig. 7. The proportion of the MIR142 methylated allele in the studied samples
(DLBCL - diffuse large B-cell lymphoma; CNS — central nervous system)
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Puc. 8. Pesynprarsl MeTriIcIenudryeckol nojuMepastoi nennoi peaxuu (ITLP) 11 onpesiesienus craTyca MeTHIH-
poBanusi reHa MIR142 (BBepXy) U i pOBOI IEHCUTOMETPHUH T'eJis ¢ pe3ysIbTataMu Metuicneluduueckoit I[P rena
MIR142 (Buu3y) (M — IIIP c npalimepamu, criequ(pUIHBIMU K METHINPOBaHHOMY ayutesnio; UM — ITLIP ¢ mpaiimepamu,
cienuUIHBIMU K HEMETUINPOBAaHHOMY aJlIesio; 1-8 — 06pasiisl iuMdoMHON TkaHu; KO — oTpHuIaTeIbHbIM KOHTPOJIb;

MW — Mapkep MOJIEKYJISIPHOH Macchl 100 Hap HYKJIEOTH/IOB)

Fig. 8. Results of methylation-specific polymerase chain reaction (PCR) for determining the MIR142 methylation status

(at the top) and digital densitometry of the gel with the results of MIR142 methylation-specific PCR (at the bottom)
(M — PCR with primers for the methylated allele; UM — PCR with primers for the unmethylated allele;
1-8 — lymphoma tissue samples; Ko — negative control; MW — marker of molecular weight of 100 base pairs)
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AUC = 0,780 + 0,056; p = 0,002
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Puc. 9. PesynpraTsl ROC-aHaIM3a COOTHOIIEHNS YyYBCTBUTETBHOCTH U CIIEIU(PUUHOCTH OIPEIEIEHHUs JT0TH METHIIHPO-
BaHHOTO ajutesisi TeHa MIR142 B tuMpOUHON TKAHU Y TAIIMEHTOB ¢ Auddy3HOH B-KI€TOUHOHN KPYTTHOKIETOUHOM
JMdOMOH 1 60IBHBIX peakTUBHBIMU JMdaneHonatusmu (AUC — mwiorazas mox ROC-KpuBoii)

Fig. 9. Results of the ROC analysis of the sensitivity and specificity ratio for determining the proportion
of the MIR142 methylated allele in the lymphoid tissue in patients with diffuse large B-cell lymphoma
and patients with reactive lymphadenopathies (AUC — area under the ROC curve)

He BbBIABIIEHO [OCTOBEPHON pPa3HUIIBI MEKIY
noarpynmnamu cucreMuoi JIBKKJT u TIJITTHC kax o
JloJie METHJIMPOBAHHOTO ayutesis (TabJl. 3), Tak U 1Mo
YacToTe BBISBJIEHHUS TIOJIHOTO Je€METHUIUPOBAHMUSI
u3ydyaeMoro reta (p = 0,239).

Bmecre ¢ Tem oTMeueH GOIBINNE YPOBEHb METH-
JIMPOBAHUs AHAIIM3UPYEMOTO TeHAa y MalHeHTOB
CTapIei BO3pACcTHOH rpynnsl (crapiie 60 JieT) Kak
npu IIVIITHC (p = 0,042), Tak ¥ IPU CUCTEMHOU
JIBKKJI (p = 0,077) (Tabmn. 4).

In systemic DLBCL, gene deletions were observed
in 18/364 cases (4,9%), while an increase in copy
number — in another 53/364 cases (14,6%). In
PCNSL, the deletion rate was 7/46 (15,2%, p = 0,007),
while an increase in copy number — in 16/46 cases
(34,8%, p < 0,001).

The analysis of the association between the copy
number alterations in the MIR142 gene and the clin-
ical characteristics of systemic DLBCL and PCNSL
was carried out (Table 6).

Ta6smmua 4. Acconpanus MeTUAnpoBaHus reHa MIR142 ¢ oco6eHHOCTAMH KJnHUYeckoro TedeHus JIBKKJI u [IJILTHC
Table 4. The association of MIR142 methylation with clinical features of DLBCL and PCNSL

IVIHHC / PCNSL CucremHas JIBKKJI / Systemic DLBCL
IloxasaTesnb
Parameter ao 60 get nocJje 60 jert a0 60 et nocje 60 jet
<60 years >60 years <60 years >60 years
MeTtunupoBaHue / Methylation, % 10,8 (0; 21) 28,8 (16,5; 39,7) 0,0 (0,0; 35,0) 20,0 (0,0; 38,2)
Me (25;75)
p 0,042 0,077

[IpumeuvyaHnmue.
HEpPBHOM CUCTEMBI.
Abbreviations:

JBKKJI - nuddysHas B-kieTouHas kpynHokjaetoyHas suMdoma; [IJILHC - nepBuyHas suMdomMa LeHTpasbHOU

DLBCL - diffuse large B-cell lymphoma; PCNS - primary central nervous system lymphoma.
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Ta6suna 5. CTaTyc MeTUJIMpPOBaHUs B 6MoMaTepHrasie nanueHToB ¢ cucteMuoi JIBKKJI v IIJIHC B 3aBUCcHMOCTH

OT MyTauui B rene MIR142

Table 5. The methylation status in tissue samples of patients with systemic DLBCL and PCNSL depending on mutations in the

MIR142 gene

CucremHas JJBKKJI (Systemic DLBCL)

TJIL[HC (PCNSL)

C MyTaLusIMU B reHe 6e3 MyTalii B reHe

C MyTanUsIMU B reHe 6e3 MyTalii B reHe

MIR142 MIR142 MIR142 MIR142
with MIR142 mutations without MIR142 mutations with MIR142 mutations without MIR142 mutations
Jons MeTunupoBaHHoro asiens (Proportion of the methylated allele), %
Me (25; 75)

8,28 (0,0; 47,24) | 3,75 (0,0; 39,36)

16,31 (5,50; 27,20) | 14,61 (0,0; 25,25)

p=0,773

p=0,422

YacroTa noJsiHoro sieMeTuanposaHnus, a6ce. (Frequency of complete demethylation, abs.) (%)

8/14 (57,1) | 38/75 (50,7)

1/10 (10,0) | 8/20 (40,0)

p = 0,657

p =0,091

IpumeuaHnmue.
HEpPBHOM CHUCTEMBI.
Abbreviations

OTMeueHa CHUJIbHASA OTPUIIATEbHAS KOPPEIAI-
OHHAf CBA3b MEX/y YPOBHEM METWIMPOBAHUA I'eHa
MIR142 n ypoBHeM JakTtataeruaporenassl (JIJII) B
chIBOpOTKe KpoBH 6osbHBIX [IJIITHC (rr = —0,72 mpu
D = 0,045).

[TokazaHO HasIMUKMEe YMEPEHHOU OTPHUIATEIHHOMN
KOPPEJISIIMOHHON CBSA3U MEXKAY YPOBHEM METHJIH-
poBanusa reHa MIRi42 W ypoBHEM JIEHKOIIUTOB
KpoBH 00yibHBIX cucteMHOU JIBKKJI ( = —0,51 ipu
p = 0,021).

CoueTaHHBIN aHAJIN3 METIJIMPOBAHUA U
myTamuii B rene MIR142. B 89 o6pasnax cucrem-
voii JIBKKJI u 30 o6pasmax I[IJIITHC mnpomeneH
COYETAaHHBIN aHAIU3 MyTaIlii U CTaTyca METUINPO-
BaHUs uM3ydaemoro resa. [Toarpymmsl 3aboieBaHus
¢ myranusaMu B MIR142 u 6e3 TakOBBIX IO JI0JIe
METHJIMPOBAHHOTO aJjIjiejisi M YacTOTe BBIABJIEHUSA
IIOJTHOTO JIEMETHUJIMPOBAHUS W3ydaeMOro TIeHa He
pasnmuuasnucsk (Tabi. 5).

[TokazaHo, 4T0 49/89 (55,0 %) 06pas310B CUCTEM-
Hou JIBKKJI u 12/30 (40,0 %) obpasmos ITJIITHC
MMeNMU MyTallMd U/WIh JIeMeTWINPOBaHUE TeHa
MIR142, npu 5TOM aHaJIU3UpyeMble abepparuu
SIBJISUTUCh HE3aBUCUMBIMU COOBITHS B OILyXOJIEBOU
sumdou o TKauu (p = 1,000 U p = 0,611 COOTBET-
CTBEHHO) (cM. puc. 6).

N3MeHeHHEe KONMHUITHOCTH JIOKyCa Pacio-
JokeHnsa reHa MIR142 B OIyX0JI€eBOI JIMIM-
dpomHoOI TKaHU. /|11 TPOBEPKU OTEPU KOTTHHHO-
ctu  permoHa chr17:56,408,593-56,408,679 (B
coopke GRCh37/hg19), rme pacmosiokeH TeH
MIR142, pacCMOTpeHBI pe3yJbTaThl aHajIW3a Ha
mukpounnax Affymetrix SNP 6.0 06pasios omyxo-
JIEBOII TKaHU 364 nanueHToB ¢ cucreMHoi JIBKKJI u
43 — ¢ IVIITHC.

JBKKJI - nudodysHas B-kieTouyHass KpynHokjaeTtoyHas juMdoma; [IJILHC - nepBuyHas suMdomMa neHTpasbHOU

: DLBCL - diffuse large B-cell lymphoma; PCNSL - primary central nervous system lymphoma.

In the group with MIR142 deletion, the median
age of diagnosis of PCNSL was 80,0 (71,0; 87,0)
years, compared with 64,0 (56,5; 69,0) and 68,5
(62,3; 75,0) years in the groups with duplication and
without copy number alteration (p = 0,015 and
P = 0,022, respectively). Also, the group of patients
with MIR142 deletion was characterized by the pre-
dominance of the GCB subtype (p = 0,036 and
P = 0,005, respectively) and a clear trend towards
the higher frequency of the overall response to ther-
apy: 100% versus 64,3% (p = 0,071) and 72,2%
(p = 0,119) in the case of duplication and the absence
of copy number alterations in the region of gene loca-
tion, respectively. This was combined with the best
5-year overall survival rates of patients in the group
with deletion (Table 6, Fig. 10), which achieved sig-
nificant differences compared to patients in the
group without copy number alteration in MIR142:
71,4% versus 25% with a median overall survival of
13 months (p = 0,029). The median follow-up was
19 months.

In systemic DLBCL, the group of patients with
deletion of the region on chromosome 17, where
the MIR142 gene is located, was characterized by
the lowest frequency of stage IV disease: 16,7%
versus 52,4% (p = 0,021) and 57,4% (p = 0,094)
with duplication and without copy number altera-
tion, as well as a two-fold lower frequency of liver
tumor involvement (22,2% versus 45,1%,
p = 0,088) compared with patients with duplica-
tion. The overall 5-year survival (with a median
follow-up of 39 months) in patients with systemic
DLBCL tended to a decrease in the group with
duplication of the MIRi142 gene (p = 0,090)
(Table 6, Fig. 11).
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Ta6amna 6. Accounanys HapyleHUst KOMUHHOCTH reHa MIR142 v KIMHUYeCKUX XapakTepucTuk cucreMHon JBKKJI u IIJILHC
Table 6. The association of copy number alterations in the MIR142 gene with clinical characteristics of systemic DLBCL and PCNSL

CucremHas /IBKKJI / Systemic DLBCL IJILHC / PCNSL
Be3s Be3 Hapye-
C gyn/iMKa- HapylmeHHs C Ayn/iMKa- HUs KONMM-
C penenyeil nueiireHa  KONMHHOCTH  YpoBeHb C gesenMeld ImUelreHa HOCTH reHa YpoBeHb
rena MIR142 MIR142 rena MIR142 3HA4YUMOCTH TEHa MIR142 MIR142 MIR142 3HAYUMOCTH
With MIR142 With Without pasauuuii With MIR142 With Without pasuumii
deletion MIR142 MIR142 copy Significance deletion 1 MIR142 MIR142 copy Significance
duplication number level duplication number level
alteration alteration
1 2 3 1 2 3
Bospacr, siet / Age, years, Me (25; 75)
62,0 70,0 69,0 p,,=0,358 80,0 (71,0; 64,0 68,5 p,,=0,015
(55,7;79,0) (63,0;81,0) (60,0;77,0) p,,=0,382 87,0) (56,5;69,0) (62,3;75,0) p,,=0,022
p,,= 0,844 p,,=0,102
MyTanuii Ha o6paser; / Mutations per sample, Me (25; 75)
14,5 10,0 11,0 p,,=0,179 16,5 18,0 19,5 p,,=0,617
(7,8; 20,5) (5,5; 25,6) (7,0; 18,0) p, ,=0,378 (8,8;27,3) (15,0; 27,3) (13,3; 42,0) p, ,=0,385
P,,= 0,247 Pys =0,642
Yacrota ctaguu IV, aée. (%) Yacrora ABC-noaTumna, aée. (%)
Frequency of stage IV, abs. (%) Frequency of ABC subtype, abs. (%)
3/18 11/21 58/101 p,,=0021 2/7 12/16 17/20 p,,=0,036
(16,7) (52,4) (57,4) p,,=0,094 (28,6) (75,0) (85,0) p,,=0,005
p, ;= 0,159 p, .= 0,452
YacToTa mopaykeHusi nedeHu, aée. (%) OtBet Ha Tepanuio, CR + PR/SD + PD
Frequency of liver damage, abs. (%) Treatment response, CR + PR/SD + PD
4/18 23/51 101/286 p,,=0,088 7/0 9/5 13/5 p,,=0,071
(22,2) (45,1) (35,3) p,,=0,181 (100,0/0,0) (64,3/35,7) (72,2/27,8) p,,=0,119
p,,=0,340 p,,= 0,631
5-neTHAA 061aA BBDKMBAEMOCTb, abc. (%) / 5-year overall survival, abs. (%)
12/18 29/53 193/289 p,,=0,376 5/7 9/16 5/20 p,,=0,493
(66,7) (54,7) (66,8) p,,=0992 (71,4) (56,3) (25,0) p,,=0,056
p,,=0,091 p,,=0,029

[IpuMevyaHue.

JBKKJI - nuddysHas B-ksierounas kpynHoksieToyHas suMdoma; [IJILHC - nepBuyHas suMdomMa LeHTpaJbHOU

HepBHOU cucteMbl; ABC-moATHUN - MOATUI U3 aKTUBUPOBAHHbIX B-kieTok; CR - mosiHble pemuccuu; PR - yactuunble pemuccuy; SD -

crabuinsanus 3a6osieBanus; PD - mporpeccus 3a60J1eBaHuUsl.
Abbreviations:

DLBCL - diffuse large B-cell lymphoma; PCNS - primary central nervous system lymphoma; ABC - activated B-cell

subtype; CR - complete remission; PR - partial remission; SD - stabilization of disease; PD - progression of disease.

ITpu cucremuoit IBKKJI B 18/364 (4,9 %) ciy-
YaeB MMeJia MECTO JIeJIellis TeHa, TOI/ia KaK ellle B
53/364 (14,6 %) — yBenuueHUe YHCIa KOMUI TeHa.
IMpu IIJIITHC vacrora nenenuid cocraBwia 7/46
(15,2 %, p = 0,007), TOTHA KaK yBeJMYEeHHE YHCIIA
KOTIHUU BCTPEYasoch C YacToTou 16/46 (34,8 %,
p < 0,001).

[IpoBesileH aHaMW3 accoUMAalM HapYIIEHUs
konuiiHOCTH TeHa MIR142 v KTHHUYECKHUX XapaKTe-
puctuk cuctemuou JIBKKJI u ITJIITHC (TabJr. 6).

B moarpymme ¢ genenuel aHAJIM3UPYEMOTO TeHa
MmenuaHa Boapacrta auarHoctuku ITJIITHC cocrta-
Bwia 80,0 (71,0; 87,0) rojla B cpaBHEHUH C 64,0
(56,5; 69,0) u 68,5 (62,3; 75,0) ro/1a B MOATPYIIIIAX C
JMyIUTHKaned u 6e3 HapylleHus KOMMHHOCTH TeHa

The MIR142 gene encodes a key tumor-suppres-
sive microRNA that is important in the pathogenesis
of cancers [21]. At the same time, various authors
have demonstrated high levels of miR-142 in tumor
tissue of patients with B-, T-, and NK-cell neoplasms,
such as DLBCL, MALT lymphoma, NK-cell lym-
phoma, and T- and B-lymphoblastic lymphoma/leu-
kemia [22—26].

The literature data indicate that miR-142 overex-
pression plays a role in lymphomagenesis and is
associated with the activation of the pro-oncogenic
transcription factor MYC and the CCND3 protein.
The latter is essential for the maturation of B- and
T-lymphocytes and the proliferation of germinal cen-
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Puc. 10. O0mas 5-71eTHss BBDKUBAEMOCTD ITAIIEHTOB ¢ IEPBUYHOM JTMMGOMOU IIEHTPAIBHON HEPBHOU CUCTEMBI
(crutonIHAs TMHUS — IOATPYIIIA C JieJIeluel; MyHKTUPHAS — C JIyTUINKAI[Uen;
MYHKTUPHAsA C TOUKOH — 6e3 HapyIeHus KonuiHocTH reHa MIR142)
Fig. 10. The overall 5-year survival of patients with primary central nervous system lymphoma (solid line — group
with deletion; dash line — with duplication; dash and dot line — without copy number alterations in the MIR142 gene)

(p = 0,015 1 p = 0,022 COOTBETCTBEHHO). Tak:xe MmoJ-
IpyIIIIa MaIueHTOB C Jesenueid MIR142 XapakTepu-
3oBajiach mpeobiamanvemM GCB-moaTuma omyxosiu
(p = 0,036 1 p = 0,005 COOTBETCTBEHHO) U YETKOU
TeHJeHINed K OOJIbIIEH JacToTe OOIIero oTeera Ha
Tepamnu: 100 % npotus 64,3 % (p = 0,071) u 72,2 %
(p = 0,119) B ciydae AYIUTUKAIUA U OTCYTCTBHS
U3MEHEHUs KOIMMUHHOCTH TeHOMa B 00JIaCTH pacIio-
JIO’KEHHUs T€Ha COOTBETCTBEHHO. JTO COYETaIoCh C
HAWJIYYIIUMU [IOKa3aTeJIsIMH 5-JIETHEH 0oOImel
BBDKHUBAEMOCTH OOJIBHBIX MOJITPYIIIIBI C JIeJIeIuer
(Tabs. 6, puc. 10), KOTOpbIE JOCTUTATH 3HAYUMBIX
pasJIMuui ¢ MalieHTaMu MOrPYIIbI 0e3 Hapylie-
HUA KomuiHOCTH MIR142: 71,4 % TIPOTUB 25 % TIpu
MeiraHe o0Iel BhKIBaeMocTu 13 Mec (p = 0,029).
Menuana HaOJIIOAEHUs COCTAaBUIA 19 MeC.

ITpu cucremuou JIBKKJI noarpyrmma marnueHTOB
C JleJleliel peruoHa XpOMOCOMBI 17, T/ie PacIoJio-
’keH reH MIR142, XxapaKkTepu30Bajiach HauMeHbIIIeH
vacrotod IV crapum 3aboneBanusi: 16,7 % IpOTHUB
52,4 % (p = 0,021) 1 57,4 % (p = 0,094) NpH YA~
Kallid U B OTCYTCTBUM M3MEHEHHUs] KOMHUUHOCTHU, a
TaK’Ke B /[Ba pa3a MEHbIIIEH YaCTOTOU BOBJIEUEHUS B
OIIYXOJIEBBIA TIpOIlecC TeueHu (22,2 % MTpPOTUB
45,1 %, p = 0,088) B cpaBHEHUH C MAIlMEHTAMH C

ter B-cells and is the regulatory subunit of the cyclin
kinases CDK4 and CDK6, which mediate the G1to S
transition during the cell cycle [27]. The mechanisms
of this phenomenon have not been studied. It is
assumed that this may be associated with mutations
of the MIR142 gene [27]. However, additional stud-
ies of molecular and genetic abnormalities in the
MIR142 gene in lymphoproliferative diseases are
needed.

In our study, we performed the comparative anal-
ysis of the frequency and spectrum of aberrations
(mutations, methylation status, and copy number
alterations) in the MIR142 gene in tumor tissue of
patients with systemic DLBCL and PCNSL, as well as
the analysis of their association with the clinical
course of these diseases.

According to the literature, the mutation fre-
quency in the analyzed gene in DLBCL is 12—20%
[22, 23, 28, 29]. The value for the mutation frequency
in the MIR142 gene in systemic DLBCL (16,8%) we
obtained falls within this range. Moreover, muta-
tions in the MIR142 gene and p.L265P of the MYD88
gene in PCNSL were independent.

In addition to the higher frequency of MIR142
mutations in PCNSL (37,1%, p = 0,010), the distinct
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Puc. 11. O611as 5-71eTH:AA BBDKIBAEMOCTD MAIUEHTOB € CHCTeMHOM b dy3HOI B-KI€TOUHON KPYITHOKJIETOUHON JINM-
domoii (cruTonIHas JIMHUS — MOZTPYIIIA C IeJIeNUeil; MyHKTUPHAS — C yIUINKALueH;
IyHKTHUPHAsI C TOUKOU — 6e3 HapyIIeHus1 KomuiHoCTH reHa MIR142)
Fig. 11. The overall 5-year survival of patients with systemic diffuse large B-cell lymphoma (solid line — subgroup
with deletion; dash line — with duplication; dash and dot line — without copy number alterations in the MIR142 gene)

aymnukanued. OOIas 5-JIETHAS BBIKUBA€MOCTb
(mpu MeaHe HAOJIO/IEHUs 39 Mec) Y IMaIueHTOB C
cucremuoi JIBKKJI umesia TEHAEHIIUIO K CHUXKEHUIO
B MOATPYIIIIE C IyIUTUKAIHEN aHATU3UPyEMOTO TeHa
(p = 0,090) (Tabu. 6, puc. 11).

OBCYKAEHUE

T'en MIR142 xoaupyeT KJIIOUYEBYI0O OHKOCYIIpEC-
copuyo MukpoPHK, nmMmernoiyio Ba>kHOe 3HaUeHUE B
rmaToreHe3e oHko3zabosieBaHuH [21]. B TO ke Bpems
Pa3JIMYHBIMU aBTOPaMH IOKa3aH (akT BBICOKOTO
ypoBHSI mMiR-142 B OmyxoseBO# TKaHU OOJIBHBIX
B-, T- u NK-xjieTroyHbIMH HOBOOOpPA30BAHUIMH,
takumu Kak JIBKKJI, MALT-imumdoma, NK-kmerou-
Has muMmdoma u T- u B-mumdobaacraas mumdoma/
JlefikeMus [22—26].

JluTepaTypHble JaHHBIE CBU/IETETBCTBYIOT O TOM,
YTO runepakcrpeccuss miR-142 uMeer 3HaueHUEe B
auMoMoreHe3e U acCOIUMPOBAHA C aKTHBAIUEN
MIPOOHKOTEHHOT'O0 TPAHCKPHUIIIIMOHHOTO akTopa
MYC u 6enka CCND3. [Tociennuii urpaer Hezame-
HUMYIO poJib B co3peBaHuu B- u T-iumdonuutoB u
npoaudepanuu B-kjeTok 3apo/IbIeBoro eHTpa u
SIBJISIETCS PETYJIATOPHOU CYObeUHUIIEN [IMKIMHKH-
Hasz CDK4 u CDK6, o6ecnieynBaronux nepexos Kie-

spectrum of their locations was also noteworthy. The
selectivity of the location of MIR142 mutations in
various hematological malignancies has been con-
firmed in other studies. Thus, all mutations described
to date in acute myeloid leukemia and myelodysplas-
tic syndrome are localized exclusively within the key
miR-142-3p sequence [7].

According to the data obtained, in systemic
DLBCL, the changes are uniformly distributed
throughout the gene, whereas in PCNSL, they are
localized only in the region of the mature miR-142-5p
chain and the base of the precursor microRNA hair-
pin, the sequence of which plays a key role in recog-
nizing the DROSHA cleavage site. Moreover, in both
PCNSL and systemic DLBCL, changes in the “key”
regions of mature microRNAs are rare.

According to the studies conducted, the normal
structure of the miRNA precursor hairpin should
contain key functional elements required for pro-
cessing of mature strands, such as a stem of approxi-
mately 33—35 nucleotides in length, an apical loop of
10—15 nucleotides in length with a GUG motif, sin-
gle-stranded segments at the base of the stem, a
CNNC motif below the basal junction, an unpaired
GHG motif on the 3’ strand at a distance of 7—9 nucle-
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ToK OT G1 K S dase nuxa [27]. MexaHU3MbI JAHHOTO
sIBJIEHUSI He Hu3ydeHbl. I[lpesamosiaraercs, YTO 35TO
MOXKET OBbITh CBSI3aHO C MyTAHTHBIM CTaTyCOM TeHa
MIR142 [27]. BmecTe ¢ TeM HEOOXOAMMBbI JOIOIHH-
TeJIbHbIE HCCJIEIOBAHUSA MOJIEKYJIAPHO-TeHeTuYe-
CKHUX HapyleHu# B reHe MIR142 npu 1uM@Oonposiu-
(epaTuBHBIX 3260I€BAaHUSIX.

B Hamem mcciieZjoBaHUY BBITIOJIHEH CPABHUTEIIb-
HBII aHAJIU3 YaCTOTHI U CIeKTpa abeppaiuii (MyTa-
U, cTaTyca METUJIUPOBAHUSA U HAPYIIEHU KO-
HOCTH) B reHe MIR142 B OIIyX0JI€EBOH TKAHU MaI[UeH-
ToB ¢ cuctemuou JIBKKJI u ITJIITHC, a Tak»ke aHAIN3
WX aCCOIMAIUM C OCOOEHHOCTAMH KJIMHUYECKOTO
TeUeHHUs JaHHBIX 3a00JIeBaHU.

YacroTa MyTanuii B aHAJTU3UPYEMOM TeHe IpU
JABKKJI 1o [aHHBIM JIMTEpPATYpPhl COCTABJISAET
12—20 % [22, 23, 28, 29]. [TosryueHHOE HaMU 3HaYe-
HHE YacTOThl MyTanuil B reHe MIR142 IpU CUCTEM-
Hoti JIBKKJI (16,8 %) yxkiaapiBaeTcs B 3TOT Juarna-
30H. IIpu sTom myranuu B rene MIR142 u p.L265P
resa MYD88 npu IIJIITHC HOCW/IM HE3aBUCUMBIH
xXapakTep.

[ToMmumoO GOJIBIIEN YACTOTHI BBIABJIEHHS MYyTa-
uuii B MIR142 npu IUIITHC (37,1 %, p = 0,010),
obparras Ha cebs1 BHUMAaHUE U OTIMIHBIN CIIEKTP UX
pacmosnioxkeHus. 136uparesbHOCTh JIOKATU3AINU
MyTanuii B reie MIR142 Ipu TOM WIN UHOM TeMo-
6y1acTo3e HAXOAUT IOATBEPXKIEHWE U B JPYTHX
nccieoBaHuAX. Tak, Bce ONMCAHHBIE K HACTOAIIEMY
MOMEHTY MYyTaIlUH IPU OCTPOM MHEIOUIHOM JIeH-
KO3€ U MUEJIOAUCIIJIACTUYECKOM CUHPOME JIOKAJIU-
30BaHbl HCKJIOYHUTEIBHO B O00JACTH KJIIOYEBOH
MoCJIeIOBaTEIbHOCTH MiR-142-3p [7].

CorsiacHO NOJIyYeHHBIM JaHHBIM, IIPU CUCTEM-
Houi JIBKKJI u3aMmeHeHHs paBHOMEDPHO pacCpenoTo-
4eHbl 110 reHy, Torzaa kak npu IIJIITHC 3atparusator
TOJIbKO 00J1aCTh 3peJIOH Ielu miR-142-5p ¥ OCHOBa-
HUe IINWIbKA IIpeAulecTBeHHUKa MUKpOPHK,
MIOCJIEI0BATEBHOCTh KOTOPOM HIPAEeT KJIIOUEBOE
3HAUeHUe JIJI pPaclio3HaBaHUA caiiTa paciiellyieHus
DROSHA. IIpu stom kak npu IIJIITHC, Tak u npu
cuctemMuor JIBKKJI u3MeHeHHA B «KJIIOUEBBIX»
obactsx 3pesbix MUkpoPHK penxu.

CoryiacHO TIPOBEJIEHHBIM HCCJIEIOBAHUAM, HOP-
MaJIbHAsA CTPYKTypa UIMWJIbBKU IPeAIIeCTBEHHUKA
MukpoPHK niomkHa copeprkath KiroueBble PyHKIIN-
OHAJIbHbIE 3JIEMEHTHI, HEOOXOUMbIe [ IIPOIiec-
CUHTa 3peJIbIX Iemel, Takue Kak crebesb JAJTHHOM
OKOJIO 33—35 HYKJIEOTU/IOB, alliKaJIbHAA NeTIA IJIN-
HOU 10—15 HyKJIeoTu/0B ¢ MmoTuBoM GUG, omHOIIE-
MIOYeUHble CETMEHTHl Y OCHOBAaHUA CTeOJIsl, MOTUB
CNNC Hmxke 6a3ayJibHOTO COeIMHEHUs, HeclapeH-
el MoTmB GHG Ha 3'-mlemm Ha paccTosHUH
7—9Q HYKJIEOTHJIOB OT 6a3aJIbHOTO coeauHeHus (Tae

otides from the basal junction (where H is any nucle-
otide except G), a stable platform featuring paired
base arrangement in the basal stem, and a cleavage
site at the 14™—15" nucleotide positions from the
basal junction (Fig. 5). The primary sequence of all
these motifs has an additive effect on processing effi-
ciency [30].

Thus, analysis of the predicted structures in
pri-miR-142 hairpins in normal conditions and
under mutations showed that in PCNSL, in all
cases with mutations, and in systemic DLBCL — in
76,2% of cases (p = 0,057), they led to alterations
in key elements required for processing by the
Drosha-DGCR8 complex, namely: a change in
stem length, the appearance of additional unstruc-
tured elements (such as nucleotide mismatches
and bulges), as well as disruption of the main func-
tional motifs that are needed for microRNA pro-
cessing (Table 1).

A common feature of both PCNSL and systemic
DLBCL is our detection of multiple substitutions in a
third of cases with mutations in the MIR142 gene,
which indicates the phenomenon of somatic hyper-
mutation at this locus, the mechanism of which is
probably kataegis — the occurrence of clusters of
somatic mutations such as C>T (G>A) transitions
within one of the DNA strands under the action of
DNA deaminases AID/APOBEC [31]. The basis for
this assumption is the results of an earlier study that
established an extremely high frequency of kataegis
in the MIR142 region in DLBCL [32]. There are also
data indicating sustained expression of activation-
induced cytidine deaminase (AID) in some cases of
PCNSL [33]. Additional extended analysis of the
samples studied using NGS methods to assess the
density of mutations per 1000 base pairs at the
MIR142 locus would strengthen this assumption.

The comparative analysis revealed the most pro-
nounced heterogeneity in the representation of the
MIR142 methylated allele in the tumor lymphoid tis-
sue of patients with systemic DLBCL. It was also
noteworthy that the median values of the methylated
allele proportion in systemic DLBCL and PCNSL
were statistically significantly lower than in reactive
lymph nodes (p = 0,002 and p = 0,001, respectively);
in 43,6% and 30,0% of cases, respectively, in these
diseases, complete demethylation of the analyzed
gene occurred, which was not observed in the group
of control samples (p = 0,007 and p = 0,040, respec-
tively).

Using ROC analysis, we determined the cutoff
value for the methylated allele proportion in lymph
node samples to be less than 10,9%, which allows to
distinguish samples of patients with DLBCL from
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H — 10601 HykteoTus, kpome G), crabribHast IIaT-
¢dopma ¢ mapHBIM PACHOJIOKEHUEM OCHOBAaHUU B
6azaspHOM cTebJie U CalT pacllelieHus B 14—15-H
HYKJIEOTHU/THOU TO3UIIMH OT 0a3aJIbHOTO COEUHE-
HuA (cM. puc. 5). [leppuyHas mocaea0BaTEILHOCTD
BCEX STUX MOTUBOB OKa3bIBAET aIIUTUBHBIN 3(PdeKT
Ha 3 beKTUBHOCTD 06paboTKH [30].

Tak, aHaIN3 TPEJICKA3aHHBIX CTPYKTYP IIITHJIEK
pri-miR-142 B HOpMe U B ciIyyae MyTaIliui moxasail,
uro npu IIJIITHC Bo Bcex ciyyasgx ¢ MyTaUAMH, a
nipu cucreMHou [IBKKJI B 76,2 % ciygaes (p = 0,057)
OHH TIPUBOAWIN K HAPYIIEHUIO KJIIOYEBBIX DJIEMEH-
TOB, HEOOXOJIUMBIX JIJII OOPabOTKH KOMILJIEKCOM
Drosha-DGCRS8, a UMeHHO: U3MEHEHHIO JIMHBI CTe-
06J1s1, TIOSIBJIEHUIO IOIIOJIHUTETbHBIX HECTPYKTYPUPO-
BaHHBIX AJIEMEHTOB (TAKUX KaK HECOBIT/IEHUS HyKJIe-
OTHJIOB U «IIy3bIpHU» Ha cTe0JIe), a TAKIKE HAPYIIIEHHIO
OCHOBHBIX (DYHKITMOHAJIBHBIX MOTHBOB, HEOOXOIHU-
MBIX 77151 Tporieccuura MukpoPHK (cm. Tabor. 1).

O6mum kak npu [IJIITHC, Tak 1 mpu cuCTeMHON
JBKKJI sBnseTcs oOHApyKeHe HaMU MHOKECTBEH-
HBIX 3aM€H B TPETH CJIy4aeB ¢ MyTalUsAMU B TeHe
MIR142, 9TO CBU/IETEJIBLCTBYET O ABJIEHUU COMaTH-
YeCKOU TUIepMyTalluy B JJAHHOM JIOKYCe, MEXaHU3-
MOM KOTOPOTO, BEPOSATHO, SIBJISETCSA KaTa3THUC — BO3-
HUKHOBeHHe 1107, AetictBueM JJHK-nezamuuasz AID/
APOBEC xsiacTepoB cOMaTHYECKUX MYyTaIldd THUIIA
tparsunuii C>T (G>A) B nmpesiesiax OHOU U3 TIEI0-
uek HuTH JJHK [31]. OcHOBaHMEM TaK CUMTATh SIBJIS-
IOTCS1 pe3ysIbTaThl 0OoJiee paHHEH paboThI, YCTAHO-
BUBIIIEN YPE3BBIUATHO BBICOKYIO YACTOTY KaTasTHca
B oOJsiactk pacnoJioxkeHuss reHa MIR142 tpu
JBKKJI [32]. Takke UMEIOTCSA JAaHHbBIE, CBUIETEIb-
cTByMOIIME 00 YCTOMYHUBOM SKCIIPECCUU ITUTUIHHIE-
3amuHa3bl (AID) B wacrtu ciayuae IIJIITHC [33].
JIOTIOTHUTENIbHBIN  PACIIUPEHHBIH aHAJINU3 METO-
mamu NGS wuccie/ToBaHHBIX HaMH 00pasIoB JJIst
OIIeHKHU IUIOTHOCTH MyTaIlMi Ha 1000 Iap OCHOBa-
HUH B JIOKyce pacmosioxkeHuss MIR142 ykpenus Obl
5TO TPEJIIOJIOKEHHE.

CpaBHUTEJIBHBIM aHAIN3 IIOKa3aja Hawnbosee
BBIPA’KEHHYI0 TETEPOTeHHOCTh IPEICTAaBIEHHOCTH
METUJIMPOBAHHOTO ajesnsa reHa MIR142 B omyxoJie-
BOU JIUM(OUTHON TKAHU MAIMEHTOB C CHCTEMHOU
JBKKJI. Obpamasio Ha cebss BHUMaHHUE TaKiKe TO,
YTO MeJIMaHHbIE 3HAUEHUS JIOJIU METUINPOBAHHOTO
ayutesist ipu cuctemuou JIBKKJT u TIJIITHC 6wt
CTAaTUCTUYECKH 3HAUUMO HIKE, UeM B PEAKTUBHBIX
aumdoysnax (p = 0,002 U p = 0,001 COOTBET-
CTBEHHO); B 43,6 U 30,0 % CJIy4aeB COOTBETCTBEHHO
IIpYU JJaHHBIX 3a00JIEBAaHUAX UMEJIO MECTO IIOJIHOE
JIeMeTHUJIMPOBaHNE aHAJIM3UPYyEMOro TeHa, YTO He
BCTPEUAJIOCh B TPYIIIIE KOHTPOJBHBIX OOpPa3IoB
(p = 0,007 1 p = 0,040 COOTBETCTBEHHO).

samples of patients with reactive polyclonal B-cell
proliferation with a sensitivity of 90,9% and a speci-
ficity of 49,4% (p = 0,002).

It was also shown that mutations and/or demeth-
ylation in the MIR142 gene were independent events
in tumor lymphoid tissue in systemic DLBCL and
PCNSL and occurred in 55,0 and 40,0% of samples,
respectively.

In addition to mutations, the MIR142 gene, as
was shown by our study, is a target for chromo-
somal rearrangements that are more frequent in
PCNSL. Thus, the results of the Affymetrix SNP 6.0
microarrays analysis of copy number of the genetic
material in the chr17:56,408,593-56,408,679
region, where the MIR142 gene is located, pre-
sented in the cBioPortal for Cancer Genomics data-
base, showed that the frequency of deletions in
PCNSL is three times higher than in systemic
DLBCL (15,2% versus 4,9%, p = 0,007), and an
increase in copy number occurs in every third case
(34,8% versus 15,2%, p < 0,001).

The data on a standard karyotyping analysis of
systemic DLBCL tumor tissue samples presented in
the Mitelman Database of Chromosome Aberra-
tions and Gene Fusions in Cancer were previously
published [7] and indicated a low frequency of copy
number alterations at the MIR142 locus as a result
of gross chromosomal aberrations. Our results may
indicate that the primary mechanism for MIR142
copy number alteration is microdeletion/microdu-
plication events, which are more common in
PCNSL.

The analysis of the association of molecular and
genetic abnormalities in the MIR142 gene with clini-
cal features of systemic DLBCL and PCNSL revealed
a number of interesting findings.

In particular, a higher level of MIR142 methyla-
tion was noted in patients over 60 years of age both
with PCNSL (p = 0,042) and systemic DLBCL
(p = 0,077), which is consistent with the data on solid
neoplasms indicating a higher proportion of hyper-
methylated tumor suppressor genes in elderly
patients [34, 35].

In PCNSL, the group of patients with MIRi42
mutations was characterized by a significantly higher
proliferative potential of the tumor substrate
(p = 0,021), while the methylation level of the gene
analyzed had a strong negative correlation with the
serum LDH level (r = —0,72 at p = 0,045). Deletions
in the MIR142 region, compared with duplications
and natural copy number of the gene, are associated
with an older age at tumor onset (p = 0,015 and
P = 0,022, respectively), a favorable GCB subtype of
DLBCL (p = 0,036 and p = 0,005, respectively), and
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Metogom ROC-ananmnza HaMu OBLIO OIIpesie-
JIEHO 3HaUEeHUE MOPOoTa OTCEYEHUs IO METUIIHU-
poOBaHHOTO ajuiesis B 6Guomarepuasie JuMdarmnye-
CKHX Yy3JIOB — MeHee 10,9 %, KOTOpoe IO3BOJISIET
C UYYBCTBUTEJBHOCTBIO 90,9 % U crenupuIHO-
CTBIO 49,4 % oOTAUYaTh 00pa3Ipl MAIIUEHTOB C
JBKKJI oT 006pa3moB ManHeHTOB C PEAKTUBHOU
MMOJIMKJIOHAJIbHOW B-Kky1eTouHO# mposmdepanuei
(p = 0,002).

[TokazaHO TakKe, YTO MyTallMu U/WJIU J€eMETH-
nupoBaHue rena MIR142 gBiAanch He3aBUCUMBIMU
COOBITHS B OITyXOJIEBOH JIUMQOUIHON TKaHU IIpU
cucrtemuor JIBKKJI u IIVIIHHC u mMmenun mecto B
55,0 ¥ 40,0 % 006pasmoB COOTBETCTBEHHO.

I[Tomumo myTanuii, ren MIR142, kak ObLIO ITOKa-
3aHO B JIAaHHOW paboTe, SIBJISETCA MHUIIEHDBIO JJIst
XPOMOCOMHBIX TIEPECTPOEK, 00Jiee dYacThIX IpHU
[IJIITHC. Tak, aHanu3 pe3yJsbTaTOB HCCJIE€IOBAHUA
Ha Mukpouunax Affymetrix SNP 6.0 xomuiiHOCTH
Tre€HETUYECKOTO MaTepraia B pervoHe
chr17:56,408,593-56,408,679, THe pacroJiokKeH
aHAJIU3UPYEMBIU TeH, IPe/ICTaBJIEHHBIX B Oase /laH-
HbIX cBioPortal for Cancer Genomics, moxasas, 4To
vacroTa fenenuit npu IIJIITHC B Tpu pasa BellIIe,
yeM 1mpu cucremHo# JIBKKJI (15,2 % npotus 4,9 %,
p = 0,007), a yBeJINUEHHE YHCJIA KOITUH BCTPEUYAETCs
B Ka)X/IOM TpeTbeM ciyuae (34,8 % mportus 15,2 %,
p < 0,001).

Panee ObuTH OIyOJIMKOBAaHBI JIAHHBIE aHATH3A
pe3yJIbTaTOB CTAHJAAPTHOTO KAapPHUOTHIIUPOBAHUS
00pasIoB omyxo0sieBol TKaHu cucreMHon JIBKKJI,
npencraBieHHbix B Mitelman Database of Chro-
mosome Aberrations and Gene Fusions in Cancer [7],
CBU/IETEJIBCTBYIOIINE O HU3KOU YaCTOTE U3MEHEHUS
KONMMUHOCTUA JIOKyca pacmosoxkenuss MIR142 B
pe3ysbTaTe TPyOBIX XPOMOCOMHBIX ITOJIOMOK. ITosty-
YeHHble HAMU Pe3yJbTAaThl MOTYT CBU/IETETHCTBO-
BaTh O TOM, YTO OCHOBHBIM MEXaHW3MOM HapyIle-
HUA KonuHOCTU MIR142 ABJIAIOTCA MUKPOZEJIEIH-
OHHbIe/ MUKPOAYIUTUKAIIUOHHbIE COOBITHA, Oosiee
yvacteie npu [TJITTHC.

AHaynu3 accomuamuyd MOJIEKYIAPHO-TeHeTHYe-
CKUX HapylieHui B reHe MIR142 ¢ ocoOOeHHOCTSIMH
KJIMHUYEeCKOro TeueHuss cucremHorn JIBKKJI u
TIVIITHC BBIABUII PAJ HUHTEPECHBIX HAXO/O0K.

B wuacTHoOCTH, oOTMeueH OOJIBIIUKA YPOBEHBb
METUJIUPOBAHUS aHAJTU3UPYEMOrO TeHa y MalfueH-
TOB crapiie 60 yet kak npu [JIITHC (p = 0,042),
Tak u npu cucremHou JIBKKJI (p = 0,077), uto
coTJIacyeTcs ¢ JaHHBIMU UCCIIEJOBAHUMA COTTUTHBIX
HOBOOOpa30BaHUM, CBUIETEJHCTBYIOIIUX O OoJiee
BBICOKOHA /10JIe THUIEPMETUJIUPOBAHHBIX TE€HOB-
OHKOCYIIPECCOPOB y TMAIMEHTOB IOXKHUJIOTO BO3-

pacra [34, 35].

better overall response rates (complete and partial
remissions) and long-term treatment outcomes.
Thus, in the subgroup with deletions, all patients
responded to therapy, compared to 64,3% (p = 0,071)
in those with duplications and 72,2% (p = 0,119) in
those without changes in genome copy number alter-
ation in the gene region. The 5-year overall survival
rates for patients in the analyzed groups were 71,4%,
56,3%, and 25%, respectively.

In systemic DLBCL, the MIR142 mutation status
is associated with an earlier disease onset (p = 0,025)
and a higher incidence of non-lymphatic organ
involvement in the tumor process (p = 0,046). The
group of patients with the deletion of the region on
chromosome 17 where the MIR142 gene is located
was characterized by the lowest incidence of stage IV
lymphoma diagnosis: 16,7% versus 52,4% (p = 0,021)
and 57,4% (p = 0,094) with duplication and without
copy number alteration, as well as a two-fold lower
incidence of liver involvement in the tumor process
(22,2% versus 45,1%, p = 0,088) compared with
patients with duplication. In the group with MIR142
duplication, there was a tendency towards a decrease
in the overall 5-year survival of patients (p = 0,090).
In general, the obtained data regarding the long-
term results of therapy for both systemic DLBCL and
PCNSL are indirectly consistent with the findings of
Roehle et al. [36] and Lawrie et al. [37], which
showed an association of high expression of miR-142
with worsening overall and event-free survival in
patients with DLBCL.

CONCLUSION

In this study, we performed the first comprehen-
sive comparative analysis of mutations, methylation
status, and copy number alterations in the MIR142
gene in the tumor tissue from patients with systemic
DLBCL and PCNSL, as well as an analysis of their
association with the features of the clinical course of
these diseases. In general, the data obtained indicate
a higher frequency of these aberrations in PCNSL.
Regarding the long-term treatment outcomes for
both systemic DLBCL and PCNSL, the data are indi-
rectly consistent with the results of previous studies
showing an association between high miR-142
expression and worsening survival rates in patients
with lymphomas.
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IIpu IVIITHC noarpyniia nanieHTOB ¢ MyTalu-
AamMu B MIR142 XapakTepu3oBajach JOCTOBEPHO
60J1ee BBHICOKUM TMPOTU(MEPATUBHBIM MTOTEHITUATIOM
OIyX0JIeBOTO cyOcTpata (p = 0,021), TOT/Ia KaK ypo-
BeHb METHJIMPOBAHUS aHAJTU3UPYEMOTO T€Ha UMeJT
CUJIbHYIO OTPUIATETHHYIO KOPPEJIAIHMOHHYIO CBS3b C
ypoBHeM JIZI' B CBIBOPOTKE KpPOBU OOJIBHBIX
(r=-0,72 ipu p = 0,045). [le1enIOHHBIE COOBITHUS B
obnactu pacnosoxeHuss MIR142 B cpaBHeHHHU C
JIYIUTUKAIUAMU U COXpaHEHHOU KOMUHHOCTBIO r'eHa
acCOIMUPOBAHBI ¢ OoJiee CTapIIMM BO3PaCcTOM pas-
BUTHsA omyxosu (p = 0,015 U p = 0,022 COOTBET-
CTBeHHO), OymaronpustTHbIM GCB-noaTumnom JIBKKJI
(p = 0,036 1 p = 0,005 COOTBETCTBEHHO) U JIyYIIHMU
MOKa3aTeJISIMH 110 YacTOTe OOIIEro oTBeTa (IOTHbIE
Y YaCTUYHbBIE PEMUCCHUH) U OTAAJIEHHBIM pe3yJibTa-
Tam JieueHus. Tak, B MOJTPYIIIE C JIEJIEIASIME Bce
MaIueHThl OTBETWJIM HA TEPAIlUi0 B CPAaBHEHUU C
64,3 % (p = 0,071) Npu AyIIUKAUUA U 72,2 %
(p = 0,119) IpH OTCYTCTBUU U3MEHEHUS] KOTUUHOCTU
reHomMa B O0JIaCTH pacIoJioKeHUs reHa. Ilokasa-
TeJU 5-JIeTHEeH o0Iell BhIXKUBAEMOCTH OOJIbHBIX B
aHAJU3UPYEMBIX MOJIFPYIIIIAX COCTABUIU 71,4, 56,3
U 25 % COOTBETCTBEHHO.

IIpu cucremuoit IBKKJI MyTaniuoHHBINA cTaTyc
MIR142 acconuupoBaH ¢ 60jiee paHHUM Je0I0TOM
3abosieBanus (p = 0,025), a TakKe OOJIBIIEH YaCTO-
TOU BOBJIEUEHUS B OITYXOJIEBBIH MpoIiecc HeanMda-
THYECKUX OpraHoB (p = 0,046). [Toarpymnma namu-
€HTOB C JieJIeliuell peTHoHa XPOMOCOMBI 17, T pac-
nonoxkeH TeH MIR142, XxapakTepu30Bajlach
HaWMeHbIIIEW YaCTOTOU IUATHOCTUKHU JIMMGOMBI B
IV craguu: 16,7 % npotus 52,4 % (p = 0,021) u
57,4 % (p = 0,004) pu OyIJIUKAIUU U B OTCYT-
CTBUU U3MEHEHU KOMMMUHOCTH, a TAKKE B /[Ba pasa
MEHBIIIEH YacTOTONM BOBJIEUEHHsI B OITyXOJIEBBIH
mporiecc meueHu (22,2 % nmpoTus 45,1 %, p = 0,088)
B CpPaBHEHWHU C MAIIUEHTaMH C JAyIUTUKauen. B mos-
rpylie ¢ AyIUIMKanued aHaJu3upyeMoro TeHa
UMesla MeCTO TEeHJEHIUS K CHIKEHUIO OO0IIeH
5-JIETHEH BBIXKHUBAEMOCTU OOJBHBIX (p = 0,090).
B 1ies10M mostyueHHBIE JAHHBIE B OTHOIIIEHUH OT/a-
JIEHHBIX Ppe3yJbTaTOB Tepaluu KaK CHCTEMHOU
JBKRKJI, tak u [IJIITHC KOCBEHHO COTJIACYIOTCA C
pesysnbraTamu pabor A. Roehle et al. [36] u
C.H. Lawrie et al. [37], B KOTOpBIX ITIOKa3aHa acco-
[Mamus BBICOKOU 3Kcrpeccd miR-142 ¢ yxymaie-
HHUEeM IIoKasarejell oOimed u 0eccoOBITUHHON
BbIKMBaeMocTu manueHTos ¢ JIBKKJI.
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HapylleHus KOMUHHOCTU B TeHe MIR142 B omyxoJe-
BOI TKaHM HanueHToB ¢ cucremMHonn JIBKKJI u
IIJIITHC, a Takske aHaJIU3 UX aCCOIMALIUU C OCOOEH-
HOCTSIMU KJIMHUYECKOTO TeUYeHUs JIAHHBIX 3aboJie-
BaHUU. B mesiom mosyueHHbIE JaHHBIE CBHU/IETEIIb-
CTBYIOT O OOJIBIIIEH YACTOTE JAHHBIX abeppariuii npu
IVIITHC. B oTHOLIeHNH OT/aJIeHHBIX pe3yJbTaTOB
Tepanuu kKak cucremMHou JIBKKJI, Tak u IIJILJTHC
JIAaHHbIE KOCBEHHO COTJIACYIOTCsA C pe3ysbTaTaMu
OoJiee paHHUX PabOT, B KOTOPBIX ITOKa3aHa aCCoOIHa-
WS BBICOKOU 3KCIIpeccud MiR-142 ¢ yxyaineHuem
IoKa3aTejiell BBIKMBAEMOCTU MAIMEHTOB C JIMM-
domamu.

Bxianx aBTOpPOB

E.H. Boponaea: pa3zpaboTka jJu3aiiHa U CTPYK-
Typbl HCCIE0BaHUA, cOOp U 00paboTKa JIAHHBIX,
HaIlUCAaHUE, pEeJAaKTUPOBAaHHWE M OKOHYATEJIbHOE
YTBEPXKJEHUE CTAaThU.

O.b. Ceperuna, T.H. babaeBa: coop u o6paboTka
JIAaHHBIX, HAIIMCAHUE U PEeJaKTHPOBAHUE CTATHH.

M.C. BoiiTko: aHaiu3 0a3bl JaHHBIX, HAIIKNCAHUE
U PETAaKTUPOBAHUE CTATHHU.

B.H. MaxkcumoB: aHaIW3 UHTEJJIEKTYaJIbHOIO
coJ/lep;KaHUsA, HallMCaHUeE, peJIaKTUPOBaHUE U OKOH-
JaTeJIbHOE yTBEP K EHNE CTaThU.

T.1. TIlocmenoBa: pa3paboTKa KOHIENIINH,
Ju3aiiHa M CTPYKTYpbl HCCI€AOBAaHUA, aHAIU3
WHTEJJIEKTYJIbHOTO COZIEP:KAHUS, PeaKTHPOBAHIE
U OKOHUYATEJIbHOE yTBEPIKAEHUE CTAThU.

duHaHCcUpoBaHue. Pabora BHIIIOJTHEHA 3a
CUET CpEACTB I'paHTa Poccutickoro Hay4YHOTO (I)OHI[a
N° 25-25-00068.

KoHdukT HHTEpECcoB. ABTODHI 3asABJIAIOT 00
OTCYTCTBUU KOH(PINKTA UHTEPECOB.

Journal homepage: http://jsms.ngmu.ru

29



Boponaesa E.H. u dp. / Journal of Siberian Medical Sciences T. 10, N° 3 (2026)

CIIMCOK JIUTEPATYPBbI

1. Kumar S., Warrell J., Li S. et al. Passenger muta-
tions in more than 2500 cancer genomes: overall
molecular functional impact and consequences //
Cell. 2020;180(5):915-927. DOLI: 10.1016/j.
cell.2020.01.032.

2. Boponaesa E.H., Ilocnenosa T.M., bepesuna O.B.
u ap. MeTwiupoBaHHe T€HOB p53-PECIOH3UBHBIX
oHKOcympeccopHblx ~MHKpOPHK mpu  remobiia-
cro3ax // CuOUDPCKUI OHKOJOTHYECKUH IKypHAaJ.
2022;21(2):130-142. DOI: 10.21294/1814-4861-2022-
21-2-130-142.

3. Voropaeva E.N., Pospelova T.I., Orlov Y.L. et al. The
methylation of the p53 targets the genes MIR-203,
MIR-129-2, MIR-34A and MIR-34B/C in the tumor
tissue of diffuse large B-cell lymphoma // Genes (Basel).
2022;13(8):1401. DOI: 10.3390/genes13081401.

4. Urbanek-Trzeciak M.O., Galka-Marciniak P., Naw-
rocka P.M. et al. Pan-cancer analysis of somatic
mutations in miRNA genes // EBioMedicine.
2020;61:103051. DOI: 10.1016/j.ebiom.2020.103051.

5. Langschied F., Leisegang M.S., Giinther S. et al. Loss
of multiple micro-RNAs uncovers multi-level restruc-
turing of gene regulation in rodents // BMC Genomics.
2025;26(1):800. DOI: 10.1186/s12864-025-11815-3.

6. Fischer S., Handrick R., Aschrafi A., Otte K. Unveiling
the principle of microRNA-mediated redundancy in cel-
lular pathway regulation // RNA Biol. 2015;12(3):238-
247. DOI: 10.1080/15476286.2015.1017238.

7. BopomnaeBa E.H., Ceperuna O.B., Boiitko M.C. u
np. 3HaueHwe MiR-142 B OmMyX0JIeBOM MpoOrpeccuu
nuddy3HON B-KI€TOYHON KPYIHOKJIETOUHOU JIHMM-
dowmsr // OrKOTeMaToOOTHA. 2025;20(2):87-103. DOI:
10.17650/1818-8346-2025-20-2-87-103.

8. Roschewski M., Hodson D.J. Diffuse large B-cell
lymphoma involving the central nervous system:
biologic rationale for targeted therapy // Haemato-
logica. 2024;109(2):388-400. DOI: 10.3324/haema-
tol.2021.278613.

9. Ilocnenosa T.U., Boponaesa E.H., Kapnosa B.C. u zip.
TTopaskeHue IeHTPaIbHON HEPBHOM CUCTEMBI Ipu Tud-
(dy3HOU B-KjI€TOYHOI KPYMHOK/IETOUHOH iuMmbome //
Journal of Siberian Medical Sciences. 2022;6(4):112-
132. DOI: 10.31549/2542-1174-2022-6-4-112-132.

10. Guo X., Bi L., Zhou D., Ling J. Differences between
primary central nervous system diffuse large B-cell
lymphoma and intra-lymph node diffuse large B-cell
lymphoma based on proteomic research // Blood.
2024;144(1):6248. DOI: 10.1182/blood-2024-204461.

11. Severson E.A., Haberberger J., Hemmerich A. et al.
Genomic profiling reveals differences in primary cen-
tral nervous system lymphoma and large B-cell lym-
phoma, with subtyping suggesting sensitivity to BTK
inhibition // Oncologist. 2023;28(1):e26-e35. DOI:
10.1093/oncolo/oyac190.

12. Boponaesa E.H., Ilocnesnosa T.U., Kapnosa B.C. u ap.
MytannoHHbI npodwmwib guddysHod B-kpymHO-
KJIETOYHOH JINM(MOMBI C PELUIUBAMHU B IIEHTPATHHOU
HEPBHOU cucreMe // Ycmexu MOJIEKYISIPHOU OHKO-
Joruu. 2022;9(3):69-84. DOI: 10.17650/2313-805X-
2022 9 3 69 84.

13. Boponaesa E.H., T'ypaxkeBa A.A., Ilocmenosa T.H.
U 7Ip. DMUFEMHUOJIOTHS U KIMHUKO-ZleMorpadudeckas

REFERENCES

1.

10.

11.

12.

13.

Kumar S., Warrell J., Li S. et al. Passenger mutations
in more than 2500 cancer genomes: overall
molecular functional impact and consequences.
Cell. 2020;180(5):915-927. DOLI: 10.1016/j.
cell.2020.01.032.

Voropaeva E.N., Pospelova T.I.,, Berezina O.V. et
al. Methylation of ps3-responsive oncosuppressive
microRNA genes in hemoblastosis. Siberian Journal of
Oncology. 2022;21(2):130-142. DOI: 10.21294/1814-
4861-2022-21-2-130-142. (In Russ.)

Voropaeva E.N., Pospelova T.I., Orlov Y.L. et al. The
methylation of the p53 targets the genes MIR-203,
MIR-129-2, MIR-34A and MIR-34B/C in the tumor
tissue of diffuse large B-cell lymphoma. Genes (Basel).
2022;13(8):1401. DOI: 10.3390/genes13081401.
Urbanek-Trzeciak M.O., Galka-Marciniak P., Nawrocka
P.M. et al. Pan-cancer analysis of somatic mutations in
miRNA genes. EBioMedicine. 2020;61:103051. DOI:
10.1016/j.ebiom.2020.103051.

Langschied F., Leisegang M.S., Giinther S. et al.
Loss of multiple micro-RNAs uncovers multi-level
restructuring of gene regulation in rodents. BMC
Genomics. 2025;26(1):800. DOI: 10.1186/s12864-
025-11815-3.

Fischer S., Handrick R., Aschrafi A., Otte K. Unveiling
the principle of microRNA-mediated redundancy in
cellular pathway regulation. RNA Biol. 2015;12(3):238-
247. DOI: 10.1080/15476286.2015.1017238.
Voropaeva E.N., Seregina O.B., Voytko M.S. et al.
The significance of miR-142 in tumor progression
of diffuse large B-cell lymphoma. Oncohematology.
2025;20(2):87-103. DOI: 10.17650/1818-8346-2025-
20-2-87-103. (In Russ.)

. Roschewski M., Hodson D.J. Diffuse large

B-cell lymphoma involving the central nervous
system: biologic rationale for targeted therapy.
Haematologica. 2024;109(2):388-400. DOI: 10.3324/
haematol.2021.278613.

Pospelova T.I., Voropaeva E.N., Karpova V.S. et al.
Central nervous system involvement in diffuse large
B-cell lymphoma. Journal of Siberian Medical
Sciences. 2022;6(4):112-132. DOI: 10.31549/2542-
1174-2022-6-4-112-132.

Guo X., Bi L., Zhou D., Ling J. Differences between
primary central nervous system diffuse large B-cell
lymphoma and intra-lymph node diffuse large B-cell
lymphoma based on proteomic research. Blood.
2024;144(1):6248. DOI: 10.1182/blood-2024-204461.
Severson E.A., Haberberger J., Hemmerich A. et al.
Genomic profiling reveals differences in primary
central nervous system lymphoma and large B-cell
lymphoma, with subtyping suggesting sensitivity to
BTK inhibition. Oncologist. 2023;28(1):e26-e35. DOI:
10.1093/oncolo/oyac190.

Voropaeva E.N., Pospelova T.I., Karpova V.S. et al.
Mutation profile of diffuse large B-cell lymphoma
with relapses in the central nervous system. Advances
in Molecular Oncology. 2022;9(3):69-84. DOI:
10.17650/2313-805X-2022 9 3 69 84. (In Russ.)
Voropaeva E.N., Gurazheva A.A., Pospelova T.I. et al.
Epidemiology and clinicodemographic characteristics
of diffuse large B-cell lymphoma in the Novosibirsk

30

Journal homepage: http://jsms.ngmu.ru



Voropaeva E.N. et al. / Journal of Siberian Medical Sciences Vol. 10, No. 3 (2026)

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

xapakTtepuctuka Aub@y3HOH B-KpyIMHOKJIETOUHOU
suM@ombl Ha Tepputopuu I. HoBocubupcka // Cubup-
CKHI OHKOJIOTUYECKHH KypHaJL. 2021;20(1):5-15. DOI:
10.21294/1814-4861-2021-20-1-5-15.

Pillar N., Bairey O., Goldschmidt N. et al. MicroRNAs
as predictors for CNS relapse of systemic diffuse large
B-cell lymphoma // Oncotarget. 2017;8(49):86020-
86030. DOI: 10.18632/0oncotarget.20902.

Bopomaesa E.H., Ceperuna O.B., Boiitko M.C. u ap.
YacroTa, CeKTp U GYHKIIMOHAIBHOE 3HAYEHHE MyTa-
nuii B rede MIR-142 npu auddysHoil B-knerounoi
KPYITHOKJIETOUHOM inMpome // Hayurble pe3ysibraThl
OMOMEIMIIMHCKMX MCCJIeIOBAHUE. 2025;11(4):607-
627. DOI: 10.18413/2658-6533-2025-11-4-0-2.

Ding M., Hu J., Ni J. et al. Demethylation of
microRNA-142 induced by demethylation agents plays
a suppressive role in osteosarcoma cells // Oncol. Lett.
2015;9(5):2261-2267. DOI: 10.3892/01.2015.3036.
Schneider C., Rasband W., Eliceiri K. NIH Image to
ImageJ: 25 years of image analysis // Nat. Methods.
2012;9(7):671-675. DOI: 10.1038 /nmeth.2089.
Rehbein P., Schwalbe H. Integrated protocol for
reliable and fast quantification and documentation of
electrophoresis gels // Protein Expr. Purif. 2015;110:1-
6. DOI: 10.1016/j.pep.2014.12.006.

Hendry P., Hannan G. Detection and quantitation
of unlabeled nucleic acids in polyacrylamide
gels // Biotechniques. 1996;20(2):258-264. DOI:
10.2144/96202r103.

Cerami E., Gao J., Dogrusoz U. et al. The cBio cancer
genomics portal: an open platform for exploring
multidimensional cancer genomics data // Cancer
Discov. 2012;2(5):401-404. DOI: 10.1158/2159-8290.
CD-12-0095.

Kawano S., Araki K., Bai J. et al. A gain-of-function
mutation in microRNA 142 is sufficient to cause the
development of T-cell leukemia in mice // Cancer Sci.
2023;114(7):2821-2834. DOI: 10.1111/cas.15794.
Hezaveh K., Kloetgen A., Bernhart S.H. et al.
Alterations of microRNA and microRNA-regulated
messenger RNA expression in germinal center B-cell
lymphomas determined by integrative sequencing
analysis // Haematologica. 2016;101(11):1380-1389.
DOI: 10.3324/haematol.2016.143891.

Soltani S., Zakeri A., Tabibzadeh A. et al. A review
on EBV encoded and EBV-induced host microRNAs
expression profile in different lymphoma types //
Mol. Biol. Rep. 2021;48(2):1801-1817. DOI: 10.1007/
$11033-021-06152-7.

PLOS ONE Editors. Expression of concern:
Overexpression of miR-142-5p and miR-155 in gastric
mucosa-associated lymphoid tissue (MALT) lymphoma
resistant to Helicobacter pylori eradication // PLoS
One. 2023;18(1):e0278797. DOI: 10.1371/journal.
pone.0278797.

Bellon M., Lepelletier Y., Hermine O., Nicot C.
Deregulation of microRNA involved in hematopoiesis
and the immune response in HTLV-I adult T-cell
leukemia // Blood. 2009;113(20):4914-4917. DOI:
10.1182/blood-2008-11-189845.

Lv M., Zhang X., Jia H. et al. An oncogenic role of miR-
142-3p in human T-cell acute lymphoblastic leukemia
(T-ALL) by targeting glucocorticoid receptor-a and

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

city. Siberian Journal of Oncology. 2021;20(1):5-15.
DOI: 10.21294/1814-4861-2021-20-1-5-15. (In Russ.)
Pillar N., Bairey O., Goldschmidt N. et al. MicroRNAs
as predictors for CNS relapse of systemic diffuse large
B-cell lymphoma. Oncotarget. 2017;8(49):86020-
86030. DOI: 10.18632/0oncotarget.20902.

Voropaeva E.N., Seregina O.B., Voytko M.S. et al.
Frequency, spectrum, and functional significance of
mutations in the MIR-142 gene in diffuse large B-cell
cell lymphoma. Research Results in Biomedicine.
2025;11(4):607-627. DOI: 10.18413/2658-6533-2025-
11-4-0-2. (In Russ.)

Ding M., Hu J.,, Ni J. et al. Demethylation of
microRNA-142 induced by demethylation agents plays
a suppressive role in osteosarcoma cells. Oncol. Lett.
2015;9(5):2261-2267. DOI: 10.3892/01.2015.3036.
Schneider C., Rasband W., Eliceiri K. NIH Image to
ImageJ: 25 years of image analysis. Nat. Methods.
2012;9(7):671-675. DOI: 10.1038 /nmeth.2089.
Rehbein P., Schwalbe H. Integrated protocol for
reliable and fast quantification and documentation of
electrophoresis gels. Protein Expr. Purif. 2015;110:1-6.
DOI: 10.1016/j.pep.2014.12.006.

Hendry P., Hannan G. Detection and quantitation
of unlabeled nucleic acids in polyacrylamide
gels.  Biotechniques. 1996;20(2):258-264. DOI:
10.2144/962021103.

Cerami E., Gao J., Dogrusoz U. et al. The cBio cancer
genomics portal: an open platform for exploring
multidimensional cancer genomics data. Cancer
Discov. 2012;2(5):401-404. DOI: 10.1158/2159-8290.
CD-12-0095.

Kawano S., Araki K., Bai J. et al. A gain-of-function
mutation in microRNA 142 is sufficient to cause the
development of T-cell leukemia in mice. Cancer Sci.
2023;114(7):2821-2834. DOI: 10.1111/cas.15794.
Hezaveh K., Kloetgen A., Bernhart S.H. et al.
Alterations of microRNA and microRNA-regulated
messenger RNA expression in germinal center B-cell
lymphomas determined by integrative sequencing
analysis. Haematologica. 2016;101(11):1380-1389.
DOI: 10.3324/haematol.2016.143891.

Soltani S., Zakeri A., Tabibzadeh A. et al. A review
on EBV encoded and EBV-induced host microRNAs
expression profile in different lymphoma types. Mol.

Biol. Rep. 2021;48(2):1801-1817. DOI: 10.1007/
$11033-021-06152-7.
PLOS ONE Editors. Expression of concern:

Overexpression of miR-142-5p and miR-155 in gastric
mucosa-associated lymphoid tissue (MALT) lymphoma
resistant to Helicobacter pylori eradication. PLoS
One. 2023;18(1):e0278797. DOI: 10.1371/journal.
pone.0278797.

Bellon M., Lepelletier Y., Hermine O., Nicot C.
Deregulation of microRNA involved in hematopoiesis
and the immune response in HTLV-I adult T-cell
leukemia. Blood. 2009;113(20):4914-4917. DOL:
10.1182/blood-2008-11-189845.

Lv M., Zhang X., Jia H. et al. An oncogenic role of miR-
142-3p in human T-cell acute lymphoblastic leukemia
(T-ALL) by targeting glucocorticoid receptor-a and
cAMP/PKA pathways. Leukemia. 2012;26(4):769-777.
DOI: 10.1038/leu.2011.273.

Journal homepage: http://jsms.ngmu.ru

31



Boponaesa E.H. u dp. / Journal of Siberian Medical Sciences T. 10, N° 3 (2026)

27,

28.

29.

30.

31.

32.

33.

34.

35.

36.

37

cAMP/PKA pathways // Leukemia. 2012;26(4):769-
777. DOI: 10.1038/leu.2011.273.

Kuriyama K., Enomoto Y., Suzuki R. et al. Enforced
expression of MIR142, a target of chromosome
translocation in human B-cell tumors, results in B-cell
depletion // Int. J. Hematol. 2018;107(3):345-354.
DOI: 10.1007/s12185-017-2360-8.

Kwanhian W., Lenze D., Alles J. et al. MicroRNA-142
is mutated in about 20% of diffuse large B-cell
lymphoma // Cancer Med. 2012;1(2):141-155. DOI:
10.1002/cam4.29.

Hornshgj H., Nielsen M.M., Sinnott-Armstrong N.A.
et al. Pan-cancer screen for mutations in non-coding
elements with conservation and cancer specificity
reveals correlations with expression and survival //
NPJ Genom. Med. 2018;3:1. DOI: 10.1038/s41525-
017-0040-5.

Creugny A., Fender A., Pfeffer S. Regulation of primary
microRNAprocessing // FEBS Lett.2018;592(12):1980-
1996. DOI: 10.1002/1873-3468.13067.

Casellas R., Basu U., Yewdell W.T. et al. Mutations,
kataegis and translocations in B cells: understanding
AID promiscuous activity // Nat. Rev. Immunol.
2016;16(3):164-176. DOI: 10.1038/nri.2016.2.

Radke J., Ishaque N., Koll R. et al. The genomic and
transcriptional landscape of primary central nervous
system lymphoma // Nat. Commun. 2022;13(1):2558.
DOI: 10.1038/ $41467-022-30050-y.
Montesinos-Rongen M., Schmitz R., Courts C. et al.
Absence of immunoglobulin class switch in primary
lymphomas of the central nervous system // Am. J.
Pathol. 2005;166(6):1773-1779. DOI: 10.1016/S0002-
9440(10)62487-X.

Maugeri A., Barchitta M., Magnano San Lio R. et al.
Epigenetic aging and colorectal cancer: state of the art
and perspectives for future research // Int. J. Mol. Sci.
2020;22(1):200. DOI: 10.3390/ijms22010200.

Miiller H.M., Oberwalder M., Fiegl H. et al. Methylation
changes in faecal DNA: a marker for colorectal cancer
screening? // Lancet. 2004;363(9417):1283-1285.
DOI: 10.1016/S0140-6736(04)16002-9.

Roehle A., Hoefig K.P., Repsilber D. et al. MicroRNA
signatures  characterize  diffuse large  B-cell
lymphomas and follicular lymphomas // Br. J.
Haematol. 2008;142(5):732-744. DOI: 10.1111/j.1365-
2141.2008.07237.X.

Lawrie C.H., Chi J., Taylor S. et al. Expression of
microRNAs in diffuse large B cell lymphoma is
associated with immunophenotype, survival and
transformation from follicular lymphoma // J. Cell
Mol. Med. 2009;13(7):1248-1260. DOI: 10.1111/j.1582-
4934.2008.00628 .x.

CBEAEHUNA Ob ABTOPAX
BopomnaeBa Ejena HuxoJsiaeBHa — [1-p MeZ. Hayk,

npodeccop kadeps! Tepannuy, reMaTOJIOTHU U TPaHC-
dyzuosnoruu ®T'BOY BO «HoBocubupckuii rocymap-
CTBEHHBI MEIUIMHCKUN yHUBepcuUTeT» MUH3IpaBa
Poccuw; Belyluii HayYHBIA COTPYAHUK J1ab0OpaTOPUM
MOJIEKYJISIPHO-TEHETUYECKHX HCCII€IOBAHUM TepareB-
Trueckux 3aboneBannit HUU tepanuu u mnpoduiak-
TUYecKoU MeaunnHbl — punuana ®T'BHY «denepasib-
HBIU UCCIIE/IOBATELCKUN IEHTP VIHCTUTYT ITUTOJIOTUH

27.

28.

29.

30.

31.

32.

33-

34.

35.

36.

37

Kuriyama K., Enomoto Y., Suzuki R. et al. Enforced
expression of MIR142, a target of chromosome
translocation in human B-cell tumors, results in B-cell
depletion. Int. J. Hematol. 2018;107(3):345-354. DOI:
10.1007/s12185-017-2360-8.

Kwanhian W., Lenze D., Alles J. et al. MicroRNA-142
is mutated in about 20% of diffuse large B-cell
lymphoma. Cancer Med. 2012;1(2):141-155. DOI:
10.1002/cam4.29.

Hornshgj H., Nielsen M.M., Sinnott-Armstrong N.A.
et al. Pan-cancer screen for mutations in non-coding
elements with conservation and cancer specificity reveals
correlations with expression and survival. NPJ Genom.
Med. 2018;3:1. DOI: 10.1038/541525-017-0040-5.
Creugny A., Fender A., Pfeffer S. Regulation of primary
microRNA processing. FEBS Lett. 2018;592(12):1980-
1996. DOI: 10.1002/1873-3468.13067.

Casellas R., Basu U., Yewdell W.T. et al. Mutations,
kataegis and translocations in B cells: understanding
AID promiscuous activity. Nat. Rev. Immunol.
2016;16(3):164-176. DOI: 10.1038/nri.2016.2.

Radke J., Ishaque N., Koll R. et al. The genomic and
transcriptional landscape of primary central nervous
system lymphoma. Nat. Commun. 2022;13(1):2558.
DOI: 10.1038/ s41467-022-30050-y.
Montesinos-Rongen M., Schmitz R., Courts C. et al.
Absence of immunoglobulin class switch in primary
lymphomas of the central nervous system. Am. J.
Pathol. 2005;166(6):1773-1779. DOIL: 10.1016/S0002-
9440(10)62487-X.

Maugeri A., Barchitta M., Magnano San Lio R. et al.
Epigenetic aging and colorectal cancer: state of the art
and perspectives for future research. Int. J. Mol. Sci.
2020;22(1):200. DOI: 10.3390/ijms22010200.

Miiller H.M., Oberwalder M., Fiegl H. et al. Methylation
changes in faecal DNA: a marker for colorectal cancer
screening? Lancet. 2004;363(9417):1283-1285. DOI:
10.1016/50140-6736(04)16002-9.

Roehle A., Hoefig K.P., Repsilber D. et al
MicroRNA signatures characterize diffuse large
B-cell lymphomas and follicular lymphomas. Br. J.
Haematol. 2008;142(5):732-744. DOI: 10.1111/j.1365-
2141.2008.07237.X.

Lawrie C.H., Chi J., Taylor S. et al. Expression of
microRNAs in diffuse large B cell lymphoma is
associated with immunophenotype, survival and
transformation from follicular lymphoma. J. Cell Mol.
Med. 2009;13(7):1248-1260. DOI: 10.1111/j.1582-
4934.2008.00628.x.

ABOUT THE AUTHORS
Elena N. Voropaeva — Dr. Sci. (Med.), Professor,

Department of Therapy, Hematology and Transfusi-
ology, Novosibirsk State Medical University; Leading
Researcher, Laboratory of Molecular Genetic Studies
of Internal Diseases, Research Institute of Internal and
Preventive Medicine, branch of the Institute of Cytol-
ogy and Genetics, Siberian Branch of the Russian Acad-
emy of Sciences; Leading Researcher, Laboratory of
Molecular Genetic Studies of Acute Myeloid Leukemia,
Institute of Cytology and Genetics, Siberian Branch of
the Russian Academy of Sciences, Novosibirsk, Russia.
ORCID: 0000-0001-7542-7285.

32

Journal homepage: http://jsms.ngmu.ru



Voropaeva E.N. et al. / Journal of Siberian Medical Sciences Vol. 10, No. 3 (2026)

u reHeTuKU CHOMPCKOTO OT/IesIeHusT Poccuiickol aka-
JIEMUU HAyK»; BeAYIIUU HAyYHBIH COTPY/HHUK JIabo-
paTOpUU MOJIEKYJISIPHO-TEHETUYECKUX HCCIIeOBAHUM
OCTPBIX MHUEJIOUAHBIX Jieliko30B PTBHY «®enepasb-
HBIU UCCIIEIOBATETLCKUH EHTP VHCTUTYT ITUTOJIOTUH
u reHeTuKU CHOMPCKOTO OT/iesIeHns1 Poccuiickoi aka-
Jemuu Hayk», HoBocubupck, Poccusa. ORCID: 0000-
0001-7542-7285.

Ceperunna Osibra BopucoBHa — accucreHT KadeJpbl
Tepamuu, reMaTosioruu u TpaHcdysuosoruu OI'BOY
BO «HoBOCHOUPCKUI TOCYZapCTBEHHBIH MeIUIIUH-
ckuii yHuBepcuter» MunszapaBa Poccunm, HoBocu-
6upck, Poccusi. ORCID: 0000-0002-6110-4351.

Boiitko Mapua CepreeBHa — KaH/I. MeJl. HayK, acCH-
cTeHT Kadeapbl Tepamuu, reMaToJoTuH U TpaHcdy-
suonorun ®T'BOY BO «HoBocubupckuii rocymap-
CTBEHHBI MEIUIMHCKUN YHUBepcuUTeT» MUHBIpaBa
Poccun, HoBocubupck, Poccusi. ORCID: 0000-0002-
5429-4011.

BaGaeBa Tarpsina HukostaeBHA — KaH/l. MeJl. Hayk,
accucTeHT Kadephbl TEPAIIUY, TeMATOJIOTUH U TPaHC-
dysuosnornu ®TBOY BO «HoBocubupckuii rocymap-
CTBEHHBI MeJUIMHCKUI YHUBepcuTeT» MUH3IpaBa
Poccun, HoBocubupck, Poccusi. ORCID: 0000-0002-
2708-1133.

MaxkcumoB Baaaumup HukosiaeBuu — J-p Men.
Hayk, npodeccop, npodeccop Kadeapbl MeSUIHH-
ckoi reHetuku u 6uosioruu ®I'BOY BO «HoBocubup-
CKHUH TOCYZAapCTBEHHBIA MEAUITUHCKAN YHUBEPCUTET»
Munszapasa Poccuu; 3aBemyromuil JabopaTopuei
MOJIEKYJ/ISIPHO-TEHETUYECKHX HCC/IeZIOBAHUM TepareB-
Trueckux 3aboneanuiit HUU Ttepanuu u npoduiak-
THYEeCKOU MeunnHbl — punuana ®TEHY «®enepasib-
HBIU UCCIIEJIOBATELCKUH IEHTP VHCTUTYT ITUTOJIOTUH
u reHeTuku Cubupckoro otaenenus Poccuiickoi aka-
JemMuu Hayk», HoBocubupck, Poccusi. ORCID: 0000-
0002-7165-4496.

ITocniesroBa Tarbsana MIBaHOBHA — J-p Me/l. HAYK, IIPO-
deccop, 3aBeayromuii kKadgeapo Tepamnnu, reMaToIo-
ruu u tpaHcdysuonoruu ®I'BOY BO «Hoocubup-
CKHUH TOCYZApPCTBEHHBIA MEAUITUHCKAN YHUBEPCUTET»
Munzapasa Poccun, HoBocubupck, Poccusi. ORCID:
0000-0002-1261-5470.

Olga B. Seregina — Assistant, Department of Therapy,
Hematology and Transfusiology, Novosibirsk State
Medical University, Novosibirsk, Russia. ORCID:
0000-0002-6110-4351.

Maria S. Voytko — Cand. Sci. (Med.), Assistant, Depart-
ment of Therapy, Hematology and Transfusiology,
Novosibirsk State Medical University, Novosibirsk,
Russia. ORCID: 0000-0002-5429-4011.

Tatyana N. Babaeva — Cand. Sci. (Med.), Assistant,
Department of Therapy, Hematology and Transfusi-
ology, Novosibirsk State Medical University, Novosi-
birsk, Russia. ORCID: 0000-0002-2708-1133.

Vladimir N. Maksimov — Dr. Sci. (Med.), Professor,
Professor of the Department of Medical Genetics and
Biology, Novosibirsk State Medical University; Head,
Laboratory of Molecular Genetic Studies of Internal
Diseases, Research Institute of Internal and Preven-
tive Medicine, branch of the Institute of Cytology and
Genetics, Siberian Branch of the Russian Academy of
Sciences, Novosibirsk, Russia. ORCID: 0000- 0002-
7165-4496.

Tatyana I. Pospelova — Dr. Sci. (Med.), Professor,
Head, Department of Therapy, Hematology and Trans-
fusiology, Novosibirsk State Medical University, Novo-
sibirsk, Russia. ORCID: 0000-0002-1261-5470.

33



