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Onenka meTusinmpoBanusa reHoB MIR-143 u MIR-145
B inMdoy3jax 60abHbIX AU Py3HOU
B-kpynmHoOKJI€TOUYHOU JUMGPOMOM

E.H. Bopomaesa®2, T.U. Ilocnenosaz, M.1. Uypkuua, A.M. Hecrepeir!, O.B. bepesunaz,
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AHHOTAIIA

BBeaeHue. JKeupeccus oHKocynpeccopHbix MUKpOPHK miR-143 u miR-145 Habo1aeTcest BO BCeX THUIIAX U3YUEH-
HBIX HOPMAaJIBHBIX TKAHEH U, 110 JIAHHBIM MHOTOYHMCJIEHHBIX UCCJIE/IOBAHUH, YTPAUUBAETCS IIPU 3JI0KAUYE€CTBEHHBIX HOBO-
obpazoBaHuAx. OnrcaHo CHIKEHUeE dKcrpeccud HaHHbIX MUKpOPHK npu nuddysHoH B-KpynHOKIETOUHOH iuMboMe
(IBKKJI), MexaHU3MBbI KOTOPOTO TPEOYIOT TOTIOTHUTETHHOTO U3YIEeHMS.

Henr mccanemgosanusa. OueHUTh MeTrwiupoBaHue reHoB MIR-143 u MIR-145 B TkaHU JTUMQOY3JIOB 6OJIb-
HbIX JIBKKJT 1 tuM@Oy3I10B TAIIMEHTOB ¢ pEaKTUBHOU (POJUTUKYJISIPHOM THIIEPILIa3UeH.

MaTepuans u B ucciieoBaHMe BKJIIOUHJIN OMONTATHI 14 (UKCHPOBAHHBIX (OPMAJIMHOM H
napadUHU3UPOBAHHBIX OIYX0JIEBBIX TMM(DOY3710B narnueHToB ¢ JIBKKJI u 11 11uMdOy3/10B OOJIBHBIX ¢ PEAKTUBHOM JIMM-
(doanenonarueir. OmnpeznesneHue craryca MeTHIMpoBaHus reHa MIR-145 B 00pasmax IPOBOAWUIA METOAOM METHJI-
crienuPUIHON OJITMMEPA3HOU IEMHON peakuu. [[Jisi KOJIMIecTBEHHOHN OIleHKU MeTHINPOBaHUs reHa MIR-143 UCIIOJb-
30BaJIOCh IPsAMOe OucyIb(PUTHOE cekBeHupoBaHue 1o CeHrepy.

Pes3ynbTarThl . BbUIO yCTAHOBJIEHO, YTO BCE HMCCIETOBAaHHBIE 00pa3Ilbl, KAK PEAKTUBHbBIE, TAK U OIyXOJIEBHIE,
“MeJi MeTiwinpoBaHue reHa MIR-145. Bo Bcex o6pasnax peakTHBHOM TKaHU JTUM(OY3JI0B ObLT 3apETrUCTPHUPOBAH MOHO-
TOHHBIN ypoBeHb MeTHaupoBanus CpG-nuHykieoTuzioB reHa MIR-143, TOr/ia KaK OIyXOJIEBbIE 0OPA3Ilbl IEMOHCTPHUPO-
Basti GOJIBIIYIO TeTeporeHHocTh. B o6pasiax JIBKKJI, a UMEHHO IMO/ITHUIIA U3 KJIETOK ITOCTTePMUHATBHOTO TPOUCXOK/IE-
HUS, CPEHUH YPOBEHb METIJIMPOBAHUS H3YYEHHOTO (parMeHTa IOCIeA0BaTeNbHOCTH reHa MIR-143 ObLI 3HAYUMO
HIKe, YeM B 00pasiiax peakTUBHBIX JTUMPOy3J10B (p = 0.026).

3aknoueHHUe. Boasagemoe B mumdoysnax 6ompabx JIBKKJI metmupoBanve reHoB MIR-143 n MIR-145 He
SIBJISIETCS OITYXOJIb-cenubUUHbIM. CI0KHBIH KJIETOUHBIN COCTAB AHAJIN3UPYEMBIX 00PA3IIOB, a TAKXKe PA3IMYHAs ILIOT-
HOCTHh MHUKPOCOCY/IOB MOTYT OOBSICHATH PA3JIMYHUA B YPOBHE MeTUIUPOBaHUA MIR-143 B TKAaHU PEAKTHUBHBIX U OITyXOJIe-
BBIX JITM(OY3JI0B.

Kmoueswnte croea: nuvmboma, metunuposanue, MUkpoPHK, rea MIR-143, ren MIR-145.
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Evaluation of MIR-143 and MIR-145 genes methylation in lymph
nodes of patients with diffuse large B-cell lymphoma

E.N. Voropaeva?, T.I. Pospelova?, M.I. Churkina2, A.M. Nesterets?, O.V. Berezina?, N.V. Skvortsova?,
T.A. Ageeva?, V.N. Maksimov!

'Research Institute of Internal and Preventive Medicine, Branch of the Federal Research Center Institute of Cytology
and Genetics, Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russia

2Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. Theexpression of miR-143 and miR-145 oncosuppressive microRNAs is observed in all types of
normal tissues studied and, according to numerous studies, it is lost in malignant neoplasms. A decrease in the expression
of these microRNAs in diffuse large B-cell lymphoma (DLBCL) is described, the mechanisms of which require additional
study.

A i m . To evaluate the methylation of MIR-143 and MIR-145 genes in the lymph node tissue of patients with DLBCL and
lymph nodes of patients with reactive follicular hyperplasia.

Materials and methods. Thestudy included biopsies of 14 formalin-fixed and paraffinized tumor
lymph nodes of patients with DLBCL and 11 lymph nodes of patients with reactive lymphadenopathy. The methylation
status of the MIR-145 gene in samples was determined by the method of methyl-specific polymerase chain reaction. Direct
bisulfite sequencing based on the Sanger method was used to quantify the methylation of the MIR-143 gene.
Results. Itwasfound that all the studied samples, both reactive and tumor, had methylation of the MIR-145 gene.
A similar level of methylation of CpG dinucleotides of the MIR-143 gene was registered in all samples of reactive lymph
node tissue, whereas tumor samples showed greater heterogeneity. In the samples of DLBCL, namely a non-germinal B cell
phenotype, the average level of methylation of the studied fragment of the MIR-143 gene sequence was significantly lower,

than in the samples of reactive lymph nodes (p = 0.026).
Conclusion.

The methylation of MIR-143 and MIR-145 genes detected in the lymph nodes of patients with

DLBCL is not tumor-specific. The complex cellular composition of the analyzed samples, as well as the different density of
microvessels, may explain the differences in the level of MIR-143 methylation in the tissue of reactive and tumor lymph

nodes.

Keywords: lymphoma, methylation, microRNA, MIR-143 gene, MIR-145 gene.
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BBE/JIEHUE

MukpoPHK nmnpezncraBiasioT co60l  KOPOTKHE
OJTHOIIETIOYEeUHbIE MOJIEKYJIbI JUTMHOU 18—24 HyKJIe-
OTH/a, KOTOpble CBA3BIBAIOTCA C 3'-HETPaHCJIH-
pyeMbIMHU yyacTkaMu MuIieHed marpuyHoit PHK u
MOIABJIAIOT TAaKUM 00pa3oM TPAHCIAIUIO HJIH
BBI3BIBAIOT UX JIETPAIaIuio [1].

Hexoroprsle MmukpoPHK HaxozdaTca B moauru-
CTPOHHBIX KJIACTEPAX U OOBIUHO PETYIHUPYIOTCS
OJTHUM ITpOMOTOPOM. Kask/IbIii K1acTep MOKET OXBa-
TBIBATh OT 100 JI0 1000 HYKJIEOTHOB U CO/EPKATh
OT JBYX JI0 HECKOJbKUX JlecATKOB MUKpPOPHK. Taxk,
reHsl OHKocynpeccopHblx MUKpOPHK MIR-143 u
MIR-145 o6pa3yoT OWUIIUCTPOHHBINA KjacTep Ha
5Q33.1 y4JacTKke XpOMOCOMBI U IIOJ[Bepraircs
Ko-3Kcmpeccuu [1]. Bmecte ¢ TemM HemaBHO OBLIO

INTRODUCTION

MicroRNAs are short single-stranded molecules
with a length of 18—24 nucleotides that bind to
3’-untranslated regions of messenger RNA targets
and thus suppress translation or cause their degra-
dation [1].

Some microRNAs are located in polycistronic
clusters and are usually regulated by a single pro-
moter. Each cluster can span from 100 to 1000
nucleotides and contain from two to several dozen
microRNAs. Thus, the genes of oncosuppressive
microRNAs MIR-143 and MIR-145 form a bicistronic
cluster on the chromosome 5q33.1 region and
undergo co-expression [1]. However, it has recently
been shown that MIR-145 has a separate promoter
and can be expressed in isolation of MIR-143 [2].
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Puc. 1. 9xcnpeccust MUKpoPHK miR-143 1 miR-145 cOOTBETCTBEHHO B HOPMAaJIBHBIX TKAHAX UEJIOBEKA
1o anabIM pecypca The Genotype-Tissue Expression (1o [11, 12], ¢ uBMeHEHUSIMU)
Fig. 1. MiR-143 and miR-145 microRNA expression, respectively, in health human tissues according
to The Genotype-Tissue Expression database (according to [11, 12], with changes)

MmokasaHo, 4yto MIR-145 vuMeeT OTAEIbHBIA ITPOMO-
TOP U MOKET HKCIIPECCUPOBATHCS U30JIMPOBAHHO OT
MIR-143 [2].

Knacrep miR-143/145 nmpexacrapisier  coboi
HAIVIS/THBIA TPUMED CJI0KHOCTH MeXaHU3MOB (op-
MHUPOBaHUS NATTEPHOB sKcnpeccunn MUKpoPHK B
HOpMe U ITpu TaTostorun. Tak, B pamkax mpoekrta The

The miR-143/145 cluster is a clear example of the
complexity of the mechanisms of formation of
microRNA expression patterns in health and disease.
Thus, within The Genotype-Tissue Expression
(GTEXx) project, which is a publicly available resource
for studying tissue-specific gene expression and reg-
ulation, data on the expression of 54 types of healthy
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Genotype-Tissue Expression (GTEx), koTopbIii mpesi-
cTaBysieT cOOOU OOIIEOCTYITHBIN pecype JUIs u3yde-
HUS TKaHeCHelU(UUHON BSKCIPECCUH TE€HOB U HX
peryssiiuy, o0OOIeHbl JIaHHBIE TI0 SKCIPECCHH
54 THUIIOB 3/I0POBBIX TKAHEH ITOUTH 1000 YeJl., OIIpesie-
JIEHHOM MEeTOZIJaMU BBICOKOTIPOr3BoiuTeIbHOrO PHK-
cexkBernupoBanus [3]. CormacHo ganubiM GTEX, ske-
npeccusi MiR-143 1 miR-145 HabIr0/1a€TCST BO BCEX
TUTIAX U3YYEHHBIX HOPMAJIbHBIX TKAHEW U, MO JIaH-
HBIM MHOTOYHCJIEHHBIX UCCIIEZIOBAHIH, YTPAUNBAETCS
IIPY 3JIOKAYECTBEHHBIX HOBOOOPA30BaHUSAX [1, 4—6].

BmMmecre ¢ Tem pecypc GTEX He coziep:KUT JaHHBIX
00 skcmpeccun miR-143 1 miR-145 B remonoaTuye-
CKHUX TKaHAX B HopMe. Ilo pesysnbpratam sKCHEpHU-
MEHTOB 10  NPOQWINPOBAHUIO  OKCIPECCHH
MukpoPHK nmeeT MmecTo cHMKeHNe YPOBHs JAHHBIX
MOJIEKYJT TIPU JIUMGOIIPOTHU(EPATUBHBIX 3a00JI€Ba-
HUAX B CPABHEHHH C KOHTPOJIBHBIMH 00pa3LaMu [4].

[Tpusnekator BHUMaHue paboTer Y. Akao et al.
(2007) u A. Roehle et al. (2008), B KOTOpPBIX OBLIO
IIOKa3aHO CHIXKeHHue skcrpeccun MUKpoPHK xita-
crepa miR-143/145 npu auddysHor B-kpymHO-
kinetoudod yimmdome (IBKKJI) [7, 8]. IIpoBenen-
HbIE paHee UCC/IeIOBAHUS TTOKA3aJIU, UTO CHIKEHIE
SKCIIPECCUH PAZa OHKOcylpeccopHbIX MUKpOPHK B
OIyX0JIEBOU JIUMMOUTHON TKAHU MOKET OBITh CBS-
3aHO ¢ abeppaHTHBIM METHJIUPOBaHUEM [9, 10].

Kpowme Toro, xak BUHO U3 PHUC. 1, ypOBEeHb MiR-
143 B OZTHOU W TOU K€ TKAHU B Pa3bl HIKE YPOBHA
miR-145, uTo TpebyeT AOMOJTHUTETHLHOTO O0BsICHE-
HUS ¥ MOKET OBITh CBA3aHO CO CTaTyCOM METHJINPO-
BaHUSA KOAUPYIOIIUX UX T€HOB.

ITEJIb NCCJIEAJOBAHUA

OueHuth MeTWIMpoOBaHUe TeHOB MIR-143 u
MIR-145 B TkaHU JuMPOY3I10B 601bHBIX JIBKKJI 1
uMGOY3JI0B MAIUEHTOB C PEAKTHBHOU (DOJUIHKY-
JIIPHOMY ruIepIiasuei.

MATEPUAJIbI 1 METO/IbI

B uccienoBanye BKIIOUMIN OMONTATHI 14 UK-
CUPOBAaHHBIX (POPMAJIMHOM U NapadpUHU3UPOBAH-
HBIX OITyX0JIeBBIX INM(}0y310B nanueHToB ¢ JBKKJI
(6 GCB u 8 non-GCB MMMyHOTHCTOXUMHUYECKOTO
MIOATHIIA) U 11 TUMQPOY3JI0OB GOTBHBIX C PEAKTHUBHOM
(oJITUKYIAPHOU THIEPILIA3HEN.

C mnapaduHUBUPOBAaHHBIX OJIOKOB  Opaiu
3—4 cpesa TOJIIUHON 10—12 MKM. /11 BbIJIeJIEHUS
JHK ucnionp3oBatu (GpeHoI-XI10popOPMHBIH METO/T
¢ TYaHHUJUHOM.

ITo 500 ur JTIHK xaxaoro ob6pasia mojBeprajioch
O6ucybGUTHON KOHBEPCHUU € IPUMEHeHHeM Habo-
poB EZ DNA Methylation Kit, corsiacHo mpoTokoy
npousBoutess (Zymo Research, CIIIA).

tissues of almost 1000 people determined by high-
performance RNA sequencing have been summa-
rized [3]. According to GTEx data, the expression of
miR-143 and miR-145 is observed in all types of nor-
mal tissues studied and, according to numerous
studies, it is lost in malignant neoplasms [1, 4—6].

At the same time, the GTEx does not contain data
on the expression of miR-143 and miR-145 in healthy
hematopoietic tissues. According to the results of
microRNA expression profiling experiments, there is
a decrease in the level of these molecules in lympho-
proliferative diseases in comparison with control
samples [4].

The attention is attracted by works of Akao et al.
(2007) and Roehle et al. (2008) which showed a
decrease in miR-143/145 cluster microRNA expres-
sion in diffuse large B-cell ymphoma (DLBCL) [7, 8].
Previous studies have shown that a decrease in the
expression of a number of oncosuppressive microR-
NAs in tumor lymphoid tissue may be associated
with aberrant methylation [9, 10].

In addition, as can be seen from Fig. 1, the level of
miR-143 in the same tissue is several times lower
than the level of miR-145, which requires additional
explanation and may be related to the methylation
status of the genes encoding them.

AIM OF THE RESEARCH

To evaluate the methylation of MIR-143 and
MIR-145 genes in the lymph node tissue of patients
with DLBCL and lymph nodes of patients with reac-
tive follicular hyperplasia.

MATERIALS AND METHODS

The study included biopsies of 14 formalin-fixed
and paraffinized tumor lymph nodes of patients with
DLBCL (6 GCB and 8 non-GCB immunohistochemi-
cal phenotypes) and 11 lymph nodes of patients with
reactive follicular hyperplasia.

Three to four 10—12 pm sections were taken from
the paraffinized blocks. The phenol-chloroform
extraction with guanidine was used to isolate DNA.

500 ng of DNA from each sample was subjected
to bisulfite conversion using EZ DNA Methylation
Kit, according to the manufacturer’s protocol (Zymo
Research, USA).

The Human Methylated and Non-methylated
DNA Set (Zymo Research, USA) was used as negative
and positive controls. The efficiency of bisulfite con-
version was assessed by bisulfite sequencing (Fig. 2
and 3).

The determination of the methylation status of
the MIR-145 gene in samples was performed by
methyl-specific polymerase chain reaction (MS-

Journal homepage: http://jsms.ngmu.ru
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Puc. 2. ®parmeHT XpoMaTorpaMmbl 6ucyabduTHOro cukBenca CpG-octpoBka reHa MIR-145
(BBIIIOJTHEH C HUCIIOJIb30BaHNEM 06pATHOrO IpaiiMepa; Met — IUTO3UH B METHIMPOBAHHOM COCTOSIHHH;
UMet — THMUH Ha MeCTe [IUTO3UHA B HEMETUIMPOBAHHOM COCTOSIHUM; KPACHON PaMKOU BbiziesieHbl CpG-IMHYKJIEOTH/IbI):
A — metunupoBanHasa JIHK; B — semeruiuposannaa JTHK
Fig. 2. Chromatogram fragment of the MIR-145 gene CpG-island bisulfite sequence (made using a reverse primer;
Met — methylated cytosine; UMet — thymine in place of unmethylated cytosine; CpG dinucleotides are highlighted
with a red frame: A — methylated DNA; B — unmethylated DNA

B KayecTBEe OTPULIATEIFHOTO U IOJIOKUTETHHOTO
KOHTPOJISI IpUMeHsiIcsl Habop KoHTposbHBIX JJTHK
Human Methylated and Unmethylated DNA Control
Kit (Zymo Research, CIIIA). OueHka HOJHOTHI KOH-
BepPCUU MMPOBOIMIIACH METOZOM OUCYIIb(PUTHOTO CEK-
BeHUpOBaHUs (pUC. 2 U 3).

OmnpeziesieHne cTaTyca METWIMPOBaHUA TeHa
MIR-145 B 0o0pasiiax MpOBOJAUIA METOJ0OM METHJI-
crienUYHON TIOJTMMEPA3HON IENMHOU peaKIuu

PCR) according to the previously described method
[13] in two test tubes: with primers for the methyl-
ated and unmethylated allele (Table 1, Fig. 4).

To quantify the methylation of the MIR-143 gene,
direct bisulfite sequencing based on the Sanger
method was used by capillary electrophoresis on a
Hitachi 3500 Genetic Analyzer (Applied Biosystems,
USA) according to the approaches described earlier
(Table 1) [14—16]. The accuracy of this approach is

UMet UMet

i\’, \/’\_\ ‘

Puc. 3. ®parmeHT xpomarorpamMmsl bucysibpuTHoro cuksenca CpG-ocrposka rena MIR-143
(BBIIIOJIHEH C UCIIOJIb30BaHUEM 06paTHOro IMpaiiMepa; Met — IUTO3UH B METUIMPOBAHHOM COCTOSTHHH,
UMet — THMHUH Ha MeCTe [IUTO3WHA B HEMETUIMPOBAHHOM COCTOSIHUU; KPACHON PaMKO# BbiiesieHbl CpG-IMHYKIJIEOTHIBI):
A — metunupoBanHas [[HK; B — nemetunuposannas JJHK
Fig. 3. Chromatogram fragment of the MIR-143 gene CpG-island bisulfite sequence (made using a reverse primer;
Met — methylated cytosine, UMet — thymine in place of unmethylated cytosine;
CpG dinucleotides are highlighted with a red frame): A — methylated DNA; B — unmethylated DNA
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Ta6smmua 1. [locne[0BaTeIbHOCTH /151 aHATM3a CTaTyca MeTUJIMPOBaHUs TeHoB MUKpoPHK
Table 1. Sequences for assessment the methylation status of microRNA genes

T oTxwura, °C

MeTop, l'en IlocnemoBaTe/IbHOCTH MpaliMepoB /l/IMHa aMIVIMKOHA, I1.H. Annealing
Method Gene Sequence of primers Amplicon length, b.p. temperature, °C
MC-IILIP  MIR-145 MF 5'-gggttttcggtattttttagggtaattgaagtttc-3' 98 64
MS-PCR MR 5'-taaaataccacacgtcgcecg-3'

UMF 5'-gggtttttggtattttttagggtaattgaagtttt-3' 108 56

UMR 5'-aaccaaaataaaataccacacatcacca-3'
BC MIR-143 F 5'-ttgggtgtttaaatggtaggttatag-3' 217 60
BS R 5'-actcccaactaaccaaaaatacaac-3'

[IpumMedyaHnmue:
CeKBEHMPOBaHHUe.
Note.

(MC-IILIP) no omucaHHOU paHee MeToAuKe [13] B
JIByX NPOOMpKax: ¢ ImpadiMepaMu, KOMILJIEMEHTap-
HBIMH K METHJIHPOBAHHOMY ¥ HEMETHIUPOBAHHOMY
ayuesio (tabi1. 1, puc. 4).

JI11 KOJIMYECTBEHHON OIIEHKH METHIHPOBAHUS
reHa MIR-143 WCIIOJIb30BAJIOCH IPSIMOE OUCYThDUT-
HOe cekBeHUpOBaHUe 10 CeHrepy MeTOIOM Kalluj-
JISIpHOTO 3JieKTpodopesa Ha anmnapare Hitachi 3500
Genetic Analyzer (Applied Biosystems, CIITIA)
COTJIACHO OIMCAHHBIM paHee moaxoam (cM. Tabir. 1)
[14—16]. TouyHOCTh AAHHOIO MOAXOJA HECKOJIBKO
HUZKE, YeM TOYHOCTh ITINPOCEKBEHUPOBAHMUS U CEKBE-

600 m.H. / b.p.
500 m.H. / b.p.
400 n.H. / b.p.

300 n.H. / b.p.

—
200 m.H. / b.p.

100 m.H. / b.p.”

u M U M

MW Kotp S4
* Cneg

ILH. - nap HykJeoTuAoB; MC-IILP - meTun-cnenndudHas nonuMepasHas LenHas peakuus; BC - 6ucysnbduTHoe

b.p. - base pairs; MS-PCR - methyl-specific polymerase chain reaction; BS - bisulfite sequencing.

somewhat lower than the accuracy of pyrosequenc-
ing and cloning-based sequencing, but it is sufficient
to achieve the research goal, while its affordability,
speed and simplicity surpass the latter two methods
[14]. The method involves a simultaneous analysis of
several CpG dinucleotides within the amplicon
boundaries and has high specificity and reproduc-
ibility, as well as sensitivity from 15% of the methyl-
ated allele and more [17].

Four CpG dinucleotides were analyzed within the
CpG island (a fragment with a length of 217 base
pairs (b.p.)) located between —156 and +59 b.p. from

Puc. 4. PesysbraTsl MeTHI-criennduueckoi moaumMepasHoi nermnou peakiuu (MC-TIIIP) nyist onpeesienus cratyca
MeTHIpoBaHus reHa MIR-145 (31ekTpodopes B 5% MOJUAaKPUIAMUHOM TeJie; I.H. — ap Hykyieotuzos; M — ITIIP
¢ mpaiiMepamy, cenudUIHbBIMEI K METIJINPOBAaHHOMY ayuiesio; U — TP ¢ npaliMepamu, cienuUIHBIMU K HEMETUJIH-
poBaHHOMY ajuiento; MW — Mapkep MOJIEKy/IIPHOH Macchl 100 IL.H.; K 0Tp — OTpHUIaTesIbHBIH KOHTPOJIb; S4—S6 —
o6pasiel manueHToB ¢ auddysHoi B-kpynHokiaerouHoi aumdomoii; K UM — koHTpoabHas HemerwinpoBanHas JTHK;
K Met — konTposibHas MeTruinpoBanHas JTHK)

Fig. 4. Results of methyl-specific polymerase chain reaction (MS-PCR) to determine the methylation status of the MIR-
145 gene (polyacrylamide gel (5%) electrophoresis; b.p. — base pairs; M — PCR with primers for the methylated allele; U —
PCR with primers for to the unmethylated allele; MW — marker of molecular weight of 100 b.p.; C neg — negative control;

S4—S6 — samples of patients with diffuse large B-cell ymphoma; K UM — control unmethylated DNA; K Met — control
methylated DNA)
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HUPOBAaHUA Ha OCHOBE KJIOHHMPOBaHUfA, HO JIOCTa-
TOYHA JJI IOCTIKEHUSA IeJTN UCC/IeI0OBaHUSA, B TO
BpeMsA KaK ero SKOHOMHUYecKas JOCTYITHOCTb, CKO-
POCTh U TPOCTOTA IPEBOCXOAAT JBa IIOCJIEHUX
Metoza [14]. MeToj; mojpa3yMeBaeT OJHOBPEMEH-
HBIM aHamu3 HecKoJbKuX CpG-IHUHYKIEOTHIOB B
TPaHUIAX aMIUIMKOHA U 00J1a7jaeT BHICOKOU CIIEITH-
(pUIHOCTBHIO U BOCIPON3BOAMMOCTBIO, & TAKIKE UyB-
CTBUTEJIBHOCTHIO OT 15% METHUJIMPOBAHHOTO aJIIesis
U BhIIIIE [17].

AnanusupoBaniu yeTbipe CpG-IuHYyKIEOTHA B
npenenax CpG-ocrpoBka (dpparmMeHT JIMHON
217 map HYKJIeOTHZOB (I.H.)), PACIIOJIOKEHHOTO
MeXay —156 ¥ +59 IL.H. OT caliTa Havasa TPaHCJIs-
uuu reHa MIR-143. Beut BeIOpaH JaHHBIA y4acTOK
110CJIe0BATEIbHOCTH, TaK KaK IAaTTEPH ero MeTHJIN-
PpOBaHUS IEMOHCTPUPOBAJ BapHAIIUU IIPU OILyXOJIe-
BBIX 3a00J1€BaHUAX U B HOpMe [15]. O1ieHKy pe3yJib-
TaTOB CEKBEHUPOBAHUSA OCYIIECTBJISJIU C IOMOIIBIO
nporpammbl Chromas.

B amanu3 Opasu XpoMaTorpaMMbl CHUKBEHCOB
XOPpOIIEro KauyecTBa: ¢ BBICOKUM YPOBHEM CUTHAJIA U
MUHUMaIBHBIM (OHOBBIM IIyMoM. IIpoBoamioch
omnpezieJieHre BBICOTHI MMKOB IIUTO3WHA ¥ THMHUHA B
kaxaoM CpG-auHyKIeoTHZe Ha XpOMaTOTpaMMe.
ITocKkoIBKY CEKBEHHMPOBAHUE IIPOBOAMIOCH C 0OpaT-
HOTO TIpaiiMepa, JJIs KOJTUYEeCTBEHHOTO BhIPAXKEHU
YPOBHSA METHUJIUPOBAHUA UCIIOIb30BajIach popmya

MetC =100 x hG / hG + hA,

rae MetrC — ypoBeHb METUJIMPOBAHUS [TUTO3UHA, %;
hG — BbIcOTa KA TYaHUHA;

hA — BrICcOTa IMKA afileHUHA.

OpmHOouHBIM UK G paccMaTpuBaICS Kak 100%
METUJINPOBAaHUE, OJUHOUYHBIN MUK A — KaK OTCyT-
CTBHE METWUJIMPOBAHUS, a NepekphiBapiuecsi G u
A — KaK 4aCTHYHOE MeTHIHpOBaHue (0—100 %).

CTaTHCTUYECKUH aHaJIu3 IPOBOAWJICA B IPO-
rpamme SPSS 16.0 g1 Windows (SPSS Inc.). Paziu-
YU CYUTAIIMCh CTATUCTUYECKH BHAUYMMBIMH IIPHU
p < 0.05. HopMaJbHOCTD pacipeziesieHus mapamMe-
TPOB IIPOBEPSIIU C UCIOJIb30BaHUEM TecTa Kosmoro-
poBa — CmupHOBa. /i1 IeEpeMeHHBIX, HE TTOAINHSI-
FOIIMXCST HOPMAJIbHOMY PacpesieIeHUI0, UCII0Ib30-
BaHbI 3HaUeHUs: Meauansl (Me), 25-T0 U 75-TO TPO-
neaTuia (Q25; Q75). PacueTsl mpOWBBOAWINUCH C
HCIIOJIb30BaHUEeM TecToB Kpackerma — Yosunca u
Manna — YurtHu.

PE3YJIBTATDI

ITo pesynbratam MC-IIIIP 6bUIO yCTaHOBJIEHO,
YTO BCE UCC/IEIOBAHHBIE 00PA3IIbl, KAK PEaKTUBHBIE,
TaKk M OIyXOJIEBbIE, MMeJIN MEeTWJINPOBAaHHE TreHa
MIR-145.

the site of the start of translation of the MIR-143
gene. This region of the sequence was chosen because
the pattern of its methylation showed variations in
tumors and in normal cells [15]. Sequencing results
were evaluated using Chromas software.

Sequencing chromatograms of good quality
were taken for analysis: with high signal strength
and minimal background noise. The height of cyto-
sine and thymine peaks in each CpG dinucleotide
was determined on a chromatogram. Since
sequencing was performed from a reverse primer,
the formula was used to quantify the methylation
level:

MetC =100 x hG / hG + hA,

where MetC is cytosine methylation level, %;

hG is height of guanine peak;

hA is height of adenine peak.

A single peak G was considered as 100% methyla-
tion, a single peak A — as no methylation, and over-
lapping G and A — as partial methylation (0—100%).

Statistical analysis was carried out using SPSS
16.0 for Windows (SPSS Inc.). The differences were
considered statistically significant at p < 0.05. The
normality of the distribution of parameters was
checked using the Kolmogorov-Smirnov test. For
variables that do not meet the normal distribution,
median (Me), 25th and 75th percentiles (Q25; Q75)
were used. Calculations were performed using the
Kruskal-Wallis and Mann-Whitney tests.

RESULTS

According to the results of MS-PCR, it was found
that all the studied samples, both reactive and tumor,
had methylation of the MIR-145 gene.

The values of the MIR-143 gene methylation in
samples of patients with reactive lymphadenopathy
and patients with DLBCL are presented in Table 2.

We found no significant differences for each of
the four individual CpG dinucleotides, however, the
average methylation level for all CpG dinucleotides
was significantly lower in tumor samples (71.5 (64.1;
74.7)% vs. 75.5 (71.8; 81.0)%, p = 0.049) (Fig. 5, A).

It was also noteworthy that in all samples of reac-
tive lymph node tissue, a close level of methylation of
the CpG dinucleotides of the MIR-143 gene was
recorded, while tumor samples showed greater het-
erogeneity (Table 2).

Separate analysis of DLBCL samples by immuno-
histochemical phenotypes showed that the differ-
ence in the average level of methylation of the CpG
dinucleotides between the two groups of reactive and
tumor lymph nodes is due to a lower level of
methylation in the samples of patients with non-ger-
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Ta6smua 2. YpoBeHb MeTuanpoBaHus CpG-AUHYKJIEOTH/IOB B IMMQOYy3J1ax NaLMeHTOB C peaKTUBHON IMMdoasieHonaTHel
Y OIyX0JIeBbIX INMoy3s1ax 601bHbIX Auddy3HON B-KpynHOKIeTOUHOH IMdomoii, Me (25; 75)

Table 2. The level of methylation of CpG dinucleotides in the lymph nodes of patients with reactive lymphadenopathy and
tumor lymph nodes of patients with diffuse large B cell-lymphoma, Me (25; 75)

YpoBeHb MeTH/IMPOBAaHUA MTO3UHA, % / Cytosine methylation level, %

CpG-AMHYK/1€0THUJ,

CpG dinucleotide PeakTHBHBIE JIUMOY3JIBI OnyxoJieBbie TUMPOY3/IbI p
Reactive lymph nodes Tumor lymph nodes

CpG1 78.0 (71.0; 81.0) 68.0 (45.8; 74.0) 0.055

CpG2 85.0 (80.0; 89.0) 81.0 (63.3; 86.0) 0.154

CpG3 77.0 (70.0; 82.0) 72.5 (68.8; 82.5) 0.476

CpG4 67.0 (58.0; 79.0) 61.5 (50.3; 73.3) 0.217

Cpennee 3HayeHue / Average value 75.5 (71.8; 81.0) 71.5 (64.1; 74.7) 0.049

3HaueHUsd YpOBHA MeTWINpOBaHUA reHa MIR-
143 B 00pasmax MaIleHTOB C PeaKTUBHOU JMMDO-
azeHomnarueir u 6osbHbIX JIBKKJI mpesicraBieHsb! B
TabJ. 2.

Hamu He 6bUI0 OOHAPYKEHO 3HAYUMBIX PA3JIU-
YUH I KaXKJOTO U3 YEThIPeX OTAEeIbHBIX U3y4YeH-
HbIX CpG-AMHYKJIEOTHUIOB, OZHAKO CPEIHUH YpO-
BEHBb METUJIUPOBAHUS /11 BceX CpG-IMHYKIEOTH/IOB
ObLT 3HAUMMO HIIKE B OIYXOJIEBBIX oOpasiax (71.5
(64.1; 74.7) % nipoTtus 75.5 (71.8; 81.0) %, p = 0.049)
(puc. 5, A).

Takke obpamaso Ha cebs BHUMAaHHE TO, UTO BO
Bcex oOpasax peaKTUBHOHN TKaHU JTUM(POY3JI0B ObLI
3apEeruCTPUPOBAH OJUBKUH YPOBEHb METHUJINPOBA-
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minal center B-cell (non-GCB) lymphoma: 67.5
(55.9;73.4)% vs. 75.5 (71.8; 81.0)%, p = 0.026 (Fig. 5,
C). The average level of methylation in the samples of
patients with GCB lymphoma was close to the level of
methylation in reactive lymphadenopathy and
amounted to 74.0 (70.5; 78.3)% (Table 3).

Fig. 6 shows examples of sequence chromato-
grams of reactive and tumor tissue samples.

DISCUSSION

Currently, studies have been conducted for pro-
filing the level of microRNAs in various hematopoi-
etic malignancies. It has been shown that the levels
of miR-143 and miR-145 can be reduced both in

B
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g
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g S 4000
55 ~ -
% < p=0.026
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Puc. 5. CpeHuii ypoBeHb METHJIMPOBAHUS B M3yYE€HHbBIX 00pasax (3Be3/oukaMu 0003HaUeHbI 00pasIibl, KOTOpPbIE
He YKJIa/IbIBAIOTCA B ZiIarpaMMy pasMaxa i KaXK/[01 aHaJTU3UPYeMOi TPYIIIbI): A — PEaKTHBHBIE U OIIyXOJIEBbIE
JiMdOoy3bl; B — peakTUBHBIE U OITyX0JIeBbIe JIMM(OY3JIbl B 3aBUCMOCTH OT UMMYHOTHCTOXUMHUYECKOTO TIO/TUIIA
(GCB — noaTun u3 KJIETOK TepMUHAJIBHOTO IIeHTpa; non-GCB — MOATHII U3 KJIETOK MOCTTEPMUHAJIBHOTO ITPOUCXOK/IEHUS)
Fig. 5. The average level of methylation in the studied samples (GCB — germinal center B cell; non-GCB — non-germinal
center B cell; asterisks indicate samples that do not fit into the box plots for each group): A — reactive and tumor lymph
nodes; B — reactive and tumor lymph nodes, depending on the immunohistochemical phenotype
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Ta6una 3. YpoBeHb MeTurpoBaHus CpG-AUHYKI€0TH/I0B B TMMPoy3siax 60abHbIX JUuddy3HOU B-KpynHOKIeTOUHON
JMMQOMOH B 3aBUCHMOCTH OT UMMYHOTHCTOXUMHUYECKOTO roATHuna, Me (25; 75)

Table 3. The level of methylation of CpG dinucleotides in the lymph nodes of patients with diffuse large B-cell lymphoma
depending on the immunohistochemical type, Me (25; 75)

YpoBeHb MeTU/IMPOBaHUA LUTO3UHA, %

CpG-aMHyKICOTH Cytosine methylation level, % zl_z
CpG dinucleotide PeakTHBHBIE TUMOY3JIbI GCB-nmogTun non-GCB-noaTHUN p:::
Reactive lymph nodes GCB type non-GCB type
CpG1 78.0 (71.0; 81.0) 69.5 (58.0; 74.0) 61.5 (44.3; 84.3) 0.107
0.117
0.477
CpG2 85.0 (80.0; 89.0) 81.0 (70.3; 85.8) 81.0 (61.8; 86.0) 0.267
0.214
0.948
CpG3 77.0 (70.0; 82.0) 75.0 (72.3; 88.3) 70.5 (60.5; 78.8) 0.724
0.173
0.137
CpG4 67.0 (58.0; 79.0) 73.5 (66.0; 86.5) 53.5 (43.5; 63.3) 0.338
0.008
0.014
CpenHee 3HayeHUe 75.5(71.8; 81.0) 74.0 (70.5; 78.3) 67.5(55.9; 73.4) 0.365
Average value 0.026
0.196
20 30 40 50
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Puc. 6. ®parmeHT XpoMaTorpaMMbl 6ucybGuTHOTO crkBeHca CpG-ocTpoBka reHa MIR-143
(BBIIIOJIHEH C UCIIOJIb30BaHHEM 06paTHOTO mpaliMepa; nudpamMu ykaszaH ypoBeHb METHINPOBaHUA (%)
kaxoro n3 CpG-IuHYKIEOTHIOB): A — peakTUBHBIN TuMdOy3es; B — omyxoseBsiit 1umMdoy3sest 60J1bHOTO
nuddysHoi B-kpymHOKIeTOUHOM TuM$poMoit, non-GCB-mmoaTuIt
Fig. 6. Chromatogram fragment of bisulfite sequence of the CpG island of the MIR-143 gene
(made using a reverse primer; the figures indicate the methylation level (%) of each CpG dinucleotides):
A — reactive lymph node; B — tumor lymph node of a patient with non-GCB diffuse large B-cell ymphoma
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HuA uszydeHHbIXx CpG-nuHykieotusioB reHa MIR-
143, TOTZ]a KaK OIyX0JIeBble 00PA3IIbl IEMOHCTPUPO-
BasTx OOJIBIIYIO TeTEPOTEHHOCTH (CM. TabJI1. 2).

PasznienpHbIN aHau3 06pasnos JIBKKJI mo ummy-
HOTHCTOXHMUYECKUM IOJITUIIAM TOKa3aJj, UYTO pas-
HUIIA B CPeTHEM YPOBHE METHJINPOBAHUSA U3YUeH-
HBbIX CpG-ZIMHYKJIEOTH/IOB MEXKAY ABYMsl TPyHIIaMU
PEaKTUBHBIX U OIYXOJIEBBIX JTUMQPOY3JI0OB 00YCI0B-
JeHa 0Oojiee HU3KUM YPOBHEM METIJINPOBAHUS B
MaTepuayie O0JbHBIX JIUM(POMON U3 KIIETOK ITOCT-
repMUHAJIbHOTO TpoucxoxaeHust (non-GCB): 67.5
(55.9; 73.4) % npoTus 75.5 (71.8; 81.0) %, p = 0.026
(puc. 5, B). Cpeguuili ypoBeHb METHJIUPOBAHUS B
obpasiax O0oJIbHBIX JUMGOMON W3 KJIETOK TepMU-
HaJIBHOTO IIEHTPA 0Ka3ascs OJIM3KIM YPOBHIO METHU-
JINPOBAHUS IPH PEAKTUBHOHN JIUM@aZeHONaTHH U
cocTtaBu 74.0 (70.5; 78.3) % (Tabu. 3).

Ha puc. 6 mpencraBieHbl DpUMEPHl XPOMATO-
rpaMM CHKBeHCa 00pa3I0B PEAaKTHUBHOU M OIyXOJle-
BOU TKaHU.

OBCYXJIEHUNE

B Hacrosiimee BpeMsi IPOBEEHBI HCCIIEIOBAHUS
1o npodunupoBanuo ypoBHa MukpoPHK mpu pas-
JIMYHBIX  3JIOKAUECTBEHHBIX HOBOOOPA30BAHUSIX
CHUCTEMBI KDPOBETBOpDEHHsA. DBbUIO IOKa3aHO, YTO
ypoBHH MiR-143 u miR-145 MOTyT GBITh CHUKEHBI
Kak B oOpasiax 6oJIbHBIX B-KyieTouHbIMHU JTUMGO-
nposiudepaTUBHBIMU 3a00IEBAHUSMU, TaK U B KJle-
TOYHBIX JIMHUAX HEKOTOPBIX TUIIOB tMdoM [18].

[To maHHBIM ABYX paHee IMPOBEIEHHBIX UCCIIEN0-
BaHu# [9, 10], mpu JIBKKJI umeeT MecTo CHI)KEHHE
ypoBHs MukpoPHK wtacrepa miR-143/145 B cpaB-
HEHUU ¢ KOHTposieM. [TocKoIbKy HaMu paHee ObL1a
IMOKa3aHa BhICOKAsl YaCTOTA OIyXOJIb-CHEIU(MUIHOTO
METHJIMPOBaHUA 11eJioro psma MukpoPHK mpu man-
HOU OIyXOJIiH, OBLJIO CJIeJIAaHO TIPE/IIOJIOKEHHUE, UTO
TaKOe CHIJKEHUE MOKET OBITh CBSI3aHO C TUIIEPMETH-
JIMPOBAHUEM B OIYXOJIEBBIX KJIETKAX KOJUPYIOIINX
X T€HOB.

B xJreTKax >KMBOTHBIX METHJINPOBAHUE ITPOHCXO-
7uT B CpG-octpoBkax. OHO fABJIAETCA MEXaHU3MOM
SIIUTEHETUYECKON PETryJISIMUA TPAaHCKPUIINU ¢
3aKJII0YAETCS B IPUCOETUHEHUH METHIHHOU TPYIIIIBI
(-CH3) x 1uTO3uHOBBIM ocHoBaHusAM CpG-
JIMHYKJIEOTHI0B. [Ilpm 3TOM MeTW/IbHAs TpyIma
00pasyIoIerocss METHUJIIMUTO3MHA PACIIOJIaraeTcs B
6osbIoi 6oposske cnupanu JJHK, ¢ koTopoi B3au-
MOJIEUCTBYIOT OosbIiiHCTBO JIHK-CBA3BIBAIOIINX
OenkoB. B HacTosilee BpeMsi M3BECTHBI JIBA Mexa-
HHU3Ma PEeNpeCcCUy FeHOB IPU METUJIMPOBAHUM: CBS-
3bIBAaHNE C METWJIMPOBAHHBIMH II0CJIE/IOBATEIHHO-
craavu JTHK GesikoB, Jiesraroniux XpoMaTHH TPaHC-
KPHUIIIIMOHHO HEAaKTUBHBIM, M IPEMATCTBOBAHHE

samples of patients with B-cell lymphoproliferative
diseases and in cell lines of some types of lym-
phoma [18].

According to two previous studies [9, 10], in
DLBCL, there is a decrease in the level of microRNA
of the miR-143/145 cluster in comparison with the
control. Since we had previously shown a high fre-
quency of tumor-specific methylation of a number of
microRNAs in this tumor, it was assumed that such a
decrease may be due to hypermethylation in tumor
cells of the genes encoding them.

In animal cells, methylation occurs in CpG
islands. It is a mechanism of epigenetic regulation of
transcription and consists in attachment of a methyl
group (-CH3) to cytosine bases of CpG dinucleotides.
In this case, the methyl group of the resulting meth-
ylcytosine is located in the major groove of the DNA
helix with which most DNA-binding proteins inter-
act. Currently, two mechanisms of gene repression
during methylation are known: binding to methyl-
ated DNA sequences of proteins that make chroma-
tin transcriptionally inactive, and preventing a
methyl group from contacting DNA of regulatory
proteins that are need for gene expression. Thus,
methylation turns off the gene, and demethylation
turns on the gene [19]. It is also known that DNA
methylation/demethylation is carried out in a site-
specific manner, which is important for the activa-
tion or inactivation of transcription [16].

We have analyzed the methylation status of MIR-
143 and MIR-145 genes by bisulfite sequencing and
MS-PCR, respectively, in lymph node tissue with reac-
tive changes and tumor lesion of DLBCL. The results
obtained indicate the presence of methylation of the
MIR-143 and MIR-145 genes in all the samples studied,
and, consequently, methylation detected in the lymph
nodes of lymphoma patients is not tumor-specific.

On the contrary, the quantitative assessment
showed that in the DLBCL samples, namely non-
GCB type, the average level of methylation of the
sequencing fragment of the MIR-143 gene was sig-
nificantly lower than in the samples of reactive lymph
nodes.

Based on the results of the literature search, it can
be assumed that the differences obtained are not
directly related to tumor cells, but are explained by
the peculiarities of the cellular composition of the
studied samples. Recent experiments that were
assessing the levels of miR-143 and miR-145 not in
tissues, but in individual cell populations, have
shown that these microRNA are actively expressed in
mesenchymal cells, such as fibroblasts and smooth
muscle cells, as well as in the endothelium, whereas
their level is low in lymphocytes, epithelial cells and
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MEeTHJIbHOU Ipynnbl KoHTaKTy ¢ JJHK perynaTopHbix
0eKOB, HEOOXOAWUMBIX JIJII SKCIPECCHU T'EeHOB.
TakuM 00pa3oM, METHJIUPOBAHUE «BBIKJIIOUAET»
reH, a JIeMeTUJIHPOBaHUE — «BKJIOYaer» [19].
M3BECTHO TaKKe, UTO METWIMPOBAHHE/IEMETHIIH-
posanue JIHK ocymiecTiisieTcs calT-crieriupuuIHbIM
00pa3oM, UTO BasKHO JIJIST aKTUBAIIUY WJTH WHAKTHBA-
MY TPAHCKPUIIIUY [16].

Hamu BBINIOJIHEH aHAJINU3 CTaTyca METUJIUPOBa-
HUsA reHOB MIR-143 n MIR-145 MeTogaMu OUCYJIb-
¢utHoro cexkBenupoBanuss u MC-IIIIP coorBet-
CTBEHHO B TKaHU JUM(OY3JIOB C pPEaKTUBHBIMHU
HU3MEeHEeHUsMH U OIIyX0JIeBbIM nopakeHnuem JIBKKJL.
ITosrydyeHHBIE PE3YIbTATHI CBU/IETETHCTBYIOT O HAJIH-
4ynu MeTuaupoBanus reHoB MIR-143 u MIR-145 BO
BCeX HCCJIEIOBAHHBIX 00Opasliax, a, CJeI0BaTeIbHO,
BBIsIBJIsIEMOE B JIMMGOy31ax OO0JBbHBIX JTUMOOMOU
METWINPOBAHHE He SIBJISIETCS OITyXOJIb-
crierupUIHBIM.

Hampotus, kojimyecTBEHHAs OIlEHKA IOKAa3asia,
yro B obpasmax [IBKKJI, a umenHo non-GCB-
MO/ITUIIA, CPEJTHUH YPOBEHb METHUJIUPOBAHUS H3Y-
YeHHOTO ¢parMeHTa IIOCIe0BATEIbHOCTU TeHa
MIR-143 6bUT 3HAUUMO HUKE, YeM B 0OpasIjax peak-
THUBHBIX TUMQOY3JIIOB.

Ha ocHOBaHWM pE3y/IbTATOB JIUTEPATYPHOTO
IIOMCKA MOXKHO TIPEIIOJIOKUTh, UTO IOJIyYEeHHbIE
pas3uuus He CBS3aHbI HETIOCPEICTBEHHO C OITyX0JIe-
BBIMH KJIETKAMH, a OOBACHAIOTCA OCOOEHHOCTAMU
KJIETOYHOTO COCTaBa H3YUYeHHOro Omomarepuaa.
HenaBHue 5KCIIEpUMEHTHI, OIEHUBIIHE YPOBHH
miR-143 u miR-145 He Ha TKAaHEBOM YPOBHE, a B
OT/IEJIbHBIX KJIETOUHBIX TOMYJISIUAX, TOKA3a/IH, UTO
5T MUKpOPHK akTHMBHO 3KCIIpecCUpPyIOTCA B KJIET-
Kax Me3eHXHMaJIbHOTO IIPOUCXOXKIEHUS, TAKUX KaK
(ubpo6IIaCTEI U TTIAIKOMBIIIIEYHBIE KJIETKH, & TAKXKE
SHJIOTEJINH, TOT/IA KaK B JIMMQOIUTAX, SITUTETN AT~
HBIX KJIETKAX W PUTPOIUTAX YPOBEHb WX HU3KHHU.
Ilo pmaHHBIM MeToma THOpPUAMBAIUM N Situ
MmukpoPHK xiacrepa miR-143/145 Takxke skcrpec-
CUDYIOTCS HCKJIIOYUTEJIPHO B ME3€HXUMAaJIbHBIX
KJIeTKax [1].

Tak, pe3ysnbpTaThl HEJABHETO WCCJIEOBAHUS
IoKa3aJiu, 4YTOo ypoBeHb MiR-143 B 14.22 pasa, a
miR-145 B 11.36 pa3 Brimie B o6pasnax JJHK, Boige-
nennoi u3 FFPE-610k0B 60spHBIX JIBKKJI, B cpaB-
HEHUHU C U30JUPOBAHHBIMH MOMYJIAIUAME JTAMOPO-
utoB (mpe-B-kierok (CD19+CD10+), TOKOAIIUXCS
B-xierok (CD19+), mHauBHBIX B-rierox (CD19+),
B-xierok repmuHanbHOro teHtpa (CD19+IgD-/
CD39-), B-kj1eToK, aKTUBUPOBAHHBIX iN VItro CTH-
mysasnuedn IL-2 u IgM (CD19+/CD30+), mia3maru-
yeckux kiaetok (CD138+), B-kjeTox maMaTu
(CD19+/CD27+), CD3+ T-knetok, CD4+ T-K1eTOK,

erythrocytes. According to the in situ hybridization
method, microRNAs of the miR 143/145 cluster are
also expressed exclusively in mesenchymal cells [1].

Thus, the results of a recent study showed that the
level of miR-143 is 14.22 times, and miR-145 is 11.36
times higher in DNA samples isolated from forma-
lin-fixed and paraffin-embedded biopsy samples
with DLBCL, in comparison with isolated popula-
tions of lymphocytes (pre-B-cells (CD19+CD10+),
resting B cells (CD19+), naive B cells (CD19+), ger-
minal center B cells (CD19+IgD—/CD39-), B cells
activated in vitro by IL-2 and IgM stimulation
(CD19+/CD30+), plasma cells (CD138+), memory
B cells (CD19+/CD27+), CD3+ T cells, CD4+ T cells,
CDS8T cells and NK cells (CD56+)) [20]. This contra-
dicts the conclusions of studies on the low expression
of these microRNAs in DLBCL in which samples with
a mixed cellular composition (peripheral blood and
non-neoplastic lymph nodes) were used for compar-
ing the expression level [7, 8].

DLBCL s a heterogeneous entity in the context of
the clinical findings and prognosis. It is believed that
the observed heterogeneity of lymphoma may be
related both to the biological properties of malignant
B cells and to the different cellular composition of
the inflammatory infiltrate surrounding tumor cells,
including neutrophils, T lymphocytes, macrophages
and mast cells. The last three cell types play an
important role in enhancing angiogenesis in DLBCL
due to the release of proangiogenic factors and com-
plex cross-interaction in the tumor microenviron-
ment [21, 22].

In this regard, it is worth mentioning the results
of another work showing that in the lymph node tis-
sue with reactive follicular hyperplasia, a low
microvessel density is detected in more than 90% of
cases, whereas in the lymph node tissue of patients
with DLBCL, in half of the cases (50%) a high
microvessel density was noted [23].

Finally, it has now been clearly shown that in the
tissue of non-GCB DLBCL, in contrast to GCB
DLBCL, there is a pronounced uniform infiltration
with CD4+, CD8+ T lymphocytes and macrophages
that promote neoangiogenesis in the tumor [24].
Thus, the data obtained in this work on a higher
average level of methylation of the MIR-143 gene in
DLBCL samples of the non-GCB subtype in compari-
son with samples of reactive lymph nodes may be
associated with a greater representation of endothe-
lial cells in them.

CONCLUSION

Our study excludes the use of methylation of
MIR-143 and MIR-145 genes for differential diagno-
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CD8 T-knerok u NK-kiaerox (CD56+)) [20], uro
IIPOTUBOPEUYHT BBIBOJIAM PabOT O HUBKOU DKCIIpec-
cuu gaHapIXx MukpoPHK nipu JIBBKJI, B KOTOpBIX B
KadecTBe 00pa3IOB CPaBHEHUS YPOBHS JKCIIPECCHH
HCIIOJIb30BIN OWMOJIOTUYECKUA MaTepuajl cO CMe-
[IAHHBIM KJIETOYHBIM COCTAaBOM: IepudepHUIECKyI0
KPOBB U HEOITyXoJieBbie TUMGOy3Jsl [7, 8].

JBKKJI mpepncraBiisieT co0OW KJIMHUYECKH U
MIPOTHOCTUYECKHU reTePOTeHHYI0 HOo3010THI0. CunTa-
eTcsl, 9YTo HabIogaemMast TeTeporeHHOCThb JINM(MOMBI
MOXKET OBITh CBA3aHA KaK ¢ OMOJIOTUYECKUMU CBOM-
CTBaMH 3JI0KAUYEeCTBEHHBIX B-KJIETOK, Tak U ¢ pas-
JIMYHBIM KJIETOYHBIM COCTaBOM BOCIIQJIUTEIBHOTO
UHQWIBTPATA, OKPYKAIOIIETO OIyXOJIeBble KJIETKH,
BKJIIOUatoero  Hedrpodunael,  T-1uMOIUTSHI,
Makpodaru u TydHble kjaeTku. IlociieiHue Tpu THIIa
KJIETOK UTPAIOT BAXKHYIO POJIb B YCUJIEHUU aHTHOTe-
He3a mpu JIBKKJI 3a cueT BBICBOOOXKIEHUs IIPOAH-
TUOTEHHBIX (PAKTOPOB U IIOCPEACTBOM CJIOKHOTO
[IePEKPECTHOTO B3aNMOJIEHCTBUS B MUKDPOOKpPYKe-
HUH OIyXO0JIH [21, 22].

B sTOH CcBA3U cileflyeT YHOMSAHYTHb Pe3yJIbTaThbl
JIDYTOH pabOThI, TOKA3BIBAIOIIHE, UTO B TKAHU JIFIM-
(oyssoB pu peakTHBHOU HOIUKYIAPHOHN rumep-
1a3uu 6osiee 9YeM B 9O % CIIyJIaeB BBISBIIAETCS HU3-
KasA IUIOTHOCTh MUKPOCOCYZIOB, TOTZIa KaK B TKaHU
smMdoysioB 60pHBIX IBKKJI B mos10BHHE CIydaeB
(50 %) ObpLIa OTMEUeHa BBICOKAS IJIOTHOCTh MUKPO-
cocyzoB [23].

Haxkowner, B HacTosIee BpeMs YeTKO IMOKa3aHo,
uto B TKaHU [IBKKJI U3 KJIETOK MOCTTepMUHAIBHOTO
IIPOUCXOXK/IEHUSA, B OTJINYNE OT IOATHUIIA JTUM(MOMBI
U3 KJIETOK 3apOJIBIIIIEBOTO I[€HTPA, HMMEET MECTO
BBIpQ&)KeHHas paBHOMepHasd uHuiabTpauusa CD4+,
CD8+ T-mumdonuramu u Makpodaramu, Crocod-
CTBYIOIIIMY HEOAHTUOTEHEe3Y B OIyX0Ju [24]. Takum
00pa3oM, oJIyYeHHbIe B HACTOSIIEN paboTe JaHHbIE
0 OospllleM cpefHEM YPOBHE METIJIMPOBAHUSA TeHa
MIR-143 B obpasnax JIBKKJI HerepMuHaJIbLHOTO
IIOATUIIA B CPABHEHUH C 00paslaMu pPeaKTHBHBIX
JMGOY3JI0B MOTYT OBITH CBSAI3aHBI ¢ OOJIBIEN TTIPE/-
CTaBJIEHHOCTBIO B HUX SH/IOTETHAJIBHBIX KJIETOK.

3AK/IIOYEHUE

[IpoBefieHHOE HAMU WCCJIEOBAHUE WCKJIIOYAET
HUCIIOJIb30BaHUE METUINPOBAaHUA reHoB MIR-143 u
MIR-145 pist nuddepeHIuaTbHOU  JITNaTHOCTUKHA
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sis between lymphoma and reactive changes in
lymph nodes.

The complex cellular composition of the analyzed
samples may explain the presence of gene methyla-
tion of the analyzed cluster in the tissues of reactive
and tumor lymph nodes, and the different microves-
sel density may explain the lower levels of methyla-
tion of the MIR-143 gene in the non-GCB phenotype
of DLBCL.

To further clarify the role of epigenetic regulation
of miR-143 and miR-145 expression in lymphoma, it
may be necessary both to increase the number of
samples studied and to assess the level of gene meth-
ylation of the analyzed cluster in certain cell types
contained in the samples.
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noatune JIBKKJIL.
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