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Abstract. Malignant cell transformation is accompanied by two processes of DNA methylation changes:
promoter hypermethylation of specific genes and hypomethylation of retrotransposons. The composition of
circulating DNA (cirDNA) from plasma and cell-surface-bound circulating DNA (csb-cirDNA) was shown
earlier to be altered in the blood of cancer patients due to accumulation of tumor-specific aberrantly methylated
DNA fragments, which are currently considered valuable cancer markers. The present study compares LINE-1
retrotransposon methylation patterns in plasma cirDNA and csb-cirDNA from untreated lung cancer patients
(LC) and healthy donors. Concentrations of methylated LINE-1 region I copies (LINE-1met) were assayed by
real-time methylation-specific PCR. In order to normalize the LINE-1 methylation level, the LINE-1 region 2
concentration was evaluated, which was independent of the methylation status (LINE-1Ind). We recorded an
statistically significant increase of the LINE-1 methylation index determined as (LINE-1met/LINE-1Ind) due to
the profound LINE-1Ind decrease (Mann-Whitney test, p = 0.005). Plasma cirDNA demonstrated no difference
in the ratio LINE-1met/LINE-1Ind between LC patients and healthy donors (p = 0.40). The data obtained agree
with our earlier results, which showed that csb-cirDNA was a highly informative material for lung cancer

diagnostics.

Wsmenenne npoduns metunupoBanus JJHK sBusercs ogauM 3 Hambolsiee paHHUX U PACIPOCTPAHCHHBIX
coObITHI1 KaHIeporeneza. Mmerotcst manHble 0 runmoMerwiupoBannyd LINE-1 B 370Ka4eCTBEHHBIX OMYXOJSIX

nerkux [1, 2]. OcHOBHBIMH KOMIIOHEHTaMu a0eppaHTHoro MerwinpoBanusi JJHK kierok omyxomwm sBistroTCs
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THIIEPMETUIIMPOBAHUE TTPOMOTOPOB HEKOTOPBIX I'€HOB M TMIIOMETHJIMpOBaHHE 3HauuTenbHol vactu JIHK, B
YaCTHOCTHU TOBTOPSIOIIMXCS 1TOCIEJOBATEIbHOCTEH PETPOTPAHCIIO30HOB. [loKa3aHo, 4TO NPU OHKOJIOTHYECKHX
3aboneBannsax B coctase nupkympyromeit JJHK (mup/IHK) mmasmer n mup/IHK, cBs3anHOM ¢ TOBEPXHOCTHIO
kmetok  kpou  (ckn-mup/IHK), HakammBaioTcsi — ¢parMeHTHl — OIyXoJiecTieHU(HIHBIX  abeppaHTHO
metmnupoBaHHbIX J[HK, koTopele sBISIOTCS MOTEHIHATbHBIME OHKOMapkepamu [3]. Ilembio HacTosiero
WCCIICZIOBAaHMST  SIBUWIOCh IPOBEACHHE CPAaBHUTEIBHOTO aHamm3a ypoBHS  MeTmwinupoBanms LINE-1
perposniemMeHToB B ImpKynupytommx JHK KpoBu OOJNBHBIX pakoM JIErKOr0O W 310pPOBBIX JOHOpOB. B
uccnenosanue Obuto BrmodeHo 21 GompHoW PJI (T13NosMo), ¢ Mopdonoruueckn Bepu(pHUIMPOBAHHBIM
JIMarHo3om, B Bospacte 40-75 net, HaxoauBIIMXCs Ha jJedyeHuu B kinnHuke HUUW onkonorun. Matepuanom ajis
WCCIICZIOBAaHMS TIOCITY)KMJIa BEHO3HAs KPOBb, KOTOpas 3abmpanack mo nedeHus. s Beimenenus mup/JHK u3
m1a3Mel ¥ ¢ppaxauid kposw, u nup/IHK mocne OucynspuTHON KOHBEPCHH NCTIONB30BaIH HAOOpH! «bHocmimka.
Amnanns ypoBHs MetwirpoBanus LINE-1 ameMeHTOB ¢ MCTIOTb30BaHUEM KOJIMYECTBEHHOW METHII-CIICHU(PUIHON
[ILP. PaccuuthiBamm HHIEKC METHIMPOBAHUS KAK JIOJI0 METIIIMPOBAHHBIX MOJIEKYJI OT OOIIEro YHcia MOJIEKYIT
o popmyne (%) = 100 x (LINE-1met/LINE-1Ind). B ckn-uup/IHK npu Beraucienun UM (LINE-1met/LINE-
1Ind) mbI HaOmonaMKM 3HAYUMOE yBEJIMYEHHE B rpymmne 0oibHbIX PJI 10 cpaBHEHMIO CO 3/710pPOBBIMH JJOHOpPaMH
(kpurepuii Manna-Yutau, p = 0,005). CornacHo nanHbiM ROC-aHanu3a, olleHKa HMHAEKCAa METHIIMPOBaHHSA
LINE-1 mnosropoB B 1mp/IlHK ¢pakuun, cBsi3aHHOH C ITOBEPXHOCTBIO KJIETOK KPOBH, IO3BOJSIET C
YyBCTBUTENHHOCTRIO 78% m cnemmupuaaocTeio 80% oramuuth OompHBIX PJI OT 370pOBBIX NOHOPOB (TIpH
roporosoM 3HaueHnd MM 53%). B mupIHK mnasmsr UM (LINE-1met/LINE-1Ind) B o6meit rpymme 00IbHBIX
HE OTIMYAETCS OT YPOBHS 3/10pOBEIX ToHOPOB (P = 0,398). IIpu anammse cBsazu mexay UM (LINE-1met/LINE-
1Ind) B mupIHK kpoBH 1 THCTOIOTHYECKUAM THIIOM OITyXOJH yCTaHOBIEHO, yTo B 1up/IHK mra3mer 60nbHBIX €
ajieHoKapuuHoMoii VIM 3HauMMo HMXe, yeM Yy OOJIBHBIX C IUIOCKOKJIETOUHBIM pakoM Jierkoro (p = 0,021), u B

CKH-III/IpI[HK JUJIA 000MX THCTOTHIIOB Ha6mo[1aeTc51 OIWHAKOBOC YBCINYCHUC UM no CpPaBHCHHIO C KOHTPOJIEM.

Tabruya 1
Hnoexc memunuposanus LINE-1 ¢ yup/IHK kposu 6onorvix PJI u 300powix 00HOpo8
. mpIHK .
. Kpurepuii Kpurepuit
Tpymna PJ1 n Crn-mp IHK Manna-Vuran | o ooMA! Manna-Yutrau
KPOBH
AK 8 677£8 B 17%£3 _
TIKPJI 13 7013 P08 s p-0.021
Bonbhbie PJI
+ =+
(06mas rpymma) 21 697 p=000s | 21* p=0398
310pOBBIE TOHOPBI 23 37+6 2745

[Ipumeuanue: * - uanexc metmwmpoBanus LINE-1 (%), nmpeacraBiens! cpeqare 3Ha9€HUS U CTaHIapTHAS
ommnoKa; # - cpaBHeHne npooamuiiock Mexay rpynmnamu [TIKPJI u AK; ITKPJI — mitocKoKIeTOUHBINA pak JETKOTO,

AK — ajeHOKapIHOMA.

Hammm nansable o cHiwkennu koHuenrpaiuu LINE-1met ¢parmenros B mup/IHK kpoBu cormacyrorcst c
pe3yapTaTaMi HECKOJBKHX MOJHOI€HOMHBIX HCCIEAOBaHMM, COTJIACHO KOTOPBIM DAa3HBIE KIIACCHI JUIMHHBIX
JHcneprupoBanHbX noBTopoB B 1Mp/IHK mmasmbl mpencraneHs! pasnuuHbiM oOpasom: juuHHBIE LINE-1
TIOBTOPBI HEJOIPEACTAaBICHBl, M HA000poT, KopoTkue Alu moBTopsl mepempexacrasiensl B 1up/JHK
TIJ1a3MBI/CBIBOPOTKH KPOBH 10 cpaBHeHHIO ¢ TeHoMHOM JIHK u3 knetok [4, 5]. [Ipudem monmwkennoe st LINE-

1 wim moBeimenHoe s Alu conmepxkanue ¢parmentoB up/IHK cranoBuTcst 3HaunMoO Gosiee BHIPAKECHHBIM B




mup/IHK y OONbHBIX C OIyXOJSIMM IO CPaBHEHHIO CO 370poBbIMH JoHopamu [4]. Kpome Toro, 3Haunmoe
cHxeHue KoHueHrpauun gparmenroB LINE-1 paiiona 2 B iup/IHK kpoBu y 6onbubix PJI o cpaBHeHuro co
37I0POBBIMH JTOHOPaMH MOXET OBITh CBsI3aHO C penpeccueld xpomarnHa B 30Hax LINE-1 mpu ocnabnennn
metrupoBanus JIHK, aTo 00bsAcHASTCS akTUBAIIMEH 3aIIUTHBIX MEXaHU3MOB KIIETKH [6].

Takum 00pa3zom, BBISBICHHBIE B KpoBH 1pH PJI GoJee 3HAUNTENBHBIC N3MEHEHNS KOHIICHTPALNHU (pparMeHTa
LINE-1 pationa 2 Bo ¢pakmuu mup/IHK, cBsizaHHO#H ¢ TOBEpXHOCTBIO KJIETOK, MO cpaBHeHHI0 ¢ Imp/IHK
IUIa3MBbl, YKa3bIBAlOT Ha Pa3iuyus B MexaHM3Max HakoruieHus ¢parmentoB JJHK B mnmasme u cBsi3aHHOH C
KJIeTKaMH ()paKLMK KPOBU M NOATBEPXKIAIOT OoJiee paHHHUE AaHHbBIE O TOM, uyTo (paxuus cki-uup/JHK sBisercs
BBICOKOMH()OPMATUBHEIM HCTOYHMKOM MaTepuana s JUAarHOCTHKH paka, B TOM YHCIIE 3JI0Ka4eCTBEHHBIX
HOBOOOpa3zoBanmii jerkoro [7, 8]. IlpencraBisercs HHTEPECHBIM JANbHEWIIEe HCCIeT0BaHNE OTHOCUTEIHLHOM
MPEICTaBICHHOCTH W TMPOGWIA METIINPOBaHHUA pa3HeIX paioHOB LINE-1 3rmeMeHTOB, KOTOpBIE Hapigy C
JIpYTAMHU a0eppaHTHO METHIMPOBAHHBIMH PaiiOHAMH MOTYT BOWTH B COCTaB HOBBIX ITaHENEH OHKOMapKepoOB

KpOBH.

CIIMCOK JIMTEPATYPbBI

1. Saito K., Kawakami K., Matsumoto 1., Oda M., Watanabe G., Minamoto T. (2010). Long interspersed
nuclear element 1 hypomethylation is a marker of poor prognosis in stage IA non—small cell lung cancer.
Clin Cancer Res, no. 16, pp. 2418-2426.

2. Suzuki M., Shiraishi K., Eguchi A., Ikeda K., Mori T., Yoshimoto K., Ohba Y., Yamada T., Ito T., Baba Y.,
Baba H. (2013). Aberrant methylation of LINE-1, SLIT2, MAL and IGFBP7 in non-small cell lung cancer.
Oncol Rep, no. 29, pp. 1308-1314.

3. Schwarzenbach H., Nishida N., Calin G.A., Pantel K. (2014). Clinical relevance ofcirculating cell-free
microRNAs in cancer. Nature Rev Clin Oncol, no. 11, pp. 145-156.

4. Beck J., Urnovitz H.B., Mitchell W.M., Schiitz E. (2010). Next generation sequencing ofserum circulating
nucleic reveals differences to healthy and nonmalignant controls acids from patients with invasive ductal
breast cancer. Mol. Cancer Res, no. 8, pp. 335-342.

5. Morozkin E.S., Loseva E.M., Morozov 1.V., Kurilshikov A.M., Bondar A.A., Rykova E.Y., Rubtsov N.B.,
Vlassov V.V., Laktionov P.P. (2012). A comparative study ofcell-free apoptotic and genomic DNA using
FISH and massive parallel sequencing. Expert Opin Biol Ther, no. 12, pp. S141-S153.

6. Dunican D.S., Cruickshanks H.A., Suzuki M., Semple C.A., Davey T., Arceci R.J., Greally J., Adams L.R.,
Meehan R.R. (2013). Lsh regulates LTR retrotransposon repression independently ofDnmt3b function.
Genome Biol, no. 14, pp. R146.

7. Rykova E.Y., Morozkin E.S., Ponomaryova A.A., Loseva E.M., Zaporozhchenko [.A., Cherdyntseva N.V.,
Vlassov V.V., Laktionov P.P. (2012). Cell-free and cell-bound circulating nucleic acid complexes:
mechanisms of generation, concentration and content. Expert Opin Biol Ther, no. 12, pp. S141-S153.

8. Ponomaryova A., Rykova E., Cherdyntseva N., Skvortsova T.E., Dobrodeev A.Y., Zav’yalov A.A,
Bryzgalov L.O., Tuzikov S.A., Vlassov V.V., Laktionov P.P. (2013). Potentialities ofaberrantly methylated
circulating DNA for diagnostics and post-treatment follow-up of lung cancer patients. Lung Cancer, no. 81,

pp. 397-403.




