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Momueayus u yenv. Hekomupyromue PHK (uxPHK) perymupyior MHOXECTBO
(U3NOIOTMYECKUX W TAaTOJNOTHYECKUX IPOLECCOB, MPHUBOAALIMX K Pa3BUTHIO
Pa3IMYHBIX, B TOM YHCIIE CEPAEYHO-COCYAUCTHIX, 3a0oneBanuii [1]. UccnemoBanus,
nocesmeHHple  pyHkuonupoBanuio HKPHK mpu aneBpmsme Bocxopsimied aopTel,
enuHUYHBl [2]. B HeMHOrouyuciieHHBIX pa0OTax MPEICTaBICHBI PE3yJbTaThl IO
MetunupoBannio JJHK npu arepockiepose, paccioeHu Ui aHEBPU3ME BOCXOSIICH
aopTel [3—6], a TaKKe 3KCIPECCHH TI'€HOB MNPH COYETAHUM AHEBPU3MBI AOPTHl U
arepockiiepo3a [7]. Omnako B nmaHHbIX uccienoBanusx rensl HKPHK oraenbHo He
paccMmarpuBaroTcs. B CBA3M € 3TUM II€NbI0 HACTOSILEr0 HCCIEIOBAaHUS SBISETCS
n3ydeHne ocodeHHocTeil MetunupoBanus HKPHK mpu aHeBpr3Me BOCXOIAIIEH a0pThHI
KaK «M30JINPOBaHHOI» (POPMBIL, TaK U TIPU COUETAHUH C aTEPOCKICPO3OM.

Memoowr u anzopummer: Onenka ypoHs Metunuposanus JIHK BeimonHena y mectu
MaIeHToB (MY>XYHHBI B Bo3pacTte 48—64 1eT) ¢ aHEeBpU3MOI BOCXOIAIIEH aopTHI
(nmnaTupoBaHHass ~— 4YacTb,  HEpacIIMpEHHas  NpPOKCHMalbHas  4YacTb  JYTH
(MakpoCKONMMYEeCKH  WHTaKTHas TKaHb) W  arTepocKiepoThyeckas  OJsmka,
JIOKQJIM30BaHHAS B TMPOKCHMAIbHOM dYacTh Jyrd aoptel). MertwampoBanue JIHK
oueHuBanock ¢ nomompblo RRBS nHa mpubope Illumina HiSeql500. Pesynbrarsr
cexBeHnpoBaHus oOpaboransl ¢ momombio DRAGEN Bio-IT v.3.9.5 (Illumina) u
COIIOCTaBJIeHbl C TeHoMOM denoBeka (cOopka GRCh38). [duddepenuumansao
MetuianpoBaHHbIME (JIMC) cunranuce CpG-caiiTel ¢ pa3HHLEH CPEIHEro YpOBHS
METHIIMPOBaHUs MeX Iy TpynmnaMu oopasnos FDR < 0.05 u |AB| > 0.2.

Pezynomamur: U3 2 322 700 npoananuzupoBaHHbix CpG-caiiToB MeXAy AHIIaTH-
POBaHHOM NpM AaHEBPU3ME W HWHTAKTHOW TKAHSAMU aOPTHl Pa3ivyvs B YPOBHE
METWJIMPOBaHUS BBIABIEHBI TONBKO Aisi caiToB (chr5:93573113 wu chr5:93573147),
pacroioKeHHbIX B iepBoM nHTpoHe reHa NR2F1-AS1. B qunatupoBaHHO YacTy aOpTHI
HaOJroaeTcss CHW)KEHUE YPOBHS METWIIMPOBAHMS JIAHHBIX CAaHTOB OTHOCHUTEIBHO
naTaktTHOU TKaHU (AP = —0.30 u AP = —-0.43 cOOTBETCTBEHHO).

Mexny oOpas3laMu aTepoCKIECpPOTHUSCKUX OJIAIIEK W WHTAKTHOW TKaHH aopThl
BoistBiieHO 480 JIMC, u3 kotopbix 28 otHocsTes kK reHaM HKPHK. Cpenn Hux 8 (28.6 %)
JIOKaJIM30BaHbl BHYTPH IOCIIEIOBATEILHOCTH PEryJISTOPHBIX JIEMEHTOB (IIPOMOTOP,
JHXAHCEp, CaWT CBs3bIBaHHA TpaHckpuimonHoro ¢akropa CTCF) u 15 (51.7 %)
THITIOMETUIINPOBAHKI B aTEPOCKICPOTHIECKON OJISIIKE a0PTHI.
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Hns matm renoB HkPHK (NR2F1-AS1, LINCO01926, LINC01280, LINCO01770,
LOC100506691 (LINCO02985), muddepeHunanrbHO METHIMPOBAHHBIX B aTePOCKIEPO-
THYECKHX OJSIIKax aopThl, paHee IOKa3aHO HM3MEHEHHE METHIMPOBAHUS B TKaHIX
TPYIHOM a0pTHI IIPH aTEPOCKIepo3e 0e3 aHeBPU3MEI [4].

Jast IMC LINC01926 (chr18:58821123), LINC01770 (chr1:1433596) u LINC01280
(chr2:216603507) mpm  aHeBpU3ME M  aTe€POCKIEPO3€  aOpTHI  ITOKA3aHO
OJTHOHAIPABIICHHOE N3MEHCHHE METHIIMPOBAHUS c i epeHInaTbHO
METWJIMPOBaHHBIMH  permoHamMu  3Tmx  reHoB  (chrl18:58785792-58786168,
chrl:1431925-1432353 u chr2:216566016-216566274) npu atepockiaepo3e aopThl 6e3
aHeBpU3MBI [4]: B aTepOCKIEPOTHYECKOW OJSIIKE AOPTHl HE3aBUCHMO OT HaIUYHA
aneBpusMmbl TunepMmermwinpoBansl LINC01926 u LINCO01280; rumomermiupoBan
LINCO01770.

I'ensr LOC100506691 (LINC02985) u NR2F1-AS1 mpu arepockiepose aopThl 0Oe3
aHeBpu3MbI (1anHbie Lacey M. ¢ coaBropamu [4]) u mpu coyeTaHHH aTepoOCKIepo3a U
QHEBPU3MBI aOPThl (HaHHBIE HACTOSIIETO MCCICIOBAHKS) MOKAa3bIBAOT Pa3HO-
HanpaBJIeHHOE U3MEHEHUE MeTHIIMpoBaHus. Pernon chr12:122065085-122065517 rena
LOC100506691 (LINC02985) rumoMeTHIHpOBaH B OJISAIIKE aOpThI O€3 aHEBPU3MBI
(Ap = —0.26) [4], Toraa kak JIMC chr12:122063660, 10KaTu30BaHHbBIH B TPOMOTOPE
aToro reHa, rumepmerwinpoBan (AP = 0.55) mpu coueranHol maromoruu. PasHo-
HanpasieHHOCTh MeTinupoBanus JJHK B qanHOM citydae, BO3MOKHO, OOBSCHSIETCS TEM,
4TO0 00JAaCTh NMPOMOTOpA M Tela T'eHa METHIMPYIOTCS MO-pa3sHOMY, HE3aBHCHMO OT
HaJIMYHS U30JIMPOBAHHON MIIM COYETAaHHOW MTaTOJIOTUH a0PTHI.

B HacTosimieM wuccleNOBaHWM TNPH  aHEBPH3ME U aTepoCKIepo3e aopThl B
nocienoBatensHocTH TeHa NR2F1-AS1 BBIsSBIICH MPOTSKEHHBIH THIOMETHIMPOBAHHBIN
peruoH B 39 024 mapsr ocHoBanuit (chr5:93544844-93583868), kyna Bxoaut 81 CpG-
caitt. Cpeau Hux 1Ba (chr5:93573147 u chr5:93563824) ssnstorest IMC (AR =-0.28 u
AP =-0.37 coorBercTBEeHHO). BMecTe ¢ TeM Npu atepocKiepo3e aopThl, HE COIPO-
BOXKnaroreMcst aHeBpu3MoH, B TeHe NR2F1-AS1 BeIsIBIIEHO TIATH THIIEPMETHIIPOBAH-
HBIX PETHOHOB, B TOM umciie chr5:93571579-93571913 u chr5:93572011-93573146
(Ap=0.25 u AP = 0.32 coorBeTcTBeHHO [4]), B IMOCIICIOBATEILHOCTH KOTOPHIX B
HACTOSIIIEM HCCIIEI0BAaHUN OOHAPYKEHBI THIIOMETHIIMPOBAHHBIEC CANTBHI.

Kpome artoro, BeisBienst IMC ncesmoreno YBX3P1 u SMG1P2, otHocsmumecs k
ukPHK. B nocnenosarensaocT YBX3P1 HaxoquTcst runepMeTHIIMPOBAHHBIN B OJISAIIKE
peruon chr16:31569429—chr16:31569442, conepxxammii uetsipe CpG-caiita, onuH u3
kotopeix sBisieTcss JIMC (chr16:31569442 (AR = 0.29)). B rere SMG1P2 BrisiBneH
ennacTBeHHBIH JIMC (chr16:29608442), TMnOMETHIMpPOBAHHBIA B OJSAIIKE aOpPTHI
(Ap =-0.36).

Kak moka3piBaeT peaHanu3 pe3yiIbTaToOB HIKCIPECCHH TE€HOB B TJIAAKOMBIIICYHBIX
kieTkax Bocxogsmiei aoptel (GSE140947), ncesnorenst YBX3P1 u SMG1P2 sBnstorcs
JuQPepeHInATEHO SKCIPECCUPYIOIMMUCS IPH aHEBPU3ME a0PTHI U aTepockiiepose [7].
HaGuromaeTcst CHIKEHUE SKCIPECCUH 000MX TeHOB B IOPAYKEHHOM a0pTE OTHOCUTEIIEHO
unTakTHRIX TKaHe# (log2FoldChange = —0.67 u 1og2FC = —-0.56 cootBercBenHo) [7].
CpG-caiit chr16:31569442 rena YBX3P1 nokanmuzoBan B MpOMOTOpE, U, BEPOSATHO,
MOBBIIIIEHHE €ro METHIMPOBAHUS TMPHUBOJAUT K CHIKEHHIO (YHKIMOHAIBHOW
akTUBHOCTh reHa. Jma rena ke SMGIP2 wusmeHenus MeTWIMpOBaHUS caiTa
chr16:29608442 wu skcnpeccuu TeHa HE COIJIacylOTCs: CHMXKEHHE METHIIMPOBAHUS
JIAHHOTO cailiTa CONMPOBOXJaeTcs ¥ CHIDKeHHEM OJKcrpeccun reHa. CpG-caiit
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chr16:29608442 noxamuzoBan B uHTpoHe SMGI1P2 wu, BeposTHO, He BIHMAET Ha
SKCTIPECCHIO JaHHOTO T'eHa.

Buisoowi: Hexogmpyromue PHK urparot ponb B pa3BUTHH aHEBPU3MBI BOCXOZSIIEH
AO0PTHI HE3aBHCUMO OT HAJIMYHS aTePOCKIEPOTHIECKOT0 OpakeHHs cocyna. Mapkepom
pa3BUTHsL aHEBPU3MBI aopThl MokeT BbicTymaTh reH NRZ2F1-AS1, xapaktep metu-
JUPOBAHUS KOTOPOTO PpA3NYaeTCss NPH COYETAHHOH M H30JIMPOBAaHHBIX (opMax
aTepoCKJIepo3a M aHEBPH3MBI BOCXOJISIICH A0PTHI: IPH M30JMPOBAHHON aHEBPU3ME U B
COYETaHUH C aTePOCKICPOTHYECKUM MOPAKEHUEM COCY/Ia TeH THIIOMETHIIMPOBaH, a IpH
aTepockiepose 0e3 aHeBpU3MBbI A0PThI — THIIEPMETHINPOBaH.

Qunancuposanue. Viccnenosanue noaaepxano rpaaroMm PHO (Ne 22-25-00701).

DNA methylation of non-coding RNA genes in aneurysm
and atherosclerosis of the ascending aorta

Goncharova I.A.**, Zarubin A.A.%, Shipulina S.A.%, Panfilov D.S.?, Kozlov B.N.?,

Nazarenko M.S.!

1 Research Institute of Medical Genetics, Tomsk National Research Medical Center, RAS, Tomsk, Russia
2 Cardiology Research Institute, Tomsk National Research Medical Center, RAS, Tomsk, Russia

* irina.goncharova@medgenetics.ru

Key words: aneurysm and atherosclerosis of ascending aorta; non-coding RNA; DNA methylation

Motivation and Aim: Non-coding RNAs (ncRNAs) control many physiological and
pathological processes leading to the development of various medical conditions,
including cardiovascular diseases [1]. Research on ncRNAs in ascending aortic
aneurysm are scarce [2]. A few studies describe DNA methylation in atherosclerosis,
dissection or aneurysm of the ascending aorta [3-6], as well as gene expression in
aneurysm in a presence of atherosclerosis [7]. However, these studies do not focus on
ncRNA genes. In this regard, the purpose of this study is to characterize DNA
methylation of ncRNAs in the ascending aortic aneurysmindividually and in
combination with atherosclerosis.

Methods and Algorithms: DNA methylation was measured in six patients (men aged 48—
64 years) with an aneurysm of the ascending aorta (dilated part, non-dilated proximal
part of the arch (intact tissue) and an atherosclerotic plaque localized in the proximal
part of the aortic arch. DNA methylation was determined using RRBS on an lllumina
HiSeq1500. Sequencing results were processed using DRAGEN Bio-IT v.3.9.5
(IMumina) and compared to the human genome (GRCh38 assembly). CpG sites with
FDR<0.05 and |AB| > 0.2 were considered differentially methylated (DMS).

Results: Of the 2,322,700 CpG sites analyzed between dilated and intact aorta, only two
sites (chr5:93573113 and chr5:93573147) were differentially methylated. Both CpG
sites are located in the first intron of the NR2F1-AS1 gene. We observe the decrease in
the level of DNA methylation of these CpG sites in the dilated aorta compared to intact
tissue (A =-0.30 and AP = —0.43, respectively).

In atherosclerotic plaques and intact aortic tissue, we identified 480 DMS, and 28 of
them were related to ncRNA genes. Among them, 8 (28.6 %) are localized within
regulatory elements (promoter, enhancer, CTCF transcription factor binding site) and
15 (51.7 %) are hypomethylated in the atherosclerotic aortic plaque.
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For five ncRNA genes (NR2F1-AS1, LINC01926, LINC01280, LINCO01770,
LOC100506691 (LINC02985)) differentially methylated in our study, a change in DNA
methylation in atherosclerotic thoracic aortic tissue without aneurysm was previously
shown [4].

CpG sites of LINC01926 (chrl8:58821123), LINC01770 (chrl:1433596) and
LINC01280 (chr2:216603507) in aortic aneurysm with atherosclerosis have a
unidirectional change of DNA methylation in aortic atherosclerosis without aneurysm
(chr18:58785792-587861 68, chr1:1431925-1432353 and chr2:216566016-216566274)
[4]: in the aortic atherosclerotic plaque, regardless of the presence of an aneurysm,
LINC01926 and LINC01280 are hypermethylated and LINC01770 is hypomethylated.
The LOC100506691 (LINC02985) and NR2F1-AS1 genes in aortic atherosclerosis
without aneurysm (data from Lacey M. et al. [4]) and in a combination of atherosclerosis
and aortic aneurysm (present study), show multidirectional changes in DNA
methylation. The chrl2:122065085-122065517 region of the LOC100506691 gene
(LINC02985) is hypomethylated (Ap=—0.26) in the aortic atherosclerotic plaque without
aneurysm [4], while in case of comorbidity the DMS chr12:122063660 in the promoter
of this gene is hypermethylated (Ap=0.55). The multidirectionality of DNA methylation,
in this case, may be explained by the fact that the promoter region and the gene body are
methylated differently, regardless of the presence of isolated or combined aortic
pathology.

In the present study, we identified an extended hypomethylated region of 39,024 base
pairs (chr5:93544844-93583868) in aortic aneurysm compared to aortic atherosclerosis.
This region includes 81 CpG sites and is located in the NR2F1-AS1 gene. Among them,
two CpG sites (chr5:93573147 and chr5:93563824) are DMS (Ap = —0.28 and AP =
—0.37, respectively). At the same time, in atherosclerotic aorta without aneurysm, the
NR2F1-AS1 gene contained five hypermethylated regions including chr5:93571579-
93571913 and chr5:93572011-93573146 (AB=0.25 and AB=0.32, respectively [4]). On
the contrary, we found hypomethylated CpG sites in these regions.

Along with that, we identified DMSs related to ncRNAs in the sequence of two
pseudogenes YBX3P1 and SMG1P2. The region chrl6:31569429-chr16:31569442 of
YBX3P1 is hypermethylated in the aortic atherosclerotic plaque. This region contains
four CpG sites, one of them is DMS (chr16:31569442 (AB=0.29)). A single DMS
(chr16:29608442) located in SMG1P2 gene is hypomethylated in the aortic
atherosclerotic plaque (Ap = —0.36).

Reanalysis of gene expression in ascending aorta smooth muscle cells (GSE140947)
shows that YBX3P1 and SMG1P2 pseudogenes are differentially expressed in aortic
aneurysm and atherosclerosis [7]. The expression of both genes is decreased in aneurysm
compared to intact tissue (log2FoldChange=-0.67 and log2FC=-0.56, respectively) [7].
The CpG site chr16:31569442 of the YBX3P1 gene is localized in the promoter. It is
possible that an increase in its DNA methylation leads to a decrease in the functional
activity of the gene. For the SMG1P2 gene, changes in DNA methylation of the
chrl6:29608442 site and gene expression are not consistent: a decrease in DNA
methylation of this site is accompanied by a decrease in gene expression. The CpG site
chr16:29608442 is localized in the intron of SMG1P2 and probably does not affect the
expression of this gene.

Conclusion: Non-coding RNAs play a role in the development of ascending aortic
aneurysm regardless of the presence of aortic atherosclerotic lesions. NR2F1-AS1 gene
could be a marker for the development of ascending aortic aneurysmas its DNA
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methylation pattern differs in combined and isolated forms of atherosclerosis and
ascending aortic aneurysm. In both isolated aortic aneurysm and in combination with
atherosclerotic lesion the NR2F1-AS1 gene is hypomethylated, while in aortic
atherosclerosis without aneurysm it is hypermethylated.

Funding: The study is supported by the Russian Science Foundation (No. 22-25-00701).
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