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Momusayus u yenv: OTHAM U3 ONMACHBIX OCIOXKHEHHUN HUIIEMHYECKON OOJIe3HH cep/ia
(MUBC) sBngroTcs HapylIeHUs pUTMAa CepAlla, KOTOpble MOTYT CTaTh NPUYUHON
BHE3aIHOM cepleuyHONH cMepTH. DBreisiBieHne (akTopoB puCKa pasBUTHS 3THX
HapylIEeHUH, B TOM YHCJIE TEHETHYECKUX, SIBJSICTCSl aKTyaJlbHOM 3afaueid. BeposTHeIM
3BeHOM (U3MOIOTUYECKUX HapYIICHUH, pa3BUBAIOMIMXCS C BO3PACTOM W BEAyIIUX K
MOBBIIIEHUIO PHUCKAa AapUTMUHU, SBIAIOTCS MUTOXOHJPUU. MHUTOXOHIpHATIbHAS
JUCQYHKIHUS MOKET OBITh MHULMHUPOBATh HAPYLICHUS PUTMa ceplua Kak HalpsaMylo,
MMOCKOJIBKY MUTOXOHAPUH MPOU3BOIAT HEOOXOAMMBIH aiist pabotel cepamna AT®, Tak u
OTOCPE/IOBAHHO, Yepe3 TIOBBIIICHHE KOHILEHTPAIUH AKTUBHBIX (OPM KHCIOPOAA,
NOBPEKIAOUINX  KJIETOYHbIE  CTPYKTYpbl, HapylUleHHe HMOHHOro OamaHca,
penonspuzanuto MeMOopaH u arronTos [ 1]. MUTOXOHApHUY HMEIOT COOCTBEHHBII TeHOM —
mutoxoHapuanbayto JIHK (mMtJHK), KoTOpas Koaupyer HECKOIbKO CyObeIUHHUIL
KOMILJIEKCOB JbIXaTenbHOM nenu. [lpunumast Bo BHUManue, yto MTHK orinuvaercs
BBICOKMM YPOBHEM MYTaLUil H, CIEIOBATENbHO, MOMYISLIUOHHOTO HOIUMOphuU3Ma, a
TaKXKe Hacieayercs 0e3 peKoMOWHauuu, clelyeT OXHAaTh, 4YTO OTICJIbHbIC
«HOopMasbHbIey» BapuaHThl MTJIHK mnm nx coderaHust MOTyT ObITh acCCOIIMUPOBAHBI C
W3MEHEHUEeM (PYHKIMOHAJIBHBIX HapamMeTpoB MHUTOXOHApHHA. Tak Kak pedb HIET O
MOIYJISITMOHHOM MOJMMOpP(hHU3Me, TO BENWYMHA 3THX 3()()EeKTOB Mana, U OHH MOTYT
MPOSIBUTHCS TOJNBKO B TIO3JHEM BO3pacTe, MO MEpPE pa3BUTHUS ACCOIMHPOBAHHBIX C
BO3pacToOM 3a00JIeBaHUM.

3naunmocts Bapuammid MTJHK mis ¢enoTmna mokazana B psje HWCCIIEIOBaHUH,
MPOBEICHHBIX Ha MHUOPWAHBIX JHHHUSAX KJIETOK, B KOTOPBIX OTJEJbHBIE TEHOTHITBI
mT/IHK (ramiorpymmbl) pa3ivdainch MO IapaMeTrpaM KISTOYHOro jbixaHus [2-5].
Kpome Toro, BbusiBieHBl accommanuu mnoaumopdusma MtJAHK ¢ pasnnuabiMu
MHOT0()aKTOPHBIMH 3a00JIEBAaHUSIMU M MX OCJIOKHEHUSIMH, B TOM YHCJIE C BHE3aITHOU
cMmepThio [6-10]. Llens uccnenopanus — nouck BapuanToB MT/IHK n/umu ux coueranui,
BJIMSIOLINX HA PUCK Pa3BUTHS XKU3HEYTpoXkaromux aputMuid Ha ¢pone UBC.

Memoowt u areopummet: ViccnenoBana nonHast nocienoareinbHocTs MTIHK B BEIOOpKE
nanueHToB ¢ HapymenusmMu putma cepiauna (HPC), xoropeiM Oblna mpoBeneHa Mo
MTOKa3aHUsAM UMITIaHTAIs Kapanoseprepa-nedudpmmisitopa (N=81, cpeqauit Bo3pact
64 roga) ¥ B KOHTPOJIBHOW IpyINIle HHANBHIAOB 0€3 MPU3HAKOB CEPACYHO-COCYIUCTHIX
3aboneBanuit (N=59, cpennanii Bozpact 65 net). CekBernnpoBanue MT/IHK mpoBoanmu ¢
nomorieio Meroga NGS Ha mpubope MiSeq (lllumina, CIIIA), npouiecc MOArOTOBKH
o6pasioB u o6padotku naHHbIXx NGS mns mtIHK omwmcan panee [7]. [Jus kaxmoro
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o0Opa3ma 3aMeHbl aMHMHOKHCIOT B MHUTOXOHADHAIBHBIX TIeHax OeNKOB ObuIn
CTpYIIIHMPOBaHBI M0 KOMIUIEKCaM JbixarenbHor nenu mutoxouapuii (I, 11, 1V, V), a
HyKJIeoTHIHbIe 3aMeHbl B reHax PHK paccmarpuBamm otnensHo ans 12S pPHK, 16S
PHK u tpancnioptasix PHK. 3ameHs! B «kOpHE» OCHOBHBIX TaruIOTPYI HE YIUTHIBATIH
(mampumep, He Obula BKIOueHa B aHanmu3 3ameHa Al2308G B rene TPHK netinuna,
onpenenstonias ramworpynmny U, 3amena amuaokucinotsl Y304H B rene ND1 (T4216C,
rarmorpynnsl T u J) u ap.). CpaBHeHHE 4acTOT OTAENBHBIX BapUaHTOB, TaIlIOTPYII,
COYETaHUH NOIMMOP(GU3MOB TPOBOAWIM C IMOMOILIBIO KpUTEpHsl XHU-KBagpaT WM
TOYHOTO KpuTepus Oumepa.

Pesynomamer: CpaBHeHne 4actoT ocHOBHBIX raruorpynn MTIHK B mccremyembix
BBIOOpKaX HE BBISIBUIIO CTATHCTUUECKU 3HAYUMBIX pa3iiuuii. Takxke He ObLIO BBISIBICHO
pa3Nu4Mid MO0 YacTOTe OTACNBHBIX 3aMEH, BCTPEYAIOUIMXCSI B Pa3HBIX TaluIOrpyImax,
manpumep, A10398G (T114A ND3), G3010A (16S rRNA). B To ke BpeMst cpaBHEHME
YHUCIIa 3aMEH, 3apPETUCTPUPOBAHHBIX B Pa3HBIX I'PyMNIax T€HOB B OJHOM TaIUIOTHIIE,
MoKa3ajio mpeobiajaHue TaKUX «MHOKECTBEHHBIX» 3aMEH Y TAalueHTOB C
HapyIlIEHUSIMUA PUTMa Ceplla, MO0 CPAaBHEHUIO C KOHTPOJbHOU rpymnmoi (Pucynok 1).
CraTucTHYecKy 3HaYNMBbIE a3y OBLTH TTOTYYEHBI ITPH CPaBHEHUH JIOTH MAIIHEHTOB
B BBIOOPKE, MMEIOIINX 3aMEHBI aMUHOKHUCIIOT (J1s CyObeAnHuUI, KoaupyeMbix MTIHK)
B JIBX WM TpeX KOMIUIEKCaxX JpixatenbHol nenu (p=0,003; X?=10,37), a Takxke mnpu
CpPaBHEHHU JIOJTU TIAIIEHTOB, MMEIOIINX HYKICOTHIHBIE 3aMEHbBI OJTHOBpEMEHHO B 125
pPHK u 16S pPHK (p=0,03; X?=4,7).
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Puc. 1. YactoTa perucTpanyy MHUCCEHC-3aMEH OJHOBPEMEHHO B JIBYX U 0oijiee KOMILIEKCax
JIbIXaTeJIbHOM 1LenH, a Takke oAaHoBpemMeHHO B NByX reHax pPHK, komupyempix mTIHK, y
MAMEHTOB C HAPYIICHWSMH PUTMA CepAlla U B KOHTPOJBbHOW BbIOOpKe. YacTOTHI yKa3aHBI B
MPOLIEHTaX

Bwi6oowi: Takum 00pa3om, «HarpyKEHHOCTE)» MUTOXOHIPHAIBHOIO TEHOMA 3aMEHaMHU
B T€HAX pa3JINYHbIX KOMIUIEKCOB JIBIXaTEILHOM e, a TAK)KE OJTHOBPEMEHHO B 000X
reHax pubocoMHblx PHK, MoxeT uMeTh 3HaueHWe Kak (aKTop pHUCKa pa3BUTHS
KU3HEYTPOXKAIONIMX ApPUTMHH Y TAIMEHTOB C HIIEMUYECKOH OOJIe3HBIO cep/la.
[lonmy4yeHHble pe3ynbTaThl MOKA3bIBAIOT, YTO MPHCYTCTBHE B MHUTOXOHIPHUAIBHOM
rarIoTHIIe UHIUBHIA MHOKECTBEHHBIX BAPHAHTOB B Pa3IIMYHBIX T'CHAX, IO-BHIUMOMY,
BHOCHUT BKJIQJI B YCHJICHUE TUCHYHKIIH METOXOHAPHUIA TIPH BO3PACT-aCCOUMPOBAHHBIX
3a00JIeBaHUSIX W/ UIIH NIPU CTAPEHUH.
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Qunancuposanue. Viccnenosanue nognepxano Poccuiickum HayuHbIM poHIOM (Ne 24-
24-00527).
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Motivation and Aim: One of the dangerous complications of coronary heart disease
(CHD) is heart rhythm disturbances, which can cause sudden cardiac death.
Identification of risk factors for the development of these conditions, including genetic
ones, is an actual task. Mitochondria are a likely link in physiological dysregulation that
develop with age and lead to an increased risk of arrhythmia. Mitochondrial dysfunction
can be associated with cardiac arrhythmias either directly, as mitochondria produce the
ATP for heart functioning, or indirectly, through an increase in the concentration of
reactive oxygen species that damage cellular structures, disruption of the ion balance,
membrane repolarization and apoptosis [1]. Mitochondria contain their own genome,
mitochondrial DNA (mtDNA), which encodes several subunits of the respiratory chain
complexes. Taking into account that human mtDNA is characterized by a high mutation
rate and, therefore, extensive population polymorphism, and is inherited without
recombination, it should be expected that “normal” mtDNA variants or their
combinations may be associated with changes in the functional parameters of
mitochondria. It should be noted that since we are talking about population
polymorphism, the effect sizes for these variants is small, and they can only appear at a
later age, as age-associated diseases develop.

The significance of mtDNA variations for phenotype is shown in a number of studies
conducted on cybrid cell lines, in which individual mtDNA genotypes (haplogroups)
differed in parameters of mitochondrial respiration [2-5]. In addition, associations of
mtDNA polymorphism with various multifactorial diseases and their complications,
including sudden death, have been identified [6-10]. The purpose of the study is to search
for mtDNA variants and/or their combinations that affect the risk of developing life-
threatening arrhythmias as a complication of coronary artery disease.

Methods and Algorithms: The complete sequence of mtDNA was studied in a sample of
patients with cardiac arrhythmias, who underwent implantation of a cardioverter-
defibrillator (N=81, average age 64 years) and in a control group of individuals without
signs of cardiovascular diseases (N=59, average age 65 years). MtDNA sequencing was
carried out using the NGS method on a MiSeq instrument (lllumina, USA), the process
of sample preparation and processing of NGS data for mtDNA is described in [7]. For
each sample, amino acid substitutions were registered in the mitochondrial genes of the
subunits of the mitochondrial respiratory chain complexes, depending on the complex
(1, 11, 1V, V), as well as nucleotide substitutions in the ribosomal (12S and 16S) and
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transport RNA genes encoded by the mitochondrial genome. Substitutions in the “root”
of the main haplogroups were not taken into account (for example, the A12308G
substitution in the leucine tRNA gene, which determines haplogroup U, the Y304H
amino acid substitution in the ND1 gene (T4216C), etc., were not included in the
analysis). Comparison of the frequencies of individual variants, haplogroups, and
combinations of polymorphisms was carried out using the Chi-square test or Fisher's
exact test.

Results: Comparison of the main mtDNA haplogroups frequencies in the studied
samples did not reveal statistically significant differences. There were also no
differences in the frequency of individual substitutions repeatedly found in different
haplogroups, for example, A10398G (T114A in ND3), G3010A (16S rRNA). At the
same time, a comparison of the number of substitutions registered in different “classes”
of genes in one haplotype showed the predominance of such “multiple” substitutions in
patients with cardiac arrhythmias compared to the control group (Figure 1). Statistically
significant differences were obtained when comparing the proportion of patients with
amino acid substitutions in two or three complexes of the respiratory chain (p=0.003;
X?=10.37), as well as when comparing the proportion of patients with nucleotide
substitutions simultaneously in 12S rRNA and 16S rRNA (p=0.03; X?=4.7).
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Fig. 1. Frequency of missense substitutions in two or more complexes of the respiratory chain
simultaneously, as well as in both rRNA genes encoded by mtDNA, in patients with cardiac
arrhythmias and in the control sample. Frequencies are given as percentages

Conclusion: Thus, the “variation load” of the mitochondrial genome with substitutions
in the genes of different respiratory chain complexes, as well as simultaneously in both
ribosomal RNA genes, may have impact as a risk factor for the development of life-
threatening arrhythmias in patients with coronary heart disease. The results indicate that
the presence of multiple variants in different genes within an individual's mitochondrial
haplotype appears to contribute to increased mitochondrial dysfunction in age-associated
diseases and/or aging.

Funding: The study is supported by Russian Science Foundation (No. 24-24-00527).
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