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UsyuyeHue 6akmepuanbHo20 MUKpo6uoma MoKpombl 60/1bHbIX pAKOM J1€2K020
U e20 853U C N08peXKO0eHUAMU XpOMOCOM 8 IuMgoyumax nepugepuyeckoli Kposu
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MunKpobriom pecnnpaTopHOro TpakTa MOXKeT OKa3biBaTb 3HaUMMOe BIMAHMNE Ha Pa3BuUTUeE pAfa 3aboneBaHU AblxaTeNbHOW CUCTEMDI
yenoseka. [loMrMo ANCONOTUYECKX U3MEHEHWIA B COCTaBE MUKPOOGMOMA NaLMeHTOB OTMEUYEHO, YTO MHorne 6akTepun obnapatoT
reHOTOKCUYECKUM NOTEeHLManoM 1 CnocobHbl MPAMO UM ONOCPeOBaHHO MNOBPEXAaTb rEHOM B KNeTKax opraHu3ma xo3auHa. Lienb
nccnefoBaHUA — N3yYnTb CBA3b MEXAY COCTaBOM MUKPOOBMOMA MOKPOTbI U YPOBHEM MOBPEXAEHUI XPOMOCOM B NENKOLMTaX KPOBU
60nbHbIX pakom fierkoro (PJ1). i3yueHbl TakcCOHOMMYECKIIN cocTaB 6akTepranbHOro MMKPoOMoMa MOKPOTbI, a Take 6a30oBble YacToTbl
XPOMOCOMHbIX abeppauuin (XA) n mukposagep (MA) B numbountax Kposmu 66 My»UUH ¢ AnarHo3om PJT n y 62 300poBbIX JOHOPOB.
Pe3ynbTaTbl CEKBEHUPOBAHMWA MNOKa3anu, YTo MUKPOO6UoM 601bHbIX PJT MeeT npusHakn mcbrnosa ¢ JOCTOBEPHbIM YBeIMYEeHNEeM
copepxaHua 6aktepuin popos Streptococcus, Bacillus, Gemella v Haemophilus. Y nauneHToB ¢ PJ1 BbifsiBNeHa npsAamas CBA3b MeXAy YacTOTON
abeppaHTHbIX MeTada3 B TMmdoLUTaxX U NMPOLEHTHBIM COlepXKaHeM B MOKPOTe NpeacTaBuTenein poga Bacteroides.
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Study of the bacterial microbiome of sputum of patients with lung cancer
and its association with chromosome damage in peripheral blood lymphocytes
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The microbiome of the respiratory tract can have a significant impact on the development of a number of diseases of the human
respiratory system. In addition to dysbiotic changes in the composition of the microbiome of patients, it was noted that many bacteria
have a genotoxic potential and are able to directly or indirectly damage the genome in the cells of the host organism. The aim of the
study was to study the relationship between the composition of the sputum microbiome and the level of chromosome damage in
the blood leukocytes of patients with lung cancer (LC). The taxonomic composition of the sputum bacterial microbiome, as well as
the basic frequencies of chromosomal aberrations (CA) and micronuclei (MN) in blood lymphocytes of 66 men diagnosed with LC and
62 healthy donors were studied. The results of sequencing showed that the microbiome of LC patients has signs of dysbiosis with a
significant increase in the content of bacteria of the genera Streptococcus, Bacillus, Gemella and Haemophilus. In patients with LC, a
direct relationship was found between the frequency of aberrant metaphases in lymphocytes and the percentage of representatives
of the genus Bacteroides in sputum.
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BeBepgeHne

ak jierkoro (PJI) ssBnsgeTcst pacnpocTpaHeHHOM 3/10-

KAUYeCTBEHHOM OITYXOJIbIO U OCHOBHOM MPUYUHOUN

CMEpTH OT paka B Mupe. Pe3ynbTaTel vccaenoBaHUt
MOCJIEAHUM JIET MOKAa3bIBAIOT, YTO KOMIIOHEHTHI OaKTepH -
aJbHOTO MUKPOOMOMa MOTYT BHOCUTh CBOM BKJIaJ B pa3-
Butue PJI, B yacTHOCTM Giarogapst CoCOOHOCTU UHAYLIM -
poBaTh OKUCIUTENbHBIN cTpecc [1]. BocnanurenbHas pe-
aKIMsl, BbI3BaHHAsI OKUCIUTEIbHBIM CTPECCOM, MOXET
COXPaHSITHCS M TPOTPECCUPOBATh B T€YEHUE JUTUTEIBHOTO
nepuoaa BpeMeHHU, STOT MPOLIeCC COMPOBOXIACTCS HEempe-
PBIBHBIM LIUKJIOM TToBpexxaeHus u penapaiuu JHK, uto
HEMUHYEMO BelleT K HaKOIJICHUIO TeHETUYECKUX OIITMOOK
U, B CBOIO OY€pelb, MOXET SIBJISITHCSI OMHUM U3 TaroB, Be-
IyIIKX K KaHieporeHedy. [lpenmnonaraeTcs, 4To YMCICH-
HbI€ U CTPYKTYPHBIE XPOMOCOMHBIE UBMEHEHUST B TUMDO-
uTax rnepudepuyeckoit KpoBU OTpaxarT YPOBEHb IO-
BpexneHusa JHK B npyrux kjaeTkax opraHusma,
MOABEPraloIIMXCs BO3AEHCTBUIO TeHOTOKCUKAHTOB U, Clle-
JIOBaTeIbHO, MOTYT OBITh UCITOJIb30BaHbI KaK OMioMapKe-
pPbI MyTareHHOTO BO3JEHCTBUS Ha opraHusM. LlutoreHe-
TUYECKUE TeCThl Ha OIpee/ieHue XPOMOCOMHBIX abeppa-
nuit (XA) u mukposaep (MA) aBasgioTcs OTHUMU U3
HauboJiee YacTO UCIOIb3yEeMbIX IS 9TUX 3a1a4.

Ileab naHHOTO UCCAEIOBAHUS COCTOSIIA B TOM, YTOOBI
HU3YYUTH CBSI3b MEXIY COCTAaBOM MUKPOOMOMa MOKPOTHI
U YPOBHEM MOBPEXIECHUS XPOMOCOM B JUMdouTax me-
pudepuyeckoit KpoBu 601bHBIX PJI.

MeTtopgbl

TaxcoHOMMYECKMIT COCTaB MUKPOOHOMAa MOKPOTHI, XA
1 M4 B tum@ormTax KpoBY ObUTH U3YUEHBI Y 66 MY>KUMH
(59,4 + 7,8 net) ¢ auarto3om PJI no neyeHust u'y 62 Myx-
yuH (50,2 £ 6,6 1eT), He UMEBLINX 3a00J€BAHUI JIETOYHOMI
CUCTeMBbI. B COOTBETCTBUU C pe3y/ibTaTaMK I'MCTOJIOTMYe-
CKUX UccenoBaHuii 45% nalyeHTOB UMEIN IJIOCKOKIIe-
tounblii PJI, y 24% nuarHocTupoBaHa ageHOKapLMHOMA,
B 9% BbIABIIEH KPYITHOKJIETOUHBIN PJI, B 8% — MeKOKIIE-
tounblit PJI, a y 9 naunenToB (14%) natomopdosornye-
ckas ¢popma PJI He ycranoBneHa. B coorBeTcTBum ¢ TNM
kiaccudukanueit 42% 6oabHbix PJI umenu I-11 ctagun
3aboseBanus, 58% Haxomuiuck Ha III-1V cragusax. Kpo-
Me 3TOro, y 14% nauueHToB OTMEYaINCh METACTa3bl B OT-
JaJICHHbIC OpraHbl.

Bce yyacTHUKM ObUIM TPOMH(GOPMUPOBAHBI O LIEJISIX,
METOJOJIOTMH 1 BO3MOXKHBIX PUCKAX UCCIIeI0BaHMS; MHDOP-
MUPOBAHHOE COIIaCKe ObLIO IMOAIMMCAHO KaXKIbIM y4aCTHU -
KOM uccienoBanus. I1py BKIIOUEHUM MTALMEHTOB U JIOHO-
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OB 13 KOHTPOJILHOM I'PYIIITHI B UCCIIEIOBAHKE COOTIOIATICH
ATUYECKUE IPUHLIMIIBL, TIPEIbsIBIsIEMble XeTbCUHKCKOIA fe-
Kiapanueii BcemupHoii menuumHcKoi accouuanvu (World
Medical Association Declaration of Helsinki, 1964, 2000).

Oo6pas3ubl 6akrepuanbHoit JJHK skctparupona-
qu ¢ nomouiblo Habopa FastDNA Spin Kit For Soil
(MP Biomedicals). AMmindukaluo 1 CeKBeHUpOBaHue
MPOBOIMIIN cortacHo ripotokosy Illumina «Preparing 16S
Ribosomal RNA Gene Amplicons for the [llumina MiSeq
System». Llutorenetnueckue tectobl (XA u M) BbInosHs-
JIM COTJIaCHO KJIAaCCUUECKUM MpoToKoJam [2,3].

Pe3ynbraTtbl 1 06CyKaeHne

PesynmbTaThl HIMTOTEHETUYECKOTO aHAIM3a MTOKa3alln
3HayuMoe yBennueHnue yactot XA (4,11 + 2,48% npoTtus
2,08 +£1,18%) u M4 (1,53 £ 0,67% nporus 0,87 + 0,49%)
y 6oJsibHBIX PJI 1Mo cpaBHEHMIO ¢ KOHTPOJIBHOI TPYIIION.
YV 6onbHbix PJI, Haxonsimmxcs Ha 11I-1V cragusix 3a6onesa-
HUSI, HAOJTIOMAJI0Ch yBenIeHNe XA B JISMKOIIMTAX T10 CPaB-
HeHuro ¢ manuentamu Ha I-11 crannsx (4,54 £ 0,43% nipo-
tuB 3,52 * 0,4%), onHAKO 3TO pa3jindyue He OJOCTUIaIOo
nopora moctoBepHocTH p = 0,09). Jlonst abeppaHTHBIX
MeTtacdas, 3apeTucTpUpPOBaHHAs Y OOJTBHBIX MEJIKOKIIETOU-
HbiM PJI okazanach MakcuMasibHO BbICOKOii (6,1 + 0,97%)
¥ TIpeBBIIIaTa COOTBETCTBYIOIINE 3HAUCHMS Y TTAIIMEHTOB
¢ rockokierounbiM PJI (3,8 £ 0,4%; p=0,04) u ¢ aneHo-
KapuuHomoii (4,28 = 0,83%; p=0,03). Mukpodu1om mMo-
KpOThI 00bHBIX PJI, MMen 1oCTOBEpHOE CHUXEHUE Oe-
Ta-pa3HOO0pa3us IO CPaBHEHUIO C KOHTPOJIBHOM TPYIITION.
B Mokporte nauueHToB ¢ PJI mo cpaBHEHUIO ¢ KOHTPOJIEM
OBUIO YCTAaHOBJIEHO CTATUCTUYECKHN 3HAYMMOE YBEIMUC-
HUE colepKaHUs TpeacTaBUTeNeil ponoB Streptococcus,
Bacillus, Gemella n Haemophilus. CotmiocTaBieHUE IO -
TPYIII TTAIIMEHTOB, UMEIOIINX pa3INIHBIC TTaTOMOPdO-
noruueckue opmbl PJI, pazHeie craguu 3abo1eBaHus,
a TaKKe HAJIMYME M OTCYTCTBHE METACTa30B B OTIAJICHHBIC
OpraHbl, HE BRISIBUJIO TOCTOBEPHBIX PA3IMUMIA B TIPEICTaB-
JICHHOCTHU KaKOro-aubo 0akTepHualrbHOro TakcoHa. O0-
HapyXeHa TIpsiMast CBSI3b MEXXIY YaCTOTOM abeppaHTHBIX
MeTada3 1 IPOIICHTHBIM COACPXKaHEeM B MOKPOTE TTalli-
eHntoB ¢ PJI mpencraBureneit poma Bacteroides (r = 0,247,
p = 0,04) u koHkpeTtHoro Buna Bacteroides nordii (r = 0,335;
p=0,006). U3BeCTHO, UTO HEKOTOPbIE MPEACTABUTEIN PO-
na Bacteroides, Hatipumep, B. fragilis, cioCOOHBI IPOYIIN-
poBaTh SHTEPOTOKCUH Bft, KOTOPHIIl BHI3BIBAET OCTPYIO
Irapelo M TaKKe CBSI3aH C KOJOPEKTAIBHBIM pakoM [4].
B pesynabTaTe BocmaMTeIbHOTO Mpoliecca, BEI3BAaHHOTO B.
fragilis, TPONCXOINT MOBBIIIEHNE YPOBHS KaTa0OIMIECKO-
ro (hepMeHTa CITIEPMUHOKCHIA3BI, KOTOPBI aKTUBUPYETCS
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BOCMaJIEHUEM U TeHepUpyeT CBOOOIHbIE (POPMBI KMCIOPO-
na (ROS). beuio nokasaHo, uto Bft neiicTByeT KOCBEHHO,
BBI3bIBasi Beicokue ypoBHU ROS, koTOphIE, B CBOIO OYe-
penp, nospexaaior JJHK kierok xo3suHa [5, 6].

Hamu pe3ysbTaThl BliepBble TOKa3bIBAIOT CBSI3b MEX-
JIy HECTaOMJIBHOCTBIO TeHoMa B InMdoiuTax 60abHbIX PJI
U colepKaHUEeM OTIEJIbHBIX BUIOB OaKTepUil B MUKPOOUO-
M€ MOKpPOTHI. JlaibHel11I1e UCCaeT0BaHUsI JTOJKHBI ObITh
MOCBSIIEHbI TOUCKY BO3MOXHBIX MEXaHU3MOB BIUSIHUS
ATUX 6aKTepuii Ha KJIaCTOreHHbIe 3(h(PEeKThl B KIeTKax Op-
raHu3Ma Xo3sIMHa.

Jintepatypa/ References

1. Lemercier C. When our genome is targeted by pathogenic bacteria.
Cell Mol Life Sci. 2015;72(14):2665-76.

Medical genetics 2022.Vol. 21. Issue 11

Fenech M., Chang W.P., Kirsch-Volders M., Holland N., Bonassi
S., Zeiger E.; HUman MicronNucleus project. HUMN project: de-
tailed description of the scoring criteria for the cytokinesis-block mi-
cronucleus assay using isolated human lymphocyte cultures. Mutat
Res. 2003;534(1-2):65-75.

Hungerford D.A. Leukocytes cultured from small inocula of whole
blood and the preparation of metaphase chromosomes by treatment
with hypotonic KCI. Stain Technol. 1965; 40(6):333-8.

Sears C.L. Enterotoxigenic Bacteroides fragilis: a rogue among sym-
biotes. Clin Microbiol Rev. 2009;22(2):349-69.

Goodwin A.C., Destefano Shields C.E., Wu S., et al. Polyamine ca-
tabolism contributes to enterotoxigenic Bacteroides fragilis-induced
colon tumorigenesis. Proc Natl Acad Sci U S A. 2011;108(37):
15354-9.

Allen J., Rosendahl Huber A., Pleguezuelos-Manzano C., et al. Co-
lon Tumors in Enterotoxigenic Bacteroides fragilis (ETBF)-Colo-
nized Mice Do Not Display a Unique Mutational Signature but In-
stead Possess Host-Dependent Alterations in the APC Gene. Micro-
biol Spectr. 2022: ¢0105522

18

MeoduyuHckas zeHemuka [Medical genetics] 2022; 21(11)



