doi 10.18699/bgrs2024-8.1-05

Ilounck yHnBepcaJbHBIX METATEHOMHBIX MAPKEPOB
MHUKPOOHOTHI KMIIEYHUKA, ACCOUMPOBAHHBIX C 0TBETOM
HA HMMYHOTEPANMIO Pa3JMYHbIX BUJ0B paKa

Kanaepa B.> ?*, Knumuna K.!, Onexnosuy E.*

L @edepanvuviii nayuno-kunuueckuti yenmp GuUIUKO-XUMULCCKOU MEOUYUHbB] UMEHU AKAOCMUKA
IO.M. Jlonyxuna @edepanvrozo meduko-buonocuveckozo azenmemaa, Mockea, Poccus

2 Mockosckuii (puzuxo-mexnuueckuii uHCmumym (HayuoHATbHbII UCCACO06AMENbCKULL YHUGEDCUMEN),
Mockea, Poccus

* vera.a.kanaeva@gmail.com

KiroueBble cjioBa: KHILIEYHAs MI/IKp06I/IOTa; METAr€HOMHLIC MapKEPbI; NpE€ACKa3aTCibHast MOICIb,
HUMMYHOTEpaIus,; pa3JIMIHbIC BUJbI paKa

Momusayus u yenv: VI3BeCTHO, UTO CTPYKTypa M COCTaB MHUKPOOMOTHI KHIIEYHHKA
YeJIOBEKA BIUAIOT HA COCTOSIHUE €ro MMMYHHOU cucTemsl [1]. bonee Toro, kumeyHsie
MHUKpPOOBbI MOTYT BO3I€HCTBOBATh Ha MPOTHBOOIMYXOJIEBBIH MMMYHHTET W IHOBBIIIATH
3¢ EeKTUBHOCTE HMMMYHOTEPAIlMM, OCHOBAaHHOW Ha HMHIHOMPOBAHUM HMMYHHBIX
KOHTPOJBHBIX TOYeK. Hacrosiee wuccieqoBaHHE HANpaBICHO Ha OINpEIesicHHE
YHHUBEPCAJIbHBIX METaréHOMHBIX MAapKEpOB MHKPOOHOTBHI KHUIIEYHUKA, KOTOpbIE
KOPPEIHUPYIOT C YCTICIIHOCTRI0 IMMYHOTEPAINIUY NIPH PA3IMYHBIX BUAAX paKa.

Memoowvr u anecopummer: Jnsg naHHOW pabOTHI OBUIM 3arpy>KEHBl METareHOMBI W3
11 onyONHMKOBAaHHBIX HE3aBUCHUMBIX HCCIICIOBAHHI M3 OTKPHITON 0a3bl AaHHBIX SRA-
NCBI. Bcero Owsuio cobpano 814 00pa3oB KWIIEYHOW MHKpPOOHWOTHI TMAIUEHTOB,
CTpaIalOUINX Pa3INYHBIMA OHKOJIOTHYECKUMH 3a00JIEBAaHHUSMH, BKIIIOYAS MEIAHOMY,
paK >KeITyAOYHO-KHUIIEYHOTO TpakTa (TOJICTOM W NPAMOM KHUIIKH, MOMKETyA0YHOMN
JKeJle3bl), paK JIETKHX, MOJIOYHBIX JK€Je3 M SAUYHUKOB. 462 oOpasna OT MaLUEeHTOB,
KOTOpbIE OTBETHJIM Ha TEPAIHUIO U 352 OT HE OTBETHUBIIMX.

Jnst Becex 00pasioB mpoBeieH KOHTPoIb KauecTBa npoureHuit (fastQC) u pumbrparms
uenoBeueckoii JIHK (kraken2). TlepBeiii oTam Hamiel paboThI 3aKIII0YAJICS B CO3IAHUN
HEM30BITOUHOIO KaTajora I'€HOMOB, COOpaHHBIX M3 METareHoMoB (Mmetagenome-
assembled genome — MAG). [lanHblii mpoliecc BKJIHOYaT COOPKY METareHOMHBIX
koHTHroB (Megahit), 6uanuar (Metabat2, maxbin2), nepemnukarmto (dRep) codpanHbIX
METareHOMHbIX OMHOB W mx TakcoHommueckyr (GTDB-TK) annortamuro. Bropemm
3TaroM OBLIO BBISIBJICHE METAreHOMHBIX MapKepoB. J{Jst 3Toro ObUT moTy4eH npoduiib
npencrasiennoctt MAG'oB B ob6pasmax (InStrain) u mpoBemeHO pamKHUPOBAHUE ITO
CTENICHN BJIMSAHHSA Ha WCX0J WMMyHoTeparnuu (SongBird). T'ensl, oOHapyKeHHBIC B
MapKepHBIX TeHOMaX, ObLITH PpOaHHOTHPOBaHKI 0a3oi nanHbx KEGG.

Pesynomamui: B pesynbrare coszmanus kartagora MAG’oB  Obulo  coOpaHO
3855 omepanmonabix TeHoMHBIX enuHUI] (OI'E) #3 KOTOpBIX OBUIO BEISBICHO
424 metareHOMHBIX Mapkepa: 166 CBS3aHBI C TO3UTUBHBIM UCXOJIOM JIeUeHus, a 258 — ¢
HETATUBHBIM.

Cpeltn MapKepoOB, aCCOIIMUPOBAHHBIX C OTCYTCTBUEM OTBETa HA HMMYHOTEPAITUIO OBLITH
BBISIBJICHBI NTATOreHHBIE MUKpoopranm3Mel Raoultella ornithinolytica, Haemophilus_D
u Klebsiella michiganensis. Hungatella effluvii, us€ mnpucyrcrBue B kumedHuke
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YeJIOBEeKa CBS3BIBAIOT C TSDKEIBIM TEUEHHEM CapKomeHuH [2], Takke oOHapyX eHa B
qrcie OTPULATENBHBIX MapkepoB. Cpenu MapKepoB, aCCOLMUPOBAHHBIX C YCIIEIIHBIM
HCXOMOM JeueHMs, Hamboiee dwacto Bcrpewatorcs Bifidobacterium adolescentis,
Bacteroides uniformis, Alistipes putredinis. Tu BHIbI CIOCOOCTBYIOT YBETHYCHHIO
qyruciaa CUMOMOTHYECKHUX OakTepuili B KHIIEYHHKE, CTHUMYJIUPYIOT COXpaHEHHE
KHIIEYHOTO  Oapbepa, OONamaloT  HMMMYHOMOAYIHPYIOUIIUM  JeiicTBHEM U
aCCOIMMPOBAHBI C ONArONMPUATHBIMH HCXOIAMH JIEUCHHS Pa3UYHBIX 3a00JIeBaHUI
[3-5].

B pesynprare ananuza QyHKIHOHATBHBIX TyTeH, OBUIO yCTAaHOBJIEHO, YTO Y MAIIEHTOB,
MTOJIOKUTENIBHO PEarupyronmx Ha UMMYHOTEPAIHIO, M0 CPaBHEHHIO C TEMH, KTO HE
MoKa3ajl OTBETa, HAOMIOAANOCh CTATHCTUYECKH 3HAYMMOE YBEIMYEHHE METa0oIH3Ma
KpaxMayia M caxapo3bl. DTH BellecTBa akTHUBHO (epmeHTHpyroTcs B. adolescentis,
KOTOpasi TakXke ydJacTBYeT B (epMEHTAaIlH APYruxX riaukaHoB [3]. B To xe Bpems
YCHEIHBIA HMCXOM WMMYHOTEpaliyd CBS3aH C YMEHBIICHHWEM aKTHBHOCTH IIyTH
obpasoBanus Ouorienku Escherichia coli, xoropas wacto BbICTymaer B posin
MaTOreHHOTO (hakTopa.

Jnst  mocTpoeHWsT mpeAcKa3aTeNbHOW  MOJENW  HCIONB30BANUCh  JaHHBIE O
J'IOFapI/I(bMI/I‘ICCKOM OTHOIICHNN OTHOCHUTCIBbHBIX HpCHCTaBHCHHOCTCﬁ BbISIBJICHHBIX
Mapkepubix OI'E B kaxkaoMm wucciaemyemMoM oOpasiie. IlpuMeHeHHe Mopenu
JIOTUCTHYECKON PETPECCHH TMTO3BOIHIIO CIIPOTHO3UPOBATH OTBET HA MMMYHOTEPAITHIO Ha
OCHOBaHWM JIOT-OTHOIICHHWH IS Pa3M4YHBIX BUIOB paka. Pa3paboraHHass MoOjaenb
MPOJIEMOHCTPUPOBAa yIYYIICHHOE KAadyeCTBO TMpEJCKa3aHWs II0 CPaBHEHHIO C
TPAAWIIMOHHBIMA METOJaMH TaKCOHOMHYECKOH aHHOTAIlMM ¥ OTHOCHUTEIbHBIX
MPEICTAaBICHHOCTEH, MPUHATHIMU B HAYIHOM COOOIIECTBE TI0 N3YUYEHUIO MUKPOOHOMa.
Bvi6o0vi: PesynbraTel 1aHHON pabOTHI CO3/IAIOT OCHOBY IS (POPMHUPOBAHUS THIIOTE3bI
0 BIMSHHM MHUKPOOMOTHI KHINEYHHKA Ha 3(PQPEKTHBHOCTH UMMYHOTEpAIUU paka.
BBenenne HOBOTO MeToma aHalM3a METareHOMHBIX JaHHBIX oO0ecrieuyuBaeT Ooee
JIETaJbHOE OIMMCAHWUE COCTaBa KHUIIECYHOW MHUKPOOHMOTHI W TOBBIMIAET TOYHOCTb
MPOTHO3MPOBAHUS UCXOJOB JICUCHHA. DTO HCCIEJOBaHHE CIOCOOCTBYET MEpexony K
MEPCOHAM3UPOBAHHON MEIUIIMHE U pa3paboTKe METOAOB IPEICKa3aHus PeaKiuy Ha
MMMYHOTEpAIHIO Y TAIllMeHTOB C Pa3INYHBIMU BUIaMHU PaKa.

Qunancuposanue. ViccnenoBanue mozaaepkano rpantom PH® (Ne 22-75-10029,
https://rscf.ru/project/22-75-10029/).
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Motivation and Aim: It is known that the structure and composition of the human gut
microbiota affect the state of the human immune system [1]. Moreover, intestinal
microbes can affect antitumor immunity and increase the effectiveness of
immunotherapy based on inhibition of immune checkpoints. The present study aims to
identify universal metagenomic markers of the gut microbiota that correlate with the
success of immunotherapy in various types of cancer.

Methods and Algorithms: For this work, metagenomes from 11 published independent
studies from the open SRA-NCBI database were downloaded. A total of 814 samples of
the intestinal microbiota of patients suffering from various oncological diseases,
including melanoma, cancer of the gastrointestinal tract (colon, rectum, pancreas), lung,
breast and ovarian cancers, were collected. 462 samples from patients who responded to
therapy and 352 from non-responders.

Reads quality control (fastQC) and human DNA filtration (kraken2) were performed for
all samples. The first stage of our work was to create an endless catalog of genomes
assembled from metagenomes (metagenome-assembled genome — MAG). This process
included the assembly of metagenomic contigs (megahit), binning (metabat2, maxbin2),
dereplication (dRep) of the collected metagenomic bins and their taxonomic (GTDB-
TK) annotation. The second stage was the identification of metagenomic markers. To do
this, a profile of MAGS in the samples (InStrain) was obtained and a ranking was carried
out according to the degree of influence on the outcome of immunotherapy (SongBird).
The genes found in the marker genomes were annotated by the KEGG database.
Results: The MAG's catalog resulted in the collection of 3,855 operational genomic units
(OGEs) of which 424 metagenomic markers were identified: 166 were associated with
positive treatment outcome and 258 with negative treatment outcome.

The pathogens Raoultella ornithinolytica, Haemophilus_D and Klebsiella
michiganensis were identified among the markers associated with lack of response to
immunotherapy. Hungatella effluvii, whose presence in the human gut has been
associated with the severe course of sarcopenia [2], was also found among the negative
markers. Among the markers associated with successful treatment outcome,
Bifidobacterium adolescentis, Bacteroides uniformis, and Alistipes putredinis are the
most common. These species promote an increase in the number of symbiotic bacteria
in the gut, stimulate the maintenance of the intestinal barrier, have immunomodulatory
effects, and are associated with favorable treatment outcomes for various diseases [3-5].
Through functional pathway analysis, it was found that patients who responded
positively to immunotherapy, compared to those who did not show a response, showed
a statistically significant increase in starch and sucrose metabolism. These substances
are actively fermented by B. adolescentis, which is also involved in the fermentation of
other glycans [3]. At the same time, the successful outcome of immunotherapy is
associated with a decrease in the activity of the Escherichia coli biofilm formation
pathway, which often acts as a pathogenic factor.

Data on the log-ratio of the relative representations of the identified marker OGEs in
each study sample were used to build a predictive model. Application of a logistic
regression model allowed predicting the response to immunotherapy based on log-ratios
for different cancer types. The developed model demonstrated improved prediction
quality compared to traditional methods of taxonomic annotation and relative
representations accepted in the microbiome research community.

Conclusion: The results of this work provide a basis for the formation of a hypothesis on
the influence of the gut microbiota on the efficacy of cancer immunotherapy. The
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introduction of a new method of analyzing metagenomic data provides a more detailed
description of the composition of the gut microbiota and improves the accuracy of
predicting treatment outcomes. This study contributes to the transition to personalized
medicine and the development of methods to predict response to immunotherapy in
patients with different types of cancer.

Funding: The study is supported by the RSF (No. 22-75-10029,
https://rscf.ru/project/22-75-10029/).
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