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Momusayusa u yenv. Ponp GakTeprodaros mo BIUSHUIO HAa CTPYKTYPY M (QyHKIUH
kumedHoit mukpoonoTel (KM) Hemoomenena. B cBs3m ¢ ObIcTpoil dBoIIOIMEH
YCTOMYMBOCTH OaKTepUil K aHTHOMOTHKAM, (aroTepanus SBISACTCS MEPCIEKTHBHBIM H
aKTyalbHBIM MOJIX0A0M. MHOTHEe 3a00sieBaHMs, B TOM YHCJIEC W 3J0KAYeCTBCHHBIC
OITyXOJIM, BOHUKAIOT H/MJIH CONPOBOXKAAIOTCS KOHKPETHBIMU n3MeHeHusAMHU B KM. Tak,
Harnpumep, B nocieanee Bpems KM npr3Hana HOBBIM 3HAYUMBIM UTPOKOM B TIATOTEHE3E
W JICYCHUH 3JI0KaYeCTBEHHOW MellaHOMBI. B psine nccrnempoBanuii ObIJI0 TIOKA3aHO, YTO
coctaB KM 3HauuTesbHO OTIMYAETCS y MAIMEHTOB C MEIAHOMOM II0 CPaBHEHHIO C
KOHTPOJIbHOU rpymnmoi, a Taxke yro KM MokeT BIMSATH Ha NPOTHUBOOITYXOJIEBBIM
WMMYHHUTET Yy TAIMEHTOB C MelaHOMOW W Ha 3()(EeKTUBHOCTb WMMYHOTEPAIHH.
HecMoTpst Ha 3TO0, MccaenoBaHUS B3aUMOAEHCTBUS Pa3IUYHBIX KOMIOHEHTOB KM u
3JI0Ka4eCTBEHHOI MEIaHOMBI BCE €I11€ HAXOIATCS B 3a4aTOYHOM COCTOSTHUU — B CBSI3H C
4YeM X U3YUCHUE SBIIICTCS aKTyallbHOH 3a1a4eii. B yacTHOCTH, HE00X0IUMO ¢ OOJBIIEH
TOYHOCTBIO BBISIBIATH Pa3IMYHbIE MHUKPOOHBIE CHTHATYPHI (B TOM YHCJIE MATOT€HHBIX
OaxTepwuil), mpeapacroiararonre K pa3BUTHIO MOO0YHBIX 3(h(HEeKTOB Mpu 3a00JIeBaHUN
W/WIIA CHIDKEHUIO 3(PPEKTHBHOCTH UMMYHOTEPANUU. Y CIEIHO CHU3UTh MaTOTEHHYIO
Harpy3Ky M YIYyYlIUTh Te4ycHHe 3a00JieBaHMS BO3MOXKHO, HampuMmep, MpH
crenr(puiIecKoM HaleIMBaHUU OakTepuo(aroB Ha KOHKPETHbIE OaKTE€pUaIbHbIE BUIbI
Wi gaxe mramMMbl. [loMmumo 3TOrO, M3BECTHO, 4TO (hpard, HapaBHE C OAKTEPUSIMH,
CHOCOOHBI YCHIIMBATh OTBET HA MMMYHOTEPAIINIO HHAYIHUPYS T-KIeTKH, IEPEeKPECTHO-
pearupymome ¢ pakoBbiMu aHntureHamu. Vccnenosanuss KM, a HMEHHO KHUILIEYHOTO
BUpPOMa MAIEHTOB C MEJAaHOMOH M pe3ylbTaTbl, IMOJYyYEHHBIE B XOA€ AaHHOTO
WCCIIE/IOBAHNUS, CIIOCOOHBI OOOTaTHTh TEPANEBTUUECKUI MOTEHIMAN MOAYJIMPOBAHHUS
KM # CTUMYJNSIIMU CHCTEMHBIX MPOTHBOOIYXOJIEBBIX MMMYHHBIX PEaKIWi, a Takxke
MPEJIOKUTh HOBbIE HEMHBA3UBHBIE OMOMapKepsl 3abonieBaHus — OakTeprodary.

Memoowl u ancopummer: C nomouipto nacrpymenta fastq-dump (NCBI SRA Toolkit)
CBIpbIE METareHOMHBIE JaHHBbIe ObUIM 3arpyxeHbl u3 0aszbl naHHeIX NCBI. Omenka
KadecTBa IOJIyYEHHBIX JTaHHBIX Oblja BBHINOJIHEHA C momMomisio nporpammbl FastQC.
TpuMMHUHT JaHHBIX ObUI HPOBEAEH NPH IMOMOIIM HHCTpyMeHTa Trimmomatic, a
¢wibTpanyst  mocnegoBarenbHocTel  venoBeueckod JIHK ¢ umcmonb3oBanmem
MHCTpyMeHTa bbmap (Bepcusi reHoma uenoBeka GRCh37). [l peKoHCTpYKIUH
(aroBbIX TEHOMOB M3 METAareHOMHBIX MOCIEeNOBaTeNIbHOCTEN Oblila MpoBelieHa cOOpKa
CBIPBIX METareHOMHBIX JIAHHBIX (TIPOUYTEHUI ) B KOHTUTH TTapaJlIeIbHO C TOMOIIBIO IBYX
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nHctpymentoB metaviralSPAdes 1 MEGAHIT. Ins ¢opmupoBanus KkauecTBEHHOT'O
HEM30BITOUHOTO Habopa BHUPYCHBIX KOHTHUTOB (F€HOMOB) OBUIO  BBITIOJHEHO
MpeACKa3aHme MOCIeI0BaTeILHOCTEH (ParoB u nmpodaros B COOPaHHBIX METar€HOMHBIX
JIAHHBIX TIPH TIOMOIIM KOMOWHAIWK BOCHEMH anroputmoB: viralVerify, VirSorter2,
DeepVirFinder, Seeker, VIBRANT, geNomad, DBSCAN-SWA wu Phigaro — ¢
MOCEAYIOUIMM CpPaBHEHHEM IIOJIyYCHHBIX pE3YyJbTaTOB U OTOOPOM HAIEKHBIX
npenckasanuii. YToObl rapaHTHPOBATh KA4ECTBO U HAAEKHOCTh HIICHTU(UIIMPOBAHHBIX
BUPYCHBIX KOHTHTOB (T€HOMOB), Obl1 ucmonb3oBaH uHCTpyMeHT CheckV,
MO3BOJIAIOLINH MPOBEPUTH KAUECTBO M MOJIHOTY MPEACKa3aHHBIX BUPYCHBIX T'€HOMOB.
IlocnenoBaTenbHOCTH C HHU3KMM YPOBHEM KadecTBa II0 pEe3yJabTaTaM OLIEHKU
nHcTpyMenta CheckV ObpiM MCKITIOUEHBI U3 JaTbHEHIIETO aHATU3a. 3aTeM C TIOMOLIBIO
nHcTpyMenta dRep oroOpaHHbIe (haroBble T€HOMBI OBUIH KJIaCTEPHU30BaHBI METOJOM
neperikanuy. [lomydeHHBIid Ka4eCTBEHHBIH HEW3OBITOYHBIM KaTaJloT BHPYCHBIX
KOHTHTOB OBLT TPOAaHAIM3UPOBaH ¢ ToMoInbio Oubmmorekn Python Phage BOX —
ABJISIIOIIEHCST HAOOpOM WHCTPYMEHTOB ISl aHaiu3a (aroB, BKIIOYAIOIIAM B ceOs:
TAaKCOHOMHYECKYIO KJIACCH(UKAIIUIO BUPYCHBIX KOHTUTOB — WHCTpyMeHT PhaGCN,
npenckazanne xosseB (aroB — wuHcTpyMeHT CHERRY, wu ompenenenme Tuma
B3auMojeiicTBusl  Oaktepuodara ¢  OakTepUaNbHOW  KJIIETKOM  (BUPYJICHTHBIN/
yMepeHHbIli) — uHCTpyMeHT PhaTYP. [lyis BbIABICHHS MAaTOTCHHBIX OaKTepUil B
CcOOpaHHBIX METar€HOMHBIX JaHHBIX Obljla IPUMEHEHA CIeAyIOIasi CTpaTerus aHaIn3a.
B KadecTBe pedepeHca OblTa MCTOIB30BaHA 0a3a JAHHBIX MMATOTEHHBIX OPTraHU3MOB
FDA-ARGOS, xapTupoBaHue cOOpaHHBIX METareHOMOB OCYLICCTBIISLIN MIPH MOMOIIH
anroputMa HISAT2; npu mnomomm makera mporpamMm SAMtools, pe3yiabTaThl
KapTUpoBaHUs ObutM KoHBepTHpoBaHBI M3 SAM ¢dopmara B BAM ¢opmar. Pacuer
OTHOCHTENFHBIX MPEACTaBICHHOCTEH T€HOMOB MAaTOT€HOB MPOU3BOAMIN MPU TOMOIIN
nporpaMmMbel  CoverM. OOpaboTka MONYYCHHBIX pe3yJlIbTaTOB M pacyeT CcpeaHen
NPEICTABICHHOCTH OaKkTepuil MPOBOAWIM HPU MOMOIIM CKPHUIITOB, HANMCAHHBIX Ha
s3pIKe R ¢ UCTOIb30BaHMEM CTaHIAPTHBIX OUOJIMOTEK.

Peszynomamui: B xome mnpoBeAEHHOTO HcCcieNOBaHUS OblT cHOPMHUPOBAH KaTajor
KHULIEYHBIX METareHOMOB OT MAallMEHTOB C MEJaHOMOW C pa3jIM4YHbBIM OTBETOM Ha
MMMYHOTEpanuio. DTOT KaTajlor BKJIIOYaeT B cedst 83 KuIIeuHbIX MeTareHoMa (00pasia)
U3 JIByX OMYyOJIMKOBaHHBIX HcciefoBanui [1, 2]. AHanmu3upyeMbie B MPOEKTE JaHHBIC
nmoctynHbl B 6aze qanabix NCBI o ciienyronum Homepamu goctyna: PRINA397906 u
PRINA399742. ITo pe3yJbTaram UACHTU(UKAINN OCJIEN0BATEILHOCTEN
OakTeprodaroB B COOpaHHOM KaTaslore KMIIEYHBIX METAar€HOMOB ITPH MTOMOII BOCHMU
anroputMoB it 83 o0pa3ioB ObLI mpejackazadH 204751 MOTEHIMAIBHBIA BHPYCHBIN
reHoM. llocie mpoBepkHM KadecTBa M TOJHOTHI NPEICKA3aHHBIX T'€HOMOB OCTaJIOCh
182423 mocnenoBaTeNbHOCTHA; a IIOCIIe JTama JepelUIMKAIlMA OBLIO ITOJYYEHO
46380 BUpYCHBIX KOHTUTOB — W3 KOTOPBIX M ObUI c(POPMUpPOBAH OKOHYATEIBHBIH
HEM30BITOUHBIA KadeCTBEeHHBIH Ha0op (aroBeix reHoMoB. Ilocie TakcoHOMHUUECKOH
AQHHOTALIMHU TOJIyYeHHOr0 Habopa HEW30BITOYHBIX BHPYCHBIX KOHTHUIOB IOJIYYHJIOCH,
4TO BCE MOCJIEA0BATEILHOCTH MPHHAIeKAT K Kiaccy Caudoviricetes u pacnpeseseHs
mo 19 pasnuunbiM cemeiictBam: Peduoviridae (10.38 %), Straboviridae (7.25 %),
Ackermannviridae (3.71 %), Salasmaviridae (3.29 %), Casjensviridae (2.85 %),
Chaseviridae (2.80 %), Mesyanzhinovviridae (2.11 %), Herelleviridae (1.84 %),
Drexlerviridae (1.33 %), Zierdtviridae (0.94 %), Kyanoviridae (0.54 %), Guelinviridae
(0.35 %), Autographiviridae (0.25 %), Schitoviridae (0.23 %), Demerecviridae
(0.19 %), Orlajensenviridae (0.13 %), Vilmaviridae (0.11 %), Rountreeviridae (0.10 %),
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Zobellviridae (0.01%) wu “no_family_avaliable” (1.88 %). Takxe mas Bcex
MpEeICKa3aHHbIX BHPYCHBIX KOHTUTOB OBbLT ONpeAei€H THI B3aUMOJCHUCTBHS C
OakTepHaIbHON KIETKOM — B pe3yJibTare st TaHHBIX U3 uccienoBanus Frankel et al. [1]
MONYYHJIOCh, YTO BUpYyNeHTHbIe (aru coctaBnsior 32.95 %, a ymepeHHble ¢aru
67.05 %; nns maHHBIX M3 HccienoBanus Matson et al. [2] ObuTH TONMyYEHBI CXOTHBIE
3naueHns — 34.02 % nnst BupysneHTHBIX (aros u 65.98 % s ymepennsix. [lomyaennsie
pe3ynbTaThl YKa3bIBAIOT Ha MTpeodaganne yMmepeHHbIX (aroB B KM, 9TO COOTBETCTBYET
ommyOJIMKOBAaHHBIM Ha CErOAHSIIHUE JAeHb UccaenoBaHusIM. Kak BHIHO U3 OMMCaHHOTO
BBIIIIC, Pa3HUIIBI B IPOIICHTHOM COOTHOIICHUN MEXITYy BUPYJICHTHBIMH U YMEPCHHBIMU
(harammn He HaAOIIOJAIOCh, HU MEXAy HaOOpamMul NaHHBIX, HH MEXIy oOpa3namu
MeTareHoMoB OTBeTUMKOB (R) n HeorBeTunkoB (NR). [IpoananusupoBaB acconmanuu
Mexay (aramu u OakTepuanbHO cocraBisomieidr KM, Oblin caenaHbl cienyronme
BBIBOJIBI — BO BCEX HCCIEAyeMBIX 00paslax, HE3aBHCHMO OT Habopa JaHHBIX,
JOMHHHUPYIOIIAMH X035€BaMU ObLTH JECATh OakTepuaibHbIx pozmoB: Clostridium,
Faecalibacterium, Mycoplasma, Bifidobacterium, Ruminococcus, Bacteroides, Blautia,
Streptomyces, Eubacterium u cemeitcteo Lachnospiraceae. Uro kacaeTcs ceMencTB
(haroB., TO yBenHUEHNE YNCICHHOCTH HAOIIOIAOCH TS YeTHIPEX, a UMEHHO: I Habopa
o0pas3ioB u3 uccaenosanus Frankel et al. [1] ato Obun cemeiictBa Drexlerviridae (ms
orBetunkoB (R)) u Salasmaviridae (mst neorseTunkos (NR)); s Habopa 06pa3os u3
uccuemoBanus Matson et al. [2] »ro OGeumm cemeiictBa Chaseviridae wu
Mesyanzhinowviridae (o6a mis mHeorBetunkoB (NR)). JIust Bcex (aroBbIx CeMEHCTB ¢
YBEMUEHHEM YHCICHHOCTH, TakKe HaOmonancs W Ooilee MIMPOKUH  CIEKTp
OaKkTepuaNbHBIX X035€eB. 110 IpeIBapuTEIbHBIM pe3ylIbTaTaM IMoNcKa 0akTeprodaroB —
KaHIUAATOB B TPOTHOCTHYECKHE OMOMapKephl OTBETa HA WMMYHOTEpAIuio OBLIO
BbIZICTICHO JBa (paroBeix cemeiictBa Drexlerviridae u Chaseviridae B kauectBe Hanbomee
MEPCIEKTUBHBIX KaHAMIATOB B IPOTHOCTHYECKHWE Ouomapkepbl. OmgHaKo st
OKOHYATENFHBIX BBIBOJIOB HEOOXOIWMO MPOBECTU Oojiee TrTyOOKHid aHAIH3 OONBIIETO
yuciia AaHHbIX. UTO KacaeTcst OakrepuanbHOW cocraisitomiedd KM maiueHToB c
MeJIlaHOMOI, B 'Ton 5' maToreHHbIX BUIOB ¢ HAUOOJIBIIEH cpefHel TPeICTaBICHHOCTHIO
Cpe/n MCCIe0BaHHBIX 00pas3loB BOLUIM Takue OakTepuu kak Enterocloster bolteae,
Clostridium scindens, Bacteroides fragilis, Raoultella ornithinolytica, Enterocloster
clostridioformis.

Buvisoowi: Ha ceromusinianii eHb HET PadoOT, B KOTOPHIX OBl aHAIM3HPOBAJIICS BUPOM
OTBETHBIIIUX U HE OTBETHUBIINX HA UMMYHOTEPAIHIO OHKOJIOTHYECKUX OONBHBIX. Hare
WCCIIE/IOBAHNE TI0 BO3MOXKHOCTH TpuMeHeHHs OaktepuodaroB KM B KkauectBe
IMPOrHOCTHYCCKUX 6I/IOMapKepOB nucxoaa MMMYHOTEpAIIMn emé HC 3aKOHYCHO U MbI
TUTAHUPYEM MPOAHATH3UPOBATH OONBIITHI 00HEM TAHHBIX U 00Jiee TITyO0KO, B TOM YHCIIe
WCIIONB30BaTh B JallbHEHIEM JUIS TIOWCKAa BOCIPOM3BOAMMEBIX TaKCOHOMHYECKUX
MPOTHOCTUYECKMX OuoMapkepoB MeToJ] Ju(QepeHIInanbHOr0 PaHXHUPOBAHUS C
MPUMEHEHUEM YK€ 3apEeKOMEH/IOBaBIIeTr0 ceOsi B aHaW3e CIOXKHBIX MeETaJlaHHBIX
WHCTpyMeHTa Songbird — 3TOT METOJ TMO3BOJIIET OICHHBATH OTHOCUTEIEHYIO
TG PepeHINANTBEHYI0 YUCICHHOCTh, HE3aBHCHMO OT OOINeH MHUKPOOHOW Harpy3KH.
Takum 00pa3oMm, TeKyllee HCCIEeIOBaHWE HMMEET HIAHC CYIIECTBEHHO PACHIMPHTH
MIpeJICTaBIeHUsT 0 BoBIeueHHOCTH KM, B 4acTHOCTH BHPYCHOW €€ COCTaBISIOIICH, B
HUMMYHOTECpAIIMIO, a TaKXE MPCAJIOKUTH HOBBIC ITOAXOAbI K YCOBEPIICHCTBOBAHHIO
CYIIECTBYIOIIMX METOJIOB OOPHOBI C 37I0KaYECTBEHHON MEIAHOMOM.

Qunancuposanue. ViccienoBaHue BHIIOIHEHO 3a CUET I'paHTa PoccuicKoro Hay4dHOro
donna (Ne 23-75-10125, https://rscf.ru/project/23-75-10125/).
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Motivation and Aim: The role of bacteriophages in influencing the structure and function
of the gut microbiota (GM) is underestimated. Due to the rapid evolution of bacterial
resistance to antibiotics, phage therapy is a promising and relevant approach. Many
diseases, including malignant tumors, occur and/or are accompanied by specific changes
in GM. For example, recently GM has been recognized as a new significant player in the
pathogenesis and treatment of malignant melanoma. In a number of studies, it has been
shown that the composition of GM differs significantly in patients with melanoma
compared to the control group, and also that GM can affect antitumor immunity in
patients with melanoma and the effectiveness of immunotherapy. Despite this, research
of the interaction of various components of GM and malignant melanoma are still in
their infancy — and therefore their study is an urgent task. In particular, it is necessary to
identify with greater accuracy various microbial signatures (including pathogenic
bacteria) predisposing to the development of side effects in the disease and/or a decrease
in the effectiveness of immunotherapy. It is possible to successfully reduce the
pathogenic load and improve the course of the disease, for example, by specifically
targeting bacteriophages to specific bacterial species or even strains. In addition, it is
known that phages, along with bacteria, are able to enhance the response to
immunotherapy by inducing T cells that cross-react with cancer antigens. Studies of GM,
namely intestinal virome in patients with melanoma and the results obtained during this
study, can enrich the therapeutic potential of modulating GM and stimulating systemic
antitumor immune responses, as well as offer new non-invasive biomarkers of the
disease — bacteriophages.

Methods and Algorithms: Using the fastq-dump tool (NCBI SRA Toolkit), raw
metagenomic data was downloaded from the NCBI database. The evaluation of the
quality of the obtained data was performed using the FastQC program. Data trimming
was performed using the Trimomatic tool, and filtering of human DNA sequences using
the bbmap tool (GRCh37 version of the human genome). To reconstruct phage genomes
from metagenomic sequences, raw metagenomic data were assembled into contigs in
parallel using two tools metaviralSPAdes and MEGAHIT. To form a qualitative, non-
redundant set of viral contigs (genomes), the prediction of phages and prophages
sequences in the collected metagenomic data was performed using a combination of
eight algorithms: viralVerify, VirSorter2, DeepVirFinder, Seeker, VIBRANT,
geNomad, DBSCAN-SWA and Phigaro, followed by a comparison of the results
obtained and the selection of reliable predictions. To ensure the quality and reliability of
the identified viral contigs (genomes), the CheckV tool was used to check the quality
and completeness of the predicted viral genomes. Sequences with a low level of quality
according to the results of the CheckV tool evaluation were excluded from further
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analysis. Then, using the dRep tool, the selected phage genomes were clustered using
the dereplication method. The resulting high—quality, non-redundant catalog of viral
contigs was analyzed using the Python Phage BOX library, which is a set of tools for
phage analysis, including: The PhaGCN tool provides taxonomic classification of viral
contigs, the CHERRY tool predicts phage hosts, and the PhaTYP tool determines the
type of interaction between a bacteriophage and a bacterial cell (virulent/temperate). To
identify pathogenic bacteria in the collected metagenomic data, the following analysis
strategy was applied: the FDA-ARGOS database of pathogenic organisms was used as
a reference, the mapping of the collected metagenomes was carried out using the
HISAT?2 algorithm, using the SAMtools software package, the mapping results were
converted from SAM format to BAM format. The relative representation of pathogen
genomes was calculated using the CoverM program. The processing of the obtained
results and the calculation of the average bacterial representation were carried out using
scripts written in the R language using standard libraries.

Results: During the study, a catalog of gut metagenomes from melanoma patients with
different responses to immunotherapy was formed. This catalog includes 83 gut
metagenomes (samples) from two published studies [1, 2]. The data analyzed in the
project is available in the NCBI database using the following access numbers:
PRINA397906 and PRINA399742. Based on the results of the identification of
bacteriophage sequences in the collected catalog of gut metagenomes, 204,751 potential
viral genomes were predicted using eight algorithms for 83 samples. After checking the
quality and completeness of the predicted genomes, 182,423 sequences remained; and
after the dereplication stage, 46,380 viral contigs were obtained — from which the final
non-redundant qualitative set of phage genomes was formed. After taxonomic
annotation of the obtained set of non-redundant viral contigs, it turned out that all
sequences belong to the class Caudoviricetes and are distributed into 19 different
families: Peduoviridae (10.38 %), Straboviridae (7.25 %), Ackermannviridae (3.71 %),
Salasmaviridae (3.29 %), Casjensviridae (2.85 %), Chaseviridae (2.80 %),
Mesyanzhinovviridae (2.11 %), Herelleviridae (1.84 %), Drexlerviridae (1.33 %),
Zierdtviridae (0.94 %), Kyanoviridae (0.54 %), Guelinviridae (0.35 %),
Autographiviridae (0.25 %), Schitoviridae (0.23 %), Demerecviridae (0.19 %),
Orlajensenviridae (0.13 %), Vilmaviridae (0.11 %), Rountreeviridae (0.10 %),
Zobellviridae (0.01 %) and “no_family_avaliable” (1.88 %). Also, for all predicted viral
contigs, the type of interaction with a bacterial cell was determined — as a result, for data
from the study by Frankel et al. [1], it turned out that virulent phages account for
32.95 %, and temperate phages 67.05 %; for data from the study by Matson et al. [2],
similar values were obtained — 34.02 % for virulent phages and 65.98 % for temperate
ones. The results indicate a predominance of temperate phages in GM, which is
consistent with studies published to date. As can be seen from the above, there was no
difference in percentage between virulent and temperate phages, neither between
datasets nor between responder (R) and non-responders (NR) metagenome samples.
Having analyzed the associations between phages and the bacterial component of GM,
the following conclusions were made — in all studied samples, regardless of the data set,
the dominant hosts were ten bacterial genera: Clostridium, Faecalibacterium,
Mycoplasma, Bifidobacterium, Ruminococcus, Bacteroides, Blautia, Streptomyces,
Eubacterium and family Lachnospiraceae. Regarding phage families, an increase in
abundance was observed for four, namely: for the set of samples from the study of
Frankel et al. [1], these were the families Drexlerviridae (for responders (R)) and
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Salasmaviridae (for non-responders (NR)); for the set of samples from the study by
Matson et al. [2], these were the families Chaseviridae and Mesyanzhinovviridae (both
for non-responders (NR)). For all phage families, as abundance increased, a wider range
of bacterial hosts was also observed. Based on preliminary results of the search for
bacteriophages — candidates for predictive biomarkers of response to immunotherapy,
two phage families, Drexlerviridae and Chaseviridae, were identified as the most
promising candidates for predictive biomarkers. However, for final conclusions it is
necessary to conduct a more in-depth analysis of a larger amount of data. As for the
bacterial component of GM from patients with melanoma, the “Top 5” pathogenic
species with the highest average representation among the studied samples included
bacteria such as Enterocloster bolteae, Clostridium scindens, Bacteroides fragilis,
Raoultella ornithinolytica, Enterocloster clostridioformis.

Conclusion: To date, there are no studies that would analyze the virome of cancer
patients who responded and did not respond to immunotherapy. Our study on the
possibility of using GM bacteriophages as prognostic biomarkers of the outcome of
immunotherapy has not yet been completed and we plan to analyze a larger volume of
data and in more depth, in particular, in the future, to use the differential ranking method
for searching for reproducible taxonomic prognostic biomarkers using the Songbird tool,
which has already proven itself in the analysis of complex metadata — this method allows
you to estimate the relative differential abundance, regardless of the total microbial load.
Thus, the current study has the chance to significantly expand the understanding of the
involvement of GM, in particular its viral component, in immunotherapy, as well as to
propose new approaches to improving existing methods of combating malignant
melanoma.

Funding: The research was funded by the Russian Science Foundation (No. 23-75-
10125, https://rscf.ru/project/23-75-10125/).
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