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PE3IOME

Bseaenue. B HacTOsmmi MOMEHT BeAETCS aKTMBHAA paboTa 1o noucky 6uomapkrepos 6oresun [lapkuucouna
(BII), B 9acTHOCTM AASI IPOBEAEHMS PaHHEN AMATHOCTMKM AAHHOTO 3a6oaeBanmia. OAHMM M3 NOTEHIMAAD-
HBIX MICTOYHMKOB GMOMAapKEPOB SABASETCS KUIIEYHAS MUKPOOYMOTA, M3MEHEHNUS B COCTaBe KOTOpo npu BIT
AKTUBHO M3yYaIOTCA.

Ileabro AaHHON paGoOThl ABAAETCS UAEHTUPUKALMA MUKPOOUOTHBIX Guomapkepos BII ¢ oneHeHHOI TOYHO-
CTBIO AMArHOCTMKH, B TOM 4MCA€ U A depeHIMarbHON, OTHOCUTEABHO APYTUX HEBPOAOIMYECKUX 3a60Ae-
BaHMI AAS TALMEHTOB POCCUICKOMN TOMYAAININ.

Marepuarsl M MeTopbl. B mccaepoBaHme 6biAO BKAWOUYEHO 192 MeTareHOMHbIX NOPO(UAA KUIEYHOI
MUKPOGUMOTHI, IOAYYEHHBIX B Pe3yAbTaTe aMIAMKOHHOTO CekBeHMpoBaHms Gakrepmaabxon 16S pPHK or
nauueHToB ¢ Goaesusio ITapkuncona (# = 93), Auy KOHTPOABHOM Ipynns! (# = 66) U APYTUMU HEBPOAOTU-
geckumu 3a6oreBanuamu (n = 33). Arg cozpanusa KaaccuPUUUPYIOUIMX MOAEAEN UCIOAB30BAAY HAMBHBIIN
GajiecOBCKMII KAACCH(DUKATOP, UCKYCCTBEHHYIO HEMPOHHYIO CeTh, MAIlIMHY ONOPHBIX BEKTOPOB, 0600IIEH-
HYIO AMHENHYIO MOAEAb M PErpecCu0 METOAOM YaCTUYHBIX HAMMEHBIINX KBAAPATOB.

Pesyaprarsl. OnrumanbHble TOKA3aTEANM KAACCUMUKALMU TALUEHTOB MO COCTABY KMUIIEYHON MUKPOGUOTHI
Ha BaAMAAUMOHHON BbIGOpKe (wyBcTBMTEABHOCTH 91,30%, cnemmdwuunocts 91,67% mnpm ToYHOCTH B
91,49%) mpOAEMOHCTPUPOBAA HAUBHBIN (aieCOBCKMUII aATOPUTM NPU MCIOAB30BAHUM TPEACTABACHHOCTH
MuKpooprauu3MoB popos Christensenella, Methanobrevibacter, Leuconostoc, Enterococcus, Catabacter,
Desulfovibrio, Sphingomonas, Yokenella, Atopobium, Fusicatenibacter, Cloacibacillus, Bulleidia, Acet-
anaerobacterium wn Staphylococcus B kadecTBe IPEAUKTOPOB.

BsiBoabl. VIH(OpManusa 0 TAKCOHOMUIECKOM COCTaBe KHUIIEYHOV MUKPOOMOTHI MOKET OBbITh MCIOAB30BAHA
AAst ipoBepeHus AnddepeHuarbHoM AnarnocTukyu 6oaesuu IlapruHcoHa.

KaroueBbie caoBa: MMKpoOOMOTa KumeyHuka, Goaesnb IlapkuHcoHa, 16S cekBeHmpoBaHue, MalIMHHOE
o0y4eHne, AMArHOCTUKA.

Koudanrr nnrepecoB. ABTOpbI AEKAAPUPYIOT OTCYTCTBYE SBHBIX ¥ MOTEHIMAABHBIX KOH(DAMKTOB MHTEpE-
COB, CBA3AHHBIX C MyOAMKAIMEN HACTOANEN CTATHH.

Ucrounur ¢unancuposanus. PaGora BoimoaHeHa npu moaAepskke rpanta nporpammsl YMHMK (aorosop
Ne 7588TV/2015 ot 22.09.2015) u rpanta POOU Ne 18-415-703004.

CooTseTcTBye NPMHIMIAM dTUKM. Bee mannenTs! moamncarn nudopmuposansoe coraacue. Viccaeposanne
0A0GpeHO He3aBucUMbIM Tdeckum Komurerom Cu6I'MY (nporokoa Ne 3669 or 22.12.2014).

>4 Iempob Bauecaab Azexceebuu, e-mail: vyacheslav.a.petrov@mail.ru.

92

Bulletin of Siberian Medicine. 2019; 18 (4): 92-101


https://core.ac.uk/display/287242524?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

OpwuruHasibHble CTaTbu

Aast uutuposanus: I[lerpos B.A., Aaucduposa B.M., Caareixosa V.B., XKyxkosa V.A., Kykosa H.T'., Aopo-
¢deesa 10.b., Mkrepr O.I1., Muponosa 10.C., Turosa M.A., Cazonos A.D., Kapnosa M.P. Auarnocrude-
CKMI1 MOTEHIMAA KMIIEYHOU MUKPOGUOTHI pyu Goresun Ilapkuucona. Broasemeny cubupcroii meduyuro.

2019; 18 (4): 92-101. https://doi.org: 10.20538/1682-0363-2019-4-92-101

VAK 616.858:616.34-008.87]-07
https://doi.org: 10.20538/1682-0363-2019-4-92-101

Diagnostic potential of gut microbiota in Parkinson’s disease

Petrov V.A.', Alifirova V.M.', Saltykova I.V.', Zhukova I.A.', Zhukova N.G.', Dorofeeva Yu.B.',
Ikkert O.P."2, Titova M.A.', Mironova Yu.S.', Sazonov A.E.', Karpova M.R.’

USiberian State Medical University (§SMU)
2, Moscow Trakt, Tomsk, 634050, Russian Federation

? National Research Tomsk State University
36, Lenin Ave., 634050, Russian Federation

ABSTRACT

Background. Nowadays many efforts are taken in searching for Parkinson’s disease biomarkers, especially
for an early recognition of the disease. The gut microbiota is one of the potential sources of biomarkers,
changes in the composition of which in PD are actively studied.

The aim of this study is to identify microbiota biomarkers in the Parkinson’s disease with an estimated
accuracy of the diagnostics, including differential diagnostics, relative to other neurological diseases for
patients of the Russian population.

Material and methods. One hundred ninety-two metagenomics profiles from patients with Parkinson’s
disease (n# = 93), people with other neurological diagnoses (» = 33), and healthy controls (» = 66) were
included in this study. These profiles were obtained with amplicon sequencing of bacterial 16S rRNA genes.
Classifying models were made using the naive Bayes classifier, the artificial neural network, support vector
machine, generalized linear model, and partial least squares regression.

As a result we established that an optimal classification by the composition of the gut microbiota on the
validation sample (sensitivity 91.30%, specificity 91.67% at 91.49% accuracy) amid patients was demonstrated
with a naive Bayes classifier using the representation of the following genera as predictors: Christensenella,
Methanobrevibacter, Leuconostoc, Enterococcus, Catabacter, Desulfovibrio, Sphingomonas, Yokenella,
Atopobium, Fusicatenibacter, Cloacibacillus, Bulleidia, Acetanaerobacterium, and Staphylococcus.

Conclusions. Information of the gut microbiota taxonomic composition may be used in differential
diagnosis of Parkinson’s disease.

Key words: gut microbiota, Parkinson’s disease, 16S rRNA gene sequencing, machine learning, diagnostics.
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BBEAEHUE

CpeAn HEBPOAOTMYECKMX 3a6OAEBAHMII BasKHOE
mecTo 3anumaer 6oaesnb [Tapkuucona (BIT) — xpo-
HMYECKOE HeNpOAereHepaTuBHOE 3abOAeBaHME, MO-
paskamomee AodamMuHepruIecKue HENPOHBI YePHOL
Cy6CTaHIMM TOAOBHOTO MO3Ta M NPOSBASIOUIEECs, B
HepBYIO OYepeAb, B BUAE MOTOPHBIX HaPYIIEHU: PH-
TUAHOCTHM, APOSKAHMA, NOCTYPaAbHON HECTaOUABHO-
cru. Ha nacroammuit moment BII mopaskeHsl 0KOAO
4 MAH YeAOBEK IO BCEMY MMPY, ¥ €€ pacmpocTpa-
HEHHOCTb B ONYASALUM, COTAACHO IIPOTHO3aM, OYAeT
TOABKO Bo3pactats [1]. BBuay orcyrcTBua mMeToa0B
paAMKaAbHOM Tepamuy 3a6OAEBaHUSA, C OAHOI CTO-
pOHBI, U AAMTEABHOTO MePUOAA GECCUMITOMHOTO
TeYeHUs — C APYroif, 60AbIIOE BHUMAHNUE YAEASAET-
CSl TIOUCKY TOAXOAOB K panHel AmarHoctmke BII,
ONPEAEAEHNIO M U3YYEHMIO HOBBIX MapKepOB GOAE3-
au. OCHOBBIBASICh HA UCCAEAOBAHUAX, IPOBEACHHBIX
H. Braak u coasr. [2], B XOAe KOTOpPBIX YCTAHOB-
AE€HO paHHee BOBAEYEHME HeﬁpOHOB KNIIe4YHuKa B
IIpoLecc HellpoAeTreHepanun, SKeAy AOUYHO-KUIIEYHbIN
TPaKT PacCCMAaTPUBAETCS B KAYECTBE OAHOTO M3 Mep-
CIEKTMBHBIX MCTOYHUKOB GUOMAPKEPOB.

M3BeCTHO, YTO KUIIEYHMK IEAOBEKA CAYSKUT Me-
CTOM OOWTaHMsI CAOKHOTO MHOTOKOMIIOHEHTHOTO
co001ecTBa, COCTOAIIETO U3 TPUAAMOHOB CUMOMO-
TUYECKUX MUKPOOPraHM3MOB, BKAKOYAsA OakTepwuit,
apxees, MPOCTENUINX, TPUOKOB U BUPYCOB. DTO CO-
001eCTBO, TaKKe Ha3blBAEMOE MUKPOOMOTON WUAM
MUKPOGMOMOM, UTPAET BasKHYIO POAb B JKMU3HEAES-
TEABHOCTH OpraHM3Ma-xX03fMHa, NPUHUMAH ydacTue
B mumeBapennn [3], cekpeuyum BUTAMUHOB U GMOAO-
IMYeCKM aKTUBHBIX BemjecTs [4], mopaepskaunu Pu-
3MOAOTMYECKOTO YPOBHA BOCIHAACHUA B KUIIEYHUKE,
TEeM CaMbIM 3alMIfasd OT BHEAPEHMA maToreHoB [J].
Briro mokazaHo, 4TO mpM MHOTMX 3a00AeBaHMAX,
KaK CUCTeMHbIX, TaK M IPOTEKAIOWUX Ha MECTHOM
ypOBHE, IPOUCXOAUT M3MEHEHNE COCTABa KMUUIEYHON
dropsi [6]. [Topo6HbI1 akT xapakTeper n Arsg BIT —
3a nocaepHue 3 ropa GBIAO MPOBEAEHO HECKOABKO
paboT, MOATBEPAMBIINX M3MEHEHUSA B IPEACTABAEH-
HOCTM KMIIEYHBIX MMUKPOOPTAHM3MOB IpPU AAHHOM
3a6oaesanun [7—12]. B Tpex pa6oTax OGbiAM TPEALO-
SKEHbI aATOPUTMbI, OCHOBAHHbIE HA IPUMEHEHNUN MH-
KPOOMOTHI B Ka4eCTBE MPEAUKTOPA AL AUATHOCTUKY
BIT [9, 11, 12], oAHaKO uX mpyUMeHeHME OTPAHUYEHO.
Bo-mepBsIxX, mepedeHb HaMAEHHBIX MUKPOOPTAHU3-
MOB-TIPEAMKTOPOB AAS Pa3HbIX MONYAALUIA pPasAu-
Jaacs, 4TO, BEPOSATHEE BCErO, ABAAETCH pe3yAbTa-
TOM 9THMKO-Teorpauieckoro cBoeo6pasus cocrasa
mMurpo6uots! [13]. Bo-Bropsix, mop6op koaddunu-
€HTOB ¥ OIl€HKa TOYHOCTM AMArHOCTMYECKUX aATO-
PUTMOB IIPOBOAMAMCH Ha OAHOJN U TO¥ JKe BBIOOpKE,

9TO BEAET K MCKa>KEHMIO OL€HKM NMPOTHOCTHYECKUX
CBOJCTB mpeArOsKeHHbIX MoAeAeit [14]. HeussectHo
TaKsKe, SBASETCSH AM MUKPOOMOTUYECKNMI AaHAWA(T
knmeyHnka npu BIl yHMKaABHBIM TOABKO AASL 3TOTO
3a60AeBaHMA, AMOO TOAOOHBIE M3MEHEHUA HaOAO-
AQIOTCH M TIPU APYTHX TAKEABIX HENpPOAeTreHepaTHB-
HBIX ¥ HEMPOBOCIHAAUTEABHBIX 3a00AEBAHUAX, YTO
CIOCOGHO MOBAMATH Ha CenudUIHOCTh AMATHOCTH-
KM C MCIIOAB30BAHMEM MUKPOOUMOTEHL.

Ileabio AaHHO¥ PaGOTHI ABASETCA MAEHTU(DUKRALMA
MuRpo6GuoTHbIX 6uomaprepos BII ¢ ompeaerenHO
TOYHOCTBIO AMAaTHOCTMKM, B TOM 4ycAe u AuddepeH-
IMaABHON, OTHOCUTEABHO APYTUX HEBPOAOTMYECKUX
3a00A€BaHNUIT AAS POCCUIICKOM TOMYASAIVIN.

MATEPUA/Ibl U METO/AbI

B nccaepoBanme 66140 BRAIOYEHO 192 mMeTareHoM-
HBIX TPODUATL KUIIEYHON MUKPOOMOTHI, HOAYYEHHBIX
B pe3yAbTaTe aMIAMKOHHOTO CEKBEHMPOBAHUA IO
dparmenry V3-V4 rena 6akrepuaasuoit 16S pPHK,
KOTOpBbIe OBIAV NPOAHAAU3UPOBAHBI M ONMyOAMKOBA-
HbI paHee HawmMM KoArekTvBOM [13, 16]. Bece o6pas-
bl AEAMAM Ha ABE€ TPYIIbL IKCIHEPUMEHTAABHYIO,
B KOTOPYIO BOWIAO 93 MeTareHOMHBIX HPOdUAA OT
NalVEeHTOB C MOATBEPIKACHHBIM AMArHO30M 6o0Ae3-
un IlapkuHcoHa, M KOHTpOABHYIO. B cocraB KoH-
TPOABHOJ TPYHIBI BOWAO 66 06pa3oB OT IPYIIIbI
3AOPOBOTO KOHTPOAA 6e3 MPU3HAKOB HeNpOAEreHe-
pPaTUBHBIX U HENPOBOCHAAUTEABHBIX 3a60AEBaAHMI U
33 — manMeHTOB C APYIMMM HEBPOAOTMYECKUMY 3a-
6OAEeBaHMAMI: PACCEAHHBI CKAEPO3 — 15 denoBex,
scceHnmaApHbll Tpemop — 10, mamonmatudeckas ce-
MejHaA AMCTOHMA — ) TAIMEHTOB, a TAKXKe IO OA-
HOMY MAIMEHTy C AMAaTHO3aMMU «MHOKECTBEHHASA CM-
cTeMHas atpodua», «AeMeHumsA ¢ Teabramyu AeBwm»
M «OCTPBI} pacCeAHHBIN dHIePAAOMUEAUT ».

IIran n mpoBeaeHMe HAyYHO-UCCAEAOBATEABCKOM
paGoThl MOAHOCTHIO COOTBETCTBOBAAM IPHMHIUIIAM
Haaneskamed KAMHMYECKON NPAKTURM ¥ XeAbCUHK-
CKO¥ AekAapanmy (BkAoodas mompasku). IImcemen-
HOe MH(OPMUPOBAHHOE COTAACUE MOAYYIAAM OT BCEX
IIalgMeHTOB MAM OT UX 6/\M3I(I/IX pOACTBeHHI/IKOB n
AN, O(l)I/IIU/IaAI)HO HpI/ISHaHHbIX OTBETCTBEHHBIMMI 3a
MaIleHTOB Ha MOMEHT IPOBEACHMSA MCCAEAOBAHUA.
[TaumeHTsl 1 UX POACTBEHHMKYM ObIAM MHPOPMUPOBA-
HBI O XapaKTepe MCCACAOBAHMUA, €TO LEAU ¥ BOZMOXK-
HBIX OCAOJKHEHNAX, a TaKKe MOTAM B AI06Oe BpeMs
B OAHOCTOPOHHEM NOPAAKE IPepBaTh UCCAEAOBAHME.

AHaau3 AQHHBIX C CEKBEHATOpa OCYIECTBAAACA B
nporpammuom obecnedernn QIIME 1.9.1 [17], ars
ONpeACACHM TaKCOHOMMYECKOTO IOAOKEHMA IPO-
greHnit npumenarn 6assl AanHbix GreenGenes Bep-
cun 13.5 u HITdb [18, 19]. Cratuctudeckuit anaru3
IPOBOAMAM C MCIIOAB30BAHNMEM fA3bIKa IPOTPAMMI-
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posarna R [20]. Ara pacuera Gera-pasnooGpasus
MCIOAB30BAaAM MHOTOMEpHOE WIKAAMPOBaHME B Me-
tpuke weighted Unifrac [21] mpu HOpmMaam3sarun
AauHbIx o aaroputmy CSS [22]. Bananne anaruosa,
II0Aa ¥ BO3pACTa MAaIMEeHTOB HA COBOKYIIHBIN COCTAB
MUKPOOUMOTHI onpepersian mo arroputmy ANOSIM
¥ C UCIIOAB30BAaHMEM HENapaMeTPUIECKOTO AMCIEp-
CMOHHOTO aHaAM3a C OLEHKONM AOCTOBEPHOCTM IPH
9999 nepecranoskax B nakere vegan [23]. Aas nouc-
Ka pa3Andmil B TAKCOHOMMYECKOM COCTaBe MeTareHo-
MOB Ha YPOBHE POAOB IPUMEHIAM CTATHCTUIECKYIO
mopeas fitZig makera metagenomeSeq [22]. Pasan-
9UA CYMTAAM AOCTOBepHbIMM npu 3HadeHun p < 0,05
[IOCAE NpPUMEHEHMS [ONPaBKM HAa MHOSKECTBEHHbIE
cpaBHeHMs 0 MeTOAY Benaskamuunu — Xox6epra.
Or6op npu3HakoB u OOydeHMe aATOPUTMOB
npoBoAuAoch B makere caret [24] assika R. Aas
KAaCCUPURALUM UCIOAB30BAAKCH CAEAYIOUME aA-
TOPUTMBI: HAUBHBI6aiieCOBCKMITKAACCU(DUKATOP, OAHO-
CAOJHAs MCKYCCTBEHHAs HEVPOHHAs CeTh, MalIMHA
ONOPHBIX BEKTOPOB C IPUMEHEHNEM PAAUAABHOI 6a-
3UCHOM (PYyHKIUM, 0600IEHHAS AVHENHAA MOAEAD U
perpeccus METOAOM YaCTMYHBIX HAMMEHBIINX KBa-
Apatos. Ilepea oOyueHmem AaHHbIE LEHTPUPOBAAK
M wKaAMpoBasu. Bcio BbIGOPKY pa3buBaim Ha ABe
HepaBHble yacTu: oOyyaomyoo (146 o6pasuyos, man
75% ot obueit BbIGOPKM) U TecTOBYIO (46 06pa3uoB,
uan 25% or obuent Bei6opku). O6pasipl pacupepe-
ASIAMICh B BHIGOPKM CAydaiHO M paBHOBeposaTHO. Ha
obyyaromeii BBIGOPKE NMPOBOAMAM HOATOHKY KO-
(punMeHTOB MOAeAei C OLEeHKOM TOYHOCTM KAaCCH-
dukanyyu (4acTHOE BEPHBIX MPEACKa3aHMI 1 00IEr0
qucAa mpeAckasanmit) npu 10-kpaTHONM mepekpect-

Hoyt nposepke. [Tocae 06yueHNI MOAEAN TPOBEPAAK
Ha TeCTOBON BBIGOPKE C PACYeTOM YYBCTBUTEABHO-
CTU ¥ CHenM(UIHOCTH KAaCCUPUKAINA.

PE3Y/IbTATbDI

ITpn Busyarmsanuu Gera-pasHOOOPa3us MUKPO-
OMOTHI B IPOCTPAHCTBE NEPBOI U BTOPON TAABHBIX
KOOpAMHAT (puc. 1) AMHeNHON Pa3AeAMMOCTH MEK-
AY 9KCIePMMEHTAAbHON M KOHTPOABHON TIpyHIamu
He HaGAIOAAAOCh, OAHAKO ONpPEAeAfAach KAACTepu-
3anysa [aNyeHTOB B 3aBUCHMOCTM OT 3a60AeBaHMUA.
Tak, naguents! ¢ 6oae3usio ITapkuucona pacmoaa-
TaAMCh B HUSKHEN 4acTy IrpadpyuKa, HayeHThl TPYIIIEI
3A0POBOTO KOHTPOAS TPYNIBl — B BEPXHEN AEBOII,
NanyeHTbl C APYTMMM HEBPOAOIMYECKMMM 3abore-
BAaHMAMM HAXOAMANUCH OAMKe K cepeAnHe rpaduka.
Henapamerpudyecknit AUCIIEPCHOHHBIN aHAAM3 U aA-
roputm ANOSIM mnoaTBepAMAM AaHHOE HabGAIOAE-
Hye: KO3(PDUIMEeHT AeTepMMHALUN AASA IepeMeHHO
«pnaruo3» cocrasua 0,103 (p = 0,0001) n 0,123
(p = 0,0001) coorsercrBenHo. Bo3pacT mammentos
TaKJKe OKa3blBaA BAMIHME HA COBOKYIIHBINA TaKCO-
HOMMYECKMII COCTAaB METAareHOMOB IIO pe3yAbTaTaM
HellapaMeTpPU4eCKOro  AVCIEPCUOHHOIO aHAaAU3a,
HO cura adderra 6bira Hesbicokon (R? = 0,019,
p = 0,0007). IToa Ha AaHHOU BeIGOpPKE BKAaAa B Ge-
Ta-pa3Hoobpasne He BHOCHA.

CoraacHo OOGHapy>KeHHOMY BKAAaAy BO3pacTa,
MOMCK Pa3AMYMil B COCTAaBe KMIIEYHON MUKPOOMOTHI
Ha ypOBHE POAOB MEXKAY KOHTPOABHOM ¥ 3KCIEPH-
MEHTaAbHOM T'PYNION AAS BbIGOPA CHMCKA MPEAUK-
TOPOB NIPOBOAMAM C Y4eTOM BO3pacTa B KadecTBe
KOBapuaThl.
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Puc. 1. I'padmkn MHOTOMEPHOTO HEMETPMIECKOTO WUIKAAMPOBAHMA MMUKPOOMOTHI KMIIEYHMKA B IPOCTPAHCTBE IMEPBOIL
(TK1) u Bropoit (I'K2) raaBHbIX KOOpAMHAT

Fig. 1. Graphs of multidimensional non-metric scaling of the intestinal microbiota in the space of the first and second
main coordinates
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B pesyabrate 6biA0 OOHAPYIKEHO, YTO B MUKPO-
6MoTe MANMEHTOB IKCIEPUMEHTAABHON TPYIIBI IO
CpaBHEHMIO C OOBEAMHEHHOJ KOHTPOABHONM TIPyI-
IOVl [OBBINAETCA COAEp)KaHue OakTepuii POAOB
Acetanaerobacterium, Amnaerococcus, Atopobium,
Bulleidia, Cloacibacillus, Christensenella, Cata-
bacter, Desulfovibrio, Staphylococcus, Succinivi-
brio, Yokenella, p-75-a5>, Enterococcus, Sphingo-
monas, Papillibacter, Oxalobacter, Leuconostoc,
a raxkke apxes Methanobrevibacter, n cuusraercs
npepacTaBaeHHoCTs Fusicatenibacter (Taba. 1).

B noaydyeHHOM IepedyHe IO aATOPUTMY PEKYPCHUB-
HOTO MCKAIOYEHMS HPOBOAMAM IOUCK KOMOMHALMK
IPEAUKTOPOB, CIOCOGHOI AaBaTh HanbGOAEE BHICOKYIO
TOYHOCTh KAaccuduranuy nanueHToB (puc. 2, a).
B pesyabrare obHuapyskena komOuuamus u3 14 po-

AOB MMKPOOPraHM3MmoB, oOAapamomas MOTEHIU-
AAPHO MAaKCYMAAbHBIMYM IIOKA3aTEAAMM TOYHOCTH
kaaccupuragun (0,77 = 0,09%): Christensenella,
Methanobrevibacter, Leuconostoc, Enterococcus,
Catabacter, Desulfovibrio, Sphingomonas, Yokenel-
la, Atopobium, Fusicatenibacter, Cloacibacillus,
Bulleidia, Acetanaerobacterium wn Staphylococcus.
[Tpu TpeHnpoBKe MOAeA€eN Ha o6yyarouen BbIGOP-
Ke ObIAM MOAYYEHBI CAEAYIOLjMe pe3yAbTaThl (puc. 2,
b). Han6Goree BBICOKOJ CpeAHEN TOYHOCTHIO KAACCH-
¢bukauuu npu mepekpectHoit nposepke (77%) 06-
Aajara MallyHa ONOPHBIX BEKTOPOB C PaAMAABHOM
6a3ucHOM (yHKIMEN, CPEAHAS TOYHOCTh HAMBHOTO
6aileCOBCKOTO aATOPUTMA C SAEPHON OIEHKOW MAOT-
HOCTM pacmpeAereHys Oblaa HECKOABKO HIKE M CO-
craBuaa 76%, TOrAA KaK MeAMAHbI TOYHOCTH KAACCH-

Ta6auma 1
Table 1

Pasanuns 8 COAEpPIKaHUM MUKPOOPraHM3IMOB Ha YPOBHE POAOB, MCIIOAB3OBAHHbIE AAS CO3AAHUSA KAaCCMCl)I/I].IMpy}OII[MX MOAeAef[

Differences in the content of microorganisms at the genus level used to create classification models

Poa O6pasyos, G20 | O6pasoB, KOHTPOAL OTE, G20 OTE, xoHTpOAB logFC »
Genus Samples Samples, control OTU, G20 Control
Bulleidia 33 11 145 44 -1,107 0,00044
Staphylococcus 31 15 79 33 —0,940 0,00001
Succinivibrio 34 16 203 100 -0,863 0,01428
Yokenella 44 22 228 54 -0,779 0,01285
Cloacibacillus 44 12 193 64 -0,745 0,01285
Desulfovibrio 55 36 364 153 —-0,661 0,01285
p-75-a5 40 15 152 48 -0,649 0,02296
Acetanaerobacterium 30 5 50 13 —0,643 0,00294
Enterococcus 88 62 893 447 -0,619 0,03285
Christensenella 94 85 2 460 1 140 -0,597 0,03803
Sphingomonas 45 12 106 36 -0,578 0,01285
Papillibacter 63 37 310 134 —-0,542 0,03571
Oxalobacter 48 23 149 69 -0,541 0,03462
Anaerococcus 15 9 44 18 -0,538 0,02296
Methanobrevibacter 76 40 443 179 -0,532 0,01285
Catabacter 80 61 851 381 —-0,488 0,04690
Leuconostoc 56 36 202 98 —-0,466 0,03421
Atopobium 55 36 123 72 -0,333 0,04690
Fusicatenibacter 91 95 1523 1919 0,726 0,03421

Npumevaanne. O6pasyos, G20 — koAnvecTBO nagueHToB ¢ Goare3nbio Ilapkuucona, nmeomux paunyio OTE B cocraBe kumednoit
MUKPOGUOTEL; 06Pa3LoB, KOHTPOAD — KOAMYECTBO IALMEHTOB KOHTPOABHON rpymmsl, umeomux Aauuyio OTE B cocrase KuuredHol
mukpo6uotsr; OTE, G20 — koandecrBo npourennit panuoit OTE B rpynne naumentos ¢ 6oaesusio [Hapkuncona; OTE, kouTpoas —
koandectBo npourernit Aanuoit OTE B xoutpoasnoii rpynme; logFC — kpatHocts pasanunsa B npeacraBaennoctu OTE, rorapud-
MMPOBaHA MO OCHOBaHMIO 2; moroskurerbHble 3HadeHuda logFC cBuaereanctByor o mosbimenun copepskanna OTE y manmenros
00'beAVHEHHOJ KOHTPOABHOJ TPYIIbI; p-3HAYEHUA HPMBEACHbI C MONPABKOV Ha MHOJKECTBEHHOE CpaBHeHMe 10 DeHAKaMuHM —
Xox6epry.

Note. Samples, G20 - the number of patients with Parkinson’s disease having this OTU as part of the intestinal microbiota; sam-
ples, control — the number of patients in the control group having this OTU as part of the intestinal microbiota; OTU, G20 — the
number of counts of this OTU in the group of patients with Parkinson’s disease; OTU, control — the number of counts of this OTU
in the control group; logFC — the multiplicity of differences in the representation of OTU, logarithmically based on base 2; positive
values of logFC indicate an increase in the content of OTU in patients of the joint control group; p-values are adjusted for multiple
Benjamini-Hochberg comparisons.
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buRamMy C UCIIOAB30BAHMEM ATUX AATOPUTMOB GBIAK
OAMHAKOBBI M cocTaBuan 79%. Perpeccus meropom
YACTUYHBIX HAMMEHBIINX KBAAPATOB 00AaAaAa TAKOM
JKe CpeAHel TOYHOCTBIO KAaCcCu(UKaIM, KaK M HayB-
HbI/i GalleCOBCKUIT AATOPUTM, OAHAKO MEAMAHA TOY-
HOCTHM AASL AQHHOTO aAroputma cocrtaBura 73%. Oa-
HOCAOJHas HeMIPOHHAA CeTh IIPU CXOAHOM MeAMaHHOMN
TOYHOCTM KAaccuUKanmy MoKa3aia MEHBIIYIO CPeA-
HIOI0 TOYHOCTb 7)%. HauMmeHpmuMM moKazaTeAsIMM

CpeAHel U MeAMaHHON TOYHOCTH 06Aapara 0600meH-
Had AnHelHAasA MoAeAb — 72 u 74% COOTBETCTBEHHO.

B pesyabraTe TecTupoBaHMI MOAEAEN HAa BaAM-
AAIMOHHOI BBHIGOPKE OBIAO OGHAPYIKEHO, YTO OI-
TUMaAbHbIE MOKA3aTEAM YYBCTBUTEABHOCTH, CIEI[M-
¢nyrocTH M TOuHOCTM ompepereHMa Haawaus BII
10 COCTaBY KMUIIEYHON MUKPOOUOTHI MAI[MEHTOB MPO-
AEMOHCTPUPOBAA HAMBHbBIN (aieCOBCKUI aATOPUTM

(raba. 2).

: A L : = Tommocn

0751 /_‘\v_//_@\_\/“w_‘ | g~ B
0,70 A /*\// L NB o B

rd

/ : :
0,65 - | GLM. E
0,60 A | L PLS a
0,55 1 . NNET D

5 10 15 ' 0,0 0,5 '
a b

Puc. 2. KpuBasa 3aBMCHMOCTM TOYHOCTHM IPEACKAa3aHMA OT 4umcAa mepemeHHbIX (a). Kpyramm ormedens! pasamdnbie

BAPUAHTHl KAacCUPURALUM B 3aBUCHMOCTY OT YMCAA BKAIOYEHHBIX IPU3HAKOB, 3aKPAUICHHBIM OOBEACHHBIM KPYIOM —

ONTUMAABHBI BapuaHt; b — MeAMaHbl TOYHOCTM KAaccuurauyum. UepHble TOYKM —MEAMAHBI; I'PAHUIBI SU[UKOB

[IOKa3bIBAIOT TEPBbIN U TPETUH KBAPTUAD, AAMHA YCOB paBHA 1,5 AAMHBI MEXKBAapPTMABHOTO pa3maxa; He3aKpalleHHbI-

MM TOYKaMU OTMedeHbI BBIGPOChl. SVM — mamuHa onopHseix BeKTOpoB, NB — Hansubili GaitecOBCKMIT KAaccuduKaTop,

GLM - o6o6uenHas AuHelHas MOAeAb, PLS — perpeccus MeTOAOM 4YaCTMYHBIX HauMeHbIUX KBaapatoB, NNET —
MCKYCCTBEHHAsA HEMPOHHAsA CeTh

Fig. 2. The dependence of the accuracy of the prediction on the number of variables (a). The circles indicate different

classification options depending on the number of included features, the shaded circle — the best option; & — medians of

classification accuracy. Black dots are medians; the borders of the boxes show the first and third quartiles, the length

of the mustache is 1.5 times the length of the inter-quartile range; open dots indicate outliers. SVM — reference vec-

tor machine, NB — naive Bayesian classifier, GLM — generalized linear model, PLS — partial least squares regression,
NNET - artificial neural network

Ta6aumga 2
Table 2

PeayabraTsl npoBepKry KAacCUDUUMPYIOIMX MOAEAEI HAa BAAMAALMOHHOM BHIGOPKe

Validation model classification test results

Moaean TounocTs, % (95%-it AU) YyBCTBUTEABHOCTD, Yo Crenudnasocts, %
Model Accuracy,% (95% CI) Sensitivity, % Specificity, %

NB 91,49 (79,62; 97,63) 91,30 91,67

SVM 82,98 (69,19; 92,35) 100,00 66,67

PLS 76,6 (61,97; 87,7) 65,22 87,50
NNET 76,6 (61,97; 87,7) 69,57 83,33

GLM 63,83 (48,52; 77,33) 65,22 62,50

Ipumedanue. NB — HausHbli GaitecoBckuii kaaccuburarop, SVM — mammua omnopusix BeKTOpos, PLS — perpeccus meTopom
4aCcTUYHBIX HauMeHblnx kBaapaToB, NNET — uckyccrBennas meiipontas cetb, GLM — o606uieHHas AMHEMHAS MOAEAD.

Note. NB is a naive Bayesian classifier, SVM is a support vector machine, PLS is a partial least squares regression, NNET is an
artificial neural network, GLM is a generalized linear model.
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Mamysa ONDOPHBIX BEKTOPOB IPOAEMOHCTPHU-
poBara HamboAee BBICOKYIO UYBCTBUTEABHOCTb ¥
HU3KYIO crnenudundHocTs Kaaccudpuxammm. Kaaccu-
(uMKaTOpBl, OCHOBaHHBIE HA IPUMEHEHMU METOAA
JaCTMYHBIX HaMMEHBIIMX KBAAPATOB U OAHOCAOWHON
HEJIPOHHOM CeTH, IIOKa3aAM OAMHAKOBYIO TOYHOCTb
KAacCcu@UKaLuM, TPy ITOM HEMPOHHAA CeTh Xapak-
Tepu30Barach GoAee BBICOKOH YYBCTBUTEABHOCTBHIO,
HO MeHbuIelt cnenuduanoctsio. O606meHHAA AM-
HellHasd MOAEAb OKa3aAach HaMMeHee IOAXOAAIel
Ars onpepeaenusa BII Ha ocHOBe OLeHKM 0COOEHHO-
CTel COCTaBa KMUIIEYHON MUKPOOMOTHL.

OBCYXKAEHUE

[Tokaszano, 410 cTpyKTYypa Mukpob6uoma npu BII
XapaKkTepu3yeTca AOCTATOYHO BBICOKOW CTEIEeHbIO
YHMKAABHOCTM, 4TO NOTEHIMAABHO IMO3BOASET MC-
MOAB30BaTh MH(MOPMALMIO O €r0 TAKCOHOMMYECKOM
cocTaBe AAS IPOBEACHNUA AUATHOCTHKY 3a60A€BaHNA,
B TOM 4McAe U AuddepeHnarbHoi, 10 OTHOUIEHMUIO
K APYIMM TSKEeABIM HeBpoAOormieckum (Henpoaere-
HEPATMBHBIM U HEMPOBOCIAAUTEABHBIM) 3a60AEBAHN-
am. C y4eToM paHHEro NOABAEHMA IPU3HAKOB HEl-
poAereHepanuyu B HEPBHOI cucTeMe KuurevHnka [25]
AAQHHBI} aATOPUTM IOTEHIMAABHO MOJKET OKa3aThCA
3(pDeRTUBHBIM U AAA IPOBEAECHUA AMAlHOCTUKM Ha
paHHem ararne 3a60AEBAHNUA, AO MOSBAEHUS IEPBBIX
KAMHMYECKMX MPU3HAKOB.

B pesyapraTe mccaepOBaHuMI MO AAHHOW TeMaTH-
Ke, NPOBEACHHBIX APYIMMM KOAAEKTMBaMM, TaKXKe
ObiAa MOKa3aHa NPUTOAHOCTbh AAHHBIX O COCTABE M-
Kpo6moTh AT Anddepennmanyy nauyentos ¢ BIT u
3poposeix Ang [9, 11, 12]. PagpaGoranubie kaaccu-
(pukalMOHHBIE AATOPUTMBI OTANYAIOTCA OTHOCUTEAD-
HO BBICOKOI crienududHocTbio A0 90%, OAHAKO HU3-
KOW Y4yBCTBUTEABHOCTBIO, AOCTHUTAIONEN 66,7 Yo AMUID
Hp]/[ VICIIOAB30OBaHUN AOHO]\HMTCABHOIZ KAVMHUYECKOM
nagopmanuu [9]. DTo orpaHmuuBaeT IpUMEHEHME
TaKOTO MOAXOAA B PeaABHONM KAVHMYECKO HPAKTUKE
6e3 CyulecTBEHHOM AOPABGOTKM.

B ocHoBe aaroputmoB kaaccuduranyum, npearo-
SKEHHBIX B paHee MPOBEAEHHBIX paboTax, AesKaAM
o6006menHas AnHeitHas Mopeab u ROC-anaans, xo-
TOpble HE AAIOT XOPOUIETO0 KayeCTBa IPeACKa3aHUA
IpM OTCYTCTBUM AMHENHOM pPa3A€AMMOCTM KAACCOB.
Boaee Toro, noAroHka u nposepka aATOPUTMOB NPO-
BOAMAMCH Ha OAHOM M TOM 3Ke Bb160p1<e, 4TO NIpPU-
BOAMT K MePeoOYYeHNI0 — 3aBBINIEHNIO apaMETPOB
KayecTBa KAaccuduKammm — TOYHOCTH, crenuduy-
HOCTM ¥ 9yBCTBUTeAbHOCTH aaroputma [14]. Crpyk-
Typa MeTareHOMHbBIX AAHHBIX OTAMYAETCHA BHICOKOW
CAOKHOCTBIO, IO JTON NPMUYMHE WUCIOAB30OBaHNUE
BAAMAALMOHHOM BBIOOPKM AASL NPOBEPKM KadyecTBa
KAaccupuUUUpyomux 0co6eHHO BaskHO [26].

B pesyapraTe AaHHOTO WMCCAEAOBAaHWUA BIEpPBbIE
IPOBEAEHA OljeHKa TOYHOCTM KAaccuduranmyu na-
IIIEHTOB MCXOAA ¥3 TAKCOHOMMYECKOT'O COCTaBa Ku-
wevHou MuKpo6uoTsl oTHOCHMTeAbHO BIT Ha Basu-
AamyonHoit BbiGopke. [ToayuenHble B Xx0Ae pabOTHI
mapamMeTpsl YyBCTBUTEABHOCTM KAaccudmrammu mna-
MeHTOB Bappuposaan ot 63,22 ao 100%, cnenudud-
Hocti — ot 62,50 A0 91,67%. Aocrarouno nHTEpeceH
TOT (paKT, TO ONTMMaAbHbIE MAapaMeTpPhl KAaccudu-
kauyu (ayBcrBureabHocts 91,30%, cnenududnocTs
91,67% npu tounoctn 91,49%) Gbiam moAydYeHsl C
UCIIOAB30BAHMEM TEXHMYECKM NPOCTOIO HAMBHOTO
6aiteCOBCKOTO KAaccuduraTtopa ¢ SAepHON OLeHKOM
IAOTHOCTM pacrpeAeAeHusa. B AaHHOM caydae 3TOT
AATOPUTM OKa3aAcsi HamboAree MOAXOAALUM AAS
AMATHOCTHKY, IOCKOABKY 60Aee cTabGuAeH Ha BbIOOP-
KaX OTHOCUTEABHO MAAOTrO pasmepa, K KaKMM MOXK-
HO OTHECTU un BbI60pKy, UCIOAB3OBAHHYIO B HAlIEM
MCCAGAOBAHNUY, a TaKXXe AOCTATOYHO 3PPEKTUBHO
paboTaeT ¢ AAHHBIMM CAOSKHOU CTPYKTYPSI [27].

Cuncok npeAMKTOpOB, UCIIOAB30BAHHbIN AAS 00 -
9eHM KAACCUPUIUPYIOMUX MOAEAE, TPYMEHEeHHbIN
B Pa3AMYHBIX MCCAEAOBAaHMUAX, Takke pasanmdarca. C
OAHOJ CTOPOHBI, 3TO MOKHO OOBACHUTD PA3AMIHBIM
IIOAXOAOM K BBIGOPY YPOBHS TaKCOHOB, HPUMEHS-
eMOro AAf KAaccuduKanum, a TaksKe MCIOAb30Ba-
HMEM DPa3HbIX AATOPUTMOB GUOMHPOPMATUIECKOTO
aHaAmsa. B AByx paGoTax AASL 3TOM LAV HPUMEHS-
An uHQPOPMAIMIO O COCTaBe MUKPOOUOTHI HA YPOBHE
cemeiicts [9, 11], B Apyrom mccaepOBaHMU MCIOAB-
30BaAuch AanHele o mpeacraBaenHoctu OTE [12].
B pamkax AAQHHOTO MCCAEAOBaHUA AAS HOCTPOEHMA
KAaccuuraTopa npuMeHAAACh MHPOpPMAIUI O Po-
AOBOM cocTaBe Mukpo6uoma. C Apyroit CTOpOHbI, Ha
CIMCOK TPEAMKTOPOB MOTAM MOBAMATH M PABAMYNA B
TaKCOHOMMYECKOM COCTaBe MUKPOOMOTHI, HaGAOAE-
Mble MEKAY Pa3AMYHBIMU MONyAALMAMK Af0Aei [13].
ITo aToit mpmumHe MCIOAB30BaHME MHGOpPMAUU O
(YHKIMOHAABHOM COCTaBe MHUKPOOMOTBI BBUAY €€
OTHOCHUTEABHOJ TOMOTE€HHOCTM MOJKET OKa3aThCd
ONTMMAaABHBIM BapMAaHTOM AAS CO3AaHUA Kaaccudm-
KaTopa, MOAXOAAIIETO AASl MPUMEHEHMA SKUTEASIMU
pasHbIX cTpaH. HemaroBaskHBIM (PakTOM ABAAETCA U
TO, 4TO B AAHHOM MCCAEAOBAHUM B KauecTBe I'PYyI-
IIbI KOHTPOAS MCIIOAB30BAAKCh HE TOABKO 3A0POBBIE
AIOAM, HO M NAUMEHThl C APYTMMU HEBPOAOTMYECKM~
My 3260A€BaHMAMM, YTO TaKKe MOTAO HOBAMATH Ha
MITOTOBBIN COCTaB IepevHs GMoMapKepPOB.

3AKNIOYEHUE

B pesyapraTe mpoBepeHms mccaepOBaHMA yCTa-
HOBAEHO, 4TO MH(OpMaIMA O TAKCOHOMIIECKOM CO-
CTaBe KMIIEYHON MUKPOGHOTHI TOTEHI[MAABHO MOSKET
OBITH MCIIOAB30BaHA AAA IPOBeAeHNA AuddepeHim-
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aabHOM AmarHocTury 6oae3uu [lapkuncona. Paspa-
60TKa HOBBIX HEMHBA3WUBHBIX GMOMapKEPOB AAL AM-

ATHOCTUKMU BH, B TOM YMCAE€ M HA AOKAMHMYECKOM

dTamne, NO3BOAUT HA4YaTh TE€PAINIO 3a60AeBaHNA emre

AO TIOAHOJ moTepu AO(paMUHEPIMIEeCKUX HEeHPOHOB,
4TO YAYYIIUT KA4eCTBO KM3HU IAIVEeHTOB.
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