BULLETIN OF RUSSIAN STATE MEDICAL UNIVERSITY

BIOMEDICAL JOURNAL OF PIROGOV RUSSIAN NATIONAL
RESEARCH MEDICAL UNIVERSITY

EDITOR-IN-CHIEF Denis Rebrikov, DSc, professor

DEPUTY EDITOR-IN-CHIEF Alexander Oettinger, DSc, professor
EDITORS Valentina Geidebrekht, PhD; Nadezda Tikhomirova
TECHNICAL EDITOR Evgeny Lukyanov

TRANSLATORS Nadezda Tikhomirova, Vyacheslav Vityuk
DESIGN AND LAYOUT Marina Doronina

EDITORIAL BOARD

Averin VI, DSc, professor (Minsk, Belarus)

Alipov NN, DSc, professor (Moscow, Russia)

Belousov VV, DSc, professor (Moscow, Russia)
Bogomilskiy MR, corr. member of RAS, DSc, professor (Moscow, Russia)
Bozhenko VK, DSc, CSc, professor (Moscow, Russia)
Bylova NA, CSc, docent (Moscow, Russia)

Gainetdinov RR, CSc (Saint-Petersburg, Russia)

Gendlin GYe, DSc, professor (Moscow, Russia)

Ginter EK, member of RAS, DSc (Moscow, Russia)
Gorbacheva LR, DSc, professor (Moscow, Russia)

Gordeev IG, DSc, professor (Moscow, Russia)

Gudkov AV, PhD, DSc (Buffalo, USA)

Gulyaeva NV, DSc, professor (Moscow, Russia)

Gusev El, member of RAS, DSc, professor (Moscow, Russia)
Danilenko VN, DSc, professor (Moscow, Russia)

Zarubina TV, DSc, professor (Moscow, Russia)

Zatevakhin Il, member of RAS, DSc, professor (Moscow, Russia)
Kagan VE, professor (Pittsburgh, USA)

Kzyshkowska YuG, DSc, professor (Heidelberg, Germany)
Kobrinskii BA, DSc, professor (Moscow, Russia)

Kozlov AV, MD PhD (Vienna, Austria)

Kotelevtsev YuV, CSc (Moscow, Russia)

Lebedev MA, PhD (Darem, USA)

Manturova NE, DSc (Moscow, Russia)

Milushkina OYu, DSc, professor (Moscow, Russia)

Mitupov ZB, DSc, professor (Moscow, Russia)

Moshkovskii SA, DSc, professor (Moscow, Russia)

Munblit DB, MSc, PhD (London, Great Britain)

SUBMISSION http://vestnikrgmu.ru/login?lang=en
CORRESPONDENCE editor@vestnikrgmu.ru
COLLABORATION manager@vestnikrgmu.ru

ADDRESS ul. Ostrovityanova, d. 1, Moscow, Russia, 117997

Indexed in Scopus. CiteScore 2022: 0.5

Scopus’  we

SClmago Journal & Country Rank 2020: 0.14

SJR

Scimago Journal & Country Rank

Indexed in WoS. JCR 2021: 0.5

Listed in HAC 31.01.2020 (Ne 507)

ATTECTALIIOHHA S
KOMUCCHS (BAK)

Negrebetsky VV, DSc, professor (Moscow, Russia)

Novikov AA, DSc (Moscow, Russia)

Pivovarov YuP, member of RAS, DSc, professor (Moscow, Russia)
Polunina NV, corr. member of RAS, DSc, professor (Moscow, Russia)
Poryadin GV, corr. member of RAS, DSc, professor (Moscow, Russia)
Razumovskii AYu, corr. member of RAS, DSc, professor (Moscow, Russia)
Rebrova OYu, DSc (Moscow, Russia)

Rudoy AS, DSc, professor (Minsk, Belarus)

Rylova AK, DSc, professor (Moscow, Russia)

Savelieva GM, member of RAS, DSc, professor (Moscow, Russia)
Semiglazov VF, corr. member of RAS, DSc, professor (Saint-Petersburg, Russia)
Skoblina NA, DSc, professor (Moscow, Russia)

Slavyanskaya TA, DSc, professor (Moscow, Russia)

Smirnov VM, DSc, professor (Moscow, Russia)

Spallone A, DSc, professor (Rome, ltaly)

Starodubov VI, member of RAS, DSc, professor (Moscow, Russia)
Stepanov VA, corr. member of RAS, DSc, professor (Tomsk, Russia)
Suchkov SV, DSc, professor (Moscow, Russia)

Takhchidi KhP, member of RAS, DSc, professor (Moscow, Russia)
Trufanov GE, DSc, professor (Saint-Petersburg, Russia)

Favorova OO, DSc, professor (Moscow, Russia)

Filipenko ML, CSc, leading researcher (Novosibirsk, Russia)

Khazipov RN, DSc (Marsel, France)

Chundukova MA, DSc, professor (Moscow, Russia)

Shimanovskii NL, corr. member of RAS, Dsc, professor (Moscow, Russia)
Shishkina LN, DSc, senior researcher (Novosibirsk, Russia)
Yakubovskaya RI, DSc, professor (Moscow, Russia)

Five-year h-index is 8
ence Google
scholar

Open access to archive

GYBERLENINKA

Issue DOI: 10.24075/brsmu.2023-02
The mass media registration certificate Ne 012769 issued on July 29, 1994
Founder and publisher is Pirogov Russian National Research Medical University (Moscow, Russia)
The journal is distributed under the terms of Creative Commons Attribution 4.0 International License www.creativecommons.org

(0. ®

Approved for print 30.04.2023
Circulation: 100 copies. Printed by Print.Formula
www.print-formula.ru



BECTHUK POCCUMUCKOro roCYAAPCTBEHHOIO
MEAULUMUHCKOINOo YHUBEPCUTETA

HAYYHbBI MEOVLVHCKA XKYPHAT PHUMY M. H. 1. TINPOTOBA

IMABHbIW PEQAKTOP [leHvic Pebprikos, . 6. H., ipodeccop

3AMECTUTEJIb MMABHOINO PEOAKTOPA AnekcaHap OTTuHrep, A. M. H., npodeccop

PEOAKTOPDbI BaneHtuHa leigebpext, k. 6. H.; Hagexxaa Tvxomuposa
TEXHUYECKUWN PELQAKTOP Esreruii JlykbsHOB

NEPEBOAYUNKU Hanexaa Tuxommposa, Bsavecnas BuTiok

LUN3AWH U BEPCTKA MapyiHbl [I0pOHIHO

PEOAKUUOHHASA KOJUIEITUA

B. W. ABepuH, a. M. H., npoeccop (MuHck, Benopyccus)

H. H. Anunos, 4. m. H., npodeccop (Mocksa, Poccus)

B. B. Benoycos, 1. 6. H., npoceccop (Mocksa, Poccus)

M. P. Boromunbckuit, YneH-kopp. PAH, O. m. H., npodeccop (Mocksa, Poccusi)
B. K. BoXeHKo, . M. H., K. 6. H., npoceccop (Mockea, Poccus)

H. A. BeiioBa, K. M. H., foueHT (Mocksa, Poccus)

P. P. MaitHeTAuHOB, K. M. H. (CaHkT-MNeTepbypr, Poccus)

I. E. TeHanuH, A. M. H., npodeccop (Mockga, Poccus)

. K. TuHTep, akagemnk PAH, a. 6. H. (Mocksa, Poccus)

. P. Topbauesa, 1. 6. H., npodeccop (Mocksa, Poccusi)

. I. Toppees, A. M. H., npodeccop (Mocksa, Poccus)

. B. I'ygkos, PhD, DSc (Byddano, CLLIA)

. B. TynsieBa, g. 6. H., npocbeccop (Mocksa, Poccus)

. W. Tyces, akagemnk PAH, . M. H., npodeccop (Mocksa, Poccus)
. H. OaHuneHko, . 6. H., npoceccop (Mockaa, Poccus)

B. 3apy6uHa, 1. M. H., npodeccop (Mocksa, Poccuisi)

. N. 3ateBaxuH, akagemnk PAH, o. m. H., npoceccop (Mocksa, Poccus)
B. E. KaraH, npoceccop (MutTcypr, CLLA)

0. I. KxbIwkoBckKa, 4. 6. H., npodeccop (lennensbepr, lfepmaHns)
B. A. Ko6puHckui, . M. H., npodeccop (Mocksa, Poccus)

A. B. Ko3nos, MD PhD (BeHa, ABcTpus)

0. B. KoTteneBuges, K. x. H. (Mocksa, Poccus)

M. A. NNebepes, PhD (dapem, CLLIA)

H. E. ManTypoBa, a. M. H. (Mocksa, Poccus)

O. 0. MunywkuHa, oi. M. H., foueHT (Mocksa, Poccusi)

3. B. Mutynos, a. M. H., npodeccop (Mocksa, Poccus)

C. A. MowkoBckui, f. 6. H., npoceccop (Mocksa, Poccusy)

A. B. MyH6nut, MSc, PhD (JloHpoH, BenvkobputaHus)

SommI>Ssom

MOAAYA PYKOMUCEMN http://vestnikrgmu.ru/login
MEPEMUCKA C PEQAKLVEWN editor@vestnikrgmu.ru
COTPYAHUYECTBO manager@vestnikrgmu.ru

AOPEC PEOAKLUMWW yn. OctposutsiHoBa, A. 1, . Mocksa, 117997

>KypHan BktoyeH B Scopus. CiteScore 2022: 0,5

Scopus’

SClmago Journal & Country Rank 2020: 0,14

SJR

Scimago Journal & Country Rank

e

JKypHan BkntodeH B WoS. JCR 2021: 0,5

2KypHan BkntoqeH B Mepeyerb 31.01.2020 (Ne 507)

BBICIHIAA
ATTECTALIMOHHAA
KOMHCCUS (BAK)

B. B. Herpebeukui, . x. H., npoteccop (Mocksa, Poccus)

A. A. HoBukos, a. 6. H. (MockBa, Poccusi)

0. M. NuBoBapos, 4. M. H., akagemuk PAH, npoteccop (Mocksa, Poccus)
H. B. MonyHuHa, 1neH-kopp. PAH, A. M. H., npodeccop (Mockea, Poccus)
I. B. MopsiguH, YneH-kopp. PAH, a. M. H., npoceccop (Mockea, Poccus)
A. 0. PasymoBckuia, 1neH-kopp., npodeccop (Mocksa, Poccus)

0. 0. PebpoBa, 4. M. H. (Mocksa, Poccus)

A. C. Pypoi, . m. H., npoceccop (MuHck, Benopyccus)

A. K. PbinoBa, 1. M. H., npoceccop (Mockaa, Poccusi)

. M. CaeenbeBa, akagemnk PAH, a. M. H., mpoeccop (Mockea, Poccus)
B. ®. Cemurnasos, 1neH-kopp. PAH, . M. H., npoceccop (CaHkT-MNeTepbypr, Poccus)
H. A. CkobnuHa, f. M. H., npodeccop (Mocksa, Poccus)

T. A. CnaBsiHcKas, A. M. H., npodheccop (Mocksa, Poccus)

B. M. CmupHoB, a. 6. H., npoceccop (Mocksa, Poccus)

A. CnannoHe, a. M. H., npodeccop (Pum, Vitanus)

B. WU. Ctapopy6oB, akagemvik PAH, a. M. H., npodeccop (Mocksa, Poccusy)
B. A. CtenaHosB, 41neH-kopp. PAH, . 6. H., npoceccop (Tomck, Poccus)

C. B. Cy4koB, . M. H., npoceccop (Mockea, Poccusy)

X. M. Taxungm, akagemuk PAH, o. m. H., npodeccop (Mocksa, Poccusi)

I. E. TpydaHoB, a. M. H., npodeccop (CaHkT-MNeTepbypr, Poccus)

0. 0. ®aBopoBa, 1. 6. H., npodeccop (Mockaa, Poccuisi)

M. J1. dununeHko, K. 6. H. (HoBocnbnpck, Poccus)

P. H. Xa3unos, a. m. H. (Mapcenb, ®panLms)

M. A. HyHpokoBa, A. M. H., npodeccop (Mockea, Poccus)

H. 1. LLinmaHoBcKuiA, 1neH-kopp. PAH, 4. M. H., npodeccop (Mockaa, Poccuisi)
N. H. WuwkuHa, a. 6. H. (Hosocnbupck, Poccus)

P. N. flky6oBckas, a. 6. H., npodeccop (Mockea, Poccusi)

WHpexe XvpLua (h°) xxypHana no oveHke Google Scholar: 8

Google

37eCh HAaXOAMTCS OTKPLITLIN apXV1B XypHaa

GYBERLENINKA

DOl Bbinycka: 10.24075/vrgmu.2023-02
CBUAETENBCTBO O PErMCTPaLM CPEACTBA MAaccoBo MHhopmaumn Ne 012769 ot 29 nions 1994 r.
Yupegutens 1 nspatens — Poccuinckmnii HaumoHanbHbI MCCneaoBaTensCKuin MEAUUMHCKIMIA yHnBepcuTeT nmenn H. W, Muporosa (Mockea, Poccus)
JKypHan pacnpocTpaHsieTcs no nuueHsunn Creative Commons Attribution 4.0 International www.creativecommons.org

() @

MopnucaHo B nevats 30.04.2023
Tupaxk 100 ak3. OTnevataHo B Tvnorpadwv Print.Formula
www.print-formula.ru



BULLETINOFRSMU  2,2023
BECTHUK PIMY

Contents

CopeprxaHne

ORIGINAL RESEARCH 4

Comparison of the oncolytic activity of recombinant vaccinia virus strains LIVP-RFP and MVA-RFP against solid tumors
Shakiba Y, Naberezhnaya ER, Kochetkov DV, Yusubalieva GM, Vorobyev PO, Chumakov PM, Baklaushev VP, Lipatova AV

CpaBHeHNE OHKOIMTUYECKON aKTUBHOCTU PEKOMOUHAHTHbIX LUTAMMOB Bupyca ocrnoBakuyuHbl LIVP-RFP n MVA-RFP B OTHOLUEHUM CONUAHbIX ONyXosei
4. Wakunba, E. P. HabepexHas, [. B. Kodetkos, . M. KOcybanuesa, M. O. Bopobbes, . M. Hymakos, B. 1. BaknayLues, A. B. Jlunatosa

ORIGINAL RESEARCH 12

Predicting the blastocyst development rate during assisted reproductive technologies based on semen microbiota
Panacheva EA, Kudryavtseva EV, Zornikov DL, Plotko EE, Petrov VM, Voroshilina ES

MporHosupoBaHue achheKTMBHOCT 3IMEGPUONOrM4eCKOro atTana BCrnoMoraTesibHbIX PENPOAYKTUBHBLIX TEXHONIOMIA MO MUKPOGHOMY COCTaBy 3siKynsita
E. A. Maradesa, E. B. Kyapsisuesa, [. J1. 3opHukos, E. 3. MnoTko, B. M. MeTpos, E. C. BopowwmniHa

ORIGINAL RESEARCH 19

Genetic characterization of Aerococcus sp. 1KP-2016 strain isolated from a patient with bloodstream infection
Chaplin AV, Chagina IA, Pimenova AS, Gadua NT, Kargaltseva NM, Borisova OYu, Donskikh EE, Kafarskaya LI

leHeTuyeckan xapakTtepuctuka wramma Aerococcus sp. 1KP-2016, BbigeneHHOro oT nauueHTa ¢ UHeKLein KpoBoToKa
A. B. Yannun, U, A. Haruna, A. C. Mumerosa, H. T. lagya, H. M. Kapraneuesa, O. tO. bopucosa, E. E. oHckux, J1. V1. Kadapckas

ORIGINAL RESEARCH 24

Features of reactivity of the EEG mu rhythm in children with autism spectrum disorders in helping behavior situations
Pavlenko VB, Kaida Al, Klinkov VN, Mikhailova AA, Orekhova LS, Portugalskaya AA

Ocob6eHHOoCTU peakTuBHOCTU P-putMa D3I y feTeit ¢ paccTpoicTBaMmn ayTUCTUHECKOrO CreKTpa B CUTyaLUsix MOMOratoLwero noBegeHus
B. B. Masnerko, A. M. Kaiiga, B. H. KnuHkos, A. A. Muxaiinosa, J1. C. OpexoBa, A. A. MopTyransckas

ORIGINAL RESEARCH 31

Effects of the metaplasticity-based theta-burst transcranial stimulation protocols on working memory performance
Bakulin IS, Zabirova AH, Poydasheva AG, Sinitsyn DO, Lagoda DYu, Suponeva NA, Piradov MA

AhhekT 0OCHOBaHHbIX Ha MeTanIacTUHHOCTU NPOTOKOJSIOB TPAHCKPaHWanbHOW CTUMYNALUKN TETa-BCMbILLKaMM Ha Nokasatenu paboyeii namstu
W. C. BakynuH, A. X. 3abuposa, A. I. Mongawesa, [. O. CunnupiH, . KO. Naroga, H. A. Cynonesa, M. A. Mvpafos

ORIGINAL RESEARCH 40

Sources and impact of human brain potential variability in the brain-computer interface
Ganin IP, Vasilyev AN, Glazova TD, Kaplan AYa

NCTOYHMKN N 3HAYUMOCTb BapmnaTtuBHOCTU NoTeHUnasoB Mo3ra 4yesioBeka B uHTepcbel?lce MO3r-KoMnbtoTep
. 1. FaHwH, A. H. Bacunees, T. [I. [na3osa, A. A. Kannax

CLINICAL CASE 48

Single-stage endovitreal surgery of retinal detachment complicated by macular hole involving the short-term perfluorocarbon tamponade
Takhchidi KhP, Takhchidi NKh, Mahno NA

OAHOMOMeHTHOe QHJoBUTpearnbHOE JieveHne OTCNOMKMN ceT4yaTtku, OCJI0O)KHEHHOW MaKynsapHbIM pa3pbiBOM C KpaTKOBpeMeHHOI?I TaMHOHaﬂOﬁ
nepgTopopraHN4eCcKnuM coeguHeHNEM
X. M. Taxumgm, H. X. Tax4nan, H. A. MaxHo

OPINION 53

Metabolic engineering is a promising way to generate highly effective producers of bioactive substances
Blokhina AE, Palkina KA, Shakhova ES, Malyshevskaia AK, Osipova ZM, Myshkina NM

Metabonu4yeckas WHXeHepusa — neaneKTl/lBHbIﬁ nyTb nony4veHns BbICOK03CbeeKTI/|BHbIX npoayueHToB 6uonorn4yeckn akTUBHbIX BellecTB
A. E. BnoxuHa, K. A. MankuHa, E. C. LLaxosa, A. K. Manbiwesckas, 3. M. Ocurnosa, H. M. MbilukiHa

BULLETIN OF RSMU |2, 2023 | VESTNIKRGMU.RU | 3



ORIGINAL RESEARCH | ONCOLOGY

COMPARISON OF THE ONCOLYTIC ACTIVITY OF RECOMBINANT VACCINIA VIRUS STRAINS
LIVP-RFP AND MVA-RFP AGAINST SOLID TUMORS

Shakiba Y2, Naberezhnaya ER'?, Kochetkov DV', Yusubalieva GM'3, Vorobyev PO', Chumakov PM', Baklaushev VP'?, Lipatova AV'&9

" Engelhardt Institute of Molecular Biology, Russian Academy of Sciences, Moscow, Russia

2 Moscow Institute of Physics and Technology, Dolgoprudny, Russia

8 Federal Research and Clinical Center for Specialized Types of Medical Care and Medical Technologies FMBA of Russia, Moscow, Russia

Among oncolytic viruses, modified vaccinia virus Ankara (MVA), a highly attenuated vaccinia virus (VV) is a well-studied variant with promising results in preclinical
and clinical trials. The Lister VWV strain from the Moscow Institute of Viral Preparations (LIVP) has been studied to a lesser extent than MVA and has a different
oncolytic property from MVA. The aim of this work was to compare the oncolytic efficacy of LIVP and MVA strains against solid tumors. We developed recombinant
variants LIVP-RFP and MVA-RFP; to enhance onco-selectivity thymidine kinase (TK) gene was inactivated by insertion of red fluorescent protein (RFP) gene to
the TK locus. The replication kinetics and oncolytic activity of the obtained recombinant strains were evaluated in vitro and in vivo on tumor cell lines and mouse
syngeneic tumor models of metastatic mouse 4T1 mammary adenocarcinoma, CT26 colon adenocarcinoma, and B16 melanoma. Both MVA-RFP and LIVP-RFP
showed high replication efficiency in tumor cells and pronounced oncolytic activity against B16 melanoma and 4T1 breast adenocarcinoma allografts. In relation
to 4T1, which is a model of triple negative human breast cancer, LIVP-RFP showed more than 50% increased cytotoxicity in in vitro tests compared to MVA-RFP,
as well as a significant slowdown in the progression of 4T1 allografts and an increase in animal survival in experiments in vivo. Thus, the LIVP strain may be more
promising than MVA as a platform for the development of recombinant oncolytic viruses for the breast cancer treatment.

Keywords: vaccinia virus, LIVP, MVA, viral oncolytic therapy, breast cancer, colon carcinoma, melanoma

Funding: the development of oncolytic viruses and in vitro experiments were supported by the Russian Science Foundation (Russian Science Foundation grant
Ne 20-75-10157); in vivo experiments were also supported by the Russian Science Foundation (Russian Science Foundation grant Ne 22-64-00057).

Author contribution: Ya Shakiba — literature analysis, pre-analytical work, in vitro and in vivo experiments, analysis and interpretation of data, preparation of figures and
graphs; ER Naberezhnaya — in vitro experiments, data analysis and interpretation; DV Kochetkov — animal care, data interpretation; GM Yusubaleva — data visualization,
manuscript editing; PO Vorobyev — production of preparative quantities of the virus for in vivo studies; VP Baklaushev — study planning, preanalytical stage of work, data
analysis; AV Lipatova, PM Chumakov — research management, design development of recombinant strains, data interpretation, editing the manuscript.

Compliance with ethical standards: the study was approved by the ethics committee of the EIMB RAS (protocol Ne 3 dated October 27, 2022). Experiments
carried out in accordance with Directive 2010/63/EU of the European Parliament and of the Council of Europe on the protection of animals used for research.
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CPABHEHWE OHKOJINTUYMECKOW AKTUBHOCTU PEKOMBUHAHTHbIX LLITAMMOB BUPYCA
OCIMOBAKLMUHBbI LIVP-RFP N MVA-RFP B OTHOLLUEHNW CONMUAHbBIX ONMYXOJEN

4. LLlakunba'?, E. P. HabepexHasn'?, [1. B. Koyetkos!, I M. KOcybanmesa'?, M. O. Bopobbes', M. M. Yymakos!, B. M. Baknayies'?, A. B. Jlunatosa'™

T VIHCTUTYT MOMeKynsipHoM 61onorum uMeHn SHrenbrapara Poccuinckol akagemun Hayk, Mockea, Poccus

2 MOCKOBCKMI (PUBMKO-TEXHUHECKIIA MHCTUTYT, [JonronpyaHbii, Poccus

& PepeparibHbIin HayYHO-KIMHUHECKUIA LIEHTP CreLannavpoBaHHbIX BUAOB MEAVILIVHCKOW MOMOLLM M MEAVLHCKIX TexHonorvii GefepasnbHOro Meamnko-61onorn4eckoro
areHTcTBa, Mocksa, Poccus

Cpeayt OHKONUTUHECKNX BUPYCOB OAHUM 13 Hanbosnee 13yHeHHbIX SBNSETCS BUPYC OCMoBakUVHbI (VV), lWTaMmma MoaUAULIMPOBAHHOMO BbICOKOATTEHYMPOBAHHOMO
Bupyca AHkapa (MVA), nokasasLLero MHoroobeLLiatoLLe Pe3ynsTaThl B AOKIMHUHECKYIX U KIIMHUYECKX UCTbITaHusX. LLiTamm Lister VW 13 Mockosckoro VHcTuTyTa
BMPYCHbIX NpenapatoB (LIVP) nccneposaH B MeHblLUe cTeneHn, 4em MVA 1 uMeeT oTnn4dHbIi oT MVA Tponuam. Lienbto paboTbl 6b110 CpaBHUTL OHKONMTUHECKYHO
adhdexkTnBHOCTL WTamMmoB LIVP 1 MVA B OTHOLLEHMM conmaHbix onyxonen. [ns nosbiweHns cenektusHocTn LIVP 1 MVA K onyxonesbiM kneTkam Hamu bl
MoJTyHeHbl PEKOMOVHAHTHbIE BapuaHTbl C MHaKTVBaLWen reHa TuMmnanHkiHasbel (TK), MVA-RFP v LIVP-RFP, akcnpeccrpytoLLvie KpacHbIin (hiyopecLEHTHbIA GemoK.
KuHeTuky penvkaumm 1 OHKONUTUHECKYHO aKTUBHOCTb MOSTYyHEeHHbIX PEKOMOUHAHTHBIX LUTAMMOB OLEHMBANM in Vitro v in vivo Ha NMHUSIX OMyXONeBbIX KETOK 1
annoTpaHcnaaHTaTax MbIUWHbBIX CUHMEHHbIX MOAENe MeTacTaTUHeCKon aAeHOKapPLIMHOMbI MOMOHHOM >xenesbl Mbllun 4T1, afeHOKapLMHOMbI TONCTOM KULLIKM
CT26 v menaHombl B16. Kak MVA-RFP, Tak 1 LIVP-RFP nokasan BbICOKyto aPeKTNBHOCTb PEMIMKALN B OMYXONEBbIX KNETKAX U BbIP&XKEHHYIO OHKOMIMTUHECKYHO
aKTVMBHOCTb B OTHOLLEHWW anfioTpaHCnIaHTatoB MenaHoMbl B16 1 ageHokapuvHOMbI MOMOYHOW »enedbl 4T1. B oTHoweHun 4T1, aBNaioLwencs MOAesbio
TPOWHOIO HEraTMBHOMO Paka MONMO4HON »enedbl Henoseka, LIVP-RFP no cpasHennio ¢ MVA-RFP nokasan 6onee Yem Ha 50% MOBbILLEHHYHO LIMTOTOKCUYHOCTb
B TecTax in Vitro, a Takke LOCTOBEPHOE 3aMefyIeHNe MPOrPeECCHPOBaHIS alIOTPaHCTINAHTATOB 4T1 1 NOBbILLEHME BbDKMBAEMOCTIN XKUBOTHBIX B SKCMEPUMEHTAX
in vivo. MpumveHerve Wrtamma LIVP B kadecTBe nnatopmbl Mpu pa3padboTke PEKOMOVHAHTHBIX OHKOMMTUYECKIX BMPYCOB AN Tepanin paka MOSIOHHON »Kenesbl
MOXET ObITb 60NEE NEPCNEKTUBHBIM, YeM NpUMeHeHne LTamma MVA.

KntoueBble cnosa: BMpyc ocnoBakuUyvHbl, LIVP, MVA, BUpycHas OHKOIMTYECKas Tepanisi, pak MOSIOYHOM XXenesbl, KapLiMHOMa TONCTON KULWKKW, MenaHoma

®uHaHCcupoBaHue: pa3paboTka OHKONUTUHECKNX BUPYCOB M 9KCNEPUMEHTBI in Vitro Oblii BbINOMHEHbI NPY Nogaepykke Poccuiickoro HaydHoro doHga (rpaHT
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Oncolytic viruses represent a new class of drugs for the
treatment of malignant neoplasms that are resistant to classical
approaches of anticancer therapy. Oncolytic viruses selectively
infect tumor cells, causing a direct cytopathic effect and
indirect activation of cytotoxic cells, which ultimately leads
to tumor regression [1]. The vaccinia virus (VV) is an oncolytic
vector with excellent characteristics, including high tropism
and cytolytic activity against tumor cells, rapid replication
without integration into the host cell genome, resistance to
the hypoxic tumor microenvironment, and a well-characterized
safety profile 2, 3].

The LIVP strain demonstrated significant cytotoxic activity
against tumors of various histological affiliations (colorectal
cancer, gastric cancer, malignant mesothelioma, lung cancer,
thyroid and breast cancer) [4, 5]. The biodistribution of the
LIVP strain was also studied - the virus selectively infects tumor
cells without being detected in the ovaries, spleen, or brain
tissues after intravenous injection [6, 7]. The vaccinia virus
expresses several immunomodulatory proteins to evade the
body's immune response, such as interferon decoy receptors
or inhibitors of innate immune regulatory pathways such as
toll-like receptors or NF-kB signaling [8]. The Lister strain
has been reported to encode more genes involved in immune
evasion, such as A53R, the soluble tumor necrosis factor
receptor, or T1/35kDa, an inhibitor of CC chemokines, which
are absent in other strains such as MVA or WR (Western
Reserve), resulting in less adverse inflammatory side effects after
introduction to the host’s body [9, 10]. LIVP is an attenuated sub
variant of the English Lister strain obtained by adaptation to calf
skin [11]. This strain was partly used in the smallpox eradication
program after 1971 and is reported to have oncolytic properties
and significantly less virulence compared to other Lister strain
sub variants [12, 13]. This strain has not been studied in a
number of preclinical or clinical trials [14-19].

Modified vaccinia virus Ankara (MVA) is one of the most
widely studied VV strains with a promising potential in
oncolytic viral therapy. MVA is a highly attenuated strain
that does not replicate well in human cells, and its ability
to reproduce is mainly limited to avian embryonic cells,
making it quite safe [20]. In addition, MVA is a potent
type | interferon inducer and elicits a strong humoral and
cellular immune response. These properties of MVA make
it an important candidate for the development of antitumor
therapy [20]. MVA has been approved by the US Food
and Drug Administration (FDA) as a safe smallpox vaccine
[21]. In addition, the recombinant version MVA-BN vaccine
vector has been approved by the European Medicines
Agency (EMA) as part of the Ebola vaccine and is actively
used in clinical trials of infectious diseases and tumor
immunotherapy [22].

In this study, we obtained recombinant strains MVA-
RFP and LIVP-RFP with inactivation of the viral thymidine
kinase (TK) gene to increase specificity for tumor cells [23]
by inserting the reporter gene tagRFP (red fluorescent
protein) into the TK gene locus. Inactivation of the TK gene
makes virus replication dependent on cellular TK, which
is expressed only during the S-phase of the cell cycle,
while transformed cells constantly express it. For example,
recombinant viruses with a defective TK gene selectively
replicate in rapidly dividing tumor cells that constantly
express cellular thymidine kinase [24].

The aim of this work was to compare the oncolytic efficacy
of MVA-RFP and LIVP-RFP in solid tumors of mouse syngeneic
models of 4T1 mammary adenocarcinoma, B16 melanoma,
and CT26 colon carcinoma.
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METHODS
Cell cultures

Hamster kidney BHK-21 (ATCC # CCL-10), CT26 colon
carcinoma (ATCC # CRL-2639), 4T1 mammary adenocarcinoma
(ATCC # CRL-3406), B16 melanoma (ATCC # CRL-6475) and
HEK293T (ATCC # CRL-3216) cell lines were purchased from
the American Culture Collection (ATCC; USA). Rat fibroblasts
deficient in TK (Rat2 TK-/-) were taken from the collection of the
Cell Proliferation Laboratory of the IMB RAS (Moscow, Russia).
All cells were cultured in DMEM supplemented with glutamine
(Gibco; USA) and 10% fetal bovine serum (FBS) (Gibco; USA)
and incubated at 37 °C under 5% CO.,,.

Viruses

The vaccinia virus strain LIVP was obtained from the collection
of the Cell Proliferation Laboratory of the IMB RAS (Moscow,
Russia). Modified vaccinia virus Ankara (MVA) (ATCC Ne VR-1508)
was purchased from ATCC.

A shuttle plasmid carrying the tagRFP gene was cloned
to construct the MVA-RFP and LIVP-RFP strains. The tagRFP
gene sequence was amplified by PCR from the pTagRFP-C
plasmid construct (Evrogen; Russia) using primers 5-AGA
GAGCCTGGATGGTGTCTAAGGGCGAAGAG and 5-AGAG
AGGGATCCTTAATTAAGTTTGTGCCCCAGTTTG  (Evrogen;
Russia). tagRFP was expressed under the control of the 7.5k
promoter. The frame was flanked by the TK gene region;
the initial plasmid construct for recombination was created
at the Cell Proliferation Laboratory of the IMB RAS (Moscow,
Russia) [6]. Recombinant strains were obtained by lipofection
of HEK293T cells with Lipofectamine 3000 (Thermo Fischer;
USA) and subsequent infection with a wild-type vaccinia
strain. After 48 h, a cryolysate of infected cells was prepared
and viral particles were selected on Rat-2 TK-/- cells treated
with bromodeoxyuridine at a concentration of 25 ug/mL [24].
After several rounds of selection, the virus was cloned by the
plague method to dissociate the wild strain. The resulting
recombinant strains were grown in BHK-21 cells and purified
by centrifugation in a sucrose density gradient [25]. The
correctness of the inserts in the recombinant variants was
confirmed by Sanger sequencing of the corresponding genome
region. DNA sequencing was performed using the ABI PRISM®
BigDye™ Terminator v. 3.1 (Thermo Fischer; USA) followed
by analysis of the reaction products on an Applied Biosystems
3730 DNA Analyzer automatic sequencer (Thermo Fischer; USA)
at the Genome Shared Use Center of the IMB RAS.

Titration of the virus

BHK-21 cells were seeded at 10,000 cells per well in a 96-well
plate, the next day the medium was removed and the cells were
infected with 10-fold dilutions of the viruses and incubated in
DMED medium supplemented with 2% FBS. After 48 hours,
when the cytopathic effect developed, the 50% infectious dose
of tissue culture (TCID50) was evaluated according to the Reed
and Muench method [26].

Assessment of cytotoxic activity of viruses

471, B16, CT26, and BHK-21 cells were seeded at 10,000
cells/well in 96-well plates, then infected at 1 and 10 MOI
(multiplicity of infection) of the MVA-RFP or LIVP-RFP strains.
Cytotoxic activity was assessed using the MTT test 24, 48,
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Fig. 1. Characterization of recombinant LIVP-RFP and MVA-RFP strains in vitro. A. Schematic of the plasmid vector used in the development of the LIVP-RFP and MVA-
RFP strains. B, C. Fluorescence microscopy of HEK293T cells infected with the recombinant LIVP-RFP strain. D, E. Fluorescence microscopy of HEK293T infected

with MVA-RFP (x100 magnification)

and 72 h after infection. The percentage of viable cells was
calculated as the ratio of cell viability in infected wells to cell
viability in uninfected control wells multiplied by 100 [27].

Estimation of virus replication rate by flow cytometry

The level of RFP expression in infected cells correlates with the
level of viral replication. 4T1, B16, CT26, and BHK-21 cells were
seeded at 100,000 cells per well in 24-well plates, infected with
MVA-RFP or LIVP-RFP strains with MOls of 1 and 10. 24 and
48 h after infection, cells removed from the surface with trypsin
and resuspended in phosphate-buffered saline (PBS) (PanEco,
Russia) with the addition of 2% FBS. The number of the
brightly fluorescent cells in the RFP range was measured using
a BD LSRFortessa Cell Analyzer (Beckman Dickinson; USA).
Analysis was performed using Flowing Software 2.0 (Perttu
Terho; Finland). The results are based on three independent
experiments with three repetitions, and at least 10,000 events
per sample.

Assessment of oncolytic activity of viruses in vivo

Six-week-old female BALB/c and C57BL/6 mice were used in
the experiments. Mice had free access to food and water and
were kept in standard conditions with controlled temperature
(21-23 °C) and air ventilation, as well as a 12/12 light regimen.
For tumor formation, 10% CT26 colon carcinoma or 4T1 breast
cancer cells were implanted subcutaneously in the right flank
of BALB/c mice, and 10° B16 melanoma cells were implanted
in the right flank of C57BL/6 mice. Prior to virotherapy, mice

with verified tumor allografts of CT26 (n = 15), 4T1 (n = 15),
and B16 (n = 15) mice were divided into three subgroups (n =5
each). 5 x 10" PFU of the viruses in 50 pl of PBS were injected
intratumorally on the 7th and 9th days after tumor implantation.
Control groups received intratumoral injections of PBS. Tumor
volume was measured using a modified ellipsoidal formula:
V = % (length x width?) [28] every two days until the tumor
volume reached 2000 mm?. After reaching the maximum
allowed volume, mice were euthanized and based on these
data, survival curves were built.

Statistical analysis

All data are presented as mean + standard deviation. Statistical
analysis was performed using unpaired t-tests and two-way
analysis of variance, differences were considered significant at
p < 0.05. GraphPad Prism 8.0.2 (GraphPad Software, Inc.;
USA) was used to prepare all graphs and perform statistical
analysis.

RESULTS
Construction of recombinant viruses

TK inactivated LIVP-RFP and MVA-RFP strains containing an
insertion of red fluorescent protein (tagRFP) were generated by
recombination of the viral genome with a plasmid construct.
Fluorescence microscopy of HEK293T cells infected with
recombinant strains of LIVP-RFP and MVA-RFP showed that
the viruses replicate and produce functionally active RFP (Fig. 1).
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Fig. 2. Cytotoxicity of recombinant LIVP-RFP and MVA-RFP strains in various tumor cell cultures. BHK-21, B16, CT26 and 4T1 cells were infected with MOI 1 and 10
of LIVP-RFP and MVA-RFP viruses and cell viability was assessed using the MTT assay at 24, 48 and 72 hours post-infection. Statistical analysis was performed using

at-test; *— p < 0.05 and ** — p < 0.01 indicate significance.

Cytotoxic activity of LIVP-RFP and MVA-RFP
strains against mouse tumor cells

The cytotoxic activity of recombinant vaccinia virus strains
LIVP-RFP and MVA-RFP was assessed for 72 h using the MTT
assay in mouse B16 melanoma, CT26 colon carcinoma, and
4T1 mammary adenocarcinoma cell cultures, as well as in the
VV-sensitive BHK-21 cell line, which we used as a positive
control. In BHK-21 culture, LIVP-RFP and MVA-RFP strains
caused more than 75% cell death at MOI 10 and more than
50% death at MOI 1 (MOI 1) after 72 h (Fig. 2). B16 melanoma
was the most sensitive of the studied metastatic tumor lines, in
culture of which 50% cell death was observed 72 h after
infection with MOI 10 LIVP-RFP or MVA-RFP (Fig. 2B;
solid lines). Upon infection with B16 MOI 1, the recombinant
LIVP-RFP strain showed significantly higher cytotoxicity
after 72 h compared to MVA-RFP (Fig. 2; dotted lines). The most
resistant to oncolytic virotherapy was CT26 colorectal carcinoma
line, in culture of which less than 50% cell death was observed
at a multiplicity of infection of 10 LIVP-RFP or MVA-RFP
(Fig. 2). In 4T1 mammary adenocarcinoma, a cytopathic effect
was detected only in infection with a multiplicity of 10. At the
same time, a significantly higher cytotoxicity (> 50%) was noted
for the LIVP-RFP strain compared to MVA-RFP (Fig. 2).

Assessment of viral replication by flow cytometry

The replication efficiency of viral strains in the studied cell lines
was assessed by the number of fluorescent RFP-positive cells,
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which was determined using flow cytometry. It was found that
the level of infection of the control line BHK-21 approaches
100% already after 24 h and does not change significantly after
48 h (Fig. 3). In the B16 melanoma cell line, an increase in the
number of RFP-positive cells was observed, and the MVA-
RFP strain, which infected more than 60% of the cells within
48 hours, showed a significantly higher replication efficiency.
The 4T1 breast adenocarcinoma line, on the contrary, was
characterized by the lowest replication efficiency of vaccinia
virus, with the highest level of infection was observed when
infected with the LIVP-RFP strain and it reached almost 30%
after 48 hours. The efficiency of the viral replication in CT26 cell
culture (about 40% for MOI 10) did not differ between LIVP-RFP
and MVA -RFP.

Evaluation of the antitumor activity of LIVP-RFP and
MVA-RFP strains in experiments in vivo

The oncolytic activity of the recombinant LIVP-RFP and
MVA-RFP strains was studied in BALB/c mice with allografts of
4T1 breast or CT26 colon carcinomas, as well as in C57BL/6
mice with allografts of B16 melanoma. Double intratumoral
injection of oncolytic viruses on days 7 and 9 after tumor
inoculation resulted in a slowdown in tumor growth (Fig. 4) and
an increase in animal survival (Fig. 5) in all groups treated with
both LIVP-RFP and MVA-RFP compared to control groups
that were injected with PBS. The most noticeable slowdown
in tumor growth was found in the treatment of B16 melanoma
allografts with the intratumoral injection of MVA-RFP, as well
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as 4T1 carcinoma allografts with the introduction of LIVP-RFP,
which fully corresponded to the results obtained in vitro.
Survival in the 4T1 and B16 subgroups (after virotherapy) was
significantly higher compared to the control, while the animals
treated with LIVP-RFP had a longer life expectancy than in the
MVA-RFP subgroups (Fig. 5). Progression of CT26 carcinoma
was not altered in any way by both LIVP-RFP and MVA-RFP
therapy (Fig. 4), although both experimental subgroups showed
an increase in survival of animals injected with recombinant
viruses (Fig. 5).

Thus, data obtained from both in vitro and in vivo experiments
confirm the superior oncolytic activity of the recombinant
LIVP-RFP strain against the 4T1 breast adenocarcinoma model.

DISCUSSION

In this comparative study, we evaluated the cytotoxicity and
replication capacity in vitro, and in vivo therapeutic potential
against solid mouse tumors of recombinant LIVP-RFP and
MVA-RFP strains derived from vaccinia virus strains LIVP and
MVA, respectively, containing an insert of red fluorescent protein
gene in the structural part of the viral thymidine kinase gene.
The effectiveness of the therapy with oncolytic viruses
consists of two main components: the activation of the immune
system in response to the introduction of viruses and the direct
cytotoxic effect of viruses on tumor cells [29]. Activation of
immunocompetent cytotoxic CD8* lymphocytes, CD56* NK
cells, and tissue macrophages is of critical importance due
to the fact that the most resistant and malignant tumors are
characterized by the most pronounced immunosuppressive

effect on the tumor microenvironment [30]. Therefore, systemic
or intratumoral administration of viral particles that infect tumor
cells and activate antigen-presenting cells is accompanied
by increased production of inflammatory cytokines and
recruitment of cytotoxic immune cells, which ultimately can
slow down tumor progression. Antitumor immune responses
are supplemented by a direct cytopathic effect of oncolytic
viruses on tumor cells due to increased proliferation rate,
inhibition of apoptosis, and other oncogenic mechanisms [30].

One of the key difficulties in the use of oncolytic viruses
for therapy is a pronounced host immune response to the viral
infection, which causes adverse side effects and reduces the
effectiveness of the virotherapy. Poxviruses are unique in their
ability to evade the host's immune response, making them
generally safe for use in therapy, in particular, the Lister strain
has proven to be highly safe in humans as it has been used
during the worldwide smallpox eradication program [7, 31].
This strain has been shown to induce less pro-inflammatory
cytokines such as IL8, IL6 and IFNy in the host and induce
higher levels of anti-inflammatory cytokines such as IL10
compared to other strains such as WR [5, 32].

Increasing the onco-selectivity of the virus limits viral infection
at the site of the tumor and prevents infection of other organs,
resulting in fewer inflammatory side effects. One of the strategies
for increasing tumor selectivity and reducing the vaccinia virus
virulence is deletion of the viral thymidine kinase gene [33].

In our study, we have shown that LIVP-RFP replicates and
lyses 4T1 cells more efficiently than the MVA-RFP strain. In
subsequent in vivo experiments, we were able to demonstrate
the relationship between the ability of the virus to replicate in
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Fig. 4. Dynamics of changes in tumor volume in mice with allografts of colon carcinoma CT26, breast carcinoma 4T1, and melanoma B16 after treatment with
recombinant strains of LIVP-RFP or MVA-RFP. Tumor measurements were taken every two days after treatment. The symbol 1 indicates the euthanasia of the animal.
Statistical analysis was performed using a t-test; * — p < 0.05; ns — no statistically significant differences

tumor cells in vitro and its ability to slow tumor progression in The 4T1 breast cancer cell line is a highly invasive and
vivo. A significantly smaller volume of tumor allografts of 4T1  metastatic cell model of triple negative breast cancer (TNBC) [34].
adenocarcinoma and an increase in the survival of animals  TNBC is considered the most aggressive form of breast cancer
after LIVP-RFP therapy compared to MVA-RFP indicate a more  with the worst prognosis and the absence of targeted treatment
pronounced oncolytic activity of LIVP-RFP in relation to 4T1  options [35]. Our results indicate that the LIVP strain has greater
adenocarcinoma. potential for the treatment of TNBC compared to MVA.
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Fig. 5. Kaplan-Meier survival curves in experimental subgroups of mice with allografts of adenocarcinoma CT26, 4T1, and melanoma B16 after two intratumoral
injections of recombinant LIVP-RFP or MVA-RFP viruses
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CONCLUSIONS

A comparative study of the oncolytic properties of LIVP-RFP
and MVA-RFP strains with an inactivated thymidine kinase
gene showed that the LIVP-RFP strain is more effective for
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PREDICTING THE BLASTOCYST DEVELOPMENT RATE DURING ASSISTED REPRODUCTIVE
TECHNOLOGIES BASED ON SEMEN MICROBIOTA

Panacheva EA?, Kudryavtseva EV', Zornikov DL', Plotko EE?, Petrov VM', Voroshilina ES'2>J

" Ural State Medical University of the Ministry of Health of Russian Federation, Yekaterinburg, Russia
2 Medical Center “Garmonia”, Yekaterinburg, Russia

Obtaining enough good and excellent quality embryos is one of the key factors for achieving pregnancy using assisted reproductive technologies. This work was
aimed at developing a mathematical model for predicting good and excellent quality embryos based on semen microbiota assessment in normozoospermia. The
study included 127 men whose semen was used for in vitro fertilization (IVF). Patients were divided into 2 groups depending on the proportion of good-quality
blastocyst developed on the 5 day of culturing (good-quality blastocyst development rate, GBDR). The 1% group included 57 patients with GBDR > 40%, the
27 group included 70 patients with GBDR < 40%. All patients’ semen was assessed at the day of fertilization. Semen parameters were evaluated in accordance
with the WHO standards and semen microbiota composition was determined by means of real-time PCR. Discriminant analysis was used for development of the
prognostic model. We developed a method for predicting efficiency of the embryological IVF stage in normozoospermia: EGO-Pro-N prognostic index (Embryos
of GOod and Excellent quality Prognosis in Normozoospermia). If the EGO-Pro-N value is greater than 0.212, the probability of receiving GBDR = 40% is low.
Conversely, if the EGO-Pro-N value is less than or equal to 0.212, the probability is high. Sensitivity and specificity of the method were 71.9% and 70.0% respectively,
accuracy was 70.9%. The developed model allows us to predict good and excellent quality embryos based on comprehensive semen microbiota assessment in
normozoospermia before IVF,
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NMPOrHO3NMPOBAHUNE 3OPEKTUBHOCTU SMBPUOJTIOMMYECKOIO 3TAIMNA BCMOMOTIATEJIbHbIX
PENPOOYKTUBHbIX TEXHONIOIMA MO MUKPOBHOMY COCTABY 3AKYJIATA

E. A. MaHavesa?, E. B. Kyopsisuesa', [. J1. SopHukos!, E. 3. Mnotko?, B. M. Metpos', E. C. BopowuwmmHa'2 =

T YpanbCkuii rocyaapCTBEHHbI MEAULIMHCKIMIA YHMBepcuTeT MuHaapasa Poccun, EkatepuHbypr, Poccust
2 MeouuMHCKUIA LeHTP «fapMoHust», EkaTepuHbypr, Poccus

OfuH 13 KoYeBbIX (PaKTOPOB HACTYMNEHVst HEePEMEHHOCTI NMPU MCMOb30BaHUM BCMIOMOraTebHbIX PENnpPOAYKTVBHbIX TexHonoruii (BPT) — nonyyeHune
[OCTaTO4HOrO KOMMYeCTBa SMOPUOHOB XOPOLLIErO 1 OTIIMHYHOMO KadecTsa. Lienbto paboTbl 66110 padpaboTaTb MareMaTuHecKyto MOAenb A1 MPOrHO3MPOBaHMS
Ka4ecTBa Nony4aembiX SMOPUOHOB Ha OCHOBaHUN PE3YNLTATOB OLEHKM MUKPOBHOMO COoCTaBa 3sKymsTa, UCTONb3YeMOro Afisi ONnioaoTBOPEHUS B MporpammMax
BPT npu HopmMo3oocrnepmmn. SakynaT 127 My»XHY/H MCToNb30Bav B NpoUeype 3KCTpakopropanbHoro onnoaoteopeHus (OKO). B 3aBMcumMocTi oT fonm
61aCTOUMCT XOPOLLIErO 1 OTAIMYHOMO KavecTBa, CPOPMUPOBaBLLMXCS Ha 5- ieHb KynbTMBUpOoBaHus (good-quality blastocyst development rate, GBDR), naumneHTb!
Oblnn pasgeneHbl Ha Ase rpynnbl. B nepsyto BrtoyeHbl 57 nauveHtos ¢ GBDR > 40%, Bo sTopyto — 70 nauveHtos ¢ GBDR < 40%. Bcem naumeHtam B AeHb
OMfIOLOTBOPEHS MPOBEEHO VICCIIENoBaHNE NapaMeTPOB CriepMorpamMMbl Mo cTanaapTy BO3 v onpeneneH coctaB MUKPOOVOTbI 35iKynsTa METOAO0M KOMMHECTBEHHOMN
MLP B peansHom BpemeHn. C NOMOLLBIO ANCKPUMMHAHTHOMO aHanMaa padpaboTtaH cnocob NporHo31poBaHnsa addekTUBHOCTH amMbpronorndeckoro atana BPT y
nap, nnaHvpytoLLmx npoueaypy SKO, npu nokasarensx asKynsTa, COOTBETCTBYIOLLMX KPUTEPUSIM HOPMO300CMEPMIUM, C PACHETOM MPOrHOCTUHECKOrO MHAEKCa
«OMOPVOHbBI XOPOLLEro 1 OTMYHOro kadectsa. [NporHo3 Hopmosoocnepmus» (OXO-Mpo-N). Ecnu sHadeHne OXO-Mpo-N > 0,212, BepOosTHOCTb MoyYeHust
GBDR > 40% Huskas, ecim OXO-Mpo-N < 0,212, BepoATHOCTb BbiCOKast. [NokasaTenm HYyBCTBUTENBHOCTY 1 CNELMMUYHOCTI COCTaBWAM COOTBETCTBEHHO 71,9%
1 70,0%, atbdexTBHOCTL crnocoba — 70,9%. PaspaboTtaHHas MporHOCTU4eCKast MOfeNb JaeT BO3MOXXHOCTb MPOrHO3MposaHns nomydeHnss GBDR > 40% Ha
OCHOBaHW KOMMIEKCHOW OLIEHKM MUKPOBUOThI S5KyNsTa.

KnioueBble cnoBa: MMKPOOKOTa 35KynsTa, NMPorHoanposanne, aptexteHocTe BPT, OKO, MLIP B peansHoM BpeMeHn, ANCKPUMUHAHTHBIA aHanm3

BnarogapHocTu: aBTopbl H6rarofapat avpektopa MeauumHckoro ueHTpa «fapMoHus» (. ExkatepuHbypr) B. H. XatoTuHa 3a BO3MOXHOCTb BbINOSHEHNS!
1cenenoBaHvst Ha 6ase LieHTpa.
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The demand in assisted reproductive technologies (ART)
is continuously growing. At the same time, according to
the National Registry of the Russian Association of Human
Reproduction, the effectiveness of in-vitro fertilization (IVF)
treatment programs does not exceed 34.8% in terms of embryo
transfer rate [1]. Obtaining the sufficient amount of good and
excellent quality embryos is one of the key factors for achieving
pregnancy using ART [2]. Predicting the amount of good-
quality embryos would allow us to optimize patient preparation
and select the best management option for the embryological
stage. Currently specialists are actively searching for embryo
quality markers based on various data. This data includes
metabolomic, proteomic, transcriptomic semen parameters,
follicular fluid, and embryo culture medium [3]. At the same
time, the impact of semen microbiota on the ART results, as
well as on the quality of obtained embryos, requires further study.

IVF is performed in non-sterile conditions [4]. Despite
meticulously following aseptic measures, at most we are able to
decrease the level of microbial contamination in IVF labs and in
embryo cultures. Gametes (semen and oocytes) used for culturing
embryos usually come from sources containing bacteria in most
cases [5]. According to molecular genetic analyses, semen
microbiota can be represented by complex microbial communities.
These communities are made up of different bacterial genera and
phyla, including obligate and facultative anaerobic bacteria, even in
patients without inflamsmation and with normal semen parameters
[6-8]. There is a correlation between detecting specific groups of
opportunistic microorganisms (OMs) in semen samples and the
decrease of semen parameters [9, 10].

Excluding pathogens causing sexually transmitted infections
(STls) in urethral or semen samples is currently the only stage of
preparing male patients for the ART programs [11]. Presence
of other microorganisms, which could be both, the cause of
subclinical inflammation in the urogenital tract (UGT) and the
cause of ART protocol failures, is not tested.

Bacterial contamination during embryo culture is a serious
problem faced in all IVF laboratories [12, 13]. According to previous
reports, the frequency of bacterial contamination is less than 1%,
however, its occurrence could lead to bad quality embryos, as
well as to embryonic demise, thus to the ART treatment failure.

Semen microbiota is considered one of the main sources
of bacterial contamination for culture media [12]. Despite
meticulous processing, the obtained semen sample still
contains microorganisms that could lead to contamination
of the embryo culture medium. In classic IVF, oocytes are
co-cultured with the processed semen for 16-20 hours in a
CQO2 incubator at a temperature of 37 °C. Such conditions are
favorable for the development of microorganisms, primarily
for obligate anaerobes. As a result, media may contain toxic
bacterial metabolites. Negative effects of bacterial toxins can
cause embryo cell fragmentation and embryonic death [13].

The effect of semen microbiota on the development of
embryos should be evaluated more carefully in order to develop
adequate measures to prevent unsuccessful outcomes of the
embryological stage of ART.

The aim of this study was to develop a mathematical model
for predicting the quality of the obtained embryos based on the
results of the semen microbiota assessment in normozoospermia.

METHODS
Research design

A single-center cohort retrospective study included an
assessment of the semen parameters and semen microbiota
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of 127 men who entered into the ART programs at «Garmonia»
Medical Center (Yekaterinburg, Russia) from 2020 to 2021.
The embryology key performance indicators were evaluated:
fertilization rate, blastocyst development rate, and good
and excellent quality blastocyst (with maximum potential for
implantation) development rate.

Inclusion and exclusion criteria

Inclusion criteria: patient age 19-51 years; semen parameters
meet the criteria of the normozoospermia; fertilization of eggs
by classic IVF; consent to participate in the study; age of women
22-40 years; absence of genetic diseases in patients and their
relatives. The study included programs with fresh oocytes
using classic IVF. Exclusion criteria: use of unfrozen oocytes
for fertilization; oocyte fertilization by intracytoplasmic semen
injection (ICSI); clinical manifestations of UGT infectious and
inflammatory diseases; STls; intake of hormonal, antibacterial
drugs during the last three months, genetic diseases in patients
or their relatives; semen volume less than 2 ml; refusal of
patients to participate in the study.

ART embryological stage

Qocyte-cumulus complexes were placed in the Flushing
medium (Origio; Denmark). Sequential Fert medium (Origio;
Denmark) was used for oocyte fertilization. After fertilization
evaluation, the zygotes were placed in the SAGE 1-Step
medium (Origio; Denmark), in which the embryos were cultured
until day 5.

To prepare semen samples, SupraSperm (Origio; Denmark)
density gradient sedimentation method was used, then the
spermatozoa were washed twice in the SpermPrep buffer
(Origio; Denmark), after which the "swim-up" method was used.

Assessment of embryo morphology

The quality of developing zygotes and embryos was individually
assessed under a microscope approximately 18, 72 and 96
hours after fertilization. Embryo morphological evaluation was
performed on the 5th day of development from the moment of
fertilization.

Embryos of excellent and good quality on the 5th day of
cultivation had the following morphological characteristics:
adequate amount of densely packed cells in the intracellular
mass, the trophectoderm contains many cells that have
formed a dense epithelium; the blastocele occupies more
than 80% of the embryo volume. The efficiency of the ART
embryological stage was considered acceptable when at least
40% of blastocysts of good and excellent quality (good-quality
blastocyst development rate — GBDR) from the total number
of fertilized eggs were obtained: GBDR > 40% [14].

Depending on the proportion of blastocysts of good and
excellent quality formed at the embryological stage, patients
were divided into two groups: the first included 57 patients with
GBDR = 40%, the second had 70 patients (GBDR < 40%).

Research methods

In both groups controlled ovarian hyperstimulation was initiated
according to a short protocol using antagonists of recombinant
and/or urinary gonadotropins at a daily dose of 150-300 IU.
Human chorionic gonadotropin was used as an ovulation
trigger 34-36 hours before the puncture. Follicle aspiration was
performed under intravenous anesthesia.
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Table 1. The detection rate of specific groups of microorganisms quantities exceeding the threshold value*

Detection rate
Groups of microorganisms Group 1 Group 2 Signifli;:ance
(n=57) (n=70)
n % n %

Lactobacillus spp. 17 29.8 11 15.7 0.084
Gram-positive facultative anaerobes 24 421 23 329 0.356
Staphylococcus spp. 6 10.5 3 4.3 0.297
Streptococcus spp. 7 12.3 13 18.6 0.463
Corynebacterium spp. 21 36.8 16 22.9 0.116
Gram-negative facultative anaerobes 0 0 11 15.7 0.001
Haemophilus spp. 0 0 10 14.3 0.002
Pseudomonas ae(ug/'nosa / Ralstonia 0 0 1 14 1
spp. / Burkholderia spp.

Obligate anaerobes 35 61.4 41 58.6 0.856
G.vaginalis 8 14 17 24.3 0.181
I\D/Iizgjtse;i/;e;? spp. / Veillonella spp. / 10 175 18 25.7 0.291
T : : ; 1
gf:‘fs:g/’gesspf)‘.’p' / Porphyromonas spp. / 14 24.6 24 343 0.25
Foptsteptocaceus .| ; 1 " 1
Anaerococcus spp. 17 29.8 14 20 0.219
Eubacterium spp. 30 52.6 29 41.4 0.217
A.cluster 4 7 7 10 0.753
Eerbacteicese 0. ; 1 :
Mycoplasma 10 17.5 11 15.7 0.814
U. urealyticum 2 3.5 4 5.7 0.69
U. parvum 7 12.3 7 10 0.779
M. hominis 2 3.5 2 2.9 1

Note: * — for U. urealyticum, U. parvum, M. hominis groups, threshold values are > 0, for other groups of microorganisms > 10° GE/m.

Patient preparation and semen sampling were carried out
in accordance with WHO recommendations on the collection
of semen for microbiological studies (paragraph 2.2.4 of the
WHO Guidelines) [15]. Ejaculatory abstinence for the period
of 3-4 days was mandatory. Prior to semen collection,
patients urinated and washed their external genitalia. Semen
was collected through masturbation into a sterile container.
Native semen was used for the study. The analysis of semen
concentration and motility was carried out using the Biola AFS-
500 analyzer ("Biola"; Russia). The morphology of spermatozoa
was evaluated in stained preparations with a 1000x microscope
magnification using an immersion lens. The LeucoScreen test
(FertiPro; Belgium) was used to count peroxidase-positive
leukocytes. The normozoospermia criteria were met by
samples with semen volume of at least 1.5 ml, spermatozoa
concentration of at least 15 million/ml, a total mobility of at
least 40% or progressive mobility of at least 32%, normal
spermatozoa morphology of at least 4%, a leukocyte count
of no more than 1 million/ml, and the absence of increased
viscosity. Semen microbial composition was determined
using a quantitative real-time PCR (qPCR) using the Androflor
real-time PCR detection kit (DNA Technology; Russia) and the
DTprime detection thermal cycler (DNA-Technology; Russia).

The material for the study (0.5 ml of native semen) was
collected on the day of oocyte fertilization in an Eppendorf tube
containing 1 ml of buffer solution (PREP-PK kit; DNA Technology;

Russia). DNA was isolated using PREP-NA extraction kit ("DNA
Technology"; Russia). gPCR was performed according to the
manufacturer's instructions.

Once the amplification is over, the special software (DNA
Technology; Russia) automatically calculates the quantities
(expressed in genome equivalents per 1 ml (GE/ml)) of the
total bacterial load (TBL) and each of the detected OM in a
given sample. Positive signals for the target microorganisms
were detected before the 35" amplification cycle, which is
equivalent to the microbial load of least 10° GE/ml and more.
The proportions of individual species and groups of bacteria
were calculated relative to the sum of all bacteria detected
in the sample. The Androflor real-time PCR detection kit is
designed to determine TBL and the level of 19 OM groups
(Lactobacillus  spp., Staphylococcus spp., Streptococcus
spp., Corynebacterium spp., Haemophilus spp.,
Pseudomonas aeruginosa / Ralstonia spp. / Burkholderia spp.,
Enterobacteriaceae / Enterococcus spp., Gardnerella vaginalis
(G. vaginalis), Eubacterium spp., Sneathia spp. / Leptotrichia
spp. / Fusobacterium spp., Megasphaera spp. / Veillonella
spp. / Dialister spp., Bacteroides spp. / Porphyromonas spp.
/ Prevotella spp., Anaerococcus spp., Peptostreptococcus
spp., Atopobium cluster (A. cluster), Mycoplasma hominis
(M. hominis), Ureaplasma urealyticum (U. urealyticum),
Ureaplasma parvum (U. parvum), Candida spp.), the presence
of obligate pathogens (Neisseria gonorrhoeae, Chlamydia
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Table 2. The average quantities of Haemophilus spp. and GNFA in groups 1 and 2 and the accuracy of these indicators in predicting a favorable outcome of the ART

embryological stage

Median (5" and 95" percentile)
Microorganism group p The AUC value (95% ClI)
Group 1 Group 2
Haemophilus spp., GE/ml 0 (0-0) 0(0-103.8) 0.003 0.571 (0.472-0.671)
GNFA, GE/ml 0 (0-0) 0(0-103.8) 0.002 0.579 (0.479-0.678)
trachomatis, Mycoplasma genitalium and Trichomonas  Analysis of semen microbial composition

vaginalis); and the level of human genomic DNA (as a control of
taking biological material).

Methods of statistical analysis

Statistical data processing was carried out using R-version
4.2.2 (build 2022-10-31) and StatPlus:mac 8.0.3 (AnalystSoft;
USA). The normality of the distribution for tested parameters
was checked by the Shapiro-Wilk test. The median with 5"
and 95" percentiles was indicated to describe the distribution
of variables. The Mann-Whitney U test was applied to compare
the medians between groups 1 and 2, whereas the two-tailed
Fisher's exact test was used to compare the frequencies
between the groups. All differences were considered statistically
significant at p < 0.05.

To develop the regression equation, which formed the basis
of the prognostic model for obtaining at least 40% of embryos
of good and excellent quality, the method of discriminant
analysis with the calculation of canonical discriminant function
coefficients (CDFC) was used. ROC analysis was performed to
evaluate the accuracy of the proposed predictive model. The
optimal cutoff value was determined by the Youden'’s index.

RESULTS
Clinical characteristics of the patients

Initially, the groups were compared by age, height, weight and
patient’s medical history. The groups were comparable by
age of men (35.0 (28.8-43.2) vs. 34.0 (28.5-45.0) years old
in group 1 and 2, respectively; p = 0.664) and age of women
(34.0 (26.0-40.0) vs. 34.0 (28.0-40.0) years old in group 1
and 2, respectively; p = 0.507). In terms of body mass index,
the differences were not significant (o > 0.05). There was
no significant difference in medical history (cardiovascular
pathology, diseases of the urinary or respiratory tract, or nervous
system, endocrinopathies, pathology of the gastrointestinal
tract and autoimmune diseases) between the two groups
(o > 0.05). Thus, the groups were clinically comparable.

Embryological stage data

The number of MIl mature oocytes was 559 and 606 in group 1
and group 2, respectively. At the same time, the average number
of oocytes obtained during puncture in patients of groups 1 and
2 did not differ (medians were 9 and 8, p = 0.250). As a result of
IVF, 458 zygotes were obtained in group 1 and 442 in group 2,
the average number of zygotes obtained did not differ between
groups (medians were 6 and 5.5 for groups 1 and 2, respectively;
p = 0.207). The fertilization rate, the blastulation rate and the
GBDR were calculated for each patient. The fertilization rate did
not differ in group 1 and group 2 patients (medians were 85.7%
and 80.0%, respectively; p = 0.471), while significant differences
were found in the blastulation rate and GBDR. The blastulation
rate was 75.0% in group 1 and 37.5% in group 2 (p < 0.001); the
GBDR was 72.7% in group 1 and 27.7% in group 2 (p < 0.001).
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Bacterial DNA (TBL) was absent or detected in an amount of
less than 10° GE/mlin 5 (8.8%) of 57 samples of group 1 and 5
(7.1%) of 70 samples of group 2 (p = 0.752). In positive samples,
from 1 to 13 groups of microorganisms were simultaneously
detected in above the threshold values. The detection rate of
specific groups of bacteria in above the threshold values is
shown in Table 1.

Haemophilus spp. and, as a result, the group of gram-
negative facultative anaerobes (GNFA) to which these bacteria
belong, were detected less frequently in the group 1 samples.
Detection rate of other groups of OMs did not significantly
differ between groups 1 and 2. Taking into account statistically
significant differences in the detection rates of Haemophilus
spp. and GNFA between groups 1 and 2, we tried to assess
quantitative differences for these microorganism groups and
their accuracy in predicting a favorable outcome of the ART
embryological stage, but received the unsatisfactory results
(Table 2).

None of the individual semen microbiota parameters of
demonstrated acceptable accuracy in predicting a favorable
outcome of the ART embryological stage. Due to the variety
of combinations in which the individual groups of OMs were
found, it was decided to apply discriminant analysis to calculate
a prognostic index that takes into account all significant
parameters of semen microbiota.

Discriminant analysis

To predict GBDR = 40% for patients whose semen parameters
met the criteria of normozoospermia, we developed a
prognostic index EGO-Pro-N (Embryos of GOod and Excellent
quality Prognosis in Normozoospermia)

To develop a prognostic index a discriminant analysis was
carried out in the obtained matrices of laboratory parameters
for patients of the analyzed groups.

To determine the contribution of each individual
microorganism to forming the probability of obtaining GBDR
> 40% and to develop a prognostic index, we ranked the
parameters using the calculation of the CDFC.

The EGO-Pro-N index was calculated using the following
formula:

EGO-Pro-N = 0.22 x X1 - 0.26 x X2 — 0.59 x X3 + 0.25 x
X4 +0.26 x X5 + 0.21 x X6 — 0.4 x X7 + 0.15 x X8 + 0.09 x X9
+0.15xX10-0.25 x X11 = 0.33 x X12 -0.17 x X13 + 0.51 x
X14 + 0.9 x X156 — 0.28 x X16 — 0.47, where

X1 — total bacterial load (TBL),

X2 — Lactobacillus spp.,

X8 — Staphylococcus spp.,

X4 — G. vaginalis,

X5 — Megasphaera spp. / Veillonella spp. / Dialister spp.,

X6 — Sneathia spp. / Leptotrichia spp. / Fusobacterium spp.,

X7 — U. urealyticum,

X8 — U. parvum,

X9 — A. cluster,

X10— Bacteroides spp. / Porphyromonas spp. / Prevotelia spp.,
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X11 — Anaerococcus spp.,

X12 — Peptostreptococcus spp./ Parvimonas spp.,

X13 — Eubacterium spp.,

X14 — Haemophilus spp.,

X15 — P, aeruginosa / Ralstonia spp. / Burkholderia spp.,

X16 — Enterobacteriaceae spp. / Enterococcus spp.

If the EGO-Pro-N value is > 0.212, it can be predicted that
the probability of GBDR > 40% is low, if EGO-Pro-N < 0.212,
it is high.

The average value of EGO-Pro-N in groups 1 and 2
was -0.470 (-2.430; —-0.580) and 0.365 (-0.933; -2.260),
respectively. The differences are statistically significant (o < 0.001).
Graphically, the EGO-Pro-N index value is shown in Fig. 1.

The ROC curve for the EGO-Pro-N index is shown in Fig. 2.
The area under the curve (AUC) value is 0.777 (95% CI: 0.670-
0.856), which is considered as acceptable discrimination in
predicting models.

The optimal cutoff value for the EGO-Pro-N index was
0.212. This threshold made it possible to predict the production
of GBDR > 40% with a sensitivity of 71.9% and a specificity of
70.0% with 70.9% overall accuracy (Table 3).

DISCUSSION

The present study included couples who participated in ART
protocols, and whose semen parameters met the criteria of
normozoospermia. According to current clinical guidelines, the
presence of STl pathogens was excluded in both partners at
the stage of preconception care [11]. Such semen samples
are considered ideal for IVF, and in routine clinical practice, an
extended study of semen microbiota is not carried out. Our
study showed that most of the used semen samples contained
bacterial DNA in an amount of at least 10° GE/ml. Up to
13 groups of microorganisms in various combinations were
simultaneously identified in positive samples. The presence
of bacteria in semen has been shown previously in numerous
studies [4, 6, 8, 10, 16], our observations once again confirm
this fact.

We were interested in semen microbiota in terms of
its potentially negative impact on the outcome of the ART
embryological stage. In this study we were able to demonstrate
the difference in semen microbiota composition between the
samples with acceptable proportion of good quality blastocysts
on the 5th day (GBDR = 40%) and those with insufficient
number of embryos. The latter group was characterized by
the presence of GNFA (mainly Haemophilus spp.). At the
same time, in cases where the efficacy of the embryological
stage was satisfactory, there was a tendency to more frequent
detection of Lactobacillus spp. and Corynebacterium spp., but
the difference was not significant.

Given these observations, we made an attempt to develop
prognostic model based on the semen microbiota parameters,
which could be used to assess its quality even at the stage of
preconception care. Attempts to predict the effectiveness of the
embryological stage of ART have been carried out repeatedly
using data from proteomic, transcriptomic and metabolomic
analyses of semen, follicular fluid and culture media [2, 3].
According to some data, 93 types of semen proteins can be
functionally associated with the formation of a zygote and
the next stages of embryo development at the embryological
stage of ART [16]. Potential protein markers in semen have
been identified that could predict the outcome of in vitro
ART in couples with idiopathic infertility [17]. The presence of
Alphaproteobacteria in semen samples with normozoospermia
reduced the likelihood of obtaining good and excellent quality

2.5

The EGOPro-N value
o
o

Group 1 (GBDR >= 40%) Group 2 (GBDR < 40%)

Fig. 1. The EGO-Pro-N index values in groups 1 and 2

embryos [4]. However, these observations did not lead to the
development appropriate predictive models.

The developed mathematical model with the calculation of
the prognostic index EGO-Pro-N can be used at the stage of
preconception care before the ART procedure, especially in
cases when the expected number of oocytes is low, and each
embryo of good and excellent quality is of great value.

It is important to clarify that bacterial contamination of
culture media with embryos was registered only in cases
of oocyte fertilization using classic IVF. In ICSI programs,
when a single spermatozoon is injected into an oocyte
using micro-tools, such cases have not been registered
[18]. This is probably due to the fact that in the case of ICSI,
fewer viable bacteria may be introduced into the culture
medium. Thus, in order to increase the effectiveness of the
IVF program, in case of a negative prognosis for obtaining
a sufficient number of good-quality embryos, ICSI may be
recommended.

CONCLUSIONS

The developed prognostic model makes it possible to predict
the acceptable GBDR based on semen microbiota investigation
in semen samples used for IVF. The semen microbiota
evaluation in patients planning to undergo the ART procedure
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Table 3. Sensitivity and specificity of the EGO-Pro-N index (classification matrix)

Group/ Prognosis 1 2 Total The number of correct prognoses, %
1 | 16 57 71.9
2 21 49 70 70
Total 62 65 127 70.9

can be performed at the stage of preconception care, including
the cases when the semen parameters meet the criteria of
normozoospermia. The use of the proposed EGO-Pro-N index
justifies the development of an individual treatment plan for
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GENETIC CHARACTERIZATION OF AEROCOCCUS SP. 1KP-2016 STRAIN ISOLATED FROM A PATIENT
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Aerococcus genus bacteria are often associated with human urinary tract and bloodstream infections. The Aerococcus sp. 1KP-2016 strain isolated from the
buffy coat had the 16S rRNA sequence that was a 98.7% (and less) match with the previously described members of this genus. The purpose of this study was
to perform whole genome sequencing of Aerococcus 1KP-2016 followed by phylogenetic reconstruction. We have shown that Aerococcus 1KP-2016 belongs
to the new species of the Aerococcus genus that is closest to Aerococcus viridans and Aerococcus urinaeequi. The genomic sequence, which consists of 2.042
million bps with GC content at 38.5%, was deposited in the DBJ/EMBL/GenBank under identifier NEEY0O0000000.
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FEEHETUHECKAA XAPAKTEPUCTUKA LUTAMMA AEROCOCCUS SP. 1KP-2016, BbIOEJIEHHOIO
OT NAUMEHTA C UH®EKLMEA KPOBOTOKA

A. B. Yarnmwmn'25 1. A, Yarvna', A. C. Mumerosal, H. T. Tagya', H. M. Kapransuesa', O. tO. Boprcosa'?, E. E. JoHckwx?, J1. V. Kadapckas?
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2 Poccuicknin HaumoHasbHbI CCnefoBaTensCKUn MEAMUMHCKIUIA yHMBEPCUTET MmeHn H. . Miuporosa, Mockea, Poccus

BakTepun popa Aerococcus HacTo acCoLMMPOBaHbI C MHDEKUMAMM MOYEBBIBOASALLMX NyTer 1 KPOBOTOKA Y Yenoseka. LLitamm Aerococcus sp. 1KP-2016,
BblENEHHbIA 13 NEKOLMTApHOro Crosi KpoBuW, obnagan nocnepoBatensHocTeto 16S pPHK, coBnapatowiernt Ha 98,7% 1 MeHee C paHee onmcaHHbIMU
npeacTaBuTensmMy aaHHoro poga. Llensto paboTsl 66110 NpoBECT NONHOrEHOMHOE cekBeHnpoBaHne Aerococcus 1KP-2016 ¢ nocnegytoLern (hnnoreHeTnHecKom
pEKOHCTPYKLWEN. [MokadaHo, YTo Aerococcus 1KP-2016 aBnsieTcs npeacTasnTenemM HOBOro B1uaa pofa Aerococcus, Hambonee 6nmakoro k Aerococcus viridans
1 Aerococcus urinaeequi. feHOMHast NOCNefoBaTeNbHOCTb, MetoLas anvHy 2,042 mnH n.H. 1 GC-coctas 38,5%, aenoHnpoBarHa B DBJ/EMBL/GenBank nop
naeHTndrkatopom NEEY0O0000000.
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The Aerococcus genus was first described in 1953, with the
first studied representative thereof being Aerococcus viridans
isolated from the air and street dust [1]. Currently, we know of
eight species comprising the Aerococcus genus: A. viridians,
A. urinae, A. sanguinicola, A. christensenii, A. urinaehominis,
A. urinaeequi, A. suis, A. vaginalis [2].

Aerococcus bacteria are commonly associated with
the urinary tract infection and urosepsis [3]. At the same
time, within the last 10 years there were many reports of
complications caused by the representatives of this genus,
such complications manifesting as bloodstream infection and
infective endocarditis, the etiology of which is most often linked to
A. urinae and A. sanguinicola [2, 3]. Moreover, it was established
that aerococci can cause invasive infections, such as osteomyelitis,
meningitis, septic arthritis, peritonitis, and soft tissue infections,
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with isolated Aerococcus-like microorganisms and A. urinae
often assumed to be behind the etiology thereof [2]. Since 1987,
17 cases of bacteremia/septicemia caused by Aerococcus-like
microorganisms (pure culture isolated from the blood) have been
reported in Denmark, with 6 of them being endocarditis cases and
11 — septicemia cases; despite adequate antimicrobial therapy,
7 patients died [4]. Other authors, considering diseases of the
urinary system, took isolation of Aerococcus in blood culture as an
etiological factor of bacteremia [5].

The virulence of Aerococcus species is associated with
their ability to build biofims (in particular, on heart valves in
vivo), form aggregation of platelets, and adhere to surfaces
using capsular polysaccharide the presence of which was
confirmed by comparative genomic analysis that revealed a
wide intraspecific diversity of loci synthesizing it [2, 6, 7].



OPUTMHAJIbHOE UCCJIEQOBAHNE | MUKPOBWOJIOI A

This study aimed to genetically characterize the Aerococcus
sp. TKP-2016 strain isolated from the blood of a patient with a
bloodstream infection.

METHODS

We cultivated the Aerococcus sp. 1KP-2016 strain under
microaerophilic conditions for 24-48 h at 37+1°C on Columbia
agar base (Conda; Spain) with 10% of sheep blood. The
cultural and morphological properties of the resulting colonies
were uncovered using a SteREO Discovery V12 stereoscopic
microscope (Carl Zeiss; Germany) with a PlanApo S 1.0 x FWD
60 mm lens objective and a PI 10 x 23 Br foc eyepiece. Gram
staining (ZAO ECOlab; Russia) allowed establishing stain-related
properties. The stained smears were examined through an Axio
Scope A1 light microscope with EC Plan-NEOFLUAR 100 x 1.3
lens and PI 10 x 23 Br foc eyepiece (Carl Zeiss; Germany).
The biochemical properties of the bacteria were studied with
the help of Micro-LA-Test STREPTOtest 16 (Lakhema, Czech
Republic), a commercially available biochemical test system,
and a catalase test prepared in the laboratory.

As per the guidelines by the European Committee on
Antimicrobial Susceptibility Testing (EUCAST), we studied the
colonies' susceptibility to antibiotics with the disk diffusion
test using the commercial standardized paper disks (HiMedia
Laboratories Pvt Limited; India).

The cells were boiled to release the chromosomal DNA. The
16S rRNA gene fragment was amplified as per the generally
accepted protocol [8]. The PCR reaction mixture contained
1.5 mM of MgCl,, 10 mM of Tris-HCI (pH 8.3), 50 mM of KCl,
0.1 pM of primers 27F (5'-AGAGTTTGATCCTGGCTCAG-3")
and 1492R (5'-ACGGYTACCTTGTTACGACTT -3'), 200 mM of
each nucleoside triphosphate and 1 unit of Tag DNA polymerase
(Thermo Fisher Scientific; Lithuania). The amplification was
done with 1 pl of the DNA preparation in the total volume
of the reaction mixture (25 pl) using the Tertsik amplifier
(DNK-Technologiya; Russia). The PCR products were
purified and sequenced at ZAO Evrogen (Moscow, Russia)
(http://evrogen.ru/). To process the results of sequencing, we
used the ChromasLite software (Technelysium Pty Ltd, Australia)
(for the chromatogram format); the sequences were collated
with the EMBL/NCBI (http://www.ncbi.nlm.nih.gov/nuccore)
international online database using the megablast algorithm.

The genome of the Aerococcus sp. 1KP-2016 strain
was sequenced using the lon Proton system (Thermo Fisher
Scientific; USA) at Gabrichevsky Research Institute for
Epidemiology and Microbiology. The genome was assembled
de novo with the help of the SPAdes software [9]. Contest16S
[10] and CheckM [11] enabled checking of the assembly for
contamination. In the search for CRISPR-Cas systems we relied
on CRISPRCasFinder [12], for integrated phage genomes — on
PHASTER [13], for antibiotic resistance genes — ResFinder [14].

We used all publicly available genomes of the Aerococcus
genus from the Refseq database (as of October 4, 2021) for
comparative analysis, and Abiotrophia defectiva ATCC 49176T
as an outgroup. As per the annotations given in the databases,
protein-coding regions of the genomes were clustered into
groups of orthologs with the help of the ProteinOrtho software
(standard settings) [15]. Ultimately, we obtained a conservative
part of the proteome consisting of 543 such groups, each
containing a single-copy protein-coding gene from each
genome. The amino acid sequences of proteins in these groups
of orthologs were aligned using MUSCLE [16] and concatenated.
RapidNJ algorithm [17] guided the phylogenetic reconstruction
based on the resulting concatenate. To calculate the average

nucleotide identity (ANI) between genomes, we applied the
ANIb approach and used the JSpeciesWS online service [18].
The ANI data are represented by two values divided by a slash
in order to show the differences between mapping of fragments
of the first genome onto the second one and second onto the
first, respectively. As of the time of writing of this article, the release
of the GTDB database, which contains an alternative taxonomy
based on a purely phylogenetic approach, was 202 [19].

RESULTS

The Aerococcus sp. 1KP-2016 strain was isolated from the
buffy coat of blood collected from a patient with a bloodstream
infection (36 years old, city of Stavropol) in August 2016; the
patient had subfebrile temperature for a long period of time
(over a year).

Individual small smooth colonies less than 1 mm in size
with uneven edges, a raised center, translucent grayish-white
in color, with a small hemolysis zone formed on Columbia agar
in 24-48 hours (Fig. 1). Gram-stained smear contained Gram-
positive cocci forming tetrads (Fig. 2). Biochemical tests of the
isolated culture returned positive for galactosidase, esculin,
lactose, trehalose, and negative for catalase, hippurate,
phosphatase, leucine, alpha-arginine, urease, mannitol,
sorbitol, raffinose, inulin, melibiose, ribose. The culture proved to
be resistant to ciprofloxacin, ofloxacin, penicillin, erythromycin,
doxycycline, showed intermediate resistance to clindamycin
and susceptibility only to imipenem.

The Aerococcus sp. 1KP-2016 strain genome assembled
to the level of contigs was deposited in the DBJ/EMBL/
GenBank under identifier NEEY0O0000000; subsequently,

Fig. 1. Aerococcus sp. 1TKP-2016 colonies on Columbia agar (Stereo Discovery
V12 stereomicroscope (Carl Zeiss; Germany))
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Fig. 2. Micrograph of a Gram-stained smear of Aerococcus sp. 1KP-2016 (Axio
Scope A1 light microscope, EC Plan-NEOFLUAR 100 — 1.3 lens, Pl 10 x 23 Br
foc eyepiece (Carl Zeiss; Germany))
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Abiotrophia defectiva ATCC 491767 (ACIN03000020)
Aerococeus urinaehominis CCUG 42038B" (NZ_CP014163)
Aerococcus suis DSM 215007 (NZ_FWXK01000000)
Aerococcus sp. 1KP-2016 (NZ_NEEY01000000)
Aerococcus sp. SJQ22 (NZ_RKMG01000000)
Aerococcus sp. HMSC10HO05 (NZ_KV787015)
Aerococcus viridans UMB0240 ERR1203655.17957 1 67.9 (NZ_PNHQ01000000)
Aerococcus viridans FDAARGOS 249 (NZ_NBTM02000000)
Aerococcus viridans CCUG 43117 (NZ_CP014164)
Aerococcus viridans NCTC7595 (NZ_UAPS01000000)
Aerococcus urinaeequi USDA-ARS-USMARC-56713 (NZ_CP013988)
Aerococcus urinaeequi CCUG 28094" (NZ_CP014162)
Aerococcus urinaeequi T43 (NZ_CP063067)
Aerococcus viridans LL1 (NZ_AJTG01000000)
Aerococcus urinaeequi AV208 (NZ_MDRY(01000000)
Aerococcus urinaeequi 151250015-2-258-56 (NZ_JACGAM010000000)
Aerococcus urinaeequi 151250009-4-258-51 (NZ_JACGAO010000000)
Aerococcus urinaeequi 151250015-1-258-55 (NZ_JACGANO010000000)
Aerococcus sp. HMSCO072A12 (NZ_KV807454)
Aerococcus sanguinicola UMB623 (NZ_VYWOO01000000)
Aerococcus sp. HMSC061A03 (NZ_KV811569)
Aerococcus sp. HMSCO6HO8 (NZ_KV789055)
Aerococcus sp. HMSC035B07 (NZ_KV826915)
Aerococcus sp. HMSC062A02 (NZ_KV797951)
Aerococcus sanguinicola UMB0139 (NZ_PKGY01000000)
Aerococcus sp. HMSC23C02 (NZ_KV786066)
b Aerococcus sanguinicola CCUG 430017 (NZ_CP014160)

Aerococcus christensenii KA00635 (NZ_KQ959339)
4’—4Aemcoccus christensenii UMB0844 (NZ_PKGZ01000000)
Aerococcus christensenii CCUG 28831 (NZ_CP014159)

—  Aerococcus urinae ACS-120-V-Col10a (NC_015278)
Aerococcus urinae UMB0621 (NZ_QMHA01000000)
®|  Aerococcus urinae UMB0722 (NZ_QMHB01000000)
Aerococcus urinae CCUG 368817 (NZ_CP014161)
Aerococcus urinae FDAARGOS 911 (NZ_CP065662)
Aerococcus urinae UMB5628 (NZ_QMHJ01000000)
Aerococcus urinae AU3 (NZ_LUKP01000000)
Aerococcus urinae UMB2126 (NZ_VYWAO01000000)
Aerococcus urinae UMB8711 (NZ_VYVI01000000)
Aerococcus urinae UMB0509 (NZ_QMGX01000000)
Aerococcus urinae UMB0088 (NZ_PNHS01000000)
Aerococcus urinae UMB7480 (NZ_QMHMO01000000)
Aerococcus sp. HMSC075D05 (NZ_KV803642)
Aerococcus urinae UMB0126 (NZ_PKGX01000000)
Aerococcus urinae UMB0080 (NZ_PNHR01000000)
Aerococcus urinae UMB0232 (NZ_PKGW01000000)
*— Aerococcus urinae UMB0553 (NZ_QMGY01000000)
Aerococcus urinae UMB8614 (NZ_VYVN01000000)
Aerococcus urinae UMB7049 (NZ_VYVT01000000)
Aerococcus urinae UMB3669 (NZ_QMHI01000000)
Aerococcus urinae UMB0337 (NZ_QMGW01000000)
Aerococcus urinae UMB970 (NZ_VYWK01000000)
Aerococcus urinae UMB1741 (NZ_QMHD01000000)
Aerococcus urinae UMB8662 (NZ_VYVK01000000)
i Aerococcus urinae UMB0267 (NZ_QMGV01000000)
Aerococcus urinae UMB7382 (NZ_QMHL01000000)
Aerococcus urinae UMB7783-2Q (NZ_JAHLMC010000000)
Aerococcus urinae UMB1016 (NZ_QMHC01000000)
Aerococcus urinae UMB3440 (NZ_QMHH01000000)
Aerococcus urinae UMB2879 (NZ_QMHG01000000)
Aerococcus urinae UMB6497 (NZ_QMHKO01000000)
Aerococcus sp. HMSC062B07 (NZ_KV799320)
Aerococcus urinae UMB2354 (NZ_QMHF01000000)
Aerococcus urinae UMB637 (NZ_VYWL01000000)
Aerococcus urinae UMB0239 (NZ_QMGU01000000)
Aerococcus urinae UMB0072 (NZ_PKGV01000000)

01 Aerococcus urinae UMB0072b (NZ_PNGB01000000)

| —

Aerococcus urinae UMB0071 (NZ_QMGT01000000)

Fig. 3. Phylogenetic tree reconstructed from the sequences of 543 conserved single-copy proteins. The strain described in this work is highlighted in bold. Type strains
are marked with a superscript "T". Species names are given as per the Refseq database. Clades with bootstrap level >90 are marked with circles

it was included in the NCBI Refseq as NZ_NEEY00000000.
The assembly yielded 119 contigs with the mean coverage of
78x; the resulting genomic sequence consisted of 2.042 million
bps, with the GC content at 38.5%. The Contest16S algorithm
did not reveal any differing fragments of the 16S rRNA gene,
which would have signaled of contamination. Verification of
the set of conserved genes with CheckM has shown that the
genome was 98.9% complete with contamination at 1.1%,
which confirms high quality of the assembly. There were no
CRISPR loci found in the genome. According to the PHASTER
data, the genome contains two putative prophages, one
of which includes intact genes of the major capsid protein
(BOP78_00230), tail protein (BOP78_00200), phage terminase
(BOP78_00240), and primase (B9P78_00325), which indicates
its intactness. Despite the low susceptibility of the strain
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to antibacterial drugs, the search for antibiotic resistance
genes yielded only the gene encoding chloramphenicol-O-
acetyltransferase (BOP78_09255). A region at the beginning
of the NEEY01000023 contig encodes a number of enzymes
participating in biosynthesis of polysaccharides (BO9P78_05530-
BI9P78_05565) that form part of the cell wall or capsule.

The sequence of the Aerococcus sp. 1KP-2016 strain's
16S rRNA was 98.7% and 98.6% identical to the sequences
of the type A. viridans and A. urinaeequi strains, respectively.
Currently, the bacterial species differentiation threshold is
accepted at 98.7% [20], which disallows relying on the 16S
rRNA's similarity to make unambiguous conclusions about the
taxonomic position. At the same time, the ANI between the
sequenced genomic sequence and the genomes of the type
strains A. viridans ATCC 11563 and A. urinacequi DSM 20341
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strains is 77.38/77.39% and 76.49/76.26%, respectively.
This is significantly below the generally accepted threshold of
95-96% that allows assigning bacteria to a species [20, 21],
which indicates the need to introduce a new species. The result
is additionally confirmed by the GTDB, an alternative taxonomy
database based on the comparison of genomes, in which
the 1KP-2016 strain belongs to the separate Aerococcus
sp002252085 species.

Reconstruction of the phylogeny (Fig. 3) of Aerococcus
sp. 1KP-2016 strain shows that its closest relative is the
Aerococcus sp. SJQ22 (RKMGO01000000) strain, which was
isolated from the soil and is currently not assigned to any
validated species of the Aerococcus genus. However, the ANI
between Aerococcus sp. 1KP-2016 and this strain was only
87.87/88.05%, which is below the generally accepted level of
similarity within the species.

DISCUSSION

Aerococcus cause sporadic urinary tract disease, endocarditis,
CSF and bloodstream infections. The most commonly isolated
strains are A. urinae (65-60%) and A. sanguinicola (26-46%);
A. viridians is isolated less frequently. The prevalent strain in
Europe and the US is A. sanguinicola, A. viridians is found
less often. Aerococcus bacteria are considered as part of the
normal microbiota of the urogenital tract. They are isolated from
the urine in the absence of clinical symptoms of the disease. In
2010-2015, a retrospective cohort study showed the etiological
role played by the Aerococcus bacteria in urinary tract infections
and asymptomatic bacteriuria (mainly in elderly women), with a
noteworthy presence of other microorganisms in 35% of the
cases [5, 22]. According to a retrospective cohort study of
2005-2020, 22.4% of the involved patients had a proven clinical
picture of the aerococci blood infection, and their mortality
depended on the duration of the disease: at 30 days, it was
17%, and at three months — 24% [2]. For microbiologists, it is
difficult to properly identify the Aerococcus bacteria when they
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FEATURES OF REACTIVITY OF THE EEG MU RHYTHM IN CHILDREN WITH AUTISM SPECTRUM
DISORDERS IN HELPING BEHAVIOR SITUATIONS

Pavienko VB B2, Kaida Al, Klinkov VN, Mikhailova AA, Orekhova LS, Portugalskaya AA
Vernadsky Crimean Federal University, Simferopol, Russia

One of the subjects being discussed by the professional community currently is the role possibly played by the mirror neuron system (MNS) in the violation of social
behavior of children with autism spectrum disorders (ASD). The MNS is known to shape the perception of emotions of others and understanding and imitation of
their actions. Mu rhythm desynchronization in EEG is considered to be the indicator of the MNS activation. The purpose of this study was to identify the features
of reactivity of the EEG mu rhythm within an individually determined frequency range in preschoolers with ASD in situations requiring instrumental, emotional and
altruistic helping behavior (HB). The study involved children 4-7 years old with ASD (n = 26) and their normally developing peers without the condition (n = 37).
Although in most cases, HB was more pronounced in the group of normally developing children, the differences between the groups are significant only for altruistic
HP (p < 0.01), and for the situation requiring complex altruistic and emotional HP it approaches significance (p = 0.09). Evaluation of the mu rhythm reactivity
indices showed that the tasks invoking complex altruistic and emotional HB bring this indicator down significantly in children with ASD compared to the group of
normally developing participants, as shown by the central leads of the left and right hemispheres and the parietal lead of the right hemisphere (C3: p = 0.02 ; C4:
p =0.03; P4: p = 0.03). It is assumed that the detected features stem from the impaired functioning of the MNS and the downstream regulation to the MNS from
prefrontal cortex and other areas of the neocortex. The data obtained can be used in development of EEG biofeedback training protocols for children with ASD.
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OCOBEHHOCTU PEAKTUBHOCTU p-PUTMA 93T Y OETEN C PACCTPOWCTBAMU AYTUCTUYECKOIO
CIMNEKTPA B CUTYALIMAX MOMOTAIOLLIEFO NOBEOEHUA

B. B. Masnerko B4, A. U. Kainga, B. H. Knunkos, A. A. Muxainosa, J1. C. Opexosa, A. A. MNopTyransckas
KpbiMckuin hefepansHbii yHuBepeuTeT nmenmn B. V1. BepHagckoro, Cumdeponons, Poccus

B HacTosLLIEee Bpemst 06CY»KIaeTCs BONMPOC O BO3MOXHOW POMM 3EPKaTBHOM CUCTeMbI Modra (S3CM), y4acTByIOLLIEN B BOCMPUATIN SMOLMIA OKPY>KAOLLIMX, MOHUMaHMN
VX AEVICTBUIA 1 NOAPaKaHMM TakM OAEMCTBYSIM, B HApYLLEHU COLManbHOMO MOBEAEHNS Y AETEN C paccTpoicTBamm ayTuctdeckoro crnextpa (PAC). ViHavkaTopamm
akTmBaummn 3CM cunTatoT fecuHxpoHm3aumio p-prtma O3l Liensbto paboTbl 66110 BbISBUTL OCOGEHHOCTU peakTUBHOCTN O3 B MHAVBUAYabHO OnpeaeieHHOM
4aCTOTHOM AnanaldoHe P-putMa y aeteit ¢ PAC [OLKOMBHOMO BO3pacTa B CUTYaLMsIX, MPearnoaratoLLyx NposiBEHNe MHCTPYMEHTAIbHOMO, SMOLIMOHABHOIO 1
anbTPyMCTUHeCKOoro noMoratoLLero noseaeHvst (MM). B nccnenoBaHuy NpuHanm ydactie et 4-7 net ¢ PAC (n = 26) 1 X TUNMYHO pasBrBatOLLIMECS CBEPCTHUKMN
(n = 37). XoTa B 6OABLUMHCTBE Cly4aeB HOPMOTUNMYHbIE AETV AEMOHCTPUpOoBanM 6onee BbipaxkeHHoe M1, pasnnymna Mexxay rpynnamm CTaTUCTUHECKN 3Ha4VIMbI
TONBKO Anst ansTpyncTdeckoro MMM (p < 0,01) 1 NPUBAKAIOTCS K 3HAYUMOMY YPOBHIO AJ1St CUTYaLM KOMIMIEKCHOIO aflsTPYMCTUHECKOTO Y AMOLIMOHASIBHOrO
MM (p = 0,09). OueHKa MHAEKCOB PEeaKTMBHOCTY U-pUTMa NMokasana, YTo Mpu BbINOSHEHUN 3a4aHKs Ha KOMMIEKCHOE ansTPyMCTUHECKOE U SMOoLmoHaneHoe 111
STOT Mokaaateslb CTaTUCTUHECKN 3HAYMMO HKe y AeTeln ¢ PAC B LieHTpasibHbIX OTBEAEHWSX NIEBOrO 1 MPaBOoro NoyLapui, a Takxke B TEMEHHOM OTBEAEHUN
npasoro nonywapus (C3: p = 0,02; C4: p = 0,03; P4: p = 0,03). Npegnonaraercs, YTO OOHAPYXEHHbIE OCOOEHHOCTN ABAAOTCA CEACTBMEM HaPYyLLEHWS
hyHKLMOHMpPpoBaHUa 3CM, a Takxke HuexogsLen perynaumm K S3CM co CTOpoHbI NpedpoHTanbHOM KOpPbI 1 Apyrx obnacTer HeokopTtekca. [Nony4eHHble gaHHble
MOryT ObITb UCMOMb30BaHbI MPWY paspaboTke NPOTOKOIOB TREHWHIOB B1oNorM4eckoin obpatHo ceasmn no I3 ansa aeten ¢ PAC.

KnioueBble cnosa: Aet, aytuam, 330, U-puUTM, crcTemMa 3epKalibHbIX HEMPOHOB, MPOCoLMalibHOe NoBeagHe
duHaHcupoBaHue: padboTa BbINosIHeHa 3a CHET rpaHTa Poccuiickoro HayqHoro doHaa Ne 22-28-00720, https://rscf.ru/project/22-28-00720/
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The state of physical, spiritual and social well-being, which is  defined as voluntary actions in response to the needs of others
part of the concept of "health", is closely related to the ability and aimed at their benefit [1]. Autism spectrum disorders (ASD)
to participate, as a member of society, in pro-social behavior,  severely handicap the ability to adequately engage in social
help others and, in turn, receive help and support from them. interaction [2-4]. This manifestation of the said disorders forms
The terms "prosocial" and "helping behavior" (HB) are usually  one of the barriers faced by children with ASD on the way to
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becoming a fully-fledged member of the society. Therefore,
analysis of the underlying neurophysiological mechanisms
is an urgent task. Currently, there is a number of ASD cause
hypotheses being discussed. One of them points to the
abnormalities in pruning of synaptic terminals peculiar to the
people with ASD, which makes the number of axons and
synapses atypical. As a result, the quantity of local connections
within the microareas of the cerebral cortex is excessive,
while functional interaction with remote regions, such as the
frontal and parietal areas of the neocortex, is insufficient, which
is confirmed by the EEG rhythms coherence analysis [5].
According to another hypothesis, it is the functional deficiency
of the nicotinic branch of the cholinergic modulating system
that disbalances excitation and inhibition, hinders attention
switching and modulation of sensitivity to stimuli of various
modalities in children with ASD [6]. Another hypothesis appeared
about twenty years ago. It was assumed that ASD disturbs
functioning of the mirror neuron system (MNS), which is involved
in the perception of the emotions of others, understanding their
actions and imitating them. Neocortical regions bilateral in the
inferior parietal lobe and ventral premotor cortex are the core of
the MNS in a human brain [7-9]. In the context of studying the
features of development of prosocial behavior in children with
ASD, it is especially important to investigate the last hypothesis,
since helping others requires understanding of the goals of their
actions, perception of emotions and evaluation of their mental
states, as well as adoption of certain methods of HB [10].

According to some data, desynchronization (suppression)
of the sensorimotor mu rhythm (a kind of a-activity) indicates
activation of the MNS [8, 10, 11]; it is most pronounced over
the central areas of the cortex. Therefore, it is possible to study
the features of MNS functioning, including in children with ASD,
with the help of EEG. Authors of one of the first works in this
field found that, unlike the normal group subjects, adults and
children with ASD did not have their mu rhythm suppressed
when watching videos of biological movements (hand
movements) [12]. Based on these results, they formulated the
broken mirror hypothesis.

A number of later studies that analyzed EEG of the subjects
that were shown such movements did not reveal differences in
mu rhythm modulation in people with ASD and normal group
individuals [13-15]. However, a study that used recordings
of emotionally colored social movements and movements
of inanimate objects as stimuli has registered a significantly
stronger reaction (mu rhythm desynchronization) thereto in
typically developing children aged 7-15 years, while their
peers with ASD did not react, i.e. there were no differences
in desynchronization of the mu rhythm upon presentation of
these stimuli [16]. Performing a task that required recognition of
instruments and pantomiming actions therewith, children with
ASD (ages 8-13) have shown a decrease in the mu rhythm
modulation power compared with children of the normal
group [17]. We have also revealed differences in reactivity
of EEG-registered sensorimotor rhythms between 5-10-year
old children with ASD and their normally developing peers in
situations of observation, imitation and auditory perception
of movements of a hand holding a computer mouse. In the
control group, we registered desynchronization of mu and beta
rhythms when the participants were imitating movements and
perceiving shifts of the mouse by hear, while in children with
ASD, such a reaction in a similar situation was either absent or
the mu rhythm synchronized [18].

The analysis of such contradictions has changed the
"broken mirror hypothesis" and translated into an integrated
model of social modulation of MNS reactions from other areas
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of the neocortex. The model suggests that mirror neurons
process the visuomotor properties of the actions observed,
while the medial prefrontal cortex controls the activity of the
MNS depending on the social significance and context of the
situation. The symptoms of the ASD manifest because of the
abnormalities in the downward regulation of the MNS and not
within this system. As a result, the MNS' reaction to simple
movements does not differ in people with ASD and neurotypical
individuals. However, complex actions, emotionally colored and
social stimuli are often processed inadequately [8, 19, 20].
The model enabled development of training routines using
biofeedback (BFB) by EEG, which proved effective to a degree
in correcting manifestations of the ASD [21]. The routines are
based on computer games and include tasks designed to
trigger synchronization and desynchronization of the mu rhythm
depending on the game context, which enables restructuring of
connections between the core of the MNS and other areas of
the neocortex.

Previous studies have shown that children with ASD can
exhibit prosocial behavior in response to the needs of others,
although to a lesser extent than their normally developing peers
[22]. They engage in HB when situations require: instrumental
helping, i.e. assisting others in executing a purposeful action;
empathic help (comforting), which involves response to the
emotional needs of another person and verbal or physical
support of comforting nature; altruistic help, when children
share resources if another person lacks them. To the best of
our knowledge, the reactivity of EEG-registered mu rhythm
associated with HB demonstrated by children with ASD was not
measured and compared to the similar indicator in their healthy
peers previously. Such a study would clarify the possible effect
MNS dysfunction has on the organization of complex prosocial
behavior in children with autism, and could also help develop
new corrective methods involving EEG biofeedback sessions
for children with ASD. Since the degree of desynchronization
of the mu rhythm can be assessed incorrectly because of the
partial superposition of the occipital alpha rhythm, the frequency
of which is adjacent [10], it is advisable to identify individual mu
rhythm range when the child makes independent movements.
In this connection, the purpose of our study was to identify the
features of EEG reactivity in the individual mu rhythm frequency
range in preschoolers with ASD in situations requiring rendering
of various types of assistance to another person.

METHODS
Sample characteristics

The study was carried out at the Scientific Equipment Shared
Use Center "Experimental Physiology and Biophysics" of
Vernandsky Crimean Federal University. It involved 64 right-
handed children aged 4-7 years (mean age 5.7 + 1.2 years),
including 26 children with ASD (20 boys and 6 girls) and 38
typically developing children (the comparison group, 21 boys
and 17 girls). Age-wise distribution of children with ASD was as
follows: 4 years old — 6 people, 5 years old — 6 people, 6 years
old — 8 people, 7 years old — 6 people. Similar distribution in
the comparison group: 4 years old — 10, 5 years old — 8, 6 years
old — 10, 7 years old — 10 people. The age distribution of
children with ASD and normally developing children in these
groups was similar. There were no significant differences in the
mean age of all children with ASD and normally developing
children (6.9 + 1.2 and 5.5 = 1.2, respectively, p = 0.17).
The ASD group included children diagnosed with "childhood
autism" (F84.0 in ICD-10) or "autism spectrum disorder with
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Fig. 1. Reactivity indices (RI) of the EEG-registered mu rhythm in typically developing children (A; white columns) and children with ASD (B; red columns) in situations
of helping behavior. 1 — IHB, 2 — EHB, 3 — AHB, 4 — AEHB. Mean values and standard errors of means are given. Differences in reactivity indices in children of two
groups: * —p < 0.05

intellectual disability and functional language impairment" (6A02.3
in ICD-11). The criteria for inclusion in comparison group were a
sufficient level of cognitive development (IQ 90 to 120 scored in
WPPSI and WISC variants of the Wechsler scale) and absence
of chronic diseases of the nervous system. The inclusion criteria
for both groups: normal levels of vision and hearing; preferred
right-handedness.

Assessment of intensity of prosocial behavior

Four experimental situations were designed to analyze the level
of HB intensity. The switch to the next situation was made when
the child has completed the task or if he/she did not provide
assistance within 50 seconds.

1. Instrumental helping behavior (IHB) task designed around
the methods suggested by FWarneken, M.Tomasello [23]. A
box was placed on the table in front of the child; it had a small
hole at the top, its side facing the child was open. Experimenter
put a mug on the box, and, as if stirring tea in it, "accidentally"
dropped the spoon into the hole on the top side of the box. The
child was expected to help retrieve the spoon and give it to the
experimenter.

2. Empathic helping behavior (EHB) task employing the
clipboard [24]. Experimenter, as if by accident, pressed his
finger with a paper clip, exclaimed "Oh!" and demonstrated that
he was in pain (made a sad face, rubbed his finger, sighed and
groaned). The analyzed result was whether the child calmed
the experimenter (touched his hand, voiced concern about him,
asked the parent to help the experimenter etc.).

3. Altruistic helping behavior (AHB) task based on the
"unequal treat" approach [22]. Experimenter took out two
transparent containers, one for himself and one for the child,
and said, "Look what | have." The experimenter's container was
empty, and the child's had four cookies in it. In various ways,
the experimenter showed that he did not have cookies while the
child did; he made a sad face, extended his hand palm up in a
demanding gesture. The registered outcome was whether the
child shared the cookies or not.

4. A complex task triggering altruistic and empathic helping
behavior (AEHB) [25]. First, the experimenter played with the

child using two teddy bears, one of which had a paw held with
a Velcro band. After several minutes of play, this paw fell off,
and the experimenter made a sad face. Next, the signals that
he needed help were becoming more and more obvious; for
example, the experimenter said: "The paw fell off! | cannot play
with my bear now!" The assessed result was the intensity of
HB demonstrated by the child (simple calming, offering his toy).

The experiments were recorded with a camera. The intensity
of HB was assessed on a 10-point scale based on the analysis
of the recording and the criteria described earlier [22-25] (did
the child offer help and how quickly, whether this required more
and more insistent stimuli from the experimenter).

EEG registration and analysis

We used the Neuron-Spectrum-5 electroencephalograph
(Neurosoft; Russia) monopolarly from 19 leads, using the
standard 10-20% pattern (reference from combined ear
electrodes), the signal bandwidth of 0.5-30.0 Hz, sampling rate
of 250 Hz. EEG and video recording of experimental situations
were synchronized.

For the background situation, we registered EEG
(50 seconds) when the participant's eyes were open and
he/she was stably paying attention to the recording of a rotating
ball. For the purpose of analysis of changes in the mu rhythm
associated with prosocial behavior, we selected such spans
(from all four experimental situations) when the child sat
motionless, observed the actions of the adult and made
a decision to provide assistance of this or that nature. The
duration of such recordings depended on the time after which
the child provided assistance and did not exceed 50 s.

We used WINEEG software (Mizar, Russia) to process the
EEG data. The independent components analysis built into
the program (with additional visual recording quality control
interface) enabled removal of artifacts. The EEG of one
child in the comparison group and seven children with ASD
contained a large number of artifacts because the children
moved excessively; these were excluded from further statistical
processing. The artifact-free EEG segments were divided into
2-second epochs. The segments were subjected to fast Fourier
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Table. Results of ANOVA of differences in the mu rhythm reactivity, children developing normally and children with ASD

GROUP LOCUS GROUP x LOCUS
Reactivity indices
F1.54 P n2 F8.432 P n2 F8.432 P n2
RI IHB 0.1 0.74 0.002 3.64 0.0004 0.06 0.93 0.49 0.02
RI EHB 0.95 0.33 0.02 1.43 0.18 0.03 0.71 0.68 0.01
RI AHB 0.09 0.77 0.002 1.52 0.15 0.03 1.47 0.17 0.03
RI AEHB 4.24 0.04 0.08 1.9 0.06 0.04 1.16 0.32 0.02

transformation with 4 second epochs and 50% epoch overlap.
The p-rhythm amplitudes were analyzed at nine loci: frontal
(F3, Fz, F4), central (C3, Cz, C4), and parietal (P3, Pz, P4).
These regions were chosen as areas of interest based on the
literature data, which advise analyzing the mu rhythm in children
not only in the central but also in the frontal and parietal regions
[26]. The amplitude of the EEG-registered mu rhythm was
calculated in the frequency ranges individual to each subject;
these ranges were determined based on the analysis of
differences in the EEG power spectra in the C3 lead when the
child was motionless and when he/she performed movements
(desynchronization reaction) [27].

Statistical data processing

We used STATISTICA 12.0 software (StatSoft Inc.; USA) to
perform statistical analysis of the data obtained. To assess
differences in the intensity of various elements of prosocial
behavior, we used the Mann-Whitney U test. The features of
EEG reactivity in children with ASD were identified through
calculation of the reactivity indices (RI) for the mu rhythm, which
was done using the formula Rl = In (B / A) [13], where B is
the amplitude of the rhythm in the experimental situation and
A is the amplitude of the rhythm in the background situation.
Logarithming enabled normalization of distribution. The values
of Rl > 0 mark an increase in the rhythm's amplitude in the
experimental situation compared to the background level
(synchronization), and Rl < 0O indicates a decrease in the
amplitude of the rhythm (desynchronization). The differences in
RI of the mu rhythm were assessed with the help of repeated
measures ANOVA. We have also assessed the influence of
GROUP, an external participant-related factor (two levels:
children with ASD and the comparison group) and LOCUS, and
internal participant-related factor (nine EEG leads) by the 2 x 9
pattern. Linear contrasts were used to calculate significance
of differences in the analyzed RI parameters relative to each
of the nine EEG leads. Median and interquartile range allowed
preparing description of distributions differing from the norm
(prosocial behavior indicators). For the normal data distribution
cases (logarithmic values of the RI), we used mean and standard
error of the mean. The differences were considered statistically
significant at p < 0.05, but because of the small sample size we
also included "unshaped" differences, i.e. those already visible
but not yet fully formed (o < 0.10).

Gender was not considered as an independent variable due
to the predominance of male participants in the ASD group.

RESULTS

The features of helping behavior indicators
in children with ASD

The assessment of intensity of elements of prosocial behavior

in the comparison group was as follows: the IHB indicator was
7.5 (2; 10), the EHB was 1.5 (0; 3), the AHB was 6.0 (4; 10), the
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AEHB was 8, 5 (4; 10) points. In children with ASD, IHB was 9.0
(1; 10), EHB — 0.0 (0; 3), AHB — 2.5 (0; 5), AEHB — 3.0 (0;
10) points. Although in most cases, HB was more intense in the
group of normally developing children, the differences between
the groups were significant only for AHB situation (Z = 2.61,
p < 0.01), and for the AEHB it approaches significance
(Z=1.65,p=0.09).

Features of the EEG-registered reactivity in the mu rhythm
frequency range in children with ASD

The RI of the comparison group children in all experimental
situations took negative values for central and parietal leads,
which indicates EEG desynchronization in the mu rhythm range
(Fig. 1A). In the frontal leads, the reactivity of the mu rhythm was
insignificant. In children with ASD, the Rl values in all analyzed
leads took both positive and negative values, which indicates
both desynchronization and synchronization of the EEG in the
mu rhythm range (Fig. 1B).

The results of ANOVA of differences in the mu rhythm
reactivity in children with ASD and the comparison group indicate
a statistically significant effect the GROUP factor has on the
AEHB task (Table). In this experimental situation, comparison
group children had decreasing amplitudes in all leads except for
Fz, and in the ASD group the individual mu rhythm amplitude
was increasing except for the Pz locus (Figure). The linear
contrasts method allowed concluding that the differences in
the mu rhythm's Rl in the two groups of children reached the
level of statistical significance in the central leads of left and
right hemispheres, as well as in the parietal lead of the right
hemisphere (C3: p = 0.02; C4: p = 0.03; P4: p = 0.03). There
were significant differences found between the groups for the
IHB, EHB and AEHB tasks.

DISCUSSION

Same as other researchers [22, 28], we have found that despite
marked social impairments, children with ASD act prosocially in
response to the needs of others and may do so in situations
that require different types of assistance. They have shown
greater intensity of HB in an IHB situation than children of the
comparison group. The possible reason behind this is the desire
to restore order, which is inherent in children with ASD [29].
However, in the AHB and AEHB situations, children with ASD
are less willing to help. For the participants of the study, the most
difficult was the AEHB situation: while playing, the children had
to evaluate what was happening, perceive the affectively colored
non-verbal and verbal signals by the experimenter, provide him
with emotional assistance or even share an attractive toy. In this
situation, children with ASD not only exhibited less intense HB
but also shown significant differences from the children of the
comparison group in the EEG pattern.

In situations requiring assistance (including the AEHB
situation), normally developing children have shown EEG
desynchronization in the frequency range of the mu rhythm
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in the central and parietal leads. In children with ASD, such
desynchronization was not registered in these situations. As
was already noted, desynchronization of the mu rhythm is
regarded as an indicator of the MNS activation [10, 11]. Thus,
the absence of mu rhythm depression in children with ASD
when solving the AEHB task may indicate a lower degree of
activation of the MNS, which manifests in the most difficult
social situation. The results, which show that the Rl in the
groups differ greatest in the AEHB situation, are consistent
with the so-called integrated model [8], which is based on the
modulation of responses of MNS nerve cells from the prefrontal
cortex and other areas of the neocortex, depending on the
context of the situation.

Difficulties with switching attention in a complex social
situation may also be the cause of the altered reactions of the
MNS. According to some authors, children with autism have
the functioning of the ventral attention module disrupted, which
includes the temporo-parietal junction, the dorsal third of the
superior temporal gyrus, and a number of areas of the ventral
frontal cortex. This module is responsible for releasing attention
and refocusing on the new, potentially important stimuli
[2, 6]. In this regard, it can be assumed that the weak attention
switching ability demonstrated by children with ASD (e.g., from
focusing on their own game with an attractive toy to the actions
and manifestations of emotions of another person) prevents
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adequate activation of the MNS, since the actions of another
person are simply out of the child's focus.

The results of this study indicate possible impairments in the
functioning of the MNS and neocortical regions that modulate
the activity of the system in children with ASD in difficult social
situations that require altruistic and emotional HB. The identified
features of the EEG-registered mu rhythm reactivity may be
useful for the development of the new biofeedback session
protocols designed to adjust the development of children with
ASD. For such sessions, it seems promising to use a variety of
feedback signals that have an emotional connotation and are
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EFFECTS OF THE METAPLASTICITY-BASED THETA-BURST TRANSCRANIAL STIMULATION PROTOCOLS
ON WORKING MEMORY PERFORMANCE

Bakulin IS, Zabirova AH B, Poydasheva AG, Sinitsyn DO, Lagoda DYu, Suponeva NA, Piradov MA
Research Center of Neurology, Moscow, Russia

The study of the metaplasticity-based transcranial magnetic stimulation (TMS) protocols is an extensively studied approach to increase the effectiveness of
stimulation. However, the effects of protocols with different intervals between the TMS blocks on cognitive functions are poorly understood. The study was aimed
to assess the effects of two theta-burst transcranial stimulation (iTBS) protocols with short and long intervals between blocks on the working memory (WM)
performance in healthy volunteers. A total of 16 participants were undervent a single TMS session of each protocol, wich were applied in random order (TBS 0-15 —
two iTBS blocks over the left dorsolateral prefrontal cortex (DLPFC) iTBS with an interval of 15 min between blocks followed by stimulation of the vertex area in
60 min after the first block; iTBS 0-60 — iTBS block over the left DLPFC iTBS, block of the vertex stimulation after 15 min, and the second block of iTBS over the
left DLPFC iTBS 60 min after the first one; iTBS 0 — one block of iTBS over the left DLPFC iTBS and two blocks of the vertex stimulation; control protocol — three
blocks of the vertex stimulation with similar intervals). WM was assessed using the n-back test before the first block and after the second and the third stimulation
blocks. No significant effects of protocols on WM or differences between protocols in alterations of test results and the responder rates to TMS between protocols
were observed. The trend toward statistical signficance was reported for the protocol with short interval (iTBS 0-15). Furthermore, low reproducibility of individual
iTBS effect was reported. The study of protocols with short intervals between blocks involving larger cohort of volunteers and taking into account the other factors
potentially influencing the effect of the protocol (number of blocks and duration of a single block) seems to be promising.
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9®®EKT OCHOBAHHbIX HA METAMJTIACTUMHOCTU NMPOTOKOJI0B TPAHCKPAHUAJIBHON
CTUMYNALMN TETA-BCIMbILLKAMU HA MOKASATE/IN PABOYEN NAMSATU

N. C. BakynuH, A. X. 3abuposa =, A. T. Monpawesa, . O. CurnusiH, [. FO. Naroga, H. A. Cynoresa, M. A. Mpagos
HayuHbIn ueHTp HeBponorumn, Mockea, Poccus

VccnenoBaHve MPOTOKOMOB TPaHCKpaHWanbHOM MarHUTHon ctumynsumy (TMC), OCHOBaHHbIX Ha MEeTannacTUYHOCTM, SBNAETCS WHTEHCVMBHO U3y4aembiM
NoAxoAOM K ynydLeHuno addeKkTBHOCTIN CTUMYNALMN. OaHako addeKTbl NPOTOKOSIOB C PasHbIM MHTePBaNIOM Mexxy 6riokamn TMC B OTHOLLEHWUN KOTHUTVBHBIX
YHKLMIA 13yHeHbl HEAOCTATOHHO. Llenbto paboTbl 6bI10 OLEHUTL 3dEKT ABYX MPOTOKOMOB CTUMYNALMM TeTa-BCrbilwkamu (iTBS) ¢ KOPOTKUM 1 AfMHHBIM
NHTEpBanamMmn Mexxay 6nokamm Ha nokasatenn pabdoyei namati (PI1) y 300poBbix A06poBOSbLEB. B cnydariHom nopsiake 16 ydacTHUKaM NpoBOAWAM MO OAHO
ceccum TMC kaxzapim npoTokonom (iTBS 0-15 — aga 6noka iTBS nesoi fopconarepansHoin npedpoHTansHon kopbl (IANNPK) ¢ nHtepeanom 15 MUH Mexxay
HVMW 1 NOCNenytoLLen CTUMynaLmen 0bnactv BepTekca Yepes 60 MvH nocne nepsoro 6noka; iTBS 0-60 — 6ok iTBS nA/TMN®K, 610k cTumMynaumm BepTexca
Yepes 15 MuH 1 BTOpol 6ok iTBS nJTM®K yepes 60 MuH nocne nepsoro, iTBS 0 — oanH 6ok iTBS nAJTN®K ¢ aByms 61okamMm CTUMYAsSILMN BepTeKca 1
KOHTPOSIBHbI MPOTOKON — TPW 610Ka CTUMYNALIMN BEPTEKCa C aHaIorMyHbIMK MHTepBanamy). Pl oLeHvBanm ¢ MOMOLLbIO TecTa N-back neper, nepsbIM, nocne
BTOPOrO 1 TPETBErO BIOKOB CTUMYNALMN. CTaTUCTUHECKN 3HAYVMBIX 3(PHEKTOB MPOTOKOMOB Ha PT, a Takke pasnmymii Mexmiy NMpoTOKONamm rMo N3MEHEHUIO
riokasaresnef Tecta UMM KONMMYECTBY YYaCTHUKOB, OTBETUBLLMX Ha TMC, obHapy>KeHO He Obino. TeHAEHUMSt K CTaTUCTUYECKON 3Ha4MOCTW MokasaHa Afist
NpOTOKONa C KOPOTKUM MHTepBasioM (iTBS 0-15). Kpome Toro, noaTBepyxaeHa HusKkas HavBmuayasibHas BOCNpon3BoaAnMMocTs addpexTa iTBS. MNepcnexkTrBHbIMm
NPEeOCTaBNSOTCA UCCNeaoBaHne NMPOTOKOIOB C KOPOTKUM MHTEPBAIOM Mexay Grokammn Ha 6onee KpynHbix BbIOOpKax AOOPOBOSBLIEB, a TakKe YYeT Apyrux
haKTopPOB, NOTEHLMANBHO BAUSKOLLIMX Ha 3(OEKT NpoToKosa (KoNm4ecTBo G/I0KOB 1 ANUTENbHOCTb OAHOMO 6110Ka).

KnioueBble cioBa: TpaHCKpaHuasbHas MarHTHas CTYMYNISALWS, CTUMYNALUS TETa-BCrbILUKaMM, HEMHBA3UBHAS HEVPOMOAYSALIS, METaNIacTUYHOCTb, pabodas
namsiTh, fleBast 4opconatepasibHas NpedpPoHTabHas Kopa
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Transcranial magnetic stimulation (TMS) is widely used in
clinical practice and research [1, 2]. However, high variability
of effects is still an important limitation of the TMS use [3].
Protocols that are based on metaplasticity mechanisms are
being actively developed in order to improve the effectiveness
of TMS. According to this concept, the magnitude, direction,
and duration of the synaptic plasticity processes depend on the
previous synaptic activity. There can be additive or homeostatic
metaplasticity [4, 5]. It has been shown that metaplasticity has
a significant impact on the effects of the combinations of TMS
protocols [6].

The effects of combined TMS protocols depend on both the
type of individual blocks of stimulation and the intervals between
blocks. The effects of intervals between blocks can be seen from
the protocols that include several blocks of the same type [6-9].
These data provided the basis for the hypothesis of “critical
window”, according to which homeostatic metaplasticity can
be induced when applying the second stimulation block within
an interval representing a middle third of the expected duration
of the effect of a single block, and additive metaplasticity is
induced when using a shorter or longer interval [6].

The protocols with short intervals between blocks (up to
20 min) were primarily studied in healthy volunteers, and these
studies yielded conflicting data [7, 10, 11]. Our study of two
combined intermittent theta-burst stimulation (iTBS) protocols
with short (15 min) and long (60 min) intervals between the
primary motor cortex stimulation blocks revealed no significant
effects of individual protocols or differences between protocols
when assessing the effects on the amplitude of motor evoked
potentials (MEPs) and the responder rates [12].

The authors of the majority of papers studied effects on
the motor cortex excitability. Despite the fact that stimulation
of motor cortex provides a convenient model, the results
should be extrapolated to other cortical areas with caution.
Variability of the MEP amplitude is an important limitation of the
neurophysiological assessment of the motor cortex stimulation
effect [13]. It is therefore reasonable to study stimulation of non-
motor areas and use behavioral and other measurements for
assessment of the effect.

Considering these limitations, the study was aimed to
assess the effects of iTBS protocols with short and long
intervals between the blocks of stimulation over the left
dorsolateral prefrontal cortex (DLPFC) on the scores the n-back
test for assessment of verbal working memory (WM) in healthy
volunteers and to perform comparison with the standard
iTBS protocol and stimulation of the control site (vertex). The
combined protocols were selected based on the “critical
window” hypothesis [6].

METHODS
Subjects

The study was performed in the Research Center of Neurology
in 2021-2022. Participants completed a questionnaire on
contraindications to TMS before inclusion in the study. Medical
history of each participant was obtained and demographic
data were acquired, the subjects underwent routine
electroencephalography (EEG) with standard functional tests in
order to exclude epileptiform activity.

Inclusion criteria: informed consent; age 18-40 years.

Non-inclusioncriteria: refusalto participate; contraindications
to MRI and TMS [14]; epileptiform activity on EEG; the use of
medications that exert effects on the central nervous system;
neurological or mental disorders; chronic somatic disease.

Exclusion criteria: severe side effects revealed during the
TMS procedure (epileptic seizure, syncope, etc.); the onset
of somatic, mental or neurological disorder after inclusion;
pacemaker implantation, intracardiac catheter insertion or brain
surgery involving placing metal objects in the cranial cavity;
getting pregnant; refusal to continue participating in the studly.
A total of 22 volunteers were screened, among them two
people had the non-inclusion criteria, the other two were unable
to continue participating in the study for logistical reasons. Two
people dropped out due to poor tolerability of TMS. Thus, a
total of 16 subjects completed the study (6 males; average age
28.1 years).

Stimulation protocols

To construct an individual 3D model of the brain for navigated
TMS, MRI was performed in the 3D-T1-MPR mode using
the MAGNETOM Verio and MAGNETOM Prisma scanners
(Siemens Healthcare GmbH; Germany) (voxel size 1.0 — 0.977
—0.977 mm?, 176 sagittal slices).

The volunteers underwent four TMS sessions with an
interval of at least 72 h (Fig. 1A). Such an interval seemed to
be sufficient to minimize the impact of the previous session
considering the duration of the single iTBS block effect [15].
The protocol sequences were randomized according to a Latin
square approach to minimize the sequence effects. All attempts
were made to perform sessions at the same time interval of
the day (9-13 or 14-18 h). The participants were not informed
about the sequence of protocols applied.

The following protocols were studied (Fig. 1B):

— the combined protocol with a short interval between
blocks (iTBS 0-15): two consecutive blocks of active stimulation
with a 15 min interval between blocks and a control stimulation
block 60 min after the first block;

— the combined protocol with a long interval between
blocks (iTBS 0-60): a block of active stimulation followed by a
control stimulation block with an interval of 15 min and a block
of active stimulation 60 min after the first block;

—the standard protocol (iTBS 0): a block of active stimulation
followed by the control stimulation blocks in 15 and 60 min;

— the control protocol (Control): three control stimulation
blocks with intervals of 15 and 60 min.

The iTBS procedure was performed using the MagPro
X100 + MagOption stimulation device (Tonica Elektronik A/S;
Denmark) with a liquid-cooled figure-eight coil in combination
with the Localite TMS Navigator System (Localite GmbH;
Germany) and the Axillum Robotics TMS-Cobot robotic
positioning system (Axillum Robotics; France). Each stimulation
block consisted of 20 cycles that included 10 bursts of three
stimuli with a frequency of 50 Hz, applied with a frequency of
5 Hz and divided into 2-second trains with an intertrain interval
of 8 s. The number of stimuli per block was 600. The left
DLPFC, defined on MRI scans as a region of superior or middle
frontal gyrus located about 5 cm from the “hot spot” of the first
dorsal interosseous muscle cortical representation, was used
as a target for active stimulation. The vertex area defined as
a zone located halfway between the glabella and the occipital
protuberance in the midsagittal plane was used as a target
for control stimulation. The iTBS intensity constituted 75% of
the resting motor threshold (rMT) defined using the Rossini-
Rothwell algorithm, an intensity, for which the most prominent
effect was previously shown [16]. rMT was determined before
each session of stimulation. The questionnaires on adverse
events (AEs) were completed during the TMS procedure and
within 24 h after TMS in order to assess tolerability.
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Fig. 1. A. Study design. B. Theta-burst stimulation protocols

Cognitive tests

Tests were performed using the Psychology Experiment
Building Language (PEBL) open source software [17].
The n-back test involving presentation of verbal stimuli
(Latin consonants) was performed with n = 2, 3, 4 (22, 23
and 24 stimuli per task, 6 matching letters per n). The training
test was conducted twice in order to minimize the learning
effect; furthermore, preliminary training test with n = 1 and
2 was performed prior to each session at the first testing.
Performance was assessed three times: before the start of the
first stimulation block (T1) and immediately after the second
(T2) and the third (T3) stimulation blocks.

The n-back task accuracy was assessed by calculating
d'-value [18].

d' = Z(hit rate) — Z(false alarm rate).

The calculation took into account the number of correct
keystrokes in response to the concordant stimulus normalized
to the total number of concordant stimuli (hit rate) and the
number of false keystrokes in response to the discordant

for each n (false alarm rate). Z transformation was applied to
each normalized measurement.

Statistical analysis

The IBM SPSS Statistics (v.23) software package (IBM, SPSS
Inc.; USA) was used for statistical analysis. Individual effects
of each protocol at T2 and T3 (comparison of d’ scores with
T1) were assessed using the Wilcoxon’s signed-rank test. The
effects of the protocol at T2 and T3 were estimated as the
difference between d' at this time point and the value at T1.
The Friedman test was used to compare the effects of different
protocols at T2 and T3.

Depending on the changes of d' at T2 and T3 the subjects
were divided into responders (facilitators, when the difference
was above 0, or inhibitors, when the difference was below 0)
and non-responders (the difference between the values was 0).
The proportions of responders were compared between the
protocols using the binomial test (exact McNemar's test).

In addition, reproducibility of the effect of the combination
of active stimulation block with the vertex stimulation (T2 in
the iTBS 0-60 and iTBS 0 protocols) was assessed twice

stimulus normalized to the total number of discordant stimuli  using Spearman's rank correlation coefficient and the
Table 1. The effects of iTBS protocols on the n-back test accuracy
Protocol T2-T1 P T3-T1 P
n=2
iTBS0-15 0 0.058 0 1
iTBS0-60 0 0.874 0.0435 0.2
iTBSO 0 0.502 0 0.866
Control 0 0.331 0 0.362
n=3
iTBS0-15 -0.003 0.363 0.555 0.054
iTBS0-60 -0.397 0.094 0.208 0.865
iTBSO 0.129 0.507 -0.106 0.851
Control -0.268 0.495 0 0.944
n=4
iTBS0-15 0.186 0.28 0.292 0.624
iTBS0-60 0.058 0.875 -0.360 0.293
iTBSO 0.405 0.094 -0.484 0.14
Control 0 0.826 -0.405 0.078

Note: T2-T1 — median difference (d’) between T2 and T1; T3-T1 — between T3 and T1; uncorrected p-values are provided.
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Fig. 2. Percentage of participants with various types of response to TMS protocols (A for n = 2, B for n = 3, C for n = 4). Facilitation is highlighted in orange, inhibition
in blue, and no response in grey
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Table 2. P-values for comparison of the number of subjects with various response types between protocols (uncorrected)
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n T iTBS 0-15 vs. iTBS iTBS 0-15 vs. iTBS 0-15 vs. iTB$ 0-60 vs. iTBS 0-60 vs. iTBS 0 vs.
0-60 iTBS 0 Control iTBS 0 Control Control
Facilitation

T2 0.726 1 0.688 0.549 0.289 1
n=2 T3 0.289 1 0.688 0.18 0.07 1

T2 0.289 1 1 0.227 0.375 0.754
n=3 T3 1 0.508 0.754 0.508 0.688 1

T2 1 0.727 0.688 0.727 0.754 0.219
n=4 T3 0.289 0.289 0.125 1 1 1

Inhibition

T2 0.031 0.125 0.07 1 1 1
n=2 T3 1 1 0.453 0.688 0.289 0.688

T2 0.219 0.549 1 0.039 0.375 0.289
n=3 T3 0.688 0.289 0.727 0.754 1 0.727

T2 1 0.727 1 1 0.727 0.375
n=4 T3 0.07 0.065 0.039 1 1 1

association analysis of the response type at T2 using the
Fisher's exact test.

RESULTS
Assessing the effects of individual protocols

Assessment of the effects of protocols on the n-back accuracy
at T2 and T3 revealed no significant differences (Table 1). The
lowest p-values were obtained for the accuracy of n-back
test with n = 2 after the second stimulation block of the
iTBS 0-15 protocol (p = 0.058), and for n = 3 after the third
stimulation block of the same protocol (p = 0.054); the
Bonferroni adjusted p-value were 1.

The percentage of subjects showing different response to
TMS at T2 and T3 was calculated for each protocol (Fig. 2)

Comparing the effects
of protocols

No significant differences in the effects between protocols for
any of n-values were revealed when performing comparison
at T2 (Friedman test; uncorrected p = 0.6, 0.62 and 0.428 for
n=2,3, 4, respectively) and T3 (p = 0.283, 0.294 and 0.13). No
differences were found when comparing the effects immediately
after two blocks of active stimulation, i.e. between iTBS 0-15
at T2 and iTBS 0-60 at T3 (Wilcoxon’s signed-rank test;
uncorrected p = 0.372; p =0.535; p = 0.211 forn = 2, 3 and 4).

Asssessing the differences in the direction of the TMS
protocol effects

As for the rate of participants showing facilitation, no
significant differences were revealed (Table 2). Uncorrected

p-values lower than 0.05 were obtained when comparing the
percentage of subjects showing inhibition in the iTBS 0-15 and
iTBS 0-60 protocols at T2 for n = 2 and the iTBS 0-15 and
Control protocols at T3 for n = 4. Furthermore, comparison
of inhibition in the iITBS 0-15 and iTBS 0-60 protocols at T2
yielded a p-value lower than 0.05. The Bonferroni adjusted
p-values for these tests were 1.

Assessing reproducibility of the effect

A p-value of 0.02 was obtained for n = 2 (negative Spearman's
sample correlation coefficient), the Bonferroni adjusted p-value
was 0.06 (Table 3).

Association analysis of both facilitation and inhibition
revealed no significant correlation between the iTBS 0-60
and iTBS 0 protocols (Table 4). Furthermore, only 6 subjects
out of 16 (37.5%) showed facilitation at T2 for n = 4 in both
protocols, iTBS 0-60 and iTBS 0, while the lower complexity
tests revealed no subjects showing similar facilitatory response
to both protocols.

Tolerability of protocols

The studied TMS protocols were characterized by favorable
safety profile. No serious AEs were reported. Two volunteers
discontinued participation in the study due to poor tolerance
(one case of severe pain during stimulation of the left DLPFC
and one case of headache during stimulation of the vertex
persisting for a few hours after stimulation and resolving after
taking ibuprofen). The AEs reported during the 67.2% of
session and within 24 h after 8% of the assessed sessions were
mild and had no impact on the desire to continue participation
in the study. Pain and sleepiness were most often reported
during stimulation (28.3% each), along with the contraction of

Table 3. Correlation of the effects of two iterations of the combination of active stimulation block with the vertex stimulation (T2 in the iTBS 0-60 and iTBS 0 protocols)

with the n-back test accuracy

n n=2 n=3 n=4
Parameter p P p p p p
iTBS 0-60 vs.
iTBS 0 (T2) -0.573 0.02 -0.157 0.563 0.274 0.304

Note: p — Spearman's rank correlation coefficient, p — uncorrected p-value.
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Table 4. Association analysis of the direction of responses to two iterations of the combination of active stimulation block with the vertex stimulation (T2 in the iTBS
0-60 and iTBS 0 protocols)

Facilitation
Facilitation in iTBS 0 No facilitation in iTBS 0
n=2 Facilitation in iTBS 0-60 0/16 7/16
p=0.088
No facilitation in iTBS 0-60 4/16 5/16
Facilitation in iTBS 0 No facilitation in iTBS 0
n=3 Facilitation in iTBS 0-60 0/16 3/16
p=0.200
No facilitation in iTBS 0-60 8/16 5/16
Facilitation in iTBS 0 No facilitation in iTBS 0
n=4 Facilitation in iTBS 0-60 6/16 3/16 ]
p =
No facilitation in iTBS 0-60 5/16 2/16
Inhibition
Inhibition in iTBS 0 No inhibition in iTBS 0
n=2 Inhibition in iTBS 0-60 2/16 5/16
p=0.633
No inhibition in iTBS 0-60 4/16 5/16
Inhibition in iTBS 0 No inhibition in iTBS 0
n=3 Inhibition in iTBS 0-60 4/16 8/16 ;
p =
No inhibition in iTBS 0-60 1/16 3/16
Inhibition in iTBS 0 No inhibition in iTBS 0
n=4 Inhibition in iTBS 0-60 2/16 3/16
p=0.546
No inhibition in iTBS 0-60 2/16 9/16

Note: uncorrected p-values are provided (Fisher's exact test).

facial muscles in the vicinity of the left DLPFC (9%); within 24 h
headache was the only AE reported (8%).

DISCUSSION

The aim of the study was to assess the effects of two
metaplasticity- based theta-burst stimulation protocols of the
left DLPFC with short and long intervals between blocks on
the WM performance in healthy individuals. The effects were
also compared with that of the standard and control protocols.
We estimated the differences in the number of participants with
the same direction of stimulation effects in various protocols
as well. The protocols applied were safe and well tolerated.
No convincing data to confirm the effectiveness of individual
protocols on the WM or variability of the response to stimulation
were obtained. Low reproducibillity of individual iTBS effects
was reported.

The effect of a single iTBS block on the WM performance
in healthy individuals was explored in a number of projects,
however, these studies yielded inconsistent results [16, 19-21].
Variability of response to stimulation confirmed for the effect
on the motor cortex excitability can be one of the sources of
differences [22, 23]. At the same time, variability of the iTBS
effects in terms of WM is still poorly understood.

The use of metaplasticity-based protocols is a method to
potentially increase the effectiveness of TMS, however, the
problem of optimal interval between blocks of stimulation is not
resolved. We compared the effects of protocols with short and
long intervals between active stimulation blocks on the WM
performance. No significant differences between the test results
forindividual protocols were reported. Furthermore, comparison
of metaplasticity-based protocols with the standard and control
protocols revealed no significant differences in alterations of the
n-back test accuracy at both time points. There were also no
significant differences in the number of subjects who showed
better (facilitation) or worse (inhibition) performance during
testing between protocols. Such results are consistent with our

previously reported data obtained for the effects on the motor
cortex excitability [12].

At the same time, a possible trend toward statistical
significance of the effects of the protocol with short interval
between blocks (TBS 0-15) on the n-back test with n = 2,
when performing measurement after the second block, and
n = 3, when performing measurement after the third block,
is noteworthy. In the studied sample, a lower number of
participants, who showed inhibitory response after the second
stimulation block in this protocol, compared to the iTBS 0-60
protocol for n = 2, and after the control protocol for n = 4,
was also observed. It is interesting to note that the stimulation
protocol consisting of three blocks with an interval of 15 min
between blocks significantly improved the visuospatial WM,
executive functions [24], and decision-making in healthy
individuals [25]. Furthermore, it was shown that 14 sessions of
stimulation using this protocol improved cognitive functions in
patients with Alzheimer's disease [26]. In our opinion, it seems
appropriate to continue studying the effects of protocols with
short intervals between blocks (15 min) on cognitive functions.

In addition, we assessed reproducibility of the iTBS 0-60
and iTBS 0O protocol effects after the second stimulation
block. No significant correlation of the effect or association of
the response direction between two protocols was reported.
Assessment of the tests with n = 2 and 3 vyielded 0% of
participants showing facilitation, while the percentage for
n =4 was 37.5%. The findings are consistent with the results of
earlier studies focused an assessing variability of the response
to a single block of the motor cortex theta-burst stimulation
[7, 22, 28]. We can conclude that the response to iTBS has
low intra-individual variability in terms of both motor cortex
excitability and cognitive performance. In our study, the sources
of variability associated with anatomical features and the
changes in the coil position were minimized by MRI navigation
and the use of robotic coil positioning system, therefore, it can
be assumed that intra-individual variability of the response to
iTBS is the cause of insufficient stimulation effect reproducibility.
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The lack of stimulation effect reported in our study may
result from insufficient number of active stimulation blocks.
The earlier reported study also showed no significant effect of
two blocks of the left DLPFC iTBS with an interval of 15 min
between blocks on the n-back test results [21]. The assumption
of the higher effectiveness of protocols consisting of three
blocks is in line with the results of the earlier study showing
a significant effect of three, not two, blocks of motor cortex
stimulation with an interval of 15 min between blocks [27], and
with the earlier reported data on the effectiveness of the DLPFC
stimulation protocol consisting of three blocks with an interval
of 15 min [24]. It should be noted that the metaplasticity-based
stimulation protocols than have shown some clinical efficacy,
for example in drug-resistant depression [28, 29] or spasticity
associated with multiple sclerosis [30], consist of 10 and three
stimulation blocks, respectively.

Furthermore, the duration of a single block may have an
impact on its effect. The protocols that have shown clinical
efficacy comprise prolonged stimulation blocks (1800 stimuli
compared to 600 in the standard one) [28-30]. However,
to date, the effects of prolonged iTBS blocks on cognitive
functions are poorly understood.

Small cohort size can be considered one of the limitations
of the study, however, in the current pilot study the sample size
may be enough for detection of large effects and selection of
the most effective protocols to be studied in the larger cohorts.
Furthermore, the crossover study design can affect the test
results due to learning effect. On the other hand, the impact
of this effect seems to be minimal: first, when performing
re-tests within the protocol the effect is controlled by comparison
with the protocol comprising the same number of the vertex
stimulation blocks. Second, the average effect values reported
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SOURCES AND IMPACT OF HUMAN BRAIN POTENTIAL VARIABILITY IN THE BRAIN-COMPUTER
INTERFACE

Ganin IP'™, Vasilyev AN'2, Glazova TD', Kaplan AYa'
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In the brain-computer interface based on the P300 wave (P300 BCI), the selection of the command by the user becomes possible due to focusing the user's
attention on the external stimulus/command and extraction of the response to this stimulus in the form of the event-related potential (ERP) components from EEG.
To obtain the ERP signal, stimuli should be repeated many times, however, in view of the existing variability in latency of the response to certain stimuli, the averaged
ERPs may give a distorted view of the nature of such responses and reduce accuracy of the interface. The study was aimed to develop an effective method for
identification of the effects of the ERP components' latency variability and for accounting these effects in the P300 BCl, as well as to identify the possible impact
of psychophysiological factors on the nature of ERP variability. We have conducted a BCl-based study of 19 healthy subjects involving extraction and adjustment
of latency in the N1 and P300 spatial components, which play a key role in the command classification in the P300 BCI, to explore the mechanisms underlying
variability. Such an approach ensured higher accuracy compared to the use of conventional EEG leads, and the highest increase of 10% was observed when using
the minimum number of the stimulus repetitions. Furthermore, modifications of the interface allowing one to ensure a higher level of the user's focus on the task and
a more accurate visual fixation on the target objects contributed to the increase in the amplitude of the ERP components by reducing variability of the responses
to single stimuli. The findings emphasize the important role of the processes underlying the ERP components' variability and provide an effective tool for scientific
exploration of such processes and the development of advanced BCl systems.
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MCTOYHUKN N BHAHUMOCTb BAPUATUBHOCTU NOTEHLIMATIOB MO3IrA HEJTOBEKA
B UHTEP®ENCE MO3r-KOMIbIOTEP

W. M. TanmH!®, A, H. Bacunbes'?, T. [. Masosa', A. 4. KannaH'

T MOCKOBCKMIA FOCyAapCTBeHHbIN yHMBEpcuTeT nveHn M. B. JlomoHocosa, Mockea, Poccust
2 LleHTp HepOKOTrHUTUBHBIX MccnefoBaHWiA (MSM-LeHTp), MOCKOBCKMI rocyAapCTBEHHbIM MCUXONOro-neaarornieckumii yHmBepcmnteT, Mockea, Poccus

B nHTEpderice Modr-komnbioTep Ha BonHe P300 (MIMK-P300) Bbi6op kOMaHL, Mofb30BaTenst BO3MOXEH 3a CHET (DOKYCUPOBaHMS M BHUMaHWSI Ha BHELLHEM
CTUMyne-KOMaHae v BblaeneHnn 13 93 peakuum K 3TOMy CTUMYISTy — B BUAE KOMMOHEHTOB MOTEHLMAN0B, CBs3aHHbIX ¢ cobbimuamm (MCC). Ansa nonyyeHns
curHana MNCC cTnMynbl HEOOXOAUMO MHOFOKPATHO MOBTOPSATh, OAHAKO BBUAY CYLLECTBYIOLLE BApUATUBHOCTM NIATEHTHOCTU PeaKLMA Ha OTAENbHbIE CTUMYbI
ycpeaHeHHble NMCC MoryT aaBaTb MCKaXXeHHOe NpeacTaBneHne O XxapakTepe Takux peakuyil, a TakKe CHPKATb TOYHOCTb paboThl nHTepdeiica. Liensto padboTsl
6b110 pagdpaboTarb 3hdhexTnBHbI CNOcod BbISBEHVS aDMEKTOB BapmaTVBHOCTH NATEHTHOCTN KoMMoHeHToB MNCC 1 ydveTa atux addextos B VIMK-P300, 1
BbISAB/Tb BO3MOXKHOE BIIMSIHME NCUXOMU3NONOrndeckmx hakTopoB Ha xapakTep BapuatneHocTy MNCC. Onsa nsy4eHnst MexaH13mMoB BapuaTUBHOCTY Mbl MPOBEN
VIMK-nccnepoBaHve Ha 19 300p0BbIX UCMbITYEMBIX, MAE NCMONL30BaV BbIAENEHME N KOPPEKUMIO NAaTEHTHOCTU B MPOCTPaHCTBEHHbLIX KOMMOHeHTax N1 1 P300,
MrpatoLLMX KIKHEBYIO POSb B Knaccudmkaumm komang B VIMK-P300. 9T1oT noaxog obecnedmnn 6onee BbICOKYO TOYHOCTb MO CPaBHEHWIO C UCMONb30BaHNEM
06bI4HbIX OTBEAESHN D3, MpK 3TOM HambonbLLMiA pocT B 10% Habmofancs Npy MUHUMaUTbHOM YiCe MOBTOPOB CTUMYIIOB. Takke Mogudukaumm nHtepdeiica,
noseosnsioLLe 0becrnednTs 6onee BLICOKWIA YPOBEHb BHUMaHUS MONb30BaTenst K 3afjade v Oonee 4eTkylo ukcaumio B3rNsaa Ha LeneBbix obbekTax,
CnocobCTBOBaIM MOBBILLEHVIO aMNANTYL, KOMMOHEHTOB NCC NOCPEeACTBOM CHKEHS BAPUATVBHOCTY PeaKLnin Ha eQVHMYHbBIE CTMYAbI. [onyyYeHHble peaynsTaTbl
NMOAYEPKMBAIOT BaXKHYIO POfib MPOLIECCOB BapuaTvBHOCTH KOMMOHEHTOB 1CC 1 patoT ahheKTUBHbIA MHCTPYMEHT ANA X HAYYHOrO M3yHYeHVs, a Takke Ons
paspaboTKM NepCneKkTUBHbIX cucTeM VIMK.

KntoueBble cnosa: nHTepdeinc Modr—«omrbtorep (VIMK), anexktposHuedanorpamma (336, noteHLpmansl, cessaHHbie ¢ cobbimuamm, INCC, N1, P00, sapuratveHocTs [NCC
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Brain-computer interfaces (BCl) make it possible to directly
translate brain activity into commands to control computer or
any other device without involving muscles and nerves, only
via analysis of the user's electroencephalogram (EEG) [1]. The
concept of BCI, proposed and developed many years ago, has
become an interdisciplinary technology, the primary purpose of
which is supporting people with severe speech and movement
disorders [2], along with the use as a tool for instrumental
diagnosis or cognitive training [3-5].

BCI technologies ofter involve the use of event-related
potentials (ERPs) [6]. One is the most widely used and well-
proven systems is referred to as P300 BCI, since it is based
on the analysis of the P300 component related to attention
[7, 8]. The user of such interface usually mentally counts the
number of flashes of the character or other command symbol
of interest. The ERPs elicited to flashing of this (target) object
are distinguished from ERPs elicited to flashing of all other
(non-target) symbols by the presence of the P300 component
[9]. The BCI algorithm recognizes the target symbol (command)
by this feature and the presence of other components (primarily
N1) in the ERP [10, 11].

The P300 BCI systems are in demand for communication:
during typewriting or step-by-step control of certain device [12].
However, the main disadvantages of those include the need
for repetition of stimuli aimed at accumulating ERP responses
with the least error when the BCI user has to focus on the
task for a long time. Furthermore, despite the assumption of
similarity of the brain responses to the repeated stimuli, there is
some temporal variability of certain responses relative to stimuli
[13, 14]. This is a well-known neurophysiological phenomenon
that generally reflects a number of natural brain processes at
different levels, from cellular to the neural network level, and
is also determined by fluctuation in the processes underlying
perception of external stimuli [15].

It is known that such variability can affect the shape of
the resulting averaged ERPs, including reducing the peak
amplitude of certain components [16]. Lack of accounting of
the variability effects may negatively affect the effectiveness of
the P300 BCI based on the ERP extraction method, thereby
reducing accuracy of the target command recognition [17, 18].

In general, changes in the ERP variability are considered
to be associated with fatigue, increased cognitive load,
complication of the user's task [15, 19], as well as conditions
characterized by reduced attention, such as ADHD and
autism [20, 21]. However, the factors affecting ERP variability
in terms of P300 BCI were never systematically studied.
Meanwhile, identification of the BCI operation modes having
a beneficial or negative effect on ERPs and the command
classification accuracy would make it possible to develop
more effective systems capable of ensuring more reliable
control, especially when it comes to potential users with
reduced attention.

It also seems appropriate to consider ERP variability in the
P300 BCI by modifying the command classification algorithms.
This can be particularly important when a relatively small
number of stimuli is accumulated in the interface, and the
effects of variability may not be compensated by the number
of averaging procedures. Given the ERP components' different
contributions to classification along with variation in their
topography among various users [22], extracting independent
spatial components to analyze and consider their variability
separately can be a more effective approach.

The study was aimed to identify possible factors of the
stimulus environment and P300 BCI operation modes affecting
ERP variability, as well as to develop and test more effective
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methods for independent detection of variability of individual
ERP components during classification.

METHODS

The study involved 19 healthy subjects (5 males and
14 females) aged 18-23. Inclusion criteria: healthy male
and female volunteers aged 18-35. Exclusion criteria:
diagnosed neurological/mental disorder, episodes of seizures
or diagnosed status epilepticus.

During the experiment the subject sat in a chair in front of
the monitor on which a standard P300 BCI matrix sized 6 x 6
with letters of Russian alphabet and numbers was presented.
The angular dimensions of the matrix were 18° x 18°, the cell
size was 1.7°, and the cell spacing was 1.1°. The background
of the screen and cells was black (RGB 0,0,0), while cell frames
and characters within the cells were grey (RGB 89,90,97).
Stimuli were represented by random flashes (the background
color changed from black to grey, and the color of characters
changed from grey to black) of rows and columns in the matrix.
The duration of stimulus and the interstimulus interval were 97
and 48.5 ms, respectively (16 and 8 frames for the refresh rate
of 165 Hz). Stimulation involved using the stimulus sequences,
each sequence included presentation of all 12 stimuli available
in the matrix (six rows and six columns).

A separate experimental mode included 15 blocks, one cell
of the matrix per block was designated as a target cell (it was
marked by repeated wink at the start of the block). Five stimulus
sequences per block were presented, which corresponded to
60 stimuli (10 target stimuli and 50 non-target ones). Thus, each
mode included 150 target stimuli and 750 non-target ones.

Several modes distinguished by parameters of the stimulus
environment and the subject's task were used to study the
impact of various factors on the ERP variability. In the passive
attention mode the subject was not supposed to count flashes
of the target stimulus as in the P300 BCI, he/she simply fixed
his/her gaze on the target cell. The task was complicated by
using the mode involving mixing-up letters: the characters in
all cells of the matrix randomly changed their places with each
target flash. The subjects were asked to count not only all
target flashes, but the number of consonants in the target
cell when the character changed. To make it easier to fix
gaze on the cell and reduce the effects of distractor in the
modes involving the use of half-empty matrix, the characters
were not made permanently visible, these appeared only with
flashes (Fig. 1).

The modes and brief instructions for the subject were as
follows:

1) ordinary matrix, passive attention (“just look at the target
cell);

2) ordinary matrix, active attention (“‘count the number of
flashes of the target cell”);

3) half-empty matrix, active attention (“count the number of
flashes of the target cell”);

4) half-empty matrix, mixing up, active attention (“count the
number of flashes of the target cell’);

5) half-empty matrix, mixing up, cognitive load (“count the
number of consonants in the target cell”);

©6) ordinary matrix, mixing up, active attention: (“count the
number of flashes of the target cell’);

7) ordinary matrix, mixing up, cognitive load (“count the
number of consonants in the target cell”).

All modes alternated to generate a pseudo-random
sequence, except for the passive attention mode that was
always the first due to special instruction.
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Fig. 1. The stimulus matrix P300 BCI used in the study. The matrix was located in the center of the screen on the black background. “Ordinary matrix” is on the left,

“half-empty matrix” is on the right

EEG was recorded with 30 scalp electrodes (Fp1, Fp2,
F7, F3, Fz, F4, F8, FC5, FC1, FC2, FC86, T7, C3, Cz, C4, T8,
CP5, CP1, CP2, CP6, P7, P3, Pz, P4, P8, PO7, POz, POS,
01, 02) and a common reference electrode TP9 + TP10 using
the NVX52 amplifier (MCS, Zelenograd; Russia). The sampling
frequency was 1000 Hz. A miniature photosensor mounted
in the upper left corner of the screen was used to ensure
EEG synchronization with the flashes. Signal recording and
management of experimental procedure were implemented
in the original Resonance programming environment written in
C++ (http://resonance.bcilab.net/documentation).

QW
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-1 F

0 0.2 0.4 0.6 0.8
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EEG signal processing and classification were performed
in MATLAB 9.13 (R2022b) (MathWorks; USA). The EEG signal
was band-pass filtered within the 1-10 Hz range using a FIR
filter without a phase shift. Then ocular artifacts were removed
by independent component analysis (ICA). After that the
continuous signal was split into epochs from —400 to 1200 ms
relative to the stimulus onset.

The next phase of analysis involved acquisition of spatial
filters to extract the components of interest (N1 and P300) from
the multichannel EEG signal. For that the epochs in the vicinity of
individual ERP peaks were extracted in each subject, after that

.

Fig. 2. The extracted spatial components N1 and P300. The figure above shows topography of the spatial filter patterns. The figure below shows components N1 and
P300 averaged across all subjects. Vertical axis — normalized amplitude in arbitrary units; horizontal axis — time (s). The vertical dotted line (O s) corresponds to the

stimulus onset. N = 19 subjects
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Table 1. The average amplitudes of the N1 and P300 components in all modes when using the standard averaging method (no latency correction) and when averaging
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the epochs adjusted to latency of the appropriate component. The mean and standard error of the mean are provided. N = 19 subjects

Component Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
Amplitude with no latency correction, AU
N1 -1.17 £ 0.11 -1.38 + 0.08 -1.53 + 0.09 -1.50 + 0.08 -1.81 +0.09 -1.29 £ 0.09 -1.67 + 0.11
P300 0.92 + 0.07 1+0.06 0.94 + 0.07 0.86 + 0.06 1.07 + 0.08 0.89 + 0.06 1.05 + 0.05
Amplitude with latency correction, AU
N1 -1.50 + 0.09 -1.67 + 0.08 -1.81+£0.07 -1.77 £ 0.07 -2.05 + 0.09 -1.59 £ 0.07 -1.93 + 0.09
P300 1.47 + 0.06 1.59 + 0.04 1.52 + 0.06 1.46 + 0.04 1.62 + 0.07 1.53 + 0.04 1.67 + 0.04

optimal spatial projections (spatial filters) were calculated based
on the Fisher’s criterion [23]. Such method made it possible to
reduce the EEG signal dimension, increase the signal-to-noise
ratios of the studied components, and largely isolate two
components from each other for independent study [23]. The
further analysis was performed for these two extracted spatial
components (once for N1 and once for P300). Signals of the
components were normalized to the standard deviation of all
non-target epochs within each subject (hereinafter, AU instead
of pVv).

A set of target and non-target epochs was formed within
each subject, component (N1 and P300), and mode. To acquire
ERPs averaged by conventional method, all the epochs of the
same subject were averaged individually for each mode, for
the class of the target and non-target epochs of the N1 and
P300 sets. The amplitude of these components was defined
as the minimum/maximum signal value within the 100-350 and
200-500 ms windows, respectively, and the peak latencies
were defined as the time after the stimulus onset when the
signal reached its maximum or minimum.

Furthermore, to analyze the ERP variability, the N1 and
P300 component latencies were calculated within certain
non-averaged target epochs as local minima or maxima in the
same windows as for ERP. The component's amplitude was
determined by the signal values for the latencies found within
this epoch. To assess variability of the ERP peak latencies, the
mean absolute deviation (MAD) was calculated in each mode
for each subject. To estimate the effect of variability on the ERP
amplitude, the epochs were shifted along the time axis by the
difference between the average latency and the component
latency within certain epoch prior to averaging.

To estimate the effects of ERP variability on the effectiveness
of command recognition in the BCI, classification accuracy
was calculated for ordinary EEG channels (standard approach)
and for the extracted spatial components N1 and P300. It is
important to note that classification scores of two types were
calculated for the latter: without equalization of latency peaks
and with equalization (correction for N1 or P300 only and
correction for both peaks, N1 and P300). The signal amplitude
values within the 0-600 ms window (every 10th point) in 11
channels of EEG leads Cz, CP1, CP2, P3, Pz, P4, PO7, POz,
P08, O1, 02 or two channels obtained for N1 and P300 of

appropriate spatial components were used as the Fisher's
linear discriminant features. The classification accuracy was
assessed by cross-validation with sequential testing of the
data of a single block (all epochs of the same target cell) of the
classifier trained using the other 14 blocks. The classification
accuracy was determined as a proportion of the correctly
recognized letters (out of 15). When performing testing,
accuracy was calculated for different number of the stimulus
sequences (one to five). The accuracy was calculated for each
mode, subject, and signal feature extraction method.
Statistical analysis was performed in MATLAB using the
generalized linear mixed effects models. A single constant
coefficient was used as a random factor for the "subject"
variable, while experimental conditions (“active attention”,
“cognitive load”, “half-empty matrix”, “mixing up elements”)
and latency correction modes were considered as fixed effects.
The fixed effect significance was assessed using F-test. The
following dependent variables were assessed: amplitude,
latency, MAD of the N1 and P300 latencies, and classification
accuracy. We used binomial regression to assess classification
accuracy and linear regression to assess other parameters.

RESULTS

Fig. 2 shows the extracted spatial components N1 and P300
and the corresponding patterns (topographic distribution of
weighting coefficients). The N1 component with the average
latency of 187 ms had typical lateral occipital localization, while
P300 with the latency of 315 ms had medial parietal localization.

Table 1 provides the group-averaged amplitudes of the N1
and P300 components obtained in each mode, before and
after correction of latencies within individual epochs. The
N1 and P300 amplitudes of the averaged ERPs increased
after applying correction: F(1.258) = 581.24; p = 0.00000.
The factor of active attention turned out to be significant for
the N1 amplitude that increased relative to passive attention
to the stimulus (mode 1): F(1.36) = 17.87; p = 0.00015. The
increase in the N1 amplitude was reported for such factors,
as “half-empty matrix” (F(1,110) = 16.10; p = 0.00011) and
“cognitive load” (F(1.110) = 48.49; p = 0.00000). The increase
in the P300 amplitude was reported for the “cognitive load”
factor (F(1.110) = 18.01; p = 0.00005), while the decrease

Table 2. The average absolute latencies and the average indicators of their variability (MAD) for the N1 and P300 components in all modes. The mean and standard

error of the mean are provided. N = 19 subjects

Component Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
Latency, ms
N1 187 + 3.25 187 £2.6 184 +2.3 185+2.2 185+ 2.1 191 +2.6 19127
P300 323 +10.5 320+£9.3 303 +10.6 302 +10.4 305 +11.6 316 +10.3 325 +10.8
Mean absolute deviation (MAD) of latency, ms
N1 211 +15 189+14 16.3+1.2 18.0+1.1 15.1+0.8 19.2+1.6 175+15
P300 425+2.2 413+22 43227 449 +2.6 43.0+24 440+25 449 £ 2.7
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Table 3. The average classification accuracy obtained in all modes for one or two stimulus sequences that has been calculated for various signal feature sets used by
the classifier — usual 11 EEG electrodes and the extracted spatial components N1 and P300 with or without peak latency correction. The mean and standard error of

the mean are provided. N = 19 subjects

Method of the signal feature extraction Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7

Accuracy when using one stimulus sequence, %

EEG leads 66.7 +5.4 75.3+4.6 77.29 3.7 744 +£4.0 84.2 +3.0 68.4+4.6 80.7 + 3.1

Spatial components 56.4 +5.8 63.5+4.2 68.8 + 3.7 62.8 + 3.2 76.8 +2.8 59.7 + 3.7 73.0 +3.3

Spatial components + correction of N1 + P300 76.8 +3.4 81.8+29 86.3 + 3.0 85.3+2.6 86.7 £ 2.9 76125 84.9+22
Accuracy when using two stimulus sequences, %

EEG leads 83.9+4.1 90.0 + 2.1 94714 94.0+1.7 96.8 + 1.3 88.8 + 4.1 923 +2.1

Spatial components 75.8+4.9 86.6 + 3.3 86.3+2.8 88.8+2.0 93.3+1.9 82.8+4.0 93.0 1.2

Spatial components + correction of N1 + P300 94.0+1.2 971 +£1.0 97.5+1.6 93.3+1.8 97.9+1.0 954 +1.5 96.8+1.5

was reported for the factor of “mixing up elements” (F(1.110)=4.72;  DISCUSSION

p = 0.032).

The average latencies of the N1 and P300 components
together with the indicator of the latency variability (MAD) are
provided in Table 2. The decrease in the N1 and P300 latencies
were reported for the factor of “half-empty matrix”: F(1.110) = 45.87,
p = 0.00000 and F(1,110) = 24.51, p = 0.00000, respectively.
The increase in the N1 latency was also reported for
the factor of “mixing up elements”: F(1.110) = 5.17;
p = 0.025. Active attention resulted in the decrease of the
N1 component MAD relative to the passive attention mode:
F(1.36) = 1.60; p = 0.0016. The decrease in the N1 MAD was
reported for the factors of “half-empty matrix” (F(1.110) = 12.43;
p = 0.00061) and “cognitive load” (F(1.110) = 11.56;
p = 0.00094). As for P300, the increase in MAD was reported
for the factor of “mixing up elements”: F(1.110) = 4.80;
p = 0.03056.

Table 3 provides assessment of the average classification
accuracy in all modes using different signal feature extraction
methods: EEG channels and the channels for N1 and P300 of
the corresponding spatial components, to which the latency
correction was applied or not applied. The table provides data
for the minimum number (1 or 2) of the stimulus sequences
per letter, when accuracy is still low, and the differences
between the modes are larger. The trend towards an increase
in accuracy is reported for the “cognitive load” factor:
F(1.108) = 3.39; p = 0.068.

Fig. 3 presents the average classification accuracy
for different signal feature extraction methods and different
number of the stimulus sequences. When using spatial filters
(only two data vectors, for N1 and P300) without latency
correction, the accuracy was the lowest and was even lower
than when using the usual 11 EEG electrodes: F(1.3284) = 5.99,
p =0.014. Applying latency correction to the spatial component
N1 only yielded higher accuracy, however, this option did not
differ significantly from the option involving the use of usual
EEG electrodes: F(1.3284) = 1.1771, p = 0.28. However,
applying latency correction to the spatial component P300
only resulted in higher accuracy compared to the use of usual
EEG electrodes: F(1.3284) = 24.51, p = 0.00000. The highest
classification accuracy values were obtained when applying
latency correction to both N1 and P300 (in each of the two
appropriate spatial components). In this case, the accuracy
was higher compared to the use of usual EEG electrodes
(F(1.3284) =24.29, p = 0.00000) and higher than when applying
latency correction to P300 only (F(1.3284) = 4.34, p = 0.037)
(as for the latter, the differences were reported for the 2" and
3 stimulus sequences: p < 0.05).

In our study we proposed an effective approach to assessing
the ERP variability in the P300 BCI that allowed us to identify a
number of factors affecting the ERP characteristics and explore
the contribution of the variability effects to the command
recognition accuracy in this interface.

To analyze the effects of the ERP latency variability, it
is necessary to detect the components in individual (non-
averaged) epochs. This process is very complicated due to
both technogenic and physiological noise, that is why it is
extremely important to make the most of valuable information
contained in the EEG signal. Despite the fact that in some
trials the effects of variability were studied in terms of the P300
BCl, the impact of these effects was estimated in usual EEG
channels for the P300 component only [17, 24]. In our previous
study, we applied latency correction to two components, N1
and P300, however, each component was analyzed in its own
channel set [18]. The use of the combined information from
all channels with simultaneous analysis of several components
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Fig. 3. The average classification accuracy with different number of the stimulus
sequences calculated for various signal feature sets used by the classifier —
usual 11 EEG electrodes, extracted spatial components N1 and P300
(no latency correction, latency correction applied to N1 only, to P300 only, or
to both components, N1 and P300). The mean and standard error of the mean
are provided. N = 19 subjects
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in each of these channels can be a more effective approach.
For example, the independent components extracted by ICA
have been already used by the authors of papers on assessing
variability (not related to BCI), however, these researchers
have analyzed only one early component of ERP [21. 25].
Furthermore, the ICA method does not guarantee extraction
of the components of interest for analysis. In this study we
have proposed the use of spatial filters for extraction of two
components, N1 and P300, that are functionally significant
for the P300 BCI, with subsequent analysis of variability in
these components instead of individual EEG channels. This
method was used earlier [23], but in that study it was an
additional step of preprocessing and extraction of the signal
features for classification in the BCI, it had nothing to do with
assessment of the ERP variability effects. The extraction of
spatial components aimed at independent correction of these
components has never been applied previously. Moreover, the
use of the approach involving spatial components reduces the
likelihood of erroneous peak detection within individual epochs
compared to the use of signal in certain EEG leads, thereby
making the variability analysis more objective.

An essential aspect of the work was to reveal the possible
factors affecting the ERP characteristics in the P300 BCI.
Active attention (the directive to emotionally count flashes)
resulted in the increase in the N1 component amplitude, and
the mechanism underlying such an increase was likely to
include the decrease in the latency variability of responses to
individual stimuli, since a simultaneous decrease in MAD was
observed. The increase in the ERP components' amplitude
relative to passive attention to stimuli in the P300 BCI has
been earlier reported for such construct in this group [26].
Presumably, the directive to actively count the stimuli improves
fixation of gaze on the target position within the matrix, which is
important for the N1 component [27]. Lack of characters in all
cells of the matrix is also likely to improve fixation of gaze on the
target cell, since the N1 amplitude increase in the “half-empty
matrix” mode has been reported along with the decrease in
its variability. This is consistent with opposite effects on the
N1 component in the environment, where tracing the target
objects is complicated by their mobility [18], and supports
the relationship between the features of oculomotor system
function and the ERP components' variability [28].

The constant changing of characters in the matrix cells
is likely to adversely affect attention to the target stimulus,
as evidenced by the decrease in the P300 amplitude and
the increase in its variability, along with the increase in the
N1 latency. The negative impact of such manipulations with
the stimulus environment on the P300 BCl is also confirmed
by the fact that the subjects have reported trouble following
instructions in the modes involving mixing-up characters. At
the same time, an interesting and not entirely obvious result
is that additional cognitive load applied in the modes involving
mixing-up characters (counting consonants with the change of
letters), in contrast, resulted in the increase in the N1 and P300
amplitudes. Furthermore, the effect reported for N1 at least
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tasks [29]. Perhaps, the cognitive load integrated into a task
of tracing the target events, that was used in our study, on
the contrary, caused the increase in attention, that is why such
modification of the stimulus environment may be prospective
for the P300 BCI.

The potential effectiveness of using the factors that have
a beneficial effect on attention in the BCl is also confirmed by
the trend towards the increased target stimuli classification
accuracy in the modes with cognitive load (Table 3). The
method of applying variability correction not to usual EEG
leads, but to the extracted spatial components N1 and P300,
that has been proposed in our study, has ensured the best
classification accuracy (Fig. 2). Furthermore, the largest
increase in accuracy is observed when using the least number
of the stimulus sequences (94% vs. 84%). This emphasizes
the value of this method for the P300 BCI operation modes
and provides superior results compared to that yielded by the
studies also involving extraction of spatial components, but
not taking into account the effects of variability [23, 30]. The
fact, that the N1 and P300 components' contributions to the
effectiveness of classification are unequal, attracts attention:
the contribution of uncorrected N1 is larger than that of
uncorrected P300. However, given the higher P300 variability,
correction of its latency resulted in the significantly increased
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limitation of the approach. In the future, it would be necessary
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to avoid correction of low-amplitude peaks in the non-target
epochs, for implementation of the online BCI.

CONCLUSIONS

The paper proposes an approach to analysis of the ERP
latency variability in the extracted EEG spatial components.
The use of this method in the P300 BCI has made it
possible to achieve better results in terms of the command
classification accuracy compared to the existing methods.
Furthermore, the use of such an approach has revealed
some factors of the stimulus environment and the P300 BCI
operation modes having an impact on the ERP variability
effects. Specifically, modifications of the interface affecting
the user's attention, including the cognitive load applied
in addition to the main task, and making it easier to fix
gaze on the target objects have a beneficial effect on the
ERP amplitude and the decrease in variability of individual
responses to stimuli. The findings complement the existing
knowledge of the mechanisms underlying the ERP latency
variability and provide new reasons for the development of
more effective BCI systems.
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SINGLE-STAGE ENDOVITREAL SURGERY OF RETINAL DETACHMENT COMPLICATED BY MACULAR
HOLE INVOLVING THE SHORT-TERM PERFLUOROCARBON TAMPONADE
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Pirogov Russian National Research Medical University, Moscow, Russia

Rhegmatogenous retinal detachment complicated by macular hole is a rare disorder that is the most challenging in terms of vitreoretinal surgery, and good
anatomical outcome is not always associated with high visual functions. Today, vitrectomy, involving macular hole closure with autologous platelet-rich plasma,
sealing peripheral retinal tears, and subsequent vitreal cavity tamponade with vitreous substitutes, is considered to be the most effective method for surgical
treatment of this disorder. Despite variability of surgical approaches to treatment of rhegmatogenous retinal detachment complicated by macular holes, the search
for safe and effective surgical technigue, allowing one to achieve benificial morphological and functional outcome with minimal damage to the retinal structures and
to minimize the patient's rehabilitation period, is still relevant. The clinical case reported demonstrates the possibility of performing single-stage endovitreal treatment
of retinal detachment complicated by macular hole using the autologous conditioned plasma in combination with the short-term perfluorocarbon tamponade. The
results of using this technique show its reliability and superior efficiency and ensure good morphological and functional outcome in the postoperative period: restored
macular architectonics, macular hole closure, anatomic retinal adhesion, and improved visual functions.
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OQHOMOMEHTHOE 3HAOBUTPEAJIbHOE JIEYEHUE OTCJIONKW CETHATKW, OCJTOXKHEHHOM
MAKYNAPHbIM PA3PbIBOM C KPATKOBPEMEHHOW TAMMOHAON
NEP®TOPOPTAHUYECKUM COEOVNHEHNEM

X. T1. Taxuman, H. X. Taxungm, H. A. MaxHo =
Poccuirckmin HaumoHanbHbIM CCnefoBaTensCKNn MEAULIMHCKII yHMBepcuTeT nmenn H. . Muporoea, Mockea, Poccust

PermatoreHHas oTcnonka cetyaTki, OCNOKHEHHAS MaKyNsapHbIM Pa3pbIBOM, SBASETCA PEAKON 1 Hanbonee TPyaHOM NaTonorven B NnaHe BUTPEOPETHANIBHOM
XVPYPrn, a YCMeLHbIA aHaTOMUYECKUIA pe3dynbTaT He BCeraa CONPOBOXAAETCS BbICOKVMM 3pUTENbHBIMU (PYHKUMSIMU. Ha CerofHsLLHWA feHb Hanbonee
3(hHEKTUBHBIM METOAOM XMPYPIMYECKOro fleYeHnst JaHHON NaToNornu NPUHSATO CHUTATL BUTPIKTOMUIO C 3aKPbITUEM MaKySpHOro paspbiBa ayTornia3moin
KPOBW C MOBbILLIEHHbIM COAEPKAHNEM TPOMOOLMTOB, GNOKMPOBaHEM MEPUMEPUHECKNX Pa3pPbIBOB 1 MOCNeOytoLLEer TaMNOHa[oN BUTPEaNbHOM NoaocTu
3aMeCTUTENAMUN CTEKNIOBMAHOrO Tena. Mpu BCcel BapuaTUBHOCTN XMPYPrMHYECKMX MOLXOAOB K JIEHEHNIO PErMaToreHHOM OTCNONKN CETHaTKMN, OCNOXHEHHOM
CKBO3HbIM MaKySiPHbIM Pa3pbiBOM, OCTAETCS akTyallbHbIM MOUCK 6e30MacHom 1 3hHEKTUBHOM XMPYPIMHYECKO TEXHONOM M, MO3BONSIOLLEN MNPV MUHMATBHOM
MNOBPEXAEHNN PETUHASBHBIX CTRYKTYP AOCTUYb BbICOKNX MOP(O-(YHKLMOHABHBIX PE3YETATOB Y MUHMU3MPOBATL MPKU 3TOM CPOK peabunmtaLmmn naumeHTa.
[MpencTaBneHHbIN KNMMHUHECKWIA CryHart AEMOHCTPUPYET BO3MOXHOCTb OAHOMOMEHTHOMO MUKPOXUPYPIMHYECKOrO NIEHEHNST PErMATOrEHHOM OTCNOMKM CeTHaTKu,
OCNOXXHEHHOW CKBO3HbIM MaKyfsipHbIM Pa3pbiBOM C MPUMEHEHNEM ayTOSIOMMYHON KOHAMUMOHUPOBAHHOM MnasMbl B KOMOMHALMN C KPaTKOBPEMEHHOM
TamnoHaZov NepTopOpraHNYeCKM coeauHeHneM. PesynsTaTtbl NCMOoNb30BaHNs JaHHOW TEXHONOMM Nokasain ee HaAe>KHOCTb U BbICOKYHO a(h(hEKTUBHOCTb, a
Takke 0HeCcrneqnIn BoICOKUA MOPO-YHKLMOHANBHBIA PE3YNBTaT B MOCE0NepaLioHHOM Nepuosie — BOCCTAHOB/EHME MaKyNSPHOW apXUTEKTOHNKN, 3aKpbITe
MaKySISPHOrO paspbiBa, aHATOMUHYECKOE MPUIEraHne CeTHaTKU 1 yyYlleHne 3pUTeNbHbIX (DyHKLWIA.

KnioyeBble CnoBa: permaroreHHast OTC/oVKa CEeTHaTKM, Maky/ISPHbIA PasgpbiB, ayToNOrM4Has KOHAMLMOHMPOBAHHASA NnasMa, BUTPEOpETUHAbHAS XUPYPris,
NepdTOPOPraHNYeckoe CoeayHeHe
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Rhegmatogenous retinal detachment complicated by macular
hole is a rare disorder that is currently one of the most challenging
in terms of vitreoretinal surgery, the good anatomical outcome
of which not always ensure high visual functions.

According to the literature, the prevalence of
rhegmatogenous retinal detachment complicated by macular
hole is 2.3-4% of cases. The disorder occurs predominantly
in individuals with high myopia and peripheral retinal tears [1].
Macular holes less often occur secondary to retinal detachment

as a result of vitreoretinal traction due to posterior vitreous
detachment, eye injury, tangential traction caused by epiretinal
fibrosis, or proliferative vitreoretinopathy (1, 2].

The main goal of treatment of rhegmatogenous retinal
detachment complicated by macular hole until the end of the
20th century was to achieve anatomic retinal adhesion by
sealing peripheral tears without any attempts of the macular
defect closure. This resulted in poor functional outcomes and
the development of central scotoma [3, 4].
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The literature describes clinical cases of two-stage surgical
treatment of the combination of these disorders. The second
stage surgery aimed at sealing the macular hole is performed
some time after restoration of anatomic retinal adhesion.
However, such an approach not always ensures restoration of
macular architectonics, requires high material costs, and not
always guarantees good visual and morphological outcome [5, 6].

Today, three port pars plana vitrectomy involving removal
of posterior layers of the vitreous, macular hole closure, sealing
peripheral tears followed by the vitreal cavity tamponade
with vitreous substitutes (silicone oils of varying viscosity,
air-gas tamponade with long resorption period, sterile air) is
considered the only effective method for surgical treatment of
rhegmatogenous retinal detachment complicated by macular
hole allowing one to achieve good anatomic and functional
outcome [1, 5, 7-9].

Various surgical methods of macular defect closure have
been proposed in order to improve the effectiveness of the
macular hole surgical treatment, i.e. to increase the anatomic
closure rate and the rate of visual function improvement:
mechanical approximation the of the hole edges, internal
limiting membrane (ILM) peeling, sealing of the hole with various
modifications of the inverted ILM flap, amniotic membrane plug,
transplantation of the anterior lens capsule, ILM preservation
[, 7-11].

In recent years, there is growing interest in the methods
associated with sealing the macular hole with autologous
platelet-rich plasma. Currently, two methods of plasma
collection are extensively used in treatment of retinal disorders:
PRP, platelet-rich plasma with the platelet levels 3-4 times
higher compared to baseline blood levels, and ACP, autologous
conditioned plasma with almost no white blood cells and
elevated platelet levels (2—-3 times higher compared to baseline
blood levels). Local application of autologous factors during
macular surgery makes it possible to achieve good anatomic
and functional outcome and minimize retinal tissue injury during
the operation [12-15].

Despite variability of surgical approaches to treatment of
rhegmatogenous retinal detachment complicated by macular
holes, the search for safe and effective surgical technique,
allowing one to achieve anatomic retinal adhesion and
restoration of macular architectonics with minimal damage to
the retinal structures and to minimize the patient's rehabilitation
period, is still relevant.

The clinical case reported demonstrates a single-stage
approach to treatment of rhegmatogenous retinal detachment
complicated by macular hole.

The aim was to assess the effectiveness and safety
of the single-stage approach to endovitreal treatment
of rhegmatogenous retinal detachment complicated by
macular hole involving sealing a peripheral tear by endolaser
photocoagulation, macular hole closure with autologous
conditioned plasma, and short-term perfluorocarbon tamponade
of the vitreous cavity.

Clinical case

In July 2022, female patient A. aged 60 presented to the
Research Center of Ophtalmology of the Pirogov Russian
National Research Medical University complaining of the rapid
decrease in visual acuity of her left eye and the emergence of
dark curtain falling across the left eye peripheral visual field from
the top on the nasal and temporal sides. The above developed
suddenly five days before the visit. According to medical
history, the patient underwent surgery, phacoemulsification of
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cataract with intraocular lens (IOL) implantation, on both eyes
(OU) in 2015.

The patient underwent preoperative comprehensive eye
examinationinvolving the use of standard (visometry to determine
uncorrected visual acuity (UCVA) and best-corrected visual
acuity (BCVA), pneumatonometry, biomicroophthalmoscopy
with a MaxField indirect lens MaxField (Ocular Inc.; USA)) and
specific assessment methods (B-mode sonography of the
eye with the Compact Touch NEW scanner (Quantel Medical;
France) and spectral-domain optical coherence tomography
(SD-OCT) with the Spectralis HRA+OCT module (Spectralis
HRA+OCT, Heidelberg Engineering, Module, OCT-2 85,000 Hz
Inc., Germany)).

Initial assessment showed that visual acuity of the left eye
(OS) was 0.01 (incorrigible, eccentric viewing), and intraocular
pressure (IOP) was 15 mmHg. Ophthalmoscopy OS showed
that the anterior segment was intact, and the well-centered
IOL was in the capsular bag. Retinal detachment involving
the macular zone was found between the 12 and 8 clock h,
a flap tear extending for 1 clock h was visible in the peripheral
retina, a roundish red-colored defect was found in the macular
zone. Ultrasonography revealed subtotal retinal detachment
with a height of 9.13 mm and a flap tear in the superior outer
quadrant. Macular SD-OCT revealed retinal detachment in the
center of the retina and a defect with a diameter of 380 pm
penetrating through all retinal layers in the foveal zone (Fig. 1).

The following diagnosis was established based on the
patient's comprehensive eye examination, complaints,
and medical history: OS Subtotal rhegmatogenous retinal
detachment. Macular hole. Pseudophakia.

The patient underwent three port pars plana vitrectomy
performed using a disposable 27G tool kit according to
standard method with the cut rate of up to 5,500 cpm and
vacuums of up to 650 mmHg (Fig. 2). Initial application of
the triamcinolone acetonide contrast agent was followed by
induction and subsequent removal of the posterior hyaloid
membrane and adjacent posterior layers of the vitreous. A flap
retinal tear extending for 1 clock h was found when examining
the peripheral retina. A perfluoroorganic compound was injected
in small increments into the vitreous cavity in order to reduce
retinal mobility and ensure smoothing of the detached retina.
As a result, adaptation of the detached retina to subadjacent
layers was achieved along with the subretinal fluid drainage
into the vitreous cavity through the hole. Partial aspiration of
the perfluoroorganic compound was performed using active
extrusion. The macular zone of the retina was stained with
the Membrane Blue-Dual dye injected intravitreally in order to
identify ILM, while the zone of macular hole was covered with
the perfluoroorganic compound drop allowing us to prevent the
dye penetration under the retina. Aspiration of intravitreal dye
and the remaining perfluoroorganic compound was followed by
the ILM removal with endovitreal forceps 360 degrees around
the foveola within the limits of vascular arcades.

The vitreous cavity was once again plugged with the
perfluoroorganic compound, the remaining subretinal
fluid was aspirated above the zone of the hole. Endolaser
photocoagulation of the flap tear extending for 1 clock h was
performed.

The perfluoroorganic compound was partially aspirated
by active extrusion to a volume of 3—4 diameters of the optic
disc over the zone of the macular hole and substituted with
the balanced salt solution (BSS). The macular hole edges were
approximated to the center using the extrusion cannula until
these were in full contact (the cannula tip did not touch the
retinal tissue), and the remaining subretinal fluid was aspirated.
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Fig. 1. Spectral domain optical coherence tomography scan of the macular zone
(before surgery). Retinal detachment. Macular hole (red arrow) with a diameter
of 380 um

Autologous conditioned plasma (ACP) was prepared during
surgery using the propietary Arthrex ACP double syringe
(RU Ne FZN 2012/12123 of 08.11.2016) by drawing 15 mL
of the patient's venous blood using a 18-20 G butterfly
needle with no anticoagulant into the Arthrex ACP syringe.
Blood collection was followed by the syringe installation in the
ROTOFIX 32A centrifuge (Hettich; Germany) and subsequent
centrifugation for 5 min at 1700 rpm.

After aspiration of the remaining perfluoroorganic
compound, a syringe with a blunt needle was used to
sequentially apply the 0.1 mL ACP drops with the exposure
time of up 1 min to form multiple layers in the zone of the
macular hole until a faint translucent film was formed within the
limits of vascular arcades. The surgical procedure ended with
short-term perfluorocarbon tamponade of the vitreous cavity
(8 days) aimed at the chorioretinal adhesion formation in the area
of peripheral tear and retaining the applied ACP in the macular
zone for the macular hole sealing and subsequent regeneration.

Standard drug therapy (antibacterial and anti-inflammatory)
was used during the postoperative period.

On day one after surgery the patient reported improvement
in visual acuity of her left eye along with no dark curtain in the left
eye peripheral visual field; she complained of metamorphopsia.
Examination revealed UCVA of 0.05, BCVA of 0.16, and IOP
of 18 mmHg. Ophthalmoscopy revealed the translucent fibrin
film in the macular zone within the limits of vascular arcades,
the tear in the peripheral retina extending for 1 clock h was
sealed by edematous coagula, the entire retina was adapted.
According to macular SD-OCT, the macular hole edges were
closed, and the fibrin film on the retinal surface was visible (Fig. 3).

Based on the SD-OCT findings, lysis of the fibrin film,
macular profile shaping, and complete closure of the macular
hole were revealed within 7 days during the postoperative period.

On day eight, the second stage surgery was performed
using a disposable 27G tool kit. Perfluoroorganic compound
was removed by active aspiration. Similarly to the above
technology, ACP was prepared during surgery, and the 0.1 mL
ACP drops were sequentially applied to the retinal region in the
macular zone with the exposure time of up 1 min to form multiple
layers until a faint translucent film was formed within the limits of
vascular arcades. The surgical procedure ended with substitution
of the previously injected BSS with air, first by active aspiration of
the solution, and then by passive aspiration of the remaining layer
of fluid corresponding to 2-3 diameters of the macula using the
cannula. Sclerostomies were sutured after removal of the ports.

One month after surgery the patient reported the
improvement in visual acuity OS, the complaints of

Fig. 2. Intraoperative fundus image: macular hole in the center of the retina (white
arrow). Retinal detachment in the superior, temporal and inferior quadrants

metamorphopsia declined. Ophthalmic examination showed
that UCVA was 0.16, BCVA was 0.3, and IOP was 16 mmHg.
Ophthalmoscopy revealed no retinal defect in the macular zone,
the tear in the peripheral retina extending for 1 clock h was
sealed by pigmented coagula, the entire retina was adherent.
According to micropirometry (MAIA, CenterVue Inc.; ltaly),
the average central retinal sensitivity (CRS) OS was 24.7 dB,
fixation was stable. According to macular SD-OCT, the normal
foveal profile was formed, the macular hole was closed, and
retinal segmentation was partially restored (Fig. 4).

On the follow-up examination three months after treatment
the patient reported improvement in visual acuity of her left
eye and no metamorphopsia. Examination revealed improved
visual acuity: UCVA was 0.2, BCVA was 0.5, and IOP was
17 mmHg. Ophthalmoscopy revealed a blunted reflex in the
macular zone, the tear in the peripheral retina extending for
1 clock h was sealed by pigmented coagula, the entire retina
was adherent. The average CRS OS improved to 25.3 dB, and
fixation remained stable. SD-OCT revealed a normal macular
profile together with partially restored external retinal layers.

The patient had no complaints on the follow-up
examination six months after surgery. Examination showed
that her visual acuity was stable: UCVA was 0.2, BCVA was
0.5, and IOP was 15 mmHg. Ophthalmoscopy revealed a
blunted reflex in the macular zone, the entire retina was
adherent, and the tear in the peripheral retina extending for
1 clock h was sealed by pigmented coagula. According to
micropirometry, the average CRS OS improved to 26.1 dB,
and fixation was stable. SD-OCT revealed a preserved
macular profile together with partially restored segmentation
of the external retinal layers (Fig. 5).

Clinical case discussion

Rhegmatogenous retinal detachment coexisting with macular
hole is associated with poorer prognosis of beneficial outcome
in terms of morphological and functional parameters. The
surgeon has to execute a number of additional intraocperative
manipulations increasing the risk of intra- and postoperative
complications during surgery. Today, the issue of choosing
the effective and safe method for surgical treatment of
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rhegmatogenous retinal detachment complicated by macular
hole is still relevant.

According to the literature, the majority of reported surgical
techniques for treatment of this combination of disorders end
with the silicone oil tamponade of the vitreous cavity followed
by the silicone oil removal after 3-6 months [1, 7, 8, 11, 16]
or with the air-gas tamponade [5, 17]. However, silicone oil is
unable to tightly press the retina at the posterior pole. It is well
known that there is a layer of intraocular fluid between silicone
oil and the retina, that is why the conditions are not optimal
for the macular hole sealing and regeneration (compared
to the perfluorocarbon tamponade). Furthermore, the long-
term presence of silicone oil in the vitreous cavity may result
in such complications, as secondary ocular hypertension,
lens opacity, contact keratopathy, perisilicone proliferation,
cystoid macular edema. Moreover, silicone oil induces high
hypermetropia and irregular astigmatism, thereby significantly
reducing visual acuity throughout the period of tamponade
[18]. Air-gas tamponade of the vitreous cavity forces the
patient to stay in prone position for a long time, reduces
his/her quality of life during the period of tamponade, limits
the possibility of ophthalmoscopy-based control over the
retinal adaptation and the macular hole closure during the
postoperative period, promotes the development of cataract,
retinal folds, and peripheral retinal tears.

The reported use of short-term perfluorocarbon tamponade
of the vitreous cavity ensures reliable adaptation of the retina
to subadjacent tissues, contributes to formation of strong
chorioretinal adhesion and prevents displacement of the retina
relative to subadjacent layers. Perfluorocarbon tamponade
ensures stable fibrin film retention and tight adhesion of fibrin
to the retinal defect, thereby reducing the risk of the fibrin fim
displacement relative to the macular hole and contributing to the
macular defect strong sealing and effective regeneration. The
use of this vitreous substitute does not require staying in certain
forced position and does not reduce the patient's mobility in the
early postoperative period. No complications develop during the
short period of perfluorocarbon tamponade of the vitreous cavity.

The possibility of using ACP (under protection of
perfluorocarbon tamponade) allows maximum use of its
reparative and regenerative potential. This ensures optimal
restoration of the macular zone morphology and makes it
possible to achieve high visual functions.

The use of proposed microsurgical approach for treatment
of rhegmatogenous retinal detachment complicated by
macular hole resulted in complete anatomic adhesion of the
retina, restored macular architectonics of the retina, and visual
function improvement.
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METABOLIC ENGINEERING IS A PROMISING WAY TO GENERATE HIGHLY EFFECTIVE PRODUCERS

OF BIOACTIVE SUBSTANCES
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Medicines play an indisputable role in life extension and improvement of the quality of life. To obtain medicinal compounds, researchers traditionally rely on natural
sources and chemical synthesis, however, currently developing biotechnological methods allow one to introduce the group of genes encoding new metabolic
pathways into the genomes of heterologous hosts and regulate activity of the hosts' intrinsic metabolic pathways. Such an approach makes it possible to reproduce

biosynthesis of bioactive substances in heterologous hosts, the approach combines the benefits of conventional methods and works around the shorcomings of
those. In our view, the use of metabolic engineering to obtain medicinal compounds is becoming increasingly important for their production.
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METABOJINYECKASA UHXXEHEPUS — MEPCMEKTUBHbIW NYTb NOJTYYEHUS BbICOKO3®®EKTUBHbIX
MPOAYLEHTOB BNOJIOTMYECKN AKTUBHbIX BELLIECTB

A. E. BrioxuHa'?, K. A. MankuHa', E. C. LLaxosa', A. K. Manbiwesckast?, 3. M. Ocunosa'?, H. M. MbiwkuHa' =
" VIHcTuTyT BroopraHndeckort xumumn nmeHn M. M. LLemsikuHa v tO. A. OBUMHHMKOBa, Mockea, Poccus
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JlekapcTBeHHble MpenapaTbl MrpatoT HEOCMOPVMYIO POSb B MPOAIEHUM XKM3HW 1 NOBbILLEHWM ee KadecTBa. [1nst MofyyYeHns NekapCTBEHHbIX COeaNHEHWI
1ccnefoBarenn TpaauUVoOHHO 0BPaLLaoTCst K MPUPOAHBIM UCTOYHUKAM U XUMUYECKOMY CUHTE3Y, OIHAKO B HACTOSLLEE BPEMsl aKTVBHO PasBMBAIOTCS
OVIOTEXHOMOMMHECKIE METOABI, NMO3BONSAIOLLIME BHEAPSTL MPynMbl FEHOB, KOAVPYIOLLME HOBble METabonmM4eckme nyTn, B reHOMbI reTepOSIONMHECKUX XO3SEB U
perynmpoBaTh aKTMBHOCTb X COBCTBEHHBIX METAOONMMHECKNX NMyTen. Tako NoAXod AaeT BO3MOXXHOCTb BOCMPOU3BOANTEL BUOCUHTES BMOOMMHECK aKTUBHBIX
COeaVHEHN B reTepOSIoNMHECKNX XO3sieBax, COHMETAeT [OCTOMHCTBA TPAAMLMOHHLIX METOAOB UX MOMyYeHst 1 0BXOAUT HEAOCTaTKM aTux MeTofoB. C Hallei
TOYKM 3PEHUS, MPUMEHEHE METABONMHECKON MHKXEHEPUN AN NOMyYeHUst IEKapCTBEHHbLIX COeaVHEHW NprobpeTaeT Bee Gobluee 3Ha4YeHne B MPO3BOACTEE.
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Living organisms, especially fungi and plants, are conventional
sources of bioactive compounds and medicines. However,
extraction of these compounds from natural sources can be a
complex and costly process due to low content of compounds.
Development of the organic synthesis techniques has
provided a breakthrough in drug manufacturing [1], however,
it is not rational to obtain all natural compounds chemically
due to multistage synthetic pathways, requirements for
optical activity, and low vyield of pure substance [2, 3].
Biotechnology offers an alternative approach that allows to
produce medicinal compounds in heterologous hosts [4],
such as bacteria, yeast, plants, algae, and mold fingi, many
of which combine the features of rapid growth, simplicity and
low cost of cultivation.
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Heterologous gene expression provides opportunities
to program new properties of the host at the cellular and
organism levels, including the large-scale production of atypical
substances [5]. Since bioactive compounds cannot usually be
encoded by single genes, the projects of metabolic engineering
of entire biochemical pathways are becoming increasingly
popular. Integration of long multigene constructs into the host
genome is supported by the development of methods for DNA
assembly [6] and delivery [7]. Regulation of the host's intrinsic
metabolic pathways has a significant impact on the success
of such projects, since it allows the host cell to produce
appropriate amounts of essential intermediate metabolites.
Engineering of autotrophic yeast, Pichia pastoris, is one such
example [8].



MHEHUWE | BUOTEXHOJ10I'NA

oy

Selection of the target
compound producer
of interest

Analysis of the target organism
genome and selection of
metabolic pathWay of interest

/

Selection of the

metabolic networks heterologous host

of the heterologous host

Analysis of metabolome and ’
)

Intensity

7\
!

di
—_—

“rn
3
S

i

)
| Extraction of the target compound
(_ Biomass cultivation |”1> - biom%ss P
\ J

i
BN
> ~Quality control, preclinical and clinical trials

Fig. Scheme of contemporary approach of generating bioactive compounds in heterologous hosts

Metabolic pathways of any organism form complex metabolic
networks, that is why it is extremely important to have a detailed
picture of the enzyme components of certain biosynthetic
pathways and their products to select the points of metabolic
regulation in the heterologous host. For this purpose, various
databases, such as KEGG (Kyoto Encyclopedia of Genes and
Genomes) [9], BRENDA (BRaunschweig ENzyme DAtabase)
[10], and PathBank [11] can be used, along with the gene co-
expression databases, such as ATTED-II (Arabidopsis thaliana
trans-factor and cis-element prediction database) that has been
designed for Arabidopsis [12]. However, the built-in algorithms of
these databases may not be informative enough when dealing
with the understudied genes or organisms; the biocinformatics
tools based on the machine learning algorithms, the predictive
power of which improves with time, are used in such cases [13].

After defining the points of metabolic regulation, biochemical
pathways can be tuned by site-specific genome editing and/or
epigenetic regulation. Considering the general trends of
switching from omnidirectional effects to more specific ones,
fine tuning of the host gene expression levels is becoming
increasingly popular and accessible. In particular, the guide
RNAs and artificial Cas9-based transcription factors can be
used for gene activation [14, 15].

The combined approach involving implementation of
heterologous metabolic pathways and rerouting of the host's
intrinsic metabolic pathways (see Figure) yields spectacular
results of the target bioactive compound biosynthesis in the
heterologous host [4].

CONCLUSION

The success of the medicinal compound biosynthesis is
based on the combination of several orthogonal approaches.
Successful implementation requires determining the shortest
metabolic path to the desired substance or property using
databases, defining the limiting stages using conventional
biochemical models or machine learning algorithms, selecting
the optimal method for host genome transformation,
constructing genetic constructs that are compatible with
the selected host, characterizing the host's metabolic
landscape, and regulating the activity of the host's intrinsic
metabolic pathways aimed at directing metabolic flows
towards heterologous pathway. The development of modern
technology makes it possible to increase the efficiency of
each stage and eventually results in production of the new
source of medicinal compound.
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