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B HacTosllee BpemAa He BbI3blBA€T COMHEHUN CUCTEMHbIA XapaKTep
COVID-19, 3aTparnBatowmm n HEPBHYIO CUCTEMY.

HYacTtoTa BblAB/IEHMA CUMMNTOMOB CO CTOPOHDI HepBHOﬁ cncrembl MNo
Pa3HbiM AdHHbIM COCTaBJAAET A0 88%, NPpn 3TOM OHU BO3HWUKAIOT KdK B
OCTPOM N NOAOCTPOM Nepmnogax, Tak 1 B ,EIIOJ'IFOCpO‘—IHOM nepcrexkTuee.

Hesponornyeckne npoasieHna y TPETU NaLMEHTOB MOTYT COXPaHATbCA
0 nonyroaa u bonee nocne nepeHeceHHoM MHGEKUUU, U psa aBTOPOB
VYKa3biBaeT O MOBbIWEHNUN 4YaCTOTbl UX BbIABJIEHUA C TeyeHunem

BpEMEHM.

Abboud H, Abboud FZ, Kharbouch H, et al. COVID-19 and SARS-Cov-2 Infection:
Pathophysiology and Clinical Effects on the Nervous System. World Neurosurg. 2020;
140:49-53.

Koralnik 1J, Tyler KL. COVID-19: A Global Threat to the Nervous System. Ann Neurol.
2020; 88:1-11.

Premraj L, Kannapadi N V, Briggs J, et al. Mid and long-term neurological and
neuropsychiatric manifestations of post-COVID-19 syndrome: A meta-analysis. J Neurol
Sci. 2022; 434:120162.



IlaToaorusa IHHHC u ITHC npu COVID-19
(I1aHHBIE BCKPBITUH B «KOBUIAHBIX» ITAO MOCKBBI)

Mo3roBbie 000JI0UYKHU:
rEMOPPAru4e€CKui CUHAPOM,

\ TPOMOOTHYECKAsI
MUKPOAHTHUOMATUS, BACKYJIUT,

§ MEHHUHTUT, TPOMOO3 CUHYCOB
¢ TMO

['0J10BHOM MO3r': MIIIEMHUYECKHUE
9. nH(APKTHI, KPOBOM3IHIHNS,

s TUIOKCHYECKAS U

. Mertabonudeckas sHiedaIonarus,
| TpoMOOTHYECKas
MHKPOAHTHOIIATHs, BaCKYJIHT,
sHIEePaTUT

Kposousnmsmma | et HeBpUTHI, MHCIIUT, CHHIPOM
I'niiena-bappe




MNpoBepeH getanbHbIM aHANU3 FO1I0BHOro mo3ra B 20 netanbHbix caydyaax COVID-19 6e3
04YaroBbiX UI3MEHEeHUI MO3ra Uin HeBpPO/IOFMYECKOMN NATO/IOTMKU B aHaMHe3e

O6BbEM rucToNnornyeckoro UccnenoBaHus

1. Kopa u 6enoe BewecTBo MoAywapun 6Oonbworo mosra (npe- M NocCT-
LEHTPa/bHble U3BWUAUHDLI, NpedpoHTanbHaa o6nacTb, MOSACHAA W3BU/UHA,
BEPXHAA U HUXKHAS TEMEHHbIE A0/1bKM, OCTPOBOK, FTMNNOKamnaabHaa 061acTb)
6a3anbHble agpa (xBoctatoe U MUHAANEBUAHOE A4pa, CKopayna, 6aeaHbIN Wwap)
BEHTpO/1IaTepPaibHbIN Tanamyc

rMNOTanamyc C COCLEBUAHbBIM TE/IOM

oTaenbl 0OOHATENbHOrO aHanusatopa (oboHATeNbHble TPAKT, JIYKOBUUA U
TPEYroNIbHUK, KPHOYOK rMnnokamna)

CTBO/1 MO3ra (cpeaHu Mo3r, MOCT, MPOA0rOBaTbl MO3r)

Kopa u benoe BellecTBoO, 3ybyaToe A4Pp0 MO3XKe4Ka

e B

e

MeToabl uccnegoBaHus

1. MWKPOCKOMUYECKOE WCC/IeA0BAaHUE CPE30B, OKpPalleHHbIX eMaTOKCUAUHOM
Kapauumn n so3nHom, no metogam BaH-mM3oHa u Huccna

2. MMMYHOIMCTOXMMMUYECKOE MCCNeAOBaHME: peaKkuuMu C aHTUTenamm K S-benky
SARS-CoV-2, CD 68 (oueHKa aKtmBauuu mukpornmu) u CD 8 (BbiABNeHue
LMTOTOKCMYECKUX T-TMMPOLNTOB)
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Cpes Ha ypoBHe 6a3anbHbIX AAEP 1 A0 NOABNEHHA TANAMYCOB

6n0ku Ne 11 — MOTOpHaA Kopa cnesa, 12 — MOTOpHan Kopa cnpasa, 13 — 6asanbHele Aapa (ckopayna, 6nearblii wap,
TeNo XBOCTATOro AAPa CO CTEHKOM i vactn y mo3ra) cnesa, 14 - 6asanbHble Aapa
cnpasa, 15 — 060HATE bHbIN TPeYroNbHMK CNeBa (CM. HUXKe), 16 - 0BOHATENbHDINA TPEYroNbHUK Cripasa, 17 — Kplo4oK
rUNNOKamna cnesa (CM. Huke), 18 — KPIOYOK rUNNoKamna cnpasa

Cpes Ha ypoBHe nepezHeit TpeTn 106HbIX U3BUAMH — NpedpOHTaNbHAA Kopa

610k Ne 9 — npedpoHTanbHanA Kopa cnesa (U3 nepeaHelt TpeTv eBoit cpeaHein NOGHON U3BUAUHBI)
610k Ne 10 — npedpoHTanbHan Kopa cnpasa (M3 nepeaHeit TPETU NpaBow cpeAHein NOGHOM U3BUAUHBI)

CermMeHT LEeHOoro oTaena CNMHHOro Mo3ra
(B ueHTpe cpesa «b6abouka»)

MOCT MO3ra ¥ NOAYLLIAPMA MO3XKEeYKa C
XOPOLUO BbIPaXKEeHHbIMM 3y6uyaTbiMm
A4pamu (CTpenku); cpes Ha ypoBHe
YeTbIPexXyroNbHbIX JONEK

NpPOA0AroBaThIA MO3T Ha YPOBHE
nupamug, (CTpenku)

TOT e cpe3 C Bblpe3aHHbIMU 610KaMmn

NpPOAO0NroBaThii MO3r Ha YPOBHE
HUXHUX O/IUB (CTPENKK)



[Ipn aHanmm3e pa3aWYHBIX OTIEIIOB TOJIOBHOIO MO3Ta IMAIMEHTOB, YMEPIIUX OT
COVID-19, Mbl B psajge ciaydaeB HaOmomaau HanbOojiee BBIpAKCHHBIE W3MEHCHHUS B
Pa3JIMYHBIX OTJAeJaX [EeHTPAJbHOH YacTH OOOHATEJILHOI0 aHaJIMW3aTopa, B
OCOOCHHOCTH B OOOHSTEIPHOM TPAKTE, JYKOBUIIE M TPEYrOJbHUKE, a TaKXke B
MPO0JrOBATOM MO3Ie, O YeM TaK)Ke YKa3bIBAJIOCH B PAJIC APYTUX WCCIICIOBAHNM.

-pE€3KO BBIPAKEHHBIM OTEK C (OPMHUPOBAHHEM 3a4aCTYH) KPYHHOSYEHUCTOU
CTPYKTYpBI MO3ra (CIIOHTHO(POPMHBIC U3MCHCHUS),

-TUCTPOPHUECKHUE U3MEHEHUS U BbINAJCHUS HEUPOHOB,

-TJINO3,

-CKOILJICHUSI KpaXMaJIUCTHIX TEJEll.

BbIsiBIICHHBIE W3MEHEHHSI MOTYT CBHJIETEIBLCTBOBATH O BOBJICYEHHM JTaHHBIX
OTJICJIOB B MATOJIOTMYECKUU MPOIECC HA paHHUX ATalax MOPa’KeHUsI FOJIOBHOIO MO3ra,
4TO comiacyercsi ¢ BO3MOXHOCThIO MHBa3uu SARS-CoV-2 B [HHC HelpoHaTbHBIM
Ty TEM.

Sieracka J, Sieracki P, Kozera G, et al. COVID-19 -
neuropathological point of view, pathobiology, and dilemmas
after the first year of the pandemic struggle. Folia
Neuropathol. 2021; 59:1-16.



N3meHeHna cocya0oB MUKPOLMPKYNATOPHOrO pycna

Kanuaiapbl: NOIHOKPOBUeE
(cBepxy) n aputpocTas (cHM3y)

Tpomb03 KanMnnapos

CBEXKEee NepMBaCKYyNAPHOE KPOBOU3NUAHNE
(cocya nokasaH cTpenkon)




N3meHeHMA cocyaoB MArkoi mosrosom o6onouku (MMO)
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B cocygax MMO



AndPy3HbIN OTEK rOIOBHOrO MO3ra
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_;. NPOCTPaHCTB (cTpenkun) B benom
o BeLLLEeCTBE ro/I0BHOrO MO3ra
(nepuBacKynapHbLIN OTEK)
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paclmnpeHmne nepmMHenpPoHanbHbIX NPOCTPAHCTB (CTPEIKM) B KOpe NoayLwapma Mmo3ra
(nepuuenntonspHbIA OTEK) CO CMOPLLMBAHMEM LUTOMIA3Mbl U A4PA KNETOK



OvndPy3HbIN OTEK rONOBHOIO MO3ra

B 06/1aCcTK OOKOBOrO KeNya04Ka MO3ra
(3neHAnMHan BbICTU/IKA XKeNyA04Ka CBepXY)
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Anddy3sHble anucCTpoPUUECKU-HEKPOTUUECKME U3MEHEHUA HEUPOHOB

HEeNpPOHbI C TMAPONMYECKON (BaKyOIbHOWN)
anctpoduen (ctpenku)
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S . rmnepaosnHoduUAMa LMTonAa3mbl, FMNEePXpPomaTos

HEVIpOHbI C UUTONTNTUHECKUM NU3MEHEHNEM M MMKHO3 A4pPa



y3Hasa npoaudepauuma ruum
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rMmMo3 B Ny4Ke HEPBHbIX BO/TIOKOH
6enoro BeuwecTtBsa noaywapua mo3ra

i

NepuBacKyNsAPHbIA acTPOLMTO3
(cocyp noKasaH cTpenkoit)

catennmto3 (HempoHbI
NOKa3aHbl CTpesIkamu)




Yrto Kacaercs BBISIBJICHHS BUPYCa B MO3I€, B TOM YKCJI€ B OOOHSATEILHON CHCTEME U MIPOI0JITOBATOM
MO3re, TO Mbl CHUCTEMaTH4YeCKH HabOmofanu nojokutelbHyto NI X-peakuuio B HaHHBIX OTAENax Ha S-
oermok BHpyca ¢ mcmonb3oBaHueM AT kak k S1, Tak m S2-cyOpeamHHIIAaM CHakoBoro Oenka. Tem He
menee, pesynbrar UI'X peaknum ¢ AT xk N-Oenky Bupyca ObUT COMHUTENBHBIM (O4EHB ciabas
MOJIOKUTENIbHAS PEaKIrs B €IMHUYHBIX HEHPOHaX) U TpeOyeT MOATBEPKACHUS APYTUMHU METOIaMH.

Bo mHorux paborax ¢ moaTrBepkacHHBIM mpucyrctBueM SARS-CoV-2 B moszre UI'X meromom
ucrnonb3oBauch AT UMEHHO K S-0€lIKy KOpoHaBHpyca, TOTJa Kak MOMBITKH BBIIBUTH N-O€oK 3a4acTyro
ObLTH O€3yCHEeNTHBIMU, HECMOTPS Ha MOATBEP)KICHUE MPUCYTCTBUS BUpPyCa B TEX ke 00pasiiax, XOTh U B
OYeHb HH3KUX THUTpax, JIpyruMu wmetogamMu, B dvacTHoctu I[IIIP B pexume peasbHOrO0 BpEMEHHU.
Oo6uapy:keane N-0ejika B TKAHN CBHUAETEJLCTBYET 00 AKTHBHOW PEIVIMKAIIMN BHPYCAa B KJETKeE,

NMOCKOJILKY OH SIBJIsSIeTCS KJIK4YeBbIM (DAKTOPOM JAHHOIO IIpolecca.

B pabore Hemelnkux HccienoBareieid OTMEYaeTCss OTCYTCTBHE aKTUBHOW peIIMKAIlMKd BUpPYyCa B
HEHPOHE, YTO MOXKET OTYACTU OOBSICHUTH CTOJb MPOTHBOPEUYMBBIC NaHHBIC MO OOHapyxeHuto N-Oenka
BHpYyCa B MO3T€ HapsIy ¢ OYCHb HU3KOM BUPYCHOW HArpy3KOW W, CJIEIOBaTEIbLHO, HU3KON KOHIICHTpAIueh
N-0enka.

Cascarina SM, Ross ED. Phase separation by the SARS-CoV-2
nucleocapsid protein: Consensus and open questions. J Biol
Chem. 2022; 298:101677.

Ramani A, Miiller L, Ostermann PN, et al. SARS-CoV-2 targets
neurons of 3D human brain organoids. EMBO J. 2020;
39:e106230



SARS-CoV-2 B HEMPOHAX U TINAJIbHbIX K/IeTKax roJIOBHOro Mo3ra
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aKkcnpeccua S-6enka SARS-CoV-2 (KopuyHeBasa MeTKa) B HEMPOHax rMnnokamna (cnesa) u
rINaNbHbIX KNETKaX Kopbl MO3XeuvKa (cnpasa)

i

aKcnpeccua S-6enka SARS-CoV-2 (cTpenka) B
O4HOM U3 3HA0TENIMA/IbHBIX KNIETOK COCYy/Za MO3ra




NEPEAOBAA

DOI: 10.20953/1729-9225-2022-1-5-15 WHhekLMoHHbIe 6orneaHu, 2022, T. 20, Ne1, ¢. 5-15
Infectious diseases, 2022, volume 20, No 1, p. 5-15

Pe3ynbTatsbl [1LP-TecTupoBaHua Ha Hanu4ue
SARS-CoV-2 maTtepuana U3 pa3siudHbIX OpraHoB
nauymMeHToB, yMepLUMX B NOCTKOBUAHbIUN nepuopn
OT NMPUYMH, HenocpeacTBeHHO He CBA3aHHbIX

c COVID-19

C.C.Metpukor'?, M.A.lNnogkoB'?, A.A.KaHné6onouxkuin'*, H.C.[AakyH',
A.K.lWLla6aHoB', B.B.Kyna6yxoge'?, A.T.JlenHcoo', A.1N.baxeHoB'

THUW ckopori nomotym um. H.B.CkrimghocoBckoro [enaptameHT 3gpaBooxpaHeHmnss MockBsl,
MockBa, Poccwiickasi ®@egepauyums;

Z2MockoBCKui rocygapCTBEeHHbIN MEAMKO-CTOMAaTONIOrM4ecKnid yHnBepceuteT umM. A.U.EBgokumoBa,
MockBa, Poccwiickas ®@egepauyumsi;

SPoccuivickas MeguLMHCKas akagemmsi HerpepbIBHOro rnpogheccrnoHaibHoro obpa3oBaHus,
Mocksa, Poccwickass @egepayms;

*Hay4Ho-uccnenoBaTesibCKuii MHCTUTYT OpraH13aunmy 340aBOOXPaHEHUsT M MEQULMHCKOIO MEeHEQXXMEHTa
Henapramerta 3gpaBooxpaHeHus ropoga Mocksei, MockBa, Poccuvickas ®@egepauums



B nutepatype nmerorca gaHHble 0 BO3MOXHOCTU MHTerpauum reHoma SARS-CoV-2 B
reHom 4yenoBeka. OgHaKo 3TW OaHHble NOSyYeHbl NULWb B SKCNEpPUMEHTE In Vitro Ha
KITETOYHbIX KynbTypax.

B xopoe Hawen paboTbl Mbl caenanu nonbiTKy BbiBUTL uHTerpaumio SARS-CoV-2 y
NauneHToB, B opraHax KoTopbix bbina obHapyxeHa BupycHas PHK. [1na atoro mbl elle
pa3 nporectupoBanu obpasubl aytoncumHoro marepuana metrogom [NLP-PB, Ho ©e3
ctagum obpartHon TpaHckpunuun. [Onsa Bcex obpasuoB pesynbraTbl TECTUPOBAHUS
oKasanucb oTpuuaTesisHbIMN.

Takum obpasom, HaMm He yganocb BbIABUTb npucyrtctBue SARS-CoV-2 B chopme
OHK.

[na nonydyeHUs OKOHYaTeNIbHOroO OTBEeTa Ha BOMPOC O BO3MOXHOCTU WHTErpauuu
SARS-CoV-2 B reHoM 4yenoseka

HeobOxoaMMO npoBeAeHue MOSIHOreHOMHOro CeKBeHMpoBaHUA obOpa3uos
ayTONCUMMHOro mMartepuara ¢ nonoxurtenbHbiM pe3ynbratoM Ha PHK SARS-CoV-2.



BocnanurtesnbHble M3MeHeHUus (MiuMdonuTapHas HHPUIbTPAUUA 000104eK U
BeIleCTBA MO3ra, ePUBACKYJISPHBIX MPOCTPAHCTB) noarsep:xkaawtT HUI'X-
HUCCJICAOBAHUS, IPU KOTOPHIX BbIABJICHDI:

- TpU3HAaKW HeWpoHO(MAaruv B MOJKOPKOBBIX SApPAX MOJYIIAPUA OOJIBIIOTO MO3ra, B
3yO4arhIX AApax MO3KeUuKa, ¢ mo3uTuBHOU okpackoit CD68 npu UT'X-uccrnenosanny;

- TIEPUBACKYJISIpHBIE JTUMQOIUTAPHbIE MHOWIBTPATEl BOKPYT BEHYJI B MO3TOBOM
BEILIECTBE U pelKUe MapeHxumaro3nbie nHGmibTparsl npu NUI'X-okpammBanuu Ha CD3 u

CDS8:;



Cnabasa socnanutenbHasa peakuma
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Oco0oe BHMMaHUE OOpaTUJIO Ha CeOs HAIMYME MHOTOYHMCICHHBIX aMHJIOWIOMOI00HBIX
(KpaxMaJdMCThIX) TeJiell BO BCEX MCCIACAOBAaHHBIX OTAEIaxX IEHTpPaIbHOM  YacTH
OOOHSATEILHOTO aHaIN3aTopa — OOOHSTEIBHBIX JYKOBHUIIE, TPAKTE U TPEYTOJbHUKE, a TAKXKE B
KpIOUKe THUIIMOKAMIIa, IJI€ OHM paclojarajiiuch 4acTo B 00JIACTH MHUKPOCOCYIOB. M3BecTHO,
YTO aMWIJIOUJIONOAOOHBIC TeJblla MEIJEHHO DJIMMUHUPYIOTCS U3 HEPBHOW TKaHU W,
CKaIUIMBasACh B 00JacTU remarod’HIeaqiudyeckoro Oapbepa, MOIYT HAPYIIUTh €ro
IPOHUIIAEMOCTh U TPO(DUKY BEIIECTBA MO3Ta.

Hapymienne Tpouku HEpBHOM TKaHM, CBSI3aHHOE C HAKOIUICHUEM aMHWJIOMJAO0MNOI00HBIX
TEJell, B TOM YHCJI€ MOXET CIY)KUTh OJHUM H3 BO3MOXHBIX OOBSCHEHUM JIUTEIHHO
CYIIECTBYIOIIUX PACCTPOMCTB OOOHSHUS Yy MaIMeHToB ¢ nepeHeceHubiM COVID-19.
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AmunongonoaobHolie Tenbua (ctpenkun) n oTék
B 6enom BellecTBe B 06/1acT 6OKOBOro *Kenyaouka (a),
B 06/1aCTV NMPAMUAHOrO TPaKTa NpoaoaroBaTtoro mosra (6)
B NMarnMaabHon membpaHe nonywapusa mosra (B)
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AmunounaonoaobHble Tenbua B LepebpanbHoi YacT 060HATENbHOrO aHaAM3aTopa
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NepuBaCcKyNAPHO PACcNO/OXKEeHHbIE MHOTOYNCNEHHbIE aMUIOUAHbIE Te/bLLA B KPIOYKe rMnnokammna
(cocyabl oTMeY€EHbI CTPENKOM)



Anddy3Hble U3MEHEeHUA roNNI0BHOro Mo3ra
npu tTaxkenom teyeHumn COVID-19

FMNOKCHUYECKU-ULLleMUYecKue
NPUYMHA: NHEBMOHMA, KOAryaonaTuA
n ,u,pyrme npoasneHmna COVID-19

.EI.Mcbd)y3H bIii OTEK & -

b

HMK, nporpeccuposaHune
AVUCUMPKYNATOPHOM 3HUedanonatnum
N COCYANCTON AEMEHLMN

MeCTHOE BOCI'IaJ'IEHMe C ,qerel-lepau,ueu

MHBa3MFI BMpyca B HeMpOHbI “n I'I'II/II-O
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Tenbua (npusHak Helipo-
AereHepaumm Hapﬂp,y o

OCTPbIM 3HUEePaANUT, AereHepPaTUBHbIE U
ayTOMMMYHHble 3aboneBaHumsa LUHCy
PEKOHBA/IECLLEHTOB



MpbI olleHHMBAJId U3MEHEHUS TOJIOBHOTO MO3ra B JICTAJIBHBIX CIydasXx MaHKPEOHEKpO3a, s
KOTOPOTr0 B TOM YMCJE XapaKTepHa TOKCEMMS M MacCCHBHas BOCHAJIUTENbHAS PEaKLIMs C
Pa3BUTHEM «IIUTOKHMHOBOIO IITOPMa», U OTMETHIIM CXOAHYIO MOP(OJIOrHYecKyr0 KapTHHY C
TakoBo# y manueHToB, ymepmux or COVID-19, uro sBnsieTcs KOCBEHHBIM MOATBEPIKICHUEM
BopiedeHuss I[HC B marojorndeckuil Mpouecc B paMKax CHUCTEMHOM BOCHAIUTEIbHOU
PEaKITUU.

B rpynmny KOHTpOJIsi BOLLIM HAOMIOACHUS CMEPTH NMAIIUEHTOB C pa3pblBaMKU aHEBPU3M aOPThI C
OCTPOM KpOBOIIOTEPEW IIpU HACTYIUICHUM JICTAJIBHOIO MCX0JAa B IIEPBBIE CYTKH IIOCIIE
NOCTYIJIEHUSI B CTAllMOHAP, 0€3 MPOBEICHUS XUPYPTrUUECKOTO JICUEHUSI.



HEPEHIEHHDBIE BOITPOCHI

Bonpoc HenpouHBasuMBHOro noteHumana wm narteHtHoctn SARS-CoV-2 B LIHC
OCTaeTCH OTKPbITbIM.

Bbicokasa yactoTa BbISIBNEHUS CNAankoBoro 6enka B mo3re no cpaBHeHuntio ¢ PHK
BUpYyCca, a Takke AaHHble, CBUAETENbCTBYIOLNE O BO3MOXHOCTU MPOXOXKAEHUS
S1l-cyObeauHnuen cnamkoBoro 6enka remartosHuedanunyeckoro 6Hapbepa,
HaKOMSIEHMA B MO3re 1 3arycka CXo4HbIX C BUPYCOM peakunin, CKITOHSET B NOSb3y
Beaywen ponu «ncesgosupuoHoBy» B natonorun LUHC npmn COVID-19, a He
BUpYyca Kak TakOBOrO.




NoBpexaeHue avpaorenusa 6enkamm SARS-CoV-2 (5-10 u3 29 6enkoB Bupyca)
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Sickness behavior

SARS-CoV-2 infection produces neuroinflammation as well as neurological, cognitive (i.e., brain fog), and
neuropsychiatric symptoms (e.g., depression, anxiety), which can persist for an extended period (6 months) after
resolution of the infection. The neuroimmune mechanism(s) that produces SARS-CoV-2-induced neuro-
inflammation has not been characterized. Proposed mechanisms include peripheral cytokine signaling to the
brain and/or direct viral infection of the CNS. Here, we explore the novel hypothesis that a structural protein (S1)
derived from SARS-CoV-2 functions as a pathogen-associated molecular pattern (PAMP) to induce neuro-
infl y processes independent of viral infection. Prior evidence suggests that the S1 subunit of the SARS-
CoV-2 spike protein is inflammatory in vitro and signals through the pattern recognition receptor TLR4. There-
fore, we examined whether the S1 subunit is sufficient to drive 1) a behavioral sickness response, 2) a neuro-
inflammatory response, 3) direct activation of microglia in vitro, and 4) activation of transgenic human TLR2 and

TLR4 HEK293 cells. Adult male Sprague-Dawley rats were injected intra-cisterna magna (ICM) with vehicle or
S1. In-cage behavioral monitoring (8 h post-ICM) demonstrated that S1 reduced several behaviors, including

The novel hypothesis that a structural protein (S1)
derived from SARS-CoV-2 functions as a pathogen-
associated molecular pattern (PAMP) to induce
neuroinflammatory processes independent of viral
infection.

Prior evidence suggests that the S1 subunit of the
SARSCoV-2 spike protein is inflammatory in vitro and
signals through the pattern recognition receptor
TLR4.

Therefore, we examined whether the S1 subunit is
sufficient to drive

1) a behavioral sickness response,

2) a neuroinflammatory response,

3) direct activation of microglia in vitro, and

4) activation of transgenic human TLR2 and TLR4
HEK?293 cells.
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Abstract: Emerging data indicate that neurological complications occur as a consequence of severe REVIEW ARTICLE

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. The blood-brain barrier (BBB)
is a critical interface that regulates entry of circulating molecules into the CNS, and is regulated by
signals that arise from the brain and blood compartments. In this review, we discuss mechanisms by
which SARS-CoV-2 interactions with the BBB may contribute to neurological dysfunction associated
with coronavirus disease of 2019 (COVID-19), which is caused by SARS-CoV-2. We consider aspects
of peripheral disease, such as hypoxia and systemic inflammatory response syndrome/cytokine
storm, as well as CNS infection and mechanisms of viral entry into the brain. We also discuss the

Peripheral inflammation and blood-brain barrier disruption:
effects and mechanisms

1,2

contribution of risk factors for developing severe COVID-19 to BBB dysfunction that could increase Xiaowen Huangu | Basharat Hussain | Junlei Changi

viral entry or otherwise damage the brain.
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Abstract

The blood-brain barrier (BBB) is an important physiological barrier that separates
the central nervous system (CNS) from the peripheral circulation, which contains in-
flammatory mediators and immune cells. The BBB regulates cellular and molecular
exchange between the blood vessels and brain parenchyma. Normal functioning of
the BBB is crucial for the homeostasis and proper function of the brain. It has been
demonstrated that peripheral inflammation can disrupt the BBB by various pathways,
resulting in different CNS diseases. Recently, clinical research also showed CNS com-
plications following SARS-CoV-2 infection and chimeric antigen receptor (CAR)-T cell
therapy, which both lead to a cytokine storm in the circulation. Therefore, elucidation
of the mechanisms underlying the BBB disruption induced by peripheral inflamma-
tion will provide an important basis for protecting the CNS in the context of exac-
erbated peripheral inflammatory diseases. In the present review, we first summarize
the physiological properties of the BBB that makes the CNS an immune-privileged
organ. We then discuss the relevance of peripheral inflammation-induced BBB dis-
ruption to various CNS diseases. Finally, we elaborate various factors and mecha-
nisms of peripheral inflammation that disrupt the BBB.

KEYWORDS
blood-brain barrier, central nervous system, inflammation, inflammatory factors, molecular
mechanism



The physiological properties of the BBB that makes the CNS an
Immune-privileged organ
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FIGURE 1 Schematic diagram of the physiological characteristics of the BBB. GLUT1, glucose transporter 1; LAMs, leukocyte adhesion
molecules



[Mpn COVID-19 HapywatoTca mexaHn3Mbl CNaXKeHHOoro
PYHKUMOHMUPOBAHUA KOMNOHeHTOB HBE

- HapyLwwalTcA NAOTHble KOHTAKTbl MeXAy 3HAOTEeNMa/ibHbIMU
KNeTKaMn noa AencTBUeM UUTOKMHOB (BKatodasa IL-1(3, IL-6,
IL-9, IL-17, IFN-y, TNF-a n CCL2), oKa3biBaloWKUX BAUAHUNE Ha
3KCNpeccuto 6enKoB, TaKNUX KNAyaAUH-5, OKKAOAMH, a TaKXKe Ha
PAaBHOMEPHOCTb pacnpeaeneHns wuXx BAONAb MeMbpaHbl
3HAO0TEe/INANbHbIX KNETOK.

- BO3,£I,€I>1CTBVI€ NNNONOJINCaxapmnaonB U MAaTPUKCHDbIX
MmeTannonportenHas npmBoaAT C noepexaeHuto MVITOXOH,EI,pVIVI
U 3aNyCKY Nnpouecca afonto3a.

- HapyllaeTcaA ceKkpeuuma MONEeKyn aaresmm nenkouutoB, 4YTO
crnocobCcTBYEeT MPOHMKHOBEHMIO MMMYHHbIX Kinetok B LHC, c
nocneayroWMMU BOCNANNUTE/IbHbIMU UBSMEHEHUAMMN.



MexaHu3Mbl BO3IEHUCTBUS
Bupyca SARS-CoV-2 na HC
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Opobputb UM NPU3HATb MNPUOPUTETHbIM  MPOAO/IKEHME
pa3paboTKM BOMPOCOB MNATOreHesa U NATOJIOTMYECKOM
aHAaTOMWUWN HOBOW KOpPOHaBMpycHou nHdpexkumm COVID-19 u ee
nocneacTtBUM € WUCMONAb30BaHMEM  BCEro  apceHana
COBPEMEHHbIX BbICOKOTEXHO/IOTUYHbIX METOA0B
nccneposaHmna.  PerynApHo  nybamkoBatb  Ha  cauTe
Poccuinckoro obuiectBa MaTto/IoOf0AHAaTOMOB HOPMATUBHbIE
NOKYMEHTbI U MHOOPMALMOHHbIE MmaTepuanbl No npobreme
MHPEKUNU COVID-19 7 onbITy paboTbl
NaTo/IOf0OAHAaTOMMUYECKOMN cnyKbbl nNo 6Hopbbe ¢ aApyrumu
MHEKLUMOHHbIMKU 3aboneBaHUAMMN.
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