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Pesrome. [Tpu mHbeknmm, Bei3BaHHONM SARS-CoV-2, aTake MOTYT ITOABEPraThCs pa3IMIHBIC OpraHBI.
IMpuunHOIi ABIISIETCS IMUPOKask PaCIIPOCTPAaHEHHOCTh B OPTaHM3ME aHTMOTCH3UMHITPEBpAaIIaioniero (hepMeH-
Ta 2 (AIID2), coyxamrero perentopoM SARS-CoV-2. OmHako mopaxeHne TKaHeW Mpyu MHOEKITNNA MOXET
OBITh HE TOJIBKO Pe3yIbTaTOM MX MHGUIPOoBaHUs BUpycoM. [TokazaHo, uro SARS-CoV-2 nHayLmpyet rmpo-
IyKouio ayroaHTuTen K AIIMD2, 1 nx IIpuCyTCTBUE aCCOLIMUPOBAHO C TSDKEJIBIM TeueHneM Oose3Hu. Celre-
3eHKa sgBjsgeTcs ogHou mn3 mumeHei pu COVID-19. INpucyrcrBue AIIM2 Ha 3HIOTEINMN CUHYCOB Kpac-
HOI IyJIbIIbI CEeJIE3EHKM U Ha pe3uaeHTHbIX Makpodarax CD169* MmapruHaabHbIX 30H CeJIe3€HKU AeIaeT 3TU
KJIETKY MTOTEHIUAJIbHOU MUIIIEHBIO ayTOMMMYHHBIX peakinii K ADI12, zamyckaembix SARS-CoV-2. Kpome
Toro, aHTUTeNa K S 6e71Ky SARS-CoV-2 nepekpecTHO pearupyioT ¢ ITMPOKUM CTIEKTPOM OeJIKOB TKaHEei Je-
JIOBeKa M MOTYT BBI3BIBATh UX IMOBpexacHUe. Hamboiiee pacripocTpaHEeHHBIMU TTATOJIOTUSIMU CEIE3€HKH Y
moneit, ymepmux o COVID-19, sBastoTcs ncromeHue TUMGOIIMTOB 1 CICAYIOIINA 3a 3TUM reMadaromnm-
T03. Tak KaK ceyie3eHKa UTpacT GyHIaMEHTAJILHYIO POJIb B PETYJISIIIMM UMMYHHOTO OTBETa, TO € TIOpaskeHMe
npu COVID-19 MoxeT OBITh OTHOU U3 IPUINH UMMYHHBIX HapyIICHU, CBSI3aHHBIX C TSDKEIBIM TeUCHUEM
6oJie3Hu. 11 mpoBepKHU TUITOTE3bl ayTOMMMYHHOM nipupoabl COVID-19 Hamu Obuia pa3padboTraHa HEWMH-
(eKIMOoHHAs SKCIIepUMEHTAJIbHAS MOJIeIb ayTOMMMYHHOTO TTOJIMOPTAaHHOTO TTOPaskeHMsI, BBI3BAHHOTO M-
myHu3auuen S-oenkom SARS-CoV-2. Llenbio naHHOM pabOThI OBIIIO N3YYUTh COCTOSTHUE CEJIE36HKU Y KPBIC
C MHIYLIMPOBAHHBIM ITOJIMOPTaHHBIM MOpaXkKeHEeM, BBI3BAaHHBIM MMyHUI3a1neit S-6ea1kom SARS-CoV-2, a
TaK:Ke BIUSTHUE TIPEACYIIEeCTBYIOIIETO ayTOMMMYHHOTO 3a00JIeBaHMS Ha TSKECTh IMTOBPEXICHUN CeIe3eHKU,
BBI3BIBAEMBIX MMMYHHBIM OTBETOM NPOTHUB S-0enka. MHTakTHBIX KpbIc Wistar 1 Kpbic Wistar ¢ 3aBepIlieH-
HBIM 3KCIIEPMMEHTAIIbHBIM ayTOMMMYHHBIM 3HIIe(DaTOMUCTIUTOM UMMYHHM3UPOBAIN S-0EJIKOM B COCTaBe
HenosHOro agbloBaHTa PpeitHaa (HAD). KoHTposrbHBIE KPBICH TTOMyYnin nHbeKIuio HA®D. YV kpric, M-
MYHU3UPOBaHHEIX S-0e1koM SARS-CoV-2, He BbISIBIIEHO NU3MEHEHUS KOJIMUECTBA BTOPUYHBIX (DOJUTUKYJIOB
B cesiedeHKe. OHAKO B CEJIE3EHKE KPbIC C paHee MHAYLUPOBAHHBIM ayTOMMMYHHBIM 3HIE(DaTOMUETUTOM,
nMMyHu3auus S-6ea1koMm SARS-CoV-2 Bei3Bajia 3HaUMMO€E CHIDKEHME KOJTMYECTBA BTOPUIHBIX (DOJUTUKYJIOB
OTHOCUTEIbHO KOHTPOJILHOM TPYIIIbl. B 00enx rpyrmax, UMMYHU3UPOBAHHBIX S-0€JIKOM, BBISBIICHBI OT-
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JIOXKE€HNME TreMOCHUIepUHa U TMIepIuia3usi MakpogaroB MapruHajabHbIX 30H 0eJioi MmyJbIibl. Takum odpasom,
uMmMmyHu3alus S-6eakoM SARS-CoV-2 BbI3bIBaET B Cele3eHKE KPbIC U3MEHEHUS TIOXO0XKME Ha Te, YTO BbISIB-
JisiioTes y 60abHbIX yMepiuux oT COVID-19. TToBpexaeHus ceyie3eHKU 0oJiee pa3HOOOpa3HbI U BhIPAXKEHBI Y
KPBIC C TIPEALIECTBYIOLIUM 9KCIIEPUMEHTAIbHBIM SHLE(DaTOMUETUTOM.

Knroueswie crosa: S 6eaok SARS-CoV-2, aneuomenzunnpespawarousuii hepmenm 2, cene3eHka, 3apoovluievle yeHmpbl,
eemocudepun, euUnepnia3us MaKkpoghazos cele3eHKu

HISTOLOGICAL ANALYSIS OF THE SPLEEN OF RATS
IMMUNIZED WITH SARS-CoV-2 S PROTEIN

Fomina K.V.**, Khramova T.V.>", Terentiev A.S.>?, Terentieva 0.S.?

@ Udmurt State University, Izhevsk, Russian Federation
b Udmurt Federal Research Center, Ural Branch, Russian Academy of Sciences, Izhevsk, Russian Federation

Abstract. SARS-CoV-2 infection can lead to pathological disorders in various organs due to the ubiquitous
of angiotensin-converting enzyme 2 (ACE2), which serves as a receptor for SARS-CoV-2. However, tissue
damage may not only be the result of viral infection. SARS-CoV-2 has been shown to induce the production of
autoantibodies to ACE2, and their presence is associated with disease severity. The spleen is one of the targets for
COVID-19. The presence of ACE?2 in the red pulp sinus endothelium cells of the spleen and in tissue-resident
CD169" macrophages positioned in the splenic marginal zone makes these cells a potential target of autoimmune
reactions to ACE2 triggered by SARS-CoV-2. In addition, antibodies to the SARS-CoV-2 S protein cross-react
with a wide range of human tissue proteins and can cause tissue damage. The most common splenic pathologies
in deceased COVID-19 patients are lymphocyte depletion and subsequent hemaphagocytosis. Since the spleen
plays a fundamental role in the immune response regulation, splenic damage could be one of the causes of
immune perturbations associated with severe COVID-19. To test the hypothesis of the autoimmune nature of
COVID-19, we developed a non-infectious experimental model of autoimmune multiorgan damage caused
by immunization with SARS-CoV-2 S protein. The purpose of this work was to study the spleen in rats with
induced multiorgan damage caused by immunization with SARS-CoV-2 S protein, as well as the influence
of pre-existing autoimmune disease on the severity of splenic damage caused by an immune response against
S protein. Intact Wistar rats and Wistar rats with completed experimental autoimmune encephalomyelitis were
immunized with S protein in incomplete Freund’s adjuvant (IFA). Control rats received an injection of IFA. No
changes were detected in the secondary follicles number in the spleen of rats immunized with the SARS-CoV-2
S protein. However, in the spleen of rats with previously induced autoimmune encephalomyelitis, immunization
with SARS-CoV-2 S protein caused a significant decrease in the number of secondary follicles relative to the
control group. Hemosiderin deposits and macrophage hyperplasia of the marginal zones of the white pulp were
detected in both groups immunized with S protein. Thus, immunization with the S protein of SARS-CoV-2
causes changes in the spleen of rats similar to those detected in patients who died from COVID-19. Damage to
the spleen is more varied and pronounced in rats with previous experimental encephalomyelitis.

Keywords: SARS-CoV=-2 S protein, angiotensin-converting enzyme 2, spleen, germinal centers, hemosiderin, splenic macrophage
hyperplasia

Pa6ota BeinmoJjiHeHa TpU noaaepkke MuHucTep-
CTBa HayKu M BbICIIEro odbpasoBaHusi Poccuiickoii
Deneparnn (FEWS-2024-0002).

BeeneHue

Nuopexuus, seizBanHas SARS-CoV-2, nopaxa-
€T MPEeMMYIIIECTBEHHO AbIXaTeJIbHYIO cuctemy. B To
ke BpeMsi y 0osibHbIX COVID-19 nroneit onucaHo

MOpaXxXeHre HepecnupaTOpHbIX OopraHoB [7], B ToM
yuciae MaHuGecTupymimne KIMHUIEeCKU. XapakTep
M MEeXaHU3MbI TOBPEXICHW TKaHEW 1 OPraHOB IIPU
COVID-19 no KoHI11a HE SICHBI.

Cene3eHKa SBJISIETCS OAHOW W3 MMILIEHENW TpU
COVID-19. B cene3seHKe oOHapyXeHa 3KCIpec-
cus aHTUOTEH3WHIIpeBpaliawiiero depMmeHTta 2
(ATID2) — peuenrropa, yepe3 KoTopbiit SARS-CoV-2
npoHUKaeT B KieTku. AITM2 HalimeH Ha SHIOTEINN
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CHHYCOB KPaCHOM TyJIbIIbI CeJIE3eHKU [6] U Ha pe3u-
neHTHbIX Makpodarax CD169* mapruHajabHbIX 30H
ceneseHku [5]. B psine uccnenoBaHuii ObLT MokKa3aH
TPOTIM3M KOPOHABUPYCOB K ceje3eHKe. bbuio mpo-
IEMOHCTPUPOBAHO IIPMCYTCTBUEC BUPYCHBIX OCIIKOB
B ceJie3eHKe (Hampumep, Oejika Hykyeokancuaa) [5].

HawubGosiee pacnpocTpaHEeHHBIMM MATOJOTUSIMU
ceyie3eHKM y moaeit, ymepmmx ot COVID-19, gB-
JISIFOTCSI UCTOIIEHUE JUMGOILIMTOB U CIACIYIOIIUI 3a
3TUM remMacaronutos [7]. Tak Kak cejie3eHKa UTpaeT
(byHIAMEHTAJIbHYIO POJIb B PETYISIIIAN MMMYHHOTO
oTBeTa, To ee mopaxkeHue npu COVID-19 moxer
OBITh ONHOW M3 TIPUYMH WMMYHHBIX HapyIICHUI,
CBSI3aHHBIX C TSDKEJIBIM TeUeHHeM 00s1e3HU [9].

[MpuunHbl mopaxxeHus ceyeseHku mpu COVID-19
JI0 KOHIIAa He SICHBI, TIPEIToJjiaraeTcsi, YT0 OHU 00-
YCJIOBJICHBI HECKOJBKUMM MEXaHM3MaMU, BKITFOYAsT
NpsSIMYIO aTaKy BUpYca, LIMTOKMH-OMOCPEeIOBaHHbII
MMMYHHBII TIaTOTE€HE3, MUKPOCOCYIUCTYIO IHC-
dyHKuMo u anonto3 Jumdouuntos [10]. Henb3sa
MCKJIIOUUTh, YTO MPUUYMHA MOPaXKEHUS CEeIe3eHKU
Ipu KOPOHABUPUPYCHON WMHMOEKINU HMEET ayTo-
UMMYHHYyI0 Tipupony. IlosydeHbl yOeamTelIbHBIC
naHHble, yTo B martoreHe3 COVID-19 BoBieueHBI
ayTOMMMYHHbIe MeXxaHu3Mbl [11]. ¥ OonbHBIX Hali-
neH cuHapom IuiteHa—bappe, TpoMOoOLMTONEHU-
yeckasl Mmyprnypa, ayTOUMMYHHasi TeéMOJUTUYEecKast
aHeMUsl, CUCTEMHasl KpacHas BoJjiuaHka [11]. Pa3z-
BUTHE ayTOMMMYHHBIX TIPOSIBICHUI OOBSICHSIOT
B OCHOBHOM MOJIEKYJIIPHO MUMUKPUEH MEXIY
OenkamMu BuUpyca u Oenkamu opraHusma [11], HO
TIPEeIIOKEeHBI W aIbTePHATUBHBIC MEXaHU3MBL. Tak,
McMillan u coaBT. MpPeaIOXUIN TEOPUIO, COTJIACHO
kotopoii SARS-CoV-2 unayuupyetr ayTOuMMYHHYIO
peakmuio mpotuB peuenitopa AITM2 [12]. AyroaH-
TuTesa npotuB AITM2 MOryT MOSIBIASTHCS TIPU WH-
dexuuu SARS-CoV-2 Kak aHTUUIUOTUITNYECKUE K
aHTuTesaM IIpoTuB S-0enka SARS-CoV-2 [1]. ITpn-
cyrcrBue AII®D2 Ha 3HAOTEINMM CUHYCOB KpacHOM
MYJIBITBI CEJIE36HKU M Ha PEe3UIeHTHBIX Makpodarax
CD169" mapruHajabHBIX 30H CEJIE3EHKU JI€JIaeT 3TU
KJIETKU TTOTEHUUAJIbHONH MMIIEHBIO ayTOMMMYHHBIX
peaknnii K ADIT2, 3ammyckaeMbix SARS-CoV-2.

JJ1s TIpOBEpPKU TUITOTE3bI ayTOMMMYHHOM IIpH-
ponsl COVID-19 Hamu Obuta pazpaboTaHa HEWUH-
ekIMmoHHasi KCTIepUMEHTaIbHasi MOIETb ayTOUM-
MYHHOTO ITOJIMOPTAaHHOTO TTOPaXXKeHUSI, BEI3BAHHOTO
uMmMmyHu3auueit S-6eakom SARS-CoV-2.

Ilesnio 7aHHO# PaGOTHI OBLIO U3YYNUTH COCTOSTHUE
CeNe3eHKM y KPBIC C WHAYIUPOBAHHBIM IIOJIMOP-
FaHHbBIM MOpPaXXeHHWEeM, BbI3BaHHBIM UMMYHU3allMei
S-6enkom SARS-CoV-2, a Ttakxke BIUSHUE Tpe-
CYILIECTBYIOIIIETO ayTOMMMYHHOI'O 3a00JieBaHUSI Ha
TSDKECTh TMOBPEXICHUI Cee3eHKU, BbI3bIBAEMBbIX
WUMMYHHBIM OTBETOM TIPOTUB S-0ejKa.

Matepuans! 1 MeTogbl

Kpbicer  Wistar  (ITutToMHUK  J1aGOpaTOPHBIX
KUBOTHBIX «Pammonoso», Poccust) Obliu pasne-
JeHbl Ha 3 rpynnbl. IlepBas rpymma — MHTaKT-
HBIe KpbIckI (n = 6), ObUla MMMYHU3MpOBaHa
S-6enkom SARS-CoV-2 (AcroBiosystems, CIIIA)
(20 MKT/KpBICY) B HEIOJHOM aabioBaHTe DpeiiHna
(HA®) (InvivoGen, CIIIA), BTOpas rpyrmna — Kpbl-
Chbl C 3aBEPIIEHHBIM 3KCIIEPUMEHTAJbHBIM ayTOMM-
MYHHBIM 3HI1Ie(haiomueuToM (DAD) (n = 4), Takke
OblL1a UMMYHM3UpoBaHa S-6eikoM SARS-CoV-2 B
HA®. DAD y 5TUX XKUBOTHBIX BbI3bIBAJIM 3a 6 HelEb
10 uMMyHU3auuu S-6eakom SARS-CoV-2. /115 aTo-
To KpbIcaM BHYTPUKOXKHO BBOIAMJIM OCHOBHBIN O€710K
muenHa Kpbichl (100 MKr/Kpbicy) B MOAU(pUIIA-
poBaHHOM ToJiHOM ambioBaHTe Dpeitnma (200 MKT
Mycobacterium Butyricum/kpsicy). ¥ Bcex KpbIC
HaOMIOmaInch KIMHUYECKHE TIPOSBICHUS DAD B
BUJE TapaJiMyeil OOHOW WU IBYX KOHEYHOCTEM.
TpeThbs rpynna — KOHTPOJIbHBIE KPBICH (n = 4), 10~
nyumniia nHbekuio HAD.

Uepes 10 Hemenb ITociie UMMYHU3ALUN S-0€JIKOM
SARS-CoV-2 umu nabekuyun HAD kpbIc mogBep-
rajv 5BTaHAa3WM, W3BJIEKAJIM CEJIE36HKY, TOTOBWJIN
napaduHOBBIE Cpe3bl, KOTOPhIC OKpAIlIMBaIM TeMa-
TOKCWJIMHOM U 303MHOM. Ha momepeyHbIx cpesax
CEeJe3eHKM TIOACYUTHIBAIA KOJMWYECTBO BTOPUU-
HBIX (QOIUKYIOB ((POJTUKYIBI C 3apOJbIILIEBEIMU
LIEHTpaMM), OLIEHUBAIM HaJU4ue WJIU OTCYTCTBUE
TUrepIUia3um MakpocaroB MapruHajJbHBIX 30H Ce-
JIE36HKU, KOTOPYIO BbIpaXaiau «+/-», TPOBOAWIU
OLIEHKY OTJIOXKEHUI reMOoCcuaepuHa, KOTOPYIO BbIpa-
»Kanu B 6annax — 0 — eAMHUYHBIE BKIOYeHUs ; | —
penkue audby3Hble oTIoXeHus; 2 — nuddy3Hoe
M 04aroBoe paclpeneieHue MUIMeHTa; 3 — MHOTO-
yucjieHHble AudOY3HbIE OTJIOXEHUSI U OYaroBble
cKoruieHus TmurMeHTa. CTaTUCTUYECKU aHaIu3
npoBoauiu ¢ noMmolpto GraphPad Prism 8.4.3. To-
CTOBEPHOCTh Pa3JWYUil OLIEHUBAJIM C TIOMOIIbIO
kputepuss ANOVA, tect Kpackena—Yomnuca. Ot-
JAYUS cYUTaIv 3HauMMbiMu ipu p < 0,05.

PesynbTathl 1 06CYyXaeHWe

Y KpbIC, UMMYHU3UPOBAHHBIX S-0€J1KOM, BBISIB-
JIeHa aJibBeoJIsIpHasl rurepIuiasus, JuMmboluTapHas
WHQUIBTpALUS JEeTKNX U MOBPEXACHNUE INETOYHOMN
KaliMBl TIPOKCHUMAaIBHBIX KaHaJIbLIeB ITOYEK, CBU-
JIETEJIBCTBYIOIIEE O Pa3BUTUM ayTOMMMYHHOTO ITO-
pakeHHsT OpraHoB. Pe3yiabTaThl TMCTOJOTMYECKOTO
aHaJIN3a CeJIE3CHKU KPBIC TPEX MCCICAYEMBIX TPYIIIT
npeacTaBlieHbl B Tabaule 1.

VY KpbIC, UMMYHU3UPOBAHHBIX S-0eikom SARS-
CoV-2, He BBISIBJIEHO U3MEHEHUs KOJIUYeCTBa BTO-
PUYHBIX (DOJUTUKYJIOB B cene3eHKe. OgHaKO y KPhIC
C paHee WHOYLUMPOBAHHBIM DAD, NMMYHU3AlIUs
S-6enkom SARS-CoV-2 BbI3BaJIa 3HAYMMOE CHU-
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TABINLA 1. ©BMEHEHWA B CENE3EHKE KPbIC, UMMYHU3UPOBAHHbIX S-BENTKOM SARS-CoV-2
TABLE 1. CHANGES IN THE SPLEEN OF RATS IMMUNIZED WITH SARS-CoV-2 S PROTEIN

MHTaKTHbIE KpbICbl, UMMYHU3WpPOBaHHble S-6enkom B HA®
Intact rats immunized with S protein/IFA
CeneseHka
Spleen
3apogabliweBble LeHTPbI FemocupepuH, 6annsi Funepnnaalfm makpocparos M3
Germinal centers Hemosiderin Hyperplasia of macrophages
of the MZ

1 2,17 2 -
2 6,83 0 +
3 4,50 1 -
4 5,67 1 -
5 10,67 0 +
6 7,67 0 +

M+SD 6,25+2,90 0,67+0,82

Kpbicbl ¢ 9AJ, MMMyHU3upoBaHHbIe S 6enkom B HA®
EAE rats immunized with S protein/IFA

7 5,50 2 +
1,80 1 +
9 3,33 2 -
10 1,17 3 +

+ * + *

MiSD = ts 0= 0,0094

KoHTponbHas rpynna (MHbekuua HAP)
Control group (IFA injection)
1 7,83 0 -
12 7,33 0 -
13 8,17 0 -
14 5,33 0 -
M+SD 7,17+1,27 0

Mpumeyanue. NMurmeHT remocuaepuH: 0 — eanHUYHbIE BKIoveHUsA; 1 — peakue auddysHble oTnoxeHus; 2 — auddysHoe n
oyaroBoe pacnpeperneHue; 3 — MHoroumcneHHble Auddy3Hble OTNOXEHUA U OYaroBbie CKOMMNEeHUsA nurMmeHTa. Mmnepnnasus
makpodaroB M3: Hanuuue/otcyTcTBME — «+/—». M3 — MapruHanbHas 3oHa; HA® — HenonHbIn agbloBaHT ®penHaa; OBM -
OCHOBHbIN 6enok muenuHa; M — cpegHee; SD — cTaHQapTHOE OTKIIOHEHME; * — 4OCTOBEPHO OTHOCUTENIbHO KOHTPOIIbHOMN

rpynnbl, ANOVA, TecT Kpackena-Yonnuca.

Note. Pigment hemosiderin: 0, single inclusions; 1, rare diffuse deposits; 2, diffuse and focal distribution; 3, numerous diffuse
deposits and focal accumulations of pigment. Hyperplasia of macrophages of the MZ: presence/absence — «+/—». MZ, marginal
zone; IFA, Incomplete Freund’s adjuvant; MBP, myelin basic protein; M, mean; SD, standard deviation; *, statistically significant,

relative to the control group, ANOVA, Kruskal-Wallis test.

JKEHHE KOJIUYECTBAa BTOPUYHBLIX (hOJUITMKYJIOB B Ce-
JIE36HKE OTHOCUTEIbHO KOHTPOJIBHOW T'PYMIIBI, TTO-
ayyuBien HA® (ta6a. 1, puc. 1Bb). B Heckonbkux
TIOCMEPTHBIX UCCIIETOBAHUSIX IUM(DONTHBIX OPTAHOB
naureHToB, ymepianx ot COVID-19, 6b110 onmcaHo
OTCYTCTBUE 3apOIBIIICBBIX IICHTPOB B JUMMDOY31ax
u cene3eHkax [3, 8]. B penkux ciaydasx, Korma 3apo-
IBIIIEeBBIC IICHTPHI JTMMGOY3IIOB yIaBaJloCh OOHAPY-
KUTh, OHU UMEJIM HEOOIBIIOM pa3Mep 1 OBIIIN TUITO-
TJTacTUIeCKUMU [3].

B ceneseHke Kpbic ¢ paHee MHAYLIMPOBAHHBIM
DAD, nMMyHM3anus S-0eJIKOM BbI3Bajla TaKxKe 00-
IIUPHBIE OTJIOXEHUSI TeMOoCcuaepruHa U Makpoaru,
Harpy>XeHHbIe reMocuaepruHOM (Tab. 1, puc. 1B, I).
M30bITOYHOE KOJMMYECTBO Te€MOCHIEpUHA B ceJie-
3¢HKE HaOJI0macTCsl MPpU CHIDKCHUM 3PUTPOITO33a
(MeHbllIag MOTPEOHOCTh B KeJjie3e) WU TNpu Obl-
CTPOM pPa3pyILICHUU SPUTPOLIMTOB TIPU TEMOJUTU-
YecKMX aHeMusx (yBeJIMYEHWE 3aIacoB XKejes3a),
HampuMep, BbI3BAHHBIX UMMYHOOIIOCPEI0OBAaHHBIMU
TeMOJUTUYECKUMU aHeMussMU [2]. OTIoXeHUsS Te-
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PucyHok 1. lMonepeyHbie cpe3bl ceneseHKU KpbIic

Mpumeyanue. A - KOHTpoNbHas Kpbica (BTOPUYHbIE YONNMKynbI BbiAeneHbl cTpenkamu). b — kpbica, UMMYyHU3MpoBaHHas S-Genikom
SARS-CoV-2 nocne npegsaputensHon uHaykumm AJ. B — yyacTok kpacHom nynbnbl Kpbic ¢ Auddy3HbIM pacnpeaeneHnem
remocuaepuHa (ctpenku). I — oyaroBoe pacnpegeneHve remocuaepuHa (ctpenku). [l — yyactok 6enoii nynbnbl KOHTPONLHOM
KpbICbI, FTMNepnnasvum makpodaros B MapruHanbHol 30He He BbIsBNEHO. E — yyacTok 6enoii nynbnbl KpbICbl, UIMMYHWU3UPOBaHHOM
S-6enkom SARS-CoV-2, oTMeyeHa runepnnasus MakpogaroB B MapruHanbHOM 30He (cTpenki). MyHKTUPHbIMU CTpenKkamMu OTMeYeHbI
MapruHanbHble 30Hbl. 3L — 3apoAbiweBbIi LeHTp. AnvMHa macwTabHoi nuHuum A, B — 555 mkm. B, T, 1, E — 45 mkm. Okpacka
reMaTOKCUMNH, 303MH.

Figure 1. Cross sections of the rat spleen

Note. A, a control rat (secondary follicles are indicated by arrows). B, a rat immunized with SARS-CoV-2 S protein after preliminary induction

of EAE. C, an area of the red pulp of rats with a diffuse distribution of hemosiderin (arrows). D, focal hemosiderin deposits (arrows). E, an

area of the white pulp of a control rat; no hyperplasia of macrophages was detected in the marginal zone; F - an area of the white pulp of a rat
immunized with SARS-CoV-2 S protein, with macrophage hyperplasia in the marginal zone (arrows). Dotted arrows indicate marginal zones. GC-
germinal center. Scale barin A, B—5 um; in C, D, E, F — 45 um. Hematoxylin-eosin staining.
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MOCHAEPUHA B TKAHSIX SIBJISIOTCS TaKXKe CIICICTBUEM
reMopparuii, acCOMMPOBAaHHBIX C OCTPBHIM BOCIIaJIE-
HueM. Prilutskiy u coaBT. 3a70KyMEHTUPOBAIU CIIy-
yaii manmeHTa, ymepiiero or COVID-19, y kotoporo
Hapsay C UCTOLIEHUEM OEJIoi IMyablbl HAOI0AaICs
reMoaroiuTo3 — B cejie3eHKe MallMeHTa ObUIU BbI-
SIBJIEHbl MHOTOYMCJIEHHBIE MaKpoaru, HarpyxxKeH-
Hble TeMOCHUIACPUHOM, YTO YKa3bIBAe€T Ha IIpellie-
CTBYIOLLIMI (haroluTo3 3puTpouToB [13].

B obGeux rpynmax, MMMYHU3UPOBAHHBIX
S-0enkoM, BBISIBIEGHA TUMeEpIUIa3us Makpodaros,
PacmoI0XEHHbBIX Ha BHYTPEHHEM Kpae MapruHalb-
HBIX 30H O€JIOi MYJIBIThI, TIPUJICTAIOIINX K Ieprap-
TepUOJISIpHO JUMOUIHONH MydTe U (HOJUIMKYJIaM
(tabn. 1, puc. 1E). Ora cybromynsuus Makpodaron
ceJIe3eHKM M3BECTHA KaK MaprUHaJbHbIE METAJLIO-
¢uibHbIe Makpodaru, oHu skcnpeccupyor CD169
M, KaK U3BeCTHO, HecyT peuentop AITD2 [5].

3aKnoyeHne

TakuM oOpa3oM, U3MEHEHMS B CeJIe3eHKE KPBIC,
UMMYHU3UPOBaHHBIX S-0e1koM SARS-CoV-2, mo-
XOXH Ha T€, UYTO BbISIBISIOTCS Y 0071bHBIX COVID-19.
Haubonee sipko 3Tu HU3MEHEHMS IIPOSIBUINCH Y
KpBIC, UMEBIIMX ayTOMMMYHHOE 3a0oyieBaHUe (ay-
TOMMMYHHBIN 3HIIE()aTOMUETNUT) 10 UMMYHU3AIIUN
S-6enkoMm. PesynbraThl McCleqOBaHUUN MOCIETHUX
JIET TIOKa3bIBAaIOT, YTO Y TAIlIMEHTOB C PacCEeSHHBIM
CKJIEPO30M He OOHAPY>KEH ITOBBIIIICHHBIN PUCK 3apa-
xeHust COVID-19 [4], a pyUCK TSKEIbIX UCXOJI0B OT

Cnncok nutepaTtypsbl / References

COVID-19 ananoruyeH Tomy, KOTOPbI HabJII01a€eT-
cs y HaceJieHUs B 1iejioM [15]. Tem He MeHee CBSI3b
MeKIy paccestHHbIM ckiiepo3oM u COVID-19 onuca-
Ha. [Tokazano, yto SARS-CoV-2 MOXeT yBeJIUYnUTh
YacTOTy PEIUINBOB y TMAIIMEHTOB C PACCESIHHBIM
ckiiepo3oM [16], a BakuuHanus nporus COVID-19
MOXET UHAYIIMPOBATh PACCESIHHBIN CKJIEPO3 TTOCPE/I-
CTBOM TiepeKpecTHO-peakTuBHbIX CD4"T-kieTok,
pacrnozHawux S-6e1ok SARS-CoV-2 u nentuabl
muenuHa [14]. Mbl He HaNUIM ONMUCAHUN U3MEHE-
HUS CeJIE3eHKU y OOJBbHBIX PACCEeSTHHBIM CKJIEPO30M
rnocJie repeHeceHHO KOPOHABUPYCHOM MH(MEKLINHU,
a TakKe B MOJIEJISIX Ha KMBOTHBIX. Hare mnccieno-
BaHUE IEMOHCTPUPYET pa3BUTHE M3MEHEHUIl B ce-
JIE3eHKE, aCCOLIMUPOBAHHBIX C UMMYHHBIM OTBETOM
npotuB S-6einka SARS-CoV-2, u ycyrybieHue u3-
MEHEHMI CeJIe3eHKU MPEeAIIeCTBYIOIIUM 3KCITepH-
MCHTAJIBHBIM SHIIe(DaTOMUEITUTOM.

MexaH13M pa3BUTHS BBISIBICHHBIX B CEJIE3CHKE
U3MEHEHUI B HACTOALIMIA MOMEHT 10 KOHLIA HE SICEH.
OnHako M3MEHEHMUS B CeJIe3eHKe B OTBET HA UMMY-
HU3aLMIO S-0eJIKOM B OTCYTCTBHE BUpYyca YKa3bIBacT
Ha UX ayTOMMMYHHYI0 mpupony. IlomxydeHHBIE pe-
3yJIbTaThl MMO3BOJISIIOT OXMAATh, YTO pa3paboTaHHasi
HaMM HOBasi HeWH(EKIMOHHAasI 3KCIIePUMEHTATb-
Hasi MOIEJIb ITOBPEXICHUsS OPraHOB, BBI3BAHHOIO
nMmyHu3anueir S-o6eakom SARS-CoV-2, asnsercsa
MHOTOOOEIAIONIUM MHCTPYMEHTOM IS MCCIea0-
BaHUsI MEXaHW3MOB MYJBTUOPTAHHOTO MOpaXKeHUs,
BhI3bIBacMoro SARS-CoV-2.
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