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Pe3rome

Panee Hamu Ob11 0OHAPYKEH HOBBIA (PAKTOP PETYJISALMHA ayTOPEAKTUBHOCTH,
MOJIYYMBIIMM Ha3BaHUE PETryJATOPHBIN peBMatou Hbd (akTtop (perP®). On
MPEACTABIICH MOMYJSALNUEeH aHTUUIUOTUIIMYECKUX aHTUTEN, KOTOpble OOBEIUHSET
Hajuuue obulero maparona, cnenupuynoro k PD1 monekyne. PerP® oxasbiBaer
HUTOTOKCHYECKOE JeicTBUE Ha akTuBUpoBaHHble PD-1+ CD4 T numdonuTtsl,
MOCPEACTBOM KOTOPOTO KOHTPOJIUPYET IKCHAHCHIO IUMPOLUUTOB. bblu1o 3amMeueHo,
yT0 NpoAyKuuss perP® B mnepuol HHAYKIMU TaKUX HSKCIEPUMEHTAIbHBIX
ayTOMMMYHHBIX  3a00JIeBaHHI, TaK KOJUIAr€H-UHAYIMPOBAHHBIA  apTpUT,
HKCIIEPUMEHTATLHBIN AyTOMMMYHHBIM SHIIE(PAIOMUETUT U aTePOCKIIEPO3 KPBIC
mpeaoTBpaniaeT pa3BuThe 3a0oseBaHus. Acconuanus Mexay perP® wu
YCTOMYMBOCTHIO K PAa3BUTHUIO 3a00JIEBaHMS TPEIOJIAraeT, 4YTO CTHUMYJISIUS
npoaykiuu perP® moxer ObITh 3((HEKTUBHBIM CPEACTBOM JICUCHUS JaHHBIX
ayTOMMMYHHBIX 3a00JieBaHUI, YeMy OBbUIM TOJIYyYEHbl SKCHEPUMEHTAIbHbBIE
nokazarenbctBa. Cunapom Illerpena (CIL) - ayroummyHHOe 3a00j€BaHuUE,
CONMPOBOXKJAIOIIEE JpPYyrue ayTOMMMYyHHBIE 3a00JIEBaHMS WJIM BO3HUKAIOIIEE
camocrositenibHo. [Ipu CII mopaxarorcst ciroHHble kene3bl (CXK) u Moxker
pa3BUBATbCA JIMM(OLUTONEHUSA. SIBISETCA 1M PEryJasTOPHBIA PEBMATOUIHBIN
(dakTop (hakTOpoM yCTOMUMBOCTU KpbIC K pa3BuTHIO cuHapoma lllerpena u moxer
71 OBITh KCIIONB30BaHA CTUMYJISALUS TpoayKuuu perP® mnsg nedenus cuHapoma
[Ilerpena He U3BECTHO.

Heabo naHHOW pabOTBl OBLIO BBIACHEHHWE POJM  PETYISITOPHOIO
peBMaToUIHOTO (haKTOpa B 00€CIEUEHUH YCTOMYMBOCTH KPBIC K Pa3BUTHIO CUAPOMA
[lerpena.

Matepuanbl u Metoabl: CII uaaynmpoBanu y kpsic Wistar uMmyHu3anuei
OeJikaM¥, BBIJIEJIEHHBIMU M3 CIIOHHBIX Xeje3 MbIU. EjXeHenenpHo 10 U 1ociie
MMMYHU3AIUU 3a0Upaal KpOBb W3 XBOCTOBOW BEHBI. ['MCTOJIOrMYECKHI aHaIu3
MOJJHU>KHEYETIOCTHBIX CIIFOHHBIX KEJIE3 MPOBOIMIIN Uepe3 12 Heaenp mocie nepBou
MMMYHM3allMM. B CBIBOPOTKE KpOBM oOmNpeaeisui ypoBeHb perP® meronom
MACCHBHOW reMarrIOTHHAIINY TAaHU3UPOBAHHBIX HArpy>keHHbIX |gG saputponuTos,
a Takke ypoBeHb ayroanTuTen k CD4 meromom MDA. B kxpoBu usmepsiiu
koiuuectBo CD3, CD4 u CD8 nuM}ounuToB METOIOM IPOTOYHOU UTOMETPHH.

IHosnydyennblie pesyabratbl: Y 40% Kpblc UMMYHU3UPOBAHHBIX OelIKaMu
CJIFOHHBIX K€JIE3 MBIIIN BBISBIICHBI MTOBPEXKICHUS CIIOHHBIX KEJE3, XapaKTEPHbIC
JUIsT Hecnenu(pUYecKoro XpOHUYECKOrO CHUANI0aJIeHUTa, Pa3BUBAIOIIETOCS MpU
cunapome Lllerpena. ¥ 50% kpoic B oTBEeT Ha uMMyHHU3anuo 6enkamu CXK mbiim
pa3BuBanachk xponudeckas CD3, CD4 u CD8 numdonmtonenus. Ayroanturena K
CD4 y xpeic ¢ CD4 numdornuToneHnrei HaljieHbl He ObLTu. BeisiBiIeHA acconmarus
MEXy BBICOKMM YpPOBHEM PETyJIATOPHOIO PEBMATOMIHOTO (hakTopa Ha 7 JEHb
MocJjie IMMYHU3AIUUA OCTKaMH CIIOHHBIX JK€J€3 MBIIIN U YCTONYMBOCTHIO KPBIC K
cuanoaneHuty. OJHaKo pa3BUTHE JTUM(OIMTOIICHUU HE 3aBUCENIO OT MPOAYKLIUU
perP® B nepuon nHaykunu cuaapoma llerpena.
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OO0cy:xkneHusi 1 BBIBOJABI: TakuM o0pa3oM, peryJsaTOPHbIA peBMATOUIHBIN

dakTop sABseTCs (HaKTOpaM YCTOMUYHUBOCTH KPBIC K Pa3BUTHUIO CHATIOAICHUTA, HO HE
auMdonTonieHuu B MoJienu cunapoma Illerpena.

KawueBble caoBa: cungpom Illerpena, peBmatounnsli  (daxrtop,
IUM(OIUTONEHUS, UIMMYHOPETYJISIUA, ayTOaHTuTeNa, T-TuMGOIUTHI.
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Abstract

Earlier, we discovered a new factor of autoreactivity regulation called
regulatory rheumatoid factor (regRF), which is represented by a population of anti-
idiotype antibodies that have a common paratope specific to the PD1 molecule.
RegRF has a cytotoxic effect on activated PD-1+CD4 T lymphocytes and controls
the lymphocytes expansion. Its production during the induction period prevents
experimental autoimmune diseases in rats. The association between regRF and
resistance to the diseases suggests that regRF stimulation may be an effective
treatment of autoimmune diseases. Sjogren's syndrome (SS) is an autoimmune
disease that may follow other autoimmune diseases or occur independently. In SS,
salivary gland (SG) lesions and lymphocytopenia may develop. It is not known
whether the regulatory rheumatoid factor is a resistance factor to Sjogren's
syndrome, and whether regRF stimulation can be used to treat this condition. The
aim of this study was to clarify the role of regRF in ensuring resistance to Sjogrens
syndrome in rats. SS was induced in Wistar rats through immunization with proteins
isolated from mouse salivary glands. Blood samples were taken from the caudal vein
each week before and after the immunization. Histological analysis of
submandibular salivary gland tissue was performed 12 weeks after the initial
Immunization. Autoantibodies to CD4 were detected in serum by ELISA; regRF
levels were measured by agglutination of 1gG-coated erythrocytes; CD3, CD4 and
CD8 lymphocyte counts were determined by flow cytometry in blood samples.

40% of rats immunized with mouse salivary gland proteins, salivary gland
lesions typical of sialoadenitis occurring in Sjogren's syndrome have been detected.
50% of rats developed chronic CD3, CD4 and CD8 lymphocytopenia in response to
iImmunization with mouse SG proteins. No autoantibodies to CD4 have been found
in rats with CD4 lymphocytopenia. An association has been found between a high
level of regulatory rheumatoid factor on day 7 following immunization with mouse
salivary gland proteins and resistance to sialadenitis in rats. However,
lymphocytopenia did not depend on regRF production during induction of Sjogren's
syndrome. Thus, regulatory rheumatoid factor is a resistance factor to sialoadenitis,
but not to lymphocytopenia in rat Sjogren's syndrome model.

Keywords: Sjogren's syndrome, rheumatoid factor, lymphocytopenia,
immune regulation, autoantibodies, CD4.
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1 BBenenue
PerynsaTopusiit  peBMaTouaHbii  ¢gaktop  (perP®) -  momyssius
AHTHHTAOTUITHYECKUX aHTHTE, HaIpPaBICHHBIX K YHUKATHHBIM

AHTUTCHCBS3BIBAIONIMM y4yacTKaM T- U B-KJIeTOuHBIX peuentopoB JMMQOILUTOB.
OcobenHoctbio perP®, orauyaromux €ro OT APYrHMX aHTUUAHOTUIIMYECKHX
aHTUTEJ SIBJISIETCS HaJau4Kre oOlIero mnaparomna, cneruduyHoro K mosekysie PD-1
[2], obecrneunBarOIIEro MEXaHU3M HMMYHOCYIIPECCUBHOTO aeicTBus perPo.
PerynstopHslii peBMaTOMAHBIN (HaKTOP OKa3bIBAET IUTOTOKCUUECKOE IEHCTBUE Ha
aktuBupoBaHHble PD-1-3kcnpeccupytomue CD4-mumbonuThl, KOTOPhIE MPU psjie
ayTOMMMYHHBIX 3a00JI€BaHUIl BBIMOJHSAIOT OCHOBHBIE 3(deKTopHble (DYHKIHUH,
6o aktuBupyor CD8-mumboruter [2, 7]. B sKcnepuMEHTAIBHBIX MOJEISIX
KOJUTar€H-UHAYIMPOBAHHOTO apTpUTa, ayTOMMMYHHOIO JHIe(paloMHeNnuTa U
aTepockiiepo3a Kpbic mponykuust perP® B mepuon HHAYKIMH 3a00JI€BaHUS
npefgorBpamaeT wux paszputue [1]. Crumynauuum npoaykuuu perP® Fc
dbparmentamu romosiorudHoro 1gG Oblia mpuMeHeHa MJis YCMEIIHOW Tepanuu
AKCIIEPUMEHTAIIbHO-BBI3BAHHBIX AyTOMMMYHHBIX 3a00sieBaHui [6].

Cunnpom Illerpena (CII) mpencraBisier co00il XpOHUYECKOE CUCTEMHOE
ayTOMMMYHHOE 3a00JieBaHME HEW3BECTHON sTHojoruu. Kak y mronei, Tak u B
JKCIIEpUMEHTANbHBIX ~ Mojensax  cuHapom  lllerpena  xapakrepusyercs
uHbuIbTpaneil u moBpexaeHueM TkaHed cioHHbIX kene3 (CXK) CD4-
mumporutamun 1 B-mumdornmramu [4]. [lpeanonaraercsi, 49TO OCHOBHBIMHU
ayrouMMyHHBIME wmumieHssMu Tipu CII sBRstOTCS anHapHBIE, BCTABOYHBIC U
HCUYEpPUYCHHBIE MPOTOKOBBIE ANUTENHaNbHbIE KiIeTku [9]. [lpumepno y 5 %
nanueHToB ¢ cuaapomoMm lllerpena muarHoctupyetcst mauonarndeckas CD4 T
JTUM(OITUTOTICHHSI, HE CBSI3aHHAS C UMMYHOIC(PUITMTOM WM Tepanuel, BIUsSIOmen
Ha ypoBeHb CD4 T knetok. Kpome CD4 numdorutoneHuu, MoXeT UMETh MECTO U
camwkenue kommuectBa CD8 T mumdoumtoB B mnepudepudeckoit kpoBu [8].
TunuyneiMu ~ ceposiornueckumu  nokazarenssmu  npu  CHI  gBnsrores
runepriodynuHemusi, aHTH-Ro/SSA antutena y 33%-74% wu antu-La/SSB
anturena y 23%—52%, antunykneapuele antutena y 59%—-85%, peBMatouHbIN
daxTop y 36%—74% nanuenTtos [5].

Asnsercs mu perP® GakTopoM yCTOMUUBOCTH KPBIC K PA3BUTUIO CUHAPOMA
lerpena 1 MOeT JIn OBITh KCIIOJIB30BAHA CTUMYJISIUS NPOIyKIuu perPd mns
nedenus cuHapoma lllerpena, He U3BECTHO.

Heabo padoTsl ObUIO BBISICHEHHE POJH PETYISITOPHOIO PEBMATOMIHOTO
¢dakropa B Mozenu cunapoma llerpena.

2 MarepuaJjbl 1 METObI

Jliis waaykiuu cuaapoma Ilerpena 6 kpeic Wistar Ob11m UMMYHH3UPOBAHBI
BHYTPUKO)XHO O€JKaMH CIIIOHHBIX >kejie3 Mblmei (mo 100 mkr Genka). Kpwichl
NOJIYYWJIM 3 UHBEKIIMM C UHTEpBaJioM B 1 Hexmento, nepBbie ABe B coctaBe [TAD,
TpeTbio — B coctaBe HAD. 3 KpbIChI KOHTPOJIBHOMN TPYIIIBI MOJYYUIN UHBEKIHIO
[TA®. [lo 1 mocie UMMYHHU3AIUMU Y KUBOTHBIX €XKEHENEIbHO 3a0Upaju KpOBb,
OTPEIEISIIA YPOBEHb PErYIATOPHOTO PEBMATOMIHOIO (pakTopa, ayTOaHTUTEN K
CD4, xomuuectBo CD3, CD4 u CD8 T mumdonuros. Yepes 12 Hemenb mocie
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NepBOM MMMYHHU3ALMK TPOBOAWIA THUCTOJOTMUECKUN aHAIM3 MOIYETIOCTHBIX
CJIFOHHBIX KEJe3.

['ucronormyeckre cpe3bl TOTOBUJIM IO CTAHJAPTHOM METOJIHUKE U
OKpalIMBAJIA T€MATOKCUIMHOM-303UHOM.

benku s UMMyHU3alluy TOTOBUIIM M3 CIFOHHBIX KEJIE3 MBI, CMENINBAIIN
¢ [TA® unu HA® B cooTHomeHuu 1:1 10 nosydeHusi CTOMKOM IMYIbCHUM.

KpoBb 3a0upai u3 XBOCTOBOM BEHHI MO/ JIETKOW 3PUPHOI aHEeCTe3ueH mepe;y
MMMYHU3ALKMEN U €KEHEJENbHO B TEUEHUE BCErO SKCIIEPUMEHTA.

DeHOTUINPOBAHUE TUMGOLIMTOB  MPOBOAWIM  HAa  MPOTOYHOM
mutoayopumerpe CytoFLEX Beckman Coulter B cycneH3un MOHOHYKIIEPOB,
BBIJICTICHHBIX U3 CBEXEH KpOBU Ha (PUKOJIE, TOCIE AJ00aBICHUS K HUM aHTUTEN K
CD3- PE/Elab Fluor® 594, k CD4-PE/Cyanine7, xk CD8-PE/Cyanine5.5
(Elabscience).

PerynsaTopHblii peBMaTOUIHBINA (aKTOp ONpENessin B PeaKiuu MacCUBHOU
reMarrjloTHHAMKd (UKCUPOBAHHBIX TaHU3UPOBAHHBIX HarpykeHHbIX 1G KphIChl
SPUTPOLIMTOB YEIIOBEKA.

IgG KpbICHI BBIIEISUIM U3 CHIBOPOTKM KPOBH MHTAKTHBIX KPBIC OCAXICHUEM
CyJib(paTOM aMMOHHUSI U SKCKITIO3MOHHOM XpomaTorpadue.

Hanuune u ypoBeHb aHTUTeNn K pekoMOMHaHTHOMY CD4 06enky KpbICHI,
OTIpeCIISIIIN METOI0M HenpsAMoro TBepaodaznoro MDA.

Cratuctrueckuii ananu3 nposezeH ¢ ucnonab3oBanueM [10 GraphPad Prism.
Paznuuus cunrtanu 3Haunmeivu npu p<0,05.

3 Pe3yabTaTsl U 00Cy:KIeHHE

['mcronaronornyeckue M3MEHEHHsI B CIIOHHBIX Kene3ax BbIABIEeHbl Y 40%
Kpbic. OOHapyKE€HbI MHO>KECTBEHHBIE OYary rUIepIuia3uy MpoTOKOBOIO SMUTEINN,
a TakkKe BU3YaJbHOE PACHIMPEHHE 3E€PHUCTBIX MPOTOKOB, YTO COOTBETCTBYET
NOBPEXJIEHUIO snuTenusi B HUX (puc. 1A). BoisBleHHOE yBenuyeHUE IMPOCBETa
IIPOTOKOB XapaKTEPHO [JIsi HECNEelM(PUUIECKOT0 XPOHUYECKOTO CHAJI0A/ICHUTA,
pa3BUBarOLIErocs y nauueHToB ¢ cuaapomoM lllerpena [3]. ['unepmnasus snurtenus
IPOTOKOB, B CBOI OYEpEellb, CIYKUT T[OKa3aTeleM JHUMQPOINMUTETNATbHbBIX
nopakeuuii, BosHukaromux npu CII [3].

Ha ocHOBaHMM ruCTOMATONIOrMUECKOM KapTUHBI KPBICHI ObLIM pa3eieHbl Ha
JIBE TPYIIIBI — C U3MEHEHUSMHU B CIIOHHBIX JKejle3ax U 0e3 N3MEHEHHI.

CpaBHUTENBHBIN aHAIN3 YPOBHS PETYISATOPHOTO PEBMATOUIHOTO (haKTopa B
rpynmnax ¢ U3MEHEHUSIMU B CIIOHHBIX )KeJe3aX M 0€3 M3MEHEHWl IMoKa3al 4uTo, Y
KUBOTHBIX 0e3 m3meHeHui B CXK mpowucxoamno yBenuuenue ypoBHs perPd na 7
JeHb Tociie MMMyHm3amuu Oenkamu-uHaykTopamu CIII (p<0,05), y xpbsic ¢
m3MmeHenusimu B CK, xapakrepubiMu Jisi cuaapoma lllerpena, yposens perP® B
OTBET HAa UMMYHU3AIMIO0 He u3MeHscs (pucyHok 1.B). Takum o06pa3zom BhIsIBIEHA
acCoOLMAIIMS MEXAY BHICOKUM YPOBHEM PETYIISITOPHOTO PEBMATOMAHOrO (hakTopa B
nepuoa uHAyKuuu cuaapoma lllerpena u ycTOWYMBOCTBIO KPBIC K CUATIOA/ICHUTY.

VY NOJ0BUHBI KPbIC, UMMYHU3UPOBAHHBIX OETKaMU CIFOHHBIX JKEJIE3 MBIIIIH,
BbIsIBJIEHA XpoHHUeckas muMpouuronenus. CHmxenuto noaseprivchk u CD4 u CD8
T nmumdoumtsl (pucyHok 2.B, 2B). Ayroanturena k CD4 He ObUTn HaliZIeHbI y KPBIC
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¢ CD4 numdonuronenueit (pucynok 2.B). Bo3amokHO, ayrouMMyHHas araka B
monenu lllerpena HampaBieHa NOpOTUB IUPPEPEHIIMPOBAHHBIX AHTUTEHOB T
JUMQOIIUTOB.

UtoObI BBISICHUTH, urpaet Jiu perP® pons B obecriedeHUH YCTOWYHUBOCTH
KpbIC K pa3BUTHIO T JIUMQOIUTONEHUH, ObI MPOBEACH CPABHUTENIbHBINA aHAJIU3
ypoBHs perP® y kpric ¢ numdornuToneHue u 6e3 He€. OOHaApYKEHO, UTO pa3BUTHE
T aumdouuToneHnH HE 3aBUCUT OT NpOAyKUMH perP® B mepuoa WHAYKUUU
cunapoma lllerpena (pucynok 2.IN).

4 BpIBOBI

B oskcnepumenTtanpHOM Mozaenu cuHapoma lllerpena Kpwic npomyKuuys
PEryasTOPHOrO PEeBMaTOMAHOTO (akTopa B TMEPUOJ HMHIYKIUU 3a00JIeBaHUS
IPEIOTBpAIIAET PAa3BUTUE HECTIELIM(PUUECKOTO XPOHUUECKOTO CHaI0aIeHUTa, HO HE
BIMSET Ha pa3BuTUE T TMMQOLUTONEHUH Y KPBIC.

Russian Journal of Immunology (Russia) ISSN 1028-7221 (Print)
ISSN 2782-7291 (Online)



10.46235/1028-7221-17134-RRF
PUCYHKHA

Pucynoxk 1. A, b — Cpe3bl NOIHMKHEUYETIOCTHBIX CIIOHHBIX JKEJI€3 KPBIC,
HMMYHHU3HUPOBAHHEIX I'CTCPOJTOIrHMYHBIM IOMOI'CHATOM CJIIIOHHBIX JKCJIC3 MBIIIN. A.
KpBICBI C TUCTOIIAaTOJIOTUYCCKHUMH U3MCHCHUSIMU, HO,Z];O6HI)IMI/I CUHAPOMY HlerpeHa
b. Kpeicel 6e3 uzmenenuit. Oxpacka - H&E. *- mecrta pazpyuieHue snuTenus
3€pHUCTBIX NPOTOKOB. CTpeNKH - oyaru runepiuiasud. B - Kunertuka perynsaropsoro
peBMaTonHoro (akTopa y KpBIC C M3MEHEHHMSIMH B CIIOHHBIX JKele3a,
YYBCTBUTEBHBIX K pa3BuThio cuapoma lllerpena u kppic 0e3 uU3MEHEHUH B
CJIFOHHBIX JK€JI€3a, PE3UCTEHTHBIX K pa3BuTuio cuapoma lllerpena. Kaxnas Ttouka
npencrasieHa kak cpequee + SD. * - p <0,05, kpurepuit Manna- YuTtHu.

Figure 1. A, B — Sections of the submandibular salivary glands of rats immunized
with heterologous homogenate of mouse salivary glands. A. Rats with
histopathological changes similar to Sjogren's syndrome B. Rats without changes.
Coloring - N&E. *- sites of destruction of the epithelium of granular ducts. Arrows
- foci of hyperplasia. C - Kinetics of regulatory rheumatoid factor in rats with
changes in salivary glands sensitive to the development of Sjogren's cider and rats
without changes in salivary glands resistant to the development of Sjogren's
syndrome. Each point is represented as the average + SD. * - p <0.05, Mann-
Whitney criterion.
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Pucynok 2. KonmnuectBo CD3 T numdponutos (A), CD8 T numdouutos (b) u CD4
T aumdountoB (B) B KpoBH KpbIC, HIMMYHU3UPOBAHHBIX TOMOT€HATOM CIFOHHBIX
xkene3 meiu. Kunetuka ayroantuten k CD4 y kpwic ¢ CD4 T-numdonuroneHuei
u 0e3 Hee (B). KuHernka peryasTopHOro peBMaTOMAHOTO (hakTopa y KphIC €
muMdormTonienueit u 6e3 Hee (I'). Kaxxnas Touka npencranieHa kak cpeanee + SD.
Figure 2. The number of CD3 T lymphocytes (A), CD8 T lymphocytes (B) and
CD4 T lymphocytes (C) in the blood of rats immunized with mouse salivary gland
homogenate. Kinetics of CD4 autoantibodies in rats with and without CD4 T-
lymphocytopenia (B). Kinetics of regulatory rheumatoid factor in rats with and

without lymphocytopenia (D). Each point is represented as the mean + SD.
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