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Pesiome. PaHee HaMu ObLT OOHAPY>KEH HOBBIN (haKTOP Peryyisiiuy ayTOpeaKTUBHOCTH, MOJYYUBIINI Ha-
3BaHUE PETyIATOPHBIN peBMaTonaHbli pakTop (perP®). OH mpeacTaBieH NOMyIsUed aHTUUIUOTUITYE-
CKMX aHTUTEJT, KOTOphIe 00beANHIET HaJIn4dre o0Iero naparora, crierquduuioro Kk PD1-monekyie. PerP®
OKa3bIBaeT IIMTOTOKCUYECKOE NeHCTBME Ha akTuBUpoBaHHbIe PD-1"CD4 T-nuMdoLUTHI, TOCPEICTBOM KO-
TOPOTO KOHTPOJIUPYET 3KCITAaHCHIO TUMGOIIMTOB. bblto 3aMedeHo, 4To TTpoayKivs perP® B rieproa MHIYK-
UM TaKNX SKCIIEPUMEHTAJIBHBIX ayTOMMMYHHBIX 3a00JIeBaHMI, KaK KOJUIareH-UHIYIIUPOBAHHbBIN apTPUT,
9KCIIePUMEHTAJIBHBINA ayTOMMMYHHBIN dHIIe(aTOMHUEINT U aTePOCKIIepO3 KPBIC, TIPEIOTBpAIllacT pa3BUTHUEC
3aboseBaHMs. Accolmanust Mexxay perP® u ycToOMYMBOCTBIO K Pa3BUTUIO 3a00JIeBaHUs MIPEAIIOJIaraet, YTo
CTUMYJISIIIUST TTPOAYKIIMK perP® MoxkeT ObITh 3(D(MEKTUBHBIM CPEICTBOM JIeYSHUS JaHHBIX ayTOUMMMYHHBIX
3a00JIeBaHUIA, yeMy ObUIM MOJyYEHBI SKCIIEpUMEHTaIbHbIe noKa3aTesibcTBa. Cunapom lerpena (CLI) —
ayTOMMMYHHOE 3a00JieBaHNE, COTIPOBOXIAOIIEe APYTrue ayTOMMMYHHbIE 3a00JI€BaHUSI WM BO3HUKAIOIIIEE
camocTosgTenbHo. [Tpu CIL nopazkatoTtcs ciatoHHbIe Xefe3bl (C2K) 1 MoxXeT pa3BUBAThCS TUMMOLIUTONECHUS.
ABnsiercs mu perP® pakTopoM yCTOMUIMBOCTH KphIC K pa3BuThio CII 1 MOXeT JI OBITh NCITOIb30BaHA CTU -
mysstimst ipoaykiuu per PO nos neaenus CILU, HensBecTHO. Llenbio maHHOM pabOThI OBLIO BBISICHEHUE POJIA
perP® B obecrieueHUM yecTOMUIMBOCTH KpbIC K pazButuio CII. CII nxaaynmpoBanu y Kpbic Wistar uMMyHU3a-
nuei 6enkamu, BoiaeaeHHbIMU U3 C2K Mbln. ExxeHeneabHO 10 U MOCJIe UMMYHU3ALUU 3a01pajii KPOBb U3
XBOCTOBOIT BeHBI. [MCTOJIOTMYECKUT aHaIN3 MOAHMKHeueatocTHbIX C2K mpoBoawiv uyepes 12 Heaenb mocie
TMEPBOIl UMMYHU3AIMU. B CBIBOPOTKE KPOBU OTIpeesisii ypoBeHb per PD MeTo10M ITacCUBHOM TeMarriIioTH -
HaIlMY TAaHU3WPOBAHHBIX Harpy*kKeHHBIX IgG 3pUTPOIIMTOB, a TaKXKe YpOBEeHB ayroaHTuTesl K CD4 MeTomom
N®A. B xkpoBu n3mepsuin koandectso CD3*, CD4" nu CD8" tnM@pOILIMTOB METOIOM IMTPOTOYHOM [TUTOME-
Tpun. Y 40% Kpblc UMMYHU3UPOBaHHBIX O6ekaMu C2K MbIIu BbIssBIeHBI MoBpexXaeHuss CXK, xapakTepHbie
IUI HeCIeU(DUIEeCKOTo XpOHUYECKOro cuajoaaeHura, paspusaloiierocs npu CII. ¥V 50% kpbic B OTBeT
Ha uMMyHu3auuo 6enkamu C2XK Mbiny pa3BuBanach xpounueckass CD3, CD4 u CDS8-numdbonuToneHus.
AytoanTtutesia K CD4 y kpbic ¢ CD4-nuMdbonmtoneHueil HaiiieHbl He ObUTU. BhIsiBIeHa accoliraliis MexXmy
BBICOKUM ypoBHeM perP® Ha 7-i1 meHb Imociae nMMyHU3aunn 6eakaMu C2K MBI U YCTOMYUBOCTBIO KPBIC
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K cuasioaneHUTy. OmHaKo pa3BUTHE TUMGOIIMTOIICHUN HE 3aBUCENIO OT MpoayKInu perP® B rieprom MHIyK-
nuu CII. TaknMm obpazom, perP® gpisieTcst pakKTOPOM YCTOMYMBOCTHU KPBIC K pa3BUTUIO CUAJIOaJeHUTA, HO
He ruMdonuToneHuu B moaeau CIII.

Karouesvie crosa: cundpom Illeepena, pesmamoudnsiii pakmop, AumpoyumoneHus, UMMyHOpeyAayus, aymoanmumend,
T-rumpoyumor

REGULATORY RHEUMATOID FACTOR IN RAT MODEL
OF SUOGREN’S SYNDROME
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Abstract. Earlier, we have revealed a novel factor regulating autoreactivity called regulatory rheumatoid
factor (regRF), which is represented by a population of anti-idiotypic antibodies that have a common
paratope specific to the PD1 molecule. RegRF exerts cytotoxic effect on activated PD-1*CD4 T lymphocytes
and controls the lymphocyte expansion. Its production during the induction period prevents experimental
autoimmune diseases in rats. The association between regRF and resistance to these disorders suggests that
regRF stimulation may be an effective treatment of autoimmune diseases. Sjgren’s syndrome (SS) is an
autoimmune disease that may accompany other autoimmune diseases or occur independently. Salivary gland
(SG) lesions and lymphocytopenia may develop in SS. It is not known whether the regRF is a resistance factor
to SS, and if the regRF stimulation may 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 by immunization
with proteins isolated from murine SG. Blood samples were taken from the caudal vein each week before and
after the immunization. Histological analysis of submandibular SG 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 IgG-coated erythrocytes; CD3*, CD4" and CD8" lymphocyte counts were determined by
flow cytometry in blood samples. 40% of rats immunized with mouse SG proteins, have developed SG lesions
typical of sialoadenitis occurring in Sjogren’s syndrome. 50% of rats exhibited chronic lymphocytopenia
(CD3, CD4 and CDS cell populations) in response to immunization with mouse SG proteins. In rats with
CD4 lymphocytopenia, no autoantibodies to CD4 have been found. An association has been found between a
high level of regRF on day 7 following immunization with mouse SG proteins and resistance to sialadenitis in
rats. However, lymphocytopenia did not depend on regRF production during induction of SS. Thus, regulatory
rheumatoid factor is a preventive factor for sialoadenitis, but not to lymphocytopenia in rat model of Sjogren’s
syndrome.

Keywords: Sjogren’s syndrome, rheumatoid factor, lymphocytopenia, immune regulation, autoantibodies, T lymphocytes

Pabora BeimonHeHa npu nmoaaepxxke MuHucrep-
CTBa HayKl M BbIcLIero obOpa3zoBaHusi Poccuiickoii
®Deneparnu (FEWS-2024-0002).

BeeneHue

PerymsaropHsiii peBMaTonnHblii (aktop (perP®) —
TOTYJISIINST  aHTUMANOTUTINYECKUX aHTUTE,
MpaBJIEHHBIX K YHUKAJIbHBIM aHTUTEHCBSI3bIBAIO-
muM ydyactkaM T- u B-KJIeTOYHBIX pelLenTopoB
smMdorutoB. OcobeHHocThio perP®, otimnyalo-
IIUX €ro OT JPYTMX aHTUMANOTUIINYECKUX aHTUTE],

Ha-

SBJSICTCS HaJaW4dme OOINero IrapaTolra, CITelnduda-
Horo K Mousiekyine PD-1 [2], obecrieunBaioIiero Me-
XaHU3M HMMMYHOCYIIpeCCUBHOIoO aeiictBust perPd.
perP® okxa3pIBaeT LIMTOTOKCUYECKOE [OEMCTBME Ha
akTuBupoBaHHbIe PD-I1-akcrnpeccupyroiue CD4-
JUM@OLIUTBI, KOTOpPbIE MPU Psiie ayTOUMMYHHBIX
3a00JiIeBaHUI BBITIOJHSIIOT OCHOBHBIE 3(h(EeKTOPHbBIE
dyHKIMK 1160 akTUBUPYOT CD8-mumdonursl |2,
7]. B akcriepyMeHTaJIbHbIX MOAE/ISIX KOJIJTare H-UHIY -
LIUPOBAHHOIO apTpUTa, QayTOUMMYHHOTO 3HIedaio-
MUEJINTA U aTepOCKIIepo3a KPbIC IPOIyKIus perPdD B
MIEPUOI MHIYKIIMK 3a00JIeBaHMS TIpeIOTBpaIIacT UX
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pazButue [1]. Ctumynsiiiuu nipoaykiimu perP® Fe-
(dparmeHTamMmu romoioruyHoro IgG ObL1a MpuMeHe-
Ha JIJIsI YCIIeITHOM Tepanuy 3KCIIepUMEHTaIbHO-BbI-
3BaHHBIX AyTOMUMMYHHBIX 3a00JIeBaHU [6].
Cunapom Ilerpena (CI) npeacraBasier coboit
XPOHUYECKOE CUCTEMHOE ayTOMMMYHHOE 3aboJie-
BaHMe HeM3BECTHOM aThojoruu. Kak y moaeit, tak
W B aKcrnepuMeHTalabHBIX Momensx CIII xapakre-
pusyercss MHOUWIBTpAllMEil M TOBPEXXICHUEM TKa-
Heli cmoHHbIX Xkene3 (CXK) CD4 T-numdouutamu
u B-nmumdouuramu [4]. INpennonaraercsi, 4yTo oc-
HOBHBIMHM ayTOMMMYHHBIMU MmuitieHsMmu npu CIIT
SBJISIOTCS allMHApHBIE, BCTABOYHBLIC U HCYEpUCH-
Hble MPOTOKOBbIE AMUTEIUaTbHbIE KJIeTKU [9]. TTpu-
MepHO y 5% maumeHTtoB ¢ CII auarHoctupyercs
nauomnaTtuueckass CD4 T-muMmdbonuToneHus, He

CBSI3aHHAS C WMMYHOACGUIIUTOM WIU Tepamuei,
Bausoliein Ha ypoBeHb CD4 T-kinerok. Kpome
CD4-muM@oumnToneHn, MOXET HMMETb MEeCTO U
cHmzkeHne koiamdectBa CD8 T-1uMbOIIMTOB B 1e-
pudepurdeckoit kpou [8]. TUNMUUYHBIMUA CEPOTIOTHU-
yeckuMu nokazatesasimu nipu CII sgBasioTcs runep-
mobynuHeMus, aHTu-Ro/SSA anturena —y 33-74%
u aHTu-La/SSB antuTena — y 23-52%, aHTuHyKJIe-
apHble aHTUTeNa — Yy 59-85%, peBMaTOMAHBIN (hak-
Top — y 36-74% manueHToB [5].

Sengercsas nu perP® dakropoM yCcTOMYMBOCTU
Kpoic K pa3BuTtuio CII m MoxXeT 11 OBITh MCTIOJIB30-
BaHA CTUMYJISIIHS TIPONYKIUN perP® i1 jedeHus
CII, HeusBecTHO.

Ileabio paGoThl ObLUIO BbIsICHEHUE poJin perPd B
monenu CIII.

Tutp perP®
Titer regRF

—A— KpbICbl C U3MEHEHUSIMM
B CXK, nogobHble
Cll(n=2)

Rats with SS-like lesion
of SG (n=2)

—-Kpbicbl, ycTonumBble
K uHaykuum CLU (n = 4)
SS induction resistant
rats (n = 4)

2 3 4 5 6

7

Hepnens nocne nHaykuum CLU

Weeks after SS induction

PucyHok 1. A, B — cpe3bl NOAHWKHEYENOCTHBLIX CMIOHHbIX Xene3 KpbIC, UMMYHU3MPOBAHHbIX FeTePONOrMYHbIM
rOMOreHaToM CHIOHHbIX Xerne3 MbIWM. A — KpbICbl C TMCTONATONOIMYECKUMMU U3MEHEHUAMMU, NOAOOHLIMU CUHAPOMY
LerpeHa. b — kpbicbl 6e3 u3meHeHuit. Okpacka — H&E. * — mecTa paspywweHus anuTenus 3epHUCTLIX NPOTOKOB.

Ctpenku — oyaru runepnnasumn. B — kuHeTUka perynaTopHOro peBMaToMHOro aktopa y KpbIC ¢ U3SMEHEHUAAMU B CIHOHHBIX
ene3ax, YyBCTBUTENbHbIX K pa3BuTuio cugpoma LLlerpeHa, n Kpbic 6€3 U3MEHEHWIA B CIIOHHbIX XKene3ax, Pe3UCTEHTHbIX
K pa3BuTuio cugpoma LerpeHa

Mpumeyanue. Kaxpgas Touka npegcraBneHa kak cpeaHee  SD. * — p < 0,05, kputepuit MaHHa-YUTHW.

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 syndrome and rats without changes in salivary glands resistant
to the development of Sjogren’s syndrome.

Note. Each point is represented as the average + SD. *, p < 0.05, Mann-Whitney criterion.
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PucyHok 2. Konnuecteo CD3 T-numdpoumtos (A), CD8 T-numdpoumtos (B) n CD4 T-numcboumTos (B) B KpoBm KpbiIc,

MMMYHN3UPOBAHHbLIX FOMOreHaTOM CIHOHHbIX Xene3 Mbiwu. KuHetuka aytoaHtuten k CD4 y kpbic ¢ CD4 T-numchouutoneHuei
1 6e3 Hee (B). KuHeTuka perynsitopHoro peBMaTomgHoro gaktopa y Kpbic ¢ numdouutoneHmeit u 6e3 Hee ()

Mpumeyanue. Kaxaas Touka npeactaBneHa kak cpegHee £ 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)

Note. Each point is represented as the mean + SD.
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Matepuans! 1 MeTogbl

Mg nanykuuu CII 6 kpeic Wistar ObLIM UMMY-
HU3UPOBAaHbI BHYTPUKOXHO Oenkamu C2XK Mbiieit
(mo 100 mkr 6enka). Kpbichl monydunu 3 MHBEKLIAN
C MHTEpBaJIOM B 1 HeIelo, MepBhIe ABE B COCTaBE
TTA®, tpethio — B coctaBe HAMD. 3 KpbIchl KOH-
TPOJILHOW TPYMITEI Moaydmin uHbekuumo I[TAD. do
¥ TIOCJIC UMMYHU3AIINK Y KUBOTHBIX €XKEeHEIeTbHO
3a0upalii KpOBb, OINpeAcsii ypoBeHb perPd, ay-
Toantuten K CD4, konuuectso CD3, CD4 u CDS8
T-mumponnroB. Yepe3 12 Hemenb ITOociie TTEPBOIA
MMMYHM3allM1 MPOBOAUIU TUCTOJOTMUYECKUI aHa-
13 momuetocTHbIX C2K.

Tucromorngeckue cpe3bl TOTOBIIIN II0 CTAaHIAPT-
HOM METOAMKE W OKpalllMBaJIu reMaTOKCUJIMHOM-20-
3UHOM.

benku misg umMmyHuzauuu rotoBuin u3z CXK
Mbimu, cmemuBaim ¢ [TAD nian HAD B cooTHOIIE-
HuU 1:1 10 MOJTy4eHUs CTOMKOMN dMYIbCUU.

KpoBb 3a01pain n3 XBOCTOBOM BEHBI IO JIETKOM
adupHOI aHecTe3uell rnepes UMMyHU3alUel U exe-
HEeIEeJbHO B TECUYSHUE BCEro 9KCIIepUMEHTA.

denotnnpoBaHre TUMQOIINTOB ITPOBOIMIN HA
nporouHoM utodayopumerpe CytoFLEX Beckman
Coulter B cycneH3MM MOHOHYKJIEPOB, BbIICIEHHBIX
M3 CBeXeil KpoBU Ha (UKOIUIE, TOCe To0aBie-
Hus K HUM aHtutes K CD3-PE/Elab Fluor® 594, x
CD4-PE/Cyanine7, x CD8-PE/Cyanine5.5 (Elab-
science).

PerP® ompenensiin B peaklIMM TTaCCHUBHOI Te-
MarnTioTUHAONNA  (PUKCUPOBAHHBIX TaHU3MPOBaH-
HBIX Harpy>keHHbIX [gG-KpbICHI PUTPOLIMTOB YeJI0-
BeKa.

IgG-KpBICHI BBIACISUIA U3 CBIBOPOTKU KPOBU MH-
TaKTHBIX KPBIC OCaXIEHUEM CyJb(MaToM aMMOHUS U
3KCKJIIO3MOHHOM XpoMaTorpadueii.

Hanuumne v ypoBeHb aHTUTEN K PEKOMOWHAHT-
HoMy CD4-06enKy KpbICHI OTIpeAesIsiii METOIOM He-
npsmoro TBepaodazHoro MPA.

CTaTUCTUYECKUI aHAIU3 MPOBEAEH C MCIIOJIb30-
BaHueM I1O GraphPad Prism. Paznuumsa cuuranu
3HaYNMBIME TIpH p < 0,05.

PesynbTaTthl 1 00CYyXaeHWe

ITucronaronornyeckue usmeHeHusi B CXK BbI-
apieHbl Y 40% kpbic. OGHaApy>KeHbl MHOXECTBEH-

Cnucok nutepatypsl / References

HbIE OYarv TUIIEPIUIa3UU MPOTOKOBOTO SITUTEINS,
a TakKe BU3yaJlbHOE pacIIMpeHUe 3epHUCTHIX MPO-
TOKOB, YTO COOTBETCTBYET MTOBPEXICHUIO DTTUTETUS
B HUX (puc. 1A). BeisiBIeHHOE yBeIU4YeHHUEe MPOCBe-
Ta IIPOTOKOB XapaKTePHO ST HECTeIN(PUIECKOTO
XPOHUYECKOTO CHAJI0aJeHUTa, Pa3BUBAIOIIETOCS Y
nauueHToB ¢ CIII [3]. [umepruiasus snuTeIns IIpo-
TOKOB, B CBOIO OYepe/lb, CIIYKHUT ITOKa3aTeIeM JIMM-
¢ osmMTEeTMATBEHBIX TTOPAXKeHW, BOSHUKAIOIINX ITPU
CII [3].

Ha ocHOBaHMM TMCTONATOJIOTUYECKON KapTUHBI
KPBICHI OBLIM pa3aceHbl Ha ABE TPYIMIbl — C U3Me-
HeHussMu B C2K 1 6€3 n3MeHeHUIA.

CpaBHUTENbHBIN aHau3 ypoBHS perP® B rpyr-
nax ¢ usMeHeHussMu B C2K u 6e3 M3MEHEHM Io-
Kazall, 4YTo y XKMBOTHBIX 0e3 n3mMeHeHuit B C2XK mpo-
MCXOOMJIO yBendeHue ypoBHst perP® Ha 7-i1 neHb
nocjiae MMMyHU3aluu oenkamu-uHayktopamu CIII
(p £0,05), y kpoic ¢ usameHeHusimu B C2K, xapaktep-
HeiMu it CI, ypoBeHb perP® B oTBeT Ha UMMY-
HM3auuo He u3MeHsuics (puc. 1B). Takum obpaszom,
BBISIBJIEHA acCOIMALIMSI MEXAY BBICOKMM YPOBHEM
perP® B niepuon nuaykiuu CII u ycTOMYMBOCTHIO
KPBIC K CHAJIOQICHUTY.

Y TI0JIOBUHBI KPBIC, MMMYHU3UPOBAHHBIX O€-
kamu CXK MbIm, BbIsIBIeHa XpoHUYecKasi TuMdo-
nutornieHus (puc. 2A). CHUXEHUIO TOJABEPIJIUCh U
CD4 u CD8 T-nmumdorutsl (puc. 2b, B). Ayroantu-
tesia K CD4 He 6butn HaiineHs! y Kpbic ¢ CD4-num-
dounroneHuei (puc. 2B). Bo3aMoxkHO, ayTOMMMYyH-
Hasg ataka B Momenu lllerpeHa HarpaBiieHa IIPOTUB
nrddepeHIIMPOBAHHBIX AHTUTEHOB T-TMMMOIINTOB.

YToOBl BBISICHUTHL, Urpaet Jm perP® ponbp B
00eCIIeYeHUN YCTOMYMBOCTU KpPBIC K Pa3BUTHUIO
T-numponnToneHnun, ObIT TIPOBEAESH CPaBHUTEIb-
HbIIA aHajau3 ypoBHsI perP® y kpbic ¢ numdonm-
ToneHUeid n 6e3 Hee. OOHaApyXKEHO, YTO pa3BUTHE
T-numdonnToneHMn He 3aBUCUT OT MNPOAYKIIUU
perP® B nepuon unaykimu CLI (puc. 2T).

BbiBOabI

B skcnepumenTanbHoit moaenu CII kpbic npo-
nykuust perP@ B nepron MHAyKIMU 3a00JieBaHUS
NpeaoTBpalllaeT pa3BUTHE HeCcHelUdUIEeCKOro Xpo-
HMYECKOTO cHhajloafeHUuTa, HO He BJIMSIEeT Ha pa3BU-
Tue T-muMm@onuToneHnu y Kpoic.
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