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9KCIMNMPECCUHA MAPKEPOB KOHTPOJIbHbIX
TOYEK UMMYHHOI'O OTBETA JINMM®OLUTAMU
NEPUDEPUYECKON KPOBU Y XXEHLLMH

C PUBPOALEHOMON MONIOYHOW XXEJE3bI

Rypmbinkuna O.B., Ryaukosckasa T.M., Boakosa T.O.

DI'BOY BO «Ilemposzasodckuii eocyoapcmeernubiil yrusepcumem», e. Ilemposasodck, Poccus

Pesome. M3mMeHeHNs MMMYHHOTO cTaTyca Ipu pudpoagecHoMe (PA) 1 Ipyrux 1oOpOKaYeCTBEHHBIX Ia-
TOJIOTUSIX MOJIOYHOM 3KeJIe3bl — MaJIOMCCIIeIOBAaHHBIN BOIIPOC, PAaBHO KaK U y4acTHE PETYJISITOPOB KOHTPOJIb-
HBIX ToueK uMMYyHHOTO oTBeTa (KN T) B matoreHese naHHO rpymnnbl 3ab6osieBaHuii. Llenapio paboThl SBJISLIIOCH
cpaBHeHUe ypoBHsI aKcmnipeccuun MapkepoB KT CD279/PD-1, CD274/PD-L1, CD366/TIM3 u CD223/
LAG3 B 001meit monyasmum JTUM@OINTOB, e¢ T-KIeTOYHOro 3BeHa 1, B oTneabHocTH, CD4 1 CDS8 cybrrory-
JIsIril B mepudeprudeckoit Kposu keHIINH ¢ DA 1 3m1opoBbIX JoHOPOB. OOpa3iibl iepudepriecKoil KpoBr
ObUTM TIOJTyYeHBI OT 12 XXEeHIIMH ¢ JuarHo3oM ¢hudpoajeHOMa MOJIOYHOM XKee3bl (23-54 yet) u 15 3m0po-
BBIX KE€HIIUH (22-52 1eT), COCTaBUBILIUX FPYMITY KOHTPOJIg. 3a00p KPOBU B IrpymIie O0JIbHBIX TPOU3BOIUICS
HETOCPEJICTBEHHO TIepe]l XMPypTUIeCcKOoi onepaiiyeii, najiee oopasibl aHaTU3UPOBAINCH METOIOM MYJIBTH-
napaMeTprUYeCKO MPOTOYHOM IUTOMETPUU C UCITOJIb30BAaHMEM MOHOKJIOHAIbHBIX aHTUuTel: CD3-VioBlue,
CD4/CDS-FITC, PD1-PE, PD-L1-PerCP-Cy.5.5, TIM3/LAG3-APC. Kaxabiii 06pa3eir "HKyOupoBajCs
¢ 4 xomouHanusamu aututen: CD3/CD4/PD1/PD-L1/TIM3, CD3/CD4/PD1/PD-L1/LAG3, CD3/CDS§/
PD1/PD-L1/TIM3, CD3/CD8/PD1/PD-L1/LAG3. bsuia nmpoBefeHa OlleHKa MOHO3KCTIPECCUU KaXKIOTO
13 4-X MapKepoB KOHTPOJBHBIX MMMYHHBIX ToueK (KW T) B tuMbonmrapHoM reiite obeux rpymm. B oopas-
ax KpoBu rpynibl DA Toy4eHO 3HaUYMMOoe yBenueHne akcrpeccur PD-L1, BeipaskeHHOM B % OKpallleH-
HBIX KJIETOK U IPUPOCTEe MHTEeHCUBHOCTU hiryopectieHunu. [1pu anannze monoskcrnpeccuu KU T B morryisi-
1 CD3*T-nmuMdbonuToB, KpoMe TO0CTOBEpHOTo yBeaudeHust % PD-L1", Takske 0GHapy>KeHO TOBBILICHUE
nonu PD17T-knetok B rpynine MA. B oTHOIIEHUN paznuamnii Mexay U3MeHeHus MU MoHoaKcTipeccun KUT
B CD4" u CD8" T-wiierouHoM 3BeHe, B rpynie MDA Habmomaioch 6ojiee BBIpAXKEHHOE YBETWUECHUE 10U
CD8*"PD1*T-knetok, nmo cpaBHeHuto ¢ CD4. Xapakrep usmeHeHuit PD-L1 6611 conoctaBum mist CD4 n
CDS8 cybmomnyssitinii (B 000ux ciiydasix JocToBepHoe yBesmdeHue B rpymiie MA). Beuin mpoaHanmn3npoBaHbl
nzmeHeHus npoduiist koakcrnpeccuu 1Byx KUT B CD4" u CD8* 3Bene T-xiterok. HanboJsiee 3aMeTHBIM OKa-
3aJ10ch yBeanueHue yactorel heHotuna PD1TPD-L1*" B obenx cyonomyssiiiusix T-KIETOK pu CpaBHEHUU
DA u rpymmbl KOHTpoJis. B oTHOIIeHUN coBMecTHOM aKcrpeccuu Tpex mapkepoB KT B8 CD4 u CDS cy6-
MOMYJISIIUSIX, ObLIO TIOJIYYeHO TOCTOBepHOe yBeauueHue %-noau PD1*PD-L17TIM3" kietok cpenu CD4
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T-xenmepoB. Takum 06pa3oM, B CUCTEMHOW HMUPKYJISIIIAM XEHITUH ¢ AuarHo3zoM MA MoryT HaOII0IaThCs
cneuuduueckue usMeHeHus peHoruna T-KIIeTOK, CBI3aHHBIE ¢ (KO-)3Kcrpeccueit peryastopoB KUT.

Karouesnie cnosa: gpubpoadernoma mono4uHoll dicene3vl, KOHMPOAbHbIE MOUKU UMMYHHO20 0meema, aumgoyumsl nepugheputeckoil
Kpo8uU, NpOMouHas YUMOMempUs, KOIKCAPECCUs, UMMYHODe2YAAUUs

EXPRESSION OF IMMUNE CHECKPOINT MARKERS IN
PERIPHERAL BLOOD LYMPHOCYTES OF WOMEN WITH
FIBROADENOMA OF THE BREAST

Kurmyshkina O.V., Kulikovskaya T.M., Volkova T.O.

Petrozavodsk State University, Petrozavodsk, Russian Federation

Abstract. Changes of the immune state in patients with fibroadenoma (FA) or other benign lesions of the
breast, as well as the involvement of immune checkpoints in pathogenesis of these lesions, remain underexplored.
The aim of this study was to compare the expression level of the key immune checkpoint markers CD279/PD-1,
CD274/PD-L1, CD366/TIM3, and CD223/LAG3 in total circulating lymphocytes, T cell population as
well as in its CD4 and CDS subsets in peripheral blood from women with breast FA and healthy controls.
Blood samples were taken from 12 women diagnosed with FA of the breast (aged 23-54 years, FA group)
and 15 healthy women (aged 22-52 years, control group). Sample uptake was performed immediately before
surgery, and samples were further analyzed by multicolor flow cytometry using monoclonal antibodies
CD3-VioBlue, CD4/CDS8-FITC, PD1-PE, PD-L1-PerCP-Cy.5.5, and TIM3/LAG3-APC. Each sample was
incubated with 4 antibody combinations: CD3/CD4/PD1/PD-L1/TIM3, CD3/CD4/PD1/PD-L1/LAG3,
CD3/CD8/PD1/PD-L1/TIM3, and CD3/CD8/PD1/PD-L1/LAG3. First, mono-expression of each of the 4
immune checkpoint markers was evaluated in the lymphocyte gate from both investigated groups. In FA samples,
a significant increase in PD-L1 expression (assessed as percent of positive cells and fluorescence intensity
change) was observed. Regarding expression of immune checkpoints in CD3* T cells, along with significantly
increased %PD-L1", elevated numbers of PDI1*T cells were detected. As for the differences in immune
checkpoint expression changes between CD4" and CD8* T cell subsets, FA patient group demonstrated a more
prominent increase in the amount of CD8"PD1*T cells relative to CD4 subset. The profiles of PD-L1 changes
in CD4 and CD8 subpopulations were comparable showing, in both cases, a significant increase in FA sample
group. We also analyzed changes in co-expression of any two immune checkpoint markers in CD4* and CD8"
T cell subsets. The most noticeable was as increase in the prevalence of PD1"PD-L1* phenotype in both T cell
subpopulations from FA patients compared to the controls. With respect to co-expression of 3 checkpoint
markers in CD4" and CD8* T cells, a significant increase in the percentage of PD1"PD-L1*TIM3* cells among
CD4 T helpers was found in FA. Thus, specific changes of T cell phenotype related to (co-)expression of
immune checkpoint regulators may occur in systemic circulation of women with breast FA.

Keywords: fibroadenoma of the breast, immune checkpoints, peripheral blood lymphocytes, flow cytometry, co-expression, immune
regulation

caMOCTOSTeJIbHAS IIPoOIeMa BBUIY JOMUHUPYIOIICH
KOHIIEMNIIMM O TOPMOHAJIbHOIN 3THUOJIOTUU (HDUOPO3-
MUTEeTVATBHBIX 3a0o0ieBaHuii. OQHAKO MHOTHE aB-
TOPBI OTMEYAIOT, YTO IMMATOreHETUYECKIE MEXaHU3MbI
DA ocTaroTcs B LIEJIOM HESICHHI [2], 94TO B psife CiIy-
yaeB OCJIOXKHsIET U depeHIMATBHYIO TUATHOCTUKY
¥ IIPOTHO3MpPOBaHNE PUCKOB. B TO Xe BpeMsi, mc-

BeeneHue

WN3MeHeHns MMMYyHHOro craTtyca Iipu (uodpoa-
neHome (PA) u apyrux noGpoKavyecTBEHHBIX MaTo-
JIOTUAX MOJIOYHOM XKeJIe3bl — MaJIOUCCIIENI0OBAHHBIN
Borpoc. Kak nmpasuio, pudpoaseHoMa CIY>KUT KOH-
TPOJIEM B MCCICIOBAHUSX PA3IMYHBIX aCIIEKTOB MO-

JIEKYJIIPHOTO TaToreHe3a paka MOJOYHOM XeJe3bl,
BKJIIOYasi OCOOEHHOCTM WMMMYHHOTO MUKPOOKPY-
JKEHUST OITyXOJIW WA UMPKYJIUPYIOIIUX MapKepoB
WUMMYHHOTO OTBETa, HO HE paccMaTpUBaeTCs Kak

XOJIsl U3 MPEACTABICHUN 00 UMMYHO-3HIOKPUHHbBIX
B3aUMO/JICMCTBUSIX, MOXHO IOIYCTUTH BOBJICYEHUE
MUMMYHHOI cucteMmbl B passute MA. Kpome Toro,
Ut (bUOpOoANUTETUATBHBIX OMYXOJIEN YCTAaHOBJIEH
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npoduiib peKyppeHTHBIX adeppalluii B reHax Bax-
HBIX MTPOTOOHKOT€HOB M OITyXOJIEBBIX CYIPECCOPOB
6], 9TO TIpeariojaracT MosiBicHUEe HEOAHTUTEHOB U
HaJIMYMe KOHTPOJISI CO CTOPOHBI UMMYyHUTETa [9].

Psan HemaBHUX pabOT yKa3pIBaeT HA HATMUME JIO-
KaJIbHBIX M CHCTEMHBIX M3MEHEHHUI MoKa3aTeseit
WMMYHHOTO oTBeTa y 00nbHBIX ¢ DA. Hampumep,
OOHapyKeHbI OTKJIOHEHWSI B %-HOM COACPKaHUU
nHpumisTpupytommnx CD4/CD8 T-nuMdbouuToB n
AHTUTEH-TIPE3CHTUPYIONINX KJIETOK 110 CPaBHEHUIO
C HOPMaJIbHOM TKAHbIO MOJIOYHOM KEJIE3bl, BEPOSIT-
HO CBUIIETEJILCTBYIOIIME O HApPYIIEHUSX B CUCTEME
MMMYHoJiorndeckoro Haazopa [1, 7]. HemHorouuc-
JICHHBIE TPAHCKPUTITOMHBIE MCCIIeIOBaHUS H00pO-
KauyeCTBEHHBIX OIyXoJjieli cooOialoT o0 ydyacTuu
MMMYHO-aCCOLIMUPOBAHHBIX CUTHAJIBHBIX ITyTeH [5,
10]. JlokanbHble OTKJIOHEHUSI MOTYT HaXOIUTh OT-
paxkeHNe U B U3MEHECHNN (PeHOTUINIECCKUX XapaK-
TEePUCTUK LUPKYJIUPYIOIIUX JUMMPOIIUTOB, a TaKxke
MUMMYHOJIOTUYECKNX IT0KAa3aTeJIsIX IUIa3Mbl KPOBM.
B yacTHOCTHM, TIPOTEOMHBIN aHAMNU3 TUIA3Mbl OOJIb-
HbIX ¢ DA 1 npyruMu 106poKayeCTBEHHBIMU MOpa-
JKEHUSIMUA BBISIBUJI U3MEHEHMSsI, CBSI3aHHBIC C CHUT-
HaJIbHBIMU ITyTSIMU BPOXKIEHHOTO 3BeHa UMMYHHOTO
otBeTa [8]. OnucaHbl TakK>Ke JaHHbIE 00 UBMEHEHUSIX
TpaHCKpUNTOMa KJIETOK mnepudepruyeckoil KpoBHU
TIPU Pa3IMIHBIX TTATOJIOTUSIX MOJIOYHOM KeJIe3hI BBI-
COKOTO pucka (B ToM uucie, ¢pudbpoaaeHoOMe), 4acTh
KOTOPBIX 3aTparMBacT WMMYHHBIC peTYISITOPHbBIC
MeXaHU3MBbI [4].

B HacTosiee BpeMs 0COOBIM MHTEpeC CBSI3aH C
MapKepaMy KOHTPOJBHBIX TOYEK WMMYHHOIO OT-
BeTa, MX DKCIPECCUCH B PA3IMUYHBIX ITOIYJISIIASX
JTUM@OIINTOB M BO3MOXHOCTSIMU UX KIMHUYECKOTO
NPUMEHEHMSI, TOCKOJIbKY OHM MOTYT OTpaxkaTb CTa-
TyC KaK aKTUBAIlMU KJICTOYHOTO MMMYHUTETa, TaK
M €ro UCTOIIEeHUs (MMMYHOCYIPECCUM), YTO MOXET
BJIMSATH HAa MPOTHO3 3abosieBaHus. s DA Mosou-
HOI >Kejie3bl ObLIO MOKAa3aHO CYIIECTBEHHOE YBEIM-
yeHue skcnpeccuu PD-1 B monyasiuuu UMpPKyIu-
pyouux T-peryasiTOpHbIX KJAETOK (IMTPpU OTCYTCTBUU
3HAYMMBIX U3MEHECHUN MX YMCICHHOCTH) [3], omHA-
KO, B OTHOLLIEHUU APYTMX UMMYHHBIX «4E€KITOMHTOB»
KaKne-1100 3KCIIepUMEHTaIbHbIe TaHHBIE OTCYT-
ctByIOT. Ilesiblo naHHOi padoThI SIBJISLUIOCH CpaBHE-
HUE YpPOBHsI 3Kcipeccun MmapkepoB CD279/PD-1,
CD274/PD-L1, CD366/TIM3 u CD223/LAG3 B
o01Iel monyasIuuu IMM@OIUTOB, ee T-KIETOUHOTO
3BeHa U, B oTaeabHocTH, CD4 1 CD§ cyononmynsuuii
B nepudepruiecKoil KpoBu KeHIIMH ¢ PA u 310po-
BBIX JOHOPOB METOIIOM IIPOTOYHOM IIUTOMETPUM.

MaTepmanbl N METObI

O06pa3ubl nepudepuyeckoii KpoBU ObLIM MOJIYy-
YeHbl OT 12 XXEHIIMH ¢ AuarHo3om dudbpoageHoOMa
MOJIOUHOM 3kesie3bl (23-54 sieT, cpenHuit Bo3pact 35,8

JeT), npoxoausiux jedeHue B UY3 «Kb «PXK]II-
Menuuuna» 1. [leTpo3aBojacka, a Takxke ot 15 31m0-
POBBIX XeHIINH (22-52 net, cpenHuii Bo3pacT 38,6
JIET), COCTAaBUBIUMX I'PYINYy KOHTPOJIsI. 3a00p KpOoBU
B Ipynre OOJIbHBIX ITPOU3BOMMIICS HEIIOCPEACTBEH-
HO TIepell XUPYpPruyeckoil omnepamnueii B MpoOMpKu
C LIMTpaTOM HaTpus, Aajiee o0pas3lbl aHAIU3UPO-
BaJIUCh METOAOM TIpoTouHOl turometpun (MACS
Quant Analyzer) ¢ HCHNOJb30BaHUEM MOHOKJIO-
HAJIBHBIX aHTUTE] K JIMM@OIUTapHBIM MapKepaM
KOHTPOJIbHBIM MMMYHHBIM Toukam: CD3-VioBlue,
CD4/CDS-FITC, PDI1-PE, PD-L1-PerCP-Cy.5.5,
TIM3/LAG3-APC (BiolLegend). Kaxnaprii o6pasern
MHKYyOupoBajcs ¢ 4 komouHauusamu anturen: CD3/
CD4/PD1/PD-L1/TIM3, CD3/CD4/PD1/PD-L1/
LAG3, CD3/CD8/PD1/PD-L1/TIM3, CD3/CDS8/
PD1/PD-L1/LAG3 (o61mast cxeMa TeMTUHTA TI0Ka-
3aHa Ha pucyHke 1). [paHULIbI reiTOB /1151 HeraTUBHO
OKpalllEeHHBIX KJIETOYHBIX MOIMYJISIINI yCTaHABIMBA-
au o Fluorescence Minus One (FMO) KoHTpoJT1O.
CraTtucTuyeckasi 3HaUMMOCTb HaOII01aeMbIX U3Me-
HEHMI OIIeHMBaJach C IIOMOIIBIO HeTapameTpuie-
ckoro W-kputepus YUJIKoKcoHa—MaHHa—YUTHU
(pa3nmuuusl MEXIy CpaBHMBAaeMbIMHU TPYIINAMU I10-
Jlaraiii goctoBepHbIMU Tipu p < 0,05).

PesynbTaTthl 1 00CYyXaeHWe

Ha mnepBoMm »sTane aHanu3a ObLla HpoBelcHaA
OIIeHKa MOHOB3KCIIPECCUM KaXIOTO U3 4-X MapKepoB
KOHTPOJIbHBIX UMMYHHBIX TodeK (KWT) B numdo-
OUTApHOM TreiiTe ooenx rpymnmn. Kak moka3zaHo Ha pu-
CcyHKe 2A, B obpasiax KpoBu rpymmnbl DA 11orydeHO
3HauuMoe yBeandeHue aoju PD-L1 mo3auTuBHBIX
JIMM@OIUTOB; OOHAKO, HEOOXOIMMO OTMETHUTh, UTO
HecMOTpsI Ha Bbicokuit % PD-L1* kjetok B rpymiie
DA, ypoBeHb (DJIyOPECIIEHTHOTO CHUTHajla XapakTe-
pU30BajICsl HE OUCKPETHBIM, a CJIaObIM HENpephbIB-
HBIM M3MEHEHUEM, IMOATOMY Pa3jInyre MEXKIY IBY-
Msl TpyIIiaMu Mo ypoBHI0O 3Kkcrnpeccuu PD-L1 6bL10
OIICHEGHO IIO0 IIPUPOCTY MHTCHCUBHOCTH IIyopec-
HEHIVM, IS KOTOPOIo TAaKXKe IMOJYYeHO 3HAYMMOE
yBeUUeHUE. 3aMeTHasi TeHACHIUSI K YBEJIUYEHUIO
oTHocuTeabHOM ynciaeHHoct PD1* 1 TIM3* num-
GoLMTOB TakxKe Habogamack B rpymmne MA, HO 10-
CTOBEPHOCTD 3TUX U3MEHCHUIT HE TTOATBEPANIIACE.

ITpu ananuze moHoakcnpeccuun KUT B momyisi-
mun CD3* T-numdbonuToB, KpoMe AOCTOBEPHOTO
yBeanuenust % PD-L1*, takske 0OHApyKeHO TMOBbI-
mwenue gonu PD1* T-kiertok B rpynne DA (puc. 2B).
Hab6momaeMmoe yBeaW4eHUE OTHOCHUTEIBHON 4YHC-
seHHoctu TIM3* u LAG3* T-kneTok He ObLI0 cTa-
TUCTUYECKM 3HAUYMMBIM, M TaK;Ke MOXKXHO OTMETUTh,
yto B CD3*-reiite yactora TIM3* KjleTOK pe3Ko
CHIXaJIach IO CPAaBHEHUIO C CYMMapHOU MOIYJISIIIN-
eli 1MM@POLUTOB (T.€. 3HAUMUTEbHAs YacTb CBSI3bIBa-
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PucyHok 1. Cxema aHanu3sa moHo3akcnpeccuu (A) n koakcnpeccum (B) MapkepoB KOHTPONbHbLIX UMMYHHBIX Touek (KUT)
Ha cymMmmapHo#n nonynsauuu numdoumtos, T-numdoumtax n ux CD4* n CD8* cybnonynauusx

Figure 1. The gating strategy used to analyze mono-expression (A) and co-expression (B) of immune checkpoint markers in total

lymphocytes, T cell population, and its CD4* and CD8* subsets

Hus aHTU-TIM3 antuTen 6bu1a odyciaosiaeHa CD3-
HeraTuBHbIMU He-T-KJIeTKaMu).

B oTHomeHUM pazIMIUil MEXIy W3MEHEHU-
amu  MoHoakcnpeccun KHUT B CD4" u CDS8*
T-xnerounoMm 3BeHe, B rpynre DA HabogaI0Ch
OoJiee BeIpaxkeHHOe yBennueHue 1oau CD8*PD1+T-
KJIETOK, 110 cpaBHeHUI0 ¢ CD4, onHako, OHO He J0-
CTUIJIO IIOPOrOBOrO YPOBHSI 3HAYMMOCTHU. XapaKTep
usMeHenuin PD-L1 6bu1 comoctaBum mig CD4 u
CDS8 cybomnomynsaiumii (B 000ux cirydasix J0CTOBEpHOE
yBenuueHue B rpymie @A mipu p < 0,05). TenmeH-
uu K yBeandeHuio % LAG3 u TIM3 coxpaHsuiuch
¥ 6bpuTH contocTaBuMBI 11t CD4 1 CDS8, HO He ObUTN
cTaTUCTUYeCKU 3HauuMbiMu. CopepxkaHue CaMux
CD4" u CD8" T-kjieToK He pasindalioch MEXIy
TPYIIIIaMU, XOTsI OTMEUaJIOCh O0Illee CHIKeHUE KO-
sndectBa T-muMmbonuToB B rpymie DA.

BaxkHbIM B (PYHKIIMOHAJHHOM OTHOIIEHUM SIB-
JISIETCSl HE CTOJIbKO 3KCIIPeCcCUsl KaKoro-ambo map-
kepa KWT cama no cebde, CKOJIBKO COBMECTHAs 9KC-
Tpeccus IBYX WM 0ojiee MapKepoB. B CBsI3u ¢ 3TnM,
OBLIM TIPOAHAJTIU3MPOBAHBI M3MEHEHUS TPOQUIIS
koakcripeccun aByx KHMT (Bo Bcex BO3MOXKHBIX
kombOuHanusx) B CD4* u CDS8* 3BeHe T-kiieToK.
HaubGosnee BbIpaxkeHHOE M3MEHEHHE MpPU CpaBHE-
Hun PA ¥ TPyNIbl KOHTPOJIST ObLUIO TIOJYYECHO ISt
denoruna PD1*PD-L1* (puc. 3A). OHO ObUTO J0-
CTOBEPHBIM IJ19 00eux nonyisauuil T-kieTtok (u B
cirygae CD8 okaszaimoch maxke 00jee BhIpaskeHHBIM),
npudyeM KoimyectBo CD4/8 T-kimeTok ¢ (heHOTH-
noMm PDI1*PD-L1- cuuxanock B rpymie DA dak-
TUUYECKHN JO0 HYJEBBIX 3HAaYE€HUI (B OCOOEHHOCTU B
ciayyae CDS8), T.e. akcnpeccuss PD1 cranoBuiach
MOJIHOCThIO accouuupoBaHHoil ¢ PD-L1 (puc. 3A).
3aMeTHBIM OBbLIO Takke yBeaudeHue yactoTel CD4

978



2024, T. 26, Ne 5
2024, Vol. 26, No 5

KoumponvHbie ummynnbvie mouxu npu guoépoaderHome
Immune checkpoints in breast fibroadenoma

A (A) 0 PDL1*
90 T
80  p<005e
w 70 ° 2
g2
sg e T
S &
EEX
S0 4 | x
3
20 ——
10
0 -
K ®A
© FA
b (B)
PD1* PDL1*
60 100
p=0,014 90 T
i 50 % |
£T 70 A
sS4 T o
'é' 5 7 60 p<0,05
=2 % T 50 T
» a8 40
cg ¥ 30 X
10 20 ]
10
0 0
K A K A
C FA C FA

PDL1*
25
p<0,05
20
g 18
[T
<
10
5 %
0
K oA
C FA
TIM3* LAG3*
14 8
12 7
10 .
5
8
4
6 g
3
4 2
2 2] =
0 -
K oA O oA
C FA C FA

PucyHok 2. MoHoakcnpeccus mapkepoB KAT B oGLieit nonynauum uupkynupytowmx numcouutos (A) n T-kneTok (B)
B nepudepnyeckon KpoBm 380poBbix foHopoB (K) u 6onbHbIX ¢ dhmbpoaaeHomolt (PA)

Mpumeyanue. 3HavyeHUs p Ha rMCTOrpaMMax NpUBeAEHbI B COOTBETCTBUM C ABYCTOPOHHUM W-TecToMm. MpUpocT MHTEHCMBHOCTH
¢nyopecueHuuu (DFluo) onpepensinca no ¢opmyne [MeanFluo(PD-L1) — MeanFluo(auto)]/MeanFluo(auto), rae MeanFluo(PD-L1) -
cpeaHAaa UHTEHCUBHOCTb q)nyopecueHTHoro CUrHana okKpalleHHbIX KNneTok, MeanFIuo(auto) — WHTEHCUBHOCTb aBTocbnyopecueHMM

KneTokK.

Figure 2. Expression of immune checkpoint markers in total population of circulating lymphocytes (A) and T cells (B) in peripheral

blood of healthy controls and patients with fibroadenoma (FA)

Note. In histograms, p-values correspond to the two-sided W-test. Fluorescence intensity increase (DFluo) was calculated as [MeanFluo(PD-L1) —
MeanFluo(auto))/MeanFluo(auto), where MeanFluo(PD-L1) is mean fluorescence intensity of stained cells, and MeanFluo(auto) is cell

autofluorescence intensity.

n CD8 T-xnetok ¢ (penotuniom PD1*TIM3* u PD-
L1I"TIM3* mpu PA, ogHAKO JOCTOBEPHOCTD Pa3JIM-
uunit moaTBepxKAeHa ToJabKo 111 CD4*PD-L1*TIM3*
T-numpouuroB (puc. 3b, B). MexrpynnoBbie
paznnuusi B kKoakcrpeccun PDITLAG3* u PD-
LI"LAG3" He mOCTUIJIM MOPOTOBOTO YPOBHSI 3Ha-
4YUMOCTU Kak B ciaydyae CD4 T-kiertok, Tak u CDS8
(puc. 3B). Takke MOXKHO OTMETUTb, UTO SKCIIPECCUs
TIM3 u LAG3 Obl1a MOJHOCTBIO acCOLIMUPOBAHA C
PD-L1, 1 B TO XXe BpeMsl 3Ta accoumalus Oblia He
noyiHoM B cirydae PD-1 (T.e. B rpynne DA BbISIBIISII-

cs1 onpeneieHHbin % T-kiaeTok ¢ heHoruniamu PD1-
TIM3" u PD1-LAG3"). B uejsioMm xapaktep uamMeHe-
HMI KO3KcIpeccuu ObLT corocTtaBuMbIM 11t CD4 u
CDS8 nonynsiimii T-KJ1eTOK.

MBI OLICHMJIM BO3MOXKHOCTb COBMECTHOTO OOHa-
pyxeHust Tpex mapkepoB KMUT B CD4 u CDS8 cy6-
NonyasiuusX, T.e. UBMEHEHUSI YMCIEHHOCTU KJIETOK
¢ ¢enorunamu PDI*PD-LI*TIM3* u PDI1*PD-
L1*"LAG3*. bbu1o 1moaydyeHO ITOCTOBEpPHOE YyBEIU-
yenue %-poan PDI1TPD-LITTIM3" kierok cpenu
CD4 T-xennepoB, aHaIOTMYHOE yBEJIUYEHUE B 3BE-
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PucyHok 3. U3meHeHus koakcnpeccum nap mapkepoB KUT B nonynsumuax CD4 u CD8 T-kneTok B nepndepuyeckoin Kpou
300poBbIX foHOpoB (K) n 6onbHbIX ¢ dmbpoaageHomon (PA)

ﬂpumeqanwe. 3HaueHus P Ha rucTorpaMmmax npuseaeHbl B COOTBETCTBUM C ABYCTOPOHHUM W-tecTom.

Figure 3. Changes in co-expression of pairs of immune checkpoint markers in CD4 and CD8 T cell subsets from peripheral blood
of healthy controls and fibroadenoma (FA) patients
Note. In histograms, p-values correspond to the two-sided W-test.
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PucyHok 4. U3meHeHuns koakcnpeccum Tpex mapkepoB KUT B nonynauusx CD4 n CD8 T-kneTok B nepudpepuyeckoii Kposm
300poBbIx 4oHOPOB (K) n 6onbHbIX ¢ hubpoaneHomoii (PA)

I'Ipumeqauue. 3HayeHus p Ha ructorpammax npueeaeHbl B COOTBETCTBMU C ABYCTOPOHHUM W-TecTom.

Figure 4. Changes in co-expression of three immune checkpoint markers in CD4 and CD8 T-cell subsets from peripheral blood

of healthy controls and fibroadenoma (FA) patients

Note. In histograms, p-values correspond to the two-sided W-test.
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HE IIUTOTOKCUYECKUX T-KJIETOK He IOCTUTIIO YPOBHS
3HauuMocTu (puc .4). Takke MOXKHO OTMETUTh, YTO
ecau B rpynne KoHTpoass CD4 wiu CDS8 T-kietku
¢ (penotuniom PDI1*PD-LITLAG3* ¢pakTuuecku oT-
CyTCTBOBaIu (MX [I0Jis He IpeBbiliaia 1% oT uuc-
JICHHOCTH COOTBETCTBYIOLIEH CyONOMyJsiLUM), TO B
rpynne MA oHN GUKCHUPOBATUCH B CHCTEMHOM 1P~
KyJISILIMM B 0oJiee 3aMETHOM KOJIMYECTBE, OJHAKO,
9TU 3HAYCHMSI HE TOCTUTIN YPOBHS JOCTOBEPHOCTH.

MpbI Takke oOpaTwiv BHMMaHUE Ha To, 4To %
cBsi3biBaHUsI aHTU-PD-L1 aHTuTen B nipode pasiiu-
YaeTcsl B 3aBUCUMOCTH OT TIPUCYTCTBUS aHTU-TIM3/
aHntu-LAG3 aHTUTEN: B cllydae COBMECTHOTO MHKY-
oupoBanus ¢ aHtu-TIM3, % PD-L1" ki1eToK ObLI
3aMETHO HMKe, yeM B ciaydae aHTU-LAG3 (maHHbIe
He TToKa3aHbl), YTO MOKET yKa3bIBaTh HA KOJIOKAJIM-
3auuio PD-L1 u TIM3 Ha KJIETOUYHOIT MOBEPXHOCTU
(1, COOTBETCTBCHHO, BO3HUKAIOIINE IIPU 3TOM CTE-
puYecKue 3aTpyAHEHUs]) U OMOJHUTEIbHO TO[I-
TBEpPKIAeT aCCOLMUPOBAHHOCTh AKCIIPECCUM ITUX
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