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Pesrome

Onenka mnponudepatuBHoit aktuBHOCTH CD4+ T-numbonuToB sBisieTCS
BOXHBIM HWHCTPYMEHTOM JUIsl XapaKTepUCTUKH (YHKIHUOHAIBHOTO CTaTyca
aJanTUBHOTO UMMYyHHUTeTa. Mcrnonb3oBaHHe MeTO/a MPOTOYHOM IUTOMETPUHU C
kpacuteneM CFSE mno3Boiiser OTClEXHUBATh KUHETUKY KIETOYHOIO JICICHHUSI.
OpnHako JTaHHBIE O TETEPOTCHHOCTH MPOJU(PEPATUBHOTO OTBETa Ha T-KIETOYHBIE
MUTOTEHBI, Takue Kak ¢uroremarritoTuaul (OI'A) ocratorest orpannyeHHbIME. B
YaCTHOCTH, MAJIOM3YYEHHBIM OCTaeTcsi (PeHOMEH CBEpPXOBICTPOro JAEJIeHUs Majou
(dpakIuy CTUMYJIMPOBAHHBIX T-KJIeTOK IN Vitro. Ilembro HacTOoSIIero UcciieI0BaH s
ObUIO M3yYWTh JAWHAMUKY MPOIH(PEPaTUBHOTO OTBETA M IPOAHATIU3UPOBATH
U3MEHEHUs CyOnonyIIIMOHHOTO cOCTaBa (HauBHbBIE, LIEHTPAJbHBIE U 3P HEKTOPHBIE
kieTk namsati) CD4+ T-mumdountoB npu kparkocpoyHoM (1-3 cyTok) u Oonee
IuTeabHOM (6 CyTOK) KyibTuBUpoBaHUU ¢ DPI'A in vitro. MoHOHYKJIEapHBIE
KJICTKH TTepu(epruIecKoil KPOBH YCIOBHO 3I0POBBIX TOHOPOB okpammBaiii CFSE u
KyJabTuBUpoBaiK B npucytctBun OI'A (15 mxr/mut) B teuenue 1, 3 u 6 CyTOK.
Ananu3 nponudepauuu u - cyOnomyisuoHHoro cocraBa CD4+  T-kietok
(CCR7+CD45RO—~ — mHaumBuble; CCR7+CD45RO+ — ueHtpaibHbie T-
mumdporutel namsati; CCR7-CD45RO+ — »sddexropubie T-KiIeTKH TaMsTH)
OPOBOAMIM METOAOM MHOTOLIBETHOM MPOTOYHOW LUTOMETpUHU. JleTanbHo
UCCIIEIOBAJIN KJIETKH, coBepuuBuIMe Oonee 5 murotnueckux nukioB (CFSE-
HEraTUBHBIE). YCTAHOBJEHO, YTO uepe3 3 CYyTOK KyiabTHBUpOBaHHS ¢ PI'A
OTHOCUTENIbHOE KoJm4uecTBO CD4+ T-knerok, ymeamux B AEIEHHUE, COCTaBIISET
68,8%. Ilpu stom 21,4% oTHOCATCS K CyONOMyJSIUHU, MOJHOCTHIO yTpaTHUBILEH
metky CFSE, T1.e. coBepummuBiieid 6osiee nsati 1mukioB muto3a. Anamu3 CFSE-
HeraTMBHOM  (pakuuM TMoOKa3zal, 4YTO Ha 3-U CYTKM COCTaB OBICTpO
nponudepupyomux KIeTok Obul  pasHooOpasHeiM  (HauBHble — 20,8%,
IEHTpaJIbHBIC KIETKH namMsatH — 67,9%, addexropubie kietku namsata — 10,7%).
Ha 6 cytku yxe 84,5% CD4+ T-kieTok 3aBepiiviin OA1H WU 00Jiee ITUKIT IeJICHUSI.
Jlonis MHOTOKpaTHO nojenuBIuxcs duMdonutoB coctaBuna 34,3%. B ornuune ot
CFSE-HeratuBHBIX  KJIETOK,  CHOPMHUPOBABIIMXCA  TPU  KPATKOCPOUHOM
KyJbTUBUPOBAHUH, K 6-M CyTKaMm (pakiusi MHOIOKPATHO MOZEIMBIIUXCS KIJIETOK
ObUTa TpelcTaBieHAa IMOYTH HUCKIIOYUTEIBHO KIETKAaMHU NaMSATH (LIEHTpaJibHbIE
KaeTku mamsata — 72,8%, s dexropubie kieTku namsti — 25,1%). 1o yka3siBaeT
Ha KOHBEpcHIO (DeHOTHUNA B MpOoLEcce NEICHUS! WU CEJIEKTUBHOE MPEUMYIIECTBO
KJIETOK TaMSITH TpU JUIMTETbHOM CTUMYISIMA. TakuMm o0pa3om, ObLIO
IPOJAEMOHCTPUPOBAHO, YTO TMPH KPAaTKOCPOYHOM KyJIbTHBHpOBaHMH ¢ ODOI'A
BbIsiBIIsieTCA (ppakiuss CD4+ T-numdponuToB co cBepXObICTpol mnpoaudepaliuei,
KOTOpasi HE CBA3aHA C JOMUHUPOBAHHEM KaKOW-IMOO OJIHOM CyOMNOIMyJsIuu.
UrnopupoBanue (eHoMeHa CBEepXOBICTPOro JENIeHHWs YacTH KIETOK Tpu
HENPOAOKATEIBHBIX IKCIIEPUMEHTAX MOKET MPUBECTH K MCKAKCHHUIO BHIBOJOB O
GyHKIIMOHATBFHOM aKTUBHOCTH T-KJIETOK.

KawueBbie caoBa: CD4+ T-numdormrtel, cyOmomynsmuu T-KIETOK,
¢uToremarrmotranH, npomdeparusi, CFSE, nmporoynast uutomerpusi.



Abstract

Assessment of the proliferative activity of CD4+ T lymphocytes is an
important tool for characterizing the functional status of adaptive immunity. The use
of flow cytometry with the CFSE dye allows for the tracking of cell division kinetics.
However, data on the heterogeneity of the proliferative response to T-cell mitogens,
such as phytohemagglutinin (PHA), remain limited. In particular, the phenomenon
of ultra-fast division of a small fraction of stimulated T cells in vitro is poorly
understood. The aim of this study was to investigate the dynamics of the proliferative
response and to analyze changes in the subset composition (naive, central memory,
and effector memory cells) of CD4+ T lymphocytes during short-term (1-3 days)
and longer-term (6 days) cultivation with PHA in vitro. Peripheral blood
mononuclear cells from relatively healthy volunteers were stained with CFSE and
cultured in the presence of PHA (15 pg/ml) for 1, 3, and 6 days. Analysis of
proliferation and the subset composition of CD4+ T cells (CCR7+CD45R0O- —
naive; CCR7+CD45R0O+ — central memory T cells; CCR7-CD45R0O+ — effector
memory T cells) was performed using multicolor flow cytometry. Cells that had
completed more than five mitotic cycles (CFSE-negative) were examined in detail.
It was found that after 3 days of culture with PHA, the relative number of CD4+ T
cells that had entered division was 68.8%. Of these, 21.4% belonged to a subset that
had completely lost the CFSE label, i.e., had completed more than five mitotic
cycles. Analysis of the CFSE-negative fraction on day 3 showed that the
composition of rapidly proliferating cells was diverse (naive — 20.8%, central
memory T cells — 67.9%, effector memory T cells — 10.7%). By day 6, 84.5% of
CD4+ T cells had completed one or more division cycles. The proportion of
extensively divided lymphocytes was 34.3%. In contrast to the CFSE-negative cells
formed during short-term culture, by day 6 the fraction of extensively divided cells
consisted almost exclusively of memory cells (central memory T cells — 72.8%,
effector memory T cells — 25.1%). This indicates either phenotypic conversion
during division or a selective advantage of memory cells upon prolonged
stimulation. Thus, it was demonstrated that short-term cultivation with PHA reveals
a fraction of CD4+ T lymphocytes with ultra-fast proliferation that is not associated
with the dominance of any single subset. Ignoring the phenomenon of ultra-fast
division of a subset of cells in short-term experiments may lead to skewed
conclusions regarding T-cell functional activity.

Keywords: CD4+ T-cells, T-cell subsets, phytohemagglutinin, proliferation,
CFSE, flow cytometry.
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1 Beenenue

[IpoTo4Has IIUTOMETPHSI C IPUMCHEHUEM TPEKHMHIOBBIX KpPacHUTENIeH, TaKuX
kak 5(6)-kapookcuduryopectens auarerar-N-cykuuaumuauiossiit 3¢up (CFSE),
MO3BOJIAET HE TOJILKO KOHCTaTHpOBaTh ¢akT aenenus CD4+ T-nmumdbonuTos, HO U
BU3yaJM3UPOBaTh  HECKOJBKO  IIOCICIOBATEIbHBIX  LUKIOB  MuTO3a  [1].
DKCHEPUMEHTAILHO YCTaHOBIIEHO, 4TO mociie crumyisuud CD4+ T-knetku
BCTYIAIOT B IPOJH(EPaIHIO C pa3HON CKOPOCTHIO, a UX JICJICHUE XapaKTePH3yeTCs
pa3IMYHON HHTEHCUBHOCTHIO [2]. MaTeMaTHYeCKOe MOICTUPOBAHKE ITOATBEP/IHIIO,
YTO 3Ta TETEPOreHHOCTh OTPaXKAaeT peallbHble OTINYHS HPOJU(PEPATUBHOM
aKTUBHOCTH KJIETOK [3].

B ummynonorun s 3amycka mnpoiudeparuu CD4+ T-mumdonutoB B
yCIOBHSX IN VItr0 MCHOJB3YIOT TPH OCHOBHBIX Mojxoja. [IepBbIii — cTUMYIISIINSA
yepe3 T-KIeTOUHBIN penenTop U KO-CTUMYJUPYIONIME MOJEKYJIbI JIJIsi UMUTAIIUU

aHTUTEH-3aBUCUMOTO  JieJieHus.  Bropoit  —  cTUMymsinusg — IIUTOKMHAMM:
VUHTEPICUKUHOM (WJD)-7/NJI-15, 3aMy CKarIUMH TOMEOCTAaTUYECKYIO
npoiudepanuto. TpeTwii — aKTHBAIMS KIETOK MHTOT€HAMM, TaKUMHU Kak

dburoremarrmotuHuH (PI'A). B oTiamyme oT nepBbIX IBYX MOJAX0I0B, CTUMYJISIUS
MUTOT'€HAMH, KaK MPaBUJIO, UCIIOIB3YETCS IS OIEHKH OO0IeH (PyHKIIMOHAIBHON
KOMIICTEHTHOCTH T-KJIETOK IPH SKCIIEPUMEHTAIBHBIX Bo3aercTBUsAX [4]. [lanHbIe O
ToM, sBisieTcs i oTBeT CD4+ T-kjneTok Ha MHTOTeH CHHXPOHHBIM, M KaK OH
OTpakaeTcs Ha CyONOIyJSIMOHHOM COCTaBe JUM(OIMTOB B JIMTEpAType
OTpaHUYCHBI.

[{enb HacTosimel paboThI: U3yYEeHUE JMHAMUKH MPOJiM(epaTUBHOTO OTBETA U
aHanu3 cyonomyisiuoHHoro cocraa CD4+ T-nuM¢ponuToB mpu KPaTKOCPOYHOM U
JUTHTEITEHOM KYJIbTHBUPOBAHHUH C (PUTOTEMATTITFOTHHIHHOM.

2 MaTtepuaJjibl M METOAbI

OOBEKTOM UCCIIEIOBAHUS CITYKUJIM MOHOHYKJICAPHBIC KJIETKHU, MMOJYyYCHHbBIE
OT OTHOCHTEIIBHO 3JI0POBBIX JIOHOPOB KpoBU. [IpoBenenue uccinenoBaHusi ObLIO
onobpeHo studyeckuMm komutetom “UBIM VYpO PAH* (per. Ne komurera
IRB00010009). Kaxxapiii yuacTHHK moamucai nHGOPMUPOBAHHOE COTIIacHe.

KpoBs o0bemom n0 20 mi 3a0upany HaTOLIAaK M3 KyOUTaJIbHON BEHBI B
BaKyyMHbIC MPOOMpPKH, coaepxarue nutuii renapun (Weihai Hongyu Medical
Devices Cj., Ltd; Kwuraii). MoHOHyKICapHbIE KJICTKH BBIICISUTA  yTEM
eHTpUdyTUpOBaHUS JBYKpPATHO pas3BeAcHHOU (ocdaTHO-coneBbIM OyhepHbIM
pactBopom Jlynnbekko (DPBS, Gibco; CIIIA) kpoBu B IpaMeHTE IJIOTHOCTH
Huaxomma (1,077 v/, duasm; Poccust). BeimeaeHHbIC KICTKH COOUPAITH, IBAXKIbI
otMbIBasii pactBopoMm DPBS, moacunteiBanu B kamepe ['opsiesa.

Boinenennble MOHOHYKJI€apHbIE JIEUWKOUUTH OokpamuBanu 5 MkM CFSE
(Biolegend, CIIA), nBaxasl otmbiBasii cpemoii RPMI-1640 (Sigma-Aldrich;
CIIIA), conepxameit 20 % TepMOWHAKTUBUPOBAHHOW SMOPHOHATBLHOU TEISTUYbEn
(OTC, Gibco; KomymOusi). JleHKonuTH KyJbTHBUPOBAIM B  96-TyHOUHBIX
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mwianmerax (Costar, CIIIA) B monHo murarenpHor cpeae (IITIC), coneprxareit
RPMI-1640 (BioinnLabs, Poccus), 10 % OTC, 100 Ex./mn mneHUUMUIMHA |
100 mxr/mnn  crpentomunuHa  (Thermo  Fisher  Scientific, Inc., CIIA).
[Tponudepanuto uuayuposain Buecenuem ®I'A (Serva, 'epmanus) B KOHEUHOM
KoHIeHTpauuu 15 Mxr/mi1. [IpoOsl kynsTuBUpOBanu B Teuenue 1, 3 u 6 cytok (37°C,
5% COy). Ilo okOHYaHWM BPEMEHH HHKYOAIMM KICTKH COOMpaid H Ui
(EeHOTUITNYECKOTO aHallM3a OKpaIINBalld BUTaIbHBIM kpacuteiem LIVE/DEAD™
Fixable Violet Dead Cell Stain (LD, Life Technologies, CIIIA) u kokTelijeM aHTH-
CD3-BV605, antu-CD4-PE, antu-CCR7-PE/Cy7 (BioLegend, CIIIA) u aHnTH-
CD45R0O-APC-eF780 (Invitrogen, CIIA) antuten. OkpallleHHbIE —KJICTKH
aHAJIM3UPOBAIM  C HCIIOJIB30BaHUEM mporouyHoro nuromerpa CytoFLEX S
(Beckman Coulter, CILIA).

C ucrnonb30BaHWEM MHOTOCTYIIEHYATOM CTpATEry TeUTUPOBAHUS U3 00IIeH
MOMYJISAIIUK  KJIETOK BBIACISUIM Ku3HecrocoOHsle CD4+ T-nmumdboruTel U ux
cyononyssiun. [lepBonayanbao o napamerpam mpsimoro (FSC) u 6okooro (SSC)
CBETOpPACCESIHUST WACHTU(PUIIUPOBAIA PEroH JAUMGOIUTOB. [l TOro, 4TroObl
n30eKaTh BO3MOXKHBIX MCKXEHUH, W3 aHaM3a UCKII0YAId MEPTBBIC KICTKH. B
OCTaBILEHCS TOMYJISALUUNA SKU3HECTIOCOOHBIX JMMQOIMTOB HACHTU(UIIMPOBAIIN
CD4+ T-numdouuThl Ha OCHOBAaHUHU KO-3KCIIPECCUH MOBEPXHOCTHBIX MoJieky1 CD3
u CD4. Cpenu CD4" T-mumdpouuToB HACHTUOUIUPOBAINA KICTKH Pa3IdYHON
crenienu 3penoctu: CCR7*CD45RO™ — nausnbie numdorute; CCR7*CD45RO™ —
neatpanbhbie KieTku namsata (TCM); CCR7-CD45RO" — s¢dexropHbie KIICTKH
namsita (TEM). Busyanusanuio JaHHBIX TPOBOJHIN C MIOMOIIBIO MPOTPAMMHOTO
obecnieuenus “FlowJo 10.3” (FlowJo LLC, CIILA).

3 Pe3yabTaThl U 00CyxKIeHHEe

Anaim3 nposmdepaluy mocie KyJIbTUBUPOBAHUS B Pa3JINYHBIC BPEMEHHBIC
TOYKH BBISIBUJI CYIIIECTBCHHBIC pa3inyusl B KuHeTnke otBeta Ha ®I'A (pucyHok 1).
[Tocne 6-cyTOYHOrO KyJIBTUBHPOBAHHS TMoAaBstoniee OonpmuHCcTBO CD4+ T-
kietok (84,5 %) Bcrynmuio B Aenenue. JIMMGONMTHI COBEpHIIMIM 0OJIee ISATH
MuTO030B. [Ipn 3TOM 34,3 % KIIETOK MOTHOCTHIO YTPATUIIU (PIIyOPECIICHTHYIO METKY
(CFSE-neraTuBHast OIS ) M3-32 MHOTOKPATHOTO JICJICHHSI.

[TpuHIMNIManbHO MHAS KapTHHA HA0II0AANIach B MPo0Oax, COOpaHHbIX MOce 3
CYTOK KyJbTuBHUpoBaHusA. XotTs 68,8 % CD4+ T-numdouuToB yxke 3aBepIIMiIN
OIMH WK Oojee IMKJIOB JEJIEHUs, Ha THUCTOIpaMME€ paclpeaesieHus
dayopecuenuun CFSE oTueTnnBo BH3yalM3UPOBAIMCH TOJBKO JBE JOYEPHHE
renepanuu (pucyHok 1). Taxxke Oblaa BbisiBiIeHa cyonomyssust (21,4 % ot Bcex
CD4+ T-kjeTok), MmoJHOCTBhIO yTpaTtuBiias ¢iayopecuentnyo metky (CFSE-
HETaTUBHBIC KJIETKH). OJTa (pakius JUMQOLUTOB, MO-BUAUMOMY, BCTyNUJIa B
nponudepaluio MpakTUIECKH cpasy MOCie MOCTAaHOBKU KYJIbTYPHI M 32 KOPOTKHIA
IPOMEKYTOK BPEMEHH COBEpIIIMIIAa O0JIEe MSITH MUTO30B.
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[IpoBenennplii aHanmu3 cyoOmomysiuoHHOTo coctaBa CD4+ T-mumdonuTos
Cpe/M KJIeTOK, He BcTynuBIuX B nesenue (GO0), BeisaBuII ciieaytoniee. B monmysisinyu
GO mocne cyrouHoi uHKyOaruu mpeoOnaganu HauBHble CD4+ T-mumdbonuTs
(66,8 %). K koHIly 3 CyTOK KyJIbTHBHPOBAHHUS MX JOJI CHH3HIACH B JIBa pasa (110
35 %), uTO, BEpOSTHO, CBS3aHO CO BCTYIUICHHEM B mpoindeparuio (pUCyHOK 2).
KomuuectBo HamBHbIX CD4+ T-nmuM@onuToB HE H3MEHWIOCh M TpuU Ooliee
IUTMTEebHOW WHKyOarmu (6 CyTOK), TO-TpeKHEMY cocTaBisisi Okojo 35 %.
OtHocutenbHoe KonmyecTBO TCM B GO mocrne 1, 3 u 6 CyTOK KyJIbTUBHPOBAHHS
coctawio 23,1%, 52,7% wu 38,3% COOTBETCTBEHHO. ITO  MOXET
CBHUJICTEJILCTBOBATh O HECKOJBKO OoJiee mo3aHeM, 4yeM y HauBHbIX CD4+ T-
TuMQOIMTOB  Tepexojie  KIeToK B mnpohudepupyrommii  myn. IlporeHTHoe
conepxkanue TEM Bo ¢pakiun GO HEYKIOHHO BO3pacTajo Ha MPOTSKEHUU BCETrO
nmepuosa KyJabTUBHpOBaHUS, HaumHas ¢ 7,9 % mocie cytouHoil wHKyOanuu. B
Te4YeHHe 3 CYTOK OHO yBenmumioch 10 11,2 %. MakcumansHOe 3HaY€HHE OBLIO
3auKCUpOBaHO TMpH OIeHKe noiu T EM mocne 6-CyTOYHOTO KyJIbTUBUPOBAHUS —
23,2 %. [1o-BuaumMoMmy, 3TH KJIETKH HAUMEHEE aKTUBHO 3aITyCKAIOT JICJICHUE MOCIIe
ctumyssinuu OI'A.

Ananu3 cyononyssunoHHoro coctaBa CD4+ T-nuM@ouuToB cpeam KIeTok,
3aBepIIMBIIMX Ooyiee matu IUKIOB jaeicHus (CFSE-HeratuBHas MOMyJISIuNs),
BBISIBWI cienyromue ocobeHHoctu. [locne KynbTUBUPOBaHUS B TeueHHE 6 CyTOK
OCHOBY 3TOM (hpakiuu cocTaBwIM KieTku namsatu: gojss 1CM mocturmna 72,8 %,
TEM — 25,1 %. Haunple T-muM@OIMTHI MPaKTHUYECKH OTCYTCTBOBAJIN B JaHHOM
MOMYJIAIUHU, cocTaBisas jaumb 1,8 %. Mel npeamonaraeM, 9To TPUYHMHON TaKOTO
pacnpeeieHus MOXKET OBITh OJTUH U3 CIIETYIOMIMX (PaKTOPOB UITU UX COBOKYITHOCTD.
Bo-miepBbIX, K MHOTOKpAaTHOMY JI€JICHUIO MOTYT OBbITh 0OJi€€ CKJIOHHBI KJIETKU
namsatd, B yacTHOCTH |CM. Bo-BTOpBIX, MHOTOKpAaTHOE JCJICHUE HAWBHBIX 1-
TUM(QOITMTOB MOXKET COMPOBOXKIATHCS KOHBEpcHMeW HX (eHOoTHIa, 4To ObLIO
MOKa3aHO NP aHTUT'CH-3aBUCUMOM ¥ TOMEOCTaTHYCCKON mposiudeparuu [5].

[Tocne 3-cyTO4HOrO  KYyJIbTHBHPOBAHHS  CyOIOMYJALIMOHHBIA  COCTaB
MHOTOKpaTHO mnojemuBmmxcsi CD4+ T-KJI€TOK CyIIeCTBEHHO OTJIWYaNCS OT
TAKOBOTO Tmociie mecTh cyTok. Xotss TCM aomunupoBamu (67,9 %), TEM
coctaBwn Tos1bko 10,7 %. [1pu aToM HauBHBIe CD4+ T-KJI€TKM MpUCYTCTBOBAIHU B
komuectBe 20,8 %. IlonmyuyeHHble MAaHHBIE HAMVIAJHO JEMOHCTPUPYIOT, YTO
obicTpas nponudepanuss CD4+ T-kierok B TeueHue 3 CYTOK HE CBsi3aHa C
MPEUMYIIECTBEHHbIM JEJIEHHEM Kakoi-miubo cyOomonmysiiuu Wi KOHBEpCHUei
¢enoruna. Hanpotus, MHorokpaTHoe nenenne CD4+ T-kineTok Ha MpOTSHKEHUU
0ojiee MPOAOKUTEIBHOTO BPEMEHHM CYIIECTBEHHO MEHSET CyOIOMmyIsIMOHHBIHN
COCTaB KYJIbTUBUPYEMBIX KIIETOK.

N3BeCcTHO, 4TO B HOPME BO BTOPUYHBIX TUM(OHUIHBIX OpraHax MblIiei 0ojiee
10 % CD4+ T-kieTok HaXoadTCs B COCTOSIHHUHM JiesieHus [6]. X nponmdepanus He
CBA3aHA CO CTUMYJIIMEH aHTUTCHAMH KOMMEHCAJILHOW MHUKPO(IIOpEI W HE
COTIPSDKEHA CO CHIYKCHHEM pa3Ho00pas3us T-KIETOUHBIX PElenTOpoB. Y 3I0pPOBBIX
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monel  mpoueHtHoe — coaepkanue  CD4+  T-xnerok B numdoysmax,
OKCIPECCUPYIOIIUX MapKepbl JEJICHUs, TaKKe CpaBHUTENBbHO Bbicoka (6,4 %,
JIAHHBIC HE TOKa3aHbl). MOKHO MPEAIOIOKUTh, YTO HEOONbIIas (PpaKius TaKuX
«3apaHee aKTHBUPOBAHHBIX)» KJIIETOK MOYKET BBIXOMTD B IEPUPEPUICCKYIO KPOBb U
JICTEKTUPOBAThCSI  MPHU  KPATKOCPOUHBIX  MCCICIOBAHUAX MpojUdepanud ¢
ucnoas3oBanueM CFSE B ycioBusx in Vitro.

4 BpIBOaBI

Takum o00pazoMm, TMPOBEICHHOE HCCIEAOBAaHHE JAEMOHCTPUPYET, UTO
nposudepatuBHblii oTBeT CD4+ T-muM@oruToB Ha MOJUKIOHAIBHBIM MUTOTCH
®I'A sBnsieTcst reTeporeHHbIM. [Ipy KpaTKOBpEMEHHOM, B TEUEHHUE TPEX CYTOK,
KyJTbTUBUPOBAHUM  BBIBISACTCS  TOMYyJSIUS  KJIETOK  CO  CBEPXOBICTPOM
nposudepanuei, 3apeparonias 0oJee miATH ASJICHU. JTO JEJICHHE HE CBSI3aHO C
KaKOM-mOo OAHOW CyOmomyssiiieil ¥ He MPUBOAUT K KOHBEPCHHM (EeHOTHIa
HAWBHBIX KJIETOK.

BwmecTe ¢ TeM, Ha OCHOBaHUH MOJIyYEHHBIX PE3YJIHTATOB BO3HUKAET BOMPOC:
HaJO0 JM YyYdUTHIBaTh ObicTpo mponudepupytoume CD4+ T-knetkun mpu
HENPOJOJDKUATENIBHOM KyJIbTUBHpOBaHUH ¢ PI'A? BO3MOXKHO, 4TO HTHOPUPOBAHKE
dbeHoMeHa cBepXObICTpoi mponudepaluy 4acTh KJIETOK M CyOMOmyJsIIMOHHOMN
JUHAMHMKH MOXET MPUBOJIUTH K HEBEPHOMN OLIEHKE (PYHKIIMOHAIBHON aKTUBHOCTH
CD4+ T-muMdoIuTOB B 9KCIEPUMEHTATBHBIX UCCIIEOBAHUSIX.

Pabora BrIMoNIHEHA B paMKax rocynapctBeHHoro 3aganus Ne 124021900006-
5. B pab6ote ucnons3oBano obopynoBanue IIKII “MccnenoBanust marepuanoB u
BemectBa” [IOUL] YpO PAH. ABTop BeipaxaeT rIyOOKyr0 01arogapHOCTh M.H.C.
naboparopun MosieKyssipHoi ummyHosoruu “UI3T'M YpO PAH” Mokpymmny I'.K.
M H.C. naboparopun »sKosornyeckoil wummyHonorun “UBI'M  VYpO PAH”
Koponesckoii JI.b.



PUCYHKH

Pucynok 1. CpaBaenue npoduneit payopecuenuuu CFSE CD4+ T-mumdouunTtos
1oCJIe TPEX U MIECTH CYTOK MHKYOAIK B IPUCYTCTBUU (PUTOTEMAITIIOTUHHUHA

Figure 1. Comparison of CFSE fluorescence profiles of CD4+ T lymphocytes after
3 and 6 days of incubation with phytohemagglutinin
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[IpencraBnensl ructorpammel pacnpeneneaus ¢ayopecueniimn CFSE. Cepbim
yKa3aHbl Pe3yibTaThl MOCNE 3 CYTOK KyJIbTUBUPOBAHUS;, OCIBIM — MOCe 6 CyTOK.
OTtmeueHbl pernonbl HepeauBinuxcs kiaetok (GO) u kieTok, coBepimBIIMx Ooee 5
nukioB muto3a (CFSEneg).

CFSE fluorescence histograms are shown. Grey histogram represents the results
after 3 days of culture; white histogram represents the results after 6 days. The
regions corresponding to non-dividing cells (G0) and cells that have completed more
than five mitotic cycles (CFSEneg) are indicated.



Pucynok 2. [lokazarensHble rpaduku pacnpenenenus He noaenusumxcsa (G0) u
MHorokpatHo  nonenuBmuxcsi  (CFSEneg) CD4+  T-numdonutoB 1o
cyonomysauusiM Ha 3 ¥ 6 CYTKH MHKYOaIllMK B IPUCYTCTBUU (PUTOreMarriItoTUHIHA

Figure 2. Representative pseudo color plots showing the subset distribution of non-
dividing (G0) and extensively divided (CFSEneg) CD4+ T lymphocytes on days 3
and 6 of culture with phytohemagglutinin

GO CFSEneg
g _| HameHbie TCM ¢ _| HanBHbIe TCM
g 10 1Naive ' g 10 3 Naive
2 P 9 1
= 5__ = 5__
103 e 103
o E o E
fews3 o .
Day3 9 073 o L
" e
[+ [+
£ 3 E 3
o 10 _ o 10 _g
» { TEMRA TEM » { TEMRA TEM
b i T e ™ b LA T W
10 ] 10 107 10 -10 0 10 107 10
Comp-FL8-A :: CD45R0O APC-A750-A Comp-FLB-A :: CD45R0O APC-A750-A
g 1 HameHeIe TCM 6 1 HaneHsIe TCM
<107 Nai <L 103 pai
. 1 Naive r 1 Naive
2 g
= 5__ = 5__
§ 107 § 1077
JeHb 6 :: . ]
g 10t ; 1t
Day 6 ™ E o 3
[+ [+
3 3 E 34
o 10 _ o 10 _g
» | TEMRA TEM , | TEMRA TEM
b S T e ™ b LA B T T
-10 ] 10 107 10 10 0 10 107 10
Comp-FL8-A :: CD45R0O APC-A750-A Comp-FLB-A :: CD45R0O APC-A750-A

[IpencraBnensl rpaduku TIIOTHOCTH pacHpelefieHuss C yKa3aHHUEM KBaJpaHTOB
HAaWBHBIX KJIETOK (naive), meHTpaibHbIX KiIeTok mamsitu (TCM), addexTopHbIX

wietok mamatu (TEM) u addexTopHbIX KIETOK, pe-dKchpeccupyrommux RA
(TEMRA)

Density plots indicating the quadrants for naive cells, central memory T cells (TCM),
effector memory T cells (TEM), and effector cells re-expressing RA (TEMRA) are
shown.
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BJiok 2. MeTtagaHHbIe CTATHH

JINHAMUKA I[TPOJIMOEPATHUBHOI'O OTBETA 141
CYBIIOITYJSILMOHHOI'O COCTABA CD4+ T-JIMM®OLMUTOB IIPU
KPATKOCPOYHOM W  JUIMTEJIBHOM  KVJIbTUBUPOBAHUN C
OUTOI'EMAITJIIOTUHMHOM

DYNAMICS OF PROLIFERATIVE RESPONSE AND SUBSET COMPOSITION
OF CD4+ T LYMPHOCYTES DURING SHORT-TERM AND LONG-TERM
CULTIVATION WITH PHYTOHEMAGGLUTININ

CokpalieHHOe HA3BaHUE CTATHH VIS BEPXHEro KOJOHTUTYJIA:
T-KJIETOK IN VITRO
FAST T CELL DIVISION IN VITRO

KaoueBble caoBa: CD4+  T-numdonmrte, cyonomymsuuu — T-KIeTok,
dburoremarrmoTuHuH, nponudepanus, CFSE, mporoynas mutoMeTpusi.
Keywords: CD4+ T-cells, T-cell subsets, phytohemagglutinin, proliferation, CFSE,
flow cytometry.
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