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Pecbepat: B pabote mccnenoBaHbl cogepxxaHue T-perynsTopHbIX KNeToK (Tper) M ypOBEeHb 3Kcnpeccun B HUX reHa Foxp3 y pe-
LMnueHToB ¢ 6onesHblo «TpaHcnnaHTaT nNpotus xo3suHax (BTMX), nHoyuMpoBaHHOW BBEAEHMEM anforeHHOro HaTUBHOMO UIK
KPMOKOHCEPBMPOBAHHOIO KOCTHOIO Mo3ra C knetkamu nuMmdoysnos. B akcnepumeHTtansHon mogenun BTMX nokasaHo, 4yTo aeduumt
TpermrpaeT BaXKHYI0 pONb B MOAAEPXKaHUN ayTOMMMYHHOrO npouecca. Y XMBOTHbIX ¢ BTIX, nHAyunpoBaHHOM anmnoreHHbIM HaTUBHbIM
KOCTHbIM Mo3roM (KM), yCTaHOBMEHO MOYTW OBYKpaTHOE CHWXEHWE Kak copepXxaHus Tper, Tak U YPOBHSI 3KCMPECCUN B HUX reHa
Foxp3 no cpaBHeHuto ¢ peunnueHTamm cuHreHHoro KM. OTmMeuyeHO yBenuyeHue ypoBHS akcnpeccuu reHa Foxp3 B Tpernpw
MaKCUMaribHOM CHWXEHUU UX COAEPXaHWs Y XUBOTHbIX ¢ BTIX, nHAyumpoBaHHOW anforeHHbIM KPUOKOHCepBUpoBaHHbIM KM.
KpuokoHcepBupoBaHue annoreHHoro KM, koTopbiM nHayumposanu BTIX, npuBoANNO K CHMXEHUIO ero MMMYyHOPEaKTUBHOCTU W,
KaK cneacTBue, KNMHWYECKOro MposiBNEeHWs natonoruun. PedynbTaTbl NpoBeAeHHbIX UCCNenoBaHUN NO3BONSOT paclnpuTb
npeacTaBneHme 0 MexaHu3amMax pasBUTUS MUMMYHHbIX KOHNUkToB npu BTIMX Ha KNeTOYHOM M MONEKYNAPHOM YPOBHSX.

KnioueBble cnoBa: 6omne3Hb «TpaHcnnaHTaT NpoTMB X03sMHa», T-perynsaTopHble KNneTku, reH Foxp3, KpMOKOHCEPBMPOBAHHbIN
KOCTHbIA MOS3T.

Pedhepar: Y poboTi gocnigxeHo BMIiCT T-perynsiTopHux KniTuH (Tper) i piBeHb ekcnpecii y Hux reHa Foxp3 y peuunieHTiB i3
XBOpO6OK «TpaHcnnaHtaT npotu xassiiHa» (XTMX), iHOykoBaHOW BBEAEHHSIM aroreHHOro HaTUBHOro abo KPiOKOHCEPBOBAHOroO
KiCTKOBOIO MO3KY i3 KniTuHamu nimcoBy3niB. Y ekcnepumeHTanbHin mogeni XTIX nokasaHo, wo aediunt TperBi,qirpae BaXNMBY ponb
y NigTpumui ayToiMmyHHOro mpouecy. Y TBapuH i3 XTIX, iHOyKOBaHOI anoreHHMM HaTuBHMM KiCTKOBUM Mo3koM (KM), yctaHoBneHo
Mamxe OBOPa30Be 3HWXKEHHS SIK BMICTY Tper, TakK i piBHS ekcnpecii B HUX reHa Foxp3 y NOpiBHSAHHI 3 peuunieHTaMu cuHreHHoro KM.
BigsHaueHe 36inblUeHHsT piBHsSI ekcnipecii reHa Foxp3'y Tper npy MakCMManbHOMY 3HWXEHHI iX BMICTy y TBapuH i3 XTI1X, iHaykoBaHoi
anoreHHUM kpiokoHcepBoBaHUM KM. KpiokoHcepByBaHHS anoreHHoro KM, skum iHgykyBanu XTIX, npuBoguno A0 3HUXEHHS MOro
iMyYHOpPEaKTUBHOCTI W, K HacnigokK, KNiHiYHOro nposBy nartonorii. Pe3ynstatn npoBegeHuX AOCHIAXEHb A03BONSATb PO3LIMPUTU
Haly ysiBY NpO MeXaHi3Mu pPO3BUTKY iMyHHUX KOHNIKTIB Npyu XTIX Ha KANITMHHOMY W MOMEKYyNAPHOMY PiBHSAX.

KniouoBi cnoBa: xBopoba «TpaHcnnaHTaTt npoTu xassiiHay», T-perynaTopHi KniTuHWU, reH Foxp3, kpiokoHCEpPBOBaHWI KiCTKOBMIA
MO30K.

Abstract: Content of regulatory T cells (Treg) and their Foxp3 gene expression level in the recipients with graft-versus-host
disease (GVHD) induced by introduction of fresh aspirated or cryopreserved allogenic bone marrow combined with lymph node cells
were under study in this research. In GVHD experimental model the deficiency in Tregwas shown to play an important role in
maintaining autoimmune process. In the animals with GVHD induced with fresh aspirated allogenic bone marrow (BM) almost twofold
decrease in both Tregcontent and the expression level of Foxp3 gene were established as compared to the syngeneic BM recipients.
An increased level of Foxp3 gene expression under the maximum reduction of their content in the animals with GVHD, induced with
cryopreserved allogenic BM introduction, was noted. Cryopreservation of allogenic BM, used for GVHD induction, reduced its immune
reactivity and, as a result, clinical evidence of pathology. Our findings enable to broaden the notion about the mechanisms of immune
conflicts development in GVHD both at cellular and molecular levels.

Key words: graft-versus-host disease, regulatory T cells, Foxp3 gene, cryopreserved bone marrow.
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HccnenoBanne MexaHU3MOB Pa3BUTHUS U TPEIYII-
pexeHus 60JIE3HN «TPAHCIUIAHTAT POTUB XO3UHA»
(BTIIX) o0ycnoBieHO paciIMpeHUEeM O0IacTH MpH-
MEHEHHS KPOBETBOPHOU TKaHU AJIS JI€UEHUS JTy4eBON
0one3HH, 3I0KaYeCTBEHHBIX HOBOOOPA30BaHU, UMMY-
HoneuIUTHBIX paccTpoiicTB. Bo Bcex ciyuasx
OCHOBHBIM IPENATCTBUEM ISl YCTIEIIHOTO MPHKUB-
JIeHus nepecakeHHo! TkaHu sBinsercs bTIIX, knroue-
BYIO POJIb B IaTOT€HE3€ KOTOPOil urpatot T-peryastop-
HBIE KJIETKH (Tper) [8, 17, 19]. YcTraHoBNEHO, YTO TI1aB-
Has X QYHKIMS COCTOUT B CICP)KMBAHUHT aKTHBHOCTH
ayTocrnenupuiIecKux KIOHOB T-TUMQPOIUTOB, 4TO
obecrednBaeT NpeJOTBpPAIleHNE ayTOMMMYHHBIX
mporieccoB. [lo3ToMy pUHSTO CUNTATH, YTO HApYyIIIe-
HHE CTPYKTYPbI i QyHKIMH T UrpaioT BaXHYIO pOIh
B [TaTOT€HE3€ pa3IWYHbIX 3a00neBanuii [8, 15]. B nac-
TOSIIIIEE BPEMsI pacCMAaTpPUBAIOTCS MEPCIIEKTHUBHI HC-
MIOJIB30BaHUs 3TUX KJIETOK B Ka4ECTBE aJAalTHBHON
TEpanuy Npu ayTOMMMYHHO narosioruu [13]. B axkc-
MEPUMEHTAIBHBIX MOJEIISX HA MBIIIAX IIOKA3aHO, YTO
aedurur T, He SBIASCH NIABHBIM (aKTOPOM MaTo-
reHe3a, UTPaeT BaYKHYIO POJIb B MOICPKaHUN Ay TOUM-
MyHHorO rporiecca [ 15]. C momyrsiiueit peryiasiTopHbIX
T-Kk7eTOoK CBA3BIBAIOT IKCIPECCUI0 TeHa Foxp3.
Miura Yu. u coaBt. [16] moka3zanu, 9To 3KCHpeccus
Foxp3 Obina 3HAYMTENEHO CHMKEHA B MOHOHYKJIeapax
nepudeprueckoil KpOBU MAILMEHTOB NPU Pa3BUTHH
BTIIX, npu 3TOM ypOBeHB €ro sKcnpeccuu OblI 00-
PaTHO NPOMOPLMOHATIEH TSXKECTH NaToaoruu. M3BecT-
Ho, uTo FOXP3 — Haubonee cnennduieckuii BHyTpu-
KJIETOYHBIN MapKep s Tper, a reH Foxp3 oTBedaer
3a X Pa3BUTHE U CyNpeccopHyIo GyHKuuio. UMeHHo
MO3TOMY HEOOXOAMMO H3yYeHUE HIMMYHHBIX MEXaHU3-
MoB pa3Butus BTIIX He TONBKO Ha KJIETOYHOM
(conepxanue T ), HO M MOTICKYIIAPHO-TEHETHIECKOM
(axcnpeccus rera Foxp3) ypoBHSIX.

B cBs3u ¢ HEOOXOAMMOCTHIO CO3JAaHUS 3aIacOB
KOCTHOTO MO3Ta JJISl JISUEHUS JTydeBOH OOJIE3HH U JPy-
TUX TeMOJCPUIIUTHBIX COCTOSHHI OpraHu3Ma He00X0-
JUMO €ro KpHMOKOHCEPBHUPOBAaHUE M XpaHEHUE MpHU
Temmeparype xuakoro azora (—196°C). Ilostomy B
HAIMX UCCIEI0BAaHMX OBbLIT UCIIONB30BaH KPHUOKOHCEP-
BUPOBaHHBIN amnoreHHbld KM nns BBenenus je-
TaJIEHO OOJTy4E€HHBIM KUBOTHBIM.

Lenbio HACTOSIIIETO HCCIIEA0BAHUS OBUIO OLICHUTD
coxepkanne T 1 ypOBEHb SKCIPECCHM B HUX I'CHA
Foxp3 y penunmentoB ¢ bTIIX, naaynupoBaHHON
BBEJICHHEM aJIJIOT€HHOTO HATHBHOTO MJTH KPUOKOHCEP-
BHPOBaHHOTO KOCTHOTO MO3Ta C KJeTKaMu JUMQo-
Y3JI0B.

MartepuaJjbl 1 MeTOABI

HccnenoBanus mpoBOAWIN Ha MBIIIAX JTHUHUN
CBA/H u (CBA/HXC57BI) F1 20-HenenpHOTO BO3-
pacta maccoii 24-26 T B cooTrBeTcTBUU ¢ «OO0mmMMH
MIPUHIIMITAMA YKCIIEPUMEHTOB Ha dKUBOTHBIX», 0/100-
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Studying the mechanisms of graft-versus-host
disease (GVHD) progress and prevention is stipulated
by the extending of application scope for hematopoietic
tissue to treat radiation sickness, malignancy and immu-
nodeficiency disorders. In all the cases the main ob-
stacle for successful engraftment of transplanted tissue
is GVHD, in pathogenesis of which a key role is played
by regulatory T cells (Treg) [8, 17, 19]. Their main
function was established to consist in suppressing the
activity of autospecific clones of T-lymphocyte, thereby
preventing the autoimmune processes. Therefore, the
disorder in T, structure and function is commonly
assumed to play an important role in pathogenesis of
various diseases [8, 15]. Prospects of using these cells
as an adaptive therapy in autoimmune diseases are
currently under consideration [13]. In experimental
murine models the T, deficiency, not being the main
factor of pathogenesis, was demonstrated as playing
an important role in autoimmune process maintenance
[15]. One associates Foxp3 gene expression with the
population of regulatory T cells. Miura Yu. et al. [16]
demonstrated the Foxp3 expression to be significantly
reduced in peripheral blood mononuclear cells of
patients during GVHD progress, wherein the level of
its expression was inversely proportional to the patho-
logy severity. FOXP3 is known to be the most specific
intracellular marker for Treg, and Foxp3 gene is respon-
sible for their development and a suppressive function.
That is exactly why it is necessary to study the immune
mechanisms of GVHD development not only at cellular
level (T, content), but at molecular and genetic ones
as well (Foxp3 gene expression).

Due to a need in creating bone marrow stocks to
treat a radiation sickness and other hemodeficits of a
body, its cryopreservation and storage at liquid nitrogen
temperature (—196°C) are essential. Therefore, in our
studies we used the cryopreserved allogenic BM for
introduction to lethally irradiated animals.

This research was aimed to assess T, content and
Foxp3 gene expression rate in the cells of recipients
with GVHD induced by an introduction of fresh aspi-
rated or cryopreserved allogenic bone marrow with
lymph node cells.

Materials and methods

Research was carried out in CBA/H and (CBA/
HxC57BIl) F1 mice of 20 weeks age weighing 24—
26 g, according to the General Principles of Experi-
ments in Animals approved by the 5" National
Congress in Bioethics (Kyiv, 2013) and agreed to the
statements of European Convention for the Protection
of Vertebrate Animals Used for Experimental and
Other Scientific Purposes (Strasburg, 1986).

To prepare cell suspensions the CBA/H mice bone
marrow (BM) was washed out from femurs, and the
lymph nodes and spleen were disintegrated in Potter
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perHbIMU V HaltmoHaIEHBIM KOHTPECCOM 110 OMOITHKE
(Kues, 2013) u cornacoBaHHBIMH C TOJOKEHHUSIMHU
«EBpomneiickoil KOHBEHIIUHN O 3alllUTE TO3BOHOUHBIX
YKUBOTHBIX, UCIIOJIb3YEMBIX I SKCIIEPUMEHTAIBHBIX
U ApYyrux Hay4dHbIX Henei» (CtpacOypr, 1986).

Jl1 IpUroTOBIEHN KIETOUHBIX CyCIIEH3HM KOCT-
Hb1ii Mo3r (KM) meriet nuann CBA/H BhIMBIBaIIN
u3 OeIpeHHBIX KOCTeH, a TUM(OY3Mbl U CEeNIe3eHKH
Je3uHTErpupoBany B romorenusarope [lorrepa B cpe-
ne 199 (MHCTUTYT NOIMOMUENHNTa K BUPYCHBIX DHIe-
(hammros, Poccust) ¢ mobasiennem 3% SMOpHOHAITBHOM
tengubpeil ceiBOpoTKU («brnomoT», Poccus) u 2%
LUTpaTa HaTpUs (Jajiee B TEKCTe — padodasi cpera).
KpuokoncepBupopanue KM ocyliecTBIsiv o 3aiiy-
toit 10% mumeruncynedorcuna (JJMCO) («Arte-
riumy», YKparnHa) B TUTACTUKOBBIX amirynax («Nuncy,
I'epmanus) o6bemMoM 1,8 mit ¢ KoHIeHTpanuei 2x10°
KJIETOK/MJI Ha IpOrpaMMHOM 3amopaxusarene YOIl-
6 (MIIKuK HAH VYkpaunsl, XapbKoB): CKOPOCTb
oxnaxaenus 1 rpaa/mun o —25°C u nocnenyrouiee
norpykenue B xuakuit azot (—196°C) [1]. Xpanus-
mrecs B TeueHue mecsia kietku KM nepen BBeae-
HHEM OOJy4YeHHBIM PEIUIIMeHTaM OTOTPEBAJIM Ha
BOJsTHOM Oane mpu Temmeparype 41°C no ncuesno-
BeHUs TBepoH (ha3pl. KiteTkn 0MHOKPAaTHO OTMBIBAIN
ot JIMCO myTeM MeIJIeHHOTO J00aBICHUS PaBHOTO
o0bemMa paboueii cpenpl 1 nocaenyomero 10-MuHyT-
Horo neHTpudyrupoanus (200g). CycrneH3us KIeToK
KM, He noaseprasuiascs NpoLeaype 3aMopakKMBaHus-
OTOrpeBa, Jajee B TEKCTe OyJeT Ha3bIBaTbCsl HATHB-
HOIL.

Nupyxuuio BTIIX ocymecTBiasnu ciaeayromum
obpazom. Mermreit sinanu (CBA/HXCS57BI)F1 o6my-
ganu Ha yctaHoBke PYM-17 («Mocpentren», Poc-
cus) B go3e 850 P. YcioBust oOnmydeHus: MOITHOCTD
o036l — 38,6 P/mun; Hanpsbkenue — 220 xB; cuna
toka — 10 MA; ¢uieTpsl — 0,5 mm Cu + 1 MM Al;
(hoxycHo-nop3ansHOE paccrostare — 50 cm. Uepes gac
rocie 00y4eHus Y)KUBOTHBIM BHY TPHBEHHO BBOIIIN
5%10°% KI€TOK/MBIIIb HATUBHOTO MM KPUOKOHCEP-
BupoBaHHoro KM c kietkamMu 1uMQoOy3I0B JTUHUH
CBA/H B coorHomenuu 3:1 cooTBeTcTBeHHO. B Ka-
YECTBE KOHTPOJISI MCTIOJIb30BaIM MHTAKTHBIX MBIILIEH
nuann (CBA/HXCS57B1)F1 mo nnocie BBeaenus 5x10°
KJIETOK/MBIIITL CHHTeHHOTO KM.

JKuBoTHBIE OBLTH pa3/ieNeHbl Ha CIEAYIOINE TPYTI-
mpl: Tpynna 1 — CHHTEHHBIH KOHTPOJIb (BBEAECHUE
cuarennoro KM); rpynma 2 — BTIIX(sKM+J1Y), un-
nykius BTIIX BBeaeHHeM ajlIOr€HHOTO HATUBHOTO
KM Bmecte ¢ kietkamu JuMGOy3JIOB; Tpymma 3 —
BTIIX(xKM + J1V), maaykuus bTIIX BBeneHuem
aJNIOreHHOT0 KpuokoHcepBupoBaHHOro KM BMmecTe ¢
KJIeTKaMu TuM(Oy3II0B; Tpynmna 4 — UHTAKTHBIN
KOHTPOJTb.

WNurencusHocth pazButug BTIIX ouenuBanu Ha
14-e cyTkH pa3BUTHUS NATOJOTHH MO MHAEKCY Celle-
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homogenizer with medium 199 (Chumakov Institute
of Poliomyelitis and Viral Encephalitides of Russian
Academy of Medical Sciences, Russia) supplemented
with 3% fetal bovine serum (BioloT, Russia) and 2%
sodium citrate (hereafter the handling medium). BM
was cryopreserved under protection of 10% dimethyl
sulfoxide (DMSO) (Arterium Corporation, Ukraine)
in 1.8 ml plastic vials (Nunc, Germany) with 2x10°
cells/ml concentration using the programmed freezer
UOP-6 (Institute for Problems of Cryobiology and
Cryomedicine of NAS of Ukraine, Kharkov) by the
two-step program: cooling rate of 1 deg/min down to
—25°C and following immersion into liquid nitrogen
(-=196°C) [1]. Stored for a month the BM cells before
introduction to the irradiated recipients were thawed
in 41°C water bath up to solid phase disappearance.
Cells were one-fold washed of DMSO by a slow ad-
ding of an equal volume of handling medium and
a subsequent 10-min centrifugation (200g). BM cell
suspension not subjected to freeze-thawing hereinafter
will be referred as the ‘native’ one.

GVHD was induced as follows. The (CBA/
HxC57BI)F1 mice were irradiated using RUM-17 de-
vice (Mosrentgen, Russia) in 850 R dose. The irra-
diation conditions were as follows: dose rate of
38.6 R/min; 220 kV voltage; 10 mA current intensity;
0.5 mm Cu + 1 mm Al filters; 50 cm focus-dorsal
distance. One hour later irradiation the animals were
intravenously injected with 5%10° cells/mouse of either
native or cryopreserved BM with CBA/H lymph node
cells in ratio of 3:1 respectively. The (CBA/HxC57BI)
F1 intact mice before and after administering 5x10°
cells/mouse of syngeneic BM were used as the control.

The animals were divided into the following groups:
group 1 was the syngeneic control (syngeneic BM
introduction); group 2 — GVHD (nBM + In), GVHD
induction with administering an allogenic native BM
together with lymph node cells; group 3 — GVHD
(cBM+In), GVHD induction with introducing allogenic
cryopreserved BM together with lymph node cells;
group 4 — the intact control.

The intensity of GVHD development was assessed
to day 14 of pathology development by the spleen index
(SI), survival rate and regulatory T cells content. Spleen
index was calculated as the ratio of organ mass to
body one of an animal. The spleen index of intact mice
was assumed as 1, the index higher than 1.3 indicated
the GVHD development [7, 10].

The content of T, (CD4°CD25* and FOXP3* cells)
in GVHD recipient spleen was determined with flow
cytometer FACS Calibur (Becton Dickinson, USA)
using the anti-mouse monoclonal antibodies (BD
Pharmingen, USA; Abcam, UK) according to the
protocols of manufacturing companies. The specimens
supplemented with either nonimmune labeled F>TC or
PE of monoclonal antibodies of the same isotype as
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3enku (MC), mokazaTtento BBDKHBAEMOCTH U COZIEp-
XKaHUIo T-perynaTopHbIX KieTok. MHAeke cene3eHku
paccuMTHIBaIM KaK COOTHOIIEHHE MacChl OpraHa K
Macce Tesa )KHBOTHOT0, yMHokeHHoe Ha 100. Unnexc
CeNe3eHKN MHTAKTHBIX MBIIIEH MpUHUMANU 3a 1,
uHJEKC Oombine 1,3 CBUACTENECTBOBA O Pa3BUTHH
BTIIX [7, 10].

Conepxanue T, (CD4*CD25"- u FOXP3*-kie-
TOK) B cene3enke peuunuenTos ¢ BTIIX ompenemnsim
Ha nporoyHoM 1uTodayopumerpe «FACS Calibur»
(«Becton Dickinsony», CIIIA) ¢ npuMeHEeHHEM aHTH-
MBIITUHBIX MOHOKJIOHAIBHBIX aHTuTelN («BD Pharmin-
geny, CILIA; «Abcamy, BenrkoOpuranus) 1mo mpoToko-
nam ¢upM-ipousBoauTeneld. B kauecTBe KOHTpOIsS
HCTOJIBb30BAIH MPOOHI C 100aBIEHUEM HEUMMYHHBIX
meueHHbIX FITC nnu PE MOHOKIOHANBHBIX aHTUTEN
TOTO K€ M30THUIIA, YTO M AHTUTEIA IIPOTHUB HCCIIETye-
Moro mapkepa. IlokazaTens, XapakTepHU3yHOIIUN
CPEIHIOI MHTEHCHUBHOCTH ¢uryopectennmnn (CUD),
OTIpEIETISUTH 110 cTereHu dkcpeccun CD25 mapkepa
Ha MeMOpaHe KJIETOK, a B CIIy4ae HCCIeJOBaHUs
FOXP3 — o comepkaHuio BHyTPUKJIETOTHOTO OEITKa
cKypduHa. {1 cTaTUCTUUECKOTO yueTa JaHHbBIX 11~
TOQIyOpUMETPUUECKOTO aHaJIu3a MCIOJIb30BaIH
nporpammy « WinMDI 2.8» (Trotter J.).

YpoBeHb 3Kcnpeccuu reHa Foxp3 oueHUBaIu B
CD4"-¢pakiuu KIETOK Cele3eHOK XUBOTHBIX C
BTIIX. Yka3zaHHbIE KIETKU U3 CEIE3EHOK PELUIUECH-
TOB BBIJIEIISUTH METO/IOM UIMMYHOMAarHUTHOTO CeTiapy-
poBaHus Ha MarHUTHOM copTepe («BD Imagnet»,
CHIA) ¢ momMompio aHTUMBITIHHBIX CD4 MarHUuTHBIX
yactull — «Magnetic Particles DM» («BD Bioscien-
ces», CIIIA) mo COOTBETCTBYIOIIEMY MTPOTOKOIY.
CopepxaHne TPaHCKPUIITOB T'eHa Foxp3 onpenensiin
METOJIOM MOJUMEPA3HOHN LEMHON peakuy ¢ ITarnoM
obparnoii Tpanckpuruu (OT-ITLP). [y Benenenus
HYKJIEHHOBBIX KHCIIOT U3 1X10° CD4*-KI1eTOK HCTIONb-
3oBanu Habopsl «Diatom RNA Prep 100» («Isogene
Laby, Poccust), comeprkaiiiyie TU3UpYIOMINN peareHT —
ryagunuaTHONMAHAT. s nposenenus OT-IIL[P
HCTIOJIL30BAJIM KOMIUTIEKT random-oJIMrOHyKJICOTH]IOB
u peBeptaszsl (M-Mlv) cormacHo MHCTpYKIHU HUPMBI-
npousBogutens («Pesepra Ly», Poccus). Ipaiimepsr
rera Foxp3 (NM_054039.2) u reHa «JOMaIIHero Xo-
3stiicTBay beta actin (NM_007393.3) Ob1i CKOHCTPYH-
poBaHbl Ha OCHOBe 0a3bl AaHHBIX HanmonameHOTro
ueHTpa ouorexnonoruueckoit nHpopmanuu («NCBI
BLAST», CIIIA) u cunte3upoBansl B AO3T «Men-
ouocepsuc» (Kues). Amminpukanuio gparmMeHTOB
JHK ocymectsnsinu B repmoctare « Tepruk» (« JTHK-
TexHonorus», Pocens), nenarypanuro — npu 94°C B
tederue 30 ¢, THOPUAN3AIINIO0 MATPHUIIEI C IIPAMEpOM
ipu 60°C — 30 ¢, anonranuto npu 72°C — 60 c. [Tocne
oxoH4danus [P mpoBoamnu anouranmio mpu 72°C B
teuenne 5 muH. KonndectBo nukiioB — 40. JleTekiuro
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the antibodies versus the studied marker were used as
the control. The index characterizing the mean fluo-
rescence intensity (MFI) was determined by the ex-
pression rate of CD25 marker on cell membrane, and
in case of FOXP3 — by the content of intracellular
protein skurfin. The data of flow cytometry analysis
were statistically processed using W3nMDI 2.8 soft-
ware (Trotter J.).

The Foxp3 gene expression level was evaluated
in CD4" fraction of spleen cells in GVHD animals.
These cells from the recipient spleens were isolated
via im-mune magnetic separation with magnetic sorter
(BD Imagnet, USA) using the anti-mouse CD4
magnetic particles: Magnetic Particles — DM (BD
Biosciences, USA) by the corresponding protocol. The
content of Foxp3 gene transcripts was determined
with the rever-se transcription polymerase chain
reaction (RT-PCR). To isolate nucleic acids from 1x10°
CDA4" cells we used Diatom RNA Prep 100 sets (Iso-
gene Lab, Russia), containing the lysing reagent,
guanidine thiocyanate. RT-PCR reaction was perfor-
med using the set of random-oligonucleotides and rever-
se transcriptase (M-MIlv) according to instructions of
the manufacturer (Reverta L, Russia). The primers of
Foxp3 gene (NM_054039.2) and housekeeping gene
beta actin (NM_007393.3) were designed basing on
the National Center for Biotechnology Information
(NCBI BLAST, USA) database and synthesized in
CJSC Medbioservis (Ukraine). The amplification of
DNA fragments was performed in Tercyc Conventio-
nal PCR thermal cycler (DNA-Technology, Russia),
the denaturation was done at 94°C for 30 sec, matrix
hybridization with a primer was performed at 60°C
within 30 sec, and the elongation was done at 72°C
for 60 sec. After PCR completing the elongation was
done at 72°C for 5 min. Number of cycles was 40.
Transcript number of the studied genes was detected
using the capillary electrophoresis with chip-analyzer
Agilent 2100 (Agilent Technologies, USA), based on
the relative semi-quantitative assessment of amplified
products [6]. Chips were prepared according to instruct-
ions of DNA 1000 kit (Fermentas, Lithuania). The re-
sults were normalized in respect to the index of house-
keeping gene beta actin expression: internal control
for PCR.

Experimental results were statistically processed
with t-test and Excel software (Microsoft, USA). Data
are presented as the mean =+ standard deviation. Diffe-
rences were considered as statistically significant at
p <0.05.

Results and discussion

Development of GVHD, induced by introduced
either native or cryopreserved allogenic BMs with
lymph node cells is confirmed by splenomegaly, which
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KOJMYECTBA TPAHCKPUIITOB UCCIIEAYEMbIX TEHOB OCY-
LIECTBIISUTN METOOM KallMJUISIPHOTO 3JIEKTpodopesa
B ynn-aHanm3sarope «Agilent 2100» («Agilent Techno-
logies», CI1IA) Ha OCHOBE OTHOCHTEJILHOM Oy KOIH-
YECTBEHHOH OIICHKU MPOIYKTOB aMILTH(HUKAITNH [6].
[ToaroToBKy YHMITOB OCYIIECTRISUTH COTIACHO HHCTPYK-
nun Habopa «AHK 1000» («Fermentas», JluTpa).
Pe3ynbrarsl HOpMUPOBAM OTHOCHTEIILHO MTOKa3aTeJIs]
9KCIIPECCHH T€HA «JIOMAIITHETO X034WlCTBa» beta ac-
tin — BHyTpeHHEro KouTpous nis ITIP.

Hnst cratucTdeckoit 06paboOTKU pe3yabTaToOB
JKCIIEPUMEHTOB NpUMeHsIH MeTon CThIoJeHTa H
KOMIBIOTEpHYIO mporpammy «Excel» («Microsofty,
CIIIA). [anHple TPUBOIWIA B BUJIE CPEIHETO 3HA-
YeHUsl + CTaHJApPTHOE OTKIOHEeHHe. Paznuuus cuu-
Talli CTAaTUCTHYECKH 3HAYUMBIMU TIpH p < 0,05.

Pesyabrarhl M 06cyKaeHHE

ITonteepxknenuem pazsurus bTIIX, uaaynrpoBas-
HOU BBEICHUEM HATUBHOTO HJTM KPUOKOHCEPBUPOBAH-
Horo ayuoreHHoro KM c knerkamu muM@oy3nos, sB-
JSETCsl CTICHOMETaNus, XapaKTepHbI MPU3HAK
koTopoit — 3to yBenmuenue UC (puc. 1). Tak, UC y
peunnueHToB cuHreHHoro KM 3HaunMo He OTiIryancst
OT UHTAKTHOT'O KOHTPOJIS, a Y PEILIUITUESHTOB TPYIIIHI 2
(BTIIX (HKM + J1Y)) on Ob1 B 1,7 pasa Beimie. Y
#uBOTHBIX rpymnmbl 3 (BTIX (kKM+JTY)) UC yBenu-
YHUBAJICS B MEHBILEH CTETIEHH 110 CPAaBHEHUIO C TPYII-
oW 2, TOCKOJIBKY B TIpoIlecce 3aMOpPaKUBaHHsI CHU-
YKAeTCsl IMMYHOPEAaKTHBHOCTH ayioreHHoro KM [2].
OnHako TaHHBIH IMOKa3aTelh Y JKABOTHBIX 3TOH IPYIIITHI
yBe-TH4mIIcs B 1,5 pasa 1o cpaBHEHHIO C HHTAKTHBIM
KOHTPOJIEM, YTO TaK)Ke CBHJICTEIHLCTBOBAIIO O Pa3BH-
tuu BTIIX. Cnenyer otmeTtuts, urto Benuunna UC,
KaK W MOKa3aTellb BBKHUBACMOCTH KUBOTHBIX, 00yC-
JIOBJICHBI CTETNICHBIO TSHKECTH MaTOJIOTHYECKOTO MPo-
necca (puc. 2) [1].

JHeiicTBUTENHHO, OBUIO YCTAaHOBJICHO, YTO IMOKa3a-
TEJIb BBDKMBAEMOCTH PELUITUEHTOB KOPPEIUPOBAI C
BenmmuuHoit UC. Tak, Mmenpmas Benwmanaa MC y xu-
BOTHBIX TPYITHI 3 TIO CPAaBHEHHMIO C TPYIIION 2 KOPPEIH-
poBaiia ¢ 60JIBIINM ITOKA3aTeNEM X BEDKHBAEMOCTH.

Pa3BuTHE ay TOMMMYHHBIX ITPOLIECCOB, COTPOBOK-
nmaromux Take bTIIX, oOyciaBiuBaeT CHIKEHUC B
OpTaHM3Me PEIUIEHTOB KOJIMYeCTBA 1 (PyHKIINOHAb-
HOI aKTHBHOCTH T _, KOTOpBIE CYIIPECCHPYIOT AKTHB-
HOCTB ayTocrienuprIHbIX T-3¢hPeKTOpHBIX KIETOK [§].
AtTecTaiys coOCTOAHHSA T-perysaTopHOro 3BeHa IMMY-
HUTETa PELUITHEHTOB C Pa3IMYHBIMU (JOPMaMHU TPAHC-
IUIAHTHPYEMOTO MaTepuana Oblia IpoBeicHa Ha 14-¢
CYTKH, T. €. B TOT CPOK, KOTIJa KIIMHUYECKue 1 Jadopa-
TOPHBIE TOKA3aTEIN CBUJICTEIHCTBOBAIU O PA3BUTHH
TPaHCIUIAHTAITMOHHOM O0e3Hu (cM. puc. 1; puc. 2).

[MockonbKy cene3eHka — 0CHOBHOW OpraH, B KOTO-
POM OpPMHUPYIOTCS 3pelibie 3TeMEHTHI T-psijia, B HeM
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Puc. 1. NHgekc ceneseHkn peumnueHToB Ha 14-e cyTku
passutua BTIX; * — pasnnunsg cTaTUCTUYECKN 3HAYMMbI
OTHOCUTENBHO MHTAKTHOro U #* — cuHreHHoro (rpynna 1)
kKoHTponen, p < 0,05 (3a 1 npuHAT VIC MHTaKTHbIX XXMUBOT-
HbIX).

Fig. 1. Spleen index of recipients to day 14 of GVHD deve-
lopment; * — differences are statistically significant if com-
pared to the intact and # — syngeneic (group 1) controls,
p < 0.05; Sl of intact animals is assumed as 1.

characteristic feature is an increased SI (Fig. 1). Thus,
the SI in syngeneic BM recipients was not significantly
different from the intact control, but for the recipients
of group 2 (GVHD (nBM + In)) it was 1.7 times higher.
In group 3 animals (GVHD (cBM + In)) the Sl increa-
sed to a lesser extent than in group 2, since the immune
reactivity of allogenic BM reduced during freezing [2].
However, this index in this animal group increased in
1.5 times as compared to the intact control, that also
testified to the GVHD development. Of note is the
fact, that both SI value and the survival rate of animals
are stipulated by pathology severity (Fig. 2) [1].

Actually the survival rate in recipients was estab-
lished to correlate with the SI value. Thus, a lower
value of SI in group 3 animals than in group 2 correlated
with higher index of their survival.

The development of autoimmune processes, also
accompanying the GVHD, stipulates a decrease in a
recipient body of a number and functional activity of
T . suppressing the activity of autospecific effector
T cells [8]. The state of regulatory T immunity link in
recipients with various forms of transplanted material
was evaluated to day 14, i.e. when clinical and labo-
ratory indices confirmed the GVHD development (see
Figs. 1 and 2).

A quantitative content of T, was assessed in
spleen, since it is the main organ wherein the mature
elements of T-series are formed. The population of
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ObU1a IPOBEEHA OLIEHKA KOMMYECTBEHHOTO COIepKa-
HHUS Tper. Honynsauus CD4*CD25*FOXP3*—TPer SB-
JsieTcd «MUHOPHON»; UX colIepKaHHEe B mepudepu-
4yeCcKol KpoBHU cocTaBiseT okono 5—10% ot T-kineTok
CD4" y mprmeit u yenoseka [ 8, 9]. [1o HarmmMm qaHHBIM,
conepxanue T B cele3eHKE HHTAKTHBIX MBIIICH
COOTBETCTBOBAJIO 3TOMY ITOKa3aTeo. PerynsTopabie
T-KJIETKH UTParoT KIIFOYEBYIO POJIb B MUMMYHHOM CHUC-
TeMe Oarofapst YHUKIBHOM CTIOCOOHOCTH KOHTPOJIH-
poBaTh UMMYHHBIH OTBET. BenencTeue nx HeagocTa-
TOYHOTO KOJMYECTBA Pa3BUBAIOTCS ayTOMMMYyHHBIE
3a00IeBaHUSl U CHIDKAETCS IOKa3aTeldb BBDKHBAeC-
MOCTH pelUnueHToB [4, 14].

U3sBectHo, uTo BTIIX acconuupyercs ¢ nosiBie-
HUEM B OPTaHU3ME «ayTOPEaKTUBHOTO» KiIoHA T-3¢-
¢dexTopubIx KieTok (CD4Y), hopmupyemoro goHOp-
CKHMMH CTBOJIOBBIMH KPOBETBOPHBIMHU KJeTKamH [5],
a IIUTOKMHOBBIH «IITOPM», BEI3BAHHBIH €€ Pa3BUTHEM,
MIPUBOJUT K IKCIIPECCHH TTOBEPXHOCTHBIX MapKepOB
Kak Ha 3()(PEeKTOPHBIX, TaK U PETYAATOPHBIX KIETKaxX
[16]. Dxcupeccus CD25 mapkepa moj AeicTBUEM
Tparchopmupyromero gakropa pocra-f u uHTEp-
nerikuna-2 Ha T-xaetkax CD4"CD25™ nepeBoaut ux
B kareroputo T ¢ cynpeccopHoit akTuBHOCTEO [19].

Hccnenosanue conepxanus T B ceneseHkax
OTBITHBIX XXUBOTHBIX MOKA3aJ10, YTO MOCJIE BBEICHUS
cunrenHoro KM BTIIX He pa3BuBanacek, UCXOIs U3
BeimunHbl UC (cM. puc.l), ogHako conepkaHue Tper
B 3TOH rpyImme cHmwkanochk B 1,3—1,8 paza (puc. 3).
[Ipu sTom mokazatens CH®, oTpakarouiiii CTerneHb
skcnpeccun CD25 mapkepa Ha memOpane CD4*
CD25*-knetok, wim cojepkanue Oeika cKkyppuHa B
FOXP3*-kneTkax 3Ha4UMO HE U3MEHSIUCH, YTO MO-
KET CBHJAETENbCTBOBATH 00 MX (yHKUHOHATLHOU
AKTHUBHOCTHU, a/JIcKBATHOH MHTAaKTHOMY KOHTPOJIIO.
Y penunueHTOoB IPyIIIbI 2 0OTMEUEHO CHUYKEHHE COZEP-
skanust CD4'CD25"- u FOXP3*-knerok B 1,4 u 1,6 paza
COOTBETCTBEHHO I10 CPaBHEHUIO ¢ Tpynmoi 1 (puc. 3).
[Tokazarens CUD TPer TaKXKe CHUXKAJICS y PELUIIUEH-
TOB TPYIIIHI 2, 9TO CBUAETEIHCTBYET 00 M3MEHEHUH
(byHKIIMOHATFHOW aKTUBHOCTH 3THX KJeTok. Hamm
JaHHBIC HAILTN TonTBepxAeHue B padote X. Chen u
coant. [12], B KOTOpO#t OBIIO OTMEYEHO IMPOTPECCHUB-
Hoe cHmkeHue conepxannsi CD4"CD25'FOXP3*-
KJIETOK B cene3eHKax peuunueHToB ¢ BTIIX, Be13BaH-
HOI1 BBeZieHreM ajutoreHHoro KM co cruteHonuramy.

B xnmuHMYecKo MpakTHKE B OCHOBHOM UCTIONB3YET-
Csl HE ayTOJIOTMYHBIN (CHHI€HHBII ), 2 KPHOKOHCEPBHPO-
BaHHbIN ajuoreHHsli KM, moatomy npencTaBisiio UH-
TEpEC ONPEACIIUTh COACpPKAHUE T 1 ux CU® npu
nHaykiu BTIIX annoreHHsM kKM + JTY (rpymma 3).
Tak, conepkaHue UCCIETyEeMbIX CyOMOMysSuit T
B 9TOM IPYyTIIE )KUBOTHBIX CHIDKAIOCH €Il B Gonbuiedi
cTerneHu, 4yeM npu BeeaeHur HKM + JIVY (rpynma 2),
onHaxo mokazareny nx CU® 3Ha41MO He OTIHYANIHCh.
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Puc. 2. BoxmBaeMocTb peumnmeHToB ¢ BTTX, Bbi3aBaHHOM
BBEeAEHMEM HaATMBHOIO UM KpMoKoHcepBMpoBaHHOro KM
¢ knetkamu numdoyanos: 1 — rpynna 1 (cuHreHHsIn KM);
2 — rpynna 2 (BTMX(HKM+JTY)); 3 — rpynna 3 (BTMX
(KKM+1TY)).

Fig. 2. Survival of recipients with GVHD caused by adminis-
tered either native or cryopreserved BM with lymph node
cells: 1 — Group 1 (syngeneic BM); 2 — Group 2 (GVHD
(nBM + In)); 3 — Group 3 (GVHD (cBM + In)).

CD4"CD25"FOXP3* Treg is the ‘minor’ one; their
content in peripheral blood makes approximately 5—
10% of CD4" T cells in mice and humans [8, 9].
According to our data the T content in spleen of
intact mice corresponded to this index. Regulatory T
cells play a key role in an immune system due to the
unique capability for immune response control. Due to
their insufficient number the autoimmune diseases
develop and the survival rate in recipients is decreased
[4, 14].

GVHD is known as associated with the appearance
in a body of ‘autoreactive’ clone of effector T cells
(CD4"), formed by donor stem hematopoietic cells [5],
and a cytokine ‘storm’, caused by its development,
induces the expression of surface markers both on
effector and regulatory cells [16]. The expression of
CD25 marker under the effect of transforming growth
factor beta and interleukin-2 in CD4*CD25" T cells
transfers them into the T, category with suppressor
activity [19].

Study of T _ content in spleen of experimental
animals showed that after administering syngeneic BM
no GVHD was progressing, based on the SI value (see
Fig. 1), but the T, content in this group was 1.3—1.8
times decreased (Fig. 3). In this case the MFI index,
reflecting the expression degree of CD25 marker on
membrane of CD4'CD25" cells, or the skurfin protein
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Puc. 3. Cogepxanne CD4*CD25*- (A), FOXP3*-knetok (B) u nx CU® B ceneseHkax xmBOTHbIX ¢ BTTX Ha 14-e cyTkn
pas3BuTWSA NaTonorMu; ** — pasnnMunsa cTaTtMCTUYECKN 3HaYMMbl OTHOCUTENBHO COOTBETCTBYHOLLEIO MHTAKTHOIO KOHTPONS

(rpynna 4), p < 0,05.

Fig. 3. Content of CD4*CD25* (A), FOXP3* cells (B) and their MFI in spleens of GVHD animals to day 14 of pathology

development; *# —

Hansblil hakT ykaspiBaeT Ha OOJbIIyI0 (QyHKIHO-
HAJIbHYI0 AaKTMBHOCTh T NP MEHbIIEM HX KOJIH-
yectBe (puc. 3).

Crnenyer orveruts, uro T UrpaoT [IaBHYIO poiib
B KoHTposie pa3Butud bTIIX: ymMeHbIIeHHE 3TOM KIle-
TOYHOU MOMYJISIIUK 1 HAapyILeHHE ee (PyHKIHOHATBHOTO
cTaTyca yCHWJIMBAIOT KIMHUYECKHE CUMIITOMBI TTATO-
JIOTUH U, B YaCTHOCTH, CHHKAIOT TIOKAa3aTeNlb BBIKH-
BaE€MOCTH KHMBOTHBIX. /|15 pacmppoBKH MEXaHU3MOB
passutus BTIIX BakHO MpoBEEHUE HUCClIeI0BaHUMN
He TOJIFKO Ha KJIIETOYHOM, HO ¥ MOJIEKYJISIDHOM YPOBHE.
[ToaTomy cremyrommM 3TaroM HaITNX UCCIIETOBaHUN
ObLIa OLICHKa YPOBHS 3KCIIpeccuu rena Foxp3, onpe-
JCTISOIIETO0 CyNpeccopHyo pyHkumio T .

VY perynatopHbIx T-KJI€TOK, KOTOPBIE UTPAIOT IJIaB-
HYIO0 pOJIb B HOJAEPKAHUH TOJIEPAHTHOCTH, IKCIIpEC-
CHpPYETCSl YHUKAJIbHBIH TPaHCKPUNIIMOHHBIN pe-
npeccop Foxp3 [8, 16]. Kak npencrasieno Ha puc. 4,
YPOBEHB €T0 SKCIIPECCHH BO BCEX UCCIIETyEMBIX TPyTI-
max ObUT HIKE HMHTAKTHOTO KOHTPOJIS.

[lomy4yennple HaMU JaHHBIE COOTBETCTBYIOT pe-
3yJbTaTaM MccienoBaHnii Yu. Miura u coast. [16],
KOTOpBIe ycTaHOBWIH, uTO sKcipeccuss MPHK rena
Foxp3 Oputa cHU)KeHa B MOHOHYKJIeapax nepudepu-
YECKOM KPOBH MAIIUEHTOB C AJUIOTEHHOM U ay TOJIOT Y-
Holi BTTIX 1o cpaBHEHHU!O ¢ pallMIIMEHTaMH, Y KOTOPBIX
BTIIX He pa3zBuiiack. ABTOpHI TOKa3allu, 4TO IKCIPEC-
cus reHa Foxp3 Haxonunack B 00paTHOM 3aBUCUMOCTH
CO CTEINEHBIO TAKECTH MAaTOJOTMH, YTO TAKXKE IMOJ-
TBEp>KAAeT HAIlK pe3yabTarsl (cM. puc.l, 2; puc. 4).

Y KUBOTHBIX TPYMITHI 2 TIO CPAaBHEHUIO C TPYTIIION
1 (cuHreHHBIH KOHTPONIB) (CM. pHc. 3), comepkaHue
T _ymensmanocs: CD4*CD25" — na 28%, a FOXP3" —

per
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differences are statistically significant relative to the respective intact control (group 4), p <0.05.

content in FOXP3* cells was not significantly changed,
that might testify to their functional activity, being
adequate to the intact control. In group 2 recipients
there was noted a decreased content of CD4'CD25*
and FOXP3* cells in 1.4 and 1.6 times, respectively,
as compared to group 1 (Fig. 3). The MFI index of
T, was also reduced in recipients of group 2, testifying
to a change in functional activity of these cells. Our
findings were confirmed in the report of Chen X. et al.
[12], where they noted a progressive reduction of
CD4"CD25"FOXP3" cells content in spleens of reci-
pients with GVHD, caused by administered allogenic
BM with splenocytes.

Clinical practice usually involves not autologous
(syngeneic) BM, but cryopreserved allogenic one,
therefore of interest was to determine the content of
T, and their MFI when inducing GVHD with allogenic
cBM+In (group 3). Thus, the content of the studied
Tre subpopulations in this group of animals decreased
in a greater extent than when nBM + In (group 2) was
administered, but the indices of their MFI did not signi-
ficantly differ. This fact indicates the higher functional
activity of Treg at their lower amount (Fig. 3).

Of note is the fact, that T play a major role in
controlling GVHD development: a decrease in this cell
population and a disorder in its functional status streng-
then clinical symptoms of pathology, in particular, redu-
ce the survival rate in animals. To decode the mecha-
nisms of GVHD development it is important to perform
studies both at cellular and molecular levels. So the
next step of our research was to evaluate the Foxp3
gene expression level, determining a suppressor func-
tionof T |
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Puc. 4. OTHOoCUTENBHOE coaep)XaHWe TPaHCKPUNTOB reHa
foxp3 B CD4*-cbpakumsax KNeTtok ceneseHoK XUBOTHbIX
ONbITHBIX rPynn Ha 14-e cyTkn nocne nHaykumm BTMX; * —
pas3nuunsa cTaTUCTUYECKM 3HAYMMbl OTHOCUTENBHO
WHTaKTHoro u #* — cuHrenHoro (rpynna 1) koHTponen, p <
0,05; 3a 1 NpPUMHAT NokasaTernb UHTAKTHOIO KOHTPOSS.

Fig. 4. Relative content of foxp3 gene transcripts in CD4*-
fractions of spleen cells of experimental animals to day
14 after GVHD induction; * — differences are statistically
significant if compared to the intact and # — syngeneic
(group 1) controls, p < 0.05; the index of intact control was
assumed as 1.

Ha 37%, pu 3TOM YPOBEHb dKCIIpECCHH reHa Foxp3
Ob11 cHIKeH Ha 46% (puc. 4).

¥V ’KMBOTHBIX I'PYIIIBI 3 COAEpKaHNE Tper ObLIO ere
MEHBIIIE, UEM B TPYIIIE 2, a SKCIIPECCHSI HCCIIELYEMOTO
reHa Oblia Bolie. [10-BUAMOMY, HOBBILICHUE YPOBHS
sKcnpeccuu reHa Foxp3 B rpynmne 3 (B oTiIH4HE OT
rpynnsl 2) SBASETCS CIEACTBHEM KOMIIEHCALHH
(YHKLIMOHATIBHON aKTUBHOCTH HU3KOTO COZlEPKaHUS
T o Hcxons w3 maHHBIX, MONMYYEHHBIX Yu. Miura u
coaBT. [16], moBrIIeHNE dKCIpeccuu reHa Foxp3
NPUBOAUT K CHUXKEHHIO cTeneHu Tsbkectu bTIIX.
B Hamewm uccneoBaHny MOKa3aTelb BBDKUBAEMOCTH
KUBOTHBIX TPYIIBI 3 MOATBEPKIAET JaHHBIH (PakT
(cm. puc. 2).

B nureparype nmosBUIMCH COOOIIEHHS O TOM, YTO
Foxp3 moryt skcnipeccupoats 1 3 dexropabie T kieT-
KM nocne aktuBauuu [ 11], askcnpeccus Foxp3 T-xen-
nepHbiMu KieTkamu CD4"CD25- He Bceraa compo-
BOXKJAETCS HPUOOPETEHNEM CYIIPECCOPHOH QPyHKINH
U cTabuiIbHOTO peryisTopHoro ¢peHorumna [ 18].

TakuMm 00pa3oM, pe3yibTaThl HAIIMX HCCIEIO-
BaHHH COTTIACYIOTCSI C JAaHHBIMU JTUTEpaTypsl [11, 16],
KOTOpPBIE TOKA3BIBAIOT, YTO KOPPEISIINS MEXKILY COep-
Karnem T ¥ ypoBHEM dKCIpeccHu rena Foxp3 cy-
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The unique transcriptional repressor Foxp3 is ex-
pressed in regulatory T-cells, playing a major role in
tolerance maintenance [8, 16]. Fig. 4 shows the level
of its expression in all the studied groups to be below
the intact control.

Our findings are consistent with those of Miura Yu.
et al. [16], who found out that the mRNA expression
of Foxp3 gene was reduced in mononuclear cells of
peripheral blood of patients with allogenic and auto-
logous GVHD as compared to the recipients in which
no GVHD was developed. The authors demonstrated
the Foxp3 gene expression to be inversely related to
the severity degree of pathology, also confirming our
results (see Fig. 1, 2, and 4).

In group 2 animals as compared to group 1 (synge-
neic control) (see Fig. 3) the T, content decreased:
CD4*CD25" and FOXP3* by 28 and 37% respectively,
wherein the expression level of Foxp3 gene was redu-
ced by 46% (Fig. 4).

In animals of group 3 the T _ content was even lo-
wer than in group 2, but the expression of the studied
gene was higher. An increase in the expression level
of Foxp3 gene in group 3 (contrary to group 2)
evidently results from the compensation of functional
activity of T | low content. Proceeding from Miura Yu.
et al. report [16] the augmentation of Foxp3 gene
expression results in a decreased GVHD severity. In
our study this fact is confirmed by the survival rate in
group 3 animals (see Fig. 2).

There was reported that Foxp3 might be expressed
by the effector T cells after activation [11], but the
expression of Foxp3 by CD4*CD25~ T helper cells
was not always accompanied by the gaining the
suppressor function and a stable regulatory phenotype
[18].

Thus, our findings are consistent with the data repor-
ted [11, 16], demonstrating the correlation between the
Treg content and expression level of Foxp3 gene as
not always existing. For example, in patients with
chronic autoimmune thyroiditis on the background of
a constant content of CD4"CD25" cells in peripheral
blood the expression level of Foxp3 gene was estab-
lished to be 1.6 times lower than in healthy patients
[3]. It should be noted that only in human the
CD4"CD25" cells in CD4"CD25" population are true

o [9]. The authors concluded that an increased
number of CD4"CD25" cells under this pathology
might be a compensatory response of their functional
deficiency, resulting from a reduced Foxp3 expression.

Thus, in the animals of group 3 with an introducued
cryopreserved material the SI (see Fig. 1), characteri-
zing the GVHD severity degree, was lower than when
applying the native one (group 2), and a suppressor
activity of FOXP3" cells, determined by MFI, and the
expression level of Foxp3 gene (Fig. 5) were higher.
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LIECTBYET HE BCETNa. YCTaHOBIEHO, HAIIPUMEp, UTO Y
MAlUEHTOB C XPOHUYECKHUM ay TOMMMYHHBIM THPEOH-
ouToM Ha (oHe Hem3MeHHOTo cozepkaHus CD4*
CD25"-knetok B meprdepudeckoil KpOBU YPOBEHb
JKcIpeccuu reHa Foxp3 6w B 1,6 pa3a HIKe, 4eM y
310poBEIX manueHToB [3]. Cieayer OTMETUTh, YTO
TOJIBKO Y uesioBeka CD4*CD25M-keTku B OMyJISIAN
CD4*'CD25" aBnstoTca HCTUHHBIMHU T.. [9]. ABTOpHI
MPUIIINA K BBIBOAY, YTO YBEIMYEHHUE KOITHMYECTBA
CD4'CD25"-k1eTOK MpH 3TOM MaTOJOTHH MOYKET
OBITH KOMIIEHCATOPHOH peakuue ux (pyHKIMOHATBHON
HEIOJIHOLIEHHOCTH, KOTOpas SBIISIETCS CIEACTBUEM
MIOHMKEHHOM dKcIpeccuu Foxp3.

Takum 00pa3zoM, y *KMBOTHBIX TPyl 3 C BBe-
JE€HNEM KPHOKOHCEPBHPOBAHHOIO MarepHaina MokKa-
3arens UC (cM. puc. 1), XxapakTepu3yIomui cTeneHb
Tskectn BTIIX, OpUT HUXE, YeM MPH BBEICHHUU
HaTUBHOTO (TpyIma 2), a CylpeccopHas akTHBHOCTb
FOXP3*-knerok, onpenensiemas no CU®D, u ypoBeHb
sKcmpeccuu TeHa Foxp3 (puc. 5) ObUTH BBHIIE.

BosmoxkHo, kprokoHcepBupoBaHHbii KM, oGna-
Ao MEeHbIIEW UMMYHOPEAKTUBHOCTHIO, YEM
HAaTUBHBIH, OBIJI MEHEE arpecCUBEH B OTHOIICHHUH
HMMYHOKOMIIETEHTHOH Cepbl pelIUIIeHTOB. D heKT
MOATBEP>KJ1AJICS TTOBBIIIEHUEM MHTETPATBHOTO KIH-
HUYECKOT0 NTOKAa3aTels — BBKUBAEMOCTHU KUBOTHBIX.

BriBoabI

1. Ha Monenu akCnepuMeHTaIbHO HHIYIIUPOBAH-
Hoi BTIIX mpolemMoHCTpUPOBAHO ydacTUe Tper B
MaTOTeHe3€e Pa3BUTHS AAHHOM MAaTOIOTHH 1 3aBICHMOC-
TH CTENEHH TSKECTH €€ IPOTEKAHMSI OT MX KOJIINYECT-
BEHHOT'O COJIepKaHus, PYHKIIMOHATbHONW aKTUBHOCTH,
YPOBHS 3KCIpeccUH reHa Foxp3, onpenensomux
CYIIPECCOPHYIO (GYHKLHUIO JAHHBIX KJIETOK.

2.V xuBoTHbIX ¢ BTIIX, naaynupoBanHOH anio-
TEHHBIM HAaTUBHBIM KOCTHBIM MO3IOM, YCTaHOBIEHO
TOYTH JIBYKPATHOE CHIKCHHE Kak conepxanusa T,
TaKk ¥ ypOBHA JKCIPECCHM B HHUX TeHa Foxp3 mo
CPaBHEHHIO C PEUUNUEHTAMH CHHT€HHOTO KOCTHOTO
MO3Ta.

3. Ilpu BTIIX, nvHAYyIHPOBAaHHOW aJIJIOTE€HHBIM
KPHOKOHCEPBHUPOBAHHBIM KOCTHBIM MO3T'OM IO CpaBHe-
HHIO C HATUBHBIM, OTMEYEHO yBeaudyeHue B 1,5 pasa
ypOBHS 3Kcmpeccuu reHa Foxp3 B Tper, KOTOpO€
SIBIISIETCSI, TO-BUIMMOMY, KOMIIEHCalnen (QyHKIHO-
HAJbHON HEJ0CTaTOYHOCTH T 1pu MakcHMaIbHOM
CHIDKEHHH UX COJIEPAKAHUSA Y JKUBOTHBIX STOM IPYIIIIBL.

4. KprokoHCepBUPOBAHHBIN AJIIOT€HHBIN KOCTHBIN
MO3r, KoTopsIM nHAYLMpoBanu bTIIX, o cpaBHEHNIO
C HaTUBHBIM, BBI3bIBAJ TOBBILIIEHHE YPOBHSI DKCIIPEC-
cuu reHa Foxp3 B Tper, YTO, MO-BUIUMOMY, 00yCIIOB-
JIEHO CHM)KEHHEM €r0 MMMYHOPEAaKTHBHOCTH U, KaK
CIIEZICTBHE, KIIMHUYECKOTO MPOSBICHNS TPAHCIIJIAaHTa-
LIMOHHOI 00JIe3HU.
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Puc. 5. CopnepxaHne FOXP3*-kneTok (), ux CUD (O),
ypoBeHb 3kcnpeccun B Hux reHa foxp3 (M) v BbikuBae-
MOCTb XWBOTHBIX (NMHUS); * — pasnuMuns CTaTUCTUYECKU
3Ha4YMMbl OTHOCUTENIbHO WHTaKTHOrO U * — CMHreHHoro
(rpynna 1) koHTponewn, p < 0,05; 3a 100% NpUHATHI
rnokasaTenu WMHTaKTHOro KOHTPONS.

Fig. 5. Content of FOXP3+-cells, their MFI, foxp3 gene
expression level in them and survival rate (line) of animals;
* — differences are statistically significant if compared to
the intact and # — syngeneic (group 1) controls, p < 0.05;
intact control indices were assumed as 100%.

Possibly the cryopreserved BM having a lower im-
mune reactivity than the native one was less aggressive
in respect to the immune competent sphere of reci-
pients. This was confirmed by an increased integral
clinical index: survival rate of animals.

Conclusions
1. The participation of T _ in pathogenesis of this
reg

pathology development and the dependencies of seve-
rity rate of'its proceeding on their quantitative content,
functional activity, Foxp3 gene expression level, deter-
mining a suppressor function of these cells, were de-
monstrated in the model of experimentally induced
GVHD.

2. In the animals with GVHD induced with alloge-
nic native bone marrow there was established almost
twofold decrease in both T, content and the expres-
sion level of Foxp3 gene, as compared to syngeneic
bone marrow recipients.

3. During GVHD induced with cryopreserved allo-
genic bone marrow there was noted an 1.5 times in-
crease in the expression rate of Foxp3 gene in T if
compared to aplication of native cells, which was appa-
rently the compensation of T, functional failure under
the maximum reduction of their content in animals of
this group.
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4. Cryopreserved allogenic bone marrow which
induced GVHD caused an increased level of Foxp3
gene expression in Treg if compared to a native one,
which was apparently stipulated by a decrease in its
immune reactivity and, as a result, in clinical mani-
festations of graft-versus-host disease.
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