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Pedepar: Y poboTi AocnigkeHo BMMB TPbOX PEXUMIB KPIOKOHCEPBYBaHHS MOHOHykneapHux knitnH (MHK) kictkoBoro
Mo3ky muwen niHii CBA/H nig 3axuctom 10%-ro po3yvHy AMMETWURCYynbgoKcuay 3 MOBINbHOW LUBUAKICTIO OXONomKkeHHs 1 rpan/xs:
pexum 1 — po —80°C; pexum 2 — go —40°C ; pexum 3 — go —25°C 3 HacTynHWM 3aHypeHHsIM 3paskiB Yy pigkvn asot (—196°C)
Ha CcTyniHb ekcnpecii Ginka TenrnoBoro LWOKy 3 MonekynsipHoto Macow 70 kOa (Hsp70) y MHK i oTpumaHux 3 Hux in vitro
neHaputHux knitmHax (OK). ToneporeHHuit noteHuian K 6Gyno ouiHeHo nicns ix BMKOPWUCTaHHA B afonTWBHIA Tepanii y muien
3 afg’loBaHTHMM apTpUMTOM 3a 34aTHICTIO iHAYKyBaTW perynsatopHi T-knituHu (Tper) y cenesiHui Ta MiHiMidyBaTL iHOEKC apTputy
SIK KMNiHIYHWIA NOKa3HWK po3BWUTKY natonorii. [doBegeHa 3anexHicTb piBHs ekcnpecii Hsp70-6inka y MHK Big pexumy 3amo-
POXYBaHHsl, @ TakoX 3HauvyLlicTb BMIiCTy Lboro 6inka y nposiBi TorneporeHHoro noteHuiany [OK, wo cdopmMoBaHi 3 Hux in vitro.
Moka3zaHo npuBanioYy 3[4aTHICTb KPIOKOHCEPBYBaHHSA 3a pexumom 2 36inbwysaTtu BMicT Hsp70 y MHK. Artectauisi dyHk-
yioHanbHoro noteHuiany [K, BupoleHunx i3 kpiokoHcepBoBaHux 3a pexumom 2 MHK, npogemoHcTpyBana ix 6inbl BUCOKY
TONEPOreHHy akTUBHICTb nopiBHsSHO 3 K, oTpumanumm 3 HatuBHux MHK abo MHK, kpiokoHcepBoBaHux 3a pexumamu 1 i 3.
MakcumaneHun Bmict Hsp70 y OK npu 3acTtocyBaHHi pexumy 2 y3romkKyBaBCS 3 MaKCUMamnbHOW KifbkicTio Tper, siki dopmy-
Banucs y TBapuH 3 aa’'loBaHTHUM apTpUMTOM Micns iX BBEOEHHS, LUO CYMNpOBOM4KYBanocs Haunbinbll BUpasHO HopMarisauiero
KNiHiYHUX o3Hak natonorii. OTpuMMaHi pesynsTatv AEMOHCTPYHTb 3[4aTHICTb KPIOKOHCEpBYBaHHSA peErynioBaTv piBeHb eKchnpecii
Hsp70 i ToneporeHHun noteHuian OK, wo ¢opmyoTbCs 3 KPiOKOHCEPBOBAHUX MOMNEPEAHUKIB, a TakoX eEeKTUBHICTb 3aCTOCyBaHHS
[OK B agonTuBHIN Tepanii ayToiMyHHUX 3aXBOPIOBaHb.

Knro4yoBi cnoBa: kpiokoHCepBYyBaHHS, MOHOHyKMeapu KicTkoBoro mMo3ky, Hsp70, ToneporeHHi AeHAPWTHI KNiTUHW, pPerynsaTopHi
T-KNiTUHW, aa’tOBAHTHUI apTPWUT.

Abstract: The work investigated the effect of three cryopreservation regimens of bone marrow mononuclear
cells (MNCs) of CBA/H mice under the protection of a 10% dimethyl sulfoxide solution with a slow cooling rate of
1 deg / min: regimen 1 — to —80°C; regimen 2 — to —40°C; regimen 3 — to —25°C with subsequent immersion of samples into
liquid nitrogen (-196°C) on the expression rate of heat shock protein with a molecular weight of 70 kDa (Hsp70)
in MNCs and dendritic cells (DCs) obtained from them in vitro. The DCs tolerogenic potential was assessed
after their use in adaptive therapy in mice with adjuvant arthritis by the ability to induce regulatory T cells (Treg)
in spleen and minimize the arthritis index, as a clinical index of the pathology development. The dependence
of expression rate of the Hsp70 protein in MNCs on the freezing mode was proven, as well as the significance of
this protein content in the manifestation of tolerogenic potential of DCs formed from them in vitro. The ability of
cryopreservation according to regimen 2 to increase the Hsp70 content in MNCs was shown. The functional potential
of DCs grown from cryopreserved MNCs with regimen 2 demonstrated their higher tolerogenic activity compared to DCs
derived from native MNCs and cryopreserved with the regimens 1 and 3 MNCs. The maximum content of Hsp70 in DCs
when using regimen 2 was consistent with that of Treg formed in animals with adjuvant arthritis after the administration
of these cells, as well as it was accompanied by the most pronounced normalization of clinical signs of pathology. The findings
demonstrate the ability of cryopreservation to regulate the Hsp70 expression rate as well as tolerogenic potential
of DCs formed from cryopreserved precursors, increasing their use effectiveness in adaptive therapy of autoimmune
diseases.

Key words: cryopreservation, bone marrow mononuclear cells, Hsp70, tolerogenic dendritic cells, regulatory T cells, adjuvant
arthritis.
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AA — apg’toBaHTHUIN apTpuUT

'M-KC® — rpaHynouutapHo-makpodaranbHWUin KONOHIECTUMYITIOUNIA
dakTop

[OK — neHapuTHI KNiTUHK

IA — iHgekc apTpuTy

T — iHTepnenkiH

MHK — MOHOHykneapHi KniTuHu

Hat[K — HaTuBHI AeHOPUTHI KNiTUHW, OTPMMaHi 3 HAaTUBHUX MOHOHY-
Kreapis

HatMHK — HaTuBHi MOHOHYKNeapHi KniTuHW

KpioQK — peHAopuTHI KNiTUHKW, OTPUMaHi 3 KPiOKOHCEPBOBaHUX MOHO-
Hykneapis

KpioMHK — kpiokoHcepBOBaHi MOHOHYKMeapHi KMiTUHU

Pexumn 1, 2, 3 — P1, P2, P3

Cl® — cepepfHs iHTEHCUBHICTb dhritoopecLieHLii

CINC — cymapHuiA NoKasHWK CBITNEHHS

TonOK — ToneporeHHi 4eHAPUTHI KNiTUHK

TMNP — Tonn-nogibHi peuentopun

Tper — T-perynaTtopHi KNiTuHK

HSP — 6inkv TennoBoro Loky

Hsp70 — 6inok Tennosoro LWokKy 3 MonekynspHot macoto 70 kfa
NF-kB — agepHuii bakTop-kB.

Ha croromgmi KiiTHHHaA Teparis 3aiiMae ofHe
3 TIPOBITHUX MICIlb y JIKyBaHHI HAIIIHPOKOTO CTICK-
Tpa MaToJIoTii pizHOoTro TeHe3y [3, 4]. Takuii momuT
y KIIHIYHIA NpakTHIl LbOro OioMmarepiany o00y-
MOBHMB HEOOXiZHICTh HOro KpiOKOHCEpBYBaHHA 1
JIOBrOCTpOKOBoro 30epiranus [3]. Bimomo, mo Bix
YMOB KpiOKOHCEpPBYBaHHSI B Pi3HHMH CHOCIO 3MiHIO-
IOThCSI SIK CTPYKTYPHi, Tak i QyHKLIOHAJbHI IOKa3-
HUKU KIIITUH, II[0 MOXXE BIUTMBAaTH HAa €(DEKTUBHICTh
ix 3actocyBaHHs B TepameBTHYHMX niisix [3]. He
€ BUHATKOM 1 neHaputHi kmtuEn (JIK) y mpomy
PI3HOMAHITTI KJIITHHHO-TKAHUHHOTO Oiomarepiany
(7, 20].

IcHyrOTh nmaHi, SKi CBiAYaTh MPO CYTTEBI Bapiartii
KpiouyTiuBocTi sk camux JIK, Tak i KIITHH-TIOIE-
pPeNHMKIB, 3 SKUX iX OTpuMytoTh [25]. Hampuk-
Jaz, KpIOKOHCEPBYBaHHS MOHOHYKJICApHHX KIIiTHH
(MHK) KicTKOBOTO MO3KY CYIPOBOMXYETHCS 3Mi-
HOIO PELENTOPHOTO penepTyapy OTPUMAaHUX 3 HUX in
vitro JIK, TiATBEpIKYI0OYM MOXJIMBICTH KPiOKOH-
CEpBYBaHHA BHCTyHaTH B poii Qakropa, MO iH-
Oykye ix ToneporeHHui mnorteHmian [2]. OcoO-
JuBa yBara B 3MiHI (yHKIioHaJdpHOro crany JIK
3BEpTaEThCA Ha OUTKM TerwioBoro moky Hsp70 [6,
23].

BaxxnmuBy pombk y WATpUMIN 3aXHCHOTO 3a-
MajJpHOTO TPOIECY BIMITPaOTh KIITHHH BPOI-
JKCHOTO IMYyHITETY, a caMe: MOHOLHUTH/Makpodaru,
JAK Tta rpanynouutu. Lli KIITHHH eKCHPECYIOTbH
Ha CcBOil moBepxHi Tom-moxAiOHiI peuentopu (TIIP;
TIIP2 Ta TIIP4), sxi BUSBIAIOTH acoliiioBaHi 3
MaToreHaM¥ pi3Hi MIKpOOHI KOMIIOHEHTH, TaK 3BaHi
MaTOTeH-acoLIOBaHI MOJEKYIsipHI marepHd. Kpim
toro, iHmi TIIP posmi3HalOTH MONEKYNIH, IO BH-
BUTPHSIOTBCS  BIACHUMH  KJITHHaMH B CTaHI
TTOIIKO/DKEHHST 200 HEKpo3y, sIKi 3a3BUYail Ha3W-
BalOTh MOJICKYJISIDHUMH IaT€pHAMH, I10B’A3aHUMHU
3 HOUIKO/DKEHHSM.
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AA — adjuvant arthritis

GM-CSF - granulocyte-macrophage colony-stimulating factor
DC — dendritic cells

Al — arthritis index

IL — interleukin

MNC — mononuclear cells

NatDC — native dendritic cells derived from native mononuclears
NatMNC — native mononuclear cells

CryoDC - dendritic cells derived from cryopreserved mono-
nuclears

CryoMNC — cryopreserved mononuclear cells

Regimens 1, 2, 3 - R1, R2, R3

MFI — mean fluorescence intensity

TLI — total light index

TolDC — tolerogenic dendritic cells

TLR - toll-like receptors

Treg — T-regulatory cells

HSP - heat shock proteins

Hsp70 — heat shock protein shock with a molecular weight
of 70 kDa

NF-kB — nuclear factor-kB.

Today, cell therapy occupies one of the leading
places in treatment of an extremely wide range
of pathologies of various geneses [1, 10]. Such
demand in clinical practice for this biomaterial
has led to the need for its cryopreservation and
long-term storage [10]. Both structural and func-
tional parameters of cells are known to change in
different ways depending on the cryopreservation
conditions, which may affect the effectiveness of
their use for therapeutic purposes [10]. Dendritic
cells (DCs) are no exception in this variety of cell-
tissue biomaterial [4, 20].

There are the data indicating significant variations
in cryosensitivity of both DCs themselves and the
precursor cells which they are derived from [25].
For example, cryopreservation of bone marrow
mononuclear cells (MNCs) is accompanied by a
change in the receptor repertoire of DCs derived
from them in vitro, confirming the possibility of
cryopreservation as a factor inducing their tole-
rogenic potential [9]. Particular attention in chan-
ging the functional state of DCs is paid to the heat
shock proteins Hsp70 [3, 23].

Innate immune cells, namely monocytes/macro-
phages, DCs and granulocytes, play an important
role in maintaining the protective inflammatory
process. These cells express on their surface toll-
liked receptors — TLRs (TLR2 and TLR4),
which detect various microbial components as-
sociated with pathogens, the so-called pathogen-
associated molecular patterns. In addition, other
TLRs recognize molecules released by their own
cells in a state of damage or necrosis, which
are usually called damage-associated molecular
patterns.

The usual triggering event for the development
of the inflammation for TLRs is the activation
of the nuclear factor NF-xB [15, 21]. It regulates
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3a3BUYail MyCKOBOIO CHUTHAJIBLHOIO MOMAIEI0 PO-
3BUTKY 3anayibHOTO Tporecy st TIIP e akruparis
saaepHoro ¢dakrtopa NF-xB [15, 21]. Bin perymioe
0e3111Y KOMITOHEHT YPO/DKCHHX, a TaKOXK aJalTHB-
HUX IMyHHUX QYHKLOIA 1 mposidepaliito iMyHO-
KOMIIeTeHTHHX KiIiTuH [15]. Baxumso, mo NF-kB
rpa€ KIIOYOBY POJIb B IHAYKINI Ta MIATPUMII 3a-
MajJbHUX TIPOIECIB  ayTOIMYHHOI TPHUPOAH, IIPH
SIKHX HWOTO aKTHBHICTh YacTO IMOPYIIYEThCs. binku
Hsp70 3parni BmmBatu Ha ekcrpecito NF-kB sk
TOJIOBHOTO MECEHKEpa 3alajbHOIO mpouecy [22,
23]. CyrtreBo, mo wmopmysmis akrtubarii NF-xB
3aJIeKUTh Bifl PIBHA SK BHYTPILIHBO-, TaK 1 TO-
3akmituHHOrO Hsp70 [26]. UwmcneHni maHi JoBe-
7, WO BHYTpilHBOKIITHHHIA Hsp70 mMoxe mpwur-
HivyBatn akTuBHICTH NF-kB. HammipHa excmpecis
Hsp70 6mokye aktusarito NF-kB Ta smepry TpaHc-
jokamiro p50/p65 3a HONMOMOrow 1HrIOIMii oro-
cepenkoBaHoro IkB-kiHa3zHuM KoMILIEKCOM (ocdo-
puroBaHHSA iHTiOITOpa NF-KB [26].

BaxnmnBo, 1m0 TPOTWICKHUN e()EeKT BUHHUKAE,
ko Hsp70 3HaXOmuThCS B MO3aKIITHHHOMY TPOC-
Topi. B mpoMy BuMazKy 3MiHIOIOTBCS JraHja-pe-
nenTopHi B3aemomnii HSP, oOymoBmtotoun ixHi HOBI
¢dopmu. Bimomo, mo mozakmitunaui Hsp70, sxuit
AKTUBHO BUBUIBHSAETHCS TIPU 3allajbHUX CTaHaX,
30aTHUM B3a€EMOISATH MOAIOHO ITOB’SI3aHUMH 3 IIOLI-
KOJDKCHHSIM MOJICKYJSIpHUMHA TlarepHamu 3 TIIP2
ta TIIP4, cTuMymior09H iMyHHY BIATIOBIAb Y BUTIISAII
3amaneHus [12].

ITokazaHo, MmO B KyJIbTypaX CHHOBIOIIHUTIB, OT-
pUMaHUX BiJ TAIlI€HTIB 3 PEBMATOIMHUM apTpHU-
ToM, mo3akmiTuHHNN Hsp70 iHTiOyBaB CHUTHAIBLHUN
msix NF-xB, mo cympoBomKyBanocsi mpUrHideH-
HAIM npoxykuii inTepneiikinis (1J)-6, IJI-8 [17].
Lle y3romkyeTbest 3 pesyabratamu pobotu E. Ferat-
Osorio Ta cmiBaBT. [9], sKi TOKa3amyu iHTIOIIi0 TO-
3akmiTHHHUMHA Hsp70 mpomykuii 3anmanbHUX HUTOKI-
HiB ((akTopa Hekposy myxauHu-anbgpa i 1JI-6) mo-
HOITUTAMH Ta OCJIA0JICHHS 3alaIbHOI peaklii. bubim
TOTO, TO3aKJIITHHHA aKTUBHICTE Hsp70 po3moBcion-
KyeTbesl Takok Ha ekcranciro CD4*CD25"FOXP3*
perymsropanx T-xmitua (Tper), a came mocwuiioe
iX IMYHOCYIIPECHBHY (YHKIIIO OIOCEPEIKOBAHO
Yepe3 CHUTHAIBHHAN IUISIX, [0 peali3yeThes 3a yda-
ctio TIIP2 [23]. OgHEM 3 MOXJIHMBHX MEXaHI3MIB
iMyHocynpecopHoi naii mozakiituHHoro Hsp70 €
rioro B3aemomis 3 JK, wmiemoimHumu cympecop-
HUMU KIITHHAMH 1 MoHouuTamu. llepenbauaerbes,
mo micast eHpounto’y Hsp70 aHTHTEeHDpe3eHTYIo-
4l KJIITHHA TIepeOPMOBYIOTH CBill CTaH Ha TOJIEPO-
TeHHHUH 1, K HACTIAOK, MPOAYKYIOTh 0a30BHUU IIPO-
Tm3ananbanid 1uTokiH 1JI-10. KpiMm TorO, mMozaxmi-
tuHEAA Hsp70 Moke 1HTIOyBaTH MPOMYKINIO iH-
TepdepoHy-y MoHoimTamu [6], 3umwkyBatn y JK
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numerous components of innate as well as adaptive
immune functions and proliferation of immune
competent cells [15]. Importantly, NF-xB plays
a key role in the induction and maintenance of
autoimmune inflammatory processes, in which
its activity is often impaired. Hsp70 proteins are
able to influence the expression of NF-kB as the
main messenger of inflammation [22, 23]. Signi-
ficantly, the modulation of NF-kB activation de-
pends on the level of both intracellular and
extracellular Hsp70 [26]. Numerous data have
shown that intracellular Hsp70 can inhibit
NF-xB activity. Overexpression of Hsp70 blocks
NF-«B activation and nuclear translocation of
p50/p65 by inhibiting the IkB kinase complex-
mediated phosphorylation of the NF-«B inhibitor
[26].

Importantly, the opposite effect occurs when
Hsp70 is in the extracellular space. In this case,
the ligand-receptor interactions of HSPs are al-
tered, leading to their new forms. It is known
that extracellular Hsp70, which is actively released
during inflammation, is able to interact with similar
damage-related molecular patterns with TLR2
and TLR4, stimulating the immune response as
an inflammation [12].

It has been shown that in cultures of syno-
viocytes obtained from the patients with rheuma-
toid arthritis, extracellular Hsp70 inhibited the
NF-kB signaling pathway, which was accom-
panied by suppression of the production of inter-
leukins (IL)-6, IL-8 [17]. This is consistent with
the results of the research by E. Ferat-Osorio et al.
[6], who showed that extracellular Hsp70 inhibited
the production of inflammatory cytokines (tumor
necrosis factor-alpha and IL-6) by monocytes and
attenuated the inflammatory response. Moreover,
the extracellular activity of Hsp70 also extends to
the expansion of CD4*CD25'FOXP3* regulatory
T cells (Treg), namely, it enhances their immune
suppressive function indirectly through a signa-
ling pathway involving TLR2 [23]. One of the
possible mechanisms of the immune suppressive
effect of extracellular Hsp70 is its interaction
with DCs, myeloid suppressor cells and monocytes.
It is assumed that after endocytosis of Hsp70, anti-
gen-presenting cells reform their state to a tolero-
genic one and, as a result, produce the basic anti-
inflammatory cytokine IL-10. In addition, extracel-
lular Hsp70 can inhibit the production of inter-
feron-y by monocytes [3], reduce the expression
of CD86 and major histocompatibility complex
class II molecules in DCs, which contributes to
the inhibition of their synthesis of tumor necrosis
factor-alpha.

npobnemu Kpiobionorii i KpiomeanUMHM

problems of cryobiology and cryomedicine
Tom/volume 34, No/issue 4, 2024



ekcripecito CD86 1 Monekyn TOJOBHOTO KOMILICK-
cy rictocymicHocTi Il kmacy, mo cnpusie mpurHi-
YEHHIO CHHTE3y HUMH (aKTopa HEKpO3y IIyXJIHHH-
anbda.

OTpumaHi pe3yapTaTd O3BOJISAIOTH  IMPHUITYC-
tiTH, Mo Hsp70 Moxke BHKOHYBatm OaraTtodyHK-
MiOHAJIBHY POJb y TMO3aKIITHHHOMY IpocTopi. Lle
3QJICKUTh HE TITBKHA BiJl THITY iIMyHOKOMIIETCHTHHX
KJIITHH, MO B3a€EMOIIIOTH 3 TAaKUMH MIallepOHAMH,
aine i Big ix craHy Ha MoMeHT B3aemomii 3 Hsp70,
0coONMMBO B yMOBAax PO3BUTKY PI3HHX 3aXBOPIO-
BaHb. 30UIBbIICHHA BMICTY BHYTPIIIHBOKIITHHHOTO
Hsp70, mo onokye aktuBarniro NF-kB sk romoBHOTO
TpHUrepa 3amajbHOrO TpoLecy, 00yMOBIIOE 3a00pO-
Hy nugepeHiloBaHHs] IMyHOKOMIICTEHTHUX KJIITHH,
TOOTO cripusie ix ToneporeHizaiii, 30kpema K, sxi
BHKOPHUCTOBYIOTh B IMYHOCYTIPECHBHIH Tepartii ayTo-
IMyHHHX 3axBoproBanb [7, 11]. SIx Oymo moBemeHO
S. Tukaj [23], MexaHI3M IMYHOCYIpPECHBHOI il
Hsp70 peamizyeTbcs  OMOCEPEIKOBAHO  IIIIXOM
MOIYJISLil (heHOTHIY 1 (QYHKIII SK IONEPEIHHUKIB
KICTKOBOTO MO3KY, Tak i oTpumanux i3 Hux HK, ki
HaOyBalOTb TOJIEPOTEHHOI akTHBHOCTI. [lepm 3a
BCE, WIETHCS MPO 3AaTHICTh KIITHH 3 TOJEPOTeH-
HUM TIOTCHIIaJIOM MPOAYKYBaTH MPOTH3aNaIbHI
muTokiHy, sk-oT: IJI-10 i Tpancdopmyrounii dax-
Top pocty-B Ta iHmykyBatm ¢QopmyBanHa Tper
[23].

Y HagmmMpoKOMYy CHEKTPi CTPECIHAYKYIOUHX
(hbakTOpiB YIBTPAaHU3bKI TEMIEpaTypu 3alMaroOTh
ofHE 3 TpoBimHUX Michp [11, 25]. BpaxoByroun, 1o
JK myxe BpasnuBi A0 Ail YIBTPaHU3BKHX TEMITE-
paryp [20], Ha 0cOOMMBY yBary 3aciiyrOBy€ CTpare-
risi KpiOKOHCepBYBaHHS ix momepenHukiB — MHK
KICTKOBOTO MO3KY Ta iX JOBTOCTPOKOBE 30epiraHHs
y HU3BKOTEMIIEpaTypHOMY OaHKy. B mibomy Bumanky
BKpall akTyaJlbHHM 1 MparMaTWdHUM € BiJIIPaIo-
BaHHS MeETOIiB KpiokoHcepByBanHsi MHK 3 mertoro
MOAANBIIOTO OTPUMAaHHA 3 HUX in Vitro TOJIEpo-
reaanx JK (ton/IK) mist mikyBaHHS ayTOIMYHHHX
3aXBOPIOBaHb. BapitoBaHHS yMOBaMH KpIOKOHCEp-
BYBaHHA BIJKPHUBAE TIEPCIEKTHBH CEJIEKTUBHOTO
BiIOIpYy PEKHMMIB 3aMOPOXKYBAaHHS 3 HAHOLIBIINM
CTYTICHEM aKTHBaIil ekcrpecii OUTKIB TEIUIOBOTO
IIOKY 3 BIAMOBIAHMM (YHKI[IOHAJLHUM IIOTCHIIia-
nom. [lpore, mexanizm kpioBmnuBy Ha MHK, mo
00yMOBITIO€ JOPMYBaHHS 3 HUX HE3PLIOTO PCHOTHITY
i Toneporennoi ¢ynkuii K, no kxiHusg He 3’sicoBa-
HUM 1 BHMarae MoJaJbIIOTO EKCIIePHUMEHTAIBLHOTO
JOCIII IKEHHS.

Meta nocmipkeHHS — BUBUYCHHS BIUIUBY pi3-
HUX YMOB (pEKHMIB) KPiOKOHCEPBYBaHHS Ha BMICT
1 ctymine ekcmupecii Hsp70-0i1ka B MOHOHYKIICAp-
HUX KIITHHAX KiCTKOBOTO MO3Ky TBapWH Ta OTPH-
MaHHX 13 HUX In Vitro ACHAPUTHUX KIITHHAX,
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The results obtained suggest that Hsp70 may
perform a multifunctional role in the extracellular
space. This depends not only on the type of immune
competent cells interacting with such chaperones,
but also on their state at the time of interaction
with Hsp70, especially in the conditions of the
development of various diseases. An increase in
intracellular Hsp70, which blocks the activation
of NF-kB, as the main trigger of the inflammation,
causes the prohibition of differentiation of immune
competent cells, i.e. promotes their tolerogenization,
in particular DCs, which are used in immune
suppressive therapy of autoimmune diseases [4, 8].
As S. Tukaj [23] has proven the mechanism of im-
mune suppression of Hsp70 is implemented in-
directly by modulating the phenotype and function
of both bone marrow precursors and DCs derived
from them, which acquire tolerogenic activity.
First of all, it is about the ability of cells with
tolerogenic potential to produce anti-inflam-
matory cytokines such as IL-10 and transforming
growth factor-B and induce Treg formation [23].

In the ultra-wide spectrum of stress-inducing
factors, ultralow temperatures occupy one of the
leading places [11, 25]. Considering that DCs are
very vulnerable to the effects of ultralow tempera-
tures [20], the strategy of cryopreservation of their
precursors, i. e. bone marrow MNCs and their long-
term storage at a low-temperature bank deserves
special attention. In this case, it is extremely
relevant and pragmatic to master the methods of
cryopreservation of MNCs with the aim of further
in vitro obtaining from them of tolerogenic DCs
(tolDCs) for the treatment of autoimmune diseases.
Variation in cryopreservation conditions opens up
the prospects for selective selection of freezing
regimens with the highest activation degree of
heat shock protein expression with the corresponding
functional potential. However, the mechanism of
cryopreservation on MNCs, which causes the for-
mation of an immature phenotype and tolDCs
function, is not fully understood and requires further
experimental studies.

The aim of this research was to study the in-
fluence of different cryopreservation conditions
(regimens) on the content and expression rate of
Hsp70 protein in mononuclear cells of the bone
marrow of animals and dendritic cells obtained
from them in vitro, with subsequent assessment of
their tolerogenic potential in the adjuvant arthritis
model.

Materials and methods
The experiments were performed in CBA/H
mice being 20 weeks old, weighing 24-26 g. The
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3 MOJAJNBIIOI0 OIIHKOIO iX TOJEPOTeHHOIO ITOTEH-
Liaxy B MOZETI ]’ FOBaHTHOT'O apTPHUTY.

Marepiaau i MmeToaH

ExcriepuMeHTH BUKOHYBaJIM Ha MHMINAX JIiHIL
CBA/H 20-twxHeBoro Biky Macow 24-26 r. Tsa-
pYH OTpHMAaJIM 3 MiANpHEMCTBa «bioMoaenbcepBicy
(M. KuiB) 3 HACTYyITHUM PO3BENCHHSAM Y CTaHAAPTHUX
yMOBax BiBapit0 IHCTHUTYTYy mpoOiieM KpioOioorii
i kpiomenuuuan HAH VYkpainum (M. XapkiB). Yci ma-
Himynsgii 3 TBapuHaMu 3arBepikeHi Komitetom
3 Oioetuku lHCTUTYTY MpobneM kpiobiosorii i Kpio-
menuiuan HAH Vkpainm (Ilpotokon Ne 5 Bix
26.11.2019) i BiAMOBiNAIOTH OCHOBHUM IOJIOKEH-
HSIM «EBpoIIeiicbkoi KOHBEHIII Mpo 3aXUCT XpederT-
HUX TBapHH, AKI BUKOPHCTOBYIOTHCS AJIS €KCIIEpU-
MEHTAJIbHUX 1 1HIIUX HayKOBHX Iiiiei» (CtpacOypr,
1986) ta 3akony VYkpaimm «IIpo 3axuct TBapuH
BiJT )KOPCTOKOTO TTOBOKEHHS.

Jns oTpuMaHHS KJIITHH KICTKOBHH MO30K BH-
MHBaJIM 31 CTerHOBHX KicTok mumeit ninii CBA/H
cepemoumieM RPMI-1640 (Biowest, ®panmis)
3 pomaBaHHsAM 3% eMOpiOHaJNBHOI TENsYOi CHpO-
Barku (ETC) (Biowest) 1 2% nurpary Harpiro (Sigma-
Aldrich, CHIA) (mami B TekcTi — poboue ceperno-
Bumie). CycrneH3ilo KITHH KiCTKOBOTO MO3KY IpoO-
MyCKaldu uepe3 HEWIOHOBHHA (iIsTp 3 diaMeTpom
mop 100 mxm (Falkon, CIIIA), menrpudyrysamu
pu 200g mpotsirom 10 XB 1 pecycrieHAyBalld OTPHU-
MaHHU 0cajl y poO0OUOMY CEpEIOBHIIIL.

Bunginerns MHK 3 kicTkoBOro MO3Ky 37iiic-
HIOBAJIM ILEHTPU(YTYBaHHIM CyCNEH3il KIITHH Yy
rpafgienTi urinbpHOCTI (1,077 /M) mpenapary «Tpa3zo-
rpad 76%» («tOnix @apmacerorikan JlabopaTopizy,
Iupis) [1].

KpiokoncepsyBanust MHK npoBoaunu 3a TppoMa
pexkumaMu min 3axuctoMm 10%-ro po3unHy AuMe-
TWICYTb()OKCHAY 3 MOBUTBHOIO MIBHIKICTIO OXO-
nomxkennst 1 rpan/xs: pexxum 1 (P1) — oxomon-
xkeras 1o —80°C (3pazok KpioP1MHK); pexum 2
(P2) — oxomomxenns mo —40°C (3pazok KpioP2
MHK); pexum 3 (P3) — oxomomkenus mo —25°C
(3paszox KpioP3MHK) 3 HacTymHMM 3aHypeHHSIM
3pa3KiB y KOXKHOMY BHITAIIKY y pimkuii a3oT (—196°C)
sriguo 3 manumu H. Kysielova i cmiBagr. [13].

Toneporenni JAK Oynu oTpumaHi 3 HaTHBHUX
MHK (HarIK — koHTposb) abo KpioKOHCEpBOBa-
HUX 3a pizHuMH pexxumamu: P1 — KpioP1JIK, P2 —
KpioP2 1K, P3 — KpioP3JIK.

Huns orpumanns JIK koxmwmit 3 Bumgis MHK
y KoHueHTpauii 3—5 x 10° ki/mMi nomimany B miac-
THKOBI gamku IleTpi miameTpoM 3 cM y cepeIoBHIII
«RPMI-1640» (Biowest) 3 momaBanaam 10% ETC
(Biowest), 1%-ro po3uuny anTubioTukis (100 ox./mi
neHinuiny, 0,1 mr/mu crpentominuny). KiaiTuHu
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animals were obtained from the Biomodelservice
enterprise (Kyiv, Ukraine) with subsequent breeding
in standard conditions of the animals’ house of
the Institute for Problems of Cryobiology and
Cryomedicine of the National Academy of Sciences
of Ukraine (Kharkiv). All manipulations with ani-
mals were approved by the Bioethics Committee
of the Institute for Problems of Cryobiology and
Cryomedicine of the NAS of Ukraine (Protocol No.
5 dated of November 26th, 2019) and comply with
the main provisions of the ‘European Convention
for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes’
(Strasbourg, 1986) and the Law of Ukraine ‘On the
Protection of Animals Against Cruelty’.

To obtain cells, bone marrow was washed
from the CBA/H mice femurs with RPMI-1640
(Biowest, France) supplemented with 3% fetal
calf serum (FCS) (Biowest, France) and 2%
sodium citrate (Sigma-Aldrich, USA) (hereinafter
referred to as handling medium). The bone marrow
cell suspension was passed through a nylon filter
with a pore diameter of 100 um (Falkon, USA),
centrifuged at 200g for 10 min, and the resulting
precipitate was re-suspended in handling me-
dium.

Bone marrow MNCs were isolated by
centrifugation of the cell suspension in a density
gradient (1.077 g/ml) of the drug ‘Trazograf 76%’
(Unique Pharmaceutical Laboratories, India) [8].

Cryopreservation of MNCs was carried out with
three regimens under the protection of a 10% dime-
thyl sulfoxide solution with a slow cooling rate of
1 degree/min: regimen 1 (R1) — cooling to —80°C
(sample CryoRIMNC); regimen 2 (R2) — cooling
to —40°C (sample CryoR2MNC); regimen 3 (R3)
— cooling to —25°C (sample CryoR3MNC) in each
case with subsequent immersion of the samples into
liquid nitrogen (-196°C) according to Kysielova H
etal [13].

Tolerogenic DCs were obtained from native
MNCs (NatDC - control), or cryopreserved in
different modes: R1 — CryoR1DC, R2 — CryoR2DC,
R3 — CryoR3DC.

To obtain DCs, each type of MNC at a concent-
ration of 3-5 x 10° cells/ml was placed in plastic
Petri dishes with a diameter of 3 cm in ‘RPMI-1640’
medium (Biowest) with the addition of 10% ETC
(Biowest), 1% antibiotic solution (100 units/ml
penicillin, 0.1 mg/ml streptomycin). The cells were
cultured at 37°C in 5% CO, atmosphere. After
2 hrs’ cultivation, the medium with unattached
cells was removed. On days 0 and 3 of cultiva-
tion, fresh RPMI-1640 medium with 10% ETC and DC
inducers were added: murine recombinant granulocyte
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kyneruByBanu npu 37°C y armocdepi 5%-ro CO,.
UYepes 2 romwHU KyJABTHBYBaHHSI CEpEIOBHILE 3 He-
MPUKPITUICHUMY KJIITHHAMU BUADA. Ha HynboBy Ta
3-10 100M KyJIBTHBYBaHHS JIOJJABAIM CBIXE CEPEIOBH-
me «RPMI-1640» 3 10% ETC Tta ingykropamu JIK:
MUIIAYUMH  PEKOMOIHAHTHUMH TPaHyJIONUTaPHUM
KOJIOHIECTHUMYITIOI0UnM (pakTopom (20 Hr/mi) (Sigma-
Aldrich, Benuka Bpuranis) ta 1JI-4 (5 mr/mn) (Sig-
ma-Aldrich) i gexcamerazonom (0,4 mxr/mi) (Sigma-
Aldrich) [14]. Ha Bcix eramax KyJbTHBYBaHHS PiCT
KIIITHH KOHTPOJIOBAJIM 32 JOTIOMOTOI0 iHBEPTOBAHO-
ro mikpockoma «Axiovert 40Cy» (Zeizz, Himequnna)
i3 3mificHeHHAM (DOTOJOKYMEHTAIlii 332 JOITOMOTOIO
CBITJIOBOTO MiKpockotma «Axio Obzerver Z1» (Zeizz).

Ha 7-y nmoOy KynsTUBYBaHHS HEaIre3WBHI Ta
cnaboaAre3wBHI KIITHHA BHIASUTH 3 CEPEIOBHUIIA
i nenrpudyrysanu npu 200g npotsrom 10 xe. ITicias
MiIpaxyBaHHsI KITBKOCTI KIITHH OTPUMaHUN pecy-
CTICHIOBAaHUKA y poOOYIOMY CEpEeIOBHUII OCaa BHKO-
PHUCTOBYBaJH SIK TEPANIEBTUIHUNA MaTepial s JiKy-
BaHHS TBapHWH 3 aJ] FOBAHTHUM apTpuToM (AA).

[punanexnicte K 10 Toneporennux Oyna nqose-
JIeHa EKCIIPECi€l0 XapaKTepHUX (EHOTUIIOBUX Map-
KepiB Ha MpoTokoBoMy mnutodmyopumerpi «FACS
Calibur» (Becton Dickinson, CIIA) 3 Bukopwuc-
TaHHSM MOHOKIIOHAJILHUX aHTUMUIIAYMX AHTHUTLI:
CDl11b (FITC), CD14 (FITC), CD83 (PE), CD80
(FITC) 1 CD86 (FITC) (BD Biosciences, CIIIA) [13]
Ta BIATOBITHUX 130THITOBUX KOHTPOJIIB.

Kinmpkicte Hsp70™-xmituH, BMicT Hsp70-6imka
BU3HAUaJIM HAa MPOTOKOBOMY HHUTOQIYOpUMETPI
«FACS Calibur» (Becton Dickinson) 3a q01moMororo
FITC-miueHux MOHOKJIOHAJBHUX AaHTHUMHUIIAYHX
antutin Hsp70 (Abcam, Benuka Bpuranis) y MHK
Bigpazy micias iX 3aMOpPOXKYBaHHS-BiTaBaHHs
ta JIK (CDI1b*), mo Oynum reHepoBaHi 3 HHX
in vitro.

B sKOCTi 107aTKOBOTO MOKA3HUKA OIIHKH BMICTY
Hsp70-6inka B ximiTHax OyB BHUKOPHUCTaHHUH IIO-
Ka3HHK CEPeIHbOI IHTEHCHUBHOCTI (hIIFOOPECLCHIT
(CI®), mo cBimYUTH MPO IIUIbHICTH EKCIpPECii 1mMbo-
ro Mapkepa Ha kiIiTuHi. KpiM TOTO, OIliHIOBA)IA CY-
Mapuuii mokazHuk cBiTieHHs (CIIC), mo € iHTe-
TpalbHUM TIOKa3HUKOM ekcripecii Hsp70-0inka. Bin
pO3paxoByBaBCs K KUIBKICTh KIITHH, IO EKCIIpPE-
CYIOTh Mapkep, moMHOkeHy Ha CID.

AD’IOBaHTHUH  apTpuUT IHAYKYBaJH Y MHU-
mei minii CBA/H cyOmuianTapHuM BBeIEHHSIM
noBHoro aja’toBanta @peitnga (Santa Cruz, CLLA)
y no3i 0,1 mur Ha mumny [1]. Po3BuTOK Ta TSDKKICTH
nepediry AA y TBapuH OLIHIOBAJH 32 JOIOMOTIOO
iHgexcy aptputy (IA), sSKuil € BITHOIICHHSIM IOB-
KUHH OKPY>KHOCTI JIOCHIJHOTO CYIjIo0a 10 OKPYX-
HOCTI KOHTPOJLHOTO — KOHTpJIaTepalbHOTO. Y iH-
TaKTHUX TBapuH A OyII0 IPUIHSTO 332 OMUHUITIO.
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colony-stimulating factor (20 ng/ml) (Sigma-Aldrich,
UK) and IL-4 (5 ng/ml) (Sigma-Aldrich) and dexa-
methasone (0.4 pg/ml) (Sigma-Aldrich) [14].
At all stages of cultivation, cell growth was moni-
tored using an inverted microscope ‘Axiovert 40C’
(Zeizz, Germany) with photodocumentation using
a light microscope ‘Axio Obzerver Z1’° (Zeizz).

On day 7 of cultivation, non-adherent and slightly
adherent cells were removed from the medium
and centrifuged at 200g for 10 min. After counting
the number of cells, the obtained sediment re-
suspended in the handling medium was used as
a therapeutic material for the treatment of animals
with adjuvant arthritis (AA).

The belonging of DC to tolerogenic was proven
by the expression of characteristic phenotypic
markers with a flow cytometer ‘FACS Calibur’
(Becton Dickinson, USA) using monoclonal anti-
mouse antibodies: CD11b (FITC), CD14 (FITC),
CD83 (PE), CD80 (FITC) and CD86 (FITC) (BD
Biosciences, USA) [13] and appropriate isotype
controls.

The number of Hsp70" cells and the content
of Hsp70 protein were determined with a flow
cytometer ‘FACS Calibur’ (Becton Dickinson)
using FITC-labeled monoclonal anti-mouse Hsp70
antibodies (Abcam, Great Britain) in MNCs
immediately after their freezing-thawing and DCs
(CD11b") generated from them in vitro.

As an additional index for assessing the
content of Hsp70 protein in cells, the mean
fluorescence intensity (MFI) was used, demonstra-
ting the density of expression of this marker on the
cell. In addition, the total light index (TLI), which
is an integral index of Hsp70 protein expression,
was evaluated. It was calculated as the number
of cells expressing the marker multiplied by the
MEFT.

Adjuvant arthritis was induced in CBA/H
mice by subplantar administration of Freund’s
complete adjuvant (Santa Cruz, USA) at a dose
of 0.1 ml per mouse [8]. The development and se-
verity of AA in animals were assessed using the
arthritis index (AI), which is the ratio of the cir-
cumference of the test joint to the one of the
control — contralateral. In intact animals, the Al
was taken as a unit.

DCs grown in vitro from native or cryopreser-
ved bone marrow MNCs under various regimens
were injected intravenously at a dose of 5 x 10°
cells/mouse [13] in 0.2 ml handling medium on day
14 of AA development. Data obtained in animals
injected with the drug ‘Dexamethasone’ (KRKA,
Slovenia) at the rate of 0.022 mg/mouse in 0.2 ml
saline (Yuria-Pharm, Ukraine) [9, 18] were used
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Bupomieni in vitro 3 HatuBHHX a0o0 KpiOKOH-
cepBoBaHUX 3a pisHMMHU pexxumamu MHK xicTko-
Boro Mo3ky JIK BBOAMIM BHYTPIIIHBOBEHHO Y 1031
5 x 10° xi/mumy [13] B 0,2 Ma pobouoro cepemo-
Buma Ha 14-ty moOy po3BuTky AA. B sKOCTI KOH-
TPOJII0 BUKOPHUCTOBYBAJIM NlaHi, OTPHMaHi Ha TBa-
puHaxX, SKAM BBOAWIM Tpemnapar «JlexcamerazoH»
(KRKA, Cnosenist) 3 po3paxyHky 0,022 mr/muriry
B 0,2 mu ¢iziomoriunoro posunny («tOpis-Dapmy,
VYkpaina) [2, 18]. Tomeporenny ¢yukmiro JIK ominto-
Banu 4epe3 7 Ai0 miciisd X BBEACHHS 3a MOKA3HUKOM
A i xinbkicTio Tper y cenesinui TBapuH 3 AA.

Bwuict Tper (CD4°CD25%, FOXP3*) y cenesinmi
TBapuH 3 AA OLIHIOBAJIM Ha MPOTOKOBOMY LIUTO-
¢myopumerpi «FACS Calibur» (Becton Dickinson)
32 JIOMIOMOTOI0 MOHOKJIOHAJIBHUX aHTHMHUIIAYNX
agtutin: CD4 (FITC), CD25 (PE), FOXP3 (PE)
(BD Biosciences) 3rimHO 3 1HCTPYKITI€I0 BUPOOHU-
ka. [Borum-BimnmoBigHi amTuTiia (BD Biosciences
Ta Abcam) Oyau BHKOPHUCTAaHI SK HETaTHBHHU
KOHTPOJb. CTAaTUCTHYHUN OOJIK JaHWX, OTPHUMAaHHUX
pH HUTOGIYOPUMETPUIHOMY aHaIi31, 3M1HCHIOBAIN
3a nmomomMoroio mporpamu «WinMDi 2.8.» (Joseph
Trotter, Scripps Institute, La Jolla, CILIA).

Craructnyny o0OpOOKYy [aHMX MPOBOAMIHA 3
BUKOPDHCTaHHAM TMakeTa mporpam Statistica 10.0
(StatSoft, Inc., CIIIA), a pe3yabTatu mpeacTaBicHi
K MeJiaHW 3 HWKHIM 1 BepxHiM kBapTuisaMu (Me
[LQ; UQ]). IIpy MHOXXMHHHUX TOPIBHSHHAX HE3a-
JIC)KHUX BHOIPOK BUKOPHUCTOBYBAJIM PaHTOBUI aHAII3
Bapiartriif 3a Kpackamom-Yomricom. BinminHOCTI BBa-
kaucs 3Hagymumu npu p < 0,05. Y pasi orpumaH-
HA 3HAYYIIOl PI3HUIN MPOBOAMIIA IIOMAPHE ITOPiB-
HSHHS TPy (y KOXHIN Tpymi n = 5) 3 BUKOPHUCTaH-
HsIM TecTy ManHa-YiTHi 3 nonpaskoto boHbeppoHi.

Pe3yabTaTi T2 00rOBOpEHHS

Y Tabn. 1 mpencraBieHi MaHi, MO CBiT4arh
PO CYTTEBI 3MIHM OLIHEHHUX CTPYKTypHO-(pYHK-
mioHanmpHUX mokasHukie MHK  micias  kpiokoH-
CEpBYBaHHSA 3a pi3HUX yMOB MopiBHsAHO 3 HarMHK.
[Tepm 3a Bce BCTAHOBJICHO 3HAYHI BiIMIHHOCTI BH-
KOPHUCTAaHHS PEXUMIB KPIOKOHCEPBYBaHHS ITiJT 4Yac
30epekeHHs abcomoTHol KinbkocTi MHK kicTko-
BOTO MO3Ky 3 HAWOUIBIIMM 3HAYEHHSM IIHOTO TO-
kazHuka mpu P2 (89,2%) 1 wnaiimenmmM mpu P3
(66,7%). Kpim TOrO, NOKa3aHO 30UIBIICHHS B Pi3HOMY
cryneni konuentpauii Hsp70*-xmitun cepen KpioMHK
3a TpboMa pexkuMamu mopiBHsHO 3 HarMHK. Ilpu
P1, P2 i P3 na i 3HmkeHns 3aransHoro BMictry MHK
Ha 15,1, 10,8 i 33,3% BiamoBigHo Kinbkicte Hsp70*-
KJIITUH cepe HuX 30imbinyBanacs B 1,8, 2,6 1 3,6 pasu
BimnoBiaHO mopiBHSHO 3 HarMHK.

ITokazauk CI® Hsp70"-MHK, naBmaku, 3HIKY-
BaBcs Big P1 mo P3. Ilpu mpoMy CTyIiHB 3HMKEH-
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as a control. The tolerogenic function of DCs
was assessed 7 days after their injection by the Al
and the number of Treg in spleen of animals with
AA.

The content of Treg (CD4'CD25*, FOXP3")
in spleen of animals with AA was assessed with a
flow cytometer ‘FACS Calibur’ (Becton Dickinson)
using monoclonal anti-mouse antibodies: CD4
(FITC), CD25 (PE), FOXP3 (PE) (BD Biosciences)
according to the manufacturer’s instructions. Iso-
type-matched antibodies (BD Biosciences and
Abcam) were used as negative controls. The data
obtained during cytofluorimetric analysis were sta-
tistically analyzed using ‘WinMDi 2.8.” (Joseph
Trotter, Scripps Institute, La Jolla, USA).

Statistical data processing was performed using
the Statistica 10.0 software (StatSoft, Inc., USA),
and the results are presented as medians with lower
and upper quartiles (Me [LQ; UQ]). For multiple
comparisons of independent samples, Kruskal-
Wallis rank analysis of variance was applied.
Differences were considered significant at p < 0.05.
In the case of a significant difference, pairwise
comparisons of groups (n = 5 in each group) were
performed using the Mann-Whitney test with
Bonferroni correction.

Results and Discussion

Table 1 presents the data indicating significant
changes in the estimated structure and functions
of MNCs after cryopreservation under different
conditions compared to NatMNCs. First of all,
significant differences in the use of cryopreser-
vation regimens were found when preserving the
absolute number of bone marrow MNCs, with
the highest value of this index at R2 (89.2%)
and the lowest at R3 (66.7%). In addition, an in-
creased concentration of Hsp70* cells among Cryo
MNCs under three regimens compared to NatMNCs
was shown to varying degrees. At R1, R2 and
R3, against the background of a decreased total
content of MNCs by 15.1, 10.8 and 33.3%, respec-
tively, the number of Hsp70‘cells among them
increased by 1.8, 2.6 and 3.6 times, respectively,
compared to NatMNCs.

The MFI of Hsp70*-MNCs, on the contrary, de-
creased from R1 to R3. At the same time, the degree
of decrease in the MFI of cells was not proportional
to the degree of increase in the content of Hsp70*-
MNC. As a result, the maximum TLI was determined
after cryopreservation of MNCs at P2 (725.0 con-
ditional units). This fact may be a predictor of
the fact that R2 is able to activate the production
of to IDCs in vitro with CryoP2MNC:s to the highest
extent compared to R1 and R3.
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Tabnuusa 1. MNMokasHukM, Wo xapaktepuaytoTb ctaH MHK, kpiokoHCcepBOBaHMX 3a pisHMMUK pexnmamm (n = 5)
Table 1. Indices characterizing the state of MNCs cryopreserved under different regimens (n = 5)

MHK, kpiokoHcep-
BOBaHi 3a pi3HUMU A6ContoTHa Kinb-
pexumammn Bwmict Hsp70+-knitvH, % Cld, ymos.on. CIC, ymos.on. Bmict MHK, % KicTb X 108 KniTuH
MNCs cryopreserved | Hsp70* cell content, % MFI, arb.unit TLI, arb.unit Content of MNCs, % | Absolute cell number
under different x 10
regimens
HatMHK (koHTponb) 2,0 166,3 332,6 100.0 9,3
NatMNCs (control) [1,9; 2,11# [165,6; 179,61# [314,6; 334,31# ! [8,1; 11,41#
KpioP1MHK 3,6 161,7 537,9 84.9%# 7.9
CryoR1TMNCs [3.4; 3,71 *# [145,4, 153,2]# [620,9; 546,1]1*# ! [6,4; 8,2]*
KpioP2MHK 5,3 136,8 725,0 89 2* 8,3
CryoR2MNCs [4,5; 5,4] * [131,9; 147,4] * [663,3; 765,01* ! [7.6; 9,6] *
KpioP3MHK 7.1 61,2 440,2 66.7*# 6,2
CryoR3MNCs [6,7; 7,41*%# [69,6; 65,7]1*# [434,5; 488,71*# ! [6,9; 6,71*#

MpuMiTKN: * — nokasHuKM 3HauvyLi BigHOocHO KoHTponio (HaTMHK); # — nokasHuku 3Havywli BigHocHo KpioP2MHK

(p < 0,01).

Notes: *— indices are significant relative to the control (NatMNCs); # — indices are significant relative to CryoR2MNCs

(p < 0.01).

Hs mokasHuka CI® xmituH OyB HE MPOIIOPIIHHII
cTymeHio 3pocranHs Bmicty Hsp70™-MHK. Mak-
civmanpauit  CIIC Bu3HAuaBcs ICHAS  KPIOKOH-
ceppyBanass MHK 3a P2 (725,0 ymos. om.). lleit
tdakT Moxke OyTH TNpEemuKTOpoM Toro, Imo P2
3mareH akTHBYBaTH mpoxykuito tondK in vitro
3 KpioP2MHK vy naii6inpmiii Mipi nopiBasiHo 3 Pl
i P3.

Hiiicno, Bmict Hsp70*-kmitun cepen K, otpu-
Mannx 3 KpioP2MHK, mnopiBasHo 3 Har/IK, me-
peBuIyBaia 1ei nokasauk y 1,8 pasa (5,1 1 2,8%
BiMoBinHO) (Tabi. 2). AbcomorHa KutbKicTh KpioP2J1K
(6,7 x 10° ki) TakoX II€PEBMINyBaa ITOKa3HHK
Har[IK (5,6 x 10° ki), Tozi sik aOCOMOTHA KITBKICTh
KpioP1JIK (5,1 x 10° ki) He Bifpi3HsAIachk BiJ KOH-
Tpoito, a KpioP3JIK — Oyna Hmxue maibke y 3 pasu
(1,9 x 10° k).

[licns KynsTUBYBaHHS in Vitro HaTMBHUX 1 Kpio-
KOHCEpBOBaHUX 3a pizHuMH pexumamu MHK, CIO,
orpuManux 3 HuXx Hsp70*-kmitun sk cepen Har/IK,
tak 1 Kpio/IK Oyna B 10 pasiB Oinpie (tabm. 2),
ik Hsp70*-MHK (muB. Tabn. 1). Lle MokHa mosic-
HUTH THM, IO €KCIIpecis OUIKIB TEIIOBOTO IIOKY,
3okpema Hsp70, Moke WiABUITYBaTHUCS HE Tilb-
KM TIiJ] BIUIMBOM KPIOKOHCEPBYBAaHHS, aje 1 Tif
JIi€l0 pocTOBHX (PakTOpiB Ta IHTEpNEHKiHIB [24],
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Indeed, the content of Hsp70* cells among DCs
obtained from CryoR2MNC compared to NatDCs
exceeded this index by 1.8 times (5.1 and 2.8%,
respectively) (Table 2). The absolute number of
CryoR2DCs (6.7 x 10° cells) also exceeded that of
NatDCs (5.6 x 10° cells), while the absolute number
of CryoR1DCs (5.1 x 10° cells) did not differ from
the control, and CryoR3DCs was lower by almost
3 times (1.9 x 10° cells).

After in vitro cultivation of native and cryo-
preserved MNCs, MFI under different regimens, the
number of Hsp70* cells obtained from them among
both NatDCs and CryoDCs was 10 times higher
(Table 2) than Hsp70" MNCs (see Table 1). This
can be explained by the fact that the expression
of heat shock proteins, in particular Hsp70, can
increase not only under the influence of cryo-
preservation, but also under the influence of growth
factors and interleukins [24], which were present
in the culture medium for DCs induction. The
total light index of Hsp70* CryoR2DCs exceeded
that of NatDCs, CryoR1DCs and even more so
CryoR3DCs by 1.5, 1.3 and 3.6 times, respectively.
In general, this indicates that Hsp70"CryoR2DCs
acquire structural and functional characteristics
with the highest tolerogenic potential.
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Tabnuusa 2. MokasHukK, Wo xapakTepuaytoTb cTaH [K, oTpMMaHux in vitro 3 KpiokOHCEPBOBaHMX
3a pisHumu pexumamun MHK (n = 5)

Table 2. Indices characterizing the state of DCs obtained in vitro from cryopreserved MNCs

using different regimens (n = 5)

MHK, kpiokoHcepBoBaHi . N AGCONIOTHA KifbKiC
33 PisHUMN pexumamMu Bwmict Hsp70°*- Bmict MHK, % HOTHA KINBKICTE
. KNiTUH, % Clo, ymos.oa. CNnC, ymos.og. Content c,)f x 10° kniTuH
DCs obtained from MNCs Hsp70* cell MFI, arb.unit TLI, arb.unit 5 Absolute number of
cryopreserved under different content, % DCs, % DCs x 106 cells
regimens !
HatMHK (koHTpons) 2,8 1893,4 5271,8 100 5.6
NatDCs (control) [2,5; 3,11# [1886,2; 1914,71# [4808,8 ; 5935,6]# [5,4; 5,71 #
KpioPTMHK 3,9 1473,7 5825,0 51.0%# 5,1
CryoR1DCs [3,8; 4,21* # [1463,5; 1493,6] *# | [6561,3; 6107,6]*# ! [4,8; 5,31#
KpioP2MHK 5,1 1516,7 7758,9 67.0% 6,7
CryoR2DCs [4,9;5,2] * [1507,3; 1534,8]* [7385,8; 7890,71* ! 6,5;6,8*
KpioP3MHK 2,1 1024,5 2151,5 19,0%# 1,9
CryoR3DCs [2,0; 2,21*# [1013,5; 1035,4]1*# | [2112,8; 2229,71*# ! [1,8; 2,41*#
MpuMiTKN: * — nokasHWKM 3Hauywli BigHOocHO koHTpomto (Hat[AK); # — nokasHukn 3Hadvywi BigHocHo KpioP2OK

(p < 0,01).

Notes: * — indices are significant relative to the control (NatDCs); # — indices are significant relative to CryoR2DCs

(p < 0.01).

aKi Oy TPUCYTHI B KyJIbTypaJbHOMY CEpelOBHII
s igykuii JIK. CymapHuil TOKa3HUK CBITJICHHS
Hsp70* KpioP2IK mnepeBuinyBaB Takuii TOKa3-
nuk Har/IK, KpioP1JK i tum 6Gineme KpioP31K
y 1,5, 1,3 1 3,6 paziB BignoBigHo. Bitimomy me cBia-
quth mnpo HaOyBamHs Hsp70"KpioP2JIK cTpyk-
TypHHX 1 (YHKIIOHATHHUX XapaKTEPUCTHUK 3 HaM-
OUTBIIM TOJICPOTCHHHUM ITOTCHITIAIOM.

Bigomo, mo omHUM 3 KpHUTEpiiB TOJIEPOTCH-
Hoi 3xarHocTi JAK € dopmyBaHHs mig iX BILIHBOM
Tper (CD4'CD25'FOXP3*) [23], BMIiCT i (hyHK-
Ui SKUX B3HW)KEHA TPH ayTOIMYHHHX 3aXBOpIO-
BaHHAX. CyOmomymsiuis Tper yTBOproeThcst 3 HaiB-
HuX CD4°-T-xmiTHH mig Yac pPO3BUTKY IMYHHOI
BiJIOBiAl, CIPSIMOBAHOI HAa 3yMHMHKY 3alalibHOI pe-
akii. Y mpoueci 3ananeHHA npoaykKyeTtbes [JI-2,
SAKMH € KIIOYOBUM IIMTOKIHOM, 110 BHUKJIHMKAE
ekcripecito  CD25-mapkepa  (0-TaHITIOT  perienTo-
pa UUI-2, JI-2Ra) mHa CD4*-xmitunax [5], a FOXP3
€ HaiOLIbII crelnupiYHUM BHYTPIIIHbOKITI THHHAM
MapkepoM Tper, sikuii 0OyMOBIIOE iX CYIIPECOPHY
dyskio [16, 19].

Hactymaum etamom nmocimipkeHHs Oyna OIliHKa
TojeporenHoro mnorteHmiaga K, sku Oymu oTpu-
MaHi 3 KpiOKOHCEPBOBAaHHMX 3a PI3HUMH PEXH-
mamu MHK, 1 mamu pizauii Bmict Hsp70-06inka.
BazoBum kpurepiem ToneporeHHoro norenuiany JAK
Oyma ix 3marHicTh ¢opmyBatu Tper (CD4'CD25" i
FOXP3") y cemesinmi wmumeir 3 AA (puc. 1).
BcTanoBneHo, 1m0 MOKa3HUKH BMICTy 000X CyOImo-
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One of the criteria for the tolerogenic ability
of DCs is known to be the formation of Treg
(CD4"CD25"FOXP3*) under their influence [23],
the content and function of which are reduced in
autoimmune diseases. Treg subpopulation is formed
from naive CD4" T cells during the development
of an immune response aimed at stopping the
inflammatory reaction. During inflammation, IL-2
is produced, which is a key cytokine that induces
the expression of the CD25 marker (IL-2 receptor
o chain, IL-2Ra) on CD4* cells [2], and FOXP3
is the most specific intracellular Treg marker
that determines their suppressor function [16, 19].

The next stage of the study was to assess the
tolerogenic potential of DCs obtained from cryo-
preserved MNCs using different modes and with
different Hsp70 protein content. The basic criterion
for the tolerogenic potential of DCs was their
ability to form Treg (CD4'CD25* and FOXP3*)
in the spleen of mice with AA (Fig. 1). It was
found that the content of both subpopulations of
CD4*CD25* and FOXP3* cells did not have sig-
nificant differences in intact animals (4.43 £ 0.33%;
4.99 £ 0.37%, respectively). Our data are consistent
with the data of J. Fontenot et al. [7] regarding
the concentration of these cells in intact animals.
The balanced state of Treg, when all CD4*CD25*
cells expressed the FOXP3 marker in intact animals,
changed significantly under the conditions of AA
development (Fig. 1). That is, there is an obvious
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Puc. 1. Bwmict Tper-knitun (CD4*CD25* (1) i FOXP3* (2) B cenesiHui TBapuH 3 AA nicns
BeeaeHHs Hat[K, KpioP1[0K, KpioP2[K, KpioP3OK (n = 5). BeegeHHs Hat[K, Kpio[K Ta

[eKcameTasoHy Y SIKOCTi KOHTponto, Ha 14-y noby po3suTky AA, atecTauist Ha 21-y ooby;

YMOBaX pO3BHTKY AA
(puc. 1). TobOto, oue-
BHJHO  po30anaHcy-
BaHHS «TrapMOHI30Ba-
HOIO» CIHIBBIJHOIIICHHS
CD4*CD25%- 1 kJ1iTHH,
mo Oym FOXP3-
MO3UTHBHUMM M1 4ac
po3BuTKY marosorii. JlificHo, po3BUTOK AA cympo-
BO/DKYBaBCS OUIBII TIOTY)KHOIO TIpomidepartiero
CD4*CD25"-kniTiH Ha T 3HWKeHHA piBHA (Y 1,4
pas3u) FOXP3-6inka mopiBHSHO 3 iIHTAKTHUM KOHTPO-
JIieM, M0 OOYMOBIIOE 3HIDKEHHS iXHBOI (DYHKIIIO-
HanbHOI akTHBHOCTI (puc. 1) [10].

Beenenns JIK, mo orpumani 3 HarMHK, mutam
13 AA y IIeBHIH Mipi, X04a 1 He OCsrano piBHSA MMOKa3-
HukiB CD4"CD25%1 FOXP3*-kmiTHH IHTaKTHOTO KOH-
TPOITIO, aJle «TapMOHI3yBaJIO» iX CITIBBITHOIICHHS. Y
Toi ke dac JIK, oTprMaHi 3 KpiOKOHCEPBOBAaHUX 3a
pizauMu pexxumamu MHK, Buxnmmkamm pizHy 3MiHY
OILlIHEHUX cyOnomyJsiiii Tper He TUIbKYU MMOPiIBHIHO
3 Har/IK, ame i mixx co6oro (puc. 1). Tak, KpioP1JIK
i KpioP2JIK 3 GinbmM BMicTOM 1 piBHEM eKcIpecii
Hsp70, nopisusino 3 Hat/IK, npuBoaunu no 3011b-
menns sk CD4"CD25%-, tak 1 FOXP3*-xmitun. Bax-
nmuBo, 1o mij dac BBepeHHs KpioP2JIK 3pocranns
Bigcotka CD4"CD25*- 1 FOXP3*-xiiTuH a0COIIOTHO
cmiBnagano. Llei dakT cBimUuTh TPO TE, MO MiCIs
TaKMX YMOB KpiOKOHCepByBaHHs (3a P2) yci copmo-
BaHi CD4*CD25"-xmitnan 6ynu FOXP3-mo3uTtnBHU-
MH 3 IPUTAMaHHOIO M CYTIpecopHOIo (hyHKITiETo [ 16].
CytteBo, mo K, orpumani 3 KpioP2MHK, mamm
HanouTeImmi BigcoTok Hsp70*-xmitun (5,1 + 0,1%)
i CIIC (7758,9 = 131,8 yMOB. 01I.) TIOPIBHSHO 5K
3 HarIK, Tax i KpioP1/IK i KpioP3IK (Tabm. 2).

and CryoR2DC (*); p < 0.01.
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MoKasHWKKM 3HauyLLi BigHocHO IHTakT (*) Ta KpioP2K (*); p < 0,01.

Fig. 1. Content of Treg cells (CD4*CD25* (1) and FOXP3* (2) in the spleen of animals
with AA after administration of NatDC, CryoR1DC, CryoR2DC, CryoR3DC (n = 5). Admi-
nistration of NatDC, CryoDC and dexamethasone as a control, on the 14" day of AA
development, certification on the 21st day; indices are significant relative to Intact (*)

imbalance of the ‘harmonized’ ratio of CD4*CD25*
and cells that were FOXP3-positive during
the development of pathology. Indeed, the AA
development was accompanied by a more
powerful proliferation of CD4*CD25* cells against
the background of a decrease (by 1.4 times) in the
level of FOXP3 protein compared to the intact
control, which causes a decrease in their functional
activity (Fig. 1) [7].

The introduction of DCs derived from NatMNCs
to mice with AA to a certain extent, although it did
not reach the level of CD4"'CD25" and FOXP3*-cells
of intact control, ‘harmonized’ their ratio. At the
same time, DCs derived from cryopreserved MNCs
according to various regimens caused different
changes in the assessed Treg subpopulations not
only in comparison with NatDCs, but also among
themselves (Fig. 1). Thus, CryoR1- and CryoR2DCs
with a higher content and rate of Hsp70 expression,
compared with NatDCs, led to an increase in both
CD4CD25*- and FOXP3*-cells. It is important that
during the introduction of CryoR2DCs, the increase
in the percentage of CD4'CD25"- and FOXP3*-
cells was absolutely identical. This fact indicates
that after such cryopreservation conditions (at R2),
all generated CD4'CD25" cells were FOXP3-posi-
tive with their inherent suppressor function [16].
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HUX 3aXBOPIOBaHb y KIiHIYHIN
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MPaKTUIl B HE3HAYHINA Mipi 3Mi-
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HIOBAJIO MOPiBHSIHO 3 AA KOH-
nenTpaigito CD4*CD25"-kmitun
Ha T CyTTEBOTO 3pOCTaHHS Y
MOPiBHSHHI 3 IHTAKTHUM KOHTPO-
sneM Bincorka FOXP3*-ximiTuH.
ToOTO, JexcameTa3’oH ICTOT-
HO HE KOPWTYBaB IOpPYIICHHS
3rajjaHoi BUIE «TapMOHI3aIlii»
CIIBBITHOIIICHHS 000X CyOI10-
MyJSAiA  IMyHOKOMIIETEHTHUX
KIIITHH, MO 3a0e3Me4yloTh ix
CTaTyc-KBO B iMyHHiH cucremi as 1.0;
3JIOPOBOTO OpraHi3My CCaBIliB
[10]. Cxoxe, mo 3pocTaHHS
BMicTy FOXP3*-k1iTuH npu THX
g TUX AucOanaHcax iMyHHOI
CHCTEMH e HE CBIJYUTH PO TX
3IaTHICTh peaji3yBaTH CyIpe-
cuBHHHU edekT. Harpukian, € moBiIoMICHHS TIPO Te,
110 FOXP3-0i10K MOXYTh €KCIIPeCyBaTu 1 €PeKTOp-
Hi T-xmituan micns aktuBaiii [8]. HaBemeni mpuk-
JIaJTd KOPEIOI0Th 3 Pe3yJbTaTy HANIMX JOCHTiHKEHb
PO Te, IO Mic/s BBEACHHS JEKCaMETa30Hy TBapUHAM
3 AA, KoM BMICT KJITHH, 0 ekcnpecyiorh FOXP3-
oimok y 1,5 pasa, nepesuutysaB Bmict CD4*CD25'-
Tper.

Pesynbrati OLIHKK KIIHIYHOTO CTaTyCy TBapuH
3a [A € TiATBEpIKEHHSM TONEPOTEHHOTO €(eKTy
3actocyBauHsa KpioP 11K i KpioP2JIK 3 migBumeHnmM
BMicToM Hsp70*-kmitrH i ctynenem excrpecii Hsp70-
oinka B HuX (puc. 2). Ilpm BBemenni KpioP1JIK i
KpioP2JIK ingexc apTpurty cranoBus 1,241 1,16 Bin-
MTOBITHO, HAa BIIMIHY BiJ ITHOTO MTOKAa3HHWKA y TBAPUH
3 AA 0e3 nikyBanus (1,6).

Beenenns KpioP1JIK i KpioP2IK nepeBaxanu
HarIK 3a 3parmictio miHimizyBatn [A. HaiiGinb-
1I010 Mipolo A 3HMKYBaBCs 1 HAOMMKABCS [0 TTOKa3-
HUKa IHTaKTHUX 3J0POBUX TBApHH IICIIs BBEICHHS
KpioP2/IK (1,0 1 1,16 BigmoBiano; puc. 2). IIpu mpo-
My iHTerpansuuii nokazHuk CIIC Hsp70"KpioP2IK
OyB HAHOUTBIITNM.

OtprMaHi pe3ylIBTaTH MOXYTh OyTH KOPHCHI IS
3actocyBanHs JIK 3 WiABUIIEHHM TOJIEPOTCHHUM
MTOTCHITIAIOM Yy Teparrii ayTOIMyHHUX 3aXBOPIOBaHb.

Puc. 2.

278

IHTAKTHWIA KOHTPOSb 7 14 21
Intact control

[o6a po3sutky AA
Day of development of AA

IHoekc apTputy y muwen 3 AA go Ta nicna BBedeHHs Tondk,
oTpumaHux 3 KpioMHK (n = 5); y 3gopoBux TBapuH IA 6yno npuiHsito 3a 1,0;
BBefgeHHs Hat[K, Kpio[K Ta pekcametazoHy Ha 14-y pnoby possutky AA,
aTecTauis Ha 21-y Oo0y; nokasHWKKU 3HaudyLli BigHocHo AA (*) Ta KpioP2OK (*);
1 — AA; 2 — [ekcametasoH; 3 — KpioP3[K; 4 — Hat[K; 5 — KpioP10K;
6 — KpioP2[K; 7 — IHTakTHWIA KOoHTponb; p < 0,01.

Fig. 2. Arthritis index in mice with AA before and after administration of
tolIDCs obtained from CryoMNCs (n = 5); in healthy animals, IA was assumed
administration of NatDCs,
day 14 of AA development, certification on the 21st day; indicators are
significant relative to AA (*) and CryoR2DCs (*); 1
methasone; 3 — CryoR3DCs; 4 — NatDCs; 5 — CryoR1DCs; 6 — CryoR2DCs;
7 — Intact control; p < 0.01.

CryoDCs and dexamethasone on

— AA; 2 — Dexa-

Significantly, DCs derived from CryoR2 MNCs
had the highest percentage of Hsp70* cells (5.1 +
0.1%) and ATP (7758.9 £ 131.8 conditional units)
compared to both NatDCs and CryoR1- and
CryoP3DCs (Table 2).

Administration of CryoR3DCs with a low content
of Hsp70* cells and a low expression rate of Hsp70
protein to animals with AA did not lead to Treg
stimulation.

The use of dexamethasone for the treatment
of AA as one of the representatives of the basic
glucocorticoid therapy for similar diseases in clinical
practice, to a small extent changed the concentration
of CD4*CD25" cells compared to AA with strong
rise in the percentage of FOXP3* cells compared
to the intact control. That is, dexamethasone did
not significantly correct the disorder of the above-
mentioned ‘harmonization’ of the ratio of both
subpopulations of immune competent cells, which
ensure their status quo in the immune system of
a healthy mammalian organism [7]. It seems that
the increase in the content of FOXP3* cells with
certain imbalances of the immune system does not
yet indicate their ability to implement a suppressive
effect. For example, there are reports that FOXP3
protein can also be expressed by effector T cells
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BucHoBku

TakuM 9uHOM, TOBEICHA 31aTHICTH KPIOKOHCEPBY-
BaHHJ ITiJIBUIITyBaTH piBeHb ekcripecii Hsp70-0inka B
MHK kicTKOBOTO MO3KY, 1110 00yMOBITIOE (hopMyBaH-
Hs 3 HUX in vitro JIK 3 He3pinum (peHOTHIIOM i Toje-
POTCHHUMH BIIACTUBOCTSIMH.

[TokazaHo, 1o ToneporeHHwmit moteHian JJK Mox-
Ha 3MIiHIOBaTH yMOBaMu KpiokoHcepByBaHHsS MHK,
3 SIKUX IX OTPUMYIOTh. BH3HAYeHO PEKUM KPiOKOH-
cepByBaHHa (P2), sxmii 3abe3mnedye MakcUMaibHE
30iabimenHss Hsp70"'MHK i chopmoBaHux 3 HUX in
vitro Hsp70"JIK 3 ToJIEpOTeHHOIO aKTUBHICTIO.

Otpumani in vitro JIK 3 KpiOKOHCEPBOBaHUX 3a
P2 moHOHyKJICapHHX KIITHH KICTKOBOTO MO3KY 3
migBuieHuM BMicToM Hsp70 mpomeMoHCTpyBamu
301IbIIeHHsT KiUTbKOCTI Tper y TBapud 3 AA 1 HOp-
MaJi3arii iX KJIiHIYHOTO CTaTyCy.
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after activation [5]. These examples correlate with
those of our studies when after the administration of
dexamethasone to animals with AA, the content of
cells expressing FOXR3 protein exceeded the content
of CD4*CD25*- Treg by 1.5 times.

The results of the assessment of the clinical
status in animals with Al confirm the tolerogenic
effect of the use of CryoR1DCs and CryoR2DCs
with an increased content of Hsp70" cells and the
expression rate of Hsp70 protein in them (Fig. 2).
When administered CryoR1DCs and CryoR2DCs,
the arthritis index was 1.24 and 1.16, respectively,
in contrast to this index in animals with AA without
treatment (1.6).

Administration of CryoR1- and CryoR2DCs
was superior to NatDCs in terms of the ability to
minimize Al. It critically decreased and appro-
ached the value of intact healthy animals upon
administration of CryoR2DC (1.0 and 1.16, respec-
tively; Fig. 2). At the same time, the integral index
of the TLI of Hsp70*CryoR2DC was the highest.

Our findings may be helpful to use the DCs with
increased tolerogenic potential in the treatment of
autoimmune diseases.

Conclusions

Thus, the possibility of cryopreservation to
increase the rate of Hsp70 protein expression in bone
marrow MNCs has been proven. All this causes the
formation of DCs with an immature phenotype and
tolerogenic properties from them in vitro.

Tolerogenic potential of DCs has been shown
to be changed by the cryopreservation conditions
of MNCs from which they were derived. There
has been determined the -cryopreservation re-
gimen (R2), providing the maximum increase in
Hsp70'MNCs and Hsp70'DCs in vitro formed
from them with tolerogenic activity.

DCs in vitro obtained from cryopreserved
R2 bone marrow mononuclear cells with an in-
creased content of Hsp70 demonstrated signifi-
cantly higher tolerogenic activity, as assessed
by the increase in Treg formation in animals with
AA and their clinical status normalization.
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