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Pedbepar: Baxnuea cknagoBa natoreHedy ayTOIMyHHWX 3aXBOPIOBaHb — AWUCPErynsuis iMyHHOI CUCTEMMW y BUMMSAAI NOPyLUEHb
TONEPaHTHOCTI 10 BACHMX aHTUMEHIB 3a 3HIKEHHS BMICTy T-perynstopHux KnituH. Ix chopMyBaHHs TiCHO MOB’s3aHO 3 dyHKLIE AeH-
ApuTHUx kNitvH (AK), ToMy nepcnekTMBHUM AnS BiGHOBIMEHHS aHTUreH-crneumdivHOi ToNepaHTHOCTI Ha TNi ayTOIMYyHHMX 3aXBOPHOBaHb
€ 3actocyBaHHs [JK i3 ToneporeHHuM noteHuianom. OCTaHHIM 4acoM akTMBHO OBGrOBOPHOETLCS MUTAHHS LLIOAO CTBOPEHHSA BaHKiB TO-
neporeHHux [K Ansa kniHiYHOrO BMKOPWCTaHHSA, sike nepepbavae ix KpiokoHcepByBaHHS. [loTenep He iCHye €QMHOro MpoTOKOMy 3a-
mopoxyBaHHSA [IK, skuit 61 BpaxoByBaB pi3Hi Jkepena ix oaepxaHHs, BUXiOHUIA CTPYKTYPHO-(PYHKLIOHaNbHUIA CTaH nepes 3aMopoXKyBaH-
HSIM, CKNaz cepefoBULLa KPiOKOHCEPBYBaHHS Ta iHLWi hakTopu. Y Ormsdi y3aranbHeHO eKCnepyMeHTarnbHi AaHi Wo[o KpiOKOHCEepBYBaHHS
MOHOHYKreapiB abo MOHOLMTIB neprndepuyHOi KPOBi 1 KICTKOBOro MO3Ky. BMBYEHO noTeHLian noganbLuoro ix AudepeHLitoBaHHS ex vivo
y AK ans 3abeaneveHHst cTabinbHOCTI HE3PINOro PeHOTUNY N TONePOreHHOT gyHKLI.

KntouoBi cnoBa: KpiOKOHCEPBYBaHHSl, MOHOHYKMeapHi KMiTUHW, MOHOUWUTW, TOMEPOreHHi OEHAPUTHI KNiTMHW, ayTOIMyHHI 3ax-
BOPIOBaHHS.

Abstract: An important component of the pathogenesis of autoimmune diseases is the immune system deregulation as an
impaired tolerance to its own antigens by reducing the content of T-regulatory cells. Their formation is closely related to the function
of dendritic cells (DCs), so in autoimmune diseases the use of DCs with tolerogenic potential is promising for the restoration of anti-
gen-specific tolerance. Recently, the issue of establishing the banks of tolerogenic DCs for clinical use, which involves their cryopreser-
vation, has been actively discussed. To date, there is no common protocol for DCs freezing, which would take into account the different
sources of their obtaining, the initial structural and functional state before freezing, composition of cryopreservation media and other
factors. The review summarizes experimental data on cryopreservation of peripheral blood and bone marrow mononuclear cells
or monocytes. The potential for their further ex vivo differentiation into DCs to ensure the stability of immature phenotype and tolero-
genic function has been studied.

Key words: cryopreservation, mononuclear cells, monocytes, tolerogenic dendritic cells, autoimmune diseases.

OcTaHHIM YacoM pO3LINPIOELCS CIEKTP Ipe-
mapariB Uil KIITHHHOT Ta TKaHWHHOI Teparii [2, 3,
27, 60]. Bu3snaueHHsS HOBHUX IAaTOT'CHETHYHUX O3HAK
THX YW THX 3aXBOPIOBaHbL OPIEHTYE KIIHIIUCTIB HE
TIBKH /10 BUKOPHCTAHHS TpemnapariB i3 moii(yHK-
[IOHAJLHUMU BIACTUBOCTSIMHU, aji€ 1 THX, IO 3/JaTHi
[JIECIIPSIMOBAHO KOPUTYBATH Pi3HI JIAHKH aTOTeHe-
3y 3aXBOPIOBAHHS, IO SIKUX MOXYThb OyTH BiJHECEHI
neaaputHi kaituau (IK) [2, 56].

Bigomo, mo JAK — miHOpHa momy’nsimisi MOHO-
HyKJIeapiB Ta «mpodeciiiHi» KIITHHH KiCTKO-BO-
MO3KOBOT'O MOXOMKEHHS, SIKI IPE3CHTYIOTh aHTHU-
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Recently, the range of cell and tissue therapy
products has been expanding [18, 21, 26, 60]. Iden-
tification of new pathogenetic features of certain
diseases orients clinicians not only to use the pro-
ducts with multifunctional properties, but also
those that can purposefully correct various links in
the disease pathogenesis, which may include dend-
ritic cells (DCs) [18, 56].

DCs are known to be a minor population of
mononuclear and ‘professional’ cells of bone marrow
origin that present antigens [27]. On the one hand, DCs
initiate an immune response by stimulating the
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renu [28]. 3 omnoro Ooky, HK iHiLilOIOTE iMyHHY
BiJNOBiAb, CTUMYIIOIOYM (OPMYBAHHS ILIMPOKOTO
CHEKTpa KIIITHH 3alaJIbHOTO KacKaly, Yy TOMY YHUCIi
edexropHi T-kmiTHHH, 3 IHIIOTO — TPUTHIYYIOTH
BHPaXEHICTh IMYHHOI BIiITOBIiJli 4Yepe3 aKTHBAIIIO
T-cynpecopnoi naHku iMyHHOI cuctemu [2, 55].
IIpu mpoMy myamicTHuHUN XapakTep T-KITITHHHOL
BiAmoBimi (akTuBarliss abo iHTiOimist) Ta i MaHidec-
taiis yepe3 audepeniiroBadds B 0ik Thl ado Th2
KacKaJy 3yMOBJICHI TiCTOICHETHMYHHM IIOXOJKEH-
HSIM, 3pUTiCTIO 1 (yHKIioHANbHOIO akTHBHIicTIO JIK
[12, 26].

B ocranne necsatwiitts OyB BUAUICHUH II€ OAWH
tun K — ToneporenHi, 1uis SIKUX XapakTepHi HA3bKa
ekcrpecist koctumynsatopaux (CD80, CD86, CD83)
i HLA (human leukocyte antigen) momnexym, 3mat-
HICTh IO Mirpamii y BTOpHHHI JIMQOigHI OpraHw,
MiIBHIIEHA TPOIYKITS TMPOTHU3AMATHLHOTO ITUTOKIHY
IL-10 Ha 111 HU3BKOI 200 HYIHOBOI CEKpeIlii Meia-
TopiB 3amanbHOTO Kackany (IL-12 i IFN-y). Tonepo-
renni JIK HecnpuiHATIMBI 70 Tpo3anajbHUX CTH-
MymiB 1 ekcnpecyors moiekyaun PDLI1, CDO9SL,
IDO, mro npurHiuyoTh akTHBaLi0 T-1iMdoruTis [8,
50].

Pesynbrati eKCHEpUMEHTAIBHUX 1 «IITOTHHX»
KIIHIYHUX JOCTIKEHb CBiAYaTh MPO BUCOKHN iMy-
HoTeparieBTHuHUN moreHmian JK. BaxmuBo min-
KpPEeCJIHTH, IO I KIITHHH BUKOHYIOTH Pi3HI Tepa-
MIeBTUYHI 3aBAaHHA. 3 ogHOTO 00Ky, /IK BXOmATH 11O
CKJIay TPOTHUITyXJIMHHUX BAKIMH SIK TPUPOTHHUN
aa’TOBaHT JUISI TIOCWJICHHS IMYHOTCHHOCTI ITyXJIMH-
HUX KJIITHH: BUKOHYIOTh (DYHKIIIIO CTIEIiaTi30BaHUX
KIIITHH, SIKI ONTHMI3yIOTh YMOBH JJsi €(EeKTUBHOI
npe3eHTalii MyXJIMHHAX aHTUTEHIB, peai3yloTh
MicIieBy a00 CHCTEMHY IMYHOCYNpPECIIO LUISIXOM 1H-
IyKIl ¥ MiTPUMKH IMYHHOI BiJIOBiJi, CIIPSIMOBA-
HOI Ha eNMIHAIlI0 MyXJMHHUX KITHH. 3 1HIIOTO
0oky, /IK € KOMIOHEHTOM aJONTHBHOI Teparii ayTo-
IMyHHHX 3axBOproBaHb (AI3): peamizytoTs ToJdepo-
TeHHY (YHKIIIIO Yyepe3 CTUMYJIAIio T-peryiasTopanx
KIIITHH (Tper), TUCOYHKINS SIKUX CIIOCTEPITaeThes
B ymoBax Al3 [14, 32].

InenTudikamis CTPYKTYpHHX Ta (QYHKIIOHATb-
HUX OloMapKepiB, SIKi MiATBEPIKYIOTh NepeOyBaHHS
JK y ToneporeHHOMY CTaHi — OJIH 13 KpiTepiiB Kili-
HIYHOTO 3aCTOCYBaHHS ayTOJIOTIYHUX, OTPUMAHUX ex
vivo Toneporennux JIK. Bu3HaueHHs reHOMHOTO 1
noctreHoMHoro mnpodumo JK, skuii miaTBeppKye
X HAJIEXKHICTh J0 TOJEPOTeHHUX KiiTuH [40] — Haii-
OlmpIn TomuMpeHuil Meton imeHTHikamii Oiomap-
KepiB , Kl € «CBI1IKAMI TOJIEPOTEHHOTO TIOTEHITIATY
JK. Came Takwii piBenb arectarii JIK mMoxxe HamaTn
HafiiHy iH(QOpMaIlito moAo iX TOJEpOTeHHOTO CTa-
HY TTOPIBHSIHO 3 1HIIMMH METOAaMH, 30KpeMa BH3Ha-
4eHHSIM (DEHOTHIIOBHX O3HAK a00 (hyHKITIOHATHHHIX
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formation of a wide range of inflammatory cascade
cells, including effector T cells, on the other hand,
they suppress the immune response expression by
activating the T-suppressor part of immune system [2,
55]. The dualistic nature of T-cell response (activation
or inhibition) and its manifestation via differentia-
tion towards the Thl or Th2 cascade are due to
histogenetic origin, maturity and functional acti-
vity of DCs [7, 25].

In the last decade, another type of DCs has been
identified, i. e. tolerogenic ones, which are cha-
racterized by low expression of co-stimulatory
(CD80, CD86, CD83) and HLA (human leukocyte
antigen) molecules, the ability to migrate to secon-
dary lymphoid organs, increased production of anti-
inflammatory cytokine IL-10 when secretion of me-
diators of inflammatory cascade (IL-12 and IFN-y)
is low or zero. Tolerogenic DCs are insensitive to
pro-inflammatory stimuli and express PDL1, CD95L,
IDO molecules, which inhibit the activation of
T lymphocytes [2, 50].

The results of experimental and pilot clinical
trials indicate a high immune therapeutic potential
of DCs. It is important to emphasize that these
cells perform various therapeutic tasks. On the
one hand, DCs are part of antitumor vaccines as
a natural adjuvant to enhance the immunogenicity
of tumor cells: they perform the function of spe-
cialized cells that optimize the conditions for effec-
tive presentation of tumor antigens, implement local
or systemic immune suppression by inducing and
supporting immune response directed to elimina-
tion of tumor cells. On the other hand, DCs is a com-
ponent of adoptive therapy of autoimmune diseases
(AIDs): i. e. they implement the tolerogenic function
through stimulation of T-regulatory cells (Treg), the
dysfunction of which is observed in AIDs [10, 32].

Identification of structural and functional bio-
markers, conforming the presence of DCs in the
tolerogenic state is one of the criteria for clinical
use of autologous, ex vivo obtained tolerogenic
DCs. Determination of the DCs genomic and post-
genomic profile, supporting their belonging to
tolerogenic cells [40] is the most common method
of identifying biomarkers being the ‘witnesses’
of the DCs tolerogenic potential. Actually the very
this level of DCs certification can provide relia-
ble information on their tolerogenic status com-
pared to other methods, including the determina-
tion of phenotypic traits or functional properties.
Such markers could predict both the therapeutic
potential of DCs and safety of the ‘cellular product’
in the form of tolerogenic DCs.

Dexamethasone-induced tolerogenic DCs express
the genes for regulating the immune response due
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BiacTUBOcTei. Taki Mapkepu Morm O cTaTtu mpe-
JUKTOpaMH SIK TepareBTHYHOro mnoteHuiany K,
TaKk 1 OE3MeKU «KIITHHHOTO MPOAYKTY» y BUIVISAIL
toneporeHHux K.

Y nexcameTa3oH-1HIYKOBAaHUX TOJEPOreHHHX
JK Big3Ha"gaeTbcs €KCHpecis TeHIB Peryillii iMyH-
HOI BiZITIOBi i, 00YMOBIJICHO1 (DYHKITI€TO Tper i echexTop-
aux T-xmitua (JAG1, TBXAS1 i MERTK), monekyi,
SIK1 BIJIIIOBIAIOTh 3a JTU(EPEHIIIFOBAHHS 1 (PYHKIIIO-
nysanHs JIK (IRAK3, GILZ, C1Q i STAB1), takox
3a mpurHiueHHs curHaimiB 3ananeHHs (MAP3KS/
TPL-2, FCGR2B i VDR) [20]. HaiiGinbmuii iHTe-
pec Bukiukae ClQ-ren, mo Koaye MpOAyKYyBaHHS
A-nanirora C1g-KOMIIOHEHTa KOMIUIEMEHTY, 1 € T0-
TykHUM MoxynaropoM JIK, 3maTrHum ranbMmyBaTu
ix akruBaiito Ta audepeHIiroBaHHs. bimem Toro,
C1Q mpurHivye aktuBarito T-KIITHH 1 TPOITyKyBaH-
HS NIPO3anajIbHUX LUTOKIHIB, OMHOYACHO I10CHIIIOIO-
gqu cekpertito 1L-10 [20, 42], mo poOuTh HOT0o TTOTEH-
HikHUM MapkepoMm ToneporeHHux K.

BaxmBUM € JTOCIiKEHHS 3/1aTHOCTI TITFOKOKOP-
TUKOI/IB 1HAYKyBaTtu ekcrnpecito B JIK Oinka 3 Oara-
TONPO(dUILHOK 010JIOTIYHOK AKTUBHICTIO, BIiJOMOTO
SIK TJIFOKOKOPTHKOI-1HIyKOBaHa JICHIIMHOBA 3acTiOKa
(GILZ). Excnpecis GILZ y JIK moxe Oyt aKTHBO-
BaHa, KPiM IIIOKOKOPTUKOIAiB, i iuTokinamu TGF-B/
IL-10 abo kokreiinem mis mo3piBanns K, skuid mi-
ctutb TNF-a, IL-1B, IL-6, PGE2, panaminuaOM i
mitomiruaoM C, TPUOKOBHMH TpOTea3aMH Ta iHIIL
[55].

binok GILZ, sxuii ekcripecyeThbest 6a3aibHO 1/a00
y BIIMOBIb HA TIIFOKOKOPTHKOIAU, crpuse (Hopmy-
BaHHIO ToJieporenHoro ¢penorumy JIK. Bin Mmomymroe
nudepeHLioBaHH HaiBHUX T-KIITHH (EKcrpecis
ennorenHoro GILZ), sixke Bkmtouae inaykuito Th-2 i
T. iHrioimiro Th-1 i/a6o axtuBaniro Th-17. Binok
GILZ nepemkomxkae nepenadi curHanis T-kiniTuHam
yepe3 TCR-penentop; OI0Kye aKTHBaIlil0 MITOTCH-
aktuBoBaHux mnpoteinkinaz (MAPK) i1 d¢axropis
TpaHCcKpimniii — Oinka aktuBaropa-1 (AP-1) i HykJe-
apraoro (akropa-kB (NF-kB) [8, 13]. 3a Bucokoro
piBast GILZ 36impmryerbest mpoaykyBanas 1L-10 Ta
MIBHUITYEThCS THAYKITS eKcTpecii Jiranmy Oinka
3amporpamoBaHoi 3arubeni kritaH — PD-L1 3a ymoB
OOMEKEHHsI CeKpellii Mpo3anaibHUX 1HTEPIICHKIHIB
IL-12 i IL-23. Kpim Toro, MiJBHIICHHS PiBHS €KC-
npecii GILZ y JIK cynpoBOmKYy€eThCSl 3HUKEHHSIIM
iX 3AaTHOCTI 10 cTuMyioBaHHs T-edekTopis 1 min-
BUIICHHSIM Tpofidepanii aHTUreH-cnenniaHux T..
[13, 43, 56]. Ilokazano, mo GILZ obOmexye maude-
peHLiIOBaHHS Mpo3anaibHux Thl7-xmituH, 3B -
3YIOUMCh 13 TPOMOYTOPHHMH iJITHKAMHU (DaKTOpiB
tparckpurniiii: STAT3 i romoBHMM IXHIM PETYIATO-
poM — opaHOBHMH peLenTopaMyu PEeTHHOEBOI KHC-
nmota (RORs)-yt [46]. Pazom 3 Tiim excrpecis GILZ
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to the function of T.. and effector T cells (JAGI,
TBXAS1 and MERTK), molecules responsible
for the differentiation and function of DCs (IRAKI,
CQ, and STAB1) as well as suppression of inflam-
mation signals (MAP3K8&/TPL-2, FCGR2B and
VDR) [16]. Of greatest interest is the C1Q gene,
encoding the production of the A-chain of the Clq
component of complement, and being a powerful
modulator of DCs, able to inhibit their activation
and differentiation. Moreover, C1Q inhibits T cell
activation and pro-inflammatory cytokine produc-
tion, while enhancing IL-10 secretion [16, 42], ma-
king it a potential marker of tolerogenic DCs.

It is critical to study the ability of glucocorti-
coids to induce the expression in DCs of a protein
with versatile biological activity known as gluco-
corticoid-induced leucine zipper (GILZ).

GILZ expression in DCs can be activated, in
addition to glucocorticoids, by cytokines TGF-B/
IL-10 or a cocktail for DCs maturation containing
TNF-a, IL-1B, IL-6, PGE2, rapamycin and mitomycin
C, fungal proteases etc. [55].

GILZ protein, which is expressed basally and/or
in response to glucocorticoids, promotes the forma-
tion of a tolerogenic DCs phenotype. It modulates
the differentiation of naive T cells (endogenous GILZ
expression), which includes the induction of Th-2 and
Treg, inhibition of Th-1 and/or activation of Th-17. GILZ
protein prevents the transmission of signals to T cells
through the TCR receptor; blocks the activation of
mitogen-activated protein kinases (MAPK) and trans-
cription factors, i. e. activator protein-1 (AP-1) and
nuclear factor-kB (NF-xB) [2, 9]. At high levels
of GILZ increases the production of IL-10 and in-
creases the induction of ligand expression of the
programmed protein cell death — PD-L1 under con-
ditions of limited secretion of pro-inflammatory in-
terleukins IL-12 and IL-23. In addition, increased
GILZ expression in DCs is accompanied by a de-
crease in their ability to stimulate T-effectors and
increased proliferation of antigen-specific T [9
43, 56]. GILZ has been shown to limit the diffe-
rentiation of pro-inflammatory Th17 cells by bin-
ding to the promoter regions of their transcription
factors: STAT3 and their major regulator, orphan
retinoic acid receptors (RORs) -yt [46]. However,
GILZ expression in DCs promotes peripheral T,
production by activating the TGF-p/SMAD2 signa-
ling pathway (Similar to Mothers Against Deca-
pentaplegic 2), leading to induction of the Foxp3
transcription factor responsible for the T, suppres-
sor function [9].

The results show both an increase [15] and a
decrease [34] in the expression in dexamethasone-
induced tolerogenic DCs of the IDO1 gene, which




y JAK cnpusie npomykuii T, Ha nepudepii npu ak-
tuBanii curHaneHoro nusixy TGF-B/SMAD2 (Simi-
lar to Mothers Against Decapentaplegic 2), o npus-
BOIUTh JIO IHIYKIi TpaHCKPHUMIIHHOTO (akTopa
Foxp3, sxwii BignoBimae 3a CynpecopHy (QYHKIIIFO
T, [13].

OpnepxaHo pe3ysbTaTH, IO CBIiT9aTh SK TIPO
30impimenns [19], Tak i mpo 3HmKeHHS [34] excripe-
cii B JIeKcaMeTO30H-1HyKoBaHUX ToleporeHHuX JIK
IDOI rena, sikuii Koaye MPOIYKINIO iHAONIAaMIH 2,3-
JiokcireHasu — (epMeHTy, TICHO TOB’S3aHOTO 3 iH-
YK€ IMYHHOI TOJEPAaHTHOCTI Yepe3 aKTHUBALiIo
CyNpecopHOi JaHku iMyHHOI cuctemu. [loniOHi po3-
ODKHOCTI MOXYTh OyTH TMOSICHEHI BiAMIHHOCTSIMH
B npoTokosiax orpumanns K, a Takox pizHuMH Me-
TOAaMHU BHSBJICHHS JOCIiIKyBaHOro resa. Pazom
3 TUM Y JIeKCAMETO30H-1HAYKOBAHUX TOJIEPOTCHHUX
JK Bim3HaueHO ¥ pi3HOCTIPIMOBAHY €KCIIPECIIO TCHIB
psAMy IUTOKIHIB: MIBUINCHUN PIBEHH BiANOBimac 3a
MIPOAYKYBaHHS MPOTH3amaabHOro MUTOKiHy — IL-10,
a 3HWKEeHUH — po3amanbaoro 1L-12 [40], mro € moxka-
30M niepenpodinopanns JIK y ToneporeHHui craH.

Bukopucranns JK y mporpamax tepamii Al3
nepeadavae sk CTBOPEHHs IX 3amaciB, Tak 1 JIOBTO-
CTpOKOBE 30epiraHHs NpH YIBTPAHU3BKUX TEMIIe-
parypax. BupimeHHs 1bOT0 3aBAaHHS 3HAXOAMTHCS
B KOMIETEHIli KPiOiMyHOJOTIB, SKi JOCIIIKYIOTh
HOBI BIIACTHBOCTI KIITHH IMyHHOI CHCTEMH, 1HIY-
KOBAaHMX YJIBTPAaHU3bKUMM TEMIEpaTypHUMH (ak-
TOpaMH, a TaKOX pO3POONIAIOTh OiOKPIOBAKITHHHU
IUBIXOM BapifoBaHHS pPEXUMaM{ KpPIOBIUIMBY Ha
61000’ €exT [5].

BaxxnmBo 3a3HauuTH, 10 JI0 TEMEPINIHHOTO Yacy
HE po3po0JICHO €IMHOTO MPOTOKOIY 3aMOPOKYBaHHSI
JK. HeomHopa3oBo migkpecitoBaiocs, mo edek-
TUBHICTh KPIOKOHCEPBYBAaHHSI PI3HUX O10JIOTTYHUX
00’€KTIiB 3aJIC)KUTh BiJ IXHBOI'O IMOYATKOBIO CTaHy
[4, 21, 24, 25]. ¥ upomy acnexkTi JIK € Takox rere-
POTCHHUM IYJIOM KIITHH 3 Pi3HUMH I[OYaTKOBUMH
CTPYKTYPHUMH 1 (YHKIIIOHATBHUMHU XapaKTepHc-
THKaMu. Bkazani ocoOmmBocti JIK BH3HAYarOTh-
CsS CTYIEHEM 3pUIOCTI W 3MaTHOCTI OO0 peaisariil
TOJIEpO- a00 IMyHOTEHHOI (PYHKII depe3 MOJEKYIH
Ta BHYTPIIIHBOKJIITHHHI CTPYKTYpH, TOMY 3piLIHA
a6o ne3pinuii Tun JIK Mae pisHni noyaTkoBHii cTaryc
i pi3Hy Kpi071aOiIBHICTS.

OcuoBunmu mxepenamu orpumantst JIK e CD14h
MOHOIIUTH a00 MOHOHYKJICApH, BUALICHI B TPaJi€HTI
LITBHOCTI 3 mepudepuyHoi KpoBi JIOAUHH, KiCTKO-
BOTO MO3Ky a00 TreMOTNOETHYHHMX OpraHiB eKcIepu-
MeHTanbHuX TBapuH [20, 28, 31, 52]. Anani3 omy-
OnikoBaHUX poOIT 3 KpiokoHcepByBaHHs J[K moka3as,
IO Ha MOYATKOBUX €Tarax sIK eKCIePHUMEHTaIbHUX,
TaKk 1 KIIHIYHAX OCHIJDKeHb 3aMopokyBaHHA JIK
mpoBoawIoCcs i 3axuctoM 1 M a6o 2 M JIMCO
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encodes the production of indolamine 2,3-dioxyge-
nase being an enzyme closely related to associated
with the induction of immune tolerance through
activation of the immune system suppressor part.
Such differences can be explained by differences in
the protocols for DCs obtaining, as well as different
methods of detecting the test gene. However, de-
xamethasone-induced tolerogenic DCs also show
multidirectional expression of a number of cyto-
kines: an increased level is responsible for the
production of anti-inflammatory cytokine IL-10
and a lower level controls the production of pro-
inflammatory IL-12 [40] that is an evidence of the
DCs re-profiling into tolerogenic state.

The use of DCs in AIDs therapy programs involves
both the creation of their reserves and long-term sto-
rage at ultra-low temperatures. The solution to this
problem can be found in the responsibility of cryoim-
munologists, who study new properties of cells of the
immune system induced by ultra-low temperature
factors, as well as develop biocryovaccines by varying
the modes of cryopreservation of the biological ob-
ject [20].

It is crucial to note that a single protocol for
DCs freezing has not been developed so far. It has
been repeatedly emphasized that the effectiveness
of cryopreservation of various biological objects
is determined by their initial state [28, 17, 23, 24].
In this aspect, DCs are also heterogeneous pool
of cells with different initial structural and func-
tional characteristics. These features of DCs are de-
termined by the degree of maturity and ability to
implement tolerogenic or immunogenic function
through the molecules and intracellular structu-
res, so the mature or immature type of DCs
has a different initial status and various cryolabili-
ties.

The main sources of DCs are CD14" monocytes
or mononuclear cells isolated in a density gradient
from human peripheral blood, bone marrow or he-
matopoietic organs of experimental animals [16,
27, 31, 52]. Published reports on cryopreservation
of DCs showed that at the initial stages of both
experimental and clinical studies the DCs were
frozen out under the protection of 1 M or 2 M
DMSO with different cooling rates: 0.3; 1.5; 10;
20; 70; 150 deg/min to —60°C, followed by immer-
sion into liquid nitrogen [52]. The maximum preser-
vation of DC was observed at slow cooling rates
(0.3; 1.5 deg/min) and was 57% for rats’ DCs and
72% for human ones. Interestingly, DCs were more
sensitive to freezing than lymphocytes and mac-
rophages derived from human or rat spleen [52].
The low rate of DCs preservation after cryopre-
servation was confirmed by L. Mendoza ef al. [36].
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3 pI3HUMU MIBHIKOCTAMU oxonopkeHHs: 0,3; 1,5; 10;
20; 70; 150 rpan/xB go —60°C 3 HacTYmHHM 3aHY-
peHHsIM y pinkui asor [52]. MakcumanbsHe 30epe-
xenHs K BigzHauanocs 3a HOBUIBHUX IIBUAKOCTX
oxonomxkernus (0,3; 1,5 rpaa/xs) 1 cranoBmino 57%
st JIK mrypiB 1 72% mna K mromuan. 1likaBo, mo
JK BusBmincs OUTBII YyTIUBAMH JO 3aMOPOXKY-
BaHHSA, HIK JiMpOUUTH 1 Makpodaru, ki oTpuMy-
BaJIM 3 CEJIE3IHKH JIONUHU abo mrypa [52]. Husbkuit
noka3Huk 30epexxenocti K micns KpiokoHCepBy-
BaHHs miaTBep/pkeHo L. Mendoza Ta cmiBaBT. [36].
Tak, 30epexxenns K, orpuMaHuX i3 MOHOHYKIIEapiB
nepugeprudHoi KpoBi JIOAMHUA 200 KiCTKOBOTO MO3-
ky muireidr C57B1/6 Ta oxomomkeHnX 31 MIBHIKICTIO
1 rpan/xB no —70°C i3 moAanbIIUM 3aHYPEHHSAM Y
pizkuii azotr, He nepesumryBaia 40%. Y mpomy x
LUK JOCTiKeHb [37] y TOPIBHSAIIBHOMY acmeKTi Oy-
JIA OIliHEeHI ()EHOTHITOBI XapaKTEPUCTHUKH HATHBHHUX
i kpiokoncepBoBanux JIK. Ilicmsa po3mopoxyBaH-
HS 1 MOJNANBIIOTO KYJTHTUBYBAaHHS NpOTATOM 7 mi0
ABTOPH OIIHIOBAIM TIOKAa3HUKH CEPEHBOI IHTEHCHB-
HocTi (umroopectieiii (CID) Takux MemMOpaHHHX
moekyi, sk MHCI, MHCII, CD80, CD86, CD11b,
CDl11c, CD54, CD205. 3 BoCbMH JOCIIKEHUX Map-
KepiB KpiokoHcepBoBaHuX K MOpiBHSHO 3 HaTWB-
numu 1K 3Hmwkenas CI® Oyno BinmiueHO y msITH:
MHCII - B 1,3; CD80 — 1,4; CD86 — 1,2; CDl1l1c
i CD54 — 3 pa3za. [lanuii ¢akT 1eMOHCTPY€E 3HUKEH-
HSl CTyHEHS eKCHpecii KOCTUMYJSTOPHUX MOJIEKYI,
0 MOKE CBIAYWTH TIPO TaJIbMYBAHHS IOTCHITIATY
mudepeHItitoBanas  kpiokoHcepBoBannx JK i, sk
HACTIJOK, — 1X 3IaTHOCTI JO MPE3CHTAIil aHTUTCHA.
BcTanoBieHo, 10 came IMOYaTKOBHI cTaH 01000’ €K-
TiB, TOOTO CTpyKTypa 1 (yHKIIsSI KIITHH, TKaHUH,
OpraHiB, BU3HA4Ya€ CTyHiHb iX KpionaOimbHOCTI [4,
21, 23, 24, 25]. i€l )k TOYKH 30py JOTPUMYIOTHCS
H. Hayden ta cmiBaBr. [28], siki 3aMOpoXyBanu Mo-
HOLUTH nepuepuyHoi KpOBi JIOAMHU 1 BUPOILCHI
3 HUX He3pini Ta momyspimi JAK mig 3axuctom 10%
JAMCO 3i mBunkictio 1 rpan/xs go —80°C. ABropu
3pOOWJIM BUCHOBOK, IO HAHOUTBII KpPiOCTIHKUMH
BUSBUJINCS MOHOLIUTH, a HAMMEHII CTIHKUMM — Ha-
miB3pini JK, a crpykrypa Ta QyHKIIiS KOXXHOTO THITY
KJIITUH (MOHOIMTH, He3pimi, nomy3pim JIK), Oesy-
MOBHO, BIUIMBAIOTh 1 Ha ()OPMYyBaHHS IXHBOI Kpio-
JIAOUTLHOCTI/KPi0CTA0ILHOCTI.

3 oIy Ha HEOXiHICTh 3aCTOCYBaHHS y KIIi-
HIYHIA TpPaKTHLl MEPEeBaXHO KPIOKOHCEPBOBAHUX
3pinux K ans mocunaeHHs! MPOTHITYXJIMHHOT aKTHB-
HOCTI iIMyHHOI CUCTEMH BHHHUKA€ HEOOXiTHICTh Bij-
MparbOBYBaHHS MiAXOMIB OTPUMaHHS (DYyHKITIOHAb-
HO TOBHOIIHHUX iMmyHoreHHunx JIK. VY Oimbmocri
eKCITIepUMEHTAIBHIX 1 KIIIHIYHAX pOOIT came MOHO-
LUTH BUKOPUCTOBYIOTH AJISI KPIOKOHCEPBYBAaHHS 3
noanbmuM (TICIs PO3MOPOKYBaHHA) iX Audepen-
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Thus, the preservation of DCs obtained from human
peripheral blood or bone marrow of C57Bl/6
mice mononuclear cells and cooled at a rate of
1 deg/min to —70°C with subsequent immersion into
liquid nitrogen did not exceed 40%. In the same
cycle of studies [36] the phenotypic characteristics
of native and cryopreserved DCs were comparati-
vely evaluated. After thawing and subsequent culti-
vation for 7 days, the authors assessed the mean
fluorescence intensity (MFI) of membrane molecules
such as MHCI, MHCII, CD80,CD86,CD11b,CDlIc,
CD54, CD205. Of the eight markers of cryopreser-
ved DCs studied compared to native DCs, a re-
duced AFI was observed in five: MHCII — in 1.3;
CD80 — 1.4; CD86 — 1.2; CDllc and 3 times for
CD54. This fact demonstrates a decrease in the rate
of expression of co-stimulatory molecules, which
may indicate an inhibition of the differentiation
potential of cryopreserved DCs and, as a conse-
quence, their ability to present antigen.

It is established that the initial state of bioob-
jects, i. e. the structure and function of cells, tissues,
organs, determines the degree of their cryolability
[28, 17, 22, 23, 24]. The same is supported by
H. Hayden et al. [27], who froze human peri-
pheral blood monocytes and grown from them im-
mature and semi-mature DCs under the protection
of 10% DMSO at a rate of 1 deg/min to —80°C.
The authors concluded that the monocytes were
the most cryostable, and the least stable were semi-
mature DCs, but the structure and function of
each cell type (monocytes, immature, semi-mature
DCs), surely, affect the formation of their cryola-
bility/cryostability.

In regard of the need to use in clinical practice
mainly cryopreserved mature DCs to enhance the anti-
tumor activity of the immune system, the approaches
for obtaining functionally complete immunogenic
DCs should be developed. In most experimental
and clinical studies, monocytes are used for cryo-
preservation with their subsequent (after thawing)
in vitro differentiation in mature DCs [16, 39, 41,
43]. Thus, H. Hayden et al. [27] found a specific
response of cryopreserved monocytes and immature
cryopreserved DCs to factors, inducing DCs ma-
turation in vitro (TNF-0, IFN-y and LPS). It
was shown that mature DCs were formed more ef-
ficiently from cryopreserved monocytes than from
immature cryopreserved DCs. Further analysis of
the functional properties of mature DCs derived
from cryopreserved monocytes revealed their in-
creased ability to express FOXP3 protein, i. e. to
form T, in the CD3" fraction of peripheral blood
lymphocytes compared to the DCs derived from
native monocytes. In addition, the freeze-thaw
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niroBaHHsAM in vitro B 3puni K [20, 39, 41, 43]. Tak,
H. Hayden Ta cmiBaBt. [28] BusiBWIN crienudidHy
BIJIMOBiIb  KPIOKOHCEPBOBAaHUX  MOHOLUTIB  Ta
He3pimx KpiokoHcepBoBaHuX [IK Ha daxropu, ski
iHaykytoTh no3piBanus JIK in vitro (TNF-a, IFN-y
i LPS). byno moxa3aHo, 1o 3 KpiOKOHCEPBOBaHHX
MOHOIIMTIB OiIbII €(EeKTUBHO, HDK 13 HE3pLIHX
kpiokoHcepBoBannx JIK dopmysamucs 3pim K.
[Momanemmit anami3 GyHKIIOHATHHUX BIACTUBOCTEH
3pimix JIK, oTpumaHux came 3 KpiOKOHCEPBOBAHHX
MOHOIIUTIB, BCTAHOBHMB IX IIJIBUIIEHY 3/aTHICTh
no ekcnpecii FOXP3-6inka, To0T0 10 hopmyBaHHS
T.v CD3*-dpakuii mimMporuTiB neprdepnaHoi KpoBi
nopiBasHO 3 JIK, oTpuMaHMMM 3 HAaTUBHUX MOHO-
uutiB. Kpim Toro, mpouemaypa 3aMOpOXKyBaHHS-
BiJlTaBaHHS rajbMyBaia mponykiito mumu JK 3a-
najgpanx 1UToKiHiB (IL-12 Ta IFN-y). ¥ mpoueci
criBKynbTHBYBaHHs CD3* T-KJ1iTHH mamieHTiB 3 yciMa
turtama  JIK, oTpuMaHuMH 3 KpPiOKOHCEPBOBAHHUX
MOHOIIMTIB, He3pumx Ta momy3pimux JK, cmocre-
piramocsi 3HW)KEHHS Mpomi(epaTnBHOT aKTUBHOCTI
T-ximituH. JlificHO, XapakTep BIUIMBY KpIOKOHCEP-
BYBaHHS HA MOHOHYKJICApU Ta MOHOIIMTHU (ITOTIePE]I-
Huku JIK) 3anuinaeTscs HEBUBYEHHUM, X0Ua BUKJINKAE
0e3yMOBHHII 1HTEpPEC, OCOOJIMBO MO0 IMOTCHIlIATY
noganbinoro ix audepenuitoBanas B JK. dymxa
OUIBIIIOCTI JTOCHITHUKIB Y THTaHHI BHOOpPY NpOT-
pamMHu KpiOKOHCEPBYBaHHS MOHOHYKJIEapiB Ta MO-
HOIIMTIB CITiBMAJIa€ BiTHOCHO BUKOPUCTAHHS MTOBILTb-
HOT MBUAKOCTI oxonmoipkeHHs: 1 rpamg/xs mo —80°C
13 TIOAANBIINM 3aHYpEHHSIM y pinkwii azor [11, 28,
35, 41, 49] ta BimirpiBarasm mpu 37°C. T. Buhl Ta
CIIBABT. Ha3Balll TaKy MPOTPaMy «CTaHIAPTHOIO»
[11].

BkazyeTbcsi Ha MOXKIIMBICTH BapirOBaHHSI KOMIIO-
HEHTaMU CepeIOBHIIA KPiIOKOHCEPBYBaHHSI, /10 CKJIa-
Iy SIKOTO BXOISITH ayTojioriuHa abo emOpioHaibHa
temsiua cuposarka (ETC 90%) 1 IMCO (10%) a6o
RPMI-1640 (40-70%), ETC (20-40%) ta JIMCO
(10-20%). 3okpema, H. Hayden Ta cmiBaBt. [28]
JIOBEIH, 10 OB e(heKTUBHE 3aMOPOKYBAHHS MO-
HomwmTiB Ha cepenosuili RPMI 3 20% cupoBarku i
10% JAMCO, nix 3 90% cupoBarku. Ha nymxy nes-
KHUX aBTOPIiB TeMIiepaTypa BiaTaBaHHS (32 KIMHATHOT
temrieparypu npotsarom 10 xB, ado nipu 37°C mpots-
rom | XB) MeHIIIE BIUIMBaIa HA 30€PEIKCHICTh KITITHH
[28, 29].

M. Makino Ta cniBaBrt. [31] 3ampornoHyBanu 3a-
MOPOXKYBaTH MOHOHYKJICApU MEePUPEPUIHOT KPOBI
JIOIMHY 31 MIBUJIKICTIO OXOJIOJDKEHHS 1 Tpaji/XB 10
KiHueBoi Temmeparypu —70°C y 3axHUCHOMY cepezo-
BHIITI, sike MicTHIIO pi3Hi chiBBimHOmeHHs ETC (20—
30%) i AMCO (8-12%). byno mokasano, 1mo Kpio-
KOHCEpPBOBaHI MOHOHYKJI€APH, SIK i HATWBHI, 3[aTHI
rerepyBatu 1ija 3axuctoM 12% JIAMCO ex vivo 3pimi
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inhibited the production of inflammatory cyto-
kines by these DCs (IL-12 and IFN-y). During co-
culturing of the patients’ CD3 * T cells with all
types of DCs derived from cryopreserved mono-
cytes, immature and semi-mature DCs, a decrease
in the proliferative activity of T cells was obser-
ved. Indeed, the nature of the cryopreservation
effect on mononuclear cells and monocytes (DCs
precursors) remains unexplored, although it is of de-
finite interest, especially regarding the potential for
their further differentiation in DCs. The opinion of
most researchers on the choice of cryopreservation
protocols for mononuclear cells and monocytes
coincides as for the use of slow cooling rate: 1 deg/min
to —80°C with subsequent immersion into liquid nit-
rogen [6, 27, 35, 41, 49] and warming at 37°C.
T. Buhl et al. defined such a protocol as ‘standard’ [6].

The possibility of varying the components of
the cryopreservation medium, which includes auto-
logous or fetal bovine serum (90% FBS) and DMSO
(10%) or RPMI-1640 (40-70%), FBS (20-40%)
and DMSO (10-20%) is emphasized. In particular,
H. Hayden et al. [27] showed that freezing mono-
cytes with RPMI medium with 20% serum and
10% DMSO was more effective than the applying
of 90% serum. According to some authors, the war-
ming temperature (at room temperature for 10 min,
or at 37°C for 1 min) had less effect on cell preser-
vation [27, 29].

M. Makino et al. [31] suggested freezing
human peripheral blood mononuclear cells with a
cooling rate of 1 deg/min to a final temperature
of =70°C in a protective medium containing diffe-
rent ratios of FBS (20-30%) and DMSO (8-12%).
Cryopreserved mononuclear cells, as well as native
ones, have been shown to be able to generate
mature immunogenic DCs under the protection
of 12% DMSO ex vivo. Dendritic cells obtained
in this study from -cryopreserved mononuclear
cells expressed high levels of HLA-DR-, HLA-
DQ-, CD80- and CD86-molecules, as well as DCs,
which were generated from native mononuclear
cells. According to other authors, the rates of via-
bility and expression of surface cell markers of
mature DCs obtained from cryopreserved and na-
tive mononuclear cells did not differ [29, 36, 57].
This is confirmed by the fact that even after cryo-
preservation of monocytes according to the ‘stan-
dard program’ [6], the functional potential of DCs
generated from them coincided with that of DCs
obtained from native monocytes [14, 27].

However, there are a number of conflicting re-
ports on a reduced rate of differentiation of cryo-
preserved mononuclear cells in mature DCs with
LPS stimulation [27, 35, 36, 49]. It was shown that in
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imyHorenni JIK. JleHApuTHI KNiTHHHM, OTpUMaHi B
LBOMY JOCHIDKEHHI 3 KPIOKOHCEpBOBAaHUX MOHO-
HyKJIeapiB, ekcrpecyBaiu Bucoki piBHi HLA-DR-,
HLA-DQ-, CD80- i CD86-monekyn, sk i K, ski
OyJi TeHepOBaHi 3 HATHBHIUX MOHOHYKIIeapiB. 3a ja-
HHUMH 1HITNX aBTOPIB BCTAHOBJICHO, IO PIBEHB JKUT-
TE3MATHOCTI Ta eKCIpecii MOBEPXHEBUX KIIITHHHHUX
MapkepiB 3pinux K, mo Oynmu oTpumaHi 3 KpiOKOH-
CEpBOBAaHMX 1 HATWBHUX MOHOHYKJIEapiB, HE BiIpi3-
wsues [29, 36, 57]. lle miaTBepmKeHO TUM (aKTOM,
IO 1 MicHs KPIOKOHCEPBYBAaHHSI MOHOIIUTIB 32 «CTaH-
JapTHOIO Iporpamoroy [11] GpyHKIioHATBHII TOTEH-
nian reaeposanux i3 Hux JK cmiBmanas i3 JIK, orpu-
MaHHX i3 HaTUBHHUX MoOHOUHWTIB [18, 28]. OmnHax
ICHY€ s/l CyNepEeWIMBHX MOBIIOMIICHb NPO 3HMKCHHS
MIBUJIKOCTI JU(EpEeHIilOBaHHS KPIOKOHCEPBOBaHHUX
MoHOHYKeapiB y 3pini K mpu crumymsmii LPS [28,
35, 36, 49]. Ilokazano, mo y JAK, oTpumanux in vitro
3 KpIOKOHCEPBOBAHUX MOHOIIUTIB, OyB 3HIDKCHUH
piBens excmpecii CD83- i CD86-momnekyn, a micus
00podkn LPS mponmykyBaHHS HMMH Tpo3anaibHUX
nutokinie IL-12 i TNFo He 30inbmyBanocs. Ha
nymky H. Hayden Ta cmiBaBrT. [28], came 3HW)KEHUM
piBHem mpoaykuii IL-12 Takumu [JIK 3ymoBnena i
MEHILIa WIBHIKICTH Mpoiiepanii KyJbTHUBOBAHHX 13
HUMH T-KIITHH y 3MilIaHii KyasTypi JiM(QOLUTIB.
Le y3romxyetncs 3 nanumu D. Messmer Ta CITiBaBT.
[37], sixi cBiguarh mpo OUNbIN HU3BKKHN piBeHb 1L-12
y cynepHaradTax JIK, oTpumaHmx i3 KpiokoHCep-
BOBaHWX MOHOIIUTIB, HK Y HaTUBHUX. OTKe, Y BUPO-
MIEHUX 13 KPIOKOHCEPBOBaHMX MOHOHYKJIeapiB JIK
Oyna 3HW)KEHa 3JaTHICTh J0 TNPOAYKYBaHHS KpH-
TUYHOT'O Mejliaropa 3amnajibHoro Kackaay — [L-12.

Crin BpaxyBaru TOH (axT, 1o mepenpodiitoBaH-
Hs (QYHKII] MOHOIMTIB Ta MOHOHYKJIEapiB MiCis
OIMCAaHMX TPOLEAYP MOXKIMBO 32 YMOB KPiOKOHCEP-
ByBaHHs. 3MiHa 3a3HAUCHHX XapaKTEPUCTHK MOHO-
LUTIB Ta MOHOHYKJEapiB, sIKi MoB’s3aHi 3 (opmy-
BanHsM JIK, € macmigkom ¢QyHKIIOHyBaHHS iX re-
HOMHUX 1 mocTreHoMHHX mpodimiB. Lo mymxy
MITBEPKYIOTh JaHi IMOAO BIUIMBY KpPiOKOHCEP-
BYBaHHSI Ha EKCIIPECit0 MIUPOKOTO MPOQiTio TEeHIB
[18, 21, 22]. CryniHp Takoro BIUIUBY 3aJICKHUTH Bij
YMOB KpIOKOHCEPBYBaHHS. TaKUM YHHOM, BapilOl0dn
KOMIIOHEHTH TEXHOJIOTIYHOTO TIPOLECY 3aMOPOXKY-
Banuss MHK a6o MOH, MoHa «ITiJT 3aMOBJICHHS
OTPUMYBATH 3 HUX IMyHO- a0 ToneporenHi JIK.

HikaBo, mo came B cymepHarantax /K, Bupo-
LICHUX 13 KPIOKOHCEPBOBAaHMX MOHOIIMTIB, IOpiB-
HSHO 3 HAaTUBHUM KOHTpOJIeM Oyia miJBHUILEHa
KOHIIEHTpamis nportusanaipaoro 1L-10, acomilioBa-
Horo 3 (pyHkmiero Hespimmx K. Hannii daxr cBia-
YUTh NP0 MOXJIUBICTH OTPUMAHHS e€x Vivo MiCis
KpiOKOHCEPBYBaHHS 3 MOHOIIWTIB HE3PUINX TOJEPO-
reaaux JK [29, 35].
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the DCs obtained in vitro from cryopreserved mono-
cytes, the expression rate of CD83 and CD86 mole-
cules was reduced, and after LPS treatment they
did not increase the production of IL-12 and TNFa
pro-inflammatory cytokines. According to H. Hay-
den et al [27], it is the reduced level of IL-12
production of such DCs that causes a lower rate of
proliferation of T cells cultured with them in mi-
xed lymphocyte culture. This is consistent with the
data of D. Messmer et al. [37], indicating lower
levels of IL-12 in DCs supernatants derived from
cryopreserved monocytes compared to native ones.
Thus, the DCs grown from cryopreserved mono-
nuclear cells had a reduced ability to produce a
critical mediator of the inflammatory cascade, namely
IL-12.

It should be borne in mind that the re-profiling
of the function of monocytes and mononuclear
cells after the described procedures is possible du-
ring cryopreservation. The change in these charac-
teristics of monocytes and mononuclear cells, which
are associated with the formation of DCs, is a con-
sequence of the functioning of their genomic and
postgenomic profiles. This view is supported by
data on the effect of cryopreservation on the ex-
pression of a wide range of genes [14, 17, 19]. The
extent of such an influence depends on the cryopre-
servation conditions. Thus, varying the components
of the technological process of freezing of MNCs or
monocytes, you can ‘on request’ to obtain from them
immune or tolerogenic DCs.

Interestingly, the very in the supernatants of DCs
grown from cryopreserved monocytes the concentra-
tion of anti-inflammatory IL-10 associated with
the function of immature DCs was increased
compared to the native control. This fact indicates
the possibility of ex vivo obtaining after cryopreser-
vation of immature tolerogenic DCs from mono-
cytes [29, 35].

The question of the mechanism of inducing the
tolerogenic DCs from cryopreserved monocytes and
mononuclear cells remains controversial. Thus, in
the paper of G.F. Silveira et al. [49] it has been
demonstrated that in immature DCs derived from
cryopreserved monocytes, the rate of maturation
and the intensity of cytokine secretion in response
to LPS were lower compared to native ones. The
authors explain the decrease in the intensity of
immature DCs formed from cryopreserved mono-
cytes by inhibition of receptor expression for
GM-CSF (CD116) and IL-4 (CDI124) or their
‘shedding’, which is often observed during cryo-
preservation of cell suspensions of various types
[17]. A similar nature of the change in expression
can occur with TLR4. This explains the decrease
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JMcKyciiHUM — 3alMINAETBCS THTAHHS — LIOJ0
Mexanismy iHaykuii JIK i3 TonmeporenHoro ¢yHK-
LI€I0 3 KPIOKOHCEPBOBAHUX MOHOLIMTIB Ta MOHOHYK-
neapiB. Tak, y po6oti G.F. Silveira ta criBasr. [49]
rmokaszaHo, mo y He3pinux JK, orpumanux i3 kpio-
KOHCEPBOBAHMX MOHOIIUTIB, MIBUIAKICTH MO3PiBaHHS
Ta IHTEHCHBHICTH CEKpEIii MHUTOKIHIB Yy BiIIOBIIH
Ha LPS mopiBHSHO 3 HAaTMBHUMHU OylH MEHIIMMHU.
3HWKEHHsSI 1HTEHCHBHOCTI (OpMYBaHHS HE3pLINX
JK i3 kpioOKOHCEpBOBaHUX MOHOIIUTIB aBTOPH IOsIC-
HIOIOTH 1HTiOIIi€0 ekcnpecii peunentopiB g0 GM-
CSF (CD116) i IL-4 (CD124) abo iX «IIemiHrom,
IO YacTO CIIOCTEPIraeThcs B MPOIECI KPIOKOHCEP-
BYBaHHs KIITUHHHMX CYCHEH3il pizHoro tumy [21].
[ToniOHMIT XapakTep 3MiHU eKCIIpecii MoXe BinOyBa-
trcs 1 3 TLR4. 1le noscHIOE 3HM)KEHHS IIBUIKOCTI
no3piBaHHS KpiokoHcepBoBaHUX JIK y mpucyTtHOCTI
LPS, sxuii € miraggoMm g TLR4. Bigomo, mo mifg
gac 3B s3yBaHHI TLR4 3 LPS akTuByeThes psia amar-
TEpHUX OUIKIB 1 KWHA3, sIKi OepyTh y4acTh B IHIYK-
11iT OCHOBHHUX MPO3analibHUX (PaKTOPiB, IO CIIPUSIOTH
no3piBanHio JIK [1]. Takum 4uHOM, KPIOKOHCEPBY-
BaHHs 1HIYKye GOopMyBaHHsS came He3pinoro (eHo-
tuny K, oOMexyroun MOXIUBICTD 1X MOAATBLIOTO
no3piBaHHs. [[pUYrHOIO 1IHOTO MOXKE OYTH «ILEHIHT»
abo 3HmxeHHs piBHA ekcnpecii TLR4 Ta iHmmx
PEUEeNTOPHUX CTPYKTYpP B YMOBaX IHTErpajbHOI iH-
rioimii MeTa0oNiUYHUX MPOLECiB y KIITHHAX MicCIs
ix po3mopoxyBaHHA. [lpm 1bOMYy MexaHi3M Qop-
MyBaHHs Hespinoro denorumy JIK i BmactuBoi im
TOJIEpOreHHOi (YHKINT 10 KIHIT HE 3’ SICOBAaHHM 1
oTpedye MoaIbIIOr0 BUBUCHHS.

3aranbHOBiOMHUE (akT Moaudikamii Mg i€
KpPIOKOHCEPBYBaHHS PEIENTOPHOTO «pPEenepTyapy»
KIIITHH, 30KpEMa, 32 PaxyHOK IXHBOTO «IIEAIHTY)
[21, 56], npurHiueHHsI CUHTE3y OAHUX BUIIB OiIKiB
[15] i migBUIICHHS 1HIIWX, HAIIPUKIAJ, OUIKIB TeT-
nosoro moky (Hsp) [18, 47]. [loka3zaHo 301bIICHHS
BMiCTy IMTO30JbHOTO Oinka Hsp70 micist 3amopo-
JKYBaHHS/BIJIITpIBaHHS MI€JNOIIHUX TIOTIEPETHUKIB,
moHoruTiB Ta JIK. Jlesxi aBropm BKa3zyloTh, MIO
e O1TOK BOJIOMIE€ IMYHOCYIIPECUBHHUM MTOTSHITIAIOM
[10, 51, 59] i cnpusie momymsuii penorumry JAK y Oik
TOJIEPOTEHHOTO, 1[0 CYIPOBOKYETHCS T IBHIIICHHSM
mponykii IL-10 [30, 50, 59]. INoka3zano, mo B JIK
Hsp70 na Tni 3HmxkenHs npomykuii TNF-o mpur-
HiUy€ eKCIPEecilo TaKUX MEMOpaHHHUX KOCTHMYJISITOD-
HUX cTpykTyp, sik CD86 i MHCII. Taxox Hsp70
30aTHUH 3MIHIOBAaTH OajlaHC MPO- 1 MPOTH3anaibHUX
LUTOKIHIB y Oik migBuieHHst octanHix [30, 50, 59].
Jlo Toro x miciis 3B’sI3yBaHHS 3 €HJOLMTAPHUM pe-
nenTopom, a pam gepe3 TLR2 Hsp70 mepenae cur-
HaJl aKTHBAIlii TeHa MieIoiqHoTo nudepeHITifoBaHHS
MyD88 [10]. Hactymae ¢ochopumoBanHs peryis-
TopHoi kiHazu ERK Moke iHimitoBaTH aKTHUBAIIO
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in the maturation rate of cryopreserved DCs in the
presence of LPS, which is a ligand for TLR4. Bin-
ding of TLR4 to LPS is known to activate a num-
ber of adaptor proteins and kinases involved in the
induction of major pro-inflammatory factors that
contribute to DCs maturation [4]. Thus, cryopre-
servation induces the formation of the immature
phenotype of DCs, limiting the possibility of their
further maturation. This can be likely caused by
‘shading” or reduced expression of TLR4 and
other receptor structures in terms of integrated inhibit-
ion of metabolic processes in cells after thawing.
However, the mechanism of formation of the im-
mature phenotype of DC and their inherent tole-
rogenic function is not fully understood and re-
quires further investigation.

It is a well-known fact that the receptor ‘reper-
toire’ of cells is modified by cryopreservation,
in particular, due to their ‘shading’ [17, 56], inhi-
bition of the synthesis of some proteins [11] and
increase of others, such as heat shock proteins (Hsp)
[14, 47]. Enhanced content of the cytosolic pro-
tein Hsp70 after freezing/warming of myeloid
precursors, monocytes and DC has been shown.
Some authors point out that this protein has immune
suppressive potential [5, 50, 59] and promotes mo-
dulation of the DCs phenotype towards toleroge-
nic, accompanied by increased production of IL-10
[30, 50, 59]. Hsp70 has been demonstrated to in-
hibit the expression of membrane co-stimulatory
structures such as CD86 and MHCII against the
background of decreased TNF-o production. Hsp70
is also able to change the balance of pro- and
anti-inflammatory cytokines in the direction of in-
creasing the latter [30, 50, 59]. In addition, after
binding to the endocytic receptor and then via
TLR2, Hsp70 transmits the activation signal of
the myeloid differentiation gene MyD88 [5]. Subse-
quent phosphorylation of ERK regulatory kinase
may initiate activation of a transcription factor
that will bind to the il-/0 gene promoter, increasing
IL-10 production. By activating STAT3-sensitive
genes and/or inhibiting NF-xB and MAPK activity,
IL-10 inhibits the transcription of pro-inflammatory
cytokine genes in activated macrophages, as well
as the expression of MNCII and co-stimulatory
molecules, that reduces their ability to present antigen
and activate T cells.

Indeed, IL-10 is thought to be a major cytokine
in the induction of tolerance during immune the-
rapy in the patients with AIDs due to its ability to
promote the formation of tolDC alone or in com-
bination with TGF-f [45]. The cytokine IL-10 plays
an important role in the formation of T, Tolerogenic
DCs obtained in protocols using dexamethasone
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¢dakTopa TpaHCcKpunuii, sSKuil Oyae 3B’sA3yBaTHCA
3 MPOMOTOpPOM reHa i/-1(), MiABHILYIOYH NPOAYK-
mito 1L-10. Hlmsaxom axrtuBamii STAT3-uytimBux
reuis i/a00 1arioimnii aktusHocTi NF-kB 1 MAPK IL-
10 mpurHidy€e TpPaHCKPHIIIIO TeHIB IMpO3arajibHIX
[IUTOKIHIB y AaKTUBOBaHUX Makpodarax, a TaKoXK
excripecito MHC Il 1 KOCTUMYJIATOPHHX MOJIEKYII,
10 3HIDKYE IXHIO 3IaTHICTh JO TPE3CHTAIlli aHTHUTe-
Ha Ta aktuBanil T-KIiTHH.

Hiticuo, 1L-10 BBa)KarOTh OCHOBHUM IIUTOKIHOM
B i1HAYKIi] TOJIEPAHTHOCTI MiJ] Yac MPOBEICHHS iMY-
HoTeparii narienram i3 Al3 3 orsiny Ha #oro 3n1at-
HicTh OkpeMo abo B xomOinauii 3 TGF-B cnpusitu
yrBopeHHio Tton/IK [45]. Uutokin IL-10 Binirpae
Ba)XHY poiib y (popmyBaHHI T . Toneporenni JIK,
OTpPHMaHi y NPOTOKOJNAX i3 BI/IKopI/ICTaHHSIM JeKca-
MeTazoHy 1 Bitaminy D3, ski mpoaykyrors IL-10,
3[IaTHI CTHMYJIIOBATH YTBOPEHHS Tpcr (CD4°CD25*
FOXP3*-nmimdormutis). [Ipraomy mi K miacmro0Th
TOJIEPOTEHHHH TIOTEHITial T, aKi mponyKyroTh IL-10
[44].

s cimeiictea Hsp70 BnacTuBa mpoTH3analib-
Ha aKTHBHICTh SIK HACIIJOK iX IMyHOCYIPECHUBHOTO
noreHiany. LlikaBo, mo ex3orennuit Hsp70 moxe
MPUTHIYYBATH 3amajibHi peakiii B MOJENAX apTpUTY,
KOJITy 1 3a BIATOPTHEHHS TPaHCIUIAHTaTa, OJHAK
MEXaHI3MH, 3aBJISIKU KM peai3yeThes 1er edekr,
oTpeOyroTh mofanbiioro BuBdeHHs [30, 33].

Bimomo, mo iMyHO3amanpHHA TPOIEC — 3aXHc-
Ha peakIliss OpraHi3My, i pO3IIATAETHCSA K OIHA 3
(dhopm itoro cTpecoBoro crany [6], Skl CympoBOI-
KY€THCS 30UTBIIICHHSIM CHHTE3y B IMyHOKOMITETEHT-
HUX KJIITHHAaX BHYTpilIHbOKIITHHHOTO Hsp70 [33].
[TigBuIIeHHs BMICTy LbOTO OijiKa € eTaroM peati-
3awii ToneporenHoi aii aeskux Hsp, y Tomy uucini i
npu Al3. IlpurnideHHs 3amaieHHs, IO CYHpPOBOI-
KYETbCS MIABUIICHHSIM MPONYKWii MpoTH3analib-
Horo murokiny IL-10, crmocrepiraeTscsi sIK BHacCIIi-
JOK iMyHi3amii TBapuH MikpoOHUM Hsp70, Tak i
30iJBIIEHHST BMICTY BIIACHUX BHYTPINTHHOKIITHH-
Hux Hsp70 [30]. [IpoTu3ananbHa akTHBHICTH PSAy
Hsp momnsrae y 3axucTi iMyHOKOMIICTCHTHUX KITITHH
BiI amomTo3y dYepe3 OMoKaay IMOYAaTKOBUX IIIIXiB
HWOTO PO3BUTKY. BBa)KaeThCs, M0 MiABUINCHA KilTb-
KicTh Hsp NyXJIMHHMMH KIITHHaMHU 3arofirae 3a-
IyCKY aroITo3y Yy BiJIIOBiJIb HA CTPECOPHUI BIUIUB
[33, 48].

Baxnupo, o Hsp MaroTh BiIHOIIGHHS i JI0 Tiepe-
npodimoBanus ¢yHkuionansHoro crarycy K: me-
pexia Bix iMyHHOTo 10 ToJieporeHHoro. Taka TpaHc-
tdopmartis JIK BimOyBaeThcs Mim Ji€r0 NESKUX Xap-
YOBUX OpPraHiuHUX CIIOJYK, 30KpeMa KapBakpoJa,
MIPUCYTHHOTO B e(ipHUX Maciax operaHo, bepramora
1 webperro [7]. BcranoBneHo, 110 11i CIIOTYKH 37aTHI
MIBUITyBaTH piBeHb eHmoreHHHMX Hsp70 Ta iHmy-
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and vitamin D3, which produce /L-10, are able to
stimulate the formation of T | (CD4*CD25 "FOXP3"-
lymphocytes). Moreover, these DCs enhance the to-
lerogenic potential of T, producing IL-10 [44].

The Hsp70 family has anti-inflammatory activity
as a consequence of their immune suppressive po-
tential. Interestingly, exogenous Hsp70 may in-
hibit inflammatory responses in models of arthritis,
colitis, and graft rejection, but the mechanisms by
which this effect is implemented require further stu-
dy [30, 33].

It is known that the immune inflammation is
a protective response of the body, and is considered
as one of the forms of its stress state [6], which
is accompanied by increased synthesis in im-
mune competent cells of intracellular Hsp70 [33].
Increasing the content of this protein is a step in
implementing the tolerogenic action of some Hsp, in-
cluding AIDs. Suppression of inflammation, accom-
panied by increased production of the anti-inflam-
matory cytokine IL-10, is observed both due to im-
munization of animals with microbial Hsp70 and
higher content of intrinsic intracellular Hsp70 [30].
The anti-inflammatory activity of a number of Hsp
is to protect immune competent cells against apop-
tosis due to blockade of the initial pathways of its
development. It is believed that increased amounts
of Hsp by tumor cells prevent the initiation of apop-
tosis in response to stressors [33, 48].

It is important that Hsp is related to the re-profi-
ling of the functional status of DCs: the transition
from immune to tolerogenic. This transformation of
DCs occurs under the action of some organic food
compounds, in particular carvacrol, present in the
essential oils of oregano, bergamot and thyme [1].
It was found that these compounds were able to in-
crease the level of endogenous Hsp70 and to induce
the production of functionally complete Treg. Hsp70
proteins play an important role in the induction
of DCs tolerance and stimulation of the T-regulatory
component of immunity as more important in the
treatment of AIDs. Tolerogenic DCs are already
used in clinical practice for the treatment of various
AlDs, in particular arthritis [54, 58]. Therefore, it
is important to assess the content of cytosolic
Hsp70 in DCs derived from cryopreserved mononu-
clear cells.

It is known that in cryopreserved cells (mono-
cytes, mononuclear cells, DCs of different degrees
of maturity) under the influence of low and ultralow
temperatures can develop cascade reactions that
affect the genomic and postgenomic profiles of dif-
ferent types of human and animal cells [3, 14].
R. Morimoto and M. Santoro found an increase
in frozen-thawed fibroblasts in the expression of




KyBaTH TPOAYKLiIO (YHKIIOHANGHO TOBHOLIHHUX
Tper. binku Hsp70 BimirpatoTh BaXkJIMBY poiib B iH-
nykiii tonepanTaocti JIK 1 crumymsnii T-peryssi-
TOPHOI JIAHKW IMYHITETY SK BaXIIUBIIIOI y JIIKyBaH-
Hi AI3. ¥V KimiHIYHIA TpakTUIi Ui JTKyBaHHI pi3-
Hux Al3, 30kpema apTpuTy, BXKEe BUKOPHUCTOBYIOTHCS
toneporerHi K [54, 58]. VY 3B’s3Ky 3 UM aKTyallb-
HOIO € OIliHKa BMicTy 1uto3oiasHuX Hsp70 y JIK, ot-
pPUMaHUX i3 KPiIOKOHCEPBOBAHMX MOHOHYKJICAPIiB.

Binomo, 1110 B KpiOKOHCEPBOBaHUX KIIITHHAX (MO-
HOLIUTax, MOHOHYKJeapax, JIK pisHoro crynens 3pi-
JIOCTi) MiA BIUIMBOM HHM3BKHX 1 YIBTPAaHU3BKUX TEM-
neparyp MOXYTh PO3BUBATUCS KacKaJHI peakuii, 1o
BIUIMBAIOTh HAa CTaH TC€HOMHOTO 1 MOCTI€HOMHOTIO
po(iTiB pi3HUX BUJIB KIITHH JIIOIWHU 1 TBapuH [9,
18]. R. Morimoto i M. Santoro BCTaHOBWJIH IIiJBH-
IIeHHS Y JIeKOHCEepBOBaHUX (iOpobmacTax excrpecii
MPHK pocroBux ¢akxTopiB (CyTHHHOTO €HIOTETiab-
voro (VEGF) i pomborut-ipomykoBanoro (PDGF)),
0 PO3IVISANOCS SK KOMIIGHCATOPHHN MeXaHi3M,
KM CIIPUsIE perapamii MOXKIMBHX TMOIIKO/PKEHb
y KJIITHHAX Micist KpiokoHcepByBaHHsS [38]. YV Toi
caMHMil Yac aKTHBAllisl TPAHCKPHIILIi PALy Kacras,
3a]y4eHUX JI0 TPOLECy aronTo3y BKe B Mepuy Jo-
Oy micisi BiATaBaHHA KpiOKOHCEpBOBaHUX (iOPOO-
JIaCTiB IPUBOANIIA 10 3HUIIEHHS HE3/1aTHUX 0 pera-
pamii kmituH [9].

K. Desai Ta cmiBabT. [16] moka3anau iCTOTHE 3HH-
JKEHHST ekcrpecii sox2 1 sox3 TeHiB B eMOpioHax
Danio rerio Bxe micis oxonomkenas 10 0°C, To0To
TEMIIEPATYPH, SIKa BBAKAETHCS CTPECOPHOIO [UIsl J1a-
HOTO By 01000’ ekTa. [TomanbIie BimirpiBanHs 3pas3-
KiB 70 (iziogoriunoi mus emOpioHiB Danio rerio
temneparypu (28°C) BHKIMKAIO KOPOTKOYACHY Cy-
MEPEKCIPECito IreHiB sox3 1.s0x19, sika Moxe OyTH pe-
3yJBTAaTOM KOMIICHCATOPHHUX MEXaHi3MiB IMiATPUMKH
roMeOoCTa3y Micisl BTpaTH YaCTUHH TPAHCKPHIITIB Te-
HiB y iepiox oxosiopkeHHs [ 18]. 3HmKeHHs excrpecii
stemness-TeHiB nanog, oct4, sox2 Oyno BiI3HaYCHO
B KIITHHAaX aJeHOKapuuHOMHU Epmixa Oesmocepen-
HBO Tricia KpiokoHcepByBaHHs [22]. KpiokoHcepBy-
BaHHS BUKJTUKAJIO MAaKCUMAJIBHY 1HTIOIIif0 eKcTpecii
reHa sox2, MiHIMaJIbHY — nanog. BIIuB KpiokoHCEp-
ByBaHHS Ha PIBEHb eKcIpecii pi3HUX TEHIB MOXKe
3ajekaTu SK BiJ| Jialla30Hy HU3BKUX TeMIeparyp,
Tak 1 Bij tuny kiaituH. M. Francois ta cmiBaBr. [17]
Moka3zanu 3HWKeHHs piBHA ekcnpecii MPHK rena
ido B Me3eHXiMalbHUX CTOBOYPOBUX KJIITHHAX MpH-
Onmu3HO B 4 pa3u MOPIBHSHO 3 KOHTPOJIEM BiJpasy
IicJsl PO3MOPOXKYBAHHS 1 BiJIHOBIIEHHS uepe3 24 ro-
JUHU HACTYIHOTO KyJNbTHBYBaHHS. Lle cynmpoBomxky-
BaJlOCs HOpMaJli3alli€l0 piBHA eKcrpecii depMeHTy
IDO y BianoBigs Ha cTumysito [FN-y.

Sk Oymno 3ramaHo BUINE, B IHIYKINi TOJEPOTCH-
Hoi ¢yukmii JIK BakuBy poib Biirpae TpaHCKPHII-
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mRNA growth factor (vascular endothelial (VEGF)
and platelet-produced (PDGF)), which was consi-
dered a compensatory mechanism that promotes
the repair of possible damage to cells after cryopre-
servation [38]. At the same time, the activation of
the transcription of a number of caspases involved
into apoptosis on the first day after warming of
cryopreserved fibroblasts led to the destruction
of non-repairable cells [3].

K. Desai et al. [12] showed a significant decrease
in the expression of sox2 and sox3 genes in Danio
rerio embryos after cooling to 0°C, i. e. the tempera-
ture that is considered stressful for this species. Fur-
ther warming of the samples to physiological tem-
perature (28°C) for Danio rerio embryos caused a
short-term overexpression of the sox3 and sox/9
genes, which may result from compensatory mecha-
nisms to maintain homeostasis after loss of some
gene transcripts during cooling [14]. Decreased
expression of nanog, oct4, sox2 stemness genes was
observed in Ehrlich carcinoma cells immediately
after cryopreservation [19]. Cryopreservation caused
the maximum inhibition of sox2 gene expression,
and the minimum one of nanog. The effect of
cryopreservation on the expression rate of various
genes may depend on the range of low temperatures
and cell type. M. Francois et al. [13] showed a
decrease in the expression rate of mRNA of the
ido gene in mesenchymal stem cells by about 4 ti-
mes compared with the control immediately after
warming and recovery after 24 hours of subsequent
cultivation. This was accompanied by normaliza-
tion of the expression rate of the IDO enzyme in res-
ponse to stimulation of [FN-y.

As mentioned above, the transcription factor
GILZ plays an important role in the induction of
tolerogenic DCs function, the expression of which
inhibits the maturation and realization of antigen-
presenting DCs function [15, 42, 55]. The question
remains: whether cryopreservation can alter GILZ
expression? Surely, cryopreservation has the ability
to activate/inhibit the expression of genes and struc-
tures of the postgenomic cascade that are responsible
for the GILZ production and participate in the
formation of tolerogenic phenotype of DCs.

Thus, autologous cell therapy, which is able to
restore the tolerogenic profile of the organism, is a
promising alternative therapeutic approach, as the use
of traditional immune modulatory and immune
suppressive products causes severe side effects. An
important role in AIDs immunotherapy belongs to
autologous tolerogenic DCs, which are currently being
tested in phases I and II of diseases to develop
an effective therapy capable of eliminating the in-
flammations without compromising immunity.
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uitnuid ¢axrop GILZ, 36inbieHHs ekcnpecii SKoro
MIPUTHIYYE JO03piBaHHS 1 pealizalilo aHTHUIeH-Tpe-
3entytouoi ¢pynkuii AK [19, 42, 55]. LlikaBum 3a1u-
LIA€TbCA MHUTAHHS, YW MOXE KPIOKOHCEPBYBAaHHS
3MiHfOBatu excripecito GILZ. be3ymMoBHO, KpioKoH-
CEpPBYBAaHHS Ma€ 3JaTHICTh aKTUBYBATH/TIPUTHIUY-
BaTH CKCIIPECII0 TEHIB 1 CTPYKTYpP MOCTTEHOMHOTO
KacKady, AKi BiAMOBiMarOThH 3a mpoxaykiito GILZ Ta
0epyTh y4acTh y (OpMyBaHHI TOJIEPOTEHHOTO (EeHO-
tuny J1K.

TakuM YmHOM, ayToJOTiUHA KIITHHHA Teparis,
sIKa 371aTHA BITHOBUTH TOJEPOTCHHMI Mpodisib opra-
Hi3My, € IEpCIIEKTUBHUM aJIbTCPHATUBHUM TeparieB-
TUYHUM IIXOAOM, OCKUIBKHM 3aCTOCYBaHHS Tpajau-
HIHHUX IMYHOMOAYBAJIBHHUX Ta IMYHOCYITPECHBHHX
IperapariB BUKJIMKAE BaKKi MOOIYHI edexTH. Baxk-
JTUBa poib B iMyHOTepamii Al3 HaleXuTh ayToio-
rigauMm  toseporenHuM JIK, ki Ha mgaHWi bac
tectyioThes Ha I 1 Il ¢azax 3axBoproBaHb 3 METOIO
pO3po0sIcHHS €(PEeKTUBHOI Teparlii, 31aTHOT aHYIo-
BaTH 3allajibHi MPOIECH 0e3 KON IS IMYHITETY.

OcHoBHuME JKepenamu oTpumanHs JIK e mo-
HOIIMTH a00 MOHOHYKJICapH MepuQepuvHoi KpoBi Ta
KICTKOBOTO MO3KY, TOMY TPHUBA€ TOIIYK €()EKTUBHUX
METOIIB iX 3aMOpOXKYBaHHS 3 MOAAJBILOID T'CHe-
pamiero ex vivo JIK i3 ToneporeHHMM TOTEHITIAIOM
JUI. aJONTHBHOTO 3aCTOCYBAaHHS NPH ayTOIMyHHHX
3aXBOPIOBAHb.
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The main sources of DCs are either monocytes
or mononuclear cells of peripheral blood and bone
marrow, so the search for effective ways to freeze
them with subsequent DCs ex vivo generation with
tolerogenic potential for adoptive treatment of
autoimmune diseases is underway.
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