Probl Cryobiol Cryomed 2024; 34(3):226-235
https://doi.org/10.15407/cryo34.03.226

YIIK 616-006.66:57.086.13:616-097:611.018.46:612.017.1
A.M. lNonbues, K0.0. lNaescbka*, T.I. [1ybpaea,
M.O. boHngaposuy, O.[. JlyueHko, M.B. OcTtaHkoB

Kpioniszat nyxfMHHUX KNiTUH: BiA TeXHONOrii OTPUMaHHSA A0 CTBOPEHHA
NPOTUPAKOBUX BaKLUMUH

UDC 616-006.66:57.086.13:616-097:611.018.46:612.017.1
A.M. Goltseyv, Y.O. Gaevska*, T.G. Dubrava,
M.O. Bondarovych, O.D. Lutsenko, M.V. Ostankov

Cryolysate of Tumor Cells: From Technology of Its Obtaining Up
to Creation of Anti-Cancer Vaccines

Pedrepat: Y poGoTi 4OBEOEHO MOXMUBICTb OTPUMAHHST iIMYHHUX AeHAPUTHMX KNiTuH (iOK) i3 MOHOHykreapiB KiCTKOBOroO MO3Ky
3a YMOB [A04aBaHHS B KynbTypy rpaHynouuTapHo-MakpodaranbHOro KOMOHIECTUMYIIOYOro dhakTopa, iHTeprnenkiHy-4 Ta kpionisaty
NYXAMHHUX KNITUH SIK iHAYKTOpa X Ao3piBaHHsA. [xepenom NyxnUHHUX aHTUreHiB anst ogepxkaHHs K 6yB kpionisaT kniTvH ageHokap-
unHomu Epnixa (AKE), skum oTpumyBanu LIASXOM X 5-pa3oBOro 3amopoXyBaHHs-BiATaBaHHs. BcTaHoBneHo, wo AundyepeHdito-
BaHHA MOHOHYKMeapiB Yy iMyHHI OEHAPUTHI KNiTUHM CynpoBOOXKYETbCA BTpaToto CD14-aHTuUreHa, NOsSIBOKO XapaKTepHUX ANs LMX KiTWUH
mapkepiB 3pinocti (CD83-, CD11c-aHTureHiB) Ta 36inblUeHHsIM eKcrpecii kocTumynaTopHux Monekyn (CD80, CD86). Pesynsrartu
OOCHIKEHHST [al0Tb MOXIUBICTb HE TiMbKW OLIHUTU SIKICHI XapakTEpPUCTUKN OTPUMAHUX Y Takui Crnocib iMyHHUX OEHAPUTHUX KNiTWH,
arne v OKpecnuTu NepcrnekTuBM iX 3aCTOCYBaHHS B iMyHOKOpPEKLi OHKonaTonorii.

Knro4oBi cnoBa: ageHokapumHoma Epnixa, kpionizat, MOHOHyKneapu, iMyHHi AEHOPUTHI KNITUHW, KYNbTUBYBaHHS.

Abstract: The possibility of obtaining immune dendritic cells (iDCs) from bone marrow mononuclear cells has been proven
by adding granulocyte-macrophage colony-stimulating factor, interleukin-4, and tumor cell cryolysate to the culture as an inducer
of their maturation. The source of tumor antigens for obtaining iDCs was a cryolysate of Ehrlich adenocarcinoma cells, which was
obtained by 5-fold freeze-thawing. It was established that the differentiation of mononuclear cells into iDCs is accompanied by
the loss of the CD14 antigen, the appearance of maturity marker characteristics of these cells (CD83, CD11c antigens) and an increase
in the expression of costimulatory molecules (CD80, CD86). The research results enable not only to evaluate the qualitative cha-

racteristics of iDCs obtained thereby, but also to outline the prospects of their use in immune correction of oncopathology.
Key words: Ehrlich’s ascites carcinoma, cryolysate, mononuclear cells, immune dendritic cells, culturing.

Cepen nepCIeKTHBHUX ITiIXO/IB JIIKYBaHHS OHKO-
3aXBOPIOBaHb OCOOIMBE MiCIIe 3aiiMae iMyHOTeparis,
a caMe BUKOPHCTAaHHS BAaKIIMH HAa OCHOBI JICHIPHUT-
aux kiitud (JK-BakmuH) [8, 11, 16]. BuroroBneHas
JIK-BakIuH CKIIaJAa€ThCS 3 KUIBKOX C€TaliB: BUIIICH-
HSl MOHOLIUTIB 3 NepugepudHoi KpoBi ab0 KiCTKOBO-
ro mo3ky (KM) myximuHOHOCIS, CTUMYISLiS X 1u-
TOKIHAMH in Vitro 1y TUQEpeHLiIOBaHHS B HE3pifi
JK, nogaBaHHs 10 KyIBTYpH IMYHOTEHHOTO IENTH-
Iy, 110 TIOXOIUTh 3 MyXJIHMHU XBOPOTO, IPOJOBKEHHS
KyJIbTUBYBaHHS 10 no3piBanHs JIK i, HapemTi, BBe-
neHHs oTpuManux 3pimux imyHHEX K (1/1K) mo op-
TaHi3My XBOPOTO.

BBa)kaeTbcest, 110 HaMOUIBII HAIIMHUM METOIO0M
orpumanfs JIK i3 MOHOIUTIB € ABOETAITHUI CIIOCi0 iX
CcTUMYIIALIT, 3anpornoHoBanuii F. Sallusto Ta A. Lan-
zavecchia [13]. Ha nepmomy erami 3 MOHOLIMTIB Iie-
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Among the promising approaches of cancer
treatments, the immune therapy occupies a special
place, namely it concerns the use of vaccines based
on dendritic cells (DC vaccines) [7, 11, 16]. The
production of DC vaccines consists of several stages:
isolation of monocytes from the peripheral blood or
bone marrow (BM) of a tumor patient, stimulation of
them with cytokines in vitro for differentiation into
immature DCs, addition of an immunogenic peptide
derived from the patient’s tumor to the culture,
continued cultivation until DC maturation, and,
finally, introduction of the obtained mature immune
DCs (iDCs) into the patient’s body.

It is believed that the most reliable way of
obtaining the DCs from monocytes is their two-
stage stimulation, proposed by F. Sallusto and A.
Lanzavecchia [13]. At the first stage, immature DCs
1
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pudepudHOi KpoBi ofepKyroTh Hedpim JK nmsxom
JIOIaBaHHS B CEPENOBUINE KyIHTHBYBAHHS TPaHyjo-
LIUTapHO-MaKpogaraibHUil  KOJIOHIECTUMYIIOIOUHUMA
tdakrop (I'M-KC®) Tta inrepneiikia-4 (1JI-4). Otpu-
MaHi TakuM 9uHOM He3pim JIK MaioTs BHCOKY aHTH-
TeH-3aXOTUTIOI0YY, ajle 0OMEXKEHY 3aTHICTh JI0 Tpe-
3eHTallli aHTUTeHA.

Jost imaykii gudepenmiroBanas He3putnx K y
3pini i/IK BUKOPUCTOBYIOTH Pi3HI ITMTOKIHOBI KOKTEH-
aii, miraaan 1o Toll-moniOHMxX penenTopis, ado peren-
topa CD40 (CD40L) [3, 11]. Kpim TOro, akueHTy€eTh-
Cs yBara Ha BUKOPUCTaHHI MyXJIMHHUX aHTUTCHIB JIJIS
HaBaHTaXeHHA He3pimmx K 3 meroro oTrpuMaHHA
3pimux 1/IK 3 mportunyxiauHHOIO akTUBHICTIO. [[xe-
peJIOM MYyXJIMHHUX aHTHTCHIB CIIYKaTh: JIi3aTH ITyX-
nvH [12], cHHTeTHYHI MyXJIWHOCTIEITU(I9HI TeTTHIN
[21], myxnuHHI OUTKHM [5], amONTOTHYHI ITyXJIHHHI
ximitaan [9], aykineinosi kuciotu (JIHK) [18] Ta 3a-
rajgpbHa MarpuyHa puboHykieiHoBa kuciaora (MPHK)
MyXJUHHAX KTiTeH [7]. [Ipu mpoMy BKa3yeThCs, 10
ayTOJIOTIYHI IMyXJIMHHI KIIITHHU € OUIBIN ImparMaTrud-
HUM JIKEPEJIOM aHTHICHIB, HIK aJIOTCHHI ITyXJIMHHI
KIITUHHI JiHIT [6]. BoHU BXe NMOTEHIIHO MICTATH
MoBHUI Ha0ip 0COOMCTHX MyXJIMHOACOLIHOBaHUX He-
OAHTHTCHIB Mali€HTa, 30KpeMa Ti, SIKi MOXYTh MaTH
BUpIlIaJIbHE 3HAYEHHS IJIs BiIATOPTHEHHS KOHKpET-
HOI MyXJHMHU. AYTOAaHTUTGHHUH perepTyap Ji3ariB
MyXJIMHHUX KIITHH CIPHUSE 1 3a0e31euye OLIbII «Tap-
TeTOBaHY» AaKTHBAIlI0 IMyHOKOMIICTCHTHHX KJIITHH
MMyXJIMHOHOCIS, a caMme T-XenmepiB 1 IMMTOTOKCHYIHUX
JIMGOLMTIB BITHOCHO 3JIOSKICHHX CTPYKTYp, IO
Ma€ BaXXJIMBE 3HAYCHHS IS TiABUINEHHS e(eKTHB-
HOCTI iX 3HUIICHHS [2].

Crin 3ayBakuth, mo 3pimi i/IK BTpavarots ¢a-
TOLIMTAPHY AaKTHBHICTh, ajie HaOyBarOTb 3HaTHICTbH
70 TIpe3eHTalii caMe MyXJIMHHUX aHTUTEHIB Ta CTH-
Mymauii HaiBHUX T-niM¢ounTiB 10 nudepeHmiamii B
3pini T-xnituan edexropu. [ns BukoHaHHA QyHKIIi
npe3eHTanii anturediB i/IK BUKOpUCTOBYIOTH MO-
JIEKYJTA TOJOBHOTO KOMIUIEKCY TiCTOCYMICHOCTI Ta
KOCTUMYJISTOPHI MoJiekymu [19].

Meta poOOTH — ONpAIfOBaHHS METOJOJIO-
TIYHO-METOAWYHHUX ITiIXOMIB OTPUMAHHS in Vitro
IMyHHUX JEHIPUTHHUX KIIITHH 3 MOHOHYKJIEapiB
KICTKOBOTO MO3KY IUIIXOM iX CHIBKYJIGTHBYBaHH:I
3 Kpioji3aToM KIITHH aJeHoKapuuHoMHu Eprixa sk
JDKepelia My XJIMHHUX aHTUTCHIB.

Marepiaau i MeTonHn

Muwi ma xaimuuwna JiHIA  AOEHOKAPYUHOMU
Epnixa

Poboty mpoBoawiu Ha 6-MICIYHUX CaMIIX MH-
et Jinii BALB/c, 1110 yTpumMyBainuch y cTaHaapT-
HUX yMOBax BiBapito [HCcTUTYTY mpoOiem Kpiobio-
morii 1 kpiomemuiiman HAH Vkpainm (Xapkis).
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are obtained from peripheral blood monocytes by
adding granulocyte-macrophage colony-stimulating
factor (GM-CSF) and interleukin-4 (IL-4) to the
culture medium. The immature DCs obtained thereby
have a high antigen-capturing but limited antigen-
presenting capacity.

Different cytokine cocktails, Toll-like receptor
ligands, or CD40 receptor (CD40L) ligands have
been applied to induce differentiation of immature
DCs into mature iDCs [2, 11]. In addition, attention
is focused on the use of tumor antigens to load
immature DCs in order to obtain mature iDCs with
antitumor activity. The following sources of tumor
antigens are used: tumor lysates [12], synthetic
tumor-specific peptides [21], tumor proteins [4],
apoptotic tumor cells [9], nucleic acids (DNA) [18],
and total mRNA (mRNA) of tumor cells [7]. It
is indicated that autologous tumor cells are a more
pragmatic source of antigens than allogeneic tumor
cell lines [5]. They already potentially contain
the full set of the patient’s personal tumor-asso-
ciated neoantigens, in particular those that may
be crucial for the rejection of a specific tumor. The
autoantigenic repertoire of tumor cell lysates pro-
motes and provides a more ‘targeted’ activation
of the tumor-bearing immune competent cells, na-
mely T-helper and cytotoxic lymphocytes, against
malignant structures, which is important for in-
creasing the efficiency of their destruction [1].

It should be noted that mature iDCs lose pha-
gocytic activity, but acquire the ability to present
tumor antigens and stimulate naive T lymphocytes
to differentiate into mature effector T cells. To per-
form the function of antigen presentation, iDCs
exploit molecules of the major histocompatibility
complex and co-stimulatory molecules [19].

The aim of this research was to develop
methodological approaches for in vitro obtaining
the immune dendritic cells from bone marrow
mononuclear cells by co-culturing them with
cryolysate of Ehrlich ascites carcinoma cells as
a source of tumor antigens.

Materials and methods

Mice and Ehrlich ascites carcinoma cell line

The studies were performed in 6-month-old
male BALB/c mice kept under standard conditions
at the animal house of the Institute for Problems
of Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine (Kharkiv). The
experiments were carried out in accordance with
the protocols approved by the Bioethics Com-
mittee of the Institute and agreed with the main
provisions of the Law of Ukraine ‘On the Protection of
Animals Against Cruelty’ (Ne3447-1V of 21.02.2006)
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ExcnepuMenTn mnpoBeneHi BiANOBITHO 10 TPOTO-
KOJIiB, CXBaJICHUX KOMiTeToM 3 OioeTwku IHCTHTYTY
Ta Y3rO[KEHHX 3 OCHOBHHUMHU MOJOKEHHAMHU 3aKOHY
VYkpaian «IIpo 3axucT TBapuH Bij KOPCTOKOTO IT0-
BomkeHH» (Ne3447-1V Bim 21.02.2006) Ta «EBpo-
MEHChKOT KOHBEHIIIT PO 3aXKMCT XpeOETHUX TBapHH,
SIKI BHKOPHCTOBYIOTBCS U EKCIIEPUMEHTAIBHUX
Ta IHIMUX HAyKOBHX Iitei» (CtpacOypr, 1986).

Anenokapnuaoma Epmixa (AKE) — me miHis
KIITHH HeaudepeHUiioBaHOT aeHOKapIIMHOMH MHU-
e, 10 BTpaTWia eMiTeNliadbHUid XapakTep, BH-
XiTHOIO TYXJIMHOIO JJisl sIKOi OyB CIIOHTaHHUN pak
MOJIOYHOI 3aJI03W caMOK wuiieii. Mwumam (n =
10) mepememmoBaiin AKE nuisixom BHYTpILIHBO-
YEPEBHOTO BBEJCHHS ITyXJIMHHUX KJIITHH Yy 7031 5 X
x 108 kimitua/mumy B 0,3 M (i3i0I0T1YHOIO Po3-
gy (AT «[amuudapm», Ykpaina). Ha 7-my 1no0y
po3Butky AKE TyXJWHHI KIITHHH OTPUMYBAIH 3a
JOTIOMOTOI0 IITIpHUIa 3 Tonkoro 21G, nmBidi BimgMu-
BalK (hi310JIOTIYHUM PO3YHHOM BiJ aCIUTHYIHOL pi-
OUHM [UIIXOM J0AaBaHHS (hi3i0JIOTIYHOIO PO3YH-
Hy (1:2) ta momansmoro nenrpudyrysanus (200 g,
10 xB).

Jizuc knimun AKE

Kiituan AKE y xonnentpamii 15,0 x 10° xn/mn
po3Hocunu B KpionpoOipku 06’emom 1 mi (Nunc,
Himeuurnna) 1 mpoBomwimm 5 TOCTIIOBHHUX ITHKIIB
3aMOpOXKYBaHHS 3aHYPEHHAM y piakuit a3oT (—196°C)
0e3 KpiompOoTeKTOpa Ta BiATaBaHHS 3pa3KiB 32 yMOB
kiMHatHOi Temmeparypu (20 = 2°C) mpoTsarom
20 XB TpHW TOCTIHHOMY IIIyTEIIOBAaHHI aMITyd IO
3HUKHEHHs TBepaol (asu. KilIbKIiCTh JKUTTE3MaTHUX
KIITHH KOHTpoOJroBaiu 3a nomnomoroto 0,4% pos-
YHHY TpUMIaHoBOro cuHboro (Sigma, CIIA) i3 3ac-
TOCYBaHHSIM CBITIIOBOTO Mikpockoma «Axio Obzer-
ver Z1» (Carl Zeiss, Himeuunna). Kitituaauit ner-
PHUT OCaKyBaJIn IIUISIXOM HeHTpudyryBanns (600 g,
10 xB). HamocanoBy piguHy MpOIMyCKald uepes
MiginopoBuii GiaeTp 3 miameTpoMm mop 0,22 MKM.
3arajgpHuN OIJIOK y Kpioji3arax MyXJIMHHUX KITITHH
BH3HAYATN KOJIOPUMETPHYHUM OlypeTOBHM METO-
JIOM 3a JOTIOMOTOI0 Habopy «3aradbHUN OUTOK»
(«®Dimicit-/liarnocTHKa», YkpaiHa). BumiproBaHHS
ONTHYHOI HIIIFHOCTI TPOBOAMIIA Ha CIEKTPOGOTO-
metpi «Lambda 465» (PerkinElmer, CIIIA) ipu 10B-
*uHI XBUI1 540 HM 3riIHO 3 IHCTPYKUi€IO QipMH-BU-
pobnuka. IlyxnmuHHUiI KpiomizaT po3dacoByBamu
B KpionpoOipku mo 1 mi ta 36epiramu npu —20°C
Y MOPO3HMJIBHIHM Kamepi 10 BUKOPUCTAHHSI.

Ompumannus i[IK

OTpumaHuii 31 CTETHOBUX KiCTOK MHIIICH acmipar
KicTkoBoro Mo3ky (KM) pecycreHnyBaim y cepeno-
Buii «RPMI-1640» (Biowest, ®panris) 3 momaBaH-
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and the ‘European Convention for the Protection
of Vertebrate Animals used for Experimental and
other Scientific Purposes’ (Strasbourg, 1986).
Ehrlich ascites carcinoma (EAC) is a cell line
of undifferentiated murine carcinoma that has lost
its epithelial character, the initial tumor for which
was spontaneous mammary cancer of female mice.
Mice (n = 10) were transplanted with EAC by
intraperitoneal injection of tumor cells at a dose
of 5 x 10° cells/mouse in 0.3 ml of saline (JSC
‘Galychpharm’, Ukraine). On the 7" day of EAC
development, tumor cells were obtained using
a syringe with a 21G needle, washed twice with
saline from ascitic fluid by adding saline (1:2) and
subsequent centrifugation (200 g, 10 min).

Lysis of EAC cells

EAC cells at a concentration of 15.0 x 10° cells/
ml were distributed into 1 ml cryotubes (Nunc,
Germany) and subjected to 5 consecutive cycles
of freezing by immersion into liquid nitrogen
(-196°C) without cryoprotectant and thawing of
the samples at room temperature (20 = 2°C) for
20 min with constant shaking of the vials until
the solid phase disappeared. The number of
viable cells was monitored using 0.4% trypan blue
solution (Sigma, USA) using a light microscope
‘Axio Observer Z1’ (Carl Zeiss, Germany). Cell
debris was precipitated by centrifugation (600 g,
10 min). The supernatant was passed through
a millipore filter with a pore diameter of 0.22 um.
Total protein in tumor cell cryolysates was deter-
mined by the colorimetric biuret test using the
‘Total Protein’ kit (Filisit-Diagnostics, Ukraine).
Optical density was measured on a ‘Lambda 465’
spectrophotometer (PerkinElmer, USA) at a 540
nm wavelength according to the manufacturer’s
instructions. The tumor cryolysate was placed in 1
ml cryotubes and stored at —20°C in a freezer until
use.

iDC Obtaining

The bone marrow (BM) aspirate obtained
from the femurs of mice was resuspended in ‘RPMI-
1640’ medium (Biowest, France) with the addition
of 3% fetal calf serum (FCS) (Biowest) and 2%
sodium citrate (Sigma-Aldrich, USA) (hereinafter
referred to as the working medium) and passed
through a nylon filter with a pore diameter of
100 um (Falkon, USA), centrifuged (300g, 10 min)
and resuspended in the working medium. Mono-
nuclear cells (MNCs) were isolated by centrifu-
gation of the BM suspension in a density gradient
(1.077 g/ml) of a 76% Trazograf solution (Unique
Pharmaceutical Laboratories, India) [8].
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M 3% emOpionanbHoi Tensuoi cupoBarku (ETC)
(Biowest) 1 2% uutpaty Hatpiro (Sigma-Aldrich,
CIIA) (mami B TekcTi — poOodue cepeloBHILE) Ta
MIPOITYCKAJIK Yepe3 HEHMIOHOBUH (DUTBTP 3 AlaMeTpOM
mop 100 mxm (Falkon, CIIIA), menrpudyrysamu
(300g, 10 xB) i pecycleHIyBaIH Y POOOUOMY cepe-
noButni. MoHonykneapri kinituan (MHK) Bumins-
JIM 3a JOIOMOror0 IeHTpuyryBanus cycrensii KM
y rpajgienTi minbHOCcTI (1,077 /™M) po3uuny 76%
«Tpazorpaga» («tOnik dapmacprotukan JlaGopa-
Topi3y, Inmis) [1].

KyneruByBanus MHK 3niiicHioBanu y cepeno-
puii RPMI-1640 3 nomasanusam 10% ETC 1 1%-ro
po3unHy anTtuOiotukiB (100 om/mMn meHIUITiHY,
0,1 Mr/mMiu cTpenToMiuHy) y IUIACTHKOBHX Yall-
kax Ilerpi 3 miamerpom 3 cMm (mociBHa mo3za 1 X
x 107 xmitus/yamky) [10]. KmiTuHu KyJIbTHBYBa-
s npu 37°C y armocdepi 5%-ro CO,. Yepes 2 ro-
JIMHU CEpeNIOBUINE 3 KIITUHAMH, SKI HE TPUKPIITU-
JIACSI, BUOAJSUTM Ta JOJABAIM 3 MJI CBIKOTO KYIIb-
TypalbHOTO cepenopuma, 1mo wictmwio ['M-KCD
(20 mr/mn) ta Ul-4 (5 ar/mn) (Sigma-Aldrich, Be-
nuka Bpuranis). Moro BHocwtn Ha l-mry Ta 3-TiO
nobu KynbTuBYBaHHS. Ha 5-Ty 100y KyTHBYBaHHSA
3 "amok BigOupamu 0,5 KynbTypajbHOTO Ccepeno-
BUIIA 1 JOAaBaIH 3 MJI CBDKOTO KYJIBTYPajlbHOTO
cepepoumia 3 I'M-KC®, [JI-4 Ta kpiomizatamu
MyXJUHHAX KJIITHH, SKI MICTHIM Pi3HI KOHIIEHT-
pauii 6inka (JI1 — 0,5 mr 6inka / mi a6o JI2 — 1,0 mr
Oinmka / mi). 3acTOCYBaHHS TaKMX KOHIICHTpAIlii
Oymo 00yMoBIIeHO cIiBBigHOMmEHHAM oxHiel JIK
IO Ji3aTy 3 TPhOX MyXJIMHHUX KITHH (TOOTO 1:3),
mo gano 3Mmory orpumaru iIK in vitro. Y skocTi
KOHTpOJIO B 4amky Iletpi BHOCHIM 3 MJ CBIXKOTO
KyJIBTypajibHOTO cepenoBuiia 31 100 Hr/miu mimo-
nonicaxapuny (JIIIC) (026:B6, E.coli, Sigma Ald-
rich, St Louis, MO, CIIIA). Moro BHKOpHCTOBY-
BaIM SIK HecrneuugpiuHe aHTUTeHHE HaBaHTAKCHHS
npu oxepxanni JIK. Iukybamito kmituH 3 mepe-
JIYEHUMHU aKTHUBaTopamu mo3piBanHs JIK mposo-
JIATH TIPOTATOM 48 TOIUH.

VY pobGoti Oyno chopmMoBaHO HACTYIIHI AOCHIA-
Hi TpymH (n = 5 y xoxHii): 1 — MHK + I'M-KCO®,
I-4 (me3pini JIK); 2 — MHK + 'M-KCO®, [JI-4 +
J1 (JK); 3 — MHK + I'M-KC®, [JI-4 + J12 (i/IK);
4 — MHK + I'M-KC®, 1JI-4 + JITIC.

Ha 7-my no0y kynsruByBanHs MHK 0Oyino otpu-
mano iJIK, ski 30upanu minetkoro Ilactepa, a yac-
TUHY TPHUKPIIUICHUX KIITHH OOEpEKHO 3HIMaln
CKpernepoM, BiIMUBAJIM JBOPA30BHM ULEHTPHUDY-
ryBannsaM (200g, 10 xB) y 5 ma docdarno-comnbo-
Boro Oydepa (Merck Sigma-Aldrich, Himeuuuna).
3a momoMororo kamepu lopsieBa TTPOBOAMIIN Tiapa-
XyHOK KIiTHH. OIiHKY iXHBOT JXUTTE3MATHOCTI 3/1H-
CHIOBAJIM IIUIAXOM CYIpaBiTaibHOro GapOyBaHHsS
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MNCs were cultured in RPMI-1640 medium
supplemented with 10% ETC and 1% antibiotic
solution (100 wunits/ml penicillin, 0.1 mg/ml
streptomycin) in 3 cm diameter plastic Petri dishes
(1 x 107 cells/dish seeding dose) [10]. Cells were
cultured at 37°C in an atmosphere of 5% CO.,.
After 2 hours, the medium with non-adherent cells
was removed and 3 ml of fresh culture medium
containing GM-CSF (20 ng/ml) and IL-4 (5 ng/ml)
(Sigma-Aldrich, United Kingdom) was added. It
was added on the 1%t and 3™ days of culture. On
the 5" day of incubation, 0.5 ml of culture medium
was removed from the dishes and 3 ml of fresh
culture medium with GM-CSF, IL-4 and tumor
cell cryolysates containing different protein concent-
rations were added (L1 — 0.5 mg protein/ml or L2 —
1.0 mg protein/ml). The use of such concentrations
was due to the ratio of one DC to the lysate from
three tumor cells (i.e. 1:3), which made it possible
to obtain iDC in vitro. As a control, 3 ml of fresh
culture medium with 100 ng/ml lipopolysac-
charide (LPS) (026:B6, E.coli, Sigma Aldrich,
St Louis, MO, USA) was added to the Petri dishes.
It was used as a non-specific antigenic load when
obtaining DCs. The cells with the listed activators
of DC maturation were incubated for 48 hours.

The following experimental groups were formed
in the work (n = 5 in each): 1 — MNC + GM-CSF,
IL-4 (immature DCs); 2 — MNC + GM-CSF, IL-4 +
+L1 (iDCs); 3 — MNC + GM-CSF, IL-4 + L2 (iDCs);
4 — MNC + GM-CSF, IL-4 + LPS.

On the 7% day of MNC cultivation, iDCs
were obtained, which were collected with a Pas-
teur pipette, and some of the attached cells were
carefully removed with a scraper, washed by
centrifugation twice (200g, 10 min) in 5 ml of
phosphate-buffered saline (Merck Sigma-Aldrich,
Germany). Cells were counted using a Goryaev
chamber. Their viability was assessed by supravital
staining with 0.4% trypan blue solution (Sigma,
USA). At all stages of cell cultivation, their
quantitative and qualitative characteristics were
observed and evaluated using an inverted micro-
scope ‘Axiovert 40C’ (Carl Zeiss, Germany). The
expression of markers on the cell surface was
determined by flow cytometry using monoclonal
antibody kits against the molecules CD14-FITC
(No. 553739, Becton Dickinson, USA), CD83-PE
(No. 558205, Becton Dickinson), CDI11c-FITC
(No. 557400, Becton Dickinson), CD80-FITC (No.
104706, Biolegend, USA), CD86-FITC (No. 105110,
Biolegend, USA) and corresponding isotypic controls
on a flow cytofluorimeter ‘FACSCalibur’ (Becton
Dickinson). There were analyzed 10,000 cells in
each sample. The obtained data were analyzed using
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0,4% po3uMHOM TPHUMAHOBOrO cUHBOTO (Sigma,
CIIA). Ha Bcix ertamax KyJabTUBYBaHHS KIITHH 3a
JIONIOMOTOI0 1HBEPTOBAHOTO MiKpockona «Axiovert
40C» (Carl Zeiss, Himeuunna) cioctepiraim i oIti-
HIOBQJIH iXHI KUTbKICHO-IKICHI XapaKTEPUCTUKH.

Exkcrmpecito MapkepiB Ha MOBEpPXHI KJIITHH BH3-
HavaJld METOJOM IIPOTOKOBOI JIa3€pPHOI ITUTOMETPIl
3a JTIOTIOMOTOI0 HAOOpiB MOHOKJIOHAJTBHUX AHTHTLI
npotu Monekysr CD14-FITC (Ne553739, Becton Di-
ckinson, CIIIA), CD83-PE (Ne558205, Becton Dickin-
son), CD11c-FITC (Ne557400, Becton Dickinson),
CDS8O-FITC (Ne104706, Biolegend, CILA), CD86-
FITC (Nel05110, Biolegend, CIHA) Tta Bimgmo-
BIJHUX 130THIIYHUX KOHTPOJIB HAa TPOTOKOBOMY
utodroopumerpi « FACSCalibury (Becton Dickin-
son). Y xoxHi# mpo6i anamizyBam 10 000 xmiThH.
OTpumaHi naHi aHaTI3yBaJd 3a JOMOMOTOIO0 TIPOT-
pamu «WinMDI 2.8» (Joseph Trotter, Scripps
Institute, La Jolla, CIIIA).

Craructuyay 0OpOOKYy NaHWX TPOBOIWIN 3 BH-
KOPUCTaHHSM €JIEKTpOHHUX Taomuis «Excel 2010»
(Microsoft, CIIIA) i mporpammu «Statistica 10.0»
(StatSoft, CIIIA). KinbkicHi gaHi 00poOIsITH METO-
JIOM BapialliifHOi CTaTUCTHKH 3 OOYUCIICHHSAM MeJTia-
HU (Me) Ta iHTEpKBapTWIBHOTO po3maxy [25; 75].
[opiBHSHHS He3aneXHUX BUOIPOK 3 KOHTPOIBHOIO
IPYIOI0 MPOBOAMIOCS MeTogoM ManHa-YitHi. Bin-
MIHHOCTI BB@)KaJld CTaTHCTHYHO 3HAYYIIUMH TIPH
p <0,05.

Pe3yabTaTi Ta iX 00rOBOpPEHHSA

3 wmeroro ¢opmyBanHsa 3pimux iJAK in vitro,
He3puti JIK HaBaHTakyBamu MyXJIWHHUMH aHTH-
reHamu, a came Kpiomizatom kimituH AKE. [lnsa
orpuMaHHs Kpiomizary kmituHu AKE B KoHILIEHT-
pamii 14,6 x 10° xin/mMn miggaBanud 1 ATH IUKJIaM
3aMOpOXKyBaHHs-BiATaBaHHs (Tabi. 1).

3a pesynapraTaMu aHaji3y JKUTTE3NATHOCTI Ta
kimpkocTi kiniTiH AKE npu BukopucTaHHi 5 OMKITIB
3aMOpOXKyBaHHS-BinTaBaHHs (Tabm. 1) cmocrepi-
rajiocsi TOCTYIIOBE 3MEHIICHHS IUX ITOKa3HUKiB
MTOPIBHSHO 3 IMOYATKOBUMH 3HAYCHHSIMH (HATHBOM).
[Ipu mpomy, BXe MCasA 3-TO MUKIY 3aMOPOXKYBaH-
HS-BIATaBaHHSA HE 3aJUIIAIOCA JKUTTE3JATHUX KITi-
iH AKE, ame iXHS KUIBKICTH (32 MiApaxyHKOM
y kamepi [opsieBa) 3HM3MIIAcS Maiixe B 5 pasiB Bif
Hatuy. [licis 5-ro IUKITY 3aMOpOXKyBaHHS-Bi/ITaBaH-
Hs 3amumuiaocs He Oinbiie 1,5% xmituH. KoHIeHT-
paris 3arajgpbHOrO OiNKa TicHA 5-TO UKy 3aMOpO-
xyBaHHsa-BiaTaBaHas AKE B orpumanomy Kkpio-
mizati cknanana 14,1 [13,5; 14,5] mr/mo.

Sk BkasyBanocs Buie, BuponryBauus i/IK ckia-
TAEThCSL 3 NTBOX eTamiB — (OPMYBaHHS HE3PLIHX
JK Ta mactymue mo3piBanHs y i[IK mig BruimBom
IMyHOTEHHUX CTHUMYIIB. JlificHO, Ipy KyIbTUBYBaH-
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the program ‘WinMDI 2.8 (Joseph Trotter, Scripps
Institute, La Jolla, USA).

Statistical data processing was performed using
the spreadsheet ‘Excel 2010’ (Microsoft, USA)
and the program ‘Statistica 10.0” (StatSoft, USA).
Quantitative data were processed using the varia-
tional statistics with the calculation of the median
(Me) and interquartile range [25; 75]. Comparison
of independent samples with the control group
was performed using the Mann-Whitney test. Dif-
ferences were considered significant at p < 0.05.

Results and discussion

In order to form mature 1iDCs in vitro, immature
DCs were loaded with tumor antigens, namely,
cryolysate of EAC cells. To obtain the cryolysate,
EAC cells at a concentration of 14.6 x 10¢ cells/ml
were subjected to five freeze-thaw cycles (Table 1).

According to the results of the analysis of via-
bility and number of EAC cells using 5 freeze-thaw
cycles (Table 1), a gradual decrease in these in-
dices was observed compared to the initial values
(native). At the same time, after the 3™ freeze-
thaw cycle, there were no viable EAC cells left,
but their number (as calculated in the Goryaev
chamber) decreased almost 5 times from the native.
After the 5™ freeze-thaw cycle, no more than 1.5%
of cells remained. The total protein concentra-
tion after the 5" freeze-thaw cycle of EAC in
the resulting cryolysate was 14.1 [13.5; 14.5] mg/ml.

As indicated above, iDC cultivation consists
of two stages — formation of immature DCs and
subsequent maturation into iDCs under the influence
of immunogenic stimuli. Indeed, when cultivating
MNCs in the presence of GM-CSF, IL-4 and
maturation activators in the form of cryolysates
of EAC cells in different concentrations, iDCs
were obtained, the viability and number of which
are shown in Table 2. High viability (89-91%)
of DCs was established in all experimental groups.
Interestingly, the maximum number of DCs ob-
tained (72.5% of the initial number of cells plated
on plastic) was observed in group 3 using the
maximum protein concentration in the cryolysate —
L2. That is, a higher concentration of tumor pro-
tein induces the formation of antitumor iDCs to
a greater extent. These data guide oncologists to
the need to choose the ‘optimal’ doses of immuno-
genic substrate when creating antitumor vaccines.

An important and necessary step in the creation
of antitumor vaccines is the confirmation of the
formed iDC phenotypic features. It is known that
iDCs are usually identified by the presence of CD11c¢",
CD18, CD40-, CD54, CD58, CDS83, CD&0,
CD86-, HLA-DR~, CCR7-markers and the absence
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Tabnuusa 1. KinbkicTb knituH AKE Ta iXHS XXKUTTE30aTHICTb NiCnsa NpoBeAeHHst M'ATU LIMKNIB
3amMopoxyBaHHsA-BiATaBaHHsA, Me [25; 75], n = 10

Table 1. Number of EAC cells and their viability after five freeze-thaw cycles, Me [25; 75], n = 10

Homep umkny 3amMopoKyBaHHA-BiATaBaHHA
Number of freeze-thaw cycle
MokasHuk Hatus
Parameter Native
1 2 3 4 5
KinbkicTb knituH, X 108 kn/mn
(Me [25; 75]) 14,6 5,0 4,0 2,6 0,8 0,2
Number of cells, x 108 cells/ml [14,1; 16,4] [4,6; 5,71* [3,7; 4,71* [2,2; 3,31* [0,5; 0,91* [0,1;0,31*
(Me [25; 75])
. . o
)‘KMTTC?I\IJ/laeT?IZCg.b;g]I;'MH’ % 95,5 29,5 2,0 0,0 0,0 0,0
! 93,5; 97,0 28,3; 32,81 2,0; 2,01* 0,0; 0,01* 0,0; 0,01*% 0,0; 0,01*%
Cell viability, % (Me [25; 75]) [ ] [ ] [ ] [ ] [ ] [ ]

MpumiTka: * — pisHULSA 3HaYyLLa NOPIBHSHO 3 HAaTMBOM, p < 0,05.

Note: * — significant difference compared to native, p < 0.05

Hi MHK y npucytaocti 'M-KC®, 1JI-4 i aktuBaTo-
piB mo3piBaHHS y BUDIAAI KpiomizatiB kiituH AKE
y pi3HHX KOHICHTpamisx Oymu oTpumani iJIK, sxut-
TE3MATHICTH 1 KUIBKICTH AKUX HaBeneHO B Tadm. 2.
BcranoBiena Bucoka xkuUTTE3aTHICTH (89-91%)
JK y Becix pocmignux rpynax. LlikaBo, mo makcu-
ManbHa KijgbkicTe orpumanux K (72,5% Bix mo-
YaTKOBOI KiJTbKOCTI OCAKCHUX Ha TUTACTUK KITITHH)
croctepiranacss y Tpymi 3 3 BHKOPUCTaHHIM Mak-
cUMajIbHOI KOHIIeHTpallii Oika B kpiom3zari — JI2.
ToOTo, BHIIa KOHIIEHTpAIis MMyXJIUHHOTO IMPOTEiHY
OUIBIIOI0 MIPOI0 1HAYKYE (HOPMYBAaHHS IPOTHITYX-
muaaux 1JIK. Ili maHi OpIEHTYIOTH KIIIHIIIACTIB-
OHKOJIOTIB Ha HEOOXITHICTh BHOOPY «ONTHMAIEHUX)
1103 IMyYHOTEHHOTO CYyOCTpaTy MpH CTBOPEHHI MPOTH-
MyXJIMHHUX BaKIIWH.,

of the membrane CDI14-antigen [19, 20]. Unlike
immature DCs, immune DCs express the surface
molecule CD83 and a higher density of expression
of the markers: CD40, CD80, CD86 and HLA-DR
[14].

In the presented study, the following markers
were used to determine the phenotype of iDCs: CD14/
CD83, CDllc, CD80, CD86 (Fig. 1). The results
of cytofluorimetric analysis of the obtained DCs
in culture without the addition of maturation in-
ducers indicate the formation of almost 90% of
DCs with an immature phenotype (Fig. 1). Indeed,
only 7.4% [4.7; 8.6] cells had the CD14-CD83+
phenotype characteristic of mature cells. The content
of CDllc" cells in the DC population was 33.5%
[32.5; 39.7]. An important role in the manifesta-

Tabnuusa 2. MokasHukn OK, oTpumanux in vitro 3 MHK Ha 7-my o0y kynbstMByBaHHs, Me [25; 75], n=5
Table 2. DC values obtained in vitro from MNCs on the 7th day of cultivation, Me [25; 75],n =5

Kinbkicte [IK, oTpumaHux Ha 7-my fo6y KynbTUBYBaHHA
Number of DCs, obtained on day 7 of culturing
Mpynun YMOBW KyNnbTUBYBaHHA MuTtTespaTHicTb KNiTUH, %
Group Culturing conditions Cell viability, %
abcontoTtHa, x 10° % Bif NOCamKEHUX Ha YaLlKy
absolute, x 108 % of plated per dish
MHK + TM-KC®, I11-4 (Hespini AK) . .
1 MNC + GM-KSF, IL-4 (immature DC) 91 [86; 98] 5214,9; 5,3 52,5
MHK + TM-KC®, II1-4 + 11 (iOK) . . *
2 MNC + GM-CSF, IL-4 + L1 (iDC) 89 [84; 901 58158;6,1] 60.0
MHK + TM-KC®, 111-4 + N2 (iQK) . .
3 MNC + GM-CSF, IL-4 + L2 (iDC) 90 [88; 90] 7,317;7,41* 72,5
MHK + TM-KC®, I]1-4 + JINC (iAK) . .
4 MNC + GM-CSF, IL-4 + LPS (iDC) 89 [85; 911 5.6 [5.5; 5,61 55.7

MpUMITKK: KinNbKiCTb NOcCaaXeHNx Ha Yawky MeTpi kniTuH cknagana 10 x 108 kn; J11 — 0,5 mr Ginka / mn 1a J12 — 1,0 mr Ginka
/ Mn; * — pi3HMUSA € 3HaYYLL oI MOPIBHSAHO 3 aHanoriYHMMmM nokasHukamu rpynu 1 (Hespini AK), p < 0,05.

Notes: the number of cells plated on a Petri dish was 10 x 10° cells; L1 — 0.5 mg protein/ml and L2 — 1.0 mg protein/ml;
* — the difference is significant compared to the similar values of group 1 (immature DCs), p < 0.05.
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BaxnuBuM 1 HEOOXiZHUM KpPOKOM CTBOPEHHS
MPOTUIMYXJIMHHUAX BAaKIWH € MiATBepIKeHHs chop-
moBanux i/IK ¢enoTunoBux o3znak. Bimomo, mo iZIK
3a3BHUai iAeHTHQIKYyIOTh 3a mpucyTtHicTio CDllc,
CD18, CD40-, CD54, CD58, CD8&3-, CDS80,
CD86, HLA'DR", CCR7-MapkepiB Ta BiJICYTHICTIO
MmemOpanHoro CD14-anturena [19, 20]. Ha BimMiny
Bix Hespimux K, imynHi JIK ekcrpecyroTb moBepX-
HeBi Motekyau CDS83 Ta Oublny IiIBHICTD eKCIIpecii
Mmapkepis: CD40, CD80, CD86 i HLA-DR [14].

Y npencraBieHOMY JTOCIIKEHHI JJIsl BUSHAYCHHS
¢denotumy i/IK Oymo BUKOpUCTaHO Taki MapKepH SIK:
CD14/CD83, CDllc, CD80, CD86 (puc. 1). Pe3ynn-
TaTH LUTO(QIYOPHUMETPUYHOTO aHaji3y OTPUMaHHX
JK y xynerypi Oe3 momaBaHHS iHAYKTOpPIB J0O3pi-
BaHHS CBiTYUTH 1po ¢opmyBanHs maibke 90% K
3 HespimuMm denorurnoMm (puc. 1). JlificHO, TUTBKH
7,4% [4,7; 8,6] xniTHH Manu XapaKTepHUU IS 3pi-
nux kmitad Gerorun CD14-CD83*. Bmict CD1l1c*-
kitituH y nomyssiii JIK cranosus 33,5% [32,5; 39.7].
BaxxnmuBa ponb y mposiBi PyHKITIOHATEHOTO TOTCH-
miany K BigBoAWTBCS MOBEPXHEBUM MEMOpPaHHUM
penentopam CD80 # CD86 [10]. Otpumani maHi
CBiYarTh, 10 HA MPOMDKHOMY €Talli KyJbTUBYBaHHS
KUTBKICTh KJIITHH, SKI €KCIIpecyBajll Ha CBOIH Io-
BepxHi KocTuMymnaTtopHi monekynu CD80 ta CDS6,
cranoBwia 35,1 [32,5; 39,7] ta 45,6 [38,5; 47,8] %
BIJIIIOBIIHO.

Hns dopmyBanusa i/IK 3 mpoTHIYXJIMHHOIO aK-
THBHICTIO BHKOPHCTOBYIOTHCS Pi3HI BUIM ITyXJIMH-
HUX aHTureHiB [5, 12, 21]. Y maHid pobGoTi s
orpuManHs i/IK Oyio 3acTocoBaHO KpiojizaTH Kili-
tiH AKE y pi3HHX KOHIIEHTpAIisSX, 0 MaJo J030-
3anekHui edekt mono Bmicty JK 3 xapakrepHuM
Mapkepom 3pinocti — CD83. Taxk, Bmict CD14-
CD83*-xnituH npu pomasanHi JI1 y xkynsrypy MHK
30inburyBaBces B 5,0, a JI2 — y 7,8 pasiB HOpiBHAHO
3 mokasHukoMm He3pinmux JK, mo orpumani 6e3 iH-
nyktopiB pospiBaHHs (puc. 1). ToOto, mokazano
KOHIICHTPALIMHY 3aJIeKHICTh 1 31aTHICTh JI2 Makcu-
MajlbHO CTHMYIIIOBaTH EKCIIPECifo (YKIIIOHATEHO
BaxmBoi CD83-monexymn. OTpuMani 1aHi CBiIl-
garp, mo JK BiAMOBimaroTh Ha M0 KPioJli3aTiB K
inaykropis  GopmyeanHs 11K OUIBIIMM IMiIBHU-
meHHIM KinmbkocTi CD14 CD83*-ki1iTHH MOpiBHIHO
3 JITIC (puc. 1).

Cryninb excnpecii MemOpanHoro Mapkepa CD83
3acIyroBye eBHOI yBarn. Y poooti W. Cao Ta CIiBaBT.
[4] mokazano, mo CD83-mapkep eKCIpecyeThCs
Yy BUDISAAL 3a3najieriib C(OPMOBAHOTO EHJIOIU-
TapHOTO OiJKa MOHOLUTIB, MaKpoQariB Ta HE3PLIUX
JK. BaxmBo, 1o moBepxXHEBA EKCIPECisl ITi€T CTPYK-
TypH IIBHIKO IHAYKYEThCA HAa MeMOpaHi IpH Iie-
pexomi JIK 3 HeaktmBoBaHMX B aktuBoBaHi i/IK.
binpmr toro, Hammi pe3ynpTaTH JEMOHCTPYIOTH HiT-
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deHotun kniTMH 3a mapkepamu CD83, CD11c, CDB8O0,
CD86, ogepxxanunmum B kKynbtypi 3 MHK (n = 5); * — pi3Huusa
3HayvyLla MOPIBHSAHO 3 aHamnoriYHMMK MOKasHWKamu rpynm
1, p< 0,05 m — CD14-CD83*, m — CD11c*, 0 — CD80",
m — CD86".

Cell phenotype according to markers CD83, CD11c, CD80,
CD86, obtained in culture with MNCs (n = 5); * — significant
difference compared to similar values of group 1, p < 0.05:

- CD14-CD83*, m — CD11c*, o — CD80*, m — CD86".

tion of the functional potential of DCs is assigned
to the surface membrane receptors CD80 and CD86
[10]. The findings demonstrate that at the interme-
diate stage of cultivation, the number of cells that
expressed the co-stimulatory molecules CD80
and CD86 on their surface was 35.1 [32.5; 39.7]
and 45.6 [38.5; 47.8] %, respectively.

For the formation of iDCs with antitumor
activity, various types of tumor antigens are used
[4, 12, 21]. In this work, cryolysates of EAC
cells in different concentrations were used to obtain
iDCs, which had a dose-dependent effect on the
content of DCs with a characteristic marker of
maturity — CD83. Thus, the content of CD14-CD83*
cells increased by 5.0 times when L1 was added to
the MNC culture, and L2 — by 7.8 times compared
to the value of immature DCs obtained without
maturation inducers (Fig. 1). That is, the concentra-
tion dependence and the ability of L2 to maxi-
mally stimulate the expression of the functionally
important CD83 molecule are shown. The obtained
data indicate that DCs respond to the action of
cryolysates as inducers of iDC formation with a
greater increase in the number of CD14-CD83* cells
compared to LPS (Fig. 1).

The degree of expression of the membrane
marker CD83 deserves some attention. In the work
of W. Cao et al. [3] it was shown that the CD83
marker is expressed as a preformed endocytic
protein of monocytes, macrophages and immature
DCs. Importantly, the surface expression of this
structure is rapidly induced on the membrane
during the transition of DCs from unactivated to
activated iDCs. Moreover, our results demonstrate
a clear dose-dependent activity of the expression
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Ky J10303aJIeKHY aKTHUBHICTb EKCIpecii mboro map-
Kepa — 30UIbLICHHS KOHLEHTpaulii MTyXJIWHHOTO
mizary (JI2) mpuBommiio 10 yTBOpEHHS MaKCHMalb-
Hoi (mopiBHsHO 3 JI1 Ta JIIIC) HE TimbKH 3arajbHOT
kimpkocti JIK (tabm. 2), a 1 Bmicty CD14 CD83*-
KiitaH (puc. 1).

OO0uIBI 103U MyXJIUHHOIO JIi3aTy OyJad 3HAYMMI
Ui ekcnpecii cnenudivroro it 3pinux 11K map-
kepa CDllc (puc. 1). Tak, nmpu BukopucTanui JI2
Bmict CDI11c*-JIK 3Hauymo mnepesurnyBaB (63,8
[62,1; 64,5] %) moka3Huk npu 3actocyBaHHi JI1
(52,4 [48,5; 53,6] %). Sk BumgHO 3 puc. 1, JIIIC maB
3Hauymo Hwxdud 1JIK-inaynubensHuii moTeHITiaN
(45,1 [43,4; 46,8] %) mopiBasHO 3 JI2 (63,8 [62,1;
64,5] %). Takum yuMHOM, OTPUMAHI JaHI IMiJKpec-
JIOI0Th MaKCUMaJIbHY CTHMYJIAMi0 mo3piBanas JIK
13 3acTocyBaHHsM JI2.

IleBHa 3HaumMicTh y peanizamii (QyHKIIOHATH-
Horo moteHmiany JIK BiZBOAWTHECS IMMOBEPXHEBUM
MOJIEKyJIaM KocTuMyJasiii, a came B7 (CD80/CD86)
[20]. 11i MmemOpanHi OLTKM BiIHECEHO IO Cymeppo-
IVHU IMYyHOTJIOOYMiHIB, JIIraHAAMU SKHX € MOJIEKY-
mun CD28 i CTLA-4, mo ekcnpecyrotbest Ha T-tim-
¢ouurax. Came kxontakt CD80/CD86-penenTopis
3 BKa3aHWMH JIIraHAaMu 3a0e3redye IMpOBEICHHS
KOCTUMYJISITOPHUX CUTHAJIIB 1 aKTHBALilo, IO CyI-
POBOIKYEThCS Tpoidepartiero Ta audepeHIriroBan-
HaM T-xmituH. Koctumynsiis gepe3 CD28-cTpykry-
pu 3abe3nedye 3poCcTaHHs Ta BWKUBAaHHSA T-KIIITHH,
tomi sk 3B s3yBaHHA 3 CTLA-4 imribye T-xmitH-
Hy BiamoBimp [17]. KpiM TOrO, BHCOKHIl CTyIiHB
excripecii CD80 ma memOpani JIK € Hamg3zBuuaitHO
BOKJIMBUM IS TIPOSIBY 1i IMYHHHX BIIACTHBOCTEH,
OCKIJIBKU IIsl MOJIEKYJIa B3a€EMOIIE 1 «HEUTpamizye»
PD-L1, 6nokyroun #oro 3B’s3yBaHHS 3 PELECITOPOM
PD-1 na T-kniTuHaxX i 3amo0irae NpUrHiYeHHIO aKTH-
Barii T-kmitun [15].

Y  peanmizamii NOPOTHIYXIMHHOI  aKTUBHOCTI
IMyHHOI CHCTEMH JiTaHA-PELENTOpHI B3aeMOii
MAalOTh HaJIBAXIIMBE 3Ha4eHHA. SIK BUIHO Ha puc. 1,
TIPH TOAaBaHHI KPioJIi3aTy MyXJIMHHUX KIIITHH Y KyJIb-
TypallbHe CEPeIOBUINE PiBHI EKCIpecii Ha MeMOpaHi
JK xocrumymsaropanx wmoiekyal CD80 ta CD86
3HAYHO 3OUIBINYBAIMCA TOPIBHSIHO SK 3 HE3PUIH-
mu JIK (6e3 inmykTopiB), Tak i 3 JIIIC-cTuMynboBa-
HumH (puc. 1). Tak, nomaBanus JI1, JI2 Ta dakropa
tepMmiHanpHOro audepenuitoBanasa (JIIIC) copusiio
migsumieHHo Bmicty CD80+-JIK, mo craHoBmio
52,7 [51,4; 54,9]; 57,2 [53,7; 59,2] ta 48,4 [47,6;
50,1] % BimnoBigHo mopiBHsAHO 3 He3pimmu JK
(35,1 [32,5; 39,7] %). Bmict CD86+-JIK minBury-
BaBcs 3 45,6 [38,5; 47,8] (me3pini AK) mo 67,4 [65,8;
72,5] % 3a ymoB Bukopuctauus JI1, no 77,4 [75,3;
78,4] — JI2 1 mo 62,8 [59,1; 63,4] % npu nomaBaHHi
JITIC.
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of this marker — an increased concentration of
tumor lysate (L2) led to the formation of the ma-
ximum (compared to L1 and LPS) not only the
total number of DCs (Table 2), but also the content
of CD14-CD83" cells (Fig. 1).

Both doses of tumor lysate were significant
for the expression of the mature iDC-specific marker
CDl1lc (Fig. 1). Thus, when using L2, the content
of CD11c¢™-DCs significantly exceeded (63.8 [62.1;
64.5] %) the value when using L1 (52.4 [48.5;
53.6] %). As Fig. 1 shows, LPS had a significantly
lower iDC-inducible potential (45.1 [43.4; 46.8] %)
compared to L2 (63.8 [62.1; 64.5] %). Thus, the
obtained data emphasize the maximum stimula-
tion of DC maturation with the use of L2.

A certain importance in implementing the
functional potential of DCs is assigned to surface
co-stimulation molecules, namely B7 (CD80/CD86)
[20]. These membrane proteins are classified as
a superfamily of immunoglobulins, the ligands of
which are CD28 and CTLA-4 molecules expressed
on T lymphocytes. It is the contact of CD80/CD86
receptors with these ligands that ensures the con-
duction of co-stimulatory signals and activation,
which is accompanied by proliferation and diffe-
rentiation of T cells. Co-stimulation via CD28
structures promotes T-cell growth and survival,
whereas binding to CTLA-4 inhibits T-cell responses
[17]. In addition, the high expression of CDS80
on the DC membrane is crucial for the expression
of its immune properties, as this molecule interacts
with and ‘neutralizes’ PD-L1, blocking its binding
to the PD-1 receptor on T cells and preventing
the inhibition of T-cell activation [15].

In the implementation of the immune system
antitumor activity, ligand-receptor interactions are
of paramount importance. As Fig. 1 demonstrates,
when adding tumor cell cryolysate to the culture
medium, the expression rates of the co-stimulatory
molecules CD80 and CD86 on the DC membrane
significantly increased compared to both immature
DCs (without inducers) and LPS-stimulated ones
(Fig. 1). Thus, the addition of L1, L2 and terminal
differentiation factor (LPS) contributed to a rise in
the content of CD80"-DCs, which was 52.7 [51.4;
54.9]; 57.2 [53.7; 59.2] and 48.4 [47.6; 50.1] %,
respectively, compared to immature DCs (35.1 [32.5;
39.7] %). The content of CD86*-DCs increased from
45.6 [38.5; 47.8] (immature DCs) to 67.4 [65.8; 72.5] %
under the conditions of using L1, to 77.4 [75.3; 78.4] —
L2 and to 62.8 [59.1; 63.4] % when adding LPS.

Conclusion
Thus, our studies proved the possibility of
iDCs in vitro growing, which were obtained
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BucHoBok

TakuM 4ymHOM, Y POOOTiI JOBEACHO MOXJIUBICTDH
BupoinyBanHs in vitro i/IK, orpumanux 3 MHK
KM, mpu 3acTtocyBaHHI y SKOCTI IHIYKTOPIB I03-
piBaHHS Kpiomi3aTiB MTyXJIWHHUX KIiTHH. Bcra-
HOBJICHO, IO CTYIiHb IHAYKYIOUOTO ITOTCHITIATY
NyXJIMHHUX KpiomizatriB y Qopmysansi iJIK 3aie-
JKUTH BiJ KOHIIGHTpaIlll IMyXJIMHHUX aHTUTeHiB. Ha-
nexHicts JIK 10 iMyHHHX OyjI0 MiATBEPIHKEHO 3a
(DEHOTHIIOBUMH O3HAKaMU, IO XapPaKTEPHi I LUX
KIiTHH. 3pOCTaHHs KOHIEHTpauii Oinka B Jizari
MYXJIMHHHUX KIITHH, 100 JOAABalIHd B KyJIBTYpY, IpH-
Bomwio o minBuiieHHs piBHA ekcrpecii CDllc,
CD83, a takox koctuMynsaTopHux monekyn CDSO0,
CD86. Buxopucranns JI2 nopisusiHo 3 JI1 a6o JIIIC
3a0esneuyBayio  (GopMyBaHHS OLITBIIOT  KIJIBKOCTI
iIK. Otxe, mpoBemeHi MOCITIHKEHHS TO3BOIWIH
migiopatu ymoBu oxepxanus i/IK in vitro 3 MHK
KM i3 3acrocyBannsiM kpiomizary kimithH AKE sk
JDKepenia My XJIMHHIX aHTUTeHIB.

IIpoBeneni AOCHIMKEHHS CBig4aTh IIPO MOXK-
JUBICTh BHUKOPHCTAHHA YJIBTPAaHU3bKHX TeMIIECpa-
Typ (—196°C) six ¢akTopa nesiHTerpamii MmyXJIHH-
HUX KIITHH 1 oTpuManHs ix Kpiomizary AKE mpum
BUKOPHCTaHHI I’SITH IHUKJIIB 3aMOPOKYBaHHS-BiATa-
BaHHsA. Lle BiamoBimae koHuUenumii mpo 3MiHY iMmy-
HOTCHHUX XapaKTePUCTUK KIITHH TiCIs BIUIHBY
VIABTPAHU3BKUX TEMIIEPATYP K MOJupiKaTopa CTaHy
MyXJIMHHAX KJIITHH Ta CTPYKTYp IMYHHOI CHCTEMH
opraizmy, mo ¢GopMye IMyHHY BIIIOBiAb Ha MyX-
JTUHHI aHTUTEHU.
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from BM MNCs being used as inducers of tumor
cell cryolysates maturation. It was established
that the degree of inducing potential of tumor
cryolysates in the formation of iDCs depended on
the concentration of tumor antigens. The belon-
ging of DCs to immune cells was confirmed by
phenotypic characteristic of these cells. An increase
in the protein concentration in the lysate of tumor
cells added to the culture led to a rise in the expres-
sion rate of CD11lc, CD83, as well as co-stimula-
tory molecules CD80, CD86. The use of L2 com-
pared to L1 or LPS ensured the formation of a greater
number of iDCs. Thus, the conducted research
allowed us to select the conditions for obtaining
iDCs in vitro from MNCs of CM using cryolysate of
EAC cells as a source of tumor antigens.

The performed investigations indicate the pos-
sibility of using ultralow temperatures (—196°C)
as a factor for disintegration of tumor cells and
obtaining their cryolysate of EAC cells using five
freeze-thaw cycles. This corresponds to the concept
of a change in the immunogenic characteristics
of cells after exposure to ultralow temperatures
as a modifier of the state of tumor cells and struc-
tures of the body’s immune system, that forms
an immune response to tumor antigens.
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